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L'Enfant's strest plan for Washington, D.C. (above)
approximating Faris, is obvious in this view made by
the French SPOT Image Corporation’s remote
sensing satellite system ., , a system which relies on
CCD technology. Fairchild Weston's CCD Imaging
Division was a supplier to SPOT.

Created for commercial and environmental eppli-
cations, SPOT is able o “see” 1400 square miles in
ona 10-second pass, or more than 25 conventional
high-aftitude aerial photographs.

Aarial photography, itsell, was mads possibie by
the inventions of Sherman Mills Fairchild—shutier
and liming mechanisms, camera systems and closed-
cabin gircraft {right).

Feirchild lounded several companies which
avolved leadership roles in aircraft development,
defense electronics & systems, optlics, semi-
conductor manufacluring, as well as CCD Imaging
Technology.




The Fairchild Evolution
of CCD Imaging

The Fairchild CCD Imaging Division, which successfully
developed and delivered the first commercial charged-
coupled device in 1973, actually traces its roots back
through two branches of the corporate tree to the noted
American inventor, scientist and industrialist, Sherman
Mills Fairchild in the early 1920's.

Fairchild's first invention was an efficient between-the—
lens camera shutter and associated timing mechanism
which enabled accurate aerial photography for the first
time.

Fairchild's addltional inventions in aircraft technology
(including the first enclosed cabin airplane, the first with
folding wings, the first with hydraulically-operated
landing gear and brakes) were consolidated into the
Fairchild Aviation Corporation,

In 1936, aircraft products were separated from the
camera related opsrations in New York as the Fairchild
Engine and Airplane Corporation in Maryland.

Fairchild Camera & Instrument Corporation

During World War Ii, the New York photography
operation designed and manufactured 90 percent of the
aerial cameras used by all Allled forces, and the firm
adopted the name Fairchild Camera and Instrument
Corporation,

After the war, products related to the original camera
manufacturing operations made Fairchild a major LIS
government supplier of aerial cameras, surface surveil-
lance systems and other defensa related products.

Falrchild Semiconductor

In the late 1950's, the company sponsored & small group
of young scientists In California developing new
processes for the manufacture of transistors,

Their goal was to develop, mass produce and market
semiconducter components that could meet the most
stringent customer requirements, and in 1959 the Planar
process was introduced.

In addition to making possible the mass production of
low cosl transistors, the Planar process paved the way
forother Falrchild advances such as the first Integrated
circuit, the first MOS (metal oxide semiconductor)
circult, and the burled-channel approach to solid-stats
CCD circults thet can be used berth as image sensors for
TV signals and as serial memories.

Betwean 1965 and 1980, semicanductar tachnalogy
pregressed so rapidly that circult density doubled every
yedar. As lsader in silicon technology, research and
processing capability, Fairchild Semiconductor was
fundamental in the creation of the Industry itself.

By the mid-70's Fairchild had become the third largest
US supplier of semiconductors, and the parent, Fairchild
Camera & Instrument Corp., was ali but eclipsed by the
offspring Semiconductor Division and its accalerating
technology.

For example, at the Palo Alto Research Lab, a major
effort was being made to advance CCD Imaging tech-
nology and to speed process development of manufac-
turing a broad range of solid-state sensing devices.
Meanwhile in Syossel, New York, the company was
Introducing a panoramic aerial camera with an exclusive
rotating optical prism, making possible the first 180
degree, horizon-to-horizon aerial photograph.
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Schiumberger Limited

In 1979, Fairchild became a part of Schiumberger
Limited, a company which, like Fairchild, had grown
successfully through innovations in science and
industry.

Shortly after the turn of the century, brothers Conrad
and Marcel Schlumberger's experiments with surface
electrical instruments led to an “electric log” process for
French oil exploration that demonstrated conclusively
that geclogical formations penetrated by the drlil could
be identified by electrical measurements.

Today, Schlumberger is an international company pro-
viding oil and gas drilling and production services;
energy measurement and control equipment; Instru-
ments, components and computer-aided design; and
manutacturing and control systems.

Fairchiid Weston Systems, Inc,

Falrchild Weston Systems, descendant of the former
Falrchild Camera & Instrument Corporation, continues
to carry the mantle of the original camera operation and
to expand its technology base as world leader in the
design, development and fabrication of high technology
electronic, photographic and electro-optical systems
for defense-related applications.

CCD imaging Division

The original buried-channel CCD product technology
was transferred from the R&D operation to the CCD
Imaging volume production environment late In the
1970°'s with the requisite efforts In development and
production engineering In order to produce a full line of
linear and area sensors, cameras and camera sub-
systems as well as ancillary devices in signal proceesing
and interface systems.

In 1985, CCD Imaging was incorporated into the
Electro-Optical Systems Group of Fairchild Westonasa
natural complement to the continulng program of solid-
state TV camera development for NASA and other high-
technology users. The first pictures ever taken of a
space shuttle in orbit were made by a Fairchild Weston
miniature color TV camera mounted on a pallet satellite.

Today, Falrchild Weston's CCD Imaging Division pro-
vides sophisticated devices and systems for inspection,
measurement, survelllance, telecine, facsimile and
optical character recognition in industry, sclence,
medicine, defense and many other fields.

In numerous applications—from food processing to
astronomy, from robotics to cartography—the CCD
Imaging Division continues to spearhead the CCD
technological revolution with a wide selection of devices
and camera systems.



Engineering
The CCD Division's technical staff of highly experienced
engineers ls available for special requirements in several
areas.

CCD Custom Spacifications

The parformance lavels of standard products have been
chosen to meet most applications. However, some
systems may require devices with tighter specifications
—lower dark signals, more unlform photoresponse,
higher responsivity or some other parameter not
included in a standard product.

Custom & Semicustom Options

Intrared Performance

Sllicon CCD photoaltes are optimized for visible light
(400-700nm). Although silicon photosites have sub-
stantial responsivity In the near-IR (700-400nm), spatial
resolution {MTF) degrades severely as wavelength
decreases beyond about 700nm. Maximum useable
wavelengths are generally in the 800-800nm range.
Many light sources (tungsten lamps, sunlight, etc.) hava
strong IR components. Hance many CCD imaging
systerns use an optical low-pass filter to eliminate the IR
components of the Incident lilumination.

These limits may be axtended up to 30% by varlous
design and manufacturing techniques on a custom
application basis.

Fairchild Weston-CCD has alse developed prototype
sensors using platinum silicide Schottky barrier tech-
nology which extend IR performance out to 5.5um.

The newest CCD designs (CCD134, 145, 181, efc.) have
at least twice the quanium efficiency in the near-UV
{300-400nm) as older designs. Quantum efficiencies of
>50% at 400nm are typical.

This Improvement can be applied to many current
devices and to custom deslgns on a custom application
basis.

Very High Data Rates The standard product assortment
of line-scan image sensors Include data rate capabilities
exceeding 20 MHz sample rate. Since the data rate is
limited by the output amplifier, some of our devices—
using the charge output directly—have been operated
at over 60 MHz

Even higher effective data rates are possible in custom
designs using multiple outputs where each output
could run at up to 15-20 MHz and the total data rate is a
function of the number of outputs employed.

Long Linear Arrays The longest device currently avail-
able in the standard product line is the CCD151 linear
sensor—3456 pixels in a row. Longer contiguous lines
of pixels can be provided on a custom basis up to the
limits of the 4-dnch wafer.

Even longer linear configurations can be achleved by
staggering devices to produce the desired number of
pixels. Various optical techniques, such as beam-
splitters, can be employed to create a longer sense line.

The ends of two linear arrays or multiple linear arrays
may be joined to achieve a very long sense area, but a
few pixels will be tost at the bult joint itsel!. Fiber
bundles can be used in a lens-less system for uitra long,
high resolution sense lines with no logs, however.

Fiber Optics Face Pistes Most Fairchild Weston CCD
iinear and area sensqrs can be fitted with a fiber optics
face plate to efficiently couple the aptical signal froman
Image intensifier or other component. (The CCD222 TV
Image sensor is currently avallable with such an option.)

Special packaging Some applications require special
packages to match unique environments. Fairchild
engineers are available to determine the range of
possibilities.

Speclal Screenings Military and space programs often
require special screening to meet MIL SPEC 883C or
slmilar applications. Fairchild Weston CCD Imaging
Division has considerable experience in screening
devices to these specifications.

Other Custiom Capabliiles Fairchlld Weston's CCD
stafl engineers can provide assistance in other areas as
well—AR coated windows, cryogenic temperature
operation, special window materials, IR-coated
windows, etc. We Invite you to consult our experienced
sales and application people to discuss a particular
requirement.
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Linear Imaging
Sensor Selection Guide

LINEAR IMAGE SENSOR SELECTION GUIDE

Maximum SPECIALFEATURES = |
cCco Number of | Pixel Sizo | Pixel Pitch |Dats Rate| Very Low |[Anti-Blooming | Correlated | Extended Blue
Device Pixels {um) {um) {Mhz} | Light Levels | & Inl. Conirol | Double Samp. | Response
cCcoiNn 256 13 =17 13 10.0 v
CCD1IS3A 512 13x13 13 20.0
CCD133A 1024 13x13 13 200
CCD134 1024 13 x 13 13 20.0 v v v
+CCD122 1728 13x13 13 20 v

CCD123 1728 10 x13 10 20 v
CCDU4E 2048 13x13 | 13 50 v v v v
CCD143A | 2048 tax13 | 13 200 v

1024

1728
ccoigt 2048 10=10 10 200 v v v v

2592
cCD151 3456 7= 7 7 50 v
+ Limited demand product CCD123 is recommended lor new designs.

Number of Pixels: Anti-Blooming/Integration Control:

The desired system resclution determines how many pixels
are needed on the CCD. Davices are available with up to 3456
pixels {CCD151). Should more pixels be desired, two or more
CCDs may be optically butted.

Daia Rate:

The typical maximum data rate for fgeta is given. Devices with
data rates of 10MHz or greater have two outputs —one for
even numbered pixels and one for odd. The minimum
exposure time for a device with N pixels is about (20 +
N)Apara-

Pixel Size and Spacing:
The system optical aperfure size and sensitivity desired
determine which pixel size is necessary.

Sensitivity at Very Low Light Levels:

These devices are ideal for rapidly detecting changes in
illumination at the lowest illumination levels. They are
optimized for minimal retention of signal charge in photosites.

For applications In which the dynamic range of the scene
occasionally exceeds the dynamic range of the device, anti-
blooming is recommended. This feature pravents exiremely
bright sections of the image from causing ovarfiow of the CCD
shift register. Integration control allows the optical signal
integration time to be less than the exposure time. See
application notes for details.

Extanded Blue Response:

Devices with extended blue response have 50-100% greater
responsivity at 400nm than previous devices, These devices
are recommended for applications in which much of the
image information is in the blue region.

Correlated Double Sampling (CDS) Compatible:

Correlated double sampling is a technique for increasing the
signal-to-noise ratio of a CCD-A/D system. Most Fairchild
CCDs can use CDS. CDS can only be used with the internal
Sample and Hold disabled and externally supplied reset clock.
Ses application notes for details.




Linear CCD
Sensors

Fairchild Weston’s advanced buried-channel CCD tech-
nology aliows line scan sensors to offer excellent charge-
transfer efficiency at high data rates with low noise, high S/N
ratios and relatively small die sizes.

Line scan sensors are useful in document scanning
systems for optical character recognition (OCR) and fac-
simile data acquisition as well as for measurement and
inspection of industrial components, for printed circuit and
semiconductor die or wafer inspection and for similar non-
contact measurement applications.
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CCD 111
256-Element
Line Scan Image Sensor

FAIRCHILD WESTON |

CCD IMAGING DIVISION

FEATURES

258 x 1 pholosite aray

13um x 17um photosites on 13:m piich
Dynamic range typlcal: 7000:1

On-chip video and compensation ampilifiers
Low power requirements

All operating voltages 15V and under

Low nolse equivalent exposure
Dimensionally precise photosite spacing

DESCRIPTION

The CCD111 is & monolithic 256-element line image sensor.
The device is designed for optlcal character recognition and
other imaging applications thal require high sensitivity and
high speed. The CCD111 is pin-for-pin compatible with and &
functional replacement for the CCD110F.

In addition bo & line of 256 sensing elemants, the CCD111 chip
includes: two charge lransfer gales, two 2-phase analog
transpon shift registers, an output charge detector/ampiifier,
and a compansation amplifier, Tha transpart registars bath
feed the inpul of the charge detector resulting in saquantial
riading of the 256 senaing slements.

The cell size is 13 um (0.51 mils) by 17 um (0.67 mils)on 13 um
(0.51 mils) centers. The device is manufactured using Fairchild
Weston advanced charge-coupled device n-channel Isoplanar
buried-channel technology.

PIN CONNECTION DIAGRAM

PIN NAME DESCRIPTION (TOP VIEW)

PG Photogate

DXA, DXB Transfer Clocks

D1A, dra

#1B, ¢2B Transport Clocks

oG Output Gate

os Cutput Source

oD Cutput Drain

Cs Compensation

Source

) Resat Clock

RD Reset Drain

TP Test Point

Vss Substrate (ground)
Fairchild Weston Systems, Inc. CCD Imaging Division ©1088 Falrchild Weston Printed In U5 A,
810 W. Maude Ave., Sunnyvale, California 94088 Falrchlid Weston reserves the right to make changes In
{408) 720-7600, TWX 910-373-2110 the clrcuitry or specifications at any time withoul notice
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FUNCTIONAL DESCRIPTION 0OS. A reset transistor Is driven by the reset clock {¢r) and

The CCD111 consists of the foliowing functional elements
illustrated In the Block Diagram:

Image Seneor Elements — A row of 256 Image sensor
slements separuied by a diffused channel stop and covered by
asilicon photogate. Image photor:s pass through the transpar-
ent polycrystaliine silicon photogate and are absorbed in the
single crystal silicon creating hole-siectron pairs. The photon
generated slectrons are accumulated in the photosites. The
amount of charge accumulated in each photosite Is a linear
function of the incident llumination intensity and the integra-
tion period. The cutput signal will vary in an analog manner
from a thermally generated background level at zero illumin-
ation to a maximum at saturation under bright lllumination.

Two Transier Gales — Gate structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the image senaor elements are transferred out via the transfer
gates to the transport registers whenever the transfer gats
voltages go HIGH. Altemate charge packets ars transferred to
the left and right transport registers. The transfer gates also
control the Intsgration time for the sensing elements.

Two 130-bit Shiit Regleters - One on sach
slde of the line of Image sensor slements and separated
from it by a transfer gate. The two ragisters, called the
transport registers, are used to move the light generated
charge packets deliverad by the transfer gates serially to the
charge detactor/amplifier. The complementary phass relation-
ship of the last elements of the two transport registers providea
for aliemate delivery of charge packets to establish the
original serial sequence of the line of video in the output
clrcult.

A Galnd Charge Detector/Amplifier — Charge packets are
transported to a pracharged diode whose potentlal changes
linearly in response to the quantlty of the signal charge
delvered. This potential Is applied to the gate of the output
n-channel MOS tranaistor producing a signal at the output

e e e e e —————————
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recharges the charge detector diode capacitance before the
arrival of sach new signal charge packet from the transport
registers.

DEFINITION OF TERMS

Device — A chargecoupled device s a
samiconductor device in which finite isclated charge packets
are transported from one position in the ssmiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are minority carriers with respact to the
semiconductor substrats.

Tranwler Clocke ¢xa, #x8 — The voltage waveforms applied to
the transfer gates to move the accumuilated charge from the
image sensor slerments to the CCD transport registers.

Traneport Clocks d1A, ¢2A, 418, d28 — The two sets of 2-phase
wavetorms applied to the gates of the transport registers to
move the charge packets received from the image sensor
alemsnis to the gated charge detector/ampllifier.

Gated Detsclor/ Amplifier — The output clrcult of the
CCD111 that recelves the charge packets from the transport
registers and provides & signal voitage proportional to the size
of sach charge packet received. Before each new charge
packet is sansad, a resst clock returns the charge detector
voltage to a fixed level,

Reset Clock ¢gn — Thevolugewavelonnruqulrodtometm
voitage on the charge detector.

Dynamic Range — The saturation exposure divided by the
me noise equivalent exposure. (This does not take Into
account dark signal components.) Dynamic range is some-
times defined in terms of peak-to-peak noise. To compare the
two definitions a factor of four to six ls generally appropriate in
that peak-to-peak nolse is approximately equal to four to six
times rma nolse.




cCD111

“

RMS Nolse Equivalent — The exposure level that
gives an output signal equal to the rms noise level atthe output
in the dark.

Saturation Exposure — The minimumn exposure lavel that will
produce a saturation output signal. Exposure Is equal to the
irradiance times the photosite integration time.

Charge Transfer E — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responstvity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure,

Total Non-uniformity — The difference of the
response levels of the mast and least sensitive element under
uniform illumination. Measurement of PRNU excludes first
and last elements. (See accompanying photos lor details of
definition.)

Dark Signal — The output signal in the dark caused by
thermally generated elsctrons that is a linear function of the
integration time and highly sensitive to temperature. (See
accompanying photos for details of definition.)

Saturation Output Voltage — The maximum useable signal
output voltage. Charge transter efficiancy decreases sharply
when the saturation output voltage is excesded.

Integration Time — The time interval batween the falling
edges of any two transfer pulses gxa or $xB as shown in the
timing diagram. The integration time is the time aliowed for
the photosites to collect charge.

Pixel — A picture elemant {photosite).

Peripheral Response — The output signal caused by light-
generated charge that is collecied by the transport registers
{instead of the the photosites). The primary cause of peripheral
response on CCD111A/B devices manutactured after date
code 81-01 is optical crosstalk from the photosites to the shift
registers.

Major Differences Between the CCD111A and CCD111B
Both the CCD111A and the CCD1118 have the same re-
spongivity to visible light (400-700nm). The periphera! dif-
ferences are as follows:

The CCD111A ig intended for usa in applications where
very low dark signal and high responsivity to very near-
infrared (700-800nm) light are needed, and where
peripheral response is not criticai.

The CCD1118 is selected for usa in applications where
standard responsivity to very near-infrared (700-800nm)
light and standard dark signe! are acceptable and where
peripheral response needs to be minimized,

It is not recommended that either part be used with
ilumination containing wavelengths greaterthan 800nm
(near-infrared). If use of such a light source {unfiltered
tungsten, for exampile) is unavoidgable, the CCD111B
will generally provide the user with more satistactory
resllts. The table on performance characteristics pro-
vides more information.

Absciute Maximum Ratings
Storage Temperature ~25°C to 100°C
Cperating Temperature -25°C to 55°C
Pins 2, 3,4,5,8,7, 10,
12,13, 14, 15 ~0.3V to 15V
Pins 1,8, 11,18 -0.3Vto 18V
Pins 17, 18 output, no voltage applied
Pin9 av
Coutton Nole

This device has fmited bulit-in gata protection. it & rec-
ammanded thal static discharge be controled and minimized,
Care must be taken lo avoid shorting ping OS and CS5io Vsgor
Voo during operation of the devica. Shorting these ping
temporarily to Vs or Vop may dastroy the cufpul ampilifisrs,

TEST LOAD CONFIGURATION
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CCD111
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DC CHARACTERISTICS: T = 25°C (Nots 1)

LIMITS
SYMBOL CHARACTERISTIC LNIT CONDITION
MIN TYP MAX

Voo Ouiput Transistor 145 15.0 15.5 v

Draln Voitage
VAD Resst Transistor 1.5 120 125 v

Draln Voltage
Vea Output Gats Voltage 50 v
Vra Photogate Voliage 85 100 125 v
TP1, TP3 Test Points 00 v
TP2, TP4 Test Points 14.5 150 15.5 v

CLOCK CHARACTERISTICS: Tc = 25°C (Note 1)
LIMITS
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP MAX
VanaL, Ve
V. VaonL Transport Clocks LOW 0.0 05 0.8 v Note 2
Virian, Ve
| d :

V. v Transport Clocks HIGH 75 8.0 105 v Note 5
ViduaL, VoxpL |  Transler Clock LOW a0 05 as v Notes 2, 5
Vxan, Voxpr| Tranater Clock HIGH 75 :14] 105 v Note 5
Venl Resst Clock LOW 00 05 [+1:] v Notes 2, 5
VorH Reset Clock HIGH a5 10.0 105 v Notes 3, 5
foia, Ine Maximum Transport Clock 50 MHz Nots 5
1don, fovza Frequency

Maximum Reset Clock
(3 100 MHz Note 6

Fraquency (Output Duta Aste)

AC CHARACTERISTICS: Te=25°C, fibn = 1.0MHZ, tire=320 18, transport = 259 us, Light Source = 2854° K + filters as specified. All operating
voltages nominal specified values. (Note 1)  All tests done using “Test Load Configuration.”

RANGE
SYMBOL PARAMETER UNIT CONDITION
MIN TYP MAX
DR Dynamic Range
{relative to rms noise} 7000:1 Note 7
(relative 10 peak-to-peak noise) 1400:1
NEE RMS Noiss
Equivalent Exposure 21072 wlficm2
SE Saturation Exposure 05 udfom2
CTE Charge Transfer Efficlency 99980 59999 Note 8
P Power Dissipation 100 mw Voo = 15V
F4 Output impedance 1000 {1
N RMS Nolse 100 nv
Peak-to-Peak Nolse 500 uVv

14
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PERFORMANCE CHARACTERISTICS: Tp = 25°C, foon = 1.0MHZ, tint = 320 u8, timnspont = 258 ps, Light Source = 2854°K + filters ag
specified, All operating voltages nominal specified values (Note 1)
RANGE
CCD111A CCD111B
SYMBOL CHARACTERISTIC MIN | TYF|MAX| MIN| TYF] MAX | UNIT CONDITION
PRNU Photoresponse Non-uniformity
Peak-o-Peak
2854°K + 700 nm cutoff filter | 70 25 70| mv 14,15, 16
2854°K + 900 nm cutoH filter 451 110 48( 110 | mV 14, 15, 18
2854°K unfiltered 70 60 mv 14,15, 16
Single-pixel Positive Pulses <10 <10 mv 15,16
Single-pixel Negative Pulses 200 60 200 80| mv 15, 16
Ri Register Imbalance
('Oded’/Even') <5 <5 my 15, 16
DS Dark Signal DC Component o] =<1 2l 15| mv 29 10
Low Frequency Componant 0| <1 2] 10] mv 281
SPDSNL Single-pixel DS Non-uniformity of <1 2 1 2] my 8 11,12
PR Peripheral Response
2854°K + 700 nm cutoff filter 10 17 <2 S| %ofvVour | 14
2854° K + 900 nm cutoH filter 12| 20 3 7] %otvour | 14
2854° K unifiltered 25| 4 %olVour | 14
R Reaponsivity
2854°K + 700 nm cutoff filter 07| 13) 21| 05| 11| 20| Wulicm? 13,14
2854°K + 900 nm cutoff fitter 13)| 24 39| 08] 18| 24| Vulem? 13, 14
2854°K untittersd 20 08 V/ud/om2 13,14
Vsar Saturation Qutput Voltage 500 | 700 500| 700 mv 17
NOTES:
1. Tc Is defined aa the 0 p ) d on the back surface of the ceramic header
z Neoat'nmlmnuontsonanycloekpingumg bolow 0.0v may cause charge Injection that mesuits In an increase in the apparent Dark Signal.,

Q. Vg should track Van.

4, Thi dats outpul imauincy e b Fyics thas of WRCr rarmnont clock (g, Ine, Tgza, Tgon)

& Coua = Coun = J0OF, Cgpra ™ Cisn = G = Gt = 330F, Comn e SpF

. Minimism reset chack Trequanay is inriled by fh Incsessn in Gank Bigri.

7, Dynamic Rargs is defined es =Vgarime Mempaiml) Noiss™ o “Vigsr/Pank-to-Peak (lemporl) Nolse.”
A CTE in messured far one-aings trarmser.
. Ees photographa Tor Diar Sigral defintions,

10 D g mmmmmmmmmhrms‘Cinm in Te. The shift register component is also inversety
propodicn Ao sy,

11. Single-pixel Dark Signal non-uniformity (SPDSNU) approximuisly doublea for every 8*C incrsase in Tc. Thay are also directly proportignal to the
integration time .

12. Ench SPTISMNU W massured f2om the D=5 i najacent i the bass of i SPOSNU.

13 RESPONBIVITY s defined s the “volts of video: cuipur pat “Incigent Fadiant Energy measured over the 350 nm - 1200 nm band.” The device will not
resnond 10 irframed waveling i Ionge: than= 1200 Am. Hiwevar, 27 f the molant energy from & 2854° K source is at A > 1200 nm. For the unfiitsred 2854°K
Bixurce, th rEpOrsivly siiles Jov fight messured ovar § < 5 < = will by ~0.3% of the responsivity values for light measured over 350 nm < A < 1200 nm

T, OPTICAL FILTERS: & 700 nm cubof™ ier is pasieed By wming ane “Wide Band Hot Mirror” (Optical Coating Labs, Inc., Santa Roaa, Calfornla) and one 2.0
mmmmmmzmwmﬁmmy ﬁherinurhs.ﬂn%nmmmrﬁlmrtvaihbhonwordanmm
Falrohild CCO Appiicaticns Engineering for dotsSe. Tranamiramon curem for the two cutoff filters and Spectral Energy Diatribution curvas for thage filtars
waltr M 2RS4 K ighil mouroa ar gever in i “Tyipacal Perormancs Cuinves” section of this data sheet It should be nated that the “2854° K + 700 nm cutoff
SO i & GOod anproemetion 1o o Caylight Fisuressent butl,

V5 A PANL maasurertients ke o s S50mY cutpul lvel Lsing i F/5.0ens: 5l PRNU measurements exclude the outputs from the first and last photoeiements
of tha array. The ™ number s alined an e datmnce fom the lans 10 The amay divided by the diameter of the lens spersture. As | number incrasees, the
romiting mane Mighly collimsted lght causes packnge window impedsetions to dominats and increase Ihe PRNU. A lower f number (1<5) results in leas
coilimated fight, causing pholoaite fHemishes o domina PRALL

1 Sae photagraphs for BRNU difinitions

17. See test load configuration.
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PHOTOELEMENT DIMENSIONS

PHOTOGATE

SERPENTINE
CHANNEL

ALUMINUM
LIGHT SHIELD

ALL DIMENSIONS ARE TYPICAL VALUES.

QUTPUT WITH UNIFORM ILLUMINATION

—¢p CLOCK FEEDTHROUGH

——ZERO REFERENCE LEVEL

——ViDEO OUTPUT LEVEL

1008
PIXEL #1 PIXEL #2566

TEST CONDITIONS: T + 25°C, t,, = 640 pus,
i = 512 kHz, “typ” voltage inputs, 2854°K

+ 700 nm cutoff fliter set. {Haif stendard test
speeds for clearer photos.}

s e e e—————.
16
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“

OUTPUT OF TWO PIXELS

DEVICE ILLUMINATED

¢p RESET CLOCK FEEDTHROUGH

2]
-
=
L2
==
-]
£
=
[
L]

ZERQ REFERENCE
LEVEL =10 YDC

VALID VIDED  VALID VIDED
FROM PIXEL 1| FROM PIXEL
fi+1)

DEVICE IN DARK

BACKGROUND 1
DARK SIGMNAL X

——ZERO REFERENCE
LEVEL =10 VDC

TEST CONDITIONS: T + 25°C, b = 640 us,
s = 512 kHz, “typ” voltage inputs, 2854°K
+ 700 nm cutoff filter sel. (Hall standard test
speeds for clearer photos.)
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PHOTORESPONSE NON-UNIFORMITY

MEASURED AT Vv = 350 mV; ALL PRNU
COMPONENTS EXCLUDE PIXELS #1 AND #256.

PRNU OF ALL PIXELS

PIXEL #256

|LOW-FREQUENCY PRNU
e —

“DROP"” DUE TO g s
HIGH RESPONSIVITY | —
OF PIXELS NEAR

AMPLIFIER Yoo PEAK-TO-PEAK PRNU

PIXEL M1

/ ™,

I \

—— VIDEO OUTPUT LEVEL
ADJACENT TO PRNU

SINGLE-PIXEL SINGLE-PIXEL
sr:;ﬁ;TWE] NON-UNIFORMITY

TEST CONDITIONS: To = +25°C, t,, = 320 ps,
fon = 1.0 MHz, 2854°K + 700 nm cutoff
filter set, “typ’ voltage Inputs.




CCD111
\

DC + LOW FREQUENCY DARK SIGNAL

ZERQ REFERENCE

=10 VDC
SHIFT-REGISTER
DC-COMPONENT COMPONENT
LOW-FREQUENCY
COMPONENT REGISTER IMBALANCE
AT 1, = 900xs, OTHER INPUTS SAME AS ABOVE:
TSR Viriugration
i I"'"ﬂ#" —_..E
ZERO REFERENCE
=10 VDC
SHIFT-REGISTER
DC-COMPOMNENT COMPONENT
LOW.-FREQUENCY
COMPOMENT

PIXEL i1 PIXEL #2586

TEST CONDITIONS: T = +25°C, t,, = (as
above), fyp = 512 kHz, "typ” volta_genfnputa.
(Half standard test speeds for clearer
photos.)

CCD Sensors

18
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SINGLE-PIXEL DARK SIGNAL NON-UNIFORMITY

ZERO REFERENCE LEVEL
=10 VDC

SINGLE-PIXEL
DARK SIGMAL
NON-UNIFORMITY

DC + LOW FREQUENCY l :

TEST CONDITIONS: Tc = +25°C, tim = 2.560ms,
4R = 128 kHz, “typ” voltage Inpute.

{One-eight standard test speeds to

emphasize Dark Signal.)

PERIPHERAL RESPONSE

ZERO REFERENCE LEVEL
=10 VDC

I PERIPHERAL RESPONSE

——-VIDEO OUTPUT LEVEL

TESBT CONDITIONS: Tc = +25°C, tint = 640 ps,
for = 510 kHz, “typ” voltage inputs,

2654° K + 700 nm cutof! filter set. (Hai
standard test speeds for clearsr photos.)




ccom

%

X (TRANSFER CLOCK) COUPLING INTO OS (OUTPUT)

L]
L
=]
%]
| ==
=
125 ]
=
[
=

x, { } 0.7 8.0V

"’!a{ } 0.7 8.0V

— ¢p FEEDTHROUGH
ZERO REFERENCE
EL my

os LEV
200 v
___ VIDEO OUTPUT
\
dxa :
¢XB {
— ¢ FEEDTHROUGH
___ZERO REFERENCE
os LEVEL

___VIDEO OUTPUT
LEVEL

953 CLOCK  gyp CLOCK
B

COUPLING UPLING

TEST CONDITIONS: Te =+25"(, tipn = 640 us,
fan = 612 kHz, 2854" K = 700 nim cutal

filter s&t, “typ” voltage inputs. (Halt stendard
teat speads for clearer photos, |




CCD111

DEVICE CARE AND OPERATION

Charge Injection: Every input pin has a gate protection
structure that includes a dicde from the input to the
(grounded) substrate Vgs. The dicde is reverse-biased during
normat operation (Vin > Vss). Negative (transient) input
voltages (Vin < Vgs) will forward-bias the diode, injecting
electrons into the bulk silicon of the CCD chip.

It sufficient charge is injected, it will accumulate in the
transport register(s) and/or the photosites near the injecting
gate protection structure(s). injected charge which accumu-
lates in the photosites will typically result in an apparent
bell-shaped increases in Dark Signal (= 20-200 pixels wide)
near the injecting gate protection structure. Injecied charge
which accumulates in a transport register wiil result in an
apparent uniform Increase in that register's low frequency
dark signal, creating a noticeable increase in the apparent
Register Imbalance (“odd/even”) of the Dark Signal.

The susceptibility to charge injection sufficlent to increase the
DC and Low Frequency Dark Signal varles significantly from
device to device. It is not possible to select devices with “low”
suscaptibility. However, devices with low Dark Signal are
typically more susceptible than devices with high Dark Signal.

Sufficient charge to appear as increased DC and Low
Frequency Dark Signal may be injected by negative transient
voltages < 4 ns long. Since these transients cannot be
detected by oscllloscopes with less than 250-500 MHz
bandwidth, a system which appears to be free from negative
transients on a 200 MHz scope may stllt be prone to charge
injection. The recommended method to eliminate charge
injection is the folilowing diode clipper circuit with suitabla
damping resistors between the clock drivers and the CCD111:

CLOCE,
ORVERS

g

o
+5TO + SVEE J_
WP om EQUVALERT
T LOOA

Since Cgr << C¢n ~ Cgz ~ (3 - Céhx), the damping resistors
should be selected 8o that Rgr >> R = Rgz = (1/3 - Agx.)

It is also important to note in design and applications
considerations that the devices are very sansitive to thermal
conditions. The DC and Low Frequency Dark Signal ap-
proximately doubles for every 5° C temperature increase and
Dark Signal Non-Unlformities approximately double for every
8° Cincrease. The devices may be cooled to achieve very long
Integration timea and very low light level capability.

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
delonized water. Allow the glass to dry, preferably by blowing
with filtered dry Nz or air.

TYPICAL SPECTRAL RESPONSE

15 | |
b A . =
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TYPICAL PERFORMANCE CURVES (cont'd)
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TIMING DIAGRAM DRIVE SIGNALS
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ORDER INFORMATION A printed circuit board is avaitable which Includes all the -
It is Important to note that two different salections of the necessary clocks, logic drivers, and video amplifiers to -
CCD111 are being offered for appiications that difter in the operate the CCD111. The board is fully assembled and tested o
wavelength of light used for imaging. Please refer to the and requires +15V and +5V supplies for operation. The printed =
section “Major Differences Between the CCD111A and circuit board order code is I-SCAN. a
CCD1118” or page 13 belore placing an order. o]
To order the CCD111, please follow the ordering codes listsd =
in the table below: ==
£

Device Type

Dascription Order Code

CCD111A 256 X 1 Line Image Sensor CCOMMADC
CCD111B 256 X 1 Line Image Sensor CCoMBnc

CCD111DC Paciisge Outiine
18-Pin Dual In-Line Ceramic Package







| FAIRCHILD WESTON | CCD122
Schiumberger 1728-Element

CCD IMAGING DIVISION Linear Image Sensor

%]
—
=]
]
|5
-+
L]
f
]
[}

FEATURES

1728 1 photostie array

13um * 13um photosites on 13um pitch

Low dark signal

High responsivity

On-chip clock drivers

Dynamic range lypical: 5500:1

Over 1V peak-to-peak output

Dark and white references contalned in a
sampled-and-held output

Special selections avallable — consuit factory.

DESCRIPTION |

The CCD122 is a monotlithic 1726-element linear image
sensor, designed for page scanning applications including
facsimile, optical character recognition and other imaging
applications which reguire high resolution and high sensitivity.

The 1728 sensing elements of the CCD122 provide a 200-line
per inch resolution across an 8-1/2 inch page adopted as an
international facsimile standard.

The CCD122 also incorporates on-chip clock driver circuitry.

The photoelement size is 13 xm (0.51 mils) by 13 zm (0.51
mils) on 13 um (0.51 mils) centers. The devices are manu-
factured using Fairchild Weston advanced charge-coupled
device n-channel Isoplanar buried-channel technology,

PIN CONNECTION DIAGRAM
PIN NAME DESCRIPTION {TOP VIEW)
L=
Vpa Photogate ¢n 1 24 1 Vss
¢x Transfer Clock NC 2
&1 Transport Clock O [_\-_,/' 23 1] dsH
VIDEOGuT Output Amplitier Source NC 3 f 22 (1 Voo
Vop Output Amplifier Drain Voo 14 2
e Reset Clock - H VIDEOouT
Voo Clock Driver Drain Vss 5 20 L1 NC
Vel Electrical input Bias 6 19 1 NC
vr Analog Transport Shift Register ne H
DC Electrode NC 7 18 [J EOSour
EQSour End-of-Scan Output NC [Ja 17 | vss
bSH Sample-and-Hold Clock
Vss Substrate (GND) Ve Qe af| | 0PV
NG Nec Connection (Do not Ground) VT & 16 L] NC
Vea 14 14 [ o1
Vss 12 13 [0 #x
Fairchild Weston Systems, Inc, CCD Imaging Divislon, €1088 Falrchild Weston  Prinitad in U.S.A.
810 W Maude Ave., Sunnyvale, Californta 04086 Fairchild West, the right 10 make ch |
{408) 720-7600, TWX 810-373-2110 t:ar:lrcuitry.o? :‘p':c'l:ir::tglon: artgnny‘:l ma :Ig\:un!g::u:n.
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BLOCK DIAGRAM @@
0 @@
Vae Yoo daH VDO
@ =
Vel |..l-]
@ ASLiON TAISWeTSS pESv wpmETIS
¥oa OnOoENENOICTEMEOn0nananonon @mb@__mmm
@ | @
#x e nEy
@ Rl | RERTIET  TY
— = —— :)@7 E0BouT
vr — 1 @
@ ? :2:&&-— MIG}
b A=y
CCOVZEN = T
FUNCTIONAL DESCRIPTION Gated Charge-Dwiscior/ Amplifier — are trans-
ported to a precharged diode whose potential changes

image Sensor Elements — A line ot 1728 image sensor
slements separated by diffused channel stops and covered by
a silicon dioxide surface passivation layer. Image photons
pass through the transparent silicon dioxide layer and are
absorbed in the single crystal silicon creating held-electron
pairs. The photon generated electrons are accumulated in the
photosites. The amount of charge accumulated in sach
photosite is a linear function of the incident ikumination
intensity and the integration period. The output signal will vary
in an analog manner from a thermally generated noise
background at zero illumination to a maximum at saturation
under bright Hlumination.

Transter Gate — Gate structure adjacent to the line of imege
sensor elements. The charge-packets accumuiated in the
image sensor elements are transferred out via the transter gate
to the transport registars whenever the transfer gate voltage
goes HIGH. Alternate charge-packets are transferred to the
analog transport shift registers. The transfer gate also controls
the exposure time for the sensing elements and permits entry
of charge 1o the End-Of-Scan {EOS) shift registers creating
the end-of-scan waveform.

Four 879-Bit Anslog Shiit Registers — Two on each side of the
line of image sensor elements and separated from it by the
transfer gate. The two inside registers, called the transport
shift regisiers, are used to move the image generated charge-
packets delivered by the transfer gate serially to the charge-
detector/amplifier. The complamentary phase relationship of
the last slements of the two transport shift registers provides
for alternate delivery of charge-packets to establish the
original serlal sequence of the line of video in the output
circuit. The outer two registers serve to deliver the end-of-
scan waveform and reduce peripheral eiectron noise in the
inner shift registers.

linearly in response to the quantity of the signal charge
delivered. This potential is applied to the gate of an n-channel
MOS transisitor producing a signat which passes through the
sample-and-hold gate to the output at VIDEOgur. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the output to be delivered as a
sampled-and-held waveform. A reset transisitor is driven by
the Resat Clock (¢r) and recharges the charge-detector diode
capacitance before the arrival of each new signal charge-
packet from the transport registers.

Clock Driver Cireuitry — Allows the CCD122 to be operated
using only three external clocks, {1) a Reset Clock signal
which controls the integrated cutput signal amplifier, {(2) a
square wave Transport Clock which operates at haif the reset
clock frequency and contrels the readout rate of video data
trom the sensor, and (3) a Transter Clock pulse which conirols
exposure time of the sensor. The external clocks should be
able to suppy TTL ievel power.

Dark and White Reference Circultry — Four additional
sensing slements at both ends of the 1728 array are covered
by opaque metalization. They provide a dark (no lllumination)
signal reference which is delivered at both ends of the line of
video output reprasenting the llluminated 1728 sensor elements
{labelled "D" in the block diagram). Also included at one end
of the 1728 sense element array is a white signal reference
level generator which llkewise provides a reference In the
output signal {labelled “W" in the block diagram). These
reference levels are useful as Inputs to external DC restoration
and/or automatic gain control Circuitry.

e e Sl eSS

28



CCD122

\

DEFINITION OF TERMS:

pled Device — A charge-coupled device is a semi-
conductor device in which finite isolated charge-packets are
transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge-packets are minority carriers with respect to the
semiconductor substrate.

Transfer Ciock ¢y — The voltage wavetorm applied to the
transfer gate to move the accumulated charge from theimage
sensor elements to the CCD transport shift registers.

Transpart Clock by — The clock applied to the gates of the
CCD transport shift registers to move the charge-packets
received from the image sensor elsments to the gated charge-
detector/ amplifier.

Gated Chargs-Deleclor/Amplifier — The output cirouit of the
CCO122 which recelves the charge-packets from the coD
traneport shift registers and provides & signal voltags pro-
portional 1o the size of sach charge-packet recelved. Befors
sach new charge-packer is sensed. & reset clock etums the
charge-detactor voitage to a fixed base lewl,

Reset Clock ¢, — The voltage waveform required to reset the
voltage on the charge~detector.

Sampie-and-Hold Clock digy — Aninternally supplisd voltage
waveform applied to the sample-and-hold gatein the ampilifier
to create a continuous sampled video signal at the output. The
sample-and-hold feature can be defeated by connacting ¢sH
to Vpp.

Dark Reference — Video output level generated from sensing
elemants covered with opaque metalization providing a refer-
ence voltage equivalent 1o device operation in the dark.
Permits use of external dc restoration circuitry.

White Relerence — Video output lnval generated by on-chip
clrevitry providing n mterenics voltsge parmitiing axtarmal
automdtic gain control circuitry 1o b ussd. The naference
voltsge is produced by charga-inpection under the cantrol of
the etectrical Input bias voltage (VgL The amplitude of the
referance s typically 70% of the safuration oulput voitage

Isolation Cell — A site on-chip producing an element in the
video output that serves as a butler between valid video data
and dark and white reference signals. The output from an
isolation cell contains no valid video information and should
be ignared.

Oynamic Ranges — The saluration exposure divided by the
paak-io-paak noise aqulvalent Bdposura, | This does not taka
Irvte account any dark signai components. | Dynamic rangeis
sometimes delined in tarma of rrs noise. To compan the bwvo
definitions a factor ot four 1o six ks generally Apprapriate in that
peak-lo-peak noise s approximately equal 1o four to six times
M noise,

Peak-to-Peak Noise Equivaient Exposure — The exposure
level which gives an output signal equal to the peak-to-peak
noise level at the output in the dark,

Saturation Exposure — The minimum exposure level that will
produce a saturated output signal. Exposure i3 equal to the
light intensity times the photosite integration time.

Charge Transfer Etficiency — Percentage of valid charge
information thatis transferred between each successive stage
of the transport registers.

Responsivity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output vollage divided by exposure level.

Dark Signal — The output signal in the dark caused by
thermally generated electrons which Is a linear function of
integration time and highly sensitive to temperature. (See
accompanying photos for details of definition.

Total Photoresponse Non-Unitormity — The diffarsnce of the
response levels between the most and ieast sensitive elements
under uniform illumination. (See accompanying photos for
details of definition.)

Saturation Oulput Vollage — The maximum usable wgnal
Quiput voltage, meagured from the zero referonce isvel, |Ges
liming diagram.| Any photoalement whose video output
< sAlumation cutput voltsge has an in-spec charge fransher
efficioncy (OTE|. CTE will be bolow tha specification |l the
video output > saturation output voltage.

Integration Time — The time interval between the falling
edges of any two successive transfer pulses o&x as shown in
the timing diagram. The integration time is the time allowed
for the photosites to collect charge.

Pixel — Picture element (photosite).

TEST LOAD CONFIGURATION
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Storage Temperature
Operating Temperature

CCO122 Fins 1, 4,9, 10, 11,13, 14, 16, 22, 23

Pins 5, 12,17, 24
Pins 2, 3,6, 7, 8, 15, 19, 20,
Pins 18, 21

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)

~25°GC to +125°C
-25°C to +70°C

0.3V o 15V

Sea caution note

CAUTION NOTE: These devices have limited built-in gets protection, It Is recommended that utatic discharge be controlled and
minimized, Care must be taken 1o avold shorting pins VIDEOouT and EOSayr to Vas or Vpo during operation of the devics. Sharting
thesa pins temporarly to Vsg or Vpp may destroy the autput amplifiers.

ov
NC

DC CHARACTERISTICS: Te = 25°C (Note 1)

SYMBOL CHARACTERISTIC Fd UNITS CONDITIONS
MIN TYP MAX

VD Clock Driver Drain Supply Voltage 12.0 13.0 14.0 v

o Clock Driver Drain Supply Current 6.9 125 mA

Voo Output Amplitier Drain Supply Voltage 12.0 13.0 14.0 v

oo Output Amplitier Drain Supply Current 89 12,5 mA

Vrs Photogate Blas Voltage 8.5 7.0 7.5 v

V1 DC Electrode Blas Boltage 4.5 5.0 55 v Note 2

VE Electrical Input Blas Voltage 11.4 v Note 3

Vss Substrate {Ground)} 00 v

AC CHARACTERISTICS: (Note 1)
Te = 25°C, t¢a = 0.5 MHz, e = 10 ms, light source = 2854°K + 3.0 mm thick Corning 1-75 IR-absorbing fliter. All operating

voltages nominal specified values. All tests done using “Test Load Configuration.”

