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THE OPTOELECTRONICS DATA BOOK

Few people in the electronics industry realize that optoelectronics technology has a history that precedes the invention of
the integrated circuit. It is also a relatively unknown fact that Texas Instruments was a pioneer in the development and
manufacture of some of the first optoelectronic components, viz infrared detectors and photovoltaic solar cells, back in 1957.

During the past 26 years Tl has continued to develop and build optoelectronic devices and assemblies for end application
in the space, military, computer, industrial, and consumer industries. Tl opto devices have helped to revolutionize the industry
and to make it easier for the design engineer to accomplish his job.

In addition, Tl offers the broadest line of opto products in the industry. This ensures that design engineers can obtain more
answers to questions involving circuitry and operating conditions by contacting TI.

To complete the service aspect, Tl has a worldwide distributor network that stocks almost 225 standard opto devices
and assemblies. This means that customers can obtain fast delivery on small quantities required for initial circuit evaluation
and purchasing departments can be assured of a local source of supply for production quantities.

It is the purpose of this data book to better acquaint our customers with Tl opto products and capabilities. It offers the
user a categorized listing of optoelectronic data sheets, application reports, and other information for more than 250 standard
devices including 116 new types not included in the fifth edition of this data book. Each product section has a quick reference
guide that lists the key electrical parameters and features for products in that section. The table of contents and alphanumeric
index identify the new devices in this data book in bold type. A handy replacement guide for obsolete devices is also included.

To further assist the user, there is an interchangeability guide that lists more than 600 optoelectronics devices built by
other manufacturers, along with the nearest Tl equivalent devices. There is also a glossary of optoelectronic terminology
to answer questions on optoelectronic terms and phrases.

This data book’s new format will make the designer’s job easier to use optoelectronics devices in his new and existing
products or applications.
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ALPHANUMERIC INDEX

The bold type identifies data sheets added since the Fifth Edition of The Optoelectronics Data Book.

TYPE
INB722 .. .. .. 5-3
ING723 ... ... 5-3
ING724 ... ... ... 5-3
ING725 . ... 5-3
3N261.............. 7-3
3N262.............. 7-3
3N263.............. 7-3
4N22 ... 7-9
4N23 .. 7-9
4N24 . 7-9
4N25 ... 7-15
4N26 ... ... 7-15
AN27 ..o 7-15
4N28 .. ... 7-15
4N35 . ... ....... ... 7-17
4N36 . ............. 7-17
4N37 . .. ... 7-17
4N4T . 11-3
AN47 .. 7-21
4N48 . ... 7-21
4N49 .. ... 7-21
4N56 . .. . ... ... ... .. 11-7
4NS7 . ... ... ... 11-11
4N58 . .. .. ... .. .. 11-15
5082-4550 ....... ... 9-3
5082-4555 . ... ... ... 9-3
5082-4650 .......... 93
5082-4655 .......... 9-3
5082-4950 . ... ... ... 9-3
5082-4955 .. ... ... .. 9-3
JAN4N22 ... ... .. ... 7-13
JAN4AN23 .. ... ... ... 7-13
JAN4N24 ... ... 7-13
JAN4N47 . ... .. ... .. 7-27
JAN4N4S8 . . ... ... ... 7-27
JAN4N49 . . .. ... .. .. 7-27
JANTX4N22 .. ... ... 7-13
JANTX4N23 ........ 7-13
JANTX4N24 .. ... ... 7-13
JANTX4N47 . ... .. .. 7-27
JANTX4NG8 ........ 7-27
JANTX4N49 .. ... ... . 727
JANTXV4N22 . ... ... 7-13
JANTXV4N23 . ... ... 7-13

TYPE
JANTXV4N24 . . ... . 7-13
JANTXVAN47 . . ... .. 7-27
JANTXV4N48 . ... ... 7-27
JANTXV4N49 . . ... .. 7-27
LS600 ............. 5-31
LS602, LS611 thru LS619

5-31
MCT2 ... ... ... .... 7-29
MCT2E . ... ... ...... 7-29
PC401 .. ... ... ..... 2-55
PC402 .. ........... 2-55
TC101 . .. ... ... ... 2-5
TC102 . .. .......... 2-17
TC103 . ............ 2-29
TC104 .. .. ... ...... 2-41
TC201 ... .......... 2-53
TC202 ............. 2-54
TCK101 .. ........... 2-2
TCK102 ... .......... 2-2
TCK103 . ............. 2-2
TCK104 . ... ......... 2-2
TIED458 . ... ....... 12-3
TIED4A59 .. ......... 12-7
TIED460 .......... 12-11
TIED461 ... ....... 12-11
TIED462 .......... 12-11
TIED463 .......... 12-11
TIEF150 . . . ... ... .. 12-17
TIEF151 ... ... .. ... 12-17
TIEF152 . .. ... ... .. 1217
TIESO6. ... .......... 4-3
TIES13. ... ... . ... 4-5
TIES13A ... ... ... ... 4-5
TIES14. . ... ... ...... 4-6
TIES1S. . ... ... ...... 4-6
TIES16A .. ....... ... 4-7
TIES27 .. ... ... . ... 4-8
TIES35............. 4-16
TIES494 . .. . ... .... 12-19
TIES495. .. . ....... 12-19
TIES4S6. . ... ...... 12-15
TIL23 . ... 33
TIL24 . .. ... 3-3
TIL24HR2 . ... ....... 3-7

TYPE
TIL25 .. .. ... 3-3
TIL31B. .. ........... 39
TIL31BHR2 ... ... ... 3-11
TIL32 ... .. 3-13
TIL33B. . ............ 39
TIL34B. . ............ 3-9
TIL38. .. ... .. ...... 3-15
TIL39 . . ... ... ... 3-17
TILAO . . . ... ... 3-19
TIL78 .. ... ... .. ... .. 5-7
TIL8Y . .. 5-9
TILB1HR2 . ... ... ... 5-13
TILSS . . ... .. . 5-15
TIL1OO. . .. ... ... ... 5-17
TIL1O2 . . .. ... ... 7-33
TIL1O3 . ... ... ... .. 7-33
TILI1TY ..o 7-37
TILI12. ... .. L. 7-43
TILT13 .. ... 7-47
TIL114 ... ... 7-37
TILIIS ... oo 7-43
TILI16. ... .. ... ..., 7-37
TILM17. ... ... 7-37
TILT18. ... ... ... 7-43
TILI19 .. . ... 7-47
TILT19A .. ... ... ... 7-47
TIL120. ... ... .. ..... 7-51
TIL12T ... o 7-51
TIL124 . ... ... ... ... 7-55
TIL125. ... ... 7-55
TIL126. ... ... ... ... 7-55
TIL127 .. .. ... ... ... 7-61
TIL128. ... .. ... ..., 7-61
TIL128A ........... 7-61
TIL138. ... . 8-3
TIL139.............. 8-5
TIL143 ... ... . ...... 8-7
TIL144 . . ... ... ... 8-7
TIL145 .. ... ... ..... 8-9
TIL146. . .......... .. 8-9
TiLi47A ........... 8-11
TIL148A ........... 8-11
TIL149. .. ... ...... 8-13
TILIB3. ... ... ..... 7-65
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The bold type identifies data sheets added since the Fifth Edition of The Optoelectronics Data Book.

TYPE
TIL154 . oL 7-65
TIL1ISS ... ... 7-65
TIL1S6 . . . ... ... .. 7-71
TIL167 ... ... .. 7-71
TILIS7A ... ... .. .. 7-71
TIL1B8 . . ........ ... 8-15
TIL169 . ... ... ... ... 8-15
TIL160. . ... ... ... .. 8-17
TIL16T ... ... ...... 8-17
TIL167-1 .. ... ... ... 8-19
TIL167-2 . .......... 8-19
TIL168-1 .. ......... 8-21
TIL168-2 . ... ... . ... 8-21
TIL169-1 .. ......... 8-23
TIL169-2 ... ... . ... 8-23
TIL170-1 ... ... ... 8-25
TIL170-2 ... ... .. .... 8-25
TIL18O.......... ... 8-27
TIL209A ... ... ... ... 9-5
TIL212-1 ... 9-7
TIL212-2 ... 9-7
TIL216-1 .. ... ... 9-7
TIL216-2 ... ... ... .. 9-7
TIL220. . ... ... 9-9
TIL220S .. ........... 9-9
TIL227 ... ... 9-9
TIL224-1 ... ... ... .. 9-11

TYPE
TIL224-2 ... ... .. 9-11
TIL2281 . 9-11
TIL228-2 .. ... ...... 9-11
TIL232-1 .. 9-7
TIL232-2 ... 97
TIL234-1 ... 9-11
TIL234-2 ... ... ... 9-11
TIL302. ... ... 103
TIL302A .......... 103
TIL303. ... ... ... 103
TIL303A .......... 103
TIL304 . ... ... .. ... 103
TIL304A . ......... 103
TIL305 . ... ... 109
TIL306. . . ... ... 10-11
TIL306A .......... 10-11
TIL3O7 .. .......... 10-11
TIL307A .......... 10-11
TIL308. .. ... ... ... 10-17
TIL308A .......... 10-17
TIL309. . ... ... 1017
TIL309A .. ........ 10-17
TIL31T .o 10-23
TIL311A ..., 10-23
TILAN .. 5-19
TILA1Z. . 5-21
TILA13. .o 5.23

TYPE
TIL4A13S . ... ... ... .. 5-23
TiL414. ... .. ... 5-25
TiL4a1s. ... ... ... 5-27
TIL416 .. .. ... ... 5-29
TILBO1T (4N41) ... .. .. 11-3
TIL505 (4N56) . 11-7
TIL506 (4N57) . . .. .. 11-11
TIL507 (4N58) . ... .. 11-15
TILBO9 . . .. ... ... .. 11-19
TILB10. ... ... ... 11-23
TIL6OT ... .. ... ... 5-31
TIL6O2 ... . ... ... 5-31
TIL6O3 .. ... ... ... .. 5-31
TIL6O4 . . . .. ... ... .. 5-31
TIL6O4HR2 .. ... .. .. 5-39
TIL9O02-1 ... ... ..... 3-21
TIL902-2 . .. ... ... .. 3-21
TIL9O3-1 . .......... 3-23
TIL903-2 . . ......... 3-23
TIL904-1 . ... ... ... .. 3-23
TIL904-2 . .. ... ... .. 3-23
TIL9OG-1 . ... ... ... 3-25
TiL905-2 ... ...... .. 3-25
TIL906-1 .. ......... 3-27
TIL906-2 . ... ....... 3-27
TILMT oo 9-15
TILM4 ... 9-16
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Tl DELETED PART NUMBERS (REPLACEMENT GUIDE)

The following part numbers have been deleted from the Texas Instruments Optoelectronics product line
since the Fifth Edition of The Optoelectroncs Data Book. This list indicates the nearest replacement devices
available from Tl Optoelectronics Department. It is our hope that these replacement devices will allow you to
fulfill your Opto requirements.

Obsolete TI Part Number Tl Nearest Replacement
LS400 TIL601 thru TIL604, TIL81
TIED55 None
TIED8O None
TIED82 None
TIED83 thru TIED86 None
TIED9O thru TIED98 None
TIED451 None
TIED452 None
TIES12 TIES13, TIES13A
TIES16B, TIES16C TIES16A
TIES36 TIES35
TIES471 TIES35, TIES494, TIES495, TIES496
TIES472 None
TIL23HR thru TIL25HR TIL24HR2
TIL26 TIL31B
TIL31 TIL31B
TIL33 TIL33B
TIL34 TIL34B
TIL31A TIL31B
TIL33A TIL33B
TIL34A TIL34B
TIL41 thru TIL50 None
TIL63 thru TIL67 TIL81
TIL107, TIL108 4N47, 4N48, 4N49, 4N22, 4N23, 4N24
TIL131, TIL132, TIL133 Use LEA13, LSA13, SDA13
TIL134, TIL135, TIL136 Use LEA17, LSA17,SDA17
TIL141, TIL142 Contact Opto Marketing
TIL147 TIL147A
TiL148 TIL148A
TIL227 TIL224
TIL231 TIL228, TIL221

TEXAS INSTRUMENTS



Tl DELETED PART NUMBERS (REPLACEMENT GUIDE)

Obsolete Tl Part Number

TIL236

TIL261 thru TIL270
TIL271 thru TIL280
TIL281 thru TIL290
TIL321A

TIL322A

TIL323A

TIL324A

TIL330A

TIL331A

TIL345

TIL346

TIL347

TIL348

TiL349

TIL350

TIL360

TIL401 thru TIL406
TIL501

TIL504

TIL505

TIL506

TIL507

TIL560

TILBOTHR thru TILB04HR
TIL605 thru TIL608
TIL621 thru TIL630
TIL721, TIL722
TIL807, TIL808
TIL829, thru TIL834
TIL835, TIL836
TIL837, TIL838
TIL839 thru T1L842
TXED453

TXEDA454 thru TXES457 series
TXEF402 series
TXES37

TXES475, TXES476
TXES478 thru TXES483 series
TXES485, TXES486
TXES488 thru TXES493 series

Tl Nearest Replacement

TiL234

None

None

None

None

None

TIL741

TiL742

None

TIL743

TIL737

TIL738

TIL739

TIL733

TIL734

TIL735

None

TIL601 thru TIL604, TIL81
4N41 (new JEDEC number, same device)
TIL507, TIL305

4N56 (new JEDEC number, same device)
4N57 (new JEDEC number, same device)
4N58 (new JEDEC number, same device)
4N58

TILB04HR?2

TIL601 thru TIL604

None

None

None

None

None

None

None

TIED459

TIED459

None

TIES16A

TIES494, TIES495, TIES496
TIES494, TIES495, TIES496
TIES494, TIES495, TIES496
TIES494, TIES495, TIES496

TEXAS INSTRUMENTS
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CCD Image Sensors
(Charged-Coupled Devices)

® Quick Reference Guide

® Virtual Phase Technology
Breakthrough

® Linear Arrays
Evaluation Boards
Evaluation Kits Available

CCD IMAGE SENSORS H

® Area Arrays
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QUICK REFERENCE GUIDE
CCD IMAGE SENSORS

LINEAR ARRAYS
QUICK REFERENCE GUIDE

DEVICE PIXELS PIXEL SIZE SENSITIVITY PACKAGE

TC101 1728 x 1 12.7 pm x 12.7 ym 3.6 Vipd/em? 24-pin CDIP (0.600 inch)
TC102 128 x 1 12.7 ym x 12.7 ym 3.5 V/pdicm? 10-pin CDIP (0.300 inch)
TC103 2048 x 1 12.7 ym x 12.7 ym 3.5 V/pdicm?2 24-pin CDIP (0.600 inch)
TC104 3456 x 1 10.7 ym x 10.7 ym 2.0 Vipdicm?2 24-pin CDIP (0.600 inch)

EVALUATION BOARDS
QUICK REFERENCE GUIDE

PART NO. | DEVICE EVALUATED

REMARKS

Device socket fits TC101, TC103 or TC104
PC4 TC101,TC103,TC104
01 ¢ €103,7C10 (See TCK101, TCK103, TCK104 below)
Device socket fits only TC102
PC402 TC102
(See TCK102 below)
EVALUATION KITS
QUICK REFERENCE GUIDE
PART NO. CONTENTS REMARKS
TCK101 TC101 plus PC401 Includes complete instructions to evaluate TC101
TCK102 TC102 plus PC402 Includes complete instructions to evaluate TC102
TCK103 TC103 plus PC401 Includes complete instructions to evaluate TC103
TCK104 TC104 plus PC401 Includes complete instructions to evaluate TC104
AREA ARRAYS
QUICK REFERENCE GUIDE
DEVICE PIXELS PIXEL SIZE SENSITIVITY PACKAGE
TC201* 328 x 490 24.4 ym x 24.4 ym 0.48 A/W 20-pin CDIP (0.800 inch)
TC202* 390 x 584 22.4 4m x 22.4 um 0.40 A/W 20-pin CDIP (0.800 inch)}

*Availability of these devices is scheduled for 2nd quarter 1984. Contact your local T.I. office for further information.

TeExAs INSTRUMENTS




Virtual Phase
Image sensing technology breakthrough

CLOCKED
ELECTRODE

%1

“VIRTUAL"
[‘ELECTHODE

Fig. 1 TI's Patented Virtual Phase Design

2

\al

OVERLAPPING
l_ELEcmonEs

Fig. 2 Standard 2 Phase Design

10.0

T
TYPICAL SPECTRAL RESPONSE

ITHOUT FILTER]

SENSITIVITY — V/uJjem?
b

400 500 600 700 800 900 1000

WAVELENGTH NANOMETERS

Fig. 3. Typical Sensitivity vs Wavelength

The CCD (Charge Coupled Device) approach to linear image
sensing will become the leading edge among industry methods
because of process and performance advantages.

Multiple-clock-electrode CCD processing methods have re-
mained complex and difficult to implement in the manufacturing
environment with any measure of cost/performance effectiveness
... until now.

The breakthrough: Now, Texas Instruments announces
a breakthrough in CCD image sensor processing technology ...
Virtual Phase (VP).

This giant technological stride greatly simplifies the processing
techniques by reducing the number of clock electrodes on the
device surface to one (Fig. 1). Other techniques require any-
where from two to three levels (Fig. 2). Additional benefits of this
milestone process include simplified device operation and en-
hanced device quality.

Now, with just one level, the possibility of surface damage and
shorts, common to the multilevel approach, is inherently reduced.
So, the new Virtual Phase technology can boast the same degree
of reliability as standard MOS technology.

The benefits of this TI-patented Virtual Phase technology are:
Simplified clocking

Lower noise/Higher dynamic range

Greater sensitivity to light

Ease of processing and use

Greater stability

Lower dark current

Improved spectral response in the lower wave length (blue)
regions (Fig. 3).

Features:

Virtual Phase N-Channel silicon MOS technology

High spectral responsivity ... particularly in the blue region
Approximately 1-V peak-to-peak output signal

Dynamic range typically 1000:1

End-of-scan signal

Internal dark and white references

Blemish-free uniformity of image

Simple, stable operation

TEXAS INSTRUMENTS
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

D2663, FEBRUARY 1982

NC — No internal connection

TOP VIEW
N
Vrere []1 24 [7] Vss
os [J2 23 [] Vss
1728 x 1 Sensor Element Organization Voo : 3 :1 1 22 [ eos
Virtual-Phase N-Channel Silicon MOS
Technology vss (4 21 ] RCK
High Quantum Efficiency ne s 20 [J NC
Enhanced Blue Response Ne [Te 19 [7] NC
Output Signal Approximately ne 7 18 [] NC
1 Voit Peak-to-Peak ne e 1 17 [ ne n
® Dynamic Range Relative to 7 c o
Peak-to-Peak Noise Typically 1000:1 ne o 2 16 p N 8
V.
End-of-Scan Signal vss []10 bls| 15[ Vss >
Internal Black and White References Tk [ 14 [7] TeK Cubl
® Simple and Stable Operation wRek []12 13 [] XcK w
Q
S
o
Q
(&)

description

The TC101, a 1728-element CCD line image sensor, functions in high-resolution image scanning applications such as
facsimile and optical character recognition. The 1728 sensor elements provide a 200-points-per-inch resolution across
8.5 inches. The TC101 incorporates virtual-phase MOS technology, which provides simplified operation and high
reliability.

This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 15.2-mm (0.600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol.

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
\ placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
‘IA shorting either OS or EOS to Vgg during operation to prevent damage to the output amplifiers.
virtual phase technology

4
4
w
3
o
3
o

simplified clocking circuits, reduced noise, and grea Asitivity. The virtua
Y SIMpPHTIES CICCKING Circuits, recuced noise, and grea nsitivity. The virtual

phase unllzes a junction- gat region at the substrate dc potential. This accomplishes the same gating and transport
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user.

TEXAS INSTRUMENTS 2.5



TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
[ DARK CURRENT BUFFER CCD F——= VoD
1 I
—wH ODD PIXEL TRANSPORT CCD
t ¢ttt ¢ t ¢+t t t %
LINEAR 1 I L I I £ 5 I 1 T T T T
PHOTOSITE [slelsle [ [ InINafne] - - [3T2[ W W [i T [e]8]B]B] os
ARRAY I 1 I T 1 I ki 1 I T 1 1
P T SR T I T T VoD
$—wH L EVEN PIXEL TRANSPORT CCD $—oVRer
[
+——WH EOS + DARK CURRENT BUFFER CCD T EOS
CHARGE
DETECTOR
l OUTPUT
WRCK XCK TCK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD

W = WHITE REFERENCE INPUT DIODE
B = BLACK REFERENCE ELEMENT

I = ISOLATION ELEMENT

N = 1728 SENSOR ELEMENTS

SHOSN3S IOVINI d3D

PIN FUNCTIONAL DESCRIPTION

PIN
NUMBER SIGNATURE NAME DESCRIPTION

1 VREF Reference Voltage Bias input for the output amplifiers.

2 oS Output Signal Video output from a cascaded source-follower MOS amplifier

3 Vpp Supply Voltage Output amplifier supply voltage.

11,14 TCK Transport Clock Drives the CCD transport registers

12 WRCK White Reference Clock | Injects a controlled charge into the white reference CCD shift register
elements to become white-reference and end-of-scan pulses.

13 XCK Transfer Clock Controls the transfer of charge packets from sensor elements to shift
registers. The interval between pulses of the transfer clock determines
the exposure time.

21 RCK Reset Clock Controls recharging of the charge-detection diodes in the output
amplifiers, and clocks the output shift registers where the odd and even
signals have been merged.

22 EOS End-of-Scan Pulse Indicates that all charge packets have been shifted out of the transport
registers.

4,10,15,23.24 Vss Substrate All voltages are referenced to the substrate.

2.6 TEXAS INSTRUMENTS



TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

The line of sensor elements (also called photosites or pixels) consists of 1728 photo-sensitive areas, 12.7
micrometers (0.5 millinches) square and approximately 12.7 micrometers from center to center. image photons
create electron-hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements and the holes
are swept into the substrate. The amount of charge accumulated in each element is a finear function of the incident
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise
background at zero illumination to a maximum at saturation under bright illumination.

transfer gate

This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate aiso
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport
CCD shift register to create the white reference signals.

shift registers

There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from
peripherally generated dark current noise.

black and white reference elements

CCD IMAGE SENSORS l

Four additional sensor elements at each end of the sensor element array (labelled ‘’B’" in the block diagram) are covered
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the
linear image output signal. Alsc included on the transport CCD shift register, at the opposite end from the amplifier, is
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs
to external dc restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is
approximately 70% of the maximum output signal amplitude.

output signal amplifier

The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge-
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. A
reference voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A
current sink is used as an on-chip load for the ampiifier output. No external current sink is needed. The output signal is a
series of negative-going pulses on a dc level.

TEXAS INSTRUMENTS 2.7
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is
required with a light source that has a significant infrared component, then the designer must use appropriate filters to
restrict the optical pass band to shorter wavelengths.

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where
itis transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used
to alert the external circuitry that the linear image data readout has been completed.

clocks

The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 1761
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output
amplifier.

The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency.

The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end-
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero
volts will cause charge injection resulting in an increase in apparent dark signal.

Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously.
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers.

The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.

TEXAS INSTRUMENTS



TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

)
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I l {3
WRCK I l
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T 23
EOS y
o~
Output Signal (OS) pulse identification: | — Isolation Pixel,
B — Black reference pixel, IP — Image pixel, X — Empty pixel

See Figure 3.

FIGURE 1 — OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

CCD IMAGE SENSORS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see note 1)

Amplifier drain voltage (VDD) - - -« -« v oo -0.3Vto30V
Amplifier reference voltage (VREF) - -« -+« « v v v oo i -0.3Vto30V
Transfer clock (XCK) VOIAgGE . . . . . . oottt e s -25Vto5V
Transport clock (TCK) voltage . . . .. ... ...ttt e —-25VtobV
Reset Clock (RCK) VORAGE . . . . .o oo et e -25Vto5V
White reference clock (WRCK)voltage . . . ... ..ot e —-0.3Vto30V
STOrage tEMPEIatUI® . . . . . . oottt oot et e —-25°Cto125°C
Operating free-air teMperature . . .. .. ... .oo ot v nte v n e —25°Cto70°C

NOTE 1: Voltage values are with respect to Vgg.

TEXAS INSTRUMENTS
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TYPE TC101

1728 X 1 CCD LINEAR IMAGE SENSOR

recommended operating conditions at Tp = 25°C

MIN NOM MAX UNIT
VoD Supply voltage 15 16 20 \
VREF Amplifier reference voltage 6 7 8 \
ViH(X) Transfer clock high-level input voltage 1 2 3 \
ViL(x) Transfer clock low-level input voltage -179 -16 -15 N
VIH(T) Transport clock high-level input voltage 1 2 3 i
Vium Transport clock low-level input voltage ~-179 -16 -15 \
VIH(R) Reset clock high-level input voltage 1 2 3 \
VIL(R) Reset clock low-level input voltage 179 - 16 -15 \
VIH(WR) White reference clock high-level input voltage 15 16 20 \
VIL(WR) White reference clock low-level input voltage 6 7 8 \
fRCK Reset clock frequency (output data rate) 2 10 MHz

qThe algebraic convention. where the most negative limit is designated as minimum., is used in this data sheet for clock voltage levels only

electrical characteristics at 25°C free-air temperature, fRCK = 0.5 MHz, texp = 10 ms, tungsten light
source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman HA-11 IR-absorbing filter,

and all operating voltages at nominal recommended values

PARAMETER MIN TYP MAX UNIT
Average 0.5 10
i Low-frequency component 0.5 5
Dark-signal amplitude - mV
Nonuniformity relative to
average of adjacent pixels ! 20
Sensitivity 2 3.5 5| V/iudfem?)
Peak-to-peak 100
Output amplitude Ad;acentppixe\s from = mV
variation (PRNU) t 10
alternate registers (imbalance)
Peak-to-peak noise 1 mV
Equivalent exposure§ of peak-to-peak noise 0.35 nJfcm?2
Saturation exposure § 350 ndfcm?
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency (CTE) 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 10 \
Output impedance 1 (3]
Transfer gate 170
Resistance to Vgg Transport gate 120 kQ
Reset gate 260
Transfer gate 260
Capacitance to Vgg Transport gate 580 pF
Reset gate 16
IREF Amplifier reference current 100 nA
IpD Supply current 6.3 9.4 mA
Power dissipation 100 mwW

tMeasured at 700 mV output amplitude with an /2.8 lens
8Exposure = intensity x time

TEXAS INSTRUMENTS




TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

timing recommendations

MIN NOM MAX UNITS
N Time delay from the transport clock rising 0 100 ns
THXH edge to the transfer clock rising edge
. Time delay from the transport clock rising edge 0 100 ns
'THWL to the white reference clock falling edge
¢ Time delay from the transport clock rising o ns
THRH edge to the reset clock rising edge
Pulse duration of the high state for the reset 40
'W(RH) clock ns
¢ Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge
¢ Time delay from the transport clock falling edge 0 100 ns
TLWH to the white reference clock rising edge
Time delay from the transfer clock falling edge
EXLTH to the rising edge of the next transport clock 50 ns
pulse
tr rise time (all clocks) 15 ns
tf fall time (all clocks) 5 ns
> | THXH
|
1l
XCK | \
] I
: [ e |
| F-——bl IXLTH
3|  |jE—tTHWL | | -
NI | |
WRCK | | |
| ! I |
1 [] | |
] | 1 |
: I TLWH |
|
TCK
1 e
TTHRH ~3{ -
|H-—>1xw(RH) "": "’1 |
! |
RCK | |
M Ln

[\
/\

= L\

BLACK REFERENCE LEVEL

FIGURE 2 — DEVICE TIMING REQUIREMENTS
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TYPE TC101

1728 X 1 CCD LINEAR IMAGE SENSOR

PARAMETER MEASUREMENT INFORMATION
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TYPE TC101

1728 X 1 CCD LINEAR IMAGE SENSOR
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

TYPICAL CHARACTERISTICS

(In the circuit of Figure 3 with TA = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal
recommended values, unless otherwise noted)

\
ud/em?2

Sensitivity —

SENSITIVITY

Vs

WAVELENGTH OF INCIDENT LIGHT

1 T

RESPONSIVITY

vs
WAVELENGTH OF INCIDENT LIGHT

with
HA-11 filter

o
S

0.1

—

400

600 800

T T T I
= 100% gt ]
e =70 —|
L 50% ]
0.4 DNe—t"
’ AL \
30% —
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<
\ ! ////K
Z o1 e 10% —|
2
\ 2 b
\ ; \
$ 0.04
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FIGURE 5
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FIGURE 6
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS

(In the circuit of Figure 3 with Tp = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal
recommended values, unless otherwise noted)

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
vs vs
SPATIAL FREQUENCY SPATIAL FREQUENCY
1.0 ] I 1.0 — | I I
\ \ =400 to 700 nm
s Nnh HA-11 filter 5 \\
¢ 08 N S 0.8 -
2 =3
w w
5 \ NG 5 A= eook\
Z 06 AN Z 06 AN
8 N § ~
= Namoux filter =
2 S
5 04 I~ 504
=) =]
©° °
§ 2854 K Light 2 Monochromatic Light
i i
L 02 L 02
= =
s s
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 06 0.8 1.0
Normalized Spatial Frequency Normalized Spatia! Frequency
L 1 1 1 | ) L ] L ! 1 j
0 79 158 236 315 394 0 79 158 236 315 394
Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
FIGURE 7 FIGURE 8
AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
vs vs
0 EXPOSURE TIME EXPOSURE TIME
_ 100 T T
5“ Ee = 50 uW/cm?2
®
£ 80 l /
oM S 2854 K Light Ee = 25 uW/cm2
> 1 © 06 (LA o with HA-11 Filter e !
(3 A > =3
P SO =%
| VLA 5 60 . P
gc;
s DALIE °
“g:n LY ®
7 N L =
x 1 [ 5 Ve q
E o 1 , Lf<y 3 40 / / Ee = 12.5 uW/cm?2
2 2
7 5 p
LA s 20
'Y < I L [
Val @ Ep = 2
/ / E / e = 2.5uW/cm
0.01 * o L———’-—"""”—T——-—
0.1 1 10 100 0 2 4 6 8 10
texp — Exposure Time — ms texp — Exposure Time - ms
FIGURE 9 FIGURE 10
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

30,78 (1.212) ,f

30,18 (1.188)

|

7,62 (0.300)
737002 )

-k
y a-:: —_— b CL

0,81(0.032) R A - = 3

NOM |
/ w‘ A A-A ik
No.1 SENSOR ELEMENT 1234567 8910M

4,55 (0.179)
> 2.29(0.169) (£
o
(7]
2
| 15,80 (0.622) [
15,29 (0.602) 7,)
2,97 (0.117) w
J 15,19 (0.598) 4,19 (0.165) 7'367(0.093) o]
" 14,78 (0.582) 3,07 (0.127) _'_] —>‘ ‘4—1,19 (0.047) MAX * <
y 0 b E
' 1 SEATING PLANE —i—r‘ F - E
u LI Q
0,48 (0.019)
.| 0,30 (0.012) _,”4_ ,38(0.015 (&)
0,25(0.010) 3,81 (0.150) 0.381 ' Q
3.05(0.120) 2,54 (0.100) NOM
1,42 (0.056)
7,12 (0.044)

NOTES: 1. All dimensions are in millimeters and parenthetically in inches.
2. The distance between the top surface of the window and the surtace of the sensor is nominaiiy 0, 89 (0.035). This is

determined by observing the vertical motion of a microscope focused first at one plane, then at the other.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

D2664, APRIL 1982

® 128 x 1 Sensor Element Organization
CERAMIC DUAL-IN-LINE PACKAGE

® Virtual-Phase N-Channel Silicon MOS (TOP VIEW)
Technology
High Quantum Efficiency ~
V
Enhanced Blue Response VREF 1 10 'j Ss
Output Signal Approximately 9 Vv
1 Volt Peak-to-Peak os E 2 j ss
® Dynamic Range Relative to Vv 3 8 EOS
Peak-to-Peak Noise Typically 1000:1 oo [: :]
End-of-Scan Signal TCK E 4 7 j RCK
Internal Black and White References
Simple and Stable Operation WRCK E 5 6 3 XCK

A Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
m shorting either OS or EOS to Vgg during operation to prevent damage to the output amplifiers.

CCD IMAGE SENSORS .

description

The TC102, a 128-element CCD line image sensor, functions in high-resolution image scanning applications such as
document reading and optical character recognition. The TC102 incorporates virtual-phase MOS technology, which
provides simplified operation and high reliability.

This device is supplied in a 10-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 7,6-mm (0.300-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol.

virtual-phase technology

This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. Virtual-phase
technology utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and
transport function as a separate gate electrode requiring multiple layers and multiple process steps common in other
device designs. The resulting simplicity of process and ease of operation will increase performance and reliability for
the user.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
[ DARK CURRENT BUFFER CCD }——o VoD
——wH ODD PIXEL TRANSPORT CCD
t t 1 t ¢ t ¢+ ¢+ F t ¢
LINEAR I T 1 1 I £ 1 | T 1 1 I
iotosme  [e[s[s[s[T[\ [T\ [NNNEL—, , TS 2[' [T [ [ 1] Je]oTs[s) os
ARRAY 1 T T | T | 1 I 1 1 1
! O S T N | S T N T ——° VoD
———wH [ EVEN PIXEL TRANSPORT CCD $+— o VReF
|
———WH L EOS + DARK CURRENT BUFFER CCD EOS
CHARGE
l DETECTOR
OUTPUT
WRCK XCK TCK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD

W= WHITE REFERENCE INPUT DIODE
B = BLACK REFERENCE ELEMENT

= ISOLATION ELEMENT

N = 128 SENSOR ELEMENTS

PIN FUNCTIONAL DESCRIPTION

PIN
NUMBER SIGNATURE NAME DESCRIPTION

1 VREF Reference Voltage Bias input for the output amplifiers.

2 0s Output Signal Video output from a cascaded source-follower MOS amplifier.

3 Vpp Supply Voltage Output amplifier supply voltage.

4 TCK Transport Clock Drives the CCD transport registers.

5 WRCK White Reference Clock Injects a controlled charge into the white reference CCD shift register
elements to become white-reference and end-of-scan pulses.

6 XCK Transfer Clock Controls the transfer of charge packets from sensor elements to shift

registers. The interval between pulses of the transfer clock determines
the exposure time.

7 RCK Reset Clock Controls recharging of the charge-detection diodes in the output
amplifiers, and clocks the output shift registers where the odd and
even signals have been merged.

8 EOS End-of-Scan Pulse Indicates that all charge packets have been shifted out of the
transport regis(ers.

©
-
(=]

Vss Substrate Aii voitages are referenced to the substrate.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

The line of sensor elements (also called photosites or pixels) consists of 128 photo-sensitive areas, 12.7 micrometers
(0.5 milliinches) square and approximately 12.7 micrometers from center to center. Image photons create
electron-hole pairs in the singie-crystal silicon. The electrons are collected in the sensor elements and the holes are
swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident light
and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise
background at zero illumination to a maximum at saturation under bright illumination.

transfer gate

This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport
CCD shift register to create the white reference signals.

shift registers

There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from
peripherally generated dark current noise.

black and white reference elements

CCD IMAGE SENSORS H

Four additional sensor elements at each end of the sensor element array (labelled ‘‘B’’ in the block diagram) are covered
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs
to external dc restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is
approximately 70% of the maximum output signal amplitude.

output signal amplifier

The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge-
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. A
reference voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A
current sink is used as an on-chip load for the amplifier output. No external current sink is needed. The output signal is a
series of negative-going pulses on a dc level.
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128 x 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths (see Figures 7 and 8). If optimum resolution is
required with a light source that has a significant infrared component, then the designer must use appropriate filters to
restrict the optical pass band to shorter wavelengths.

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EQS register where
itis transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used
to alert the external circuitry that the linear image data readout has been completed.

clocks

The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 161
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

The transport clock {TCK) transports the linear image signal charge from the sensor element region to the output
amplifier.

The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency.

The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end-
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero
volts will cause charge injection resulting in an increase in apparent dark signal

Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously.
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers.

The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.

TEXAS INSTRUMENTS



TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

XCKJ_\‘ EXPOSURE TIME
[ N

(44

N
1{s
WRCK

BraBmBeo Bl 1 1 1
os —nXny

12 13 14 15 16 17 18 [19

EOS e,

Output Signal (OS) pulse identification:

I = Isolation pixei

1P = Image pixel

B = Black reference pixel
W = White reference pixel

X = Empty pixel

FIGURE 1 - OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see Note 1)

Amplifierdrain voltage (VDD) . . .. .. .. ...
Amplifier reference voltage (VREF)
Transferclock (XCK)voltage . . .. .................. .. .. .. .. .. ... ..
Transport clock (TCK) voltage . . . .
Resetclock (RCK)voltage . . ... ............ ... ... ...
White reference clock (WRCK) voltage
Storage temperature

Operating free-air temperature

NOTE 1: Voltage values are with respect to Vss.

-0.3Vto30V
~0.3Vto30V

.. =25Vto5V
.. —=25Vto5V
.. —25Vto5V

~0.3Vto30V

............... -25°Cto125°C

25°Cto70°C

CCD IMAGE SENSORS
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

recommended operating conditions at Tp = 25°C

MIN NOM MAX UNIT
Vpp Supply voltage 15 16 20 \%
VREF Amplifier reference voltage 6 7 8 \
VIH(X) Transfer clock high-level input voltage 1 2 3 A
ViLx) Transfer clock low-level input voltage -17¢ -16 -15 \
VIH(T) Transport clock high-level input voltage 1 2 3 \%
ViL(m Transport clock low-level input voltage -179 -16 -15 \Y%
VIH(R) Reset clock high-level input voltage 1 2 3 \
VIL(R) Reset clock low-level input voltage -17¢ -16 -15 \
VIH(WR) White reference clock high-level input voltage 15 16 20 \%
VIL(WR) White reference clock low-level input voltage 6 7 8 \%
fRCK Reset clock frequency (output data rate) 2 10 MHz

€ The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only

(»

) electrical characteristics at 25°C free-air temperature, fRCK = 0.5 MHz, texp = 10 ms, tungsten light
O source operating at color temperature of 2854 Kwith 2.0-mm-thick Fish-Schurman HA-11 IR-absorbing filter,
== and all operating voltages at nominal recommended values.

S

> PARAMETER MIN TYP MAX UNIT

G) Average 0.5 10

m X . Low frequency component 0.5 5
Dark-signal amplitude - - - mV

m Nonuniformity relative to 1 20

m average of adjacent pixels

2 | Sensitivity 2 3.5 5 | V/(udicm?)

m . Peak-to-peak 50 100

o Output amplitude Adjacent pixels from mV

m variation (PRNU) % ) X . 10

alternate registers (imbalance)

m Peak-to-peak noise 1 mV
Equivalent exposure § of peak-to-peak noise 0.35 nJd/em?2
Saturation exposure § 350 ndicm?2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 10 \
Output impedance 1 kQ

Transfer gate 45
Resistance to Vgg Transport gate 45 kQ
Reset gate 45
Transfer gate 26
Capacitance to Vgg Transport gate 57 - pF
Reset gate 7
IREF Amplifier reference current 3 nA
Ipp Supply current 6.3 9.4 mA
Power dissipation 100 mwW

tMeasured at 700 mV output amplitude with an /2.8 lens.
§Exposure = intensity x time
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TYPE TC102
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timing requirements

MIN NOM MAX UNIT
. Time delay from the transport clock rising o 100 ns
THXH edge to the transfer clock rising edge
t Time delay from the transport clock rising edge 0 100 ns
THWL to the white reference clock falling edge
R Time delay from the transport clock nsfng o ns
THRH edge to the reset clock rising edge
Pulse duration of the high state for the reset
tw(RH) clock 40 ns
X Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge
R Time delay from the transport clock falling edge o 100 ns
TLWH to the white reference clock rising edge
Time delay from the transfer clock falling edge
IXLTH to the rising edge of the next transport clock 50 ns
pulse
t rise time (all clocks) 15 ns
tf fall time (all clocks) 5 ns
| [ tTHxH
|
I/
XCK |
! ]
1 P T L
I r‘—.' IXLTH
= | tTHWL | !
N\ 1 |
WRCK | | |
| ! : |
! b I
| ] \ ]
! I tTLWH |
|
TCK
|
i -
TTHRL = 4 t
) i > I"' f
|
RCK |
- =

J
)0

o T\

BLACK REFERENCE LEVEL

FIGURE 2 - DEVICE TIMING REQUIREMENTS
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PARAMETER MEASUREMENT INFORMATION

128 x 1 CCD LINEAR IMAGE SENSOR

TYPE TC102
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

L L J 1 J L I | I -
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N B Nl ™ i I

FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

TYPICAL CHARACTERISTICS

(In the circuit of Figure 3 with Ta = 25°C, frck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal
recommended values, unless otherwise noted)

SENSITIVITY RESPONSIVITY
vs vs
WAVELENGTH OF INCIDENT LIGHT . WAVELENGTH OF INCIDENT LIGHT
T T T a1
e e
[ quantuTe T 50% |
4 A 0.4 1
M/ =] 30% —|
o o |
. E \ \wnhout filter \; f/‘Pl \_\/‘ 20% —|
2 ! with < L1 /‘
: | HA-11 filter | . — 1 _—T | 109
N 1 T X o = 04 \. % ]
X I >
= )} ! A} 2
2 \ = el
g \\ g ] ‘\
< 04 L 0.04
@ \ « — 100% quantum efficiency \
A is 0.80657\ A/W
T I ] for X in um.
b L]
0.1 L ! 0.01 | |
400 600 800 1000 1200 400 600 800 1000 1200
Incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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128 x 1 CCD LINEAR IMAGE SENSOR

(In the circuit of Figure 3 with Ta = 25°C, fRcK = 0.5 MHz, texp

TYPICAL CHARACTERISTICS

recommended values, unless otherwise noted)
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Modulation Transfer Function

MTF

Dark Signal

MODULATION TRANSFER FUNCTION
vs
SPATIAL FREQUENCY

0 \
with HA-11 filter
0.8 \\
0.6 \
A
\wthout filter
0.4 S~ ~_]
2854 K Light
0.2
)
0 0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency
L 1 1 1 1 J
0 7.9 15.8 23.6 315 39.4
Spatial Frequency — cycles/mm
FIGURE 7
AVERAGE AND LOW-FREQUENCY
DARK SIGNAL
vs
EXPOSURE TIME
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|
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texp — Exposure Time — ms

FIGURE 9

= 10 ms, and all operating voltages at nominal

MTF — Modulation Transfer Function

%

Percentage of Saturated Output Voltage - ¢

MODULATION TRANSFER FUNCTION
vs
SPATIAL FREQUENCY

1.0

—

\\\;30 to[700 nm

o
©

N = 900%\

o
o

N
EN

Monochromatic Light

o
IS

0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency
1 |

100
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FIGURE 8

OUTPUT SIGNAL VOLTAGE RELATIVE TO

SATURATED OUTPUT VOLTAGE
Vs
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T T
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|

| /
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T
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I—

2 4 6 8 10

texp — Exposure Time — ms

FIGURE 10
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MECHANICAL DATA

12,83 (0.505)
12.57 (0.495)
3,81 (0.150)
3,56 (0.140) 10 3 8 7 6
— /. e
== i
i ]
y ! [
—_!/9- ;{7-5;:]*— -5
1(0. | |
0,81 (0.032)R NOM | ‘--—i ______ !
No. 1 SENSOR ELEMENT — —a o, 3 — I (7))
1 2 3 4 5 g
5,82 (0.229) %
8,10 (0.319) 5.56 (0.219) <
7.75 (0.305) u
7.49 (0.295) w
7.24 10.289) 2,97 (0.117) (D
~>‘ }4—1,19 (0.047) MAX 2,36 (0.093) o
A —I—-|-| -
J : 419 (0.165) |- 8
3,07 (0.121)
' —f‘ o
—~ SEATING PLANE
3,81 (0.150)
3,05 (0.120)
0,48 (0.019)
0,30 (0.012)
- 0.25 (0.010) 1.42 (0.066) »{ [ 53 (00t
1,12 (0.044)

2,54 (0.100) NOM

NOTES: 1. All dimensions are in millimeters and parenthetically in inches.
2. The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is

determined by observing the vertical motion of a microscope focused first at one plane, then at the other.
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

D2686, FEBRUARY 1983

2048 x 1 Sensor Element Organization TC103 . . . DUAL-IN-LINE PACKAGE
Virtual-Phase N-Channel Silicon MOS (TOP VIEW)
Technology \4
High Quantum Efficiency Veer (I 2a[JVgs
Enhanced Blue Response os([]2 T 23[) Vss
® Output Signal Approximately Vpp[]3 22[7]€0S
1.0 Voit Peak-to-Peak Vss[Ja 21[JRCK
® Dynamic Range Relative to INT REF[]5 20 NC
Peak-to-Peak Noise Typically 1000:1 ne e 19[] NC
® End-of-Scan Signal NC[T7 18] NC
® Internal Black and White References NCES 7] Ne
NC
® Simple and Stable Operation 9 6pINe
Vss[Jo 15[ ] Vss
® OPTIONAL FEATURE: TcK
Internal Reference Voltage ek a0
WRCK[]12 L 13[] XCK
NC ~ No internal connection
description

The TC103, a 2048-element CCD line image sensor, functions in high-resolution image scanning applications such as
facsimile and optical character recognition. The TC103 incorporates virtual-phase MOS technology, which provides
simplified operation and high reliability. The 2048 sensor elements provide 8 points-per-millimeter resolution across
256 millimeters.

This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 15,2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol.

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
\ placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
‘h shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers.

virtual phase technology

This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and transport
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user.

CCD IMAGE SENSORS H
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
( DARK CURRENT BUFFER CCD Voo
——wWH ODD PIXEL TRANSPORT CC VOLTAGE INT
I B a2 BN L L
LINEAR T T T ) T 5 T T T I T T
protosire  [B[s[s[e[1 [\ [T\ [NNZ - [3[2[ [ [+ [ 1]+ [e]e]e]e] os
ARRAY 1 I I 1 1 T b 1 T I I I
PR T S S N S T N T Voo
o—wH { : EVEN PIXEL TRANSPORT CCD VREF
———(WH EOS + DARK CURRENT BUFFER CCD EOS
CHARGE
(@) DETECTOR
(®) OUTPUT
O wRck XCK TCcK vss RCK AMPLIFIERS
— SUBSTRATE AND
< LIGHT SHIELD
W= WHITE REFERENCE INPUT DIODE
> B = BLACK REFERENCE ELEMENT
Q I = ISOLATION ELEMENT
m N = 2048 SENSOR ELEMENTS
n
m
% PIN FUNCTIONAL DESCRIPTION
X PIN SIGNATURE NAME DESCRIPTION
(7)) NUMBER
1 VREF Reference Voltage Bias input for the output amplifiers and internal reference.
2 oS Output Signal Video output from a cascaded source-follower MOS amplifier.
3 Vbp Supply Voltage Output amplifier supply voltage.
4,10, 15, 23,

24 Vsg Substrate All voltages are referenced to the substrate.

5 INT REF Internal Reference Potential derived internally for operational reference voltage.
6,789 16
17,18, 19, 20 NC No internal connection.

11, 14 TCK Transport Clock Drives the CCD transport registers.
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register
Clock elements to become white-reference and end-of-scan pulses.

13 XCK Transfer Clock Controls the transfer of charge packets from sensor elements to shift
registers. The interval between pulses of the transfer clock determines the
exposure time.

21 RCK Reset Clock Controls recharging of the charge-detection diodes in the output
amplifiers, and clocks the output shift registers where the odd and even
signals have been merged.

Indicates that all charge packets have been shifted out of the transport

22 EOS | End-of-Scan Pulse o reep P
registers.
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

The line of sensor elements (also calied photosites or pixels) consists of 2048 photo-sensitive areas, 12,7
micrometers (0.5 milliinches) square and approximately 12,7 micrometers from center to center. Image photons
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise
background at zero illumination to a maximum at saturation under bright illumination.

transfer gate

This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport
CCD shift register to create the white reference signals.

shift registers

There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from
peripherally generated dark current noise.

black and white reference elements

Four additional sensor elements at each end of the sensor element array {labelled **B’" in the block diagram) are covered
by opaque metaliization. They provide a black (no illumination) signal reference that is delivered at each end of the
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs
to external dc restoration and/or automatic exposure contrel circuitry. The white reference pulse amplitude is
approximately 70% of the maximum output signal amplitude.

output signal amplifier

The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge-
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference
voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 is a
series of negative-going puises on a dc level.

internal reference voltage

An internal reference voltage (INT REF) is available on the chip to provide the VRgF voitage. The required connections
appear in Figure 3. If the internal reference voltage is not used, an external voitage is connected directly to pin 1. Pin 5
is then left unconnected.

TEXAS INSTRUMENTS
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is
required with a light source that has a significant infrared component, then the designer must use appropriate filters to
restrict the optical pass band to shorter wavelengths.

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS outbul can be used
to alert the external circuitry that the linear image data readout has been completed.

clocks

The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is
the time required to shift the entire contents of the transport registers to the output signal amplifier and equals 2081
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output amplifier.

The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency.

The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the
end-of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below
zero volts will cause charge injection resulting in an increase in apparent dark signal.

Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously.
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers.

The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.
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TYPE TC103
2048 X 1 CCD LINE IMAGE SENSOR
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Output Signal (OS) pulse identification: | = isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel ‘é
FIGURE 1—OPFRATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 8
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) E
(see Note 1) 75}
Amplifier drain voltage (VDD1) - . . .. ... -0.3Vto30V (uD'I
Transfer clock (XCK) voltage .. ... ... ... .. .. ... .. -25Vtob5V <
Transport clock (TCK) voltage . ... .. ... ... ... . . . i -25Vto5V
Reset clock (RCK) voltage . . ... ... ... e -25Vto5V §
White reference clock (WRCK) voltage .. ........ ... ... ... ... . ... —-03Vto30V [a)
Storage temMPErature . ... ... ..ottt —25°C to 125°C (&)
Operating free-air teMpPerature . . .. ... .. . ...ttt —-25°C to 70°C Q
recommended operating conditions at Tpo = 25°C (see Note 1)
MIN NOM MAX UNIT
VpD Amplifier supply voltage 13 14 15 \%
VIH(X) Transfer clock high-ievel input voltage 3 4 5 \Y
VIL(X) Transfer clock low-level input voltage -16% -14 -13 \
VIH(T) Transport clock high-level input voltage 3 a4 5 \Y
ViLm Transport clock low-level input voltage -157 -14 -13 \Y;
VIH(R) Reset clock high-level input voltage 3 4 5 \
VIL(R) Reset cleck low-level input voltage -161 ~14 -13 A
VIH(WR) White reference clock high-level input voltage 13 14 15 Y
VIL(WR) White reference clock low-level input voltage 6 7 8 \
fRCK Reset clock frequency (output data rate) 10 MHz

TThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only
NOTE 1: Voltage values are with respect to Vgg.
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*Measured at 700 mV output amplitude with an /2.8 lens.

TYPE TC103

2048 x 1 CCD LINEAR IMAGE SENSOR

electrical characteristics at 25 °C free-air temperature I

PARAMETER MIN TYP MAX UNIT
Average 0.5 10 mV
. . Low frequency component 0.5 5

Dark-signal amplitude - - -
Nonuniformity relative to 10 20 mvV
average of adjacent pixels

Sensitivity 2 3.5 5 |V/(udicm?2)

. Peak-to-peak 50 100

Output amplitude - -

variation (PRNU) ¥ Adjacent DIX‘E|S frorrl 10 mV
alternate registers (imbalance)

Peak-to-peak noise 1 mV

Equivalent exposure§ of peak-to-peak noise 0.35 nd/cm?2

Saturation exposure§ 350 nd/cm?2

Saturation output amplitude 700 1000 1400 mV

Dynamic range relative to peak-to-peak noise 500:1 1000:1

Charge transfer efficiency 0.99999

White reference amplitude 500 700 mV

End-of-scan amplitude 300 500 mV

Output offset (dc) voltage 10 \%

Output impedance 1 kQ
Transfer gate 150

Resistance to Vss Transport gate 500 kQ
Reset gate 500

Amplifier reference voltage, VRgr 7 \2
Transfer gate 250

Capacitance to Vgg Transport gate 600 pF
Reset gate 16

Amplifier supply current 8 12 mA

Total power dissipation 110 mW

§Exposure = intensity x time
1 Test conditions are frck = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman

2-34

HA-11 IR-absorbing filter, and ail operating voltages at nominal recommended values. The internal reference voltage is used.
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TYPE TC103
2048 X 1 CCD LINE IMAGE SENSOR

timing requirements

MIN NOM MAX UNITS
¢ Time delay from the transport clock rising o 50 ns
THXH edge to the transfer clock rising edge.
. Time delay from the transport clock rising edge o 50 ns
THWL to the white reference clock falling edge.
¢ Time delay from the transport clock rising o ns
THRH edge to the reset clock rising edge.
Pulse duration of the high state for the reset
tw(RH) clock 40 ns
¢ Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge.
N Time delay from the transport clock falling edge o 50 ns
TLWH to the white reference clock rising edge.
Time delay from the transfer clock falling edge
IXLTH to the rising edge of the next transport clock 50 ns
pulse.
tr rise time (all clocks) 15 ns
¢ fall time (all clocks) 5 ns
| ja—tTHXH
P
XCK |
! )
| —TLX L~
! | p—«bl IXLTH
—|  pE—tTHWL | 1
I\ | |
WRCK | | |
| | |
| | |
| | | |
| e tTLWH |
|
TCK
|
TTHRL —  j@— . .
N RG] '—’: nile r—
| |
RCK [ |

J D

o I\

BLACK REFERENCE LEVEL

CCD IMAGE SENSORS H
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PARAMETER MEASUREMENT INFORMATION

2048 x 1 CCD LINEAR IMAGE SENSOR

TYPE TC103
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT
TYPICAL CHARACTERISTICS
(In the circuit of Figure 3 with Ta = 25°C, frck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-
mended values, unless otherwise noted)
SENSITIVITY RESPONSIVITY
vs vs
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT
10 1 T T T T v I
- % —
= e e TR e o
quantie 50%
a4t > 04 ar, - ]
. NA o 30% |
£ thout filte —
N § et L \WI ou iter ? {1 20% __|
El with <<( // |_—
| N L] l-iA-H filter > o1 // 10% |
= S— \ 1 B
== \ : )
& 04f—1t—"f — \ & 004 \
R — % \ 100% quantum efficiency
| ; X is 0.80657X A/W
T ‘fﬁ" R ‘T'M fﬁ’ \"'7A for N in um.
BB AN | L]
0.1 L L 0.01
400 600 800 1000 1200 400 600 800 1000 1200
incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS
(In the circuit of Figure 3 with T = 25°C, fRck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-
mended values, unless otherwise noted)

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
Vs
vs
o SPATIAL FREQUENCY ‘o SPATIAL FREQUENCY
. 0 p— I
A =400 to 700 nm
5 \”ith HA-11 filter 5 \
S 08 \ S o8 ) S~
=] 3
s \ s \\
5 = A = 900 nm
& \ & \
s 0.6 J \ § 0.6 —t— \
: \vithou! filter -
8 e
5 04 I~ 5 04 —
=} =
B 3
S 2854 K Light L MOH(‘JChromdu‘C Light
| |
o 02 L02 ; .
= -
= b3
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency Normalized Spatial Frequency
L t 1 I L J L 1 I 1 1 J
0 79 158 236 315 394 0 79 158 236 315 394
Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
FIGURE 7 FIGURE 8
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
Vs Vs
EXPOSURE TIME EXPOSURE TiIME
10 o 100 : |
H > Ee = 50 uW/cm?2
H I
& 80
M| /‘ S 2854 K Light Ee = 25 yW/cm?2
o . - with HA-11 Filter
> 1 //bl éo = 3 /
Z —
% AY g ,{; /A 3 60 P
= DA O % OA °
=4 AY ‘4;/ =
7] <Y » e
x /' A &Y/ 2 40 = 12,5 uW/cm?2]
8 041 = »
= : / / |
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y4 E / / ‘
4 /, & / 25 /,JW/t:rn2
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i e
0.01
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texp — Exposure Time — ms texp — Exposure Time — ms
FIGURE 9 FIGURE 10
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

SR —
7,62 (0.300)
7,37 (0.290)
24232221201918 17 16 15 14 13
InlelioleololalaNaleolal el
Y -
—— | £ | cL
0,81{0032) Rw___/‘a/l
NOM
el
No.1 SENSOR ELEMENT — 1234567891011 -
4,62 (0.182)
> l‘ 337(0.172) 2
2
15,80 (0.622) w
15,29 {0.602) 77]
2,97(0.117) L
15,19 (0.598) 4,19 (0.165) 2""36 :'0 093": G
14,78 {0.582) 3,07 (0.121) —{ —1 ,4-1 19 (0.047) MAX <
= 2
,". 0,30 (0.012) _A . wggg@ 8
0.25(0010) 381015 0.38 (0,015
3"0’5?6’? 2,540 100) NOM
3,45 (0.136)
3,15 (0.124)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

NOTE 1: The distance between the top surface of the window and the surface of the sensor 1s nominally 0,89 10 0351 Thus 1s determined
by observing the vertical motion of a microscope focused first at ane plane. then at the other
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

D2687, FEBRUARY 1983

® 3456 x 1 Sensor Element Organization TC104 ... DUAL-IN-LINE PACKAGE
(TOP VIEW)
® Virtual-Phase N-Channel Silicon MCS ‘>

Technology
® High Quantum Efficiency M
® Enhanced Blue Response VRer [ 24 D Vss
® OQutput Signal Approximately os[]2 23p]vss

0.6 Volt Peak-to-Peak voo (3 22[Jeos

v 4 21[J Rk
® Dynamic Range Relative to ss -
5
Peak-to-Peak Noise Typically 1000:1 T ReF [ zopdne
ne s 19[JNC
° e .

End-of-Scan Signal ne (7 18ne
® Internal Black and White References Nc []8 17[JNC
® Simple and Stable Operation Ne [e 16[ ] NC
® OPTIONAL FEATURE: vss LJ10 15 vss

Internal Reference Voltage Tek On 14 ek

WRCK []12 13[] XcK
description NC — No internal connection.

The TC104, a 3456-element CCD line image sensor, functions in high-resolution image scanning applications such
as document reading and optical character recognition. The TC104 incorporates virtual-phase MOS technology, which
provides simplified operation and high reliability. The 3456 sensor elements provide 400 points-per-inch resolution
across 8.5 inches.

This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 15.2-mm (0,800-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol.

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
] \ placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
‘Ym shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers.

virtual phase technology

This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and*transport
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user.
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TYPE TC104

3456 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

—H =L

TCK

-

DARK CURRENT BUFFER CCD

VbD

ODD PIXEL TRANSPORT CCD

INT
REF

VOLTAGE

f f T T f T -f T L REGULATOR
T T I T T e T T I T T T
movosre  (s[e[s[s[ [T [Nhvd— [s 2L\ [T [s]e]s[s] | os
ARRAY T T T T T I iid T T T T I
S S N T S S N S —o VoD
0—@* F{ EVEN PIXEL TRANSPORT CCD 4 o VREF
—{WH I*{ £0S ¥ DARK CURRENT BUFFER CCD EOS
CHARGE
l DETECTOR
'y OUTPUT
WRCK XCK TCK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD
W =WHITE REFERENCE INPUT DIODE
B =BLACK REFERENCE ELEMENT
I =1SOLATION ELEMENT
N = 3456 SENSOR ELEMENTS
PIN FUNCTIONAL DESCRIPTION
PIN SIGNATURE NAME DESCRIPTION
NUMBER
1 VREF Reference Voltage | Bias input for the output amplifiers and internal reference.
2 0s Output Signal Video output from a cascaded source-follower MOS amplifier.
3 Vpp Supply Voltage QOutput amplifier supply voltage.
4,10, 15, 23,
24 Vss Substrate All voltages are referenced to the substrate.
5 INT REF Internal Reference | Potential derived internally for operational reference voltage.
6,7,8,9, 16 . )
NC No internal connection.
17,18, 19, 20
11, 14 TCK Transport Clock Drives the CCD transport registers.
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register
Clock elements to become white-reference and end-of-scan pulses.
Controls the transfer of charge packets from sensor elements to shift
13 XCK Transfer Clock registers. The interval between pulses of the transfer clock determines the
exposure time.
Controls recharging of the charge-detection diodes in the output
21 RCK Reset Clock amplifiers, and clocks the output shift registers where the odd and even
signals have been merged.
22 £0s End-of-Scan Pulse !nd'{ctates that all charge packets have been shifted out of the transport
registers.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

The line of sensor elements (also called photosites or pixels) consists of 3456 photo-sensitive areas, 10,7
micrometers (0.42 millinches) square and approximately 10,7 micrometers from center to center. image photons
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise
background at zero illumination to a maximum at saturation under bright illumination.

transfer gate

This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport
CCD shift register to create the white reference signals.

shift registers

There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the
paths provide for alternate delivery of charge packets to re-establish the criginal sequence of the linearimage data. The
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from
peripherally generated dark current noise.

black and white reference elements

CCD IMAGE SENSORS l

Four additional sensor elements at each end of the sensor element array (labelled *’B’’ in the block diagram) are covered
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the
linear image output signal. Also inciuded on the transport CCD shift register, at the opposite end from the amplifier, is
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs
to external dc restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is
approximately 100% of the maximum output signal amplitude.

output signal amplifier

The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge-
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference
voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 is a
series of negative-going pulses on a dc level.

internal reference voltage

An internal reference voltage (INT REF) is available on the chip to provide the VRgF voltage. The required connections
appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected directly to pin 1. Pin 5
is then left unconnected.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is
required with a light source that has a significant infrared component, then the designer must use appropriate filters to
restrict the optical pass band to shorter wavelengths.

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where
itis transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used
to alert the external circuitry that the linear image data readout has been completed.

clocks

The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 3489
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output
amplifier.

The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency.

The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end-
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero
volts will cause charge injection resulting in an increase in apparent dark signat.

Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously.
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers.

The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

EXPOSURE TIME m
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Output Signal (OS) pulse identification: | = Isolation pixel, IP == Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel

FIGURE 1-OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
(see Note 1)

Amplifier drain voltage (VDD) ... . ... . ~-0.3Vto30V
Transfer clock (XCK) voltage . .. ... ... .. . -25Vto5V
Transport clock (TCK) voltage . ........ ... ... ......... Y -25Vto5V
Reset clock (RCK) voltage .. ... ... ... ... -25Vito5V
White reference clock (WRCK) voltage .. ....... ... ... . . . . . . i -0.3Vto30V
Storage temMPerature . ... ... ...ttt e —-25°C to 125°C

Operating free-air teMPerature . . . . . . .. -25°C to 70°C

NOTE 1: Voltage values are with respect to Vgg.

recommended operating conditions at Tp = 25°C (see Note 1)

MIN NOM MAX UNIT
VpD Amplifier supply voltage 13 14 15 \Y
VIH(X) Transfer clock high-level input voltage 3 4 5
ViL(x) Transfer clock low-level input voltage -15¢ -14 -13 \%
VIH(T) Transport clock high-level input voltage 3 4 5 \
VIL(T) Transport clock low-fevel input voltage -15% -14 -13 \Y
VIH(R) Reset clock high-level input voltage 3 4 5 \Y%
VIL(R) Reset clock low-level input voltage - 161 -14 -13 \2
VIH(WR) White reference clock high-level input voltage 13 14 15 \4
VILIWR) White reference clock low-level input voltage 6 7 8 Y
fRCK Reset clock frequency (output data rate) 8 MHz

TThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only.
NOTE 1: Voltage values are with respect to Vgg.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

electrical characteristics at 25 °C free-air temperature ¢

SHOSN3S 3DVINI dJD m

PARAMETER MIN TYP MAX UNIT
Average 0.5 10 mV
. . Low frequency component 0.5 5
Dark-signal amplitude n - -
Nonuniformity relative to 4 20 mV
average of adjacent pixels
Sensitivity 1.4 2 3.5 | V/iudicm?2)
Output amplitude ZZ?::&:?T)?:eIS from =2 = mV
variation (PRNU) ) . 10
alternate registers (imbalance)
Peak-to-peak noise 0.6 mV
Equivalent exposure§ of peak-to-peak noise 0.3 nJ/ecm?2
Saturation exposure§ 300 nJ/cm?2
Saturation output amplitude 400 600 800 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 400 600 mV
End-of-scan amplitude 200 350 mV
Output offset (dc) voltage 6 \
Output impedance 1 kQ
Transfer gate 150
Resistance to Vgg Transport gate 700 kQ
Reset gate 700
Amplifier reference voltage, VRgf 7 \
Transfer gate 400
Capacitance to Vgg Transport gate 900 pF
Reset gate 16
Amplifier supply current 8 12 mA
Total power dissipation 112 mwW

*Measured at 400 mV output amplitude with an /2.8 lens.

SExposure = intensity x time

1 Test conditions are frRck = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman
HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

BLACK REFERENCE LEVEL

FIGURE 2—DEVICE TIMING REQUIREMENTS

MIN NOM MAX UNITS
N Time delay from the transpcrt clock rising o 50 ns
THXH edge to the transfer clock rising edge.
¢ Time delay from the transport clock rising edge o 50 ns
THWL to the white reference clock failing edge.
N Time delay from the transport ciock rising 0 ns
THRH edge to the reset clock rising edge.
Pulse duration of the high state for the reset
tw(RH) clock. 40 ns
. Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge. )
¢ Time delay from the transport clock falling edge 0 50 ns
TLWH to the white reference clock rising edge. )
Time delay from the transfer clock falling edge u,
tXLTH to the rising edge of the next transport clock 50 ns o
pulse. o
tr Rise time (all clocks) 15 ns (7]
tf Fall time (all clocks) 5 ns E
Ll
| e tTHXH E
|
'y Q
XCK | 'E)
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3456 x 1 CCD LINEAR IMAGE SENSOR

TYPE TC104

PARAMETER MEASUREMENT INFORMATION

HOSN3S 3IDVI ONILSIL 404 1INJYIO H3IAIMA — € 3HNOH

‘sindul yD 1 pue ‘HOX ‘NOY.8ul 1e ‘Ajgansadsas NA pue HIA jo sanjea pansap syl @onpoid |im ey sabeljon ayy aie 33 p

WN02 2yy aoimi si a1el e1ep

siviod 13t (3) ® _| -

%
P E

4100 O 8 Vv

GL jeasaun

3710 1

4700 0 8 V 4100 0 8 Vv

ue 90,

1 ainsodxa a8yl ajesauab 01 spouad %2040 Lodsuesl SIUNOD uleyd J3IUN0D SIyLy

—_——————————————

¥l

—0yvd ang—g —Ouvo ,SAIMl> ~quvo %AIM.> .
_ _ _ 408 NMOQ F——Q 508 NMOa H08 nMoa < _
13 avol avol avol _
S03 SO A ~
310
3\ | |
L 7 (8SW; (8s7)
56 | E6LSTVLNS E61SIPLNS £61STPLNS |
2 2 43LINNOD Y3ILNNOD H3ILNNOD
oA —— e e e 1
L BIESINS INIVHO H3LINNOD
4 33y ) Fmm—== A
G6EQ
SSp 1 30 | T
It 1 A m.M A m‘w
+90A €SYGLNS(40) H1 410
t 0 —0
5002 = =
HOHM y Jelepy
2 3 k)
8YLYNIZ) ) a _
AG
69EGLNS(Z/L) o ELL)
+33p i
BLSYLNS () 00V(NS(%)
FEN 906ENZ
N $OX AN
G528 400p ——
$33A 4710
AAA Y1
4397 NoH \- 5
28
1997 00bLNS (%)
69ESLNS(2/1)
aan H10 410
o o r—d A N3
Zx2 d\i Ly
1S31 H3aNN 1< 2]
301A30 .Y@ ixopd
o a o af- —z N0 rav
0344 0344
5% 0L
©)
o 09A AGH
VLYLNS O 929SWLNS

E CCD IMAGE SENSORS

TEXAS INSTRUMENTS

2-48



TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

N e IS p IR s AN e SN e O
¢ 7 : [ ™ 1 f 1 I ]
o _J ! l [ 1 | L J 1 |
e _J ] I | I
!eprTnggev Y

FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

TYPICAL CHARACTERISTICS

(In the circuit of Figure 3 with Ta = 25°C, fRcKk = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-

mended values, unless otherwise noted)

SENSITIVITY RESPONSIVITY
Vs Vs
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT
10 = p— — 1 T T T T 0'0/, T
S —— p—
| T o e T e i
, ety — 50%
4 0.4 < - T
| <A = 30% |
o~ | . . — |
- E Wﬂ‘ \\wlthout filter § S —T" 20%__|

5 )

I N T
[ k HA-1 filter \\ > o 1 0%
2 W S S— >
= i 5
z r S 0 S S W—— g \

Z L Y \ 8 T \
§ 04} — & oo0s X
N _ 100% quantum efficiency \
is 0.80657\ A/W
\ T T for X in um.
0.1 — . ,_;,ﬁv_&_J 0.01 i I
400 600 800 1000 1200 400 600 800 1000 1200

Incident Wavelength — nm

FIGURE 5

FIGURE 6

Incident Wavelength — nm
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS
(In the circuit of Figure 3 with Tp = 25°C, fRck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-
mended values, unless otherwise noted)

SHOSN3S 3OVINI @dJ M

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
Vs
X vs
‘o SPATIAL FREQUENCY o SPATIAL FREQUENCY
. , 0~ |
. T~ . X = 400 to 700 nm
s Nith HA-11 filter S
s 08 N 508 -
3 3
uw w
5 \ \ 5 A = 900 nm \
5 0.6 AN \ § 0.6
: Nnhout filter ’Z
£ ]
5 04 I~ 5 04
p=) 3
° °
S 2854 K Light £ Monochromatic Light
| |
w 0.2 w 0.2 T
= o
s s
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency Normalized Spatial Frequency
L L 1 ] L J L | L 1 I J
0 9.3 187 280 374 467 0 9.3 187 280 374 487
Spatial Frequency —~ cycles/mm Spatial Frequency — cycies/mm
FIGURE 7 FIGURE 8
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
'S 'S
EXPOSURE TIME EXPOSURE TIME
10 = 100
55" < T T
H | Ee = 50 uW/cm?2
5 |
i 2 80 | A
JW b S 2854 K Lxght‘ Ee = 25 uW/cm2
%) 4 - with HA-11 Filter
z ! 7y 7 2 %
E <o ‘306 ~ S 60
— ;7 7 o /
] N4y, o
=4 AV + /& 2 2
17} v i Ee = 12.5 uW/cm
[%7] i Ay 7 5 40 e H
¥ U1 '\?/ &
g o1 A 4 & L
== = |/
7 g 20 7 =
il ard & / Ee = 2.5 uW/cm2
VT & —
0.01 0
0.1 1 10 100 0 2 4 6 8 10
texp — Exposure Time — ms texp — Exposure Time — ms
FIGURE 9 FIGURE 10
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TYPE TC104

3456 x 1 CCD LINEAR IMAGE SENSOR

15,80 (0.622)
.602]

MECHANICAL DATA

45,67 (1.798) .
rezi0m00 ¢ #5762
73770290}
24232221201918 17 16 15 14 1
oo oo o0 00 00
r-——""""""~""~"""~"">"~""="="~—7—7==-= ha
Y '\ ! cL
0,81(0.032) R T !
NOM L ——————————— = ===
' OO OO oo OO OO o
No.1 SENSOR ELEMENT 123405678910111
4,50 (0.177)
Rt B w7 9 (3
2,97 (0.117)
4,19 (0.165) 2:36(0.093)

15,19 (0.598)
14,7870.582)

_,l 0,30 (0.012)
0.25(0.070)

3,077(0.721) I —D-I '4—1,19 (0.047) MAX

i

il
1————— SEATING PLANE j—r_

3,81 (0.150) ! H L I
3,05(0.120) 2,54 (0.100) NOM

8,79 (0.346)
8,48 (0.334)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

—

0,48 (0.019)
0,38 (0.015)

CCD IMAGE SENSORS H

NOTE 1: The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the
vertical motion of a microscope focused first at one plane, then at the other.
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TYPE TC201
328- X 490-PIXEL CCD AREA IMAGE SENSOR

D2734, MARCH 1983

® 328- X 490-Pixel Format for Frame-Store or CERAMIC PACKAGE
Full-Frame Mode Operation (TOP VIEW)
® Virtual Phase (VP), Front Side lluminated |4 20,3 mm (0.800 inch) NOM
® Buried Channel Registers
® High Charge Transfer Efficiency T ) 20
19
©® High Resolution ]
3 BRI
® Interlaced 525-line TV Output (Frame-Store z N .
Mode) 5 (] ] i7
. . . £ N 116
No Residual Imaging 2 ]
; . b4 AREA IMAGE 115
® No Microphonics e ]
£ SENSOR Ny []14
Small Size, 11-mm Image Diagonal (Frame- € N
Store Mode) pi N )13
S 3
® No Image Burn-in g ]12
High Uniformity B —

description

This 328- X 490-Pixel area sensor is designed to operate in the frame-store mode as a 328H X 245V imager for 525-line
US TV applications. The device can also be used in the full-frame mode for long-integration, single-frame applications.
Charge packets are transported to a precharged diode whose potential changes in response to the quantity of the
signal charge delivered. This potential is applied to an on-chip floating diffusion amplifier to produce a signal voltage
at the video output pin. A reset transistor is used to recharge the charge-detector-diode capacitance before the arrival
of each new signal charge packet from the serial transport register. The imager is fabricated using virtual phase MOS,
technology, which provides greater reliability at lower cost than the conventional 2-phase MOS technologies.

This device is supplied in a 20-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 20,3-mm (0.800-inch) centers. The pins in each row are located on 2,54-mm (0.100-inch) centers. Optical quality
glass lids cover the image area.

Auvailability of this device is
scheduled for 2nd quarter 1984

CCD IMAGE SENSORS I

PRODUCT PREVIEW
This document contains information on a product under

developmant. Texas Instruments reverses s e e TEXAS INSTRUMENTS

change or discontinue this product without notice.
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TYPE TC202
390- X 584-PIXEL CCD AREA IMAGE SENSOR

D2732, MARCH 1983

® 390- X 584-Pixel Format for Frame-Store or
Full-Frame Mode Operation

® Virtual Phase (VP), Front Side llluminated

©® Buried Channel Registers

® High Charge Transfer Efficiency

® High Resolution

® Interlaced 625-line TV Output (Frame-Store
Mode)

® No Residual Imaging

@ No Microphonics

® Small Size, 11-mm Image Diagonal (Frame-
Store Mode)
No image Burn-in
High Uniformity

description

CERAMIC PACKAGE
(TOP VIEW)

l€— 20,3 mm (0.800 inch) NOM -)‘

I4———— 24,9 mm (0.980 inch) NOM ———}

1
2]
3]
4]
5[
8]
7(]
8
of]

10(]

J

AREA IMAGE

SENSOR

| 1 1 V1 V4 71 Y7 |

This 390- X 584-pixel area sensor is designed to operate in the frame-store mode as a 390H X 292V imager for 625-line
European TV applications. The device can also be used in the full-frame mode for long-integration, single-frame
applications. Charge packets are transported to a precharged diode whose potential changes in response to the quantity
of the signal charge delivered. This potential is applied to an on-chip floating diffusion amplifier to produce a signal
voltage at the video output pin. A reset transistor is used to recharge the charge-detector-diode capacitance before
the arrival of each new signal charge packet from the serial transport register. The imager is fabricated using virtual
phase MOS technology, which provides greater reliability at lower cost than the conventional 2-phase MOS technologies.

The device is supplied in a 20-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 20,3-mm (0.800-inch) centers. The pins in each row are located on 2,54-mm (0.100-inch) centers. Optical quality

glass lids cover the image area.

Availability of this device is
scheduled for 2nd quarter 1984
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change or discontinue this product without notice.



PC401, PC402

Texas Instruments

\

PC401 and PC402

EVALUATION BOARDS

for operating

Virtual Phase
Linear CCD Sensors
TC101 (1728 X 1)
TC102 (128 X 1)
TC103 (2048 X 1)
TC104 (3456 X 1)

TeExas INSTRUMENTS
OPTOELECTRONICS

CCD IMAGE SENSORS H
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PC401, PC402

EVALUATION BOARD SCHEMATIC
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PC401, PC402

LOGIC TIMING WAVEFORM
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PC401, PC402

LINEAR CCD EVALUATION BOARD

SOCKET FOR TC101

ig:gﬁ SOCKET FOR TC102
/ Io) END OF r——\-—:ll
SCAN : :
el o P O ouTPUT
Rek 11 11 y2%e——— 1 OMITJUMPER
pe-d FOR WHITE REF.
° i | U7.
| |
U9l rek
o O o]
VeH ADJ. XCK WRCK
S k]l ]
8 @ "
(®)]
(w) J1*
s 0 @ g o
g u1 U2 [OK] U6 EXPOSURE
FREQ. i
5 TN l l l l MG ADL
2 i
i ‘B 13t
= 22 20 17 1 7 4
m QI'JZPERSQ(/'%’,*,;E4B§QBD NN N L S MATING CONNECTOR
€  |NCLUDING EDGE Py A TRW/CINCH 50-44A-30
s s A Lol o HEH R
8 CONNECTOR 1 i T T T T T OR EQUIVALENT
GND EXT. EXT. I +5V |
X VjL CLK. EXP.  COUNTER +Vpp
(2]
CHAIN INPUT
(J1 & J3SHOWN IN INTERNAL SELECT POSITION)
*J1=INTERNAL/EXTERNAL CLOCK SELECT
** J3=INTERNAL/EXTERNAL EXPOSURE TIME SELECT
FEATURES:
® PC401 operates TC101, TC103, and TC104. CCD on opposite side from components and
® PC402 operates TC102 controls to allow clearance for optics.
Operates CCD over 2-to 16-ms exposure time
hd c?aptzrar:: gﬁgeover a 0.2 MHz to 2.0 MHz range with internal adjustment.
Contains provision to accept both external
® HI clock voltage is controlled on the board . fp s
X X clock and external exposure time with jitter-
(VCH) while the LO clock_ voltage is controlled free synchronization.
from the external negative supply (V|L).
® White reference control allows evaluation of co;j;s‘ u;"tg;:?g::‘t:rxf:::;ee:Zg;ﬁ;cg;':?':
tl;"s clllockrs {rr:]etc':tlor? s:zbllltytastwell as the multiples of TCK periods. Output from counter
signal’s elimination in the output. must be returned to external exposure time
® Three supply operation: input.

2-58

+5V @ 165 mA
Vpp @ 15 mA*
VIL(R,T.X) nom @ 40 mA*

*Values from DATA SHEETS

Output emitter follower buffered to drive high
capacitance load.

All CCD clock signals have easily accessed
test points for scope probes.



Infrared-Emitting Diodes

® Quick Reference Guide

® Gallium Arsenide and Gallium Aluminum
Arsenide

® Low-Cost Plastic Packages
T-1
T-1%
Sidelookers

® Hermetically Sealed Packages
Pill
TO-18

® High-Reliability Devices (HR2)
Pill
TO-18

® Measuring the Output of IREDs and LEDs

See Section 4 for Special Function Infrared-Emitting Diodes.

IR EMITTERS ™

31
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QUICK REFERENCE GUIDE
INFRARED EMITTERS

INFRARED EMITTERS
QUICK REFERENCE GUIDE

POWER OUTPUT VE Ap

DEVICE MIN @ I 011 MAX @ If TYP FEATURES
mwW mA v mA nm

TIL23 0.4 50 | 35° 1.5 50 | 940 X L
TiL24t 1 50 350 15 50 940 z:::r::z::?:L(::hn\To‘Lnggr:gsoer:::uble-SIded printed circuit boards.
TIL25 0.75 50 | 35° 1.5 50 | 940
TIL31Bt 3.3 100 | 10°}| 1.76 100 | 940 | Hermetically sealed TO-18 package
TIL32 0.5 20 35° 1.6 20 940 | Low-cost plastic package
TIL33B 2.5 100 | 80°| 1.75 100 | 940 | Hermetically sealed TO-18 package
TIL348B 1.6 100 10° | 1.75 100 940 | Hermetically sealed TO-18 package
TIL38 6 100 50° | 1.75 100 940 | Low-cost plastic package T 1% package
TIL39 6 100 20° | 1.75 100 940 | Low-cost plastic T 1% package
TIL40 0.05 20 30° 1.6 20 940 | Low-cost plastic sidelooker package
TIL902-1 1.5 20 35° 1.6 20 880 | Low-cost plastic T 1 package
TIL902-2 2.5 20 35° 1.6 20 880 | Mechanically similar to TIL32
TIL903-1 6 100 10° 2.1 100 880 | Hermetically sealed TO-18 package
TIL903-2 9 100 10° 2.1 100 880 | Mechanically similar to TIL318
TIL9O4-1 5 100 80° 2.1 100 880 | Hermetically sealed TO-18 package
TIL904-2 9 100 | 80° 2.1 100 | 880 | Mechanically similar to TIL33B
TILSO5-1 1.5 20 50° 1.6 20 | 880 | Low-cost plastic T 1% package
TIL905-2 2.5 20 50° 1.6 20 880 | Mechanically similar to TIL38
TIL906-1 1.5 20 20° 1.6 20 880 | Low-cost plastic T 1% package
TiL906-2 2.5 20 | 20° 1.6 20 | 880 | Mechanically similar to TIL39

tHigh-reliability versions (TIL24HR2 and TIL31BHR2) are also available

TExAS INSTRUMENTS




TYPES TIL23, TIL24, TIL25

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D2132, FEBRUARY 1970~ REVISED FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

e Output Spectrally Compatible with Silicon Sensors

e High Power Efficiency
e High Power Output

o Small Size Permits Matrix Assembly Directly into Printed Circuit Boards

e High Radiant Intensity

e TIL24HR2* Includes High-Reliability Processing and Lot Acceptance

(See page 3-7 for Summary of Processing

mechanical data

CERAMIC 0,254 - 0,026
s /n wir- oo ™2
1,575 {0.062) 2,337 (0.092) -
1,473 (0.058) 2,133 (0.084)
0,254 (0.010) 2-CATHODE
1-ANODE 0.127 (0,005) ™ -J b 0,610 (0.0201
2,235 (0.088) 0,49 (0.019)
3083 (6.082) 0.23(0.009) 0406 (0.016)
3,43 (0.135)
3,10 (0.122)
4 TIMES
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES ACTUAL SIZE
absolute maximum ratings
Reverse Voltage at 25°C Case Temperature . . 2V
Continuous Forward Current at 25°C Case Temperature (See Note 1) 100 mA
Operating Case Temperature Range —65°C to 125°C
Storage Temperature Range —65°C to 150°C
Soldering Temperature (10 seconds) 240 C

*All electrical and mechanical specifications for the TI1L24 also apply for TIL24HR2.

NOTE 1:

Derate linearly to 125 C case temperature at the rate of 1 mA/°C. For pulsed operation at higher currents, see Figures 8 and 9.

TEXAS INSTRUMENTS
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TYPES TIL23, TIL24, TIL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

operating characteristics at 25°C case temperature

TIL23 TIL24 TIL25
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX | MIN TYP MAX
Po Radiant Power Qutput 0.4 1 0.76 mwW
Ap Wavelength at Peak Emission 915 940 975 | 915 940 975 915 940 975 | nm
AN Spectral Bandwidth Ig =50 mA 50 75 50 75 50 75 | nm
0y Half-Intensity Beam Angle 35° 35° 35°
Vg Static Forward Voltage 1.25 15 1.5 15 v
TYPICAL CHARACTERISTICS
RELATIVE SPECTRAL CHARACTERISTICS
1.2

0.8

0.6

0.4

Relative Spectral Response or Output

0.2

Response of Human

Eye

Qutput of Tungsten

Source at 2870 K —
e~

/

\\.

\
.

Output of
TIL23

\

\

TiL24
TIL25

|

Response of
Silicon

\

/

Qotransismrs—
A

0.3 0.4

0.5

0.6

0.7 0.8
A—Wavelength—um

FIGURE 1

0.9
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TYPES TIL23, TIL24, TIL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

TYPICAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY
vs
ANGULAR DISPLACEMENT

vs

CASE TEMPERATURE

RELATIVE POWER QUTPUT

:
||
o

I

I =100mA

T
+

T
[ —

S E—

|

1.2 ; . ‘ 4 T 74’
i i
| i 2+ .
1.0 — I \
| | 1 -
‘3‘. } ‘ + 0.7 T B
€ 08} - 7 E
] i i 3
£ I 5 04
= S
e 5
° 06 2 02
& | 2 ! I
2 B4 i 2 01
S 04— 9f——3 f 2 007}
« a | o« -
o \ 0.04
0.2} — - - |
/ | g | \ 0.02
! ! | |
| i
° S ‘ : L l " | 0.01 — f
30° 20 10° 0° 10 20° 30 —75 ~50 —25

6-—Angular Displacement

FIGURE 2

CHANGE IN WAVELENGTH OF PEAK INTENSITY
vs

FIGURE 3

Vs

RELATIVE POWER QUTPUT

0 25 50 75 100 125
Tc—Case Temperature—°C

IR EMITTERS .

€ CASE TEMPERATURE FORWARD CURRENT
I
OU 30 P T T 10 —T
= constant i - - o
[ F o [ To=25°C
[ { u
| | See Note 2

R R 4
- i A
3 : %
3 10— R e ) g 2 !
§ 6 M
= - /
- (Y
S 0 - 3 1
g o
s g 07 ,
= . 5
5 —10 T 04 /
s
3
g
Al 7 ’ T ' ] 02
b y
<
3 | ‘

_30 \ ; o

-75 -50 —-26 0 25 50 75 100 125 40 20 40 70100 200 400

To—Case Temperature—°C

FIGURE 4

NOTE 2: These parameters must be measured using pulse techniques: ty,, = 0.04 ms, duty cycle < 10%.
$Normalized to output at I = 50 mA, T¢ = 25°C.

FIGURE 5

IF —Forward Current—mA

1000
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TYPES TIL23, TIL24, TIL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

TYPICAL CHARACTERISTICS

TiL23 COUPLING CHARACTERISTICS OF T1L23, TIL24, AND
FORWARD CONDUCTION CHARACTERISTICS TIL25 WITH TIL602
100 T 100 == F
See Note 2 70 = SOURCE: SENSOR:
90 40 —TIL25=7 TIL23, TIL602
LTiL24 TiL24, Veg=2V]
80 20 —_— TiL25 Tc =25°C
~] IF =50 mA i
— ~IN F m
? 70 < 10 Ti23] N Tc=25"C
L .
& T 7
g 60 g S
3 8 4 AN
50 5 L N\
T 3
S - 2 N\
£ 40 3 AN
£ g 1
- _u- 30 0.7 - \\ D
N\
AVAN
5 20 0.4 N \\,\
10 0.2 N
m I N
g 0 0.1 !
— 0.9 1.0 1.1 1.2 1.3 14 15 001 002 004 00701 02 04 0.7 1
j VF—FonNard Voltage—V Distance Between Lenses—in
m
FIGURE 6 7
o o] FIGURE
m NOTE 2: These parameters must be measured using pulse techniques: ty, = 0.04 ms, duty cycle < 10%.
THERMAL CHARACTERISTICS
MAXIMUM PULSE WIDTH MAXIMUM DUTY CYCLE
Vs Vs
FORWARD CURRENT FORWARD CURRENT
10 3 =
7 T =25°C —f-Tg=25°C
- ] -
2 e e #
g ©
I 1 - — S
< N 9
£ o7 F=F N ] 3 40
i 0.4 B - a
E i I — g 30
0.2 - - — E
£ <
[ya=== § = 2
£ .07 : =
0.01 1(: 200 400
0 100 200 300 400 500 00 700 1000
|g—Forward Current—mA Ig—Forward Current—mA
FIGURE 8 FIGURE 9
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TYPE TIL24HR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

® This processing applies only to devices ordered under the part number TIL24HR2
® For electrical and mechanical specifications, refer to page 3-3
This processing and lot acceptance follows the sequence of tests in MIL-S-19500 for JANTX types. This is not to

be construed to be a JANTX-qualified part. A detail specification is available upon request through your Tl Field Sales
Office or Optoelectronics Marketing at the following address:

Texas Instruments Incorporated
Optoelectronics Marketing

P.O. Box 225012, MS 12
Dallas, Texas 756265

Phone: (214) 995-3821

TEST

MIL-STD-750
TEST METHOD

100% Processing
Storage: TA = 125°C,t = 24 h

Temperature Cycle: —55°C to 125°C, 10 cycles

Constant Acceleration: 20,000 G, Y1 axis
Power Burn-in: Ig = 50 mA, t = 168 h
Hermetic Seal, Fine

Hermetic Seal, Gross

External Visual

Product Acceptance

Group A: LTPD = 5
External Visual
Electrical: Tp = 25°C

Group B-1: LTPD = 15
Solderability

Group B-2: LTPD = 10
Thermal Shock
Hermetic Seal, Fine
Hermetic Seal, Gross

Group B-3: LTPD = 5
Steady-State Operating Life: t = 340 h

Group B-4:

Decap, Internal Visual; Design Verification

1 Device/O Failure
Bond Strength LTPD = 20 (C = 0)
Group B-5: Not Applicable
Group B-6: LTPD = 7
High-Temperature Life (Nonoperating)
t =340 h

1032
1051
2006
1039
1071 Cond. G or H
1071 Cond. C or D
2071

IR EMITTERS H

2071
per detail spec

2026

1051 Cond. B-1
1071 Cond. G or H
1071 Cond. Cor D

1027

2075
2037 Cond. A

1032

TEXAs INSTRUMENTS
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TYPE TIL24HR2
HIGH-RELIABILILTY PROCESSING AND LOT ACCEPTANCE

MIL-STD-750

TEST TEST METHOD

(Group C Tests are run on one lot every six months)

Group C-1: LTPD = 15

Physical Dimensions 2066

Group C-2: LTPD = 10
Thermal Shock (Glass Strain) 1056 Cond. A
Hermetic Seal, Fine 1071 Cond. G or H
Hermetic Seal, Gross 1071 Cond. Cor D
Moisture Resistance 1021
External Visual 2071

Group C-3: LTPD = 10
Shock: 1500 G 2016
Vibration: 50 G 2056
Acceleration: 20000 G 2006

Group C-4: LTPD = 15
Salt Atmosphere 1041

Group C-5: Not Applicable

Group C-6: X = 10
Steady-State Operating Life: t = 1000 h 1026
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TYPES TIL31B, TIL33B, TIL34B
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D1934, NOVEMBER 1974—REVISED FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED

e “B” Versions Especially Designed for Low Degradation and are Direct Replacements
for the A"’ Versions

® Spectrally and Mechanically Compatible with TIL81 and T1L99 Phototransistors

e Typical Applications Include Card Readers, Encoders, intrusion Alarms, Sector Sensors,
Level Indicators, and Beginning-of-Tape/End-of-Tape Indicators

e TIL31HR2*

for Summary of Processing)

® TIL31B also available released to UK Defence Standard 59-61/80/021

mechanical data

Includes High-Reliability Processing and Lot Acceptance (See Page 3-11

Each device is in a hermetically sealed welded case similar to JEDEC T0O-18 with window. The TiL31B and TIL34B
have convex lenses while that of the TIL33B is essentially flat. A coin header is used to increase dissipation capability.
All TO-18 registration notes also apply to this outline. Approximate weight is 0.35 gram.

— WINDOW
(Sew Note s

NC- NO INTERNAL CONNECTION

0483 (0.019)

E_E‘%Zﬁ: 3LeaDs o e O
076
(0.030) ~ |-
Max LEAD 2MAY
BE OMITTED
AT THE
o oPTION
4.96 (0.196) OF T4
52078 —
oia
1 F—oa
5,84 (0.230) .._-lﬂuuym 2-NC
531 10.209 °'4 N 1-CATHODE

1.17 (0.046)

057 (0.038)

1.22 (0.048)
071 (0.028)

NOTE:

2.54 10.100) DIA

3- ANODE a. The window is Corning 7052 glass

THE CATHODE IS IN ELECTRICAL CONTACT WITH THE CASE

or equivalent.
Window dimensions are:

Minimum diameter

of case

TIL31B and TIL34B . . .
TIL33B ..