SYMBOL CHARACTERISTIC RANGE UNITS CONDITIONS
MiN TP A
DR Dynamic Range
(relative to peak-lo-psak nolse) 1900:1 Note 9
{relwtive to rme noles) 5500:1
NEE AMS MNoise Equivalon! Exposure 0.0007 apem? Nota 10
SE Saturation Exposurs 0.4 uliomd Mols 11
CTE Charge Transter Eficlency 130 Mote 12
Vo Oulpul DC Leval a0 5.5 10.0 ]
Z Culpul Impedance 14 3.0 kil
P On-Chip Powar Dissipation
Clock Drivers B0 150 i
Amplifisrs 80 150 mi
M Paak-to-FPeak Molse 13 my
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CLOCK CHARACTERISTICS: Tp = 25°C (Note 1)

RANGE
BYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN P MAX
Van Transport Clock LOW 0.0 03 a5 v MNotas 4, 5
WaTH Tranaport Clock HIGH [ K3 0.0 0.5 L Note 5
Vol Tranater Clock LOW 0.0 0.3 05 v Motas 4, §
Wiatn Tranaler Clock HIGH ] 0.0 10.5 v Nota §
VAL Aot Clock LOW 0.0 0.3 o5 v MNote 7
ViAH Reset Clock HIGH 875 10.0 105 L MHote T
lén Maximum Faset Clock Fraguency 1.0 20 MHz Note B
(Dutput Data Rate)

PERFORMANCE CHARACTERISTICS: (Note 1)
Te = 25°C, t¢r = 0.5 MHZ, tint = 10 ms, light source = 2854°K + 3.0 mm thick Corning 1-75 IR-absorbing fiiter. All opesraling
voltages nominal specifled values,

SYMBOL CHARAGTERISTIC s UNITS | CONDITIONS
MIN ™P MAX
PRMNU* Photoresponse Non-uniformity
Peak-to-Peak T80 210 my Note 16
Peak-to-Peak without Single-Plxs! Positive 100 5 Note 16
and Negative Pulses
Single-pixal Positive Pulses [ ] my Note 16
Single-pixe! Negative Pulses 130 my Note 16
Register imbalanca (“Odd" 1" Even™) 20 mV Note 16
bs Dark Signal
DC Componant 5 {1 my Notes 13, 14
Luw Fraguency Camponant 5 10 my Notes 13,14
SPDSHU Single-pixel DS Non-uniformity 20 40 my Notes 13, 15
Volits par
A Reaponsivity 20 as 5.0 k) Note 17
VaAT Saturation Qulpul Voltags ] 1400 1800 my Note 18

Al PRNU Measurements taken at 700 my output level using an /2.8 lens and excluded the cutputs from the first and last elements of the array. Tha
*f' number is defined as the distance from the lens to the array divided by the diameter of the lens aperture. As thef number increases, the resuiting

NOTES:

1. TP la defined as the package temparature.

2. VT should be squal to {172} VeTH.

3. VE |s used to genarate the end-of-scan outpul and the white refersnce oulput. Theas two Ignals can be eiimi d by ing VEI Lo &

voltage level squal to VexH + § V.

Negative tranaients on any clock pin going below 0.0 V may cause charge-injection which results in an Incresse of apparsnt DS

C4T & 700 pF

Cex = 300 pF

Comr = 5pF

Minimum ciock iraquency Is limited by increass In dark signei.

Dynamic range Is definsd as VSATIpsak-to-peak (temporal) or VSAT/rms nolse.

0. 1 ppcm? & 002 fca at 2054°K, 1 fcs = 30 pjfcm? at 2054°K

11. SE for 2854°K for light without 3.0 mm thick Corning 1.75 IR-absorbing fliter Is typlcally 0.8 alicm?2,

12. CTE Is the measurement tor a one-stage transfer.

13. Sea photographs for DS definitions.

14. Dark signal component approuimately doubles for every 5°C Increasa In TP,

15. Each SPOSNU is measured from the DS levet adjacent 10 the base of the SPDSNU. The SPOSNU spproximately doubles for every 8°C in-
crease in TP,

16. Ses photographe lor PRNU deflinitions.

17. Responeivity for 2854 °K light source without 3.0 mm {hick Comning 1-75 IR-absorbing fliter Is typlcally 2 v per glicm?,

18. Ses test load configurations.

$

L e B

%]
e
=
2]
=
]
(<)
== |
[}
a




CCD122

PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

.

Ureropod ——g F

Zero Reterence
Level (& + 5.5 Vdc)

o0 mY Culpul Yollsgs

Fank-io-Peak PRMLU
Without Single-Pinsl
Poaifive snd
Negalive Puinas

Pask-to-Peak FRNU

TEST CONDITIONS
TP & +25°C, 4R = 0.5 MHz, tinl = 10.0 ms, all voitages nominal spec-sheet valuas. (Humi 2854°K with a
3.0 mm thick Coming 1-75 IR-absorbing tilter. PRNU messuremanis taken al an gutput voltage of 700 mv.
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PRNU PARAMETERS (CONTINUED)

*f Single Pins|
Nagalive Pulse
Amplikiede =38 my

3

b Singin-Flami
Fogkilve Pulze

y Amplilude = 78 my

o
154
-

o — . Clock Feadthiough

CRRATE SRR |-

v 71 Skt V1 Bl V)

§mV i
=t
Izn'
|
TEST CONDITIONS

TP m +26°C, [yR = 05 MHZ, fint = 10.0 me, all voltages nominal

spec-shee! values. Hlumination: 2854 °K source with a
3.0 mm thick Coming 1.78 IR-absorbing Htter. PRNU measurement

8 taken at an output voltage of 700 mv.,

%

33



cCD122

DARK SIGNAL PARAMETERS (DS)

trransport ———p= }1;
. = 3

Zero Reference Level
{x +5.5 Vdc)

Total Dark Signat

Zero Refersnca
(= +5.5 Vdc)

DC-Component of
Dark Signal

Low Frequency
Componant
— of Dark Signal

i
y

TEST CONDITIONS
TP & +25°C, leA = 0.5 MHz, tnt = 10.0 ms, all voliages nominal apecitisd valuss
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TERT CONDITIONE
TRw & BC bl w 08 e, fm = O &I eatage nerhinl EEmcieT wEluiy
(™

VIDEO OUTPUT TIMING PHOTOGRAPHS

pof b

Iorw

=———— Reforsnce Lavet
{m + 8.5 Vac)
o Wiy Roterense
Rignal
END OF ONE BCAN VIDEO QUTPUT
TEST CONDITIONS
TE & +25°C, loA = 08 MHE, tm & 10 ma, all mmmnwmmnmnmm‘nm-nh-

I 3.0 mm thick Caming 1-T8 IR g fiiter. PRNUY faken &1 an putput voltage of 700 mvy.
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RESPONSIVITY Vizdem 2

MTF = MOMULATION TRAMSFER FUukCTIGN

= m¥

DIOLE-PTEEL DANE GRGNAL

TYPICAL PERFORMANCE CURVES

DC AND LOW-FREQUENCY
DARK SIGNAL
VERSUS INTEGRATION TIME

ki TYPICAL SPECTRAL RESPONSE

e = TYPICAL

o =

- o

A
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S

i
AL Lo L] wee

WAVELEMGTH — mm

MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND
ILLUMINATION SCURCES
SPATIAL FREQUENCY — CYCLES/mm
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= INTEQRATION TIME — ms

OUTPUT SIGNAL LEVEL
VERSUS INTEGRATION TIME
2854°K TUNGSTEN SOURCE

] ] [T i 1] - WITH CORNING 1-75 FlLTER
- B, A | o 1‘1 ]
WAVELEMGTH jnmj
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SINGLE-FIXEL DARK

SIGNAL NON-UMIFORMITIES
VERSUS INTEGRATION TIME
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tit — INTEGRATION TIME — ms

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES

BPATIAL FREQUENCY — CYLESImm
[ ] T k4 ma Wl L 1
1 | VA, T
K TURGETES
WITH CANNG
L, TSFILTER
NI ™

g

WO FILTER \b
a4

&h -

m—mmm:mm
|
:
E

U] [ ] o L] ol e
NORMALED SPATIAL FREQUENCY

The Coming 1-78 filter has the K ing typica) trar pectral
>85% at <H00 nm, 80% atMnm 30% ltﬂOnm 5% llmnmlnd <2%|| > 1000 nm.
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TIMING DIAGRAM DRIVE SIGNALS
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DEVICE CARE AND OPERATION:

Glase may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
de-ionized water. Allow the giass to dry preferably by blowing
with filtered dry Nz or air.

it Is important to ncte in design and applications consider-
ations that the devices are very sanaitive to thermal conditions.

ORDER INFORMATION — Order CCD122DC where "D"
stands for a ceramic package and “C* for commercial
temperature range.

Also avallable are GCD122DB Design Ald printed circuit
boards that include all the necessary clocks, loglc drivers and
video amplifiers to operate the CCD122DC. The boards are
{ully assembled and tested and require only one power supply
for operation (+15 V). See Page 135.

The dark signal DC and low frequency components approxi-
mately doubla for every 5° C temperature increase and single-
pixel dark signal non-uniformitias approximately double for
every 8°C temperature increase. The devices may be cooled
1o achieve very long integration times and very low light ievel
capablilty.

CCD22DC PACKAGE OUTLINE
24-Pin Dual In-line Ceramic Package

ARRAY

1M NEF (2743 — = %;:
1700 AEF {048 — :

0.040  TOP OF DIE
(1.18) TO TOP OF COVER

o
0000 TYF | e 0000 TYP
iz 24y man

NOTES:

All dimengions in Inches (bold) and millimeters {parentheses), Header |s black ceramic
(Alz0a). Window is glass. The ampiifier of the device is located near the notched end of
the package.




FAIRCHILD WESTON

Schlumberger
CCD IMAGING DIVISION

CCD123

1728-Element
Linear Image Sensor

FEATURES

1728 x 1 photosite array
13um x 10um on 10:m piich.
Low dark

2
?

i
§
?
|
g

DESCRIFTION

The CCLN23 is a monolithic 1728-slement line image sensor
designed for page scanning applications including facsimils,
optical character reccgnition and other imaging applications
which require high resclution and high senaitivity,

Thee 1726 sensing elaments of the CCD123 provide a 200-line
par inch resofution across an 84 inch papge adopted as an

The photo-element size is 10,.:m {0.39mils) by 13um (0.5mils)
on 10um (0.39mils) centers. The devices are manufactured
using Fairchild Weston advanced charge-coupled device n-

imternational facsimile standard. channel Isoplanar buried-channel technology.

PIN CONNECTION DIAGRAM

PIN NAME DESCRIPTION {TOP VIEW)

[l

e Reset Clock or 1 24l vsg

SHy4 Sarnple-and-Hold Load Point 1

SHL Sample-and-Hold Load Point 2 Sl KA 230 vso

Vco Clock Driver Drain SHi2[]a 22| Voo

Vea Clock Ground v 4

NC No Connection o 21 L VIDEGouy

Voo Output Amplifier Drain Vea L5 201 NC

Vr Transport Register DC Electrode NC[lg NC

Vpg Photogate - v

Vss Substrate Ground Nc 7 18I NC

Px Tranafer Clock NC I8 17 [ Vss

&t Transport Clock - - v

ViDeo out Output Amplifier Source Voo [ 9 1B vr

Voo Output Amplifier Drain vidio (& 150 Ne

Vsp Sample-and-Hold Clock Disable ~_~

Vsa Amplifier Signal Ground Vea L1 140 gy

Vss [ 12 1300 ox
Falrchild Weston Systems, Inc. CCO Imaging Division 39 #1988 Falrchild Weston Printed In U.5.A,

810 W, Mauds Ave., Sunnyvale, Cailtorn|a B4088

(408) 720-76800, TWX 810-373-2110

Fairchild Weston ressrves the right to make changes in
the circuitry or specifications at any time without notlce
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Fig. 1 BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The CCD123 consists of the following functional elements
illustrated in the Block Diagram and circuit diagram (Fig. 1).

Photosites — A row of 1728 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surface passivation layer. image photons pass through the
transparent silicon creating hole-electron pairs. The photon
generated slectrons are accumulated in the photosites. The
amount of charge accumulated In each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analag rmanner
from a thermally generated background level at zero illumina-
tion to a maximum at saturation under bright illumination.

Phoigate — The photogate atructure, located at the edge of
the photoesites, provides a bias voltage for the photosites.

Transter Gate — Gate structure adjacent to the line of image
sensor elements. The charge-packets accumulated in the
image sensor elements are transferred out via the transfer gate
to the transport registers whenever the transfer gate vottage
goes HIGH. Alternate charge-packets are transferrred to the
analog transport shift registers. The transfer gate also controls
the expasure time for the sensing elements.

Four 879 Bit Analog Shift Registers — Two on each side of the
line of image sensor elements and separated from it by the
transfer gate. The two inside registers, called the transport
shift registers, are usad to move the image generated charge-
packets delivered by the transfer gate serially to the charge-
detector/amplifier. The complementary phase relationship of
the last elernents of two transport shift registers provides for
alternate delivery of charge-packets to the establish the
original serial sequence of the line of video in the output
circuit. The outer two registers serve to reduce peripheral
electron noise in the inner shift registers.

Gate Charge-Detector/Amplifier — Charge-packets are
transported to a precharged diode whose potential changes
linearly in response to the quantity of the signal charge
delivered. This potential Is applied to the gate of an n-channei
MOS transistor producing a signal which passes through the
sample-and-hold gate to the cutput at VIDEOgyt. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the output to be delivered as a
sample-and-heid waveform. A reset transistor is driven by the
Reset Clock (¢R) and recharges the charge-detector diode
capacitance before the arrival of each new signal charge-
packet from the transport registers.

Clock Driver Clrcultry — Allows the CCD123 to be operated
using only three external clocks, (1) a Reset clock signal
which controls the integrated output signal amplifier, (2) a
square wave Transport Clock which operates at half the reset
clock frequency and controls the readout rate of video data
trom the sensor, and (3) a Transter Clock puise which controls
exposure time of the sensor. The external clocks should be
able to supply TTL level power.

Dark Relerence Output — Four additional sensing elements at
both ends of the 1728 array are covered by opaque metaliza-
tion. They provide a dark (no illumination) signai reference
which is delivered at both ends of the line of videc output
representing the illuminated 1728 sensor slements (labelled
“D"in the block diagram). The dark reference level is useful as
an input to external OC restoration circuitry.
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DEFINITION OF TERMS:

Charge-Coupled Device — A charge-coupled devics |s &
samiconducton device in which finite isolated charge-packsts
are iraneported from one position in the semiconducior o an
adjacent position by sequential clocking of an array of gites.
The charge-packels are minovity carriars with respect 1o the
samiconductar subsirate

Transter Clock X — The voltage waveform applied to the
transfer gate to move the accumulated charge from the image
sensor elements to the CCD transport shift registers,

Transport Clock ¢T — The clock applied to the gates of the
CCD transport shift registers to move the charge-packets
received from the image sensor elements to the gated
charge-detector/amplifier.

Reset Clock 4R — The voltage wavetorm required to reset the
voltage on the charge-detector.

Sample-and-Hold Cloek ¢SH — An internally supplied
voltage wavetorm applied to the sample-and-hold gate in the
amplifier to cresate a continuous sampled video signai at the
output. The sample-and-hold feature can be defeated by
connecting Pin Vgp to Vpp.

isolation Cell — A site on-chip producing an element in the
video output that serves as a buffer between valid video data
and dark reference signals. The output from an isolation cell
conlains no valld video information and should be ignored.

Dynamic Range — The saturation exposure divided by the
AMS temporal noise equivalent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To
compare the two dafinitions a factor of four to six is generally
appropriate in that peak-to-peak noise is approximately equal
to four to six times RMS noise.

RMS Noise Enposure — The exposure level that
glves an output signal equal to the RMS noise level at the
output In the dark.

Ssturation Exposure — The minimum exposure level that wiil
provide a saturation output signat. Exposure is equal 1o the
light intensity times the photosite integration time.

Transfer Efficlency — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responalvity — The output signal voltage per unit exposure
for a specified spactral type of radiation. Responsivity equals
output voltage divided by exposurs.

Dark Signal — The output signal in the dark caused by
thermally generated electrons which is a linear tunction of
Integration time and highly sensitive to temperature.

Inmegration Time — The time interval between the falling
edges of any two successiva transfer pulses ¢X as shown in
the timing diagram. The integration time is the time allowed
for the photosites o collect charge,

Total Non-Uniformity — The difference of the
response levels of the most and the least sensitive slement
under uniform illumination. Measurement of PRNU excludes
first and last elements.

%

Ssturation Oulput — The maximum usable signal
outpuit voltage. Charge transfer efficiency decreases sharply
when the saturation output voliage is exceeded.

s-lmplo-md-l'lold Load Points — Used to reduce charge
injection which might be caused by the internal sample and
hold clock. Cennect 10pf to SHy, and S8pf to SHa.

Pixel — A picture element {photosite).

Fig. 2 TEST LOAD CONFIGURATION

Fig. 3 PHOTOELEMENT DIMENSIONS

ALL DIMENSIONS ARE TYPICAL YALUES
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ABSOLUTE MAXIMUM RATINGS {Above which uastul life may be impalred)
Storage Tempersture =25°C to +125°C
Operating Temperature (See "Device Care & Operation”} -25°C 1o +70°C
CCD123 Pins 1, 4, 10, 11, 13, 14, 16, 22, 23 =03V to 18V
Pina 5,12, 17, 24 ov
Pins &, 7, 8, 15, 18, 19, 20, NC
Ping 2, 3, 21 See caution note
CAUTION NOTE: Thess dovices have limitad built-in gat It ded thai static dischange be controlied and minimized, Care must be taken
1o avold shorting Viour, SHy jend SHy 2 to Vs, Vaa, Vcaudeuﬂmmdﬂ-meﬁwmgmuphmmhmw
drivers and/or the outpul emplifier.
DBC CHARACTERISTICS: Tp = 25°C (Note 1, 2). Typical valuea should be used for optimum performance.
RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
Voo Clock Driver Drain Supply Voltage 12.0 145 15,0 v
ico Clock Driver Drain Supply Current 5.0 mA
Voo Qutput Amplifier Drain Supply Voltage 12.0 14.8 150 v
Ipp Output Ampiifier Drain Supply Current a8 mA,
Vea Photogate Bias Voltage 70 T4 80 v
Vr Shift Register DC Electrode Bias Voltage 70 74 8.0 v Note 3
Vss Subatrate Ground 0.0 v Note 2
Vsa Ampilfier Signal Ground 00 v
Vea Clock Ground [+ 11] v
¥sb Sampie-and-Hold Disable 120 145 15.0 v
CLOCK CHARACTERISTICS: Tr = 25°C (Note 1) Typical values shouid be used for optimum performance.
RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
VéH Transter Clock HIGH 12 145 15 v Note 5
VéTH Transport Clock HIGH 12 145 15 v Note 5
VéaH Reset Clock HIGH 12 145 15 v Note 5
Ve Transter Clock LOW 0.0 0.3 0.7 v Notes 4, 5
VoL Transport Clock LOW 0.0 0.3 07 v Notes 4, 5
VorL Reset Clock LOW 0.0 03 0.7 v MNotes 4, 5
Toatn MAX Maximum Reset Clock Frequency 1.0 20 MHz Note &

42
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AC CHARACTERTIBTICS:
Tp=25°C (Note 1), 10y = 0.5 MMz, ty = 10 ms, lght source = 2854° K + 2.0mm thick Schott BG-38 and OCLI WBHM fitters (Note 7). Al
operating voitages nominal specified values. All tegts done using “Test Load Configuration,”

RANGE
[ SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
DR Dynamic Range
(relative to peak-to-peak notse) 1100:1
(relative to rms nalse) 5500:1
NEE RMS Noise Equivalent Expoaure 00057 ul/em?
SE Saturation Exposure 0.31 wi/em2
CTE Charge Transfer Efficlancy 0.96004 090069 Note 8§
Vo Output BC Level 20 70 10,0 v
Output Impadance 14 30 k1
On-Chip Power Diasipation
Clock Drivers 70 150 mw
Armnplifiers 50 150 mw
N Peak-to-Peak Temporal Noise 10 my

PERFORMANCE CHARACTERISTICS:
Tp=25°C (Note 1), Iysts = 0.5 MHZ, i = 10.0 ms, light source = 2854° K + 2.0mm thick Schott BG-38 and OCL! WBHM finers (Note 7). All
operating voltages nominal specified values.

RANGE
SYMBOL CHARACTERISTIC —i  UNITS CONDITIONS
MIN TYP MAX
PRNU* Photoresponse Non-Unitormity;
Peak-to-Paak 60 140 mv
Peak-to-Peak without Single-Pixal 35
Positive and Negative Impulsas
Single-Pixel Positive Pulsea 0
Single-Pixel Negative Puises 0
Regiater Imbalance (“Odd"/“Even”) 20 70 mv
Ds Dark Signal; Notes 9, 10
OC Component 10 20 mv
Low Frequency Component 10 0 mv
SPDSNU |  Single-Pixel Dark Signal Non-Uniformity 10 20 mv Note 14
Volta per
R Reaponsivity 20 s 6.0 ulfem2
Vsar Saturation Output Voltage a00 1100 2000 v

Al PANL measuremertts taken at 700 my output jevel using an /5.0 lens and excludad the outputs from the first and last elements of the array. The “f"
number I8 defined as the distance from the lens to tha array divided by the diametar of the lens aperiure, As the "I numbsr Increases, the resulting more
highly coliimated light causes the pach 0 i tudomlmhlndlnau-ePRNU.Alowar‘f'numberrawluinlessmillmlhdllghlnwng
davice photoaits biemishes o dominats the PRNU.

NOTES:
"-TF'mﬂ“mmn'lMMIwmhwwwmhmﬂmb&mdmm.
1Mhmmhmw.uucmmumw
: S ¥r shouild be sguml 1011520 | Vier e+ VLo
i Wmmmmmmwmﬁmuw fray oause charge injection, which results In an Incrsasa of apparent DS

Copr = 700 pF)| Cofie = 200 oF: Cides = 5 pF

Al clock rise mnd teil times shayid be = Xrs.

. Tha Ll Clock freduancy 5 Amied by incremses n dark sign)

.wmm-nmcmuqumuy.lm ‘Wige Band Hot Mimor

L In th iPssuTmend or 8 one-atige trenalar,

Approcemately doubies for svwery 510" O inomesd in Tp

BFOSNU  mansued from B DS evel adjacent 1 1ha hane of he SPDSNU The SPDSNU approximately doubles for every 5-15°C Increase in Tp.

i
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i
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SINGLE PFIXEL DARK SIGNAL

NON-UNIFORMITIES — mV

RESPONSIVITY Viudcm 2

MTF = MOBUELATION TRANGFER FlsOTI06

TYPICAL PERFORMANCE CURVES
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DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
de-ionized water. Allow the glass to dry preferably by blowing
with filtered dry N; or air.

it is Important to note in design and applications consider-
atlons that the devices are very sensitive to thermal conditions.
The dark signal DC and low frequency components approx-
imately double for every 5° C temperature increase and single-

pixel dark signal non-uniformities approximately double for
every 8°C temperature increase. The devices may be cooled
to achieve very long integration times and very low light ievel
capability.

ORDER INFORMATION - Order CCD123 DC where “D"
stands for a ceramic packags and "C" for commerclal
temperature range.

L8]

NOTES:

CCD123DC PACKAGE OUTLINE
24-Pin Dual In-ine Ceramic Package R A
T
o e e e 1050 IS
%‘ a
i T WINDOW :%\-
. [I" | }_ a3 nee LL\: a0 mer
L » ARRAY g%‘ SRATE |
1 ) s:\_ g + \
e B e e L
e —— L g
0.048  TOPOE

. DIE
{1.18) TO TOP OF COVER

All dimersions Iin inches (bold) and millimeters {parentheses). Header is black ceramic
Al203). Window is glass. The amplifler of the device is located near the notched end of
the package




FAIRCHILD WESTON

CCD133A

1024-Element High-Speed

CCD IMAGING DIVISION

Linear Image Sensor

FEATURES

1024 x 1 photosite array

13um x 13um photosites on 13um pitch
High speed: up to 20 MHz data rate
Enhanced spectral response

Low dark signal

High responstvity

On-chip clock drivers

Dynamic rangs typical: 7500:1

Over 1 V peak-to-peak outputs

Dark and white references contained In sample-and-held

oulputs
Special selections avallable — consult factory.

DESCRIPTION

The CCD133A is a 1024-photoslemant linaar image sensor
utilizing charge-cougled device technology. It s designad for
visibla snd very-near-IR imaging apphcations stch as page
scanning, facsimite, optical character recognition, sarth-
resouroes-satellite telescopes, and other applications which
require high resolution, high responsivity, nigh data rates, and
high dynamic range.

The CCD133A hes been improved and Is pin-for-pin compat-
Ibte with the CCD133 except for the delation of the and-of-
Scan ‘Wavelorm (EOSgyr). The CCDT33A has several new
featuras which may be implemented &t the weer's option by

Bupplying irput voltages and waveforms different than thoss
roguired for standard CCD133-type operation.

Photoelement slze ts 13 um (0.51miig) = 12 um (0.51 mils}on 13
#m (0.51mils} centars. The devices are manufactured using
Falrchild Weaton  advanced sscond-genaration charga-
colpled-device n-channal Isoplanar burisd-channel tech-
nalogy:

PIN CONNECTION DIAGAAM

PIN NAME DESCRIPTION (TOP VIEW)
N

Vout a Qutput Amplifier A Source VIDEQcuT, [ 1 24 |:| VoD
@SH GA Sample-and-Hold Gate A #sH 2
#5H cA Sample-and-Hold Clock A ea L 20 VIDEOQouTy
Vo Clock Driver Drain “sea [ 3 | Y| 22 B dens
NC No Connection (Do Not Ground) Vo o
Vep Ciock Driver Drain g+ 21 L] ¢sticp
vy Transport Register DG Electrode NC O 5 20 O NC
Vel Electrical Input Bias
Vss Substrate Ground Nc [ 6 19 O Ne
Vpa Photogate NC [ 7 18 I vep
by Transfar Clock V.
o Transport Clock co 4 & 7 H v
Vro Reset Transistor Drain NC[] o 16 [ o1
$5H CB Sample and Hold Clock B
¢SH GB Sample and Hold Gate B NC 310 Ir 15 O #x
VouT B Output Amplifier B Source ve@gn o 14 [ ves
Voo Output Amplifier Drain va ] 12 = 13 B vss

\

Fairchlld Weston Systems, Inc. GCD imaging Division
810 W. Maude Ave , Sunnyvale, Callfornia 54088
(408) 720-7600, TWX B1D-373-2110
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Flg. 1 BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The GCD 133A consists of the following tunctional elements
illustrated in the Block Diagram and Circuit Diagram (Fig. 1)

Photosltes: A row of 1024 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surlace passivation layer. Image photons pass through the
trangparent silicon creating hole-electron pairs. The photon
generated slectrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from athermally generated background level at zero iHumina-
tion to & maximum at saturation under bright illumination.

Photogate: The photogate structure, located at the edge of the
photosites, provides a bias voltage for the photosites.

Traneter Gate: The transter gate structure separates the outer
edge of the photogates from the analog shift registers
Charge-packets generated and accumulated in the photosites
are transferred into the transport analog shift registers when-
ever the transfer gate voltage goes “High.” All odd-numbered
charge packets are transferred into the "A" transport analog
shift register; all even-numbered charge packets are trans-
ferred into the “B" transport analog shift register. The transter
gate also controls the input of charge from Vg into the white
reference cells (described below). The time interval between
successive transfer pulses determines the integration time.

Analog Shitt Registers: Four 529-element anzlog shift registers
transport charge towards the output end of the chip. The two
inner registers, the transport registers, move the image-
generated charge packets serially to the two gated charge
detectors and amplifiers. The two outer shift registers, the
peripheral registers, accumulate charge generated at the chip
periphery (by photons passing through unavoidable gaps in
the light shield layer, etc.) and transport it to charge sinks The
pnmary shift register clock is ¢1. The complementiry phase
relationship of the secondary shift register clocks &7 and 3T,
genearated on-chip, provide alternate delivery of charge pack-
els from “A" and “B" shift registers to their amplifiers so that

the criginal serial sequential string of video information may
be easily demultiplexed off-chip.

Gated Charge Detectors & Reset Gates: Each transport
analog shift register delivers charge packets to a precharged
diode. The change in diode potential is linearly proportionat to
the amount of charge delivered in the charge packet. This
potential is applied to the input gate of a MOS transistor
amplifier (see below), which linearly amplifies the input
potential. The diode is reset to the reset drain bias voltage
(VRD) by the reset gate structure. Reset occurs when both the
internal reset clocks (¢7 on the “A” side, &7 on the “B" side) are
"High."” Each side is reset just before the next charge packet is
deliverad from its respective transport analog shitt register.

Output Amplifiers and Sample-and-Hold Gates: Each sides'
gated charge integrator drives the input of a two-stage linear
MOQOS-transistor amplitier, A schematic diagram of this circuit
is shown in Figure 9 below. The two stages of sach amplifier
are separated by sample-and-hold gates. The output of the
first stage is connected to the input of the second stage
whenever the sample-and-hold gate is “High.” The output of
the second stage is connected to the VIDEQgyT pin. The
sample-and-hold gates are switching MOS transistors: clock-
ing these gates resuits in a sampled-and-held output, thus
aliminating the reset clock feedthrough. When on-chip
sample-and-hold is used, pin 2is to be tied to pin 3 and pin 21
ia o ba tied to pin 22. Off-chip sample-and-hold pulses can be
supplied through pins 2 and 22. The sample-and-hold oper-
ation can be disabled by tying pins 2 and 22 to Vpp. Whenever
on-chip sample-and-hold is not used, pins 3 and 21 should be
left unconnected.

Clock Driver Clreuits: Two MOSFET clock-driver circuits on-
chip allow sample-and-held operation of the CCD133A with
only two externally-supplied clocks: the square-wave primary
shift register transport clock é¢r, which determines the output
data rate, and the transfer clock ¢y, which determines the
integration time.

Dark and White Reference Cells and Circultry: At each end of
the 1024-photosite array there are four additional sensing
elements covered by opaque metallization. These “Dark

e e e ————— e e ————



CCD133A

Fig. 2 TEST LOAD CONFIGURATION
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Ratersnce Calls™ provide lour charge packets {two on asch
slde] ml each end of the serlal video cutput which indicate the
typical dark (non-illuminated) signsl level. In addition, twa
“White Reference Celln” (one per akda) are input Into the sarial
video outputs after the last pixsi(#1024Bnd the dark raference
celfs. (Roter to the section on the tranaler gate, above), Each
whits reference call generates an output signal pulss approx-
imately B0% of the amplitude of & photosile ssturation
(maximum) signal, Thess calls may be used as Inpiits 1o
axtarnal DC restoraticn and/or automatic gain control cirouits.
White reference ampittude is slightly dependant on sxpasire,
especially at infrared wavelangtha

DEFINITION OF TERMS

Charge-Coupled Device—A charge-coupled device is a semi-
conductor device in which finite isolated charge-packets are
transported from one pasition in the semiconductor to an
adjacent position by saquential clocking of an array of gates.
The charge-packets are minority carriers with respect to the
semiconductor substrate.

Tranater Clock ¢, —The transfer clock is the voltage waveform
applied 1o the transter gate to move the accumulated charge
from the image sensor elements to the CCD transport shift
registers.

Transport Clock ¢T—The transport clock is the clock applied
to the gates of the CCD transport shift registers 10 move the
charge-packets recsived from the image sensor elements to
the gated charge-detector/amplifiers.

Sample-and-Hold Clock {¢stHca. #sHee) — The voltage wave-
form applied to the sample-and-hold getes in the output
amplifiers to create a continuous sampled video signal at the
oulput. The sample-and-hold feature may be defeated by
connecting ¢sHaa and ¢shap 1o Vpp.

Isolation Cell—A site on-chip producing an elemant in the
video output that serves as a butler between valid video data
and dark reference signals. The output from an Isalation cell
contains no valid information and should be ignored,

Dynamic Range— The saturation exposure divided by the rms
temporal noise equivalent exposure. Dynamic range is some-
times defined in terms of peak-to-peak noise. To compare the
two definitions a fector of four to six is generally appropriate in
that peak-to-peak noise is approximately equal to four to six
times rms noise.

RMS Nolse Equivelent Exposure— The exposure level that
gives an output signal equai to the rms notse level at the output
in the dark.

Saturation Exposure—The minimum exposure Jevel that wiil
provide a saturation output signal. Exposurs is equal to the
light intensity times the photosite integration time.

Charge Transfer E —Percantage of valid charge infor-
mation that is transterred between each successive stage of
the transport registars.

Responaivity— The output signal voltage per unit exposure for
a specified spectral type of radiation. Responsivity equeis
output voltage divided by exposure.

Totai Photoresponse Non-unlormity—The difference of the
responsa levels of the most and the least sensitive element
under uniform illumination. Measurement of PRNU excludes
first and last elements.

Dark Signal—The oulput signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and highly senstive to temperature. (See
accompanying photos for details of definition.)

Saturation Output Voltage—The maximum useable signal
output voltage. Charge transfer efficiency decreases sharply
when the saturation output voltage is exceeded.

Integration Time— The time interval between the falling edge
of any two successive transfer puises {¢x). The integration
time 18 the time allowed for the photosites to collect charge.

Plxel—A, picture element {photosita).

PHOTOELEMENT DIMENSIONS

Al gEmanmons ane typioal vakues
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CCD133A

ABSOLUTE MAXIMUM RATINGS |Above which usslful lite may be impalred)

Storage Temperature -25°C o +125°C
Operating Tomperature (See Curves) -25°C to +70°C
CCD133A Pins 2, 3, 4, 8, 11, 12, 14, 15, 16, 17, 18, 21, 22, 24 -0.3V to +18v
Pin 13 ov
Pins 5, 6,7, 8,10, 19, 20 NC
Pins 1,23 See Caution Note

CAUTION NOTE: Thesa devices have limited built-in gate protection. It s recommendgsd thal static dischange be controlied and minimized. Gare must be taken
to avoid shorting pina Vour AAB to Vss or Vpp during oparation of thesa devices Shorting thase pins temporarily to Vss or Vop may destroy the output
amplifiers.

DC CHARACTERISTICS: Tp = 25°C Notes 1, 2: Typical values should be used for eptimurm perfarmancs

SYMBOL CHARACTERISTIC T MIN_ H:::E MAX 1 UNITS CONDITIONS
Vco Clock Driver Drain Supply Voltage 13.5 14 145 A Note 3
Ico Clock Driver Drain Supply Current 70 15 mA

Tm; Qutput Amplifier Drain Supply Voltage- IL) 135 T .14 | 145 v Note 3
Icp Qutput Amplitier Drain Supply Current 15 25 mA
VeG | Photogate Bias Voltage = 85 | 90 95 v
VT DC Electrode Bias Voltage 55 60 65 v Note 4
VEl Electrical Input Bias Voltage 60 V' Note 5
Vss Substrate 1Ground 00 [ ) v [ Note 6
VRD Reset Drain Supply 12 13 145 o v Note 18

CLOCK CHARACTERISTICS: Tp = 25°C (Note 1) Typical values should be used for optimum performance

RANGE

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS

VXL,

VoTL Transfer & Transport Clock LOW 0.0 03 07 v Notes 6, 7

VxH,

Ve Transter & Transpont Clock HIGH 11 1S 12 v Note 7

[

Tpata Max | Maximum Output Data Rate 12 20 MHz Notes 8, 9

NOTES:

1. T Is defined as the package temperature, measured on a copper block In good thermal contact with the entire backalde of the package.
2. ALL Vg5 PINS MUST BE GROUNDED. All NC pins must ba left unconnected.
3. Vbp pine may be connected to ¥Ycp and/or VRp pins
4. Wy =055 gx HigH = 055 ¢ HIGH
5. Vp) is used to generate the white reference output. These two signals can be sliminated by connecting Vi to Voo,
6. Negative transients on any clock pin going below 0.0 voits may causs charge Injection, which results in an increass In apparent DS
7. C g = 360 pF; C ¢x = 80 pF
All clock rise and fall times should be > 30na.
& The minimum cleck frequency is imited by incroases in dark signal.
9. foata =2 (f g1)
10 OCLI WEHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror
1. CTE is the measuremant for & ona-siege ransfer.
12 Sea pholographe for PANU defintions.
13 Video mismatch is the differanca In ac amplitudas between Your 4 and Vour B under uniform illumination. It can be eliminatad by attenuation/amplification
ol one of the video outputa.
4. DC mismatch is the ditference in dc output level Vo batween VouT A and Vour e.
15. Ses photographs for dark signal definitions.
16. Dark signal component approximately doubles for every 510 °C In Tp.
17. Each SPDSNU Is measured from the DS level adjacent to the bese of the SPDSNL. The SPDSNU approximately doubles lor avery 515 °C in Tp.
18. VRp voltages in the lower range Improves amplifler linearity.
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AC CHARACTERISTICS: (Note 1) -
Te = 25°C, fpata = 5.0 MHZ, ti = 1.0 ms, Light Source™ = 2854°K + 2.0 mm thick e
Schott BG-38 and OCLI WBHM filters  All tests done using “Test Load Configuration.” =
Ali operating voltages nominal specified values -
&
RANGE ::
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS &5
DR Dynamic Range relative to 1500:1 L=
peak-to-peak noise’
irelative to rms noise: 7500:1
NEE RMS Noise Equivalent Exposure 0.00009 wjfecmz2
SE Saturation Exposure 067 pj/cm2
CTE Charge Transfer Efficiency 0099935 | 099999 Note 11
Vo Qutput DC Level 40 8.0 1.0 v
Z Output Impedance 075 15 kil
P On-Chip Power Dissipation
Clock Drivers 100 215 mw
Amplifiers 170 325 mw
N Peak-to-Peak Temporal Noise 1.0 my

PERFORMANCE CHARACTERISTICS: tNota 11

Tp = 25°C, Ipata = 5.0 MHz, tnt = 1.0 ms, Light Source® = 2854° K + 2.0 mm thick
Schott BG-38 and QCLI WBHM filters

All operating voltages nominal specitied values

RANGE
SYMBOL CHARACTERISTIC s MIN TYP MAX UNITS CONDITIONS
PANU"" Photoresponse Non- Note 12
Unitormity:
'_Peak-lo—Peak 60 160 my

Peak-to-Peak Without

Single-Pixel Positive & 40 mv

Negative Pulses

Single-Pixel Positive Puilses 10 my

Single-Pixel Negative Pulses 20 mv
Mvipec Video Mismatch 10 100 my Note 13
Mpc DC Mismatch 0.5 2.0 v Note 14
DS Dark Signal: Note 15, 18

DC Component 1.0 2.0 my

Low Frequency Component 1.0 2.0 mv
SPDSNU | Single-Pixel DS Non-Uniformity 1.0 20 mv Note 17
R Responsivity 1.8 30 55 Volts per

ppfem2

Vsar | Saturation Qutput Voltage 1.0 1.5 25 v

* OCLI WEBHM = Dplical Coating Laporalory, Inc Wide Band Hot Mirror
** PANU measuraments include both register oulputs but exclude the ocutputs from the first and last ¢lementy of the array. Alpo sxcluded from the
maasurement are video and de mismatch
All PANL maasuremants taken at 800 mV oulput level using an /5.0 lens.
The “I" number is defined as the disiance from the lans to the array divided by the dlamster of the lens aperture. As the "f" number Increases, the mesulting
more highly collimated light causes the package window Imperfections to dominate and Increass PANLL. A lowar I number resulta In leas collimated light
causing device photoaite blemishes to dominate the PRNU,
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Fig. 4 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)
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TEST CONDITIONS

Tp=+25"C, fnata =25 MHz, tin;= 1.0 ma All voltages nominal specitied values. Light source =
2854°K tungsien + 2.0 mm thick Schott BG-38 and OCLI WBHM filters. PRNU measurements
taken at an output voltage of = 800 mV. Qutput fed through 5 MHz low pasa filter.
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Fig. 8 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRANU)
l_
Sample-and-Hold Single-Plxel
Ciock C Hagative
e Pulse AmpH-
tuds = 72 mV
' i T
"";*Il‘“"“tllll'lmillll' Ul Mg !
and P HH R '._" Lt Single-Pixel
Poaltive
¥ I I Pulse Ampli-
0 m:I | I _Wd. = d2 m¥
TEST CONDITIONS
Te = +258°C, fpara = 50 MHz, tnt = 10 ma Al voltages nominal specified values Light
spurce = 2B54°K lungslen +2 D mm thick Schott BG-38 and OCLI WBHM Hhilers. PFANU
measurements taken at an Qutpul voltage of = 800 mV Quiput led thiough 5 MHZ low
pass hiter
Fig. 6 DARK SIGNAL PARAMETERS (DS)
1
Sampie-and-Hold
Clock Coupling
| Average of
] | Adjacent
gy iy gl LY I ey Pixel
Wbt Tht !
SmE i LSS EERN S \
T ' —Llln'lo
0 my Plxel
Dark Signal
Non-Uniformity
{8PDNU)
Ampiliude > 186 mV
TEST CONDITIONS
Tp = +25"C, fpata = § MHz, it = 1.0 ms. All voltages nominal specified values. Quiput led
through 5 MHz low pass filter




CCD133A

Fig- 6 DARK SIGNAL PARAMETERS (DS)
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Fig. 7 VIDEO OUTPUT TIMING PHOTOGRAPHS

Dark Reference
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Video Output Level A
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— Yideo Cutput Level B

Zero Relerence
A (= 8.0 vdc)

Isolation Cells
Dark Reference Signal

Zero Reference
Ilsolation B (= 8.0 Vdc

Cells

End of One Scan Video Cutput

TEST CONDITIONS

Tp = +25°C, foata = 5 MHz, tip = 1.0 ma. All voitages nominal specitied values Light
source = 2854° K tungsien with 2.0 mm thick Schott BG-38 and OCLI WBHM filters, Output
fed through 5 MHz low pass filler,
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Fig. & TIMING DIAGRAM
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DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in alcohot
and fightly wiping the surface. Rinsa off the alcohol with
detonized water. Allow the glass to dry, preferably by blowing
with filtered dry N2 or air.

It Is important to note in design and applications consider-
ations that the devices are very sensitlve to thermal conditions.
The dark signal dc and low frequency components approxi-
mately double for every 5° C temperature Increase and single-
pixet dark signal non-uniformities approximately double for
every 8°C temperature incraass. The devices may be cooled
to achieve very long integration times and very low light level
capability.

ORDER INFORMATION

Order CCD133ADC where “D" stands for a ceramic package
and “C" tor commercial temperaturs range.

Also available are printed circuit boards that include all the
necessary clocks, logic drivers and video amplifiers to operate
the CCD33A. The boards are fully assembied and tested and
require only one power supply for operation (+20V), The
printed clrcuit board order codes are CCD133DB. The
CCD153A, 143A and 133A can be operated in the seme
printed circuit board. The 24 pin CCD133A and 153A devices
are to be placed at the center of the 28 pin socket on the
printed clrcult board. (Note: the serles resistors between the
clock drivers and the CCD ¢x and ¢t pins have to be adjusted
for each device type.)

Fig. 8 OUTPUT AMPLIFIER SCHEMATIC
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ar Vo
PACKETS L ‘
s L
SHIFT REQ
>
z
CHARGE
PACKETS
FROM “}
SHIFT ARG
-
¥ Voo
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NOTE: 31 AND g1 ARE INTERNALLY GENERATED RESET CLOCKA.

CCD133ADC PACKAGE OUTLINE
24-Pin Dual In-line Ceramic Package

NOTES:
All dimsnsions in inches (bold) and millimeters (parentheses;. Header |8 black ceramic
(Alz20a). Window is glass. The amplifier of the device is located near the notched end of
Ihe package.
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PRELIMINARY

FAIRCHILD WESTON CCD134
1024-Element
CCD IMAGING DIVISION High-Speed
Linear Image Sensor

FEATURES:

1024 1 photosite array
13pmx13pmphobdluon13ymplhh
Anii-blcoming and Infegration

confrol
Erm:umcuum(p.ﬂmlnﬂylnmblue

reglon)
improved low-light-level performancs over CCD133A
Low dark signal

:
i

GENERAL DESCRIPTION

The CCD134 is & 1024-slement line Image sansor designed
for industrial measurament, telacine, and documasnt scanning
applications which require high resalution, high sensitivity
and high data rale. The incorporation of on-chip anti-
blooming and integration confrol allow 1hae CCODMM to be
axtramely uselul in an indusinal measurement and control
|mvircnment ar in amdironmants whars lighting conditions
are difficult to controd,

PIN CONNECTION DIAGRAM
PIN NAME DESCRIPTION {TOP VIEW)
Vout, Output Ampiifier A Source T ey
d8Haa Sample and Hold Gate A Yout, [ 24 | Voo
PSHe A Sample and Hold Clock A H 22 Vour
Veo Clock Driver Drain dshes H -
NC No Connection (Do Not Ground) #sHe, O 221 ¢sHoe
Vca Clock Ground Voo 21 HCB
VsiNK Anti-blooming Sink O ] ¢s
TP Test Point ne 20 [ Vsa
i Integration Control Clock ne O 190 [] Veiag
Vr Transport Register DC Electrode
Ve Electrical Input Bias Vca O 18I Ne
Vss Substrate Ground Ve [ w{J vr
Vpa Photogate
&x Transfer Clack TP O 10 [ 1
T Transport Clock e [ 15| @x
Velas Amplifler Bias
Vsa Amplifier Signal Ground Vin 1] Vea
$8HGR Sample and Hold Clock B Ve O L] Vss
®SHap Sample and Hold Gate B
Voutg Output Amplitler B Source
Voo Output Amplifier Drain
Fairchild Weston Systems, inc. CCD Imuging Bivision, ©1988 Falrchild Weaton  Printed in U, 5.4,
810 W. Mauds Ave., Sunnyvale. Callfornia $4088 Falrchlld Weston ressrves the right to make changes In
(408) 720-7800, TWX 010-373-2110 the circuitry or specifications at any lime without notice,
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PRELIMINARY cCD134

T e e e e =T

The CCD134 is similar to the CCD133A except for the Two Gated Charge Detector/Amplifiers — Charge packets
additional features of anti-blooming and integration control. are transported to a precharged capacitor whose potential
The CCD134 is a third generation device having an overall changes lingarly in response to the quantity of the signal
improved performance compared with first and second gen- charge delivered. This potential is applied to the input gate of
eration devices, including enhanced biue response and excel- the two-stage NMOS amplifiers producing a signat at the
lent low light level performance. The device incorporates on- oqutput "VoyT” pins. The sample-and-hold gate is a swilching
chip clock driver circuitry and is capable of high-speed MOS transistor in the output amplifier that allows the output to
operation up to a 20MHZ data rate. The photoelement size is be delivered as a sample~and held wavetorm. The diode is
13um (0.5 mils) X 13um (0.51 mils) on 13um (0.51 mils) recharged internally belore the arrival of each new signal
centers. The device is manufactured using Fairchild Weston charge-packet from the transport shift register.

advanced charge-coupled device n-channel Isoplanar buried-

channel technology. Integration and Anti-Blooming Conirol — In many applications

the dynamic range in parts of the image is larger than the

FUNCTIONAL DESCRIPTION dynamic range of the CCD, which may cause more electrons
The CCD134 consists of the following functional elements to be generated in the photosite area than can be stored in the
illustrated in the block diagram and circult diagram (Fig. 1). CCD shift register. This is particularly common in Industrial

inspection and sateilite applications. The excess electrons
generated by bright illumination tend to “bloom” ar “spill over”
to neighboring pixels along the shift register, thus “smearing”
the information. This smearing can be eliminated using two

Photositss — A row of 1024 image sensor elements saparated
by a diffused channel stop and covered by a silicon dioxide
surface passivation laysr. Image photons pass through the

transparent silicon creating hole-electron pairs. The photon methods:
generated electrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear Antl-Blooming Operation;

function of the incident illumination intensity and the integra-
tion pariod. The output signal wlil vary in an analog manner
from a thermally generated background level at zero illymina-
tion to a maximum at saturation under bright illumination.

A DC voltage applied to the integration control gate (approxi-
mately 5 to 7 volts) will cause excess charge generated in the
photosites to be diverted to the anti-blooming sink (Vsing)
instead of to the ahift registers. This acts as a “clipping circuit”

Transier Gates — This gate is a structure adjacent to the row for the CCD output (see Fig. 2). (See also page 238 for further
of image sensor slements. The charge packets accumulated details.)

In the photosites are transterred in parallel via the transter gate R

1o the transport shift registers whenever the transfer gate Integration Contral Operation:

voltage goes high. Alternate charge packets are transferred to Variable integration times which are less than the CCD
the A and B transport registers exposure time may be attained by supplying a clock to the
Four 529 Bi Anslog T 1 Shift Rlegisters — Two registers integration control gate. Clocking ¢ic reduces the photosite

signal in all photosites by the ratio texposure/tinT. Greater
than 10:1 reduction in the average photosite signal can be
achieved with integration control.

are on each side of the line of image sensor elements and are
separated from it by the transfer gate. The two inside registers,
called the transport shift registers are used to move the light

generated charge packets delivered by the transfer gates The integration-control and anti-blooming features can be
serially to the charge detector amplifier. The complementary implemented simultaneously. This is done by setting the ¢ic
phese relationship of the last elements of the two transport clock-low level to approximately 5 to 7 volts. (See application
registers provides for aliernate delivery of charge packets at note on page 238 for further discussion).

the output amplifiers. The outer two registers serve to reduce
peripheral electron noise in the inner shift registers.

Fig. 1 BLOCK DIAGRAM %“
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Fig.2 MAXIMUM OUTPUT VOLTAGE vs. ¢ic VOLTAGE

A Pariect Antl-Bicaming
Maximum Mo +
Outpuil ““m-ﬁ_ _‘__:nnkblomlny"l:‘:p::um

Vollage

i g
~8 o T wvolln
i Voltage (Velts-DC or Volts-Al-Clock-Low)
Fig.3 INTEGRATION-CONTROL TIMING DIAGRAM AND NOTES
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— e L e
(Note 2) (Mol 3)
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NOTES:

1, t1 > g of b,

- ummmmmmhwmwn.

A All sharge germrated in shoiositss < Oua during fnur i trarslerred into tha shift registers during ¢x clock-high period. Pholoalte charge > Qgar
BEnaratod diring yr goes intn Vas 1§ anli-bloaming volinge s optlimized.

4. ghe clock-fow = 510 T volts wiil plen beat anti-Blooming cperation (see Fig. 2;.

B e fime & fadl times must be = 4 4o minimite clack coupling af dic into Vour.

0. Ta sliminate ssposism-contrl, hal retain apti-bigaming g = 519 7 volts,

T. Tniﬁnﬂnlhbuﬁmmlwmmrm. nd ani=biooming e = 0 woits DC or Ves.

8 “To use Integistion contral without ENI-DICOMING, use gic clock-low = 0.0 to 0.7 voHs and @ic clock-high = same range as $To-z 1 €lock-high
voltage.

Fig. 4 TEST LOAD CONFIGURATION (INTERNAL SAMPLE-AND-HOLD ENABLED)
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TEST LOAD CONFIGURATION (INTERNAL SAMPLE-AND-HOLD DISABLED)
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DEFINITION OF TEAMS

Charge-Coupled Devlce — A charge-coupled device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are mingrity carriers with respect to the
semiconductor substrate,

Sample-and-Hold Clock (dsHca. ¢sHcs) — The voltage
waveform for triggering the sample-and-hold gates in the
output amplifiers to create a continuous sampled video signal
at the output. The sampie-and-hold feature may be defeated
by connecting gsHGA and ¢sHas to Vpp. Use of the internal
sample-and-hold capability is poseible for data rates up to
13MHz. For use above 13MHz consuil factory.

Dark Reference — Video output level generated from sensing
alements covered with opaque metalization which provides a
reference voltage equivalent to device operation in the dark.
This permits use of external DC restoration circuitry.

tsolation Cell — This is a site on-Chip producing an element in
the video output that serves as a buffer between valid video
data and dark reference signals. The output {rom an isolation
call containg no valid information and should be ignored.

Dynamic Range — The saturation exposure divided by the
RMS temporal noise equivalent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To com-
pare the two definitions a factor of four to six is generally
appropriate in thet peak-to-peak noiss is approximatsly equal
to four to six times RMS noise.

RMS Nolse Equivalent Exposure — The exposure level that
glves an output signal equal to the RMS noise level at the
output in the dark.

Saturstion Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite integration time.

Charge Transter Efficlency — Percentage of valid charge
information that is transferred batween sach successive stage
of the transport registers.

Responsivity — The output slgnal voltage per unit axposure
tor a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Total Pholoresponse Non-Uniformity — The difference of the
response levals of the most and the least sensitive element
under uniform illumination. Measurement of PRNU excludes
first and last elements.

Dark Signal — The output signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and is highly sensitive to temperature.

Saturation Output Voltage — The maximum useable signal
output voltage. Charge transter efficiency decreases sharply
when the saturation output voltage is exceeded.

Integration Time — The time interval between the falling edge
of the integration control clock and the falling edge of the
transfer clock. The integration time is the time in which charge
is accumulated in the photosites.

Exposure Time — The time interval between the falling sdge
of the two transfer pulses (¢X) as shown in thetiming diagram.
The exposure time is the time between transfers of signal
charge from the photosites into the transport registers.

Pixel — A picture element (photosite).

PHOTOELEMENT DIMENSIONS

PHITOLATE

///” 7

Al gimennoee Bm pcE v
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ABSOLUTE MAXIMUM RATINGS (above which usetul life may be impaired) ;
Storage Temperature -25°C to +125°C 2]
Operating Temperature -25°Cto +70°C i
CCD 134: Pins 2,3, 4, 7,8,9,10,11,12, 14, -0.3V 10 18V &

15, 16, 17, 19, 21, 22, 24

Pin 20 0.0Vto +0.7v S

Pin 13 -3.0V to OV 3

Pins 5, 6, 18 NC

Pins 1,23 SEE CAUTION NOTE
CAUTION NOTE;

Thesa devices have limitad bultt-In gate prolection. Itia recommeandad that static discharge be controlled and minimized. Care must be taken toavald
shorting pins VIDEOoyr, , . to Vss, Vaa, Vcg or Voo during operation of the davices, Shorting these plna temporarily to Vgs, Vga, Veca or Vpp may

destroy the output amgllﬁﬁa .

DC CHARACTERISTICS: Te = 25°C (Note 1, 2) Use typical values for optimum performance
SYMBOL CHARACTERISTIC o NIT CONDITION
M TYP MAY
Vep Clock Driver Drain Supply Voltages 135 14.0 145 v
Vop Output Amplifier Drain Supply Voltage 135 140 145 v
VsiNk Anti-Blooming Sink Voltage 135 14.0 145 v
Veuws Ampilifier Bias Voltage 30 3.5 4.0 v
Vea Photogate Bias Voltage 55 60 65 v
vr Shift Reglster DC Electrode Bigs Voltages 55 1] 8.5 v Note 3
Ve Electrical Input Blas Voltaga 10.5 v Note 4
Voa Clock Ground [s1+} 03 07 v
Vas Ampilfler Signal Ground 0.0 03 o7 v
Vss Substrate Ground -3.0 -20 -10 v Note 5
lco Clock Driver Supply Current 00 70 15.0 mA
Ipo Output Ampilitier Drain Supply Current 150 250 mA
CLOCK CHARACTERISTICS: Tp = 25°C (Note 1) Use typical values for optimum performance -|
LIMITS
SYMBOL CHARACTERISTIC umIr CONDITION
Min YR A
Vb HiGH Transfer Clock HIGH 1.0 115 120 v Note 6
VT HiGH Trangport Clock HIGH "o 115 120 v Note §
VI HIGH Integration Control Clock HIGH 1.0 15 120 v Note &
Vebx Low Transfer Clock LOW oo 0.3 o7 v Notes 5, 8
Vet Low Transport Clock LOW oo 03 o7 v Notes 5, §
Véie Low Integration Controt Clock LOW 8.0 v Note 15
{asta max Maximum Qutput Data Rate 120 200 MHz Notes 7,8
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AC CHARACTERTISTICS: Tp=256°C (Note 1), g, =5.0MHZ, iy, = 1.0 ma, Light Source =2854° K + 2.0mm thick Schoft BG-38 and OCLI
WBHM Filters (Note 9}, internal sample-and-hald enabled. All tests done using “Test Load Configuration.®

RANGE
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP MAX
DR Dynamic Range
{relative to peak-to-peak noise) 15001
{melative to rms noise) 750001
NEE RMS Noise
Equivalent Exposure 44 X 106 pbfom?
SE Saturation Exposure 033 udiem2
CTE Charge Transfer Efficiency 89995 29999 Note 10
Vo Output DC Level 60
Z Output Impedance Q.75 3 Kn
On-Chlp Power Dissipation:
Clock Drivers 100 mw
Amplifiers 200 mw
N Peak-to-Peak Temporal Noise 1 mv

PERFORMANCE CHARACTERISTICS: Tp =25°C, (Note 1}, {gata = 5.0MHz, tiny = 1.0ms, Light Source = 2854°K + 2.0mm thick
Schott BG-38 and OCLI WBHM Filters (Note 9), internal sample-and-hold enabled.

SYMBOL CHARACTERISTIC it '3 UNIT CONDITION
MIN TYP MAX
PRNU* Photoresponse Non-uniformity
Peak-to-Peak 60 160 mv
Peak-to-Peak without single pixel and 40 my
Positive and Negative Pulses
Single-pixel Fositive Pulses 10 my
Single-pixel Negative Pulses 20 my
M Video Video Mismatch 40 160 mv Note 11
MDC DG Mismatch 05 20 v Note 12
DS Dark Signal: Notes 13, 14
DC Component 1 2 my
Low Frequency Component 1 2 my
SPDSNU Single Pixel DS Non-Uniformity 1 2 mv Note 14
R Remponaivity 45 Vudfom2
Vear Saturation Qutput Voltage 10 1.5 30 v

NOTES:

' All PRNU measursments taken at an 800 mvolt oulpu level using an U5D keis and excluce he-outpsrs froem the il snd asl shements of the armey
The "I nurmnbar i Gefined ae ths dstencs froen (he kna to the rmey divided by e damater of the lens aperture. As the T numbor incraasss, fhe
resulting more highly collimaiad light the package window imperfections o darnain and increass FRML A lpvwsnr "1 pumber eeaulls in

Jos ool limmted light causing devite photosits blermistves to dominate the PRNU.

NOTES.

Tp Is defined as the package temperature measuréd on & copper block in good thermal contact with Lhe entire backslde of the package.
NC pins must bs left unconnected

. V7 ® 055 g HigH = 0.55 ¢ HiGH

. Ve /s used to generats the white reference outputs, These two signals can be reduced by connecling Vel to Voo.

Negative transtents on any clock pin going below 0.0 volts may causs charge Injection, which results in an increase In apparent DS
AdJusting Vas to 8 mare negative vollage than the clock low voltages will reduce charge injection, If presant.

Fin Capacitances:

C ¢71 =300 pF. C ¢x = 80 pF.

The minimum clock frequancy is limited by Increasss In dark signal

taara = 2 (1 g1)

OCLI WBHM = Optical Coating Laboratory, Inc. Yide Band Hot Mirror.

10, OTE & ha il o @ one-slags iransber.

Do m AN

s —
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.
11. Vidso mismatch is the difference In AC amplitudea batwesn VOUTA and Youty under unHorm Hlumination. It can be eliminated by =
aftenuation/ampliticalion of one of the video outpuis. L
12. DC mismaich |s the differsnce In DC oulput level Vg between Your, and Vou‘ra- =
13. Dark signal component approximately doubles for every 5-10"C iﬂarp. as
14. Each SPDSNLU Is measured from tha DS lavel adjacent to the base of the SPDSNU. The SPDSNU approximately doubles for every 5-15 °C =
increaga In Tp. @“2
15. See definitlons of Antl-Blooming Control and Integration Contral. =
)
=
TYPICAL PERFORMANCE CURVES
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PACKAGE OUTLINE
24-Pin Dual In-line Coramic Package
e
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Py §~§ BIDE AAATE
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o
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NOTES:

All dimensions in inches. (bold | and millimsters {parentheses ). Header is black ceramic
(Alz0a). Window ie glasa. The amplifier of the device |s localed near the notched end of
the package.







FAIRCHILD WESTON CCD143A
Schlumberger 2048-Element
CCO IMAGING DIVISION High-Speed

Linear Image Sensor

FEATURES

2048 = 1 photosite array

13um x 13.m photosiiss on 13.m plich

High Speed: up 10 20 MHz data rste

Enhanced spectral response

Low dark signal

High responsivity

On-chip clock drivers

Dynamic range typical: 7500:1

Over 1 V pesk-to-peak outputs

Optional facliity for corretated double sampling
Dark and white references contsined In sample-and-hoid

outputs
& Special selections avallable — consult factory
DESCRIPTION

The CCD143A |s a 2048-alement line mage sensor, The
charge-coupled device is dasigned for page scanning appli-
cations Including facsimile, optical charmacter recognition, and
other imaging applications which require high resoclution,
high sensitivity, and high data rtes,

The 2048 sensing elemants of the CCO143A give an B-line per
millimater resolution across a 256-millimetar page adoptad as
the Japanass facsimilz standard

The CCD143A is 2 sscond generation devies having an cverall
improved performance comparsd with the st generation
devices including higher sensitivity, an enhanced blus e
sponsa and a lower dark signal, The device slso incorporates

on-chip clock driver cireultry and the option of using extarnal
reaat clocks for the purpose of Correlated Double Sampling.
These high spesd devices can be operated 8t up to 20MHz
data rate. The photoslement sizeis 13 um (0.51 mills) by 13 m
{051 mils) on 13 um (0.51 mils) cantsrs. The devices are
manufactured using Falrchild Weaton advanced charges-
coupled device n-channel lsoplansr  buried-channel
technology.

PIN CONNECTION DIAGRAM

PIN NAMES DESCRIPTION (TOP VIEW)
—
Vrag Photogate NC ] Vsg
X :Ir'ransfer C(I;ckk VIDEOOUT A 4 Ve
T ransport Cloc

$IDE00UTA Output Amplifier A Source $SHEA =] VIDEOouT B
VIDEOourg Output Amplifier B Source PSHCA | ] #sHGB
Voo Output Amplifier Drain oRrA [ Nl osHCB
Veca Sample-and-Hold Clock Ground NC H Ne
VRo Reset Transistor Drain
VEI Electrical Input Bias NC ] Vss
VT Analog Transport Shift Register DC Electrode Vss Il ¢rB
$SHGA Sample-and-Hold Gate A . -
#SHCA Sample-and-Hold Clock A Voorco H vr
$aHED Sample-and-Hold Gate B NC =R
BSHCE Sample-and-Hold Clock B NC ] ox
BRA Heset Clock A Vr ] Vea
AR Reset Clock 8
VSS Substrate (GND; Vel H Vea
NG No Connection (Do not ground) Vss ] Vsg

Fairchild weslon Systems, Inc. CCD Imaging Divlsion
810 W. Maude Ave., Sunnyvale, California 84086
(408) 720-7600, TWX 810-373-2110

©1086 Falrchild Weeton  Printed tn U.S.A.
Fairchild Weston reservas the right to make changas in
the cireuitry or specitications at any time without notice
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CCD143A

BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The CCD143A consists of the following functional elements
illustrated in the Block Diagram:

Image Sensor Elements — These are elements of a line of
2048 image sensors soparated by diffused channel stops
and covered by a silicon dioxide surface passivaton layer
Image photons pass through the transparent silicon dioxide
layer and are absorbed in the single crystal silicon creating
hole-olectron pairs. The photon generated electrons are
accumulated in the photosites. The amount of charge
accumulated in each photosite is a linear function of the
incident illumination intensity and the integration period.
The output signal will vary in an analog manner from a
thermally generated noise background at zeroillumination
to a maximum at saturation under bright illumination,

Transfer Gate — This gate is a structure adjacent to the line
of image sensor elements. The charge-packets accumu-
lated in the image sensor elements are transferred out via
the transfer gate to the transport registers whenever the
transfer gate goes HIGH. Altemate charge-packets are
transferred to the analog transport shift registers. The
transter gate alsc controls the exposure time for the
sensing elements.

Four 1041-Bit Analog Shift Registers — Two registers are
on each side of the line of image sensor elements and
separated from it by the transfer gate. The two inside
ragisters, called the transport shift registers, are used to
move the image generated charge-packets delivered by
the transfer gate serially to the two charge-detector/
amplifiers. The complementary phage relationship of the
last elements of the two transpont shift registers provides
for alternate delivery of charge-packets to the amplitiers so
that the original serial sequence of the line of video may be
reastablished at the outputs. The outer two registers serve
to reduce peripheral electron noise in the inner shift
registers.

70

Two Gated Charge-Detector/Amplifiers — From the end of
each transport shift register, charge-packets are delivered
to a precharged diode whose potential changes linearly in
response to the quantity of the signal charge delivered.
This potential is applied to the gate of an n~channnel MOS
transistor producing a signal which passes through the
sample-and-hold gate to the output at VIDEOout. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the outpul to be delivered as a
sample-and-hold waveform. The diode is recharged in-
ternally before the arrival of each new signal charge-packet
from the transport shift register.

Clock Driver Circultry — This circuitry allows operation of
the CCD143A using only two external clocks, (1) a square
wave Transport Clock which controls the readout rate of
video data from the sensor, and (2} a Transter Clock pulse
which controls the integration time of the sensor.

Dark and Cptional White Reterence Clrcultry — Four ad-
ditional sensing elements at both ends of the 2048 array are
covered by opaque metalization. They provide a dark (no
illumination) signal reference which is delivered at both
ends of the line of video output representing the 2048
illuminated sensor elements (labeled "D" in the Block
Diagram}. Also Included at one end of the 2048 sense
element array is a white signal reference level generator
which likewise provides a reference in the output signal
(labeled “W'" in the Block Diagram). These reference levels
are useful as inputs to external dc restoration and/or
automatic gain control circuitry. The white raference signal
can be enabled by connecting Vg to a DC voltage less than
Voo. A Ve voltage of 6V will typically produce a white
reference signal of 80+20% of the saturation output
voltage.

DEFINITION OF TERMS:

Charge-Coupled Device — A charge-coupled davice is a
semiconductor device in which finite Isolated charge-
packets are transported from one position in the semi-
conductor to an adjacent position by sequential clocking




of an array of gates. The charge-packets are minority
carriars with respect to the semiconductor substrate.

Tmma—mmemulmmm
wavelorm applied to the transfer gate to move the sccu-
mutated charge from the image ssnsor slements 1o the
CCD transport shift registers,

Traneport Clock ¢T — The transport clock i the clock
applied to the gates of the CCO transport shift registers 1o
maove the charge-packets received from the image sansor
alemants to the gated charge-detector/amplifiers.

Gate Charge-Delectior/ Amplifier — Thesa are the output
clroults of the CGCD143A which receive the chargs-pachets
trom the CCD transport shift registers and provide a signal
voltage proportional fo the sizs of sach charga-packet
received, Bafore each new charge-packet (= sensed, an
Jnmmmmmmmﬂmwlu
i fixed base level,

Sample-and-Hold Clock gsc — This is &n internally or
externally suppiisd voliage wavelonm appiied to e sample-
and-hold gate in the smplifiers 1o creals a continuous
ssmpied video signal at the output. Dn-chip sample-and-
huuupnnﬁmhlmmdhfmmm.ﬂmmmm
and darca 10 dsHoE.

Itthe internal (on-chip) sample-and-hold clocks ars not
usad, the on-chip sample-and-hold clock driver circults
can be depowered, which greatiy reduces on-chip power
consumption. To disabls (tum off) these drivamn, Vg is ted
10 V5o/Veo. The an-chip gy clock drivers are enabied by
connecting Yo o Vg

mmmmmmm—mm
Range and S/N Ratic may be maximized by double-
comelated sampling affchip of the device outpul. This
mquires externally-supplied reset clocks for the on-chip
ampilifiers. mumnmmmumwy.n
this fealure is not desired, both pins should be tied 1o
Veo'Vioo, which anables the-intemally genemted reset
cirouits.

Dark Reference — Video output level generated from
sansing elements covarad with opague metalization pro-
vides & referance vollage equivalent to device operation in
the dark. This permits use of axternal do restorstion
clreuitry,

mm—wmm|mmuym-
Chip cirouitry provides a reference voltage permitting
external automatic gain control cirouliry 1o be used. The
mmmummwwmmun undar
the controd of the elecirizal input bias voltage (V). The
ampfituda of the refarence is typicaly 80% of the saturation
cutpul voltage.

Isolation Cell — This Is a site on-chip producing an
elamant in the video output that servas as a buller betwesn
valld video data and dark refersnce signals. The outpul
from an isolation call contains no vaild video information
and should be ignored.

Dynamic Aange — The dynamic range ls the saturation
oxposure divided by the peak-to-pesk nokse equivalant
lmum.(mlﬂwmlunhﬂalmntmydﬁlw
components.) Dynamic range is sometimas dsfined In
torms of rms noise. To compars the two definitions a factor
thmmhmlﬂylppmpﬂmmmm—w-m
nolse is approximately equal to four to six times rms noise.

Puak-fo-Peak Molse Equivalen! Exposurs — This is the
axposure level which gives an output signal equal to the

7
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pask-to-peak nolse level at the output in the dark.

Saturation Exposure — Saturation exposure is the mini-
mum exposure level that will produce a saturated output
signal. Exposure is equal to the light intensity times the
photosite intsgration time.

Chargs Transfer E! — This {s the percentage of
valid charge information that is transferred between aach
successive stage of the transport registers,

Spectral Response Range — This s the spectral band in
which the response per unit of radlant power Is more than
10% of the peak response,

Responsivity — Responsivity is the output signal

per unit exposure for a specified specirsl type of radlation.
Responsivity equals output voltage divided by exposure
level,

Dark Signal — This is the output signal In the derk caused
by thermally generated electrons which Is a linear function
of Integration time and highly sensitive to temperature,
(See accompanying photas for detaila of definttion.}

Total Photorssponse Non-Untlormity — This Is the differ-
ence in the response levels between the most and least
sensitive elerments under uniform itluminetion. {See ac-
companying photos for details of definition.)

Integration Time — The time Interval betwean the falling
edgesolanytwosuocesslvehnnulerpulm¢! Ia the
integration time shown in the Timing Dlggram. The Inte-
gration time is the time allowed for the photesites to collect
charge.

Pixel — Picture element (photosite).

TEST LOAD COMFIGURATION

All dimensiona are typical valuss
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ABSOLUTE MAXIMUM RATINGS (Above which usetul Ife mey be impaired)

Storage Temperature -25°C to +125°C
Operating Temperature (See curves) ~26°C to +70°C
CCD143A Pine 3, 4, 5, 8, 12, 13, 17,18, 19, 20, 21, 24, 25, 27, 22. 0.3V 1o 18V
Pins14, 15, 16, 28, 8. ov

Pina 1,8, 7 11, 23 NC

Pins 2, 26. Ses Caution Note

CAUTION NOTE: Thess devices have limited built-in gats p Itis d that startic discharge be controlled and minimized. Care must be taken

to avoid shorting pins VIDEOouT A&B to Vas or Vpp during operstion of the devices. Shuﬂngmﬂmhnlpuiﬂlymvsgorvcnmlyd-mhm
amplifiers.

DC CHARACTERISTICS: Tp = 25°C (Notas 1, 2}

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
Voorco Amplifier & Clock Drain Supply Voltage 135 14 145 v Note 3
leovon Ampiifier & Clock Drain Supply Current 2 40 mA
Veg Photogate Blas Voltage ab [:X+} 85 \
VT DG Electrode Bias Voltage 5.5 8.0 85 v Note 4
VEI Electrical Input Blas Voltage Voo v Note 5
Vss Substrate (Ground) Q.0 v
VrD Reset Transistor Orain 120 125 13.0 v
CLOCK CHARACTERISTICS: Tp = 25°C (Note 1}
RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TP MAX
VoL, Vorm | Optional Extemnal Reset Clock LOW 0.0 03 o7
Vina, Vora | Optional External Reaet Clock HIGH 1 1.5 12 v Note 22
Ve Vg | Transfer & Transport Clock LOW 0.0 1%} ov v Notes 6, 7
Ve, Vo | Transter & Transport Clock HIGH 1 115 12 v Note 7
DATA MAX Maximum OQutput Data Rate 12 2 MHz Notes 8, 9
NOTES:
1. Te s dotined aa the p d on & coppar biock in good thermal contact with the backside of the devics.
i Cllvagpimmbtwwndud Aﬂvuopmmbemmmdnedmvcu Al NG pina must be left unconnected.
‘oo = Voo,
4 Vy = 0.85 Vo = (L85 V.
5 White refere ignel be by connecting Ve to & voltge less than Ypp. vg = 8V will typically produce a white reference signal of 80::20% of the
sturation outpul voltage.
& Negathes transiete on amy clock pin (olng bslow (LOV may causs charge-injection which resuls in an increnasa in apparsni DS, [See “Chamge Infecton™

7. Cér = 700 pF for CCD143A, Cx = 300 pF for CCDN43A.

& Minimum clock frequency is limited by increse in dark signal.

B fpata=2x1gr.

10 Dynamic range s defined aa Vear/peak-to-peak temporal noles or Vaat/mme temporsl nolee,

11 1 yfem2 =002 fcg ot 2B54°K, 1 s = 30 u)iom? at 2854° K

12 SE for 2854* K twoadband light without 20 mm Schott BG-38 and OCL! WBHM filtan is typically 0.8 u}/cma.

13 CTE la the massurerant for a one-stage transfer,

14, See photographs for PRNU definitions.

15, Video mismaich ks the differonce in ac empiitudes between VIDEOouta and VIDEOgute under uniorm iumination. It can be sliminated by
attsrnation/ampiification of ona of the video outputa.

18 DC mismatch i the differance in dc cutput level (Vo) between VIDEOgura and VIDECouTs.

17. See photograyte lor DS definitions.

18, Dark signal component approximatety doubles for svery 5°C increase In Tp.

19. Each SPDOSNU ls measured from the DS level adjacent to the bass of the SPDSNU. The SPDSNU appraximetely doubles lor every B*C Incresss in Te.

gnwmmwmm-xmlmmemmzummwaa-auwocumHMmmhtypuusz,.um

1 ot con

22 imsrmal rest of the gated charge detector ie achieved by connecting ¢as and dna to Voo

—_——
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AC CHARACTERISTICS: (Note 1] ;
Te = 25°C, fpATA = 5.0 MHZ, tins = 1.0 ms, Light Source® = 2854°K + 2.0 mm thick e
Schott BG-38 and OCLI WBHM fiiters =
All operating voltages nominat specified values. All tests done using “Test Load Configuration.” ;
RANGE =
SYMBOL CHARACTERISTIC MIN TP MAX UNITS CONDITIONS s
DR Dynamic Range (relative to 1500:1 St
peak-to-peak noise) Note 10
trelative to rms noise) 7500:1
NEE RMS Noise Equivalent Exposure 0.00009 ujfcm2 Note 11
SE Saturation Exposure 0.67 uj/em? Note 12
CTE Charge Transfer Elficiency 099095 | 0.99999 Note 13
Vo Output DC Level 4.0 8.0 110 v
F4 Cutput Impedance 0.75 15 ki)
P On-Chip Power Dissipation
Clock Drivers 100 215 mw
Amplifiers 170 325 mw
N Peak-to-Peak Temporal Noise 1.0 mv

PERFORMANCE CHARACTERISTICS: (Note 1)

Tp = 25°C, foata = 5.0 MHz. tint = 1.0 ms, Light Source® = 2854°K + 2.0 mm thick
Schott BG-38 and OCLI WBHM filters

All operating voltages nominai specified values

SYMBOL CHARACTERISTIC MIN H:'::E MAX UNITS CONDITIONS
PRNU"" Photoresponse Non- Note 14
Uniformity:
Peak-to-Peak 60 160 my
Peak-to-Peak Without
Singte-Pixel Positive & 40 my
Negative Pulses
Single-Pixel Positive Pulses 10 mv
Single-Pixel Negative Pulses 20 my
MvipEQ Video Mismatch 10 100 my Note 15
Mpc DC Mismatch [+X-) 20 v Note 16
Ds Dark Signal: Notes 17, 13_.-
DC Component 10 20 my
Low Frequency Component 1.0 20 my
| SPOSNU | Single-Pixel OS Non-Unitormty 10 20 mv Notes 17, 19
A Responsivity 18 3.0 5.5 Volts per Note 20
ajfem2
Vsar Saturation Output Voltage 1.0 20 25 v Note 21

* OCLI WBHM = Optical Coating Laboratory. Inc. Wids Band Hot Mirror
" PANU measurements inciude beth register outputs but exclude ihe culputs trom the firsl and last slements of the array Also excluded from the
measuremant are video and dc mismatch
All PANU maasurements are taken at & 800 mV outpul level using an /5.0 lens
The “f” number ia defined as the distance from the lena to the amay divided by the diameter of the lens apsrturs. As tha “f" number increases, the resulting
more highty collimated light the package wi Imperfections to dominate and incraase PRNU. A lowesr “I™ number results in less collimated Nght
ing davice ph b s to domi the PANU

%
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TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER MODULATION TRANSFER
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PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

f———— tint
ftransport — g I-—

500m¥ s00mv | POOWE

§  Zero Reference
Level
= 800 m¥ Ouiput
— 1 avoitage

[ Zero Ralerence
Level

= 800 mV Output
—Y B volisge

e Wil Widto ———————— |

Pask-to-Pask

Paskic-Pesk | o t wihout
""" ; " Single-Plxel

FANU y _ ot s _-..r_Pollllnlnd

Napative
Rises

TEST CONDITIONS

Tp=+25"C, foata = SOMHE, tiny =1 0 ms. All voltages nominal apecitied values, Light source
= 2864°K tungsten = 2.0 mm thick Schott BG-38 and OCLI WBHM fllters PANL measure-
mants taken &t an output voltage of = 800 mV. Output fed through 5 MHz low pass tilter.

\
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PHOTORESBPONSE NON-UNIFORMITY PARAMETERS (PRNU)

TEST CONDITIONS
Tp = +25°C, foata =80 MHZ, tins = 1.0 ms. All voltages nominal spacified values. Output fed
through & MHZ low pass filter,

Sample-and: Hald Single-Pixel
Clock Coupling Negutive
Pulse Ampll-
fude = 72 mv¥
i i
,-""!!ll"m"l,"‘lj‘“iﬁ" u" T !
il T d L o (LD o) A L L | Single-Pixel
Positive
Pulse Ampli-
20 mv ‘ | wde=42mV
TEST CONDITIONS
Tp = +25°C, fpaTA = §0 MHZ. it = 1.0 ma. All volages nominal specified vatues. Light
source = 2054°K twngeten +20 mm thick Schotl B8G-38 and OCLI WBHM fillers PRNU
measurBmants Taken at an output voltage of = 800 mV Output fed through 5§ MHZ low
pass filter
DARK SIGNAL PARAMETERS (DS)
=]
Sample-and-Hold
Clock Coupling
Average ol
—— T FTRU TP FRCPTPTTRY e
) | I if ol | Pluel
N ! F y i l F M Outpuls
L BRI | i 438 R EAGURE § R RS
| /
Singls
20 n:j Pixel
=3 Oark Signal
Non-Unilormity
1 un i-‘-—l (SPDNU)

Amplitude ~ 18 mV
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DARK SIGNAL PARAMETERS (D8)

[ 7:1

[ -

=

1]

—

48]

&9

e (=]
[ ]
£3

Totsl Dark
.

Dark Signal
& Low-Freguenoy
¥ Compenenl of
——Durk Signal
TEST CONDITIONS
Tp = +26°C, fpata = 5.0 MHZ, ting = 1.0 ma. All volta, » nominal ified valuss, Out
mmughsuhlzluwmﬁltsr." & i e
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VIDEQO OUTPUT TIMING PHOTOGRAPHS

Dark Reference
s Signal
w—— |aglation
Zgro Reference Caells
Level A {~ 8.0 Vdc) ™

Vides Quipul Level A

Zero Reference
Level B (=~ 8.0 Vdc)

500 mV

— Video Output Level B

Start of One Scan Video Output

TEST CONDITIONS

Te=+25°C, fpata =5.0 MHz, tint= 1.0 ms. All voltages nominal specified values. Light scurce
= 2854° K lungaten = 2.0 mm thick Schott BG-38 and OCLI WBHM fllters. Qutput fed through
5 MHz low pass filer,

OUTPUT AMPLIFIER SCHEMATIC

3 Vo ey

CHARGE i

PACKETS Vet
FROM ot

Sl':::_T REG. : _{

Yoo
CHARGE
PACKETS
FROM b4
SHIFT REG. i
i ————b .

Vaury

C
+— l—l
o

b Wi durciy

NOTE: g1 AND $1 ARE INTERNALLY GENERATED RESET CLOCKS.
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DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab In
alcohol and iightly wiping the surface. Rinse off the alcoho!
with de-lonized water. Aliow the glass to dry, preferably by
blowing with filtsred dry N, or air.

it is important to note in design and applications consider-
ations that the devices are very sensitive to thermal
conditions. The dark signal dc and low frequency com-
ponertts approximately double for every 5°C temperature
increase and single-pixel dark signal non-uniformities
approximately double for every 8° C temparature increase.
The devices may be cooled to achieve very long integration
timas and very low light level capabiilty.

CCD143A
D —sss—s,— s -

ORDER INFORMATION:

Order CCD143ADC where “D” stands for a ceramic
package and “C” for commercial temperature range.

Also available are printed circult boards that include all the
necessary clocks, logic drivars, and video amplifiers to
operate the CCD143ADC. The boards are fully assembled
and testad and require only one power supply for operation
(+20V). The printed circult board order code Is CCD143DB.
The CCD133A, 143A and 153A can be operated in the same
printed circult board. The 24 pin CCD133A and CCD153A
davices are to be placed at the center of tha 28 pin socket
on the printed circult board.

CCD143ADC PACKAGE QUTLINE
28-Pin Dug! In-line Ceramic Package

o

i
e
1
1
H
v,

1.1 REF. (3077 —
 — T+

i

NOTES:

ihe package

I} lbmrncsscmmmmmmmimtmmmmrmmrmei | O

0.100 THP p=-

A
e

.4 TOP OF DIE
{1.38) TO TOP OF COVER
L]

= i

0040 KEF
1.0

=n| = 0.050 TYP

i LT

Al dimengions in inches .bold and millimeiers . parentheess . Header is black ceramic
1Al203 . Window is glass. The amplifier of the device ia localed near Ihe notched end of




FAIRCHILD WESTON
Schlumberger
CCD iMAGING DIVISION

PRELIMINARY

2048-Element

Linear Image Sensor

FEATURES

2048 * 1 photosiie array

13um ¥ 13.m photosties on 13.m pitch
Anti-blooming and Integration control
Enhanced Spectral Response (particularty in the
blue region)

Low dark signal

Exceflent low-light-level performance

High responalvity

Dynamic range typical: 7500:1

Over 1V peak-to-peak outputs

Dark reference contained In a sample-and-heid output
Special selections avallable — consult faclory.

DESCRIPTION

The CCD145 is & 2048-slemont ine imaps seraor designad for
page scanning applications including facsimile, optical char-
acter recognition, and other imaging spplications which
require high resodution, high sansitivity and high dynamic
range. Tha incorparation of on-chip anti-blooming and
Integration contral pllow the CCD145 fo be extramely
usartul in an industrial measurement and contrel environment
or in environments where lighting conditions are difficult,

The photoelement size is 13um (0.51 mils) by 13um (0.51 mils)
on 13um (0.51 mils) centers. The device is manufactured
using Fairchild Weston advanced charge-coupled device n-
channet Isoplanar buried-channel technology.

PIN NAMES DESCRIPTION

Vra Photogate

XA, PXB Transfer Ciocks

B1A, P2A Transport Clocks

1B, ¢28

) Raset Clock

#SH Sample-and-Hold Clock
HCADICE Integration Control Clocks

VIDEOgyt Output Amplifier Source
COMPouT Compensation Ampilifier Source

Voo Output Amplifier Drain

Veo Compensation Amplifier Drain
RD Reasat Drain

oG Output Gate

Vaing Anti-Blooming Sink

Vaias Amplifier Bias

Vsa Amplitier Signal Ground

Vss Subsirate Ground

NC No Connection (Do Not Ground)

PIN CONNECTION DIAGRAM
(TOP VIEW)

ned1 ~ 2Bbve

ésH ] 2 27 O vep

veo 03 "H | 28 0 ygq

R[] 4 28 1 VIDEQouT
Yoo [ 5 24 [ Veus

NCL]s 23 ] COMPoUT
Vss O 7 22 (1 vpp
sude ||| |20 %s

dalo 20 :l' g

Pxa ] 10 19 [ dxp

aica ] 11 18 ] $ice
Vamne [ 12 17 O ne

NC 113 16 [ Vog

Vss [ 14 15 17 veg

Falrchild Weston Systems, lnc. COD Imaging Division
810 W. Maude Ave., Sunnyvale, California 94088
{408) 720-7800, TWX 910-373-2110
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Fairchild Weaton resarves the right 1o make changes in
the circuitry or apecifications at any time without notice
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PRELIMINARY CCD145
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BLOCK MAGHRAN
FUNCTIONAL DESCRIPTICN Integration Control Operation:

The CCD145 consists of the following functional elements
illustrated in the Block Diagram:

image Sensor Elements — A row of 2048 image sensor
elements separated by a diffused channel stop and covered
by a silicon dioxide surface passivation layer. Image photons
pass through the transparent silicon dioxide layer and are
absorbed in the single crystal silicon, creating hole-electron
pairs. The photon generated electrons are accumulated in the
photosites. The amount of charge accumulated in each
photosite is a linear function ol the incident illumination
intensity and the integration period. The output signal will vary
in an analog manner from a thermally generated background
level at 2ero illumination to a maximum at saturation under
bright illumination.

Two Transter Gates — Gale structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the image sensor elements are transferred out via the transfer
gates to the transpont registers whenever the transfer gate
voltages go HIGH. Alternate charge packets are transferred to
the A and B transpaort registers.

Integration and Anti-Blooming Control — In many applications
the dynamic range in parts of the image is larger than the
dynamic range of the CCD, which may cause more electrons
to be generated in the photosite area than can be stored in the
CCD shift register. This is particularly common in industrial
inspection and satellite applications. The excess electrons
penerated by bright illumination tend to “bloom™ or “spill over”
to neighboring pixels along the shift register, thus “smearing”
the information. This smearing can be eliminated by using two
methods:

Anti-Blooming Operation:

A DC voltage applied to the integration control gate (approxi-
mately 5 to 7 volts) will cause excess charge genarated in the
photosites to be diverted to the anti-blooming sink (Vaink)
instead of to the shift registers. This acts as a “clipping circuit”
for the CCD output (see Fig. 2). (See also page 238 for further
details.)

—_—————————————— . ——
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Variable integration times which are less than the CCD
exposure time may be attained by supplying a clock to the
integration control gate. Clocking ¢ic reduces the photosite
signal in all photosites by the ratio texpasure/tint. Greater
than 10:1 reduction in the average photosite signal can be
achieved with integration control

The integration-control and anti-blooming features can be
implemented simultaneously. This is done by setting the guc
clock-low level to approximately 5 to 7 voits. (See application
note on page 238 for further discussion).

Two Transport Shift Registers — One on each side of
the line of image sensor elements and are separated from it by
a transfer gate. The two registers, called the transport
registers, are used to move the light generated charge packets
delivered by the transter gates serially to the charge detector/
amplifier. The complementary phase relationship of the last
elements of the two transport registers provides for alternate
delivery of charge packets to establish the original serlal
saquence of the line of video in the output circuit.