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

..3,5(0.140)
Maximum extension from top

1,02 (0.040)
0,26 (0.010)

CL-1e

*On the original TIL31, TIL33, and TIL34, the anode was in electrical contact with the case. Lead 2, which had no internal connection, is

omitted on the B-suffix versions.

absolute maximum ratings

Reverse Voltage at 25°C Case Temperature .
Continuous Forward Current at 25°C Case Temperature (See Note 1)
Operating Case Temperature Range

Storage Temperature Range

Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds

. BV
. . . . 200mA
—65°C to 150°C
—65°C 10 150°C

240°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS TIL318 TiL338 TiL348 UNIT
MIN - TYP MAX [ MIN TYP MAX [MIN TYP MAX

Pg Radiant Power Output 3.3 6 25 5 2 3 mwW
Ap Wavelength at Peak Emission 915 940 975 | 915 940 975 | 915 940 975 | nm
AX  Spectral Bandwidth e =100 mA 50 75 50 75 50 751 nm
64 Half-Intensity Beam Angle 10° 80° 10°

Vg Static Forward Voltage 14 175 14 1.75 1.4 175 \%
t,  Radiant Pulse Rise Timet Iem = 100 mA, 600 600 600 "

t  Radiant Pulse Fall Time? = 5us 350 350 350 )

* All electrical and mechanical specifications for the TIL31B also apply for TIL31BHR2.

tRadiant pulse rise time is the time required for a change in radiant intensity from 10% to % of its peak value for a step change in current; radiant puise
fall time is the time required for a change in radiant intensity from 80% to 10% of its peak value for a step change in current.
NOTE 1: Derate linearly to 150°C case temperature at the rate of 1.6 mA/°C.
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TYPES TIL31B, TIL33B, TIL34B

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

Relative Spectral Response or Output

Relative Power Output}

Relative Photon Intensity

NOTE 2: This parameter must be measured using pulse techniques. ty, = 0.04 ms, duty cycle <

FNormalized to output at Ig = 10 mA, Te=25°C.

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.2
Output of Tungsten
Response of Human Eye
1.0 P Y Source at 2870 K —
[
0.8 \
0.6
/ Output of \
TIL31B,
04 / TIL33B,
. or TIL34B
Response of
/A Siticon
0.2 Phototransistors —
0 / R N
0.3 0.4 0.5 0.6 0.7 0.8 09 1.0 1.1 1.2
A—Wavelength—um
FIGURE 1
RELATIVE POWER OUTPUT RELATIVE POWER OUTPUT CHANGE IN WAVELENGTH AT PEAK EMISSION
v v vs
CASE TEMPERATURE FORWARD CURRENT = CASE TEMPERATURE
%)
4 J‘ I i o IF = constant I |
2 : |;:100mA»]L‘~ RS - 5 ;
, e~ — IF = 150 mA v 200
i ®
07 i‘_ TF = 100 mA K ]
T g 2l s wop——4
0.4 T 3 ] i €
= ] | o
02 I3 5‘0 mA . 2l £ 0
[ | € o7 = 1 -4
0.1 2 - IR 5
Sa— 1 1l o -
0.07 =17 SomA I — p— ; g -
0.04 « ——t 4 g
e — 1 T -200 T
002 }— 02 i ‘] I 3
L L 3
0.01 0.1 L g -0
50 25 [ 2% 50 75 100 10 40 100 400 1000 ~-50 -25 o 25 S0 75 100
Tc—Case Temperature~°"C IF~Forward Current-mA T ~Case Temperature—°C
FIGURE 2 FIGURE 3 FIGURE 4
TIL318B, TIL34B TIL33B
RELATIVE RADIANT INTENSITY RELATIVE RADIANT INTENSITY
FORWARD CONDUCTION CHARACTERISTICS
ANGULAR DISPLACEMENT ANGULAR DISPLACEMENT 100 .
12 T T T T ['see Note 2 I /
| | 90 |2 -
| | 1 | Te=75°C ﬁ{
- e 10 fedfte et 80 | 4 — -
z i ! i € | i
z | | £ 70 -
5 o8 e ! € | 1/
A € v ! S & + - !
: : £ : Y
3 . Y ) — 5 - o 50 - .
8 ] g & Te = -40°C
g < 2 F 40 £ - / ey
o H ) S
)\ ] i o4 —- & g _/ Z/L -
2 ! & Te=25°C
\ « / | 20 1 ,,9 ]
T 02 ; L
10
| i P [
0 1 i 0 L | I
1° 10° 8 0° 5" 10° 15° 120" 80" 40" 0 09 10 11 12 13 14 15 16 17
8—Angular Displacement - Angular Displacement VE—Forward Voltage—V
FIGURE 5 FIGURE 6 FIGURE 7

10%.
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TYPE TIL31BHR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

@ This processing applies only to devices ordered under the part number TIL31BHR2

@® For electrical and mechanical specifications, refer to page 3-9

This processing and lot acceptance follows the sequence of tests in MIL-S-19500 for JANTX types. This is not to
be construed to be a JANTX-qualified part. A detail specification is available upon request through your T! Field Sales
Office or Optoelectronics Marketing at the following address:

Texas Instruments Incorporated

Optoelectronics Marketing

P.O. Box 225012, MS 12

Dallas, Texas 75265

Phone: (214) 995-3821

TEST MIL-STD-750
TEST METHOD
100% Processing
Storage: Tp = 125°C, t = 24 h 1032
Temperature Cycle: —55°C to 125°C, 10 cycles 1051 U)
Constant Acceleration: 20,000 G, Y1 axis 2006 E
Power Burn-in: Ig = 100 mA, t = 168 h 1039
Hermetic Seal, Fine 1071 Cond. G or H t
Hermetic Seal, Gross 1071 Cond. C or D E
External Visual 2071
w
Product Acceptance o
Group A: LTPD = 5 —
External Visual 2071
Electrical: Tp = 25°C per detail spec
Group B-1: LTPD = 15
Solderability 2026
Resistance to Solvents 1022
Group B-2: LTPD = 10
Thermal Shock 1051 Cond. B-1
Hermetic Seal, Fine 1071 Cond. Gor H
Hermetic Seal, Gross 1071 Cond. Cor D
Group B-3: LTPD = 5
Steady-State Operating Life: t = 340 h 1027
Group B-4:
Decap, Internal Visual; Design Verification
1 Device/O Failure 2075
Bond Strength LTPD = 20 (C = 0) 2037 Cond. A
Group B-5: Not Applicable
Group B-6: LTPD = 7
High-Temperature Life (Nonoperating) 1032
t =340 h
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TYPE TIi31BHR2

HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

TEST

MIL-STD-750
TEST METHOD

Group C-1: LTPD = 15
Physical Dimensions

Group C-2: LTPD = 10

Terminal Strength
Hermetic Seal, Fine
Hermetic Seal, Gross
Moisture Resistance
External Visual

Group C-3: LTPD = 10
Shock: 1500 G
Vibration: 50 G
Acceleration: 20000 G

Group C-4: LTPD = 15
Salt Atmosphere

Group C-6: A = 10

Group C-5: Not Applicable

(Group C Tests are run on one lot every six months)

Thermal Shock (Glass Strain)

Steady-State Operating Life: t = 1000 h

2066

1056 Cond. A
2036 Cond. E
1071 Cond. G or H
1071 Cond. C or D
1021
2071

2016
2056
2006

1041

1026

312
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TYPE TiL32

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1855, SEPTEMBER 1971—~REVISED APRIL 1983

DESIGNED TO EMIT
NEAR-INFRARED RADIATION
WHEN FORWARD BIASED

e Qutput Spectrally Compatible with Silicon Sensors (e.g., TIL78)

o High Power Efficiency

e High Power Output

e High Radiant Intensity

e Plastic Package with Two Leads for Ease of Handling
mechanical data

This device has a tinted molded plastic body similar in size to lamp style T-1.

-1 1,27 (0.050) MIN
g—— 14,5 (0.570) MIN. -——

)
SQUARE - CATHODE
L_|,27 (0.050) ) /— IDENTIFICATION
|~ (see Note c)
CATHODE
—3 —
ANODE 1.40 (0.055)
4,070,160 ) 714 (0.045)
3,81 {0.150) (See Note b) 4,07 (0.160)
3,175 (0.125) 1, 355 (0.140) O'A
2,997 (0.118)
(SeeNotea)  NOTES: a. This diameter is measured 0,127 mm (0.005 inches) from the shoulder.

b. Lead spacing is measured where the leads emerge from the package.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings

Reverse Voltage at 25°C Free-Air T, emperature . . 2V
Continuous Forward Current at (or below) 25°C Free- A|r Temperdture (See Note 1) . . 40 mA
Operating Free-Air Temperature Range . —40 C to 100°C

Storage Temperature Range . . . R .
Lead Temperature 1,6 mm (1/16 Inch) from Case forb Seconds .

operating characteristics at 25°C free-air temperature

—40°C to 125\0
240°C

PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
Po Radiant Power Output 05 1.2 mW
Ap Wavelength at Peak Emission 915 940 975| nm
AX Spectral Bandwidth Ig =20 mA 50 75| nm
OH|  Haif-Intensity Beam Angle 35°
Vg Static Forward Voltage 1.2 1.6 \%
tr Radiant Pulse Rise TimeT Ien = 40 mA, tyy > 5 us 600 s
s Radiant Pulse Fall Timet 350

t Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in
current; radiant pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change

in current.

NOTE 1: Derate linearly to 100° C free-air temperature at the rate of 0.53 mAfC.
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TYPE TIL32
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS
RELATIVE SPECTRAL CHARACTERISTICS

Output of Tungsten

Response of Human Eye Source at 2870 K —

<)

o
©

} / Output of
TIL32

/ Response of
Silicon

Phototransistors —

o
IS

Relative Spectral Response or Qutput
o
o
~—]
Lt
P

\

]

SH3LLIAS HI I

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
A—-Wavelength—um
FIGURE 1
RELATIVE POWER OUTPUT RELATIVE POWER OUTPUT CHANGE IN WAVELENGTH OF PEAK INTENSITY
vs v vs
FREE-AIR TEMPERATURE FORWARD CURRENT $ FREE-AIR TEMPERATURE
4 o
4 | Ta=25"C T 11 % X T
L | ] Y. 1 < IF = constant
i
~ - < —
. 2 Sy If = 40 mA +——— 2+ I S
z \ i . %
S S M~ 1f =30 mA 3 3
s 1 | 3 ‘b 3w
8 - Ai’l;:zil)mA: ¥ o7l - S 0
& . T & é*
T o 1 H
= )i 2 S -1 — +
S I 3 I - v
< g = 10mA < | % A i
0.2 e + 02 t T 2 -20
| l :
| | z
[ R — o1l I ! SN )
50 -25 0 25 50 75 100 10 20 40 70 100 3 50 -5 0 2 50 75 100
Ta—Free-Air Temperature—°C If—Forward Current—mA TA—Free-Air Temperature—°"C
FIGURE 2 FIGURE 3 FIGURE 4
RELATIVE PHOTON INTENSITY
v
COUPLING CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS
ANGULAR DISPLACEMENT OF TIL32 WITH TIL78 00 ] g
[T T
10 — T T 10 e ———t See Note 2
r ( | Lo ;F SOURCE SENSOR bt
T | ‘ | o Tna2 TiL78
N 08 t —1 4F F=20mA VCE = 5gv H <
g < f—Ta=25°C Ta=25"C H €
£ ) \ € €
£ os . -% 12 §
- £ — 5
H o \ 4 T S
g I —— 3 = 3
S e i S H
s 04—t b 3 o7 g
2 i S g &
5 4 +—— B S 04 L
& ! i &
02 b b pofre e e 2
i | 02 —Tp = -40°C
bt Loy * ENC 10 i
oLl Lol S 01 °
50° 40° 30° 20° 10° 0 10° 20° 30° 40° 50° 001 002 004 00701 02 04 071 09 10 11 12 13 14 s
0—Angular Displacement Distance Between Lenses—in VE—Forward Voltage-V
FIGURE 5 FIGURE 6 FIGURE 7

NOTE 2: This parameter must be measured using pulse techniques: t,,, = 0.04 ms, duty cycle < 10%.
$Normalized to Outputat Ig = 20 mA, Tp = 25°C.
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TYPE TIL38
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D2594, JULY 1980—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION

Output Spectrally Compatible with Silicon Sensors (e.g., TIL100, TiL413, TiL414)

® High Power Output with a Beam Angle of 50°

mechanical data

This device has a tinted molded plastic body similar in size to lamp style T-1%.

CATHODE _
8,89 (0.350) IDENTIFICATION
8.38 (0.330) le——19.0 (0.750) MIN
1,27 (0.050) 1,27 (0.060) MIN l— 267 (0.105)
(See Note c) ] e 2.41(0.09)
3 CATHODE (See Note b)
508 (0.200) | 3 ¢ L
282 (0.190) ANODE N
(See Note a) — '
2SQUARE LEADS 2559 10.022) (o.oznj
7,75 (0.305) 0,457 (0.018)
7.49 (0.295)
6,10 (0.240)
5,59 (0.220)

NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CL10

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)
REVEISE VOIAGE . . . o oottt e 5V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) .............. 100 mA
Peak Forward Current (See NOtE 2) . . ..ottt et e e e 2 A

Operating Free-Air Temperature Range
Storage Temperature . ...................

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds .. ........................... 240°C
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Py Radiant P t 8 w
¢} adiant Power Outpu If = 100mA,  See Note 3 i m
lg Axial Radiant Intensity T 15 mW/sr]|
)\p Wavelength at Peak Emission 915 940 975 nm
AN Spectral Bandwidth Between Half-Power Points If = 20 mA 50 75 nm
O Emission Beam Angle Between Half-Intensity Points 50°
I = 100 mA 1.4 1756
VE Static Forward Voltage IF=1A, tw = 10 ps, 2.55 v
duty cycle < 1% :
C Capacitance VE = 0, f=1MHz 25 pF
tr Radiant Pulse Rise Timet 600
1 = 100 mA, t 5
tf Radiant Pulse Fall Time? FM m w =Sk 350 ns

t Axial radiant intensity is measured over 0.1 steradian on the mechanical axis. One steradian is the solid angle at the center of a sphere subtended by a

portion of the surface area equal to the square of the radius of the sphere. There are 4 7 steradians in a complete sphere.

*Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
2. This value applies for t,,, < 10 s, f = 1 kHz. See Figure 1.
3. These parameters must be measured using pulse techniques, t,, = 10 ms, duty cycle < 1%.
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TYPE TiL38

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

IFMm—Peak Forward Current—A

ABSOLUTE MAXIMUM RATINGS
PEAK FORWARD CURRENT

vs

PULSE WIDTH
4 o
TaA=25C
2
\ \\f =1 kHz
. N
AN
0.7
\ N
0.4 N-HHIN
\\
f=10 kHz
0.2 N N
\ dc Y
0.1
1us 10 us 100 us Tms

tw—Pulse Width

FIGURE 1

SH3ALLING Hi u

3-16

TYPICAL CHARACTERISTICS

FORWARD CONDUCTION CHARACTERISTICS

2.0
1.8

1.6

/

/

1.4

1.2

1.0

0.8

|F—Forward Current—A

0.6
0.4

le—Radiant Intensity —mW/sr

0.2

0

P4

0 05

1 15

2

2.5

3 35

VF—Forward Voltage—V

FIGURE 2

4

200
180
160
140
120
100
80
60
40
20
0

AXIAL RADIANT INTENSITY

Vs

PEAK FORWARD CURRENT

T T T
| tw=10us
f=1kHz /
- Ta=25°C v
See Note 4

/]

/

0 0.2 04 06 08 1

12 14 16 18 2

IF—Peak Forward Current—-A

NOTE 4: Axial radiant intensity is measured over 0.01 steradian on the mechanical axis.

FIGURE 3
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TYPE TiL39
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D2594, JULY 1980—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION
Output Spectrally Compatible with Silicon Sensors (e.g., TIL100, TIL413, TiL414)
High Power Output with a Beam Angle of 20°

mechanical data

This device has a tinted molded plastic body similar in size to lamp style T-1%

CATHODE
8,89 (0.350) IDEN
8,38 (0.330) le——19,0 (0.750) MIN——+ 267 (0.106)
1,27 (0.050 P e
& jo c)) o 1,27 (0.050) MIN—+ 3.411(0.095)
T CATHODE {See Note b)
5,08 (0.200) 4 F
4,82 (0.190), ANODE S
(See NoLm a) | =Y ) ] = ey (—
- i
25QUARE LEADS 2220 10.022)
7.75 (0.305) 0,457 (0.018)

'7.49(0.295)
6,10 (0.240)
559 (0.220)

NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cLio

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Reverse Voltage . . ... . ..
Continuous Forward Current at {or below) 25°C Free-Air Temperature (See Note 1) . ..

IR EMITTERS H

Peak Forward Current (See NOte 2) . .. ... ... .. e

Operating Free-Air Temperature Range . ... ... .. .. . ... -40°C to 80°C
Storage TeMPErature . . . . ..ottt ittt e e e ~40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds . ............................ 240°C
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Po Radiant Power Output I = 100 mA, See Note 3 6 8 mw
Axial Power Output into a 10° Cone I = 20 mA, See Note 4 160 W
le Axial Radiant Intensity T Ig = 100 mA,  See Note 3 35 mW/sr
Ap Wavelength at Peak Emission 915 940 975 nm
AN Spectral Bandwidth Between Half-Power Points IF = 20 mA 50 75 nm
1 Emission Beam Angle Between Half-Intensity Points| 20°
Ig = 100 mA 1.4 1.75
VE Static Forward Voltage IgF=1A, tw = 10 s, 2.55 \
duty cycle < 1%
C Capacitance Vg =0, f=1MHz 25 pF
t Radiant Pulse Rise Time? 600
(; Radiant Pulse Fall Time? 'Fm = 100mA, -ty = 5 s 350 ns

T Axial radiant intensity is measured over 0.1 steradian on the mechanical axis. One steradian is the solid angle at the center of a sphere subtended by a
portion of the surface area equal to the square of the radius of the sphere. There are 4 = steradians in a complete sphere.

*Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTES: 1

2.
3.
4.

Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.

This value applies for t,, < 10 us, f = 1 kHz. See Figure 1.

These parameters must be measured using pulse techniques, t,, = 10 ms, duty cycle < 1%.

The nominal 10° cone is defined by an aperture that has a diameter of 6,76 mm (0.266 inch) and is located 38.6 mm {1.52 inch) from the lens
side of the fiange.
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TYPE TIL39
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS

PEAK FORWARD CURRENT
vs

PULSE WIDTH
4 o
TA=25C
< 2
L N
§ \ \f= 1 kHz
3 \
° A
5 07 N
g o
E \ \\
% 04 \\
& N
L f= 10 kHz AN
& 02
\ de N,
0.1
1us 10 us 100 us 1ms
tw—Pulse Width
FIGURE 1
TYPICAL CHARACTERISTICS
AXIAL RADIANT INTENSITY
'S
FORWARD CONDUCTION CHARACTERISTICS PEAK FORWARD CURRENT
2.0 I | / 500 l } [
1.8 [— tw=10us 450 [ty = 10 us
‘6%f=~1kH§ / . f=1kHz ]
. Ta=25°C & 400 o s
< = A A
Lo14 E 350 [—See Note§ <
3 1§ v
£ 1.2 £ 300 /
= 7 ] A
s 10 % £ 250 7
g / : /
£ os § 200 7
2 / 3 /
L 06 < 150 4
- / b /
0.4 / = 100 /
0.2 va 50 A
0 o 0
0 05 1 15 2 25 3 35 4 0 02040608 1 1214 16 18 2
VF-Forward Voltage—V |F—Peak Forward Current—A
FIGURE 2 FIGURE 3

NOTE 5: Radiant intensity is measured over 0.01 steradian on the mechanical axis.
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TYPE TiL40
P-N GALLIUM ARSENIDE INFRARED-EMITTING D10DE

D2558, JULY 1980—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

e Recommended for Applications Requiring Low-Cost Discrete Infrared Emitters
e Spectrally and Mechanically Compatible with TIL411, TIL412, TIL415, and TIL416.

¢ Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a gray-tinted molded plastic body.

2SQUARE LEADS
0,559 (0.022)
£.009(0.155 0457100181 76 (0.030) RADIUS NOM
3,425 (0.175) 1,57 (0.062) MIN DIA 1,27 (0.050) MIN

ft——11.4 (0.450) MIN

1 ! ANODE '

q 2

[}
2362 (0.093)| CATHODE N |
2,210(0.08%) —_11 4 ®
2,540 £ 0,127
1,473 (0.058) U-S“‘:‘)Niq?'-l):s
1,321(0.052)
4,07 (0.160)
3,55 (0.140)
6,223 (0.245)
5,969 (0.235)
0,35 (0.015)
NOM
0,51 (0.020) NOM
L) L. v 1 1,346 (0.053)
~ s ] oY
2,667 (0.105) f 1 . 1,092 (0.043)
2,413 (0.095) B S ——5”( _._}—_JT
- ]

NOTES: a. All dimensions are in millimeters and parenthetically in inches.
b. Lead spacing is measured where the leads emerge from the package.

absolute maximum ratings

Reverse Voltage at 26°C Free-Air TEMPErature . . .. oottt e e 2V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) .. ............. 40 mA
Operating Free-Air Temperature Range C R —40°C to 80°C
Storage Temperature Range . . . . . ...ttt e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5Seconds . . ........... ... ... ... ....... 240°C

operating characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Po Radiant Power Output 50 100 uW

Axial Power Output into a 10° Cone 10 W
Ap Wavelength at Peak Emission i =20 mA 940 nm
AN Spectral Bandwidth 50 75 nm
OH| Half-Intensity Beam Angle 30°
Vg Static Forward Voltage 1.2 1.6 \
tp Radiant Pulse Rise Timet | =40 mA, ty > 5 us 600
tf Radiant Pulse Fall Time® FM v 350 ns

tRadiant pulse rise time is the time for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time for a change in radiant power output from 90% to 10% of its peak value for a step change in current.
NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
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TYPE TIL40
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS
RELATIVE SPECTRAL CHARACTERISTICS
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NOTE 2: This parameter must be measured using pulse technigues: t,, = 0:04 ms, duty cycle € 10%.
tNormalized to Outputat Ig = 20 mA, T = 25°C.
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TYPE TiL902
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2699, MARCH 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

® Spectrally and Mechanically Compatible with TIL78 Silicon Phototransistor
® High Power Output

@ Low-Cost Plastic Package

mechanical data

This device has a tinted plastic body similar in size to iamp styie T-1 and may be panei mounted using mounting clip
TILM1.
o 1,27 (0.050) MIN
beg—— 14,5 (0.570) MIN. ——3»
5,34 (0.210) 0,610 (0.024) o)\ R CATHODE
282 {0.190)“_: 1,27 (0.050) 0,457 (0.018) {DENTIFICATION
(See Note c) 2 LEADS
CATHODE B2
N S— x
3¢ — |
4 ANODE 1,40 (0.055) |
4,07 (0.160) o~ 1,14 (0.045) l I
3,87 (0.150) (See Note b) | i
4,07 (0.160
3,175 (0.125) S lieo |
2,997 (0.118) '
(See Notea) NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone package contour is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cLe
absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)
Reverse Voltage 3V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) . ... ........... 40 mA
Peak Forward Current (See NOte 2) . .. ... ..ttt e e 2A

Operating Free-Air Temperature Range

—40°C to 80°C

Storage Temperature Range . ... ... .. .. ..ttt i —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 5Seconds . ............................ 240°C

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
TIL902-1 1.5
Po  Radiant Power Output " - 20 mA TIL902-2 25 mw
PA Radiant Power Output into an Aperture TIL902-1 0.4 mW
(see Note 3) TiL902-2 0.7
O  Emission Beam Angle Between Half-Intensity Points 30°
A Wavelength at Peak Emission Ig = 20 mA 880 nm
VE  Static Forward Voltage 1.256 1.75 \%
IR Reverse Current VR =3V 100 wA
tr Radiant Pulse Rise Time¥ | - 20mA tw 2 5 600
tf Radiant Pulse Fall Time* FM MmA tw = S ps 350 ns

* Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant

pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for t,, < 10 us, f < 1 kHz. See Figure 1.

3. The parameter is measured with an aperture angle of 30°. The symmetry line of the cone is the mechanical axis of the device under test. The

apex of the cone coincides with the package shoulder.
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TYPE TIL902
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS
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TYPES

TIL903, TIL304

GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODES

D2719, FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED

® Output Spectrally Compatible with Silicon Sensors

® Mechanically Compatible with TIL81 and TIL99

[}
Sector Sensors, Level Indicators, and Beginning-of-Tape/End-of-Tape
Iindicators

mechanical data

Typical Applications Include Card Readers, Encoders, Intrusion Alarms,

Each device is in a hermetically sealed welded case similar to JEDEC TO-18 with window. The TIL903 has a convex

lens while that of the TIL304 is essentially flat.

All TO-18 registration notes also apply to this outline. Approximate weight is 0.35 gram.

THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE
e Lenos i oo O N o
076 254 (0.100) DIA a. The window is Corning 7052 glass or
10.030) — l— 3-ANODE equivalent.
MAX LEAD 2 MAY " " .
BE OMITTED Window dimensions are:
=] o Minimum diameter ... 3,5 (0.140)
TR — oFT Maximum extension from top of case
oA TILO3 ... ...l 1,02 (0.040)
a 1.2 (0.048)
t h\ P s7roca TILSO4 ... ... .. 0,25 (0.010)
5,84 (0.230) },._.llumsum 2-NC
5.31(0.209) oA \_ MIN
WINDOW
(See Note a)
1,17 (0.046)
NC- NO INTERNAL CONNECTION e
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL18
absolute maximum ratings
Reverse Voltage at 25°C Case TEeMPErature . .. ... .. ...ttt 3V
Continuous Forward Current at 25°C Case Temperature (See Note 1) ........................ 200 mA
Operating Case Temperature Range . ............. .ttt —-65°C to 125°C
Storage Temperature RaNGe ... .. ... ...ttt —-65°C to 150°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds .. ................. ... ....... 260°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS TIL903 TiL904 UNIT
MIN TYP MAX MIN TYP MAX
TILS03-1 6
TILS03-2 9
P Radi t I = 100 mA
0 adiant Power Outpu F TIL9041 5 mW
TIL904-2 10
A\p Wavelength at Peak Emission 880 880 nm
841  Half-Intensity Beam Angle Ig = 100 mA 10° 80°
Vg  Static Forward Voltage 1.5 2.1 1.5 2.1 \
IR Reverse Current VR =3V 100 100 A
1 Radiant Pulse Rise Time ' 600 600
| = 100 mA, ty = 5ps ns
t;  Radiant Pulse Fall Time' FM w 350 350

1 Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTE 1: Derate linearly to 125°C case temperature at the rate of 2.0 mA/°C.
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TYPES TIL903, TIL904
GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODES

ABSOLUTE MAXIMUM RATINGS
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TYPE TIL905

P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2682, FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

® Output Spectrally Compatible with Silicon Sensors

(e.g., TIL100, TIL413, TIL414)
© High Power Output with a 50° Beam Angle

® Low-Cost Plastic Package

mechanical data
This device has a tinted molded plastic body similar in size to lamp style T-1% and may be pane!l mounted using mounting

clip

TILM4 (formerly TILM2).
8,89 (0.350) IDENTIFICATION
8,38 (0.330) le——19,0 (0.750) MIN——=] S
:szmm)‘)__ 1,27 (0.050) MIN—=.  |j=— 2,41 (0.095)
CATHODE (See Note b)
508(0200) =2 b
452 (0.190) ANODE i
(See Note a) g R
2 s0uARE Leaps 2552 0922) |
1.75 (0.305) 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
55910.220) °'A

NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

Al L DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Re

Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1)
Peak Forward Current (See Note 2) . .
Operating Free-Air Temperature Range
Storage Temperature Range

verse Voltage

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds . ............ ... e 240°C
operating characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
- 1.5
Po  Radiant Power Output TIL90S5-1 mwW
£ = 20 mA TIL905-2| 2.5
p, Radiant Power Output into an Aperture F TIL905-1 0.6 W
A (see Note 3) TIL905.2 1.0
)‘P Wavelength at Peak Emission 880 nm
0y Emission Beam Angle Between Half-Intensity Point IF = 20 mA 50°
VE  Static Forward Voltage 1.26 1.75 \
iR Reverse Current VR =3V 100 A
tr Radiant Pulse Rise TimeT 600
| = 20 mA,
% Radiant Pulse Fall Time' FM mA. tw = 5 us 350 ns

1 Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant

pulse fall time is the time required for a change in radiant power output from 80% to 10% of its peak value for a step change in current.

NOTES: 1.
2.
3.

apex of the cone

Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
This value applies for ty, < 10 us, f < 1 kHz. See Figure 1.
The parameter is measured with an a"permre angle of 3
with the pack

0°. The symmetry line of the cone is the mechanical axis of the device under test. The

IR EMITTERS .
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TYPE TIL905
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS
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TYPE TIL906
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2683, MARCH 1983

mechani

cal data

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

® Output Spectrally Compatible with Silicon Sensors
(e.g., TIL100, TIL413, TIL414)

® High Power Output with a 20° Beam Angle

@ Low-Cost Plastic Package

This device has a tinted molded plastic body similar in size to lamp style T-1% and may be panei mounted using mounting
clip TILM4 (formerly TILM2).

CATHODE
8,89 (0.350) IDENTIFICATION
8,38 (0.330) je——-19,0 (0.750) MIN ——={
1,27 {(0.050) 1,27 (0.050) MIN—= p—
{See Note c) ™|
CATHODE
5,08 (0.200) DIA LAt
4,82 (0.190) ANODE _L
(See Note a) 131
2 sauane Leaps %550 0022 |
‘_7,75 (0.305) ‘__I 0,457 (0.018)
7.49 (0.295)
6,10 (0.240)
5,59 (0.220)

NOTES. a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

2,67 (0.105)
2,41 (0.095)
(See Note b)

IR EMITTERS H

CL-10

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Reverse Voltage

Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1)

Peak Forward Current (See Note 2)

Operating Free-Air Temperature Range
Storage Temperature Range

2A

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5Seconds ............................. 240°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ti - 1.5
Po  Radiant Power Output L9061 mwW
£ = 20 mA TIL906-2 2.5
P Radiant Power Output into an Aperture F TIL906-1 0.8 mW
A (see Note 3) TIL906-2 13
01  Emission Beam Angle Between Half-Intensity Points 20°
Ap  Wavelength at Peak Emission If = 20 mA 880 nm
VE  Static Forward Voltage 1.26 1.75 \2
IR Reverse Current VR =3V 100 pA
tr Radiant Pulse Rise TimeT | 20 mA 1 = 5 600 s
= mA, > n:
% Radiant Pulse Fall TimeT FM w = DS 350

t Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTES: 1.
2.
3.

apex of the cone coincides with the package shoulder.

Derate' linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
This value applies for ty, < 10 us, f < 1 kHz. See Figure 1.
This parameter is measured with an aperture angle of 30°. The symmetry line of the cone is the mechanical axis of the device under test. The
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TYPE TIL906

P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS
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MEASURING THE OUTPUT OF

INFRARED-EMITTING AND LIGHT-EMITTING DIODES

MEASURING THE OUTPUT OF INFRARED-EMITTING
AND LIGHT-EMITTING DIODES

Ronald D. Grotti and Larry D. Major
Optoelectronics Department

Making accurate radiant-energy measurements involves, if not a
little black magic, at least a relatively complicated commercial
instrument and a skilled operator. However, the increased use of
infrared-emitting diodes (IREDs) and light-emitting diodes (LEDs)
as a precision system component has necessitated the development
of equipment suitable for measuring radiant energy from IREDs and
LED:s in the designer’s lab, in the quality control lab, and on the
production line. This equipment must be easy to use, provide the
necessary accuracy, be calibratable, and be inexpensive.

To develop such equipment requires the selection of a suitable
photodetector and the development of the proper calibration and
operation procedures. This report describes a method that has been
used in the Texas Instruments Optoelectronic Device Department
for measuring the output of its radiation-emitting diode products.
The apparatus consists simply of a photovoltaic detector connected
directly to an ammeter, with a special mechanical fixture to prevent
escape of radiant energy.

SELECTION OF DETECTOR

Detectors that might be considered for measuring IRED and
LED output include thermopiles, photocells, photodiodes,
photomultipliers, and photovoltaic cells. To show why the
photovoltaic cell was chosen for this application, a review of
pertinent detector characteristics is in order.

Thermopiles can be excellent primary detecting devices but
are generally unsuitable for most laboratory and quality control types
of service. Not only are they difficult to apply properly, but they
are costly, lose their calibration when mishandled, and have an
inadequate frequency response.

Photodiodes have good frequency capabilities, are reasonably
priced, and are being used in pulse and high-frequency applications.
However, most IREDs and LEDs are tested under low-frequency
conditions, and therefore frequency response is not a critical sensor
parameter. Because the photodiode must be electronically biased,
a well-regulated bias supply is required to ensure cc results.

Good sensitivity and frequency response plus a large detection
area are some photomultiplier features. But multiclement phototubes
are expensive, require high-voltage supplies, and since output is

a function of supply voltage, stability problems can arise. Also,
if improperly applied, photomultipliers can saturate, causing errors
and possibly permanent tube damage.

Photovoltaic cells—particularly the solar-cell variety—have a
large active area, good long-term stability, and good spectral
matching, are easy to use, and are inexpensive. The frequency
response from dc to 100 kHz, although less than that of the
photomultiplier and photodiode, is satisfactory for this application.
These factors, combined with the fact that power or bias supplies
are not required, makes the solar cell appear to have the best
combination of qualities for this application.

Using the photovoltaic cell to precisely measure the emitter
output and determine its quantum efficiency requires detailed
knowledge of the cell, the emitter, and how they are optically
coupled. Such knowledge depends not only on the mathematical
characterization of the two devices, but on an accurate calibration
of the photovoltaic cell. Once these steps have been accomplished,
the emitter’s power output and its quantum efficiency can be
calculated using only two measured values — the emitter’s input
current and the cell’s output current.

THE PHOTOVOLTAIC CELL

Before describing how the photovoltaic cell is calibrated, a few
comments on the basic characteristics of this semiconductor device
are in order. It is not necessary for our purposes to discuss the theory
of operation in detail. Suffice it to say that electron-hole pairs are
generated within the device as a function of impinging photons.
Only those photons that have a quantum energy larger than the band
gap between the valence band and the conduction band generate
electron-hole pairs. The lower-energy photons simply transmit
through the cell and do not cause an output. The ratio of electrons
generated to the total number of incident photons is the cell’s
quantum efficiency, and is defined as

_ electrons generated/s

incident photons/s
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It is necessary to note that the cell’s quantum efficiency is a
function of the wavelength (Figure 1). This fact is particularly
important because the sensor specifications are often based on the
device’s sensitivity to a particular wavelength. This q 1
efficiency curve can be shaped through various means including
the deposition of antireflection coatings on the photovoltaic cell’s

surface.

90

ns¢ AS A FUNCTION
OF WAVELENGTH

8 3 8
L B

QUANTUM EFFICIENCY (%)
8
I

1 1 |
6 7 8 9 10
WAVELENGTH (um)

—

B
(=]

Figure 1. Photodetector Quantum Efficiency Varies
as a Function of Wavelength, Thus Making
Calibration at a Number of Wavelengths
Necessary for General Use

CELL CALIBRATION

Before using the photovoltaic cell to measure the IRED or LED
power output, the cell must be calibrated. This calibration is a two-
step process, with the first step being the accurate determination
of the cell’s relative response. This determination is made using
a grating monochromator, a tungsten light source, and a
thermocouple detector that has a flat response in the spectral region
of 500 nm to 1000 nm. Two curves are obtained, one using the
thermocouple detector to measure the tungsten source’s output and
the other using the photovoltaic detector to measure the same output.

By dividing the photovoltaic cell response by the thermocouple
response, the relative response of the cell is obtained. The relative
response curve allows the measurement of radiation souces with
different spectral characteristics to be accurately compared.
However, to determine the actual power generated by a particular
source using this cell requires another calibration step in which the
photovoitaic ceil output is determined when ililuminated by a
radiation source with a known power output. To accomplish this
goal, the output of three monochromatic sources (gallium arsenide
IRED, helium-neon laser, and argon laser) are measured by the
cell being calibrated and by the Eppley thermopile. The quantum
efficiency of the cell at the wavelength of each emitter is then found
by using the optical power equation:

IL ‘energy

fise = photon

optical power
where Ij_is the short-circuit current from the photovoltaic cell under
test and optical power is the measurement made by the thermopile.

The three quantum efficiencies are then plotted, and a curve
is generated that allows the cell to be used to measure accurately
any impinging light of known spectral characteristics.

MEASUREMENT PROCEDURE

To employ this calibrated detector in a radiation-emitting diode
testing system, it is necessary to develop the relationships that can
describe the diode’s quantum efficiency.

The diode output is directly proportional to the emitted photon
energy and quantity per unit of time. The relation between energy
E and wavelength \ is defined as

1.24 1.24
A= _F:— orE = x (units are um and eV)

Energy, and therefore wavelength, of any given photon emitted
from an IRED or LED source fall within a distribution curve such
as that shown in Figure 2 for a GaAs IRED. To be absolutely
accurate in calculating the optical power output of a solid-state
source requires a time-consuming graphical integration using
Figure 1 and Figure 2. Fortunately, all photons emitted by a
monochromatic source have the same energy. Since it is a valid
assumption to consider the IRED to be monochromatic, the IRED’s
optical power can be described to a first approximation without any
noticeable error.

BANDWIDTH ~300 um

AN

£ Ap ~ 0.9 ym
WAVELENGTH—p

I
|
| SPECTRAL
|
|

RELATIVE INTENSITY —»

Figure 2. Spectral Characteristics of GaAs Diode
Indicate that the Device is Nearly Monochromatic
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For simplicity of calculation, let us assume that all photons
generated by the IRED are collected by the photovoltaic cell.
Therefore, considering the ammeter as a load consisting of a
calibrated resistor and microvoltmeter (Figure 3), the current Iy
(neglecting the internal resistance Rghype of the photocell) is
proportional to the number of photons striking the surface:

electrons
I = (1.602 X 10-19)
8
and
hotons
IL =7ns¢ > (1.602 X 10—19)
therefore,
I
photons/s =

Nsc (1.602 X 10—-19)

L

PHOTOVOLTAIC

CELL AMMETER

1
| CALI- |
| BRATED l

MICROVOLTMETER

Figure 3. Equivalent Circuit of a Photovoltaic Cell
(Silicon Solar Cell) Connected to the Ammeter
Used to Measure Short Circuit Current

Knowing Ij, we can now calculate the emitter quantum
efficiency nem and optical power Po:

IL
Nem = where Ip is IRED current
nsc ID
IL\ /energy
Po = —
Nsc photon

Using these equations, we can indeed determine both the
quantum efficiency and the optical power generated by the IRED
under conditions where all the power emitted is collected by the

photovoltaic cells. To ensure the photovoltaic cell receives all
emitted photons, it is necessary to build special test fixtures using
detectors either singly or in arrays. (See Figures 4 and 5). In either
case, the test procedures are the same. However, if such fixtures
are not possible, then the percentage of energy emitted that actually
reaches the detector must be included in the calculation. This fraction
can be determined by dividing the total power emitted by the
steradian relationship between the detector and the emitter, the total
number of steradians being equal to the aperture area of the detector
divided by the square of the distance between the emitter and the
detector surface.

CURRENT-
LIMITING
RESISTOR

REGULATED
CONSTANT-
CURRENT
SUPPLY

Figure 4. Calibrating the Test Setup
O-RING SEAL

PHOTOVOLTAIC CELL
+ : 2X2CM -

| |

‘\l/

1

_/ *L—J'\ IRED OR LED
GOLD OR SILVER REFLECTOR

Figure 5. Test Fixture for Capturing the Total Diode
Output with a Single Photovoltaic Cell

TESTING PRECAUTIONS

Generally, gallium arsenide and gallium arsenide phosphide
(GaAsP) infrared emitters provide an output signal I} large enough
that an ammeter may be used to measure the cell’s short-circuit
current directly. The measurement of GaAsP visible-light-emitting
diodes and tests such as radiant intensity measurements usually
produce signal levels that require a calibrated resistor and a
microvoltmeter. The important point is that the input impedance
of the measuring instrument must be less than 1/10 the value of
Rhunt to prevent lowering the output of the cell. The exact value
of Rghyn for photovoltaic cells is difficult to measure, but it is
usually in the order of 10 kQ to 30 k2. If the cell has been
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mistreated, the Rghyne may be as low as 1 k2 or less. Thus, if an
electronic ammeter is used in the 3 X 10~ 6 ampere range, as may
be required for testing GaAsP LEDs, the input meter impedance
of 300 to 1000 Q approaches the critical value of the typical solar
cell. Thus, these low-level measurements must be made using the
resistor-microvoltmeter technique.

The second problem occurs when the photovoltaic cell becomes
appreciably self-biased because of the voltage drop developed
across the load. Care must be taken to limit this bias to prevent
a reduced output signal. As a rule of thumb, this load-voltage drop
is kept lower than 50 mV. When measuring high-power emitters,
the value of I of a 2- by 2-cm photovoltaic cell is capable of
reaching the 200-mA level without saturation; therefore at these
levels, the input impedance of the ammeter and the value of the
calibrated resistor (See Figure 3) must be kept less than 0.25 Q.

SAMPLE CALCULATION OF DIODE POWER
OUTPUT AND QUANTUM EFFICIENCY

Assume the following values:
Ip = emitting diode current = 300 mA
VE = forward voltage of the emitter = 1.6 volts
IL = solar cell output signal = 25 mA
Ap = peak wavelength of the emitter = 0.925 um

nsc = quantum efficiency of the cell = 0.70 electrons
per photon

This material appeared as an article in Electro-Optical Systems
Design, Vol. 2 No. 7, July 1970.

Then:

Tem = emitter quantum efficiency

<1L> ( l) 25 mA ( ]
e/ \In/” elect 300 mA
sc D 0.7

photon
=0.119 photons/electron

Nem = 11.9%

IL\ /energy
Optical Power =P = | —
nsc/ \photon

1.24 1.24
Where energy = ——— = ————
Ap 0.925

25 mA eV
Py =f ——8 — 1.341

=1.341eV

elect photon

photon

Po

Power efficiency = ——
Input Power

_ 479X 10-3W 479X 10-3wW
Ip VF 48 X 10-2W

Power efficiency = 0.0998 = 9.98%
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Special Function
Infrared-Emitting Diodes

® Quick Reference Guide

® High-Efficiency/High-Power

® Hermetically Sealed Packages

® Open Construction on Some Devices

® Article on TIES27 GaAs Noncoherent
IR Source

See Section 3 for Standard Infrared-Emitting Diodes.
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QUICK REFERENCE GUIDE
SPECIAL FUNCTION INFRARED EMITTERS

SPECIAL FUNCTION INFRARED-EMITTING DIODES
QUICK REFERENCE GUIDE

POWER OUTPUT 0 VE Ap
DEVICE MIN @ If T;':, MAX @ F TYP FEATURES
mW mA \" mA um

TIESO6 0.6 500 115° 2.3 500 0.91 0.19-mm (0.0075-in) dia emitting area

TIES13 20 300 130° 2 300 0.93 0.91-mm (0.036-in) diameter

TIES13A 30 300 130° 2 300 0.93 hemispherically shaped chip

TIES14 60 1000 130° 2 1000 0.93 o

TIEST5 30 1000 | 130° 2 1000 | 0.93 ;:::;ﬁﬁ:zs:;:::::’er

TIES16A 100 2000 150° 2 2000 0.93

TIES27 15 300 135° 2.2 300 0.93 Stud header with epoxy lens
0.46-mm (0.018-in) diameter

TIES35 0.9 50 1356° 2 50 0.91 hermispherically shaped chip,
15-ns typical rise time
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TYPE TIESO6
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D343, FEBRUARY 1967 —REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED
e Spectrally Matched to Silicon Sensors . . . Peak Emission at 930 nm
e Circular, Consistent-Size, Flat Emitting Areas . . . 7.5 Mils Diameter

e Recommended for Precision Optical Alignment,
Communication, and Photographic Film Annotation

¢ Stud-Mounted Package for Convenient Mounting and
Heat-Sinking
mechanical data

This device is in a hermetically sealed package with a flat glass window in the top of the case. The cathode is in electrical
contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is insulated from
the case by a glass-to-metal seal.

9400370
1030

P s o s ",]
//‘ \ (

ANODE

838 0.30)
[’.,mom""‘]

597 (0236)
571022
[

winoow
a8 070
ss1i0260 O

11,18 (0.440)
.41 (0.410) 013832 NC2A
ANS1 STD THREAD 495 0.196)
FORMERLY €32 NC-2A. 156

(APPROX 3.6 mm MAX DIA}

SEATING PLANE ——sd

267 0108 ) awoizm_ |
o o -:j__:,su o
NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for
tightening to heat sink.
b. The orientation of the lug in relation to the stud flats is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES CL17

254 03001,
7,03 [0.080)

absolute maximum ratings

Reverse Voltage at 25°C Stud TEMPErature . . . . .. ... ..ottt et ettt e e 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) . .. .. .. ... .......... 500 mA
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) . ... ... ......ouuennennnn. 700 mA
Storage Temperature RBNGE . . . . .. .ot vt v ot et e e e e ettt e e —55°Cto 125°C

Solder Lug Temperature for 10 Seconds (See Note 3) 240°C

operating characteristics at 25°C stud temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Po Radiant Power Output 06 0.12 mw
Ap Wavelength at Peak Emission 930 nm
AN Spectral Bandwidth IF =500 mA 25 nm
6H)  Half-Intensity Beam Angle 120°

Vg Static Forward Voltage 1.7 23 \2
tr Radiant Pulse Rise Time Igpm =100 mA, 15

ns
tw =1
tf Radiant Pulse Fall Time w > 100 ns 15

NOTES: 1. Derate linearly to 125°C stud temperature at the rate of 5 mA/C.
2. This value applies for t,, < 100 us, duty cycle < 50%. Derate linearly to 125°C stud temperature at the rate of 7 mA/°C.

3. Soldered connections should not be made directly to the stud of the | hermal i path between the stud

and emitting element.
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TYPE TIES06
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY

vs
RELATIVE SPECTRAL CHARACTERISTICS o ANGULAR DISPLACEMENT
1.0 . .
¢ = 500 mA ] N
Te - 25°C / \
IS 0.8 > 0.8
§ £ -
0.6 £ 0.6 3
$ 5 b
2 £ z
o 0.4 £ 0.4 3z
2 2
5 \ 5 I l
2 9.2 2 0.2 }
0 j 0
900 920 940 960 980 1000 80° 40° 0 40° 80°
\~Wavelength—nm 8 — Angular Displacement
FIGURE 1 FIGURE 2
RELATIVE PHOTON INTENSITY <
- | CHANGE IN WAVELENGTH OF PEAK INTENSITY
\o) v
RI
") CASE TEMPERATURE q CASE TEMPERATURE
g 25 — W 300 —T
A I = Constant W I = Constant
2.0 | A
K 5 200
3 s 3 4
. s
3 N 2 00 ,/
3 £
2
e 1O s 0
§ 0.9 g
< 0.8 A
207 N g % 4
'E 0.6 ™ H /]
$ N s -200
E 05 & A
5 N z
E 0.4 | -300
-75-50 25 0 25 50 75 100 125 150 o -75-50 -25 0 25 50 75 100 125
Tc — Case Temperature — *°C 3 Tc — Case Temperature — °C
FIGURE 3 FIGURE 4
RELATIVE PHOTON INTENSITY
vs
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS
10 55 1.0 T
Tc = 25°C
208 ~Iz 0.8
s H
£0.6 E 0.6
§ S
£ o4 H 0.4 /
" $ s
5 | /
o
0.2 + 0.2
0 0
3 200 400 600 800 [ 0.5 1.0 1.5 2.0 2.5
Ig — Forward Current — mA V — Forward Voltage — V
FIGURE 5 FIGURE 6
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TYPES TIES13, TIES13A

GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D2403, MARCH 1969—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

mechanical data

Spectrally Matched to Silicon Sensors .

High Output Efficiency
Hemispherically Shaped Chips with Diameter of 36 Mils

. . Peak Emission at 930 nm

Stud-Mounted Package for Convenient Mounting and Heat Sinking

Each device is in a hermetically sealed package with a flat glass window in the top of the case. The cathode is in
electrical contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is
insulated from the case by a glass-to-metal seal. Soldered connections should not be made directly to the stud because
of the low-thermal-resistance path between the stud and emitting element.

tightening to heat sink.
b. The orientation of the lug in relation to the stud flats is not controlled.

940 (0.370)
sm0%0 O
pradtie) 8,00 (0.315) 9,14 (0.360) 8381030}
: T2¢0.288 1" T — 873 (0.20)
.y
597 (0.236) 4 +\ ANODE «
5,71 (0.225)
[ \
-
L_J
11.18 (0.440) WINDOW
1 1041 (0.410) 0.138-32 NC-2A %%}3-%’ oIA
ANS) STD THREAD 4960.196) 2 d
FORMERLY 632 NC 24 AT
(APPROX 3.5 mm MAX DIA)
SEATING PLANE ~—id CATHODE
2,54 (0.100) o 2,67 (0.108) 5, 3,18 (0.125)
2,63 [0.080) 24710.096) 24710.098) 0,330 (0.013)
0,203 0.008)
NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CL-17
absolute maximum ratings
Reverse Voltage at 25°C Stud TeMPerature . . ... ... ........ouuuireirneenn e i, 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) .. .............. 300 mA
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) ..................... 500 mA
Storage Temperature Range . ... .............uiiuniinniinineineeneananennnan. -55°C to 100°C
Solder Lug Temperature for 10 SECONAS . . . ... ...\ttt ittt ittt 240°C
operating characteristics at 25°C stud temperature
PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT
. TIES13 20 25
Po  Radiant Power Output ~TES13A 30 % mw
A\p Wavelength at Peak Emission All 930 nm
AN Spectral Bandwidth Ig = 300 mA All 45 nm
O0H1  Half-Intensity Beam Angle Ali 130°
VE  Static Forward Voltage All 1.4 2 Y
tr Radiant Pulse Rise Time IFM = 100 mA, All 600 ns
tf Radiant Pulse Fall Time tw = 5us All 450 ns
NOTES: 1. Derate linearly to 100°C stud temperature at the rate of 4 mA/°C.

2. This value applies for t,, <100 us, duty cycle <50%. Derate linearly to 100°C stud temperature at the rate of 6.7 mA/°C.
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TYPES TIES14, TIES15

GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D2403, MARCH 1969—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

mechanical data

High Output . . . 60 mW Min at 25°C for the TIES14
Hemispherically Shaped Chips with Diameter of 72 Mils

Spectrally Matched to Silicon Sensors . . . Peak Emission at 930 nm
Stud-Mounted Package for Convenient Mounting and Heat Sinking

Each device is in a hermetically sealed package with a flat glass window in the top of the case. The cathode is in
electrical contact with the case and adjacent solder lug. The anode is in electrical contact with the stud, which is
insulated from the case by a glass-to-metal seal. Soldered connections should not be made directly to the stud because
of the low-thermal-resistance path between the stud and emitting element.

476 (0.1875)
a8 o178 —

800 (0.315)

940 (0.370)
Dokl

),__.1 L0 ey sisioe ,.::fg ] m,‘
—
597 (0.236) ANODE
571 (0.225) "
D
-y
11,18 (0.440) . ;moow
e/ g, _ o
FORMERLY 632 NC.2A by
(APPROX 3.5 mm MAX DIA)
SEATING PLANE o CATHODE
2,54 (0.100) 2,67 {0.108) DIA 3,18 (0.126)
2,03 (0.080) 2,41(0.095) 247110.005) 0330 (0.013)
0,203 (0.008)
NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for
tightening to heat sink.
b. The orientation of the lug in relation to the stud flats is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES eL17
absolute maximum ratings
Reverse Voltage at 25°C Stud TemMperature . ... .... ...ttt ittt e 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) . .................. 1A
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) ....................... 1.6 A
Storage Temperature Range . .. ... .. ...ttt ittt -55°C to 100°C
Solder Lug Temperature for 10 Seconds ... ... ... .ttt 240°C
operating characteristics at 25°C stud temperature
PARAMETER TEST CONDITIONS TYPE MIN TYP MAX | UNIT
TIES14 60 75
P Radiant Po w
0 adiant Power Output TiESTE 30 50 m
xp Wavelength at Peak Emission All 930 nm
AN Spectral Bandwidth E=1A All 45 nm
041 Half-Intensity Beam Angle F All 130°
Vg Static Forward Voltage All 1.4 2 Y%
tr Radiant Pulse Rise Time IFM = 100 mA, All 600 ns
tf Radiant Pulse Fall Time tw = 5us All 450 ns
NOTES: 1. Derate linearly to 100°C stud temperature at the rate of 13.3 mA/°C.

2. This value applies for t,, <100 us, duty cycle s50%. Derate linearly to 100°C stud temperature at the rate of 21.3 mA/°C.
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TYPE TIES16A
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1947, NOVEMBER 1972 —REVISED FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED RADIENT ENERGY WHEN FORWARD BIASED
(FORMERLY TIXL16A)

High Output Power . . . 100 mW Min at 25°C
Hemispherically Shaped 72-Mil-Diameter Chip
Stud Mounting for Convenient Heat Sinking

Open Construction to Allow Flexibility in Optical Design

mechanical data

This diode is mounted on a copper stud header to provide efficient heat sinking. The anode is in electrical contact
with the copper stud. The cathode lead is a varnished 0.0 1-inch copper wire secured to the stud by a metalized ceramic
insulator. Soldered connections should not be made directly to the stud because of the low-thermal-resistance path
to the emitting element.

9.53 (0.375)
9,27 (0.365)

2,67 {0.105)
" 24710.095)
1,245 (0.049)
[ 1.143 (0.045)
013832 NC-2A
ANSI STD THREAD
1854 (0.073) FORMERLY
1803 10.071) 632 NC-2A
DIA (APPROX 3.6 mm MAX DIA)
GaAs DOME \ ANODE

3,099 (0.122) f @\
2997 (0.118) 26.411.000) 343 (0.135)
CERAMIC " MIN 2,92(0.115)
INSULATOR 1‘"
0,305 (0.012)
2
0,203 (0.0081 '

CATHODE LEAD

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature . .............ttiutitiiinnter e,
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1)
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2)
Storage Temperature RANGE . . . . ... .. cuunttin it init et
Lead Temperature 6.4 mm (1/4 Inch) from Ceramic Insulator for 5 Seconds

230°C

operating characteristics at 25°C stud temperature

PARAMETER TEST CONDITION MIN TYP TYP | UNIT
PO  Radiant Power Output 100 150 mwW
Ap Waveiength at Peak Emissi 930 nm
A\ Spectral Bandwidth IF=2A 450 A
041 Half-Intensity Beam Angle 150°
VF  Static Forward Voltage 1.6 2 v

" T " 00
tr Radiant Pulse Rise Time lEm = 100 mA, tyy = 5 us 6 ns
tf Radiant Pulse Fall Time 450

NOTES: 1. Derate linearly to 100°C stud temperature at the rate of 26.7 mA/°C.

2. This value applies for t,, < 100 s, duty cycle <50%. Derate linearly to 100°C stud temperature at the rate of 40 mA/°C.

TEXAS INSTRUMENTS

SPECIAL FUNCTION IR EMITTERS ﬁ

48



<t | SPECIAL FUNCTION IR EMITTERS

4-10



TYPE TIES27
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D901, SEPTEMBER 1971 —REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

e High Output Power . .. 15 mW Min at 25°C

e Spectrally Matched to Silicon Sensors . . .Peak Emission at 930 nm
e Stud Mounting for Convenient Heat Sinking

® Recommended for Precision Optical Alignment, Industrial

Controls, and Optical Communications

mechanical data

The device is encapsulated and mounted on a stud header. The cathode is in electrical contact with the solder lug.
The anode is in electrical contact with the stud, which is insulated from the case by a glass-to-metal seal. Soldered
connections should not be made directly to the stud because of the low-thermal-resistance path between stud and
emitting element.

8,00 (0.315)
. 8,38 (0.330) TYP
7.24 (0.285) (05300 9,40 (0.370)
- 623 0245 889 0.350)
451(0.1776) 5,05 (0.199)
5,97 (0.235) avooe A TTTT 11— 7,671 (0.302)
5,71(0.226) 1111 7,568 (0.298)
:;*: :g‘:g: 0.138.32 NC-2A
41 (0. ANSI STD THREAD
FORMERLY 6-32 NC-2A CLEAR PLASTIC LENS
(APPROX 3.5 mm MAX DIA)
SEATING PLANE 1
2,54 (0.100) 3,18 (0.125) _|
26310.080) " ~ ;fz ]ﬁ :,:2 oA 2471 0.095) .:) l‘ 0,330 (0.013) - CATHODE
A 6,203 (0.008)

NOTES: a. The orientation of the lug in relation to the stud flats is not controlled.
b. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening
to heat sink.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings

Reverse Voltage at 25°C Stud TEMPErature . . . . ..o .v v et et et ettt ettt e e et e e 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) . .. . ... ............. 300 mA
Peak Forward Current at (or below) 26°C Stud Temperature (See NOt€ 2) . ... ........ovverennnnn. 500 mA
Storage Temperature Range . .. ... ...ttt ittt it e e e e 0°Cto 90°C
Solder Lug Temperature for 10 SECONAS . . . . . o vttt ittt et et et et ettt 240°C
operating characteristics at 25° C stud temperature
PARAMET\ER TEST CONDITIONS MIN TYP MAX UNIT
Po Radiant Power Output 15 20 mwW
)\p Wavelength at Peak Emission 930 nm
AA Spectral Bandwidth Ig =300 mA 45 nm
OH| Half-Intensity Beam Angle 130°
VE Static Forward Voltage 1.7 2.2 \
tr Radiant Pulse Rise Time IFM = 100 mA, 600
- - tw = 5 s ns
tf Radiant Pulse Fall Time 450
NOTES: 1. Derate linearly to 70°C stud temperature at the rate of 6.7 mA/°C.

2. This value applies for t,, < 100 us, duty cycle <50%. Derate linearly to 70°C stud temperature at the rate of 11.1 mA/C
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TYPE TIES27
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS

RELATIVE POWER OUTPUT

vs
STUD TEMPERATURE

SH3LLINST HI NOLLONNA 1VIO3dS E

RELATIVE SPECTRAL CHARACTERISTICS .
12 T See Note 3
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NOTE 3: These curves have been normalized to the output at | g = 300 mA, Terud = 2s5°C.
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

TIES27 GaAs NONCOHERENT INFRARED SOURCE

The TIES27 GaAs noncoherent infrared source is
essentially a solution-grown P-N junction. The output of
the device is 15 mW minimum with 20 mW being typical
at the rated forward current. The device emits in the
near-infrared region.

This report presents basic information necessary to
utilize this high-power, low-cost industrial IR source.
Included in this discussion are the theory of operation,
device performance including forward voltage, optical
power, spectral distribution, radiance, radiant intensity,
thermal impedance, pulse-mode operation and optical
design considerations plus typical mechanical specification
and application data.

THEORY OF OPERATION

The TIES27 GaAs noncoherent infrared source is a
solution grown P-N junction in the shape of an
18-mil-square chip. The chip is mounted on a stud header
and encapsulated in an epoxy dome.

When the P-N junction is forward biased, electrons
from the N-region are injected into the P-region and
radiant quanta (photons) are generated through
recombination. The radiant energy emitted is in the
near-infrared region.

A flat-geometry GaAs source emitting into air has a
critical angle that can be described by:

N
Sin@ =— )
C N2

where N1 = index of refraction of air = 1

N, = index of refraction of GaAs = 3.6
¢ = critical angle = 16.1°.

Any radiant energy generated that strikes the surface of
the chip at an angle greater than the critical angle will not
escape but will be reflected internally. This is shown in
Figure 1.

A
CHIP

/_' SURFACE
B
>

FIGURE 1. Angle of Light Determines if it Escapes
or is Reflected Internally

The critical angle of the TIES27 chip has been
changed by placing epoxy on the chip. Since the index of
refraction of the epoxy is 1.5, the critical angle changes
from 16.1° to 24.6°. The.improvement factor can be
calculated as follows:

1-Cosf, 1—Cos24.6°

o= - =231 ()
1-Cos6; 1—Cosl6.1°

The improvement factor is valid only when the
radiant energy that is emitted from the P-N junction can be
transmitted through the epoxy and into the air.

The external quantum efficiency of the device can be
described as the ratio of optical current output (photons
per second) divided by forward input current.

Ng =— (3)

TEXAS INSTRUMENTS
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

DEVICE PERFORMANCE

Forward Voltage
At a constant temperature, the voltage change as a
function of current can be predicted from equation (4):

loge — )
F2

where V= forward voltage

1g = forward current

KT
— ~26mV
q
n = constant

The value of n ranges from 1to3 for the TIES27
with n being larger at small forward bias currents. Exact
values for n may be obtained by characterizing the diode
under the operating conditions to which it will be exposed.

The typical distribution of the forward voltage at the
rated current of 300mA will range from 1.3 volts to a
maximum of 2.2 volts.

Optical Power

The TIES27 generates an optical output power of
15 mW minimum. The optical output power approximates
a linear function of the forward bias current when operated
above a few milliamperes and at or below the maximum
specified forward current. Figure 2 shows relative optical
power versus forward drive current.

The optical output power can be described by
Equation (5):

P, = I¢E
where l¢ =“0ptica.| output current = n g S)
1.24
e
P

Ap = peak wavelength in micrometers

The optical power of the TIES27 varies inversely
with temperature. A typical curve of optical output power
versus temperature is shown in Figure 3.

Spectral Distribution

The distribution of emission wavelengths of the
TIES27 is narrow; half-power wavelengths are typically
separated by 450 angstroms. The peak wavelength ranges

1.6
15 —
14 —
13—
1.2 —

25°C

11—

1.0 —
0.9 —
08 [—
0.7 -
0.6 [—
05 —
04—
03—

RELATIVE OPTICAL POWER T¢

0.2 —
0.1 —

] | 1 ] ] |
0 100 200 300 400 500 600 700

FORWARD DRIVE CURRENT, Ig (mA)

FIGURE 2. Relative Optical Power versus Forward
Drive Current for TIES27. T = 25°C.

=25°C

08 —

04 —

RELATIVE PHOTON INTENSITY T¢
-3
o
I

° ] ] | ] 1 |
[} 10 20 30 40 50 60 70
CASE TEMPERATURE, T¢ (°C)
FIGURE 3. Relative Photon Intensity
versus Case Temperature

from 9300 to 9450 angstroms when operated at rated
forward current (300 mA) at 25°C stud temperature. The
peak wavelength (7\p) is a function of forward bias
current and temperature. The change in wavelength of
peak intensity versus case (stud) temperature is shown in
Figure 4.
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

-
N
o

g3
T T 1

CHANGE IN WAVELENGTH OF PEAK INTENSITY, Ay (A)
2
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| ] 1 | ] 1

05 15 5 35 a5 55
CASE TEMPERATURE, Tg, (°C)

FIGURE 4. Change in Wavelength of Peak Intensity
versus Case (Stud) Temperature. 1 = 300 mA.

65 70

Radiance

Radiance (L) is defined as radiant intensity emitted
per unit area. In the case of the TIES27, the radiance can
be calculated by using Equations (5) — (8):

PO = l¢E (5)
where l¢ = optical output current = RIS
1.24
N
P
Ap = peak wavelength in micrometers.
Po/Q2
Le =222 ®)
A
where P, = total optical power

€ = solid angle of emission in steradians

A = Area of active region in cmz.

For the TIES27 (active area is 18 X 18 mils),

A=(0.018 X 2.54)% cm? = 2.09 X 1073 cm? %)
-3
1S X 1077 W)/(2m st
L )i(2m 1) ®
2.09 X 1073 cm?

=1.14W- sr‘I/cm2

It should be pointed out that this is the worst case
because the TIES27 does not emit upiformly into
2 steradians but into a solid angle less than 27.

Radiant Intensity

The radiant intensity of an isotropic radiator is equal
in all directions, therefore, the radiant intensity is equal to

le=— )

where Ie = radiant intensity (W/sr)

P = total optical power (W)

However, most GaAs infrared emitters are not perfect
isotropic radiators and the radiant intensity is higher on the
optical axis or within a few degrees of the optical axis.
Figure 5 shows a typical intensity pattern for the TIES27.

Thermal Resistance

The thermal resistance of the TIES27 is typically in
the range of 12°C/W. The chip is mounted directly to the
stud which when heatsinked properly can be
approximated to the first order as an infinite heatsink. It
is important to note that the thermal resistance is a very
difficult parameter to determine and measured values
from different groups of processed material may have a
wide distribution.

Pulse Mode Operation

The TIES27 is capable of being pulsed at relatively
high peak currents. The limiting factor, as it is in most
pulsed mode applications, is the interfaces and not the P-N
junction—the power density gets so large in the bonding
wire or the contact pad that catastrophic failures occur. For
example, a 1-mil gold wire that is 0.5 inches long has a
power density of approximately 4200 W/cm3 with 300 mA
flowing through it. However, by increasing the current to
1 amp, the power density increases to approximately
47,000 W/cm3.
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TIES27 GaAs NONCOHERENT INFRARED SOURCE
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FIGURE 5. A Typical Intensity Pattern for the TIES 27
There are tradeoffs that must be considered when
operating in the pulse mode such as duty cycle, repetition
rate, and peak current. The peak current can be approxi-
mated with reasonable accuracy by using

Ipm = (I max)/D = [f max T (10)
t

where IpM = maximum peak current
IF max = maximum-rated continuous forward
«current

D = duty cycle
T = period of frequency

t = diode “on” time
However, careful judgement should be used to ensure that
the peak current does not exceed a level that will cause the
bonding wires to open. The TIES27 should not be exposed
to peak pulses of current greater than 4 amperes with an
appropriate duty cycle. Figure 6 shows typical peak power

1Em = 4A
80f—

70 —

- 1gm = 2A

PEAK POWER (mw)
g

40 —

LA

20 —

0 I R Y S B B

10 20 30 40 50 60 70 80
DUTY CYCLE, D, (%)
FIGURE 6. Typical Peak Power of TIES 27 at 10 kHz
with Various Peak Current Levels at
Various Duty Cycles

obtained when the device was operated at a frequency of
10 kHz with current levels of 1 ampere, 2 amperes and
4 amperes at respective duty cycles of 50%, 25%, and
12.5% — higher current pulses than equation (10) defines.

Optical Design Considerations

Since the TIES27 emits into such a large pattern
(approximately 2w steradians), it is necessary to use some
form of optics to collect and direct that portion of the
optical power that will be used.

The amount of optical power collected can be
determined quickly once the optics have been defined.
The following is an example that illustrates the effect of
the f-number of the lens on the power transmitted.

—————

1S FOCAL LENGTH
FIGURE 7. Typical Optical Collection Configuration
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

2m (1 — Cos )
P, (n( os )) "lt
2n

an

where P, = optical power transmitted in the
beam of the collection optics.
P, = the total radiated optical power.
Q.= the solid angle of collection in
steradians.
§2, = the solid angle of emission in
steradians.
n = the transmission efficiency of the lens.
6 = the half angle of the collection cone.
Table 1
- 0 P
i- 2 Pe
number ) 1~-Coso (mW)
1.0 26.6 0.1 1.5
14 19.6 0.06 0.8
2.0 14.0 0.03 0.45
2.8 10.2 0.02 0.3
4.0 7.0 0.01 0.15

TYPICAL APPLICATION DATA

Figure 8 shows an economical approach for modu-
lating a TIES27. This circuit features excellent bandwidth
as well as high peak currents. Figures 9, 10,and 11 show

the performance data for the circuit shown in Figure 8.

The device is encapsulated and mounted on a stud
header. The cathode is in electrical contact with the solder
lug. The anode is in electrical contact with the stud, which
is insulated from the case by a glass-to-metal seal. Soldered
connections should not be made directly to the stud
because of the low-thermal-resistance path between stud

MECHANICAL DATA

and emitting element.

T | m— 2N2905
INPUT
100
% 4.7 k$2 1ow
pe
FIGURE 8. An Economical Circuit for
Modulating a TIES27
F )
q
2 af-
£
>
w 3
25
e 2
°
>
[ = N
2
2, | | ] | l |
1 101 102 103 104 105 106 107

FREQUENCY, (HERTZ)

FIGURE 9. Maximum Frequency for Circuit in Figure 8

RELATIVE OUTPUT

1.0

0.8 f—

06}

04—

0.2

! 1 | | |

104 105

FREQUENCY, (HERTZ)

FIGURE 10. Frequency Response of IRED
in Circuit of Figure 8
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

08—

0.6 [—

02—

INTENSITY, |, (WATTS/STERADIAN)

I | |

] 1.0 20 30 35
INPUT POWER WITH NO SIGNAL, (WATTS)

FIGURE 11. Intensity versus Input Power for Circuit
in Figure 8 When it is Used with an /1.6 Lens
Which has a 29-Millimeter Diameter

~0.315 (8,00
0285 (728] 330 (8.38) TYP
0.285 (7,24) 0.370 (9.40)
0.350 (8,89)
- 0.1875 (4,77) 0.245 (6,23)
01775 451 0.199 (5.05)
7N M | (N
0.236 (5,97) ANODE T11 0.302 (7,671)
0225 (5.71) T T -1 U258 17.560) +
/ B l u
0440 11.18)  9.138.32 NC-2A
BAT0T04T)  ANs) STD THREAD [
FORMERLY 6-32 NC-2A CLEAR PLASTIC LENS
SEATING PLANE |
0100 (2,54) o 0,108 (2.67) 0125(3.18) L
0,080 (2,03) 39 A 0.095 (2.41) 'q l._o.nts (0,330 VA
0.095 (2,41) 3,008 (0.203) CATHODE
NOTES: a. The orientation of the lug in relation to the stud flats is not controlled.
b. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening
to heat sink.
c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.

FIGURE 12. Mechanical Specifications for TIES27
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TYPE TIES35
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1948, NOVEMBER 1974 —-REVISED APRIL 1983

DESIGNED TO EMIT NEAR INFRARED RADIANT ENERGY WHEN FORWARD BIASED

e High Speed, High Efficiency

e Hemispherically Shaped 18-Mil-Diameter Chip

e Stud Mounting for Convenient Heat Sinking
mechanical data

The cathode is in electrical contact with the case and adjacent soider iug. The anode is in electrical contact with the
stud, which is insulated from the case by a glass-to-metal seal. Soldered connections should not be made directly to the
stud because of the low-thermal-resistance path between the stud and emitting element.

9,40 (0.370)
890,350
477 (0.1875) 8,00 (0.315) 275 0.305) o
077 724 0.285) 7,49 (0.296)
2

6,97 (0.235)
54610.215)

J
ANODE

697 (0.236) f
6,71 (0.225)
DIA

\

11,18 (0.440)

0,46 (0.018) DIA
11,18 (0.440)
10.47(0.410)

DOME EMITTER
0.138-32 NC-2A
ANSI STD THREAD
FORMERLY 6:32 NC-2A
(APPROX 3.5 mm MAX DIA)

SEATING PLANE ——] CATHODE

2,67 (0.106) 3,18 (0.126)

241 (0005 O'4 2/41(0.095) 0,330 (0.013)
6,203 (0.0081

NOTES: a. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening

to heat sink.
b. The orientation of the lug in relation to the stud flats is not controiled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

2,54 (0.100) o
2,03 (0.080)

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature . . . .. ............vou.n. .
Continuous Forward Current at {or below) 256°C Stud Temperature (See Note 1
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) .. ............ooueunnnn.
Storage Temperature Range .......... e .

SPECIAL FUNCTION IR EMITTERS ﬁ

Solder Lug Temperature for 10 SECONGS . . . . o o v vt vt vt et ettt e et et e e ....240°C
operating characteristics at 25°C stud temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Po  Radiant Power Output 900 1200 uW
Ap Wavelength at Peak Emission 910 nm
AN Spectral Bandwidth IF =50 mA 30 nm
614y Half-Intensity Beam Angle 135°

Vg  Static Forward Voltage 1.5 2 v

tr Radiant Pulse Rise Time 1EM =50 mA, 15

% Radiant Pulse Fall Time ty > 100 ns 15 ns

tRadiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in
current.
NOTES: 1. Derate linearly to 50 mA at 100°C stud temperature at the rate of 2.0 mA/C.
2. This value applies for tw <100 us, duty cycle <50%. Derate linearly to 100°C stud temperature at the rate of 3.0 mA/°C.

483
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Photodetectors (Sensors)

® Quick Reference Guide

® Low-Cost Plastic Packages
T-1
T-1%
Sidelookers

® Hermetically Sealed Packages
Pill
TO-18

® High-Reliability Devices (HR2)
Pill
TO-18

See Section 6 for Avalanche Photodiodes.

PHOTODETECTORS ﬁ
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QUICK REFERENCE GUIDE

PHOTODETECTORS

PHOTODETECTORS
QUICK REFERENCE GUIDE
LIGHT DARK POWER
DEVICE TYPE CURRENT CURRENT DISS FEATURES
MIN MAX @ V |MAX @ v :
1N5722  Phototransistor 0.5 mA 3 mA 5 25 nA 30 | 50 mw
1N57 i 2 mA 5 mA 5 25 nA 30 | 50 mW
23 Phototransistor m m ; ™" | E1A-Registered versions of TIL601-TIL604
1N5724  Phototransistor 4 mA 8mA 6 25 nA 30 | 50 mw
1N5725  Phototransistor 7 mA 5| 25nA 30 | 50 mW
LS600 Phototransistor 0.8 mA 5 25 nA 30 | 50 mW | Pill package (See TIL601 Series)
LS602 Phototransistor 0.5 - 5| 25nA 30 | 50 mW | Pill package (See TIL601 series)
LS611 Phototransistor 0.5 2.0 5 25 nA 30 | 50 mW | Pill package (See TIL601 series)
LS612 Phototransistor 1.0 3.0 5 25 nA 30 50 mW Pill package (See TILB01 series)
LS613 Phototransistor 2.0 40 5 25 nA 30 50 mW | Pill package (See TIL601 series)
LS614 Phototransistor 3.0 5.0 5 | 25nA 30 | 50 mW | Pill package (See TILB01 series)
LS615 Phototransistor 4.0 6.0 5 25 nA 30 50 mW | Pill package (See TIL601 series)
LS616 Phototransistor 5.0 7.0 5 25 nA 30 50 mW | Pill package (See TIL601 series)
LS617 Phototransistor 6.0 8.0 5 | 256nA 30 | 50 mW | Pill package (See TIL601 series)
LS618 Phototransistor 7.0 9.0 5 25 nA 30 50 mW | Pill package (See TILGO1 series)
LS619 Phototransistor 8.0 - 5| 26nA 30 | 50 mW | Pill package (See TIL601 series)
TIL78 Phototransistor 1 mA 5 | 100 nA 30 | 50 mW Low-cost epoxy package compatible with
TiL32, TIL902
- ith field of view.
As Phototransistor 5 mA 5 ] 100 nA 10 | 250 mW TO-18 package with narrow field of view
TIL81 ! R Compatible with TIL31B, TIL33B, TIL34B,
As Photodiode 170 pA Typ 0-50 10 nA 10 | 250 mwW
TIL902, TIL904
As Phototransistor 1 mA 5 | 100 nA 10 | 250 mW
TIL99 Similar to TIL81 t flat |
As Photodiode 40 4A Typ 050 | 10nA 10 | 250 mw | Similar to TILBT except fiat lens
Designed for infrared remote-control systems
TIL100 Photodiode 10 pA 10 50 nA 10 | 150 mW | Compatible with TIL38, TIL39, TIL905, and
TIL906
TiL411 Phototransistor 100 pA 5 | 100 nA 5 50 mW | Compatible with TIL40; Reverse pinout of
TIL415
TiL412 Photodarlington 500 pA 1 1100 nA 5 50 mW | Compatible with TIL40; Reverse pinout of
TiL416
TIL413 Photodiode 10 uA 10 50 nA 10 | 150 mW | Compatible with TIL38, TIL39, TIL90S,
TiL414 Phototransistor 100 A 5 50 nA 10 | 50 mW | and TIL906
TiL415 Phototransistor 100 pA 5 | 100 nA 5 50 mW | Compatible with TIL40
TiL416 Photodarlington 500 uA 1 | 100 nA 5 50 mW | Compatible with TIL40
TIL6O1 Phototransistor 0.5 mA 3 mA 5 25 nA 30 | 50 mW y ) .
X Pill package designed for mounting on double-
TIL602 Phototransistor 2 mA 5mA 5 | 25nA 30 | 50 mW ided printed board. Compatible with
n rd. { wi
TILBO3  Phototransistor 4mA 8mA 5| 25nA 30 | somw |0°¢ printedboard. Lomp
+ . TIL23 series
TIL604 Phototransistor 7 mA 5 | 26 nA 30 | 50 mW

For

THigh»re(iabiﬁ(v versions (TIL81 HR2 and TIL604 HR2) are also available.

see Special Electro-opi

/ Ce

section of this book.
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TYPES 1N5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

D974, MARCH 1972—-REVISED NOVEMBER 1974

JEDEC-REGISTERED VERSIONS OF TIL601 THRU TIL604

® Recommended for Application in Character Recognition, Tape and Card
Readers, Velocity Indicators, and Encoders

® Unique Package Design Allows for Assembly into Printed Circuit Boards

*mechanical data

0,483 (0.019} FmLLECTOR
0228 (00091 CERAMIC 0254 £ 0,026
1 &
1 < /-LENS . (0.010¢ D.OOHRAD
)
1,550 (0.061) 2,337 (0.092)
143008 O 2133 (0.084)
L]
EMITTER.
1,702 (0.067)
1,600 (0.063) 0,254 (OM ——.J L— ‘%{;‘;
2,235 (0.088) 0,127 (0.005)
2,083 (0.082)
3,175 (0.125)
2691 (0.102) FOUR TIMES
ACTUAL SIZE
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
*absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Collector-Emitter Voltage 50V
Emitter-Collector Voltage e e e e e e e e e s .7V
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) 50 mW

Operating Case Temperature Range
Storage Temperature Range
Soldering Temperature (3 minutes)

*electrical characteristics at 25°C case temperature (unless otherwise noted)

—65°C to 125°C
—65°C to 150°C
240°C

PARAMETER TEST CONDITIONS TYPE |MIN TYP MAXJUNIT
V(BR)CEQ Collector-Emitter Breakdown Voltage Ic=100uA, E¢=0 ALL 50 v
V(BR)ECO Emitter-Collector Breakdown Voltage Ig=100uA, Eg=0 ALL 7 \"
Vce=30V, Eg=0 ALL 25 | nA
VCE = Ee=0,
Ip Dark Current CE 30°V, e ALL 1 uA
Tc=100"C
1N5722] 0.5 3
. VCE=5V, Eg=20mW/cm2f1N5723| 2 51 a
L Light Current See Note 2 IN5724| 4 8
1N5725 7
. . ic=0.4mA, Eg=20mW/cm2,
VCE(sat)  Collector-Emitter Saturation Voltage See Note 2 ALL 0.15 v
NOTES: 1. Derate linearly to 126°C at the rate of 0.5 mW/°C.

2. irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered

tungsten linear-filament lamp operating at a color temperature of 2870 K.

*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication.
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TYPES 1N5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

*switching characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
ty Rise Time Vec=30V, 1 =800uA, 16 25 s
¥ Fall Time RL=1k, SeeFigure 1 15 25 | M

*PARAMETER MEASUREMENT INFORMATION
See Note a AN
OUTPUT
N See Note b
+
— >

= Vgg=30V R =1ka i:

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1
NOTES: a. Inputirradiance is supplied by a pulsed xenon bulb source. Incident irradiation is adjusted for I = 800 uA.

b. Output waveform is monitored on an oscilloscope with the following characteristics: t, < 25 ns, Rjy = 1 M, Cj,, < 20 pF.

*JEDEC registered data

COUPLING CHARACTERISTICS
w
OF IN5723 WITH TIL23 OR TIL24

100
20 SOURCE:  SENSOR:
© — TIL24 or INST23
TiL24 ™a © Veg=2V
20 = Ig=50mA  Tow25°C
B Tcn25"C
< izl
T
H
i :
: 2
i,
07 = T
04
0.2
0.1
001 002 004 00701 02 04 07 1

Distance Between Lenses—in

FIGURE 2

TYPICAL CHARACTERISTICS

RELATIVE OUTPUT

v
CASE TEMPERATURE OF SOURCE AND SENSOR

310
3 1
208 /
F 08—~ sounce: — SENSOR 1
TiIL23 or TIL24 1N5722- 1IN5725
04 f——t- 1g=50mA — VeE"5V
" i i i
0
-7 -80 -26 0 25 50 76 100 125

T~Case Temperature of Source snd Sensor—"C

FIGURE 3

Normalized Light Current — I

0.50

NORMALIZED LIGHT CURRENT
v
ANGULAR DISPLACEMENT

Optical Axis

0o
50° 40° 20°20° 10° 0° 10° 20° 30° 40® 50°

©—Anguler Displacement

FIGURE 4

TEXAS INSTRUMENTS




TYPES 1N5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

COLLECTOR CURRENT

TYPICAL CHARACTERISTICS

v
COLLECTOR-EMITTER VOLTAGE

1N5723
COLLECTOR CURRENT
v
COLLECTOR-EMITTER VOLTAGE

24 ‘ 10 \ T T
22 \
T, = 28°C Ee Al ¢
o [ len e / o' s
ote | —
PERY) y. S} 8 —‘\‘2’
< Z,
E 16 / [ E ‘2
L =
§ 14 / 7 F N
3 B 5
3 ., €. - 40 mW/cm 5 €0 =30 mW/em? ¥ O
FEEE 3
i / :
3 2 4
‘fu 08 3
? em?
~ os o E¢ = 20 mW/em
/ ’ ‘
o4 = 7
Ee - 20mW/cm ]
02 pe /L y Ee = 10mW/em? J
] T T 0 i l
o 005 01 015 02 026 03 0 4 8 12 16 2
VCE ~Collector-Emitter Voltage--V VL(_—CD".ﬂaI Emitter Voltage- vV
FIGURE S FIGURE 6
1N5723
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR CURRENT
v v
IRRADIANCE IRRADIANCE
0.24 4.0
N I+ 05 mA L
N T 25°C
i Te=28°C 25 ——
£ o See Note 2
B See Note 2 /
B B
s P 3.0 P VCE 5V -
5 016 € Veg 1V ~—_|
5 £ 25 p—or .
,ﬁ é Veg 03V ~y
5 s02v N
£ oz ‘; 20 f— Vee " 02V, V4
£ Veg 7015V
& — H vee 010 /
3 oo 3 15 p—— Yee "0 A5
2 e J
8 0
’
= 0.04 /
E] 05 !
@
8
o o
20 3 4 so 6 70 80 0 5 10 15 20
E¢-Irradiance-mW/cm? Ee~Irradiance ~mW/em?
FIGURE 7 FIGURE 8
DARK CURRENT RELATIVE OUTPUT
v w
CASE TEMPERATURE MODULATION FREQUENCY
10 000 I 1 T Vg -5V
| o
Te =%
1000 L veg-3o0v C
Feo ‘ 2 Il
< 100 ;== j 1
I g o7
§ -
H / S oa
S :F
i 3 o2
H 2
T 0.1
£ 007
004
0.02
001
% 50 75 100 125 12 4

T~Case Temperature—°C

FIGURE 9

linear-filament lamp operating at a color temperature of 2870 K.

Tmod ~Modulation Frequency —kHz

FIGURE 10

NOTE 2: Irradiance (Eg)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten
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TYPES 1IN5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.2 T T
| l Output of Tungsten
Response of Human Eye Source at 2870 K
5 1.0
g
3 /\ 7}\ -
5 08
:
c 06
H [ / \
&
lg 0.4 ( / Output of \ Response of
® : GaAs 1N5722 thru 1IN5725
':; Sources
& 0.2 Ve
0 / / \ N

0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2

\ — Wavelength — m

FIGURE 11

SH0193130010Hd m

TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ARRAYS

The 1N5722 through 1N5725 series is available mounted in printed circuit boards for custom-designed array or matrix
applications. The array is a complete unit, without the problems associated with small, difficult-to-handle components.
These arrays can be designed for punched-card or tape readers, position indicators, pattern and character recognition,
shaft encoders, and many other special applications.

Texas Instruments custom-array techniques offer many advantages:

The arrays are pre-assembled and tested, ready for installation.

Custom arrays can be manufactured in almost any configuration to allow maximum design flexibility.
Sensitivity across an entire array will be matched to within 50%.

GaAs sources can be furnished to give complete solid-state matched sets for specific applications.

Arrays with components firmly soldered into place on both sides of a printed circuit board are more

than individually wired sansin wvices

riinenad war s Ao
rugged than individually wired sensing devices.

Specifying optoelectronic arrays is easy; all that is required is a print of the array and the desired specifications.

T| sales engineers will assist in developing specifications for special applications.

5-6
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TYPE TIL78
N-P-N SILICON PHOTOTRANSISTOR

D1856, SEPTEMBER 1971 —-REVISED DECEMBER 1982

e Designed for Automatic or Hand Insertion in Sockets or PC Boards
e Recommended for Industrial Applications Requiring Low-Cost Discrete Phototransistors
®

Spectrally and Mechanically Compatible with TIL32 and TIL902 IR Emitters
mechanical data

This device has a clear molded epoxy body.

1,27 (0.050) MIN
ke—— 14,5 (0.570) MIN.
5,34 (0.210) 0,610(0.024) o0\ e
4,82 (0.190) 1,27 (0.050) 0,4570.018)
> (See Note c)

2LEADS
COLLECTOR

~——COLLECTOR
IDENTIFICATION

B

EMITTER 140 (0.055)
4,07 (0.160) 1,14 (0.045)
e eros0 ™ (See Note b) 4,07 (0.160)
3,175 (0.125) 355 (0.140) '~
2,997 (0.118)
(See Notea) NOTES: a.

This diameter is measured 0,127 mm (0.005 inches) from the shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-Emitter Voltage

50 V (7))
Emitter-Collector Voltage .7V o
Continuous Device Dissipation at (or below) 25 C Free Alr Temperature (See Note 1) .. 50 mW o
Operating Free-Air Temperature Range —40°C t0 100°C foma
Cincnon Tamnseratiire Ranae An°A s 19~ £ %
otorage emperature nange . —40 Ci0 140 U w
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5 Seconds e 240°c WM
electrical characteristics at 25°C free-air temperature (unless otherwise noted) E
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT 8
V(BR)CEO Coliector-Emitter Breakdown Voltage Ic=100 kA, Eo=0 50 \Y% -
V(BRIECO Emitter-Collector Breakdown Voltage Ig =100 uA, Eo=0 7 v o
Veg=30V, Eg=0 100 A
Ip Dark Current CE £ 2 I
VCE=30V, Eg=0, Ta =80°C 1 uA | Om
) VCE=5V, Ee=20 mW/em? [ 1 7
! ht Ci
L Light Current VeE =5V, Eg-2mW/cm? ]See Note 2 05 mA
VCE(sat)  Collector-Emitter Saturation Voltage Ic=2mA, Eg=20mW/cm?, See Note 2 0.4 v
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYP UNIT
tr Rise Time Vee=30V, I =800uA, 8 s
i Fall Time RL =1k, SeeFigure 1 6 H

NOTES:
2.

1. Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C.

tungsten linear-filament lamp operating at a color temperature of 2870 K.

Irradlance(Ee) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered

TEXAS INSTRUMENTS
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TYPE TIL78
N-P-N SILICON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

See ilote a W\
OuUTPUT
N/ See Note b
+
- 1‘
RL =1k :=
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for 1| = 800 pA.
b. Output waveform is monitored on an oscilloscope with the following characteristics: t, < 25 ns, Rjp > 1MQ, Cjp, <20 pF.

TYPICAL CHARACTERISTICS

NORMALIZED LIGHT CURRENT DARK CURRENT
v v
ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE
12 1000
VCe =30V
Ee= 0
i 10 100
T /
g : <
$ 08 S 10
5 \ €
o @ I
£ os X 3
s :(( :)‘
3 2 3
2 oa 8 S o1}l
£ & 2
S o
Z 02 / 001
o =1 [~ 0.001
80° 60° 40° 20° 0° 20° 40° 60° 80° -40 -20 0 20 40 60 80
6—Angular Displacement TA—Free-Air Temperature~"C
FIGURE 1 FIGURE 2
COLLECTOR-EMIT R SATURATION VOLTAGE COUPLING CHARACTERISTICS
vs
IRRADIANCE TIL32 WITH TIL78
>
| 20 r 10 ——g-—1-1ry TrrIIr
g‘ 18 \ \ Ta =25°C 7E SOURCE P 1 SENSOR [
s \ \ See Note 2 | FoTis2 -1 Ty
= 1.6 al wg=20ma 1§ veg=5V H
k] = 28°C - 4 - =25°C H
2 14 1 Ta=25°C i Ta=257C
2 T2 41+
& 12 ] 3
L - $ F—t—
3 v.ol Ic=6mA ¢ s
¥ o8 ‘ . \ceama - R
g 06 T S 04—
z AN
Ic=2mA
g os ce
s | 1 02 -
5 o2
;“3 o l I 0.1
0 20 30 40 50 6 70 80 90 001 002 04 00701 02 04 071
£, ~Irradiance—mW/cm?2 Distance Between Lenses—in
FIGURE 3 FIGURE 4

NOTE 2: Irradiance(Eg)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten
linear-filament lamp operating at a color temperature of 2870 K.

TeExAs INSTRUMENTS



TYPE TiL81
N-P-N PLANAR SILICON PHOTOTRANSISTOR

D1215 MARCH 1272—-REVISED DECEMBER 1982

o Recommended for Application in Character Recognition,
Tape and Card Readers, Velocity Indicators, and Encoders

e Spectrally and Mechanically Compatible with TIL31B IR Emitter

o  Glass-to-Metal-Seal Header
e Base Contact Externally Available
e Saturation Level Directly Compatible with Most TTL/DTL

e TIL8THR2* Includes High-Reliability Processing and Lot Acceptance

(See Page 5-13 for Summary of Processing)

e TIL81 also available released to UK Defence Standard 59-61/80/022

mechanical data

The device is in a hermetically sealed package with glass window. The outline of the TIL81 is similar to TO-18 except

for the window. All TO-18 registration notes also apply to this outline

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE
53400210 3 LeAps 2483 00191 o
G200 4406 ©016)
0.76 — ﬁ- 2.54 (0 100) DIA
©.030) 1 fat— 3-COLLECTOR
max
¥ o )
e oo w
o1 I
i oo 12208 NOTES: |
/ a7 bozs)
584 02301 " L._-lvumsm; 20856 ( a. The window is Corning 7052 glass
53110709 O \ w—— ) EMITTER \¢ or equivalent.
(See Note al Window dimensions are:
1170 0461 Minimum diameter . . 3,2 (0.125)
091 (0036) Maximum extension from
topofcase....... 1,78 (0.070)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-Base Voltage 50 V
Collector-Emitter Voltage 30V
Emitter-Base Voltage 7V
Emitter-Collector Voltage .7V
Continuous Collector Current . 50 mA
Continuous Device Dissipation at (or below) 25 C Free AII’ Temperature (See Note 1) .. 250 mW
Operating Free-Air Temperature Range —65 Ct0125°C
Storage Temperature Range —65°C to 150°C
Lead Temperature 1,6 mm (1/16 mch) from Case for 10 Seconds 240°C

NOTE 1: Derate linearly to 125°C free air temperature at the rate of 2.5 mW/°C.

* All electrical and mechanical specifications for the TIL81 also apply for the TILB1HR2.

TEXAS INSTRUMENTS

PHOTODETECTORS ﬂ

59



TYPE TiL81
N-P-N PLANAR SILICON PHOTOTRANSISTOR

electrical characteristics at 25° C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP_MAX|UNIT
V(BR)CBO Collector-Base Breakdown Voltage Ic= 100 pA, Ig=0, Eg= 50 \'
V(BR)CEO Collector-Emitter Breakdown Voltage Ic =100 A, ig=0, Eg= 30 \4
V(BR)EBO Emitter-Base Breakdown Voltage Ig = 100 pA, Ic=0, Ee=0 7 Vv
V(BR)ECO Emitter-Collector Breakdown Voltage Ig = 100 A, Ig=0, Eg = 7 \2
Vcg =10V, ig=0, Ee=0 0.1
o Dark Current Phototransistor Operation | VCE = 10°V, Ig=0, Ee =0, 20 BA
Ta=100°C
Photodiode Operation Veg =10V, lg =0, Ee=0 0.01| uA
Phototransistor Operation Vce=5V. '8=0. Ee =5 mW/em?, 5 22 mA
N Light Current See Note 2
] . Vcg=0to 50V, Ig =0, Ee = 20 mW/cm?2,
Photodiode Operation 170 HA
See Note 2
heE Static Forward Current Transfer Ratio VCE=5V, Ic=1mA, Eg=0 200
VCE(sat)  Collector-Emitter Saturation Voltage lc=2mA, '8=0. Ee = 20 mW/em2, 0.2 \%
See Note 2

NOTE 2: Irradiance (Eg)is the radiant power per unit area incident upon a surface. For these measurements the source is an unfiltered tungsten

linear-filament lamp operating at a color temperature of 2870 K.

switching characteristics at 25° C free-air temperature

E PARAMETER TEST CONDITIONS TYPICAL UNIT
1, Ri i =5V, L= A, R =100, 8
L i T_‘me Ph sistor Operation Vec =56 oL _800 . L=100 us
<) tf Fall Time See Test Circuit A of Figure 1 6
Rise Ti Vee =0t V, L= A, RpL=100%, 3!
I ty ise .ume P ) Operation cc cj» 50' L »60 I L 00 50 ns
o tf Fall Time See Test Circuit B of Figure 1 500
8 PARAMETER MEASUREMENT INFORMATION
u
See Note &
m
3 See Note a \ \
o W\
X
» ouTPUT o JUTPUT
S ‘!—O (See Note b) (See Note b)
— >
= Vee=5V :iRL=1OOSl Vcc=0‘°5°V5:RL=1oon
j.L— p
TEST CIRCUIT A VOLTAGE WAVEFORM TEST CIRCUIT B
PHOTOTRANSISTOR OPERATION PHOTODIODE OPERATION

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times less than 50 ns. Incident
irradiation is adjusted for specified I .
b. Output waveform is monitored on an i with the following characteristics: t, < 25 ns, Rjp 2 1 M, C;, < 20 pF.

FIGURE 1
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TYPE TIL81

Normaiized Light Current I

Ic—Collector Current—mA

Ic~Collector Current—

TYPICAL CHARACTERISTICS

NORMALIZED LIGHT CURRENT
v
ANGULAR DISPLACEMENT

1.2 PO

08

et Optical Axss ——

06

|

° 30° 60" 90
0 -Angular Displacement

FIGURE 2

COLLECTOR CURRENT
(PHOTOTRANSISTOR OPERATION}
v
IRRADIANCE

0 I
0 2 4 & 8 10 12 14 16 18 2

Ee Iradance mWicm?

FIGURE 4

COLLECTOR CURRENT
(PHOTOTRANSISTOR OPERATION)
“
COLLECTOR-EMITTER VOLTAGE

ig-0
TA=25C
38 ['See Note 2™

Ve ~Collector-Emitier Voltage -V

FIGURE 6

I¢ -Coltector Curcent--mA Output Current—mA

VCE(sat)—Collector-Emitter Saturation Voltage V.

COUPLING CHARACTERISTICS
oF

TIL31B WITH TIL81

“ SOURCE SENSOR
TIL31B TiLst
I > 25mA Ve =5V
Ta-25C
0 A 1g=0
:‘\\ Tat28C
[L] -
-
ol 1
0 01 02 03 04 05 06 07 08 09 1
Distance Between Lenses--in
FIGURE 3
COLLECTOR CURRENT
(PHOTODIODE OPERATION)
w
COLLECTOR.EMITTER VOLTAGE
08
Veg 01050V
arfte o
Ta-25°C
06
05 —
04 e
03 4
02
o1 ;
0
0 10 20 3 4 s 6 70 80
Eg - Irradiance - mW/cm?
FIGURE 5
COLLECTOR-EMITTER
SATURATION VOLTAGE
w
COLLECTOR CURRENT
0s
180
Ta=28°C— e

Ic~Collector Current-mA

FIGURE 7

N-P-N PLANAR SILICON PHOTOTRANSISTOR

PHOTODETECTORS ppn

NOTE 2: Irradiance (E,) is the radiant power per unit area incident upon a surface. For these measurements the source is an unfiltered tungsten
linear-filament lamp operating at a color temperature-of 2870 K.
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TYPE TIL81
N-P-N PLANAR SILICON PHOTOTRANSISTOR

TYPICAL CHARACTERISTICS

RELATIVE OUTPUT

(PHOTOTRANSISTOR OPERATION)
vs

MODULATION FREQUENCY

vs

NORMALIZED DARK CURRENT

FREE-AIR TEMPERATURE

10 10000
7}Vce=5V Vce=10V
1g=0 1g=0 /
Ta =25°C 1000 [ Ee=0
2 o /
T
! £ 100 /
5 07 HIQ R, = 100 234 13 /
g 3
3 04 RN { x y
© t ] 10
2 [=]
% 0.2 R, =1k °
° [ &
o N \ ]
01 £ 1
0.07 n S
N HH z
004 A o1
0.02 A -
: *L =10k
E 0.01 T 0.01
12 4 10 20 40 100 400 1000 25 o 25 50 75 100
fmod—Modulation Frequency—kHz
E T a—Free-Air Temperature--~"C
o FIGURE 8 FIGURE 9
amd
o
m
—‘ RELATIVE SPECTRAL CHARACTERISTICS
rO" 1.2 T T
—' T ] Output of Tungsten
o Response of Human Eye Source at 2870 K
-} 5 10
9 [ —
3
» 3
5 o8
] /
g
¢ 06
E / \
E 1 / Output of \ Response of
«» 04 4
® GaAs TiL81
H Sources
- 5 / \ N
0 / N
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
A\ — Wavelength — um
FIGURE 10
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TYPE TIL81HR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

® This processing applies only to devices ordered under the part number TIL81HR2
®  For electrical and mechanical specifications, refer to page 5-9
This processing and lot acceptance follow the sequence of tests in MIL-S-19500 for JANTX types. This is not to

be construed to be a JANTX-qualified part. A detail specification is available upon request through your Tl Field Sales
Office or Optoelectronics Marketing at the foliowing address:

Texas Instruments Incorporated
Optoelectronics Marketing

P.0. Box 225012, MS 12
Dallas, Texas 75265

Phone: (214) 995-3821

TEST

MIL-STD-750
TEST METHOD

100% Processing

Storage: Tpo = 125°C, t = 24 h 1032
Temperature Cycle: —55°C to 125°C, 10 cycles 1051
Constant Acceleration: 20,000 G, Y1 axis 2006
High-Temperature Reverse Bias:
VCce = 20V, 1039
TA = 1256°C, t = 48 h
Power Burn-in:
Pp = 250 mW, 1039

t=168h

Hermetic Seal, Fine
Hermetic Seal, Gross
External Visual

Product Acceptance

Group A: LTPD = 5
External Visual
Electrical: Tp = 25°C
Electrical: TA = 100°C

Group B-1: LTPD = 15
Solderability
Resistance to Solvents

Group B-2: LTPD = 10
Thermal Shock
Hermetic Seal, Fine
Hermetic Seal, Gross

Group B-3: LTPD = §
Steady-State Operating Life: t = 340 h

1071 Cond. G or H
1071 Cond. C or D
2071

2071

2026
1022

1051 Cond. B-1
1071 Cond. G or H
1071 Cond. Cor D

1027

TEXAS INSTRUMENTS
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TYPE TIL81HR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

TEST

MIL-STD-750
TEST METHOD

Group B-4:
Decap, Internal Visual; Design Verification
1 Device/O Failure
Bond Strength LTPD = 20 (C = 0)

Group B-5: Not Applicable
Group B-6: LTPD = 7

High-Temperature Life (Nonoperating)
t=340h

(Group C Tests are run on one lot every six months)

Group C-1: LTPD = 15
Physical Dimensions

Group C-2: LTPD = 10
Thermal Shock (Glass Strain)
Terminal Strength
Hermetic Seal, Fine
Hermetic Seal, Gross
Moisture Resistance
External Visual

Group C-3: LTPD = 10
Shock: 1600 G
Vibration: 50 G
Acceleration: 20000 G

Group C-4: LTPD = 15
Sait Atmosphere

Group C-5: Not Applicable

Group C-6: A = 10
Steady-State Operating Life: t = 1000 h

2075
2037 Cond. A

1032

2066

1056 Cond. A
2036 Cond. E
1071 Cond. G or H
1071 Cond. C or D
1021
2071

2016
2056
2006

1041

1026

TEXAs INSTRUMENTS
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TYPE TIL99
N-P-N PLANAR SILICON PHOTOTRANSISTOR

D1960, NOVEMBER 1974-REVISED MARCH 1976

FOR WIDE-ANGLE VIEWING APPLICATIONS

e Recommended for Application in Character Recognition,
Tape and Card Readers, Velocity Indicators, and Encoders

e Spectrally and Mechanically Compatible with TIL31B,
TIL903, and TIL904 IR Emitter

® Glass-to-Metal-Seal Header

e Base Connection Externally Available

¢ Saturation Level Directly Compatible with Most TTL/DTL
mechanical data

The device is in a hermetically sealed package with glass window. The outline of the TIL99 is similar to TO-18 except
for the window. All TO-18 registration notes also apply to this outline.

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE

5,34 (0.210) 3 LEADs 248310019) NOTE:

S sdost00te) 254 (0,100 DA a. The window is Corning 7052
(0.030) — f— - 3- COLLECTOR glass or equivalent.
JAX Window dimensions are: -
j_”'_‘ a Minimum diameter. . 3,5 (0.140) -
] F—a Maximum extension from top of .
o —— 200 case............ 0,26 (0.010) il
0,71 (0.028)
5,84 (0.230) -_J'lz'llﬂ 5001 2-BASE

DIA

5:11 0-208) WINDOW 1-EMITTER
P
1,17 (0.046)
0,81 (0.036)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-Base Voltage T - (¢ Y
Collector-Emitter Voltage . . . . . . . . . . . . . . . . . . . . . < o . .. . .. ... 30V
Emitter-Base Voltage . . . . . . . . . . . . L L L e e e e e e 7V
Emitter-Collector Voltage . . . . . . . . . . . . . L L e e e e e e 7V
Continuous Collector Current . . . .. . . . . ... 5BOmA
Continuous Device Dissipation at (or below) 25 C Free A:r Temperature (See Note 1) P .. . . . 250mW
Operating Free-Air Temperature Range . . . . . . . . . . . . . .. .. ... ... —65Cto125°C
Storage Temperature Range .. e e e e e —65°C to 150°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds e e ... ... ... ... 2a0°C

NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 2.5 mw/°C.

TEXAS INSTRUMENTS

PHOTODETECTORS ﬁ

5-15



SH0193130010Hd [5]

5-16

TYPE TIL99

N-P-N PLANAR SILICON PHOTOTRANSISTOR

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX! UNIT
V(BR)cBO Collector-Base Breakdown Voltage Ic =100 LA, Ig=0, Eg=0 50 \
V(BR)CEQ Collector-Emitter Breakdown Voltage fc =100 A, Ig =0, Ee=0 30 \
V(BR)EBQ Emitter-Base Breakdown Voltage 1g = 100 A, Ic=0, Ee=0 7 \4
V(BR)ECO Emitter-Collector Breakdown Voltage Ig = 100 A, ig=0, Eg=0 7 \4
Vee=10V, ig=0, Eg=0 0.1
Ip Dark Current | Phototransistor Operation | Vcg =10V, Ig=0, Ee =0, 20 A
Ta =100°C
Photodiode Operation Veg=10V, lg=0, Ee=0 0.01 | wA
VCg=5V, Ig=0, Eg = 20 mW/em2,
Phototransistor Operation CE B e mw/em 1 5 mA
See Note 2
[N Light Current
: . Vcg=0to 50V, 1g=0, Ee = 20 mW/cm?2,
Photodiode Operation 40 MA
See Note 2
hEg Static Forward Current Transfer Ratio VCe=5V, Ic=1mA, Eg=0 200
v Collector-Emitter Saturation Volt lc=04mA,  1g=0,  Eq=20mW/em?, 0.2 v
oltector- | r Saturation Voltage B
CElsat) N See Note 2
NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an unfiltered
tungsten linear-filament lamp operating at a color temperature at 2870 K.
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYPICAL UNIT
1, Rise Time Vee =5V, I =800uA, R =100, 8
L =, _Im Phototransistor Operation cc _— L . K L 0 us
tf Fall Time See Test Circuit A of Figure 1 6
t Rise Time Vec=0t0 80V, I =60uA, R =100, 350
L = .nm Photodiode Operation cc L L . L ns
tf Fall Time See Test Circuit B of Figure 1 500
PARAMETER MEASUREMENT INFORMATION
See Note a
See Note a \ \
QUTPUT

+
—Vcc=5V

3 © (See Note b)
SRL=1000

OUTPUT

TEST CIRCUIT A

PHOTOTRANSISTOR OPERATION

NOTES: a.

irradiation is adjusted for specified I .

b. The output waveform is

= t, —te—v]

|

|
! |
| |
| |

VOLTAGE WAVEFORM

ed on an

FICURE 1

10%

l‘-—-’f—tf

Vce=0to 5ov§

P—0 (see Note b)
>
S R = 100 ©2

3

TEST CIRCUIT B
PHOTODIODE OPERATION

lnput'}rradianca is supplied by a pulsed gallium arsenide radiant-energy source with rise and fall times less than 50 ns. Incident

in with the following characteristics: t, < 25 ns, Rjy = 1 M, Cj, < 20 pF.

TEXAS INSTRUMENTS



TYPE TIL100
LARGE-AREA SILICON PHOTODIODE

D2478, MAY 1978 —REVISED JULY 1978

High Photosensitivity

Fast Response

Low-Cost Plastic Package

Designed for Infrared Remote-Control Systems

Compatible with TIL38, TIL39, TIL905, and TIL906 IR Emitters

description

The TIL100 is a high-speed PIN photodiode designed to operate in the reverse-bias mode. It provides low capacitance
with high speed and high photosensitivity suitable for near-infrared applications.

mechanical data

The photodiode chip is mounted on a lead frame and molded in a black infrared-transmissive plastic. The active chip
area is typically 8,83 millimeters (0.0137 square inches). Its centerline is nominally 4 millimeters (0.157 inchj above
the seating plane.

0,76 (0.030) NOM (0.750) MIN- 2SQUARE LEADS
2PLACES 0610 (0.024)
0,406 (0.016)
; le—1.27 (0.050) NOM
, CATHODE
>+ o
2o SENSITIVE SURFACE f
5,46 (0.215) SENSITIVE__
.. ANODE SURFACE
af a
[ 2,69 (0.106)
239 (0.094)
h (60 Note 8)
7.29(0.287)
7.16(0.282)
SEATING
PLANE
2,67 (0.106)
SENSITIVE SURFACE 241 0.0
399(0.157)
386 (0.152) ,(,i =) ——
NOTE a: Lead spacing is measured at the seating plane.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

ReVErse VOIage . ... ... ...ttt e e e
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 150 mW
Operating Free-Air Temperature Range —25°C to 80°C
Storage Temperature RanNge . ... ... ...ttt e —25°C to 100°C
Lead Temperature 1.6 mm (1/16 inch) from Case for 3 Seconds 260°C

NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 2.73 mW/°C.
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TYPE TIL100

LARGE-AREA SILICON PHOTODIODE

electrical characteristics at 25°C free-air temperature

SH019313A010Hd m

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
V(BR)  Breakdown Voltage Igr = 100 4A, Eef =0 30 \
Ip Dark Current VR = 10V, Egl =0 5 50 [ nA
I Light Current VR = 10V, Eef = 250 yW/cm?2 at 940 nm 10 15 pA
Crt Total Capacitance VR =3V, Ee1 =0, f=1MHz 35 50 pF
tr Rise Time VR = 10V, RL = 1kQ 100 ns
tf Fall Time VR =10V, RL = 1k 100 ns
Yirradiance (Eg) is the radiant power per unit area incident on a surface.
TYPICAL CHARACTERISTICS
REVERSE CURRENT TOTAL CAPACITANCE
vs vs
IRRADIANCE REVERSE VOLTAGE
10000 100 m
VR=10V 90 f=1MHz ||
1000 |—— X = 940 nm ,/ \ Ta=25°C
Ta=25°C / 80 [
>
100 & 70—\
3 /| g N
13
g 7 g |
3 2
S 1 ) / F 50
H 74 E a0
i /| £
& o1 v 5 N
/ 20 .
0.01
10 ™~
0.001 0
001 01 1 10 100 103 104 105 01 02 04071 2 4 71 20 40

Eq—Irradiance—uW/cm?2

FIGURE 1

VR—Reverse Voltage—V

FIGURE 2
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N-P-N SILICON PHOTOTRANSISTOR

TYPE TiL411

D2559, JULY 1980

e Recommended for Applications Requiring Low-Cost Discrete Phototransistors

o Spectrally and Mechanically Compatible with TIL40 Infrared Emitter

e Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a clear molded plastic body.

157 (0.062) MIN DIA7

je———11.4 (0.450) MiN ———»{

2 SQUARE LEADS
0559 (0.022)

1,27 (0.050) MIN 0457 (0.018)

EMITTER
4,699 (0.185) 74 -
4,445 (0.175) ’_;1 7
1 RONKE q
2,362 (0.093) L COLLECTOR
2,210 (0.087) 4 -
2540 0,127
(0.100 + 0.005)
1,473 (0.058) Sen Notna)
1.321 (0.052)
407 (0.160)_J 0,76 (0.030) RADIUS NOM
355 (0.140)
6,223 (0.245) .
0,35 (0.015) 5,969 (0.235)
NOM
0,51 (0.020) NOM
o\ L 1,346 (0.053)
Rl | 3 1,092 (0.043)
2,667 (0.105) r
2413 (0.095) t =57 T

NOTE a: Lead spacing is measured where the leads emerge from the package.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CL 67
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-Emitter VOItage . . .. .. .ttt it i e e 30V
Emitter-Collector VOItage . . . . . o oottt e e 7V
Continuous Collector CUrrent . .. ... .. ot 50 mA
Continuous Device Dissipation at (or below) 26°C Free-Air Temperature (see Note 1) ... ... ........ 50 mW

Operating Free-Air Temperature Range

Storage Temperature Range

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5Seconds . . ... ......................... 240°C
electrical characteristics at free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(BR)CEO = Collector-Emitter Breakdown Voltage | Ic =100 uA, Ee=0 30 \4
V(BR)ECO Emitter-Collector Breakdown Voltage | Ig = 100 A, Eo=0 7 \
Ip Dark Current Vce=5V, Eg=0 100 | nA
IS Light Current VCg=5V, Eg = 500 uW/cmz, See Note 2 100 400 KA
VCE(sat) Collector-Emitter Saturation Voltage Ic=80rA, Eg=500 uW/cm?2, See Note 2 0.15 \
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYP  MAX UNIT
t, Rise Time Vec =10V, 1L =100 uA, 25
tf Fall Time RL =1k, See Figure 1 25 ps

NOTES: 1.

Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

2. lrradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-
emitting diode, wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TiL411
N-P-N SILICON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

AN Y
O OUTPUT
N—r (See Note b)
+
>
=10V - <
vee RL=1ka 2
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for ||_= 100 pA.
b. Output waveform is itored on an with the f ing characteristics: t, < 25 ns, rjp 2 1 MQ, C;, < 20 pF.

TYPICAL CHARACTERISTICS

NORMALIZED LIGHT CURRENT DARK CURRENT
ve v
ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE
12 T 1000
[ VCE =5V
€. 0
o - 100
o i <
T g 08 - T 10
5 &
S g
o : :
d 2 06 3 f
H %
: 3 5
3 04 - ¥ _ I}
o : : .
O g <
z {
m 0.2 001
m 0l L 0.001
407 307 20° 10° 0° 10° 20° 30" 40 -40 -20 0 20 40 60 80
(o) 6-Angular Displacement Ta~Free-Air Temperature—°C
OI FIGURE 2 FIGURE 3
72 COLLECTOR CURRENT
OLLEe o“ COUPLING CHARACTERISTICS
COLLECTOR-EMITTER VOLTAGE OF TIL40 WITH TIL411
500 T 10 =
Ee = 500 uW/em2 7 3
TA=25°C —— S N
400 4 4
< |
§ % 2|-source:
5 300 - & TiL40
a; / § | 1F=20ma
g 3 ETa=25°C - o —
2 20 S o7E A
3 g  [TSENSOR:
! 3 oa [ TiLan
< 100 |-Vce=5V
1 - TA=25°C
02} —A L
0 0.1
! 4 § 001 002 004 00701 02 04 07 1
VcE-Collector-Emitter Voltage-V
Distance Between Lenses — inches
FIGURE 4 FIGURE 5

NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-emitting
diode, wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TIL412

N-P-N SILICON DARLINGTON PHOTOTRANSISTOR

D2560, JULY 1880

Recommended for Applications Requiring Low-Cost Discrete Phototransistors
Spectrally and Mechanically Compatible with TIL40 Infrared Emitter
Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a blue tinted molded plastic body.

2 SQUARE LEADS

0559 (0.022)
157 (0.062) MIN DIA 1,27 0.050) MIN 0,457 (0.018)
: [
11,4 (0.450) MIN ——
EMITTER N
4,699 (0.185) 'j o M
3,445 (0.175) H
. 77N
218N
2,362 (0.093) COLLECTOR ||
2,210 (0.087) 7 .
254040,127
1473 (00681 10.100  0.005)
13 521 See Note
13710082 | 0 {See Note 2}
‘_‘,07 {0.160) 0,76 (0.030) RADIUS NOM
3,55 (0.140)
6.223 (0.245)
0,35 (0.015) 5,968 (0.235)
NOM
— 051 (0020 oM
1,346 (0.053)
2,667 (0.105) - & 7,092 (0.043)
2413 (0.005) g ——— b —— 00— t

NOTE a: Lead spacing is measured where the leads emerge from the package.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES,

=)

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-Emitter Voltage . ... .. ... ittt e e 30V
Emitter-Collector VOItage . ... .. .. i ittt ittt e e e 7V
Continuous Collector CUFTENT . . . o . ottt et et et e et e e e e e e et et e s 50 mA
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (see Note 1) .. ... ......... 50 mW
Operating Free-Air Temperature Range . . . .. ...ttt et e e e et e e —40°C to 80°C
Storage Temperature RANGE . . . .. .o\ttt ettt e e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for5Seconds . . ... ........ ... .. ' iuiuun.. 240°C
electrical characteristics at free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(BR)CEO Collector-Emitter Breakdown Voltage | |c=100uA, E,=0 30 \
V(BRJECO  Emitter-Collector Breakdown Voltage | Ig = 100 uA, E,=0 7 \
Ip Dark Current Vce=5V, Eg=0 100 | nA
N Light Current Vce=1V, Eg=100 uW/cm?2, See Note 2 0.5 8 mA
VCE(sat) Collector-Emitter Saturation Voltage Ic =500 pA, Eg= 100 uW/cm2, See Note 2 0.6 \Y
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYP MAX UNIT
t Rise Time Vee =56V, I = 500 A, 1
tf Fall Time R = 1kQ, See Figure 1 ms
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

2.

emitting diode, wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.

trradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-
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TYPE TIL412
N-P-N SILICON DARLINGTON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

AN Y
OUTPUT

O See Note b |
. !

— >
— Vcc=5V R =1k :: l
| ' |

t, —to—e] t
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for I} =500 uA.
b. Output waveform is monitored on an i with the ing characteristics: t, < 25 ns, Rj, > 1 MQ, Cj, < 20 pF.

TYPICAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY
vs
ANGULAR DISPLACEMENT
1.2 100 uA

DARK CURRENT

vs
FREE-AIR TEMPERATURE

) !
VCE=5V
- ) 10ua gt g A
(@] N 1A
H o
= g o8 i § 100nA
(@] : 3 3
§ <
U g 06 / 3 H 10nA L
& z a
m s S \ I 1nA
e | 30407 °
m & 100 pA
0.2 -+—
Q 100
3 g
20° 15° 10° 8 0 5 10° 15° 20° —40 20 ©0 20 40 60 80
x 6 Angalar Displacement TA - Free-Air Temperature — °C
FIGURE 2 FIGURE 3
COUPLING CHARACTERISTICS
COLLECTOR CURRENT
vs TIL40 WITH TIL412
COLLECTOR-EMITTER VOLTAGE o — 17T ; T
10
Eq = 100 mW/cm2 20— 1
TA=25C | — l !
< 8 10 ==
s E 7 |- SOURCE: 1}
g L 4 Tiao 17
£ 6 § [ 1F =20mA
i 5 2PTa=25°C
5 3 \
s 4 2 1 |=SENSOR:
2 g E X
3 3 07ETia 3 H
o 04 |-Vce=5Y
o b Ta=25°C 8
i i
o 01 I L
0 05 10 15 20 25 0102 04071 2 4 710 20 4
VCE - Collector-Emitter Voltage — V. Distance Between Lenses—mm
FIGURE 4 FIGURE 5
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TYPES TiL413, TIL413S
LARGE-AREA SILICON PHOTODIODES

D26588, JULY 1980—REVISED JANUARY 1983

description

High Photosensitivity

Fast Response

Low-Cost Plastic Package

Designed for Infrared Remote-Control Systems
Compatible with TIL38, TIL39, TIL905, and TIL906

IR Emitters

The TIL413 and T1L413S are high-speed PIN photodiodes designed to operate in the reverse-bias mode. These devices
provide low capacitance with high speed and high photosensitivity suitable for near-infrared applications.

mechanical data

The photodiode chip is mounted on a lead frame and molded in black infrared-transmissive plastic. The active chip
area is typically 4,4 square millimeters (0.0067 square inch). The centerline is nominally 3,8 millimeters (0.150 inch)

above the seating plane.

2 SQUARE LEADS
0,610 (0.024)
0,406 (0.016)
—-‘ "0,75 {0.030) NOM
A L"{ I"-
le- B
. CATHODE i
3 £ o
5,207 (0.206)
3,963 (0.195) » ANODE
mfv a
2,69 (0.106)
6,477 (0.256) 2,39 (0.094)
2.54(0.100) 6,223 (0.245) (See Note a) TIL 413
NOM RADIUS SEATING
PLANE
1,651 (0.065)
1357 (0.085)
3,175 (0.125) <t ;
2,921 (0.116) ) = %
LEAD LENGTH (A) AND OFFSET (B)
DEVICE A B TIL 4138
TIL413 19 (0.750) MIN 1,27 (0.060) MIN
TILA13S 6 (0.200) MIN 0 MIN
NOTE a: Lead spacing is measured at the seating plane.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Reverse Voltage . ... .. ...ttt ittt i i e e e e i e e e 30V
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) .. ........... 150 mwW
Operating Free-Air Temperature Range . ... .... .ottt iiiinn e ennnnn —25°C to 80°C
Storage TeMPErature RANGE . . .. v v v vn e ie et et e e et e et ettt —25°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for5Seconds . ...............cciitiinennn.. 240°C

NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 2.73 mW/°C.
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TYPES TiL413, TILA13S
LARGE-AREA SILICON PHOTODIODES

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V(BR) Breakdown Voltage IR = 100 uA, Eet =0 30 \'
Ip Dark Current VR=10V, Eet =0 5 50 nA
I Light Current VR=10V, Eet = 250 #W/cmZ2, See Note 2 10 15 HA
Ct Total Capacitance VR=3V, Eet =0, f=1MHz 15 50 pF
t, Rise Time VR=10V, RL=1kQ 100 ns
tf Fali Time VR=10V, Ry = 1kQ 100 ns

TYPICAL CHARACTERISTICS

LIGHT CURRENT
vs

IRRADIANCE
& 7
T 25— VR=10V /
= Ta=25°C /
O <§. See Note 2 /
al 1 /,
E § 15 A
m ’
Q T /
- L
> ) //
» TV

00 50 100 150 200 250 300 350 400 450 500
Ee—Irradiance—uW/cm?2

FIGURE 1

NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-emitting
diode, wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TiL414
N-P-N SILICON PHOTOTRANSISTOR

D2615, NOVEMBER 1980

o Designed for Automatic or Hand Insertion in Sockets or PC Boards

e Recommended for Industrial Applications Requiring Low-Cost Discrete Phototransistors
® Spectrally and Mechanically Matched with TIL38, TiL39, TIL905, and

TIL906 IR-Emitting Diodes

mechanical data

This device has a clear molded epoxy body.

COLLECTOR
8,89 (0.350) IDENTIFICATION
8,38 (0.330) pa——19,0 {0.750) MIN —

1,27 (0.050)
(Seo Nots o) 1,27 (0.050) MIN—=  jo—

267
241

5,08 (0.200)
4,82 (0.190) EMITTER i

2SQUARE LeADs 2552 (0.022) ]

1,75 (0.305) 0,457 (0.018)
7,49 (0.295)

6.10 (0.240) 1A
5,59 (0.220)

NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY INCHES

COLLECTOR (See Note b)
3¢ W—

(See Note a) 34 "

(0.105)
(0.095)

cL10

absolute maximum ratings at 25° C free-air temperature (unless otherwise noted)

Collector-Emitter Voltage .. ... ... i e e e
Emitter-Collector Voltage . . .. .o o i ittt i e e e e

Continuous Device Dissipation at (or below) 26°C Free-Air Temperature (See Note 1)

Operating Free-Air Temperature Range . ... . ...... ...t ienennnnn.
Storage Temperature Range . .. ... ... ...t e e
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5Seconds . ..............

electrical characteristics at 25°C free-air temperature

50 mW

......... —40°C to 80°C
........ —40°C to 100°C

240°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(BR)CEQ  Collector-Emitter Breakdown Voltage Ic=100pA, Eg=0 35 \4
V(BR)ECO  Emitter-Collector Breakdown Voltage Ig=100pA, Eg=0 7 \Z
Ip Dark Current VCg=10V, Eg=0 50 | nA
[ Light Current VCE=5V, Eg=250uW/cm2, See Note 2 100 700 uA
VCE(sat) Collector-Emitter Saturation Voltage Ic = 100 uA, Eg =250 uW/cm2,  See Note 2 0.1 v
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDiITiONS TYP UNiT
ty Rise Time Vee=30V, I =800 kA, 8 us
7] Fall Time RL =1k, See Figure 1 7 us

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/°C.

2. Irradiance (£g) is the radiant power per unit area incidentupon a surface. For these measurements the source is an infrared-emitting

diode, wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TiL4W4
N-P-N SILICON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

See Note a N\

OUTPUT
O

N See Note b

\Aa

- <
3oV RL=1ka 2

L.
[

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1
NOTES: a. Inputirradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for || = 800 LA.
b. Output waveform is itored on an oscil with the f ing characteristics: t, < 25 ns, Rjy = 1 MQ, Cj, < 20 pF.

TYPICAL CHARACTERISTICS

E NORMALIZED LIGHT CURRENT DARK CURRENT
v vs
ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE
1 12 10000 T /J
I 10 1000 |-VCE=10V
] 7
i 100 pal
- § os — ?
o 3 \ f oo
c £ 06 H
‘g / \ 5 '
3
ﬂ 2 04 3
m 5 e /
(o] 02 — 001
o 0 —L— omr
m %° 20° 100° 00 10" 20° 30 —40 -20 0 20 40 6 80
m 8—Angular Displacement TA—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER VOLTAGE COUPLING CHARACTERISTICS
vs vs OF
> IRRADIANCE IRRADIANCE TIL414 WITH TIL3D
200 = 1 T 10 ———=
i TA=25°C | Ic=2mA ; —HHH
% 120 > 09 oo SENSOR 1]
= 1 TA=26°C M
>n 160 ‘ * 08 4 TIL414 Bl
i\ Ny : e
5 140 (5 3 07 < N TA=26°C
3 ma~] 5 §F o2
3 120 E 06 \ 'é
£ 100 N s 05 \ 3 <
§ s % 04 I g2
8
Io= Q 3 o4
i 100,44 503 \ | SOURCE
8§ 40 — $ o2 TIL3
T ] | 02 = 20ma
3 0.1 Ta=25°C
;uj o o 04 L1
002040608 1 12141618 2 0 02040608 1 121416 18 2 10 20 40 70100 200 400 700 1000
Eq—Irradiance—mW/cm2 Ee—Irradiance—mW/cm2 Distance Between Lenses—mm
FIGURE 4 FIGURE 5 FIGURE 6
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TYPE TIL415
N-P-N SILICON PHOTOTRANSISTOR

D2690, FEBRUARY 1983

Recommended for Applications Requiring Low-Cost Discrete Phototransistors
Spectrally and Mechanically Compatible with TIL40 Infrared Emitter

Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a clear molded plastic body and is similar to TIL411 except the pinout is reversed.

2 SQUARE LEADS
0559 (0.022)
157 (0.062) MIN DIA 1,27 (0.050) MIN 0457 (0.018)
’ 7 Lot o
le———11.4 (0.450) MIN
|
T COLLECTOR |
4,699 (0.185) 74— 1
3425 (0.175) I
2,362 (0.093) EMITTER C '
2,210 (0.087) [ 24 +_ z.
2540 + 0,127
1473 (0.058) (0100 + 0.005) &
321 (0082) ] | Sea Notw s}
40710.160) | 0,76 (0.030) RADIUS NOM
355 (0.140)
6,223 (0.245)
035 (0.015) 5,969 (0.235)
NOM
+ 051 (0.020) NOM
L & 1,346 (0.053)
¥ p— |3 1,092 (0.043)
2,667 (0.105) r ~— .
2413 (0.09%5) t B —7 I
NOTE a: Lead spacing is measured where the leads emerge from the package.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

Collector-Emitter VOItage . ... ... ..ottt 30V
Emitter-Collector Voltage . ... .. ... ... e 7V
Continuous Collector Current . . ... . ... ... 50 mA
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (see Note 1) ............. 50 mW
Operating Free-Air Temperature Range .. .......... ... ..ttt —-40°C to 80°C
Storage Temperature RaNGe . . ... ...ttt ittt —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 3 Seconds . ............... ... ......... 260°C
electrical characteristics at free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V(BRICEQ Collector-Emitter Breakdown Voltage|lc = 100 pyA, Eg = O 30 \
V(BR)ECO Emitter-Collector Breakdown Voltage|lg = 100 A, Eg = O 7 \4
Ip Dark Current VCE=5V, Eg=0 100 nA
IL Light Current VCe = 5V, Eg = 500 uW/cmZ, See Note 2 100 400 A
VCEg(sat) Collector-Emitter Saturation Voltage | Ic = 80 pA, Eg = 500 uWicmZ, See Note 2 0.15 \4
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS TYP MAX | UNIT
t Rise Time Vee =10V, I = 100 pA, 25
tf Fall Time RL = 1kQ, See Figure 1 25 K

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

2. lIrradiance (Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-emitting diode,
wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TIL415
N-P-N SILICON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

AN Y
p—O OUTPUT
(See Note b)
+
=10V _ <
vee=10 RL' 1kQ ::
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for I = 100 LA.
b. Output waveform is monitored on an oscilloscope with the following characteristics: t, < 25 ns, rip > 1 MQ, C;, < 20 pF.

TYPICAL CHARACTERISTICS

NORMALIZED LIGHT CURRENT DARK CURRENT
v N
12 ANGULAR DISPLACEMENT 1000 FREE-AIR TEMPERATURE
V=6V
£, 0
= ! N 100
1
H / <
g 08 n g 10
3 s 3
= o
S 04 Al
€ / \ o
£ =
z
0.2 001
B e CEEPvC )
40° 30° 200 10° 0° 10° 20° 30° 40 00010 0 20 40 & 80
6—Angular Dispiacement Ta—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
CDLLECTO‘Z CURRENT COUPLING CHARACTERISTICS
COLLECTOR-EMITTER VOLTAGE OF TILAO WITH TIL415
500 T 10 T
Eg = 500 uW/cm2 7 1
TA® 25°C
400 4
< ,_/,/',
3 |_— (
§ Yyl § 2| souRce:
5 %o P TiL4o
4 [ § | tr-20mA
8 5 Eta=25°c AT
£ 200 S o7 A
8 g [SENSOR:
| 3 04| TIL4IS
< Lvce=6Vvil
100 Ta=25°C
02 T
0 oal I
! 2 4 5 001 002 00400701 02 04 07 1

Vg Collector-Emitter Voltage-V
CE ecto ter Voltag: Distance Between Lenses — inches

FIGURE 4 FIGURE 5
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TYPE TiL416
N-P-N SILICON DARLINGTON PHOTOTRANSISTOR

D2691, FEBRUARY 1983

® Recommended for Applications Requiring Low-Cost Discrete Phototransistors

® Spectrally and Mechanically Matched with TIL40 Infrared Emitter

® Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a blue-tinted molded plastic body and is similar to TIL412 except the pinout is reversed.

2SQUARE LEADS
0,559 (0.022)
4,699 (0.185) 0457 (0.018) 0,76 (0.030) RADIUS NOM
3425 (0.175) 1,57 (0.062) MIN DIA 1.27 (0.050) MIN
| | at——11.4 (0.450) MIN
{ COLLECTOR 1
s 1 (
a
)
2,362 (0.093) L:]J N EMITTER |,
2,210 (0.087) LES ()
2540 + 0,127 &
0,100 : 0,005
1473 (gﬁg _ (5ee Note a)
1321 (o 4,07 (0.160)
[ 355 (0.140) ™
6,223 (0.245)
5,969 (0.235)
0,35 (0.015)
NOM
0,51 (0.020) NOM
X ¥ W v L] 1,346 (0.053)
2,667 10.105) * N — T it 1,092 (0.043)
2413 (0.095) = e =35 —F=]
NOTE a: Lead spacing is measured where the leads emerge from the package.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-Emitter Voltage . ... ... ... ... ..ttt 30V
Emitter-Collector Voltage .. ... ... .. .. ... ... . 7V
Continuous ColleGtor CUMTENt . . . . . .. ittt ittt it ettt e e e e e e e 50 mA
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . ............ 50 mW

Operating Free-Air Temperature Range
Storage Temperature Range

-40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds . ............................ 260°C
electrical characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MiN TYP MAX UNIT
V(BR)CEQ Collector-Emitter Breakdown Voltage | Ic = 100 4A, E¢ = 0 30 \
V(BR)ECO Emitter-Collector Breakdown Voltage | Ig = 100 pA, Eg = O 7 Vv
Ip Dark Current Vce=5V, Eg =0 100 nA
% Light Current Vcg = 1V, Eg = 100 yW/cm2, See Note 2 0.5 8 mA
V(CE(sat) Collector-Emitter Saturation Voltage | Ic = 500 uA, Eg = 100 pW/cmZ, See Note 2 0.6 v
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYP UNIT
t Rise Time Vcec =6V, I = 500 xA, 1 ms
tf Fall Time R = 1kQ, See Figure 1 1
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

. Irradiance {Eg) is the radiant power per unit area incident upon a surface. For these measurements the source is an infrared-emitting diode,

wavelength at peak emission is 930 nm, and spectral bandwidth is 45 nm.
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TYPE TIL416
N-P-N SILICON DARLINGTON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

AN Y

OUTPUT
See Note b |
R I

- 3
R -1k g !
[ t, —t—] t
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for I_ = 500 uA.
b. Output waveform is monitored on an oscilloscope with the following characteristics: t, < 25 ns, Rj, > 1 M, Cj, < 20 pF.

TYPICAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY

SH0193130010Hd m

DARK CURRENT
v v§
ANGULAR DISPLACEMENT FREE-AIR TEMPERATURE
12 100 uA T
VCE=5V
104A g2 o
1
z TuA
g o8 T $ 100nA
E 3
g o0s 5 % 10nA
3 3 ¥
£ g 3
v S i 1A
£ 04 2
2 / \ 100 pA
0.2 10ph
[ 108,
20° 15° 10° 5 0° 5 10° 15° 20° ~0 20 0 20 40 & 80
6-Angular Displacement Ta — Free-Air Temperature —°C
FIGURE 2 FIGURE 3
COUPLING CHARACTERISTICS
COLLECTOR CURRENT
v TIL40 WITH TIL416
COLLECTOR-EMITTER VOLTAGE 40 1
10 {
Eq = 100 mW/cm2 2 ~ !
TA=25°C | —
< 8 10 PN
€ < 7 [ SOURCE:
I —
M 1 4fFTio
£ e § [MiF=20mA
‘z / 3 2 Ta=25°C \
] g 1[ESEnsOR: =
8 3 07
A 04
L2
0.2
0 0.1
o 05 10 15 20 25 0102 04071 2 4 710 20 49
VCE — Collector-Emitter Voltage - V Distance Between Lenses—mm
FIGURE 4 FIGURE 5
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TYPES TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS

D1971, NOVEMBER 1974 - REVISED JULY 1983

DES!GNED FOR HIGH-DENSITY READ OUT

Hermetically Sealed Pill Package

and Encoders

Unique Package Design Allows for Assembly into Printed Circuit Boards
Spectrally and Mechanically Compatible with TiL23 thru TIL25
Saturation Level Directly Compatible with most TTL

Processing)

mechanical data

Recommended for Application in Character Recognition, Tape and Card Readers, Velocity Indicators,

TIL601 THRU TIL604, LS600

R
0,483 (0.019) COLLECTO
0,228 (0.009)

CERAMIC LENS 0,254 + 0,026
= B - 10.010 + 0.001) AP
1550 (0.061) 1, \ 2,337 (0.092)
1,473 (0.058) 2,133 (0.084)
1,702 {0.067) EMITTER -
1,600 (0.063) 0,254 (0.01 ,610 (0.024)
- 0,127 :o oog: 0,406 (0.016)
2,235 (0.088) - .
2,083 (0.082)
2,921 {0.115)
2,591 (0.102)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

FOUR TIMES
ACTUAL SIZE

*All ical and hanical ificati for the TIL604 also apply for TILEO4HR2.

TIL604HR2* Includes High-Reliability Processing and Lot Acceptance (See Page 5-39 for Summary of

PHOTODETECTORS ﬂ
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TYPES TIL601 THRU TILG04, LS600, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Collector-Emitter Voitage . ... ... ... .. e e 50 V
Emitter-Collector Voltage . ... ... ... .. . 7V
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) . .............. 50 mW
Operating Case Temperature Range .. ... ... ... ... .. .. . . .. -65°C to 125°C
Storage Temperature Range . ... ... ... . ... .. -65°C to 150°C
Soldering Temperature (10 SECONAS) . . . . . . ..ottt 240°C

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS TYPE MIN  TYP MAX UNIT
V(BRICEQ Collector-Emitter Breakdown Voltage | Ic = 100 A, Ee = O ALL 50 \
V(BRJECO Emitter-Collector Breakdown Voltage | Ig = 100 yA, Eg = 0O ALL 7 \
Veg = 30V, Eo =0 ALL 25 | nA
ip Dark Current Vce = 30V, Eg =0 ALL 3 uA
Tc = 100°C
TIL601 0.5 3
VCE =5V, E = 20 mwW/em? 1802 2 >
It Light Current SSeENote 2 ) TiL603 4 g mA
TIL604 7
LS600 0.8
LS602 0.5
LS611 0.5 1.0 20
LS612 1.0 2.0 3.0
LS613 20 3.0 4.0
LS614 3.0 4.0 5.0
LS615 4.0 5.0 6.0
LS616 5.0 6.0 7.0
LS617 6.0 7.0 8.0
LS618 7.0 8.0 9.0
LS619 8.0 9.0
VCE(sat) Collector-Emitter Saturation Voltage lSceeNgt: 'Z“A’ Eo = 20 mWiom? ||| 0.15 v

NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/°C.

2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten linear-filament
lamp operating at a color temperature of 2870 K.

switching characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS TYP UNIT
tr Rise Time Vce = 30.V, I = 800 uA, 8 <
t Fall Time RL = 1k, See Figure 1 6 ¥
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TYPES TIL601 THRU TiL604, LS600, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS

PARAMETER MEASUREMENT INFORMATION

A}
ﬁ ouTPUT
NS

See Note a

See Note b
+
oy _ >
= VCC—BOV R, =1k 2
T i
-
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident
irradiation is adjusted for || = 800 WA,
b. Output form is itored on an i with the following characteristics: t, < 25 ns, Riy = 1 MQ, C;, < 20 pF.

TYPICAL APPLICATION DATA

PHOTODETECTORS ﬁ

—O0 +20V
‘b
ﬁl 40 MQ 1N756
(. l 2N3330
SN §
S 56k
" . 2N3330 s >
WA~ <
15k
TIL601
\\‘ THRU O OUTPUT
TIL604,
LS600 $ 22kn
'P
=

FIGURE 2—-LOW-LEVEL DETECTOR AND PREAMPLIFIER
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TYPES TIL601 THRU TIL604, LS600, LS602, LS6H1 THRU LSG619
N-P-N PLANAR SILICON PHOTOTRANSISTORS
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5-34

TYPICAL APPLICATION DATA

4 O +12V

< ‘b
3 ka2 22k0

. TL710
0——{ *
L I NVeer
100 uF o 680 pF OUTPUT
10k |
TIL23 N 3 ——AAA , Veez
‘i
GND
TIL601
THRU $ 10ka
TIL604, 1
LS600
iy
= A 0 -6V
10kQ
FIGURE 3—OPTICALLY COUPLED AMPLIFIER
0 +22 V
$ 22¢a s 3
2 g 120kQ 3 22kn
ﬂ < <
—O OUTPUT
J,__—e > 2N3391
0.1 uF
+—— 2N3391
N
N
120k 220 @
A A
TIL601 I
THRU L L
TIL604,
LS600 FIGURE 4—LIGHT PULSE DETECTOR
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TYPES TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS

Ic—Collector Current—mA

VCE ( m)—Collactor-E mitter Saturation Voltage—V

24
2.2
20
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.24

0.20

0,16

0.08

0.04

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT
vs

COLLECTOR-EMITTER VOLTAGE

/

4

= 989,
TC—25C

|
See Note 2

Vi

/

Eg = 40 mW/cm?2

Ee = 60 mW/cm2

/
o

/.
.~

V] 0.0 0.1 0.15 0.2 0.25 0.3
VCE~Cn|Iac1or-Emitter Voltage—V
FIGURE 5

COLLECTOR-EMITTER SATURATION VOLTAGE
vs

IRRADIANCE
IC =0.5 mA
o
Tc=25¢C
See Note 2
S ———
20 30 40 50 60 70 80

Ee—lrradiance—mW/cm?2

FIGURE 7

| C—Colloctor Current—mA

lc——CoUec!or Current—mA

4.0

3.0

2.5

2.0

COLLECTOR CURRENT

vs

COLLECTOR-EMITTER VOLTAGE

I3 ‘
E = \ TIL602
e N2 Tc = 25°C
40 mW/em? 4 > See Note 2
—V%
\Z
<,
‘2
o
O,
Ee =30 mW/em2 f&
9,
|~ &
2]
S \7704,
S
/Ee = 20 mW/cm?2 S e d
} ——
]
Ee = 10 mW/cm?2
) 4 8 12 16 20
VCE—ColIector-Eminer Voltage—V m
FIGURE 6 o
COLLECTOR CURRENT h
- 2
IRRADIANCE b_
a
o
Tc =25C TIL602 o
See Note 2 / '6
VCE =5V I
Veg =1V ~—_| 'y/ o
VCE =03V
| Veg=o02v / P
Veg =015V /
VCE =0.1 V\
L
- —
5 10 15 20
Ee—Irradiance—mW/cm?
FIGURE 8

NOTE 2: Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten

linear-filament lamp operating at a color temperature of 2870 K.
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TYPES TIL601 THRU TIL604, LS600, LS602, LS61 THRU LS619

N-P-N PLANAR SILICON PHOTOTRANSISTORS
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TYPICAL CHARACTERISTICS

DARK CURRENT
vs

CASE TEMPERATURE

10 000 T ‘
1000 | v, =30V
Ee=0
100
< /
T
J
E /
3
¥ 1 s
o
? /
[
- 0.1 //
0.01 /
0.001
-50 -25 0 25 50 75 100 125
Tc—Casa Tempera!ure—°C
FIGURE 9
COUPLING CHARACTERISTICS
OF TIL23 OR TIL24 WITH T11.602
100
70 SOURCE:  SENSOR: 7]
TIL24 or  TIL602 ]
40 5a TIL23 VCE=2V ]
2 IF=50mA Tc=25°C
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N C
‘é 10 m:i!-\‘ N
L7 ~
g 4 ~\
£ AN
s N\
3 N
Q
g 1 X \
0.7 X
0.4 A
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FIGURE 11

Relstive Output

RELATIVE OUTPUT

vs

MODULATION FREQUENCY

10
7E Vee =8 Vi
o
+F Tc=25¢C
2
! R_=1000
0.7 ~—
04 \
N
0.2 NF, -1 kﬂ\
0.1 =
0.07 T oy
G e
0.04 R _=10ka
0.02 ™N
0.01
1 2 4 10 20 40 100 400 1000
fmod—Modulation Frequency—kHz
FIGURE 10
RELATIVE OUTPUT
vs
CASE TEMPERATURE OF SOURCE AND SENSOR
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FIGURE 12
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TYPES THL601 THRU TIL604, LS600, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS

TYPICAL CHARACTERISTICS

NORMALIZED LIGHT CURRENT
vs
ANGULAR DISPLACEMENT

TIL601 THRU TIL604,
LS600

1.00

__J
I
- \
§ 0.75
3 / \
4 .
5 ||z
g 0.50 E
2 &
g o
; 0.25
0o

50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50°
©—Angular Displacement
FIGURE 13

RELATIVE SPECTRAL CHARACTERISTICS

-
o

1 T
Output of Tungsten
Response of Human Eye Source at 2870 K

0.8

PHOTODETECTORS ﬁ

N L-T-INT T

0.6

[\~

l
| X A o]

Relstive Spectral Response or Output

\ \ Response of LS600,
\ ‘LGCH - TiL604

% = ]
[TV ] N
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FIGURE 14
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TYPES TIL601 THRU TIL604, LS602, LS611 THRU LS619
N-P-N PLANAR SILICON PHOTOTRANSISTORS
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TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ASSEMBLIES

The TIL601 through TIL604, LS600 series is available mounted in printed circuit boards for custom-designed array or matrix
applications. The array is a complete unit, without the problems associated with small, difficult-to-handle components. These
arrays can be designed for punched-card or tape readers, position indicators, pattern and character recognition, shaft encoders,
and many other special applications.
Texas Instruments custom-array techniques offer many advantages:

® The arrays are preassembled and tested, ready for installation.
Custom arrays can be manufactured in almost any configuration to allow maximum design flexibility.
Sensitivity across an entire array will be matched to within 50%.

Associated components such as ICs and switches can be mounted directly on the printed circuit board.

Arrays with components firmly soldered into place on both sides of a printed circuit board are more rugged than
individually wired sensing devices.

Specifying optoelectronic arrays is easy; all that is required is a print of the array and the desired specifications.

T sales engineers will assist in developing specifications for special applications.

i
[T

[
!

RERIRIRERIL
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TYPE TIL604HR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

® This processing applies only to devices ordered under the part number TIL604HR2

®  For electrical and mechanical specifications, refer to page 5-31

This processing and lot acceptance follow the sequence of tests in MIL-S-19500 for JANTX types. This is not to
be construed to be a JANTX-qualified part. A detail specification is available upon request through your Tl Field Sales
Office or Optoelectronics Marketing at the following address:

Texas Instruments Incorporated
Optoelectronics Marketing

P.O. Box 225012, MS 12
Dallas, Texas 75265

Phone: (214) 995-3821

TEST MIL-STD-750
TEST METHOD
100% Processing
Storage: Tp = 126°C, t = 24 h 1032
Temperature Cycle: —55°C to 125°C, 10 cycles 1051
Constant Acceleration: 20,000 G, Y1 axis 2006

High-Temperature Reverse Bias:

Veg = 30V, 1039
TA = 125°C, t = 48 h

Power Burn-in:

Pp = 50 mW, 1039
t=168h
Hermetic Seal, Fine 1071 Cond. G or H
Hermetic Seal, Gross 1071 Cond. C or D
External Visual 2071

Product Acceptance
Group A: LTPD = 5
External Visual 2071

Electrical: Tp = 25°C
Electrical: T = 100°C

Group B-1: LTPD = 15

PHOTODETECTORS ﬂ

Solderability 2026

Group B-2: LTPD = 10
Thermal Shock 1051 Cond. B-1
Hermetic Seal, Fine 1071 Cond. G or H
Hermetic Seal, Gross 1071 Cond. C or D

Group B-3: LTPD = 5
Steady-State Operating Life: t = 340 h 1027

TEXAS INSTRUMENTS



TYPE TIL604HR2

HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

SH0193130d0.LOHd m

TEST

MIL-STD-750
TEST METHOD

Group B-4:
Decap, Internal Visual; Design Verification
1 Device/O Failure
Bond Strength LTPD = 20 (C = 0)

Group B-5: Not Applicable

Group B-6: LTPD = 7
High-Temperature Life (Nonoperating)
t =340 h

(Group C Tests are run on one lot every six months)

Group C-1: LTPD = 15
Physical Dimensions

Group C-2: LTPD = 10
Thermal Shock (Glass Strain)
Hermetic Seal, Fine
Hermetic Seal, Gross
Moisture Resistance
External Visual

Group C-3: LTPD = 10
Shock: 1500 G
Vibration: 60 G
Acceleration: 20000 G

Grou

n C-A: LTPD = 15
p C-4: LTPD 18

Salt Atmosphere
Group C-5: Not Applicable
Group C-6: A = 10
Steady-State Operating Life: t = 1000 h

2075
2037 Cond. A

1032

2066

1056 Cond. A
1071 Cond. G or H
1071 Cond. C or D

1021
2071

2016
2056
2006

1041

1026

5-40

TEXAS INSTRUMENTS




Optocouplers (Isolators)

Quick Reference Guide
Single-Channel Devices

Low-Cost Plastic (P-DIP) Packages
Metal Cans
JEDEC-Registered Devices

High-Reliability Devices
JAN, JANTX, JANTXV Qualified

"“Super-Couplers”’

® UL-Approved Devices

OPTOCOUPLERS H

1
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QUICK REFERENCE GUIDE
OPTOCOUPLERS

ISOLATION VOLTAGE (kV) MINIMUM CTR
DEVICE FEATURES

PEAK RMS (%)
3N261 1.0 - 50
3N262 1.0 - 100 (500 max) JEDEC, Metal can
3N263 1.0 - 200 (1000 max)
an22t 1.0 - 25
an23t 1.0 - 60 JEDEC, Metal can
4N247 1.0 - 100
4AN25§ 25 - 20
4N26 1.5 - 20 .
aN27 15 _ 10 JEDEC, Plastic DIP
4N28 0.5 - 10
4N358 3.55 25 100
4N36 25 1.75 100 JEDEC, Plastic DIP
4N37 1.5 1.05 100
ana7tt 1.0 - 50
4Nagtt 1.0 - 100 JEDEC, Metal can
4anaott 1.0 — 200
MCT2 15 - 20 ]
MCT2E o5 B 2 Plastic DIPY
TIL102 1.0 - 25
TIL103 1.0 _ 100 Metal can
TIL1118 1.5 - 13
TIL112 15 - 2
TIL113 1.5 - 300
TIL114 2.5 - 13
TIL115 2.5 - 2 .
TIL116§ 25 - 20 Plastic DI
TIL1178 2.5 - 50
TIL118 1.5 - 10
TIL1198 1.5 - 300
TIL119A 1.5 - 300 The A’ version has no base connection.
TIL120 1.0 - 25
TIL121 1.0 - 50 Metal canl
TIL124 5.0 - 10
TIL125 5.0 - 20 High voltage, Plastic DIPY
TIL126 5.0 - 50
TIL127 5.0 - 300 ) . ]
TIL128 5.0 _ 300 High voltage, Darlington, Plastic DIP.§
TIL128A 5.0 _ 300 The A" version has no base connection.
TiLiss 3.54 25 0 High voltage, Plastic DIP.q
TIL154 3.54 2.5 20 UL File E.65085
TIL156§ 3.54 2.5 50 :
TIL156 3.54 25 300. High voltage, Darlington,
TIL1578 3.54 2.5 300 UL File E-65085, Plastic DIP.
TIL157A 3.54 25 300 The A" version has no base connection.

TJAN, JANTX, JANTXV levels to MIL-S-19500/486A USAF are also available.
t1TJAN, JANTX, JANTXV levels to MIL-S-19500/548

§ Available in PEP 3 processing also.
9 Non-silver plated leads are available upon special request.
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TYPES 3N261, 3N262, 3N263

OPTOCOUPLERS

D2655, OCTOBER 1981

GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR

e Photon Coupling for Isolator Applications
o Very High Current Transfer Ratio . . . 500%

e High-Voltage Electrical Isolation . .. 1-kV Rating

e Stable Over Wide Temperature Range
e Hermetically Sealed TO-72 Package

description

This optocoupler features an improved current transfer ratio (CTR) at an input of one milliampere making it ideal
for coupling with isolation from low-output MOS and CMOS devices to power devices or other systems. Typical appli-
cations include motor-speed controls, numeric control systems, meters, and instrumentation.

mechanical data

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE
0,483 (0.019)
4 LEADS 0406 (0.016) DIA 2,54 (0.100) DIA
5,34 (0.210)
3,32 (0.170)
3—-COLLECTOR
— ] 4-ANODE
=)
4,96 (0.195)
4,52 (0.178) — & 1,22 (0.048)
DIA 0.71 (0.028)
— ] 1‘:';1“;%22)8)
. » .,
= )\f 0.97(0.036)
0,76 (0.030) y
5,84 (0.230) ¢ s
2.3110.209) MAX 2—-CATHODE a5
DIA 1-EMITTER
12,7 (0.500) _|
MIN
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES,
ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input to-Output Voltage

Collector-Emitter Voltage
Emitter-Collector Voltage
Input Diode Reverse Voltage

Input Diode Continuous Forward Current at (or below) 65°C Free-Air Temperature (See Note 1)

Continuous Collector Current

Peak Diode Current (ty, < 1 us, PRR < 300 pps)
Continuous Transistor Power Dissipation at (or below) 25°C Free- Air Temperature (See Note 2)

Operating Free-Air Temperatu
Storage Temperature Range

Lead Temperature 1/16 Inch from Case for 10 Seconds

NOTES: 1.

re Range

Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C.
2. Derate linearly to 125°C free-air temperature at the rate of 1.9 mW/°C.
red data in effect at the time of publication.

*JEDEC registered data. This data sheet

ins all

JEDEC regi:

...... 190 mw
—55°C to 125°C
—55°C to 126°C
240°C

TEXAS INSTRUMENTS
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TYPES 3N261, 3N262, 3N263

OPTOCOUPLERS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

3N261 3N262 3N263
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [ MIN TYP MAX| MIN TYP MAX
Collector-Emitter Ic=1mA, Ig=0,
v 40 40 40 v
(BRICEO g ookdown Voltage | If =0
Emitter-Collector Ig = 100 uA, Ic=0
V(BRIECO - 7 7 7 v
Breakdown Voltage Ig=0
Input Diode Stati
IR put Diode Statie 1 ye=2v 100 100 100 wA
Reverse Current
Vce=5V,
CE 05 1 s| 2 10
Ig=1mA
Vce=5V,
CE . 0.7 1.4 28
On-State IF=2mA, Ta=-55C
Ic(on) = mA
Collector Current Vee=5V,
IF=2mA, Ta =100°C 0.5 1 2
VCg=5V,
Ig=10mA, See Note 3 50 80 90
Vee=20V,
CE 6 100 6 100 6 100| nA
Off-State IE=0
ICloff) Collector Current Vcg=20V,
o 4 100 4 100 4 100| uA
Ig=0, Ta=100°C
, Diode Stati Ig=10mA, Ta = —55°C 1 1.7 1 1.7 1 1.7
t e Sta
VE neut Blo ' Me=10mA 08 14 15| 08 14 15| 08 14 15| V
Forward Voltage 5
IF = 10 mA, Ta=100°C 0.7 1.3] 0.7 13| 07 1.3
Ic=0.5mA,
¢ 0.3
IgE=2mA
Collector Emitter Ic=1mA,
Vv 0.3 v
CEfsat) Saturation Voltage IF=2mA
Ic=2mA,
c-em 0.3
IF=2mA
1 t-to- t
"o nput-to-Outpu Vin-out = £1kV, See Note4 | 1011 1012 1011 1012 1011 1012 2
Internal Resistance
Input-to-Output Vin-out = 0, f=1MHz,
Cio nput-to-Outpu in-out g 25 5 25 s 25 5| pF
Capacitance See Note 4
*switching characteristics at 25°C free-air temperature
3N261 3N262 3N263
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX|MIN TYP MAX | MIN TYP MAX
t Rise Time Vee=10V, IE(on) =5 MA, 10 20 10 20 15 25| s
tf Fall Time R =100 %, See Figure 1 10 20 10 20 15 25| s

NOTES: 3. This parameter must be measured using pulse techniques, t,,, = 100 us, duty cycle < 1%.
4. These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted

together.

*JEDEC registered data.
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TYPES 3N261, 3N262, 3N263
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for

IF(on) = 5 MA
INPUT
200 o] -
INPUT
d p— OUTPUT
1, 1
. (See Note b) :'—'l'_' " QUTPUT t —H

= Vec =10V RL-1000 |
T |
i

1 '

= '

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: a. The input waveform is supplied by a generator with the following characteristics: z5,¢ = 50 £2,t, < 15 ns, duty cycle = 1%,
ty = 100 us
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rj, > 1M, Cin < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS
1 |

o1

Ta=25°C [

|F—Forward Current—mA

A

1 /
0 J/
0 0.2 04 06 08 10 1.2 14 16
Vf—Forward Voltage—V

FIGURE 2

TEXAS INSTRUMENTS
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TYPES 3N261, 3N262, 3N263
OPTOCOUPLERS

SH31dN0J01d0 E

7-6

TYPICAL CHARACTERISTICS

3N262

COLLECTOR CURRENT
vs
COLLECTOR-EMITTER VOLTAGE

80
1 IF=10mA| _—"9mA
70LTA=25C
See Note 5 | 8 mA
< 60 7 7 mA
I —"]
£ N1 ] 6 mA
§ 50 e 6 mA;
5 | —]
o 40 /// 5mA]
o
% 30 V4 L—] 4 mA |
e
b 20 /, —] 3mA]
= Illah
I S
10
1mA
00 1 2 3 4 5
VcEe—Collector-Emitter Voltage—V
FIGURE 3
3N262
COLLECTOR CURRENT
vs
COLLECTOR-EMITTER VOLTAGE
3 T T
I IF=12 WV
Ta=25°C
252 —
: —
é 2 / IE =&__
fd
B /
Q 1.5
51
P ! IF =0.8mA
2
8 1
T
y — IF = 0.6 mA
Lt
(—'___-—-——-—w TF = 0.2 mA
0 1
0 1 2 3 4 5

VcEe—Collector-Emitter Voltage—V

FIGURE S

Ic—Collector Current—mA

Ic—Collector Current—mA

3N262

COLLECTOR CURRENT

Vs

COLLECTOR-EMITTER VOLTAGE

ol L |
Ta=25"C IF=2mA
g L See Note 5 F el
7 '/
6
5 / IF = 1.5 mA——
[ — |
4
/
3 //
4 IF=1mA
I
—
1~ IF=0.5mA—]
0 |
0 1 2 3 4 5

VcEe—Collector-Emitter Voltage—V

FIGURE 4

3N262

COLLECTOR CURRENT

Vs

COLLECTOR-EMITTER VOLTAGE

| TaA=25°C lF=2mA |
Yy
IE = 1.5 mA
/ /,_/
/|
// IE=1mA
v 7 i
7 IF = 0.5 mA
= |
0 0.1 0.2 0.3 0.4 05

VcEe—Collector-Emitter Voltage—V

FIGURE 6

NOTE 5: This parameter was measured using pulse techniques. t,,, = 100 us, duty cycle = 1%.
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TYPES 3N261, 3N262, 3N263
OPTOCOUPLERS

3N262

COLLECTOR CURRENT

Vs

TYPICAL CHARACTERISTICS

INPUT DIODE FORWARD CURRENT

— 16
= o
70F g =5V %
40f Tp=25°C L, 1.4
[” See Note 5 <
‘é 20} / ; 1.2
i
§ 10 7 2 1.0
@ 5 L
7 7 >
o 4 V4 °
5 VA s 08
8 2 g
Ef’ ] Y 3z 06
© 07 § 04
0.4 A 5
0.2 5 02
[*]
0.1 % 0
01 02 04 07 1 2 4 710 ©

|F—Forward Current—mA

FIGURE 7

3N262

Vs

FREE-AIR TEMPERATURE

RELATIVE ON-STATE COLLECTOR CURRENT

<\{F='1 mA

2mA \\

B
1

AN

\>
~

-75 -50 -25 O 25 50 75 100

Ta—Free-Air Temperature—°C
FIGURE 8

NOTE 5: This parameter was measured using pulse techniques. t,, = 100 us, duty cycle = 1%.
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TYPES 4N22, 4N23, 4N24

OPTOCOUPLERS

D1424, AUGUST 1973

JEDEC REGISTERED DEVICES
GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUP
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR

e JAN, JAN TX, JAN TXV Versions Available
e Base Lead Provided for Conventional Transistor Biasing
e High Overall Current Gain . .. 1.5 Typ (4N24)

e High-Gain, High-Voltage Transistor . .. hFg = 800 Typ (4N24),
V(BR)CEO = 35V Min

e High-Voltage Electrical Isolation . .. 1-kV Rating
e Stable over Wide Temperature Range

*mechanical data

LED

4,70 (0.185) -
3,94 (0.155 ’t 0,483 (OOVQ)DIA

= K )
851(0.335) 940 (0.370) 1 _ _
7.74 (0.305) 8,51 (0.335) 1,14 (0.045)
| = 4 y \2 073100291
|
) J 0,864 (0.034)
| 508 (0.200) \’—0 711(0.028)
g 12,7 (0500) | DiA ja-45
MIN (See Note a) i

NOTE: a. Leads having maximum diameter shall be within 0,18 mm (0.007 inch) of true position relative

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE

ALL LEADS INSULATED FROM CASE

6 LEADS

| | e oo
i —..”4,‘,01':1(;?:01/#“ 06 (0.016)
o l—vj

NC—No internal connection

to a maximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inch)
and 1,397 mm (0.055 inch) below the seating plane.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

NOTES:

Input-to-Output Voltage
Collector-Base Voltage .
Collector-Emitter Voltage (See Note 1)
Emitter-Base Voltage

Input Diode Reverse Voltage

Input Diode Continuous Forward Current at (or below) 65 C Free All’ Temperature (See Note 2)

Continuous Coiiector Current
Peak Diode Current (See Note 3)

Continuous Transistor Power Dissipation at (or below) 25 C Free Alr Temperature (See Note 4)

Storage Temperature Range . .
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds .
1. This value applies with the emitter-base diode open-circuited and the input-diode current equal to zero
2. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C.
3. This value applies for tyy < 1 s, PRR < 300 pps.
4. Derate linearly to 125" C free-air temperature at the rate of 3 mwW/ C.

+1kV
35V

35V

4v

2V

40 mA

50 mA

.. 1A

300 mW

-55°C to 125°C
240°C

*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication.
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TYPES 4N22, 4N23, 4N24
OPTOCOUPLERS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

4N22 4N23 4N24
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Collector-Base Ic =100 uA, lg=0,
\% 35 35 35 \Z
(BRICBO Breakdown Voltage Ig=0
Collector-Emitter Ic=1mA, Ig=0,
V(BR)CEO 35 35 35 \
Breakdown Voltage IgF=0
Emitter-Base Ig = 100 uA, Ic=0,
V(BR)EBO _ 4 4 4 v
Breakdown Voltage Ig=0
Input Diode Static
IR put DI VR=2V 100 100 100 | pA
Reverse Current
VCe=56V, Ig=0,
ce 8 0.15 0.2 0.4
IF=2mA
VCg =5V, ig =
CE=5V, B =0 . 1 2.5 4
On-State Ig=10mA, Ta=-55"C
Clon) Collector Current VCe=56V, Ig=0, mA
25 4 6 8 10 15
IF=10mA
Vcg=5V, Ig=0,
CE 8 ) 1 2.5 a
IF = 10mA, Ta =100°C
Vce =20V, Ig =0,
CE 8 100 100 100 | nA
, Off-State Ig=0
Cloff) Collector Current Vcg=20V, Ig=0,
5 100 100 100 | wA
Ig =0, Ta =100°C
) ] IF = 10mA, Ta =—55°C 1 1.5 1 1.5 1 1.5
Input Diode Static
Vg I =10 mA 0.8 1.3 0.8 1.3 0.8 1.3 v
Forward Voltage =
7 Te = 10mA, Ta-100°C 0.7 12| 07 12| 07 12
Ic=25mA, Ig=0,
C m B 0.3
o IF = 20MA
Collector-Emitter ic=5mA, Ig=0,
VCE(sat) ) _ 0.3 v
Stauration Voltage Ig =20 mA
Ic=10mA, Ig=0,
o [ m B 0.3
') IF = 20 mA
o Input-to-Output
Vin-out = *1 kV, See Note 5 1011 1011 1011 Q
c no Internal Resistance in-out
i t-to-Output Vin- =0, f=1MHz,
'E Cio npu ) P in-out 5 5 5 pF
Capacitance See Note 5
B
¢ *switching characteristics at 25°C free-air temperature
4N22 4N23 4N24
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX|MIN TYP MAX
ty Rise Time Vec=10V, IE(on) = 10 mA, 15 15 20 | us
tf Fall Time R =100 %, See Figure 1 15 15 20 s

NOTE 5: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together.

*JEDEC regi

stered data
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TYPES 4N22, 4N23, 4N24
OPTOCOUPLERS

NOTES:

200 ¢

TEST CIRCUIT

cycle ® 1%.

*PARAMETER MEASUREMENT INFORMATION

INPUT

p—O OUTPUT

(See Note b)

S Ry = 100 ¢

INPUT
o] -
i |
o= ton | 'Olon“
Adjust amplitude of input '._4._“ 1 +—J

oUTPUT H |

pulse for Ig(gn) = 10 mA

VOLTAGE WAVEFORMS

a. The input waveform is supplied by a generator with the following characteristics: Zgy¢ = 50 £2, t, < 15 ns, t,, = 100 us, duty

b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjn= M$2, Cj, < 20 pF.

*JEDEC registered data

FIGURE 1-SWITCHING TIMES

Ic—Collector Current—mA

4N22

COLLECTOR CURRENT

COLLECTOR-EMITTER VOLTAGE

50

vs

TYPICAL CHARACTERISTICS
4N23
COLLECTOR CURRENT

Vs
COLLECTOR-EMITTER VOLTAGE

870 lg=0 ‘
TaA=25°C - Ta=25°C i
See Note 6 See Note 6 A
40 = 40 -a0 ™
\¢
| a0 mh H //‘l/
s g — 1
3 | H LA |
T g 30 \E
s — 5 / |
\e ‘ o A
5 =20
2 // g - V '€ 21{/
ol et — : —
=1 | b mA
10 I © 10 \p = 10m
\g =10 mA | "
0 . o
o 5 10 15 20 25 o 5 10 15 20 25
Vce—Collector-Emitter Voltage—V Ve ~Collector-Emitter Voltage—V
FIGURE 2 4N24
COLLECTOR CURRENT FIGURE 3
vs
COLLECTOR-EMITTER VOLTAGE
100 o=
FTa=25°C—
See Note 6
< % w
& T
- /
§ e 1§ - 08
g { /1/‘
o —]
s =20 mA
% 0 / \F z?,./
2 —
3 ] I—
i
o g = 10 mA
20 ——
0
0 5 10 15 20 25
VcEe—Collector-Emitter Voltage—V
FIGURE 4

NOTE 6: This parameter was measured using pulse techniques. t,,, = 100 us, duty cycle = 1%.
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TYPES 4N22, 4N23, 4N24
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

NORMALIZED ON-STATE COLLECTOR CURRENT'

INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS

40

35

30

25

20

lg—Forward Current—mA

0

10 000

1000

SH31dN0J201d0 .

100

--Oft-State Collector Curres

T
Ta=25°C

0 0204 0608 1.0 1.2 14 1.6 18 20
VEg~Forward Voltage—V

FIGURE 5

Ic—Phototransistor Collector Current-mA

vs
FREE-AIR TEMPERATURE

TA-Free-Air Temperature—°"C

T Normalized to value at T = 25° C

PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6
Vs
INPUT-DIODE FORWARD CURRENT
FVCE = 5V S +
Otig=0 H aNZ3)
F1a=25"CH- 1 AL
2 : :
H
Janzz il
1
o1 L /
0.04 7 =
i
0.01 i
0.1 04 1 4 10 40 100

|g-Input-Diode Forward Current—mA

FIGURE 7

OFF-STATE COLLECTOR CURRENT

FREE-AIR TEMPERATURE

vs

T "
VCE =20V
[ 180 L/
IF=0 /
/

A

.6
25 0 25 50 75 100 125

TA—Free-Air Temperature—°C

FIGURE 8

1000

400

ge Switching Time—us

Ton ftoft 5 iery

1

4N22, 4N23
AVERAGE SWITCHING TIME

vs
LOAD RESISTANCE

Veg = 10V

~ 16 T
s VCE =5V
O 14—18=0
| -
B e = 10 mA
2 1.2
5
o
5 10
2 P I~
5 os =
e N
= 06
3
]
C o4
%
Z 02 SN S S —
<]
Z o
75 50 -25 0 25 50 75 100 125

tF(on) = 10 mA

Ta=25"C

ISee Note 7

N

N
AV

0 40 100 400 1k
RL~Load Resistance—Q

FIGURE 9

NOTE 7: This parameter was measured in the test circuit of Figure 1 wi(h'RL varied between 40 £2 and 10 k$2.

4k

10k
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TYPES 4N22, 4N23, 4N24
JAN, JANTX, AND JANTXV PROCESSING AND LOT ACCEPTANCE

This processing applies only to optocouplers ordered under part numbers shown below:

JAN 4N22, JANTX 4N22, JANTXV 4N22
JAN 4N23, JANTX 4N23, JANTXV 4N23
JAN 4N24, JANTX 4N24, JANTXV 4N24

TEST MIL-STD-750
JAN JANTX | JANTXV
(PER MIL-S-19500/486A) TEST METHOD
100% Proces
Internal visual 2072 X
Storage: Ta = 125°C,t=72h - X X
Temperature cycle: —55°C to 125°C, 10 cycles 1051 X X
Constant acceleration: 20,000 G, Y4 axis 2006 X X
High-temperature reverse bias: g =0, Tp = 125°C, Veg=20V,t=96h 1039 X X
Power burn-in: |g =40 mA, Pp =275+ 26 mW, t = 168 h 1039 X X
Hermetic seal, fine 1071 Cond. G or H X X
Hermetic seal, gross 1071 Cond. Cor D X X
External visual 2071 X X
Product Acceptance
Group A
External visual: LTPD is 10 for JAN, 7 for JANTX and JANTXV 2071 X X X
Electrical: Tp = 26°C, LTPD is 7 for JAN, 5 for JANTX and JANTXV as needed X X X
Electrical: Tp = 100°C, LTPD is 10 for JAN, 7 for JANTX and JANTXV as needed X X X
Electrical: Tp = —~55°C, LTPD is 10 for JAN, 7 for JANTX and JANTXV as needed X X X
Group B-1: LTPD =15
Solderability 2026 X X X
Thermal shock 1051 Cond. B X X X
Thermal shock 1056 Cond. A X X X
Hermetic seal, fine 1071 Cond. G or H X X X
Hermetic seal, gross 1071 Cond. Cor D X X X
Moisture resistance 1021 X X X
Group B-2: LTPD = 10
Shock: 1500 G 2016 X X X
Vibration: 50 G 2056 X X X
Acceleration: 30,000 G 2006 X X X
Group B-3: LTPD = 20
Isolation voltage: Vio = 150 V, Tp = 125°C,t=24h 1016 X X X
Group B-4: LTPD is 7 for JAN, 5 for JANTX and JANTXV
High temperature life (nonoperating): T = 125°C,1=340h 1032 X X X
Group B-5: LTPD is 7 for JAN, 6 for JANTX and JANTXV
Steady-state operating life: t= 340 h 1027 X X X

TEXAS INSTRUMENTS
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TYPES 4N22, 4N23, 4N24
JAN, JANTX, AND JANTXV PROCESSING AND LOT ACCEPTANCE

TEST -STD-
MIL-STD-750 JAN | JANTX | JANTXV
(PER MIL-S-19500/486A) TEST METHOD

(Group C tests are run on one lot every six months)
Group C-1

Barometric pressure: LTPD = 10 1001 X X X
Group C-2

Physical dimensions: LTPD = 20 2066 X X X
Group C-3 (MIL-STD 202, Method 215)

Resistance to solvents: LTPD = 10 - X X X
Group C-4

Terminal strength: LTPD = 10 2036 Cond. E X X X
Group C-5

Salt atmosphere: LTPD = 10 1041 X X X
Group C-6

High-temperature life (nonoperating): Ta = 125°C, t = 1000 h, 1032 X X X

LTPD is 7 for JAN, 6 for JANTX and JANTXV

Group C-7

Steady-state operating life: t = 1000 h, LTPD is 7 for JAN, 1027 X X X

5 for JANTX and JANTXV

114
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TYPES 4N25, 4N26, 4N27, 4N28
OPTOCOUPLERS

D2493, SEPTEMBER 1978 —REVISED MARCH 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

® Gallium Arsenide Diode Infrared Source Optically Coupled to a
Silicon N-P-N Phototransistor
® High Direct-Current Transfer Ratio
® High-Voltage Electrical Isolation . . . 2.5-kV, 1.5-kV, or 0.5-kV Rating
® Plastic Dual-In-Line Package
® High-Speed Switching . . . ty = 2 us, t§ = 2 us Typical

mechanical data

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on
a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity
conditions. Unit weight is approximately 0.52 grams.

940 (0370)
e NOTES:
9 = 9 a. Leads are within'0,127 (0.005) radius of true position
(T.P.) with maximum material condition and unit
< .
¢ . 7,62 0.300) 7.5 poarotatin, 59 installed.
oo 5 & g b. Pin 1 identified by index dot.
5460215 c. Terminal connections:

1.78 (0070) MAX 1. Anode Infrared-emitting
6pLaces
2. Cathode diode
3. No internal connection
e 4. Emitter
_}" 1 6. Collector Phototransistor
| I 6. Base
o1 §. Base >

7
sriaces il
ulmwmvaL,l

(Seoa Note a)

FALLS WITHIN JEDEC MO-001 AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

18]
sPLACES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

*Peak Input-to-Output Voltage: 4N25 . .. .. . ... e +2.5 kV
AN26, AN27 . . . e +1.5 kV
AN28 . +0.5 kV
*Collector-Base VOIAge . .. ... ...ttt it e e 70 v
*Collector-Emitter Voltage (See NOte 1) . .. .. ..ottt et e e et 30V
*Emitter-Collector VOIage . . . . .. ... it e e e e e 7V
Emitter-Base Voltage ... ... ... ...t e e 7V
*Input-Diode Reverse Voltage . ... ... ... .. ..ttt e e e s . 3V
*Input-Diode Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 2) .... 80 mA
*Input-Diode Peak Forward Current (tyy, = 300 ps, duty cycle = 2%) ............ ... ... 3A
*Continuous Power Dissipation at (or below) 25°C Free-Air Temperature:
Infrared-Emitting Diode (See Note 3) .. ... ... .. . . e 150 mwW
Phototransistor (See NOte 3) . ... ...ttt e e e 150 mW
Total, Infrared-Emitting Diode plus Phototransistor (See Note 4) . ........................ 250 mW
*Storage Temperature Range . . ....... .. ittt e —-55°C to 150°C
*Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds . .......................... 260°C
*JEDEC registered data. This data sheet ins all i JEDEC-regi: data in effect at the time of publication.

NOTES: 1. This value applies when the base-emitter diode is open-circulated.

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C.

OPTOCOUPLERS Ii
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TYPES

4N25, 4N26, 4N27, 4N28

OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

SH3I1dN0201d0 !

4N25, 4N26 4N27,4N28
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
*V(BR)CBO Collector-Base Breakdown Voltage [ic = 100 4A,lIg = 0, If = 0 70 70 \
*V(BR)CEO Collector-Emitter Breakdown Voltage|ic = 1 mA, g =0, I =0 30 30 Vv
*V(BR)ECO Emitter-Collector Breakdown Voltage|lg = 100 4A, Ig = 0, If = 0 7 7 Y
*IR Input Diode Static Reverse Current |VR = 3V 100 100 pA
On-State Collector Current
*1 Vcg =10V, Ig =0, I = 10 mA 2 5 1 3 mA
Clon (Phototransistor Operation) CE B F
On-State Collector Current
| V =10V, Ig =0, I = 10mA 20 20 A
Clon) (Photodiode Operation) cs 0 E F m #
Off-State Collector Current
*1 V =10V, Ig=0,ig=0 1 50 1 50| nA
Cloff) (Phototransistor Operation) Ce B F
Off-State Collector current
1 Ve =10V, Ig=0,lg=0 0.1 20 0.1 20| nA
Clothh  (photodiode Operation) c8 E F
*VE Input Diode Static Forward Voltage |[IF = 10 mA 1.25 15 1.25 15| V
*VCE(sat) Collector-Emitter Saturation Voltage |Ic = 2 mA, Ig = 0, If = 50 mA 0.25 0.5 0.26 0.5| V
Vin-out = +2.5 kV for 4N25,
+1.5 kV for 4N26, 4N27,
no Input-to-Output Internal resistance +0.5 kV for 4N28 10" 1072 10" 1072 Q
See Note 5
Cio Input-to-Output Capacitance Vin-out = 0, f = 1 MHz, See Note 5 1 1 pF
*JEDEC registered data
NOTE 5: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together.
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS TYP UNIT
tr Rise Time Phototransistor Vee = 10V, Ig =0, Igion) = 2 mA, 2
tf Fall Time Operation RL = 100 @, See Test Circuit A of Figure 1 2 us
tr Rise Time Photodiode Vece = 10V, Ig =0, Ig(on) = 20 uA, 1 R
tf Fall Time Operation RL = 1kQ, See Test Circuit B of Figure 1 1 #
PARAMETER MEASUREMENT INFORMATION
Adjust amplitude of input pulse for:
IC(on) = 2 MA (Test Circuit A) or
IC(on) = 20 uA (Test Circuit B)
INPUT
B INPUT O—J L INPUT
il p—O OUTPUT
. (See Note b) [ —— tf _{._.l
=vcc-10v Ry - 100 0 [ QUTPUT v - OUTPUT
'[_ : l R =1kQ (See Note b)
L ! L
= ' =
]

10%
TEST CIRCUIT A

PHOTOTRANSISTOR OPERATION

TEST CIRCUITB
PHOTODIODE OPERATION

VOLTAGE WAVEFORMS

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zg,¢ = 50 £, t, < 15 ns, duty cycle & 1%,
ty = 100 us.

b. The output waveform is monitored on an oscilloscope with the following characteristics: t < 12 ns, Rjp = 1 MQ, Cin < 20 pF.

FIGURE 1 — SWITCHING TIMES

TEXAs INSTRUMENTS



TYPES 4N35, 4N36, 4N37
OPTOCOUPLERS

D2657, NOVEMBER 1981 —REVISED APRIL 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

e Gallium Arsenide Diode Infrared Source e Plastic Dual-In-Line Package
Optically Coupled to a Silicon N-P-N X o
Phototransistor o High-Speed Switching: ty = 7 us,

tf = 7 us Typical
e High Direct-Current Transfer Ratio

e Typical Applications Include Remote
[ High-Voltage Electrical Isolation . .. 1.5kV, Terminal Isolation, SCR and Triac Triggers,
2.5 kV, or 3.55 kV Rating Mechanical Relays, and Pulse Transformers
mechanical

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity
conditions. Unit weight is approximately 0.52 grams.

9.40 (0.370)
58 0330)
[0JO] NOTES:
L . Leads are within 0,13 mm (0.005 inch) radius of
¢ q wotx 001 ~) true position (T.P.) with maximum material
] 762 10.300) 7. S Nowt) N condition and unit installed.
eeram TITICT b. Pin 1 identified by index dot.
7 [ Q ®0 c. Terminal connections:
5,46 (0.218)
' 52 1Y e 178 (0070 Max 1. Anode Ir.\frarud-nmktlng
1T 6PLACES 2. Cathode diode
I 3. No internal connection
— SEATING PLANE
mﬂ \ :7%:—:_::; ,‘,i;:::’z:; 3 m mw’ ; (E:::::;;r Phototransistor
“‘/ :.nom» 2‘5"[%’ " ) 6. Base
337028 4PLACES _jLommm»
25010100 70, ——fa| et
{See Note a)
FALLS WITHIN JEDEC MO-001AM DIMENSIONS m
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES m
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 5
4N35 4N36 4N37 o
Input-to-Output Peak Voltage (8-ms half sinewave) . ...................... 3.55kV 25kV 1.5kV :
Input-to-Output Root-Mean-Square Voltage (8-ms halfsinewave) .............. 25kV 1.75kV 1.05kV
Collector-Base Voltage .. ... ... .. i ittt it e e 4+—70V—m» o
Collector-Emitter Voltage (See Note 1) ... ............................ «—3pv——s O
Emitter-Base Voltage ... .. .. .. ...ttt it e, 7V ——> o
Input-Diode Reverse Voltage . ... ........ ...t iiereinannnnn ¢ V—> E
Input-Diode Forward Current: Continuous .. ..............ouumeennen.. 4—60 MA——>
Peak (1pus,300PPS) .. ..ot *+—3A—— 0O
Phototransistor Continuous Collector Current . . ..........countinnnnnnnnn 4+—— 100 MA———»
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature:
Infrared-Emitting Diode (See Note 2) . .......................... +— 100 MW ———»
Phototransistor (See Note 3) . ........... ... . ... uurniinnnn 4+—300 MW ————»
Continuous Power Dissipation at (or below) 26°C Lead Temperature:
Infrared-Emitting Diode (See Note 4) . .......................... +— 100 MW ——»
Phototransistor (See Note 5) . .............. ... ... ... ... 4—— 500 MW —»
Storage Temperature Range . . . .. .. .. .ottt iin it ie e «€—_55°C to 150°C —&
Operating Temperature Range . .. ... .. ... .. ..ttt <€—_-55°C t0 100°C—
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds . ............. +—260°C————»
NOTES: 1. This value applies when the b. itter diode is op il

1

2. Derate linearly to 100 C free-air temperature at the rate of 1 33 mw/°C.

3. Derate linearly to 100°C free-air temperature at the rate of 4 mw/ C.

4. Derate linearly to 100°C lead temperature at the rate of 1.33 mW/°C. Lead temperature is measured on the collector lead 0.8 mm
(1/32 inch) from the case.
Derate linearly to 100°C lead temperature at the rate of 6.7 mW/°C.

*JEDEC ugnuarad data. This sheet contains all applicable registered data in effect at the time of publication.
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TYPES 4N35, 4N36, 4N37
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v Collector-Base Ic =100 kA, lg=0, 70 v
(BRICBO Breakdown Voltage Ig=0
v Collector-Emitter Ic=10mA, Ig=0, 30 v
(BRICEO Breakdown Voltage Ig=0
Emitter-Base Ig = 100 kA, Ic=0
v . 70
(BRIEBC Breakdown Voltage Ig=0 v
| Input Diode Static VR =6V 10 a
R Reverse Current R ®
ho Input-to-Output Current V0o = rated peak value, t=8ms 100 | wA
Vce=10V, I =10mA, 10*
Ig=0
Vce =10V, Ig=1 . *
Ic(on) On-State Collector Current ce=10 F=10 m:\ 4 mA
Ig=0, Ta=-55°C
Vcg=10V, Ig=10mA
Ig=0, Ta = 100°C 4
Vecg=10V, g =0,
Ig=0 1 50 nA
! Off-State Collector Ci t
Cloff) ollector Curren VeE-30V, F o,
1g=0, Ta=100°C 500* | uA
Transistor Static v 5V \ 10 mA
= , =10 mA,
hgg Forward Current CE ¢ 500 °
Ig=0
Transfer Ratio
Ig =10 mA 0.8* 1.5*
7 v Input Diode Static Ig =10 mA, Ta=-55C 0.9* 17y,
F Forward Voltage g =10 mA,
o Ta =100°C 0.7+ 1.4*
Collector-Emitter Ic=05mA, Ig=10mA,
Vv 0.3 \%
3 CElsat) Saturation Voltage ig=0
o "o Input-to-Out.pu! Vip =500V, See Note 6 1011* a
o Internal Resistance
-10-! = f=
o Ci Input-to-Output Vip =0, 1MHz, 1 25 pF
c Capacitance See Note 6
"U NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
m
- *switching characteristics at 25°C free-air temperature
m PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ton Turn-on time Vee =10V, IC(on) = 2mMA, 10 Ms
RL=100 2, See Figure 1
toff Turn-off time 10} ws

*JEDEC registered data.
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TYPES 4N35. 4N36, 4N37

OPTOCOUPLERS

NOTES

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for

IC(on) =2mA
INPUT
47 Q2 o l
INPUT \
h—ﬁ‘on
p— OUTPUT | 1
(See Note b) ‘
€ R - 100 (2 H OUTPUT

4

TEST CIRCUIT

VOLTAGE WAVEFORMS

a. The input waveform is supplied by a generator with the following characteristics
ty © 100 ws

Zour - 50 L2 1,0 15 ns, duty cycle = 17,

b. The output waveform s monitored on an oscilloscope with the following characteristics

FIGURE 1-SWITCHING TIMES

tpo 12ns Ry " 1ML Cp 20 0F

IC(oft) - Off-State Coliector Current nA

TYPICAL CHARACTERISTICS

NORMALIZED TRANSISTOR STATIC FORWARD

OFF STATE COLtECTOR CURRENT CURRENT TRANSFER RATIO

s
v
FREE-AIR TEMPERATURE ON-STATE COLLECTOR CURRENT

|
| I
NI R
“+ 4+ Normalized 10 1.0
jatlc = 1mA

1l L

Normalized Static Forward Current Transfer Ratio-hfg

10 20 30 40 50 60 70 80 90 100
TA-Free-Air Temperature— C

12 4 10 20 40 100
1C{on)~On State Collector Current—mA

FIGURE 2 FIGURE 3

Ic~Collector Current—mA

COLLECTOR CURRENT
vs
MODULATION FREQUENCY

OPTOCOUPLERS H

0.01 Le—dowalinhe o wowiaiiie L L
1 4 10 40 100 400 1000
fmod - Modulation Frequency - kHz
FIGURE 4
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TYPES 4N35, 4N36, 4N37
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS

COLLECTOR CURRENT
vs

INPUT-DIODE FORWARD CURRENT
100

VCE=10V :
40F 1g=0
Ta=25°C

o

S

-

o
>

o ©
=

o
»

o
=)
=

0.1 04 1 4 10 40 100

IF—Forward Current—mA
FIGURE 6

RELATIVE ON-STATE COLLECTOR CURRENT
Vs
FREE-AIR TEMPERATURE

1.6
Vce=10V
14} 18=0
IF =10 mA
1.2 |-See Note 8
1.0 —
/ I~
08 / N
0.6 4
0.4
0.2
0
-7 -50-25 0 25 50 75 100 125

Ta—Free-Air Temperature—"C
FIGURE 8

160 T T
See Note 7
140 [
Ta=25°C --H /
120 <
<
€
§ / / L
i 111
= 3
S 80 S
T [ 5
g 60 s
S ]
v Ta=70°C / / / 9
uw 40 / o
20 .
V /| Ta=-55°C
0 A [
0 0204060810 1214 16 1.8 20
VEg-Forward Voltage—V
FIGURE 5
COLLECTOR CURRENT
vs
COLLECTOR-EMITTER VOLTAGE
60 1 ! ' l o
\Z [
\% l8=0 0
50 o TA=25"C —| =
VG, See Note 7 -
< 7, 1
€ \\ ’> [
| \Z -]
~ 40 C =
< y o) [
13 \Z >
3 \ {n N 2
2 30 o) ———" ®
g = 20 MRS g
& NOs - ®
= ~ S/F - [+
S 20 gr:_ls:r —F P4 oy — -
Q \F N~oy g
L \g=10 mA . 3
10 P
Ig=5mA g
2
L1 8
0 2 4 6 8 10 12 14 16 18 20
Vg—Collector-Emitter Voltage—V
FIGURE 7
NOTES: 7. Pulse operation of input diode is required for operation beyond limits shown by dotted lines.