A Gated Charge Detector/Amplifier — Charge packets are
transported to a precharged diode whose potential changes
linearly in response to the quantity of the signal charge
delivered. This potential is applied to the gate of an n-channe!
MOS transistor producing a signal at the output VIDEOguT. A
reset transgistor is driven by the resat clock {#r) and recharges
the charge detector diode before the arrival of each new signal
charge packet from the transpart registers,

DEFINITION OF TERMS

Charge-Coupled Device — A chargecoupled device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charga packets are minority carriers with respect to the
semiconductor substrate.
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Transter Clocks ¢xa, ¢xs — The voltage waveforms applied to
the transfer gates to move the accumulated charge from the
image sensor elements to the CCD transport registers.

Transport Clocks ¢1a, ¢24, $18, ¢28 — The two sets of 2-phase
wavelorms appliad to the gates of the transport registers to
move the charge packets recelved from the image sensor
elements to the gated charge detector/amplifier.

Sample-and-Hold Clock ¢sy — The voltage waveform ap-
plied to the sampie-and-hold gate in the output amplifier to
creats a continuous sampled video signal at the output. The
sample-and-hold feature may be defeatad by connecting ¢sH
to Voo,

Reset Clock g — The voliage waveform required to reset the
voltage on the chargs detector.

Dark Reference — Video oulput level generated from sensing
elements covered with opaque metalization which provides a
reference voltage equivalent to device operation in the dark,
This permits use of external DC restoration circuitry.

Isolation Cell — This is a site on-chip producing an element in
the video output that serves as a buffer between valid video
data and dark reference signals. The output from an isolation
cell containe no valid video information and should be
ignored.

Dynemic Range — The saturation exposure divided by the
rms nolse equivalent exposurea. Dynamie range is sometimas
defined in terms of peak-to-peak noise. Peak-to-peak noise is
generally equal to four to six imes rms noisa.

RMS Nolse Exposure — The exposure level that
gives an output signal equal to the rme noisa level of the
output in the dark.

Saturation Exposure — The minlmum exposure level that will
provide a saturation output signal. Exposure Is equal to the
light intensity times the photosite integration time.

Transfer Efficlency — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responasivity — The oulput signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Totst Non-uniformity — The difference of the
response levels of the most and the least sensitive element
under uniform illumination. Measurement of PRNU excludea
first and last elements.

Dark Signal — The output signal in the dark caused by
thermally generated electrons. It is a linear function of the
integration time and Is highly sensitive to temperature.

Saturstion Output Voltage — The maximum useable signal
output voltage. Cherge transfer efficiency decraases sharply
when the saturation output voltage is exceeded.

Exposure Time — The time interval between the failing edges
of any two transfer pulses @xa OF ¢xg as shown In the timing
diagram. The exposure time is the time between transfers of
signal charge from the photosites into the transport registers,

Pixel — A picture element {photosite).

Integration Tkme — The time elapsad from the falling edge of
the integration control clock to the falling edge of the transfer
clock. The integration time is the time in which charge is
accumulated in the photosites.

PRELIMINARY

L VIDEDot

TEST LOAD CONFIGURATION

Jee

CCo4s

]

COMPoyT

VIDEOouT

= Vso

Storage Temperature
Operating Temperature (See curvas)
CCD 145: Pins 2, 3, 4,5, 8, 9, 10, 11, 12, 18,
18, 18, 20, 21, 22, 24, 27
Pin 26
Pins 7, 14, 15, 28
Pins 1,6, 13,17, 23, 25
Pins 23, 25
CAUTION NOTE:

Thesa devicea have limited built-in gate pri ion. Itis rec

output amplifiars.

ABSOLUTE MAXIMUM RATINGS (Above which usaful life may be impaired)

=25°C to +125°C
-25°C to +70°C

-0.3V to 18V
0.0V to v
=3.0V to OV

NC

See caution note.

ded that static discharge be controlled and minimized. Care must be taken to L
sherting pina VIDEQoyT and COMPoyT to Vss. Vep or Vpp during aperation of the devices Shorting thess pine evan temporarily may destroy
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—
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DC CHARACTERISTICE: Tp =25°C (Note 1)

RANGE
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP

Voo Output Amplifier Dvain Supply Voltags 4.0 v Note 2
oo Qutput Amplifier Drain Supply Current 6.0 mA
Veo Compensation Amp. Drain Supply

Vohtage 14.0 v Nole 2
leo Compersation Amp, Drain Supply

Current 6.0 mA
Vra Phologate Bins Voltage ao v
Vro Reset Drain Supply Voltage 125 v
Voa QOutput Gate Bias Voltage 35 v
Vi Anti-Blooming Sink Voltage 14.0 v
Vs Amplifier Bias Voliage 35 v
Vsg Ampiifier Signal Ground 0.3 v
Vss Substrate Ground 20 v Note 3

CLOCK CHARACTERISTICE: Tp = 25°C
LIMITS
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP

AL, Vene
ot Viom, Transport Clocks LOW 03 v Notes 4, 6
dnAH, VineH

Transport Clocks HIGH 15 v Note 5
deaH, Vo
$xAL, VL Transter Clocks LOW 03 v Notes 4,5
OXAH, VB Transter Clocks HIGH 115 v Note 5
VenL Reast Clock LOW 03 Vv Notea 4, 5
VérH Reast Clock HIGH 115 v Note 5
VsHL Sample Clock LOW 03 v Notes 4, 5
Vidarm Sample Clock HIGH 15 v Notes 5, 6
Ip1a, e

1 MHz 7.

Taan, tdos Maximum Transport Clock Frequency 4.0 Notes 7, 8
fen Maximum Reset Clock Frequency 5.0 MHz Notes 7, 8
s {Output Data Rate)
(da 4 ATE, Transpornt and Tranater Clocks Rise and >20 ns
328, P PXB} Fail Times
Véncar, Veucar | Integration Control Clocks LOW 5t07 v Nots 9
“”"‘-"‘"' Integration Control Clocks HIGH 115 v
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I
AC CHARACTERTISTICS: Tp = 25°C, faua = 2.5MHz, tiy = 1.0 ms, Light Source® = 2854°K + 2.0mm thick Schott BG-38 and OCLI 2
WBHM Filters. All operating voltages nominal specified values. All lests done using “Test Load Configuration ™ w
RANGE =
SYMBOL CHARACTERISTIC UMNIT CONDITION
MiM ™P A e
DR Dynamic Range =
(relative 10 paak-to-peak noise) 1500:1 l'-—-‘-l
(relative to rms nolse) 7500:1 [
NEE RMS Noise
Equivalent Exposure 36 pJcm2 Mose 10
SE Saturation Exposure 027 wl/em2
CTE Charge Transfer Efficiency 92995 98099 Micrim 11
Vo Output DC Leved 40 5.0 120 v
On-Chip Power Dissipation 85 250 mw
Output Impedance 1 Ko
Psak-to-Peak Noise o8 my

PERFORMANCE CHARACTERISTICS: T = 25°C, faate = 2.5MHz. tint =10 mS, Light Source” = 2854°K + 2.0mm thick Schott
BG-38 and OCLI WBHM filters. All operating voitages nominal specified values. Sample and
Hold Clock I3 used.

RANGE
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP MAX
PRNU** Photoresponsa Non-uniformity
Peak-to-Peak 70 140 my
Peak-to-Peak without single pixel and 50 my
Positive and Negative Pulses
Single-pixel Positive Pulses 30 mv
Single-pixel Negative Pulses 40 my
Register imbalance ("Odd/Even"; 20 mv
DS Dark Signal: Note 12
DC Component 1 2 my
Low Frequency Component 1 2 my
SPDSNU Single Pixel DS Non-Uniformity 1 2 my
R Responsivity 45 V/pJome2
Vgar Saturation Output Voltage 10 12 20 v Note 13

* OCLI WBHM = Optical Coating Laboraiory, Inc. Wide Band Hot Mirror.

" AIIPANU measuraments are taken et an 700 my outputlevel using an 1/5.0lens and exclude the cutputs from the first and last elements of the array._
The “T* number is defined as the distance from the lens to the array awiged by the diameter of the lens aporture. As the " number increases, the
resulting more highly collimaied kight causes the package window Imperfections to dominate and Incroass PRNU, A lower " number resulta in
lesa collimated light causing device pholoalte blemishes to dominate the PRNU.

NOTES:
1, Ty in thafined me the pashags tempedaiyie measuned &9 @ coppar black in good thermal contact with the antira beckside of the device
2. Voo missl be connocing 1o Ve,
A AN Viag pine munt be connmcing ig e same petantind. Ves may ba bsys than 0 OV.
4 Negativs iransianis on any clogk pin Going baicew 0.0 may cause charge injection that resuils in an increase in apparent dark signat
& Cna = Coas = Clivnm = Cihom = B500F: Cin = Cofut = 150pF. Lot = CosH = 5pF.
B i mEy b haid high far aperatinn sinn ariernal sample gnd kold olrcuitry. This is employed for the highast linaarity See oulpul photographs
7. Minimum clock froquenay is lmiled by sicommss in di sigral.
B, 05l = Fayn = Fayga, = B = Fapm
U, Sem Moximum Crutpud Voltage v &0 Vollage eures

10, Td/md = €2 hocs/'ceil bor 8 SO, source wah & frven Scnott BE-18 and OCLI WBHM filters

11 CTE i defitied far & ons-atage tranafor

T2 Dark signal doutibes for susry 7° G increass in Tip typocasly

11 Sew Wt ksd nondigurstion

ﬁ

85




PRELIMINARY CCD145

TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES
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RELIMINARY

Reference

FAIRCHILD CCD145 OUTPUT PHOTOGRAPHS

lPIch,PI:dzl

—»’ ‘--—- Valid video from one pixel

Vout with ¢sH heid high.
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PRELIMINARY CCD145

FIGURE 1: INTEGRATION CONTROL TIMING DIAGRAM

= IEsPosmE =
| - e e -
Mote 33 {Mats 3}

by p—

”’___Anm-n m—n"ﬁ """" N v

NOTES:

1. 11 > (tal oof ).

2 All charge generated in photosiies during tic s dumpsd [0 V.

3. All gharge generated in photosites < Qgar during bt I8 h'lmlornd Inm the uhlﬂ mlmn during ¢x clock-high pericd. Photosite charga > Qaar

(shift reg.) generated during tint goes Into Vane If anti-b ] ge |8 C

. i Glock-low = 5 to 7 volte will glve best antl-blocming opsaration.
G Vriww & trau > 48 to minimize clock coupling of ¢ec Into Your.
To sliminate integration control, but retain antl-blooming ¢ic = +5 YOG,
To eliminate both Integration control and antl-blooming, $ic = OVDC or Vag(—2V).
To use Integration conirol withrout antl-bioaming, use gic clock-law = 0.0 to 0.7 volts and gic clock-high = same range as g1 or g1 ¢lock-high

voltage,

LT Y ¥

FIGURE 2: MAXIMUM OUTPUT VOLTAGE vs. pic VOLTAGE

i Pertect Anti-Bicoming
Maximum No
. Anti-Blooming in operation,
3“ p!.l'le +M'm+:‘_mwvﬂﬁ1’ Is Attenusted
Vaar I

=5 10 7 volis
¢ic Voltage (Voits DC or Volits at ic-clock-low)
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TIMING DIAGRAM

CCD Sensors
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PACKAGE OUTLINE
28-Pin Dual In-line Caramic Package

0.027 REF ':‘ °'°‘2°m"5“
‘0808 . —‘
i wmnpow (1 - "Lmﬁm
0.310 REF Bonp 0610 REF
{7.87) (15.48)
| ARRAY
i SIDE BRALE
\ PiM
i
oo - Ju.mu
08 L 0207 ner- 10:29)
i7.80]

0,063 TOP OF DIE
(1.35) TO TOP OF COVER

A
T

Iy
0.040 REF
Ui

(1.02)
0.100 f~ 0.020 TYP
{2.54) 0.51)

NOTES
All dimensions In Inches (boid) and millimeters (parenthoses). Header ie black ceramic {AL,O,) Window Is giass. The amplifier of the device is
located near the notched end of the package.

DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
de-ionized water. Allow the glass to dry preferably by blowlng
with filtered dry Nz or alr.

It is important to note In design and applications considera-
tions that the dewvices are very sensltive to thermal conditions.
The dark signal DC and low frequency components approxi-
mately double for every 5° C tempemture increase and single-
pixel dark signal non-untformities approximately double for
every 8° C temperature Incraase. The devices may be cocled
to achieve very long integration times and very low light lewel
capability.

ORDER INFORMATION:

Order CCD145 DC whers “D" stands for a coramic package
and “C” for commercial temparature range.




FAIRCHILD WESTON | CCD151 -
3456 —Element =
CCD IMAGING DIVISION Line Scan Image Sensor w3
o
e

FEATURES

8 Very high resolution: 3456 photosiies

= Smal slement pitch: 7um

8 Low dark signat

& High responsivity

¥ Dynamic range typical: 2500:1

& Over 1V peak-io-peak output

8 Dark reference contalned in sampled-ang-
held output

u Speclal selections avallable — conault factory.

DESCRIPTION

The CCD151 is a 3456-siement line image sensor designed
for page scanning applications including facsimile, copier,
optical character recognition and other imaging
applications which require very high reaolution, high
sensitivity and moderate data rates.

The 3456 sensing elements of the CCD151 provide 400-line
per inch resclution across an 8% inch page which is double
the intemational facsimile standard and satisfactory for
many copier applications.

The photosiement slze is 7um (0.28 mils) by 7,:m (0.28 mils)
on 7um (0.28 mils) centers. The device is manufactured
using Fairchild Weston advanced charge-coupled device
n-channel isoplanar buried-channel technoiogy.

PN CONNECTION DIAGRAM
PIN NAMES DESCRIPTION (TOP VIEW)
Veg Photogate NC 1 " op bvm
DOxa Pxp Transfer Clocks 2 27 ly,
B1a Boa Transport Clocks e 02 X o
P18, P2g Voo O 3 Hl Pon
VOG Ou!pui Gﬂte Vpg O4 25 :]vDD
Vour Video Output Terminal 5 24 v,
Voo Qutput Amplifier Drain :g E 6 23 :var
Vi Output Amplifier Bias 1 2
Ve Output Amplitier Bias 2 Ne O7 22 O Ve
?n Reset Clock o O 8 21 0oy
Psu Sample-and-Hold-Clock . o 20 [ gy
Vsa Signal Ground d 10 1 h
Vss Substrate (Ground) P Pre
NG No Connection TR3 O 1 18 P
TP1, TP2 Test Points e O 12 !gt 17 O1p2
TP3, TP4 . Vg [ 13 16 (I Veg
Veo Peripheral Diode Ve [ 14 15 (v,

Fairenlid Weston Systems, Inc. CCD Imaging Division. o1 ©1088 Fairchild Weston  Printed in U.S.A.

810 W. Maude Ave,, Sunnyvale, Callfornia 84088 Fairchlic Weston reserves ihe right to make changes in
(409) 720-7600, TWX B10-373-2110 the circultry or spacifications at any tims withaut notice.
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BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION
The CCD151 consists of the following functional elements
illustrated in the Block Diagram:

image Sensor Elements — A row of 34568 image sensor
elements separated by a diffused channel stop and
covered by a silicon dioxide surface passivation layer.
Image photons pass through the transparent silicon dioxide
layer and are absorbad in the single crystal silicon creating
hole-electron pairs. The photon generated elecirons are
accumulated in the photosites. The amount of charge
accumulated in each photosite is a linear function of the
in¢ident ilumination intenslty and the Integration period.
The output signal will vary in an analog manner from—

a thermally generated background lavel at zaro lllumination
to a maximum at saturation under bright ilumination.

Two Transfer Gates — Gate structures adjacent to the row
of image sensor elements. The charge packets accumulated
in the Image sensor elements are transferred out via the
transfer gates to the transport registers whanever the
transfer gate voltages go HIGH. Altemate charge packets
are transferred 1o the A and B transport registers.

Two Analog Tranaport Shift Registers — One on 9ach side
of the line of Image sensor elements and are separated
from it by a tranefer gate. The two reglsters, calied the
transport registers, are used to move the light generated
charge packets delivered by the transier gates serlally to
the charge detector/amplifier. The complimentary phase
relationship of the last elemeants of the two transport
registers provides for alternate delivery of charge packets
to establish the original serlal sequence of the line of videc
in the output circuit.

A Gated Charge Detector/Amplifier — Charge packets
are transported to a precharged diode whose potentlal
changes linearly in response to the quantity of the signal
charge delivered. This potential is applied to the gate of the
output n-channel MOS transistor producing a signal at the
output Vor. A reset transistor is driven by the reset clock
(s} and recharges the charge detector diode capacitance
before the arrival of each new signal charge packet from
the transport registers.

Transport Clocks &, $3a, P1p @28 — The two sets of
2-phase waveforms appliad to the gates of the transport
registers to move the charge packets receivad from

the image sensor alemants 1o the gated charge detector/
ampilifier.

Sample-and-Hold Clock ¢4, — The voltage waveform
applied to the sample-and-hold gate in the output amplifier
to create a continuous sampled video signal at the output.
The sample-and-hold feature may be defeated by connecting
Hgu 10 Vpg.

Reset Clock ¢z — The voltage waveform required to reset
the voltage on the charge detector.

Dark Reference Circultry — Eight additional sensing
elements at both ends of the array are covered by opaque
metalization. They provide a dark (no lllumination) signal
refarence which is delivered at both ends of the line of
video output representing the illuminated sensor elemants
{labeled "D" in the Block Diagram). These reference levels
are ugeful as inputs to external dc restoration circulitry.

Persipheral Diode — Serves to reduce peripheral elactron
noise In the inner shift ragisters.



CCD151

DEFINITION OF TERMS

Charge-Coupled Device — A charge-coupled device is

& samiconductor device in which finite isolated charga
packets are transported Irom one position in the sami-
conductor to an adjacent position by seguential clocking of
an amay of gates. The charge packets are minarity carrlars
with respect to the semiconductor subsirte.

Pixel — A ploture element {photosite).

Transfer Clocks ¢y, ¢,g — The voltage wavetorms applied
to the transter gates 1o move the accumulated charge from
the image sensor elements to the CCD transport registers.

Dark Reference — Video output level generated from
sensing elements covered with opaque metalization which
provides a referance voltage equivalent to device operation
in the dark. This permits use of external dc restoration
circuitry,

Isolation Cell — This is a site on-chip producing an
element in the video output that serves as a buffer between
valid video data and dark reference signals. The output
from an isolatlon cell contains no valid video information
and should be ignored.

Dynamic Range — The saturafion exposure divided by the
rms nolse equivalent exposure. (This does not take inlo
account dark signal components.) Dynamic rangs s
sometimes defined in terms of peak-to-paak noise. To
compare the two definitions a factor of four to six is
generally appropriale in that peak-to-peak noiss is approxi-
mately equal to four o alx times rms nolse.

RMS Noise Equivalent Exposurs — The exposure level
that gives an output signal equal to the rms noise level at
the output in the dark.

Saturation Exposure — The minimum exposure level that
will provide a saturation output signal. Exposure is equal to
the light intensity times the photosite integration time.

Charge Transter Efficiancy — Percentage of valid charge
information that is transferred between sach successive
stage of the transport registers.

Speciral Response Range — The spectral band in which
the response per unit of radiant power is more than 10% of
the peak response.

Responslvity — The output signel voltage per unit
exposure for a specified spectral type of radiation.
Responsivity equals output voltage divided by exposure.

Total Photoresponse Non-uniformity — The ditference of
the response levels of the most and the least sensitive
elements under uniform illumination. Measurement of PRNU
excludes first and last elementa.

Dark Signal — The output signal in the dark caused by
thermally generated electrons that s a linear function of
the integration time and highly sensitive to temperature.

Saturation Output Voltage — The maximum useabls signal
output voltage. Charge transfer efficiency decreases
sharply when the saturation output voltage is exceeded.

Integration Time — The time interval between the falling
edges of any two transfer pulses Pua OF Pyg 88 shown In the
timing diagram. The integration time is the time between
transfers of signal charge from the photosites into the
tranaport registers.

i TEST LOAD CONFIGURATION
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CCD151

ABSOLUTE MAXIMUM RATINGS (Above which usetul lite may be impaired)

Storage Temperature —25*C to +125°C
Operating Tomperature —25°C to +70°C
Pins 2, 3, 4, 8,9, 10, 11, 12, 17, 18, 18, 20, 21, 22, 23, 25, 26, 27 -0.3Vic 18Y
Pin 16 -0.3V1io 16V
Pins 13, 14,15, 28 ov
Ping 1, 5, 8, 7 {See Caution Note) NC
Pin 24 {See Caution Note) Video Output

CAUTIONNOTE: Thesi dusioes |sarv limitisd bisithin gass protection it s mcommnnded (sl stadic dischangs be controlsd and minimized. Care musi be taken
to wvold shorting Vout, Vs, or Voo during operation of thase devices. Shorting these pine even tempairarity may destroy the oulput ampifiers.

Do nol connect anything to a pin marked NC. They may be irtemally connected.

DC CHARACTERISTICS: T, =26 (Note 1)

RANGE
SYMBOL | CHARACTERISTIC MN. | TYe. | mAx | unms NOTES
Vi Output Amplifier Drain Supply Voltage | 145 | 150 | 155 v
loo Output Amplifier Crain Supply Current 5.0 16.1 mA
Vio Photogate Bias Voltage 40 45 50 v
v Peripheral Diode Voltage 145 | 150 | 155 v
Voo Output Gate Voltage 75 80 85 v
Ve, Output Amplifier Blas 1 45 50 55 v
Ve Output Ampilfier Blas 2 16
Vaa Signal Ground 06 v
Ve Substrate (Ground) 00 v
TP1,TP3 | Test Points 40 45 50 v
TP2,TP4 | Test Points 145 | 150 | 155 v
CLOCK CHARACTERISTICS: T, = 25° (Note 1)
RANGE
SYMBOL CHARACTERISTIC MIN. TYP. MAX UNITS NOTES
5::: Vew | Transpon Clocks LOW 00 06 10 v 234
‘\‘,'--m Ve | Transport Clocks HIGH ns | 120 | 128 v 3,4
e Y ézer
Vou Vo | Transter Clocks LOW 00 06 10 v 2,5
Vs Vo | Transter Clocks HIGH 1s | 120 | 1as v 5
Ven Reset Clock LOW 0.0 086 10 v 2,8
Vime Reset Clock HIGH ns | 120 | 125 v 8
Ve Sample Clock LOW 0.0 068 1.0 v 2,7
W Sample Clock HIGH ns | 120 | 12s Y 7
o E’-’Sﬁ'ﬂﬁﬁ'fbﬁ:"é’& ke 25 5.0 MHz 8
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AC CHARACTERISTICS: T, =25°C, fon=1.0MH1, L, = 4ms, Light Source = 2854° K + 2.0mm thick Schott BG-38 and OCL! WBHM :;-.
Miters.* All operating voliages nominal specified values. {Note 1) Alf tests done using “Test Load Configurstion.” o
RAMGE ;
SYMBOL | CHARACTERISTIC M. | tve. | max | uwis NOTES i
—
(v Dynamic Range A
{relative to rms noise) 2500:1 9 e
(relative to peak-lo-peak nolse) 500:1
NEE RMS Nolse
Equivaient Exposure .0001 W/ em? o
SE Saturation Exposure 380 J/emz? 101"
CTE Charge Transfer Efficiency 99999 12
V, Qutput DC Level 40 55 75 v
P Power Dissipation 75 250 mw
F4 Cutput Impedance 15 a0 kQ
N Poak-10-Peak Noise 4 my

PERFORMANCE CHARACTERISTICS: Tp=25°C, 1, = 1.0MHz, b =4ms, Light Source = 2064° K + 2.0mm thick Schott BG-38
and OCLI WBHM fHers.” All operating voltages nominal specified values. (Note 1}

RANGE

BYMBOL CHARACTERISTICS MiIN, TYP. MY UNITS NOTES
PRNU** Photoresponse Non-uniformity

Peak-to-Peak 120 160 mv

Peak-to-Peak without Single-Pixel 80 mv

Positive and Negative Pulses

Single-pixel Positive Pulses 70 my

Single-pixel Negative Pulses 100 my

Reglster imbalance (“Odd"/ “Even") 20 mv
Ds Dark Signal

DC Component 5 2 mv 13

Low Frequency Component 5 5 mv 13
SPDSNU Single-pixel DS Non-unitormity 3 8 mv 14
R Responsivity 3 40 9 “‘:'J'ffcﬁf,’ 10,15
Vaur Saturation Qutput Voltage 1000 1800 3000 my

“QCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror.

“*All PANU measurements aro taken at an 800mV cutput level using an /5.0 Iena and exclude the outpuls from the firsi and last elemants of the array. The 1"
number is dafined as the distance from the lens 1o the array divided by the diameter of the lans speriure. As the “” number increases, the resulting more highiy

collimated light the package window imp i to domi| and Increass PANU. A lower “f~ number results in loss collimatod light causing device
photosi "8 10 dominate the PANL,
NOTES 1 ummnm{:wmmm-nmmum
1. Tuls defined ns e peciage temperatire. fiters s typlcally 0.42 u)
2 &mwmmmmMWMMg&:ﬁm 2 ﬁ""m'h‘lww- e
et whiah n Incrmmss of 13 wgnal componont s srmatnhy e Tar awnry

a :E:?;?PF- il oo ncranse in Ty, Qepanding on Me particular devios.
4 Cypns=280pF. 4. Ench SPOSNL iy meanised from ihe DS level efacent 10 the base
Ci - = B80pF mmamsmThnsmemnmhbrm
e B-15°C incrense in Tp, depending on the partioutar device.
T g‘:.:::r 15 m“l'ﬂﬂhl wm H’ﬂr 284K “'f;; 'ijm Schott BG-38 and
a ”‘“‘““‘“‘*"m'm‘“"w"mm- 8 h!mmmmm:v:fﬂcu'.ﬂmm»wmm
[} hﬂmhwhm-?uﬁﬁﬂwwn Pin 23 a8 shown,

o Vo /FIMS Moige
10. mw-ummwumm-ummmm

BG-38 arnd OCLI WHHM Mitars
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TYPICAL PERFORMANCE CURVES

RELATIVE IRRADIANCE

TYPICAL SPECTRAL RESPONSE VERSUS WAVELENGTH
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PACKAGE QUTLINE
28-Pin Dual In-line Ceramic Package
;0,080 REF
0.027 REF__, "] (2.09)
_________ i i {0.8a8)
26 15 !
[ - L] WINDOW . LEAD
31 | ] 0.310 REF BOND 0,810 REF
¢ I (787 (15.48)
‘ m::m
t._...........___...._JH Bl i
e 1.200 REF. (32.77) —— 0.020
p————————1.450 REF. (38,83} — 10.66) ik nEFJ :iﬂ;;
(7.80)
0.083 TOP OF DIE
{1.36) TO TOP OF COVER

NOTES

Al dimensgions in inchea (bold) and millimeters (paranthesas). Header is black ceramic {AlO,). Window is glass. The ampiifier of the device is

located near the notched end of the packege.

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in
alcohol and lightly wiping the surface. Rinse off the alcohol
with de-lonlzed water. Allow the glass to dry preferably by
blowing with filtered dry N; or air.

It is important to note in design and applications
conslderations that the devices are very sensltive to
thermal conditions. The dark signal DC and low frequency
components approximately double for every 5°C tempera-
ture increase and single-pixel dark signal nor-uniformities
approximately doubie for every 12°C temperature increase.
The devices may be cooled to achieve very long Integration
times and very low light level capabillty.

ORDER INFORMATION

Qrder CCD151 DC where D" stands for a ceramic package
and “C"” for commercial temperature range.

Also available separately s a printed circuit board that
includes all the neceasary clocks, logic drivers and video
amplifiers to operate the CCD151DC. The board is fully
assembled and tested and requires only one power aupply
for operation (+20V). The printed circult board order code
is: CCD151DB.

Devics Type

Description Order Code

CCD151 3456 x 1 Line Image Sensor CCD151DC
Design Development Board for CCDY51 | CCD1S1DB




FAIRCHILD WESTON

CCD153A

512-Element High-Speed

CCD IMAGING DIVISION

Linear Image Sensor

FEATURES

512 = 1 photosite srray

13um * 13:m photostiss on 13:m piltch
High speed: up to 20 MHz data rate
Enhanced speciral response

Low dark signal

High responsivity
On-chip clock drivers
Dynamic range typical: 5000:1

Over 1 V peak-to-pesk outputs
Dukmdmmconhlnedlnmph-md-held
outputs

DESCRIPTION

The CCDMS3A is & 512-photosiement linsar image sensor
utifizing chargecoupled device technology. It Is designed for
visible and very-near-IR imaging applications such as page
scanning. focsimile, optical character recognition, earth-
resouroes-galellite telescopes, and other applications which
require high resolution, high responsivity, high data rates, and
high dynamic ranga

The CCDN53A has been Improved and is pin-for-pin compat-
thia with the CCD153 axcept for the deletion of the end-af-
Scan Waveform (EOSqour). The COD153A has several new
taatures which may be implemented at the user's option by
supplylng input vollages and waveforms ditferent than thoss
required for standard CCD153-type operation.

The CCD1ZIA (1024 pixels) and CCDT53A {512 pixels) am

pin-tc-pin campatible sxcept for tha pixel counts and capaci-
thve inads.

Photoalemeant size is 13 um (.51 mils) = 13 ym (0.5Tmils) on
13 um [0.51mila} centers, The devices are manuiactiuned
using Fairchild Waston advanced second-genaration charge-
coupled-davice n-channal lsoplanar sllicon-gata burisd-
channal ihchnology.

PIN NAMES DESCRIPTION

Vour, Output Amplitier A Source
$SHG Sample-and-Hold Gate A

$SHCA Sample-and-Hold Clock A

Vo Clock Driver Drain

NC No Connection {Do Not Ground)
Vr Transport Register DC Electrods
Ve Electrical Input Bias

Vss Substrate Ground

VpG Photogate

éX Trenster Clock

&1 Transpont Clock

VRp Reset Transistor Drain

SHcp Sample-and-Hoid Clock B
$SHgg Sample-and-Hold Gate B

Voutg Output Amplifier B Source

Voo Cutput Amptifler Draln

PIN CONNECTION DIAGRAM
{TOP VIEW)
VIDEQourT, = u 24 :| Voo
dsHGa [ 2 23 L] VIDEOouTy
¢sica ] 3 [ | 22 3 tomes
Veo [ 4 21 [7] ¢sHcg
NC ] 5 20 ] NC
NC L[] 6 19 1] NC
NC T} 7 8 O vap
Veo ] 8 17 O vr
ne] o 16 [ o1
NC [ 10 15 7 ¢x
v |8l | 14 O vee
ve 12 LN 45 (] Vss

Fairchiid Waston Systems, (nc. CCD Imaging Divislon,
810 W. Maude Ave., Sunnyvale, California 84086
408-720-T800, TWX 910-373-2110

#1986 Falrchild Weston  Printed In U.S.A.
Falrchild Weston ressrves the right 1o make changes In
the clrcuitry or spacifications at any time without notice.
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Fig. 1 BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The CCD 153A consists of the following functional elements
illustrated in the Block Diagram and Circuit Diagram {Fig. 1).

Photosites: A row of 512 image sensor elements separated by
a diffused channel stop and covered by a silicon dioxide
surface passivation layer. Image photons pass through the
transparent silicon creating hole-electron palrs. The photon
generated electrons are accumulated in the photosites. The
amount of charge accumulated in each photosite I3 a linear
function of the incident illumination intensity and the Integra-
tion period. The output signal will vary in an analog manner
from a thermally generated background level at zero illumina-
tion to a maximum at saturation under bright lllumination.

: The photogate structure, located at the edge of the
photosites, provides a bias voltage for the photosites.

Trenster Gate: The transfer gate structure separates the outer
edge of the photogates from the analog shift registers.
Charge-packets generated and accurnulated in the photosites
are transferred into the transport analog shift registers when-
ever the transfer gate voltage goes "High.” All odd-numbered
charge packets are transferred into the "A” transport analog
shift register; all even-numbered charge packets are trans-
ferred into the "B” transport analog shift register. The transfer
gate also controls the input of charge from Vg intc the white
referance celis (described below). The time interval between
successive transfer pulses determines the integration time

Analog Shift Repisters: Four 273-element analog shift registers
transport charge towards the output end of the chip. The two
inner registers, the transport registers, move the image-
generated charge packets serially to the two gated charge
detectors and amplifiers. The two outer shift registers, the
peripheral registers, accumulate charge generated at the chip
periphery (by photons passing through unavoidable gaps in
the light shield layer, sic.) and transpont it to charge sinks. The
primary shift register clock is ¢t. The complementary phase
relationship of the secondary shift register clocks &t and T,
generated on-chip, provide alternate delivery of charga pack-
ets from “A” and “B" shitt registers to their amplifiers 36 that

100

the ariginal serial sequential string of video information may
be easily demuktiplexed off-chip

Gated Charge Deteclors & Reset Gates: Each transport
analog shift register delivers charge packets to a precharged
diode. The change in diode potential is linearly proportional to
the amount of charge delivered in the charge packet. This
potential is applied to the input gate of a MOS transistor
amplifier {see below), which linearly amplifies the input
potential. The diode is reset to the reset drain bias voltage
(VRp) by the resst gate structure. Reset occurs when both the
internal reset clocks (&1 on the “A” side, &1 on the “B” side) are
“High." Each side is reset just before the next charge packet is
delivered from its respective transport analog shift register.

Quiput Amplifiers and Sampie-and-Hold Gates: Each sides’
gated charge integrator drives the input of a two-stage linear
MOS-transistor amplifier. A schematic diagram of this circuit
is shown in Figure 9 below. The two stages of each amplifier
are separated by sample-and-hold gates. The cutput of the
tirst stage is connected to the input of the second stage
whenever the sample-and-hold gate is “High.” The output of
the second stage is connected to the VIDEOguT pin. The
sample-and-hold gates are switching MOS transistors: clock-
ing these gates results in a sampled-and-held output, thus
aliminating the reset clock feedthrough. When on-chip
sample-and-hold is used, pin 2 is to be tied to pin 3 and pin 21
is to be tied to pin 22, Ofi-chip sample-and-hold pulses can be
supphed through pins 2 and 22. The sample-and-hold oper-
ation can be disabled by tying pins 2 and 22 to Vpp. Whenever
on-chip sample-and-hold is not used, pins 3 and 21 should be
left unconnected.

Clock Driver Circuits: Two MOSFET clock-driver circuits on-
chip allow sample-and-held operation of the CCD153A with
only two externally-supplied clocks: the square-wave primary
shift register transport clock ¢, which determines the output
data rate, and the transfer clock ¢y, which determines the
integration tima.

Dark and White Reference Cells and Clrculiry: At each end of
the 5i2-photosite array there are four additional sensing
elements covered by opaque metallization. These “Dark
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Fig. 2 TEST LOAD CONFIGURATION
Voo Voo
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Reterence Calls” provide four charpe packets (two on each
side) al aach end of the serial video output which indicate the
typlcal dark (non-lluminated) signal level, In addition, two
“White Reference Calls™ (one per side) are input into the seria|
video outpuls atter the Inst pixed (#512) and the dark referance
csila, {Refer to the ssction on the tranater gaie. above). Each
white raference cell generates an output signal pulse spprox-
imately 80% of the ampliiude of & photosite saturation
(maximum| signal. These cells may be used as inputs to
extarnal OC restoration and/or automatic gakn control clrouis,
White referance ampiftude Is slightly depandant on exposure,
especiafly nt infrared wavelengtha.

DEFINITION OF TERMS

Charge-Coupled Device—A charge-coupled device is a sami-
conductor device in which finitae isolated charge-packets are
tranaported from one positlon in the semiconductor to an
adjacent position by sequentlal clocking of an array of gates.
The charge-packets are minority carriers with respect to the
semiconductor substrate.

Tranater Clock ¢x—The transfer clock Is the voliage waveform
applied to the transfer gate to move the accumulated charge
trom the Image sensor elements to the CCD transport shift
registers.

Transport Clock #1—The transport clock is the clock applied
to the gates of the CCD transport shift registers to move the
charge-packets received from the image sensor elements to
the gated cherge-detector/amplifiers.

Sample-and-Hold Clock dsia, PsHa) —The voltage wavelorm
applied to the sampie-and-hold gates in the output amplifiers
to create a continuous sampled video signal at the output. The
sample-and-hold featurse may be defeated by connecting
PSHiaag o Vob.

Isolation Cell—A site on-chip producing an element in the
videoomputmmmeauabuﬂerbetweenvalidvideodam
and dark reference signals. The output from an isolation cell
contains no valid information and should be ignored.

Dynamic Range—The saturation exposure divided by the rms
temporal nolse equivalent exposure. Dynamic range is some-
times defined interms of Ppeak-to-peak noise. To compare the
two definitlons a factor of fourto slx is generally appropriate In
that peak-to-paak noise is approximately equal to four to six
times rms noise.

RHBNoI.EqIMEwu—Theexpoeurelevelthat
gives an output signal equal to the rma noise leve! at the output
irt the dark.

Saturation Exposurs— The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite Integration time.

Tranafer Etficlency—Percentage of vatid charge tnfor-
mation that Is transferred between each successive stage of
the transport registers.

Responsivity— The output signal voltage per unitexposure for
a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Total Photorespones Non-uniformity—The difference of the
response levels of the most and the least sensitive slement
under uniform illumination. Measurement of PRNU exciudes
first and last elements.

Dark Signal—The output signal in the dark caused by
thermally generated electrons that is a finear function of the
integration time and highty sensitive to temperature. (See
accompanying photos for details of definition.)

Saturation Output Voltage—The maximum ussable signal
output voltage. Charge transfer efficlency decreases sharply
when the saturation output voltage is exceeded.

Integration Time— The tims Interva! between the faliing edge
of any two successive transfer pulses (¢x). The integration
time ia the time allowed for the phatosites to coliect charge.

Pixel—A picture slement (photoasite).

PHOTOELEMENT DIMENSIONS
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All dimensions are typical values.
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CCD153A

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature —-25*C to H125°C
Operating Temperature (See Curves) -25°C to +70°C
CCD152A Pins 2,3, 4, 8, 11, 12, 14, 15, 16, 17,18, 21, 22, 24 0.3V to +18v
Pin 13 o
Pins 5,8, 7, B, 10, 19, 20 NC
Pina 1, 23 Ses Caution Note

CAUTION NOTE: These devices have limited built-in gate protection, It is recommended that static discharge ba controlied and minimized. Care must be taken
1o avoid shorting pine Vout A&B to Vss or Vpp during opemtion of these devices. Shorting thesa pine temporarily 1o Vgs of Vigp may destroy the output
amplifiers.

DC CHARACTERISTICS: Tp = 25°C (Notes 1, 2

RANGE
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Vco Clock Driver Drain Supply Voltage 135 14 14.5 \" Note 3
ico Clock Driver Drain Supply Current 7.0 15 mA
Voo Qutput Amplifier Drain Supply Voltage 135 14 145 \ Note 3
Ico Qutput Amplitier Drain Supply Current 15 25 mA
Vra Photogate Bias Voltage 8.5 9.0 9.5 v
Vv DC Electrode Bias Voltage 55 6.0 6.5 v Nole 4
Vel Electrical Input Bias Voltage 6.0 v Note 5
Vss Substrate | Ground) 00 v Note 6
: VRD Reset Drain Supply 12 13 145 v Note 18
CLOCK CHARACTERISTICS: Tp = 25°C (Note 1
RANGE
SYMBOL CHARACTERISTIC MIN VP MAX UNITS CONDITIONS
:::t- Transter & Transport Clock LOW 00 03 05 v Notes 6, 7
VxH.
Ve Transfer & Transport Clock HIGH " 115 12 v Note 7
L)
foata max | Maximum Output Data Rate 12 § 20 MHz Notes 8, 9
NOTES:
1. Tp ks gefined as the p o d on & copper block In good thermal contact with the entire backsids of the packege.

2 ALL Vss pina must be grounded. AINC plns muest be left unconnected.
3. Vpp pins may be connectad 10 Vep and/or Vap ping
4 Vy =0.55 ¢x HigH = 0.55 &7 HiGH
£ Vg is used to genemta the white reference output These two signals can be sliminated by connecting Ve to Vop.
€. Nepative transients on any clock pin going below 0.0 voits mey ¢causa charge Injectlon, which resuhs in an Increase In apparent DS.
7. C ¢y =180 pF; C x = 50 pF.
All clock rise and fail times should be > 30ns.
& The minimum clock frequency is limited by increasses n dark signal
9. foata =2 (f 41)
10. OCLI WBHM = Optical Coating Laboratory, Inc. Wide Bant Hot Mirror,
11. CTE Is tha measurement for a one-siage transfer.
12 Sea photographs lor PANU cefinitions,
13 Video mismatch i the diffsrence in ac amplitudas betwean Voyr a and Vour s undsr uniform lliussimstion. itosn be sliminsisd by sttenustion/amplification
of ona of the video outputs.
14. DC miamatch s the difference in dc output level Vo between Vour a and Vout s
15 Ses photographs lord.rltllgnll definitione.
16. Dark sigmal stedy doubles for every 5-10°C in Tp.
17. Each SPOSNU hm-ummmoswuhwnwmmum SPOSNU. The SPDSNU appraximately doubles for every 5-15 *C in Tp.
18 Vap voltages in the lowsr mange Improves ampiifiss lnearity.

e e e e e e e e e e s
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AC CHARACTERTISTICS: (Note 1) =
Tp =26°C, fpua = 5.0 MHZ, t,,, = 1.0 ms, Light Source” = 2854°K + 2.0 mm thick ]
Schott BG-38 and OCLI WBHM filters. =
All operating voitages nominal specified values.  All tests done using “Test Load Configuration.” ;;
RANGE -
SYMBOL CHARACTERISTIC MIN TvP MAX UNITS CONDITIONS &5
DR Dynamic Range | relative to 1500:1 o
peak-to-peak noise)
(relative to rms noise) 7500:1
NEE RMS Noise Equivalent Exposure 0.00008 ujfem2
SE Saturation Exposure 0.67 pifcmz2
CTE Charge Transfer Efficisncy 0.99985 | 0.99999 Note 11
Vo Output DC Level 40 8.0 11.0 v
F4 Output Impedance 0.75 1.5 kil
P On-Chip Power Diasipation
Clock Drivers 100 215 mw
Amplfiers 170 325 mw
N Peak-to-Peak Temporal Noise 10 my

PERFORMANCE CHARACTERISTICS: |Note 1)

Tp = 25°C, foata = 5.0 MH2, tint = 1.0 ms, Light Source" = 2854°K + 2.0 mm thick
Schott BG-38 and OCLI WBHM lilters

All operating voltages nominal specified values

SYMBOL CHARACTERISTIC MIN H::SE MAX UNITS CONDITIONS
PRNU®* Photoresponse Non- Note 12
Uniformity:

Peak-to-Peak 60 160 my

Peak-10-Peak Without

Single-Pixel Positive & 40 mv

Negative Pulses

Single-Pixel Positive Pulses 10 mv

Single-Pixel Negative Pulses 20 my
Mvibeo Video Mismatch 10 100 my Note 13
Mpg DC Mismatch 0.5 20 v Note 14
Ds Dark Signal: Note 15, 16

DC Component 1.0 2.0 my

Low Frequency Component 1.0 20 my
SPDSNU | Single-Pixel DS Non-Unitormity 10 2.0 mv Note 17
R Responsivity 18 3.0 5.5 Volts per

puj/cm2

Vsar Saturation Oulput Voltage 1.0 1.5 25 v

* OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror

** PANU measurements include both register outputs but exclude the outputs from the first and last alements of the array, Also sxcluded from the
measurement are video and dc mismaich.
Al PANU measursmants are uken at a 800 mV cutpul level using an /5.0 lena,
The 1" number s defined as the distance from the lens to the array divided by the dlameter of the lens aperture. As the “I" number increases, the resulting
maore highly colllmated light causss the package window imperfections to dominate and incrsase PRNU. A lower “1” number requlis in less collimated iight
causing device photosite biemishes to dominate the PRNU.