8. These parameters were measured using puise techniques. ty, = 1 ms, duty cycle € 2%.
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TYPES 4N47, 4N48, 4NAS
OPTOCOUPLERS

D2413, FEBRUARY 1978 — REVISED SEPTEMBER 1981

GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR

e JAN, JANTX, JANTXV Versions Available
o Very High Current Transfer Ratio ... 500% Typical (4N49)
e Photon Coupling for Is_olator Applications
e Base Lead Provided for Conventional Transistor Biasing
o High-Speed Photodiode-Mode Operation
e High-Voltage Electrical Isolation . . . 1-kV Rating
e Stable over Wide Temperature Range
o Hermetically Sealed Package
description

This opto coupler features an improved current transfer ratio (CTR) at an input of one milliampere making it ideal for
coupling with isolation from low-output MOS and CMOS devices to power devices or other systems. Typical applications
include motor-speed controls, numeric control systems, meters, and instrumentation.

*mechanical data

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE

4,70 (0.185) 8 LEADS
S e 0483 (0.019)

102(0.040) | 0406 0.016)
o g 0200 !—\

=L 1

851(0.335) 9,40 (0.370)
e Dia
774 10305) — 10.335) 114 00451
X 673 0.029)
} 0,864 (0.034)
L,z 7 0500, 06,711 (0.028)
NOTES: a. Alllinear di i are in milli s and parenthetically in inches.

b. Leads having maximum diameter shall be within 0,18 mm (0.007 inches) of true position
relative to a maximum-width tab when measured in the gaging plane between 1,371 mm
(0.054 inches) and 1,397 mm (0.055 inches) below the seating plane.

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Input-to-Output Voltage
Collector-Emitter Voltage
Collector-Base Voltage
Emitter-Base Voltage
Input Diode Reverse Voltage
Input Diode Continuous Forward Current at (or below) 65 C Free-Alr Temperature (See Note 1)
Continuous Collector Current
Peak Diode Current (See Note 2) .
Continuous Transistor Power Dissipation at (or below) 25 C Free Alr Temperature (See Note 3)

Operating Free-Air Temperature Range . . . . . . . . . . « « « v v v . . . . . . . . —55°Cto125°C
Storage Temperature Range . . . e e . ... ... ... -885°Ct0o125°C
Lead Temperature 1/16 Inch (1.6 mm) from Case for 10 Seconds e e e e ... ... ... ... 20C

NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C.
2. This values applies for t,, < 1 us, PRR < 300 pps.
3. Derate linearly to 125°C free-air temperature at the rate of 3 mw/°C.
*JEDEC registered data, This data sheet contains all applicable JEDEC registered data in effect at the time of publication.
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TYPES 4NA47, 4NA8, 4N49
OPTOCOUPLERS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

SH31dN0J201dO Eﬂ

4N47 4N48 4N49
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Collector-Base Ic =100 uA, Ig=0,
V(BR)CBO ¢ E 45 45 45 v
Breakdown Voltage Ig=0
Collector-Emitter Ic=1mA, ig =0,
V(BRICEO 40 40 a0 v
Breakdown Voltage IF=0
v Emitter-Base Ig = 100 pA, Ic=0, ; ; ; v
(BRIEBO Breakdown Voltage Ig=0
| Input Diode Static VR =2V 100 100 100 A
R Reverse Current R .
Vce=5V Ig =0,
CE=> " B=% 05 1 5| 2 10
IF=1mA
Vce =5V ig=
On-State CE=5V, B=0 07 14 28
IF = 2mA, Ta = ~55°C
IC(on) Collector Current v 5V T mA
CE = . 8=0
istor M 0.5 1 2
(Phototransistor Mode)| If=2mA, Ta=100°C
Vce=5V, Ig=0,
CE 8 50 80 90
Ig = 10mA, See Note 4
On-State
IClon) Collector Current Ves=5V. IF=10mA, 30 80 30 80 30 80 uA
(Photodiode Mode) =0
Vcg =20V, ig=0,
Off-State \ C=Eo B 6 100 6 100 6 100 | nA
1C(off) Collector Current E
P istor Mode) VeE =20V, '8 = 0. 4 100 4 100 4 100 | uA
(Phototransistor Mode IF =0, Ta = 100°C M
Off-State Veg = 20V, =0,
IC(off) Collector Current Ig=0 1 10 1 10 1 10| nA
(Photodiode Mode)
g =10mA, Ta = -55°C 1 1.7 1 1.7 1 1.7
Input Diode Static £ A
Vg I =10mA 08 14 15 08 14 15 08 14 15 v
Forward Voltage 5
IF = 10mA, Ta = 100°C 0.7 13| 0.7 13| 07 1.3
Ic=05mA, Ig=0,
¢ 8 03
Ig=2mA
Collector-Emitter Ic=1mA, Iig=0,
Y] 0.3 \
CE(sat) Saturation Voltage Ig=2mA
Ic=2mA, Ig =0,
¢ 8 03
Ig =2mA
Input-to-Output
; Vin-out = 1 kV, See Note 5 1011 1012 1011 1012 1011 1012 Q
fio Internal Resistance in-out ee Note 0 10 10 !
Input-to-Output Vin- =0, f=1MHz,
Cio putto-Butp in-out 25 5 25 5 25 5| pF
Capacitance See Note 5
switching characteristics at 25° C free-air temperature (See Figure 1)
PARAMETER TEST CONDITIONS 4n47 4Nag 4n49 UNIT
MIN TYP MAX |MIN TYP MAX|MIN TYP MAX
*t Rise Time Vee=10V, IE(on) = 5 MA, 10 20 10 20 15 25 | us
*t Fall Time R =100, Test Circuit A 10 20 10 20 167726 s
ty Rise Time Veg=10V, IF(on) =5 mMA, 1 3 1 3 1 3] ms
t Fal'Time R =100, Test Circuit B 1 3 1 3 1 3| us

NOTES: 4. This parameter must be measured using pulse techniques, t,, = 100 us, duty cycle < 1%.
5. These parameters are measured between all the input diode leads shorted together and al! the phototransistor leads shorted together.
*JEDEC registered data
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TYPES 4N47, 4N48, 4NA49
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for

IF(on) = 5 mA
INPUT
o | -
INPUT INPUT
p— OuTPUT
{See Note b} fo—et—1c \ +_,|
R =100 - OUTPUT
= R =100 0 (See Note b)
TEST CIRCUITA TEST CIRCUITB
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION

NOTES: a. The input waveform is supplied by a generator with the following characteristics: zg,¢ = 50 §2, t, < 15 ns, duty cyclﬁ = 1%. For
Test Circuit A, t,, = 100 us. For Test Circuit B, ty, = 1 is.
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy = 1M§2, Cj, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS
1

TA=25"C

N WA 1 N © ©
]
T~
[

|F—Forward Current—mA

-

0 /
0 02 04 06 08 10 1.2 14 16
VEg—Forward Voltage—V

FIGURE 2
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TYPES 4N47, 4N48, 4N4S

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
anag an4g
COLLECTOR CURRENT COLLECTOR CURRENT
Vs Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
80 — 10 T
lg=0 ~ IF=10mA|_—"gma ol 1870 I
701 TA=25C " Ta=25°C Py
IF=2mA
See Note 6 /‘/ /Bﬁ- g | See Note 6 ]
< 60 ] <
E‘E / 7 mA % ; B
g 50 /// ] 6 mA |5 6 —
= t I~
5_340 /// — | 5mA | 3 / IF=1.5mA—]F
g / Lt g / —
2 5 A L—] 4mA 2 4
] —— <]
g ya |+ S 3 —
b 20 L 3 mA { © IF=1mA
f—" | 2
10 H—=— 2mA P —
P_h 1 mA y IF—O‘SImA_“
0 o—— 1
0 1 2 3 4 5 0 1 2 3 4 5
VcEe—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V
FIGURE 3 FIGURE 4
ey
COLLECTOR CURRENT COLLECTOR CURRENT
Vs vs
3 COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
3 . r r 6 :
0 Ig=0 IF:"Z"V Ig=0 !
8 L5l TA=25°C 1 LTA=25°C IF=2mA_|
Cc < g
£ . €
r! L 2 / IF = 1mA é 4 b
m ¢ — ] g
m 5 / 3
[7,) (] 15 L: 3 IF=1.5mA
g " IF =0.8 mA 2 / |
8 2 ]
8 1 —— B — L‘OJ 2 /
< . L
05 IF=0.4 mAT] ! y |
TF = 0.2 mA IF=05mA
0 I 0 — I
0 1 2 3 2 5 0 0.1 0.2 0.3 0.4 05
V¢Ee—Collector-Emitter Voltage—V Vce—Collector-Emitter Voltage—V
FIGURE 5 FIGURE 6

NOTE 6: This parameter was measured using pulse techniques. t,, = 100 us, duty cycle = 1%.
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TYPES 4N47, 4N48, 4NA9S
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

4N48
COLLECTOR CURRENT
vs
INPUT DIODE FORWARD CURRENT

100 —
70EVCE=5V
ilg=0
401, =25°C
< L
% 20 }-See Note 6 /
€ 10
g 7 e
3
o V4
4 7
g
g 2
3 Y
S 1 /
ot z
0.4
0.2
0.1
0.1 0.2 04 07 1 2 4 710
IF—Forward Current—mA
FIGURE 7
COLLECTOR CURRENT
vs
COLLECTOR-BASE VOLTAGE
(PHOTODIODE OPERATION)
80 T T
T I | Ig=10mA
70l'/E=0.TA=25C__Ig=9mA
<:|,(~ 60 IF =8mA
g 50 IF=7mA
3 l
$ 40 IF =6 mA
g I
%, 30 IF =5 mA
S i
. IF =4 mA
© 20 ¥
If=3mA
10 IF=2mA
IF =1 mA
0 1
0 1 2 3 4 5

Vcg—Collector-Base Voltage—V
FIGURE 9

Ic—Collector Current—mA

25°C

Collector Current Relative to Value at Ta

4N48

TRANSISTOR COLLECTOR CHARACTERISTICS
16

i
Ig=0 | ~
o 0
14 —Ta=25C 8> “P\
See Note 6 ,K

=
——

7

—

\
L
\

N
w
S
o

VcEe—Collector-Emitter Voltage—V

FIGURE 8
RELATIVE ON-STATE COLLECTOR CURRENT
Vs
FREE-AIR TEMPERATURE
MR IF=1mA
F=1m
IF=2mA
12 em N
1.0
0.8 \j
0.6 \\\‘»\N‘
\\
.
0.4 ~_]
0.2
0
-75 =50 -25 0O 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 10

NOTE 6: This parameter was measured using pulse techniques. t,, = 100 us, duty cycle = 1%.
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JAN, J

TYPES 4N47, 4N48, AND 4N49
ANTX, AND JANTXV PROCESSING

This processing applies only to optocouplers ordered under part numbers shown below:

JAN4N47, JANTX4NA7, JANTXVAN4T
JAN4N48, JANTX4N48, JANTXVAN4S
JANAN4Y9, JANTX4N49, JANTXV4AN4Y

TesT MiL-STD-750 JAN | JANTX | JANTXV
(PER MIL-S-19500/548) TEST METHOD
100% Processing

Internal Visual 2072 X
Storage: Tp = 125°C, t = 24 hr 1032 X X
Temperature Cycle: —55°C to 125°C, 10 cycles 1051 X X
Constant Acceleration: 20,000 G, Y1 axis 2006 X X
High-Temperature Reverse Bias:

IF =0, Ta = 125°C/Vcg = 36V, =48 hr 1039 X X
Power Burn-in: [ = 40 mA, Pp = 275 +25 mW,

t =168 hr 1039 X X
Hermetic Seal, Fine 1071 Cond. G or H X X
Hermetic Seal, Gross 1071 Cond. C or D X X
Monitored Thermal Shock Para. 4.2.1.1.* X X X
External Visual 2071 X X

Product Acceptance
Group A: LTPD = 5

External Visual 2071 X X X

Electrical: T = 26°C as needed X X X

Electrical: T = 100°C as needed X X X

Electrical: T = —-55°C as needed X X X
Group B-1: LTPD = 15

Solderability 2026 X X X

Resistance to Solvents 1022 X X X
Group B-2: LTPD = 10

Thermal Shock 1051 Cond. B-1| X X X

Hermetic Seal, Fine 1071 Cond. Gor H X X X

Hermetic Seal, Gross 1071 Cond. Cor D X X X
Group B-3:

Isolation Voltage: Vo = 150V, Ta = 125°C,

t = 24,LTPD = 20 1016 X X X

Steady State Operating Life: t = 340 hr, LTPD = 5 1027 X X X
Group B-4:

Decap, Internal Visual; Design Verification X X X

1 Device/O Failure 2075 X X X

Bond Strength LTPD = 20 (C = O} 2037 Cond. A X X X
Group B-5: Not Applicable
Group B-6: LTPD = 7

High-Temperature Life (Nonoperating) 1032 X X X

t = 340 hr

*MIL-S-19500/548

OPTOCOUPLERS .
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TYPES 4N47, 4N48, AND 4N49
JAN, JANTX, AND JANTXV PROCESSING

TEST MiL-STD-750 JAN | JANTX | JANTXV
(PER MIL-S-19500/548) TEST METHOD
(Group C Tests are run on one lot every six months)
Group C-1: LTPD = 15
Physical Dimensions 2066 X X X
Group C-2: LTPD = 10
Thermal Shock {Glass Strain) 1056 Cond. A X X X
Terminal Strength 2036 Cond. E X X X
Hermetic Seal, Fine 1071 Cond. Gor H X X X
Hermetic Seal, Gross 1071 Cond. C or D X X X
Moisture Resistance 1021 X X X
External Visual 2071 X X X
Group C-3: LTPD = 10
Shock: 1500 G 2016 X X X
Vibration: 50 G 2056 X X X
Acceleration: 30000 G 2006 X X X
Group C-4: LTPD = 15
Salt Atmosphere 1041 X X X
Group C-5: Not Applicable
Group C-6: 1 = 10
Steady State Operating Life 1026 X X X

TEXAS INSTRUMENTS



TYPES MCT2, MCT2E
OPTOCOUPLERS

D2731, MARCH 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

® Gallium Arsenide Diode Infrared Source ® High-Volitage Electrical Isolation . . . 1.5-kV
Optically Coupled to a Silicon N-P-N or 3.55-kV Rating
Phototransistor

Plastic Dual-In-Line Package

® High Direct-Current Transfer Ratio High-Speed Switching: t; = 5 us. tf = 5 us

® Base Lead Provided for Conventional Typical

Transistor Biasing ® Designed to be Interchangeable with General

Instruments MCT2 and MCT2E

mechanical data

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on
a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity
conditions. Unit weight is approximately 0.52 grams.

9.40 (0.370)
8,38 (0.330}
= 9 9 NOTES:
s a. Leads are within 0,13 mm (0.005 inch) radius of
¢ | 7.6210.300) T, odokatin S true position (T.P.) with maximum material
‘s::"“;;;’ oo condition and unit installed.
["" " ho910.200) [oJoYo) b. Pin 1 identified by index dot.
S48 0.215) c. Terminal connections:
292 (0.1 - 1.78 (0.070) MAX
! -% r_ 6 PLACES 1. Anode infrared-emitting
t 2. Cathode diode
- = SEATING PLANE — ¥ 3. No internal connection
1050 178 (0.070) 1,01 (0.040)
[ adiedd | by 081100201 { - »‘ N 4. Emitter
’ ?‘/ e b 5. Collector Phototransistor
- U T T et
317 (0.125) 4PLACES Ln,s&l 10.021) .
0,381 (0.015)
2,54 (0.100) T.P. . 6PLACES
(See Note »}
FALLS WITHIN JEDEC MO-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-Output Voltage: MCT2 . ... . ... e e e e e +1.5 kV
MCT2E .. +3.55 kV
Collector-Base Voltage . .. ... .. ...ttt e 70V
Collector-Emitter Voltage (See NOte 1) . . ...ttt e e e 30V
Emitter-Collector VOIAgE . .. . . . ..ttt e e e e 7V
Emitter-Base Voltage .. ....... ... . 7V
Input-Diode ReVerse VOIAgE . . . .. .. ...ttt ettt et e e et et et e 3V
Input-Diode Continuous Forward CUmrent . . ....... ... .. ittt e 60 mA
input-Diode Peak Forward Current (ty, < 1 ns, PRF < 300 Hz) ................. ... ... .......... 3A
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature
Infrared-Emitting Diode (See Note 2) . ... ... ... .ttt 200 mW
Phototransistor {See NOte 2) . ... ...t e 200 mW
Total, Infrared-Emitting Diode plus Phototransistor (See Note 3) ... ...................... 250 mW
Operating Free-Air Temperature Range .. ......... ... .. .. ... -55°C to 100°C
Storage Temperature RANGe . . ... .. ..ot vttt e -55°C to 150°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds . ........................... 260°C
NOTES: 1. This value applies when the b itter diode is op ircuited.

2. Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C.

TEXAS INSTRUMENTS

OPTOCOUPLERS H
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TYPES MCT2, MCTZE
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

MCT2, MCT2E
PARAMETER TEST CONDITIONS C UNIT
MIN TYP MAX
Collector-Base Ic = 10 kA, g =0,
\ 70 \
(BRICBO Breakdown Voltage IF=0
Collector-Emitter Ic = 1 mA, Ig =0,
V(BRICEO ' c 8 30 v
Breakdown Voltage IF=0
Emitter-Collector Ig = 100 pA, Ig = C,
V(BRIECO E
BR) Breakdown Voltage Ig=0 7 v
Input Diode Static
| VR =3V A
R Reverse Current R 10 s
ist \ =10V, Ig = A,
On-State Phototranms or CE 0 F=10m 2 5 mA
| Collecto Operation Ig =0
Ctor
Clon) Photodiode Ve = 10V, I = 10 mA,
Current A 20 uA
Operation lg=0
Phototransist Vcg = 10V, Ig =
Off-State ototransistor CE F=0 1 50
Operation Ig =0
IC(off) Collector - nA
Photodiode Veg = 10V, Ig =0,
Current . 0.1 20
Operation Ig=0
Transistor Static Vcg =56V, MCT2 250
hgg Forward Current Ic = 100 uA,
Transfer Ratio Ig =0 MCT2E 100 300
v Input Diode Static e = 20 mA 1.25 15 v
F Forward Voltage F = ) )
Collector-Emitter Ic = 2mA, I = 16 mA,
\ .25 v
CElsat Saturation Voltage Ig=0 ° 04
Vin- =
Input-to-Output in-out = +1.5 kV for MCT2
o o . +3.55 kV for MCT2E 1011 Q
Internal Resistance
-] See Note 4
-] Input-to-Output Vin-out = 0. f =1 MHz,
Cio . 1 pF
o Capacitance See note 4
8 NOTE 4: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
% switching characteristics at 25°C free-air temperature
-
MCT2, MCT2E
m PARAMETER TEST CONDITIONS : uNIT
) ARA MIN  TYP MAX
(/)] tr Rise Time Phototransistor Vee = 10V, Igon) = 2mA, RL = 100 Q, 5 s
tf Fall Time Operation See Test Circuit A of Figure 1 #
tr Rise Time Photodiode Vee = 10V, Igion) = 20 wA, R = 1 kQ, 1
tf Fall Time Operation See Test Circuit B of Figure 1 ks

730

TEXAS INSTRUMENTS




TYPES MCT2, MCT2E
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:
IC{on) = 2 MA (Test Circuit A) or
IC(on) = 20 A (Test Circuit B)

INPUT
PYRY
470 I | -
INPUT o INPUT
= N\ ouTPUT
(See Note b) P—4—l, "+—J A
AL =100 [ QUTPUT ¢! =Vcc=10V y—0 OUTPUT
=10V | - R =1kQ (See Note b)
|
- I e
= | L
)
10%
TEST CIRCUIT A TEST CIRCUIT B
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS

PHOTODIODE OPERATION
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyt =50 2, t, < 15 ns, duty cycle = 1%,
ty = 100 ps.

b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy = 1 MS2, Ci, < 20 pF.

FIGURE 1-SWITCHING TIMES

OPTOCOUPLERS Iﬂ
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TYPES MCT2, MCT2E

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
COLLECTOR CURRENT COLLECTOR CURRENT
Vs '
INPUT-DIODE FORWARD CURRENT COLLECTOR-EMITTER VOLTAGE
100 -
EVcg = 10 V 60 \z . ¥=°
40F1g=0 % o = 25°
C ° 50 TaA=25C| |
< TA=25¢C < \a See Note 5
g 10 £ IX2)
7 [ \Z
4 = 40 A
E \%
3 3 fe
s s Ho = 30 B
£ o4 g somA N B i
:° 7 0 | e
3 32 —somA [ o=
504 5 i T Siegy,
° . - 10 |F=20 mA ~ bl% -~
0.04 1F =10 mA
—
0.01 ()} L[]
0.1 04 1 4 10 40 100 0 2 4 6 8 10 12 14 16 18 20
|p—~Forward Current—mA VcEe—Collector-Emitter Voltage—V
FIGURE 2 FIGURE 3
s RELATIVE ON-STATE COLLECTOR CURRENT
o vs
2 FREE-AIR TEMPERATURE
- 1.6 T T
o Vce=04Vto 10V
1418=0
8 IF=10mA
Cc 1.2 |- See Note 6
~ 0 —
1
m
(2]

/

e
o
N

o
>

e
N

Collector Current Relative to Value at Tp = 25°C
o
-]

0
-75 -50 —25 0 25 50 75 100 125
TA—Free-Air Temperature——°c

FIGURE 4

NOTES: 5. Pulse operation of input diode is required for operation beyond limits shown by dotted lines.
6. These parameters were measured using pulse techniques. t,, = 1 ms, duty cycle < 2%.
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TYPES TIL102, TIL103
OPTOCOUPLERS

D910, SEPTEMBER 1970—-REVISED NOVEMBER 1974

GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED

TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR

Photon Coupling for Isolator Applications

Base Lead Provided for Conventional Transistor Biasing
1.5 Typ (TIL103)
.V(BR)CEOQ = 35 V Min
1kV Rating

High Overall Current Gain . . .
High-Voltage Transistor . .
High-Voltage Electrical Isolation . . .
Stable over Wide Temperature Range
Auvailable released to UK Defence Standard 59-61/80/003

mechanical data

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE
;*;4—“]%‘:3 —— {_ EI-I.EADS
| 02 0040
- 1 o2
f o %’_—? X
8,51 (0.335) 9.40 (0.370)
7,74 (0.308) R FE SR - - ol Yol
%J J{ YA
S 5,08 (0200 “SF 0904 10.034) E.
N rwom i
a0 A HW]J A
n
[» 4
NOTE a: Leads having maximum diameter shall be with 0,18 mm (0.007 inches) of true u‘
position relative to a maximum-width tab when measured in the gaging plane -l
between 1,371 mm (0.054 inches) and 1,397 mm (0.055 inches) below the seating ﬂ.
plane. :
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 8
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 8
Input-to-Output Voltage +1kV
Collector-Emitter Voltage 35V
Collector-Base Voltage 35V
Emitter-Base Voltage 4V
Input Diode Reverse Voltage . . 2V
Input Diode Continuous Forward Current at (or be!ow) 65 C Free Alr Temperature (See Note 1) . 40 mA
Continuous Collector Current 50 mA
Continuous Transistor Power DISSIthlOn at (or beiow) 25 C Free A|r Temperature (See Note 2) . 300 mw

Storage Temperature Range
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds

NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C.
2. Derate linearly to 126°C free-air temperature at the rate of 3 mW/°C.

—55°C to 125°C

240°C

TEXAS INSTRUMENTS
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TYPES TIL102, TIL103
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS TiL102 TiL103 UNIT
MIN TYP MAX|MIN TYP MAX
V(BR)CBO Collector-Base Breakdown Voltage Ic =100 uA, 1Ig =0, Ig=0 35 35 \%
V(BR)CEQ Collector-Emitter Breakdown Voltage | Ic = 1 mA, Ig =0, Ig=0 35 35 \4
V(BR)EBO Emitter-Base Breakdown Voltage Ig = 100 uA, Ic=0, Ig=0 4 4 v
In Input Diode Static Reverse Current VR=2V 100 100 | uA
Phototransistor | e =5V, 1IB=0, Ig=10mA | 25 & 10 15 mA
ICton) On-State Operatn.on
Collector Current | Photodiode
- V=5V, Ig =0, IE=10mA 40 40 uA
Operation
Phototransistor VCE f ;0 Vv, g i 0, Ig j 0 6 100 6 100 | nA
1Clofh Off-State Operation '\I{;:E-—-“'IO;\C/‘ '8 =0 IF=0. 4 4 KA
Collector Current -
Photodiode Veg=20V, Ig=0, Ig=0 0.1 0.1 nA
Operation
Transistor Static Forward
"FE Current Transfer Ratio Vee =5V, lc=10mAlf =0 300 500
VE Input Diode Static Forward Voltage g =10mA 13 1.3 v
VCE (sat) Collector-E mitter Saturation Voltage :g ; fos:AA :: : (0). :E : ;g :: 03 o3
"o Input-to-Output Internal Resistance | Vin.out = +1 kV, See Note 3 1011 1012 1011 1012 Q
Cio Input-to-Output Capacitance Vin-out = 0, f=1MHz, See Note3 2.5 2.5 pF

NOTE 3: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together.

. switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TiL102 TIL103 UNIT
TYP TYP
tr  Rise Time Phototransistor | Vcc =20V, I1g =0, IC(on) =5 MA, 3 6
t¢  Fall Time Operation R =100 ©2, See Test Circuit A of Figure 1 3 6 Ke
ty  Rise Time Photodiode Veg=20V, Ig=0, IC(on) = 50 kA, 150 150 ns
% Fall Time Operation R =100 2, See Test Circuit B of Figure 1 160 150

TEXAS INSTRUMENTS




TYPES TIL102, TIL103
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION
Adjust amplitude of input pulse for:
IC(on) = 5 MA (Test Circuit A) or
1C(on) = 50 kA (Test Circuit B)

INPUT
l 200 s
200 ¢ 0 _4 N
INPUT 1 ! INPUT
[ gt | 1501 o
p—O0 OuTPUT | |
(See Note til oot R J
T f
|

OUTPUT 1

Ry =100

I—OOUTPUT
l' RL- 10002 g (SeeNoteb)
=

TEST CIRCUIT A TEST CIRCUIT B
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION

NOTES: a. The input waveform is supplied by a generator with the following characteristics: 2o,y = 50 £, t, < 15 ns, duty cycle ~ 1%. For
Test Circuit A, t,, = 100 us. For Test Circuit B, t,, = 1 us.
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy 2 1M, Cj, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

TIL102 TIL103
COLLECTOR CURRENT COLLECTOR CURRENT “
vs vs [ 7 ]
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 7))
50 - T 100 oc
1Ig=0 | Ig=0 i
FTa=25°C : FTa=25°C i
0 See Note 4 IF = AOJHA/' 80 See Note 4 :
T L | IF = 40 mA
« ‘ < ] (@]
£ — : [ o
£ 'F=30mA £ — | IF = 30 mA le)
§ 30 — g 60 -
v — sl _—T1T | K
- e —— d !
e I =20 mA 2 l/ Ig = 20 mA O
8 20 / el ] 8 40
3 r | _— K] y Lt
b b
- - IE = 10mA
10 g =10 mA 20 V
{1 |
[ E— — I—
/
0 0
0 5 10 15 20 25 ° 5 10 15 20 25
Vce—Collector-Emitter Voltage—V Vce—Collector-Emitter Voltage—V
FIGURE 2 FIGURE 3

NOTE 4: This parameter was measured using pulse techniques, t,,, = 100 us, duty cycle = 1%.

TEXAS INSTRUMENTS 7.35



TYPES TiL102, TIL103
OPTOCOUPLERS

SH3I1dNO20LdO b

1C{ot)—Off-State Collector Current—nA

NOTE &:

If -Forward Current mA

INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS

TYPICAL CHARACTERISTICS

NORMALIZED ON-STATE COLLECTOR CURRENT!
vs

FREE-AIR TEMPERATURE

40 —1— 16 B
Ta = 25°C ’EN IVCE;5V
35 Sraf—1g-
T Ig = 10mA
30 §12
5 —
o A
2 310
3
20 308
H ™
15 3 06
2
o
10 304
2
H
5 § 02 -
z
° [
0 02 04 06 08 10 1.2 1.4 16 18 20 75 -850 —25 0 26 S0 75 100 125
Vg - Forward Voltage-V. T a- Free-Air Temperature—"'C
tNormalized to value st Tp = 26°C
FIGURE 4 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 5
vs
INPUT-DIODE FORWARD CURRENT
===
< -
m i
o
g - .4
H i ;
g 1 =
04 7t
1T
0.1 -
004 i H
o T
= ; )
0.01 [ + 1l
0.1 04 1 a 10 4 100
1F —Input-Diode Forward Current—mA TiL02
AVERAGE SWITCHING TIME
OFF-STATE COLLECTOR CURRENT FIGURE 6 . vs
vs
FREE-AIR TEMPERATURE LOAD RESISTANCE
100
10 000 T T 7 EVec=20V
VeE =20V . awf Ta=25C
1000—1g=0 7 Iy [~ See Note 5
F=0 / E t
- |
100 74 2 10 4 -
£ HHE— :
‘;‘ 1 e
10 o 4 L i
/ ¥ i
1 H IR HiL
1 ; Ig=0 Lo
z HHE “Jicion =s0sa
01 3 F & R P A
*|~ o4 + -
H — 1 +
0.01 = : I
b et ]
0.001 0.1 l i
60 -25 0 25 S 75 100 126 10 100 1000 10 000

Ta—Free-Air Temperature—°C

FIGURE 7

Ry —Load Resistance—§

FIGURE 8

These parameters were measured in Test Circuits A and B of Figure 1 with R|_varied between 40 £ and 10 k2.

7-36
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TYPES TILIN, TIL1W4, TILV6, TILIZ

OPTOCOUPLERS

D1607, NOVEMBER 1973-REVISED FEBRUARY 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

® Gallium Arsenide Diode Infrared Source Optically Coupled

to a Silicon N-P-N Phototransistor
High Direct-Current Transfer Ratio
High-Voltage Electrical Isolation . . .
Plastic Dual-In-Line Package

High-Speed Switching: ty = 5 us, tf =5 us Typical
mechanical data

1.5kV or 25-kV Rating

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity

conditions. Unit weight is approximately 0.52 grams.

(See Note s}

FALLS WITHIN JEDEC MO-001 AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

9.39 (0.370)
.38 (0.3%0)
0JOJO}
o W W NOTES:
a. Leads are within 0,13 mm (0.005 inch) radius of
13 9 INDEX DOT
— | 782 0:300 1. (see Note bl TN true position (T.P.) with maximum material
f T (See Note a)
a ““’mm‘ L s gy o condition and unit installed.
| 8110250 l0Yo) N ) h
f ’1’ 6,09 (0.240) b. Pin 1 identified by index dot.
5.46 (0.215)
. Terminal connections:
‘ 79705 1.78 (0.070) MAX ©
| — 6PLACES 1. Anode Infrared-emitting
& v t 2. Cathode diode
— SEATING PLANE —'I - 3. No internal connection
105 \ 0.305 (0.012) 17810070 4 1,01 (0.040)
/ s0° ‘\ 6,203 (0.008) 05100200 I ’q }‘ MIN 4. Emitter N
,“‘/ FErrTN ’ 5. Collector Phototransistor
%-; ::.::; 7.27 (0.0501 ,‘ ‘ 6. Base
3 4 PLACES 0,53 (0.021}
>l
0387100
254101001 T SPLACES

lod

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-Output Voltage: TIL111 . . .

TiL114, TiL116, T|L1 17
Collector-Base Voltage
Collector-Emitter Voltage (See Note 1)
Emitter-Collector Voltage
Emitter-Base Voltage
Input-Diode Reverse Voltage

Input-Diode Continuous Forward Current at (or below) 25 C Free Alr Temperature (See Note 2)

Continuous Power Dissipation at (or below) 25°C Free-Air Temperature:
infrared-Emitting Diode {See Note 3} .
Phototransistor (See Note 4)
Total, Infrared-Emitting Diode plus Photo(ransustor (See Note 5)
Storage Temperature Range .
Lead Temperature 1,6 mm (1/16 lnch) from Cdse for 10 Seconds

NOTES: . This value applies when the base-emitter diode is open-circuited.

1

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/ C.
3. Derate lineariy to 100 C free-air temperature at the rate of 2 mW/ C.

4. Derate linearly to 100°C free-air temperature at the rate of 2 mw/’C.

5. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C.

+1.5kV
+2.5kV
70V
30V
A"

7V

. 3v
100 mA
150 mW
150 mW
250 mW

—55 C to 150°C

260°C

TEXAS INSTRUMENTS
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TYPES TILIM, TIL14, TIL16, TIL117

OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

TIL111
TiL116 TIiL117
PARAMETER TEST CONDITIONS TIL114 UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Collector-Base Ic=10uA, lg=0,
V(BR)CBO 70 70 70 v
Breakdown Voltage Ig=0
Collector-Emitter Ic=1mA, ig=0,
V(BR)CEO " ¢ 8 30 30 30 \
Breakdown Voltage Ig=0
Emitter-Base Ig =10 A, tc=0,
\% 7 7 7 \
.(BR)EBO Breakdown Voltage Ig=0
Input Diode Static
IR VR=3V 10 10 10 | wA
Reverse Current
Vce=04V, IfF=16mA, 2 7
Phototransistor| Ig =0
OnSate | ati I \? 0V, 1p=-10mA mA
eration = . =10mA,
| Collector | " ] Cfo F 2 s 5 9
Clon) Current - B
Photodiode Veg =04V, Ig =16 mA,
7 20 7 20 7 20 uA
Operation lg=0
Phototransist Vee =10V, =0,
Off-State | rorransistor} VCE F 1 50 1 50 1 50
Operation ig=0
Ic(off) Collector - nA
Photodiode Veg=10V, g =0,
Current R 0.1 20 0.1 20 0.1 20
Operation Ig=0
, ) Ve =5V, Ic=10mA,
Transistor Static Ie=0 100 300 200 550
hgge Forward Current VF - v =100 A
Transfer Ratio CE ‘ ¢ e 100 300
Ig=0
v Input Diode Static Ig =16 mA 1.2 14 B 1.2 14 v
F Forward Voltage Ir - 60 mA 725 15
Ic=2mA, Ig =16 mA,
¢ F 0.26 04
Ig=0
Collector-Emitter Ic=22mA, g =15mA,
VCE (sat) 0.25 04 \
Saturation Voltage Ig=0
Ic=0. A Ig=1 A
c=05mA. IF=10mA, 025 04
Ig=0
Vin- =+15kV for TIL111,
Input-to-Output in-out '
"o +2.5 kV for all others, (1011 1011 1011 Q
Internal Resistance
See Note 6
Input-to-Output Vin- =0, f=1MHz,
Cio P P in-out 113 113 1 13 | pF
Capacitance See Note 6

NOTE 6: These parameters are measured between buth input-diode leads shorted together and all the phototransistor leads shorted together.

switching characteristics at 25° C free-air temperature

TIL111
TiL116 TiL117
PARAMETER TEST CONDITIONS TIL114 UNIT
MIN TYP MAX [MIN TYP MAX |[MIN TYP MAX
t, Rise Time|Phototransistor | YCC = 10V, IClon) = 2mA, 5 10 5 10 5 10
- . Ry =100 ¢, us
t Fall Time |Operation See Test Circuit A of Figure 1 5 10 5 10 5 10
t Rise Time|Photodiode Vec =10V, Icfon) = 20 kA, 1 1 1
RL =1k, us
K Fall Time |Operation See Test Circuit B of Figure 1 1 1 1

TExAs INSTRUMENTS




TYPES TILM1, TIL14, TIL1G6, TIL117
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:
IC{on) = 2 mA (Test Circuit A) or
IC(on) = 20 uA (Test Circuit B)

INPUT

-

a7
INPUT

|
p—O OUTPUT

(See Note b)
R =100

—o OUTPUT
(See Note b)

Lt
M M I

Ve =10V

TEST CIRCUIT A
PHOTOTRANSISTOR OPERATION

TEST CIRCUITB
PHOTODIODE OPERATION

VOLTAGE WAVEFORMS

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zg ;¢ = 50 §2, t, < 15 ns, duty cycle = 1%,
ty = 100 us.

b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjn = 1 MQ, C;, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

TIL111, TIL114 TIL116, TIL117

COLLECTOR CURRENT COLLECTOR CURRENT
vs vs

INPUT-DIODE FORWARD CURRENT INPUT-DIODE FORWARD CURRENT
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|F—Forward Current—mA IF—Forward Current—mA
FIGURE 2 FIGURE 3
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TYPES TILIM, TIL14, TIL16, TIL117

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
TIL111, TIL114 TIL116
COLLECTOR CURRENT COLLECTOR CURRENT
vs vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
60 T 60
] Ig=0 “g 1Ig=0
L Tp=25°C i3 Ta=25°C
50 j'x;( See Note 7 50 ar See Note 7
\
< Vl < S
€ \O € \Z,
L a0 49 L a0 w2
E \ £
[ =3
3 30 o S 30 \%
:o: \ % _L-A S \ I‘) -1
3 \§ = OmA\/oo__.-—--""’—'— 2 \F;AOmA \O/%\____-_——"‘
3 20 o i, L +—1 3 ; _
L? 20 g =32 mAT RIS g % 1g=30 mAAgDISs""”—-_
b E=2amA | 42008 = o m‘;\" T~FAar00 L__L_
10 ¢ =16 mA—| = [On, 10 eS0T bl
 TiF=8mA 171 IF=10mA .
- AN
0 0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
VcEg—Collector-Emitter Voltage—V VcEe—Collector-Emitter Voltage—V
FIGURE 4 FIGURE 5
TIL117
COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT
Vs vs
COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE
60 —r © 16
‘\%I IB=0 %9 VCE =04V 1010V
\X Ta=25°C | " q4lig=0
50 \\% S Notle7 —F ’f IF = 10 mA
< \2 l o b /T % 1.2 |-See Note 8
£ o el _ 3
L a0 A O —1— o mh— =
13 O, 4 =0~ > 10
13 2] = > 1 =
5 K \\ /¢ P o ; /
Q 30 C—1— S 08
g & kS /
8 ¢ - ] 4
2 U | LT c 06
8 20 fit—\¢ = 20 MANO) o= 2
| /,ﬁ N §
o . ~.0 SSip 5 04
10 IF =10 mA - -AT/O_/V._-- ©
T4 S 02
2
0 S o
0 2 4 6 8 10 12 14 16 17 20 -75 -50 -25 O 25 50 75 100 125
VcEg—Collector-Emitter Voltage—V Ta—Free-Air Temperature—"C
FIGURE 6 FIGURE 7

NOTES: 7. Pulse operation of input diode is required for operation beyond limits shown by Jdotted lines.
8. These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%,q
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TYPES TILIN, TIL14, TIL16, TILN17

OPTOCOUPLERS
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Ic(off)—Off-State Collector Current—nA
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TYPICAL CHARACTERISTICS

OFF-STATE COLLECTOR CURRENT
vs
FREE-AIR TEMPERATURE

Vce=10V
ig=0 Z
lg=0

T T

Ta—Free-Air Temperature—"C

FIGURE 8

INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS

|
/
/

T 1
See Note 7 1 I

TAa =25°C —H
|
/

l
/
Ta=70°C // /
/]\/

Y/ /| Ta=-55°C
[

. S

0 0204060810 1214 16 1.8 20
Vg—Forward Voltage—V

FIGURE 10

Normalized Static Forward Current Transfer Ratio—hfgE

I¢c—Collector Current—mA

NORMALIZED TRANSISTOR STATIC FORWARD

CURRENT TRANSFER RATIO

Vs

ON-STATE COLLECTOR CURRENT

1.6
VCe=56V
IF=0
M4 Ta=25%C
1.2
//"" N
1.0 LI
1
L
0.8
0.6
0.4
0.2 Normalized to 1.0
atlc=1mA
0
010204 1 2 4 10 20 40 100
1C(on)—On-State Coliector Current—mA
FIGURE 9
COLLECTOR CURRENT
vs
MODULATION FREQUENCY
10
FVcc=10V
4[1B=0 .
FTA=25"C
, -4 RL =100 Q
™N ™
1 N \‘\
\\ \“
0.4 RL=1kQ \‘ .
0.2
"
0.1
R =475 Q
0.04
0.02
0.01
1 4 10 40 100 400 1000

fmod—Modulation Frequency—kHz

NOTE 7: These parameters were measured using pulise techniques. t,, = 1 ms, duty cycle < 2%

FIGURE 11
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TYPES TIL112, TIL115, TIL118
OPTOCOUPLERS

D1607, NOVEMBER 1973—REVISED FEBRUARY 1983

mechanical data

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity

conditions. Unit

e Gallium Arsenide Diode Infrared Source Optically Coupled
to a Silicon N-P-N Phototransistor

e High Direct-Current Transfer Ratio

e Base Lead Provided for Conventional Transistor Biasing
(TIL112, TIL115)

e High-Voltage Electrical Isolation . .. 1.5-kV or 2.5-kV Rating
e Plastic Dual-In-Line Package
e High-Speed Switching: ty = 2 us, tf = 2 us Typical

weight is approximately 0.52 grams.

€
| 7.62(0.300) Tp.
(Soe Note s)

661 0.260)

609 (0.240)
X — SEATING PLANE
1ot 0,305 (0.012)
”° 0,203 (0.008)

e

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

940 (0.370)
838 (0330)

pe
1[C)
He

NOTES:

INDEX DOT —, N
a. Leads are within 0,13 mm (0.005 inch) radius of

(See Note b}

= 6 5 true position (T.P.) with maximum material
condition and unit installed.
546 (0.215)
Z82 0118 {178 0070 A b. Pin 1 identified by index dot.
T PLAces Terminal connections:

.

1780070 ¥ 101 (oo-or
057(0.020)

. Anode Infrared-emitting
Cathode diode
No internal connection

1
2.
3.
(00901 .
381 (0.150) zzz:mow 4, Emitter
3170328 spaces 0534 (0.021) 5. Collector Phototransistor
0381 (0015) s

2540100 T, B PLACES Base
(Soa Wote 3)

FALLS WITHIN JEDEC MO-001AM DIMENSIONS

absolute maximum

ratings at 25°C free-air temperature (unless otherwise noted)
TIL112 TIL115 TIL118

Input-to-Output Voltage . . . . . . . . . . . . . . . . . . ... ... *¥15B5kV #25kV *15kV
Collector-Base Voltage . . . e e e 30V 30V
Collector-Emitter Voltage (See Note 1) e e e e e e 20V 20V 20V
Emitter-Collector Voltage . . . . . . . . . . . . . . . . . .. .. ... 4V a4v a4v
Emitter-Base Voltage . . . . . . . . . . . . . . . . ... a4V 4v
Input-Diode Reverse Voltage . . . e e e e e 3V 3V 3V
Input-Diode Continuous Forward Current at (or below)

25°C Free-Air Temperature (See Note 2) . . . ... ... «=——100mA —»
Continuous Power Dissipation at (or below) 25°C Free Alr Temperature:

infrared-Emitting Diode (SeeNote 3) . . . . . . . . . ... ... ... . *+=—1i50mW —m—ms

Phototransistor (See Note 4) PR Lo 0. . *e— 150 MW ——»

Total (Infrared-Emitting Diode plus Phototranswtor See Note 5) e ... *e—— 250 MW —»
Storage Temperature Range . ... ...... «—-55Ct0150°C—s

Lead Temperatu

NOTES:

re16mm(1/16|nch) fromCasefor1OSeconds e 260°C

. This value applies when the base-emitter diode is open-circuited.

. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C

. Derate linearly to 100°C free-air temperature at the rate of 2 mw/°C.
. Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/°C.

1
2
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
4
[
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TYPES TIL112, TIL115, TIL118
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

TiL112 TIL115 TIL118
PARAMETER TEST CONDITIONST NIT
MIN TYP MAX|MIN TYP MAX| MIN TYP MAX v
Collector-Base Ic =10 A, lg=0,
v 30 30 \%
(BRICBO Breakdown Voltage Ig=0
Collector-Emitter Ic=1mA, Ig=0,
\ 20 20 20 \
(BRICEO Breakdown Voltage Ig=0
Emitter-Base Ig =10 uA, ic=0,
V(BRIEBO E " ¢ 4 4 v
Breakdown Voltage Ig=0
Emitter-Collector
\% 1g = 10 uA, Ig=0 4 \%
(BRIECO Breakdown Voltage E # F
Photot ist Vecg =5V, Ig =10 mA,
OnState| o orensistor | YCE Fom 02 2 02 2 12 mA
Operation Ig=0
IC{on) Collector -
Photodiode Veg=5V, I =10mA,
Current A 2 10 2 10 HA
Operation ig=0
Photot it V. =5V, Ig=0,
Off-State oto .ransls or CE F 1 100 1 100 1 100
Operation Ig=0
Clof) ¢ Photodiode | Vcg =5 V IF=0 nA
Current ! cB ' ’ 01 50 0.1 50
Operation lg=0
Transistor Static Forward | VCE=5V, fc=10mA,
hee ransistor Statt CE ¢ 50 200 50 200
Current Transfer Ratio Ig=0
Input Diode Static
Vg Ig=10mA 1.2 15 12 15 1.2 15 \%
Forward Voltage
Collector-Emitter Ic=2mA, Ig = 50 mA,
VCE(sat) or-Em! c F 05 05 05| v
Saturation Voltage ig=0
Vin-out = 1.5 kV, 1011 1011
Input-to-Output See Note 6 a
r
10 internal Resistance Vin-out = +2.5 kV, 1011
See Note 6
Input-to-Output Vin-out = 0. f=1MHz,
C; 1 2 1 2 1 2 F
o Capacitance See Note 6 P

switching characteristics at 25°C free-air temperature

NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
t References to the base are not applicable for the TIL118.

SH31dN0J201d0 !

See Test Circuit B of Figure 1

PARAMETER TEST CONDITIONS TiLi2 TiL1s TiL118 UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Vee=10V, [} =2mA,
ty Rise Time] Phototransistor cc Clon) 2 15 2 15 2 15
R =100%, us
t Fall Time | Operation See Test Circuit A of Figure 1 2 15 2 15 2 15
t Rise Time| Photodiode | VEC =10V, IC(on) = 20 A 1 1
RL =1k, us
tf Fall Time | Operation i i
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TYPES TiL112, TIL115, TIL118
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:
IC({on) = 2 mA (Test Circuit A) or
IC(on) = 20 pA (Test Circuit B)

INPUT

a7 9 o—-[ - S INPUT

INPUT

p—O0 OUTPUT
. {See Note b)
RL =100 2

—o OuUTPUT

—‘jvcc=1ov RL=1kQ (See Note b)

L—_——Al

TEST CIRCUIT A TEST CIRCUITB
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zg,¢ = 50 {2, t, < 15 ns, duty cycle = 1%,

ty, = 100 us.
b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, R, > 1 M§2, C;, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

OPTOCOUPLERS .

COLLECTOR CURRENT COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT
v v vs
COLLECTOR-EMITTER VOLTAGE INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE
15 O 16 T
1g=0 F e & |
Ta=28"C [\* - " |
< 14
=
H - % 1.2 |-SeeNote 8
o & H
z § s o
] 3 ° ™~
5 B 5 £ o8
K] 2 ;:T: 06
:; 7('_ ‘? P
o &
© 25 i 5 04
T T omA § 02
8
I 3
° 8 o
2 12 a 10 220 4« 100
0 5 10 5‘5 zo ﬁv e Formard Curtent—mA ~75 -50 -26 0 26 50 75 100 128§
VcE-Collector-Emitt Itage— £ —Forward Current—my
CE~Collector-Emitter Volage Ta~Free-Air Temperature~°C
FIGURE 2 FIGURE 3 FIGURE 4

NOTES: 7. Pulse operation of input diode is required for operation beyond limits shown by dotted lines.
8. These parameters were measured using pulse techniques ty, = 1 ms, duty cycle < 2%,
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TYPES TIL112, TIL115, TIL118
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

NORMALIZED TRANSISTOR STATIC FORWARD

CURRENT TRANSFER RATIO
vs

OFF-STATE COLLECTOR CURRENT
vs
FREE-AIR TEMPERATURE

w ON-STATE COLLECTOR CURRENT
10 000 . — g
EV =10V | 1.6 T T T TIT
4000F VCE= ya 2 VCE=5V
<'T' - '8=0 <~ & 14 IF=0
2 1000 'F=0 ;:; Ta =25°C
£ 400 5 12 A N
O P [ 1
- -
5 100 £ 1.0 b’
= 1
3 40 3 o8 o
3 7 S 08 >
8 10 5
s 2 06
@ 4 ~ )
= w
o 2 04
L 1 s
E 0.4 7 2 02 Normalized to 1.0 |||
o & atlc=1mA
s e il
0.1 g o
0 10 20 30 40 50 60 70 80 90 100 5 g4 0204 1 2 4 10 20 40 100
Ta—Free-Air Temperature— C z

1C(on)—On-State Collector Current—mA

SH31dN0201d0 H

FIGURE 5§ FIGURE 6
COLLECTOR CURRENT
INPUT DIODE FORWARD vs
CONDUCTION CHARACTERISTICS MODULATION FREQUENCY
160 —1— [ [
140 See Note 8 l I 1 Fveec=10V
eon 4[1g=0
£ iR \
€ - N h
4 100 / s ! SN
[ 5 = :
£ RL = 1 kQAES,
o
3 80 / 5 04 RL =475 QN
© © -
) RL =100
g 60 = 02
& - °c/ / ? 0.
- a0 Ta=70 O
Loan <
£ / 0.04
20 0
TaA = -55°C 0.02
o A |1 0.01
0 0204060810 1214 16 18 20 1 4 10 40 100 400 1000
VEg—Forward Voltage—V fmod—Modulation Frequency—kHz
FIGURE 7 FIGURE 8

NOTE 8: These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2%.
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TYPES TILN3, TILNY, TILN9A
OPTOCOUPLERS

D1499, AUGUST 1981—-REVISED FEBRUARY 1983

e Gallium Arsenide Diode Infrared Source Optically Coupled
to a Silicon N-P-N Darlington-Connected Phototransistor

e High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA
e High-Voltage Electrical Isolation . .. 1500-Volt Rating

e Plastic Dual-In-Line Package

e Base Lead Provided on TiL 113 for Conventional Transistor Biasing
® No Base Lead Connection on TIL119A for High-EMI Environments

e Typical Applications inciude Remote Terminal isoiation, SCR and
Triac Triggers, Mechanical Relays, and Pulse Transformers

mechanical data

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon darlington-connected photo-
transistor mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case
will withstand soldering temperature with no deformation and device performance characteristics remain stable when
operated in high-humidity conditions. Unit weight is approximately 0.52 grams.

9.4010.370) NOTES
SR o ©06 3. Leads are within 0,13 mm (0.005 inch) radius of
= true position (T.P.) with maximum material
condition and unit installed.
mnﬁxnov«“' b, Pin 1 identified by index dot.
| 7.6210300) Tp. (See Note b Terminal connections:
15::“:(:;7‘0 e erminal col S
1 ) (See Note ¢} it
T @ @ @ 1. Anode Intrared-emitting
546 (0.215) 2. Cathode diode
2920.1%5) - H F 1.78 (0.070) MAX 3. No internal connection
6PLACES
11 4. Emitter
k __L 5. Collector
— SEATING PLANE
‘%:{ \ 0,308 10.012) 1soore) B 1,01 (0.040) 6. TIL113 base Photo-
\ 0.203 10008 05110020 . TIL119 base or no internal transistor
= 381 0.150) %’r‘:—z—‘“— connection at the option of T
3371025 4PLACES L‘usu (0.021) TIL119A no internal connection
0381 (0015)
2,54 (0.100) TP —— 6 PLACES
(See Note a)
FALLS WITHIN JEDEC MO-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25° C freé-air temperature (unless otherwise noted)

+

Input-to-Output Voltage

2
PTOCOUPLERS .

Collector-Base Voltage (TIL113) 30V
Collector-Emitter Voltage (See Note 1) 30V o
Emitter-Collector Voltage 7V
Emitter-Base Voltage (TIL113) . e e e e A"
Input-Diode Reverse Voltage . . . e 3v
Input-Diode Continuous Forward Currem at (or below) 25 C Free A|r Temperature (See Note 2) . . . . 100mA
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: )

Infrared-Emitting Diode (See Note 3) . . . . . . . . . . . . . . . . . . . . . . ... 150mwW

Phototransistor (See Note4) . . . . . e e . o oo ... .. 150mW

Total (Infrared-Emitting Diode plus Phototranmmr See Note 5) e e e e e o oo ... . 250 mW
Storage Temperature Range - e e e e e e —55°C to 150°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds e e . ... .. ... .... 260C

NOTES: . This value applies when the base-emitter diode is open-circuited.

1
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
5. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C.
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TYPES TILH3, TILUY, TILNSA
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

Capacitance

PARAMETER TEST CONDITIONS? TiLns TIL119. TILT19A UNIT
MIN TYP MAX [ MIN TYP MAX
Collector-Base
\ Ic=10uA, lg=0, ig=0 30 \"
{8RICBO Breakdown Voltage ¢ s E F
Collector-Emitter
v ic=1mA, ig=0, IF=0 30 30 v
(BRICEO Breakdown Voltage c 8 F
Emitter-Base
\% Ig =10 uA, Ic=0, Ig=0 7 \Y
(BRIEBO Breakdown Voltage E H c F
Emitter-Collector
\% Ig=10uA, lg=0 7 \"
(BRIECO Breakdown Voltage E s F
On-State Veg=1V, Ig=0, Ig =10mA 30 100
Icton) <E = mA
on Collector Current Ve =2V, Ig=10mA 30 160
Off-State
I Vge =10V, ig=0, Ig=0 100 100 | nA
Cloff) Collector Current CE B F
Transistor Static
hgg Forward Current Veg=1V, Ic=10mA, Ig=0 15,000
Transfer Ratio
v Input Diode Static ' 10mA 15 15 v
= m. B .
F Forward Voltage F
v Collector-Emitter Ic=125mA, Ig=0, If = 50 mA 1.2 v
CE(sat) Saturation Voltage Ic=10mA, Ig =10mA 1
1 -t0-
"o nput-to-Output Vinout = £1.5kV, See Note 6 1011 1011 Q
Internal Resistance
Input-to-Output
Cio nputto-Butpy Vinout = 0. f=1MHz, SeeNote6 1 13 1 13| pF

tReferences to the base are not applicable to TIL119 or TIL119A.
switching characteristics at 25°C free-air temperature

NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.

1 TIL119, TIL119
PARAMETER TEST CONDITIONS s L A UNIT
MIN TYP MAX |MIN TYP MAX
tr Rise Time Vee=15V, IC(on) = 1256 mA, 300
tf Fall Time R =100, See Figure 1 300 hs
T Rise Time Vee=10V, IC(on) = 2.5 mA, 300
tf Fall Time R =100, See Figure 1 300 ms
PARAMETER MEASUREMENT INFORMATION
—‘ a7 Adjust amplitude of input pulse for:
_E———-‘H——vw—o INPUT IC(on) = 126 mA (TIL113)
L 2 | IC(on) = 2.5 mA (TIL119, TIL119A)
| weut [ L
| et te fo—e!
[} | !
| U o ooy |
L/ —e—oourrur H !
- L 1 3 ouTPUT : '
_——— g RL=100Q : :
10% 10%
TEST CIRCUIT = VOLTAGE WAVEFORMS
NOTES: a. The inbut waveform is supplied by a generator with the following characteristics: Z5,¢ = 50 £2, t, < 15 ns, duty cycle = 1%,

b.

ty = 500 s,

with the foll

The output

m is

d on an

FIGURE 1-SWITCHING TIMES

ing characteristics: t, < 12 ns, Rj, > 1 M2, Cj, < 20 pF.
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TYPES TIL13, TIL1Y, TILN9A
OPTOCOUPLERS
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Ic—Collector Current—mA
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100
70

Ic—Collector Zurrent—mA
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TYPICAL CHARACTERISTICS

COLLECTOR CURRENT
vs
COLLECTOR-EMITTER VOLTAGE

T
Ig=0 . v l)\\noll.f"_'— - ’
TA=25C | & O
I See Note 7 —+,~ 2
N3 (“PA\ ONE2
vl N O O
[ N9 %
¢ . \4)20"‘2?
>
/,5«\" / S~
\§

0 04 0.8 1.2 1.6 20 24
VcEe—Collector-Emitter Voltage—V

FIGURE 2

COLLECTOR CURRENT
vs

INPUT-DIODE FORWARD CURRENT

T T

L Vce=1V
Ig=0

L Ta=25"C

e

1 2 4 7 10 20 40 70 100

|p—Forward Current—mA

FIGURE 4

IC(off)—Off-State Collector Current—uA
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Ic—Collector Current—mA
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0.001
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COLLECTOR-EMITTER VOLTAGE

Vs

w4

[ P A
vl >
\N O L
/ / V2 £ N

O i
Iie=30ma [N, 200 ]
[f 1/)‘ “,

//
I

Ig=0

TAa=25"C |
SeeI Notfz 7

0 02040608 1 1214 16 18 2

Vce—Collector-Emitter Voltage—V

OFF-STATE COLLECTOR CURRENT

FIGURE 3

Vs

FREE-AIR TEMPERATURE

I
VCg=10V
Ig=0

T lg=0

/

0 25

50 75

100

Ta-Free-Air Temperature—°C

NOTE 7: Pulse operation of input diode is required for operation beyond limits shown by dotted line.

FIGURE 5
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TYPES TILN3, TILNY, TiLN
OPTOCOUPLERS

9A

RELATIVE COLLECTOR-EMITTER
SATURATION VOLTAGE

'

TYPICAL CHARACTERISTICS

TIL113

'H

TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO

) \
TR

T

il |

4

10

FIGURE 7

40 100 400 1000

Ic—Collector Current—mA

FREE-AIR TEMPERATURE COLLECTOR CURRENT
o 1.6 r - 25, 000 T
s Ic =125 mA o VCE=1V
2 14 1g=0 § Fig=0
N o
,E"z IF =50 mA 20,000 L TaA=25¢C
5N 1.2 v
= N =
c% < o — =
L = 15,000
g ® s
£ o =
T3 o8 3
wo> |
5% o6 T 10,000 4
2 o : | 2 |
= .2 | | s} !
= | %
SE o4 : 's (
Le | S 5,000 —
3 0.2 + @
w
3] ] b
> 0 < 0
-75 -50 =25 0 25 50 75 100 125 0.1 04 1
Ta—Free-Air Temperature—"C
FIGURE 6
INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS
160 T T
See Note 8
140 [
Ta=25"C ~H /
< 120
% [
= 100
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s
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L 40 A /
2 T 55°C
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0 0204060810 1214 16 1.8 20
Vg—Forward Voltage~V
FIGURE 8

NOTE 8: This parameter was measured using pulse techniques. t,, = 1 ms, duty cycle < 2%.
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TYPES TIL120, TIL121
OPTOCOUPLERS

D1956, NOVEMBER 1974

GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED

TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR
e Photon Coupling for Isolator Applications
1.0 Typ (TIL121)
e High-Gain, High-Voltage Transistor ... V(BR)CEO = 35 V Min
e High-Voltage Electrical Isolation . .. 1-kV Rating
e Stable Over Wide Temperature Range

e High Overall Current Gain . . .

mechanical data

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE

0,483 (0.019)
4 LEADS 506 0.016) 0 2,54 (0.100) DIA
5,34 (0.210) y
2.32(0.170) |
3-COLLECTOR
— ] 4-ANODE
| s
4,96 (0.195)
4,52 (0.178) 122 (0.048) [:1
ee ED [an} 1(1;1( (0.028) < ‘
——\ 1,17 (0.046)
¥ /}\’ 097 (0.036) J
5,84 (0.230) 076 (0.030) ] g I
4,31 (0.209) MAX 2-CATHODE )
"~ DIA 45°
DIA 1-EMITTER |@—
12,7 (0.500)
MIN T

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

OPTOCOUPLERS .

input-to-Output Voltage 1 kV
Collector-Emitter Voltage 35V
Emitter-Collector Voltage 7V
{nput Diode Reverse Voltage . 3V
Input Diode Continuous Forward Current at (or below) 65 C Free Alr Temperature (See Note 1) 40 mA
Continuous Collector Current . 50 mA
Continuous Transistor Power Dissipation at (or below) 25 C Free Aur Temperature (See Note 2) . .. 190 mw
Operating Free-Air Temperature Range ‘55 Cto 125°C
Storage Temperature Range . —55°C to 150°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for ‘IO Seconds 240°C

NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C.
2. Derate linearly to 125°C free-air temperature at the rate of 1.9 mW/°C.
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TYPES TIL120, TiL121

OPTOCOUPLERS
electrical characteristics at 25°C free-air temperature (unless otherwise noted)
TiIL120 TIL121
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
V(BR)CEQ Collector-Emitter Breakdown Voltage Ic=1mA, Ig=0 36 35 v
V(BR)ECO Emitter-Collector Breakdown Voltage lg = 100 pA, Ig=0 7 7 \
IR Input Diode Static Reverse Current VR =3 V 100 100 | uA
IC(on) On-State Collector Current Vee =5V, g =10 mA 2.5 6 5 10 mA
VCE =20V, Ig=0 6 100 6 100 | nA
Ic(off) Off-State Collector Current VCE = ZQ’V, Ig=0, 4 4 WA
Ta=100°C
Vg Input Diode Static Forward Voltage Ig =10 mA 1.3 1.3 \4
VCE(sat)  Collector-Emitter Saturation Voltage lcZ25mA, lg =20 mA 03 \
ic=10mA, If = 20 mA 0.3
fio Input-to-Output Internal Resistance Vin-out = +1kV, SeeNote3 | 1011 1012 1011 1012 Q
Cio Input-to-Output Capacitance :;:;::e_; f= 1Mz, 25 25 pF

NOTE 3: These parameters are measured between both input diode leads shorted tdgether and bath phototransistor leads shorted together.

switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TiL120 T uNIT
MIN TYP MAX | MIN TYP MAX
ty Rise Time Vee=20V,  Ic(on) =5 mA 3 20 6 20 us
t¢ Fall Time Ry =100%, See Figure 1 3 20 6 20

TEXAS INSTRUMENTS




TYPES TIL120, TiL121
OPTOCOUPLERS

PARAMETER MEASUREMENT INFORMATION

2002

INPUT

Adjust amplitude of input pulse for

IC(on) = 5 mMA

INPUT

OPTOCOUPLERS
|

PO OUTPUT )o—-'—n i +—°i.
. (See Note b}
= Vee=20V Ry =100 2
TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: a. The input waveform is supplied by a generator with the following characteristics: zq,¢ = 50 §2, t, < 15 ns, duty cycle = 1%,
ty = 100 us.
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy = 1 MQ, Cj, < 20 pF.
FIGURE 1-SWITCHING TIMES
TYPICAL CHARACTERISTICS
TIL120 TIL121
COLLECTOR CURRENT COLLECTOR CURRENT
Vs vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
50 5 o
T OTa-257C liomA
FTa=25"C } SeeNote 4 'EZ
20 See Note 4 IF=40mA 0
—
g —— . :|30 P —
\¢
4 IF = 30 mA -
§ 30 § 30 7
s /L — 5 s | 1]
§ [ — Ig = 20 mA é
@ 20 ] 8 20 H 1
s f — §
I
(8] o e = 10 mA L
< & € —
10 IF=10mA_ 10 —
LT ]
e
0 0
0 5 10 15 20 » ) 5 10 15 20 25

VcEe-—Collector-Emitter Voltage—V

FIGURE 2

Vce—Collector-Emitter Voitage—V

NOTE 4: This parameter was measured using pulse technigues. t,,, = 100 us, duty cycle = 1%.

FIGURE 3
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TYPES TIL120, TIL121
OPTOCOUPLERS

TYPICAL CHARACTERISTICS

NORMALIZED ONSTATE COLLECTOR CURRENT
vs

INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE

o

40— o T T
TA=25C - Veg < 5V
. N 14— ig=10mA
<
%12
30 ERE
< v
£ Y
3 ,/
T 25 > 10
§ e
3 H
S 20 z 08 ~
: s \
2 L4
IE 15 § 06 \
w 5
= 10 © 04
5
H
s 3 02 — S R —
o
0 ol
0 02 04 06 08 10 12 14 1.6 18 20 75 -850 -26 0 26 50 75 100 125
VE Forward Voltage V Ta- Free-Air Temperature— C
FIGURE 4 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 5
vs
INPUT-DIODE FORWARD CURRENT
100
< T =
PR ¢ IR aniiii|
- TiLi21
§ 10
5 + =
o 4 2
5 painii
2 AT
;: TIL120
S =
5 =
g 04 7
o d
g
< g o1
T 13
— 004
] 1
n 0.01
o 0.1 04 1 4a 10 a0 100
c 1§ —Input-Diode Forward Current—mA TiL120
OFFSTATE COLLECTOR CURRENT FIGURE 6 AVERAGE Sv’:‘:CH'NG TImE
) vs
r~ FREE-AIR TEMPERATURE LOAD RESISTANCE
m 100
] 10 000 T 4 Evec-20v +
« Vce " 20V / . af[Ta=25¢C 'CIon!"5mA:—';4
U) S 1000 IF=0 4 2 |- See Note 5 tw = 100 us -j-
H / H Hi /]
g £
£ I
3 10 74 g 10 A
3 /1 £
g 10 H
‘-_s n 4 ettt
s /1 H il
8 1 2 2 1
v <
S ! =
H =
> o 3
% + ~ 04
I3 3
S oo K
0.001 0.1
50 -26 0 25 S0 75 100 125 10 100 1000 10000
Ry~ d R it -5
Ta-Free-Air Temperature—°C L~ Load Resistance
FIGURE 7 FIGURE 8

NOTE 6: These parameters were measured in the test circuit of Figure 1 with R varied between 40 £ and 10 k2.
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TYPES TiL124,

TIL125, TIL126
OPTOCOUPLERS

02227, MAY 1977—REVISED DECEMBER 1982

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

e Gallium Arsenide Diode Infrared Source Optically Coupled
to a Silicon N-P-N Phototransistor

e High Direct-Current Transfer Ratio

e High-Voltage Electrical Isolation . . . 5000-V Rating

e Plastic Dual-In-Line Package

e High-Speed Switching: t. =2 yus, t¢ = 2 us Typical

e Typical Applications Inciude Remote Terminal Isolation,

SCR and Triac Triggers, Mechanical Relays, and Pulse Transformers

mechanical data

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity

conditions. Unit weight is approximately 0.52 grams.

(See Note a)
FALLS WITHIN JEDEC MO-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

9390370}
.38 (0.330) r“ — ™
(610
1)
Q 3 moexoor—~{ NOTES:
762 (0.300) 7 (See Note b) . . .
— — e tors et | = a. Leads are within 0,13 mm (0.005 inch) radius of
- 86110260 true position (T.P.) with maximum material
s OJoJo} " e
5,46 (0.215) condition and unit installed.
Z52 0115 178 (0.070) MAX b. Pin 1 identified by index dot.
JE S— 6 PLACES .
Terminal connections:
;j 1. Anode Infrared-emitting
~ SEATING PLANE — + ¢ N .
0,305 (0.012) 1 1.78 10.070) 11 ‘i“m 10.040) 2. Cathode diode
6203 10.008) osuooz_m i i MIN 3. No internal connection
- 2,0:
= 38110.150) 7270050 ™| ‘ | 4. Emitter
3T apaces | ool 2530 0021 5. Collector Phototransistor
4 0381 (0015)
2.54(0.100) TP 6 PLACES. 6. Base

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-Output Voltage
Collector-Base Voltage
Collector-Emitter Voltage (See Note 1)
Emitter-Collector Voltage
Emitter-Base Voltage
Input-Diode Reverse Voltage
Input-Diode Continuous Forward Current .
Continuous Power Dissipation at (or below) 25°C Free Alr Temperature
Infrared-Emitting Diode (See Note 2)
Phototransistor (See Note 3) .
Total, Infrared-Emitting Diode plus Phototransmtor (See Note 4)
Storage Temperature Range
Lead Temperature 1,6 mm (1/16 mch) from Case for 1(] Seconds

NOTES: 1. This value applies when the base-emitter diode is open-circuited.

2. Derate linearly to 100°C free-air temperature at the rate of 2 mw/’C.
3. Derate linearly to 100° C free-air temperature at the rate of 2 mW/°C.
a

. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/"C.

. ¥5kV
0V
30V
.7V
.7V

. .3V

100 mA

OPTOCOUPLERS .

150 mW
150 mW
250 mwW
. —55°C to 150°C
. 260°C
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TYPES TIL124, TIL125, TIL126
OPTOCOUPLERS

electrical characteristics at 25° C free-air temperature

SH431dN0J01dO !!

TIL124 TIL125 TIL126
PARAMETER TEST CONDITIONS uNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Collector-Base Ic=10uA, 1g=0,

V(BR)CBO cm AR B 70 70 70 v
Breakdown Voltage Ig=0 |
Collector-Emitter Ic=1mA, 1g8=0,

V(BRICEO 30 30 30 v
Breakdown Voltage Ig=0

v Emitter-Base IE=10pA, Ic=0, - . ; v

(BR)EBO Breakdown Voltage lg=0
Input Diode Static
IR put ' VR=3V 10 10 10| wA
Reverse Current
Phototransistor| V =10V, Ig=10mA,
On-State rans! CE F 13 2 s 5 9 mA
Operation Ig=0
IC(on) Collector -
Photodiode Veg =10V, Ig=10mA,
Current R 5 20 5 20 5 20 MA
Operation Ig=0
Phototransistor| Vcg =10V, Ig=0
Off-State| O onestor) VCE F 1 50 1 50 1 50
Operation Ig=0
Cloft)  Coltector e TVes <10V, 1r =0 nA
i = K =0,
Current ) ce F 01 20 01 20 01 20
Operation lg=0
Transistor Static
Veg=5V, Ic=10mA,

hgg Forward Current e =0 50 100 100 200 100 550
Transfer Ratio F
Input Diode Static

Vg Ig=10mA 1.2 14 1.2 14 1.2 14| VvV
Forward Voltage
Collector-Emitter Ic=1mA, lg=10mA,

VCE (sat) ° ¢ F 025 04 025 04 025 04| v
Saturation Voltage Ig=0

) input-to-Output Vin-out = 500 Vv, X N ¥ Q

fio Internal Resistance See Note 5 10 10 10
Input-to-Output Vin- =0, f=1MHz,

Cio putto-butpu in-out 113 113 1 13| oF
Capacitance See Note 5

NOTE 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
switching characteristics at 25° C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
tr Rise Time Phototransistor Vee =10V, Ic(on) =2mAR =100 Q, 5 10
S

1 Fall Time Operation See Test Circuit A of Figure 1 5 10 s

t Rise Time Photodiode Vee =10V, lc(on) = 20 kAR =1 kR, 1

tf Fall Time Operation See Test Circuit B of Figure 1 1 Hs
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TYPES TIL124, TIL125, TIL126

OPTOCOUPLERS
PARAMETER MEASUREMENT INFORMATION
Adjust amplitude of input pulse for:
IC(on) = 2 mA (Test Circuit A) or
IC(on) = 20 pA (Test Circuit B)
INPUT
o INPUT o - ¢ o INPUT

p—O OUTPUT

(See Note b) fo—et—tr q_H

R = 100 O

—Vecc=10V yr—o0 OUTPUT
: R =1kQ (See Note b)

=vec=10V

10%
TEST CIRCUIT A TEST CIRCUIT B

PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout =50 82, tp < 15 ns, duty cycle = 1%,

tyy = 100 s.
b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy = 1 M§2, Cj, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS
COLLECTOR CURRENT g:’
vs L
INPUT-DIODE FORWARD CURRENT :
Vcg=10V HHE oD
“Elo-o i <)
< Ta=25C TIL126 A Q
£ 10 % o
I i
§ 4 i Sammmns E
= TIL125 TiL12a HH
3 S ' (@]
5 1 AL
g e i
3 04 yara
Q e,
O Y
-0 AL ==
0.04 7
Y
0.01 Vi
o1 04 1 4 10 40 100

I —Forward Current—mA

FIGURE 2
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TYPES TIL124, TIL125, TIL126

0O 2 4 6 8 10 12 14 16 17 20 -75 -50 =25 0 25 50 75 100
Vg g—Collector-Emitter Voltage—V Ta—Free-Air Temperature—"C
FIGURE 6 FIGURE 6

NOTES: 6. Puise operation of input diode is required for operation beyond limits shown by dotted lines.
7. These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%.

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
TiL124 TIL125
COLLECTOR CURRENT COLLECTOR CURRENT
Vs
Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
60 60
\ e s '5-0
° z Ta=25"C
\% Ta=25¢C 50 et S(:e Note 6
50 T See Note 6 o
< ‘\ a <é \‘oZ
% k OZ { \A
g 40 o e 40 23
£ \ % £ =
=] \ o a3 \C
© 30 \C 2 30 N
— AY N S \ i
2 N 'OO 5 /oo L _d=—F"1
2 T\\@% 3 2 r‘;j_ﬂ"ﬁ\—\%‘“{’ 1
1 [~ - -
o 20 Yo - ll) \ ~ 30 mA e Djod--1--1
| J/Ss, _d e Ss
= A0 mA /P,q - Q $2 /PA
L L ey SNNUTS) - = ~4270
10 |F=30mA e 10 If =20 "?A e
= OmPA I T Sy |F;10mA -1
Ig=10m —
0 — | | 1 0 1 L
0 2 4 6 8 10 1214 16 18 20 0 2 4 6 8 10 12 14 16 18 20
VcE—Collector-Emitter Voltage—V Vce—Collector-Emitter Voltage—V
FIGURE 3 FIGURE 4
[ — |
| /] TIL126
o COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT
Vs Vs
3 COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE
© o0 . O 16
() “é! ‘B0 %9 VGE =04V 1010V
(@] [§3 Ta=25C _A " 14k 1g=0
1 -
Cc 50 ‘% See Note 6 —F :: I = 10 mA
U < ‘\Z | o P~ % 1.2 |-See Note 7
. e \ w i B 3
3: 194 R S 10
(7] g /(\% — 1~ e / ™~
© 30 N = 2 08 4 3
é /)< OC k] /
§ \mp \——""_-——— é’ 0.6
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3 20 \Fio m O% g
5 = f\Dlss/pA 5 04
Ig =10 mA -+ T’OI\/.E... Q
1 — T 2 02
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TYPES TIL124, TIL125, TIL126

OPTOCOUPLERS

10 000
4 000

1000
400

100
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Ic(off)—Off-State Collector Current—nA

0.1
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160
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|F—Forward Current—mA
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TYPICAL CHARACTERISTICS

OFF-STATE COLLECTOR CURRENT
vs

FREE-AIR TEMPERATURE

E VCE=10V
[ Ig=0 »
L IF=0
2
=
v

Ta—Free-Air Temperature—°"C

FIGURE 7

INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS

T T
See Note 7 !1 l

a4 |
|

/

/

V /| Ta=-55°C

A

0 0204060810 1214 16 1.8 20
VEg—Forward Voltage—V

FIGURE 9

Normalized Static Forward Current Transfer Ratio—-hfFg

Ic—Collector Current—mA

NORMALIZED TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO

Vs

ON-STATE COLLECTOR CURRENT

1.6
VCg=5V
IF=0
14 Ta=25°C
1.2
//"" ™
1.0 HH
Pl
0.8
0.6
0.4
0.2 Normalized to 1.0
atlc=1mA
0
010204 1 2 4 10 20 40 100
1C(on)—On-State Collector Current—mA
FIGURE 8
COLLECTOR CURRENT
vs
MODULATION FREQUENCY
10 T
EVcc=10V
4['8=0
FTa=25°C
2 SR RL =100
1 PRSI
0.4 RL=1kQ \‘ AN
0.2
"
0.1
RL =475 Q
0.04
0.02
0.01
1 4 10 40 100 400 1000

f-Modulation Frequency—kHz

NOTE 7: These parameters were measured using pulse technigues. t,, = 1 ms, duty cycle < 2%.

FIGURE 10
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TYPES TIL127, TIL128, TIL128A

OPTOCOUPLERS

D2328, MAY 1977—REVISED DECEMBER 1982

Darlington-Connected Phototransistor
High Direct-Current Transfer Ratio . . .
High-Voltage Electrical Isolation . . . 5000-Volt Rating

Plastic Dual-In-Line Package

Mechanical Relays, and Pulse Transformers

mechanical data

300% Minimum at 10 mA

Gallium Arsenide Diode Infrared Source Optically Coupled to a Silicon N-P-N

Typical Applications Include Remote Terminal Isolation, SCR and Triac Triggers,

No Base Connection on TIL128A for Environments with High Electromagnetic interference

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation,and device performance characteristics remain stable when operated in high-humidity

conditions. Unit weight is approximately 0.52 grams.

9,40 (0370)
8.38 10.330)
5Y0) NOTES:
= a. Leads are within 0,13 mm (0.005 inch) radius of
true position (T.P.) with maximum material
condition and unit instalied.
¢ Q_ 7,62 (0.300) T.p. faotatin b. Pin 1 identified by index dot.
(see Notws) CITITT Terminal connections:
i ﬁs‘«c'::; @ @ @ 1. Anode Infrared-emitting
5,48 (0.215) 2. Cathode diode
‘I 7570778 . 17 0070max 3. No internal connection /
6 PLACES 4. Emitter !
i/ \ ' 5. Collector \' ~‘1
i iy 6. TIL127. Base
e asn:ﬁ:m;* YT r'| l‘"m 10.080) TIL128 Make no external Phototransistor
%7 0,203 (0.008) * 051100201 MIN connection
’\F/ 3,81(0.150) J.’,;:SI’ Ti128A: :‘OOn:‘"::"l';:'
317 (0.128) 4 PLACES 0,534 (0.021)
0,381 {0.015)
2,54 (0.100) T.P. . 6 PLACES
(Sea Note 2
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
FALLS WITHIN JEDEC MO-001AM DIMENSIONS
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Input-to-Output Voltage +5 kV
Collector-Base Voltage (TIL127) 30V
Collector-Emitter Voltage (See Note 1) 30V
Emitter-Collector Voltage 7V
Emitter-Base Voltage (TIL127) . 7V
Input-Diode Reverse Voltage . 3V
Input-Diode Continuous Forward Currem 100 mA
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature
Infrared-Emitting *Diode (See Note 2) 150 mW
Phototransistor (See Note 3) e 150 mW
Total (Infrared-Emitting Diode plus Phototransnstor See Note 4) .. . . 250mwW
Storage Temperature Range —55°C to 150°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds 260°C

NOTES: 1. This value applies when the base-emitter diode is open-circuited.
2. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
4. Derate linearly to 100° C free-air temperature at the rate of 3.33 mw/°C
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TYPES TIL127, TIL128, TIL128A
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

TiL127 TIL128, TIL128A

PAR TEST CONDITIONST UNIT
AMETER s MIN TYP MAX | MIN TYP MAX

Collector-Base
\ Ic=10uA, Ig=0, Ig=0 30 v
(BRICBO Breakdown Voltage c K E F

Collector-Emitter
\ Ic=1mA, ig=0, lg=0 30, 30 \%
(BR)CEO Breakdown Voltage c B F

Emitter-B:
V(BR)EBO mier-sase IE=10 1A, Ic=0, IF=0 7 v
Breakdown Voltage

v Emitter-Collector Ie = 10 pA le=0 7 \
(BRJECO Breakdown Voltage E A F

Input Diode Static

VR=3V 10 10 A
'R Reverse Current R .
On-State VCE=1V, =0, TF=10mA | 30 100
Ic(on) mA
Collector Current Vee=2V, IF=10mA 30 160
Off-State
1C(off) Vee=10V, Ig=0, Ig=0 100 100 | nA

Collector Current

Transistor Static
hgg Forward Current Vcg=1V, ic 10 mA, Ig=0 15 000
Transfer Ratio

Input Diode Static

A% IE=10mA 1.6 1.5 \%
F Forward Voltage F
Collector-Emitter Ic 125 mA, Ig=0, If =50 mA 1.2
VCE(sat) . \
Saturation Voltage Ic=10mA, Ig =10mA 1
Input-to-Output
Vi =500V, SeeNote5 1011 " Q
fo Internal Resistance in-out e Note 10
Input-to-Output
Cio Vin-out =0, f=1MHz, SeeNote§ 113 1 13| pF

Capacitance

Note 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
TReferences to the base are not applicable to the TIL128 or TIL128A.

switching characteristics at 25°C free-air temperature

TiIL127 TIL128, TIL128A
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX | MIN TYP MAX
tr Rise Time Vee=15V, IC(on) = 125 mA, 300
i Fall Time Ry =100 Q, See Figure 1 300 K
tr Rise Time Vee=10V, Ic{on) =2.5mA, 300
tf Fall Time R =100 Q, See Figure 1 300 ue

SH37dN0201d0 .

PARAMETER MEASUREMENT INFORMATION

[_ - ‘1 Adjust amplitude of input pulse for:
a9 IC(on) = 125 mA (TIL127)
INPUT
—[__ | | IC(on) = 2.5 mA (TIL1#8, TIL128A)
- s weot [T L
| 0
| .
|
vee = | ouTPuT
[ L.______J r_;z!‘oo“ OuTPUT
hd
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zgyy = 50 €2, t, < 15 ns, duty cycle ~ 1%,
ty = 500 us.
b. The output wavetorm is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjy = 1 MQ, C;, < 20 pF.

FIGURE 1-SWITCHING TIMES
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TYPES TIL127, TIL128, TIL128A

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
COLLECTOR CURRENT COLLECTOR CURRENT
Vs Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
120 T T 200 v 7
1g=0 X o % . %1 | >
\g A - ’ o
Ta = 25°¢ \\Oe(l(\‘fjo/ 180 l / / ¥ ’06247_‘ ~ //’1,0
100 |- See Note 6 —+,~ ft—— 2O I / / NG N I >
> NG 160 &5 Ot «P
K3 N, < [TTiE=30ma ., 249 ] T "7
< ) NN € K T P
£ : N O(/ T 140 I | N {%‘_ @_\(’
L 80 N\ 2, -0 ] l IF = 40 mA / N Y% O‘r
g N $ 120 || >“7/>-O<<p
3 6o Lo b1 ™y 3 100 Lo A l AN
5 e 8 "~
g g 80 S
3 40 o [
: 7 w
© \g =25 mA °o
20 F 4 40 =0 .
°c
TaA =25
0 A 4
ﬁ/ 2 See Note 6
0 0 1 1
0 04 08 12 16 20 24 0 02040608 1 1214 1618 2
VcEg—Collector-Emitter Voltage—V VcEg—Collector-Emitter Voltage—V
FIGURE 2 FIGURE 3 n
A
COLLECTOR CURRENT OFF-STATE COLLECTOR CURRENT n
Vs Vs
INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE E
400 — 1000 i
L Vce=1V { Veg =10V l S
iB=0 E} Ig=0 / (o)
200 FTA=25C L 100*—|F=0
g 11 13 Q
£ e 8 o
£ 3 10 =
g 100 5 a
3 ]
© 70 H o
N 3 !
2 2
° 40 8 /
Q @ 0.1
b 5
20 £ 001
2
/ Sl
10 0.001
1 2 4 7 10 20 40 70100 0 25 50 75 100 125
Ig—Forward Current—mA Ta—Free-Air Temperature—°C
FIGURE 4 FIGURE 5

NOTE 6: Puise operation of input diode is required for operation beyond limits shown by dotted line.
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TYPES TIL127, TIL128, TII128
OPTOCOUPLERS

A

TYPICAL CHARACTERISTICS

RELATIVE COLLECTOR-EMITTER
SATURATION VOLTAGE

v§

TiL127

TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO

vs

FREE-AIR TEMPERATURE COLLECTOR CURRENT
) 1.6 — 25, 000 ——rrrm
s Ic =125 mA ° VCE=1V
S 14 |-1g=0 ] T 1g=0 P
g IfF = 50 mA T 20,000 - TA=25°C
28 12 £ IR
‘5 ] ~ %
385 10 B =
55 § 15, 000 3
£ £ 7
3 os £
u 3 p /]
52 o6 5 10,000
o o . 3
2z S i ,
8E o4 u H
La % 5,000
2 02 o E
w | w T T
(&)
-75 -50 -25 0 25 50 75 100 125 01 04 1 4 10 40 100 400 1000
T a—Free-Air Temperature—"C Ic—Collector Current—mA
FIGURE 6 FIGURE 7
INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS
160 ———
See Note 7
140 [
Ta -25°C -/‘/ /
< 120
: h
= 100 /
®
S 80
: |
$ 60
E Ta=70°C /] /
A=
:‘L 40 //
20 .
TaA=-55°C
0 [

0 0204060810 1214
Vfg—Forward Voltage—V
FIGURE 8

1.6 1.8 2.0

NOTE 7: This parameter was measured using pulse techniques. ty = 1 ms, duty cycle < 2%.
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TYPES TIL153, TIL154, TIL155
OPTOCOUPLERS

D2491, SEPTEMBER—-REVISED

DECEMBER 1982

mechanical data

UL LISTED — FILE # E65085

GaAs-Diode Infrared Source Optically Coupled
to a Silicon N-P-N Phototransistor

Direct-Current Transfer Ratio . . .

10% to 50%

Plug-In Replacements for TIL111 Series

High-Voltage Electrical Isolation . . .

2500 V RMS (3535 V Peak)

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity
conditions. Unit weight is approximately 0.52 grams.

NOTES:

a.

Leads are within 0,13 mm (0.005 inch) radius of
true position (T.P.) with maximum material
condition and unit installed.

. Pin 1 identified by index dot.

Terminal connections:

940 (0.370)
538 (0.330)
06
o
@ INDEX DOT
b 7620300 75 prsok i 1N
| (see Note a) o
66102601 (S0¢ Note c)
_' T 609240 [oJ6)e}
546 (0.215)
29710778 1.78 (0.070) MAX
[ = Rty
T 1. Anode Infrared-emitting
 SEATING PLANE ¥ 2. Cathode diode
1050 0,306 (0.012) 1oor0, ¥ “" 10.040) 3. No internal connection
- 90 0,203 0.008) 057 (0020) MIN .
\‘_/ zsmm: 4. Emitter
’\ 381 (0.150) 229 (0.050) 5. Collector Phototransistor
3770255 gpaces 0534 (0.021)
0,387 (0.015) 6. Base
2,64 (0.100) T.P. —— e PLACES
(Sea Note a)
FALLS WITHIN JEDEC MO-001AM DIMENSIONS

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-Output RMS Voltage (See Note 1)

NOTES: 1.

Collector-Base Voltage
Collector-Emitter Voltage (See Note 2)
Emitter-Collector Voltage
Emitter-Base Voltage

Input-Diode Reverse Voltage

Input-Diode Continuous Forward Current at (or be!ow) 25 C Free A|r Temperature (See Note 3)
Continuous Phototransistor Power Dissipation at {or below) 25°C Free-Air Temperature (See Note 4)

Storage Temperature Range

2500 v

(AN
[=N<]
<<

N~
<<

OPTOCOUPLERS .

. .3V
100 mA
150 mW

. —55°Cto 150°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds

requirements,

N

. This value applies when the base-emitter diode is open-circuited.

3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C.
4, Derate linearly to 100°C free-air temperature at the rate of 2 mw/°C.

. 260°C

This rating applies for sine-wave operation at 50 or 60 Hz., Service capability is verified by testing in accordance with UL

TEXAsS INSTRUMENTS
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TYPES TIL153, TIL154, TIL155
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TIL153 TiL1s4 TIL1SS UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
v Collector-Base Ic=10uA, Ig=0, 7 7 20 v
(BRICBO Breakdown Voltage Ig=0
v Collector-Emitter Ic=1mA, ig=0, 20 30 30 v
(BRICEO Breakdown Voltage IF=0
y Emitter-Base lg=10uA, Ic=0, 7 7 7 v
(BR}EBO Breakdown Voltage Ig=0
[} Diode Stati
IR nput Diode Static VR=3V 10 10 10| wA
Reverse Current
Photot istor | V, =10V, Ig =10 mA,
OnState | Croransis CE F 103 2 5 5 9 mA
Operation ig=0
IClon)  Collector I ode | Vg =10V, Ip= 10mA
Current c8 ’ F=10mA 10 10 10 HA
Operation lg=0
Photots istor | VCg =10V, Ig=0,
Off-State | o rorarestor | VCE F 1 50 1 50 1 50
Operation Ig=0
lcloff)  Collector I ode Veg=10V, Ig=0 nA
Current ] ca ’ F=5 01 20 01 20 01 20
Operation lg=0
h Transistor Static Forward | VCg =56V, Ic=10mA, 50 100 100 200 100 550
FE Current Transfer Ratio Ig=0
| t Diode Stati
VE nput Biode Static IF =10 mA 12 14 12 14 12 14| v
Forward Voltage
v Collector-Emitter Ic=1mA, Ig=10mA, 025 04 025 04 025 04| V
CElsat) g iuration Voltage Ig=0 i : i ! : ’
1 t-to-Output Vi =500V,
"o neutto-Dutpu in-out 10M1 101 1011 Q
Internal Resistance See Note 5
c Input-to-Output Vin-out = 0, f=1MHz, 1 13 113 1 13| eF
10 Capacitance See Note 5 i ! )

switching characteristics at 25°C free-air temperature

NOTE 5: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together.

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
ty Rise Time Phototransistor |['Vcc =10 V, IC(on) =2 mA, R =100, 5 10
tf Fall Time Operation See Test Circuit A of Figure 1 5 10 us
t, Rise Time Photodiode Vee =10V, IC(on) = 20 LA, R =1k, 1
t¢ Fall Time Operation See Test Circuit B of Figure 1 1 us
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TYPES TIL153, TIL154, TIL155

OPTOCOUPLERS
PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:

IC(on) = 2 mA (Test Circuit A) or

1C(on) = 20 pA (Test Circuit B)

INPUT
a7 Q NPUT 0_[ L b INPUT
il p—O0 OUTPUT
(See Note b) p—ef—tr ouTPUT "H

[ M

~—g—0 OUTPUT
!' R =1k (See Note b)

TEST CIRCUIT A TEST CIRCUIT B
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION

Vee =10V RL = 100 2

ik

10%

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyt =50 £2, t, < 15 ns, duty cycle = 1%,
ty = 100 us.

b. The output waveform is monitored on an oscilloscope with the following characteristics: 1 <12 ns, Rjn 2 1 M2, C;, < 20 pF.

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT
vs
INPUT-DIODE FORWARD CURRENT

100 E=FFF FEE=
EVcg= 10V TIL155
40:l3=0 Y %
mTa=25°C V/(
10

OPTOCOUPLERS .

TIL154 g

0.4f ~

Ic—Collector Current—mA
N

0.1{— 4

0.04 7

0.01
0.1 04 1 4 10 40 100

|g—Forward Current—mA

FIGURE 2
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TYPES

TIL153, TIL154, TIL155

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
TiL153 TiL154
COLLECTOR CURRENT COLLECT%F: CURRENT
Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
60 TZ1 T T I 60 “ ig=0
\ 3! Ig=0 \2 oo
5% ° > TA=25C
\ 2z Ta=25°C 50 K See Note 6
50 \T See Note 6 ‘C;
< ‘\ E < \Xe)
£ Vo £ \Z
L a0 N L4 e
8 2 § Z
= \Z 5 \O
3 30 5% S 3 \%
5 \C o Ve _J
9 \\10 g Ome\\o¢ -——‘—_——'
2 \o@ | = \F:A N
3 2 ey 3 20 —ap S —
T [*~1D1sg [ ] 1g =30 L>Disgry 1
o = 40mA S~ PATy o e o ~Pay,
£ lg=40m Ao e Ig = 20 mA U
10 === s dmoas 10 F : =
4 WmA_ e IF = 10 mA i
3 [ [20mA L -
0 : 11 TE= 10 mA o ! i
0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
VCE—Collector-Emitter Voltage—V VcEg—Collector-Emitter Voltage—V
FIGURE 3 FIGUR.E 4
TIL155
COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT
(@] vs vs
O COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE
-]
(@) 60 —— O 16
e \%l lg8=0 [ VCE=04'V t0 10V
o V% Ta=25C _ " 14k 18=0
c 50 \\‘% See Note BP F ':( IF =10 mA
1 -
) <é ‘ZI PR = s 1.2 |-See Note 7
| A\ \e o~ B 5
~ 40 o —~— o R =
m c O, =0 L~ S 10
8 9 Ly MNEDZERS
5 \ — P~
m C? 30 ( \ % - T .g 08 A ,\‘
2 (2 = /
3 o i @
3 20 20 MAN Lo S e i T 06
g ‘F_;/ﬁ‘fs 1 £,
© Dissp 5 04
10 p=10mAl_T~14Tion Q
ST g 02
2
o S8 o
0 2 4 6 8 10 12 14 16 17 20 -75 -50 -25 0 25 60 75 100 125
VcEg-Collector-Emitter Voltage—V Ta—Free-Air Temperature—"C
FIGURE 5 FIGURE 6
NOTES: 6. Pulse operation of input diode is required for operation beyond limits shown by dotted lines.