“———
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Fig. 3 TEST LOAD CONFIGURATION
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Fig. 4 PHOTORESPONSE NON-UNIFORMITY PARAMETERS {PRNU)
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TEST CONDITIONS

Te = +25°C. IpaTa =125 MHz, trt = 1.0 ms, All voltages nominal specified values. Light
source = 2854*K tungsten + 2.0 mm thick Schott 8G-38 and OCLI WBHM filters PRNU
messuraments taken at an output voltage of = 800 mV. Qutput fed through § MHz low
pass filter.
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Flig. 5 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

= -
b
Sample-gnd-Haold Single-Pinel
Clock Coupling Negative
Pulse Amphl-
tude =72 mV
! e
™ b Single-Pixel
Positive
=] Pulse Ampll-
20 m¥ ] I tude =42 mV

TEST CONDITIONS

Te = +25°C, fpata = 50 MHz, tine = 1.0 ms AH voltages nominal specified values. Light
source = 2854°K tungsten +20 mm thick Schott BG-38 and OCLI WBHM filters. PRNU
measurements {akan al an output voltage of = B00 mV. Output fed through 5 MHz low
pass filter

Fig. 8 DARK SIGNAL PARAMETERS (DS)

-~

Sample-and-Hold
Ciock Coupling

Average ot
Adjacent
Pixel

“u,”n,, ”F"”H*HH“ et

SERRR IR 88

1 — L—- Single

Pixel
Dark Signal

Non-Unliormity
1 s {SPDNU)
Amplliude = 18 mV

TEST CONDITIONS
Tp =+25°C, fpara =5 MH2, tim = 1.0 me_ All voltapes nominal specified values. Gutput ted
through 5 MHz low pasa filter.

30 my
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Fig. 6§ DARK SIGNAL PARAMETERS (D8)
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Te = +25°C, fpara =1.26 MHZ, tm = 1.0 ma. All voltages nominal specifiad values. Cuipi
fed through 5 MHE low pasa fiiter.
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Fig. 7 VIDEOQ QUTPUT TIMING PHOTOGRAPHS
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TEST CONDITIONS

Tp = +28°C, lpata = 5 MHz, Ut = 1.0 mas, All voltages nominal specified valuss. Light
sourcs = 2854° K tungsten with 2.0 mm thick Schort BG-38 and OCLI WBHM fitters. Output
fed through 5 MHz low pass (iter.
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CCD153A

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in aicohol
and lightly wiping the surface. Rinse off the alcohol with
deionized water. Allow the glass to dry, preferably by blowing
with filtered dry N2 or air.

It is important to note in design and applications consider-
ations that the devices are very sensitive to thermal conditions.
The dark signal dc and low frequency components approxi-
mately doubie for every 5° C temperature increase and single-
pixel dark signal non-uniformities approximately double for
every 8°C temperature increase. The devices may be cooled
to achieve very long integration times and very low light level
capability.

ORDER INFORMATION

Order CCD153ADC where “D" stands for a ceramic package
and “C" for commercial temperature range.

Also available are printed circuit boards that include all the
necessary clocks, logic drivers and video amplifiers to operate
the CCD153A. The boards are fully assembled and tested and
require only one [ )wer supply for operation {+20V). The
printed circuit board order codes are CCD153DB. The
CCD153A, 143A and 133A can be operated in the same
printed circuit board. The 24 pin CCD133A and 153A devices
are to be placed at the center of the 28 pin sockst on the
printed circuit board.

Fig.9 OUTPUT AMPLIFIER SCHEMATIC
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" FAIRCHILD WESTON | PRELIMINARY

ccotst
CCO IMAGING DIVISION Variable-Element High-Speed
Linear Image Sensor

FEATURES
B 2582 x 1 photosite array
8 10um x 10m photosiies on 10.m pitch

1728 elements 1024 slements
u Enhanced speciral response (particularty in the blue
)

region
8 Excellent low-light-level performance
8 Low dark signal

salaction avallable — consult laciory

PIN CONNECTION DIAGRAM
OP VIEW)

PIN NAME DESCRIPTION ¥
Vsa Amplifier Signal Ground \ J
Vout, Output Amplifier A Source vse [+ 2 ] Vss
PSH, Sample and Hold Gate A
&Ry, Reset Gate A Vout, [ ] Voo
VRD, Reset Drain A
Veias, Output Ampiitier A Bias gsris O - vourg
VoG, Qutput Gate A ¢, O ) ¢shp
éx Transter Clock
25 2p Transport Clocks Vao, [ ] ¢Rp
d1p g Transport Clocks "
#ic Integration Control Clock Vaus, [ Veog
VeG Photogate Voa, [ m Veiasg
V1728 1728 Active Pixels Switch
Vss Substrate Ground #x [ ] Yoag
Viges 1024 Active Pixels Switch
Vatas 2048 Active Pixels Switch s2a [ 925
Vaink Anti-Blooming Control Sink LN = ] $1p
Voag Output Gate B
Vainsg Amplifier B Bias #c O ) Ve
VRDg Cutput Amplifier B Bias Ve v
g Reset Gate B ol H Vaose
PSHg Sample and Hold Gate B Virzs I: ] Vioze
VouTtg Qutput Amplifier B Source
Voo Output Ampiifier Draln Vss[] 14 15 ] Vss

Fairchild Weston Systems, Inc. CCD imaging Division ©1986 Fairchlid Weston Printed In U S.A.

B10 W. Maude Ave., Sunnyvaie, Calllornla 54088 Fairchild Weston reserves the right to make changes in

{408) 720-7800, TWX 010-373-2110 the circultry or speclitications at any tims without notice
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PRELIMINARY

GENERAL DESCRIPTION

The CCD181 is a 2592-elemant line image sensor designed for
industrial measurement, telecine, and document scanning
applications which require high resolution, high sensitivity
and high data rate. The incorporation of on-chip blooming
and exposure controls allow the CCD181 to be extremely
useful in an industrial measurement and control environment
or environments where lighting conditions are difficult to
contral,

The CCD1#1 is equipped with special gates which allow the
user to select 4 sffective array lengths:

2592 elements: 300-lines/inch across 8.5 inch wide document
2048 elements: 240-lines/inch across 8.5 inch wide document
1728 elernents: 200-lines/inch across 8.5inch wide document
1024 elements: 120-lines/inch

The CCD181 is a third generation device having an overall
improved performance compared with first and second gen-
eration devices, including enhanced blue response, excellent
low light level psrformance, and high-speed operation up to
18 MHz.

The photoelement size is 10xm (0.39 mils) x 10um (0.39 milg)
on 10um {(0.39 mils) centers. The device is manufactured
using Fairchild Weston advanced charge-coupled device n-
channel isoplanar buried-channel technology.

FUNCTIONAL DESCRIPTION

The CCD181 consists of the following functional elements
ilustrated in the block diagram and circuit diagram (see Fig
1A).

Photosites — A row of 2592 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surface passivation layer. image photons pass through the
transparent silicon creating hole-electron pairs. The photon
generated electrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from a thermally generated background level at zero jilumina-
tion to a maximum at saturation under bright illumination.

CCD181
e e e ey

Two Transfer Gates — Gale structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the photosites are transferred in parailel via the transfer gates
{#x) to the transport shift registers whenever the transfer gate
voltages go high. Alternate charge packets are transferred to
the A and B transport registers

Two Analog Transport Shilt Registers — The transport shift
registers are used to move the light generated charge packets
delivered by the transfer gates (¢1A, ¢1B, $2A, ¢2B) serially to
the charge detector/amplifier. The complementary phase
relationship of the last elements of the two transport registers
provides for alternate delivery of charge packets at the output
amplitiers.

A Gated Charge Daetector/Amplifier — Charge packets ara
transported to a precharged capacitor whose potential
changes inearly in response to the quantity of the signal
charge delivered. This potential is applied to the input gate of
the two-stage NMOS amplifiers producing a signal at the
output "Vour" pin. Before each charge packet is sensed, a
reast clock {¢pRA, ¢RB) recharges the input node capacitorto
a fixed voltage (Vapa, VRDR)

Integration and Ant-Blooming Controls — In many appli-
cations the dynamic range in parts of the image is larger than
the dynamic range of the CCD, which may cause more
electrons 10 be generated in the photosite area than can be
stored in the CCD shift register. This is particularly common in
industrlal inspection and satellite applications. The excess
alectrons generated by bright illumination tend to “bloom” or
“spill over” to neighboring pixels along the shift register, thus
“smearing” the information. This smearing can be eliminated
using two methods:

Anti-Blooming Operation:

A DC voltage applied to the integration control gate (approxi-
mately 5 to 7 volts) will cause excess charge generated in the
photosites to be diverted to the anti-blooming sink (Vsink)
instead of to the shift registers. This acls as a “clipping circuit”
for the CCD output (see Fig. 2). See aiso page 238 for funther
details

Vo Vv Vione

® O @ Fig 1A BLOCK DIAGRAM GR® ® 00 6 @

Yoa,  9AA VRO, dsh, Ve,

L {

b= voura

S

@

(5 Vame

B Vau {T)
Yoo

g::— Vourng i@

ocn i
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CCD1861 PRELIMINARY

[ 2]

Fig. 1B CIRCUIT DIAGRAM NEAR PIXEL #1024 Vioze o
{Switch) =

a [T

o, =

1Y * ;;

A Side To A Side =

Shift Register ik Ampilifier es

[ )

| A
Shift Regiater J e

Vioa4
(Switch)

Fig.2 MAXIMUM QUTPUT VOLTAGE vs. ¢ic Voltage

A Perfsct Anti-Bicoming

Maximum Mo

OQutput —-— Anil-Blooming —i= | -g— Anti-Blooming In operation,
Voltage " but Apparent Va1 in Atlenusted

Viar

|
|
i
1
1
|
I

Voam —
=5 to 7 volts

@ic Voltage (Voits-DC or ¢ic -Clock-Low-Voltage)
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PRELIMINARY cCcD181
Fig. 3 INTEGRATION-CONTROL TIMING DIAGRAM
- tEXPOSUNE ]
i he e | L i
(Mate 2) (Notes 3)
— |
"I (Nots 1)
[T ¢
Vi p)
wic /
NoTES: | {Note 5) {Nols 5) ’ ------ (Note 4)

111 = dran of dx.
2. AN ehiiges generaied in phoblolites disring te s domped o Y
3

All chasge generatad in photoiiles = Dy during lint s tranaferresd into the shift registers during ¢x clock-high period. Photosite chargs > Qear

Uansraied during ket Qoo imo Ve |8 snbi-s g woltage in
e clock-low = 5 ta T volts will gise bomt e
i Lge A i > 4 1o munimine clook cougliing of e imto Vst

e

yoltage

ap

T wiimnimate Infegealson control, bt retaln anil-bieoming i = +5 VGG
T sliminate toth imtegrativn contral and anl-biooming, g = VOGS o Vaa(-2v).
Ti uns Integration controd withoul rti-blooming, use gig clock-lew = 0.0 to 0,7 volts and ¢ic €lock-high = same range as ¢ clock-high

Intsgration Control Operation:

Variable integration times which are less than the CCD
axposum time may be attained by supplying a clock o the
Integration control gate. Clocking ¢ reduces the integration
tima from (exposupe 10 Uy {(Fig. 3). This reduces the
photosite signal In all photosites by the ratio texposurs T,
Graatar than 101 reduction in average photosite signal can be
schieved with integration control, (sse page 238 for further
detalls:,

The integration-control and anti-blooming features can be
implemented simultaneously. This Is done by setting the gic
clock-low level to approximately 5 1o 7 volts. {See application
note on page 238 for further discussion).

DEFINITION OF TERMS

Charge-Coupled Device — A charge-coupted device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are minority carriers with respect to the
semiconductor substrate,

Sample-and-Hold Clock {¢sHaA, ¢sHB) — The voltage wave-
form appiied to the sampie-and-hold gates in the output
amplitiers 1o create a continuous sampled video signal at the
output. The sampie-and-hold feature may be defeated by
connecting ¢sHa and ¢sHs to Vpp.

Dark Referenice — Video output level generated from sensing
elements covered with opaque metalization which provides a
relerence voltage equivalent to device operation in the dark.
This permits use of external DC restoration circuitry.

Isolation Cell — This is a site on-chip producing an element in
the video output that serves as a buffer between valid video
data and dark referance signals. The output from an isolation
cell contains no valid information and should be ignored.

Dynamic Range — The saluration exposure divided by the
AMS temporal noise equivalent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To com-
pare the two definitions a factor of four to six is generally
appropriate in that peak-to-peak noise is approximately equal
to four to six times RMS noise.

—
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RMS Nolse Equivalent Exposure — The exposure level that
gives an output signal equal to the RMS noise level at the
output in the dark,

Saturation Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite integration time.

Cherge Transier Efficlency — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responsivity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Total Non-Uniformity — The differance of the
response fevels of the most and the least sensitive element
under unitorm illumination. Measurement of PRNU excludes
first and last elements,

Dark Signal — The output signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and is highly sensitive to temperature.

Saiuration Output Voltage — The maximum useable signal
output voltage. Charge transfer efficiency decreases sharply
when the saturation output voltage is exceeded.

Integration Time — The time interval between the falling edge
of the integration clock and the falling edge of the transfer
clock. Theintegration timein which charge is accumulated in
the photosites.

Exposure Time — The time interval between the falling edge
of the two transter pulses {¢X) as shown in tha timing diagram.
The exposure time is the time between transters of signal
charge from the photosites into the transport registars.

Pixel — A picture element (photosite).
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Fig. 4 PHOTOELEMENT DIMENSIONS TEST LOAD CONFIGURATION ::_,
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ABSOLUTE MAXIMUM RATINGS (above which useful life may ba impaired)

Storage Temperature -25°C 1o +125°C
Operating Temperature -25°C to +70°C
CCD 181: Pins 3,4,5,6,7, 8,9, 10, 11, 12, 13, 16, ~0.3V to +18V

17, 18, 19, 20, 21, 22, 23, 24, 25, 27

Pin 1 ov

Pins 14, 15, 28 -3.0Vto OV

Pins 2, 26 See Caution Note
CAUTION NOTE:

These devices have limiled built-In gate protsction. It la recommended that statlc discharge ba controlled and minimized. Care must ba taken to avoid
shorting pina V°UTA-a to Vs or Vpp during operation of the devices. Shorting thase pins tamporarily to Vgg or Vpp may destroy the output amplitiers.

DC CHARACTERISTICS: Tp = 25°C (Note 1)

RANGE
SYMBOL CHARACTERISTIC - = - UNIT CONDITION
Voo Output Amplifier Drain Supply Voltage 13.5 14.0 14.5 v
VRD (a+B) Output Reset Draln Supply Voltages 135 14.0 14.5 v
Vaink Ant-Blooming Sink Voltage 135 14.0 145 v
Vea Photogate Bias Voltage 55 6.0 6.5 v
VoG (48 Output Gate Bias Voltages 55 8.0 CY v
Veing aem) Amplifier Blas Voltages 25 ac X v
Vsg Armplifier Signal Ground o 03 0.5 v
Vss Substrate Ground -3.0 -20 -1.0 v Note 2
Iop Qutput Amplifier Draln Supply Current a0 10.0 15.0 mA

“

115



PRELIMINARY ccD181
h

CLOCK CHARACTERISTICS: Tp = 25°C (Note 1)

SYMBOL CHARACTERISTIC RANGE UNIT GCONDITIONS
MIN TYP MAX
Ve HIGH Transter Clock HIGH 110 115 120 v Note 3
m :E :::i Transport Clock HIGH 95 100 105 v Note 3
VR tiaH (a+8) | Reset Clock HIGH 11.0 1185 120 v Note 3
Vst HIGH (a+g) | Sample/Hold Clock HIGH 11.0 115 120 v Note 3
Viioed HiGH Selact 1024 Elements Clock HIGH 85 10.0 10.5 v Note 3
Vinrzs HIGH Selact 1728 Elements Clock HIGH 9.5 10.0 105 v Note 3
Vs HIGH Select 2048 Elements Clock HIGH 8s 10.0 10.5 v Note 3
VAIC HIGH Integration Control Clock HIGH 100 v Note 3
Ve Low Integration Control Clock LOW 80 v Note 2,3
Vi Low Transfer Clock LOW 00 03 a7 v Note 2, 3
Vin Low (a+my | Transport Clock LOW 00 0.3 o7 v Note 2. 3
Vi LOw (a+tn | Tranaport Clock LOW 0.0 03 07 v Note 2, 3
Vén Low a8} | Reset Clock LOW 0.0 0.3 07 v Note 2, 3
VisH LOW (A+g) | Sample/Hold Clock LOW 00 03 07 v Note 2, 3
Vegrioas LOW Select 1024 Elements Clock LOW 00 03 o7 v Nots 2,3, 5
Ve Low Select 1728 Elements Clock LOW 0.0 03 a7 v Nots 2, 3,5
Vo Low Select 2048 Elements Clock LOW 00 03 07 v Nole2 35
fotatn MAX Maximum Output Data Rate 100 200 MHz Note 6

AC CHARACTERTISTICS:Tp =25°C, (Nate 1,7}, 14y, = 3.0MHZ, tjn, = 1.0ms, Light Source=2854° K +2.0mm thick Schott BG-28 and OCLI
WBHM Filters {Note 4). All tests done using “Test Load Configuration.”

RAMGE
SYMBOL CHARACTERISTIC UNIT CONDITIONS
MiN TYP MAX

DR Dynamic Range

(relative 1o peak-to-peak nolse) 1500:1

(relative to rms noise) 7500:1
NEE RMS Noisa

Equivalsnt Expoaurs 50 x 1078 wlicm2
SE Saturation Exposure 03 wdicm2
CTE Charge Transfer Efficlency .5epes e Nots 8
Vo Qutput DC Lavel 40 9.5 11 v

Cutput Impedance 1 K

Cr-Chip Power Diasipation:

Amplifiers 159 200 mwW

N Paak-to-Peak Temporal Noiss 0.7 my
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L
PERFORMANCE CHARACTERISTICS: Tp=25°C (Note 1, 7), fyaa = 3.0MHZ, tyt = 1.0ms, Light Source = 2854°K + 2 Omm thick Schoti ;
BG-38 and OCLI WBHM filters (Note 4. &
RANGE =
SYMBOL CHARACTERISTIC UNIT CONDITION -
MIN TYP MAX &2
PRNU" Photoresponse Non-uniformity =
Peak-to-Peak 55 120 mv z
Peak-to-Peak without single pixel and 35 my
Pasitive and Negative Pulses
Single-pixel Positive Pulses 30 my
Single-pixel Negative Pulses 30 my
M Video Video Mismatch 50 150 my Note 9
M DC DC Mismatch 0.5 20 v Note 10
Ds Dark Signai: Notes 11, 12
DC Component 1 2 my
Low Frequency Component 1 2 my
SPDSNU Single Pixel DS Non-Uniformity 1 2 my Nots 12
R Responsivity 40 V/ud/cm2
Vgar Saturation Output Voltage 07 10 20 v

All PRNU measuremants are taken at an 800 mvolt output level using an 1/5.0 lena and exclude the output from the first and last slsments of the
array. The “1” number is defined as the distance from the lens lo the array divided by the diameter of the lena aparature. Asthe “i" number increasss,
the requiting more highly collimated light causes the package window imperfactions to dominate and increase PRNU. A lower “I” number resuitain
less collimated iight causing device photosi 84 to domi the PANU.

NOTES:
. Tpie defined as the package temperature measured on a copper block in good Ihermal contact with the entire backside of the package.
. Negative translents on any clock pin golng below 0.0 volts may cause charge injection, which results in anincresse in apparent 05 Adjusling Vss
to & more nagalive volage than the clock low vollages will reduce charge injection, it prasant.
- Cox = 150pF, Coec = 250pF, Cdia = Cdin = Coa = Crap = J00pF
Conn = Chng = CosHa = Cobane = 5pF, Vigza = Vazon = Vooas = SpF
- OCLI WBHM = Oplical Coating Laboratory, Inc. Wide Band Hot Mirror.
. Pixel Length Salection
{a)  To use the device with 2582 active pixel glemants:
Connect Vyg24 Vy72s, and Vopag 10 the a2 (A or B) clock
(b)  To use the davice with 2048 active pixel glemeris:
Connect Vigaq, Vizaa to the o2 (A or B) ¢lock.
Connecl Vagaa 1o Vgg
(61 To use the device whh 1728 active pixel slsments:
Connect Vige and Vaoes to the 42 (A or B clock
Connect Virzs to Vg
{d)  Ta use the devite with 1024 active pixel elements;
Connect Vi7gs and Vapaa 10 the ¢z (A or B) clock
Connect Vigpa to Vgsg
& Tha minimum ciock Irpduency i lmmaed by Incresass ih dark mignial
T, Meamaromants made with samplh snd hald snstseg
0. CTE is the meapsiement fof 1 ons-slags rarslss
B Video mismatch s the dilerbnce in AG ampliudes bedvesrn ¥put A and Vout B under uniform illumination. il can be eliminated by
aflmnistionamplifoation of soe of the vdsa outpuats
10. DC mesmateh in the differsnce in BC oulput il Yo beiwsss Vourand Vout B
11, Dark signal compornent spprovimatary douties for svery 5o 15°G In Te
12 Each SP0SNU In maatured fram the OS5 iovel adjacent to (fw bass of the SPDSNU. Tha SPDSNU approximatley doublas for svery 5 to 15°C
InoresEs in Te
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PRELIMINARY cCD181

TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND
HLUMINATION SOURCES

SPATIAL FREQUENCY — Cycles/mm
0o 200 0.0 30 sho

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES

BPATIAL FREQUENCY — Cycies/mm
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CCD181 PRELIMINARY

iocated near the notchad end of the package

PACKAGE OUTLINE
28-Pin Dual In-line Ceramic Package

TOP OF DIE

0.053
(1.35) TO TOP OF COVER

All dimenaions in inches (boid) and milimeters (parentheses). Header is black ceramic {Al;03). Window ia glasa. The amplitier of the device ia

DEVICE CARE AND OPERATION

Glass may be cleaned by saturnting a-oottan swsb In alcohol
and lightly wiping the surface. Rinse off the sleahal with
dn-ionized water, Aliow tha glass to dry prefarably by blowing
with fittered dry M or air,

It ie iImportant to note in dealgn and applications contldera-
tiens thal the devices an vary senitive to thermat condiiions.
The dark signal DC and low fraqusricy companants approxi-
mtely double for every 5°C temperaturs increase and singla-
pixal dark signal non-unormities approximately double for
Bvary 12° C lemparature increase. The devicas may ba coled
ta achievit very long integration times and very low light l=vel
capabiliny,

121

ORDER INFORMATION

Order CCD181DC whers “D" stands for a ceramic package
and “C" for commercial temperature range.
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Area Scan
CCD Sensors

The CCD222 Senes Area Scan Sensor are very high
performance devices intended for use in broadcast quality
camera systems and in the most demanding industrial and
scientific applications,
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CCD 222
488X 380-Element
Area Image Sensor

FAIRCHILD WESTON

CCD IMAGING DIVISION
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FEATURES

185,440 sensing elements on a single chip
Available horizontal resolution: 380 elemnents perline
Avallable vertical resolution: 488 lines

No lag, no geometric distortion

A gamma of unity

High dynamic range — typically > 1,000:1 at 25°C
(excluding dark signal non-u )

Low Tight level capabliity, low noise equivalent
exXposire

Video data rates up to 20 MHz, frame rates to 90 Hz
Sample-and-hold video output

Low power dissipation, solld-state rellabliity and
small skre

Standard TV espect ratio (4:3)

Satisfies NTSC resolution standards

Two-phase register clocking

u Digitally-controlled readout

CCD222 488X380 Element Area Image Sensors are
aiso included in Fairchild Weston’s series of solid-
state television camera systems.

" Special selections avallable — consul factory. [ PiNNAMES

AB Blas Cohimn
DESCRIPTION sfgg mﬂoﬂﬂhﬂ for mﬁx-ﬂhominol
The CCD222 is a 488 X 380-slement solid-state charge- g i
coupled device area image sensor which is Inlended for 1. 9y Vertical Tranepon Clocks
use as a high-resolution detector in television compatibie ::"m xf‘m“ﬂg&%
kmaging systems and a varlaty of other sclentific and @n Reset Clock
Industrial optical instrumentation systems. Tha CCD222 @5 Sample-and-Hold Ciock
i organized as a matrix array of 488 horizontsl lines by Mg - al
380 vertical columns of charge-couplad pholselaments, Vis  Subgtrale (GNDI
The dimansions of these 185,440 photoslemants ars L Test Points
12am horizontalty by 18um verlically. The photoeiaments CCD222 CONNECTION DIAGRAM
are precisely positionsd on 30pm hordzontal centers and {TOP VIEW)
1ﬂpmmmmﬂmThaCCM‘aQHummmmm s ——=
area of 8.8 by 11.4 mm, with & diagonal of 14.4 mm, "uF?rmn_— o %
The low noise performance of the buried channel GCD . E TR 7 ot el
structure provides axcellent low-lightHevel capabllities ’ﬁ' [ -
when the sensor is cooled; performance adequate for ¥R Cin |4 }_ s,
most applications can be achleved with the sensor at "'-EI' : ) e
room temperature or above. The geometric accuracy of ™l & | 1™
the device structure, combined with & video readout which Yrai]r 1% 81
is controlled by digital clock signals, allows the signal *uafln : 18]
output from each photoelement to be precisely identified --1;'-;_«1 : 1a]a,,
for sasy realization of computer-based Image ‘mgmjgé_ DU - | =
systems. The devices can be used in video camasras that Sing ——————9 § s
reguire low power, small size, high sansitivity, high reli- |
ability and rugged construction, BN 1 (¥yu) 18 DEGRATED BY A 0OT

Falrchlid weston Systema, Inc. CCD Imaging Divislon.
810 W, Maude Ave., Sunnyvale, Callfornia D4088
408-720-7600, TWX 010-373-2110
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CCD222 BLOCK DIAGRAM
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FUNCTHIONAL DESCRIPTION reglsters line by line. After each line of Information is

The CCD222 comaists of the functional elements illustrated
In the Block Diagram:

Image Sensing Elements

Image photons pass through a transparent polycrystalline
sllicon gate structure and are absorbed In the silicon
cryetal atructure creating hole-electron pairs. The rasulting
photoelectrons are collected in the photosites during the
Integration period. The amount of charge accumulated in
each photosite Is a linear function of the localized incident
Hlumination Intensity and the integration period.

Vertical Tramaport Registers

The interline transfer architecture of the CCD222 provides
video informatlon in two sequential fields of 244 lines
each. At the end of an integration period, when the
photogate voltage ¢p s lowered and the ¢, clock is
HIGH, charge packets from odd-numbered photosite rows
{1,3,5...487) are transferred to the vertical transport
registers to initiate an odd-fleld readout. Clocking ¢y,
and ¢y, tranaports the charge packets up the vertical
transport registers where they are transferred line by line
into the horizontal output register. Atter readout of the
odd field, the @ voltage is again lowered and the ¢y,
clock is HIGH causing transfer of charge packets from
even numbered photosite rows (2,4,6. . . 488) Into the
vertical reglsters, thereby initiating an even-fleld readout.

Horizontal Analog Transport Register
The horizontal transport register is a 385-element 2-phase
register that receives the charge packets from the vertical
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transferred from the vertical transport reglsters, It is moved
serially to the output amplifier by the complementary
horizontal clocks ¢y and ¢y,. A minimum of 385 hori-
zontal clock pulses are required to complete transfer of
one line of information past the flcating-gate amplifier.

Resettable Floating-Gate Amplifier

The charge packets from the horizontal transport register
are sensed by a floating-gate whoae potentlal changes
linearly with the quantity of signat charge. The floating-
gate is designed to be reaet to the reset draln voltage
Vpp by the resst clock, ¢y, atter the completion of each
horizontal line readout.

The output signal from the floating-gate drives a voltage
amplification stage, is sampled and held under control of
the sample clock ¢g by & sampling transistor switch and
is buffered to the output terminal VIDEQ, ;r through

a larger MOS transistor. The resultant video output signal
is a sampled-and-held clock-controlled analog signal
representing the spatial distribution of the exposure level
at the sensor surface.

Sampled Video Output (See Timing Diagram)

The output waveform of the CCD222 |s shown in detall in
the Timing Diagram. Each frame (488 horizontal lines) is
delivered to the output In two sequential flelds of 244
horizontal lines each. Each horizontal line is 380 elements
long and is preceded by 4 pre-scan elements which
contain no video information, but are representative of
the dark current levels In the horizontal register.
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DEFINITIONS OF TERMS

Charge-Coupled Device — A charge-coupied davice is

& monolithic sllicon structure in which discrete packets of
electronic charge are transported from position to position
by sequential clocking of an array of gates. The charge
packels are minarity carriers {alectrons) with respect o
the p-type semiconductor subsatiate.

Photogate Clock ¢p — The voltage wavetorm applied to
the photogate.

Vertical Transport Cilocks Pv1+ Dya — The clock signals
applied to the vertical ransport registers.

Horizontal Transport Clocks ¢y, ¢, — The clock
slgnals applied to the horizontal transport register.

Rasettable Floating-Gate Ampliflar — The on-chip pre-
amplifier which develops a signal voltage linearly propor-
tional to the number of electrons contained in each
sensed charge packet. The floating gate is coupled to
the charge transport channel exclusively by electrostatic
fields for low-noise signal detection.

Resst Clock ®n — The clock applled to the gate of the
reaet switch to reset the voltage on the floating gate.

Sample-and-Hold Clock ¢ — The clock applied to the
sample-and-hold gate of the ampilfler. (The sampleg-and-
hold feature can be dlsabled by connecting g to Vpp)

Dynamic Range — The retio of the saturation output
voltage to the rms noise in the dark. The poak-to-peak
random noise output of the device is 4-8 times the ms
nolse output.

Saturation Exposure — The minimum exposure level that
will produce a saturated output signal. Exposure Is equal
to the product of light intensity and the integration time.

Spectral Response Range — The spectral band over
which the response per unit of radiant power is more
than 10% of the peak response.

Responsivity — The cutput signal voltage per unit
exposure.

Photoresponse Shading Non-Uniformity — The differenc
of the response levels between the most and the least
sensitive regions under uniform illumination {excluding
blemished elements) expressed as a percentage of the
average response. Shading Is measured using the digital
equivalent of a low-pass filter with a cut-off frequency of
approximately 5 cycles per picture width or picture height
in the video output line.

Dark Signat - The output signal in the dark caused by
thermally generated electrons. Dark signal is a linear
tunction of integration time and an exponential function of
chip temperature.

Dark Signal Shading Non-Uniormity — The difference in
MM&MMBMMMHWHWi
Mptmhummn-uemhhadalmnmuhmmﬁmmu
Is measured using the digltal equivalent of a low-pass
filter with a cut-off fraquency of approximately & cycles
per pictura width or picture helght in the video output ling.

Saturation Output Voltage — The maximum usetul output
signal amplitude.

Integration Time — In this device, the integration time is
equal to the frame period when used in the standard
mode of operation.

Pixel — Picture element or sensor element — aiso called
photoelement or photosite.

PHOTOSITE DIMENSIONS

TYPWCAL
PHOTOSITE

VERTICAL
SCAN AXIS

HORIZONTAL BCAN AXIG

%
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ABSOLUTE MAXIMUM RATINGS:

Caution Note

STORAGE TEMPERATURE | —100°C to +100°C ]
NOLTAGES:
Pins 3, 4, 5, 8, 7, 20 —0.3V to +16V
Pins 2, 8, 9, 10, 11, ~10V 10 +15V
12, 13, 18, 17,
18, 19, 21, 22
Pin 1 Vg = OV
Pins 15, 16 | NG

The devices do not have bullt4n gate protection. it s crucial that static discharge be controlled and minimized. Care must be taken to avold shorting pin
VIDEQgy 7 10 Vg Or Vpp during operation ot the device

Dirty glass windows on devices causs increated photorespones non-unitormity. Glase may ba cleaned by saturating a cotton swab in alcohol and lightly

wiping the surface. Rinse off the alcohol with de-onized water. Allow the glass 1o dry, preferably by blowing with filtered dry N or air

DC OPERATING CONDITIONS AND CHARACTERISTICS: Devices are tested at nominal conditions except for Vgp,
which la adjusted for individual sensors.

Range

Symbol Parameter Min Nom Max Unit Remarks
Voo DC Supply Voltage 12.0 15.0 16.0 v
Vap Anti-Blooming Bias Voltage 12.0 A
Vg Source of Floating-Gate Amplifier 4.0 70 100 \'4 Note 1
Voo Reset Drain Voltage 40 v
TP, Test Point Voo v
TP, Test Points 0.0 v
TPa, TP, Test Point 1.0 15.0 16.0 Note 10
o DC Supply (Vp) Current mA

__!3_,; Current at Pin SF 50 nA

CLOCK CONDITIONS: Devices are tested at clock conditions which resuit in optimized periormance in Fairchiid

equipment. Clock voltages are within ranges shown.
Range

Symbol Parameter Min Nom Max Unit Remarks
VarL Photogate Clock LOW —-6.0 0.0 v Note 2,9
Vapu Photogate Clock HIGH 3.0 5.0 7.0 v Note 2
VeeeL Bias Electrode of FGA Clock LOW -30 0.0 0.0 v
Vosen Bias Electrode of FGA Clock HIGH 0.0 50 7.0 v Note 1
VomiL Horlzontal Transport -5.0 0.0 00 v Note 3
Verat Clock LOW
VeriH Horizontal Transport 5.0 10.0 120 v Note 1, 3
V¢H2H Clock HIGH
B Vertical Transport -6.0 0.0 0.0 v Note 2, 9
VavoL Clock LOW
Vavin Vertical Transport 5.0 70 | 120 v Note 4
VavoH Clock HIGH
VasL Sample-and Hold Clock LOW =30 0.0 0.0 v
VasH Sample-and-Hold Clock HIGH 30 5.0 7.0 v
VomL Reset Clock LOW -8.0 0.0 0.0 v
VarH Reset Clock HIGH 5.0 7.0 12.0 v
fom Horlzontal Transport 7.2 200 MHz Note &

| fan Clock Frequency

—_—— . eee————————
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PERFORMANCE SPECIFICATIONS: Standard test conditions are TV format dats output at a 30 Hz frame rate, 60 Hz i
field rate, 15.75 kHz line rate, 7.16 MHz pixel rate, T, =25°C. Light source is E
2854°K Incandescent with 2.0 mm thick Schott BG-38 IR reject filter. =
a3
Range == ©a
_Ejrmhul Paramoter Min Typ Max Linit Condition =
Vaar Saturation Oulput Voltage 200 700 mVep Note 6 =
DR Dynamic Range 1000 See Definitions of Terms i
S Saturation kradlance 8.4 uW/iem? See Table A
R Responsivity 0.08 V/eWem?
Vo Output DC Level 4 7 12 v 3K load resistance
P Ampiifier Power Dissipation 80 mw 3KN load resistance
Z Output Impedance 1000 ohm
CTFy Contrast Transfer Function, 50 75 % At 380 columns/
Horlzontal picture width
CIF, Contrast Transfer Function, 50 70 % At 488 lines/
Vertical picture helght
DSSNU Dark Signal Shading 1 2 % Vgar See Definitions of Terma
Non-Untformity Note 7.8
PASNL Photo Response Shading 1 10 % Vour See Definitions of Terms
Nan-Uniformity Note 7
NOTES
1 Adistmans hmmmmmmmmhmm.
& Oge= W.000 pF
A Dup= Guug=200pF
4 Cuyy = Gyyy= 12000 pF
B u-munmu-mmur.em.m‘mummmoﬂmmwm Higher clock rates ara possible

& Mensured with urdiar ight ingut.

T mwmmm-ﬁmMWBNWWMMaMwmm.

A DBSHU incresses in amplitude by & nchor of 2% for sach T-10 degres (C) Increase in chip temperaturs.

B Minimum incresss of DSSNU for certaln ATy fesults whan i iow kvel of thess clock signals is between 0 and -8V with respect to Vss.

10 On devices dato coded 87-01 of later, connoct TPy 1o the Vag bias supply, On devices date coded 86-52 or sartier, connect TPy to 0.0V

TABLE A
TYPICAL SATURATION IRRADIANCE LEVELS QF CCD222 AT 30 FRAMES/SEC.

Source Spectrum Radiomstric Photometric?
2854°K, unfittered® 15 pW/cm* 3.3 lux 0.30 fc
2854°K + 800nm cutoff filter® 6.0 uW/ecm? 8 hux 08 fc
2854°K + 700nm cutofl filter® 8.4 uW/em? 25 Jux 24 1
Monochromatic, 600nm 7.0 uW/cm?® - - L

NOTES
a1 uW/em®=0.22 jux
b. 1 uW/em® = 1.5 hux. The B00nmM curtoff fifter blocks wevelengtha above Spproximately 800nm, Use a Coming 1-76 glass filtar 3mm thick,
c. 1 uWiem®= 3.0 lux. The 700nm cutofl filler blocks wavelengthe above approximately 700nm. Use a Schott BG-38 giass filter 2mm thick.
d 1fcwm10.78 hoo



CCD222

_———— e ——— e —
COSMETIC PERFORMANCE SPECIFICATIONS BLEMISH SPECIFICATIONS FOR CCD222:

The CCD222 Is a very high performance device intended
for use in broadcast quality camera systems and In the
most demanding industrial and scientific applications.

A CCD222 element is considered to be blemished if it
exhibits a spurious output (in comparison to its nearest

{Megasured at T, =25°C and at uniform light levels
developing 0, 25 and 50% of Vg,q.)

neighbors) of more than 10% of Vgar. Blemish content is CCD222A
determined in the dark, and at an illumination level of 50% Characteristic Max
Vgar. Single-point Blemishes (SPB's) are sometimes
found in CCD222 sensors; horizontal line and column Number of Single Polnt Blemishes 5
oriented defects are rarely found because of Fairchild's Largest SPB Dimenslon 2
choice of device structure. Number of Blemished Pixels In SPB's 10
Number of Column Defects 0
Devices exhibiting less stringent performance and/or Widest Column Defact Width 0
cosmetic specifications may be obtainable by negotiation. Number of Detective Columns 0
TYPICAL PERFORMANCE CURVES
INTEGRATION PIME 064K TUNGRTEN
ERACAL SRECTRAL AR AROSA SOURCE WITH BCHOTT 00-30 FILTERS
| 1 ;ﬁ fromas/’
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| | -
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CcCD222

OUTPUT WAVEFORM (VIDEO 1) UNDER UNIFORM ILLUMINATION (= 50% Vgsr)

10
ONE HORIZONTAL LINE ONE VERTICAL FIELD

CCD222 PACKAGE OUTLINE

. 0430 REF.
22-Pin Ceramic Package 0020 REF. — - {0
= = | il s -] -
) = MR
.| WINDOW —__|
. DATE T
| cODE  momp-
o —_— ©.600 REF.
DEVICE e 15 24]
TVPE —= (14.99) ARRAY — il { )
SIDE
T A B L) ARAZE PN
. : | _ Sk
L ossomer o088 — |- f
(1575 a.035 TYP T | oaes eer. 10010
e @24y 0254

i
¥ 0.185 REF

0125 REF. |4.18)
M e T
0018 TP~ o — |-0080 TYP
L T nan

= = 0080 TYP

152 NOTES: All dimensiona in Inches fhold) and millimeters (parenthesea). Header is black
ceramic (AlLO,). Glass window is atached 1o haader with epoxy cement

QORDER INFORMATION

%i Device Type
Depcripaiah Order Code
CCD222(Class A Blemish Spec.) CCD222ADC

e ———— e e e ————————
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CCD Design
Development Aids

Fairchild Weston offers printed circuit boards to assist
customers in initial experiments with CCD devices. All
design development boards do include the sensor and

require customer development of optical inputs and process-
ing of the CCD output signal.
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FAIRCHILD WESTON I-SCAN
Schiumberger Design Development Board
CCD IMAGING DIVISION CCD111 Sensor

FSCAN conasists of a Fairchild CCD111, 256 element line scan
sensor, mounted on a printed circuit card that contains all the
necessary CCD111 operating electronics. It is intended for use
as a construction aid for experimental systems using CCD line
scan $ensors or can be incorporated directly into systems
requiring 256 elements of resolution. FSCAN comes fully
assembled and tested and requires only the input of power
supplies and an oscilloscope to display the video information
comesponding to the image placed In front of the sensor.

The I-SCAN card, Figure 1, measures 4% by 4 inches. The
CCD111 is mounted In a socket centrally located on the card.
A leny maybe positioned In front of the sensor to focus an
image onto the array. All board 1/0 connections are made
through a 22 position single edge card connector with .156
inch center-pacings. The edge connector is compatible with
TRW/CINCH type 50-44A-30 or equivalent.

The board circuit, Figure 2, requires a power supply input of
+15V at 100mA to Pin 1 and +5V at 200mA to Pin 4. The ground
retums shoutd go to Pin 22. Figure 1 FRONT VIEW

An on-board regulator provides a clock high level voltage of
8V. The +15V supply is divided to achisve a 12V reset drain o . o
voltage and a 10V photogate bias voltage required by the SoZ o %,_. o
CCD111. The output gete voltage, Vi, is derived from the - i.'ﬁ =

+5V* supply. - -
% ~[8f [=] HJ.LLEM 2

For normal self-contalned operation of the board, Pin 18, the TRABIATC e

internal/external master clock select line and Pin 12, the _ﬂ - ""=' - =i

internal/external exposure time select are left open.

Voltage controlled oscillator U1 generates a master video
clock signal which may be adjusted from approximately 1IMHz
1o 4MHz by potentiomater R1. The frequency of the video i

clock square wave from U1 Is divided by two by flip-flop U3A i

and one-half of MOS driver U7 amplifies the flip-flop output to 2 D
provide the ¢R reset clock signal required by the CCD111. The ———— i 1

normal amplitude of the R clock signal at the sensor terminal |1

is from a low of about 0.5V 10 a high of about BV in accordance :

with the sensor data shest recommendations.

The output from U3A Is also fed into flip-flop U3B causing
another divide by two used in generating the ¢1 and ¢2

DT At e el B R ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂr

about 0.5V to a high of 8.0V. Overall sensor data rate is equal to

the ¢a clock frequancy. PINS ON BACKSIDE
The exposure time of the sensor is controlied internally by
one-shot U4B. Length of exposurs time is adjusted with R6 ———DENOCTES JUMPER WIRE

giving times > 1mS. To begin an exposure, one shot U4B
triggere one-shot U4A; a fast pulse from U4A resets counter
U5 and starts it counting. The counting of US controls the ¢X

transfer pulse through one-half of MOS driver U7. 1t also stops *Adjustment of Vo, over the range of 4-7V may be required

the transport clocks ¢1 and ¢2 during the transfer pulse for optimum operation of the sensor.

internai in accordance with CCD111 data sheet recommenda- NOTICE

tions. (See Flgure 3.) Note that both transfer clocks ¢xa and

oxp are tled together to achieve a satisfactory transfer. This Development Board may not present the optimum test
condiions for your design [See application information on
page 238).

E——— e e e e e e e e me e

132




Development Aids




After the transfer is completed, counter U5 restarts transport
clocks ¢1 and ¢2, and disables itself until its next reset
command at the start of the next exposure period.

Registors R9-R12 tie the open collector outputs of the MOS
drivers te the clock high level voltage and clamp diodes CR3-
CRétied to voltage V, prevent clock signal excursions below
ground. Negative clock line transients at the CCD terminals
can cause charge-injection which may result in an apparent
increase in the dark signal non-uniformity of the sensor.

If Pin 18 of the card is held low, an external master clock (TTL
Level) may be input on Pin 19. Data rate of the sensor will
equal one-half the frequency supplied to Pin 13. If Pin 12 is
held low, the sensor will respond to an external (TTL Level)
exposure signal on Pin 20. The exposure signal may be
operated asynchronously with the data rate clock. Notein the
timing diagram, however, that the ¢1 transport clock signal is
in the high state at the time of the exposure pulse.

In order not to mix two lines of video information in the
transport registers of the CCD, the exposure or integration
time of the sensor must be greater than the time necessary to
read all the information from the previous line out of the
transport registers. (i.e., t, > X1

(See Timing Diagram) F DATA CLOCK

Card connector fingers 14 and 15 provide exposure time sync
and master clock output signals respectively for external
usage; i.e., for synchronizing an oscilloscope for display of the
sensor output signals.