7. These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%.
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TYPES TIL153, TIL154, TIL155

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
OFE-STATE COLLECTOR CURRENT NORMALIZED TRANSISTOR STATIC FORWARD
Vs CURRENT TRANSFER RATIO
FREE-AIR TEMPERATURE w vs
w ON-STATE COLLECTOR CURRENT

10 000 < 15

4000F VCE=10V = £ Vee=5V
g "o 2 & o
L 1000 iF=0 5 |Ta=25"C
£ 400 = § 12 me
5 r/ : /L/ ™~
S 100 € 1.0
g = £ il
2 40 7 3 o
= © 08
o 2
Q ©
s 10 2 06
UU,_’ 4 y e ‘f
S 2 04
| ©
€ 1]
S 0.4 yan g 02 Normalized to 1.0
[&] N
£ = atic=1mA

0.1 £ 0
0 10 20 30 40 50 60 70 80 90 100 5 010204 1 2 4 1020 40 100

Ta—Free-Air Temperature—°C
IC(on)—On-State Collector Current—mA

FIGURE 7 FIGURE 8
INPUT DIODE FORWARD COLLECTOR CURRENT 0
CONDUCTION CHARACTERISTICS vs o
160 MODULATION FREQUENCY ]
- 10—y -
See Note 6 l I [ FVcc=10V a.
140 : s Flg=0 S
TA=25 C.T'H 7 < FTa = 25°C o
120 T 2 RL =100 Q
E | N M U
L 100 £ 1 NN o
g £ -
: 1] 3 ey &
3 80 x 04 L=1kQIX . o)
® B
] / & 02
g 60 K o
8 o / / 9 o1
) Ta=70C O R =475Q
= / 0.04
20
/' /|Ta=-55°C 0.02
0 Zs 0.01
0 0204060810 1.2 14 1.6 1.8 20 1 s 10 40 100 400 1000

Vf—Forward Voltage—V fmod—Modulation Frequency—kHz

FIGURE 9 FIGURE 10

NOTE 6: These parameters were measured using pulse techniques. tw = 1 ms, duty cycle € 2%
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TYPES TIL156, TIL157, TIL157A
OPTOCOUPLERS

D2492, SEPTEMBER 1978 -REVISED FEBRUARY 1983

UL LISTED — FILE #E65085

® GaAs-Diode Light Source Optically Coupled to a Silicon N-P-N
Darlington-Connected Phototransistor

High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA
Piug-in Replacement for TIL113, TIL119, and TILT119A
High-Voltage Electrical Isolation . .. 2500 V RMS (3535 V Peak)

No Base Connection on TIL157A for Environments with High
Electromagnetic Interference

mechanical data

The package consists of a gallium arsenide infrafed-emitting diode and an n-p-n silicon darlington-connected
phototransistor mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The
case will withstand soldering temperature with no deformation and device performance characteristics remain stable
when operated in high humidity conditions. Unit weight is approximately 0.52 grams.

9,40 (0.370)
8.3 (0.330)
[0JOJO] NOTES:
Il el
a. Leads are within 0,13 mm (0.005 inch)
Q ot radius of true position (T.P.) with maximum
€ 7,62 (0.300) 1.5 ',';2‘:,,, W Re material condition and unit installed.
T~ (See Note a) =T b. Pin 1 identified by index dot.
6.61(0.260) . :
S — & Terminal connections:
6.08 (0.240 OJOJO Infrared-emitting
5,46 (0.215) 1. Anode diode
B \wosroune 2. Cathode ‘
s B 6 PLACES 3. No internal connection
1 4. Emitter
ﬁ 5. Collector L
X — SEATING PLANE 101 (0.040) 6. TIL156 Base
py 0.306 (0.012) ‘o::‘;:;:;—) | N TIL157 Base or no internal on .
0203 (0.008) — U connection at the option of ototransistor
-} R TTT N T
STO25  gpLaces 0534 (0.021) TIL157A no internal
03810015 i
254 (0.100) TP, S PLACES connection

(See Note 3)

FALLS WITHIN JEDEC MO-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-Output RMS Voltage (See Note 1) .. ... . . . .. i e e 2500 vV
Collector-Base Voltage (TIL15B) ... . ... .. . e et 30V
Collector-Emitter Voltage (See NOte 2) . . . .. .. it e e e 30V
Emitter-Collector Voltage . . .. .. .. .. ... i e e e e e 7V
Emitter-Base Voltage (TIL156) .. .. .. ... . i e e e e e e e et e 7V
Input-Diode Reverse Voltage . ... .. .. .. ... . it e e 3V
Input-Diode Continuous Forward Current at (or below) 25°C Free-Air Temperatiire (See Note 3) .. .. . . . 100 mA
Continuous Phototransistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .. .. 150 mW
Storage Temperature Range . . .. .. it ittt i e e e -55°C to 150°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds . .. .. .. ... vt i, 260°C

NOTES: 1. This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with UL
requirements.
2. This value applies when the base-emitter diode is open-circuited.
3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C.

4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.

TEXAS INSTRUMENTS
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TYPES TIL156, TIL157, TIL157A

OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature

TEST CONDITIONS? TiL156 TIL157, TIL1S7A UNIT
PARAMETER MIN TYP MAX | MIN TYP MAX
Collector-Base
Y Ic=10uA, lg=0, Ig=0 30 \
(BRICBO Breakdown Voltage ¢ . E F
Collector-Emitter
Y Ic=1mA, Ig=0, Ig=0 30 30 \Y%
(BRICEO Breakdown Voltage ¢ 8 F
Emitter-Base
A\ Ig=10 A, Ic=0, Ig=0 7 A\
(BRIEBO Breakdown Voltage E s c F
Emitter-Collector
\% lg =10 uA, Ig=0 7 \%
(BR)ECO Breakdown Voltage E H F
Input Diode Static
1 VR=3V 10 10| wA
R Reverse Current R
: On-State Vee=1V, ig=0, TF=10mA | 30 100 A
Clon) Collector Current VeE=2V, IF=10mA 30 160
Off-State
[} Vce=10V, Ig=0, Ig=0 100 100 | nA
Cloff) Collector Current CE B F
Transistor Static
hgg Forward Current Vce=1V, Ic 10 mA, IF=0 15 000
Transfer Ratio
Input Diode Static
VE P IF = 10mA 15 15| v
Forward Voltage
Collector-Emitter Ic 125 mA, Ig=0, I =50mA 1.2
VCE(sat) . \
Saturation Voltage Ic=10mA, Ig=10mA 1
Input-to-Output
v Vi =500V, SeeNote5 1011 1011 Q
10 Internal Resistance in-out
Input-to-Output .
C; Vi =0, f=1MHz, See Note 5 1 13 1 1.3 F
1o Capacitance in-out P

Note 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
tReferences to the base are not applicable to the TIL157 or TIL157A.

switching characteristics at 25°C free-air temperature

TIL156 TIL157, TIL157A
PARAMETER TEST CONDITIONS? MIN_ TYP MAX | MIN _TYP MAX UNIT
tr Rise Time Vee=15V, IC(on) = 125 mA, 300
t Fall Time Ry =100 2, See Figure 1 300 us
tr Rise Time Vee=10V, IC(on) =2.5mA, 300
tf Fall Time RL=100 %, See Figure 1 300 ue

SH431dN0J01dO .

PARAMETER MEASUREMENT INFORMATION

—.——‘4731
|

_—K.-.——__M/\,—()INPUT

[_ —
;
I
I
|

Vee =

L

ouTPUT
Ry =100 12

TEST CIRCUIT =

OuUTPUT

Adjust amplitude of input pulse for:
IC(on) = 125 mA (TIL156)
IC(on) = 25 mA (TIL157, TIL157A)

1’4 | weor T L

VOLTAGE WAVEFORMS

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zg,¢ = 50 £2, t < 15 ns, duty cycle = 1%,

ty = 500 us.

b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, R;, = 1 MQ, C;, < 20 pF

FIGURE 1-SWITCHING TIMES
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TYPES TIL156, TIL157, TIL157A

OPTOCOUPLERS
TYPICAL CHARACTERISTICS
COLLECTOR CURRENT COLLECTOR CURRENT
VS Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
120 . 200
Ig=0 I)\,o/b L 1T I
B v %S o
TA=25°C | \%(’0"’0/ 180 [ £ o v——/}/ﬁ’
100 - See Note 6 —+, o O 1 / / Nib N =
/ > e, 160 ———f—+— s O P
< K % Y < IF=30mA [N 55 ] PR ee
E . § oL B g =]
) 80 N 2 IE = 40 mA / N %
c ) 5.
] g 120 H—+— 2
5 5 IF =50 mA ] )\LO4/
S 60 S 100
g g 80 S
3 40 3 /
,‘? S 60
o \e =25 mA — ©
20 F 1 40 Ig=0 7
4 20 Ta=25°C |
See Note 6
Q 0 | {
0 04 08 1.2 1.6 20 24 0 02040608 1 1214 16 18 2
Vcg—Collector-Emitter Voltage—V VcEe—Collector-Emitter Voltage—V
FIGURE 2 FIGURE 3
COLLECTOR CURRENT OFF-STATE COLLECTOR CURRENT
Vs Vs
INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE
400 T T 1000 T
| VCe=1V Vce=10V
Ig =0 < 1= 0
o
200 | TA = 25°C = 4 100 p=g
< L+ c F
3 - g
- 3
c ) 10
g 100 é
Q
2 70 8
5 ) 1
3 [&]
<2 [
3 40 =
Q @ 01
. °
20 £ 001
o
o
10 0.001
1 2 4 710 20 40 70100 0 25 50 75 100 125
|g—Forward Current—mA Ta—Free-Air Temperature—°C
FIGURE 4 FIGURE 5

NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted line.
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TYPES TIL156, TIL157, TIL157A
OPTOCOUPLERS

RELATIVE COLLECTOR-EMITTER
SATURATION VOLTAGE

FREE-AIR TEMPERATURE

v§

TYPICAL CHARACTERISTICS

TIL156
TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO
vs
COLLECTOR CURRENT

@ 1.6
o

s

2 1.4
c O

5 q
=& 1.2
‘5n

w® <
A+ 10
L

L @©
Ee 08
£ = O
w S
22 o6
82
22
SE o4
T

g o2
w

(&

= 0

— 25,000 — 7T
Ic =125 mA o Vce=1V
iB=0 5 T IF=0 Vi
IF =50 mA § 20,000 |- TA=25°C \
“é |
. S +
’\\ =
= 15,000
1 y
£ | i
T 3
© | i
B /| |
| 5 10,000 | i / !
| = | {
5 L
Ww W ‘,
2 1
S 5,000 T
? i
w I
= 0 1
-75 -50 26 0 25 50 75 100 125 01 04 1 4 10 40 100 400 1000

Ta—Free-Air Temperature—°C

FIGURE 6

|g—Forward Current—mA

160

Ic—Collector Current—mA

FIGURE 7

INPUT DIODE FORWARD
CONDUCTION CHARACTERISTICS

140

T T
See Note 7 l [

120

TA=25"C —1—{-/ /

100

80

/

60

e ) |

40

20

//

V /| Ta=-85°C

]

0

02040608 1 1214 16 1.8 2
Vg—Forward Voltage—V
FIGURE 8

NOTE 7: Thisparameter was measured using pulse techniques. t,, = 1 ms, duty cycle < 2%.
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Source and Detector
Assemblies (SDAs)

(Slotted Switches/Interrupter Modules)

® Quick Reference Guide

® Single-Channel
Transmissive Designs
Reflective Designs

Various Packages
Built with Plastic or Hermetic Devices
Bar-Code Read Heads

SDAs ﬁ

Custom Designs Available to Meet
Specific Needs

81



QUICK REFERENCE GUIDE
SOURCE AND DETECTOR ASSEMBLIES

SINGLE-CHANNEL ASSEMBLIES (SWITCHES)
QUICK REFERENCE GUIDE

ON-STATE OFF-STATE
COLLECTOR CURRENT | COLLECTOR CURRENT
DEVICE TYPE FEATURES$
MIN @ @ MAX @
ICion) IF Vce Icioff)  VCE
TIL138 Tr‘ansmissiv.e Assembly | 1.6 mA 35 mA 0.5V 100 nA 30V A TIL32 gallium érsenide IRED and a
with Mounting Tabs 04mA 15mA 05V TIL78 phototransistor
t A TIL32 gallium arsenide IRED and a
TIL139 | Reflective Assembly | 'O AT 40mA SV| 45504 3oy 9 : an
100 yA¥ 40mA 5V TIL78 phototransistor
TIL143 | Transmissive Assembly | 600 yA 20 mA 5V 100nA 10V A TIL40 gallium arsenide IRED and a
TiL144 with Mounting Tabs 200 yA 20 mA 5V 100nA 10V TIL411 silicon phototransistor
TiL145 Transmissive Assembly | 2 mA 16 mA 1V 100 nA 5V A TIL40 gallium arsenide IRED and a high-
TiL146 with Mounting Tabs 1.6mA 50mA 1V 100 nA 5V gain TIL412 silicon Darlington phototransistor
TiL147 Transmissive A . 4mA 20mA 5V 100nA 10V Hermetic pill devices mounted in
TIL148 ansmissive Assembly T WA 20 mA  65V| 100nA 10V dual-in-line package (TIL23/TIL601 Series)
TiL149 Reflective Assembly 25 ;‘A‘ 40 mA 5V 100 nA 15V A TIL32 and a TIL78
TIL158 . 600 A 20 mA 5V 100nA 10V A TIL40 gallium arsenide IRED and a
Transmissive Assembly . .
TIL159 200 kA 20mA 5V 100nA 10V TIL411 silicon phototransistor
TIL160 . 2mA 10 mA 2V 100 nA 5V A TIL40 gallium arsenide IRED and a high-
Transmissive Assembly . - . :
TIL161 0.5mA 10mA 2V 100 nA 5V gain TIL412 silicon Darlington phototransistor
TIL167-1]| Transmissive Assembly | 200 yA 20 mA 5V 100nA 10V A TIL4O gallium arsenide IRED and a
TIL167-2{ with Mounting Tabs 600uA 20mA 5V 100nA 10V TIL415 silicon phototransistor
TIL168-1| Transmissive Assembly | 0.5 mA 10mA 2V 100 nA 5V A TIL40 gallium arsenide IRED and a high-
TIL168-2| with Mounting Tabs 2mA 10mA 2V 100 nA 5V gain TIL416 silicon Darlington phototransistor
TIL169-1 Transmissive A ol 200 A 20mA 5V 100nA 10V A TIL40 gallium arsenide IRED and a
TiL169-2| | ansmissive Assembly men5 A 20 mA 5V| 100nA 10V TIL415 silicon phototransistor
TIL170-1 . 0.5mA 10mA 2V 100 nA 5V A TIL40 gallium arsenide IRED and a
Transmissive Assembly - . .
E TIL170-2 2mA 10mA 2V 100 nA 5V TIL416 silicon Darlington phototransistor
Refl surface is Eas Kodak (or equi ) neutral white paper with 90% diffuse reflectance placed 3,81 mm (0.150 inch) from read head.

*Reflective surface is 0,025-mm (0.001-inch) thick aluminum foil, typical of beginning of tape/end-of-tape strips on magnetic tape surface, placed 3,81 mm
(0.150 inch) from read head.
> §Selectively matched pairs of the devices listed in this column are currently used in the manufacture of these assemblies. This information is subject to change

(7]

without notice.

BAR CODE READ HEAD
QUICK REFERENCE GUIDE

DEVICE

TYPE

FEATURES

TiL180

Bar Code Read Head

Capable of reading black and white bar codes: UPC, EAN,CODE 39, HP, MSI, and others.
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TYPE TIL138

SOURCE AND DETECTOR ASSEMBLY

D1089, SEPTEMBER 1971—-REVISED MARCH 1983

OPTOELECTRONIC MODULE FOR TRANSMISSIVE SENSING APPLICATIONS
e Compatible with Standard TTL Integrated Circuits

e High-Speed Switching: ty = 1.5 us, tf = 15 us Typical
® Designed for Base or Side Mounting
.

For Sensing Applications such as Shaft Encoders, Sector Sensors, Level
Indicators, and Beginning-of-Tape/End-of-Tape Indicators

mechanical data

The assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain

stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

254 (0.100) ]

-
0,610 (0.024)
2.54 (0.100) j— 0,457 (0.018)
21,59 (0.850) 4 SQUARE LEADS
T T ;
Al [ Y a
N PN
5.16 (0.203) 16 0.2031 5080 (0.200)
127 0050 6.60 (0.2 6,60 0.260)
2w fet-3.18 (0.125)
127 (0.500) —]
2PLACES MIN-2 TOP LEADS |—SOURCE SENSOR__ TR 14
] = — opricaL
=1 B
ANCDE EMITTER ‘*’ LINE
1270 (0.500)
31200123 | 1,27 (0.050)
297(0.117) ‘() o it U R I el
) au -5 —r
4MTGHOLES [T T U T t .
H 1 1 s
i i I H
8.46 (0.333) 9,78 (0.385) 3,46 (0.333) 10,16 (0.400)
.67 (1.050]

NOTE: Tolerance is £0,25 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

SDAs ﬁ

cL 28
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse VOItage . . . .t v it ittt it it it et et e e e e e 2V
Source Continuous Forward Current (See Note 1) . ... .. . ittt it it i e e 40 mA
Sensor Collector-Emitter Voltage. ... . oo vt ittt it i it ittt et e e e e 50 V
Sensor Emitter-Collector Voltage . . ... ... ... ittt e e e e 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature {See Note 2) . ............... 50 mW
Operating Free-Air TEMPEIGIUTE . . v i it sttt ittt i ittt i i e —490(: io 3000
Storage Temperature Range . . .. ...ttt i e e e —40°C to 85°C
Lead Temperature 1,6 mm {1/16 Inch) from Assembly for 5Seconds . .. ........... ... ..c.v.u.n. 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/°C.
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TYPE TIL138
SOURCE AND DETECTOR ASSEMBLY

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS? MIN TYP MAX|UNIT
V(BR)CEQ Collector-Emitter Breakdown Voltage Ic=100uA, =0 50 \
V(gR)ECO Emitter-Collector Breakdown Voltage Ig =100uA, 1g=0 7 \
Ic(off) Off-State Collector Current Vce=30V, 1g=0 100 | nA
Ic(on) On-State Collector Current Vee 05V, lp-15mA o4 ! mA
VCE=05V, If=35mA 1.6 4
Vg Input-Diode Static Forward Voltage g =15 mA 115 15 \
Ig =35 mA 1.2

switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONST MIN TYP MAX|UNIT
tq Delay Time 3 us
tr Rise Time Vee =30V, Ic(on) = 500 kA, 1.5 S
ts Storage Time RL = 1kQ, See Figure 1 0.5 us
tf Fall Time 15 us

tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being
measured approaches a value which cannot be altered by further irradiation shielding

PARAMETER MEASUREMENT INFORMATION
ADJUST AMPLITUDE

svas E

OF INPUT PULSE FOR | INPUT
200 | =500 A 0
Clon) | ts —o
t
INPUT 0 ouTPUT | fetref | oty
. l OUTPUT
- L |
<
SRL=1kn
VCC =30V — NOTE: The input pulse is supplied by a generator having the
following characteristics: Zg,¢ = 50 2, t, < 100 ns,
p t¢ < 100 ns, duty cycle = 50%.
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1—-SWITCHING TIMES
TYPICAL CHARACTERISTICS
PHOTOTRANSISTOR COLLECTOR CURRENT PHOTOTRANSISTOR COLLECTOR CURRENT
vs vs
INPUT-DIODE FORWARD CURRENT 10 INPUT-DIODE FORWARD CURRENT
T
Ta-25C || | < VeE-05V eSS
Y — E  4fTa=25¢C i
T g i —Z
€ [’ i £ 2 } T
T L | 5 / | !
*S- I g™ S 1 {
£ 3 T + 4 2 7z —+ T
o | jp=25mA | 4—t—T 3 04 T
g = i o I
8 | = |
s 2 g = 20 mA I 5 02 ! —
g ‘ § :
o | Tie=rsma [ L 1 —— 3 A
—F—t 5 004
g =10 mA [ — xfo i
TF =5 mA | _b 0.02 :
0 L I 001 I
0 1 2 3 4 1 2 4 10 20 40 100
VcEe—Collector-Emitter Voltage—V IF—Input-Diode Forward Current—mA
FIGURE 2 FIGURE 3
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TYPE TIL139

SOURCE AND DETECTOR ASSEMBLY

D1100, SEPTEMBER 1971—-REVISED MARCH 1983

OPTOELECTRONIC MODULE FOR REFLECTIVE SENSING APPLICATIONS

e Adaptable for Printed Circuit Board Mounting

e Designed for Sensing Applications such as Line Finders, Batch Counters, Level Indicators, and

Beginning-of-Tape/End-of-Tape Indicators

mechanical data

The assembly consists of an infrared emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain

stable when operated in high-humidity conditions. Total assembly weight is approximately 1.2 grams.

o 1778 (0.700)

{ le——953 103751 ——f

»‘.O“

S

OPTIMUM READING

28 01501 Now \ 5080 mmp-——-1

1,626 (0.067)
7524 10,067 " wasos0 | .
2PLACES {

v
EALICET

+ |
o [
SOURCE SensoR 3 0. |50T 0.610 (0.024)
810.150) MIN 10 (00241
| ca oo atenos " a7 o0t SOUARE
ANODE i EMITTER jjcoLLecToR ) 4 LEADS
|
6,55 (0.258).
4.01{0.158) —
BOTHAIDES
BOTH SIDES

NOTE: Tolerance is + 0,25 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

SDAs ﬁ

CL-29

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Source Reverse VOItage . . .. ... i e e e e e e e 2V
Source Continuous Forward Current (See Note 1) . ... .. ... et it et 40 mA
Sensor Collector-Emitter Voltage . . . .. .. ittt it et et e e 50 V
Sensor Emitter-Collector Voltage . . . .. .o vttt ittt e e e e e e 7V
Sensor Continuous Dissipation at (or below) 25 C Free-Air Temperature (See Note 2) . ... ............ 50 mW

Operating Free-Air Temperature Range
Storage Temperature Range
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/°c.

—40°C to0 80°C
—40°C to 85°C

.......... 240°C
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TYPE TiL139
SOURCE AND DETECTOR ASSEMBLY

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS? MIN _TYP MAX| UNIT

V(BR)CEOQ Collector-Emitter Breakdown Voltage Ic=100pA, Ig=0 50 \

V(BR)ECO Emitter-Collector Breakdown Voltage Ig=100uA, (=0 7 \

1C(off) Off-State Collector Current Vce=30V, 1g=0 100} nA
Vce=5V, Ig=40mA, SeeNote3 10 125

IC(on) On-State Collector Current Vcg =5V, Ig=40mA, SeeNote4d 5 60 HA
Vcg =5V, I1g=40mA, SeeNote5 |100 1100

VE Input-Diode Static Forward Voltage Ig = 40 mA 1.2 16 \%

TS(ray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being
measured approaches a value which cannot be altered by further irradiation shielding.
NOTES: 3. Reflective surface is Eastman Kodak (or equivalent) neutral white paper with 90% diffuse reflectance placed 3,81 mm (0.160 inch)
from read head.

»

Reflective surface is Mylarl‘- (or equivalent) magnetic tape placed 3,81 mm (0.150 inch) from read head.

. Reflective surface is aluminum foil typical of beginning-of-tape/end-of-tape strips. it is 0,025 mm (0.001 inch) thick and placed
3,81 mm (0.150 inch) from read head.

fTrademark of E. I. duPont de Nemours, Inc.

o

svas E
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TYPES TIL143, TIL144
SOURCE AND DETECTOR ASSEMBLIES

D1962, NOVEMBER 1974 —REVISED MARCH 1983

OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits

High-Speed Switching . . . ty = 15 us, tf = 15 us Typical

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage Isolation

Designed for Base Mounting—Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing
PC Board or Bracket Mounting

Contains Infrared Emitter and Phototransistor
® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution
mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

OPTICAL
CENTER
APERTURE WIDTHS AT LINE
OPTICAL CENTERLINE: 254
EMITTER 102 * 008 889103500 300 1- ANODE ——}——— 2-CATHODE
©0040:0003) % W
SENSOR 0,64 * 0.08 b e 7 X
0025 0003 T e 4-COLLECTOR 3-EMITTER
3,18 (0.125) 76 w'w”*l
le—
fe— 11,05 —» MIN
10.435)
SECTION AA 3,18 (0.125)

12
et 1o i

aa 762038 19,06 £ 0,13
25,40 (1.000) T AL (0.300 + 0.015) (0.750 + 0.005)
H h

a
5,08 (0.200) \N 0,508 + 0,076

4
2PLACES (0.020 + 0.003)
—_— 4SQUARE LEADS —— 315 (0.125)

DIA
+—4,19 (0.165) 2 HOLES
635 (0.250!*1‘———. 6,35 (0.250)

2 PLACES L~ SEATING PLANE

3,8 (0125 2 PLACES
2PLACES
— PIN T T“—"‘ —‘f
INDEX @____.
8,89 (0.350)
| 254 (0.100) 4PLACES

NOTE a: Tolerance is * 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Ci31

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

Source Reverse VOIAge . . . . .. ..ottt
Source Continuous Forward Current (See Note 1)
Source Peak Forward Current (See NOte 2) . . . ... ...t et e
Source Collector-Emitter Voltage . .............. .. ... .. .. ........

Sensor Emitter-Coiiector Voitage . .. ... . ... .. e

Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) ... .......... 50 mW
Source-to-Sensor VoItage . ... ... ...t +4 kV
Operating Free-Air Temperature Range . ................ . . i .. —-40°C to 80°C
Storage Temperature Range . ... ... ...... ..ottt -40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds ... ...................... 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mA/°C.
2. This value applies for t,, =< 1 pus, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

TEXAS INSTRUMENTS
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TYPES TIL143, TiL144
SOURCE AND DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

TiL143 TIL144
PARAMETER TEST CONDITIONS NN TVP AKX | Wi VP WAX UNIT
V(BR)CEO Collector-Emitter Breakdown Voltage | I[c = 100 uA,If = 0 30 30 \
V(BRJECO Emitter-Collector Breakdown Voltage | Ig = 100 yA, Ig = 0 7 7 v
IC(off) Off-State Collector Current Vce = 10V, g =0 5 100 5 100 nA
IC(on) On-State Collector Current VCE =5V, I =20mA]| 0.6 1 0.2 0.5 mA
VE Input-Diode Static Forward Voltage Ig = 50 mA 1.35 1.7 1.35 1.7 \

switching characteristics at 25 °C free-air temperature

PARAMETER TEST CONDITIONS T MIN  TYP MAX | UNIT
tr Rise Time Vee =5V, Icon) = 1 mA, 15 (. us
tf Fall Time RL = 1kQ, See Figure 1 15 us

tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being measured
approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 2
INPUT ouTPUT
-
-
RL =1k
Voc=5V T
‘6’ TEST CIRCUIT
» ADJUST AMPLITUDE
OF INPUT PULSE FOR
Iclon) =1 mA
INPUT
0o L
fo-tr > be-trof

ouTPUT

NOTE: The input pulse is supplied by a generator having the
following  characteristics: 2oyt =509, t, < 100 ns,
t¢ < 100 ns, t, = 100 us, duty cycle ~2%,

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES
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TYPES TIL145, TIL146
SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

D1963, NOVEMBER 1974 —REVISED MARCH 1983

HIGH-GAIN OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits
® High Current Transfer Ratio . . . 12.5% Min (TIL145)

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage Isolation

Designed for Base Mounting— Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing
PC Board or Bracket Mounting

Contains Infrared Emitter and Silicon Darlington Phototransistor
® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution

mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon Darlington phototransistor mounted in a plastic
housing. The assembly will withstand soldering temperature with no deformation and device performance characteristics
remain stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.
OPTICAL
CENTER
APERTURE WIDTHS AT LINE

OPTICAL CENTERLINE: - 2-CA’ DE
889 0350) 254 1-ANODE \d THO
EMITTER 1,02 + 0,08 L 0.100)

W

(0.040  0.003) -
SENSOR 0,64 £ 0.08 Rexr—g
10.025 £ 0.003) | 4-COLLECTOR —D‘v 3-EMITTER
76 (a.aom_’l -
Y

3,18 (0.125)

3,18 (0.125)
3,18 (0.125) 2 PLACES
2PLACES f

R
8,89 (0.350) ®_‘

14 2.54 (0.100) 4PL:CES 12
o

265,40 (1.000)
O 5,08 (0.200) \ 0,508 + 0,076 i
2PLACES (0.020 £ 0.003)
Y 4 SQUARE LEADS

3.18(0425)
6,35 (0.250) 6.35 (0.250) “_’l:‘“ (0.170) 2 HOLES
2 PLACES SEATING PLANE
NOTE a. Tolerance is £+ 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL3t

’
A 7,62+0,38 19,05 0,13

(0.300 * 0.015) (0.750 £ 0.005)
- 4 3
E

8 |
<
(o]
7]

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Source Reverse Voltage . . .. ... ... .. e e
Source Continuous Forward Current (See Note 1)
Source Peak Forward Current (See Note 2) .......................
Sensor Collector-Emitter Voltage . .. ..... ...ttt e e e
Sensor Emitter-Collector Voltage . ........ ... ...ttt e e e e

Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .. .......... 100 mW
Source-to-Sensor Voltage .. ... ... .. ... e +4 kV
Operating Free-Air Temperature Range . .. ........ ... i, -40° to 80°C
Storage Temperature Range . .. ... ... ...ttt e e -40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds . ........................ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mA/°C.
2. This value applies for t, =< 1 us, PRR < 300 pps.
3. Derate linearly to 80 °C free-air temperature at the rate of 1.81 mW/°C.
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TYPES TIL145, TIL146
SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

TIL145 TIL1
PARAMETER TEST CONDITIONS L 48 UNIT
MIN TYP MAX [MIN TYP MAX
V(BR)CEO Collector-Emitter Breakdown Voltage | Ic = 100 uA, Ig=0 30 30 v
V(BR)ECO Emitter-Collector Breakdown Voltage | Ig = 100 4A, g =0 5 5 \
IC(off) Off-State Collector Current Vceg=5V., Ig=0 5 100 5 100} nA
Veg=1V, Ig=16mA 2
IClon) On-State Collector Current CE £ = s mA
Vcg=1V, Ig=50mA 1.6 4
Vg Input-Diode Static Forward Voltage Ig =60mA 1.35 1.7 1.36 1.7 v
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
tr Rise Time Vee =5V, Ic(on) =500uA, 3 ms
tf Fall Time Rp =1 k2, See Figure 1 2.5 ms

'Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being
measured approaches a value that cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 €2
p—O OUTPUT
INPUT

113

3
SRL=1k

Vee=56VvV =

1k
T

svas [

TEST CIRCUIT

ADJUST AMPLITUDE
OF INPUT PULSE FOR
IC(on) = 500 wA

. __j L INPUT

OouTPUT

NOTE: The input pulse is supplied by a generator having the
following characteristics: Zoyt - 5082, ty < 10 ps,
ty < 10 us, 1, © 10 ms, duty cycle = 50%.

VOLTAGE WAVEFORMS

FIGURE 1- SWITCHING TIMES
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TYPES TIL147A, TIL148A
SOURCE AND DETECTOR ASSEMBLIES

D1965, NOVEMBER 1978-MARCH 1983

OPTOELECTRONIC ASSEMBLIES FOR TRANSMISSIVE SENSING APPLICATIONS
® Compatible with Standard TTL Integrated Circuits
® High-Speed Switching: ty =5 us, tf =5 us Typical
e Designed for Base Mounting . . . Fits Standard Dual-In-Line-Package Socket
°

For Sensing Applications such as Shaft Encoders, Sector Sensors, Level
Indicators, and Beginning-of-Tape/End-of-Tape Indicators

e Hermetically Sealed Phototransistor and Infrared-Emitting Diode
® 0,63-mm (0.025-inch) Sensor Aperture Slit Provides High On/Off Resolution
® High Current Transfer Ratio ... 20% Min (TIL147A)

mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams. The TIL147A
and TIL148A have 0.020-inch-square leads; the TIL147 and T1L148 had 0.020-inch-diameter round leads.

OPTICAL
CENTER
LINE 4]-? 889 (0. 350)-51
318 (0.125) 4 S—— | 1~ ANODE ——fpt——— 2-CATHODE
- W

EWITTER WINDOW— | a-cottecTor—  \— 3-EMITTER
1,524 + 0,076
(0.060 + 0.003)
DIAMETER | le-6.36 (0.2501»
SENSOR WINDOW je——1080 (0.425)-—— MIN

1S RECTANGULAR

0,635 X 1,524 + 0,076 SECTION AA 254 (0.100) —
(0.025 x 0.060 + 0.003)
191 (0.075)— 191 (0.075)

o D> | 254 (0.100)
INDEX | 54 (0.
] _ o—0-—
! 254 (0.100) 1 |2
A A
12,70 (0.500) | % ————t e ——— 3 7,62 (0.300)
|
0,508 (0.200) | !
2PLACES ! ‘c|| — ?3—
| 0,559 (0.022) 254 (0.100)
0,457 (0.018) SQUARE e
L—s.x (o.zsonj 4,19 (0.165) —e 4LEADS
NOTE a: Dimension tolerance is * 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cLaz

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse VOoItage . .. .. .. ...ttt it e e 3v
Source Continuous Forward Current (See Note 1) .. .. .. ... ...ttt e ee i 100 mA
Sensor Collector-Emitter VOIAge . . . .. ...ttt ettt et et e e e 30V
Sensor Emitter-Collector Voltage . .. .. .. .. .. ...ttt e e 5V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) .. ............. 50 mW
SoUrce-10-Sensor VOItage . . .. ... ittt et e e e e e +2kV
Operating Free-Air Temperature Range . . . . .« oottt it e e e e et e e —40°C to 80°C
Storage Temperature RaNGe . . . ... i it ittt it e e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Assembly for 5Seconds . .............. ... ... ..... 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/’C.

TEXAS INSTRUMENTS
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TYPE TIL147A, TIL148A
SOURCE AND DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

TIL147A TIL148A
PARAMETER TEST CONDITIONS? UNIT
MIN MAX | MIN MAX
V(BR)CEQ Collector-Emitter Breakdown Voltage | Ic = 100 A, g =0 30 30 \
V(BR)ECO Emitter-Collector Breakdown Voltage | Ig = 100 kA, g =0 5 5 4
1C(off) Off-State Collector Current Vce=10V, Ig=0 100 100 | nA
IC(on) On-State Collector Current Veg=5V, Ig=20mA 4 1 mA
X . Ig =20 mA 1.3 1.3
VE Input-Diode Static Forward Voltage \
|F =50 mA 1.7 1.7
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS? MIN  TYP MAX|UNIT
tr Rise Time Vec =10V, Ic(on) =1mA, R =100%, 5 us
% Fall Time See Figure 1 5 U Mus

tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being
measured approaches a value which cannot be altered by further irradiation shieldir:g.

PARAMETER MEASUREMENT INFORMATION

evas B

200
INPUT OUTPUT
.
T )™
RL =100 Q
Vec =10V =
TEST CIRCUIT
ADJUST AMPLITUDE
OF INPUT PULSE FOR
IClon) = 1 mA
INPUT
ol =
po-tr bt

OUTPUT

NOTE: The input pulse is supplied by a generator having the
following  characteristics:  Zg,y =50 £2,  t, <100 ns,
tf <100 ns, t,,, = 10 us, duty cycle = 2%.

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES
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TYPE TIL149
SOURCE AND DETECTOR ASSEMBLY

D2163, MARCH 1976 -REVISED MARCH 1983

OPTOELECTRONIC MODULE FOR REFLECTIVE SENSING APPLICATIONS
e Adaptable for Printed Circuit Board Mounting

e Designed for Sensing Applications such as Line Finders, Batch Counters, Level Indicators, and
Beginning-of-Tape/End-of-Tape Indicators

mechanical data
The assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor in a plastic housing. The

assembly will withstand soldering temperature with no deformation and device performance characte
stable when operated in high-humidity conditions. Total assembly weight is approximately 0.9 grams.

& s 17,78 (0.700) - -ty
le—— —12,29 (0.484) -
2,03 (0.080) |~ le——9,53 (0.375)——]
DIA
T H ¥
_— 254 (0.100)
_ rt
r 6,15 (0.242)%
- I’F"“ TR T
3,8 (0.150) /{\  20° NOM
NOM ’ /4] W 2PLACES fo————»}-4,83 (0.190)
J S Vi —
MOUNTING HOLE\\\ T
2,31 (0.091) DIA ~ 457 ‘
2,06 (0.081) (0.180)
2,11(0.083) T I 889
ot @onl R (0.350)
T %/ l: ‘1372(» (0.'2‘49)
N Y
SOURCE SENSOR
ANODE [CATHODE] m
EMITTER COLLECTOR 0,610 {0.024)
- 0,457 (0.018) ]
4 SQUARE LEADS <
12,7 (0.500) P
MIN
’ [ 4 LEADS (7))
! i
-— ol 5,08 (0.200)
254 (0.100) BOTH SIDES
BOTH SIDES ¢
NOTE a: Dimension tolerance is + 0,025 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES o3
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Source Reverse VoItage . .. . ... ... ... e 2V
Source Continuous Forward Current (See Note 1) .. .. ... . ... .t 40 mA
Sensor Collector-Emitter Voltage . . . ... ... ...ttt e e e e e e e 30V
Sensor Emitter-Collector Voltage . .. .. ... ... ... ... ...t e 7V
Sensor Continuous Dissipation at (or below) 25° C Free-Air Temperature (See Note2) . ............... 50 mwW
Operating Temperature Range . . . .. .. ... . —40°C 10 80°C
Storage Temperature Range .. ... ... ... .. e —-40°C 10 85°C
Lead Temperature 1,6 mm (1/16 inch) from Assembly for 5Seconds . .. ........................ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. Derate linearly to 80°C free-air temperature at the rate of 0.91 mwW/°C.
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TYPE TiL149
SOURCE AND DETECTOR ASSEMBLY

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS? MIN TYP MAX JUNIT
V(gR)CEQ Collector-Emitter Breakdown Voltage Ic=100 kA, Ig=0 30 \Z
V(BR)ecO Emitter-Collector Breakdown Voltage g =100 A, IF=0 7 \Y
Ic(off) Off-State Collector Current Vcg=15V, Ig=0 100 | nA
1C(on) On-State Collector Current VCg=5V, Ig=40mA, SeeNote3 25 275 HA
Vg Input-Diode Static Forward Voltage Ig =40 mA 1.2 1.6 v

tStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being
measured approaches a value that cannot be altered by further irradiation shielding.
NOTE 3: Reflective surface is aluminum foil typical of beginning-of-tape/end-of-tape strips. It is 0,026 mm (0.001 inch) thick and placed
3,81 mm (0.150 inch) from the read head.

svas E

814 TEXAS INSTRUMENTS



TYPES TIL158, TIL159
SOURCE AND DETECTOR ASSEMBLIES

D2692, APRIL 1983

OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits

® High-Speed Switching . . . ty = 15 us, tf = 15 us Typical

® For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage Isolation

® Designed for Base Mounting— Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing

® PC Board or Bracket Mounting

® Contains Infrared Emitter and Phototransistor

® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution
mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

OPTICAL

CENTER
UINE —k_a.le w.zaol—c]
1~ ANODE ~——p}———— 2-CATHODE

3,18 (0.125)| — b
4| p= 4-COLLECTOR 7 aunmen
APERTURE WIDTHS AT ,/

OPTICAL CENTERLINE S——
EMITTER 1,02 1 0,

08
10.040 +'0.003) 6.3 (0.250)
SENSOR 0,64 + 0,08 ——— 10,80 (0.425)~ MIN

0.025 + 0.003)

SECTION AA 254 (0.100)
1.91(0.075) - '*"9'{0075!
PIN 1
-————-E/_ INDEX T —
I | 254 (0.100)
——m O-—0-—
T
2,54 (0.100)
I } H N 1
12,70 (0.500) I | S i} g —— B) 7.62(0.300) N
0,508 (0.200) Lo 0o
p 0—0-
Frupces ‘ “ 13 2,54 (0.100) m
0584 0023) o 44 10
0432 (0.017)
L—s,:s © MDJ a1 m,ms)«lr————q 4 LEADS

NOTE a: Tolerance is *+ 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

cLet

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse Voltage . . ... .. ... ... 3V
Source Continuous Forward Current (See Note 1) . ... ... ... ... ... ... ... ... ... ..., 40 mA
Source Peak Forward Current (See Note 2) .. ... ... .. ... . . .. 3A
Source Collector-Emitter Voltage . . ... ... ... i e 30V
Sensor Emitter-Collector Voltage . . .. .. ... ... e 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . ... ... ...... 50 mW
Source-to-Sensor Voltage . .. ... ... . ... +4 kV
Operating Free-Air Temperature Range ... ....... ... ... ... ... -40°C to 80°C
Storage Temperature Range . .. ... ... ... ... -40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds . ........................ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for t,,, < 1 us, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 0.91 mw/°C

TEXAS INSTRUMENTS
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TYPES TIL158, TIL159
SOURCE AND DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

TIL158 TIL159
PARAMETER TEST CONDITIONS WMINTYP MAX | MIN_ VP WAX UNIT
V(BR)CEQ Collector-Emitter Breakdown Voltage | ic = 100 yA,Ig = O 30 30 \
V(BR)ECO Emitter-Collector Breakdown Voltage | [g = 100 A, Ig = O 7 7 \2
IC(off) Off-State Collector Current Vce = 10V, Ig =0 5 100 5 100 nA
IC(on) On-State Collector Current VCe = 5V, If = 20mA}| 0.6 1 0.2 0.5 mA
VE Input-Diode Static Forward Voltage I = 20 mA 1.2 1.6 1.2 1.6 \
switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS ' MIN  TYP MAX | UNIT

tr Rise Time Vee = 5 V. Ic(on) = 1 mA, 15 us
tf Fall Time RL = 1kQ, See Figure 1 15 us

1Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being measured
approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 $2

INPUT p—O OUTPUT
~~
- >
S RL=1kQ

=
Vec=5V _[

TEST CIRCUIT

ADJUST AMPLITUDE
OF INPUT PULSE FOR
Ic(on) = 1 MA

0_] _l__ INPUT

bt
|
|

OouTPUT

10%

NOTE: The input pulse is supplied by a generator having the
following  characteristics:  Z5,¢ =508, t <100 ns,
t4 < 100 ns, t,, = 100 Ws, duty cycle =2%,

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES
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TYPES TIL160, TIL161
SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

D2693, APRIL 1983

HIGH-GAIN OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits
High Current Transistor Radio . .. 20% Min (TIL160)

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage !solation

Designed for Base Mounting— Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing

PC Board or Bracket Mounting

Contains Infrared Emitter and Silicon Darlington Phototransistor
® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution

mechanical data
Each assembly consists of an infrared-emitting diode and an n-p-n silicon Darlington phototransistor mounted in a plastic
housing. The assembly will withstand soldering temperature with no deformation and device performance characteristics
remain stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

SDAs ﬁ

OPTICAL
CENTER
LINE /}waxs © :lsm-—-ai
1-ANODE ——fpp———— 2-CATHODE
- W
318 lﬂ’ 125) — &
S o quy
APERTURE WIDTHS AT _— 4.-COLLECTOR 3-EMITTER
OPTICAL CENTERLINE: ———
EMITTER 1,02 + 0,08 ]
10.040 1 '0.003) | 635 10 ,5014
SENSOR 0,64 ' 0,08 i- ~——10,80 (0.425)~--—— MIN
(0,025 ' 0.003) SECTION AA 2,54 (0.100) —fo— o
1,91 {0.075) *" ’1 "*'1»'1.9! 10.075)
PIN 1 [
- 1. INDEX T e
‘ \ 254 {0.100)
—] o -0-|-—4
2,54 (0.100) " l 2 T
— A A i
12,70 (05001} T SR :i S S | 7.62 (0.300)
- ‘ L
0,508 (0.200) | ! !
g 00 -[—
2PLaces 1 4 13 254 (0.100)
0,584 (0.023) y
- 043z 0.017) SOUARE -t
LS,J& {0. 25“)01 4]9(0_155}#~—0\ 4 LEADS
NOTE a: Dimension tolerance is + 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL 81
absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)
Source Reverse VOItage . . ... ... ...t 3V
Source Continuous Forward Current (See Note 1) . ... ... ... .. .. ... ... ... .. .......... 40 mA
Source Peak Forward Current (See Note 2) . ................ ... .. ... i, 3A
Sensor Collector-Emitter Voltage . ... ... ... ... .. 30V
Sensor Emitter-Collector Voltage .. .. ........ ... 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . ........... 100 mW
Source-to-Sensor Voltage . .. ... ... ..t +4 kV
Operating Free-Air Temperature Range . .. ...................uuiniiin i .. -40° to 80°C
Storage Temperature Range ... ..............iuoi i —40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds ... ...................... 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for t,, =< 1 us, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 1.81 mW/°C.

TExAS INSTRUMENTS
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TYPES TIL160, TIL161

SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

electrical characteristics at 25 °C free-air temperature

TIL160 TIL161
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX
V(BR)CEOQ Collector-Emitter Breakdown Voltage|Ic = 100 uA, If = O 30 30 A
V(BR)ECO Emitter-Collector Breakdown Voltage |Ig = 100 pA, If = 0 7 7 v
IC(off) Off-State Collector Current Vce=5V, Ig=0 5 100 5 100 nA
IC(on) On-State Collector Current VCE =2V, Ig = 10mA 2 3.5 0.5 1 mA
VE Input-Diode Static Forward Voltage [If = 20 mA 1.2 1.6 1.2 1.6 \
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
ty Rise Time Vee = 5V, Icion) = 500 pA, RL = 1k, 1 ms
tf Fall Time See Figure 1 1 ms
1Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achi when the being

approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200
OuUTPUT
INPUT
A
A
5; RL=1kQ
Vee=5V
TEST CIRCUIT
ADJUST AMPLITUDE
OF INPUT PULSE FOR
IC{on) =500 A
INPUT
o] L
et be-teof
OUTPUT

NOTE: The input pulse is supplied by a generator having the

following

characteristics:

Zoyt =50 €,

tr < 10 s,

tf < 10 us, ty, = 10 ms, duty cycie = 50%.

VOLTAGE WAVEFORMS

FIGURE 1 — SWITCHING TIMES
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TYPES TIL167-1, TIL167-2
SOURCE AND DETECTOR ASSEMBLIES

D2694, APRIL 1983

OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits

High-Speed Switching . . . t; = 15 us, t = 15 us Typical

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage Isolation

Designed for Base Mounting—Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing
PC Board or Bracket Mounting

Contains Infrared Emitter and Phototransistor
® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution
mechanical data

Each assembly consists of arinfrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

OPTICAL
. CENTER
APERTURE WIDTHS AT LINE

OPTICAL CENTERLINE o X
EMITTER 102 0,08 - "1 8.8900.350) 5 v05) 1.-ANODE ——{pb—— 2-CATHODE
0040 0003 ¥

2PLACES

SEATING PLANE

8,89 (0.350)
2,54 (0.100) 4 PLACES
L—‘t A 182'038 19.05 1 0.13
0.300 * 0.015) 0.750 * 0.005)
ki f‘ S
5,08 (0.200) 0508 + 0076
2PLACES 0.020 + 0.003)
- | 4 SQUARE LEADS Lm0z
L’—. 41 ),
6.35 (0.250) «L—J 6,35 (0.250) 19 (0.165) 2HOLES

NOTE a: Tolerance is + 0,26 mm (0.010 inch) uniess otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

¥
SENSOR 0,64 ' 0.08 R — : _F
w0025 - 0003 § g 4-EMITTER 3-COLLECTOR
3.8 10.125) ly. 7610 :m»J
11,05 MIN
0.435)
SECTION AA 318 (0.125)
3,18 (0.125) - 2 PLACES
2PLACES ‘1 |
PIN1 - ”

SDAs ﬁ

cL
absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

Source Reverse Voltage . . ... ... ... 3v
Source Continuous Forward Current (See Note 1) . ... ....... ... ... . . ... ... iuiiiiuninnn. 40 mA
Source Peak Forward Current (See NOtE 2) .. . .. ... .ttt s 3A
Source Collector-Emitter Voltage . ........... . ... . . . .. . e 30V
Sensor Emitter-Collector Voltage . . ....... ... ... i e 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . ......... ... 50 mW
Source-to-Sensor Valtage . .. .. ... ... +4 kV

—40°C to 80°C
—-40°C to 100°C
240°C

Operating Free-Air Temperature Range
Storage Temperature Range
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for t,, < 1 s, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.
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TYPES TIL167-1, TIL167-2

SOURCE AND DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TiL167-1 Ti167-2 UNIT
MIN TYP MAX | MIN TYP MAX

V(BR)CEQ Collector-Emitter Breakdown Voltage | Ic = 100 A, If = O 30 30 \

V(BRIECO Emitter-Collector Breakdown Voltage | Ig = 100 A, If = O 7 7 Vv
IC(off) Off-State Collector Current Vce = 10V, I =0 5 100 5 100 nA
IC({on) On-State Collector Current VCe = 5V, I = 20mA| 0.2 0.5 0.6 1 mA
VE Input-Diode Static Forward Voltage IF = 20 mA 1.2 1.6 1.2 1.6 v

switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS ! MIN TYP MAX | UNIT

tr Rise Time Vee = 5V, Icion) = 1 mA, 15 us
tf Fall Time RL = 1k, See Figure 1 15 us

TStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being measured
approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 §2

INPUT
-
a
RL

svas m

-+
lVCC=5V -

TEST CIRCUIT

ADJUST AMPLITUDE
OF INPUT PULSE FOR
IClon) = 1 MA

OUTPUT

=1k

| INPUT

OUTPUT

NOTE: The input pulse is supplied by a generator having the
characteristics: Zout =508, t <100ns,
14 < 100 ns, t, = 100 us, duty cycle =2%,

following

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES
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TYPES 168-1, TIL168-2
. SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

D2695, APRIL 1983

HIGH-GAIN OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL Integrated Circuits
High Current Transfer Ratio . . .20% Min (TIL 168-2)

® For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage isolation

Designed for Base Mounting— Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing
PC Board or Bracket Mounting
Contains Infrared Emitter and Silicon Darlington Phototransistor

1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution

mechanical data
Each assembly consists of an infrared-emitting diode and an n-p-n silicon Darlington phototransistor mounted in a plastic
housing. The assembly will withstand soldering temperature with no deformation and device performance characteristics
remain stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

OPTICAL
CENTER
APERTURE WIDTHS AT LINE
OPTICAL CENTERLINE: le- 489 (0.350) 254 1-ANODE ————Jpb——— 2-CATHODE
EMITTER 1,02 + 0,08 g (0.100} N
0.040 : 0.003) ¥
SENSOR 0,64+ 0.08 L e
. ¥ ==
10.025 + 0.003) 4-EMITTER 3-COLLECTOR
3,18 0.125) le_760 IOO)J
je— 11,05 —» MIN
(0.435)
SECTION AA 318 (0.125)

3,18 0.125) 2 PLACES
2 PLACES
PIN1 T' — T

INDEX
8,89 (0.350)
4PLACES
254 (0.100) r 2
- f .
yy - ——a 7621038 19,05 £ 0,13
(0.300 + 0.015) .3 (0.750 + 0.005)
\ - a3 |
5,08 (0.200) \ 05080076 i l
2PLACES (0.020 + 0.003)
3 4 SQUARE LEADS 3180128

L—*’ 4,45 (0.170]
6.35 «o.zsonL—-l 6,35 (0.250) 4480270 ZHOLES

2 PLACES L~ SEATING PLANE

NOTE a: Dimension tolerance is + 0,26 mm (0.010 inch) unless otherwise noted.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. cL31
absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

Source Reverse VOItage . . . ... ... ... 3V
Source Continuous Forward Current (See Note 1) ... .. .. . e 40 mA
Source Peak Forward Current (See Note 2) ... .. ... . 3A
Sensor Collector-Emitter Voltage .. .. ... ... ... 30 Vv
Sensor Emitter-Collector Voltage .. ... ....... ... 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . ... ........ 100 mW
Source-to-Sensor Voltage ... ... .. ... ... +4 kV
Operating Free-Air Temperature Range .. ................. . ... . ... .. —-40° to 80°C
Storage Temperature Range ... .. ... . ... ... —40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds . ........................ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for t,, < 1 us, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 1.81 mW/°C.

SDAs ﬁ
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TYPES 168-1, TIL168-2

SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

electrical characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS t TiL168 1 TiL168°2 UNiT
MIN  TYP MAX | MIN TYP MAX
V(BR)CEOQ Collector-Emitter Breakdown Voltage| Ic = 100 pA, I = O 30 30 \
V(BR)ECO Emitter-Collector Breakdown Voltage| Ig = 100 yA, I = O 7 7 \2
IC(off) Off-State Collector Current Ve =10V, Ig =0 5 100 5 100 nA
IC{on) On-State Collector Current Vce =2V, IF=10mA| 0.5 1 2 3.5 mA
VE Input-Diode Static Forward Voltage |lg = 20 mA 1.2 1.6 1.2 1.6 \
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tr Rise Time Vee = 5V, Ic(on) = 500 uA, 1 ms
i Fall Time RL = 1 k@, See Figure 1 1 ms

1 Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being

measured approaches a value which cannot be altered by further irradiation shielding. 3

PARAMETER MEASUREMENT INFORMATION

200 2

INPUT

r—o OUTPUT
-
A Y
SRL=1ka
b
Vee=5V. =
3
= =
TEST CIRCUIT

ADJUST AMPLITUDE
OF INPUT PULSE FOR
IC(on) = 500 kA

o—[

fe-t,

NOTE: The input pulse is supplied by a generator having the

following t < 10 us,

INPUT

QUTPUT

characteristics:  Zgyq = 50 §2,

t¢ < 10 us, t,, = 10 ms, duty cycle = 50%.

VOLTAGE WAVEFORMS

FIGURE 1 — SWITCHING TIMES
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TYPES TIL169-1, TIL168-2
SOURCE AND DETECTOR ASSEMBLIES

D2696, APRIL 1983

OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

® Compatible With Standard TTL Integrated Circuits

High-Speed Switching . . . ty = 15 us, tf = 15 us Typical

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voitage isolation

@ Designed for Base Mounting—Standard 7,6 mm (0.300-Inch) Dual-In-Line Pin Spacing
® PC Board or Bracket Mounting
® Contains Infrared Emitter and Phototransistor
® 1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution
mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon phototransistor mounted in a plastic housing.
The assembly will withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

oeTicAL
CENTER
LINE ’}‘u‘ o m»——-‘
1-ANODE ———fp—— 2-CATHODE
T — w
3.18.10.126)
4| pg= s-emrren—F \—3_couecton
APERTURE WIDTHSAT ___— |
OPTICAL CENTERLINE: —_

EMITTER 1,02 + 0.08

0.040  0.003) 0% m,mul
SENSOR 064 + 0,08 10,80 (0.425) N

(0.025 + 0.003)

SECTION AA 2,54 (0,100) —je—|
1910, om-»..{ |..‘T»1,n ©0.075)
PIN 1
R INDEX ~ —_
‘ | 25410.100)
_— ] 0 - o-
2,54 (0.100) [l |
S A
12,70 (0.500) | S -} ————t 1 7,62 (0.300) 7]
0,508 (0.200) b—t- j_l, Q
ZPI.ICiS f 4] 3 254 0.100) m
0584 (0.023)
vasz[0017) SOVARE
LI,I (uimal 4190, 4 LeADs

NOTE a: Tolerance is + 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

cL8t
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse Voltage . . ... ... ... ... .. 3V
Source Continuous Forward Current {See'Note 1) ................. . .. . ... . ... .......... 40 mA
Source Peak Forward Current (See Note 2) ... ... ... . ... i 3A
Source Collector-Emitter Voltage . .. .. ....... ... ... .. 30V
Sensor Emitter-Collector Voltage . ... ............ ... ..ttt 7V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .. ........... 50 mwW
Source-t0-Sensor VOoltage . . ... ... ... +4 kV
Operating Free-Air Temperature Range . ................. . it —40°C to 80°C
Storage Temperature Range . ................ ... ... .. -40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds . ....... ... ... .. ........ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.
2. This value applies for ty, < 1 us, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 0.91 mW/°C.

TEXAS INSTRUMENTS



TYPES TIL169-1, TIL169-2
SOURCE AND DETECTOR ASSEMBLIES

svas 00

8-24

electrical characteristics at 25°C free-air temperature

. TIL169-1 TIL169-2
PARAMETER TEST CONDITIONS T AN TV WMAX | WMIN— VP WAX UNIT
V(BR)CEO Collector-Emitter Breakdown Voltage | Ic = 100 yA,Ig = O 30 30 Vv
V(BR)ECO Emitter-Collector Breakdown Voltage | Ig = 100 4A, Ig = O 7 7 \Z
IC(off) Off-State Collector Current Vce = 10V, Ig =0 5 100 5 100 nA
IC(on) On-State Collector Current VCe = 5V, Ig =20mAj 0.2 0.5 0.6 1 mA
VE Input-Diode Static Forward Voltage Ig = 20 mA 1.2 1.6 1.2 1.6 \
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS ' MIN  TYP MAX | UNIT
ty Rise Time Vee = 5V, Igion) = 1 mA, 15 us
tf Fall Time Ry = 1 kQ, See Figure 1 15 us

1Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being measured

approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 Q2
INPUT ouTPUT
Y
-
RL =1k
Vee=5V
TEST CIRCUIT
ADJUST AMPLITUDE
OF INPUT PULSE FOR
IC(on) = 1 MA
INPUT
0o 1
fetr e bo-tr o

ouTPUT

NOTE: The input pulse is supplied by a generator having the
following  characteristics:  Zg,¢ =502, t, <100 ns,
15 < 100 ns, t,, = 100 us, duty cycle ~2%,

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES
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TYPES TIL170-1, TIL170-2
SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

D2697, APRIL 1983

HIGH-GAIN OPTOELECTRONIC ENCODER ASSEMBLIES FOR
TRANSMISSIVE SENSING APPLICATIONS

Compatible With Standard TTL integrated Circuits
High Current Transfer Ratio . .. 20% Min (TIL170-2)

For Counting, Speed Control, Position Sensing, Beginning-of-Tape/End-of-Tape Sensing, and High-
Voltage Isolation

Designed for Base Mounting—Standard 7,6 mm (0.300-inch) Dual-In-Line Pin Spacing
PC Board or Bracket Mounting
Contains Infrared Emitter and Silicon Darlington Phototransistor

1.02-mm (0.040-inch) Sensor Window Provides High On/Off Resolution

mechanical data

Each assembly consists of an infrared-emitting diode and an n-p-n silicon Darlington phototransistor mounted in a plastic
housing. The assembly will withstand soldering temperature with no deformation and device performance characteristics
remain stable when operated in high-humidity conditions. Total assembly weight is approximately 1.5 grams.

T‘ | INDEX T E —
| \ 2,54 (0.100}
— o—o—|—
2,54 (0.100) e
| A l
12,70 (0.500)] I L fffff ‘} ————t = — — - — J 7,62 (? 300)
’ ° SWTlD ‘ i ! I
& 200)
2PLACES { P
| 0584 (0.023) 254 10.100)
[ 0,432 (0.017)
H 4
f-6.35 m,zsmvl 419 (o,uss)-i-——»l LEADS

OPTICAL
CENTER ——y
LINE fe——8.89 (0.350) 1-ANODE ———pb—— 2-CATHODE
N
3,18 (0.125) —
—E=_ | 4-EMITTER 3-COLLECTOR
St—

APERTURE WIDTHSAT ___— |

OPTICAL CENTERLINE ——
EMITTER 1,02+ 0/

08
(0.040 + 0.003) 6350 ZSOJ
SENSOR 0,64 + 0,08 10,80 (0.425) MIN

(0.025 + 0.003)
SECTION AA 2,54 (0.10€) -b———ol

1,91 (0.075) 1,91 (0.075)
PIN 1

SQUARE

NOTE a: Dimension tolerance is + 0,26 mm (0.010 inch) unless otherwise noted.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

cL-81
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse VOIage . ... ......... ... ... 3V
Source Continuous Forward Current (See Note 1) ... ... ... .. ... ... 0. 40 mA
Source Peak Forward Current (See Note 2) ... ... ... ... .ttt 3A
Sensor Collector-Emitter Voltage . ... ........... ..t 30 v
Sensor Emitter-Collector Voltage .. ... ........ ... i 7V
Sensor Continuous Dissipation at {or below) 25°C Free-Air Temperature (See Note 3) .. .......... 100 mW
Source-to-Sensor Voltage . .. ... .. ... +4 kV
Operating Free-Air Temperature Range . . ... ...... ..ttt —40° to 80°C
Storage Temperature RANGe . .. ... ...ttt —40°C to 100°C
Lead Temperature 1,6 mm (1/16 Inch) from Assembly for 5 Seconds . ........................ 240°C

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.

2. This value applies for ty, =< 1 us, PRR < 300 pps.
3. Derate linearly to 80°C free-air temperature at the rate of 1.81 mW/°C.
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TYPES TIL170-1, TIL170-2
SOURCE AND DARLINGTON DETECTOR ASSEMBLIES

electrical characteristics at 25 °C free-air temperature

TIL170-1 TIL170-2
R TEST CONDITIONS' NIT
PARAMETE EST COND MIN TYP  MAX MIN TYP  MAX v
V(BR)ICEO Collector-Emitter Breakdown Voltage| Ic = 100 A, I = 0 30 30 \
V(BRIECO Emitter-Collector Breakdown Voltage| Ig = 100 yA, Ig = 0 7 7 \'
IC(off) Off-State Collector Current VCE=5V, =0 5 100 5 100 nA
IC(on) On-State Collector Current Vcg =2V, Ig = 10mA| 0.5 1 2 3.5 mA
Vg Input-Diode Static Forward Voltage |l = 20 mA 1.2 1.6 1.2 1.6 \
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
1, Rise Time Vee = 5V, Igion) = 500 nA, R = 1k, 1 ms
tf Fall Time See Figure 1 1 ms
t Stray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the p being

approaches a value which cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 22

OUTPUT
INPUT

‘D
S RL=1kQ
<

13

Vee=5V.=

TEST CIRCUIT

svas [4

ADJUST AMPLITUDE
OF INPUT PULSE FOR
Ic(on) = 500 A

0 _] L INPUT

|"‘r‘1 k“f”

OUTPUT

NOTE: The input pulse is supplied by a generator having the
following characteristics: Zgy¢ = 50 §2, t; < 10 us,
tf < 10 us, t,, = 10 ms, duty cycle = 50%.

VOLTAGE WAVEFORMS

FIGURE 1 — SWITCHING TIMES
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TYPE TIL180
BAR-CODE READ HEAD

D2742, APRIL 1983

INFRARED SENSOR AND EMITTER FOR BAR-CODE READING APPLICATIONS

mechanical data

Capable of Reading Black and White Bar Codes, i.e., UPC, EAN, Code 39,
HP, and MSI

Designed PCB for Mounting

Contains a Gallium Arsenide Infrared LED and Phototransistor
Reads Offset Press, Dot Matrix, and Printed Codes

Codes Must Be Printed with Inks with a High Carbon Content

Each assembly contains a Gallium Arsenide Diode that emits light in the 940-nm region and a silicon phototransistor
detector. The case is made of high-impact polycarbonate plastic. The assembly weight is approximately 5 grams.

1
44,45 (1.750)
451 2,49 (0.098) ;'.
41,28 (1.626)————H 2PLACES
j¢———-—33,02 (1.300)— -~
/ :?1“
d -~ 3,18 (o 125)
Z
191 (0.075) A< -
2 (o)
i & % T
8,48 (0.334) T Y 4 2,48 (0.098) DIA
Y 34,29 (1.350)
31,65 (1.246)
11,00 (0.433) | 27,78 (1.094)
21,36 (0.841)
10,69 {0.421) 15,24 (0.600)-
0,559 (0.022) 4 SQUARE »
0,457 (0.018) LEADS <
1,98 (0.078) 10,16 (0.400) MIN a
F
T 72]
T 4 8,12(0.320)
¢
¥
2,41 (0.095)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cLes

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Source Reverse VOItage . . ... ..i...iviiniune e Gt e e e 2V
Source Continuous Forward CUITENt . . .. ... ...ttt it e e e 100 mA
Source Peak Forward Current (see Note 1) .. ... ... ... .. ... . i, 1A
Sensor Coilector-Emitter Voitage . ... ... ... ...t i e 25V
Sensor Emitter-Collector VOItage . .. . ... ...ttt e e 5V
Sensor Continuous Dissipation at (or below) 25°C Free-Air Temperature (see Note 2) ............. 90 mW
Operating Free-Air Temperature Range ... ..............o.itiuirnuninnnnnnennn. —40°C to 70°C
Storage Temperature RaNGe . . .. ... ...ttt ittt e —-40°C to 70°C
Lead Temperature 1,6 mm (1/16 inch) from Assembly for 5 Seconds . ........................ 240°C

NOTES: 1. This value applies for tw =1 s, PRR <300 pps.
2. Derate linearly to 70°C free-air temperature at the rate of 2 mW/°C.
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TYPE TIL180
BAR-CODE READ HEAD

electrical characteristics at 25 °C free-air temperature

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
V(BR)ICEO Collector-Emitter Breakdown Voltage Ic = 100 pA, g =0 25 \
V(BRIECO Emitter-Collector Breakdown Voltage I = 100 A, IF=0 5 \
IC(off) Off-State Collector Current Vceg = 10V, IF=0 200 nA
On-State Collector Current VCE = 5V, I = 40 mA,

Clon) (White Paper) S;:eENote 3 F 5 30 KA
VE Input Diode Static Forward Voltage Ig = 50 mA 1.2 1.45 \%
n Reading Efficiency (see Note 4) VCce =5V, If = 40 mA 65% 100%

NOTES: 3. The reflective surface is 9-point chromate paper coated on both sides with low-gloss varnish less than 0,00076 mm (0.0003 inch) thick.
4. This is ratio of (1) the peak-to-peak change in collector current when the red head is scanning a test bar-code pattern to (2) the difference in
IC(on) With the read head over white paperand over inked paper. The scanning rate is 767 mm/s (30 in/s), the bar code pattern is comprised
of 0,254-mm (0.010-in) bars and spaces, and the ink is Pantone 419C or other high-carbon black ink.

switching characteristics at 25 °C free-air temperature

PARAMETER TEST CONDITIONS T MIN TYP MAX |UNIT
tr Rise Time vVece = 10V, IClon) = 1 mA,  RL = 1kQ, 125 s
tf Fall Time See Figure 1 125 ns

TStray irradiation outside the range of device sensitivity may be present. A satisfactory condition has been achieved when the parameter being measured
approaches a value that cannot be altered by further irradiation shielding.

PARAMETER MEASUREMENT INFORMATION

200 2

INPUT PO OUTPUT

5
RL=1kQ
S

Vec=10V =

svas m

TEST CIRCUIT

ADJUST AMPLITUDE
OF INPUT PULSE FOR
Ic(on) =1mA

o _l L INPUT

f"‘r’i k"f”

| 90% 20% |
OUTPUT
| !
_j/1 0% "’%\k

NOTE: The input pulse is supplied by a generator having the
following  characteristics: 2oy = 50 £,  t, < 100 ns,
tf <100 ns, t, = 10 us, duty cycle = 2%.

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING TIMES

8-28 TEXAS INSTRUMENTS




Light-Emitting Diodes

(LEDs/Solid-State Lamps)

® Quick Reference Guide

® Various Plastic Packages
T-1
T-1%

® Various Colors Available

Red, High-Efficiency Red, Yellow,
and Green

® Panel-Mounting Hardware

91



QUICK REFERENCE GUIDE
LIGHT-EMITTING DIODES

LIGHT-EMITTING DIODES
QUICK REFERENCE GUIDE

BRIGHTNESS PACKAGET
DEVICE COLOR LENS MIN (mcd) @Ig (mA) (LAMP SIZE) FEATURES
TIL209A Red Diffused 05 20
TiLz12-1 Yelow Diffused 08 20 cL9
TIL212-2 Yellow Diffused 2.1 20 (T1)
TiL216-1 Red Diffused 2.1 20
TIL216-2 Red Diffused 6 20
TiL220 Red Diffused 0.8 20 cL10
TIL221 Red Clear 1 20 (T-1%)
TiL224-1 Yellow Diffused 2.1 20
TIL224-2 Yellow Diffused 6 20 cL-10 High intensity
TiL2281 Red Diffused 71 20 (T-1%)
TiL228-2 Red Diffused 6 20
TiLz321 Green Diffused 05 20 cLo
TIL232-2 Green Diffused 1.3 20 (1)
TIL234-1 Green Diffused 0.8 20 CL-10 High intensity
TIL234-2 Green Diffused 2.1 20 (T-1%)
5082.4550 | Vellow Diffused 1 10
5082-4555 | Yellow Diffused 2.2 10 Direct replacements
5082.4650 Red Diffused 1 10 cL-10
X for Hewlett-Packard
5082-4655 Red Diffused 3 10 (T-1%)
5082.4950 | Green Diffused 1 20 parts
5082-4955 | Green Diffused 2.2 20

tThe following accessories are available: panel mounting bushings TILM1 for CL-9 (T1) and TILM4 for CL-10 (T-1%).

sq31 &
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TYPES 5082-4550, 5082-4555,
5082-4650, 5082-4655, 5082-4950, 5082-4955
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES

D2502, SEPTEMBER 1978—-REVISED DECEMBER 1982

YELLOW, RED, OR GREEN LIGHT SOURCES

o 90-Degree Viewing Angle DEVICE SOURCE LENS
® Rugged Construction JYPE MATERIAL
) 5082-4550 Yellow Diffused yellow
e Solid-State Reliability 5082-4555 | Bright yellow plastic
e Compatible with TTL Circuitry 50824650 Red Diffused red
5082-4655 Bright red plastic
® Versatile Mounting in PCB, Panel, or Socket 5082-4950 Green Diffused-green
N . N 5082-495! Bright gree plastic
e Repiacements for Popuiar Hewiett-Packard 082-4985 | Bright green plast

Devices

mechanical data

These devices are similar in size to lamp style T-1% and may be panel mounted using mounting clip TILM4.

HODE
IDENTIFICATION

8,89 (0.350)
11(0.950) MIN ——{
8,38 (0.330) 24.1(0.950) 2,67 (0.105)
127 0050 1,27 (0.050) MIN-=|  |e— 2.47(0.095)
Note Y .
CATHODE (See Note b)
5080200 54 b .
4,82(0.190) ANODE 4
(See Note a) mY $
h
2 SQUARE LEADS &wj i
e 775 (0.305) 0,457 (0.018)
7.4 (0.295) J
6.10(0.240) o I
559 (0.220) J |

NOTES: a. This diameter is measured 0,13 (0.005) above the shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

LEDs ﬁ

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CcL10
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Reverse Voltage at 25°C Free-Air Temperature PR .. . . . . ... .5V
Continuous Forward Current at (or below) 25°C Free- Anr Temperature (See Note 1) .. . . . . . .. B50mA
Operating Free-Air Temperature Range . . . . . . . . . . . .. ... . . .. .. .. —40°Cto80°C
Storage Temperature Range . . .. . . .. ... ......-40°Cto100°C
Lead Temperature 1,6 mm (1/16 lnch) from Case for 3 Seconds e e ... ... ... .260°C

NOTE 1: Derate linearly to 10 mA at 80°C free-air temperature at the rate of 0.73 mAa/c.

TEXAS INSTRUMENTS 9.3
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TYPE TIL209A

GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODE

D1637, JUNE 1973—REVISED FEBRUARY 1983

DESIGNED TO EMIT VISIBLE RED
LIGHT WHEN FORWARD BIASED

e Recommended for Application in Visual Indicators,
Alpha-Numeric Displays, and Built-In Diagnostics

e High Brightness with Solid-State Reliability
e Compatible with Most TTL and DTL Circuits
e ldeal as Fault or Trouble Indicator

e Filled-Epoxy Lens Provides Diffused Source

e Ideal for Socket, Printed Circuit Board, and
1.6-mm (1/16-Inch) Panel Mounting Techniques

mechanical data

This device has a red molded filled-epoxy body. It is similar in size to lamp style T-1 and may be panel-mounted using

mounting clip TILM1,

p@— 14,5 (0.570) MIN.
. 5,34 (0.210)
4,82 (0.190) > | 27 (0.050)
(Su Note c)
— CATHODE

L ANODE 1,40 (0.055)
4,07 (0.160) _’I 1,14 (0.045)
3,81 (0.150) (See Note b} 4,07 (0.160)
3,175 (0.125) 2FE o van DIA
2,997 (0.118) 3,55 (0.140)
(See Note a)
NOTES: a. This diameter is measured 0,127 mm (0.005 inches) from the shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cLe

1,27 (0.050) MIN

0,610 (0.024)

SQUARE CATHODE
0,457 (0. 0,457 (0.018) IDENTIFICATION
2 LEADS

absolute maximum ratings

Reverse Voltage at 25°C Free-Air Temperature .

Continuous Forward Current at (or below) 25°C Free- A|r Temperature (See Note 1)

Operating Free-Air Temperature Range
Storage Temperature Range

. .3V

. . 40mA
—40°C to 80°C

. —40°C to 100°C

LEDs ﬁ

Lead Temperature 1,6 mm (1/16 Inch) from Case for 3 Seconds 260°C
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT

Iy Luminous Intensity (See Note 2) Ig = 20mA 0.5 mcd

Ap Wavelength at Peak Emission Ig =20mA 630 650 670 nm

VE Static Forward Voltage Ig =20mA 1.6 21V

IR Static Reverse Current VR=3V 100 | ®A
NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.

2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission

on lllumination) eye-response curve.

TEXAS INSTRUMENTS
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TYPE TIL209A

GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODE

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

T T
IF = 20 mA
09 |Ta=25°C

l
R
|

0.6

0.5

0.4

Relative Photon Intensity

0.3

~———
L

0.2

600 620 640 660 680

A —Wavelength—nm

FIGURE 1

RELATIVE LUMINOUS INTENSITY
vs
FORWARD CURRENT

700

ETa=25C

~

20 mA

4= See Note 2

2

1

0.7 7~

0.4
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0.1 /

0.07 y 4

0.04 4

0.02

Luminous Intensity Relative to Value at I

U
0.01
0.1 0.2 04 071 2 4 710 20 40

|g—Forward Current—mA

FIGURE 3

NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on

tHilumination) eye-response curve.

100

25°C

Luminous Intensity Relative to Value at T

|f — Forward Current — mA

RELATIVE LUMINOUS INTENSITY

vs

FREE-AIR TEMPERATURE

Ig = Constant

[ See Note 2
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FIGURE 2

FORWARD CONDUCTION CHARACTERISTICS

T T
- Ta =25°C

T —
t—t ] |

.1
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Vg —Forward Voltage—V

FIGURE 4
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TYPES TIL212, TIL216, TIL232
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES

D2500, OCTOBER 1978 -REVISED FEBRUARY 1983

YYELLOW, RED, OR GREEN HIGH-INTENSITY LIGHT SOURCES

DESCRIPTION

Yellow source
Diffused yellow plastic body

Red source
Diffused red plastic body

e Good Viewing Angles DEVICE

e Rugged Construction TIL212

e Solid-State Reliability TIL216

e Compatible with TTL Circuitry

e Versatile Mounting in PCB, Panel, or Ti2s2
Socket

mechanical data

Green source

Diffused green plastic body

These devices are similar in size to lamp style T-1 and may be panel-mounted using mounting clip TILM1 (formerely

TIL209MC).
1,27 (0.050) MIN
F—" ,5 (0.570) MIN.
5,34 (0.210) 0.610 (0.024) o s g CATHODE
[ — 382 (0.190) _: ' ,27 {0.050) 0,457 (0.018) IDENTIFICATION
(Sl' Note ¢} 2 LEADS
CATHODE

4%
ANODE

4,07 (0.160)
3,55 (0.140)

b. Lead spacing is measured where the leads emerge from the package.
c¢. Within this zone the package contour is not controlled.

1.40 (0.055)
4.07 (0. 150)_.{" 1,14(0.045)
3,81 (0.150) (See Note b)
3,175 (0.125)
2,997 (0.118) oA
(See Note a)
NOTES: a. This diameter is measured 0,127 mm (0.005 inches) from the shoulder.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 256°C free-air temperature (unless otherwise noted)

Reverse Voltage . . . ~

Continuous Forward Current (See Note 1)

Peak Forward Current (See Note 2)

Operating Free-Air Temperature Range

Storage Temperature Range

Lead Temperature 1,6 mm (1/16 lnch) From Case for 3 Seconds

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mA/°C,
2. This value applies for t,, = 1 us, PRR = 300 Hz.

. .5V
50 mA

T Y
. -—40Ct080C
. —40°C to 100°C
. 260°C

TEXAS INSTRUMENTS
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Ig—Forward Current—mA
o

TYPES TYPES TIL212, TIL216, TIL232

GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
0.8
2.1
2.1
Iy Luminous Intensity (See Note 3) IF =20 mA S med
0.5
1.3
580
Ap Wavelength at Peak Emission g =20mA 620 nm
560
64|  Half-Intensity Beam Angle g =20 mA 60°
Vg Static Forward Voltage g =20 mA 3.2 \"
IR Static Reverse Current VR=5V 100 HA

NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on
fllumination) eye-response curve.

TYPICAL CHARACTERISTICS

FORWARD CURRENT
Vs

FORWARD VOLTAGE

30

I
TA=2]5°C TIL216

25

20

o L]

il

Il

Relative Luminous Intensity

/ /

o

0.5 1 1.5

Vg—Forward Voltage—V

FIGURE 1

[N}
N
]

RELATIVE LUMINOUS INTENSITY

Vs

ANGULAR DISPLACEMENT

/

OPTICAL AXIS

FIGURE 2

0—Angular Displacement
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TYPES TIL220, TIL220S, TIL221
GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODES

D1638, JULY 1973—-REVISED FEBRUARY 1983

DESIGNED TO EMIT VISIBLE RED
LIGHT WHEN FORWARD BIASED

e Recommended for Panel Mounted Visual Indicators

e High Brightness with Solid-State Reliability
e Compatible with Most TTL Circuits

e Leads of TIL220 and TIL221 are Designed to be Wire-Wrapped
e Leads of TIL220S are Designed for PCB Insertion

e Filled-Epoxy Lens of TIL220 and T1L220S Provides Diffused Source

e Clear-Epoxy Lens of TIL221 Provides Pin-Point Source

mechanical data
TIL220 and TI1L220S both have red molded filled-epoxy bodies. TIL221 has a colorless clear molded epoxy body. The

devices are similar in size to lamp style T1% and may be panel mounted using mounting clip TILM4.

CATHODE
889 0350 —a IDENTIFICATION
a 38 (0330) , 27 10.050) s 2,67 (0.105)
(See Note c) 24710.095)
*mv ~ CATHODE_ See ot b}
534 (o 210) — ¥
487 (0.190) O'A ANODE 4
(See Nm -) [—
2 SQUARE LEADS M]—
r 75 (0.305) 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
LEAD LENGTH (A) AND OFFSET (B) 559 (0.220)
[ DEVICE T A I B ] NOTES: a. This diameter is measured 0,13
| 7220, Ti221 | 19(0750) MIN | 1,27 (0.050) MIN (0.005) above the shoulder.
{ TiL2208 | 3310.130)MIN | 0.25 (0.010) MIN b. Lead spacina is measured where

the leads emerge from the package. Y
c. Within this zone the package
contour is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
absolute maximum ratings
Reverse Voltage at 25°C Free-Air Temperature . . 3v ¥
Continuous Forward Current at (or below) 256°C Free-Air Temperature (See Note 1) 50 mA Q
Power Dissipation . . See Note 2
Operating Free-Air Temperature Range . —40°C to 80°C

Storage Temperature Range .
Lead Temperature 1,6 mm (1/16 Inch) from Case for 3 Seconds .

. —40°C 10 100°C

NOTES:

260°C
operating characteristics at 25°C free-air temperature
TIL220, TIL220S TiL221
PARAMETER TEST CONDITIONS 2 0 - 2 UNIT
MIN TYP MAX |MIN TYP MAX
fy  Luminous Intensity (See Note 3) IF=20mA 0.8 1 med
Ap Wavelength at Peak Emission IF=20mA 650 650 nm
VE Static Forward Voltage Ig = 20 mA 16 2 16 2l v
IR Static Reverse Current VR =3V 100 100 | wA
1. Derate linearly to 80°C free-air temperature at the rate of 0.91 mA/°C.
2. The package is capable of dissipating whatever power (Vg X Ig) is developed at any level of forward current at or below the rated
amount. Typical junction-to-free-air thermal resistance, Rg ja, is 230°C/W.
3

on lllumination) eye-response curve,

. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission

TEXAS INSTRUMENTS



TYPES TIL220, TIL220S, TIL221
GALLIUM ARSENIDE PHOSPHIDE LIGHT-EMITTING DIODES

saa E

9-10

TYPICAL CHARACTERISTICS

RELATIVE LUMINOUS INTENSITY
vs

RELATIVE SPECTRAL CHARACTERISTICS FREE-AIR TEMPERATURE
1.0 — a
Ig =20 mA i [3) Ig = Constant
09 |-Ta=25C [ \ Dg See Note 3
W
3 os <2
5 [ \ = \
S o7 N ~—~—
: [ ] 1 :
Z 06 > ~
a e 07 ~
T o5 s - B—
o K]
@ @
& 04 [ \ T 04
g B
£ 03 é
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o g 0.2
2
0.1 £
5
0 ] 0.
600 620 640 660 680 700 —40 -20 0 20 40 60 80
A—Wavelength— nm Ta—Free-Air Temperature—°C
FIGURE 1 FIGURE 2
RELATIVE LUMINOUS INTENSITY
Vs
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS
10 r 40 T
<« T1ETA=25C bTa=25°C
g 4 [~ See Note3 20
o~
"
u 2 < 10
s d E 7 1
g 1 | |
s 0.7 7 - 4 |
> ) - $ |
> g
s 04 5
= 02 5
2 H
4 c 1 +
z 01 / £ o7 f
2 0.07 7 ! 1
g v 4 L 04 1
< 004 A Il
3
Y
2 002 02 f
£ U |
- 0.01 0.1
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VEg—Forward Voltage—V
FIGURE 4

|g—Forward Current—mA

FIGURE 3

NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission
on lllumination) eye-response curve.
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TYPES TIL224, TIL228, TIL234
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES

D2487, JANUARY 1983

YELLOW, RED, OR GREEN HIGH-INTENSITY LIGHT SOURCES
® Good Viewing Angles

DEVICE DESCRIPTION

® Rugged Construction TiL22a Yellow source

. T Diffused yellow plastic bod
e Solid-State Reliability 'fused yellow® 4
Red source
. . L TIL228 ) v

® Compatible with TTL Circuitry Diffused red plastic body
TIL234 Green source

® Versatile Mounting in PCB, Diffused green plastic body

Panel, or Socket

mechanical data

These devices are similar in size to lamp style T1% and may be panel mounted using mounting clip TILM4 (formerly
TILM2).

CATHODE
IDENTIFICATION
8,89 (0.350) 19.0 (0.750) MIN——»{
8,38 (0.330) 2,67 (0.105)

1,25 (0.50) | 1,27 (0.050) MIN-=  |o— 240008}

See Note c;
CATHODE (See Note b)
LX1 —

5,08 (0.200) DIA
4,82 (0.190) ANODE KR
3

(See Note a)

. ™ 2squARE LEDs 2559 (0.022) (o.ozz)j
7.75 (0.305) 0,457 (0.018)
7.49 (0.295)

6,10 (0.240)

5,59 (0.220) DIA

NOTES: a. This diameter is measured 0,127 mm (0.005 inches) from the shoulder.
b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlled.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES o
CL-1

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

LEDs ﬁ

ReVerse Voltage ... ...ttt i it e e e e e e e e e 5V
Continuous Forward Current (See Note 1) . ... ... . .. .. . it s 50 mA
Peak Forward Current (See NOte 2) . . . ... . ittt i ettt e e e 1A
Operating Free-Air Temperature Range . .. .. .. ... ... ..ttt —40°C to 80°C
Storage Temperature Range . .. . . ... .. it e e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) From Case for3Seconds . ... ... ... ... vuiivnennnenn. 260°C

TEXAS INSTRUMENTS 911
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TYPES TIL224, TIL228, TiL234
GALLIUM PHOSPHIDE LIGHT-EMITTING DIODES

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

TiL224-1 21
TiIL224-2 6

1y Luminous Intensity (See Note 3) Ig=20mA T1L2281 21 med
TIL228-2 6
TIL234-1 0.8
TIL234-2 2.1
TiL224 580

Ap Wavelength at Peak Emission IF=20mA | TIL228 620 nm
TIL234 560

6H| Half-Intensity Beam Angle Ig =20 mA 60°

VE Static Forward Voltage Ig=20mA 3.2 v

IR Static Reverse Current VR=6V 100 uA

NOTE 3: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on
Illumination) eye-response curve,

TYPICAL CHARACTERISTICS

FORWARD CURRENT RELATIVE LUMINOUS INTENSITY
vs Vs
FORWARD VOLTAGE ANGULAR DISPLACEMENT
30 I | !
Ta=25°C TiL228 0.9
25 0.8 [
TIL224 ] z
< 2 07 '
=20 2 & \
- c X .
g TIL234 ] - 06 / < \
5 s 2
3 15 3 0.5 / g
k) < [ \
2 0.4 i/ I
2 10 // g / S N
K & 03 T
1 é / \\
C 0.2
5 A N
) 01
0 0
0 0.5 1 1.5 2 25 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100°
Vg—Forward Voltage—V #—Angular Displacement
FIGURE 1 FIGURE 2
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TYPE TILM1
LED PANEL MOUNTING BUSHING

D2506, JULY 1983

FOR LIGHT-EMITTING DIODES SIMILAR IN SIZE TO LAMP STYLE T1

installation instructions

The bushing can be mounted in any panel having a thickness up to 2 mm (5/64 inch). To mount the bushing, drill a
hole of diameter 5,2 mm (13/64 or 0.205 inch) and remove the extruded burr. Insert the bushing through the front of
the panel. While holding the bushing in place, insert the LED from the rear of the panel until the LED snaps into place.

mechanical data

j@——————5,0 (0.197) ——————=

O

v

6,5 (0.256) 5,7 (0,225)

| |
B =

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
AND ARE NOMINAL

TYPICAL INSTALLATION

2.0 (0.079)
MAX PANEL

TEXAS INSTRUMENTS 913
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TYPE TILM4
LED PANEL MOUNTING BUSHING WITH LOCK COLLAR

D2689, JULY 1983

FOR LIGHT-EMITTING DIODES SIMILAR
IN SIZE TO LAMP STYLE T1 3/4

installation instructions

This mounting bushing can be mounted in any panel having a thickness up to 3.2 mm (0.125 inch). To mount the
bushing, drill a hole of diameter 6,35 mm (0.250 inch) and remove the extruded burr. Insert the bushing through the
front of the panel. While holding the bushing in place, insert the LED from the rear of the panel until the LED snaps
into place. The orientation of the flat side of the LED, which denotes the cathode lead, must be noted prior to
insertion. After the LED is seated with its mounting flange snapped in the slot, push the lock collar over the rear side
of the bushing until seated flush with the panel.

mechanical data

BUSHING LOCK COLLAR

0,64 6,7 (0.265)——— T
(0.025) 1

-Sw

w
S

bg

72
(0.285)
DIA

- p
3,81 (0.150) MAX
3,55 (0.140) MIN

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

TYPICAL INSTALLATION

LOCK COLLAR
BUSHING // / -

ANARANN

(o

LED

3,2 (0.125)

MAX PANEL

9-14
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LED Displays

® Quick Reference Guide
® Hexadecimal Display with TTL Logic
® Seven-Segment Display with TTL Logic

See Section 11 for High-Reliability LED Displays.

D DISPLAYS E

LE



QUICK REFERENCE GUIDE
LED DISPLAYS

SINGLE-DIGIT DISPLAYS
QUICK REFERENCE GUIDE

TYPE OF CHARACTER COLOR
DEVICE CHARACTER(S) HEIGHT OF PACKAGE REMARKS
mm (INCHES) DISPLAY
TIL302
TIL302A 7 segment | 6.9 (0.270) Rea | 1Atead dua {4 50 et decimal. TIL303right decimal
TIL303 in-line plastic
TIL303A
TiL304 Polarity and 14-lead dual- ) .
TIL304A overflow unit 6.9 (0.270) Red in-line plastic Right decimal
TIL305 3X7 1 76 0.300 Reg | \Aleaddual | decimal
alphanumeric in-line plastic
TIL306
TIL306A
TIL307
TIL307A 16-lead dual- TIL306 and TIL308 —left decimal
7-segment 6.9 (0.270) Red o . . .
TiL308 in-line plastic TIL307 and TIL309 —right decimal
TIL308A
TIL309
TIL309A .
TIL311 Hexadecimal 6.9 (0.270) Red .1 4-.Iead dua.l— Logic inchjldes Ratt?h. decoder, and driver
TIL311A in-line plastic Left and right decimals

e
SAV1dSId a3l H
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TYPES TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A

NUMERIC DISPLAYS

D1021, APRIL 1971 — REVISED JUNE 1982

® 6,9-mm (0.270-Inch) Character Height )

e High Luminous Intensity
e Low Power Requirements

mechanical data

These assemblies consist of display chips mounted on a header with either a red molded plastic body for the TI1L302,

RED SOLID-STATE DISPLAYS

Sign, Overflow,

Left or Right Decimal Capability

e Wide Viewing Angle
e Compatible with Most TTL and DTL Circuits
e Each Unit Visually Checked for Uniformity of Elements

TIL303, and TIL304 or a red plastic cap for the TIL302A, TIL303A, and TIL304A. Multiple displays may be mounted

on 11,43-mm (0.450-inch) centers.

NOTES:

a. All linear dimensions are in millimeters and parenthetically in inches,
b. Lead dimensions are not controlled above the seating plane,
c.
d

TIL302
TIL302A TIL304
TIL303 TIL304A
TIL303A SEATING PLANE
10,67 (0420 10,7 (0.420) o
0,25 (0.010) NOM 988 (0.3%0) 028 10.010) NOM 9,66 (0.390) * -85 fo08)
25 04 ; ‘ALL P
45i0Es 45iDES (Soe Note b) 191 (0.075) MAX
- bo— [ _"soTH ROWs.
T
O 104
2,16 (0.006)
mAX
3zl 1931 (0760) | 2f) aPLACES
4410174) 4 18.29 (0.720) 0,508 (0.020)
_!_- e o e 2,06 (0.081) T 10.076)
{ ! 1 [} B ] 0760000 ALL PINS
320420 1 1 K 1 3310131 N Note b)
f . (g o o~ i
[ ey ! [ 3300131 i
320012n ! FRmL I SN [ A 3
. 39(0.182) 0 8|
390152 3 2,06 (0.081) e 8 45 (0.180)
R be-0.71 10.028 ')
ECIAL A K DecimaL '1 BECAL .
POINT [ - POINT 0,48 0. [Lini -0 01—y
TL02 r—q—-,w 10.059) T3 2,13 (0.084)
048 (0.019) — 048001 -t
48 (0.019) Qe 2,5410.100) TP,
| 12pLAcES
I._ 7624026 (Seu Note d)
—
G OF PIN ROW  OF PIN ROW G OF PIN ROW § OF PIN ROW 10.300 1 0.010)
§ OF PIN ROW G OF PIN ROW

. Centerlines of character segments and decimal points are shown as dashed lines. Associated dimensions are nominal,
. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is located within
0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 11.
e. On TIL302A, TIL303A, and TIL304A devices, the 3 mold indentations afe not present.