The video output and compensation output of the CCDI11
sensor are buffered through emitter followers and are made
available on connector fingers 9 and 7 respectively. If long
co-axial cabies are wired to the outputs, the cables should be
terminated into 7511 for best frequency response. The cable
terminations will reduce the video signel amplitudes by
one-half

I-SCAN TIMING DIAGRAM

NOTE' FOR DETAILS OF PULSE SHAPESY,
SEE CCO111 DATA SHEET,

Figure 3
MC
EXP SYNC W it 5 LT ol
Pxa= $xp = : J ": [ 1
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#r i nn non o,
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| CCD122DB

Design Development Board

CCD122 Sensor

FAIRCHILD WESTON |
Schlumberger
CCD IMAGING DIVISION

The Fairchild CCD122DB Design Development Board is a
printed circuit card which is intended for use as an educational
ald for gaining understanding of the oparating charnclenstics
of Fairchild CCD122 line scan image senacrs and for use in
assembly ol experimenital systams using the line scan sensors.
The design devalopment boards are sold fully assambled and
testod, and require only connection of a single power supply
Input of +15V and connection of an oscilloscope to display the
video information detectsd by the sensor. Sansor ls nol
inclusded,

The board measures 4% by 5 inchas. A socket for instailation
of the charge coupled device line scan sensor is mounted
centrally on the back (wiring) side of the card. The user can
position a lens in front of the sensor if required for his study.
Board I/0 connections are made through a 22 position double
readout edge card connector with .156 inch center-to-center
finger spacings. The edge connector is compatible with a
TRW/CINCH type 50-44B-10 or equivalent.

The CCD122 should be inserted into the center of the socket
80 that socket terminals 1, 14, 15, and 28 are ieft open

The circuit board, requires a power supply input of 15+2V at
250mA maximurm to Pins 1 and A of the edge card connector.
The power supply return is wired ta card edge fingers 22 and
iz

Threa regulators on the design development boards providea
Vop sensor supply voliage which is adjusted 1o +12.0V, & clock
high level voltage which is set to +10.0V, and a +5V Vee
required by the TTL logic circuitry,

For normal seli-contained operation of the board, Gonnector
Terminals 3 and 5 are left open. Voltage Gontrolled Oscillator
U1 generates a video clock signal which may be adjusted from
approximately .5 to 2.0 MHz by potentiometer R1. VCO U1
operates at twice the video data rate and four times the ar
transport clock frequancy. The frequency of the video clock
square wave from U1 |a divided by four by fip-fiop L2A ang
U2 ane-half of MOS driver Li4 ampilifies the Hip-thop output
to provide ¢t transport clock signsl required by the CCD
Image sensar. The normal amplitude of the o7 clock signal st
the sensor terminal is from alow of about 0.5V 1o & high of
sbout 115V, In sccordance wilth the sansor data shoat
recommendations. The ¢n reset clock signal is generated by
U1 and flip-flop U2A and is amplitied through U5 to deliver a
¢A clock frequency twice that of ¢7 to the sensor.

One-shot U7A and JK flip-flop U3A and U38 develop a
properly synchronized ¢x signal which is amplified by the
second half of the 9644 drivar U4. The interval between bx
pulses is the exposure time for the sensor: exposure time may
be adjusted by R2.

In kesplng with good high frequency enginearing practica,
damping resistors AS, A8, and AT are used in the MOS driver
output lines to minimize overshoot and ringing contents in the
alock signals supplied to the COD. Clamp diodes CR4, CRS
and CRE are used to prevent CCO clock signal excursions
betow ground, negative clock ling transients at the CCD
terminals can cause charge-injection which may result in an
apparent increase in the dark signal non-unformity of the
sensor.
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WU Is remaovad fram the cireult, the ¢ driver will respand 1o
an extevnal data rate clock [nplt on Pin 5. The video data rate
hrﬂusmmrwﬂlbﬂmm—hiﬂﬂHImqmwcﬂlhadodt
signal supplled o Pin B, 11 L7 Is removed, an extemal sxposure
contral mey ba inputed to Fin 3, Sensor exposure intorvals ars
terminaied by low-to-high transition on Pin 3.

Connector Figures 7 and 9 provide exposure time and data
rate clock output signals for external usage; i.e., for synchro-
nizing an oscilloscope for display of the sensor output signals,

The dc bias voltage applied to the vy transport register
alectrodes and VEI bias voltage electrodes are preset to give
optimal performance of the transport clock, white reference
and end-of-scan signals. VEI may be increased to Vpo to
disable the white reference level generating circuitry within
the sensor.

The video output register signal (Vour) passes through a
simple 2 MHz cutoff low pass filter formed by Q1, Q2 and
associated capacitance and resistance circuits and is then
routed off the board at connector finger 11 through 75 ohm
resistor R24. Capacitors CX1, CX2 and CX3 may be installed
by the user to provide high frequency rolloft as required to
reduce high frequency on the output video signal.

The end-of-scan pulse (Veos) is buffered by Q3 and sent off
the board at connector finger 13 through 75 ohm resistor R27,
This pulse indicates that the readout of a line of video
information is completed. The EQS pulse was injected into the
ECS register by transfer pulsa ¢x applied to the sensor U6 at
pin 16

NOTICE

MDmhpmidenuynolpmomﬂnopﬂmnlnl
conditions for your design [See application information on
page 236].
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| FAIRCHILD WESTON
Schlumberger
CCD IMAGING DIVISION

CCD133DB/143DB/153DB
Design Development Board
CCD143A Sensor
CCD133A Sensor
CCD153A Sensor

The Fairchitd Weston CCD133DB, CCD143DB and CCD153DB
Design Developmant Board are printed ciroult cards which
are Intanded lor use as aducational aids for gaining under-
stending of the operating characteristics of Fairchild Weston
CCOMIIA, CODT43A and CCOMS3A line scan imags sensoms,
#nd for use in assembly of experimental systems using the line
scan sansors, All Design Development Boards are sold Tully
aszemibled and tested, and requine only connection of a single
power supply input of +20V and conneation of an oscilloscope
1o display the video information detected by the sensor,

The currently available CCD13308/143DB/153DB Board does
not utilize the foliowing optional features of these devices:

® Improved Linearity by biasing Vap at lower voltage than
Voo. (CCD133A, 143A, 153A).

* Non-sample-and-held output videa waveform for external
processing and/or further linearity improvements
{CCD143A only}.

The boards are 4% by 5 Inches. A socket for installation of the
charge coupled device line scan sensor is mounted centrally
on the back (wiring) side of the card. The user can readily
mount a lens in front of the sensor if required for his study.
Board I/Q connections are made through a 44 position double
readout edge card connector with . 156 inch center-to-center
finger spacings. The edge connector is compatible with a
TRW/CINCH type 50-44B-10 or equivalent.

When a CCD143A is being used with a design development
board, it should be installed in the sensor connector in normal
fashion. When a CCD133A or a CCDI53A is being used, it
should be ingerted into the center of the socket so that socket
terminals 1, 14, 15, and 28 are left open.

The circuit board, requlires a power supply positive input of
+2012V at 300mA maximum to Pins 1 and A of the edge card
connactor. Ground the power supply to pins 22 and Z of the
adge card connector.

Three regulators on the design development boards provide a
Vpp sensor supply voltage which is adjusted to +15.0V, a clock
high level voitage which is set to +12.0V, and a +5V Vee
required by the TTL logic circuitry.

For normal self-contatned operation of the board, Connector
Terminai 17 Is ieft open. Voltage Controlled Oscillator U1
generates a video clock signal which may be adjusted from
approximately 5 to 20 MHz by potentiometer R1. The
frequency of the video clock square wave from U1 Is divided
by two by flip-flop U2A; one-half of MOS driver U4 amplifies
the flip-flop output to provide the ¢r transport clock signal
required by the CCD image sensor. The normal amplitude of
the ¢t clock signal &l the sensor terminal is from a low of about
0.5V to a high of about 11.5V, in accordance with the sensor
data sheet recommendations. Sensor characteristics at other
clock conditions can be evaluated by adjustment of R28.

One-ghot U7A and JK flip-flop U2B develop a properly
synchronized ¢x signal which is amplified by the second half

“
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of the S644 driver U4. The interval between gy pulses is the
exposure time for the sensor; exposure time may be adjusted
by R2.

In keeping with good high frequency englnesring practice,
damping resistors R6 and R7 are used in the MOS driver
output lines to minimize overshoot end ringing contents in the
clock signals supplied to the CCD. Clamp diodes CR3 and
CR4 are used to prevent CCD clock signal excursions below
ground; negative clock line transients at the CCD terminals
can cause charge-injection which may result in an apparent
increase in the dark signal non-uniformity of the sensor. R8
and R7 may need to be increased for operation of the
CCD133A and CCD153A to pravent charge Infection.

it Finger 17 of the card is held low, the ¢ driver will respond to
an external data rate clock input on Pin 5 and an external
exposure controlinput to Pin 3. The combined video data rate
tor the sensor will be equal to the frequency of the clock signal
supplied to Pin 5. Sensor exposure intervals are terminated by
low-to-high transition on Pin 3.

Connector Figures 7 and 9 provide exposurs time and data
rate clock output signals for external usage: i.e., for synchro-
nizing an oscllloscope for display of the sensor output signals.

The dc bias voltage applied to the Vr transport register
slectrades of the CCD is controlled by R30. This voftage s
typically 0.55 times the clock high voltage being supplied to
the sensor for best performance. Bias voltage Ve can be setto
about 10.5V by R27 to obtain the white refersnce slement
output with the video data stream, or it can be increased to
Vop to disable the white reforance level generating circuitry
within the sensor.

NOTICE

MWBMMMMMMMH
conditions for your design [See application Information on
page 238], however, redesigned boards are now being
enginesred for 1987 2nd Quarier avaltability.
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The video signals at the two output ports of the CCD line scan
sensor are buffered by emitter followers Q2 and Q3 and then
made avallabie on connector Fingers 11 and 15. H long co-
axial cables are wired to the outputs, the cables should be
terminated In 75 ohma for best frequency rasponsa. The cable
terminations will reduce the video signal amplitude by
oné-half.

The sensors end-of-scan output is also buffered by an emitter
follower and is then made available on Pin 13. This signal can
be ampilfied and clipped for use as a system synchronizing
pulse if desired.
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Linear Scan
CCD Cameras

Fairchild Weston's linear scan cameras are rugged,
solid-state instruments incorporating selected advanced-
technology sensors.

Linear cameras are used for document scanning in
facsimile reproduction, optica! character recognition and
computer data input systems; for non-contact measurement
and automated inspection systems in metal-working,
plastics and food processing industries; for control in web-
manufacturing situations; and for a great diversity of other
industrial, commercial and scientific laboratory applications.
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CAM/CCD1000 Series Line Scan Cameras
CAM/CCD1200R 512 Element
CAM/ CD1300R 1024 Element

FAIRCHILD WESTON
Schlumberger
CCD IMAGING DIVISION

CAM/CCD1500R 2048 Element

FEATURES

Smafl, compact sealed enciosure

Weil suited for use In rugged Industrial environments

Afl solld state

Utiilzes CCD Sensor: 512, 1024, 2048 resolutions avallable
Remote operation (over 200 cabie i)

Water Jacket compatible for high termperature operation
Two clock inputs control camera

No geometric distortion

1000:1 dynamic range

Electronically variable data rate and exposure time
Accepts C-Mount or 35mm lenses

Video data rates up to 20 MHz

Scan rates up to 40,000 lines/second

DESCRIPTION

Fairchild Models CCD1200R, CCD1300R, CCD1500R are
rugged line scan cameras designed for incorporation into
non-contact electro-optical measurement and process con-
trol systems. The model CCD1200R has a resolution of 512
elements per ling; the model CCD1300A has a resolution of
1024 elements per line; and the model CCD1500R has a
resolution of 2048 elements per line.

CAM 1500R

The CAM/CCD 1500R with a 2048 element array requires a
35mm camera fens. The 512 and 1024 element array lengths
(CAM/CCD 1200R and CAM/CCD 1300R) are compatible
with C-mount lens (below).

The small sealed enclosure permits the camera to be used in
systems where space is limited, The camera can be installed in
a water jacket when necessary for environmental protection,
and can be located mora than 200 cable leet away from a
control unit/power supply, A C-mount lens adaptor is standard
tor the CCD1200R and CCD1300A cameras; a35mm bayonet lens
adaptor is standard with the 2048 element model CCD1500R.

CCD1300R SUBSYSTEM

Fairchild Weston Systems, Inc. CCD Imaging Division
810 W. Maude Ave., Sunnyvale, California 04085
(408} 720-7600, TWX 910-373-2110
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Only two clock signals input through high noise immunity
differential line raceivers are required for control of the line
scan function in the camera. A data rate clock, which can have
a frequency of up to 20 MHz, determinea the frequancy al
which vidsd data i read out of the camera: an exposuie
control ciock detarmines the line scanning rte of the camera.
Diata rate and exposire clock echo signais are output from the
camaera for control of system timing at the control unit of &
system.; these echo signals can be used for timing sccom-
modation in systerms uaing a longer cable between contralier
and camera. Twisted pair clock wiring can be usaed for most
camera applications; shielded twisted pair cabling is recom-
mended in electrostatically and electromagnetically noisy
environmants.

The cameras require power supply inputs of +5 and +15 Vdec.
Internal regulators and filters provide noise immunity for the
blas voltage inputs. Separate force and sense lines allow
control of supply voltages and ground potentials at the
camera end of long cables.

Two time-division multiplexed analog video outputs are
availabie from coaxial connectors on the camera, at a 75 ohm
source impedance. The output video data rate, when meas-
ured in pixsls par sacond, is egual to the data rate clock input
frequency. Video data (s intended 1o be processsd In user-
designed circultry in a control unit & requirsd by the
application; simple comparators sme sufficient for typical
width mesursment applications which use black-white hinary
videa while more eleborate analog and/or A-D comvertsd
processors are required for systems recognizing gray-scale.

FUNCTIONAL DESCRIPTION

As is shown by the block diagram, the circuitry within the
camera is comprised of logic and driver control of the CCD
image sensor, the sensor itself, video buffers and power
supply filters. An infra-red reject optical filter and iens
mounting adaptor are included in the enclosure.

Image Sensor

The Charge Coupled Device line scan image sensor used in
the camera is a monolithic component containing a single row
of image sensing elements (photosites or pixels), two analog
transport shift registers, and two cutput sense amplifiers.
Light energy falling on the pholosites generates electron
charge packets which are proportional to the product of
exposure time (1 + line scan frequency) and incident light
intensity. The photosite charge packets are transferred in
paraliel to the two analcg transport registers in response to an
exposure time clock signal input into the camera. The
transport registers, in response to the data rate clock, deliver
the packels in sequence to an integrated charge sensing
amplifier where they are converted into proportional video
signal voltage levels.

The model CCD1200R camera uses a selected version of the
512 slement Fairchild CCD153 sensor; the model CCD1300R
camera uses a selected version of the 1024 slement CCD133
sensor; and the model CCD1500R uses a salected version of
the 2048 element CCD143 sensor.

RUGGEDIZED CAMERA SPECIFICATIONS

|camera CCD1200R

CCD1300R CCD1500R

|5ensor CCD153

512 X 1 Element Array

CCD143
2048 x 1 Element Array

CCD13a3
1024 X 1 Element Array

Photo Element Size

13 um X 13pm Located on 13 zm centers

Gecmetric Distortion

Determined by lens selected

Dynamic Range Typically better than 1000:1, excluding clock coupling

Dark Signal Non-Uniformity 50 mV P-P max. at an integration time of 8.33 ms and Ty = 25°C

(DSNU)

Photoresponse Non-Uniformity | 100 mV P-P max. @ 1.0 Ve, measured at Tyt = 8.33 ms, Ta = 25°C, using a daylight
(PRNU) fluorescent light source

Saturation Exposure

Typically 0.67 uJ/cm? using a daylight fluorescent lamp light source

Saturation Signal Voltage

2 V P-P typical, 1 V P-P minlmum

Spectral Response

The camera includes a Corning 1-75 fiiter

Video Data Rate

20 M pixels per second meximum (typical)

Exposure Time (Min) 26 1S

52 uS 103 uS

|Scan Rate (Max) Lines/Second| 38 K

19 K 87 K i

Maximum usable exposure time is limited by the dark signal level developed during the integration time. Dark signal level _is
an expenential function of cameara and (consequently sensor) temperature: dark signal level doubles for each 6-8°C rise in
temperature, Dark signal level also increases linearly with exposure time.
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The key advantages of Fairchild’s isoplanar buried channel
CCD sensors for use in the line scan cameras include high
data rate capability, high charge transfer efficiencies, low
noise, relativaly small die sizes, and geometrically precise
construction.

Logic and Drivers

Differential line driver input signals are converted into TTL
level voitages by the line receivers, and then amplified and
shaped for control of the image sensor clock inputs. Single-
ended TTL clock inputs can be used if the negative differential
input is biased at + 1 V; this technique is recommended only
for short cable clock inputs and/or relatively siow video data
rate operation.

The frequency of the data rate clock input signal determines
the rate at which charge packets are transported along the
CCD analog shift register.

Valid Video data from odd-numbered sensor photosites
becomes available on video output ‘A’ within 20ns following
alternate rising edges of a data rate clock.

Valid Video data from even-numbered sensor photosites
becomes available on video output 'B' within 20ns following
interluring alternate riding edges of the data rate clock.

A positive exposure control input signal causes accumulated
photosite data to be transferred within the CCD to the analog
transport registers for readout under control of the data rate
clock, The interval batween exposure control inputs is the
Sa8nsor expasure time,

As is noted in the timing diagram, the exposure control pulse
input width is unimportant for camera operation. The data rate
and exposure control inputs need not be synchronized. The
only timing restriction is that the interval between exposure
control Input signals should be greater than the camera
resoiution (# of elements) times 1/video data rate to prevent
addition of old and new charge packet data in the GCD
registers.

Video Output Buiters

Sensor video is buffered by two indepandent unity-gain 75
ohm output impedance buffers to become the camera video
outputs. The video signals ride on a dc level of about 4 volts
above ground. External processing circuitry can be used to
demultiplex the two video signals. The amplitude of each
video signal will typically be 1V P-P at sensor saturation: the
video signal waveforms are sampled and held continuous
signals with a small high-frequency sampling clock content.

Each photosite in the sensor is 13 microns (0.51 mils) square.
Total active array length is 3.3 mm (.131 inches) for the modal
CCD1200R, 13.3 mm (.52 inches) for the model CCD1300R,
and 26.6 mm (1.04 Inches) for the model CCD1500R.

The 512 and 1024 element array lengths are compatible with
C-mount iens. The 2048 element array should be used with a
35 mm film camera format lens. Various focal length lenses
can be provided by Fairchild as camera accessories.

When ordering, specity device type LENS25C for 25 mm;
LENSS0C for 50 mm, standard C-mount lens,

A Corning type 1-75 infra-red absorption filter is made a part
of the standard cameras. The filter transmission convolved
with the spectral responsivity of a silicon CCD sensor gives
the camera a response ranging from about 400 to 800 nm, with
a peak response at about 700 nm.

BLOCK DIAGRAM
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CAMERA CONNECTIONS

)]
Name Pin /O PIN CONNECTIONS Inputs:  Data Rate Clock (MC1), 20 MHz MAX
DRIN + Differentiaily Received

6

DRIN - 13 “’ﬁ' Exposure Control Clock Pulse (XTO), 25ns
[HEpATES . 5 1500 g Min. Width, Differentially Received
LI = 12 asin
DR QUT + 8 p +5 V @ 500 mA MAX
DR QUT - 15 b i +15 V @ 250 mA MAX
LINESYNC+ 7 LINE WATE- g
LINESYNC- 14 LINE RATE G
g ;gngg 4 PAMLESTE e Qutputs:  Data Rate Clock (MC2), Differentially Driven
i 11 L BehT- . , k
*15 FORCE 2 LN S¥H0s Exposure Sync (XT2), Differentially Driven

BT R fhr: Video A, 75 Ohm Source Impedance

Video B, 75 Ohm Source Impedance

“15 SENSE 9
GND FORCE 3
GND SENSE 10

DATA MATE DUT=

GND SHIELD 1 g
J3 Ja +15 V Sense
VIDEO A VIDEO B Ground Sense

Dimensions: Diameter 2.25”
Length 5.125" Without Lens

TIMING DIAGRAM

LINE RATE [ . i
s JNNAUNMUINIRANNMUUINTTL,AURANA AN AR LARANAULANLATL
AT
L -]
LINE SYNC
c i g il
L AlR (=TT
=0 ] r"f \‘
VIDED A et | T I T [y =i = . == S e e G S CR Y
=t . o o iy SRRt i e
“oane : __— i
REFTAENCE L[] AEFEAENCE
= At ST -\-.I. i &
VIDED B — t 1 ; 1 =ity 1
b - A L y my - p—
DRAE. L) L2 pann
SEFEARMCE L aprERENCE
NOTES:

1. N = Number of elemants in the array, i a, 512, 1024, or 2048

2. LINE RATE = At lsast 25ns wideth, may be asynchronous and should not occur while video dala is being clocked oul

3. DA = 20 MHz MAX, Data rate cut equals dala rate in plus 20ns {typical camera propagation time) and any lransmission lins delay
4. LINE SNYC = Time interval belween leading edges determines inlegration time.

ORDERING INFORMATION or workmanship. Labor costs are included. In U.S,, please
contact a Camera Repair Canter by phoning (408) 720-7600,

Wheaniordering.j=pecify devicailype or 081 65/618-0 in West Germany.

CCD1200R 512 x 1 Element Array

GCD1300R 1024 x 1 Eiement Array
CCD1500R 2048 = 1 Element Array SPECIALS
CAM if you want camera only.

EEBlily o8 wontcamarns leoatrolibok and.cabis All Fairchild Weston GCD cameras are very fiexible and can be

modified to suit unusual applications. Fairchild is interested in
developing and manufacturing customized versions of the

STATEMENT OF LIMITED WARRANTY basic camera for volume purchasers and is willing to assist

Within 12 months ot receipt by the customer, Fairchild Weston low-volume purchasers in development of custom modifi-
CCD Imaging Division will repair or replace at our option the cations by provision of design and applications engineering
camera product if any part is found to be defective in materials assistance.
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| FAIRCHILD weEsTON | CAM/CCD1600R
Schlumberger Line Scan Camera and
CCD IMAGING DIVISION Line Scan Camera System.

3456 - ELEMENTS

CAM1600R FEATURES

High resolution; 3458 elements per line.

Compact enciosure.

Buried channel CCD sensor.

Clock controlied operation-digital system compaiibiiity.
Dynamic range: >1000:1.

Single analog video output: Sampled-and-held with dark
signal reference levels.

8 Zero geometric distortion sensor, v
| Clock controlled data and line rates. =
w0

CCD1800R FEATURES =
8 Fully Integrated camera system using CAM1600R. 5
® Flexible ine and data rate conirols. =
& 0-1 Vdc-coupled 75 ohm vides output. B
8 Binary video output. [
¥ Transition address and count cutputs, with handshakes. as
m 110/220 VAC, 47-63 Hz power Input. L
=

u Special modificetiona svallable — consult factory.
CCD1600R SUBSYSTEM

Fairchild Weaton Systems, Inc, CCD Imaging Division. #1888 Falrchild Weston  Printed in LJ.S.A,
810 W, Maude Ave., Sunnyvaia, Callfornia B4088 Falrchild Weston reserves the right 1o make changes in
(408} 720-76800. TWX 010-373-2110 the circultry or spacifications at any time without notice.
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The CAM1600R is equipped with a bayonet mount for 35mm
SLRA tilm camera lenses, allowing selection from a wide choice
of commercially avallable optics for various applications. An
intrared-rejecting optical glass filter is bonded into the image
input path to glve the camera a near-photopic spectral
response characteristic, and to provide protaction agalnst
environmental dust and dirt.

DESCRIPTION

Fairchlld Weston Model CAM1600R is a versatile industrial-
grade line scan camera with a resolution of 3456 elements.
The CAM 1600R is designed for use in high-resolution
document scanners, high-accuracy automated measurament
and process control systems, fine-detail automated surface
Inspection systems, and in other office, industrial, and labora-
tory applications.

The Model CCD1600R is aline scan camera system comprised
of a CAM1600R, a CB1000R camera control and interface unit,
and a cable sel. The CB1000R includes a versatile timing
signal generator for control of the camera, an analog module
tor processing of the camera video oulput, a pixel locator
module for interfacing the camera and digital processing
equipment, and a power supply module. The system offers
purchasers the inherent economic and technical advantages
of a ready-to-operate factory-calibrated instrument.

The primary output of the CAM1600R line scan camera is an
analog wavelorm showing the spatial distribution of incident
illumination intensity along a scanned ling. Conversion of the
optical input into an analog signal is accomplished by a
monelithic CCD image sensor containing 3456 photo de-
tacting elements aligned in a single row. The CAM1600R
high-resolution line scan camera can be readily employed to
accurately measure the width and/or edge locations of
stationary objects or material in web form If an cbject s
transported past the field of view of the camera, a complete
two dimensional image of the object can be constructed from
the series of line-scanned data. The CAM1600R is conse-
quently recommended for use in acquiring two-dimensional
images for objects carried by conveyors, for high-resolution
facsimile-type scanning of documents transported past the
camera, for edge tocation and/or surface inspection systems
in web manufacturing processes, and for non-contact, high-
resolution measurement of the width of stationary objects.

Two input clock signals control the video data rate and line
scan rate of the CAMB00R. High noise immunity tor the input
clock signals is provided by differential line receivers, per-
mitting unshielded twisted-pair wiring to be used for most
ingtaitations. Difterentially driven clock signal outputs can be
used to synchronize assoclated equipment for processing
camera-acquired data. The CAM1600R requires power supply
Inputs of +5 and +15V dc. The video output of a CAM1600R for
sach line scanned is a single sampled-and-held waveform
providing image brightness information for each of the 3456
photosites in element-sequential format. The analog video
waveform also contains, as shown on the timing diagram,
outputs from two sets of eight black-reference elements
which provide a measure of the dark current of the sensor. A
coaxial connector provides access to the analog video ata 75
ohm source impedance level.

Tha control unit of the CCD1600R system allows the camera
data and line scan rates to be controlled by sither internal
varlable frequency oscillators or by external sources of TTL-
level signals. The line rate can be locked to twice the power
line frequency for convenience when the camera illumination
is derived from line driven florescent or incandescent lamps.
The control unit provides a ground referenced gain normalized
dc coupled analog video output, and a binary video output
with an adjustable threshold voltage. Run length encoded
transitlon address data and other digital information with
easy-to-use protocols are available for camera-computer in-
terfacing. The control unit of the CCD1600R also includes
& power supply module operating from 110/220 VAC, 47-83
Hz inputs,

The CAM1G00R is equipped with a bayonet mount for 35mm
SLR camera lenses allowing selection from a wide choice of
commercially available optics for various applications. An
infrared-rejecting optical glass filter is bonded into the image
input path to give the camera a near-photopic spectral
rasponse characteristic, and to provide protection against
environmental dust and dirt.
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SPECIFICATIONS

CAM1600R SPECIFICATIONS — Messured at TA = 25°C,
datarate =1 MHz, Line rate = 120 Hz, daylight fluorescent light
source, terminated video output (75 ohm), unless otherwise
noted.

Sensor — Selected Falrchild Weston CCD151.
Resolution — 3456 elaments per line.

CTF — >60% @ 3456 lines per scan width.
Speciral respones range — 400 to 700 nm.

Sensor dimensions — 7 x 7 microns on 7
micron centers along the array.

Sshuration signal empiitude — =500 mVp-p.
Responelvity — >1.5 voits par pJ/cm?.

Photo response non-untiormily — <10% of output signal
ampiitude,

Dark signal non-uniformity — <20 mVp-p (See Note 1),

Maximum video deta rate — =5M slementa/second (See
Note 2).

Maximum Bne ecan rals — Video data rate divided by 3514, i.e.,
711 Hz at 2.5 MHz data rate {See Note 2).

Power Input — <3.25 W (250mA @ +5Vdc. 125mA @ +15Vdc).
Dimenslons — See figure.

Welght — <18 oz.

Environmental Conditions

Oparating Ambient Temperature Range — © 10 80°C,
Storage Temperature Range — -40 to +100°C.

Shock: <500G any axis.

Vibration — 0-2000Hz, 20G, any axls.

CCD1600R SYSTEM SPECIFICATIONS
Includes — CAMIB00R, CB1000R, and cable set.
Camera data rats — internal; 1 to 3 MHz: External: 01 to 5 MHz

Camera line mite — Internal: 100 Hz to data rate divided by
3514 (8.9., 1.4K linea/second @ 5 MHZ data rate). Line sync,
twice power line frequency. External: 10 Hz to data rate
divided by 3514.

Anslog video output — 0-1V p-p sampled-and-held wave-
form, d¢ coupled, white positive, 75 ohms, BNC connectar,
switch-salectable AGC.

Binary video output — TTL-level, BNC connector, white
positive, adjustable threshold.

Digltal outpute — BNC connectors, TTL-levels. Line aync,
video valid, data rate clock.

Processed cigital data oulpute — TTL-leveis, 50 pin connector.
Transition addresses, 11-bit words. Transition counts, 8-bit
words. Handshakes.

VIP infertace outputs — TTL-levels, 15 pin conector. Valid
video, line sync, data rats clock.

Timing signal inpuis: — TTL-levels, BNC connectors, Data
rate and line rate clocks.

Operating mode sslect inputs — TTL-levels, 50 pin connactor.
Run, scan, computer controi.

CB1000R pane! controls — Potentiometsrs: Binary video
threshold data and line retes. Switches: Power (on/off), video
AGC (on/off), data rate clock (intemal/external), line rate
clock (internal/AC sync/external).

Power main input — 110 or 220 VAC, 47-63 Hz

NOTE®:

1) Dark signal non-uniformity should be sxpected to double for sach
8-10°C increass in camarm temperaturs, and to increass jinsarity with
axposure lime = 1/lina rute.

2) Minimum useful data and line rates are determined by integration of
dari, signal durtng integration pericd.

CAM1800R TIMING DIAGRAM
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FUNCTIONAL DESCRIPTION — CAMERA

The electronics provided within the CAM1600R include digital
timing and CCD clock driver circuitry, components for CCD
biasing, the CCD sensor, and a hutfer for driving the analog
video output cable. A bayonet lens mount, a spectral response
filter, and a removable bracket for attachment ot the camerato
a tripod or other fixture are included in the rugged camera
enclosure

IMAGE SENSOR

The image sensor used in the CAM1BOOR is a selected
Fairchild Weston CCD151. This Charge Coupled Device
(CCD) is a monolithic integrated circuit containing 3456
photo sensing elements (sometimes called photosites or
pixels), two charge-coupled analog shift registers, and an
output charge sensing preamplifier. The 3456 photosites are
arranged in a single row. Light energy absorbed within the
photosites generates free electrons which are accumulated
into photosite charge packels during integration periods. The
quantities of electrons accumulated in the photosite charge
packets are linearly proportional to the product of the
localized incident illumination intensity multiplied by the
exposure time:

An exposure interval is terminated by input of an exposure
clock low-lo-high transition. This input causes packets of
charge to be transferred from the 3456 photosites into CCD
shift register cells. The charge packats are then sequentially
transported, in response to the data rate clock input of the
camera, to a charge sensing amplifier where they are con-
verted into proportional video signal voltage levels. A following
on-chip MOS switching circuit and source follower provides a
sample-and-hold analog video waveform cutput from the
CCD.

The CCD151 sensor used in the CAMIBOOR camera is
manufactured with Fairchild Weston's advanced buried-
channel CCD technology which provides low noise, relatively
small die size for a high-resolution sensor, high charge
transter efficiency, and precise photosite geometnies.

OPTICAL CONSIDERATIONS

The optically sansitive area of the CCD is a row of 3456
photosites spaced on 7 micron centers. Each photosite isa 7
micron by 7 micron square. The photosites are contiguous
along the line scan axis of the sensor — there is no optically
inactive area separating the individual sites. The tatal length of
the scanned line on the sensor surface is 3456 x 7 microns, or
24.2 mm.

An infrared rejecting filler fabricated from Schott type BG-38
glass is secured into the enclosure between the lens mount
and sensor. The filter's spectral transmission characteristic of
the filter convolves with the spectral responsivity of the CCD
sensor to give the camera a spectral sensitivity extending from
400 to 700 nm, and a symmetrical response curve approxi-
mating the photopic characteristic of human eyes. The
CAM1E00R is equipped with a bayonet lens mounting ring
which mates with 35mm camera format lenses. Cameras with
gither Olympus- or Nikon-compatible mounts are available.
Various focal length lenses can be obtained from Fairchild.

LOGIC AND DRIVER CIHRCUITS

Differential line receiver circuits are included in the camera to
realize good noise immunity for the Data Rate and Line Rate
clock signal inputs. The recelver circuits are Fairchild type
9637, or equivalent. Operation with single-ended TTL-level
clock inputs can be used for short cable lengths by blasing the
negative input for each clock at +1V.

150

The logic and driver circuits within the camera ensure that
properly synchronized, shaped, and timed clock waveforms
are given to the CCD. The frequency of the line rate clock
input determines the line scan rate of the camera. The interval
between successive line rate clock inputs is the sensor
exposure time. The frequency of the data rate clock input
determines the rate at which photosite data is sequentially
delivered by the analog video camera output. One photosite
signal is provided at the camera output for each cycle of the
data rate clock input.

The rising edge of a line rate input clock terminates an
exposure time by transferring the accumulated data from the
CCD photosites into the CCD transport registers. The trans-
port registers move the data in photosite increments to the
CCD output amplifier. The only timing constraint for the two
input clocks is that the interval between line rate inputs should
be greater than 3514 cycles of the data rate clock to allow
complete read-out of the pravipusly transfarred line

VIDEQ OUTPUT SIGNAL

Sensor video is butfared by a unity gain amplifier to drive the
analog video output of the camera with 75 ohm source
impedance. The video signals at the output terminated in 75
ohms will have a typical amplitude of 600m Vp-p at sensor
saturation riding on a de¢ level between +2 and +5V. A coherent
sampling clock signal with an amplitude of about 50 mVp-pis
combined with the analog video — this can be removed by a
low-pass filter or resampling circuit within the equipment
using the camera data.

FUNCTIONAL DESCRIPTION — CAMERA CONTROL UNIT

Model CB1000R is a power supply and control unit specifically
designed for use with the CCD1600R and other line scan
cameras.

The timing signal generator in the CB1000R includes an
internal clock oscillator which can drive the camera at data
rates from below 1 to above 3MHz. A switch and BNC
connector allow the camera data rate to be controlled by an
extarnal source of TTL-level input square waves. The line
scan rate of the CCD1600R camera driven by the CB1000R
can be locked to twice the power line frequency (120 lines per
second with 60Hz power input), controlled by an input TTL-
level clock, or controlled by an internal variable-frequency
oscillator. The timing signal generator includes a lockout legic
circuit which insures that the selected data rate and line scan
rate are compatible

A video processor within the CB1000R establishes ground as
a reference level for the camera output in the dark, and
provides gain normalization so that the output signai level is
+1.0V when the camera image sensor is illuminated to 80% of
saturation. The video processor also provides a Binary Video
signal which is TTL TRUE only when the analog video is
above an adjustable threshoid voltage.

The CB1000R also includes a “pixel locator” which provides
FIFO-stored address information indicating photosite loca-
tions where binary video transitions from black-to-white, and
vice versa, and ancther set of bit-parallel words indicating in
binary coded format the number of binary video transitions
occurring in selected camera line scans. This pre-processed
digital data, which dramaticaily simplities interfacing of the
camera subsystem to a microprocessor or computer for many
applications, is accessed and controlled by several handshake
Input and output signals

Power input to the CB1000R can be 110 or 220 VAC, 47-88Hz.

The CB1000R Is Intended for bench-top instaliaticn. All
operator controls, and 1/0 connactors, are located in func-
tlonel groupings on the front panel for convenience.




MECHANICAL DIMENSIONS

{NOTER: ALL DIMENSIONS ARE M INCHES LMLESS SPECIFIED)
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ORDER INFORMATION AND OPTIONS

Line Scan Camera System — Comprised of a 3456-element
line scan camera, & camara control unit, and an intercon-
nection cable set. To order, specity MODEL CCD1600R.

Line Scan Camera Only — Industrial-grade 3456-element line
scan camera only with Olympus bayonet lens holder. To
order, specify MODEL CAM1600R.

Control Unit and Cable Sei Only — A control unit which is set
up for operation of a 2048-slement line scan camera as
shipped. Field modifications are required within the unit for per-
formance optimization when used with a specific CAM1600R
camera. To order, specify MODEL CB1000R.

Lenses — Bayonet-mount lenses suitable for use with
CAM1B60OR cameras with local lengths of 25 or 50 mm. To
order, specify MODELS LENS25B or LENS50B, respectively.

Cameras with Nikon lens mount — Consult factory.

STATEMENT OF LIMITED WARRANTY

Within 12 months of receipt by the customer, Fairchild Weston
CCD Imaging Division will repair or replace at our option the
camera product if any part is found to be defective in materials
or workmanship. Labor costs are included. In U.S., please
contact a Camera Repair Center by phoning (408) 720-7600,
or 081 65/618-0 in West Garmany.

SPECIALS

All Fairchild Weston CCD cameras are very flaxible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
varsions of the basic camera for volume purchasers and is
willing to assist low-volume purchasers in development of
custom modifications by provision of design and appti-
cations engineering assistance.
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FAIRCHILD WESTON CB1000R Controller for
Line Scan Cameras
CCD IMAGING DIVISION
CB1000R FEATURES DESCRIPTION
u Controls Falrehild industrial Line Scan Camerss: Modsi CB1000R is n controfier and power supply unit
CAM1I200R, 512 x 1 slements specifically designed 1or use with Fairchild Models CANH200R,

CAM1300R, 1024 x 1 slements
CAM1500R, 2048 x 1 slements
CAM1IS00R, 3458 x 1 elsmeniy*™*

Inctudes power supply, TV220 VAC, 47-83Hz input.
~grouped tront panel confrols, conneciors

Special modifications svailshle

“**consult faciory.

a
|

CB1000R CONTROLLER

CAMIZI0R, CAMIS00R, and CAMIBOOR industrial-gragda ling
acan cameras. The combination of 8 CE1000A and one of the
cameras can be ordered as a fulty-intograted line scan camars
subsystem which |s sasy i use in laboratory, sutomated
office. and industrial applications, Model numibers CCO12008,
CCD1300R, CCOME00R, and CCOG00A subsysiems, respec-
tively, include a camera offering resolutions of 512, 1024, 2048
and 3456 slamants per lne.

The GB1000R includes a Yiming signal geserator, an analog
video processor, a piael locator, snd a line-driven powar
supply module. The timing signal generator allows the video

Fairchild Weston Systems, Inc. CCO Imaging Division.

610 W. Maude Ave_, Sunnyvele, Californla 84088
(408} 720-7600, TWX 810-373-2110
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data rate of the attached camera to be controlled by an
internal variable-frequency oscillator or by aninput TTL-level
clock signal; allows the line scan rate of the camera to be
controlled by an internal variable-frequency oscillator, by an
input clock signal, or locked to twice the power line frequency;
and provides other useful time signal outputs. The analog
video processor provides a 0-1 Vdec-coupled analog video
output at a 75 ohm source impedance level, a switch-
selectable video AGC function, a binary video (black/white)
output with adjustable comparison voltage, and an output
signal indicating that the camera is being illuminated to near-

CB1000R SPECIFICATIONS

Compatible with: Fairchild Models CAM1200R, CAM1300R,
CAM1500R, CAM1600R Industrial Line Scan Cameras
Camera Control Signals (Ditferentially driven)
Data Rate Clock
Internal Oscillator, 1-3MHz
External Input, 10KHz-20MHz
Ling Rate Clock
Internal Osciltator, 100Hz to a maximum determined by
time raquired to read out one line at selected data rate for
selected camera.
Line Sync, twice the frequency of power line input (e.g.,
120H2 with 60Hz input, 100Hz with 50Hz input.)
External Input, 104z to a maximum determined by time
required to fully read out one line at selected data rate with
selected camera

Camera Supply Voltages — +5 and +15 Vde, regulated.

Analog Video Output — 0-1 V p-p sampled-and-held wave-
form, white positive, 75 ohm, BNC connector.

Timing Signal Outputs — TTL-lavels, BNC connectors.
Binary video, line sync, video valid, data rate clock

Digital Data Outputs — TTL-Jevels, 50 pin D connector.
Transition address words (12-bit parallel), transition count
words (8-bit parallel), data ready, FIFQ-memory full, transition
polarity, saturation warning.

VIP Interface Outputs — TTL-leveis, 15 pin D connector.
Valid video, line sync, data rate clock.

Timing Signal Inputs — TTL-levels, BNC connectors, used
only when external iming controls selected
Data rate clock, line rate clock.

Mode Selecl Inputs — TTL-levels, 50 pin D connector
Run, scan, computer control,

Front Panel Controls and Indicators
Potentiometers; data rate, line rate, binary video threshold.

Switches, power (on/off), video AGC (on/off), dala rate clock
{internal/external), line rate clock (internal/AC sync/axternal)

LEC indicators: Power (+5 Vdc), saturation, mode selected.
Power Input — 110 or 220 VAC, 47-63Hz

Dimensions — See figure.

instaliation — Bench top

QOperating Amblent Temparature — 0 to 60 °C
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saturation level. The pixel locater functions include output of
binary-coded data showing the number of binary video
transitions occurring in scanned lines, and the pixel addresses
where transitions occur, using easy to implement handshake
communication protecels for computer-system Interfacing.
The power supply module, with 47-63Hz, 110 or 220 VAC
(nominal) fuse-protected inputs, provides the regulated dc
voltages required for camera and CB1000R operation. An
additional connector on the CB1000R provides an interface
between the attached line scan camera and Fairchild's power-
ful single-board image processing computer, the VIP-100.

PIXEL LOCATOR SWITCH FUNCTIONS

TRANSITION TYPE SELECTION
POS
I 4 2 3
TYPE
BLK-WHT | ON OFF | OFF
WHT-BLK | OFF | ON OFF
BOTH OFF | OFF ON

MINIMUM SEGMENT LENGTH SELECTION*

POS
| 4 5 6 7 ]
LENGTH
1 OFF ON OFF | OFF | OFF
2 OFF | OFF | ON | OFF | OFF
4 OFF | OFF | OFF ON | oFF
8 OFF | ofF | OFF | OFF ON

*Segment Length is defined as the minimum width of
recorded Binary Video segments between Consecutive
Level Transitions whose width is measured in Pixels.




VIDEQ PROCEEBOR BOARD TIMING CONTROL BOARD
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ORDER INFORMATION

Control Unit — includes unit with power supply, timing signal
generator, video processor, and pixel |locator, pius camera-
to-control unit cable st and cperating manual. Adaptable
for control of Fairchid Modeis CAM1200R, CAM1T300R,
CAM1500R, or CAM1600R camera. To order, specify FAIR-
CHILD MODEL CB1000R.

Line Scan Camera Subsysiem — Includes CB1000R control
unit st up and adjusted for the specific camera. To order,
specity FAIRCHILD MODEL:

CCD1200R for 512 slement camera system.

CCD1300R for 1024 element camera system.
CCOD1500R for 2048 slement camera system.
CCDI000R for 3458 element Camenh System.

STATEMENT OF LIMITED WARANTY

Within 12 months of recesipt by the customer, Falrchild Weston
CCD imaging Division will repair or replace at cur option the
camena product if any part ls found to be defective in materials
or workmanship. Labor costs are inciuded. In U.S., please
contact the Camera Rapair Camer by phoning (408) 720-
7000. In Europe, pleass phone 081 65/618-0, West Germany.
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Area Scan
CCD Cameras

Fairchild Weston offers a broad family of solid-state
CCD-based monochrome television cameras and camera
sub-systems, available in both 525-line RS170A and 625-line
CCIR format.
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Area Scan Cameras



Camera Selector Guide
Solid State TV Cameras

CAMERA TYPE

3000 3002 5000

Sensor Format =L 2/3" -1"
Sensor Measurement (Diagonal) 14.4mm 11.0mm 14.4mm
Sensor Head Dimensions 2.1" Dia. 2.1" Dia. 1.3" Dia.
16" Lng 1.6" Lng 1.5" Lng

Thermo-Electric Cooled Sensor Yes No Yes

Multiple Sense Heads No No Yas

Rugged Moisture Resistant Heads No No Yes

The CCD Imaging Division, pioneer in CCD technology and solid state camera systems, offers a tamily of solid-state CCD-based
monochrome television cameras and camera sub-systems, specifically designed for use in industrial environments.

All cameras meet 525-line RS170A format specifications and 625-line GCIR versions are available in the CCD/CAM 3000 and 3002

se
Standard Features

B interiine traneier architecture sensors

u 488 (V) = 380 (H) pixel element resclution*
B Environmentally rugged construction

8 Composiie video cutputs

=

® Use of standard “C” mount lenses

& Spectral response similar to the human eye (pholopic)

All cameras arg engineered for harsh environment surveillance and microscoplc operation where acquired image Is displayed on
standard television monitors, es well as for data input into machine vision processing equipment for automated inspaction, robot
guldance, object recognition and object location systems.

*except CCD3002 which are 483 (V) x 378 (H)
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Optional Fealures

All Camera Series

& Near ).R. response

u Non-interlaced scan

B Pgeudo-interiaced scan

8 Exiended exposure integration

CCD/CAM 3000 Series Only




CAM3000/CCD3000
Schlumberger Solid-State Cameras
CCD IMAGING DIVISION and Camera Subsystems
with RS170A TIMING
FEATURES
5 Small, nigged sense head

]
| ] mxmnuoluﬂon—CTF>To%ltNyqum
# No lag, geometric distortion or Image bum-in
B Thermo-elecirically cooled ssnsor
u Designed for demanding snvironments
B Unity gamma

8 525 line, 30 frame internal clock timing meets AS170A
specifications

User selectable timing and format optional

Genlock and external clock timing control

C-mount lens hoider

Enhanced conmaetic performance avallable (CAM3100)
Fitrer optics laceplaie adaptor (CAMIN0OF & CAMI1DOF)
Imege inlenaifier vorslon (CAM3000I) svalisbie with low
light level capability and extended rad apeciral reaponse.
All CAM3I0D0 Serles available as camers-only and ready-
to-use complete subaystems, which include camera,
power supply, power snd remote sense head cables

8 Special modifications available — conmult factory

CCD3000 SUBSYSTEM

—== —— _—
Fairchiid Weston Systems, Inc. CCD Imaging Division. ©1888 Fairchild Weston  Prinied In .S A,
B10 W Maude Ave._, Sunnyvale, California 04086 Fairchild Wesaton reserves the right to make changes in
408-720-7800. TWX 910-373.2110 the circuitry or speciflcat &t any time with notice
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DESCRIPTION

The CAM3000 and CAM3100 are rugged solid-state cameras
designed for use in industrial environments. They are general-
purpose black-and-white television cameras meeting RS170A
standards for timing in a 525-line per frame scanning format.
The composite video output of the cameras offers high
resclution, wide dynamic range display of images on U.S
standard monitors or provide data input into RS170A-
compatible digital machine vision equipment. The camera
resolution is 483-lines per frame, 378-elements per ling, The
monolithic buried channel charge-coupled image sensor is
thermo-electrically cooled for optimized camera performance.

The CCD3000 series are complete sub-systems comprised of
a CAM3000 series control unit and sense head, a power

supply unit which also provides BNC-connector access ta the
most often used camera 1/0 timing signals, a remote sense
head cable and a power supply-to-control unit cable. The
subsystemns offer the inherent convenience and economy of
receiving an integrated, ready-to-operate camera system

CAMB3000 series cameras can be used as self-contained
single-piece units or separated into camera control units and
relatively small sense heads connected by aflexible cabie. The
sense heads are designed to withstand the accelerations,
shocks, and vibrations which are ¢ften encounterad in indus-
trial applications and their relatively smatl size and weight
encourage their use on microscopes eliminating the need for
expensive mounting brackets and supports

CAM3000F

The CAM3000F and CAM3100F are CAM3000 or CAM3100
cameras modified by incorporation of a fiber-optics faceplate
for optical input. A mounting flange and compliant sensor
positioning arrangemsnt provide an easy means for inter-
tacing the camera to customer-supplied fiber optics equip-
ment. Use of direct bundle-to-bundie fiber optic coupling can
dramatically increase the efficiency of image inputs in com-
parison to lens image-transferring systems. The fiber optics
taceplate feature makes the CAM3000F ideal for applications
in streak camera systemns, large-format image intensifier
cameras, X-ray and UV image detection systems and in
medical, scientific and industrial camera applications
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The CAM3000! is a CAM3100F camera which is modified by
incorperation of a microchannel plate wafer image intensifier
The CAM3I000I is intended for industrial, scientific and
surveillance applications requiring very low-light-level image
detection capability. A C-mount lens holder is provided for
optical input into the intensifier faceplate. The amplified image
output of the intensifier is direct-coupled to the CCD image
sensor by coherent, optically-efficient fiber optic bundles




SPECIFICATIONS

CAM3000 AND CAM3100 SPECIFICATION

Scanning Format — Interlaced 483-lines per frame, 378-
elements per line (non-interlaced 242 lines per field is a pc
strap option).

Scan Timing — Frame rate s 30Hz, dats rate s 7960
elemants per second wihen camera ks undear control of internal
crysts| oaclllator. Frame rate can be varled from balow 5 1o
shove 40Mz (typically >80HEZ) whan using extornal manter
clock input, Camera can be synchronized 1o extamal equip-
mant (gen-lockad) with herzantst and vertical drive inputs

Read-Out Format — image data fills horizontal and vertical
unblanked portions of frame and line timing intervals as
specified by RS1704 television standards.

Cutpul Signals

Analog Video: 1.4 Vp-p Composite, 75 ohm, sync negative,
white pesitive, dc coupled.

Timing: TTL-level Vertical and Horizontal Crive, Composite
Sync and Blanking, Frame Index, Data Rate Clock. Differen-
tial Master Clock.

Input Signals
Difterential Master Clock for external frame rate control

Horizontal and Vertical drives for gen-locking, 2-5 Vp-p.
TTL-level clock source selects

Resolution — >60% CTF at 483-lines per picture haight, 378-
lines per picture width.

Sensor — Monolithic Silicon CCD, 4:3 Aspect Ratio, 14mm
image diagonal.

Dynamic Range — Peak Signat (1v): AMS temporal noise in
the dark =1000:1.

Sensiivity — S:N >20db with faceplate illumination >10-2
footcandles. {see figure)

Video Automatic Gain Control — Approximately 10db of
additional video gain at iow light levels when AGC function is
activated.

CleﬂcPaﬂonnm('l’.=25°c,AGcom

Photo Response Shading Non-Uniformity <5% of output for
CAM3000, 3% of output for CAM3100.

Shading in the dark <20 mVp-p

Number of blemished elements =20, for CAM3000, <5 for
CAMIT00, where blemishad sisments are defined &8 areas
exhibiting a spurious response of =50 mvp-p compared to
thelr nearast nalghbars at any lumination foval. No slament
will exhibit 2 spurioies response 2350 mVp-p for a CAM3DO0,
=150 mVp-p for @ CAM3100,

NOTE: The amplitude of dark signal shading non-uniformity
and the ampiitude of spurious etement outputs in the dark
should be expected 1o double for each 5 to 10°C increase in
sense head case temperature.

Optical Input — C-mount lens holder {1 inch, 32 thread/inch),
standard C-mount 1 inch vidicon type lenses are recommen-
ded {see order information). Effective back flange focal length
is 17.5 mm, clear thread depth is >0.25 inches (=6.3 mm).

Enclosure — Sense head is C-ring protected, thermally
efficient anodized aluminum extrusion,

Dimensions — Sae figure.
Welght — Sense Head, 8.0z; Sense Head and Contral Unit: 2 (bs.
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Environmental Conditions — Operating Ambient Tempera-
ture: 0-50°C, Acceleration and Shock: Resistant to > 100G,
any axis.

Power Requirements — <10 W, £15, +5 Vdc, currant controlled
0.8A at approximately 1vdc.

CAM3000F AND CAM3I100F
SPECIFICATIONS

CAMS3000F and CAM3100F — ldentical to the
CAMB3000 and CAMB3100 with the following exceptions:

Optical Input — Through coherent fiber optic faceplate 0.2
inches in length, cemented in Intimate contact with CCD
sensor surface. Facepiate uses & micron diameter fibers, N.A.
= 1.0. Faceplate input is flat and polished. Cameras are
shipped with a C-mount lens holder attached.

Opilical Interfece Provisions — Sensar is spring-loagad o
provide compliance in nterfacing of & customer-supplied
fiber optics davice output Into the faceplate. |t isintended that
the customer provide & machined attachmant mating with the
Hange shown on the dimensional drawing for the CAM3000F
sansa head. A drop of immension oil shouid be used at the
fiber bundis intertace for besi optical coupling.

Cosmetic Performance — Number of blemished elements
=100 for CAM3000F, <10 for CAM3100F, since the faceplate
may contain a few open fibers.

Environment — Non-condensing humidity conditions when
the sensor temperature is 25°C below ambient,

CAMI00X SPECIFICATIONS

CAM30001 Specifications — Identical to the CAM3000 excapt
for the following:

Image Detector — Comprised of a microchanna! plate image
intensifier coupled to a CCD sensor by efficient 1:1 image
geometry fiber optics.

Spectral Response — “Extended Red” photocathode (see
figure).

Sensitivity — S:N >20db with taceplate illumination levels
=10 footcandles.

Automatic Light Coniri! Function — The intensifier gain is
automatically reduced as the input light leve! increases to
provide a near-constant output signal level for faceplate
illumination levels between 1 and 10 footcandles (seefigure).

Image Burn In — The intensifier photocathode may develop a
“bumned-in” image il over exposed by excess input light for
extended Intervals,

Sense Head Welght — 16 oz.

Shock Resistance — Sense head will tolerate up to 20G
shocks, any axis.
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CCD3000 CAMERA BODY
BLOCK DIAGRAM

CCD3000 SENSE HEAD
BLOCK DIAGRAM
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FUNCTIONAL COMPONENTS IMAGE INTENSIFIER (CAM3000I ONLY)

MODEL CAM3000, CAM3100, CAM3000F, CAM3100F and
CAM3000| cameras are comprised of a camera control unit
and a camera sense head. The control unit is identical for all of
the camera models; there are significant differences in the
sense heads for the three types of cameras. Model CCD3000,
CCD3100, CCD3000F, CCD3100F and CCD3000I are sub-
systerns comprised of a camera, a power supply unit and two
cables. The power supply unit and cables are identical for
each camera type.

IMAGE SENSOR

The image sensor employed in the CAM3000-series camera
sense head is a selected buried-channel charge coupled
device (CCD) manufactured by Fairchild. The interline trans-
{er organization of the sensor provides a resolution of 488-
lines per frame, 380-elements per line. Buried channel tech-
nology minimizes neise and allows high data rate and high
frame rate operation without sacrificing charge transfer
efficiency.

For use in a CAM3000 or CAM3100 camera, the CCD is
enclosed in a ceramic package sealed with an optical-guality
transparent glass cover

For construction of a CAM3000F, CAM3100F or CAM3000I, a
coherent bundle of optical fibers 6 microns in diameter and .2
inches in length is bonded to the CCD surface with a hard-
setting optical cement. The CCD package is then sealed with
epoxy. The printed circuit board supporting the liber optic
taceplate sensor is spring loaded 30 that intimate contact can
be made to customer supplied fiber optics with the CAM3000F
or CAM3100F, or to the intensifier output in the CAM3000!,

THERMO-ELECTRIC COOLER

The CCD die temperature is reduced to about 20°C below
ambient temperature by a Peitler-affect thermo-electric cool-
er in the sense head. A current-controlled dc power supply
input of 0.8 Amp at about 1 V (provided by the power supply
unit when a CCD3000, CCDI100, CCD3000F, CCD3100F or
CCD3000I is purchased) is required for cooler operation. The
cold side of the cooler contacts the CCD package and the hot
side of the cooler contacts a heat transfer member which is
thermally connected to the finned walls of the sense head
enclosure. Sensor cooling reduces the random temporal
noise content in the signal output of the sensor and also
reduces the dark current non-uniformity or fixed pattern noise
content of the sensor signal.

—mm e —————————
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Image inputs into a CAM3000! camera are transmitted by fiber
optics to a photocathode where photons are converted into
alectrons. Electrons freed from the photecathode are accel-
erated by electrostatic potentials towards a wafer-type micro-
channel plate. Gain is achieved within the microchannel plate
where each channel acts as a high-gain electron multiplier
Electrons exit the plate and strike an output phosphor which
re-converts them into photons. A second fiber optic bundle
directa the amplified image from the phosphor to the CCD
faceplate. The electron-multiplication gain within the in-
tensifier is dependent upon the accelerating electro-static
potentials supplied to the intensifier electrodes and can be
higher than 10,000:1 at low light-levels. The impedance of the
power supply which provides the cperating voltages to the
intensifier has been designed so that the gain decreases as the
average brightness of the image input increases to give a very
wide range AGC function to the CAM30001.

DETAILED DIAGRAM of the CAMERA FRONT-END
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SENSE HEAD CIRCUITRY

Tha senss heads contain, in addition to the CCD image sensor
and tharmo-alactric cocker, (plus intensifier and high voltage
supply in the CAM3000I) circuitry for ganerafing fhe high-
frequancy clock signais for control of the CCD and a buffer for
the senaor video oulput signal All othar CCD timing and drive
elactronics, supply Bnd biss voltlage regulstom, and video
processing circults are contained in the camera eantrod uniss

The CAM3000 and CAM3100 opticat paths include an infrared
rejecting filter which gives the camera a near-photopic
spectral sensitivity. The CAM3000, CAM3100 and CAM3000I
sense heads are protected against dirt and dust by O-ring
seals; the CAM3000F and CAM3100F are unsealsd for user
convenience when employing fiber optic inputs.

CAMERA CONTROL UNIT

Thnummﬂrﬂunﬂhmmmmmmwm
tunctions of camara and sensor timing contrel, CCO drive and
vidao processing, Interconnectad by two pe mother boards.
Camaratiming is normally controiled by an internal 14 318MHz
master clock ocacillator located on the drive board. The
frequency of this oscillator is controfied by & phase-locked
loop circuit when the camera fiming ks “gen-logked” o

sxternal vertical and horzontal drive. A veriical drive Inputora
vertical drive ssparsted from composite inputs is required 1o
establish Irame sync in & gen-lock mode. An external mastsr
clock signai can be used lor varable frama-rate oparation.

Timing waveforma for sensor drive and syne aignals for the
formation of RS1TOA compasite video are darhad from tha
master clock signal, These aignals are then fed 1o the drive
board whare the TTL level signals are altered to COD drive
lavel signals required 1o operate the sansor, From the drive
baard, sensor clocks ars fed through tha 31-pin D connector
1o the senine head and the composaite sync signal i forwardad
1o the video processcr board.

The video processor receives sensor video from the GCO In
the sense head. The video Is line-clamped, ampiified, ang
blanked with composaite blanking from tha logic board and
then summad with the composite syna signal fram the drive
baard to yhefd the RS170A-lormat composiie vidaa at the BNC
output at the back of the camera. Timing signal 'O connec-
tienz are provided at the 25-pin D connector at the back of the
camern (see Pin Disgram)

The cameras requine inputs of £15, +5 ind 0.8 Ampsat about
+1Wde Inlermal regulators provide all voRtages levels nesded to
drive the amplifiors and various clocks.
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POWER SUPPLY YO PIN CONNECTIONS
GND TT;““-
HORIZONTALDRVEIN = =0 | ol
HORIZONTAL DANEQUT |= | COMPCSTE BLANING LT
VERTICAL DRIVE N = "i' QAT RETE CLOCHK T
TMNG SELECT A ] YEEQMMLID LT
THANG SELECT B = : ;_E:'mn
MASTER CLOCK: IN =
MASTER CLOGK- IN 4= | oo™
MASTER CLOGHs OUT 4= | !
MASTER CLOCK- OUT s | 1 oesdiit
VERTICAL DRIVE DUT = ‘i '"w'm:':m e
FIELDINGEX o | COMEOE
T.E. GOOLER RETURN =1 o
e

MATING CONNECTOR IS TYPE DB-255
BY TRW OR EQLNVALENT

POWER SUPPLY UNIT

The power supply unit, which is a part of the CCD3000,
CCD3000F and CCD30001 sub-systems or which can be
ordered separatety for use with any of the cameras, contains a
lineer power aupply moduie, timing signal buffer ampliflers
and |/O signal connectors.

Power Input is through a fuse-protected recessed male
connector. Input voltages of 110 or 220 VAC, £10% can be
sajected by an insert switch mechanism._ A detachable 3-wire
grounding cord with U.S. standard plug is included.

= == ———— ———— —————
Camera Control Unit
Power Supply Cable Remata
Sense Head
Cable (Cablauto)
Sense Head
Power Supply
Unit
—_—————— —_— ——
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MECHANICAL DIMENSIONS
(NOTE ALL DIMENSIONS ARE IN INCHES)
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ORDER INFORMATION

CCD3000 — Includes a CAM3000 camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-contrel unit cable, To order, specity
FAIRCHILD MODEL CCD3000.

CCDI100 — Includes a CAM3100 camera, a 12 foot (36
meter} remote sense head cable, a power supply unit and
a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD3100

CCD3000F — Includes a CAM3000F camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable. To order, specity
FAIRCHILD MODEL CCD3000F

CCD3100F — Includes a CAM3100F camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD3100F

CCD3000I — Includes a CAM30001 camera, remote sense
head cable 12 foot (3.6 meters) in length, a power supply unit
and a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD3000.

CAM3000 — RS170A Format camera only. To order, specify
FAIRCHILD MODEL CAM3000.

CAMIN00 — AS170A Format cemera only. To order, specify
FAIRCHILD MODEL CAM3100.

CAM3000F — RS170A Format camera only with fiber optics
faceplate. To order, specity FAIRCHILD MODEL CAM3000F.

CAM3100F — RS170A Foermat camera only with fiber optics
faceplate. To order, specify FAIRCHILD MODEL CAM3100F.

CAM30001 — RS170A Format intensified CCD camera only.
To order, specify FAIRCHILD MODEL CAM3000.

WARRANTY

Within twelve months of delivery 1o the end customer, Fairchild
Weston CCD Imaging wil! repalr or replace, at our option, any
Falrchild Weston camera product  any part is found to be defective in
materials or workmanship. Plaass call {408) 720-7600 in the U.S. or
081/85/618-0 in West Germany for Information on assignment of a
warranty return number and shipping instructions to ensure prompt
repalr or replacement.

CERTIFICATION

Fairchild Weston CCD Imaging certifies that this product wil be
carefully Inspected and tested at the factory prior to shipment and will
meet all requirements of the specifications under which It is furnished.
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Powser Supply Unit — This unit provides £15, +5Vdc, and the
TE cooler current inputs to the CAM3000, CAM3100,
CAM3000F, CAM3100F or CAM3000| derived from power line
voltages of 110110 or 220:20/VAC, 45-63Hz. The front panel
ot the power supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
horizontal drive output signals, and horizental and vertical
drive and external clock input signals, plus a convenient
connector for interfacing the camera and power supply to the
Fairchild VIP100 Video Interface Processor or other auxiliary
equipment.

The front penel also supports an AGC off/on switch, a clock
source select switch, and a power oft/on switch,

A &' (1.8 meters) cable is provided for interconnection of the
camera control unit and the power supply. To order, specify
FAIRCHILD MODEL PWRSPLY.

Remote Sense Head Cable — Allows sense head to be
remoted from camera control unit by a distance of 12' {3.6
maters). Up to 4 CABLAUTOs can ba used in series with little
degradation in camera performance. To order, specify FAIR-
CHILD MODEL CABLAUTO.

Lenses — 1" Vidicon type “C"-mount lenses are available in
focal tengths of 12.5mm, 25mm, and 50mm. To order, specity
Models LENS12.5C, LENS25C, and LENS50C, respectively.

Monltor — RS170A monitor. To order, specify FAIRCHILD
MODEL MONITOR.

SPECIALS

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camera for volume purchasers and is
wllling to assist low-volume purchasers in development of
custom modifications by provision of design and appli-
cations engineering assistance.

The new Fairchild Waston
CAM3000-A solid-state CCD
camera, combining the excellent
electro-optical performance and
very small sense head of the
CCD/CAMS000) series with the
Camera Control Unit of the
popular CCD/CAM3000 series, is
ideal for industrial testing,
medical/sciantific imaging and
machine vision applications.




FAIRCHILD WESTON | CAM3500/CCD3500
Solid-State Cameras
CCD IMAGING DIVISION and Camera Subsystems

with CCIR TIMING

FEATURES

Small, rugged sense head

Buried-channel CCD sensor

488»380 Resolution — CTF>70% at Nyquist

No Ing, geometric distortion or Imsge bum-in
Thermo-electrically cooled sensor

Designed for domanding environments

Unity gamma

625 line, 25 frama Internal clock timing meets CCIR
specifications

User selectable timing and format optional

Genlock and extemal clock timing control

C-mount iens holder

Enhanced cosmetic performance avallable {CAM3800)
Fiber oplics faceplale adaplor (CAMIS00F & CAM3S00F)
Image Intensitior verslon {CAM3IS00I) available with low
light leved capability and extended red spectral response.
All CAM3I500 Series available as camera-only and rEpdy-
I-use complete subaystems, which include camarn,
powes supply, power and remote sense head cables

= Special moditications avallable — consult factory

CCO3500 SUBSYSTEM

Fairchiid Weston Systems, Inc. CCD Imaging Division,
810 W. Maude Ave., Sunnyvals, Californ/a 84088
408-720-7600, TWX §10-373-2110
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CAMIEON

® 1986 Fairchild Weston  Printed in U.S A
Fairchild Weston reserves the right to make changes in the clrcultry
or specifications at any time without notica.
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DESCRIPTION

The CAM3500 and CAM3600 are rugged solid-state cameras
designed for usein industrial environments. They are general-
purpose black-and-white television cameras meeting CCIR
standards for timing in a 625-line per frame scanning format.
The composite video output of the cameras offer high
resolution, wide dynamic range display of images on European
standard monitors, or provide data input into CCIR-compatible
digital machine vision equipment. The camera resolution is
4B8-lines per frame, 380-elements per line, The monolithic
buried channel charge-coupled image sensor is thermo-
electrically cooled for optimized camera performance.

The CCD3500, CCD3I6E0, CCD3500F, CCD3B00F and CCD-
35001 are complete sub-systems comprised of a CAM3500,
CAM3600, CAM3S00F, CAM3B00F or CAM35001 camera, a
power supply unit which also provides BNC-connector ac-

cess to the most often used camera I/C timing signals, a
remote sense head cable and a power supply to control unit
cable. It is recommended that the CCD sub-systems be
ordered for low-volume applications because of the inherent
convenience and economy of receiving an integrated ready-
to-operate camera system

CAM3500, CAM3600, CAM3500F, CAM3600F or CAM3500I
cameras can be used as sell-contained single-piece units or
separated into camera control units and relatively small sense
heads connected by a flexible cable. The sense heads are
designed to tolerate the accelerations, shocks, and vibrations
which are often encountered in industrial apptications and
their relatively small size and weight encourage their use on
microscopes without requirement for expensive mounting
brackets and supports.

The CAMS3500F end CAM3600F are CAM3500 or CAM3600
cameras modified by incorporation of a fiber-optics faceplate
for optical input, A mounting flange and compliant sensor
positioning arrangement provides an easy means for inter-
facing the camera to customer-supplied fiber optics equip-
ment. Use of direct bundle-to-bundle fiber optic coupling can
dramatically increase the efficiency of image inputs in com-
parisen to normal lens image torming systems for many
applications. The fiber optics faceplate feature makes the
CAMB3500F ideal for applications in streak camera systems,
large-format image intensifier cameras, X-ray and UV image
detection systems and in other medical, scientific and indus-
trial camera applications.

The CAM35001 is a CAM3600F camera which is modified by
incorporation of a microchannel plate waferimage intensifier.
The CAM35001 is intended for industrial, scientific and
surveillance applications requiring very low-light-level image
detection capability. A C-mount lens holder is provided for
optical input into the intensifier faceplate. The amplified image
output of the intensitier is coupled to the CCD image sensor
by coharent, optically efficient fiber optic bundles.
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SPECIFICATIONS

CAM3500 AND CAM3600 SPECIFICATIONS

Scanning Format — Interlaced 488-lines per frame, 380-
elements per line (non-interlaced 244-lines per field is a pc
strap option).

Scan Timing — Frame rate is 25Hz, dala rate is 9M elements
per second when camera is under control of internal crystal
oscillator. Frame rate can be varied from below 5 to above
40Hz (typically >50Hz} when using external master clock
input. Camera can be synchronized to external equipment
(gen-locked) with horizontal and vertical drive inputs.

Read-Out Formal — Image data is centered horizontally and
vertically in unblanked portions of frame and line timing
intervals as specified by CCIR television standards.

Cutput Signals
Analog Video: 1.4 Vp-p Composite, 75 ohm, sync negative,
white positive, dc coupled.

Timing: TTL-level Vertical and Harizontal Drive, Composite
Sync and Blanking, Frame Index, Data Rate Clock. Differen-
tial Master Clock.

Input Signals

Ditferential Master Clock for external frame rate control.
Horizontal and Vertical drives for gen-locking, 2-5 Vp-p.
TTL-level clock source salects.

Resolution — >50% CTF at 488-lines per picture height, 380-
lines per picture width.

Sensor — Monolithic Silicon CCD, 4:3 Aspect Ratio, 14mm
image diagonal.

Dynamic Range — Peak Signai {1v): RMS temporal roise in
the dark =1000:1.

Senaltivity — S:N >20db with faceplate illumination =102
footcandles (see figure).

Video Automatic Gain Control — Approximately 10db of
additional video gain at low light levets when AGC function is
activated.

Cosmetic Performance (T, = 25°C, AGC Off)
Photo response shading non-uniformity <5% of output.

Shading in the dark <20 mVp-p for CAM3500, <10mVp-p for
CAM3600.

Number of blemished elements <20 for CAM3500, <5 for
CAM3500, where blemished elements are defined as areas
exhibiting a spurious response of >50 mVp-p compared to
their nearest neighbors at any illumination level. No slement
will exhibil a spurious response =350 mVp-p for a CAM3500,
2150 mVp-p for a CAM3600.

NOTE: The emplitude of dark signal shading non-uniformity
and the amplitude of spurious eiement outputs in the dark
shouid be expected to double for each 5 to 10°C increase in
sonse head case temperature.

Optical input — C-mount (1 inch, 32 thread/inch) holder,
standard C-mount 1 inch vidicon type lenses are recommend-
ed (see order information). Effective back flange focal length
is 17.5 mm, clear thread depth is >0.25 inches (>6.3 mmy}.

Enclosure — Sense head is O-ring protected, thermally
efficient anodlzed aluminum extrusion.

%

Dimenslons — See figure
Weight — Sense Head, 6 oz: Sense Head and Control Unit: 2 Ibs.

Environmental Conditlons — Operating Ambient Tempera-
ture: 0-50°C, Acceleratlon and Shock: Resistant to >100G.,
any axis.

Power Requirements — <10 W, +15, +5, + 1 Vdc.

CAM3500F and CAM3600F SPECIFICATIONS

CAM3S00F and CAM3S00F Specifications — |dentical to the
CAM3500 and CAMB3B00 with the foliowing exceptions:

Opfical Input — Through coherent fiber optic faceplate 0.2
inches in length, cemented In intimate contact with CCD
sensor surface. Faceplate uses 8 micron diameter fibers, N.A.
= 1.0. Faceplate input is fiat and polished.

Oplical interface Provisions — Sensor i3 spring-loaded to
provide complisnce In Inerfacing of a customer-supplisg
fiber optics device output into the facepiate. it in intendeod that
the customes provide a machined attachment mating with the
flange shown an the dimenslonal drawing for the CAMIS0O0F
sansa hoad, It is recommancdad that 3 drop of Immersion ol ba
used at the fiber bundle interface for best optical coupling

Cosmetic Performance — Number of blemished elements
=100 tor CAM3500F, <10 for CAM3GOOF, since the faceplate
may contain a faw open fibers.

Environment — Non-condensing humidity conditions when
the sensor temperature is 20°C below ambient.

CAM35001 SPECIFICATIONS

CAM35001 Specifications — Identical to the CAM3500 except
for the following:

Image Detector — Comprised of a microchanne! plate image
intensifier coupled to & GCD sensor by efficient 11 image
geometry fiber optics.

Spectral Aesponse — “Extended Red” photocathede (see
figure).

Sensltivity — S:N >20db with faceplate illumination levels
=10 footcandies.

Auvtomatic Light Conirol Function — The intensifier gain is
automatically reduced as the input light level increases to
provide a near-constant output signal level for facepiate
illumination levels between 1and 10° footcandles (soe figure).

Imsge Bum In — The intensifier photocathode may develop a
“burned-in" image if over-exposed by excess input light for
extended intervals.

Sense Head Weight — 16 oz.

Shock Reslstance — Sense head will tolerate up to 20G
shocks, any axis.
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CCD3500 CAMERA BODY CCD3500 SENSE HEAD
BLOCK DIAGRAM BLOCK DIAGRAM
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FUNCTIONAL COMPONENTS IMAGE INTENSIFIER (CAM35001 ONLY)

MODEL CAM3500, CAM3600, CAM3S500F, CAM3B0OF and
CAM3500t cameras are comprised of a camera control unit
and a camera sense head. The control unitis identical for all of
the camera models; there are significant differences in the
sense heads for the three types of cameras. Model CCE3500,
CCD3600, CCD3500F, CCD3800F and CCD35001 are sub-
systems including a camera, & power supply unit and two
cables, The power supply unit and cebles are identical for
each camera type.

IMAGE SENSOR

The image sensor employed in the CAM3500-series camera
sense head is a selected buried-channel charge coupled
device (CCD} manufactured by Fairchild Weston. The interline
transter organization of the sensor provides a resolution of
488-lines per frame, 380-elements per line. Buried channel
technology minimizes noise and allows high data rate and
high frame rate operation without sacrificing charge transfer
efficiency.

For use in CAM3500 or CAM36C0 cameras, the CCD is
enclosed in a ceramic package sealed with an optical-quality
transparent glass cover. For construction of a CAM3500F,
CAMB3B0OF, or CAM35001, a coherent bundle of optical fibers 6
microns in diameter and 2 inches in length is bonded to the
CCD surface with a hard-setting optical cement. The CCD
package is then sealed with epoxy. The printed circuit board
supporting the fiber optic laceplate sensor is spring loaded so
that intimate contact can be made to customer supplied fiber
optics with the CAM3500F, CAM3800F, or to the intensitier
output in the CAM35001.

THERMO-ELECTRIC COOLER

The CCD die temperature is reduced to about 20°C below
ambient temperature by a Peltier-effect thermo-electric cool-
er in the sense head. A current-controlled dc power supply
input of 0.6 Amp at about 1 V (provided by the power supply
unit when a CCD3500, CCD3600, CCDA500F, CCD3600F, or
CCD35001 is purchased) is required for cooler operation. The
cold side of the cooler contacts the CCD package and the hot
side ot the cooler contacts a heat transfer member which is
tharmally connected to the finned walls of the sense head
enclosure. Sensor cocling reduces the random temporal
noise content in the signal output of the sensor and also
reduces the dark current non-uniformity or fixed pattern noise
content of the sensor signal.

Image inputs into a CAM3500t camera are transmitted by fiber
optics to a photocathode where photons are converted into
electrons. Electrons freed from the photocathode are accel-
erated by electrostatic potentials towards a wafer-type micro-
channel plate. Gain is achieved within the microchannel plate
where each channel acts as a high-gain slectron multiplier.
Electrons exit the plate and strike an output phosphor which
reconverts them into photons. A second fiber optic bundle
directs the amplified image from the phosphor to the CCD
faceplate. The electron-multiplication gain within the inten-
sifier is dependent upon the accelerating electro-static poten-
tials supplied to the intensifier electrodes and can be higher
than 10,000:1 at low light-levels. The impedance of the power
supply which provides the operating voltages to the intensifier
has besn designed so that the gain decreases as the average
brightness of the image input increases to give a very wide
range AGC function to the CAM3500I.

SENSE HEAD CIRCUITRY

The sense heads contain, in addition to the CCD image sensor
and thermo-electric cooler, (plus intensifier and high voltage
supply in the CAM35001) circuitry for generating the high-
frequency clock signals for control of the CCD and a buffer for
the sensor video output signal. All other CCD timing and drive
electronics, supply and bias voltage regulators, and video
processing circuits are contained in the camera control units.

DETAILED DIAGRAM of the CAMERA FRONT-END
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The CAM3500 and CAM3600 optical paths include an infrared
rejecting filter which gives the cameras a near-photopic
spectral sensitivity. The CAM3500, CAM3600 and CAM35004
sense heads are protected against dirt and dust by O-ring
saals; the CAM3500F and CAMB3600F are unsealed for user
convenience when empioying fiber optic inputs.

CAMERA CONTROL UNIT

The camera control unit houses three pc cards performing the
functions of camera end sensor timing control, CCD drive and
video processing, interconnected by two pc mother boards.
Camera timing is normally controlled by an internal 17.8375
MHz master clock oscillator located on the drive board. The
frequency of this oscillator is controlled by a phase-locked
loop circult when the camera timing Is "gen-locked” to
external vertical and horizontal drive or composite video sync
inputs. A vertical drive input or a vertical drive separated from
composite inputs s required to establish frame sync in a
gen-lock mode. An external master clock signal can be used
for variable frame-rate operation.

Timing waveforms for sensor drive and sync signals for the
formation of CCIA composite video are derived from the
master ctock signal. These signals ara then fed to the drive
board where the TTL level signals are altered to CCD drive

level signals required to operate the sensor. From the drive
board, sensor clocks are fed through the 31-pin D cannector
to the sense head and the composite sync signal is forwarded
to the video processor board.

The video processor recelves sensor video from the CCD in
the sense head. The video is line-clamped, amplified, and
blanked with composite blanking from the logic board and
then summed with the composite sync signal from the drive
board to yield the CCIR-format composite video at the BNG
output at the back of the camera. Timing signal I/0 connec-
tions are provided at the 25-pin D connector at the back of the
camera (see Pin Diagram).

Sensor scanning is controlled so that the 488 sensor line
outputs are vertically centered on & correctly-adjusted 625-
line monitor and the 380-elements in each line are horizontatly
centered across the monitor. A monitor-image exhibits a
geometrically—correct image with standard 4:3 aspect ratio.

The cameras requlre inputs of +15, +5 and 0.8 Amps at about
+1Vdc. Internal regulators provide all voltage levels needed to
drive the amplifiers and various clocks.

TYPICAL PERFORMANCE CURVES
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POWER SUPPLY /O PIN CONNECTIONS
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POWER SUPPLY UNIT

The power supply unit, which is a part of the CCD3500,
CCD3600, CCD3500F, CCD3600F and CCD35001 sub-
systems or which can be ordered separately for use with either
of the cameras, contains a linear power supply module, timing
signal buffer amplitiers and |/O signal connectors.

Power input is through a fuse-protected recessed male
connector. Input voltages of 110 or 220 VAC, +10% can be

selected by an insert switch mechanism. A detachable 3-wire
grounding cord with U.S. standard plug is included.
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MECHANICAL DIMENSIONS
(NOTE ALL DIMENSIONS ARE IN INCHES)
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ORDER INFORMATION

CCDI500 — Includes a CAM3500 camera, remote sense head
cable 12 feet (3.6 meters) in length, a power supply unit and
a power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3500.

CCD3600 — Includes a CAM3600 camera, remote sense head
cable 12 feet (3.6 meters) in length, a power supply unit and
8 power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3600.

CCDAs00F — Includes a CAM3500F camera, remote sense
head cable 12 feet (3.6 meters) in length, a power supply unit
and a powser supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3500F.

CCD3600F — Includes a CAM3600F camera, remote sense
head cable 12 feet (3.6 meters) in length, a power supply unit
and a power supply to control unit cable. To order, specity
FAIRCHILD MODEL CCD3600F

CCD35001 — inciudes a CAM3500! camera, remote sense
head cable 12 feet (3.5 meters) in length, a power supply unit
and a power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3500,

CAM3500 — CCIA Format camera only. To order, specify
FAIRCHILD MODEL CAM3500.

CAM3800 — CCIR Format camera only, To order, specify
FAIRCHILD MODEL CAM3600.

CAM3S00F — CCIR Format camera only with fiber optica
facepiate. To order, specify FAIRCHILD MODEL CAM3500F.

CAM3600F — CCIR Format camera only with fiber optics
faceplate. To order, specify FAIRCHILD MODEL CAMA3800F.

CAMA5001 — CCIR Format intensified CCD camera only. To
order, specify FAIRCHILD MODEL CAM3500).

WARRANTY

Within twelve months of delivery to the end customer, Fairchild
Weston CCD Imeging will repair or replace, at our option, any
Fairchlld Weston camera product if any part Is tound to be defective in
materials or workmanship, Please call (408) T20-7600 In the U.S. or
081/85/618-0 In West Germany for information on assignment of a
warranty rsturmn number and shipping instructions to ensure prompt
repair or replacemasnt,

CERTIFICATION

Falrchild Weston CCD Imaging certifies that this product will be
canefully inspected and tested at the tactory prior to shipment and will
meet all requiremants of tha specifications under which it ks furntished

_———— e e
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Power Supply Unit — This unit provides 15, +5 dc, and the
TE cooler bias voltage inputs to the CCD3500, CAM3500,
CAM3500F, CAM3B00F or CAM35001, derived from power line
voltages of 110410 or 220+20/VAC, 45-83Hz, The front panel
of the power supply unit provides BNC-connector access to
compaosite blanking, composite sync, vertical drive, and
horizontal drive output signals, and horizontal and vertical
drive and external clock input signals plus a convenient
connector for interfacing the camera and powsr supply to the
Fairchiid VIP100 Video Interface Processor.

The front panel also supports an AGC off/on switch, & clock
source salect switch, and a power off/on swhch.

A &' (approximately 2 meters) cable is provided for inter-
connection of the camera control unit and the power supply.
To order, specify FAIRCHILD MODEL PWRSPLY.

Remote Senss Head Cable — Allows sense head to be
remoted from camera control unit by a distance of 12
(approximately 4 meters}). To order, specity MODEL
CABLAUTO. Upto 4 CABLAUTOs can ba used in serles with
littte degradation in camera performance. Te order, specify
FAIRCHILD MODEL CABLAUTO.

Lenses — 1" Vidicon type “C"-mount lenses are available in
focal lengths of 12.5mm, 25mm, and S50mm. To order, specify
Modeis LENS12.5C, LENS25C, and LENSS0C, respectively.

Monitor — CCI!R monitor. To order, specify FAIRCHILD
MODEL MONITOR

SPECIALS

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manulacturing customized
versions of the basic camera for volume purchasers and is
willing to assist low-volume purchasers in development of
custom modifications by provision of design and appli-
cations engineering assistance.




| FAIRCHILD WESTON
Schlumberger

CCD IMAGING DIVISION

CAM3002/CCD3002
Solid-State Cameras
and Camera Subsystems

with RS170 TIMING

FEATURES

Buried channel CCD sensor, alf solid state rellability.
High resolution (483 x 378), high CTF (>70%).

Element anti-blooming.

Blemish free (see cosmetic periormance specifications.)
Small, rugged, remoitaable senee head.

Dealgned for use In rugged Industrial environments,
Gen-lock

, optional sync separator.
Dightally conirolled scanning, clock controtied frame rates.
Selectable video AGC.

format oplions.

Includes Bne-driven (110/220 VAC, 47-63 Hz) Inear power
supply plus remote sense head and pawer supply cables.
B Easy access to timing signal I/Os, controls.

® Complele sasy o uee sub-sysiem.

B Bpacial modifications avellable — conault factory.

DESCRIPTION

The CAM3002 is a rugged solid state camera designed for use
in industrial environments. It is a general-purpose black and
white camera incorporating RS170A standards for iming and
video signals. The compaosite video output offers high reso-
lution, wide dynamic range images when displayed on U.S.
standard monitors or for digital analysis using RS170A-
compatible image processing equipment. The camera resolu-
tion is 483 liney per frame, 376 elements per line.

CCD3002 SUBSYSTEM

Falrchild Weston Syst

, InG. CCD Imaging Divisl
810 W. Maude Ave., Sunnyvale, Callfornia 84086
(408) 720-7600, TWX 910-373-2110
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The CCD3002 is a complete subsystem comprised of a
CAM3002 camera, a power suppy unit which provides BNC
connector access to the most often used camera I/0 timing
signals, a remote sense head cable, and a power supply-to-
control unit cable. It is recommended that the CCD3002
subsystem be ordered for low-volume applications because of
the inherent convenience of receiving an integrated camera
subsystem.

The CAM3002, ag pictured, can be used as a single-piece unit
or separated into a camera control unit and sense head
connected by a flexible cable. The sense head is designed to
tolerate high accelerations, shock and vibration which might,
for example, be encountered on a rapidly
moving arm of an industrial robot.

©1986 Fairchlld Weaton Printed In U.S A.
Falrchild Waston ressrves the right to make ¢changes In
the circuitry or spacifications at any time without notice
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CAM3002 SPECIFICATIONS

Scanning Format — interlaced 2 fields per frame, 378 elements
per line is standard. {Non-interlaced 1 field per frame is a pc
strap option.)

Scan Timing — Frame rate is 30Hz, data rate is 7.16 elements
per second under control of internal crystal-controlled oscil-
lator. Frame rate can vary from below 5 to above 40Hz using
external master clock input.

Synchronlzation — Can be gen-locked with horizontal and
vertical drive signal inputs.

Output Signals — Analog Video: 1.4Vp-p Compaosite, 750hm,
Sync (0.4Vp-p) Negative, Black =+.05V. {Sync removable with
pc strap.) Timing: Vertical and Horizontal Drive, Composite
Sync and Blanking, Frame Index, Data Rate Clock.

Resolution — 483 lines per picture height, 378 lines per picture
width.

Sensor — Monolithic Silicon CCD. 2/3 inch vidicon format.
Aspect Ratio: 4:3 (Horizontal:vertical). Image Diagonal: 11mm.

Dynamic Range — Peak signal (1V): RMS temporal noise in
the dark =1000:1.

Saturation rediance — 8.4 yW/cm at normal scan rate

Minlmum ilumination — S:N 20db with faceplace illumination
=1021c.

Contrast Transfer Function, Horlzontsl — 75% at 378 lines/
picture width.

Contrast Transfer Function, Yertical — 70% at 483 lines/picture
height.

Automatic Galn Control — 10db of video gain at low light
levets when activated

Cosmaetic Performance (TA - 25°C, AGC OFF) — Photo
response shading non-uniformity <5% of Vour (Video Qutput).

Shading in the dark =10mVp-p =1% max of peak output.

No sensor elements will exhibit a spurious response of =50
mVp-p in comparison to their nearest neighbors.

Note that the amplitude of dark signal shading non-
uniformity and the amplitude of spurious non-uniformity
element outputs should be expected to double for each 5 to
10°C increase in sense head temperature

Lens — C-mount standard 1" Vidicon types are recommended
{See options.) Effective back focal length is 17.5mm, clear
thread depth s >.25 inches,

Encloaure — Sense head is O-ring protected, thermally
efficient anodized aluminum extrusion.

Welght — Sense Head, 7 0z : Sense Head and Control Unit, 2 Ibs.

Environmentsl Conditions —

Operating Ambient Temperature; 0-50°C

Acceleration and Shock: Resistant to more than 100G, any
axis

Vibration: 20-2000Hz, 203, any axis,

Power Requirements — <8W input, 15, +5Vdc.

INTERFACE CONNECTOR
o0 —1] e
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FAAME INCEX 'B 0 -
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CCD3002 SPECIFICATIONS

CAM3002 — As specified above.

Power Supply Unit — Dimensions — 7.7" wide, 4.2" high, 5.0”
deap. Power Main Input — Switchable for 110 or 220 VAC,
+10% 47-63Hz, fuse protected.

Controls — Power (on/off}, AGC control (on/off), Master
Clock select (internal/external/gen lock).

Timing Output Signals — BNC connectors — TTL levels,
horizontal drive, vertical drive, compasite syng, field index.

Timing Input Signals — BNC connectors Horizontal and
verticel drive for gen lock; Negative edge function, pulse
amplitudes >2 Vp-p, <20Vdc. Master clock: TTL ievel square
wave.

8-pin D Conneclor — Fairchild VIP100 processor interface.

CABLAUTO 3002 — Fiexible remote sense head cable, 12’
{3 6 meters) long, shielded 15-pin connectors.