TIL302, TIL302A

oecimat (8)-
«®

PINS 4, 5, AND 12 OMITTED

TIL303, TIL303A

i
H @ DECIMAL
'
E @—}—M——J > 9)C
0.E& D ~ 8) 0
DECIMAL 0 A S A ©®

PINS 5, 11, AND 12 OMITTED

TIL304, TIL304A

PINS 2, 3,4, 5,6, 12, AND 13 OMITTED

LED DISPLAYS ﬂ

TEXAS INSTRUMENTS
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TYPES TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A
NUMERIC DISPLAYS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Reverse Voltage at 26°C Free-Air Temperature:

Each Segment O < A"

Decimal Point R s e s e e e e e e e 3v
Peak Forward Current, Each Segment or DeC|ma| Pomt (See Note 1) e e e e e e . .. . ... . 200mA
Continuous Forward Current:

Each Segment or Decimal Point . . . < ¢ X VAN

Total for TIL302, TIL302A, TIL303, TlL303A .2 B VAN

Total for TIL304, TIL304A. . . . . . . . . . . « « v v v v v v v v o v v v v v o .. 150mA
Operating Free-Air Temperature Range . . . . . . . . . « « « « « « « v . v .. . ... 0°Cto70°C
Storage Temperature Range . . . . . . . . . 4 e e e e e e e e e —25°C to 85°C

NOTE 1: This value applies for PRR > 60 Hz, duty cycle < 10%.

operating characteristics of each segment at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Iy Luminous Intensity (See Note 2) 100 275 pcd
Ap Wavelength at Peak Emission 660 nm
- Ig =20 mA
AMN  Spectral Bandwidth 20 nm
Vg Static Forward Voltage 3 3.4 3.8 \"
. . I =20mA,
ayF Average Temperature Coefficient of Static Forward Voltage Ta=0°C t076°C =27 mv/°C
IR Static Reverse Current VR=6V 100 | pA
C  Anode-to-Cathode Capacitance VR =0, f=1MHz 85 pF

operating characteristics of decimal point at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Iy Luminous Intensity (See Note 2 40 110 ued
Ap Wavelength at P}eak Emission - 20mA 660 nm
AN Spectral Bandwidth 20 nm
Vg Static Forward Voltage 1.6 1.65 21 Vv

- R IFp =20 mA,

ay F Average Temperature Coefficient of Static Forward Voltage Ta=0°Ct0 70°C -1.4 mv/°C
IR Static Reverse Current VR=3V 100} uwA
C Anode-to-Cathode Capacitance VR=0, f=1MHz 120 pF

NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on
Ilumination) eye-response curve.

SAvidsia a3 [=)
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TYPES TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A
NUMERIC DISPLAYS

Relative Luminous Intensity

20 mA

Luminous Intensity Relative to Value at I

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.0

08

09 75 = 25°C l

—
IE = 20 mA

0.7

0.6 — —

05
0.4

0.3

0.2

0.1

N

600 620 640 660

0.8

0.6

0.4

0.2

680 700

A—Wavelength—nm

FIGURE 1

RELATIVE LUMINOUS INTENSITY

vs§

FORWARD CURRENT

Ta=25°C /
//

4

/ A
0 5 10 15 20 25 30

|F—Forward Current—mA

FIGURE 3

=26°C

Luminous Intensity Relative to Value at Ta

Ig—Forward Current—mA

N

e
J -

o
kS

hed
)

o
-

RELATIVE LUMINOUS INTENSITY

vs

FREE-AIR TEMPERATURE

| IF = Constant
\J T —
T —
0 10 20 30 40 50 60 70

Ta—Free-Air Temperature—"C

FIGURE 2

FORWARD CONDUCTION CHARACTERISTICS

40

20

LED DISPLAYS H
. -

VE—Forward Voltage—V

FIGURE 4

| TA =25°C I
DECIMAL
POINT EACH
SEGMENT

1
1
I

1
1’

0 1 2 3 4 5
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TYPES TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A
NUMERIC DISPLAYS

TYPICAL APPLICATION DATA

TIL302 TIL303
Ky TIL302A 4 TIL303A
l - 4
. 1 .
Fe o o T . I o O O e Y O I I
R w23 a2g mag Rl I— M mr3red megmed w2 A2 R —
—d e i —— R *ﬁ s
L —TTT L JTTTTTV1
Voo \O_C_ 8 A Laweono Veeo c A usmeon
wco vt o
NOTE: R1 and R2 are for desired brigl
FUNCTION TABLE
SN7447A
DECIMAL
oR INPUTS si/RBO SEGMENTS NOTE
FUNCTION LT R8BI D [+ B A a b c d e f g
0 H H L L L L H ON ON ON ON ON ON OFF| 1
1 H X L L L H H OFF ON ON OFF OFF OFF OFF | 1
2 H X L L H L H ON ON OFF ON ON OFF ON 1
3 H X L L H H H ON ON ON ON OFF OFF ON 1
4 H X L H L L H OFF ON ON OFF OFF ON ON 1
5 H X L H L H H ON OFF ON ON OFF ON ON 1
6 H X L H H L H OFF OFF ON ON ON ON ON 1
7 H X L H H H H ON ON ON OFF OFF OFF OFF | 1
8 H X H L L L H ON ON ON ON ON ON ON 1
9 H X H L L H H ON ON ON OFF OFF ON ON 1
10 H X | H L H L H OFF OFF OFF ON ON OFF ON 1
1 H X | H L H H H OFF OFF ON ON OFF OFF ON 1
12 H X H H L L H OFF ON OFF OFF OFF ON ON 1
13 H X H H L H H ON OFF OFF ON OFF ON ON 1
14 H X H H H L H OFF OFF OFF ON ON ON ON 1
15 H X H H H H H OFF OFF OFF OFF OFF OFF OFF | 1
B8l X X X X X X L OFF OFF OFF OFF OFF OFF OFF | 2
RBI H L L L L L L OFF OFF OFF OFF OFF OFF OFF | 3
LT L X X X X X H ON ON ON ON ON ON ON 4

H= higl; level (logic 1 in positive logic), L = low level (logic 0 in positive logic), X = irrelevant.

1

NOTES: 1.

BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO) .
The blanking input (BI) must be open or held at a high logic level when output functions O through

ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired.

input.

15 are desired. The

. When a low logic level is applied directly to the blanking input (BI), all segment outputs are off regardless of any other

. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at a low logic level with the lamp test input high, all segment

outputs are off and the ripple-blanking output (RBO) of the decoder goes to a low level (response condition).

segments are illuminated.

. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all

— |1 (-

Y I

o |:: I_—_‘} I— !

I— |—

S| L

4

7

5 6 8 9 10 1 12 13 14

NUMERICAL DESIGNATIONS—-RESULTANT DISPLAYS

10-6
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TYPES TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A

NUMERIC DISPLAYS

TYPICAL APPLICATION DATA
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TYPE TIL305

5 X 7 ALPHANUMERIC DISPLAY

D1033, MAY- 1971—-REVISED MARCH 1983

mechanical data

SOLID-STATE DISPLAY WITH RED

TRANSPARENT PLASTIC ENCAPSULATION

High Luminous Intensity
Low Power Requirements
Wide Viewing Angle

5 X 7 Array with X-Y Select and Decimal
Compatible with USASCII and EBCDIC Codes

7,62-mm (0.300-inch) Character Height

This assembly consists of a display chip mounted on a printed circuit board with a red molded plastic body. Multiple
displays may be mounted on 11,43-mm (0.450-inch) centers.

10,67 (0.420)
9,69 (0.380)

1,91 (0.075) MAX
BOTH ROWS

E

,16 (0.085) MAX

BOTTOM VIEW 4PLACES
O |/ 7
30 10
19,30 (0.760) | @13 20
13 —l—-—B—B—B—B—B 18,29 (0.720)
¢ —a-8886 ©12 30
1,27 (0.050) ooooo
NOM 88888 | en 40
{See Nots b} ooooo 43
DECIMAL oooo (0.170) 10 50
POINT Y ocooo NOM
‘T ©9 60
[
es 7
m I 2,54 (0.100) T.P.
— 12 PLACES
051 (0.020) NOM—] 3,18 (0.125) l__ 762202 _| (See Note a)
1,27 (0.050) NOM 279(0.110) (0.300 £ 0.010)
. [ 3
SEATING PLANE
|
l 4,6 (0.180) MIN
i
0,508 (0.020)
— "“n,ws (0.016)
DIA ALL PINS
NOTES: a. The true-position spacing is 2,54 mm (0.100 inch) between lead centerlines.

Each pin centerline is located within 0,26 mm (0.010 inch) of its true
fongitudinal position.
b. Vertical and horizontal spacing between centerlines of rows and columns
nominally 1,27 mm (0.050 inch).

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

COLUMN DF.
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TYPE TIL305
5 X 7 ALPHANUMERIC DISPLAY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Reverse Voltage at 25°C Free-Air Temperature . . . . . . . « . « « o o o 0 e e 3V
Peak Forward Current, Each Diode P ¢ (0 VY
Average Forward Current (see Note 1):
Each Diode O [0 K1Y
Total . . . . . L e e e e e e e e e e e e e e 200 mA
Operating Free-Air Temperature Range . . . . . . . . . . . . . . . . .. ... .... 0t70C
Storage Temperature Range . . . . . . . . . . 4 . e e e e —25°C to 85°C

operating characteristics of each diode at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Iy Luminous Intensity (see Note 2) 40 110 ued
Ap Wavelength at Peak Emission _ 660 nm
Ig = 10mA
AN Spectral Bandwidth 20 nm
Vg Static Forward Voltage 1.5 165 2 \Y
L X IF=10mA, _ P
ayF Average Temperature Coefficient of Static Forward Voltage TA = 0°C to 70°C 1.4 mV/C
IR  Static Reverse Current VR=3V 10 HA
Cc Anode-to-Cathode Capacitance VR =0, f=1MHz 80 pF

NOTES: 1. This average value applies for any 1-ms period.
2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission
on lllumination) eye-response curve.

TYPICAL CHARACTERISTICS

RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY

vs vs FORWARD CONDUCTION
FREE-AIR TEMPERATURE FORWARD CURRENT CHARACTERISTICS
o 20 - 40 =
& i~ Comsont oy ATEC Ta=25°C
< ]
t o2 £ 16 05’ < ®
M &< 5 il
] | SE 14 /& L
3 E g
s ! i5 e 5 £ ;
2 07 £Z 10 27
is d :
T 04 £y 08 e E 4
2 3% o6 oY w
g ) 2° =
£ 02 g o4 / 2
g < 02 /
] 0 1
© 0 10 20 3 4 5 60 70 0 10 20 30 40 50 0 0.2 0406 08 1.0 1.2 1.4 1.6 18 20
T a~Free-Air Temperature—"C IFM-—Peak Forward Current mA VE—Forward Voltage—V
FIGURE 1 FIGURE 2 FIGURE 3
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TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC

D1034, REVISED JUNE 1982

SOLID-STATE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP FOR
USE IN ALL SYSTEMS WHERE THE DATA TO BE DISPLAYED IS
THE PULSE COUNT

e 6,9-mm (0.270-Inch) Character Height e

e High Luminous Intensity .

e TiL306 and TIL306A .
Have Left Decimal

e TIL307 and TIL307A °

Have Right Decimal

mechanical data

Easy System Interface
Wide Viewing Angle

Iinternal TTL MSI Chip and Counter, Latch, Decoder,
and Driver

Constant-Current Drive for Light-Emitting Diodes

These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic
body for the T1L306 and TI1L307 or a red plastic cap for the TIL306A and TIL307A. Multiple displays may be mounted

on 11,43-mm (0.450-inch) centers.

379 (0.149)
133

13

piattie o[-0 78 0530
45(0.180) MIN PIN ASSIGNMENTS
MIN
. PIN 1 LATCH OUTPUT Qg
0,305 (0.012) i
5203 0.0081 - (BINARY WEIGHT 2)
7621026 PIN2 LATCH OUTPUT Q¢
QOFPINT 45 (0.175) (0300 + 0.010) (BINARY WEIGHT 4)
4.4(0.174) MAX 1,91 (0.075)
AU - o -l Lo PIN3 LATCHOUTPUT Qp
0 bt} BOTH ROWS (BINARY WEIGHT 8)
+ N PIN4 LATCHOUTPUT Qq
o (BINARY WEIGHT 1)
254 (0,100 . H ) PIN5 LATCH STROBE
gormm fr + | H i INPUT
:1 " 550050 § |ozelom PIN6 RIPPLE-BLANKING
i e 1 0,406 (0.016) INPUT
\ ! j 10° I ﬁ ALLPINS PIN7  MAXIMUM-COUNT
L
| ) g OUTPUT
++ i PIN8 GROUND
0,66 (0.026) 0,66 (0.026) 26,67 (1.050) ; PIN9 PARALLEL COUNT
.66 (1.010) 3 4 ENABLE INPUT
sl i 8 (01500 ! PIN 10 SERIAL COUNT
12 5
i ENABLE INPUT
| g PIN 11 RIPPLE-BLANKING
DECIMAL ﬂ n A OuUTPUT
DECIMAL ':IJ'NT 8 s PIN 12 CLEAR INPUT
POINT L307
poT 19 i PIN 13 DECIMAL POINT
INPUT
9 8 1254 (0.100) T.P.
Locic clap 14 PLACES PIN 14 BLANKING INPUT
\ / (See Nota d) PIN 15 CLOCK INPUT
PIN 16 SUPPLY VOLTAGE,
10,67 (0.420) - vV,
9,65 (0.380) cc

NOTES:

a
b. Lead dimensions are not controlled above the seating plane,

c. Centerlines of character segments and decimal points are shown as dashed lines, Associated dimensions are nominal,

d. The true-position pin spacing is 2,54 mm (0,100 inch) between centerlines. Each centerline is located with 0,26 mm (0.010 inch)

of its true longitudinal position relative to pins 1 and 1

e. On TIL306A and TIL307A devices, the 4 mold indentations are not present.

. All linear dimensions are in millimeters and parenthetically in inches.

6.

TIL306
L TIL306A

TiL307
_A—I TIL307A

G
—
arm—
D

F
B
EI IC
D.P,
.

D.:I—IC
- D
TExAs IN
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TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC
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TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC

description

These internally-driven seven-segment light-emitting-diode (LED) displays contain a BCD counter, a four-bit latch, and
a decoder/LED driver in a single 16-pin package. A description of the functions of the inputs and outputs of these

devices follows:

FUNCTION
CLEAR INPUT

CLOCK INPUT

PARALLEL COUNT
ENABLE INPUT
(PCEI)

SERIAL COUNT
ENABLE INPUT
(SCEI)

MAXIMUM COUNT
OUTPUT

LATCH STROBE
INPUT

LATCH OUTPUTS
(Qa. OB, Qc, Qp)

DECIMAL POINT
INPUT

BLANKING INPUT
(81)

RIPPLE-BLANKING
INPUT
(RBI)

RIPPLE-BLANKING
OUTPUT
(RBO)

PIN NO.
12

15

4,1,2,3

1

DESCRIPTION
When low, resets and holds counter at 0. Must be high for normal
counting.

Each positive-going transition will increment the counter provided that the
circuit is in the normal counting mode (serial and parallel count enable
inputs low, clear input high).

Must be low for normal counting mode. When high, counter will be
inhibited. Logic level must not be changed when the clock is low.

Must be low for normal counting mode, also must be low to enable
maximum count output to go low. When high, counter will be inhibited
and maximum count output will be driven high. Logic level must not be
changed when the clock is low.

Will go low when the counter is at 9 and serial count enable input is low.
Will return high when the counter changes to 0 and will remain high during
counts 1 through 8. Will remain high (inhibited) as long as serial count
enable input is high.

When low, data in latches follow the data in the counter. When high, the
data in the latches are held constant, and the counter may be operated
independently.

The BCD data that drives the decoder can be stored in the 4-bit latch and
is available at these outputs for driving other logic and/or processors. The
binary weights of the outputs are: Qp =1,Qg =2,Q¢=4,Qp = 8.

Must be high to display decimal point. The decimal point is not displayed
when this input is low or when the display is blanked.

When high, will blank (turn off) the entire display and force RBO low.
Must be low for normal display. May be pulsed to implement intensity
control of the display.

When the data in the latches is BCD 0, a low input will blank the entire
display and force the RBO low. This input has no effect if the data in the
latches is other than 0.

Supplies ripple-blanking information for the ripple-blanking input of the
next decade. Provides a low if Bl is high, or if RBI is low and the data in
the latches is BCD O; otherwise, this output is high. This pin has a resistive
pull-up circuit suitable for performing a wire-AND function with any
open-collector output. Whenever this pin is low the entire display will be
blanked; therefore, this pin may be used as an active-low blanking input.

The TTL MSI circuits contain the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input.
The serial-carry input, actually two internal loads, is rated as one standard series 54/74 load.

TEXAS INSTRUMENTS
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TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC

description (continued)

The logic outputs, except RBO, are active pull-up, and the latch outputs Qa, Qg, Qc, and Qp are each capable of
driving three standard Series 54/74 loads at a low logic level or six loads at a high logic level while the maximum-count
output is capable of driving five Series 54/74 loads at a low logic level or ten loads at a high logic level. The RBO node
with passive pull-up serves as a ripple-blanking output with the capability to drive three Series 54/74 loads.

The LED driver outputs are designed specifically to maintain a relatively constant on-level current of approximately
seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to minimize
transmission-line effects, thereby simplifying system design. Maximum clock frequency is typically 18 megahertz and
power dissipation is typically 600 milliwatts with all segments on.

The display format is as follows:
B | L g By L L

=1 = .
L/ T Y DO I A R I Y

The displays may be interconnected to produce an n-digit display with the following features:
® Ripple-blanking input and output for blanking leading or trailing zeroes
® Floating-decimal-point logic capability
® Qverriding blanking for suppressing entire display or pulse-modulation of LED brightness

® Dual count-enable inputs for paraliel look-ahead and serial ripple logic to build high-speed fully synchronous,
multidigit counter systems with no external logic, minimizing total propagation delay from the clock to the
last latch output

® Provision for ripple-count cascading between packages
® Positive-edge-triggered synchronous BCD counter

® Parallel BCD data outputs available to drive logic processors or remote slaved displays simultaneously with
data being displayed

® Latch strobe input allows counter to operate while a previous data point is displayed

® Reset-to-zero capability with clear input.

absolute maximum ratings over operating case temperature range (unless otherwise noted)

Supply Voltage, V¢ (See Note 1): Continuous T R A"

Nonrepetitive Peak, tyy <100ms . . . . . . . . . . . . . . ... e e TV
Input Voltage (See Note 1) . . O - X A
Operating Case Temperature Range (See Note 2) e e e e e e e e e e e e e 0°C to 85°C
Storage Temperature Range . . e e e e e e e e e e e —-25°C to 85°C

NOTES: 1. Voltage values are with respect to network ground termlnal

2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may
be required to maintain this temperature.

recommended operating conditions

MIN NOM MAX | UNIT

Supply Voltage, Vcc 4.75 5 5.25 v
Low Logic Level QA'_OB' Qc. %p. RBO 3
Maximum Count 5
Normalized Fan-Out from Each Output, N RBO 3
{to Series 54/74 Integrated Circuits) High Logic Level | QA, Qg, Oc, Op r
Maximum Count 10

Clock Pulse Duration, ty(clock High Logic Level % ns

' ock) Low Logic Level 55
Clear Pulse Duration, ty(clear) 25 ns
Latch Strobe Pulse Duration, ty(jatch strobe) 45 ns

Serial Carry and Parallel Carry 30
Clear Inactive State 60

Setup Time, tgy ns

TEXAS INSTRUMENTS



TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC

operating characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN TYPI MAX|UNIT
. Luminous Intensity Figure [ Ven=BY . 700 1200 ucd
v (See Note 3) Decimal Point cc 40 70 ued
Ap Waveléngth at Peak Emission Vee=5V, See Note 4 660 nm
AX Spectral Bandwidth Vec=5V, See Note 4 20 nm
Vi  High-Level Input Voltage 2 \'
ViL  Low-Level Input Voltage 08| V
Vik  Input Clamp Voltage Veec=4.75V, Ij=—-12mA -15| V
RBO Vee=4.75V, gy =—120 uA
VoH High-Level Output Voltage Qa.Qg.Qc, Op Vee =475V, gy = —240 1A 2.4 \%
Maximum Count Vcc=4.75V, IgH = —400 uA
VoL Low-Level Output Voltage Qa.Qg.Qc,Qp, RBO | Ve =475V, IgL=4.8mA 04l v
(See Note 5) Maximum Count Vcc=475V, Ig. =8mA
Iy Input Current at Maximum Input Voltage Vec=5.25V, V=55V 1| mA
Serial Carry 40| A
HH High-Level Input Current RBO Node Vee=5.25V, V=24V —~0.12 -0.5 mA
Other Inputs 20| uA
Serial Carry —1.6
he Low-Level Input Current RBO Node Vec=56.25V, V=04V —-1.5 —2.4| mA
Other Inputs —0.8
Qp, Qg. Qc. O -9 —27.5
los  Short-Circuit Output Current M:xim?;m ((::oun? Vece=5.25V —i5 = mA
Icc  Supply Current Vcc=5.25V, SeeNote 4 120 200| mA

fan typical valuesareat Voo =5 V.
NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (international Commission
on lllumination) eye-response curve.
4. These parameters are measured with all LED segments and the decimal point on.
5._ This parameter is measured with the display blanked.

switching characteristics, Vcc =5 V, T¢c = 26°C

PARAMETER § FROM To TEST CONDITIONS MIN TYP MAX |UNIT
(INPUT) (OUTPUT)
fmax 12 18 MHz
PLH . . 12
Serial Look-Ahead Maximum Count ns
PHL CL=15pF, R =560 Q, 23
t See Fi 1 26
PLH Clock Maximum Count e Figure ns

tPHL 29 (/)]

1 28
‘PLH Clock Qp, Qg, Qc, Qp CL=15pF, RL=1.2kQ, % ns >-
PHL See Figure 1 s
tPHL Clear Q. Qg.Qc.Qp 57 ns a
§'max = Maximum clock frequency 9
tpLH = Propagation delay time, low-to-high-level output Q

tpH L = Propagation delay time, high-to-low-level output
OUTPUT Vee Ll
-
RL
NOTES: A. C includes probe and jig capacitance.
FROM OUTPUT L
B. Al di 1 .
UNDER TEST diodes are 1N3064
/_L\ CL=15pF

LOAD CIRCUIT-FIGURE 1

TEXAs INSTRUMENTS 10415



TYPES TIL306, TIL306A, TIL307, TIL307A
NUMERIC DISPLAYS WITH LOGIC

TYPICAL CHARACTERISTICS

RELATIVE LUMINOUS INTENSITY

RELATIVE SPECTRAL CHARACTERISTICS vs
&) CASE TEMPERATURE
1.0 T % 4
Vee=5V & v T 5(/
09 |- = ] —Vce =
Tc=25C I \ o
> 08 ] \ = 2
£ 07 E ]
g I ; 1 ——
g 0.6 °
o o
£ 0. 2 0.7
e z
@
: 4 [ I € 04
2 o
H 0.3 / \ £
v ]
x 02 £ 02
o / \
) / \ £
0 B £ o1
600 620 640 660 680 700 - 0 10 20 30 40 50 60 70
A—Wavelength—nm Tc—Case Temperature—"C
FIGURE 2 FIGURE 3
-
m
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O
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TYPES TIL308, TIL308A, TIL309, TIL309A
NUMERIC DISPLAYS WITH LOGIC

D1096, MARCH 1072 — REVISED JUNE 1982

SOLID-STATE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP
FOR USE IN ALL SYSTEMS REQUIRING A DISPLAY OF BCD DATA

e 6,9-mm (0.270-Inch) e Easy System Interface
Character Height

e TIL308 and TIL308A * Wide Viewing Angle

Have Left Decimal e Internal TTL MSI Chip with Latch, Decoder, and Driver

e TIL309 and TIL309A
Have Right Decimal
mechanical data

e Constant-Current Drive for Light-Emitting Diodes

These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic
body for the TIL308 and TIL309 or a red plastic cap for the TIL308A and TIL309A. Multiple displays may be

mounted on 11,43-mm (0.450-inch) centers.

3,

@i
S5

9 (0.149)

-

SEATING PL.
0,76 (0.030)
(See Note b) [} = || -
45 (0.180) MiN
MIN
0306 (0.012) ——— gl
0,203 (0.008)
7622028
45 (0.175) 10.300 2 0.010)
G OFPIN1 — 44 (0.174) max N 1,91 (0.075)
| 4PLACES MAX
38 (0.150)
> BOTH ROWS
+
L \d
254 (0.100) ‘
corem bt + i
(1 !
I y 65(0.254) [} 0508 (0.020)
1] [ ‘IIs 0. 016)
1 10° ALL PINS
i} L
- - “
0,66 (0.026) 0,66 (0.026) 26,67 (1.050) A !
2,65 (1.010)
38(0. + + (0.150) ]
12 5
n 6
DECIMAL n n_
DECIMAL POINT
TIL309 10 7
TIL308 TIL309A _ﬂ g_
TIL308A 9 8 |254(0.100) T.p.
14 PLACES
LOGIC CHIP -\ /‘
(See Note d)
067 0420 __
9,66 (0.380)
NOTES: a. All linear dir i are in milli s and paren i y in inches,

. Lead dimensions are not controlled above the seating plane.

0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 16,
. On TIL308A and TIL308A devices, the 4 mold indentations are not present.

PIN ASSIGNMENTS
FOR BOTH TYPES

PIN 1
PIN 2
PIN3
PIN 4

PIN 5
PIN 6

PIN 7

PIN8
PIN9

PIN 10

PIN 11
PIN 12
PIN 13
PIN 14
PIN 15

PIN 16

a
b

c. Centerlines of character seqments and decimal points are shown as dashed !ines. Associated dimensions are nominal.
d. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is located within

LATCH OUTPUT Qg
(BINARY WEIGHT 2)
LATCH OUTPUT Q¢
(BINARY WEIGHT 4)
LATCH OUTPUT Qp
(BINARY WEIGHT 8)
LATCH OUTPUT Qp
(BINARY WEIGHT 1)
LATCH STROBE INPUT
LATCH DATA INPUT C
(BINARY WEIGHT 4)
LATCH DATA INPUT D
(BINARY WEIGHT 8)
GROUND

NO INTERNAL
CONNECTION

LATCH DATA INPUT B
(BINARY WEIGHT 2)
BLANKING INPUT
LATCH DATA INPUT DP
LED TEST

LATCH OUTPUT DP
LATCH DATA INPUT A
(BINARY WEIGHT 1)
SUPPLY VOLTAGE,

Vee

TIL308
A TIL308A

TIL309
TIL309A

TEXAS INSTRUMENTS
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TYPES TIL308, TIL308A, TIL309, TIL309A
NUMERIC DISPLAYS WITH LOGIC

functional block diagram
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TYPES TiL308, TIL308A, TIL309, TIL309A
NUMERIC DISPLAYS WITH LOGIC

description

These internally-driven seven-segment light-emitting-diode (LED) displays contain a five-bit latch and a decoder/LED
driver in a single 16-pin package. A description of the functions of the inputs and outputs of these devices follows:

FUNCTION

LATCH STROBE INPUT

LATCH DATA INPUTS

A,B,C,D,DP

LATCH OUTPUTS
Qa. QB, Qc, Qp. Qpp

BLANKING INPUT

LED TEST INPUT

PIN NO.

5

15,10,6,7,12

4,1,2,3,14

DESCRIPTION
When low, the data in the latches follow the data on the latch inputs.
When high, the data in the latches are held constant and are unaffected by
new data on the iatch inputs.
Data on these inputs are entered into the latches under the control of the
latch strobe input. The binary weights of the inputs are: A=1, B=2,
C =4, D =8. DP is decimai point iatch data input.
The BCD data that drives the decoder is stored in the five latches and is
available at these outputs. The binary weights of the outputs are: Qp = 1,
Qg =2, Q¢ =4, Qp =8. Qpp is decimal point latch output.
When low, will blank (turn off) the entire display. Must be high for normal
operation of the display.

When low, will turn on the entire display, overriding the data in the latches
and the blanking input. Must be high for normal operation of the display.

FUNCTION TABLE

FUNCTION LATCH INPUTS BLANKING | LED LATCH OUTPUTS DISPLAY
D C B A DP STROBE| INPUT |TEST|Qp Qc Qg Qa Qpp| TIL308 TIL309

0 L L L L L L H H L L L L L o L‘j

/ /
1 L L L H H L H H L L L H H o I

- r

2 L L H L L L H H L L H L L [ [

v |
3 L L H H H L H H L L H H H L iy

[} .

4 L H L L L L H H L H L L L - 1

[ -

5 L H L H H L H H L H L H H = -}

6 L H H L L L H H L H H L L & &

7 7
7 L H H H H L H H L H H H H L I

8 H L L L L L H H H L L L L = H
9 H L L H H L H H H L L H H A C ’_:/'

A H L H L L L H H H L H L L H H
MINUSSIGN| H L H H H L H H H L H H H - -
I~ r

c H H L L L L H H H H L L L L

BLANK H H L H H L H H H H L H H .

- —

E H H H L L L H H H H H L L [y =

[y [y

F H H H H H L H H H H H H H ~ I~

BLANK X X X X X X L H X X X X X

) ]

LEDTEST | X X X X X X X L X X X X X i [y

H = high level, L = low level, X = irrelevant.
DP input has arbitrarily been shown activated (high) on every other line of the table,

TEXAS INSTRUMENTS 1
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TYPES TIL308, TIL308A, TIL309, TIL309A

NUMERIC DISPLAYS WITH LOGIC

description (continued)

The TTL MSI circuits contain the equivalent of 78 gates on a single chip. Logic inputs and outputs are completely
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input.

Some of the additional features of these displays are as follows:

e Latched BCD and decimal point logic outputs provided to drive logic processors simultaneously with the

displayed data

Displays numbers O thru 9 as well as A, C, E, F, or minus sign

Minimum number of inputs required . . . 4-line BCD plus decimal point

Can be blanked by entry of BCD 13 or by use of the blanking input
Decimal point controlled independently with decimal-point latch

Constant-current-source TTL-LED interface for optimum performance.

LED test input to simultaneously turn on all display segments and decimal point

Overriding blanking for suppressing entire display or for pulse-modulation of LED brightness

Can be operated in a real-time mode or latched-update-only mode by use of the latch strobe input

The latch outputs except Qpp are active pull-up, and each one, except Qpp, is capable of driving three standard
Series 54/74 loads. The LED driver outputs are designed specifically to maintain a relatively constant on-level current
of approximately seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to
minimize transmission-line effects, thereby simplifying system design. Power dissipation is typically 575 milliwatts with

all segments on.

absolute maximum ratings over operating case temperature range (unless otherwise noted)

Supply Voltage, Vg (See Note 1): Continuous

Nonrepetitive Peak, ty, < 100 ms

Input Voltage (See Note 1) . . .

Operating Case Temperature Range (See Note 2)

Storage Temperature Range

NOTES: 1. Voltage values are with respect to network ground terminal.

55V
7V
55V

0°C to 85°C
—25°C to 85°C

2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may

be required to maintain this temperature.

recommended operating conditions

MIN NOM MAX |UNIT
Latch Strobe Pulse Duration, ty 4.75 5 5.25 \

Q 1

) Low Logic Level DP
Normalized Fan-out from each output, N Qa,Qg.Qc.Qp 3
(to Series 54/74 Integrated Circuits) . . Qpp 3
High Logic Level

Qa.Qg.Qc.Qp 6
Latch Strobe Pulse Duration, ty, 45 ns
Setup Time, tg, 60 ns
Hold Time, ty; 0 ns

SAV1dSIa aal
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TYPES TIL308, TIL308A, TIL309, TIL309A

NUMERIC DISPLAYS WITH LOGIC

operating characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN TYPY MAX [UNIT
] ] Figure -/ 700 1200

ly Luminous Intensity (See Note 3) Decmal ot Vee=5V 20 70 ued
Ap Wavelength at Peak Emission Vee=5V, See Note 4 660 nm
AN Spectral Bandwidth Vee =5V, See Note 4 20 nm
Viy High-Level Input Voltage 2 \%
ViL Low-Level Input Voltage 08| Vv
Vik Input Clamp Voitage Vec =475V, 1| =-12mA -15| Vv
VoH High-Level Output Voltage Corp Vee =475V, lor=—-120uA 2.4

QA.QB.Qc.Qp | Vecc=4.75V, IgH =—240 uA
VoL Low-Level Output Voltage (See Note 5) |<OP Vee =475V, loL =16 mA 04| v

QA,Qg,Qc.Qp | Ve =475V, IgL=48mA
n Input Current at Maximum Input Voltage Vec =525V, V=55V 1| mA
lyq  High-Level input Current Vec=56.26V, V=24V 20| pA
ljL  Low-Level Input Current Veg =526V, V=04V —0.8| mA
los  Short-Circuit Output Current Q. Q8. c.Op Vee =525V -9 =275 mA

Qpp -1 -3.2
Icc  Supply Current Vcc=5.25V, Allinputsat OV 115 180 | mA

TAll typical values are at Voo =5 V.

Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission

NOTES: 3.
on lllumination) eye-response curve.
4. These parameters are measured with all LED segments and the decimal point on.
5.

This parameter is measured with the display blanked.

switching characteristics, Vcc =5V, T¢c = 25°C

PARAMETER | FROM (INPUT) TO (OUTPUT) " TEST CONDITIONS MIN _TYP MAX| UNIT
1 CL-15pF, RL-12kS,
FLH A,B,C,D,DP Qa. g, O, Qp, app | -7 '8P L=1 35 i
tPHL See Figure 1 40 ns

tp_H = Propagation delay time, low-to-high-level output
tpL = Propagation delay time, high-to-low-level output

PARAMETER MEASUREMENT INFORMATION

OUTPUT Vee
R
FROM OUTPUT
UNDER TEST
T CL =185pF
NOTES: A. Ci includes

capacitance.

LED DISPLAYS E

probe and jig

. All diodes are 1N3064.
. Measurements made with

latch strobe input grounded.

LOAD CIRCUIT-FIGURE 1

TEXAS INSTRUMENTS
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TYPES TIL308, TIL308A, TIL309, TIL309A
NUMERIC DISPLAYS WITH LOGIC

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.0 —
Vee=5V
09 -Tc=25°C I \
z AR
£ 07
£ [ 1]
- 06
3
g 05
2 04
| \
s 0.3 / \
]
c 0.2
0.1
0 / b
600 620 640 660 680 700
A—Wavelength—nm
FIGURE 2
RELATIVE LUMINOUS INTENSITY
vs
o CASE TEMPERATURE
[Te] 4
~N T T
n —V =
O cc=5V
[
% 2
@
2
2T
> 1
r 2 07
m ko
o &
o > 04
(7] §
0 £ 02
; 3
o
£

0 10 20 30 40 50 60 70
Tc—Case Temperature—"C

FIGURE 3
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TYPE TIL3N, TIL3NA
HEXADECIMAL DISPLAY WITH LOGIC

D1176, MARCH 1972 — REVISED JUNE 1982

SOLID-STATE HEXADECIMAL DISPLAY WITH
INTEGRAL TTL CIRCUIT TO ACCEPT,
STORE, AND DISPLAY 4-BIT BINARY DATA

e 7,62-mm (0.300-Inch) e Wide Viewing Angle
Character Height e Internal TTL MSI Chip with Latch, Decoder, and Driver
® High Brightness e Operates from 5-Volt Supply

® Left-and-Right-Hand Decimals o Constant-Current Drive for Hexadecimal Characters
e Separate LED and Logic Power Easy System Interface
Supplies May Be Used
mechanical data

These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic
body for the TIL311 or a red plastic cap for the TIL311A. Multiple displays may be mounted on 11,43-mm
(0.450-inch) centers.

10,67 (0.420)

9,65 (0.380)
COFPN [ 65 (0.380) > 1,91 (0.075) MAX 621026
11 (0.300 + 0.010)
0,25 (0.010) NOM 38101501 b > |e—1910075) MAX
4SIDES 7.6 (0.300) MIN
1.78 (0.070) — L § ALLeins
G OFPIN Y ; 1 1 ::
o 2.16 (0.085) () ¥
Max B 2]
g ]
19,31 (0.760)
g 18.29 (0.720) 0,508 (0.020)
6.9 (0.270) od B 2 3 E 0,406 (0.016)
ALL PINS
[s]
o 038 g.o\s; + 4 E
-] &
4, 3 +
.3(0.170) } E 1 ;|
2,54 (0.100) TP
4.1(0.160) .1 (0.160) 12 PLACES
(See Note d)
+ +
LoGIC_4
CHIP
—~ Tt 8-

26 (o.nlw MAX
PIN 1 LED SUPPLY VOLTAGE
Y PIN 2 LATCH DATA INPUT B

.:::_;3 PIN 3 LATCH DATA INPUT A
SEATING 3 PIN4 LEFT DECIMAL POINT CATHODE
PLANE PIN5 LATCH STROBE INPUT
PIN6 OMITTED
45(0.180) MIN PIN 7 COMMON GROUND

PIN 8 BLANKING INPUT
PIN9 OMITTED

e 22050002 o pins PIN 10 RIGHT DECIMAL POINT CATHODE
(Soe Note b) PIN 11 OMITTED

PIN 12 LATCH DATA INPUT D

PIN 13 LATCH DATA INPUT C

PIN 14 LOGIC SUPPLY VOLTAGE, Vco
NOTES: a. All linear dimensions are in millimeters and parenthetically in inches,
. Lead dimensions are not controlled above the seating plane.
. Centerlines of character seqments and decimal points are shown as dashed lines, Associated

o T

dimensions are nominal.
d. The true-position pin spacing is 2,54 mm (0,100 inch) between centerlines, Each centerline is
located within 0,26 mm (0.0 10 inch) of its true longitudinal position relative to pins 1 and 14.
. On TIL311A devices, the 3 mold indentations are not present.

o
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TYPE TIL31, TIL3NA
HEXADECIMAL DISPLAY WITH LOGIC

description

This hexadecimal display contains a four-bit latch, decoder, driver, and 4 X 7 light-emitting-diode (LED) character with
two externally-driven decimal pcints in a 14-pin package. A description of the functions of the inputs of this device

follows.
FUNCTION PIN NO. DESCRIPTION
LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch data inputs.
When high, the data in the latches will not change. If the display is blanked
and then restored while the enable input is high, the previous character
will again be displayed.
BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other

inputs. When low, a character is displayed as determined by the data in the
latches. The blanking input may be pulsed for intensity modulation.

LATCH DATA INPUTS 3,2,13,12 Data on these inputs are entered into the latches when the enable input is

(A, B, C,D) low. The binary weights of these inputsare A=1,B=2,C=4,D=8.
DECIMAL POINT 4,10 These LEDs are not connected to the logic chip. If a decimal point is used,
CATHODES an external resistor or other current-limiting mechanism must be connect-

ed in series with it.

LED SUPPLY 1 This connection permits the user to save on regulated VcG current by
using a separate LED supply, or it may be externally connected to the

logic supply (Vcec).
LOGIC SUPPLY (Vcc) 14 Separate V¢ connection for the logic chip.

COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for the
decimal points.

The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five
milliamperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the
LED supply voltage within the recommended operating conditions. Drive current varies slightly with changes in logic
supply voltage resulting in a change in luminous intensity as shown in Figure 2. This change will not be noticeable to
the eye. The decimal point anodes are connected to the LED supply; the cathodes are connected to external pins. Since
there is no current limiting built into the decimal point circuits, this must be provided externally if the decimal points
are used.

E The resultant displays for the values of the binary data in the latches are as shown below.
=
2]
<
; ae - LL L] LE 1] sass

= = - u =
<ls 2| & ea"| aat :

- -
w: | I I S

-s. - L LN} L] - ass LY -

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
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TYPE TIL3N, TIL3NA
HEXADECIMAL DISPLAY WITH LOGIC

functional block diagram

LED
SUPPLY
‘—ﬂ_} !
LoGIc 4 b 4
SUPPLY
| | L 4 ]
A — — — 4
- * y
Lreh J 8 - — e ] constant
DECO F{  currenT
NeUTS | o —]  raTew H “SRven
-
o—1 ] - ) 4 y
LATCH BLANKING
STROBE INPUT ) 4 4
INPUT
; f I } 4
LEFT RIGHT
DECIMAL DECIMAL
POINT POINT
CATHODE CATHODE

absolute maximum ratings over operating case temperature range (unless otherwise noted)

Logic Supply Voltage, Vg (See Note 1) e e e e 7V
LED Supply Voltage (See Note 1) . . . . . . . . . . . . . . . . ... ... 7V
Input Voltage (Pins 2, 3,5,8,12,13;SeeNote 1) . . . . . . . . . .. . . . .. ... ... .6865V
Decimal Point Current e~ N1 (VAN
Operating Case Temperature Range (See Note 2) . . . . . . . . . . . . . . . . . . .. 0°C to 85°C

Storage Temperature Range . . . . . . . . . . . . . .. oL —25°C t0 85°C

NOTES: 1. Voltage values are with respect to common ground terminal.
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may
be required to maintain this temperature.

recommended operating conditions
MIN NOM MAX UNIT

LED DISPLAYS H
L J

Logic Supply Voltage, VO « -« v v ottt e e e 45 5 556 VvV
LED Supply VOItage, VILED « + « « « v ottt ettt et et e e et et e 4 5 56 V
Decimal Point Current, IF(DP) « .« . oot oot e i i e 5 mA
Latch Strobe Pulse DUration, tyy . . . . vttt it e 40 ns
SetUP TiME, toy « v v v v vttt e et e e 50 ns
HOId Time, th o« oottt e e et e e e e e e e e e 40 ns
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TYPE TIL31, TIL31A
HEXADECIMAL DISPLAY WITH LOGIC

operating characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
) . Average Per Vece=5V, VIED=5V, 35 100 ued
Iy Luminous Intensity (See Note 3) Character LED| See Note 4
Each decimal |lg(pp) =5mA 35 100 uecd
Ap Wavelength at Peak Emission Vecec=5V, VIED=5V. 660 nm
AN Spectral Bandwidth !F(DP) = 5mA, See Note 5 20 nm
V|4 High-Level Input Voltage 2 \4
ViL Low-Level Input Voltage 08| Vv
Vik !nput Clamp Voltage Vec=4.75V, 1j=—-12mA -1.5| V
Iy Input Current at Maximum Input Voltage Veec=56.5V, V=55V 1] mA
IH High-Level Input Current Vec=565V, V=24V 40| pA
LTS Low-Level Input Current Vece=55V, V=04V —1.6] mA
Ilcc  Logic Supply Current Vec=55V, Vigp=55V, 60 90| mA
I ep LED Supply Current IF(DP) = 5mA, AllinputsatUV 45 90} mA

NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (international Commission
on lllumination) eye-response curve.

4. This parameter is measured with
5. These parameters are measured with

displayed, then again with
displayed.

displayed.

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

SAV1dSIa a3l E

1.0 [ T
vee =5V I
09 1o =25"C e
1 H |
> 08—+ -t \ - T
Y 7 S S It
g
e 06 +—
3 ]
3
£ 05
£ }
3 oa :
2 3 |
Z 0.
z I\
T 02 f
0.1 +
° I
600 620 640 660 680 700
A—Wavelength—nm
FIGURE 1
RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY
v
LOGIC SUPPLY VOLTAGE . CASE TEMPERATURE
o 18 Vicpe 6V E T
" LED = [ C=
8 1afTc-25°C o [Vec=s5Vv
> . 2
512 H
3 L+ 2
S = 2 1 \\
e 1 e
- LA+—T"1 e a5
Z o8 g o7
s 2
® © L —
&
< 06 > 04
§ o H
£ £ 02
3 02 H
H ¢
) § oo
“  as 5 55 0 10 20 30 4 50 60 70
Ve~ Logic Supply Voltage—V T ~Case Temperature~°C
FIGURE 2 FIGURE 3
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High-Reliability LED Displays

Quick Reference Guide
JEDEC-Registered Devices
Seven-Segment Display
Seven-Segment Display with TTL Logic
Alphanumeric Display with TTL Logic
Hexadecimal Display with TTL Logic

High-Efficiency Red and Yellow

HI-REL DISPLAYS E
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QUICK REFERENCE GUIDE
HIGH-RELIABILITY LED DISPLAYS

HIGH-RELIABILITY LED DISPLAYS
QUICK REFERENCE GUIDE

JEDEC TI TYPE OF CHARACTER | COLOR
PART HEIGHT F PACKAGE REM.
PART CHARACTER G o) ARKS
NO. NO. mm (INCHES) | DISPLAY
14-lead
hermeticall Electricall d hanically interch bl
4N41 | TIL501|  7-segment 6,9 (0.270) Red rmetica’y ectrically and mechanically interchangeable
sealed dual- with TIL302
in-line
14-lead
hi ticall If-contained four-bit latch, d ,
4N56 | TILS05 | Hexadecimal 7.6 (0.300) | Red ermetically | Self-contained four-bit latch, decoder, and
sealed dual- driver with 4 x 7 font
in-line
8-lead
4N57 | TIL506 7-segment 7.6 (0.300) Red hermetically Internal TTL MSI chip with decoder and driver.
sealed Left decimal
16-lead
4n58 | TILs07 5x7 ‘ 7.6 (0.300) Red hermetically Ont?gral. D.~t.ype fli?Arop column dfivers and
alphanumeric sealed dual- series limiting resistors. Left decimal.
in-line
14-lead
. hermetically Self-contained four-bit latch, decoder, and
- TIL509 Hexadecimal 7.6 (0.300) Yellow .
sealed dual driver with 4 x 7 font
in-line
16-lead ) )
. Integral D-type flip-flop column drivers
5x7 hermetically . N .
— TILG10 . 7,6 (0.300) Yellow and series limiting resistors. Left
alphanumeric sealed dual- )
- decimal.
in-line
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TYPE 4N41
7-SEGMENT NUMERIC DISPLAY

D1937, MARCH 1976

HERMETICALLY SEALED SOLID-STATE VISIBLE DISPLAY
(FORMERLY TIL501)
e Electrically and Mechanically e Withstands Severe Environmental Conditions
Interchangeable with TIL302 .
e Left-Hand Decimal

e 6,9-mm (0.270-Inch) Character Height Wide Viewing Angle
¢ High Luminous Intensity e Compatible with Most TTL Circuits

e Each Unit Checked for Uniformity
of Elements

o |ow Power Requirements
*mechanical data

The display is mounted on a ceramic header, which is then hermetically sealed to a glass cover. Multiple displays may be
mounted on 11,4-mm (0.450-inch) centers.

r-———==-=--- -

ANODES
A (DR
| 1
F B
|

A @ |
— ANODES |
FI s IB E‘F,G,DP@-'}‘—_—" ] @NC
— |
! ———+D)
NC p s )
EI IC @ | | SEATING PLANE
- | ——L@®¢
bpo @ | | O,
| | ANODES 7.6 (0.300) MIN
DECIMAL ( : T——9 1 : ) c.o ALL PINS
l _l

e(D)r—— ———) o

I —— |

0,305 (0.012)
0,203 (0.008)

NC—No internal connection ALLPINS +026 gl

7,624 0,
(0.300 + 0.010)

X

201 " 1,91 (0.075) MAX. — [<—1.91 (0.075) MAX
8610 6(0.180) 0.559 (0.022) W I‘—
0,457 (0.018)
E ALL PINS -
P (e 1|[x
T 2,16(0.085)
+ I MAX
wa e [ fp——————— e 2[x
18,79 ( _‘740) 1,14 (0.045) MIN
——"'"" O O
I I - - D
! ! 3 1M — 4 —
T ) ¥ -
1 3,2(0.127)
41(0162) ' —]
/ O] O =
P
l.: 45(0.176) [ ] e s[r
E 2,16 (0.085) MAX
p— !———( s 7
2,54 (0.100) T.P.
221 (0.08 10,42 (0.410) 12 PLACES
211004 38 (0.150) MAX L—m_- (See Note c)

SEATING PLANE

NOTES: a. Alllinear dimensions are in millimeters and parenthetically in inches.

. Centerlines of character segments and decimal points are shown as dashed lines. Associated dimensions are nominal,

. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is located within
0,26 (0.010 inch) of its true longitudinal position relative to pins 4 and 11,

o T

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.
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TYPE 4N41
7-SEGMENT NUMERIC DISPLAY

*absolute maximum ratings

Reverse Voltage at 25°C Free-Air Temperature:

EachSegment . . . . . . . . . . . . . . . .. ... ... . ... BV

Decimal Point . . . . < Y
Peak Forward Current at (or below) 70 C Free Arr Temperature (See Note 1)

Each Segment or Decimal Point . . . . . . . . . . . 200mA
Average Forward Current at (or below) 70° C Free Atr Temperature (See Notes 2 and 3):

Each Segment or DecimalPoint . . . . . . . . . . . . . . . .. . ... .. ... ... 30mMA

Total . . . 2 (N1 VN
Operating Free-Air Temperature Range e e e e e e e e —55°C to 100°C
Storage Temperature Range . . ... ..... -65Cto125°C
Lead Temperature 1,6 mm (1/16 Inch) Below the Seatmg Plane for 10 Secor\ds ... . . ..... 2e0°C

NOTES: 1. Derate linearly to 100°C free-air temperature at the rate of 6.67 mA/’C.
2. These average values apply for any 10-ms period.
3. Derate linearly to 100°C free-air temperature at the rates of 1 mA/’C for each segment or decimal point and 8 mA/°C for the
total device.

*operating characteristics of each segment at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Iy Luminous Intensity (See Note 4) 200 700 ucd
Ap Wavelength at Peak Emission 640 660 680 nm
Ig =20 mA
AN Spectral Bandwidth 20 nm
Vg Static Forward Voltage 3 3.4 3.8 \%
. . g =20 mA,
ayfF  Average Temperature Coefficient of Static Forward Voltage N N 2.7 mv/°C
TA=0"Ct0100°C
IR Static Reverse Current VR=6V 100 HA
(o} Anode-to-Cathode Capacitance VR =0, f=1MHz 85 pF

*operating characteristics of decimal point at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
ly Luminous Intensity (See Note 4) 100 350 ucd
Ap Wavelength at Peak Emission 640 660 680 nm

Ig =20 mA
AN Spectral Bandwidth 20 nm
Vg Static Forward Voltage 1.5 1.65 2 \4

X Ig =20 mA,

ayfF  Average Temperature Coefficient of Static Forward Voltage N N -1.4 mV/°C

TA=0"Cto100°C
IR Static Reverse Current VR =3V 100 uA
(o} Anode-to-Cathode Capacitance VR =0, f=1MHz 120 pF

NOTE 4: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on
Itlumination) eye-response curve.

SAV1dSIa 134-IH E
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TYPE 4N41
7-SEGMENT NUMERIC DISPLAY

Relative Luminous Intensity

20 mA

Luminous Intensity Relative to Value at I

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.0 T T
I = 20 mA
0.9 —t—

FTa = 25°C
08 -+~ %J
0.7 II

0.6

1

L

05
04

0.3 \

0.2 /
0 / P
600 620 640 660 680
A—Wavelength—nm
FIGURE 1

0.1

700

RELATIVE LUMINOUS INTENSITY
vs
FORWARD CURRENT

Ta=25°C

10 15 20

|F—Forward Current—mA
FIGURE 3

25 30

=25°C

Luminous Intensity Relative to Value at T a

| —Forward Current—mA

RELATIVE LUMINOUS INTENSITY
vs
FREE-AIR TEMPERATURE

T i
—1F = Constant
2 \
1
0.7 ~
0.4
0.2
0.1
-75 -50 -26 O 25 50 75 100

Ta—Free-Air Temperature—"C

FIGURE 2

FORWARD CONDUCTION CHARACTERISTICS

40
| Ta =25°C I
e DECIMAL
POINT EACH
SEGMENT
10 1
1
7 I
I
4 ]
I
2 i
1
0 1 2 3 4 5
VE—Forward Voltage—V

FIGURE 4
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TYPE 4NA1
7-SEGMENT NUMERIC DISPLAY

TYPICAL APPLICATION DATA

Y A
' v
fswitcn s 7 [z "ol | |» G
L A2 g A2 R23 R2Q R2Q A2 A2 —
& c
81:R80 —q D.P | a—
cecontmomven 2 o
o RN
L JTTTTT7Y1

Vec \D_C B A M GN0
8cD INpUT
NOTES: A. R1 and R2 are selected for desired brightness.
B. SN74L47 may be used in place of SN7447A in applications where segment forward current will not exceed 20 mA, or SN74LS47
may be uased for current up to 24 mA. An alternate font is available in the SN74247 and SN74L.S247. For use below 0°C and/or
above 70 C, substitute parts from the 54 Family.

FUNCTION TABLE
SN7447A, SN74L47, SN74LS47

DECIMAL
INPUTS SEGMENTS
OR BI/RBO NOTE
FUNCTION LT RBI | D c B A a b c d e f 9
0 H H L L L L H ON ON ON ON ON ON OFF 1
1 H X L L L H H OFF ON ON OFF OFF OFF OFF 1
2 H X L L H L H ON ON OFF ON ON OFF ON 1
3 H X L L H H H ON ON ON ON OFF OFF ON 1
4 H X L H L L H OFF ON ON OFF OFF ON ON 1
5 H X L H L H H ON OFF ON ON OFF ON ON 1
6 H X L H H L H OFFt OFF ON ON ON ON ON 1
7 H X L H H H H ON ON ON OFF OFF OFF OFF 1
8 H X H L L L H ON ON ON ON ON ON ON 1
9 H X H L L H H ON ON ON OFFf OFF ON ON 1
10 H X H L H L H OFF OFF OFF ON ON OFF ON 1
1 H X H L H H H OFF OFF ON ON OFF OFF ON 1
12 H X H H L L H OFF ON OFF OFF OFF ON ON 1
13 H X H H L H H ON OFF OFF ON OFF ON ON 1
14 H X H H H L H OFF OFF OFF ON ON ON ON 1
15 H X H H H H H OFF OFF OFF OFF OFF OFF OFF 1
8l X X X X X X L OFF OFF OFF OFF OFF OFF OFF | 2
RBI H L L L L L L OFF OFF OFF OFF OFF OFF OFF | 3
LT L X X X X X H ON ON ON ON ON ON ON 4

H = high level (logic 1 in positive logic), L = low level (logic O in positive logic), X = irrelevant.

tBI/RBO is wire-AND logic serving as blanking input (B1) and/or ripple-blanking output (RBO).
FThese segments would be on if the SN74247 or SN74L.S247 were used.
NOTES: 1. The blanking input (B!) must be open or held at a high logic level when output functions O through 15 are desired. The
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired.
2. When a low logic level is applied directly to the blanking input (B1), all segment outputs are off regardless of any other input.
3. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at a low logic level with the lamp test input high, all segment
outputs are off and the ripple-blanking output (RBO) of the decoder goes to a low level (response condition).
4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test inpul‘, all

t: illuminated.
segments are illuminate ALTERNATE FONT

SAV1dSIa 134-H E

SN7447A, SN74L47, SN74L.547 SN74247,SN74L5247
I ) S | T M IO (OUO IO [
[ | o T | 1 D —_ = I
1] 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 6 9

NUMERICAL DESIGNATIONS—RESULTANT DISPLAYS
RECOMMENDED DECODE/DRIVE WITH BCD INPUTS
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TYPE 4N56
HEXADECIMAL DISPLAY WITH LOGIC

D1940, SEPTEMBER 1982

HERMETICALLY SEALED SOLID-STATE HEXADECIMAL DISPLAY
WITH INTEGRAL TTL CIRCUIT TO ACCEPT,
STORE, AND DISPLAY 4-BIT BINARY DATA

(FORMERLY TIL505)
e Electrically Interchangeable with TIL311 e Wide Viewing Angle
® 7,62-mm (0.300-Inch) Character Height e Internal TTL MSI Chip with Latch, Decoder,
and Driver

e Left- and Right-Hand Decimals

e Separate LED and Logic Power e Operates from 5-Volt or 6-Volt Supply

Supplies May Be Used e Constant-Current Drive for Hexadecimal

e Easy System Interface Characters

e Withstands Severe Environmental Conditions
*mechanical data

The display and TTL MSI chip are mounted on a ceramic header, which is then hermetically sealed to a glass window.
Multiple displays may be mounted on 12,7-mm (0.500-inch) centers.

OF OF
L 3 2,16 (0.085) MAX -——%g:g:%%
Lasromso S 1 ' fast—254 0100 Max PIN 1 LEDSUPPLY VOLTAGE
1,78 (0.070) " 1 BOTH ROWS PIN2 LATCH DATA INPUT B
PIN3 LATCH DATA INPUT A
'3 O 4 1
GorPIN fes ¥ © © PIN4 LEFT DECIMAL POINT CATHODE
) o on 20 PIN5 NOINTERNAL CONNECTIONT
PIN6 LATCHSTROBE INPUT!
69 (0.270) o (©X 30 PIN 7 COMMON GROUND
p on © PIN8 BLANKING INPUT
—ha PIN9 NO INTERNAL CONNECTION
432/(0.170) ? Jo o 5@ 254 (0.100) TP. PIN 10 RIGHT DECIMAL POINT CATHODE
4,06 (0 le (‘;:’;“f; PIN 11 NO INTERNAL CONNECTION
(<l 60— © PIN 12 LATCH DATA INPUT D
LoGic cHiP—] os 10— PIN 13 LATCH DATA INPUT C
¥ PIN 14 LOGIC SUPPLY VOLTAGE, Ve
7,624 0,26 *To make pin connections compatible with the
37 w.un] © 10.300 £ 0.010) TIL311, connect pins 5 and 6 together.
2,97 (0.117)
5,59 (0.220)
—X. 4,57 (0.180)
SEATING PLANE ——
1,15 (0.045) DIA_.l L_ 4,4 (0.175) MIN
0,84 (0.033) ALL PINS
ALLPINS
0,534 (0.021)
0,432 (0.017) D'A_-] L—-
ALL PINS

NOTES: a. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each pin centerline is located
within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 14.
b. Lead dimensions are not controlled above the seating plane.
c. Dimensions associated with position of LED's are between centerlines and are nominal.
d. All dimensions are in millimeters and parenthetically in inches.

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication,
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TYPE 4N56
HEXADECIMAL DISPLAY WITH LOGIC

*description

This hexadecimal display contains a four-bit latch, decoder, driver, and 4 X 7 light-emitting-diode (LED) character with
two externally driven decimal points in a 14-pin package. A description of the functions of the inputs of this device

follows.
FUNCTION PIN NO. DESCRIPTION
LATCH STROBE INPUT 6 When low, the data in the latches follow the data on the latch data inputs.
When high, the data in the latches will not change. If the display is blanked
and then restored while the enable input is high, the previous character
will again be displayed.
BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other

inputs. When low, a character is displayed as determined by the data in the
latches. The blanking input may be pulsed for intensity modulation.

LATCH DATAINPUTS  3,2,13,12 Data on these inputs are entered into the latches when the enable input is

(A,B,C,D) low. The binary weights of these inputsare A=1,B=2,C=4,D=8.
DECIMAL POINT 4,10 These LEDs are not connected to the logic chip. if a decimal point is used,
CATHODES an external resistor or other current-limiting mechanism must be connect-

ed in series with it.

LED SUPPLY 1 This connection permits the user to save on regulated VoG current by
using a separate LED supply, or it may be externally connected to the
logic supply (Vcg).

LOGIC SUPPLY (Vce) 14 Separate Vcc connection for the logic chip.

COMMON GROUND 7 This is the negative terminal for-all logic and LED currents except for the
decimal points.

The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five milli-
amperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the
LED supply voltage within the recommended operating conditions. Drive current varies with changes in logic supply
voltage resulting in a change in luminous intensity as shown in Figure 2. The decimal point anodes are connected to the
LED supply; the cathodes are connected to external pins. Since there is no current limiting built into the decimal point
circuits, this must be provided externally if the decimal points are used.

The TTL MSI chip is specially designed with a wider supply voltage range than standard Series 54/74 circuits so that it

m will operate from either a five-volt or a six-volt power supply.
The resultant displays for the values of the binary data in the latches are as shown below.
_I
1
o)
m
-
— an - L L]} san - LN an LEL N -n L 1] L L] LA 1] ans ass LL L] L L1}
u - - - - - - - - - - - - - - - - - - - - - -
— - - - - - L L] - L] - L] - - - L - - - - - - -
- - - L1 LL] - amn sen - LL] LY L LLY] L L L] - - - L L] (L1
m L] - - - - - L] - - - - - - - - - - L - - - L]
v - - - - - - - - - - - - - L] - - - - - - - -
L] - amam anm - LE L] L] L] LA LL] - - L L] ane LY LLLE] -
; 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
wn

* JEDEC registered data,
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TYPE 4N56
HEXADECIMAL DISPLAY WITH LOGIC

*functional block diagram

LED
SUPPLY
1
¥ fl %
LOGIC
SUPPLY
(14) . b4
I 4 ) 4
8] - XY CONSTANT-
A @ 10 ! =] CURRENT | 4
LATCH J B=—1D {2 ] DRIVER # f | ; v
DATA (13) [DECODER]
INPUTS | c——1D 4 ]
o2 8 4 v
LATCH (6) e
STROBE v v
BLANKING (8) > *
INPUT jEN I r‘ v
o @ (10)
COMMON LEFT RIGHT
GROUND DECIMAL DECIMAL
POINT POINT
CATHODE CATHODE

*absolute maximum ratings over operating free-air temperature range (unless otherwise noted})

Logic Supply Voltage, Vcc (See Note 1) e e e e e e e e s e e e 7V
LED Supply Voltage (See Note 1) . . N 7V
Input Voltage (Pins 2, 3,6, 8, 12, 13; See Note 1) e e e e e e e e e ... . BBY
Decimal Point Current R e e e e e e e e e . 20mA
Operating Free-Air Temperature Range e e e e e e s —55 C to 100°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . .. ... ... —65°Cto125°C

NOTE 1: Voltage values are with respect to common ground terminal.

*recommended operating conditions (7))

MIN NOM MAX UNIT 2=

Logic Supply Voltage, VCC -+ vttt vttt i et et e 4.5 5 6.5 v 5
LED Supply Voltage, VLED -+ttt ittt et it e i e et e e 4 5 7 \% a
High-Level Input Voltage, VIH -« v o oot i i e e 2 v [75)
Low-Level Input Voltage, VL .. .o v ittt ittt e e a s 0.8 v E
Decimal Point Current, IF(DP)  + « « v v v vt v ee e e e e 5 mA
Latch Strobe Pulse Duration, tyy . ... ..ottt i e 40 ns d
Data Setup Time Before Latch Strobe Goes High, tgy, ..................... 50 ns o
Data Hold Time After Latch Strobe Goes High, th, ... .................... 40 ns -

NOTES: 2. The minimum setup time is the interval immediately preceding the positive-going transition of the latch strobe input during which I

interval the data to be displayed must be maintained at the latch data inputs to ensure its recognition.
3. The minimum hold time is the interval immediately following the positive-going transition of the latch strobe input during which
interval the data to be displayed must be maintained at the latch data inputs to ensure its continued recognition.
*JEDEC registered data,
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TYPE 4N56
HEXADECIMAL DISPLAY WITH LOGIC

*operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT

Average Per V. =5V, \ =5V,
Iy Luminous Intensity (See Note 4) Charaz\er LED Se(;CNote 5 LEp 35 100 ued

Each decimal |lg(pp) = 5mA 35 100 ued
Ap Wavelength at Peak Emission Vee=5V, VIED=5V. 640 660 680 nm
AN Spectral Bandwidth IF(DP) = 5mA, See Note 6 20 nm
Vik  Input Clamp Voltage Vee=4.75V, 1= -12mA -1.5{ V
Iy Input Current at Maximum Input Voltage Vee=55V, Vi=55V 1| mA
WH High-Level Input Current Vec=55V, V=24V 40( uA
he Low-Level Input Current Vec=55V, V=04V —-1.6f mA
Icc  Logic Supply Current Vcc=55V, Vi gp=55V. 60 90| mA
ILep LED Supply Current If(DP) = 5 mA, Allinputsat OV 45 90 mA

NOTES: 4. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission
on lllumination) eye-response curve.
5. This parameter is measured with

displayed, then again with displayed.

6. These parameters are measured with displayed.

*JEDEC registered data.

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

10 T
Vec-5V I l
09 TpA=25°CH— 1 " T S
P
08 ——4——‘ + -

06 gl, U S —
05 f—d—t - +-

04 —1 A ,‘L —

03 | : 4

02 X

o1 j —
0

600 620 640 660 680 700
A-Wavelength—nm

Relative Luminous Intensity

SAV1dSId 134-H E

FIGURE 1
RELATIVE LUMINOUS INTENSITY RELATIVE LUM:I;JOUS INTENSITY
v
LOGIC SUPPLY VOLTAGE FREE-AIR TEMPERATURE
o 16 o —
¢ & Vee=5V
Q ya L ViED=SV X
5 Ta=25°C < 2
52— - ] s \
3 - = M
> 1 |
- e
2 o8 L s 07
< ]
€ o6 2 04
z >
§ 04 2
s £ o2
g 02 - 3
£ 2
5o g 01
- 4 5 6 7 3 -75 -50 -25 0 25 50 75 100
V- Logic Supply Voltage—V Ta—Free-Air Temperature—°C
FIGURE 2 FIGURE 3
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TYPE 4N57

NUMERIC DISPLAY WITH LOGIC

D1941, JULY 1981 — REVI|SED SEPTEMBER 1982

HERMETICALLY SEALED SOLID-STATE SEVEN-SEGMENT DISPLAY

*mechanical data

WITH TTL DECODER/DRIVER
(FORMERLY TIL506)
e Withstands Military Environmental Conditions

e 7,62-mm (0.300-Inch) Character Height

e Internal TTL MSI Chip with Decoder and Driver
e BCD Four-Line Input
o  Wide Viewing Angle

e High Luminous Intensity
e Left-Hand Decimal

e Constant-Current Drive for Light-Emitting Diodes
o Compatible with Most TTL Circuits

The display and TTL legic chip are mounted on a ceramic header, which is then hermetically sealed to a glass window.
Multiple displays may be mounted on 15.9-mm (0.625-inch) centers.

PACKAGE

15,9 (0.625)
MAX
.8 7 6 5
— O
10° 18,04 (0.710)
D 17,27 (0.680)
et 20,83 (0.820)
! H 32 (0.127) | 2008 (0.750)
f-e-4-4!
¥ H !
3,8 (0.150) / 4 32(0.127) 22,99 (0.905)
Loafod 2220875
8,9 (0.350) * e o 4,4 (0.174)
38(0.150) L
1213 4
0,305 (0.012)
0,701 (0.004)
153 (0.060)
2.7 (0.105) MAX 151 0.040) © PLACES .
45 (0.175) MAX
SEATING PLANE
45 (0.180) MIN
0534 (0.021)
om‘m.mz)*’“‘— 2554 (0.100) T.p.
8 LEADS 6 PLACES
4 1,27 (0.050) T.p.

PIN 1

PIN 2
PIN 3
PIN 4

PIN 5
PIN 6

PIN 7
PIN 8

NOTES: a. All dimensions are in millimeters and parenthetically in

Tl
oI

DATA INPUT A

(BINARY WEIGHT 1)
DECIMAL POINT INPUT

LED SUPPLY VOLTAGE, V| gp
DATA INPUT D

(BINARY WEI(_SHT 8)

DATA INPUT C

(BINARY WEIGHT 4)

GROUND

LOGIC SUPPLY VOLTAGE, Vee
DATA INPUT B

(BINARY WEIGHT 2)

inches,

b. The true-position pin spacing is 2,54 mm (0.100 inch)
between centerlines, Each pin centerline is located within
0,26 mm (0.010 inch) of its true longitudinal position
relative to the package centerline,

. Centerlines of character segments and decimal points
are shown as dashed lines. Associated dimensions are

o

nominal.

S/

va‘[x*

*description

The 4N57 contains a seven-segment numeric display with left-hand decimal and a TTL MSI BCD-to-seven-segment
decoder and driver. It accepts four-line binary-coded-decimal (BCD) input in negative logic and displays the decimal
number in a seven-segment format. Invalid inputs are automatically blanked (see function table). A low-logic-level
voltage (<0.8 V) at the decimal point input turns on the decimal independently of the BCD inputs. The decimal point, as
well as each segment, is driven by a constant current from the logic chip. Varying the LED supply voltage will not

HI-REL DISPLAYS E

significantly affect the brightness of the display. The brightness may be controlled by pulse-width modulation of the
BCD inputs alternating between a valid code and an invalid code (e.g., all inputs low).

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.

TEXAS INSTRUMENTS
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TYPE AN57
NUMERIC DISPLAY WITH LOGIC

FUNCTION TABLE

*functional block diagram

SAV1dSIA 134-H E

1»——————————1 3)

H = high logic level, L = low logic level
DP input has arbitrarily been shown activated (low)
on every other line of the table.

LED
SUPPLY

DATA INPUTS
FUNCTION | = = =" —° — |DISPLAY
b C B A DP
0 H H H W H| []
1 H O H H L L /
2 H O H L H H|
3 H H L L L =
4 H L H H H [
5 H L H L L 5
6 H L L H H 5
7 H L L L L 7
8 L H H H H H
9 L H H L L =
BLANK | L H L H H
BLANK L H L L L
BLANK | L L H H H
BLANK | L L H L L
BLANK [L L L H H
BLANK |L L L L L
LOGIC
SUPPLY
"
" X/7-SEG
A ——1 .
BCD B8, s
INPUTS (5) 9
T ——I=>4 e
d
LI N c
DECIMAL (2)

POINT

*JEDEC registered data,

6)
GROUND

CONSTANT-
CURRENT
DRIVER

| S
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TYPE 4N57
NUMERIC DISPLAY WITH LOGIC

*absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic Supply Voltage, Vg (See Note 1) . . e e e e e 7V
LED Supply Voltage, VgD, at (or below) 70°C Free Arr Temperature (See Note 2) .. . . . ... .. 55V
Data Input Voltage . . . e - 1> Y2
Operating Free-Air Temperature Range e e e e e e e e e e e e e e e e e e e —55°C to 100°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . ... .. .... =—65Cto125°C

NOTES: 1. Voitage values are with respect to the ground terminal.
2. For operation above 70°C free-air temperature, refer to LED Supply Voltage Derating Curve, Figure 1.

*recommended operating conditions
MIN NOM MAX UNIT

HI-REL DISPLAYS pry
=

Logic Supply Voltage, VCC . v vt oot it e e e 45 5 5.5 \
LED Supply Voltage, Vi gp (See Figure 1) . ... ........................ 4 46 5 \Y
High-Level Input Voltage, VIH .. ... ... i 2 \
Low-Level Input Voltage, VI .. ... ... .t 0.8 \%
Operating Free-Air Temperature, TA . . . ..ottt et —55 100 °c
LED SUPPLY VOLTAGE DERATING CURVE
6 -
[ ABSOLUTE MAX |
> & |__MAX RECOMMENDED N\
s { l I l \\
g . N
E-4 MIN RECOMMENDED NG
S 4
>
>
g
3 3
Q
w
|
e 2
=]
£
3
s 1
0
20 30 40 50 60 70 80 90 100
T a—Free-Air Temperature—"C
FIGURE 1
*operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
. Figure -/ 700
Iy Luminous Intensity (See Note 3) 'D_acm——JPoim Vee -5V, ViED =46V, 70 ued
Ap Wavelength at Peak Emission See Note 4 640 660 680 | nm
AN . Spectral Bandwidth e 20 nm
Vi !nput Clamp Voltage Veec=45V, 11=-12mA -15| v
] Input Current &t Maximum Input Voltage Vgc =55V, V=55V 1] mA
WH High-Level Input Current Vec=565V, Vy=24V 20 | A
e Low-Level Input Current Vec=55V, Vy=04V —0.8 | mA
lcc  Logic Supply Current Vec =55V, ViEp=5V, 75 | mA
ILep LED Supply Current DPat5V, Other inputs at 0 V 160 | mA

NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission
on lllumination) eye-response curve.
4. These parameters were measured with all LED segments and the decimal point on.

*JEDEC registered data.
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5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC

-
D1957, JULY 1981 —REVISED FEBRUARY 1983

TYPE 4N58

*mechanical data

HERMETICALLY SEALED SOLID-STATE DISPLAY
WITH INTEGRAL TTL COLUMN DRIVERS
(FORMERLY TIL507)

Withstands Military Environmental Conditions

7.6-mm (0.300-Inch) Character Height
Integral D-Type Flip-Flop Column Drivers and Series Limiting Resistors

Wide

Viewing Angle

Compatible with Most TTL Circuits
High Luminous Intensity

Left Decimal

The display and TTL logic chip are mounted on a ceramic header which is then hermetically sealed to a glass window.
Muitiple displays may be mounted on 12,2-mm (0.480-inch) centers.

NOTES: a.
1{0.055 inch).

Vertical and horizontal spacing between centerline of rows and columns is nominally 0,13 mm

b. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is
located within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 16.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

12,19 (0.480) 249 (0.098)
3.1310123)_ 71,68 (0.460) 798 (0.078)
2,61 (0.103) 3,68 (0.145) 242 (0.095) 242 (0.095)
3,17 (0.125) max ! MAX
o016 1
0DOOO0O0  |«—Rows ° °
N
ooooo (See Note 2) o1 20
064 ooooo
0.025) ocoooao ou 30
NOM ooooo
l ooooo 013 0
ooooo +—ROW?7
s
T o1 50
2,54 (0.100) TP.
22,48 (0.885) on 60 o ore
21,67 (0.865) (See Note b)
10 70 —
coL coL ° °
1 5
_o 9 Bo ——
|'——*)—2,16(0.085)N0M 249 (0.098) 7624025
w (0.300 + 0.010)
PIN1 ROW1
376171 PIN2 ROWS3
2 __._.g-““: PIN3 ROWS
2510 SEATING PIN4 ROW7 & D.P. ANODE
b= —— L ANE PIN5 COLUMN 1
PIN 6 D.P.COLUMN
6.8 (0.230) PIN 7 CLOCK
MIN PIN8 GROUND
PIN9 Vce
PIN 10 COLUMN 3
_4 08 (0.020) PIN 11 COLUMN 5
0,406 (0.016) PIN 12 COLUMN 4
16 PINS PIN 13 COLUMN 2
PIN 14 ROW 6
PIN 15 ROW 4
PIN 16 ROW 2

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.
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TYPE 4N58
5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC

*description

The 4N68 is a 5 X 7 matrix of light-emitting diodes plus a decimal point. The device includes an IC logic chip similar
to SN54174 containing six D-type flip-flops that can transfer data from a character generator to the five columns
of the matrix and the decimal point. The chip also includes six cathode column drivers with series limiting resistors.

The rows are strobed by sequentially applying a positive voitage to each row input. As each row is strobed the data
set up at column inputs are transferred to the column drivers on the rising edge of each clock pulse. A high column
input causes the LED to turn on. After the minimum hold time requirement has been satisfied, the column data inputs
may change whether the clock is high or low.

- (1) - - Py o
’ | Yy ¥ Y Y 3
, 16 . o o -
(2) L“' i—« i——o i——o LP
3 ° - - °
e el ]
o L. L—q; i——« L; qu
5 ° ° ° °
. Lo L—ﬂ LA» i——ﬂ Li
6 ° - ° °
@ Lo L« i—ﬂ Li i———“
. o ° - -
) L—A i——v L« Lr L—«
D.P. § :£ s S :: ::
Lo Lo L L
-t N
'E crock 2Bt
m b8 p——T]
- S
%COLUMNS ;::i
9 N2
& 6]
é - X
ano 8

*JEDEC registered data.
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TYPE 4N58
5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC

*absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Logic Supply Voltage, Vo (See Note 1) .. ... 7V
Row Anode Voltage, Viow - - - - oottt 55V
Input Voltage (Column and Clock) .. ... ... ... . . 5.5V
Operating Free-Air Temperature Range .. ... ... ... . ... . . -55°C to 100°C
Storage Temperature Range ... ........... ... ......... e ~65°C to 125°C

NOTE 1: Voltage values are with respect to network ground terminal.

*recommended operating conditions

MIN NOM MAX  UNIT
Logic Supply Voltage . ... ... ... ... .. 4.5 5 5.5 \
High-Level Row Anode Voltage, Viow « -« -« « v oot oo et e 3.51 4 5 \
High-Level Input Voltage, VIH . ................ .. ... ... .. .. ...... 2 \
Low-Level Input Voltage, VI{= . . ... ... i 0.8 \
Clock Frequency, fologk - -« v oo v v i 3 MHz
Duration of Clock Pulse, ty .. ....... ... .. ... 200 ns
Data Setup TIMe, tgy -« v v v ittt e 50 ns
Data Hold Time, th . ........ ... .. ... .. 5 ns
Operating Free-Air Temperature, TA .. .. ... .. ..., -55 100 °C

Voltage may be reduced to O V to control intensity of the display.

*operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MiIN TYP MAX UNIT
ly Luminous Intensity (See Note 2} Vee =5V, Ig = 10 mA 40 110 ped
A Waveiength at Peak Emission 640 6860 880 nm
AF;\ Spectral Bandwidth Vee =8V, Viow = 4V 20 nm
ViK Input Clamp Voltage Vee = 4.5V, I = -12mA -1.5 \"
hH High-Leve! Input Current Vege = 5.5V, Vi =24V 150 nA
L Low-Level Input Current Vee =55V, Vi =04V -1 mA
lrow Row Input Current Row 1 thru Row 6 500 800

Row 7 See Note 3 600 1000 mA
Icc Logic Supply Current 45 65
NOTES: . Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on lllumination)

. Maximum values of row input current and logic supply current are stated for Voc = 5.5 V, Viow = 5 V. Typical values are stated for

eye-response curves.

Vee = 5V, Vipw = 4 V. All column inputs are high.

HI-REL DISPLAYS H
—

*JEDEC registered data.
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TYPE TIL509
YELLOW HEXADECIMAL DISPLAY WITH LOGIC

D2688, SEPTEMBER 1982

HERMETICALLY SEALED SOLID-STATE HEXADECIMAL DISPLAY
WITH INTEGRAL TTL CIRCUIT TO ACCEPT,
STORE, AND DISPLAY 4-BIT BINARY DATA

e Electrically Interchangeable with TIL505,

4N56 and TIL311

e 7,62-mm (0.300-Inch) Character Height

e Left- and Right-Hand Decimals

o Separate LED and Logic Power
Supplies May Be Used

o High Luminous Intensity

mechanical data

o Wide Viewing Angle
e Internal TTL MSI Chip with Latch, Decoder,

and Driver

e Operates from 5-Volt or 6-Volt Supply

o Constant-Current Drive for Hexadecimal

Characters

e Withstands Severe Environmental Conditions

The display and TTL MSI chip are mounted on a ceramic header, which is then hermetically sealed to a glass window.
Multiple displays may be mounted on 12,7-mm (0.500-inch) centers.

OF GOF
s‘»m g.“; 2.16 (0.085) MAX __1%%:;‘%_.‘
4 PLACES 11.68 (0.460)
lﬂ—d 3,811(0.150) _l t.— 2,54 (0.100) MAX
1,78 (0.070) 1 t T ’— BOTH ROWS
OF PIN i AL} 1
€ | fes Ll © °
¥ 7 o 0
6.9 (0.270) Emo 19,31(0.760) o E1)
2] 18,79 (0.740)
p 1 02381 1 on «©
[ 3 e 2,54 0.100) T.p.
43210170 § { 10 5 54 (0.
4,06 (0,160 | J 406 © o 12 PLACES
,———D 10.160) 0 Yo 1See Note b]
LOGIC CHIP 1]
- ,@_i
Il 1

3740147

[ 559 (0.220)
X 4s57(080)

4.4(0.175) MIN
ALL PINS

1

287 0.117)

SEATING PLANE
1.15 (0.045) o

0.84 (0.033)
ALL PINS
05340021 5,5 gl |
0,432 (0.017)
ALL PINS

L—J_ 7621026

¢ 0.30020.010)

L3

PIN1 LEDSUPPLY VOLTAGE

PIN2 LATCH DATA INPUT B

PIN3 LATCH DATA INPUT A

PIN4 LEFT DECIMAL POINT CATHODE
PIN5 NOINTERNAL CONNECTION'
PIN 6 LATCHSTROBE INPUT!

PIN 7 COMMON GROUND

PIN8 BLANKING INPUT

PIN9 NO INTERNAL CONNECTION

PIN 10 RIGHT DECIMAL POINT CATHODE
PIN 11 NO INTERNAL CONNECTION

PIN 12 LATCH DATA INPUT D

PIN 13 LATCH DATA INPUT C

PIN 14 LOGIC SUPPLY VOLTAGE, V¢

*To make pin connections compatible with the
TiL311, connect pins 5 and 6 together.

NOTES: a. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each pin centerline is located
within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 14.

b. Lead dimensions are not controlled above the seating plane.

c. Dimensions associated with position of LED's are between centerlines and are nominal.

d. All dimensions are in millimeters and parenthetically in inches.

Y
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PRODUCT PREVIEW

This

Instruments reserves the right to change or
discontinue this product without notice.
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TYPE TIL509
YELLOW HEXADECIMAL DISPLAY WITH LOGIC

description

The TIL509 is a hexadecimal display containing a four-bit latch, decoder, driver, and 4 X 7 yellow light-emitting
diode (LED) character with two externally driven decimal points in a 14-pin package. Electrically this device is identical
to the TIL311 and 4N56.

FUNCTION PIN NO. DESCRIPTION

LATCH STROBE INPUT 6 When low, the data in the latches follow the data on the latch data inputs.
When high, the data in the latches will not change. If the display is blanked
and then restored while the enable input is high, the previous character
will again be displayed.

BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other
inputs. When low, a character is displayed as determined by the data in the
latches. The blanking input may be pulsed for intensity modulation.

LATCH DATA INPUTS 3,2,13,12 Data on these inputs are entered into the latches when the enable input is

(A, B, C, D) low. The binary weights of these inputsare A=1,B=2,C=4,D= 8.
DECIMAL POINT 4,10 These LEDs are not connected to the logic chip. if a decimal point is used,
CATHODES an external resistor or other current-limiting mechanism must be connect-

ed in series with it.

LED SUPPLY 1 This connection permits the user to save on regulated Vcc current by
using a separate LED supply, or it may be externally connected to the

logic supply (V).
LOGIC SUPPLY (V) 14 Separate Vcc connection for the logic chip.

COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for the
decimal points.

The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five milli-
amperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the
LED supply voltage within the recommended operating conditions. Drive current varies with changes in logic supply
voltage resulting in a change in luminous intensity as shown in Figure 2. The decimal point anodes are connected to the
LED supply; the cathodes are connected to external pins. Since there is no current limiting built into the decimal point
circuits, this must be provided externally if the decimal points are used.

The TTL MSI chip is specially designed with a wider supply voltage range than standard Series 54/74 circuits so that it
will operate from either a five-volt or a six-volt power supply.

The resultant displays for the values of the binary data in the latches are as shown below.

(L] - saus (L]
. = - ) -
[ ) - [ -
" = - . e
s = - s s =
CEC) - afn =
(1} . . (X
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
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TYPE TIL509
YELLOW HEXADECIMAL DISPLAY WITH LOGIC

*functional block diagram

LED
SUPPLY
(81}
* ¥
LOGIC i Lj
SUPPLY
(14) L ] 4
l ) 4 ) 4
(3) xX/Y CONSTANT-
A==l - -
@ © =] CURRENT [
LatcH | 8= 2 —{ DRIVER * f ; 4
DATA (13) |.IDECODER]
inpUTS | c——1D = %
o245 8 = ] b 4
LATCH (6) o1
STROBE 4 {[
BLANKING (8) 2 g
INPUT EN ; i l ; !f

U @)

COMMON LEFT
GROUND DECIMAL
POINT
CATHODE

(10)
RIGHT
DECIMAL
POINT
CATHODE

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic Supply Voltage, Vcc (See Note 1)

LED Supply Voltage (See Note 1)

Input Voltage (Pins 2, 3,6, 8, 12, 13; See Note 1)
Decimal Point Current .

Operating Free-Air Temperature Range

Storage Temperature Range

NOTE 1: Voltage values are with respect to common ground terminal,

recommended operating conditions

Logic Supply Voltage, VCC - v o v vt o et e e e e
LED Suppiy Voltage, VLED - -« c c o v i ot e e e e
High-Level Input Voltage, VIH .. ... ... .t i
Low-Level Input Voltage, Vil .. oo it it e
Decimal Point Current, IF(DP) . oo oot
Latch Strobe Pulse Duration, tyy, ... ... ... ... .. .. .
Data Setup Time Before Latch Strobe Goes High, tsy ... ..................
Data Hold Time After Latch Strobe Goes High, th ... .. ..................

40
50
40

7V

7V

55V

. 20 mA
. ——55 Cto 100°C
—65°C to 125°C

NOM MAX UNIT
5 6.5 \Y
5 7 Y

«©
co
<

ns

NOTES: 2. The minimum setup time is the interval immediately preceding the positive-going transition of the latch strobe input during which

interval the data to be displayed must be maintained at the latch data inputs to ensure its recognition.

3. The minimum hold time is the interval immediately following the positive-going transition of the latch strobe input during which
interval the data to be displayed must be maintained at the latch data inputs to ensure its continued recognition

TEXAS INSTRUMENTS
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TYPE TIL509
YELLOW HEXADECIMAL DISPLAY WITH LOGIC

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT,
’ v Average Per Vee=5V, VIED=5V, 300 ucd
Iy Luminous Intensity (See Note 4) Character LED| See Note §
Each decimal | Ig(pp) = 5 mA 300 ued
Ap Wavelength at Peak Emission Vec=5V, VIED=5V. 570 580 590| nm
AN Spectral Bandwidth IF(DP) = 5mA, See Note 6 40 nm
Vik  Input Clamp Voltage Vce =475V, 1= -12mA -1.5| V
Iy Input Current at Maximum Input Voltage Vec=55V, V=565V 1| mA
H High-Level Input Current Vec =55V, Vi=24V 40| A
e Low-Level Input Current Vee=55V, V=04V —-1.6] mA
lcc  Logic Supply Current Vec=556V, Vigp=55V, 60 90| mA
ILep LED Supply Current IF(DP) = 5mA, Allinputsat 0V 45 90| mA

NOTES: 4. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission
on lllumination) eye-response curve.
5. This parameter is measured with ;.

displayed, then again with displayed.

6. These parameters are measured with

displayed.

savidsia 13u-H
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TYPE TIL510

YELLOW 5 X 7 ALPHANUMERIC DISPLAY WITH LOGIC

D2701, DECEMBER 1982

HERMETICALLY SEALED SOLID-STATE YELLOW DISPLAY

WITH INTEGRAL TTL COLUMN DRIVERS

(YELLOW VERSION OF 4N58)

Compatible with Most TTL Circuits

[ ]

[ ]

°

e Wide Viewing Angle

[ ]

e High Luminous Intensity
e Left Decimal

mechanical data

Withstands Military Environmental Conditions
7,6-mm (0.300-Inch) Character Height
Integral D-Type Flip-Flop Column Drivers and Series Limiting Resistors

The display and TTL logic chip are mounted on a ceramic header which is then hermetically sealed to a glass window.
Multiple displays may be mounted on 12,2-mm (0.480-inch) centers.

12,19 (0.480)
343 10.123) s {oist 249 (0.008)
28T 0.103) ) " ssl(o 145) 1,98 (0.078) 242 (0.095)
. -  MAX 2,42 (0.095)
ITT10.125) MAX l[‘"t‘ o
— O 16 10
ooooo f&—— ROW 1
Doooo (See Note a) o 20
ocooa
NOM ooooao
¢ goooao o a0
gooooo l&— ROW 7
1 on 50
2,54 (0.100) T. P.
22,48 (0.885, 16 PLACES
by 50.555} D on 80 (See Note b)
[eR1} 70
coL coL
1 5
Os 80
l-—.-—z,m (0.085) NOM 2,49 (0.098) 7621 0,25
198 (0.078) (0.300 : 0.010)
PIN 1 ROW 1
PIN2 ROW3
PIN3 ROWS
PIN4 ROW?7 & D.P. ANODE
PIN5 COLUMN 1
3.76 (0.148) PIN 6 D.P. COLUMN (7))
325 (0.1
L1280 g PIN 7 CLOCK S
PLANE PIN 8 GROUND
PINO Vce
5,8 (0.230) PIN 10 COLUMN 3
MIN PIN 11 COLUMN 5 [« W
PIN 12 COLUMN 4 m
PIN 13 COLUMN 2 —
1 0,508 {0.020 PiN 14 ROW 6 —~
——.‘L—Wm%b"‘ PIN 15 ROW 4 Q
16 PINS PIN 16 ROW 2 |
NOTES: a. Vertical and horizontal spacing between centerline of rows and columns is w
nominally 0,13 mm (0.005 inch). m
b. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. _l
Each centerline is located within 0,26 mm (0.010 inch) of its true I
longitudinal position relative to pins 1 and 16.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES,

PRODUCT PREVIEW

This
on a product under development. Texas
Instruments reserves the right to change or
discontinue this product without notice.

TEXAS INSTRUM
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TYPE TIL510
YELLOW 5 X 7 ALPHANUMERIC DISPLAY

WITH LOGIC

description

The TIL510 is a 5 X 7 matrix of yellow light-emitting diodes plus a decimal point. The device includes an IC logic
chip similar to SN54174 containing six D-type flip-flops that can transfer data from a character generator to the five
columns of the matrix and the decimal point. The chip also includes six cathode column drivers with series limiting
resistors. This device is electrically and functionally identical to the TIL507 and 4N58.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic Supply Voltage, Vcc (See Note 1)
Row Anode Voltage, Viow - . . -
Input Voltage (Column and Clock)
Operating Free-Air Temperature Range
Storage Temperature Range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
55V
55V

-55°C to 100°C
—65°C to 125°C

MIN NOM MAX UNIT
Logic Supply Voltage 4.5 5 55 v
High-Level Row Anode Voltage, Vow 35t 4 5 v
High-Level Input Voltage, V|4 2 v
Low-Level Input Voltage, V| 0.8 \"
Clock Frequency, folock 3 MHz
Duration of Clock Pulse, t,, 200 ns
Data Setup Time, tg, 50 ns
Data Hold Time, ty 5 ns
Operating Free-Air T —-55 100 °c
TVolitage may be reduced to 0 V to control intensity of the display.
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Iy Luminous Intensity (See Note 2) Vec=5V, Ig=10mA 300 ued
Ap Wavelength at Peak Emission Ve =5V v —av 570 580 590 nm
AN Spectral Bandwidth cc ! row: 40 nm
VK Input Clamp Voltage Vee=45V, Ij=-12mA -1.5 v
hH High-Level Input Current Vee=56.5V, V=24V 150, MA
[ITH Low-Level Input Current Vee=5.5V, V=04V -1 mA
! Row 1 thru Row 6 500 800
lrow  Row Input Current
. Row 7 See Note 3 600 1000 mA
Icc Logic Supply Current 45 65
NOTES: 2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission

on lllumination) eye-response curve.

for Ve = 5V, Vyow = 4 V. All column inputs are high.

SAV1dSIaA 134-H !

3. Maximum values of row input current and logic supply current are stated for Voo = 5.5 V, Vg, = 5 V. Typical values are stated

11-24
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Fiber-Optic Components
and Amplifiers

Quick Reference Guide
Silicon Photodiode and Phototransistor
Silicon Integrated Analog Receivers

High-Speed Transimpedance Amplifiers

\ . .
Gallium Aluminum Arsenid

Infrared Emitters

Hermetically Sealed Packages

H FIBER-OPTIC COMPONENTS AND AMPLIFIERS
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QUICK REFERENCE GUIDE
FIBER-OPTIC COMPONENTS AND AMPLIFIERS

SILICON PHOTODETECTORS

QUICK REFERENCE GUIDE

RADIANT RISETIME
DEVICE DETECTOR TYPE RESPONSIVITY FEATURES
ns) @5V
(A/W)
TIED458 Phototransistor 120 10,000 High responsivity
TIED459 PIN Photodiode 0.42 10 High speed
]
) SILICON INTEGRATED ANALOG RECEIVERS
m QUICK REFERENCE GUIDE
e
o RADIANT |EI\IQPllJJI'\I'”:ll;'\S‘: TRANSITION
. DEVICE RESPONSIVITY TIME FEATURES
~ (VW) RADIANT POWER (ns}
— (uW)
o TIED460 60 0.007 80 for ty, = 500 ns Single +5 V supply,
o TIED461 26 0.015 35 for tyy, = 250 ns Converts optical
O TIED462 12 0.04 18 for tyy, = 100 ns input to voltage
g TIED463 4.8 0.13 10 for tyy, = 50 ns output
]
g TRANSIMPEDANCE AMPLIFIERS
m QUICK REFERENCE GUIDE
3 FORWARD EQUIVALENT
(7)) DEVICE BANDWIDTH TRANSFER INPUT NOISE FEATURES
(MHz) IMPEDANCE CURRENT
> (k) (pA/VHz)
z TIEF150 100 1 8.5 Converts photodetector
U TIEF151 50 4 4.5 current to
E TIEF152 20 12 3 voltage output
o
: GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODES
ﬂ QUICK REFERENCE GUIDE
r£ RADIANT POWER RADIANT PULSE HALF- N
(7)) DEVICE OUTPUT (uW)* RISETIME INTENSITY (n:‘, FEATURES
@ 50 mA (ns) BEAM ANGLE
_ TIES494 45 2 20° 820 Microlens
TIES495 75 12 20° 820 metal-case
TIES496 110 12 20° 820 packaging

"Radiant power transmitted through a 0,2-mm (0.008-inch) diameter mechanical aperture into a numerical aperture of 0.25.
All values shown are typical

TEXAS INSTRUMENTS




TYPE TIED458
FIBER-OPTIC N-P-N SILICON PHOTOTRANSISTOR

D2678, APRIL 1983

DETECTOR DESIGNED FOR FIBER-OPTIC APPLICATIONS
High Radiant Responsivity . . . 120 A/W
Large Effective Detector Area with Internal 0.8-mm-Diameter Spherical Microlens

Optically Compatible with TIES494, TIES495, and TIES496 Infrared-Emitting
Diodes

® Mechanically Compatible with Various Commercial Fiber-Optic Connector
Receptacles

mechanical data

The device is in a hermetically sealed welded case with a flat glass window in the case top. The coin header is gold
plated; the metal window can is nickel plated.

LEADS 1 AND 2 ARE ELECTRICALLY INSULATED FROM THE CASE
0,483 (0.01
3 LEADS MT:%%T:; DIA 2,54 (0.100) DIA
3,96 (0.156)
3,45 (0.136) 1. EMITTER
2. COLLECTOR
p— 3. CASE
[—]
4,72 (0.186)
4,57 (0.180) — & 1,22 (0.048) |
DIA o 0,71 (0.028) ‘ 11
—L———-—L-—ﬁ 1,17 (0.046) lj L'
0,76 (0.030) 0,91 (0.036)
5.69 (0.224) MAX e >\
5,31 (0.209)
DIA 19,05 (0.750) —
MIN
The maximum extension of the glass above the top of the case is 0,25 mm (0.010 inch).
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL77

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

H FIBER OPTIC COMPONENTS AND AMPLIFIERS

Collector-Emitter Voltage . ... ... ... e 30V
Emitter-Collector Voltage . . .. .. ... .. . e e 7V
Continuous Collector CUITENT . . . . .o ottt e e e e e 20 mA
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) .. .......... 100 mW
Operating Free-Air Temperature Range . ... ........ ... ... ... .. . . . .. -40°C to 85°C
Storage Temperature Range . ........... ... .t —40°C to 100°C 1

Lead Temperature 1,6 mm (1/16 inch) from Case for 10 seconds . .............. ... ..... 240°C

NOTE 1. Derate linearly to 40 mW at 85°C free-air temperature at the rate of 1.0 mW/°C.

TEXAS INSTRUMENTS 12:3



TYPE TIED458
FIBER-OPTIC N-P-N SILICON PHOTOTRANSISTOR

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Collector-Emitter Ic = 100 uA, P =0,
Vv 3 30 \
(BRICEO Breakdown Voltage See Note 2
Emitter-Collector
\ Ig = 100 4A, P =0 7 \
(BRIECO Breakdown Voitage E P !
Ip Dark Current Vce = 10V, Pp=0 5 40 nA
Re Radiant Responsivity Vce = 5V, Py = 1 uW, 60 120 AW
(see Note 3) See Figure 1
RL = 100 Q 10
Rise Ti Vi =5V,
tr (s:: Nl::: 4) " AL = 1k0 2 ns
See Figure 2 RL = 10 ka 750

NOTES: 2. The radiant power input P is the radiant power measured with a large-area detector from the output end of a 10-m fiber-optic cable assembly

incorporating a graded-index optical fiber with a 100-um core dia , @ 140-pm ding di. , and a numerical aperture of <0.30. A TIES495
GaAlAs infrared-emitting diode with Xp = 820 nm is used at the input end of the fiber-optic cable assembly. The TIES495 has a typical half-
intensity beam angle of 20°.

3. Radiant responsivity is defined as the change of detector current output divided by the change of radiant power input Pj.

4. Rise time is the time required for a change in detector current output from 10% to 90% of its peak value for a step change of incident radiant
power. The fall time is approximately equal to the rise time.

E SH3IHINTdINY ANV SLININOdINOD J1LdO H3gld

PARAMETER MEASUREMENT INFORMATION

Vee

(2)

— —
D.UT.
IRED — ( ]

OPTICAL FIBER

(m l 10=1p +P|Re

Alg

Re =
¢ APy

FIGURE 1— TEST CIRCUIT FOR RADIANT RESPONSIVITY

124

TEXAS INSTRUMENTS




TYPE TIED458
FIBER-OPTIC N-P-N SILICON PHOTOTRANSISTOR

PARAMETER MEASUREMENT INFORMATION

PULSE
GENERATOR

B —

(See Note a} OPTICAL FIBER

(See Note b)

TEST CIRCUIT

OUTPUT

VOLTAGE WAVEFORMS
FIGURE 2 — SWITCHING TIMES

NOTES: a. Radiant power input is supplied by a pulsed GaAlAs infrared emitting diode with the following operating characteristics: Ap = 820 nm,
tr < 50 ns.
b. The output is i on an osci with the following characteristics: t < 50 ns, Zj; = 1 M@, Cj, < 20 pF.

TYPICAL CHARACTERISTICS

DARK CURRENT
vs
FREE-AIR TEMPERATURE
10000

| _Vee=10v Y
1000 | YCE v
100 //

10 /
1 /1
0.1 /

/
0012

0.001
~40 -20 0 20 40 60 80 100

H FIBER OPTIC COMPONENTS AND AMPLIFIERS

Ip — Dark Current — nA

TA — Free-Air Temperature — °C

FIGURE 3

TEXAS INSTRUMENTS 12.5
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TYPE TIED459

FIBER-OPTIC SILICON PHOTODIODE

D2679, APRIL 1983

mechanical

The device is in a hermetically-sealed welded case with a fiat glass window in the case top. The coin header is gold

plated;

DETECTOR DESIGNED FOR FIBER-OPTIC APPLICATIONS

® High-Resistivity Silicon PIN Photodiode for High Performance at Low
Voltage

Rise Time . . . 10 nsat VR = 5V
Low Capacitance . . . 3pFat VR = 5V

® Large Effective Detector Area with Internal 1,2-mm-Diameter Spherical
Microlens

® Optically Compatible with TIES494, TIES495, TIES496 Infrared-Emitting

Diodes

® Mechanically Compatible with Commercial Fiber Optic Connector
Receptacles

data

the metal window can is nickel plated.

LEADS 1 AND 2 ARE ELECTRICALLY INSULATED FROM THE CASE

0,483 (0.019) A

3 LEADS 5206 (0.016)

2,54 (0.100) DIA

3,96 (0.156)
3,45 (0.136) 1. ANODE
2. CATHODE
3. CASE
[ ]
4,72 (0.186)
457 (0.180) | s Y ) 1,22 (0.048)
DIA 0,71 (0.028)
—
N 1,17 (0.046)
0.76 (0.030) 0,91 (0.036)
569 (0224) ' wmax = )\
5,31 (0.209) -
DIA 19,05 (0.750) —
MIN

The maximum extension of the glass above the top of the case is 0,25 mm (0.010 inch).

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

cL-77

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Reverse Voltage
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (see Note 1)
Operating Free-Air Temperature Range
Storage Temperature Range
Lead Temperature 1,6 mm (1/16

A Commnde
Of 1U oeconas

NOTE 1: Derate linearly to 20 mW at 85°C free-air temperature at the rate of 0.5 mW/°C.

E FIBER OPTIC COMPONENTS AND AMPLIFIERS

...... 50 mW
—40°C to 85°C
-40°C to 100°C

nanor

............................ L9V °u

TExAs INSTRUMENTS



TYPE TIED459
FIBER-OPTIC SILICON PHOTODIODE

operating characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
IR = 100 A, Py = 0,
\Y Breakdown Voltage ! 0 1 \
(BR) 9 See Note 2 5 00
Ip Dark Current VR =25V, Pp=0 4 20 nA
Ct Total Capacitance VR =56V, P =0 3 pF
Radiant Responsivity )
Re VR =5V, See Figure 1 0.32 0.42 0.6 | AW
- (see Note 3)
— VR =5V 10 16
w Y Rise Time Ve =13V See Figure 2 7
= ee Figu
m r (see Note 4) R gure ns
=) VR = 25V 3
o NOTES: 2. The radiant power input P| is the radiant power measured with a large-area detector from the output end of a 10-m fiber-optic cable assembly
-U incorporating a graded-index optical fiber with a 100-um core diameter, a 140-um cladding diameter, and a numerical aperture of <0.30. A TIES495
_' GaAlAs infrared-emitting diode with )‘p = 820 nm is used at the input end of the fiber-optic cable assembly. The TIES495 has a typical half-
— intensity beam angle of 20°.
n 3. Radiant responsivity is defined as the change of detector current output divided by the change of radiant power input Pj.
n 4. Rise time is the time required for a change in detector current output from 10% to 90% of its peak value for a step change of incident radiant
o power. The electrical bandwidth (in MHz) at which the detector current output is reduced to 1/4/2 of the maximum low-frequency value is
approximately 350/t, (t; in ns). The optical bandwidth at which the detector current output is reduced to 1/2 of the maximum low-frequency
g value is approximately 610/t,. The fall time is approximately equal to the rise time.
g PARAMETER MEASUREMENT INFORMATION
m VR(+)
w @)
B weo (¥)3C__13
> D.U.T.
o OPTICAL M
> FIBER l'O"D"PlRe
v -
= g = ——
c APy
1]
m FIGURE 1-TEST CIRCUIT FOR RADIANT RESPONSIVITY
m VR(+)
PULSE INPUT
GENERATOR
@ )
t, t
" oureur et
IRED |
(see Note a) OSCILLOSCOPE 1
(see Note b) 1 !
-4
TEST CIRCUITS WAVEFORMS
NOTES: a. Radiant power input is supplied by a pulsed GaAlAs infrared emitting diode with the f ing ing ct isti )\p = 850 nm,
ty = 100 ns, t; < 5 ns.
b. The output waveform is monitored on an oscilloscope with the following characteristics: Zjn, = 50 , ty = 2 ns.The measured rise time is corrected

for the combined rise times of the optical source, the TIEF150 transimpedance amplifier, and the oscilloscope.

FIGURE 2—SWITCHING TIMES

12-8
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TYPE TIED459
FIBER-OPTIC SILICON PHOTODIODE

Ip — Dark Current — nA

CT — Total Capacitance — pF

DARK CURRENT
vs

TYPICAL CHARACTERISTICS

REVERSE VOLTAGE

DARK CURRENT

100

ﬂ FIBER OPTIC COMPONENTS AND AMPLIFIERS

6 g Vs
TA=25°C FREE-AIR TEMPERATURE
PI=0 10000 T T
5 VR=25V L
1000 |-P1=0 4
4 < //
— T 100 Va
/ € /
H /|
3 g 10
/ 3 /
o
x 1 v
2 K L
[ 04 /
f= L
! 00154
/ . /
0 0.001
0 5 10 15 20 25 -40 -20 0 20 40 60 80
VR — Reverse Voltage — V TA — Free-Air Temperature — °c
FIGURE 3 FIGURE 4
TOTAL CAPACITANCE RELATIVE RADIANT RESPONSIVITY
vs vs
REVERSE VOLTAGE WAVELENGTH
6
P1=0 12 VR =5v
| TA=25°C Ta=25°C
5 1.0 L
z /
N 2
4 € 08
\\ g /
3
3
3 - € 06 / \
2 \
2 o 04
2
E \
3
1 x 0.2 \
0 0
1 2 4 7 10 20 40 500 600 700 800 900 1000

VR — Reverse Voltage

FIGURE 5

-V

A — Wavelength — nm

FIGURE 6

1100
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TYPES TIED460, TIED461, TIED462, TIED463
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

D2680, MARCH 1983

INTEGRATED ANALOG RECEIVERS FOR FIBER-OPTIC APPLICATIONS

® Monolithic Integrated Circuit Containing Both Photodetector and Transimpedance Preamplifier
@ Converts Optical Input to Voltage Output

©® Quasi-Differential Output for AC-Coupled Systems

® Fast Pulse Response Time . . . 10 ns for TIED463

® High Radiant Responsivity . . . 60 mV/uW for TIED460

® Large Effective Detector Area with Internal 0.7-mm-Diameter Spherical Microlens

® Optically Compatible with TIES494, TIES495, and TIES496 Infrared-Emitting Diodes

® Mechanically Compatible with Commercial Fiber Optic Connector Receptacles

mechanical data

The devices are in a hermetically sealed welded case with a flat glass window in the case top. The coin header is
gold plated; the metal window can is nickel plated.

a FIBER OPTIC COMPONENTS AND AMPLIFIERS

ALL LEADS ARE ELECTRICALLY INSULATED FROM THE CASE
0,483 (0.019) p A
4 LEADS 0——,406 10.016) 2,54 (0.100) DIA
3,96 (0.156) 1 OUTPUT
3,45 (0.136) . "
(See Note a) :2’ 8“'II;PUT+
4.Vcc
[—]
4,72 (0.186)
457 (0.180) a—— ] 1,22 (0.048)
DIA 0,71 (0.028)
em— |
1,17 (0.046)
0,91 (0.036)
0,76 (0.030) ’
5,69 (0.224) MAX ——'I )\
5,31 (0.209)
DIA 19,05 (0.750)
MIN
NOTE a: The maximum extension of the glass above the top of the case is 0,256 mm (0.010 inch).
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL79
schematic
rTT T T T T T T T T T e 4
| I( ) Vee
| |
| |
' p l
| V) oureuT-
[ N (I
| |
| |
| [_ie_] |
NS } :(2)
PUT+
N " % | 1 OouUT!
' :
|
| 1(3)
Ly —/—/———= r GND
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TYPES TIEDA460, TIED461
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

SUPPlY VOIAGE, VO - - o ot et et e e e e 7.5V
Operating Free-Air Temperature Range —40°C to 85°C
Storage Temperature Range . ... ... ... . A e ... —40°Cto 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds ............................ 240°C

operating characteristics at 25 °C free-air temperature, Vgc = 5V

TIED460 TIED461
TES NS NIT
PARAMETER EST CONDITIO MIN_ TYP MAX | MIN TYP MAX u
Re(s) Steady-State Responsivity * See Figure 1 40 60 100 18 26 45 ImV/uWi
= 500 ns 58
R Pulsed iyl W V/uW
e(p) ulsed Radiant Responsivity tw = 250 s 27 mV/u!
Equivalent Input Noise
P, .007 0.01 W
n Radiant Power? 0.00 018 “
i t D Vol
Voqs Quiescent DC Output Voltage |, _ o See Figure 1/ 0.48 0.60 0.72 [0.52 0.64 076 | V
(Noninverting Output)
Qui t DC Output Volt:
Vog. . escen utput Yoltage g < o, See Figure 1| 27 30 33| 27 30 33| V
(Inverting Output)
Vp RMS Output Noise Voltage P =0, See Figure 2 0.4 0.6 0.4 0.6 mV
2o Output Impedance Y P =0, f = 20 kHz 200 200 Q
¢ Pulsed Transition Time tw = 500 ns, See Figure 3 80 120 ns
Pl (20% to 80%) # tw = 250 ns,  See Figure 3 35 50
Icc Supply Current P =0, See Figure 1 3 4.0 5 33 4.4 5.5 mA

*Radiant responsivity is defined as the absolute change of output voltage divided by the change of radiant power input Py. The steady-state radiant responsivity
Re(s) applies for incident radiant power pulse durations of greater than 2 us. The pulse radiant responsivity for short radiant power pulse durations is discussed
below. The maximum output voltage change should be less than 0.7 V to maintain linear ion and to minimize pulse duration distortion. Bypass capacitors
between V¢ (Pin 4) and GND (Pin 3) are required; a 1-4F tantalum capacitor in paraliel with a 0.01-xF ceramic disc capacitor is recommended to be placed
as close as possible to the device pins.

tThe output voltage response to a step change of incident radiant power ists of two Pt its: a fast Py due to iation absorbed in the
photodiode high-field junction depletion region, and a slow component due to radiation absorbed in the photodiode nondepleted regions. The amplitude of
the fast component is characterized by the pulse radiant responsivity Re(p) for short incident radiant power pulse durations.

‘Equnvalenl input noise radiant power Pp equals the RMS output noise voltage Vn divided by the steady-state radiant responsivity Re(s).

$The radiant power input P| is the radiant power d with a larg from the output end of a 10-m fiber-optic cable assembly that incorporates
a graded-index optical fiber with a 100-um core diameter, a 140-um cladding diameter, and a numerical aperture of < 0.30. A TIES495 820-nm GaAlAs
infrared-emitting diode is used at the input end of the fiber optic cable assembly. The TIES495 has a typical half-intensity beam angle of 20 degrees.

1Capaci(ive coupling is required for load resistances smaller than 10,000 ohms to minimize disturbance of the quiescent dc output voltages.

#The pulsed transition time ty(p) is the time required for the output voltage to change from 20% to 80% of its peak value for short incident radiant power
pulse durations. The transition time of the trailing edge is approximately equal to that of the leading edge. The output voltage pulse duration is typically
6 ns less than the incident radiant power pulse duration due to diff of pi ion delay times for the leading and trailing transitions. The overall
10% to 90% rise time is typically 250 ns for pulse durations greater than 2 us.
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TYPES TIED462, TIED463
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Supply Voltage, VO C -« oot 7.5V
Operating Free-Air Temperature Range . ........... .. ...ttt —-40°C to 85°C
Storage Temperature RaNge ... ... ..ot -40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds . .............................. 240°C

operating characteristics at 25 °C free-air temperature, Vg = 5 V

TIED462 TIED463
UNIT
PARAMETER TEST CONDITIONS N TYP  MAX WIiN TYP  MAX
Re(s) Steady-State Responsivity* See Figure 1 8 12 20 3.2 4.8 8 |mV/uW,
tw = 100 ns 10
R Pulsed Radiant R iyt mV/uW,
elp) ulsed Radiant Responsivity =50 35 W
Pn Equivalent Input Noise 0.04 0.13 W
Radiant Power*
v Quiescent Output Voltage Y See Figure 11 0.56  0.68 08 |062 074 o086 v
oQ+ (Noninverting Output) P=u ee Figur ’ . . ' : :
Vog. CQuiescent Output Voltage P =0, See Figure 1| 2.6 29 32| 26 29 32| v
(Iinverting Output)
Vi RMS Output Noise Voitage P =0, See Figure 2 0.5 0.7 0.6 0.9 mV
20 Output Impedance Y P =0, f = 20 kHz 200 200 Q
¢ Pulsed Transition Time tw = 100 ns See Figure 3 18 28 as
Pl (20% to 80%) # tw = 50 s, See Figure 3 10 15
Icc’ Supply Current P =0, See Figure 1 3.6 4.8 6 4.2 5.6 7 mA

*Radiant responsivity is defined as the absolute change of output voitage divided by the change of radiant power input Py. The steady-state radiant responsivity
Re(s) applies for incident radiant power pulse durations of greater than 2 us. The puise radiant responsivity for short radiant power pulse durations is discussed
below. The maximum output voltage change should be less than 0.7 V to maintain linear operation and to minimize pulse duration distortion. Bypass capacitors
between Ve (Pin 4) and GND (Pin 3) are required; a 1-pF tantalum capacitor in parallel with a 0.01-xF ceramic disc capacitor is recommended to be placed
as close as possible to the device pins.

tThe output voltage response to a step change of incident radiant power consists of two P s: a fast 1t due to 1 absorbed in the
photodiode high-field junction depletion region, and a slow component due to radiation absorbed in the photodiode nondepleted regions. The amplitude of
the fast component is characterized by the pulse radiant responsivity Re(p) for short incident radiant power pulse durations.

’Equivaient input noise radiant power Py, equals the RMS output noise voltage Vp, divided by the steady-state radiant responsivity Re(s)-

5The radiant power input Py is the radiant power measured with a large-area detector from the output end of a 10-m fiber-optic cable assembly that incorporates
a graded-index optical fiber with a 100-um core neter, a 140-um ing di , and a numerical aperture of < 0.30. A TIES495 820-nm GaAlAs
infrared-emitting diode is used at the input end of the fiber optic cable assembly. The TIES495 has a typical half-intensity beam angle of 20 degrees.

1Cauacitiva coupling is required for load resistances smaller than 10,000 ohms to minimize disturbance of the quiescent dc output voltages.

#The pulsed transition time te(p) IS the time required for the output voltage to change from 20% to 80% of its peak value for short incident radiant power
pulse durations. The transition time of the trailing edge is approximately equal to that of the leading edge. The output voltage pulse duration is typically
6 ns less than the incident radiant power pulse duration due to differences of propagation delay times for the leading and trailing transitions. The overall
10% to 30% rise time is typically 250 ns for pulse durations greater than 2 us.
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TYPES TIED460, TIED461, TIED462, TIED463
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

PARAMETER MEASUREMENT INFORMATION

Vce
—>
R —
OPTICAL FIBER
FIGURE 1-TEST CIRCUIT FOR STEADY-STATE PARAMETERS
RFC
T e
T
o I
N\

E SH3HINdWY ANV SININOdJNOD J11dO H38ld

0.01 uF
| RMS VOLTMETER

FIGURE 2—-TEST CIRCUIT FOR NOISE MEASUREMENTS
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TYPES TIED460, TIEDAG1, TIED462, TIEDA63
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

PARAMETER MEASUREMENT INFORMATION

Vce

PULSE
GENERATOR

IRED
(See Note a}

OSCILLOSCOPE
(AC COUPLED)

TEST CIRCUIT

OUTPUT-

|
|
|
|
|
|
'

tt(p)4¢—9

i FIBER OPTIC COMPONENTS AND AMPLIFIERS
N

WAVEFORMS

FIGURE 3—SWITCHING TIMES

NOTES: a. Radiant power input is supplied by a pulsed GaAlAs infrared-emitting diode with the following characteristics Ap = 850 nm,
te < 5ns.

b. The input impedance of the probe is at least 100 k2. The combined rise time of the probe and the oscilioscope is equal to or less
than 2 ns.
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TYPES TIED460, TIED461, TIED462, TIED463
FIBER-OPTIC SILICON INTEGRATED ANALOG RECEIVERS

-—
M SH3IHINdINY ANV SLNINOJINOD J11dO H3dld

RELATIVE RADIANT RESPONSIVITY

Vs

TYPICAL CHARACTERISTICS

FREE-AIR TEMPERATURE

vs
FREE-AIR TEMPERATURE

RELATIVE PULSE RESPONSE TIME

20 2.0
1.8 18
> 2
£ 1.6 .°§‘ 1.6 /7
€14 L 14
g A 2 4
a o c
8 12 \?’o&/’ § 12 /
z Pp=ra 2 1
.E 10 /l ‘\E0463 (:': 1.0 -\'\EDAG?’ A
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5 0 > t 08 //‘\g
2
£ 0.6 506
@ ©
T 04 T 04
0.2 0.2
0 0
—40 —-20 0 20 40 60 80 100 120 —-40 -20 O 20 40 60 80 100 120
Ta—Free-Air Temperature—°"C Ta—Free-Air Temperature—°C
FIGURE 4 FIGURE 5
SUPPLY CURRENT QUIESCENT DC OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
8 - 4
T [ (
7 _P| =0 >| _PI =0
Vee=5V = -1
< CC :_\ Vece SVT\EDAG‘\'OO —
E g <
] =] r c 3 V00—
L ——TIEDgg, > —] .“EDA63
£ 5 P— 3 =
5 — T~ &
a3 —~—_ &
_: 4 TI"D\. 8 2
g 67 ~~ 2
@ 13
13 3
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L 2 3 1
g TIED463
‘8 S a— Voao+ L
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> D461 Voas
0 0 L1
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Ta—Free-Air Temperature—°"C

FIGURE 6

TaA—Free-Air Temperature—°"C
FIGURE 7

12-16

TEXAS INSTRUMENTS



TYPES TIEF150, TIEF151, TIEF152
LOW-NOISE HIGH-SPEED TRANSIMPEDANCE AMPLIFIERS

D1954, NOVEMBER 1974—-REVISED DECEMBER 1977

OPTOELECTRONIC INTERFACE CIRCUITS FOR APPLICATIONS SUCH AS
LASER RANGEFINDERS AND OPTICAL COMMUNICATIONS

(FORMERLY TIXL150, TIXL151, TIXL152)

e Designed for Current Sources such as Photodiodes and Photomultiplier Tubes

e Transimpedance Circuit Provides Output Voltage Linearly Proportional to Input Current
e Typical Frequency Responses from DC to 100 MHz, 50 MHz, and 20 MHz

e Typical Equivalent Input Noise Current Spectral Densities of 8.5 pA/\/Hz, 4.5 pA/\/Hz,
and 3 pA/\/Hz

e Low Input Impedance for Tolerance of High Input Capacitance

e Low Output Impedance for Loads as Small as 50 Ohms¥

e Single Supply of 4 to 6 Volts

mechanical data

The device is in a hermetically sealed welded case similar to but shorter than JEDEC TO-12.

LEAD 3 IS IN ELECTRICAL CONTACT WITH THE CASE

4,70 (0.185) | 12,7 (05)
4,19 (0.165) MIN
TEMPERATURE
—— 4]} MEASUREMENT PT
9,40 (0.370)
351 (033) U,
DIA Py
851 (0.335) - 4 LEADS
7.74 (0.305) — 318 {0.125) 0,483 (0.019)
DIA 2209 0,406 (0.016)
0,23 (0.009)
L SEATING
PLANE

2 - OUTPUT

5,08 (0.200)

3-GND
— INPUT

DIA

/\_ 1,15 (0.045)
0,73 10.029)
0,864 (0.034)
0.717(0.028)

ALL LINEAR DIMENSIONS ARE IN M!ILLIMETERS AND PARENTHETICALLY IN INCHES.

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Supply voltage Vcc

Continuous Input Current Range TIEF150

External Load Conductance .
Operating Free-Air Temperature Range
Storage Temperature Range .
Lead Temperature 1/16 Inch from Case for 10 Seconds

TIEF151
TIEF152

8V

a FIBER OPTIC COMPONENTS AND AMPLIFIERS

—5mA to 2mA

—1.2mA to 2 mA
—0.5mAto 2 mA
. 20 mmho¥
—55°C to 125°C
—65°C to 150°C
240°C

'Equlvaient input noise current is defined as broadband rms output voltage divided by 2§ and by the square root of noise bandwidth. The
noise bandwidth is m/2 times the signal bandwidth measured between the frequencies at which response is down 3 dB with a high-frequency

rolioff of 6 dB/octave.

iCapacitive coupling is required for load resistances smaller than 1000 ohms to minimize disturbance of the amplifier bias.

TExAS INSTRUMENTS
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TYPES TIEF150, TIEF151, TIEF152
LOW-NOISE HIGH-SPEED TRANSIMPEDANCE AMPLIFIERS

electrical characteristics at 25°C free-air temperature, Vcc = 5.8 V

TIEF150 TIEF151 TIEF152
PARAMETER TEST CONDITIONS § UNIT
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX
In Equivalent Input Noise Current’ | R =50 Q, See Note 1 8.5 10 4.5 7 3 55 |pA/N/Hz
2z Forward Transfer Impedance RL=50Q, f=20kHz| 08 1.0 28 4 8 12 k2
zj Input Impedance RL =50, f=20kHz 35 70 100 140 300 500 Q
2z Output Impedance lin=0, =20 kHz 0.5 5 2 10 4 12 Q
Maximum RMS Output
Vo RL=50Q, f=20kHz| 100 100 100 mV
Voltage
B Bandwidth (—3 dB) Ry =500 90 100 40 50 12 20 MHz
Via Quiescent Input Voltage Input open 0.7 0.7 0.7 \%
Voq Quiescent Output Voltage Input open 0.8 0.8 0.8 \
Icc Supply Current Input open 4 6 4 6 4 7 mA

'Equlvalant input noise current is defined as broadband rms output voltage divided by z; and by the square root of noise bandwidth. The
noise bandwidth is /2 times the signal bandwidth measured between the frequencies at which response is down 3 dB with a high-frequency

roil-off of 6 dB/octave.

§Output coupling capacitance = 1 uF, V¢ bypass capacitance = 0.01 uF.

NOTE 1:

overall signal bandwidth is equal to the bandwidth of the device under test.

Equivalent input noise current is determined using a post-amplifier with response down 3 dB at 10 kHz and 150 MHz. Therefore, the

E SH3HINdWY ANV SININOdIWOD J11dO 43914

Vee

$
>

-QOUTPUT

250

schematic
‘D
34k
<
L
INPUT O—¢
‘v‘v‘v
RE

VALUE APPROXIMATELY

EQUAL TO z¢

Resistor values shown are nominal

O GND

AVALANCHE
BIAS

Adjust for desired
avalanche gain

typical application

;=50 Q

TYPICAL PERFORMANCE FOR M = 100, A = 0.9 um
Re = 2.3 X 105 VW
NEP =2 X 1013 W/\/Hz
flower =3 kHz

fupper

=50 MHz
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TYPES TIES494, TIES495, TIES496
FIBER-OPTIC GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2681, APRIL 1983

SOURCE DESIGNED FOR FIBER-OPTIC APPLICATIONS
High-Efficiency GaAlAs Infrared-Emitting Diode
820-nm Peak-Emission Wavelength
Radiant Rise Time . . . 12 ns Typical

Internal 0.5-mm-Diameter Spherical Microlens for Efficient Optical Coupling

TIED461, TIED462, TIED463 Integrated Analog Receivers

® Mechanically Compatible with Commercial Fiber Optic Connector Receptacles

mechanical data

The devices are in a hermetically sealed welded case with flat glass window in the case top. A coin header is used
for increased thermal dissipation capability. The coin header is gold plated. The metal window can is nickel plated.

Optically Compatible with TIED458 Phototransistor, TIED459 Photodiode, and TIED460,

LEADS 1 AND 2 ARE ELECTRICALLY INSULATED FROM THE CASE

3 LEADS 0,483 (0.019) DIA

0,406 (0.016) 2,54 (0.100) DIA
3,96 (0.156)
3,45 (0.136) 1. ANODE
3 2. CATHODE
pu— 3. CASE
=
4,72 (0.186) N
257 (0.180) - I S / 1,22 (0.048)
DiA L o "~ 0,71 (0.028)
1,17 (0.046)
0,76 (0.030) I 097(0.038)
5,69 (0.224) MAX — >\
5,31 (0.209)
DIA 19,05 (0.750) —
MIN

The maximum extension of the glass above the top of the case is 0,25 mm (0.010 inch).
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

cL-77
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TYPES TIES494, TIES495, TIES496
FIBER-OPTIC GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

REVEISE VOIAE . .« ot ot vttt e ettt e et e e e e e 2V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) ............... 60 mA
Peak Forward Current at (or below) 25°C Free-Air Temperature (See Notes 2and 3) ............. 100 mA
Operating Free-Air Temperature Range (See Notes 2and 3) ......................... —40°C to 85°C
Storage Temperature Range —40°C to 100°C

Lead Temperature 1,6 mm {1/16 inch) from Case for 10 seconds . ............ ... ... ......... 240°C
NOTES: 1. Derate linearly to 24 mA at 85°C free-air temperature at the rate of 0.60 mA/°C.

2. Derate linearly to 40 mA at 85°C free-air temperature at the rate of 1.0 mA/°C.
3. This value applies for t,, < 100 s, duty cycle < 50%.

operating characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
TIES4
po Hadiant Power Output TIES4Z: IF = 50 mA,  See Figure 1 gg ;: :Zg
fo) (see Note 4) F = mA, ee Figure uw
TIES496 80 110 240
TIES494
P Pulsed Radiant Power Output TIESA95 | = 100 mA, See Note § 122 W
0 (see Note 4) FM = ma ee Note s
TIES496 220
Ap Wavelength at Peak Emission I = B0 mA 790 820 860 nm
AN Spectral Bandwidth Ig = 50 mA 40 nm
01 Half-Intensity Beam Angle Ig = 50 mA 20°
VE  Static Forward Voltage If = 50 mA 1.6 2 Vv
Vg  Forward Voltage I = 100 mA, See Note 5 1.8 \
C Capacitance VE =0 200 pF
Radiant Pulse Rise Time IEm = 50 mA, ty, = 100 ns,
tr . 12 20 ns
(see Note 6) See Figure 2

NOTES: 4. The radiant power output, Pq, is the radiant power transmitted through a 0,2-mm (0.008-inch) diameter mechanical aperture into 2 numerical
aperture of 0.25. The radiant power coupled into a graded-index optical fiber with a 100 um core diameter, a 140-um cladding diameter, and
a numerical aperture of 0.3 is typically 24% of Pg. The radiant power coupled into a graded-index optical fiber with a 50-um core diameter,
a 125-um cladding diameter, and a numerical aperture of 0.2, is typically 4.5% of Pq.

5. These parameters must be measured using pulse techniques. t,, < 100 s, duty cycle <50%.

6. Radiant pulse rise time is the time required for a change in radiant intensity from 10% to 90% of its peak value for a step change in forward
diode current. The typical electrical bandwidth (in MHz) at which the radiant power output is reduced to 1/vZ of the maximum low-frequency
vaiue is approximately 350/t; (t, in ns) or 29 MHz. The typical optical bandwidth at which the radiant power output is reduced to 1/2 of the
maximum low-frequency value is approximately 610/t, or 50 MHz. The radiant pulse fall time is typically equal to or less than the radiant pulse
rise time.

i SH3IHINdINY ANV SININOJINOD J11dO H3gld

2 temperature coefficients

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
apQ Temperature Coefficient of Radiant Power Output -0.5 %/°C
a\p Temperature Coefficient of Peak-Emission Wavelength IF = 50 mA Q.25 nm/°C
QAN Temperature Coefficient of Spectral Bandwidth 0.08 nm/°C
avE Temperature Coefficient of Static Forward Voltage -1.3 mV/°C
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TYPES TIES494, TIES495, TIES496
FIBER-OPTIC GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

PARAMETER MEASUREMENT INFORMATION

n _ _ - -
- =
L— Ny - R = DETECTOR RADIUS
[ ——— -
{_/_ —— —— e —— |
| e — 1~ -~ 7
Ur——— ~-
o~
| S~ S LARGE-AREA PHOTODETECTOR
~
D
NUMERICAL APERTURE =sin 0 R
=sin 0 = —m——
VRZ + D2

FIGURE 1-RADIANT POWER OUTPUT MEASUREMENT

VR{+)

PULSE IF
GENERATOR (1)
(See Note a)

0.01 uF

— — SILICON
D.U.T. =
—p : - PHOTODIODE =
OPTICAL
(2) FIBER
( OSCILLOSCOPE
(See Note b)
TIEF150
TEST CIRCUIT 'TL

Adjust amplitude of input pulse for |gp = 50 mA

INPUT

o] L

t,
M oureyr
90% 90%

_;40% w%\\L

WAVEFORMS

H FIBER OPTIC COMPONENTS AND AMPLIFIERS
N

NOTES: a. The input current waveform is supplied by a pulse generator with the following characteristics: Zo = 50 £, ty = 100 ns, 1, < 2ns.
b. The output waveform is monitored on an i with the ing characteristics: Zj, = 50 £2, ty < 2 ns. The measured rise
time is corrected for the combined rise times (<6 ns) of the receiver circuit and the oscilloscope.

FIGURE 2—-SWITCHING TIMES
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High-Reliability Index

® LED Displays
® Optocouplers (Isolators)
® Infrared Emitters

® Infrared Detectors

H HI-REL INDEX
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HIGH-RELIABILITY OPTOELECTRONICS INDEX

Texas Instruments offers a large selection of high-reliability optoelectronic devices consisting of displays, optocouplers,
infrared emitters, and infrared detectors/sensors. See referenced data sheets listed below for complete specifications on

each device.

High-Reliability Optoelectronic Products

HI-REL LED DISPLAYS

® In moisture-resistant ceramic packages

® TTL compatibility and reliability
Available in
® High-intensity red or yellow

® 7-segment red

® Hexadecimal red or yellow

® Alphanumeric red or yellow

For applications involving military or adverse environmental conditions, Tl offers a variety of high-reliability moisture-resistant
displays. These red and yellow LED displays offer high luminous intensity coupled with a wide viewing angle and low power
requirements.

HI-REL INDEX

Y
w

JEDEC T TYPE OF CHARACTER | COLOR
PART | PART CHARACTER HEIGHT OF PACKAGE REMARKS PAGE
NO. NO. mm (INCHES) | DISPLAY

14-lead
hermetically | Electrically and mechanically interchangeable

4N41 [TIL501* | 7-segment 6.9 (0.270) Red sealed dual- | with TIL302 11-3
in-line
14-lead

4NS6 |TILE05* | Hexadecimal 7.6 (0.300) Red hermetically Se.lf—confained four-bit latch, decoder, and 11-7
sealed dual- | driver with 4 x 7 font
in-line
8-lead

4N57 |TILB06* | 7-segment 7.6 (0.300) Red hermetically | Internal TTL MSI chip with decoder and driver.| 11-11
sealed Left decimal
16-lead

anss |TiLso7e 5 x7 ) hermetically Intc.agra{ D"fVN fli'p-ﬂop column cfrivers and 11-15

alphanumeric | 7,6 (0.300) Red sealed dual- | series limiting resistors. Left decimal.
in-line
14-lead
. hermetically | Self-contained four-bit latch, decoder, and
- TILS09 | Hexadecimal | 7.6 (0.300) | Yellow sealed dual | driver with 4 x 7 font similar to 4N56 1119
in-line
16-lsad Integral D-type flip-flop column drivers
5 x7 hermetically o N
- TiL610 . 7.6 (0.300) | Yellow and series limiting resistors. Left 11-23
alphanumeric sealed dual- 3 -

in-line decimal similar to 4N58

*These part numbers have been replaced by the JEDEC part numbers shown.
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HIGH-RELIABILITY OPTOELECTRONICS INDEX

HI-REL OPTOCOUPLERS (OPTOISOLATORS)

® Hermetically sealed TO-72 and TO-78 metal-can packages
® JAN, JANTX, and JANTXV versions available (4N22 and 4N47 series)
® Stable over wide temperature ranges
® High current transfer ratios (CTR)
® High-voltage electrical isolation . . . 1-kV rating
METAL-CAN [
PART NUMBER PACKAGE (M?JR%) @ (an) l PAGE
‘SUPER-COUPLERS'*
3N261 T0-72 50 1 7-3
3N262 T0-72 100 1 7-3
3N263 T70-72 200 1 7-3
4N47 JAN,JANTX, and JANTXV T0-78 50 1 7-21,
per MIL-S-19500/548 7-27
4N48 JAN, JANTX, and JANTXV TO-78 700 1 721,
per MIL-S-19500/548 g 7-27
2N49 JAN, JANTX, and JANTXV TO-78 200 1 7.9,
per MIL-S-19500/548 7-1
OPTOCOUPLERS
4N22 JAN, JANTX, and JANTXV TO-78 25 10 7-9,
per MIL-S-19500/486A 7-13
4N23 JAN, JANTX, and JANTXV TO-78 60 10 7-9,
per MIL-S-19500/486A 7-13
4N24 JAN, JANTX, and JANTXV TO-78 700 10 7-9,
per MIL-S-19500/486A 7-13
TIL102 T0-78 25 10 7-33
TIL103 T0-78 100 10 7-33
TIL120 T0-72 25 10 7-51
TIL121 T70-72 50 10 7-51

o)
% X3aNI 134-IH

*""Super-couplers’’ are optocouplers having high CTR (current transfer ratio) at low Ig.
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HIGH-RELIABILITY OPTOELECTRONICS INDEX

HI-REL EMITTERS AND DETECTORS

Hermetically sealed packages
Wide temperature storage and operating range
Spectrally and mechanically matched IR pairs

Pill packages and TO-18 packages

The devices listed below are subjected to the processing and lot acceptance in accordance to the sequence of tests in
MIL-S-19500 for JANTX types. These are not to be construed to be JANTX-qualified parts. A detail specification is available
upon request through your Field Sales Office or Optoelectronics Marketing at the following address:

Texas Instruments Incorporated
Optoelectronics Marketing

P.0O. Box 225012, MS 12
Dallas, Texas 75265

Phone: (214) 995-3821

HI-REL INFRARED EMITTERS AND SENSORS

PART NUMBER DESCRIPTION METAL-CAN PACKAGE PAGE
TIL24HR2 IR Emitter Pill 3-3. 3-7
TIL31BHR2 IR Emitter TO-18 3-9, 3-11
TILB1HR2 Phototransistor TO-18 5-9, 5-13
TIL604HR2 .Phototransistor Pill 5-31, 5-39

By HI-REL INDEX
w
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM
FOR OPTOELECTRONICS

TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM
FOR OPTOELECTRONICS

Texas Instruments has an extensive commitment to produce optoelectronic products with the highest quality and reliability
performance possible. TI monitors the entire semiconductor process, from the earliest stages of crystal formation through
completion of the final device. These monitored processes which follow rigid Quality Standards are illustrated in Table I.
As an added emphasis on our quality trust, Tl incorporates Quality Reviews with some of our major customers to monitor
their incoming inspection reports with our reporting system. These customers’ inputs are reviewed on a monthly basis by
the top management of Texas Instruments and are used to constantly update our standard within the industry. Our continuing
goal is to be the Number 1 supplier in the industry, and we have set up our QA Program to meet this challenge.

The broad spectrum of industrial and/or military applications demand our products to be operative under adverse conditions
and prolonged usage. Refer to Table Il for our overall testing capability. Table Il defines the military standard test capabilities
available at TI.

Extensive facilities are used in our failure analysis laboratory to analyze in-house and field failures of our products. Table IV
illustrates our Failure Analysis Procedures and our test facilities.

In summary, this chapter includes the following tables:

Table | General Standard Device Flow
Table Il Overall Test Capability

Table |l Military Standard Test Capability
Table IV Failure Analysis Capability

Reliability data on our products is consolidated every 3 months and is available upon request by contacting your local Tl
Field Sales Office or by contacting Tl direct.

TEXAS INSTRUMENTS

E QUALITY AND RELIABILITY
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM

FOR OPTOELECTRONICS

Table I. General Standard Device Flow

QC Monitor (Epoxy Coverage)

Piece parts per device
specification from incoming
accepted inventory or front end

Apply Mounting Epoxy

QC Monitor (Oven Temperature)

Mount Bars and Cure Epoxy

QC Monitor (Bar Alignment)

Visual Inspection

QC Monitor {Machine Condition/Bond Parameters/Bond Strength)

Bonding

QC Monitor (Bond Visual)

O 4O 4O 43

Bond Inspection

QC Monitor (Epoxy Mix, Machine Condition, Seal Integrity)

Electro/Optical Test

Seal/Encapsulation

QC Monitor (E/O Test)

U

q] QC Monitor (V/IM Inspect)

Symbolization

Visual/Mechanical Inspection

Ei ALNIgvVI3Yd ANV ALNYNOD

Sample Solderability Test

Sample Temperature Cycle Test

Pack

FCC QA Lot Acceptance
E/O and V/IM

ISTO QA Lot Acceptance
E/O and V/IM
PCC QA Lot Acceptance
E/O and VIM

Ship

$
5
0
0
0
!
é
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM

FOR OPTOELECTRONICS

Table il. Overall Test Capability

Test

Capability

Acceleration, Sustained
(Centrifuge)

Bond Strength
Altitude (Barometric
Pressure, Reduced)
Dew Point
Electrostatic Susceptibility, MIL-STD-883, Method 3015
Flammability
Moisture Resistance

Particle Detection
Acoustical (PIND)
Electrical

Pressure Cooker

Radiographic Inspection (X-Ray)
Film
Real Time

Salt Atmosphere/Spray

Seal
Gross Leak
Bubble
Dye Penetrant
Weight Gain
Radioactive Tracer Gas

Symbolization
(Resistance to Solvents}

Shock (Mechanical)

Solderability, Meniscograph
Solderability/Soldering
Temperature Cycling

Terminal Strength (Lead Integrity)
Thermal Shock

Ultrasonics

Ultraviolet Exposure

Vibration, Fatigue

Vibration, Random

Vibration, Variable

*Limited fixture availability.

50 to 50,000 G (standard)
50,000 to 125,000 G (nonstandard}*

0 to 25 grams
150,000 ft simulated altitude

-65°C to 150°C

800°C to 1100°C
+2°C to +96°C, 40% to 100% RH

20.1 microgram
Intermittency = 1 us with 100-mV amplitude

0 to 15 psig of steam pressure

Resolution to 0.001 inch, 150 kV, 5 mA
360° rotation — Resolution to 0.001 inch

25°C to 45°C, up to 20% salt solution

=1 X 105 atm cm3s
25 X 106 atm cm3/s
>2 X 106 atm cm3/s
21 X 10°10 atm cm3/s

To limits of: MIL-STD-202, Method 213
MIL-STD-750
MIL-STD-810, Method 516
MIL-STD-883

MIL-STD-883, Method 2022

Up to 280°C

~-185°C to 300°C

Lead Fatigue, Tension, Torque
—-186°C to 200°C

0 to 100 psi at 40 kHz or 25 kHz
To 12.5 mW/cm2

10to 100 Hz, 510 70 G

20 to 2000 Hz, Power Spectral Density
1.3 G2/Hz

5 to 2000 Hz as limited by 1 inch double
amplitude and 60 inches/second velocity.

0 to 70 G (standard), 70 to 100 G (nonstandard) *

E QUALITY AND RELIABILITY
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM
FOR OPTOELECTRONICS

Table lll. Military Standard Test Capability

TEST-CATEGORY

MIL-STD-202

MIL-STD-750

MIL-STD-883

Altitude All Conditions All Conditions All Conditions
except G except G except G

Bond Strength Conditions A or B Conditions A, C, or D
Dew Point All Conditions All Conditions
Flammability All Conditions

Immersion All Conditions All Conditions All Conditions
Insulation Resistance All Conditions All Conditions All Conditions
Meniscograph Solderability All Conditions
Moisture Resistance All Conditions All Conditions All Conditions

Resistance to Solvents
(Symbolization)

All Conditions

All Conditions

All Conditions

Salt Atmosphere

All Conditions

All Conditions

Salt Spray All Conditions All Conditions
Seal All Conditions All Conditions All Conditions
Solderability All Conditions All Conditions All Conditions

Soldering Heat

All Conditions

All Conditions

Temperature Cycling

All Conditions
except Method 107,
Conditions D & E

All Conditions
except Method 1051,
Conditions D & E

All Conditions

Temperature Storage

Conditions A thru F

Terminal Strength

) All Conditions All Conditions All Conditions
(Lead Integrity)
Axial Lead

xial Lea All Conditions
Tensile Test
Thermal Shock All Conditions All Conditions
(Glass Strain)
All Conditions

Acceleration, Sustained Method 2001,
(Centrifuge) All Conditions All Conditions Conditions G, H, and |,

may require special
fixturing. 1

Particle Impact
Noise Detection
(PIND)

All Conditions

All Conditions

Forward Instability
Shock (FIST)

All Conditions

Backward Instability
Shock (BIST)

All Conditions

Shock (Mechanical)*

All Conditions

All Conditions

All Conditions
Method 2002,
Conditions F and G,
may require special

fixturing. T
Vibration, Fatigue All Conditions All Conditions
Vibration, Noise All Conditions All Conditions

tCall Physical Test supervisor for available fixtures
*Also perform mechanical shock per MIL-STD-810B, Method 516.

TEXAS INSTRUMENTS



TEXAS INSTRUMENTS QUALITY/RELIAILITY PROGRAM
FOR OPTOELECTRONICS

Table Ill. Military Standard Test Capability (Continued)

TEST CATEGORY MIL-STD-202 MIL-STD-750 MIL-STD-883
Vibration, Random# All Conditions
Vibration, l/anable All Conditions All Conditions All Conditions
Frequency
X-Ray, Film3 All Conditions All Conditions All Conditions
X-Ray, Realngrne All Conditions All Conditions All Conditions
(TV X-Ray)
¥ Also perform random vibration and vibration, variable frequency per MIL-STD-810B, Method 514.1, procedures I, II, lll, IV, V, VI, and VIl. Omit paragraph
4.5.1.1, Resonant Search, and paragraph 4.5.1.2, Resonant Dwell
H Radiographic inspection is performed in accordance with many government and customer specifications. Before any new radi hic ification is

for use as a test standard within the Semiconductor Group, it must be approved by Environmental Test Services. For questions pertaining to a particular
specification, contact the Radiographic Group supervisor or cost center manager—phone (214) 995-3397 or 995-3931

Table IV. Failure Analysis Capabilities

I. Nondestructive Techniques
A. Hermeticity evaluation
B. X-ray interpretation of bonding and die mount.
C. Electrical characterization
1. Breakdown, leakage, and functional tests run at temperature extremes.
2. Polaroid documentation of curve traces and/or oscilloscope traces

Il. Destructive Techniques

A. Decapsulation/Delid of devices

B. Probe and isolation of electrical defects
C. Layer-by-layer removal of device levels by selective etching
D

Microsection analysis

1. Sections taken at shallow to 80° angles — sample sizes to 1.5 inches
2.  Selective staining to delineate diffusions, dielectrics, etc.

3. Thickness measurements by SEM or optical microscopy

Optical microphotography — magnifications to 5000X

Infrared microscopy — transmission and reflection

Nanometrics

~IOmm

I e

Planar plasma etching
Scanning electron microscopy — SEM
Routine magnification to 50,000X
50-A resolution
Back-scattered electron detector

Military product lot acceptance of metallization
Voltage contrast

. Specimen current amplifier

J. Electron microprobe

1. Chemical detection of elements with atomic number greater than 11.
2.  Typical ‘4- to 5-um beam penetration

Eg QUALITY AND RELIABILITY

3. Spot size typically 1000 to 2000 A

r=

Auger spectroscope
lon microprobe mass analysis

M. Gas and/or plastic composition analysis

TEXAsS INSTRUMENTS 18.7
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LS600 RELIABILITY DATA

LS600 RELIABILITY DATA

INTRODUCTION

Texas Instruments designs and builds quality and
reliability into all the products that it offers in the
electronic  marketplace. The quality control
organization is uniquely responsible for coordinating
the total effort and for providing direct action
necessary to assure that quality and reliability objec-
tives are met. Accordingly, quality control reaches
from raw material inputs to evaluation of finished
goods as evidenced by the many inspections and tests
shown on the typical light sensor flow diagram in
Figure 1.

The reliability data shown in this report is based on
extensive tests performed by Texas Instruments to
assure continued leadership in optical sensor quality
and reliability. More than 42,200 units have been
subjected to life test with an accumulation of over
39,000,000 device hours. The data is complete,
representing all devices produced during the years
1966 through 1982. The tests were performed on
ungraded, unburned-in devices and are typical of Tl
sensor products.

OPERATING LIFE TESTS

The 25°C life tests were performed with incident
light intensity adjusted for power dissipation of each
device of 50 milliwatts at 10 volts VCE. Readings of
dark current (Ip) and light current (l|) were made
at 0, 250, 500, and 1000 hours. Failure criteria were
0.2 uA maximum for Ip and 20%-degradation of
limits for 1. A total of 3210 sensors were tested to
these criteria with 6 failures. These samples were
taken from lots whose total count exceeded
1,050,000 sensors. Data from these tests are shown in
Figure 2.

The 55°C life tests were performed with incident
light intensity adjusted for power dissipation on each
device of 50 milliwatts at VCg = 10 V. Readings of
dark current (Ip) and light current (I ) were made at
0, 168, and 1000 hours. failure criteria were 0.2 A
maximum for Ip and *40% change in I within
original specification limits. A total of 16,810 units
were tested to these criteria with 55 failures. These
samples were taken from lots whose total count
exceeded 9,000,000 sensors. Data from these tests are
shown in Figure 3.

The long-term reliability of the LS600 sensor is
demonstrated by the plots shown in Figure 6 and
Figure 7. The data is completely representative of all
tests conducted during the reporting period. The
projected degradation limits are based upon the
exponential distribution of failure. Extended tests
performed on small samples confirm that the degrada-
tion is within the limits as shown.

ENVIRONMENTAL TESTS

The tests listed in Figure 8 were performed on samples
of the product with the catastrophic or degradation
failures as shown. It must be pointed out that test
conditions shown are not the ultimate strength of the
product but represent the test requirements imposed
by our customers. The ultimate strength of these
devices is much higher in most cases. Inquiries
concerning response to particular requirements
should be addressed to your Tl sales representative.

HIGH-TEMPERATURE REVERSE BIAS

Devices are stored in dark ovens at 150°C with
45 volts applied for 1000 hours. Readings of dark
current (Ip), breakdown voltage (V(BR)CEOQ), and
light current (i) were made at 0, 168, and 1000
hours. Failure criteria were 0.2 uA maximum for Ip
and 60% degradation within original limits for . A
total of 17,723 units were tested to these criteria
with 75 failures. These samples were taken from lots
whose total count exceeded 9,000,000 sensors. Data
from these tests are shown in Figure 4.

STORAGE LIFE TESTS

Devices were stored in ovens at 150°C for 500 and
1000 hours (depending upon requirements). Readings
of dark current (Ip) and light current (1) were made
at 0, 168, and 1000 hours. Failure criteria were
0.2 uA maximum for Ip and 20% degradation of
limits for 1. A total of 5200 units were tested to
these criteria with 6 failures. These samples were
taken from lots whose total count exceeded 1,000,000
sensors. Data from these tests are shown in Figure 5.

FI QUALITY AND RELIABILITY
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LS600 RELIABILITY DATA

CHIPS

PACKAGE

ASSEMBLY VISUAL INSPECTION
ATTACH CHIP

)
N\

O

INTERCONNECT BONDING

VISUAL INSPECTION

LENS AND
RETAINING O
RINGS

BAKE

ASSEMBLE

Q =

STABILIZE
VISUAL INSPECTION
GROSS LEAK TEST
LEGEND
ELECTRICAL TESTS
MATERIAL INPUT

MANUFACTURING STEP

INSPECTION 100% PACKING

E ALITIEVIN3Y ANV ALITVNO

QUALITY CONTROL INSPECTION
OR TEST

o god

O

SHIP

FIGURE 1. Typical Light Sensor Flow Diagram

VISUAL INSPECTION
ELECTRICAL TEST

VISUAL INSPECTION

VISUAL INSPECTION

VISUAL INSPECTION

VISUAL, HERMETICITY, AND
ELECTRICAL TESTS

ELECTRICAL TESTS
VISUAL INSPECTION

INSPECTION
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LS600 RELIABILITY DATA

IL INITIAL vs 500 HOURS @ 25°C

Ip INITIAL vs 500 HOURS @ 25°C
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s || e e e s T v s
60% CONFIDENCE 90%CONFIDENCE FAILURES
3210 2,847,000 [} 3 0.20 033 390,000 HOURS
FIGURE 2. Operating Life at 25°C
IL INITIAL vs 1000 HOURS @ 55°C Ip INITIAL vs 1000 HOURS @ 55°C
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T‘é’;‘;i UN'; CA::?:S:::'C FAILURE RATE IN%/1,000 HOURS | MEAN TIME BETWEEN
HOURS TOTAL ['60% CONFIDENCE [90%CONFIDENCE FAILURES
16,810 16,810,000 0 55 0.35 | 0.39 286,000 HOURS
FIGURE 3. Operating Life at 55°C.
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LS600 RELIABILITY DATA

ig INITIAL vs 1000 HOURS HTRB

Ip INITIAL vs 1000 HOURS HTRB
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FIGURE 4. High-Temperature Reverse Bias
l'>" I INITIAL vs 500 HOURS BAKE @ 150°C Ip INITIAL vs 500 HOURS BAKE @ 150°C
- 5 T - 0.1 - *
VCe=5V Vcg=30V
Eg = 20 mW/cm? i Ee=0
4 s
> g o 3 b
P w > . o 001
<] 3 3 —A s _%\a
3 63
: 154 < '
a 32 Peralh 2 TTTTTTT 7
= £ 0.001
E = Zd z %/ 3
1 -
@ %o | 3
-
e o 0.0091 2
1 [ 1 2 3 a 5 .0001 0.007 0.01 0.1
FINAL VALUE mA FINAL VALUE A
DEGRADATION FAILURES
T‘;’:;Tsi uu':al;s c“::f::;’:: 1 FAILURE RATE IN%/1,000 HOURS | MEAN TIME BETWEEN
o TOTAL T'60% CONFIDENCE |90%CONFIDENCE FAILURES
5300 4,143,200 0 5 0.12 1 0.19 828,640 HOURS

FIGURE 5. High-Temperature Storage

14-12

TEXAS INSTRUMENTS




LS600 RELIABILITY DATA
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LS600 RELIABILITY DATA

MIL-STD-750 Quantity Failuresl
Test Test Tested (Catastrop»hlc or
Method Degradation)
2026 Solderability: 240°C, 3 Minutes 126 0
1051 Temperature Cycle: 5 Cycles, 30 Min., —65 to +125°C 126 0
1051 Temperature Cycle —40°C to 100°C, 5 Cycles, 30 Minutes 17,400 8
1056 Thermal Shock: 5 Cycles 126 0
1021 Moisture Resistance 126 0
2016 Shock, impact: 1000 g, 5 Each Axis, 0.5 millisecond 126 0
2056 Vibration, Variable Frequency: 10g 24,606 7
2046 Vibration Fatigue: 10g 126 0
2006 Constant Acceleration: 10kg, 1 Min. 126 0
1001 Barometric Pressure: 15mmHg, 45V 126 0
1071 Hermetic Seal: Test Condition E 22,750 0

FIGURE 8. Environmental Test Results

TiL604HR HIGH-RELIABILITY PHOTOTRANSISTOR

B Atrmgvinay anv ALnvno

Texas Instruments has always been known as a
producer of high-quality products, and the LS600
series phototransistor is no exception as evidenced by
the testing of more than 31,000 units with an
accumulation of over 30,000,000 hours without a
catastrophic failure. This small pill package, developed
by Texas Instruments, has an excellent record for
reliability over more than 10 years in military and
aero-space applications. Utilizing the expertise,
techniques, and processes developed during these
years of building the LS600 phototransistors to high-

reliability customer specifications, Texas Instruments
now offers the TIL604HR2 as a standard high-
reliability device to customers requiring extra
reliability in their applications.

The phototransistors and the complementary
TIL24HR2 infrared emitters are now available as
standard product items. For more information,
contact your nearest Tl sales representative, or
Optoelectronics Department Product Marketing.

14-14
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TIL23, TIL24 RELIABILITY DATA

TIL23, TIL24 RELIABILITY DATA

INTRODUCTION

Texas Instruments has long been noted as a quality
producer of semiconductor components. The TIL23
and TIL24 solid-state infrared-emitting diodes
(IRED’s) are high-quality, reliable additions to its line
of optoelectronic products. They have been designed
as highly reliable, long-life products capable of
meeting demanding military and commercial needs.
Quality control of these products begins with incom-
ing inspection of raw materials and is continued
throughout the manufacturing process as shown in
assembly-test flow diagram (Figure 1). Conscientious
quality control practiced by the manufacturing orga-
nization and monitored at critical steps by the quality
control organization ensures that the designed reli-
ability will be achieved in the finished product.

Since this product was announced in 1970, some five
million device hours of reliability testing have been
accumulated on ungraded, unburned-in samples, and
additional data is continuously being accumulated.
This report summarizes, in graphical form, data on
the operating life of TIL23 and TIL24 at 10, 30, and
50 mA at 25°C and 50 mA at 55°C. Results of various
mechanical and temperature stress tests are also
presented.

OPERATING LIFE TESTS

Room temperature (25°C) life tests were performed
at three different current levels: 10~mA, 30 mA and
50 mA. Readings of power output were made with a
solar cell in a short-circuit current mode at 0, 168,
500 and 1,000 hours. Forward voltage was read at
these intervals and no significant changes were
observed. Extended operating life tests at 25°C
(4,000 hours) on 300 units have substantiated the
extrapolated degradation rates shown in Figures 2, 3,
4 and 5.

Since 1976 3,792,000 device hours have been accum-
ulated on samples {see Figures 6 and 7) operated for
1000 hours. Failure criteria were degradation of out-
put power of more than 50% or a change in VF of
more than 5%. Readings were taken at 0, 168, and
1000 hours. The samples were taken from lots whose
total count exceeded three million LED’s.

STORAGE LIFE TESTS

High-temperature (85°C) storage tests were performed
for 1000 hours on 3312 devices (see Figure 8). Only
one unit (AVF = 19%) exceeded the failure criteria of
50% degradation of output power or 5% change in V.

ENVIRONMENTAL TESTS

The tests listed in Figure 10 were performed on
samples of the product with the catastrophic failures
as shown. It should be noted that the test conditions
shown are not the ultimate strength of the product
but represent the test requirements imposed by our
customers. The ultimate strength of these devices is
much higher in most cases. Inquiries concerning
response to particular requirements should be
addressed to your T| sales representative.

TIL24HR2, TIL31BHR2. . .HIGH-RELIABILITY
INFRARED EMITTERS

Texas Instruments now offers the TIL24HR2 and
TIL31BHR2 as standard product items to customers
requiring extra reliability in their applications. The
TIL24HR2 and TIL31BHR2 are used to provide
dependable and reliable infrared sources in military
and aerospace applications. The TIL24HR2 and
TIL31BHR2 infrared emitters and the complementary
TIL81HR2 and TIL604HR2 phototransistors are now
available as standard product items. For more infor-
mation, contact your nearest Tl sales representative
or Optoelectronic Department Product Marketing.

TEXAS INSTRUMENTS

EI QUALITY AND RELIABILITY

14-15



TIL23, TIL24 RELIABILITY DATA
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TIL23, TIL24 RELIABILITY DATA

DEGRADATION FAILURES
T‘é';”'s HU"';S CA::IS:"O’“'C ToTAL | TAILURE RATE IN %/1.000 HOURS _TMEAN TIME BE TWEEN
TED ou URES 60% CONFIDENCE [90%CONFIDENCE FAILURES
3360 3,360,000 0 1 0.09 l 0.21 1,111,000 HOURS
FIGURE 5. OPERATING LIFE AT 25°C AND 50 mA
DEGRADATION FAILURES
UNITS UNIT CATASTROPHIC FAILURE RATE IN%/1,000 HOURS _| MEAN TIME BETWEEN
TESTED HOURS FAILURES | TOTAL [505 CONFIDENCE J90%CONFIDENCE FAILURES
432 432,000 0 2 0.72 l 1.23 140,000 HOURS
FIGURE 6. OPERATING LIFE AT 25°C AND 75 mA
DEGRADATION FAILURES
UNITS UNIT CATASTROPHIC FAILURE RATE IN%/1,000 HOURS ME AN TIME BETWEEN
TESTED HOURS FAILURES | TOTAL [ CONF IDENCE [90%CONFIDENCE FAILURES
3360 3,360,000 0 3 0.17 1 0.20 588,000 HOURS
FIGURE 7. OPERATING LIFE AT 55°C AND 50 mA
DEGRADATION FAILURES
TESTED | WOURS | FAWURES | ToTAL | LAILURE RALE I\ 1000 HOURS _TMEAN TIME GE TWEEN
60% CONFIDENCE IQO%CONFIDENCE FAILURES
3312 3,312,000 0 1 0.06 0.12 1,666,000 HOURS
FIGURE 8. STORAGE LIFE AT 85°C
MIL-STD-750 Failures
Test Test Quantity (Catastrophic or
Method Tested Degradation)
1051 Temperature Cycle: 5 Cycles, 30 Minutes, —40°C to +100°C 828 0
1051 Temperature Cycle: 5 Cycles, 30 Minutes, —65°C to +150°C 50 0
1056 Thermal Shock: 5 Cycles, Condition A 50 1]
1021 Moisture Resistance 50 1]
2016 Shock, Impact: 1500 g, Z1 Axis, 0.5 milliseconds 1896 2
2056 Vibration, Variable Frequency: 20 g 1656 a4
2006 Constant Acceleration: 20 kg, 1 Min. 24 146 0
1071 Hermetic Seal: Test Condition E 390 1

FIGURE 9. ENVIRONMENTAL TEST RESULTS

H QUALITY AND RELIABILITY
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Applications
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APPLICATIONS SUMMARY

Optoelectronics in Robotic Applications . . .............. ... ... .. .. ... .......

A brief overview of where and how optoelectronic devices can be used as sensors, actuators, and
indicators coupled with microcomputers to control robots.

Low-Voltage MONItOr . . . ... ... .. ...

If a battery voltage is critical, this low-voltage monitor circuit can be used to signal that preventive
maintenance must be performed.

Indicator of Analog Quantities . . . .. ............ ...

The circuitry required to convert an analog input voltage to a digital code that is interfaced to a display.
It can be used to measure light intensity, temperature, or current.

Fluid-Level Controller . . . . . ... ... ... ..

If fluid in a container must be kept between certain levels or if something that moves must be kept
between boundaries, this circuit can provide the control.

Voltage-Level Indicator .. ... ... ... ... .. .. e

A visual indicator that displays the level of an input voltage. A circuit that divides the input voltage
level indication into either 5 steps or 10 steps can be chosen.

Puise Generation Due to Interrupting a Light Beam . . . ... ........................

A circuit that is triggered by interrupting a light beam can be used for many manufacturing operations,
such as counting objects, drilling, inserting, or sorting.

Multiplexing Displays . . . . . .. .. .. ..

A common requirement is to display numbers, letters, and special symbols. Here are circuits to interface
with 7-segment and 5 x 7 dot-matrix displays.

TIL311 Hexadecimal LED Display . . . ....... ... ... ... ... i

The display of register information on computer control panels is an ideal application for the TIL311.
This display with the on-board electronics is illustrated.

Counting Circuits Using TIL306 and TIL308 Displays . ...........................

Complex counting and display circuit designs are made simple. Several typical circuits are explained.
Optocouplers in Circuits . .. ... ... ... ... .. .. i

A review of the characteristics of optocouplers, and a description and illustration of how they are
used in typical circuit applications.

Interfacing Using Optocouplers . .. ........ ... .. ... . ... 0. it

Worst-case design techniques for choosing component values for the interface circuitry between
optocouplers and standard TTL logic gates.

Bar-Code Scanning ... ... ....... ...t

The details of bar codes and bar-code scanners are discussed. Codes such as MSI, code 39, 2-of-5,
and 2-of-5-Interleaved are described to show how the codes are formed and the type of digital code
generated from them.

Page
15-3

185-7

156-11

15:13

15-15

15-21

15-23

15-29

16-35

15-39



OPTOELECTRONICS IN ROBOTIC APPLICATIONS

A robot system is a good example of a system that can
apply many optoelectronic devices. The block diagram of
Figure 1 illustrates functions that must be considered when
designing a robot system. These functions include displays
to provide information to the operator for the operation of
the system as well as indicators to alert the operator of any
system problems. Optical sensors provide information to the
computer about the position, velocity, and acceleration of
the moving parts of the robot. Vision can be included to
provide information to the computer about the location of
parts and/or the condition of the parts that the robot must
handle. Tactile feedback of some form may be necessary
so that the robot does not apply excessive force to the parts
it must move. The data from the sensors is transmitted to
the computer to provide the necessary control.

LEDs (green or red) are good choices to alert operators
to problems, to use as on/off indicators, and to display binary
system status. Seven-segment displays (single or multidigit),
hexadecimal displays, and alphanumeric displays are
available to provide communication from the computer to
the operator about more detailed status of the robot.
Sensor/detector arrays of various types can be used with
encoder discs and reflective surfaces as shown in Figure 1
to provide position information, velocity information, and
to serve as limit switches to prevent excessive range of
motion. Optoisolators (optocouplers) can be used with fiber-
optic links to transmit data both to the robot and to the

centrol system. Such couplers provide electrical isolation
between the high-power circuits necessary to drive the robot
and the low-power circuits used in the computer or
microprocessor.

An interfacing scheme for a simple pick and place robot
is shown in Figure 2. This system uses a TMS9900-101M
microcomputer coupled to a terminal, memory expansion,
and /0 interface. Robot inputs are from sensors represented
in Figure 2 by switches SWO-SW1 1. The output from the
CPU to the robot is to solenoids SOLO-SOL11, which
represent relays or stepping motors.

Figure 3 shows the output coupling from the 9901
(Programmable Systems Interface) IC to the solenoids. The
TIL119 optocoupler provides isolation from the higher
voltage required to operate the solenoids as well as isolation
from the noise generated by the magnetic field when the
solenoid is turned on and off. The values of resistors and
choice of transistors will depend on the size of the solenoid
and can be calculated using standard design procedures.

Figure 4 is the input coupling needed from the robot
to the interface IC. The optocoupler again provides isolation
between the robot’s high-power circuits and the low-power
9901 interface IC. R1 and R2 are chosen for the logic level
and forward current desired. The switch SWO can be the
output from a sensor detector array such as TIL143. The
phototransistor of the TIL143 can be connected directly in
place of the TIL119.

STATUS

EVENT COUNT!

INDICATOR
o o]
RED GREEN
COMPUTER (TIL729 0.5 INCH SINGLE DIGIT
(TIL216/TIL232) RED DISPLAYS)
(=4 ENCODER
y D WHEELS
Q =N
ARM CONTROL S~
REMOTE TERMINAL N
TIL143 SENSOR
I (ARMex#Y l POSITION ] 350) l CONTROL PANEL FOR PROGRAM
(HDSPE508 AND HDSPE504 ALPHANUMERIC VERIFICATION/TROUBLE TING
RED DISPLAYS WITH AC5947 DECODER ’
SEGMENT DRIVES)

ITIL311 HEXADECIMAL
RED DISPLAYS)

Figure 1. Robot Arm Application
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LOW-VOLTAGE MONITOR

description

Figure 1a gives a circuit that can be used to monitor
the voltage of a battery and warns the operator when the
battery voltage is below a preset level by turning on an LED.
In the circuit shown, the values are set for a 12-volt
automobile battery. The preset level is 10 volts. The
important devices in this application are the comparator,
LM239, and the LED, TIL209A. The comparator is a device
that senses two different voltages and provides an output
that is either low voltage or high voltage, depending on the
relative size of the two input voltages. One of the inputs
is called the noninverting input and is designated by a plus
sign, while the other is the inverting input and is designated
by a minus sign. If V + is more positive than V -, the output
is high. If V — is more positive than V +, the output is low.
Figure 1b shows how the output switches with V — set at
+5 volts. If V + is less than +5 volts, the output voltage
is low. If V + is greater than +5 volts, the output voltage
is high.

In the circuit shown in Figure 1a, the reference voltage
at the inverting (—) input of the LM239 comparator is set
by a 5-volt zener diode. R1 and R2 are used as a voltage
divider to provide one-half the battery voltage to the
noninverting ( +) input. When the battery voltage decreases
to less than 10 volts, the voltage at the noninverting input
goes below 5 volts, which is less than the reference voltage.
This causes the output of the amplifier to switch from a high
level to a low level, which turns on the LED. Current through
the LED is limited by R4. By using eight such circuits and
selecting appropriate values of R1 and R2 for each, a battery
status display could be made to indicate the battery voltage
in one-volt steps from 7 volts to 15 volts. If the number of
levels to be detected is more than two, it probably is less
expensive and possibly more reliable to use complete
packaged analog level detectors because of the single
integrated circuit and the reduced number of components.

R12
100 k2
S12voLT
= BATTERY
T
- ve
R2g Vo
100k 5V i

a. SCHEMATIC OF CIRCUIT FOR LOW-VOLTAGE INDICATOR

Vo

12v

Vo

1
T + v+

[}
)
0 v+ 5V v

b. TRANSFER CURVE FOR LM239 WITH V — EQUAL TO +5 V

(Source: L.B. Masten and B.R. Masten, Understanding Optronics,
v
Texas Instruments Incorporated, 1981.)

Figure 1. Low-Voltage Monitor

Application

Any battery operated circuit that is critical can use such
a monitor circuit to signal the fact that preventive
maintenance must be performed.
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INDICATOR OF ANALOG QUANTITIES

The circuit shown in Figure 1 uses TI's TL500C and
TL502C analog-to-digital (A/D) converter integrated circuits
to provide an accurate display of an analog input voltage.
With the input circuit shown, the display provides a readout
proportional to the intensity of the light incident on the
phototransistor. Since the TIL81 responds to radiation in the
range of 500 to 1100 nanometers, while the human eye
responds to radiation in the range of 400 to 700
nanometers, it is responding more to infrared than to the
visible spectrum.

If input circuit number 1 is used as an alternate input
circuit, the display is an accurate thermometer that can be
calibrated to display either degrees Celsius or degrees
Fahrenheit.

The alternative input circuit number 2 can be used to
provide an output that is proportional to milliamperes of input
current. At the same time, or it might be an independent
requirement, electrical isolation is obtained between the
input transducer and the display unit.

Two parts are required for the complete integrated
circuit A/D converter, an analog processor and a digital
signal controller. The analog processor is controlled by digital
signals from the controller to provide the basic function for
a dual-slope integrating A/D converter.

The analog processor (TL500C and TL501C) contains
the necessary analog switches and decoding circuits, a
reference voltage generator, a buffer, an integrator, and a
comparator. The easiest way to complete the A/D converter
is to use the matching digital processors (TL502C, TL503C)
but the analog processor can also be controlled by discrete
logic circuits or a microprocessor that has been programmed
with the proper routine.

Each TL502C and TL503C includes oscillator, counter,
control logic, and digit enable circuits. The TL502C provides
multiplexed outputs for seven-segment displays, while the
TL503C has multiplexed BCD outputs to couple directly to
other computer circuits, or to displays requiring BCD code.

The TL500C and TL501C analog processors are
designed to automatically compensate for internal zero
offsets, to integrate a differential voltage at the analog
inputs, to integrate a voltage at the reference input in the
opposite direction, and to provide an indication of zero-
voltage crossing.

The TL500C provides 4 1/2-digit readout accurately
when used with a precision external reference voltage. The
TL501C provides 100-ppm linearity error and 3 1/2-digit
accuracy capability. These devices are manufactured using
TV's advanced technology to produce JFET, MOSFET, and
bipolar devices on the same chip. The TL500C and TL501C
are intended for operation over the temperature range of
0°C to 70°C.

When the analog processor and digital processor are
used together they provide an A/D converter that has
automatic zero-offset compensation, true differential inputs,
high-impedance inputs, and outputs that can drive up to
4 1/2 digits of display. As a result, the A/D converter is a
very versatile circuit combination for converting analog
inputs from high-impedance sensors of light intensity,
pressure, temperature, moisture, and position and can be
used to provide display and control signals for weight scales,
industrial controllers, thermometers, light-level indicators,
etc.

15.7
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FLUID LEVEL CONTROLLER

description

Figure 1 shows a typical circuit that can be used to
maintain fluid between two levels. The timing diagram is
shown in Figure 2. When the fluid drops below levei B,
detector Q2 provides a current that produces a positive-
going voltage pulse to the noninverting input of comparator
2. Comparator 2 produces a high-logic-level voltage at the
set input of the RS flip-flop consisting of two cross-coupled
NOR gates. This sets the output of the flip-flop to a high-
logic-level voltage. When the flip-flop output goes to the
high-logic-level voltage, the buffer amplifier passes a control
signal to turn on the pump and the fluid level begins to rise.
As soon as the level goes above B, detector Q2 is turned
off, the comparator switches back, and the set input to the
flip-flop goes low. However, the flip-flop output remains at
a high-logic-level voltage because the reset input is also at
alow-logic-level voltage. When the fluid level reaches level
A, detector Q1, which has been producing photocurrent,
turns off and provides a negative-going voltage pulse at the
inverting input of comparator 1. As a result, the output
voltage level of comparator 1 goes to a high-logic-level

voltage. This resets the RS flip-flop and the flip-flop output
goes to a low-logic-level voltage and the resulting control
signal turns off the pump. When the fluid level drops below
ievei A, detector Q1 again produces photocurrent to raise
the voltage at the inverting input of comparator 1 above the
reference. The output of comparator 1 and the reset input
of the flip-flop go to a low-logic-level voltage. However,
because the set input is low also, the flip-flop output remains
at the low-logic-level voltage. Therefore, the pump remains
off until the fluid level drops below level B again.

The parallel RC circuit connecting the emitters of Q1
and Q2 to the comparators acts as a differentiating circuit
that couples sharp changes to the comparators, but filters
out slow changes due to varying ambient light conditions.

applications

Variations on this control circuit can be made to keep
something that moves within certain boundary conditions.
An elevator is a good example.

5V
5V
200 2 L
> (1 Arg LEVEL A <
- S
1/2 LM2903
= 1/4 SN7402  Eyip.FLOP
= FLUID P OUTPUT
LEVEL
5V
200 ©
—-»>
> Ny
1/2 LM2903
- C
uF 1/4 SN7402
FLUID OUTLET ® | Comp 2
TRANSPARENT CONTAINER 10k8
VWA—@—A BUFFER
I 1he L
; FLUID
PUMP INLET

Figure 1.

Fluid Level Controller
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OUTPUT,
R INPUT
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INPUT
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OUTPUT,
S INPUT

FLIP-FLOP
OUTPUT

Figure 2. Timing Diagram



VOLTAGE-LEVEL INDICATOR

description

The circuit in Figure 1 provides a visual indication of
the input analog voitage level. The circuit uses a type
TL489C 5-step analog level detector, which has a high input
impedance at pin 8 and open-collector outputs capable of
sinking up to 40 milliamperes. This makes it suitable for
driving a linear array of 5 LEDs to indicate the level is 5 steps.
The voltage at the analog input should be scaled by the input
potentiometer R2 and the series resistor R1 to ensure that
the voltage at pin 8 is in the range of zero to approximately
one volt and should never exceed eight volts. The TL489C
operates from a standard 5-volt Vcc and the LEDs are
supplied from V +. If a logarithmic display is desired the
TL487C 5-step logarithm analog level detector can be
substituted for the TL489C. LEDs 1, 2, 3, 4, and 5 will turn
on sequentially as the input voltage at pin 8 of the
TL489C increases by 200-millivolt steps. LED 1 will also
flash periodically when the input voltage at pin 8 is less than
200 millivolts. The resistor value for R3 is selected by:

calculations
For an I gp current of 10 mA, Vi gp = 1.6 V and with

V+ = 12V, the resistor value would be:
(12—-16-05V 99V
R =i —m—mm— —
10 mA 10 mA

9.9 V is essentially 10 V, therefore,

10
R3: O ————
10X 103

R3= 1k

further discussion

When the analog input is less than 200 millivolts, output
2 of TL489C is off. Under these conditions, C1 charges to
.+ through R4, the LED, and R3. R4 is chosen to make

Ry -t Vieo- Vo
ILED
V4=V -05V
R3 - LED
ILED
where Vg = 0.5 V.
5mA
ANALOG V+
INPUT TL489C
a1 I:’ R4 |
R1t 3
<R3 ff
<
az2| @ P 4
f’ R4
” _ (8) A a3 @4 I' b
R2 |
100 k2 f’ R4
c1 aa | (58)
I 2B5uF — ————¢
1 L asl @ f’ R4
GND

]| -

1 R1 is chosen to ensure that the voltage across R2 is less than 8 volts. Normally it will be set to 1 volt.

Figure 1. 5-Step Voltage-Level Indicator
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the charging current equal to 5 milliamperes when the

voltage across C1 is zero. Therefore,

V+ - VLED
5mA = ———
R3+ R4
12-1.6
R3+R4=—"
5 mA
12-1.6
R4=—— —-R3
5mA

10.4
R4 =———-1kQ
5

R4 =2.08kS§2 — 1kQ2

Subtracting and using a standard value,

When C1 charges above 200 millivolts, the TL489C
output 2 is pulled down to Vcg(sat) and discharges C1 below
the input threshold and the TL489C output 2 is turned off.
As aresult, C1 starts to charge again and the cycle repeats
causing the LED in output 2 to flash. When the input is well
above 200 millivolts, output 2 is always on at Vcg(sat) and
C1 remains discharged.

a 10-step indicator

A TL490C can be used to provide a 10-step display of
the voltage level as shown in Figure 2. The TL490C is a
10-step adjustable analog level detector that is also capable
of sinking up to 40 milliamperes at each output. The voltage
range at the input pin should range from O to 2 volts.

Circuits of this type are useful as liquid-level indicators,
pressure indicators, and temperature indicators. They may
also be used with a set of active filters to provide a visual

R4 = 1kQ indication of harmonic content of audio signals.
Vee A
(3)
ANALOG
INPUT TL490C a1} (8 WA JI;__f__o
Q2 ¢ (9} A iéf
> a3 | (10) ’f
a4 | (11) AMA- 4’____0
as | (12) A K’f__4
‘>‘ (4] ANALOG a6 | (14) AAA J';f__"
> VWA
?go ca INPUT ff
a7 | (15) AN b
< 77
6) CASCADE os | (16) M- )
a9 | (1) A ;f
Q1o § (2) A lef

13)

Figure 2. 10-Step Voltage-Level Indicator

tR1 is chosen to ensure that the voltage across R2 is less than 8 volts. Normally it will be setto 1 V.
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PULSE GENERATED BY
INTERRUPTING A LIGHT BEAM

description

The circuit of Figure 1 is designed to put out a puise
when an object on the conveyor belt blocks the light source.
The light source is a tungsten lamp (at 2870 K), which will
keep the TIL81 phototransistor turned on. This produces a
high-logic-level voltage at pin 1 of the SN7414 Schmitt-
trigger inverter and a TTL-compatible low logic level at pin 5
of the monostable multivibrator SN74121. When an object
blocks the light, the TIL81 turns off causing the Schmitt-
trigger inverter to trigger the one-shot SN74121. The Rgyq
and Cext shown in Figure 1 are selected to give an output
pulse of 100-microsecond duration when B (pin 5) is
triggered by a positive-going pulse. Other values of R and
C for pulse durations from 50 nanosconds to 10 milliseconds
are shown in Figures 3 and 4. The SN7414 Schmitt-trigger

provides pulses with steep transistions from slowly varying
waveforms that are input from the TiL81.

application

As shown in Figure 1, the circuit can be used in many
manufacturing operations where the primary function can
be triggered by interrupting a light beam counting objects
as they move down a conveyor, triggering a drilling or
insertion action after a part has moved into place, or opening
sorting bins or closing sorting bins after a part has moved
in place.

Opening doors when people walk onto a surface pad,
detecting when an object moves into a light beam, and
sensing opaque surfaces over transparent surfaces are a few
more typical types of applications.

Vee=5V
PRODUCT 3
(14) Rext =15 k2 S
Vee
LIGHT (11)
SOURCE TIL81 3)] A1 Rx/Cx
= SN74121 Cext = 0.01 uF
=~ (14) (4)] A2 oy J110 14
w X
[ © JLAN
-4 (1)] (2) (5)§ B 6.
[ T a ouTPUT
s An
414
3 7)
8 GND
e 7
SRL=1000
$

Figure 1. Circuit Schematic
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MULTIPLEXING DISPLAYS

seven-segment displays

To display numbers and symbols an array of display
elements is required. Two common configurations are
shown in Figure 1. Figure 1a shows the seven-segment
display that can be used to display the decimal numerals
and some alphabetical characters by turning on appropriate
segment patterns. Figure 1b shows a 5 x 7 dot matrix that
can be used to display any alphanumeric symbol by turning
on the appropriate dot pattern. The pattern required for each

3. SEVEN-SEGMENT LED DISPLAY

00000
00000
Q0000
00000
O000O0
O000O0
00000
b.5X 7 DOT MATRIX DISPLAY

Figure 1. Display Matrices

number, character, or symbql to be displayed must be stored
in a read-only memory or a display decoder in order to
properly display a desired character. The interface to a
seven-segment display is the BCD-to-seven-segment
decoder. driver like the SN7446 shown in Figure 2a. The
input to the decoder is the BCD code for the number to be
displayed. The RBI and Bl signals can be taken low to turn
off all segments, regardless of the input code. When Bl is
high, the LT (amp test) input can be brought low to turn on
all segments to perform a lamp test operation. The BI/RBO
can serve as an output for ripple blanking to other decoders.
When RBI is brought low, RBO as an output will go low for
rippling a blanking signal to other display decoders. The
segment drivers A through H are connected to the LED's
of the display to control which LED’s are turned on.

The entire circuit and display is available as a single
device, the 4N57 shown in Figure 2b. This device has
the 4-bit BCD code input, a decimal point input, and depends
on a non-BCD code to provide blanking. Devices also exist
that include a register as well as a decoder/driver and display
in the same unit. The TIL308 shown in Figure 2c is one of
those. It stores the four BCD inputs in a quadruple S-R flip-
flop whose outputs are available from the device. There is
a latch strobe input that, when low, stores the BCD code
in the 4-bit register. There is a blanking input, Bl, that, when
low turns off all segments, and an LED test input that, when
low, turns on all segments. If the LED test and the BI inputs
are both high, the display shows the number whose code
is latched in the device data register. Such a register
simplifies the I/0 requirements of the microcomputer since
it can be treated as a complete stsorage location. It may
be connected to either the data bus or any special system
1/0 bus.

The interface to a5 X 7 or other dot matrix is handled
in much the same way as the seven-segment device. The
simplest device of this type is the TIL311, which displays
hexadecimal characters using LEDs arranged on a 4 x 7
dot matrix pattern as shown in Figure 3a. It includes a 4-bit
data register with a latch strobe input that causes the 4-bit
input data to be entered while the strobe is low. As long
as the strobe stays high, the information displayed and
stored will not change. Thus, one could treat the strobe as
a rising-edge latch signal. The overall structure of the TIL311
is shown in Figure 3. There is a blanking input that, when
high, causes the display to be blanked. There is a left and
right decimal point input available.

The control of a 5 x 7 dot matrix display device like
the TIL305 requires a ROM or EPROM in which the display
pattern for each character to be displayed is stored. The
basic circuit structure is shown in Figure 4 for an individual
interface to a TIL305. The TTL signals from the seven input
lines (ASCIl code inputs) are connected to the inputs 11
through 17. The current-drive capability is provided by
SN76491 drivers acting as sink drivers from the output lines
01 through 07 and as source drivers for the column lines
on the TIL305. At the time a column line is driven with
current, the column select code CA through CE must
simultaneously be applied to the column select lines of the
EPROM. The EPROM outputs the seven row signals for a
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selected character for a selected column. Thus, the circuitry
must scan through the columns at an appropriate rate by
using either a ring counter or a counter-decoder combination.

In the example of Figure 4, an SN75496 5-bit ring
counter is set up so that only one bit position will have a
1 at any given time. This is achieved with the wired-NAND
control (SN7416) on the serial input. For example, if all
outputs A through E (all bits) in the register are O, the serial
input line will be at the 1 level, and a 1 will be shifted into
the first bit position. This 1 (in the A position) causes the
serial input line to go low (to a 0), which will be shifted in
to fill the lower bits with zeroes. The original 1 will propagate
through to E with each rising edge of the clock. When the
1is at E, a 1 will again be generated at the serial input to
insert a new 1 into A when the 1 is shifted out of E. Thus,
there is only one 1 in the shift register at any time. Only
one column of the EPROM is addressed at any time, and
only one column of LED drivers is turned on at any time.
Also in the example of Figure 4, the unijunction oscillator
is set to provide a clock pulse sequence at a frequency of
about 1,000 pulses per second. A new column is selected
and turned on for about a millisecond, and a column is on
20 percent of the time.

The circuit of Figure 4 provides only a single-character
display position. If a multiple-position character display is
required, it is not reasonable to provide a separate EPROM
for each display unit. In other words, it is not feasible to
repeat the circuit of Figure 4 for each character in the
multiple position display. A circuit that shares the EPROM
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resource must be used. This means that the display must
provide a RAM for storage of the character codes to be
displayed and a sequence controller that will sequence
through the codes stored in RAM while the different TIL305s
are activated. The basic structure is shown in Figure 5 for
a 16-character display.

There must be 16-location RAM, and each location
must store a 6-bit ASCIl code. There must be a modulo-16
counter that determines which RAM code and character
position is to be used at any given time. The TIL305 that
is activated is selected by the output of a 4-to-16 decoder.
The decoder turns on one group of the SN75493 sink drivers
for the selected character position. The sink drivers for all
other character positions are turned off, and the associated
TiL305s for those positions remain off. The modulo-16
counter is incremented by the trailing edge of output E from
the central 5-bit ring counter, since that marks the beginning
of the new column 1 display. There must be a provision for
writing into the RAM from the processor and a write control
signal, W, that will switch the RAM address from the
modulo-16 counter to the processor address lines. The
SN74LS245 for each bit provides the switching required.
This connection allows the information being displayed to
be controlled by processor memory write or output
operations. The overall structure of Figure 5 is somewhat
complicated, but it can be cost effective in both power
dissipation and parts costs. A similar approach can be used
for time muitiplexing of 7-segment displays to save power
consumption.
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TIL311 HEXADECIMAL LED DISPLAY

The TIL311 is designed to store and display decimal and
hexadecimal data. The device consists of an MSI logic chip
to perform logic and storage functions plus a light emitting
diode (LED) display in a single 14-pin dual in-line package.

It accepts parallel 8-4-2-1 data on four input lines and
displays the corresponding decimal or hexadecimal charac-
ter on a 4-by-7 dot matrix. Figure 1 illustrates the
hexadecimal character representation for the decimal
numbers O through 15. The logic levels are designed to be

FIGURE 1. TIL311 Hexadecimal Character Configuration

TTL compatible: a high level is 2V to SV, a low level is
OVio08V.

The block diagram in Figure 2 shows the major
sections of the TIL311: latches, decoder, current driver,
and LED display. The inputs are DATA, LATCH STROBE,
BLANKING, and DP. DATA is parallel 8-4-2-1 coded data.
When LATCH STROBE is low, the data in the latches
follow the data inputs. When LATCH STROBE goes high,
the data on the input lines at strobe time is stored in the
latches.

The 4-bit code is decoded and the required diodes are
turned on via the constant-current drivers to display the
proper character.

The LED display contains two decimal points: one to
the left and one to the right of the character. A low input
to one of the DP inputs will turn that decimal point oni.

BLANKING must be low to display the character.
When BLANKING goes high, the character is turned off
regardless of the inputs. The BLANKING input does not
change the data stored in the latches. BLANKING may be
pulsed to intensity-modulate the display. The apparent
brightness of the display is proportional to the duty cycle
of the modulating signal, assuming a frequency high enough
to avoid visible flicker. For example, at 1 kHz, a 50% duty

BLANKING
INPUT
LATCH
STROBE
INPUT
2
22 sass
DATA FOUR CONSTANT s =
INPUTS BIT DECODER CURRENT asas
2! LATCH DRIVER » ™
s ®
ss
- -
20
. J

FIGURE 2. TIL311 Hexadecimal Display Block Diagram
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FIGURE 3. TIL311 Used As Counter Display

0000000000000 000

FIGURE 4. Discrete Light Display for a 16-Bit Register

cycle would cause an apparent brightness of 50% of the
steady-state brightness.

Figure 3 illustrates the use of the TIL311 as a decimal
display. The JK flip-flops are connected as a count-by-ten
counter and represent one decade position in a rnulti-
decade counter. The four Q outputs of the four flip-flops
furnish the data inputs to the TIL311. Normally LATCH
STROBE will be held high so that the display does not
follow the counting. When counting is complete for a given
time base, LATCH STROBE is pulsed with a negative-going
pulse. The new data is then transferred from the decade
counter into the latches and displayed.

Another application for the TIL311 is to display
register information on computer control panels and service
panels. Figure 4 illustrates the use of discrete lights to
display the contents of a 16-bit register. The length of the
display can easily lead to errors in interpretation of the
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data. Figure 5 illustrates the use of the TIL311 to display
the same data in the same 16-bit register. The 16 register
positions are divided into four 4-bit groups. The four bits in
each group provide the inputs to each of four TIL311
displays. The resulting four hexadecimal character display
provides a more concise interpretation of the register data.

FIGURE 5. Hexadecimal Display for a 16-Bit Register



COUNTING CIRCUITS
USING TIL306 AND TIL308 LEDs

Digital instruments have experienced a constant evolution
since 1960. Counters that once occupied several inches of
rack space in a 19-inch rack have been replaced by units the
size of a text book with performance characteristics
surpassing the older models. A major contribution to these
changes is the continued advances in solid-state devices:
integrated circuits have replaced the tubes and transistors
and light-emitting diodes (LEDs) have replaced the
incandescent displays.

Texas Instruments has introduced a new product that
simplifies further the design of systems utilizing counters or
digital read-outs. By combining an IC chip to perform the
logic function and an LED display in a single 16-pin dual

LOGIC OUTPUTS
/\evemmm—

in-line package, Texas Instruments has provided the
designer a device that reduces the complexity of his system
without reducing flexibility of design. Two of these devices
are the TIL306 and TIL308. The TIL306 and TIL308 have
decimal points to the left side of the character. The TIL307
and TIL309 have decimal points to the right side of the
character, but are otherwise identical to the TIL306 and
TIL308. respectively. They can be combined to count,
store, and display data in multiple decade positions.

CIRCUIT DESCRIPTION

The TIL306, as shown in Figure 1, consists of four
major sections: counter, latches, decoder/driver, and LED
display.
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FIGURE 1. Functional Block Diagram of TIL306
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The counter is connected as a synchronous counter.
This configuration takes advantage of the minimal
propogation delay to give maximum speed capability.
Inputs to the counter are CLEAR, CLOCK, SERIAL
CARRY, and PARALLEL CARRY. The counter and its
inputs generate an output, MAX COUNT. Additional
connections are LATCH STROBE, BLANKING, RIPPLE
BLANKING, RBO, DECIMAL POINT and LOGIC
OUTPUTS. All inputs and outputs are designed to be TTL
compatible. A high level is a minimum of 2V and a low
level is a maximum of 0.8 V. A low input to CLEAR will
reset the counter to zero independently of any other input.
As long as the input remains low the counter remains at
zero. A high is required to allow the counter to count.

The CLOCK input is the signal to be counted. With
an input the counter will advance from 0 to 9. At a count
of 9 the counter automatically resets to 0 with the next
pulse. The counter changes state on the positive-going edge
of the clock pulse. The clock pulse to the counter is
controlled by SERIAL CARRY and PARALLEL CARRY.

The MAX COUNT output goes low when the counter
reaches a count of 9, and then goes high when the counter
progresses to 0 on the next clock input. This output can be
connected to the CLOCK input of the next decade position
for asynchronous operation or to the SERIAL CARRY

LATCH OUTPUTS

pabtiiy uahiy
BLANKING
A —4:{>o—-——\ DPDC B A

LATCH
DATA Cc
INPUTS

L -

LED I

TEST —dDo—Po—

INPUT
LATCHES ||

input of the next decade position
operation.

A high on SERIAL CARRY inhibits the counter and
forces MAX COUNT to go high regardless of the state of
the counter stages. When SERIAL CARRY and
PARALLEL CARRY go low, the CLOCK is enabled to the
counter stages and the MAX COUNT gate is allowed to
sense the status of the counter. The logic level of SERIAL
CARRY must not be allowed to change while CLOCK is
low or erroneous counts may result.

PARALLEL CARRY permits look ahead carry inputs
from lower order decade positions. A high input inhibits
the clock to the counter stages. When PARALLEL CARRY
and SERIAL CARRY go low the clock to the counter
stages is enabled. The logic level of PARALLEL CARRY
must not be allowed to change while CLOCK is low or
erroneous counts may result.

LATCH STROBE transfers the data in the counter
stages to the latch storage to be displayed. With LATCH
STROBE low, the latch flip-flops follow the states of the
counter flip-flops. When LATCH STROBE goes high, the
counter data is stored in the latch flip-flops. The counter
can continue to count while the previous information is
stored in the latches.

The DECIMAL POINT input controls the display of
the decimal point. A high is required to turn on the LED
decimal point display.

for synchronous

Vee

TO LOGIC CHIP ¢—*

%‘
f b
9
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FIGURE 2. Functional Block Diagram of TIL308



A high on BLANKING inhibits the driver and gates
and blanks the LED display. For normal operation, the
BLANKING input must be low.

A low on RIPPLE BLANKING blanks the display if
the latch flip-flops contain a count of zero. This
combination also forces the RBO NODE to go low. By
connecting the RBO NODE of one decade position to the
RIPPLE BLANKING input of the next decade position,
zero suppression can be achieved. This is discussed in detail
in a later portion of this report, Counter Circuit
Description. The RBO NODE has a résistor pullup, which
allows this output to be used as an input. A low level
applied to RBO will blank the LED display independently
of other input.

The TIL308 looks physically identical to the
TIL306. However, the TIL306 contains a counter section:
the TIL308 does not. The TIL308 accepts 8-4-2-1 BCD
code from external sources, stores it in latches, and displays
the stored character by means of an LED display. As shown
in Figure 2, the TIL308 consists of the three major
sections: latch, decoder/driver, and LED display.

The inputs and outputs, designed to be TTL
compatible, consist of DATA INPUTS, DATA OUTPUTS,
LATCH STROBE, BLANKING, and LED TEST.

The BCD data and decimal point on the DATA
INPUT lines are transferred into the latch flip-flops when
LATCH STROBE is low. The BCD data and decimal point
data stored in the latches are available at DATA OUTPUT.
With LATCH STROBE high the DATA INPUT lines can
change without effecting the data stored in the latches.

BLANKING must be high to display the data stored
in the latches. When BLANKING goes low, the decoder
drivers are inhibited and LED display is turned off. The
data stored in the latches are not effected by BLANKING.

LED TEST can be used to test the LED display. A
low to LED TEST will override all other signals and turn all
of the LEDs on. LED TEST does not change the status of
the latches.

With the basic operation of the circuits outlined, two
typical interconnection methods are shown in Figure 3
and 4. Figure 3 shows the TIL306 connected in the
synchronous mode. Figure 4 shows the TIL306 in the
asynchronous mode. The asynchronous mode will be used
in the following example of a counter.
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FIGURE 3. TIL306 Interconnections for Synchronous-
Count Mode and High-Order-Zero
Suppression.
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FIGURE 4. TIL306 Interconnections for
Asynchronous-Counting Mode and
Low-Order-Zero Suppression.

COUNTER CIRCUIT DESCRIPTION

The counter is a major constituent in digital instru-
ments. Digital voltmeters, frequency counters, event
counters, and period counters all have a circuit in common,
‘very much like the one shown in Figure 4.

The circuit to be discussed in detail in this report
incorporates both the TIL306 and the TIL308. One of the
limiting factors of the TiL306 is that the counter typically
does not count faster than 18 MHz. Combining the TIL306
with a TIL308 and feeding the TIL308 from a high-speed
counter expands the system to a much higher frequency.
Figure 5 shows a BCD counter capable of working at
100 MHz. The circuit consists of two SN74S112 Schottky
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FIGURE 5. 100 MHz Decade Counter Using Texas Intru-
ments Schottky TTL Logic and A TIL308 Display.

TTL circuits and one SN74S11 Schottky TTL circuit. This
configuration results in an asynchronous BCD counter
capable of dividing a 100-MHz signal down to 10 MHz. The
speed is a result of Texas Instruments Schottky TTL
devices that allow flip-flops to toggle in excess of
100 MHz. The Q outputs of the four flip-flops are fed into
one TIL308, resulting in a decade with readout. The
following decade position consists of a TIL306, which is
capabie of handling the 10 MHz rate. This circuit can be
expanded even further by preceeding the Schottky counter
stage with an ECL counter stage. ECL IC flip-flops with a
400-MHz toggle rate and discrete built ECL flip-flops with a
toggle rate of 800 MHz are possible. Figure 6 shows a block
diagram of a stage which is capable of counting up to
800 MHz. Since ECL levels do not coincide with TTL
levels, an ECL-TTL converter is necessary. The output of
the converter will drive the TIL308 without any
interference caused by switching speed problems.
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FIGURE 6. 800-MHz Decade Counter Using ECL Logic
and A TIL308 Display.

TIL306 devices shows a big empty surface in the middle of
the board and considerably fewer interconnects to the
display. The cost savings resulting from using such a
counter are quite obvious.

Figure 9 is a photo of a 100-MHz counter using seven
TIL306 devices and two TIL308 devices. A compact
assembly technique reduced the total size.
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FIGURE 7. Nine-Digit Counter

B

FIGURE 8. Two Counters with Identical Performance. Counter (A) Uses TIL306 Devices; Counter (B) Does not. Note how
many less Components are Needed in the Counter Using TIL306 Devices.

Figure 7 is a block diagram representation of a
nine-digit readout, consisting of an ECL decade counter
with a TIL308 display and a Schottky TTL decade counter
with a TIL308 display, as just described, and seven TIL306
devices. Part count is minimal, and the complexity of the
PC Board is minimized.

Figure 8 is a photo of two counters with identical
performance illustrating the difference in component count
between a conventional counter consisting of SN7490,
SN7475, and SN7447 TTL integrated circuits, resistors,
with a display using TIL302 devices, and a counter using
TIL306 devices. Both counters are specified to operate up
to 15 MHz using a six-digit readout. The counter using

FIGURE 9. A Portable 100-MHz Counter Using Seven
TIL306 Devices.



Figure 10 shows all of the basic circuit boards and
components used in the counter shown in Figure 9 and
shown schematically in Figure 12. The upper board is
timebase. The center board is control. The bottom board is
counter and display.

in Figure 5 and seven TIL306 devices. This counter is
capable of measuring frequencies up to 100 MHz and time
with 10-nanosecond resolution. Again minimum part count
and simplicity have been the major objectives. The unit is
universal and the counter can be expanded into other
functions by adding circuits to the basic building block.
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FIGURE 10. The Three Basic Circuit Boards
of the Portable Counter.

FIGURE 11. The Three Basic Circuit Boards Fastened
Together into A Compact, High-Density Unit

EIGHT STAGES OF SN7490 DECADE COUNTERS.

1 MH: 100%H: 10 K 1 Khy

100 e 10 1He 01

sy

SN7AMO4
o

INPUTS TO TIME BASE

100

w3980
vz SNz
2

FREQUENCY

LaTCH sTROBE

snaas112

s3

zem0
suPPRESS.

RESET LINE

FIGURE 12. Schematic of A Frequency and Time Counter

Figure 11 shows the assembly technique for high
density component packing. The total size is 1.2 inches
high, 1.2 inches deep and 4.25 inches wide. This counter
can be incorporated in a lightweight and portable
instrument. Total power dissipation is 9 watts.

Figure 12 shows a complete schematic of a frequency
and time counter incorporating the 100-MHz stage shown

The counter has three main functional sections:

timebase, control, and counter.

The top part of Figure 12 is the time base. A 10-MHz
oscillator is formed using two SN74H04 TTL high-speed
inverters. The output is coupled through a third inverter to
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isolate the oscillator from the rest of the circuit.
Capacitor C1 is a coarse adjust and capacitor C2 is a fine
adjust. C2 should be a piston capacitor to allow finer
resolution during adjustment. For more accurate
requirements, a separate oscillator in a
temperature-controlled oven with AGC circuitry can
replace this circuit. The output of the oscillator is fed into a
divider chain consisting of eight SN7490 decade dividers.
Timing signals from 10 MHz to 0.1 Hz are generated and
switch selectable as the time base. In the middle of the
schematic in Figure 10 is the control circuit. The purpose
of the control circuit is to gate the counter, and to generate
latch strobe, and reset signals.

The input of F/F1 is the time base signal in the
frequency measuring mode or the unknown time period in
the time measuring mode.

With all circuits reset, the Q output of F/F2 holds a
high level at the JK inputs of F/F1. With a pulse coming
into the F/F1, Q of F/FI changes from 0 to 1 on the
negative-going edge. This 1 is applied to the first stage of
the counter, allowing it to count. F/F2 does not change
state since it changes only on a negative-going edge. With
the next pulse to the clock input of F/F1, F/F1 changes
state on the negative-going edge, changing the Q output
from logical 1 to logical zero. This negative-going transition
sets F/F2 and at the same time stops the counter from
counting. With F/F2 set, Q of F/F2 is 2 0. A 0 at the JK
inputs of F/F1 inhibits change with any additional pulses
coming into its clock input. The Q output of F/F2 is
connected to the input of a monostabie muitivibrator, 1/2
SN74123. This multivibrator generates a short
positive-going pulse at the Q output. The pulse width is
determined by the RC combination R6CS5 and is set in this
application to 150 nanoseconds. The output signal is
inverted and applied to the Latch Strobe inputs of the
TIL306 and TIL308 devices. This pulse transfers the data
from the counters into the latches to be displayed.

The Q of F/F2 is connected to the JK inputs of F/F1
and also through a resistor to transistor T1. During
counting operation Q2 is high, turning T1 on and
preventing C4 from charging. At the end of the count cycle,
the Q2 is low, turning T1 off. The capacitor C4 begins
charging through resistors R4 and R5. R4 is adjustable and
allows a variation in the display time. RS prevents the
charging current and the current through T1 from

exceeding 1 mA when R4 is turned to zero. Once the
charge across C4 reaches the firing potential of the
unijunction, T2, the unijunction generates a positive pulse
at Base 2, which is coupled into the monostable
multivibrator, SN74123. The positive pulse determined by
R7C6, 150 nanoseconds wide, is inverted by an inverter, 1/6
of SN74H04, and applied to the reset input of the TIL306
devices, the four F/Fs of the first counter stage, and the
two F/Fs in the control section. With F/F1 and F/F2 reset
the JK inputs are reset to a high level by F/F2 and the
circuit is again ready to handle the incoming signal.

The bottom part of the schematic in Figure 10 shows
the counter section. The first stage is made up of two
SN74S112, one SN74S11, and one TIL308. The two
SN74S112 circuits and one SN74S11 circuit form a decade
counter consisting of four flip-flops and one gate. Schottky
TTL devices are used because of the speed requirement. If
only a 70-MHz counting rate is required, this circuit could
be a single SN74196 circuit. The Q output of the fourth
F/F is connected to the clock input of the first TIL306.
The maximum count of the TIL306 is connected to the
clock input of the next TIL306. This operation is the
asynchronous mode, which is acceptable for counter
purposes.

The counter is controlled by the two inputs to the
first F/F of the first decade. The clock input is the
unknown frequency in the frequency mode, or the known
time pulses from the time base in the time-measuring mode.
The JK inputs are connected to the Q output of the control
F/F. This signai gates the counter. As aiready expiained, a
high level to the JK inputs allows the F/F to change state
on a negative edge of a pulse applied to the clock input.
With the JK inputs low, the clock input does not affect the
F/F.

To complete the operation of the counter, the Latch
Strobe and the Reset are applied to the circuit as shown. S3
allows choosing between suppression or displaying of zeroes
to the left of the most significant digit. With the switch
closed, a ground is applied to the ripple blanking input of
the most significant digit. If this digit is a zero, the display
is blanked and the ripple blanking output goes zero. This
output is connected to the next digit and the process
repeated until all leading zeroes are suppressed. If switch S3
is opened the high-order zeroes are displayed. All that is
necessary for operation of the counter now is to provide a
power supply and a signal to be counted.



OPTOCOUPLERS IN CIRCUITS

optocouplers in circuits

There are many situations in which information must
be transmitted between switching circuits electrically
isolated from each other. This isolation has been
commonly provided by reiays, isolation transformers,
and line drivers and receivers. There is, however,
another device that can be used quite effectively to
solve these problems. This device is the optocoupler.
The need for the optocoupler is most prominent in
areas where high voltage and noise isolation, as well
as small size, are considered important. By coupling
two systems together with the transmission of radiant
energy (photons), the necessity for a common ground
is eliminated — the main purpose of the optocoupler
— and the systems can be effectively isolated.

Four Texas Instruments optocoupler devices, the
TIL102, TIL103, TIL120, and TIL121, are discussed
in this report. How these devices can be used in
various circuits to provide proper isolation in many
systems will be a key part of this discussion. There
are many circuit applications for optocouplers;
however, the ones offered in this report are just
several which can be of special use. Complete
specifications for these devices are not included here
but are available elsewhere in this book.

description of an optocoupler

Basically, a Texas Instruments optocoupler consists
of a GaAs (gallium arsenide) infrared-emitting diode
(IRED) as the input stage and a silicon n-p-n
phototransistor as the output stage. The coupling
medium between diode and sensor is an infrared-
transmitting (‘‘IR’’) glass, as used in the
TIL102/TIL103, TIL120/TIL121. Photons emitted
from the diode (emitter) have wavelengths of about
900 nanometers. The sensor transistor responds most
efficiently to photons having this same wavelength.
Consequently, the input and output devices are
spectrally matched for transfer
characteristics.

optimum

Equivalent circuits for the TIL102/TIL103 and
TIL120/TIL121 are shown in Figures 1 and 2. For both
families of devices, a current source between the
collector and base of the sensor is used to represent
the virtual base current generated by incident photons
striking the base. This base current is proportional to
the amount of radiation emitted from the diode. The
collector-base and base-emitter junction capacitances

are shown for both devices since they are used to
determine the rise and fall times of the output current
waveform. Because a relatively large transistor base
area is necessary for increased sensor efficiency, the
collector-base junction capacitance is fairly large.

INPUT
STAGE

OouTPUT
STAGE

/

ANODE O COLLECTOR
BASE
CATHODE 0| EMITTER
A c
-
Ccs
INPUTS 9 OUTPUTS
Cy
Ce E
K e —
FIGURE 1. Terminal C: and Equivalent
Circuit for the TIL102/TIL103
ANODE COLLECTOR
INPUT ouTPUT
STAGE STAGE
CATHODE EMITTER

A [
-
Ccs
INPUTS OUTPUTS
Cy
Cge E
K

FIGURE 2. Terminal C and Equi it
Circuit for the TIL120/TIL121
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characteristics of an optocoupler

To fully utilize the advantages offered by an 1% VCE=5V
optoeoupler, it is necessary that the circuit designer 40 g-0 HH -
become aware of some of its characteristics. The E Ta-25°C TIILI‘I(I); Y ~
difference in characteristics between the families is E 10
attributed mainly to the difference in construction. g 4 i;m
The characteristics most useful to the designer are as E letl)z
follows: 2 1 H
S H
1. High-voltage isolation. High-voltage isolation ‘; 04
between the inputs and outputs is obtained by the g /1
physical separation between emitter and sensor. g2 o1 H
This isolation is possibly the most important % 7 H
advantage of the optocoupler. These devices can i, 0.04 v
withstand large potential differences, depending on 2 0.01 p

the type of coupling medium and construction of 0.1 04 1 4 10 40 100
the package. The IR glass separating the emitter
and sensor in the TIL102/TIL103 and TIL120/
TIL121 has an isolation capability of 1000 V. The FIGURE 3. Typical Input/Output Current
isolation resistance is greater than 1012 Q. Relationship for the TIL102/TIL103

2. Noise isolation. Electrical noise in digital signals
received at the input of the optocoupler is isolated
from the output by the coupling medium. Since the
input is a diode, common-mode noise is rejected.

3. Current gain. The current gain (output current/input 40
current) of an optocoupler is largely determined by
the efficiency of the n-p-n sensor and by the type
of transmission medium used. For the TIL103, the
current gain is greater than unity, which in many
cases eliminates the need for current amplifiers in
the output. However, both the TIL102/TIL103 and
TIL120/TIL121 have output current levels that are
compatible with inputs of digital integrated circuits
such as 54/74 TTL. Figures 3 and 4 show typical
input-to-output current relationships.

4. Small size. The dimensions of these devices enable
them to be used on standard printed-wiring boards.
The TIL102/TIL103 and TIL120/TIL121 are built 0.01 //
. P " 0.1 04 1 4 10 40 100
in a metal can similar to a transistor package. The X

. " . 1g—Input-Diode Forward Current (mA)
physical dimensions of these packages are shown
in Figures 5 and 6. FIGURE 4. Typical Input/Output Current

These are some of the prime characteristics of an Relationship for the TIL120/TiL121

optocoupler that can be used effectively to isolate two

systems.

Ig—Input-Diode Forward Current (mA}

100

VCe=5V
TA=25°C
41 A

10 TILI21

a T
7.4 TIL120

N
N

04

NN

0.1

0.04 #
/

(]

I¢—Phototransistor Collector Current (mA)
N
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FIGURE 5. Dimensions of the TiL102/TiL103
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FIGURE 6. Dimensions of the TIL120/TiL121

typical circuit applications

The characteristics and advantages of an optocoupler
enable the designer to use it in a wide range of circuit
applications. Important among the applications of an
dlgnal integrated-circuit famohes As was mentnoned
previously, an optocoupler has output currents
compatible with TTL inputs. This compatibility enables
it to be especially attractive as an interface element
between digital systems. The device is particularly
beneficial in applications where high voltage
differences may exist between systems. However, it
is not limited only to digital applications, as shown by
the following examples.

driving 54/74 TTL

An effective method of coupling an optocoupler to TTL
circuitry is by using a Schmitt trigger that has an
output level compatible with standard TTL devices.
By coupling any of the Texas Instruments opto-
couplers to the SN7413, as shown in Figure 7, the
isolated signal at the input can be converted to TTL
logic levels. Noise immunity is provided by the coupler
as well as by the threshold level of the SN7413.

The optocoupler can also be employed as part of a
Schmitt trigger circuit that utilizes discrete
components. Because the output of the optocoupler
is a transistor, it can be used as the input stage to the

’ O +5 V

lkﬂ:, 1k
<

TIL102/TIL103 SN7413

OR o )
TIL120/TiL121 OUTPUT TO

54/74 TTL
INPUT
3
L
(a) NON-INVERTING FUNCTION
s 045V
TIL102/TIL103
OR 1k
TIL120/TIL121
INPUT
SN7413
)ou‘rpur T0
) 54/74 TTL
ke
(b} 1
FIGURE 7. Schmitt Trigger Coupling Op 1

to 54/74 TTL Inputs

trigger as shown in Figure 8. For this circuit,
regeneration or positive feedback is provided by the
coupled emitters of Q1 and Q2. The output of this
circuit is noninverting and is compatible with TTL
logic.

Another Schmitt trigger utilizing discrete components
that makes use of the base connection of the
TIL102/TIL103 is shown in Figure 9. In this circuit,
positive feedback is provided from the collector of Q2
to the base of Q1. Resistor R1 limits the base current
to Q1 and keeps the device off when there is no signal
at the emitter. As with the circuit in Figure 8, the
output of this circuit is noninverting and compatible
with TTL levels.

transmission-line isolator

By using an optocoupler between two systems
coupled by a transmission line, effective line isolation
can be achieved. Figure 10 shows a typical interface

H APPLICATIONS
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510
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FIGURE 8. Op ler with Di: C
Schmitt Trigger for Driving 54/74 TTL
5V
1k
10k
a3
TiLiozmicio3) 2N3391
o———
OUTPUT TO

54/74 TTL
R1

2N3391
10kes MO

1k

o—— Q1

1

FIGURE 9. TIL102/TIL103 in a Schmitt Trigger
for Driving 54/74 TTL

- 9*Veez
—4
3 +Vcc1

Tka i C OUTPUT

=" - 1 TIL102/TIL103 rr
INPUT | oR

bt
1/2 SN75450 TIL120/TIL121

209

FIGURE 10. Typical Transmission Line Isolator

system using TTL integrated circuitry coupled by a
twisted-pair line. The SN75450B is the input stage
driving the transmission line and emitter of the opto-
coupler. The IRED requires about 20 mA during “‘turn-
on,’” which is well below the maximum current rating

of the transistor. At the receiving end of the line, the
phototransistor is coupled to an SN7413 for fast pulse
generation. The output of this system is a noninverted
pulse. However, by rearranging the optocoupler and
the SN7413 as shown in Figure 7(a), the output may
be inverted.

As simple as it seems, employing an optocoupler this
way provides isolation for both noise and high voltage.
An isolation transformer or relay could accomplish the
task, but it would not be as fast as the optocoupler.
Also, a line driver and receiver combination could be
used to eliminate the noise and increase the speed,
but it would be very ineffective if there were high
potential differences between the input and output.

solid-state relay

Through the use of transistor circuits, mechanical
relays are slowly being replaced by solid-state relays.
In some cases, the solid-state relay (SSR) offers
distinct advantages over its mechanical counterpart.
For example, an SSR has the advantage that it has
neither moving parts nor fragile wires, and it has faster
switching speeds and longer operating life. However,
one disadvantage of an SSR is that it generally has
a lower degree of input/output isolation than a
mechanical relay. To overcome this disadvantage in
the SSR, an optocoupler can be used as the isolating
input stage as shown in the block diagram in
Figure 11. The control stage may consist of discrete
transistors or integrated circuits, while the output
stage consists of high-power switching devices.

A simple isolated latch circuit, which is somewhat of
an SSR, is shown in Figure 12. The output of the
optocoupler is used to fire the SCR that provides
power to the load. To turn off the load current, the
supply voltage Vcc2 must be removed.

INPUT ouTPUT
- Y
conTRroL| |ouTPuT
STAGE STAGE
Gq G2

FIGURE 11. Typical Solid-State Relay Using an
Optocoupler

isolated chopper circuit

Chopper circuits that use mechanical relays suffer
from a speed problem as well as switching transients



+10V
TiL120/
INPUT o - TiLi21

TiC44
Gq
G2
FIGURE 12. Solid-State Latch Using a
TIL120/TIL121

at the load. By using bipolar transistors or FETs as
series and shunt switching elements, the speed may
be improved; but capacitive coupling to the switching
circuitry may still produce transient ‘‘spikes’’ on the
output signal. By using an optocoupler to switch the
input signal as shown in Figure 13, the switching
circuitry can be isolated from the output, thereby

+Vee
ot
.
| R2
INPU‘Ir'_S‘I_EAjLﬂ O > o ( A
AT
P i} A e
L |

r
a |

FLIP-FLOP

CONTROL T

SIGNAL

FIGURE 13. Chopper Circuit Using Optocouplers

reducing output ‘‘spikes’’. The use of two couplers
in the configuration shown allows chopping of either
positive or negative input signals with a frequency of
one-half that of the input to the flip-flop. The
uA741 operational amplifier is used to increase the
output signal with a gain of R2/R1.

pulse amplifiers

Pulse amplification, as well as isolation, can be
achieved by using an optocoupler with a pulse
amplifier. The circuit shown in Figure 14 uses an
isolator with a uA741 operational amplifier to amplify

RF 100 k2

ineuT (W 7,

FIGURE 14. Isolated Pulse Amplifier Using
Optocoupler uA741
Operational Amplifier

the pulse appearing at the anode of the IRED. The gain
of this circuit is controlled by the feedback resistor
RE. An amplifier employing discrete components and
that uses the TIL102/TIL103 as part of the current
feedback pair is shown in Figure 15.-Fhe feedback
resistor R1 controls the current gain as well as the
output d-c level.

Figure 16 shows an optocoupler with a voltage-
feedback amplifier that has a gain of 1 + R2/R1. This
type of amplifier offers high input impedance, which
will not load the emitter of the sensor transistor.

EEE— e RA
R12322kn
4.3k —O OUTPUT
PR P C— 2N3391
- 500 k2
neut (W 0, TW
J 300
S
FIGURE 15. Discrete-C Pulse Amplifi

with TIL102/TIL103

?HSV

e —

|
INPUT Gl -
o——] s uA741
|
10 |
|
- R2
J gm

-0 OUTPUT

FIGURE 16. Voltage-Feedback Pulse Amplifier
with Optocoupler
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INTERFACING USING OPTOCOUPLERS

description

A very useful application of optocouplers is in the
interface between different families of digital logic circuits.
The worst-case design process should include consideration

loL2=1R2 — 112 (2)

The first step in the design procedure is to select Igq,
the forward current through the emitter of the optocoupler.

of data rates, power supply variations, component Then using equation 3, R1 is computed:
tolerances, and temperature ranges as well as the Vv,

. . . . cCc1 — VF1(typ) — VoL1(t
characteristics of the digital logic families. Consider the R1 = (typ) 1(typ) (3)
general circuit of Figure 1. IF1(typ)

Veez
Veer Inzl R2
R1
|,:1l roFrgcau?LEn-; loHzand IoL2 | liH2 AND Ij2
| | +— —b
T T -
T ! | GATE
| ww—> |
Vou vV and V
VP | | ! 2 1H2 L2 2
—— | |
i (I I += =
[ERP— ]
GATE
1 Viu 1
NOTE: Vg2 = LOW-LEVEL OUTPUT VOLTAGE OF COUPLER WHEN COUPLER IS ON
ViL2 = LOW-LEVEL INPUT VOLTAGE SPECIFIED FOR GATE 2.
Figure 1. Optocoupler Interface Circuit
When the output of logic circuit 1 is low (VgL1), the A standard value resistor for R1 is selected as close to

output of the optocoupler is also low (Vg 2). Since Vg2
is the input to logic circuit 2, it must be less than the
maximum required logic low input voltage (V) ), in order
to hold logic circuit 2 in a stable state. The criteria that must
be met at this point is given in equation 1.

VOL2 (coupler) < VIL2 (max) (logic circuit) (1)

When the coupler output is in the low state it must not
only sink the current through R2, Iga, but it must also sink
any current required out of the logic circuit 2 input in order
to hold logic circuit 2 input to V) 5 or less.

Using the current directions specified in Figure 1 and
with the conditions of equation 1 satisfied, the conditions
required for the coupler current, lp 2, can be expressed as
in equation 2.

the value computed using equation 3. A tolerance for this
resistor is specified from which the maximum and minumum
values for R1 are computed using equations 4a and 4b as
follows:

tol
R1(max) =R1(1+-—) (4a)
100

tol
R1(min) =R1(1 ——) (4b)
100

‘‘tol’" is the percent tolerance of the resistor. With the results
of operations 4a and 4b, the maximum and minimum values
of Igq can be determined using equation 5a and 5b.

Veet(max) = VF1(min) — VOL1(min)
R1(min)

(5a)

IF1(max) =

ONS

()

PLI

o
<

-
87
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Veet(min) — VF1(max) — VOL1(max)
R1(max)

IF 1 (min) = (5b)

The output current of the coupler depends on the
current transfer ratio (CTR) of the device. CTR is defined
by equation 6a as the coupler output current, Ig 2, divided
by the forward current, Igq, of the coupler diode emitter.

loL2
IF1

CTR = (6a)

If CTR is not given as a data sheet parameter, it can be
calculated from other data sheet specifications (e.g., Ic(on)
at a certain Ig) or from curves of lg_ (sometimes called Ic)
vs Ig given in the data sheet. In many cases CTR will be a
number less than one, in other cases it will be greater than 1.

Using equation 6a with CTR converted to a percent,
the coupler collector current can be computed using
equation 6b.

(% CTR) X IF1(min)
100

loL2(min) = (6b)

The minimum value for R2 can be calculated using
equation 7.

Vce2(max) — VOL2(max) )

The maximum value of R2 is determined from the
condition that exists when the optocoupler output transistor
is in the off state. Under these conditions any offstate
current, Igy, and any current into the input of gate 2
must not drop the voltage across R2 to the point where the
input to gate 2 goes below its required high-level limit value,
V|H. These limit conditions are expressed in equation 8,
again using Figure 1. Igy2 is the current into the output
collector and ljy2 is the input current to gate 2 when the
gate input is at a voltage equal to or greater than the

ViH(min) voltage required. loH2(max). ViH(min), and IH2(max)
are taken from data sheet specifications.

Vce2(min) — VIH2(min)

R2 (max) = (8)

I0H2(max) — 1H2(max)

R2 is selected between the limits of R2(min) and
R2(max). Capacitive effects on response time are less when
R2 is closer to R2(min), while maintaining the low-logic-level
voltage, V| 2. As the CTR of the optocoupler degrades,
correct circuit operation will be maintained longer with R2
closer to R2(max). Final selection depends on which
parameter is more important in the application.

example number 1

In Figure 2, a 4N25 optocoupler is to be driven by an
SN7404 gate output and will drive the input of an SN7400
gate. The specifications for the logic levels and input and

R2(min) =
I0H2(max) * 11H2(max) output currents for the Series 74 logic family are given in
Table 1.
Vec=5V L 4
$R2 1k
aN25
OPTOCOUPLER
'Fll r—-——-- h] . ,
oL2 L2
| | on | omeg
T T
T | l T T SN7400
|
VE : 3 | VoL2 ViLz
| | | 1 _|_
| | = =
? _—— 4
SN7404 Vg3
£

NOTE: Vor2=LOW-LEVEL OUTPUT VOLTAGE OF COUPLER WHEN COUPLER IS ON.
ViL2 = LOW-LEVEL INPUT VOLTAGE SPECIFIED FOR SN7400.

Figure 2. Optocoupler Interface Circuit

Table 1. Series 74 Family Data

a SNOILVYIITddVY

TTL Vi U ViH H VoL loo Vo loH
Family v mA v uA v mA v uA
74 0.8 -1.6 2 40 0.4 16 2.4 - 400
74H 0.8 -2 2 50 0.4 20 0.24 -500
74LS 0.8 -0.3 2 20 0.5 8 2.7 -400
74L 07 -0.18 2 10 0.4 3.6 2.4 -200
74S 0.8 -2 2 50 0.5 20 2.7 -1000

For the particular calculations the values in Table 2 will be used.
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Table 2 Calculation Values

TTL 4N25 Power Supply
ViH(min) = 2V CTR(min) = 20% Vee =5V £5%
ViL(max) = 0.8 V VE(min) = 1.2V @ 10 mA
lH(max) = 40 pA VF(typ) = 1.25 V @ 10 mA
iL(max) = —1.6 mA VE(max) = 1.5 V@ 10 mA
10H(max) = 400 xA 10L(max) = 50 V
VoL(typ) = 0.2V VOL(max) = 0.5V
VOL(max) = 0.4V

calculations R2(min) (6.25 - 0.5) V
— on . mn)s——m————— =372k}
1) Select i = 20 mA ' 0878 mA + (—1.6 mA)
2) Check equation 1
VoL(coupler) <V 2 (logic circuit) 4.75 — 2
0.5V =< 0.8 V It checks. 7) R2(max) = —m8 8 —— =6.25kQ
400 A +40 pA
From equation 3, assuming the Vg at 20 milliamperes is
not 0.05 volt greater than the value at 10 milliamperes. A choice of 4.7 @ +10% for R2 is suitable for this design.
3) R1 =w'_2_ example number 2
20 mA A similar approach can be used when interfacing
discrete phototransistors to digital logic circuits. Consider
R1 = 178 Q a TIL81 connected in the phototransistor mode to an
N SN7400 as shown in Figure 3. The data for this situation
ThereforeSelect standard value R1 = 180 Q +10%. is shown in Table 3.
4) R1(max) 180 + 18 = 198 @ Vec=5V
R1(min) 180 -18 = 172 Q RL?l'“ S1ka
p:
5) From equation 5a and 5b, v
using VoL(typ) = 0.2 V for Vor(min) I
. —
(625-12V -0.2)V |
IF1(max) = ma 21.38 mA TiLer  © SN7400
—_ Vo A
y (4.75-15V —04)V 14.39 mA _I_ J_
F in) = ——————— =1439m
Hemin} 198 Q = =

6) From equations 6 and 7

Figure 3. Phototransistor Interface Circuit

14.39 mA X 20
10L2(min) =‘—1r =2.878 mA
Table 3. Calculation Values
SN7400 TIL81 Power Supply
ViH{min) = 2V Ip = 20 pA (dark current) Vee =5V £5%
ViL(max) = 0.8 V IoH = Ip + (1 = n/100) gL
IIH(max) = 40 uA (where n = % light blocked)
lIiLimax) = — 1.6 mA VOL(max) = 0.8 V
I0H(max) = 40 »A loL(min) = 2 mA
VOUWD) =02V
VOL(max) = 0.4V

Y APPLICATIONS
&)
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calculations

In this application the equations before equation 7 are
ignored. From equation 7 and 8, the values for R2(min) and
R2(max) can be calculated. This application is very sensitive
to ambient light. Therefore, care must be taken to shield
out ambient light.

Assuming 95% of the ambient light is shielded out,

R 5.256-0.8 _4.45V 111 kQ
Limin) = mA +(16mA) 04mA

a (475-20)V
L(max) = W

Substituting Io4 = Ip + [1 = (n/100)] IoL.,
where n = 95%

4.75-2.0

RL(max) = %
20pA + (1 ——) 2mA +40 uA
100

275V
B 20 pA + 100 uA + 40 uA
275V
760 uA
=17.2k§2

RL is chosen as a standard value, 14.7 kQ2.

15-38

example number 3

If the 74LS series is used with 80% light blocked, from
Table 1 li(max) = 0.36 mA instead of 1.6 mA and
liH(max) = 20 pA instead of 40 uA.

475 -2
= =6.25 k2
20 uA + (1 — 80/100) 2 mA + 20 uA

RL(max)

and
5.256 -0.8

—_— =271k
2mA + (~0.36 mA)

RL(min) =
Therefore, R_ can be selected between 6.25 k@ and
2.71 kQ.

examples number 4 and 5

Substituting appropriate values when the 74L series is
used with 80% light blocked, then the values of Ry (max) and
RL(min) are 6.4 k? and 2.5 kQ.

For the 74H series, R (max) is 5.85 k@ and R (min) is
unbounded.



BAR-CODE SCANNING

bar codes and bar code scanners

Many point-of-purchase cash registers ‘(terminals)
identify the product that is sold by scanning a code of lines
printed on the label or packaging for the product. The printed
code is called a bar code. A typical bar code is shown in
Figure 1.

Bar codes are usually horizontal with alternating vertical
dark bars and light spaces. Data is encoded by varying the
width of these bars and spaces. To retrieve data a scanner
is moved across the bar code by the operator. The bar-code-
pattern must be large enough to allow the operator to easily
move the tip of the scanner across the bar code and remain
within the space allocated to the code (see Figure 1).

EMITTER -/

OPTICAL FIBERS

L5

SENSOR -

There are a variety of bar codes in use. Some of these

MSI

UPC (Universal Product Code)
EAN (European Article Number)
CODABAR

2-0f-5

2-of-5-Interleaved

Code 39

Detail specifications and tolerances relating to many of
the bar codes do not exist. Lack of detailed specification

TIP APERTURE

SCANNER APERTURE DETERMINES HOW
MUCH OF CODE THE SCANNER WILL SEE

Figure 1. Bar Code Wand
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allows wide variations in a single bar code by different users.
As a result, any bar-code scanner must be designed to
handle wide variations.

The Tl bar-code reader is a self-contained wand
scanner. This scanner has both a light source and a light
detector in the same package as shown in Figure 1. In this
case, the light emitted from the source is projected through
an opening in the tip of the wand. The beam of light strikes
the bar code and is reflected back into the wand tip to the
light detector. The light source is connected to the tip
through an optical fiber, which guides the light to the tip.
The reflected light uses tiie same optical path from the tip
back to a “’Y’’ junction, and then a portion of the reflected
light is directed to the detector

wand scanner aperture

The aperture of a scanner refers to the diameter of the
opening through which the reflected light passes. The
aperture determines how much of the code the scanner will
see. These are shown in Figure 1. Do not mistake the
aperture of the scanner with the aperture of the scanner tip.
The tip aperture is selected such that all of the wand
apertures will work with a single tip. Thus, a scanner with
a 6-mil aperture sees an area with a diameter of 0.006 inch.

The amount of light reaching the detector depends on
the scanner aperture size. Large scanner apertures allow
greater amounts of reflected light to reach the detector,
while smaller apertures allow lesser amounts of light.
Because the detector has a nominal range of light to which

it il racn,
it will respond, scanners wi

s may require
more light from the source than larger ones to meet the
reflected light requirements of the detector. In general,
scanners with small apertures will consume more power
than scanners with large apertures.

Some bar codes can be read better by scanners with
large apertures while with other bar codes, a small aperture
is best. To understand why this is true, a closer look at how
the scanner works is in order. Refer to Figure 2. Figure 2a
shows a large aperture; Figure 2b shows a small aperture.

If the aperture of the scanner is too large and the bar
width too small, the scanner will not recognize the bar. For
example, if the bar is 4 mils wide and the aperture is 10 mils,
60% of the aperture will reflect light from the spaces on
each side of the bar. The detected light may not decrease
to a level that will allow the bar to be recognized.

If the aperture selected is too small, a print flaw such
as an ink speck may be incorrectly decoded as a narrow bar,
or an ink void recognized as a space.

Contrast or recognition tolerance and power
consumption form the selection criteria for scanner aperture
selection with respect to a given bar code. The aperture
must be small enough to recognize the bars and large enough
to tolerate the grint flaws. Its power consumption must be
acceptable for the desired application.

sample rate and velocity
In order to decode information contained in the bar-code
pattern, the relative widths of the light and dark bars have
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to be determined. If the velocity of the wand moving past
the bar code were constant, the distance the wand traveled
could be measured linearly and the widths of the bars could
be expressed in thousands of inches. Unfortunately the
velocity of the wand is not constant. Each person using a
wand will scan bar codes differently than another person.
Typically scanning velocities are in the range of 76 to 760
millimeters (3 to 30 inches) per second.

Since the movement of the wand is variable, the widths
of the bars are determined by measuring the relative time
the wand sees them. This is done by sampling the wand
output at a constant rate and comparing the rate of change
between the light and dark bars to the constant rate. This
is controlled by software within the processor that controls
the display terminal.
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ﬁ
N
I R I

b. SMALL APERTURE

Figure 2. Example of Scanner Apertures



bar-code decoding

When a wand scanner is moved across a bar code as
shown in Figure 3a, an electrical signal is produced by the
scanner as shown in Figure 3b. It is this signal that is
converted to a digital output signal as shown in Figure 3c,
and interpreted to determine the proper character
represented by the bar code. Each light and dark space in
the bar code is equal to or greater than a unit size called
a module.

0o 0 0 1

1 0

a. BAR CODE AND BINARY CODE

b. WAND OUTPUT SIGNAL

tq t2 13 14 t5 tg t7

c. DIGITAL OUTPUT SIGNAL

Figure 3. Digital Output Signal From Bar Code

Electrical signal periods are not measured in terms of
inches or millimeters, but instead are measured in terms of
time. In order to produce the signal, the scanner is moved
across the bar code with a certain velocity. If the velocity
of the scanner was known and constant, the signal could
be accurately translated to inches. The width of the bars
and spaces could then be determined and compared. Since
the velocity is not known, width is expressed as a function
of time. Not only is velocity unknown, it is also not constant
across the bar code. This is the resuit of the human operator.
Because the operator cannot maintain precise velocity, some
degree of tolerance must be built into the decoding scheme.
Even if velocity were constant, dimensional widths between
different sizes of bar codes would produce varying signal
widths in terms of time.

A velocity of 76 to 760 millimeters (3 to 30 inches)
per second is tolerable for most operators and code types.
This represents a variable relationship of 1 to 10. Since the
module variation in Figure 3 is only 2 to 1, individual module
measurement is meaningless. Thus, module width
comparison is the only approach.

In the illustrated code, the characters may be
represented with seven binary bits. Seven binary bits provide
128 variations. However, in this case, other restraints are
imposed on the code to provide such things as self-checking.
This limits the variations to 20 possibilities and decoding
short cuts may be used.

Instead of arriving at the conclusion that timing widths
represented by tq, t3, t4, ts, and tg, are approximately the
same and are approximately one-half the widths represented
by to and ty, which could yield a binary number of
0100001, a different approach is used.

The odd times representing the bars are compared to
each other on a pair-by-pair basis. The possibility for each
comparison is that the second time is equal to, less than,
or greater than, the first time.

Example: 1.ty : t3 equal
2. t3 : tg equal

3. tp : t7 greater than

Similarly, the even times representing spaces can be
compared.
Example: 1. tg : t4 less than
2. 14 : tg equal

To understand this approach, digits can be assigned to these
comparative relationships.

equal is 1
greater is 2
less is o]

The result from the above comparisons would be a
number 11201. This number is smaller in Size than the
number 0100001. The number could then be used as a table
pointer to reach the resultant character. The advantage of
this short-cut approach is that the table can be divided into
five parts. As each comparison is made, the number of
possibilities is reduced so that the part of the table to be
considered can be reduced until finally the fifth comparison
locates the exact number to reach the digit. If the binary
approach to interpretation is used, it cannot be achieved
until all the times are presented (the complete character is
scanned).

MSI bar code characteristics

The MSI Bar Code has these characteristics. The bars
and spaces are binary in width. The narrow ones are one
module wide and wide ones are two modules wide as shown
in Figure 4. Each character is composed of four data bits;
each bit is three modules wide and made up of a bar and
a space. Thus, each character contains four bars and four
spaces. The primary algorithm is binary and applied only to
the dark bars. The narrow bars are assigned a binary zero;
the wide ones are assigned a binary one. The bar code
character set is limited to the digits O through 9 by definition.
The characters are encoded in the bar code by the secondary
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algorithm, which is binary coded decimal (BCD). Table 1 lists
the character set for MSI Bar Code.

Table 1.MSI Character Set

8CD

0000
0001
0010
0011
0100
0101
0110
ot11
1000
1001

Decimal

©0ONOOdWN = O

Start Symbol 1
Stop Symbol 00

The code is not self-checking.i.e., the algorithm does
not allow each character to be checked independently of
the other characters.

BINARY ZERO

BINARY ONE

Figure 4. MSI Bar Code

The MSI code can be considered self-clocking,
however, with the timing track being an integral part of the
code. The complete symbol consists of the following
elements: a forward start code, the data characters, one
or two check digits, and a reverse start code as shown in
Figure 5. The forward start code is a single ‘one’ bit (wide
bar/narrow space) and the reverse start code, sometimes
referred to as the stop code, is a single ‘zero’ bit followed
by a narrow bar (narrow bar/wide space/narrow bar). The
start symbol and the stop symbol are dissimilar and allow
bidirectional scanning. The data field is between the
start/stop codes and can extend to 15 characters (including
two check digits). The two check digits associated with the
MSI bar code are the last two digits (left to right) in the code.
Each check digit is the checking digit for all preceding digits.
Thus, the second check digit checks the first check digit.

The second check digit is always IBM modulus 10. It
is used exclusively by the scanner circuitry and is not
transferred to the terminal with the other scanned digits.
The check bit is a calculated number based on dividing by
the modulus number. The first check digit may be retained
with the other digits of the bar code, or it may be discarded.
Itis, however, used by the checking circuitry and thus, must
be valid. The decision to retain it, or drop it, is controlled
by a terminal parameter. If the terminal parameter is set to
retain this check digit, the check digit may be either IBM
modulus 10 or IBM modulus 11. However, if the terminal
parameter is set to discard this check digit, it must be IBM
modulus 10.

code 39 bar code characteristics

The bars and spaces in Code 39 are binary in width:
the narrow bars and spaces represent a binary zero and the
wide bars and spaces represent a binary one. Each character
is made up of 9 elements, five bars and four spaces. Three
of these elements are wide and six are narrow, hence, the
name Code 39 (3 or 9). Figure 6 illustrates the character
structure. The primary algorithm is binary and is applied to
both the bars and the spaces in the code. Narrow bars or
spaces represent binary zero and wide bars or spaces
represent binary one.

DATA FIELD

- o o - -

CHECK
DIGITS

E SNOLLYIIddV

START CODE

STOP CODE

Figure 5. MSI Bar Code
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o 0 — BARS
[} —~ SPACES

BINARY ZEROS

BINARY ONES

Figure 6. Code 39 Bar Code

Table 2. Code 39 Character Set

Character Bars Spaces Character Bars Spaces
1 10001 0100 M 11000 0001
2 01001 0100 N 00101 0001
3 11000 0100 (o] 10100 0001
4 00101 0100 P 01100 0001
5 10100 0100 a 00011 0001
6 01100 0100 R 10010 0001
7 00011 0100 S 01010 0001
8 10010 0100 T 00110 0001
9 01010 0100 V] 10001 1000
(o] 00110 0100 \ 01001 1000
A 10001 0010 w 11000 1000
B 01001 0010 X 00101 1000
C 11000 0010 Y 10100 1000
D 00101 0010 r4 01100 1000
E 10100 0010 - 00011 1000
F 01100 0010 10010 1000
G 00011 0010 Space 01010 1000
H 10010 0010 $ 00000 1110
| 01010 0010 / 00000 1101
J 00110 0010 + 00000 1011
K 10001 0001 % 00000 0111
L 01001 0001
START: 00110 1000
STOP: 00110 1000

The character set of Code 39 is alphanumeric being
made up of the following 43 characters: O through 9 and
A through Z, 6 special characters, and a space character.
The characters are encoded though the secondary algorithm,
which is modified Binary Coded Decimal (BCD). Table 2 lists
the complete character set. Code 39 is a variable-length

code. The maximum léngth is typically 32 characters. The
code is self-checking and utilizes inner character gaps,
however, it is not a self-clocking code. The complete symbol
comprises a start code, the data field, and a stop code as
shown in Figure 7. The asterisk symbol is used for both the
start and stop codes, and allows bidirectional scanning.

Numeric values are assigned to each Code 39 character
as shown in Table 3.

Table 3 — Code 39 Numeric Values

0 0 F 15 V] 30
1 1 G 16 v 31
2 2 H 17 w 32
3 3 | 18 X 33
4 4 J 19 Y 34
5 5 K 20 4 35
6 6 L 21 - 36
7 7 M 22 . 37
8 8 N 23 Space 38
9 9 o 24 $ 39
A 10 P 25 / 40
B 11 Q 26 + 41
Cc 12 R 27 % 42
D 13 S 28

E 14 T 29

Since Code 39 is discrete, i.e., self-checking; it does
not require a check digit. An optional check digit may be
employed when necessary. The check digit is the moduius
43 sum of all the character values in a given message, and
is printed as the last data character. For example, the sum

of the values of the following data would be:

Data 12345ABCDE/
SumofValues =1 +2 + 3 +4 +5+ 10
+ 11 +12 +13 + 14 + 40 = 115
115/43 = 2 Remainder 29

The check digit is the character corresponding to the
value of the remainder, which in this example is 29 or *‘T"*
The data above with its check digit reads:

12345ABCDE/T

2-of-5-interleaved characteristics

The 2-0f-6 and 2-of-5-Interleaved bar codes are quite
similar and will be discussed together in this section. The
differences will be pointed out as they arise. The bars and
spaces of both codes are binary in width. The narrow bars
and spaces are one module wide and the wide bars and
spaces are three modules wide (Refer to Figure 8). A
character is made up of 5 bars, 4 spaces that separate them,
plus the space following the last bar. In 2-of-5-Interleaved
(Figure 9), one character is made up of 5 bars and the second
character is made up cof the 5 spaces. Thus, the two
characters are interleaved. The different spaces of the bar
codes can be noted by comparing Figure 8 and Figure 9.

i APPLICATIONS

15.43



a SNOILVYIITddV

START
CODE

0o 100

sTOP
CODE

01 00

Figure 7. Code 39 Bar Code

0 BARS

BINARY ZERO

BINARY ONE

Figure 8. 2-of-5 Bar Code

The primary algorithm is binary for both codes. Itis
applied only to the dark bars in the 2-of-5 code with all the
spaces being one module wide, but in the 2-of-5-Interleaved
the algorithm applies to both bars and spaces. A narrow bar
or space is assigned a binary zero and a wide bar or space
is assigned a binary one.

The character set for both 2-of-5 and 2-of-5-Interleaved
is O through 9, a start code, and a stop code. The secondary
algorithm is modified BCD as shown in Table 4. In the 2-of-5
code, a character is encoded in the dark bars while the
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spaces have no value. In the 2-of-5-Interleaved code, the
first character is encoded in the dark bars and a second
character is encoded in the spaces. These codes are both
self-checking, however, they are not self-clocking codes.

Figure 10 illustrates the complete symbols for the two
codes. The symbol consists of a start code, the data field,
and a stop code. The data field is variable in length and may
contain any number of characters.

The start and stop codes are unique and provide
bidirectional scanning. The start code for 2-of-5isa’'1 1 0"
and the stop code is a “1 0 1.”” The start code for
2-0f-5-Interleaved is 'O 0’’ and the stop code is ‘1 0"".

Table 4. 2-0f-5, 2-of-5-Interleaved Character Set

Modified BCD
00110*
10001
01001
11000
00101
10100
01100
00011
10010
01010

Decimal

©ooONOODhWN=0O

START CODE ~ STOP CODE
2-0f'5 110 101
2-of-5-Interleaved 00 10

*The decimal “‘0’’ is an exception to this modified BCD. Its BCD value of
eleven must be ignored.
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0 SPACES

BINARY ZEROS

BINARY ONES

Figure 9. 2-of-5-Interleaved Bar Code

print quality

The process of printing the bar code symbols must be
carefully controlled to assure that the printed labels are close
to the specifications. Lithography, Gravure, letter press,
Offset, and dot-matrix printing techniques are currently
being used to print bar-code labels, however, the quality of
the print is more important than the type of printer used.
If details-that effect the quality of the bar code-label are
understood, an analysis of any label can be made with little
regard for the type of printer used. Dot matrix printers do

have special problems because of their nonuniform
structure, but the same basic requirements must be met in
order to reproduce readable labels.

The items that effect print quality of the labels are: the
background substrate, ink reflectance, contrast, voids and
specks, edge roughness, and ink spread (or shrink).
Background substrate refers to the material that the labels
will be printed on. It should be white and have a matte finish
rather than a high gloss. A background diffuse reflectance
of 70 to 80% in the near infrared spectrum is desirable. This
reflectance directly effects the contrast of the label. The ink
film color should be black and not exceed 24 % reflectance
in the near-infrared spectrum. The reflectance value should
not vary more than 5% within the same character. A carbon-
based ink should be used, not an alcohol-based ink. The
contrast refers to the difference of the ink reflectance and
the background reflectance and should be 50 to 65%. Voids
are a result of missing ink coverage. They usually appear
in the form of small light spots within the individual bars.
seldom can voids be prevented entirely. However, it is
essential to good first-pass read rates that they remain
within acceptable tolerances. A speck is the opposite of a
void. It is extraneous ink in the space or light bar area. Like
voids, specks should be held within acceptable tolerances.

In general, the width of these anomalies is more critical
then the height. An anomaly with a large height dimension
increases its probbility of detection by the scanner.
However, if its width is quite small, the bar code
interpretation logic can accommodate the flow. If the width
of the anomaly is large, and it is detected by the scanner,
the results will be a “’no read’’ of the bar code. Most bar

2-0OF-5

START CODE

STOP CODE

2-OF-5INTERLEAVED

Figure 10. 2-of-5-Interleaved Bar Code
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codes have sufficient checks to prevent a misread assuming
the vendor makes all of the checks.

Edge roughness pertains to the left and right terminal
borders of the dark bars. Edge roughness affects the width
of the bars. If the bars are not printed with crisp terminal
borders, it is difficult to maintain the bar width tolerances
specified by the specific bar code.

Over and under printing is the result of too much or too
little ink in printing the bar code. Over printing will make the
dark bars wider and the light bars or spaces narrower. Under
printing has the opposite effect. Either of these conditions
will affect wand scanning if the tolerances of the bars and
spaces are exceeded. Figure 11 illustrates the effects of over
or under printing.

e—2-—4 1 |
F RATIO 2:1

5 (NOMINAL)
RATIO 6:1
{INK SPREAD)

fe— 3 —3 |e—o05

RATIO 1:2
(INK SHRINK)

~—» 1 —2—

a. msI
—2— 1
RATIO 2:1
(NOMINAL)
RATIO 3:2

% (INK SPREAD)
—3— —2—

RATIO 1.5:1
(INK SHRINK
159 - 1
b. CODABAR

Je— 3 —de— 2—dje-T14¢ 1 3]

RATIO 5:2
(NOMINAL)

RATIO 5:2

(INK SPREAD)
RATIO 5:2
G (INK SHRINK)
5 ——e—2—¥
¢. UPC

Figure 11. Effects of Uniform Ink Shrinks or Spreads
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why codes won’t read

There are many reasons some bar codes won’t read
while others are readable. The first is that the electronics
fails. The wand or wand electronics can malfunction as well
as the terminal itself. The second is the label itself and any
number of problems can degrade an otherwise effective
scanning system.

The wand has been designed so that when the tip of
the wand is in contact with the symbol, the reflected image
will be accurately focused on the detector. If the wand is
not touching the symbol, i.e., scanning symbols through
thick glass, a very poor read rate will occur. The reason is
that the focal length of the wand has been changed and the
detector cannot focus on the symbol.

Labels must be printed to the specifications established
by the coding authority. A label that is out of specification
may or may not read well depending upon how out of
tolerance the symbol is after being printed. All labels cannot
be read optimally with all wands as shewn in Figure 12. You
can have a high-resolution wand designed to read complex
codes such as a CODABAR and Code 39, and a low-
resolution wand for less critical codes. The low-resolution
wand is less sensitive to printing anomalis making it more
suitable for applications using dot matrix printers. Labels
printed using alcohol-based ink may read very poorly or not
at all. Alcohol-based ink has a very poor light absorption
factor resulting in low contrast. To ensure adequate contrast
between the background substrate and the printed bar code,
a carbon-based ink should be used.

In summary, even though many bar codes exist, the
technology of the scanners and optoelectronic emitters and
sensors is such that most variations can be accommodated.

HIGH WAND
RESOLUTION

BLACK

WHITE

LOW WAND
RESOLUTION

Figure 12. Effects of Ink Voids and Ink Specks
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OPTOELECTRONICS INTERCHANGEABILITY GUIDE

The following interchangeability guide for known optoelectronic devices is intended to serve as a substitution guide for
competitive devices to Texas Instruments Optoelectronic Product Line.

Texas Instruments direct replacement devices are believed to be pin-for-pin, mechanically, and electrically interchange-
able devices. However, Tl does not guarantee that interchangeability in particular application is exact in all respects.
Therefore the applicable product sheet should be used to determine product interchangeability. Contact your local Tl Sales
Office, Authorized Distributor, or Optoelectronic Marketing (Dallas, Texas) for assistance in selecting the appropriate devices
for your application.

E 3aIND ALNIGYIONVHIHILNI

CODE
A = Direct replacement
B = Electrical or mechanical difference
(consult the Tl data sheet)
Equivalent (A)
or Nearest (B)

Device Manufacturer TI Device Code
1N6264 * TIL31B B
1N6265 * TIL33B B
3N243 * TIL120 B
3N244 * TiL120 B
3N245 * TIL120 B
4N22A * 4N22 A
4N23A * 4N23 A
4N24A * 4N24 A
4N25 * 4N25 A
4AN25A * TIL154 A
4N26 * 4N26 A
4N27 * 4N27 A
4N28 * 4N28 A
4N29A * TIL156 A
4N30 * TIL113 A
4N31 * TIL119 A
4N33 * TIL113 A
4N34 * TIL113 A
4N35 * 4N35 A
4N36 * 4N36 A
4N37 * 4N37 A
4N51 * 4N41 B
4N54 * 4N56 B
209R Industrial Electronic Engineers TIL209A A
211 Industrial Electronic Engineers TiL232 B
220R Industrial Electronic Engineers TIL220 A
441-0002 Dialight Corp . TIL1INM A
551-0003 Dialight Corp . TIL112 A
745-0004 Dialight Corp . TIL304 A
745-0005 Dialight Corp . TIL305 A
745-0006 Dialight Corp. TIL302 A
745-0007 Dialight Corp. TIL311 A
745-0008 Dialight Corp . TIL308 A
745-0009 Dialight Corp. TIL306 A
745-0014 Dialight Corp. TIL312 A
745-0015 Dialight Corp . TIL327 A
745-0016 Dialight Corp . TIL313 A
1704R Industrial Electronic Engineers TIL305 A
1705R Industrial Electronic Engineers TIL306 A
1706R Industrial .Electronic Engineers TIL308 A
1707R Industrial Electronic Engineers TIL311 A
1717R Industrial Electronic Engineers TIL309 A
1787R Industrial Electronic Engineers TIL729 A
1788R Industrial Electronic Engineers TIL730 A
5082-4494 Hewlett-Packard TIL209A B
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5082-4550
5082-4550
5082-4555
5082-4555
5082-4650
5082-4655
5082-4855
5082-4884
5082-4950
5082-4955
5082-7010
5082-7100
5082-7100
5082-7100
5082-7101
5082-7300
5082-7300
5082-7302
5082-7302
5082-7340
5082-7620
5082-7621
5082-7623
5082-7626
5082-7730
5082-7731
5082-7740
5082-7751
5082-7756
5082-7760
7620Y
7621Y
7623Y
7630G
7631G
7633G
7730R
7731R
7740R
BPX38
BPX38-2
BPX38-3
BPX38!
BPX38lI
BPX38lII
BPX43
BPX43-1
BPX43-2
BPX43-3
BPX43-4
BPX43|
BPX43ll
BPX43l1l
BPX43IV
BPX62I
BPX62lI
BPX62l1l
BPX62IV
BPY62-1
BPY62-2
BPY62-3
CLT2035
CLT2150
CLT2160
CLT2164
CLT2165
CLT3160
CLT3170
cL12

Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewilett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewilett-Packard
Hewlett-Packard
Hewlett-Packard
Hewilett-Packard
Hewlett-Packard
Hewlett-Packard
Hewilett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard

Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Industrial Electronic Engineers
Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Clairex

Clairex

Clairex

Clairex

Clairex

Clairex

Clairex

Clairex

TIL224-1
5082-4550
5082-4555
TiL224-2
5082-4650
5082-4655
TIL220
TIL221
5082-4950
5082-4955
4N57
4N58
TIL305
TIL504
TiL305
TIL307
TIL309
TIL306
TIL308
TIL311
TIL339
TIL339
TIL340
TIL341
5082-7730
5082-7731
5082-7740
TIL729
TIL731
TIL730
TIL339
TIL339
TIL340
TIL314
TIL314
TIL315
TIL312
TIL312
TIL313
TIL99
TIL99
TIL99
TIL9S
TIL99
TIL99
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL602
TIL602

TiL 802

11LOUS

TIL604
TIL81
TIL81
TIL81
TIL99
TIL81
TIL81
TIL81
TIL81
TIL602
TIL604
TIL118

mmwmmmmmmmmmmwmwcomwmwcummmmmmmm)>>>>)>)>)>>)>comm)>)>)>UJ>>)>mmmcowmmmmm)>)>mm>)>m)>)>w

E INTERCHANGEABILITY GUIDE

16-3



E 3AINO ALNISVIONVHIHIALNI

16-4

cL13
CL15
CL16
cL17
CcL18
cL19
CL112
CL10506A
CL1210
CL1506
CL1510
CL151
CL1800
CL1810
cL1810
CcL1811
CL1835
CL1840
CM4-100
CM4-101
CM4-110
CM4-111
CM4-5010
CM4-5020
CNY17-1
CNY17-2
CNY17-3
CNY17-4
CNY18-2
CNY18-3
cQv10-3
caviil-4
cavii-5
cQv1ii-6
cav13-5
cQv13-6
cQvis-3
cavis4
cQavao4
cavai4
cQv21-5
CcQv21-6
cava34
CcQva3-5
CcQva3-6
cQvas5-3
cQavas4
CQVv25-5
CQV25-6
cQy174
cQy17-5
cQy32
cQy34
cQys7i
cQy78-3
CXV20-3
DL-507
DLO-7610
DLO-7611
DLO-7613
DLO-7614
DL1A
DL10
DL10A
DL57
DL101
DL101A
DL701
DL707

Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Clairex
Chicago-Miniature
Chicago-Miniature
Chicago-Miniature
Chicago-Miniature
Chicago-Miniature
Chicago-Miniature
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Telefunken
Telefunken
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens

4N37

TIL116
TIL117
TIL118
TIL116
TIL116

TIL167

TIL116

TIL169
TIL118

4N37

4N37

TIL169

TIL143
TIL143/TIL167
TIL143/TIL167

TIL169
TIL145/TIL170
TIL302
TIL304
TIL302
TIL304
TIL112
TIL111
TIL126
TIL126
TIL127
TiL128
TIL120
TiL121
TIL209A
TIL216-1
TIL216-1
TIL216-2
TiL212-2
TIL212-2
TIL232-2
TIL232-2
TIL228-1
TIL228-1
TIL228-1
TIL228-2
TiL224-1
TIL224-1
TIL224-2
TIL234-1
TIL234-1
TIL234-2
TIL234-2
TIL34B
TIL31B
TIL33B/TIL34B
TIL31B
TIL25
TIL33B
TIL220

T 790
TIL/Zo

TIL312
TIL312
TIL313
TIL313
TIL302
TIL302
TIL302
TIL305
TIL304
TIL304
TIL327
TIL312
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DL1001A
ED123
ED201
ED730
FCD810
FCD810A
FCD810B
FCD810C
FCD820
FCD820A
FCD8208
FCD820C
FCD825
FCD825A
FCD825B
FCD825C
FCD825D
FCD830
FCD830A
FCD8308B
FCD831
FCD831A
FCD831B
FCD836
FCD850
FCD850
FCD850C
FCD855
FCD855C
FCD860
FCD860
FCD860C
FCD865
FCD865
FCD865C
FLV110
FLVIN
FLV112
FLV117
FLV118
FLV119
FLV150
FLV160
FLV210
FLV250
FLV260
FLV310
FLV315
FLV350
FLV355
FLV360
FLV365
FLV410
FLV450
FLV450
FLV455
FLV460
FLV465
FLV550
FND350
FND357
FND500
FND501
FND507
FND508
FND530
FND537
FND538
FND540

Siemens
Sprague
Sprague
Sprague
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild

TIL304
TiIL220
TIL302
TIL113
TILIN
TILNM
TiL114
TIL124
TIiLINM
TiLIN
TIL116
TIL125
TIL116
TIL116
TIL116
TIL126
TIL126
TiL117
TIL116
TIL116
TIL118
TIL118
TIL118
TIL116
TIL156
TIL113
TIL125
TiL113
TIL127
TIL167
TIL113
TIL127
TIL113
TIL156
TIL127
TIL2281
TIL221
TIL230-1
TIL220
TiL221
TIL230-1
TIL2281
TIL2281
TIL228-2
TIL228-2
TIL228-2
TiL234-2
TIL234-2
TIL234-2
TIL234-1
TIL234-2
TIL2341
TIL224-2
5082-4550
TIL224-2
TIL224-1
TIL224-2
TIL224-1
TIL2281
TIL312
TIL313
TIL730
TIL731
TIL729
TIL731
TIL324
TIL323
TIL331
TIL346
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FND547
FND560
FND561
FND567
FND568
FPE30
FPE104
FPE500
FPE510
FPE520
FPES20
FPE530
FPE700
FPT100
FPT100A
FPT110
FPT120
FPT131
FPT132
FPT136
FPT137
FPT500
FPT500A
FPT510
FPT510
FPT520
FPT530
FPT540
FPT550
FPT700
GL4850
H11A1
H11A2
H11A3
H11A3
H11A3
H11A3
H11A3
H11A4
H11A5
H11A5
H11A520
H11A520
H11A550
H11A590
H11B1
H11B2
H11B2
H11B3
H11G2
H13A1
H13A2
H13B1
H13B2
H21A1/A2/A3
H21B1/B2/B3
H22A1/A2/A3
H22B1/B2/B3
HDSP5301
HDSP5303
HDSP5307
HDSP5308
HDSP6504
HDSP6508
HD11310
HD1131R
HD11320
HD1132R
HD11330

Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Siemens
General Electric
General Electric
General Electric
General Electric
Generai Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Hewlett-Packard
Siemens
Siemens
Siemens
Siemens
Siemens

TIL345
TIL730
TIL732
TIL729
TIL731
TIL33B
TIL39
TIL34B
TiL33B
TIL34B
TIL31B
TIL33B
TIL32
TIL414
TiL414
TIL99
TiL414
TiL414
TiL414
TIL99
TIL99
TIL81
TIL81
TIL81
TIL99
TIL81
TIL99
TIL81
TIL99
TIL78
TIL730
TIL117
TIL112
TIL116
TiL114

T
TIL1 19

TIL116
TIL114
TILIN
TIL118
TIL116
TIL124/TIL154
TIL125
TIL126/TIL155
TIL126
TIL113
TIL119
TIL113
TIL119
TIL156
TIL143
TIL144
TIL145
TIL146
TIL167-2
TIL1682
TIL169-2
TIL170
TIL729
TIL730
TIL731
TIL732
HDSPE504
HDSP6508
TIL729
TIL729
TIL731
TIL731
TIL730
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HD1133R
HD11340
HD1134R
L1

IL-5

IL-5

IL-12
IL-16
IL-16
IL-30
IL-74
1L-94
IL-203
IL-501
1L-505
IL-612
L14C2
L14G1
L14G2
L14G3
LD56A
LD56A
LD242
LD271
LD561
LD561
LED55B
LED55BF
LED55C
LEDS5CF
LED56
LED56F
LISAX601
LISAX604
LR6504R
LR6508R
LT-1188
LT-1198
MAN1A
MAN2A
MAN10A
MANS51A
MANG2A
MAN71A
MAN72A
MAN73A
MAN74A
MANS1A
MANS82A
MANS3A
MANB4A
MAN101A
MAN1001A
MANG6760
MCA7
MCA8
MCAg1
MCA230
MCA231
MCT2
MCT2E
MCT8
MCT26
MCT81
MCT271
MCT272
MCT273
MCT274
MCT275

Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
General Electric
General Electric
General Electric
General Electric
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric

Industrial Electronic Engineers
Industrial Electronic Engineers

Liton

Liton

General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument

TIL730
TIL732
TIL732
TIL114
TIL117
TIL155
TILINM
TiL112
TIL118
TIL113
TIiLIN
TIL153
TiL127
TIL125
TIL126
TiL124
TIL99
TIL81
TIL81
TIL81
5082-4550
TIL224-1
TIL38
TIL39
5082-4555
TIL224-2
TIL31B
TIL33B
TIL31B
TIL33B
TIL34B
TIL33B
TIL601
TIL604
HDSP6504
HDSP6508
TIL393-8
TIL393-9
TIL302
TIL305
TIL302
TIL314
TIL314
TIL312
TIL312
TIL327
TIL313
TIL339
TIL339
TIL341
TIL340
TIL304
TIL304
TIL729
TIL149
TIL145
TiL145
TIL113
TIL113
MCT2
MCT2E
TIL143
TIL111
TIL144
TIL126
TIL126
TiL127
TIL128
TIL127
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MCT277
MLED650
MLED655
MLEDS10
MLED930
MOC119
MOC1000
MOC1000
MOC1001
MOC1001
MOC1002
MOC1002
MOC1003
MOC1003
MOC1005
MOC1006
MOC1100
MOC1200
MOC8050
MP52
MRDA450
MRD601
MRD602
MRD603
MRD603
MRD604
MRD3000
MRD3050
MRD3051
MRD3052
MRD3053
MRD3054
MRD3055
MRD3056
MRD3100
MT1

MT2
MV5021
MV5022
MV5023
MV5024
MV5026
MV5050
MV5051
MV5052
MV5053
MV5054-1
MV5054-2
MV5054-3
MV5055
MV5075B
MV5253
MV5274B
MV5353
MV5363
MV5374B
NSA1188
NSA1198
NSL5056
NSL5076A
NSL5086
NSN71L
NSN71R
NSN373
NSN381
NSN534
NSN581
NSN582

General Instrument
Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motoroia

Motorola

Motorola

Motorola

Motorola

Motorola

Fairchild

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

Motorola

General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Instrument
General Ihstrument
Nationai Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor
National Semiconductor

TIL117
TIL220
TIL220
TIL23
TIL34B
TIL119
4N26
TIL116
4N25
TIL116
4N27
TIL116
TIL136
4N28
TIL118
TIL118
TIL113
TIL113
TIL113
TiLM4
TIL78
TIL601
TIL602
TIL603
TIL604
TIL604
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL81
TIL99
TIL81
5082-4655
5082-4655
5082-4655
TiL228-2
TiL220
TIL221
TiL220
TiL2311
TIL220
TIL228-1
TiL228-2
TIL228-3
TIL220
TIL216-1
TiIL234-1
TIL2321
TiL224-2
TiL2241
TiL212-2

i 202 0
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TIL393-9
TIL220
TIL209A
TIL209A
TIL312
TIL312
TIL313
TIL313
TIL729
TIL730
TIL729
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NSN583
NSN584
NSN6020
OPB709
OPB804
OPB806
0oPB810
0oPB814
0PB815
OPI102
OPI103
OPI140
OPI2150
OPI2252
OPI2253
OPI3151
OP102
0OP103
0P122
0P123
OP124
OP130
OP130W
0OP131
OP131W
0OP132
0OP132wW
OP135
OP135W
OP140
0OP160
OP161
0P230
0P231
0P232
0P233
0OP260

OP501

National Semiconductor
National Semiconductor
National Semiconductor
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron
TRW Optron

TIL730
TIL729
TIL221
TIL139
TIL169
TIL138
TIL167
TIL168
TIL168
TIL102/4N22
TIL103/4N24
TIL120
TIL112
TIL116
TIL117
TIL113
TIL102
TIL103
TiL23
TiL23
TIL24
TIL34B
TIL31B
TIL31B
TIL33B
TIL31B
TIL33B
TIL31B
TIL33B
TIL40
TIL32
TIL32
TIL903-1
TIL903-2
TIL903-2
TIL903-2
TIL902-1
TIL78
TIL78
TIL411/415
TiL412/416
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PH302
RL2000
RL4403
RL4850
RL5054-1
RL5054-2
RL5054-5
SCD11B2
SCD11B2
SCD11B2
SCD11B2
SCD11B2
SCD11B2
SDP8402-1
SDP8405-3
SDP8405-4
SDP8405-5
SD2440-1
SD2440-2
SD2440-3
SD2440-4
SD3443-1
SD3443-1
SD3443-2
SD3443-3
SD3443-3
SD5443-1
SD5443-2
SD5443-3
SD5443-4
SD5443-4
SEP8402
SEP8403
SEP8406
SEP8502
SEP8502-1
SEP8503
SEP8503-1
SEP8504-1
SEP8505-1
SEP8505-2
SEP8505-3
SEP8605-4
SEP8505-5
SEP8505-6
SEP8506
SEP8506-1
SE2450-1
SE2450-2
SE2450-3
SE2460-1
SE2460-2
SE2460-3
SE2460-4
SE3455
SE5450-1
SE5450-2
SE5450-3
SE5451-1
SE5451-2
SE5451-3
SE5453
SE5453-3
SE5453-4
SE5455
SEB455-1
SEB455-1
SE5455-2
SFH309

NEC
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Siemens

TIL100
TIL228-1
TIL220
TIL220
TiL2281
TIL228-2
TIL2281
TIL119
TIL113
TIL156
TIL128
TIL127
TIL157
TiL414
TIL4N
TIL41
TIL4A1N
TIL6O1
TIL602
TIL603
TIL604
TIL99
TIL81
TIL99
TIL99
TIL81
TIL81
TIL81
TIL8Y
TIL99
TIL81
TIL78
TIL414
TIL41
TIL32
TIL32
TIL38
TIL32
TIL40
TIL32
TIL32
TIL32
TIL32
TIL32
TIL32
TIL40
TIL32
TIL23
TIL23
TIL25
TIL23
TIL23
TIL24
TIL24
TIL33B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL31B
TIL33B
TIL34B
TIL31B
TiL414
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SFH402-1
SFH402-2
SFH409
SFH500
SFH600
SFH600-0
SFH601-1
SPX2E
SPX2E
SPX6
SPX26
SPX26
SPX26
SPX33
SPX33
SPX33B2
SPX33B2
SPX53
SPX53
SPX1402-2
SPX1404-1
SPX1404-2
SPX1404-3
SPX1872-12
SPX1872-13
SPX1872-14
SPX1873-11
SPX1873-11
SPX1873-11
SPX1873-12
SPX1873-13
SPX1873-13
SPX1873-13
SPX1878-11
SPX1878-12
SPX1878-12
SPX1878-13
SPX1879-11
SPX1879-12
SPX1879-13
SPX1879-15
SPX2862-4
SPX2862-4
SPX18721
SPX18723
SPX18731
SPX18733
SS0S-700
SS0S-800
STIN-135D1
STIN-135D2
STIN-135T1
STIN-135T2
STPT60
XAN71
XAN72
XC-55-A
XC-55-B
XC-55-C
XC55-10
XC55PB
XC55PC
XC66-10
XC99-30
XC209
XC880-A
XC880-8
XC881-A
XC881-B

Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Silicon Sensor
Silicon Sensor
Sensor Technology
Sensor Technology
Sensor Technology
Sensor Technology
Sensor- Technology
Xciton

Xciton

Xciton

Xciton

Xciton
Telefunken
Telefunken
Telefunken
Telefunken
Telefunken
Xciton
Telefunken
Telefunken
Telefunken
Telefunken

TIL33B

TIL33B

TIL32

TIL99

TIL117

TIL117

TIL155

TiL124

TIL125

TIL126

TIL153

TIL118

TIL116

TIL153

TiL154

TiL114

TIL116

TIL155

TIL117

TIL139

TIL139

TIL139

TIL139
TIL147A/TIL148A
TIL147/TIL148
TIL147/TIL148
TIL144

TiL143
TIL159/TIL160
TIL159/TIL160
TIL145

TIL167

TIL146

TIL145

TIL146

TIL138

TIL146

TIL143

TIL143

TIL143

TIL146
TIL147A
TIL148

TIL158

TIL160

TIL143

TIL145
TIL147A
TIL143

TIL145

TIL146

TIL143

TiL144

LS600

TIL312

TIL312

TIL34B

TIL34B

TIL31B
TIL33B/TIL34B
TIL33B/TIL34B
TIL31B
TIL33B/TIL34B
TIL906

TIL209A
TIL902-1
TIL902-2
TIL905-1
TIL905-2
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XC1209
YL224-1
YL4850

CCD111
CCD121
CCD142
CCD143
CcD211
CD221
RL128G
RL1728
RL2048

Telefunken
Siemens
Siemens

CCD IMAGE SENSOR INTERCHANGEABILITY GUIDE

Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
Fairchild
EG&G Reticon
EG&G Reticon
EG&G Reticon

TIL32
TiL224-1
TiL224-1

TC102
TC101
TC103
TC103
TC201
TC201
TC102
TC101
TC103
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GLOSSARY
OPTOELECTRONIC TERMS AND DEFINITIONS

Introduction

This glossary contains letter symbols, abbreviations, terms, and definitions commonly used with optoelectronic devices.
Most of the information was obtained from JEDEC Standard No. 77.

Index to Glossary by Symbols and Abbreviations

APD Avalanche photodiode

B Demodulation bandwidth
Ee Irradiance

Ey Iluminance

fmod Modulation frequency

H Irradiance

IC(off) Off-state collector current
IC(on) On-state collector current
Ip Dark current

le Radiant intensity

I Forward current

I Light current

IR Reverse current

IRED Infrared-emitting diode

Iy Luminous intensity

Le Radiance

Ly Luminance

LED Light-emitting diode

M Photocurrent gaint

NEP Noise equivalent power (spectral density)
Pn Noise equivalent power (spectral density)
Po Radiant flux or power output
Qe Radiant energy

Qy Luminous energy

Re Radiant responsivity

Ry Luminous responsivity

sr Steradian

td Delay time

tf Fall time

tf Radiant pulse fall time

ty Radiant pulse rise time

tr Rise time

ts Storage time

VE Forward voltage

VLED Visible-light-emitting diode
Af Noise equivalent bandwidth
AN Spectral bandwidth

OHI Half-intensity beam angle
Ap Wavelength at peak emission
de Radiant flux

Dy Luminous flux

tM is also the symbol for luminous or radiant exitance; however, these terms are not used in this publication.

E XIAN3ddVv
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GLOSSARY

OPTOELECTRONIC TERMS AND DEFINITIONS

Units of Measurement

Unit
amperet
angstrom
candelat
candela/foot2
candela/meter2t
degree CelsiusT

faradt
foot
footcandle
footlambert
hertzt
inch
kelvint
lambert
lument
luxt
metert
mho
micron
mil

nit

ohmt
phot
secondt
siemenst
steradiant
stilb

voltt
wattt

Tinternational System (SI) units,

Metric Multipliers

10—4 um = 0.1 nm

it um is preferred
0.0254 mm (exactly)

Symbol Note

A

A 1A=10-10m=

cd 1cd=1Im/sr

cd/ft2 1 cd/ft2 = 10.76391 cd/m?2
cd/m?2

°c

°K See K

F

ft 1 ft = 0.3048 m (exactly)
fc 1 fc=1Im/ft2 = 10.76391 Ix
fL 1 fL =(1/n) cd/ft2 = 3.426259 cd/m2
Hz

in 1in = 2.54 cm (exactly)

K Formerly °K, degree Kelvin
L 1 L =3183.099 cd/m2

Im

Ix 11x=11Im/m2

m

mho 1mho=18§

I The equivalent un

mil 1mil=10-3 in=

nt 1nt=1cd/m2

Q

ph 1 ph =1 !m/cm?2

s

S

st

sb 1sb=1cd/cm2

\Y

W

Many of the preceding unit symbols can be combined with the metric multipliers that follow.

Symbol Prefix Multiple

G giga 109

M mega 106

k kilo 103

h hecto 102

da deka 10 x

d deci 10-1 E

c centi 10-2 2

m milli 10-3 w

u micro 10-6 o

n nano 10-9 o.

p pico 10—-12 <

f femto 10-15
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Terms and Definitions

Avalanche Photodiode (APD)

A photodiode that is intended to take advantage of avalanche multiplication of photocurrent. As the reverse-bias
voltage approaches the breakdown voltage, hole-electron pairs created by absorbed photons acquire sufficient
energy to create additional hole-electron pairs when they collide with substrate atoms; thus a multiplication
of signal current is achieved.

NOTE: APD’s are especially suited for low-noise and/or high-speed applications.

Axis of Measurement

The direction from the source of radiant energy, relative to the mechanical axis, in which the measurement of
radiometric and or spectroradiometric characteristics is performed.

Beam-Lead Phototransistor
A phototransistor chip with thick-film leads formed on the chip that project cantilever-style beyond the chip
periphery for attachment to a separate substrate.
NOTE: When assembled into arrays and mounted on a ceramic substrate, beam-lead phototransistor arrays offer
accurate spacing on centers too close for conventional discrete packages and too far apart for monolithic arrays;
see Tl Bulletin CB-128 for further information.

Brightness

See Luminance

The temperature of a blackbody having the same visible color as that of a given non-blackbody radiator.
TYPICAL UNIT: K (formerly °K).

Conversion Efficiency (of a Photon-Emitting Device)
The ratio of maximum available luminous or radiant flux output to total input power.

Dark Current (ip)
The current that flows through a photosensitive device in the dark condition.
NOTE: The dark condition is attained when the electrical parameter under consideration approaches a value that
cannot be altered by further irradiation shielding.

Darlington-Connected Phototransistor
A phototransistor the collector and emitter of which are connected to the collector and base, respectively, of a
second transistor. The emitter current of the input transistor is amplified by the second transistor and the device

has very high sensitivity to illumination or irradiation.
GRAPHIC SYMBOL:

R
~

NOTE: The base region(s) may or may not be brought out as (an)electrical terminal(s).
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D-C Transfer Ratio (of an Opto-coupler)
The ratio of the dc output current to the dc input current.
Delay Time (tg)

The time interval from the point at which the leading edge of the input pulse has reached 10% of its maximum
amplitude to the point at which the leading edge of the output pulse has reached 10% of its maximum amplitude.

Demodulation Bandwidth (B)
The frequency interval in which the demodulated output of a photodetector, or a system including a

photodetector, is not more than 3 dB below the midband output. Midband output is the output in the region of
flat response or the average output over a specific frequency range.

Electroluminescence
The direct conversion of electrical energy into visible radiation.
Fall Time (tf)

The time duration during which the trailing edge of a pulse is decreasing from 90% to 10% of its maximum
amplitude.

Forward Current (1)

The current through a semiconductor diode when the p region (anode) is at a positive potential with respect to
the n region (cathode).

Forward Voltage (VE)

The voltage across a semiconductor diode associated with the flow of forward current. The p-region is at a
positive potential with respect to the n-region.

Gain-Bandwidth Product (of an Avalanche Photodiode)
The gain times the frequency of measurement when the device is biased for maximum obtainable gain.
Half-Intensity Beam Angle (04})
The angle within which the radiant intensity is not less than half of the maximum intensity.
Hexadecimal Display
A solid-state display capable of exhibiting numbers O through 9 and alpha characters A through F.
NOTE: The TIL311 and TIL505 are hexadecimal displays each with an integral TTL circuit that will accept, store,
and display 4-bit binary data.
lluminance (lllumination) (Ey)
The luminous flux density incident on a surface; the quotient of the flux divided by the area of illuminated

surface.
TYPICAL UNITS: Im/ft2, Ix = Im/m2. 1 Im/ft% = 10.76391 Ix.
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Infrared Emission

Radiant energy that is characterized by wavelengths longer than visible red, i.e., about 0.78 um to 100 um.

Infrared-Emitting Diode (IRED)

A diode capable of emitting radiant energy, in the infrared region of the spectrum, resulting from the
recombination of electrons and holes.

NOTE: TI manufactures GaAs and GaAlAs radiant-energy sources that emit in the 0.82-um to 0.94-um portion
of the near-infrared region. These emitters are spectrally matched with Tl silicon photodetectors.

GRAPHIC SYMBOL:

Irradiance (Eg, formerly H)

The radiant flux density incident on a surface; the quotient of the flux divided by the area of irradiated surface.
TYPICAL UNITS: W/ft?, W/m?. 1 W/ft? = 10.76391 W/m?.

Light Current (1)

The current that flows through a photosensitive device, such as a phototransistor or a photodiode, when it is
exposed to radiant energy.

Light-Emitting Diode (LED)

A diode capable of emitting luminous energy resulting from the recombination of electrons and holes.

o this term is sometimes used for infrared-emitting diodes

NOTE. 1o oo H
this term is scme

NOTE: 0 pPoi

GRAPHIC SYMBOL:

R
N

Luminance (Ly) (Photometric Brightness)

The luminous intensity of a surface in a given direction per unit of projected area of the surface as viewed from

that direction.
TYPICAL UNITS: L, cd/ft?, cd/m?. 1 L = (1/1) cd/ft? = 3.426259 cd/m?.

Luminous Energy (Qy)

Energy traveling in the form of visible radiation.
TYPICAL UNITS: Im-s

Luminous Flux (dy)

The time rate of flow of luminous energy.

TYPICAL UNIT: Im
NOTE: Luminous flux is related to radiant flux by the eye-response curve of the International Commission on

Illumination (CIE). At the peak response (A = 555 nm), 1 W = 680 Im.

N XIAN3ddv
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Luminous Intensity (1)

Luminous flux per unit solid angle in a given direction.
TYPICAL UNIT: cd. 1cd=11Im/sr.

Luminous Responsivity (Ry)
The quotient of the rms value of the fundamental component of the electrical output divided by the rms value of
the fundamental component of the luminous flux of a specified distribution.
TYPICAL UNITS: V/Im, A/lm

Modulation Frequency (fiod)
The frequency of modulation of the luminous or radiant flux.

Noise Equivalent Bandwidth (Af)
The equivalent bandwidth of a flat (or white) sharp-cutoff noise spectrum, having the same maximum value and
containing the same noise power as the actual broadband output noise power of the device or circuit.
TYPICAL UNIT: Hz

Noise Equivalent Power (P,, or NEP)
The rms value of the fundamental component of a modulated radiant flux incident on the detector area that will
produce a signal (voltage or current) at the detector output that is equal to the broadband rms noise (voltage or
current).
TYPICAL UNIT: W
NOTE: The noise equivalent power equals the broadband output noise (voltage or current) divided by the
responsivity (in volts/watt or amperes/watt).

Noise Equivalent Power (P, or NEP) (Spectral Density)
The noise equivalent power in a one-Hertz bandwidth at the detector output.
TYPICAL UNIT: W/Hz”%
NOTE: The noise equivalent power spectral density equals the noise equivalent power divided by the square root
of the noise bandwidth.

Off-State Collector Current (Ic(off)) (of an Opto-coupler)
The output current when the input current is zero.

On-State Collector Current (Ig(on)) (of an Opto-coupler)
The output current when the input current is above the threshold level.
NOTE: An increase in the input current will usually result in a corresponding increase in the on-state collector
current.

Optical Axis
A line about which the radiant-energy pattern is centered.

NOTES: 1. The radiant-energy pattern may be nonsymmetrical.
2. The optical axis may deviate from the mechanical axis.
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Opto-coupler (Optically Coupled Isolator, Photo-coupler)
A device designed for the transformation of electrical signals by utilizing optical radiant energy so as to provide
coupling with electrical isolation between the input and the output.
NOTE: As manufactured by Texas Instruments, these devices consist of a gallium arsenide infrared-emitting
diode and a silicon phototransistor and provide high-voltage isolation between separate pairs of input and output
terminals.

Optoelectronic Device

A device that is responsive to or that emits or modifies coherent or noncoherent electromagnetic radiation in the
visible, infrared, and/or ultraviolet spectral regions; or a device that utilizes such electromagnetic radiation for its
internal operation.

Photocurrent
The difference between light current (I ) and dark current (Ip) in a photodetector.

Photocurrent Gain (M) (of an Avalanche Photodiode)

The ratio of photocurrent at high bias voltage to that at low bias voltage. (See also avalanche photodiode
definition).

Photod . Ph itive Device
A device that is responsive to electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral regions.
Photodiode

A diode that is intended to be responsive to radiant energy.

GRAPHIC SYMBOLS: \\ N\
®

NOTE: The photodiode is characterized by linearity between the input radiation and the output current. It has
faster switching speedsthan a phototransistor.

Photometric Axis

See Axis of Measurement.
Photometric Brightness

See Luminance.

Photon

A quantum (the smallest possible unit) of radiant energy; a photon carries a quantity of energy equal to Planck’s
constant (6.6262 X 1034 joule/hertz) times the frequency.

= XIAN3ddV
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Phototransistor

A transistor (bipolar or field-effect) that is intended to be responsive to radiant energy.
NOTE: The base region or gate may or may not be brought out as an external terminal.
GRAPHIC SYMBOLS:

a
= 3

Quantum Efficiency {of a Photosensitive Device)

The fractional number of effective electron-hole pairs produced within the device for each incident photon. For
devices that internally amplify or multiply the electron-hole pairs (such as phototransistors or avalanche
photodiodes), the effect of the gain is to be excluded from quantum efficiency.

Quantum Efficiency, External (of a Photoemitter)
The number of photons radiated for each electron flowing into the radiant source.
Radiance (Lg)
The radiant intensity of a surface in a given direction per unit of projected area of the surface as viewed from that

direction.
TYPICAL UNIT: Wesr™'m~2.

Radiant Energy (Qg)

Energy traveling in the form of electromagnetic waves.
TYPICAL UNITS: W-s, J

Radiant Flux or Power Output (®g or Pg)

The time rate of flow of radiant energy.
TYPICAL UNITS: W

Radiant Intensity (lg)

Radiant flux per unit solid angle in a given direction.
TYPICAL UNIT: W/sr

Radiant Pulse Fall Time (tf)

The time required for a radiometric quantity to change from 90% to 10% of its peak value for a step change in
electrical input.

Radiant Pulse Rise Time (t;)

The time required for a radiometric quantity to change from 10% to 90% of its peak value for a step change in
electrical input.

Radiant Responsivity (Rg)
The quotient of the rms value of the fundamental component of the electrical output divided by the rms value of

the fundamental component of the radiant flux of a specified distribution.
TYPICAL UNITS: V/W, AW
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Reverse Current (IR)
The current through a semiconductor 'diode when the n region (cathode) is at a positive potential with respect to

the p region (anode).

Reverse Voltage (VR)
The voltage across a semiconductor diode associated with the flow of reverse current. The n region is at a positive
potential with respect to the p region.

Rise Time (t;)

The time duration during which the leading edge of a pulse is increasing from 10% to 90% of its maximum

amplitude.

Series Resistance

The undepleted bulk resistance of the photodiode substrate.
NOTE: This characteristic becomes significant at higher frequencies where the capacitive reactance of the

junction is of the same or lower magnitude compared to the series resistance.

Spectral Bandwidth (A))

The wavelength interval in which the spectral concentration of a photometric or radiometric quantity is not less

than half of its maximum value.
TYPICAL UNITS: A, um, nm

Steradian (sr)
A unit of solid angular measurement equal to the solid angle at the center of a sphere subtended by a portion of
the surface area equal to the square of the radius; there are 4 steradians in a complete sphere. The number of

steradians in a cone of full angle 8 is 27 (1 — cos 0.50).

Storage Time (tg)

The time interval from a point at which the trailing edge of the input pulse has dropped to 90% of its maximum
amplitude to a point at which the trailing edge of the output pulse has dropped to 90% of its maximum

amplitude.
Visible Emission
Radiant energy that is characterized by wavelengths of about 0.38 um to 0.78 um.
Visible-Light-Emitting Diode (VLED)
Synonym for Light-Emitting Diode (LED)
NOTE: Strictly speaking, the adjective “visible’’ is redundant; however, this term is frequently used when there is
a likeiihood of confusion with infrared-emitting diodes.
Wavelength at Peak Emission (Ap)

The wavelength at which the spectral radiant intensity is maximum.
TYPICAL UNITS: A, um, nm.1 A =10"% um = 0.1 nm.

z H XIAN3ddY
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