Power Supply Cable —Flexible power supply to camera
control unit cable, 6 (1.8 meters) long, shietded 25-pin
connectors,

[ e e
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FUNCTIONAL DESCRIPTIONS

The tunctional components of CCD3002 subsystems and
CAM3002 cameras are illustrated in the two block diagrams as
seen previously,

Image Sensor:

The image detector used in the CAM3002 camera sense head
{See CAM3002 Block Diagram) Is a monolithic charge-
coupled device {CCD) image sensor. This sensor provides a
resolution of 483 lines by 378 elements at the camera output.
The buried channel CCD architecture employed in the sensor
minimizes noise and allows high frame rates without sacri-
ficing charge transtfer efficiency. CCD technology allows the
camera to offer zero lag and geomedric distortion, lower power
consumption, small size, and unusual robustness for use in
industrial environments.

Sense Head:

The sense head contains the image sensor, circuilry for
generating the high frequency horizontal register clock signals
for CCO control, and a buffer for the sensor video. All other
CCD timing and drive electronics, supply and bias voltage
regulators, and video processing electonics are contained in
the camera control unit. Light reaching the sensor is tiltered by
a 2.0mm thick Schott BG-38 glass in order to eliminate IR

The video processor receives sensor video from the CCD in
the sense head. The video is line clamped, amplified, and
btanked with composite blanking from the logic board, and
then summed with the composite sync signal from the drive
board to yield the RS170A composite video at the BNC output
at the back of the camera. Timing signai I/O connections are
provided at the 25-pin D connector at the back of the camera
{See Pin diagram, Page 4).

The cameras require inputs of +15 and +5Vdc. internal
regulators provide all voltage levels needed to drive the
ampiifiers and various clocks

Power Supply Unit:

The power supply unit, which is a part of the CCD3002
subsystam or which can be ordered separately for use with a
CAM3002, contains a linear power supply module, timing
signal buffer amplitiers, I/0 signal and interface connectors.

Power input is through a fuse-protected recessed male con-
nector. Input voltages of 110 or 220 VAC, +10% can be
selected by an insert switch mechanism. A dstachable 3-wire
grounding cord with U.S. standard ptug is included.

content and give a near pholopic spectral senstivity. The CAM 3002
sensor is rigidly held in position and aligned with respect to I/0 PIN CONNECTIONS
the sense head mounting foot. The sense head is protected by

O-rings and by bonding of the filter gtass into the lens mount.

Camera Control Unit PR e i

The camera control unit houses three pc cards performing the 241 G0

functions of camera and sensor timing control, GCD drive,
and video procaessing, interconnected by two pc mother
boards, Camera timing is controlied by an internal 14.318MHz
master clock oscillator located on the drive board. The
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formation of RS170A composite video are derived from the
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CAM3002

MECHANICAL DIMENSIONS
{Note: Al dimensions are in Inches)
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OPTIONS AND ORDER INFORMATION: WARRANTY:

CCD3002 — Includes camera, power supply unit, remote
sense head cable, and power supply cable.

CAMID02 — CCD3002 less power supply unit and cables.

Power Supply Unit — This unit provides +15 and +5Vdc bias
voltage inputs to the CCD3002 derived from power line
voltage of 120::10 or 240420 Vac, 47-63Hz. The front panel of
the pawer supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
horizontal drive Input, cutput signals, an external clock input
as TTL levels and connectors for interfacing the camera and
power supply to the VIP100 Video Interface Processor. A 6
{approximatety 2 meters) cable Is provided for interconnaction
of the camera control unit and the power supply. To order,
specify Model PWRSPLY.

Remots Sernse Head Cable — Allows sense head to be
remoted from camera control unlt by a distance of 12
(approximately 4 meters). To order, specify Model CABL3002.
Upto 4 CABL3002s can be used in series with little degradation
in camera performance. To order, specify Model CABL3002.

Lenses — 1" Vidicon type “C"-mount lenses are available in
focal lengths of 12.5mm, 25mm and 50mm. To order, specify
Modsls LENS13C, LENS25C and LENSSOC, reapectively.

Monltor — NTSC monitor. To order, specify Modal MONITOR.

Within twelve months of delivery to the end customer,
Fairchild Weston CCD Imaging will repair or replace, at our
option, any Fairchild Weston camera product if any part is
found to be defective in malerials or workmanship. Please call
(408) 720-7600 tor information on assignment of a warranty
retum number and shipping instructions to ensure prompt
repair or replacement.

CERTIFICATION:

Fairchild Weston CCD Imaging certifles that this product will
be carefully inspected and tested at the factory prior to
shipment and will mest all requirements of the spacification
under which it is fumished.

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camera for volume purchasers and is
willing to assist low-volume purchasers in deveiopment of
custom modifications by provision of design and appli-
cations engineering assistance.




CAM3502/CCD3502
Solid-State Cameras

|  FAIRCHILD WESTON

CCD IMAGING DIVISION

and Camera Subsystems

with CCIR TIMING

FEATURES

Buried channel CCD sensor, all solid state rellablity.
High resolution (491 x 384) high CTF {>70%).

Element anti-blooming.

Blemish free (see cosmetic perlormance speciiications.)
Small, rugged, remotable senee head.

Unity gamma.

Designied for use in rugged industrial environments.
Gen-lock capabiltty, opional sync ssparator.

Digitaily controlied scanning, clock controlled frame rates.
Salectable video AGC.

No ing, geometric distortion, or image bum-in.
Jumper-seleciable iming/format options.

includes line-driven (110/220 VAC, 47-83 Hz) inear power
supply pius remote sense head and power supply cables.
Easy access to iming signal 1/Os, controls.
Compiete sasy to use sub-sysiem.

Special modification avallahle—coneult faciory

DESCRIPTION

The CAM3502 is a rugged solid-state camera designed for
use in industrial environments. lt Is a gsneral-purpose black-
and-white camera incorporating CCIR standards for timing
and video signals. The composite video output ofers high
resolution, wide dynamic range images when displayed on
U.S. standard monitors or for digital anglysis using CCIR
compatible image processing equipment. The camera reso-
lution Is 491 lines per frame, 384 elements per line.

CAMS02 CAMERA

The CCD3502 is & complete subsystem comprised of &
CAM3502 camera, a power supply unit which provides BNG
connector access to the most often used camera /O timing
signals, a remote sense head cable, and a power supply-to-
contral unit cable.

The CAM3502, as pictured, can be used as a single-piece unit
or separated into a camera control unit and senss head
connected by a flexible cable. The sense head is designed to
tolerate high accelerations, shock and vibration which might,
for example, be encountered on a rapidly maving arm of an
industrial robot.

CCD3502 SUBSYSTEM

“

Fairchild Weston Systsms, Inc. CCD Imaging Division,
810 W. Maude Ave.. Sunnyvaie, Calllornia 04088
(408) 720-7800, TWX 910-373-2110

*1086 Falrchiid Weston  Printed In U.S A,
Fairchild Weston reserves the right 1o make charges in
tha circultry or apecifications at any time without notice.
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CAMERA CONTROL UNIT

CAM/CCD3502 BLOCK DIAGRAM
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CAM3S500 BPECIFICATIONS

Scanning Format— nterlaced 2 fields per frame, 384 elements
per line is standard. (Non-interiaced 1 field per frame is a pc
strap option}.

Scan Timing—Frame rate is 25Hz, data rate i3 8.97M elements
per second under control of internal crystal-controlled cscilla-
tor. Framve rate can vary from below 5 to above 40Hz uging
external master clock input. image Is displayed in center of
normally-adjusted CCIR monitor.

Synchronization—Can be gen-locked with horizontal end
vertical drive signal inputs.

Output Signats—Analog Video: 1.4Vp-p Composite, 75 ohm,
Sync (0.4Vp-p) Negative, Black = +.05V. (Sync removable with
pe strap.) Timing: Vertical and Horizontal Drive, Composite
Sync and Blanking, Frame Index, Data Rate Clock.

Resolution—491 lines per picture helght, 384 lines per picture
width.

Sensor—Monolitlc Silicon CCD. 2/3 inch vidicon format.
Aspect Ratlo: 4.3 (Horizontal:verticaf). Image Diagonal: 11mm.

Dynamic Range—Psak signal (1V): RMS temporal noise in
the dark = 1000:1.

Ssturation kradlance—8.4,W/cm at normal scan rate.

Ifumingtion—S:N 20db with faceplate illumination
=10%tc.

Contrast Transler Funcion, Hortzontal —75% at 384 lines/pic-
ture width.

Contrast Transfer Funcilon, Vertical—70% at 491 linesa/picture
height.

Automatic Gain Control—10db of videc gain at low light
levels when activated.

Coamelic Performance (TA = 25°C, AGC OFF)}—
Photo response shading non-uniformity <5% of Vour (Video
output).
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Shading in the dark < 10m Vp-p=1% max of pseak output.

No sensor elements will exhibit a spurious response of 250
mVp-p in comparison to their nearest neighbors,

Note that the amplitude of dark signal shading non-
uniformity and the amplitude of spurious non-unitormity
elemant outputs should be expsected to double for sach 5 to
10°C increase in sense head temperature.

Lens—C-mount standard 1" Vidicon types are recommend-
&d.(See options.) Effective back focal length is 17.5mm, clear
thread depth is > .25 inches.

Enclosure—Sensa head ls O-ring protected, thermally
efficient anodized aluminum extrusion.

Dimensiona—See figure.

Welght-Sense Head, 7 oz.. Sense Head
and Control Unit, 2 Ibs.

Environmental Conditions—

Operating Ambient Temperature: 0-50°C.
Acceleration and Shock:

Resistant to more than 100G, any axis.
Vibration: 20-2000Hz, 206G, any axig.

Power Requirements— <BW input, +15, +5Vdc.

CAM3502 SPECIFICATIONS
CAM3502—As specified above.

Power Supply Unit—Dimensions—7.7" wide, 4.2" high, 5.0"
deep. Power Main Input—Switchable for 110 or 220 VAC,
+10% 47-63Hz, fuse protected.

Controls—Power (on/off), AGC control (on/off), Master
Clock sslect (internal/external/gen lock).

Timing Output Signals—BNC connectors—TTL levels, hori-
zontal drive, vertical drive, composite sync, field index.

Timing Input Signals—BNC connectors horizontal drive,
vertical drive for gen tock: Negative edge function, pulse
amplitudes > Vp-p, < 20Vdc. Master clock: TTL level square
Wave.
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9-pin D Connector—Fairchlld ViP100 processor interface.

CABL3502—Flexible remote sense head cable, 12" (3.6
meters} long, shislded 15-pin connectors.

Power Supply Cable—Flexible power supply to camera
control unit cable, 8' (1.8 meters) long, shielded 25-pin
connactors.

FUNCTIONAL DESCRIPTIONS

The functional components of CCD3502 subsystems and
CAM 3502 cameras are illustrated in the two block diagrams
as seen previously.

Image Seneor:

The image detector used in the CAM3502 camera sense head
(See CAM3502 Block Diagram) is a monolithic charge-
coupled device (CCD) image sensor. This sensor provides a
resolution of 491 lines by 384 elements at the camera output.
The buried channel CCD architecture employed in the sensor
minimizes noise and allows high frame rates without sacrific-
ing charge transfer efficiency. CCD technology allows the
camera to offer zero lag and geomstric distortion, lower
power consumption, small size, and unusual robustness for
use in tndustrial environmaents.

Sense Head:

The sense head contains the image sensor, circuitry for
generating the high frequency horizontal register clock
signals for CCD control, and a buffer for the sensor video. Al
other CCD timing and drive slectronics, supply and bias
voltage regquistors, and video processing electronics ars
contained In the camers control unil. Light reaching the
sengor is fitered by & 2. 0mm thick Schott BGE-3A glass in order
to eliminate IR contant and give a near pholopic spectral
songitivity. The sansor s rigidly held in position and nilgned
with respact 1o thae senss head mounting fool. The senss head
is protected by O-rings and by bonding of the filter glass into
Tha tans mownt

Camera Control Unit

The camera control unit houses three pc cards, perfarming
the functions of camera and sensor timing control, CCD drive
and video processing, interconnected by two pc mother
boards. Camera timing is controlled by an internal 17.84MHz
mastar clock oscillator located on the drive board. The
frequency of this oscillator is controlled by a phase locked
loop circuit when the camera timing Is “gen-locked” to
axternal vertical and horizontal drive or composite video or
compasite sync inputs. The vertical drive input or a vertical
drive separated from composite Inputs is required to establish
frame sync.

Timing waveforms for sensor drive and sync signals for the
formation of CCIR composite video are derived from the
master clock signal, These signals are then fed to the drive
board when the TTL level signals are alterad to CCD drive
level signals required to operate the sensor. From the drive
board, sensor clocks are fed through the 15-pin D connector
to the sense head and the compaosite sync signal is forwarded
to the video processor board.

The video processor receives sensor video from the CCD in
the sense head. The video is line clamped, amplitied, and
blanked with composite blanking from the logic board, and
then summed with the composite sync aignal from the drive
board to yiald the CCIR composite video at the BNC output at

“
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the back of the camera. Timing signal I/O connections are
provided at the 25-pin D connector at the back of the camera
(See Pin Connectors Below).

The cameras require inputs of +15 and +5Vde. internal
regulators provide ail voltage levels needed to drive the
amplifiers and various clocks.

Power Supply Unit:

The power supply unit, which is part of the CCD3502 sub-
system or which can be ordered separately for use with a
CAM3502, contains a linear power supply moduls, timing
signal buffer amplifiers, 1/0 signa! connectors and interface
connector.

Power input is through a fuse-protected recessed male
connector. Input voltages of 110 or 220 VAC, +10% can be
sslected by an Insert switch mechanism. A detachable 3-wire
grounding cord with U.S. standard plug is included.

INTERFACE CONNECTOR
~
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TYPICAL PERFORMANCE CURVES
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MECHANICAL DIMENSIONS

(Note: All dimensions are in inches)

CONTROL UNITS

SENSE HEADS
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OPTIONS AND ORDER INFORMATION:

CCD3502—Includes camera, power supply unit, remote
sense head cable, and power supply cable.

CAM3502—CCD3502 less power supply unit and cables.

Power Supply Unit— This unit provides +15 and +5Vdc bias
voltage inputs to the CCD3502 derived from power line
voitage of 12010 or 240+20 Vac, 47-63Hz. The front panel of
the power supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
harizontal drive input, output signals, an external clock input
aa TTL levels and connectors for interfacing the camera and
power supply to the VIF100 Video Interface Processor, A &'
(approximately 2 meters) cable is provided for interconnec-
tion of the camera control unit and the power supply. To
order, specify Model PWRSPLY.

Remole Sense Head Cable—Allows sense head 1o be
remoted from camera control unit by a distance of 12
(approximately 4 meters). To arder, specity Model CABL3002.
Up to 4 CABL3002s can be used In series with little degrada-
tion in camera performance. To order, specify Model
CABL3002.

Lenses—1" Vidicon type “C"-mount lenses are availabie in
focal tengths of 12.5mm, 25mm and 50mm. To order, specify
Modeis LENS12.5C, LENS25C and LENSS0C, respectivety.
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SPECIALS

All Fairchild Weston CCD cameras are very flexible and can
ba modified to suit unusual applications. Fairchild is interested
in developing and manutacturing customized versions ot the
basic camera for volume purchasers, and is willing to asaist
low-volume purchasers in development of custom modifica-
tions by provision of design and applications engineering
assistance.

WARRANTY

Within twelve months of delivery o the snd cusiomer,
Fairchlid Weston CCD imagling will repair or replace, at our
option, any Fairchild Weston camara product if any part Is
found to b dalective in materials or workmanship. Pleass call
[408) T20-T600 in the LISA or 081 55/818-0 in Wast Garmany
for information on assignment of & warranty returm number
and shipping instructions to ensure promp! repair or
replscsmant.

CERTIFICATION

Fairchild Weston CCD Imaging certifies that this product will
be carefully inspected and tested at the factory prior to
shipment and will meet all requirements of the specifications
under which it is furnished.
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| FAIRCHID WESTON |

CCD IMAGING DIVISION

CAM/CCD5000 Series
Solid-State Cameras
and Camera Subsystems

CCD/CAMS000 SERIES FEATURES
u Multiple camera sysiem capabiiity:
Cost effectiveness

B Very small sealed sense heads, with encapeulated circuttry,
light weight and rugged.
& Burled channet CCD sensor, solid-state reliabiiity, geo-

metrically preciss.

Sensor Is thermo-elecirically cooled.

RS170A formai,

Gen-lock and clock Input capabiiities for external timing

control.

Selectable timing/scan format oplions.

Extenided exposure for low-light-levels.
Seleciable video AGC.

Special modifications avaliable — consult factory.

DESCRIPTIONS

The FAIRCHILD WESTON CAM/CCD5000 series: is a family
of general-purposs Industrial-grade black and white solid-
state RS170A-format television camera systems offering ex-
cellent electro-optical performance, versatility in timing and

CAM/CCD5000

image scanning format and featuring very small camera sense
heads for image detection. The sysiems are comprised of a
control unit, a cable set, and one or more sense heads. The
capability for operation of up to four sense heads from a single
controller offers important performance and economic bene-
fits for many applications.

Maodels CCD5000-1, CCD5000-2, CCD5000-3 and CCD5000-4,
respectively, are complete line-powered systems Including,
respectivaly, 1, 2, 3, or 4 sense heads and correspondingly-
equippad controlters. Models CAMS000-1, CAMS5000-2,
CAMS5000-3 and CAMS000-4, respectively, include 1, 2,3, or 4
sanse heads and a controller prepared for input of dc
operating voltages from customer-supplied power sources.
Model CAM5000-K is a kit comprised of a sense head, cable,
and a controller modute to permit field additions of additional
sense heads to systems.

A CCDS5000 or CAM5000 camera system will provide an
independent 0-1 Vp-p dc-coupled 75 chm source impedance
composite analog video output signal for each attached sanas
head. Video output signals comply with the RS170A specifica-
tions for 525-line, 30Hz frame rate, television systems when
the camera timing is being controlled by its internal crystal

Fairchild Weston Systems, Inc. CCD Imaging Division
810 W. Mauds Ave., Sunnyvale, Califomis B4066
(408) 720-7600. TWX 910-373-2110
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oscillator. The camera system can be synchronized with
horizontal and vertical drive inputs when needed for a system
application, or driven by an input clock signal for variable
frame rate operation. Jumpers allow the cameras scanning
tormats to be changed from normal interlaced frame integra-
tion modes to non-interlaced or pseude-interlaced field
integration modes. A customer-supplied input clock can be
used to increasa the exposure time in frame interval incre-
ments for low-light-level image detection.

Muitiple sense head self-contained Models CCD5000-2,
CCD5000-3, CCD5000-4, and Models CAMS5000-2, CAM
5000-3 and CAMS000-4, which do not contain the power
supply module in the controller, are recommended for those
applications requiring the installation of more than one
RS170A tormat camera in a system. Sharing of tunctional
controller modules makes the multiple camera systems cost-
eftective, and provides the often important performance
benefits resulting from precise pixel-to-pixel synchronization
of camera exposure intervals and output data scanning.
Precisely synchronized scanning, for example, Is critical in
many stereo vision systems for 3-D inspection and other
industrial applications. Multiple camera systems are also used
for school bus and other large-vehicle satety installations and
for security surveillance applications

Each small light-weight sense head contains a carefully
selected thermo-electrically cooled 488 x 380 element buried
channel charge coupled device (CCD) image sensor manu-
factured by Fairchild's advanced technology CCD process,
plus a small circuit module providing CCD control and cable-
interfacing electronics. The circuit module employs surface
mounted device construction technology to achieve small
size, reliability, and good high-frequency performance. The
module is encapsulated into the thermally efficient sense head
enclosure for ruggedness, and the oplical path within the
sense head is sealed by O-ring supports holding a glass fitter
element. The sense head is designed to use industry-standard
C-mount optics, and both triped and precise dovetail camera
mounting capabilities are provided on the enclosure for ease
in sense head installation and positioning.

CAMS000 SENSE HEAD

The controller for a CCD5000 camera system contains an
efficient line driven power supply module. The controller fora
CAMS5000 camera system is equipped with a connector for
input of dc power from customer-supplied sources. Control-
lers also contain electronic modules providing the signals
required for operation of the attached sense head or heads
and numerous timing signal inputs and outputs which provide
scan rate and format flexibility and makae it easy to incorporate
the camera system into machine vision applications.

Model CCD5000-1 is a self-contained one sense head systern
recommended for those applications using a single RS170A-
format camera, the Model CAMS5000-1 is & similar system
using customer-supplied power supply voltage inputs into the
controller. Typical examples of single-camera system applica-
tions include situations where the miniature sense head is
mounted on a microscope and a monitor is used as an
operator vision aid in the scientific, medical, and semicon-
ductor communities, for harsh environment surveillance, and
for image data input into machine vision hardware for robot
guidance, automatic inspection, and process control in fac-
tory environments.

SERIES 5000 CONTROL UNIT

REAR

FRONT
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CCD/CAMSO000 SERIES SPECIFICATIONS

Semsor-cooled monolithic slicon CCD.

Sensor Geometry — 1 inch vidicon format, 4:3 aspect ratio,
14.4mm image diagonal.

Scanning formats/exposure Interval
Normal, 483 interlaced lines/frame, 378 elements/line, frame
interval exposure.

Jumpaer-selectable option 1, non-interlaced 242 linea/Mield,
field interval exposure.

Jumper-selectable option 2, pseudo-interlaced 483 lines/
frame (approx. 360 lines vertical resolution), field interval
exposure.

Clock controlled option, exposura interval increased in frame
interval increments,

Scan timing
Normal internal control, 30Hz frame rate per RS170A specifi-
cation, 7.16MHz data rate.

Gen-locked, synchronized with horizontal and vertical drive
inputs.

External clock control, frame rate can be adjusted from below
110 above 60Hz.

Nate: Selection of clock source is determined by a front panel
switch.

Cutput signals

Analog video: Independemt output lor each attached sense
head, 1.4 Vp-p composite, sync negative, white positive, dg-
coupled, 75 ohms, BNC connectors.

Timing: TTL-level vertical and horizontal drives, composite
sync and blanking, odd-field index, data rate clock. Differen-

Resolition — >50% CTF at 483 lines per picture height {in
full-interlaced mode), 378 lines per picture width.

— >20db S/N with faceplate illumination =10-2
footcandles.

Cosmetic Performance (T, = 25°C, AGC Off, 30 frames/

Photo response shading non-uniformity <5% of cutput.
Shading in the dark <20 mVp-p.

Number of blemished slements <20, where blemished ele-
ments are defined as areas exhibiting a spurious response of
>50 mVp-p compared to their nearest neighbors at any
lumination level. No element will exhibit Spurious response
=350 mVp-p.

Note: The amplitude of dark signal shading non-unifermity
and the amplitude of spurious alement outputs in the dark
should be expected to double for each 5 to 10°C increase in
sense head case temperature.

Optical Input provisions

C-mount lens holder (1 inch-32 threaded female), 1-inch
vidicon lens types are recommended. Effective optical back
flange focal length is 17.5 mm, clear thread depth>03 inch is
provided.

Enciosures

Sense heads: Anodized aluminum, sealed with O-ring sup-
ported filter giass and circuit encapsulation. See figure for
dimensions and mounting provisions. Weight is <4 oz,

Controller: Painted aluminum with silk-screened panals,
bench top mounting, see figure for dimensions.

Sense head cables

ial ter clock. e
e Shielded, flexible, 12 foot (3.6 M) length, /8 inch 8 mm) [l
Input signals (not required for normal operation) diameter, with connectors and attachment hardware, L
Differential master clock for variable frame rate. lnput g
Horizontal and vertical drives for gen-locking: TTL Levels. For GCD5000-1, CCD5000-2, CCDS000-3, CCD5000-4: 110 or o
220 VAC +10%, 47-63Hz =
For CAMS5000-1, CAMS000-2, CAM5000-3, CAMS000-4: 15, e
+5 Vdc m
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CCD5000 CAMERA SYSTEM, LESS CABLES

CCD5000 MECHANICAL DIMENSIONS
(NOTE: ALL DIMENSIONS ARE IN INCHES UNLESS SPECIFIED)

CONTROL UNIT

FRONT VIEW ~ BIDE VIEW
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SYSTEM CONFIGURATIONS

The simpleat sall-contained CCDS000 camera systam, which
may be ordered by specitying FAIRCHILD MODEL CCD
5000-1, is comprised of one controlier, one senss head-to-
controller cable, ons sense head, end an opearating manual,
This system is & line-powersd AS1704 camera which anly
requires installation of a C-mount kena in preparation for
operalicn. The controlier supplied In response to an order for
2 QCD5000-1 includes an efficient line-input swilching powesr
supply module, ong systam tliming control module, and one
camara control module. The timing control moduls genarates
synchronized tefevision timing signals (e.g., sync, blanking,
drives) and TTL-level CCD clock waveforma (e.g., horizontal
and vartical clocks). Most of the wavelorm generation func-
tions are Accomplished In o Master Clock deiven custom
CMOS IC containing a series of counters and synchronized
decodsrs. The camer control module amplifles the COD
clock wavetorms o tha required amplitudes, provides sdjust-
nmuhupﬂnﬂnﬁunmmmﬂmdwn:m-
heads, and processes tha sensor videa into ground-referenced
guin-normalized AS170A composite vidao formal,

A Model CAMS000-1 is the same as a Model CCD5000-1,
except that the controller is equipped with a connector for dc
power inputs, and does not contaln the line-driven power
supply module,

Self-contained two, three or four sense head systems are
ordered by specifying Models CCD5000-2, CCD5000-3, or
CCOD5000-4, respectively. The controller for the multiple
camera systems is equipped with one additional camera
control board for each additional sense head ordered. Only
one power module and one timing module are used in the
multiple camera systems. Models CAMS000-2, CAMS000-3,
and CAMS000-4 are 2, 3, and 4 sense head 9ystems, respec-
tively, not equipped with the power modute In the controller.

Fﬂmdmmmmﬂywwmw
accomplished by orders spacifying Model CAMS000-K, which
k5 B kit comprised of a sense head, a sense hasd cable, and the
connectors and hardware required for upgrading of tha
controllar. Full instructions for module installation are included
with CAMS000-K shipmenis,

FUNCTIONAL COMPONENTS

A CCD/CAMS00C-series senss head is A sturdy sealed
anclosure containing a charge-coupled-device (CCD) image
SEnS07, W Circuit board with high frequency clroultry which
needs 1o be physlcally close to the sensor, a tharmo-slectric
coaler, an optical filter, and required connectors and hardwars,
A CCD/CAMED00-sarles controller containg & timing control
module, one-to-four camera control ciroult madules, and
sither a line-driven power moduls or a connector for customer-
supplind do power Inplits,

IMAGE SENSOR

The image sensor employed in the CCD/CAMS000-series
camera sensa hesd is & selected buriad-channal cherge
coupled device (CCD) manulactured by Falrchild The inter-
line transier arganization of the sensor provides 8 resclution
of 488-{ires per frame, 380-alemants par ling, Buried channal
technology minimizes nolse and allows high data rte and
high frame rate operation without sacrificing chargs transfer
sfficiency. The CCO la enclosed in a ceramic packags sealed
with an optleal-quality transparent glass cover

\
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THERMO-ELECTRIC COOLER

The CCD die lsmperature is reduced about 20°C below
mbmumw-mmmmm
wmhmm.ﬁwmmﬂrmmmmm
Amp at 08 V (provided by the power supply unlt in the
controfler) /s required lor cooler operation. The cold side of
the cooler contacts the CCO package and the hot side of the
coolar contacls a heal transfor member which ix thermally
connected o the finned walls of the senss hand enclosurs.
Sensor cooling reduces the random lemporal nolse content i
mwmdmummdmm1mm
curmant non-uniformity o fixed patiarn noise content of the
sensor signa,

OPTICS

Light input into the camers is tranamitted fhrough an IR
mmurmmwmummm-mﬂ
sansitivity curve which i 2 good spproximation to the
wmmmmdnumm.mmmmm
the back flange pasition of the lens mount to the ssnsor
mi-mmmmmwammmmmmmm
flange focal distance for C-mount lenses.

SENSE HEAD CIRCUITRY

Complementary horizontal transpont clocks snd 0 vidao
sampla clock for COD control are generated in the senss head
in response o a differentially received Master Clock Viertical
wmmmmmmuhmmm

video 1o be transmitiad 1o the cantroller through the cable with
good system noiss iImmunity

SENSE HEAD ENCLOSURE

mmﬂmwnwunmpmqmgmumw
mmmmhmmdmcm
saries sanse Feads include low manufscturing costs, inherent
cptical preciaion, good thermal efficiency, and environmental
ruggedness. The sense head enclosure s o single-pioce
snodized aluminum casting. An interior wab of the

provides a low thermal resistance path for conduction of hast
from the warm slde of the TE coler to the rdistion/ convectian
aiding fins on the exterior of the head. A dovetsil foot and &
v#ﬂ!uwmﬂipmm“um!mmmmw.
Tmnmmtnmtmhmwmﬁ-dngmmm
frontend of the senss head from dust and dirt. The back end is
mmwwmmmnmmmm
ﬂlchmhnmduhnm:cmw-mhudm
nector In place. The enclosure and electronics are not do-

signed io hiﬂpﬂ:ﬂfoﬂmﬂnﬂmhﬂmyq}-
arations; the optical Nisr, CCD and TE coaler are replaceabin.
CONTROLLER

The simpies: ecniroller, used for CAMSD00-1 camera sub-
systams, comfains a timing control modids, one camera
control module, & mother board for Inter-connection of the
mnhuuMmdfmnlmdmm&-munﬂdHﬂ
and camera cable connectors in a metal enclosure. The
controller for & CCDS000-1 eystem contains the modules and
hardwarne listed above plus a line-driven POWET SLDDY rmod-
ulz. One addifional camers board and camara cabis connec-
tor are added 1o the controller contents for apch attached
senss hoead,
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POWER SUPPLY MODULE

The power supply module is a low-noise switching circuit
which accepts 110 or 220 VAC, +10% 47-440Hz inputs. Inputs
are fuse protected with chassis grounding. All cutputs of the
module are regulated and well-filtered.

TIMING CONTROL MORULE

Camera system timing is normally controlled by an internal
14.3MHz Master Clock oscillator. Timing signals for sensor
drive and synchronizing signals for formation of RS170A
composite video are derived from the Master Clock signals.
The trequency of a second internal voltage-controlled Master
Clock oscillator is determined by a phase-locked-loop circuit
which compares the phase of the internally-generated and
extermnal horizontal drive input signals when the camera is
“gen-locked” 10 external equipment. A vertical drive input
signal is required to establish frame sync in the gen-lock
mode. Master Clock inputs from an external signal source can
be used for variable frame rate operation

CAMERA CONTROL MODULE

Special purpose amplifiers on the camera modules convert
the TTL-level timing signals generated on the timing module
into proper CCD drive clocks. Adjustable regulators permit
sansor parformance optimization. The CCD clock wavetorms
and adjusted bias voltages are transmitted to the senss head
through the cable.

The video processing circuitry on the camera control board
receives sense head video through the cable. The video is
line-clamped for dc restoration, amplified, blanking is inserted,
and then summed with the sync signal to yield an RS170A
composite video output. Video automatic gain control ampli-
fication is switch-selectable. About 10db of additional gain is
available for low light level inputs.

CABLES

Shielded cables, 12 feet in length, are provided for inter-
connection of the sense head on the controller. The cable
diameter is about 3/8 inch. Special construction techniques
and material provides a tough, flexible cable.

TYPICAL PERFORMANCE CURVES
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ORDER INFORMATION

Self-contained camera systemns, inciuding sense head or
heads, controller with line driven power supply and electronic
modules, cables, and operating manual. To order, spacify
FAIRCHILD MODEL:

CCD5000-4 for 4 sense head system
CCD5000-3 for 3 sense head system
CCD5000-2 for 2 sense head system
CCD5000-1 for 1 sense head system

Camera systems without power supply module and with dc
input connector in controllers. To order, specify FAIRCHILD
MODEL:

CAMS000-4 for 4 sense head system
CAMS000-3 for 3 sense head system
CAMS000-2 for 2 sense head system
CAMS000-1 for 1 sense head system

Expansion kit for fleld additions of sense heads to CCD5000
systems. Comprised of a sense head, camera control module,
and cable. To order, specify FAIRCHILD MODEL CAMS000-K.

Lensss — 1" Vidicon type “C"-mount lenses are available in
focal lengths of 12.5mm, 25mm, and S50mm. To order, specify
FAIRCHILD MODELS LENS12.5C, LENS25C and LENSS50C,
respectively.

Monitor — Bfack and white monitor. To order, specify
FAIRCHILD MODEL MONITOR.

SPECIALS

Tha 5000-sérias cameras are very Nlaxibie and can be mod-
ithodt to Buit unusual applications. Fairchild |s Interestad in de-
veloping and manufacturing customized versions of tha
basic camers for volume purchasers and is willing to assist
low-volume purchassrs in development of oustam modifica-
tions by provision of design and appllcations enginserning
assistancae.

WARRANTY
Within twalve months of dafivery 1o the end customer,
Fairchild Weston CCD Imaging will repair o replace, at our
option. any Fairchild Weston camers product i any par is
found to be defactive In materials or workmanship. Piease call
(408} 720-7800 in the LISA or 081 B5/618-0 In West Garmany
for information on assignmant of a warranty retum number
and shipping instructions to ensure prompl repair or
replacement.

CERTIFICATION

Fairchild Waston GCD Imaging cartifies that this product will
be carefully inspected snd tested ol the factory prior o
shipment and will meet all requiremants of the specifications
undar which |t ks furnished.

191

3
m
[
a
=
=
[
[—
o
£3
L]
o)
as
-
=T



192




Processing

Fairchild Weston CCD imaging provides sophisticated
devices and systems for inspection, measurement, surveil-
lance, telecine, facsimile & optical character recognition, in
industry, science, medicine, defense and many other fields.
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| FAIRCHILD WESTON |

CCD IMAGING DIVISION

CCD321A/B
455/910—Bit

Analog Shift Register
Charge Coupled Device

FEATURES

® Electrically variable analog delay line for audio and video
applications.

® 1 H video delay line capability with broadcast quality
performance.

u Exceilent bandwidth at video and audio rates due to bured
channel technology.

B Wide range of data rate: from 10 kHz to 20 MMz per 455
section.

= High signal 1o nolse ratio — Video: 58 dB, Audlo: 65 dB.

® Speclal modifications avallable — consult factory.

DESCRIPTION

The CCO321 & an electrically variable analog delay line
Intended to ba used in analog signal processing systems that
inctude delay and lomporary storge of analag information
The CCO321 consists of two 455-bit analog shift reqEiera,
each with its own injection port, trangport clock and output
port allowing the device to be used as two 455 or one 310-bit
analog detay line

The CODA21 can be used in applisations ranging from video
frequencies 1o audio frequencies. A completa TV line of
63.5,% can be stored with & sampling freguency of 14,318 M-z
(o times color subcarrier fraquency of 3,58 MHz), Applics-
tions in vidao systams include time base corregtion, comb
fillering and signal-to-noise enhancing, Audio applications
include varable delay of audic signals. reverberation etfects
in stefeo equipment, tone delay in organs and musical
instruments as well a5 woice scrambling applications. The
CC0321 also finds applications in time base compression and
expansion applications whene analog dats can be fed &l one
raie fo the device, the clocks can be tomporarily stopped and
then dain ciocked out at & diffarent s,

The CCD321B is an improved pin-for-pin replacement for the
CCD321A. The CCD321 is available in four different classes as
follows:

DEVICE APPLICATION
CCD321A-1 Broadcast quality video delay line
CCD321A-2/B-2 Industrial video delay line

CCD321A-3/B-3 Time base compression and expansion
delay line

CCD321A-4/B-4  Audio delay line

PIN NAMES
?1a-®1g  Analog Shift Registar
Transpart Clocks
#ga.Pcp  Input Sempling Clocks
PaaPra  Output Sample and
Hold Clocks
vy Analog Shift Aegister
OC Tranepart Phasa
VIA-VlB Analog Inputs
VRA.Vrp  Analog Reference Inputs
VoaVoa Anailog Outputs
Voo Ouiput Drain
Vea Signal Ground
Vgg Substrate Ground

PIN CONNECTION DIAGRAM
16-PIN DIP
(TOP VIEW)

Falrchild Weaton Systems, Inc. CCD Imaging Division
810 W Maude Ave., Sunnyvale, California 84088
(406) 720-7600, TWX 910-373-2110
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FUNCTIONAL DESCRIPTION — The CCD321 consists of
the following elements lllustrated in the Block Diagram:

Two Charge | Ports — The analog information in
voitage form is applied to two Input ports at Via (or Via}. Upon
the activation of the analog sample clocks ¢sa (or ¢sg) 8
charge packet linearly dependent on the voltage difference
betwean Via and Vaa (or Vig and Vgg) is injected into analog
shift register A (or B).

Two 455-B1t Analog 8hift Reglsters — Each register transports
the charge packets from the charge Injection port to its
corresponding output ampiifier. Both registers are operated in
the 1-1/2 phase mode where one phase (¢1a Or ¢uB) I8 a clock
and the other phase (Vz) Is an intermediate d¢ potential.
Phases ¢1a and ¢1p are completely independent. V is a de
voltage common to both registers.

Two Output Amplifiers — Charge packets from each analog
shift reglster are delivered to their corresponding output
amplifier as shown In the circuit diagram. Each output
amplifier consists of three source follower stages with constant
current source bias. A sample and hold transistor is located
between the second and third stage of the amplifier. When the
gate of the sample and hold transistor is clocked (aRaA or
$RA) & continuous output waveform is obtalned as shown in
the timing diagrams. The sample and hold transistor can be
dafeated by connecting éRa and/or ¢rp to Vpp. In this case
the output Is a putse modulated waveform as shown in the
timing dlagram.

MODES OF OPERATION — The CCD321 can be operated in
four different modes:

455-Bit Analog Delay — Elther 455-bit analog shift register
can be oparated independently as a 455-blt delay line. The
driving waveforms to operate shift register A ls shown in Fig.
10. The input voltage signal is appilied directly to Via. The input
sampling clock $sa samples this input voltage and injects a
proportional amount of charge packst into the first bit of
register A. The input voltage A4 which is sampled betweent=
CGand t =tc appears at the output terminal Voa @ t = 910tc. if
the sample and hold circult is not used then the output
appears as a pulse amplitude modulated waveform as shown
inthe diagram. In that case ¢Rra (pin 7) should beconnected to
Vpp (pin 18). If the sampie and hold cirguit is used then the
output appears as a continuous wavefarm. Here ¢gra (pin 7)
should be clocked coincldent with ¢sa (pin 5) and the two pins
can be connected together.
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Analog shift register B can be operated in an analogous
manner with Vig as the analog input, ¢1g a8 the transport
¢lock, psp as the Input sampling clock and $ap as the output
sample and hold clock.

910-Bit Analog Delsy In Ssriles Mode — The two analog shift
registers A and B can be connected in series to provide 810
bits of analog delay as shown in the schematic below. The
analog signal input voltage is applied to Via. The output of
reglater A is connected to the input of register B with a simple
emitter follower buffer stage. In order to insure proper charge
Injection of register B , Vag should be adjusted. The timing
diagram shown in Fig. 10 applies in this mode of operation.
Here ¢1a = g1, dsA = $SB. dRa = VDD, 8nd $r8 is clocked.
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910-Bit Annlog Delay In Muliiplexed Mode — The two analog
shift registers can be connected in parallel to provide 910-bit
of analog delay as shown in the schematic below. The analog
signal input voltage is applied to both Via and Vig. The outputs
at Voa and Vog can be combined as shown in Flg. 8to recover
the analog input information.

The necessary waveforms to operate the device in this modeis
shewn in Fig. 11. In this case ¢ga samples the analog input Aq
at Via between t=0and t =tc. ¢sp 3ampiles the analog input B,
at Vip, between t=tc and t =2tc. The output corresponding to
Aq appears at Vga at t =810tc. The output corresponding to B4
appearsat Vos @t = 811tc. This mode of operation results in
an effective sampling rate of twice the rate of ¢1a, ¢1B. d5a and
$SB.
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Siop/Start Mode Operation — The charge packets in the two
analog ahift registers can be held stationary by stopping daa
and éig In thelr LOW state. gsa, den, dRa, $Ra can also be
wlopped In the LOW state or kept clocking as ususl. The two
shift registers ahould not be connected In sorles In the stop-
start mode of operation,

The CCD321 is available in four different classes for difterent
applications. The CCD321A-1 is & high quality broadcast 1H
delay line for video systems with 1% differantial gain and 1°
differential phase. The CCD321A-2/B-2isa high quality videc
delay line with 3% differential gain and 3° differential phase,

The CCD321A-3/B-3 is tested in the START/STOP mode of
operation and parameters are guaranteed in this mode. The
CCD321A-4/B-4 is tested at audio speads; audio parameters
are specitied and guaranteed. The dc and clock characteristics
of the four classes are the same, The ac characieristics vary as
shown below.

Caution: The device has limited built-in gate protection.
Charge build-up should be minimized. Care should be taken
to avoid shortings pins Voa and Vog to ground during
operation of the device.

DC CHARACTERIBTICS: T, = 55° C. Note 16
RANGE
SYMBOL CHARACTERISTICS UNITE CONDITIONS
MIN TYP MK
Viag Output Draln Yaltege 145 180 185 v
v :hml:nvMGgisler DC Tranaport 80 v Mot 1
¥ma. Vam | Andlog Ralerence Inputs Voltags 37 vV | Motez
Vaa Signal Grouna oo
Ve Subatrate Ground a0 Miote 5
Vi, Vis Imput DC Lavad 3-7 Note 2
Vaa, Voa | Output DG Lewel 811 V |vVop=1EV
Rin Small Signal Input Resistance 10 tan ?;:::tc::'e\';:o: \::‘:% :, %k
G Smalt Signal Input Capacitance 10 pF f;'::ﬁ:g"’;:’:m:':’g‘; plegr
RoyT Smail Signat Output Assistance =50 1 |Voop=15V
win] ] Qutput DC Mismatch Between A & B Registars +1 v
Cram Output AC Mismatch Belween A & B Registers £20 -
CLOCK CHARACTERISTICS: Ta=55°C, Note 16
SYMBOL CHARACTERISTICS e UNITS CONDITIONS
MIN TYP MAX
VenaL, Vel Analog Shift Register Transport Clocks LOW 0 05 [1¥:] v Note 4
Vénan, Vinen Analog Shift Register Transport Clocks HIGH 12.0 13.0 150 v Note 4
Van, Vs Input Sampling Clocks LOW 0 05 08 v Note 5
Vésan, Vaan input Sampling Clocks HIGH 12.0 13.0 15.0 v Note 5
Vebaar, Ve Output Sample and Hold Clocks LOW o 0.5 0.8 v Note 6
Vaan, Vooren Output Sample and Hold Clocks HIGH 12.0 13.0 150 v Note 6
Igaleng Analog Shift Reglster Transport Clack Frequency 0.02 20 MHz Sewe Note 17
fdsatdep lﬁputSampIing Clocks Frequency 0.02 20 MHz See Nots 17
Tma, fpnn Qutput Sample and Hold Clocks Frequency 0.92 20 MHz Sae Note 17
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —25°C to 100°C
Operating Temperature —25°C 1o 55°C
All Pins with Respect 1o Vgg -0.3Vto 18V

CCD321A-1 AC CHARACTERISTICS: T.=55°C. Both registers in the multiplexed mode, Clock Rate = 7.16 MHz. Sampling
Rate = 14.32 MHz. Vout = 700 mV. (See Test Load Configuration, Figure 8}

SYMBOL CHARACTERISTIC Ll UNITS | CONDITIONS
MIN TYP MAX

BW Signal Bandwidth (3 dB Down) 5.0 MHz Note 7

1G Insertion Galn 0 a0 6.0 dB Note 8

aG Difterential Gain 20 % Note 9

Ag Ditferential Phase 1.0 degree | Note 9

S/N Signal-to-Nolse Ratio 58 dB Note 10

Vi imax) Maximum Input Signal Voltage 1.0 Viek—ph

CCD321A-2/B-2 AC CHARACTERISTICS: Ta = 55°C. Both registers In the multiplexed mods, Clock Rate = 7.18 MHz,
Sampling Rate = 14.32 MHz. Vout = 700 mV. (See Test Load Configuration, Figure 8)

RANGE
SYMBOL CHARACTERISTIC -y B o UNITS | CONDITIONS
BW Signal Bandwidth (3 dB Down) 4.2 50 MHz Note 7
1G Ingertion Gain 0 3.0 6.0 dB Note 8
AG Differential Gain 3.0 % Note 9
Ad¢ Differential Phase a0 degrees | Note 9
S/N Signal-to-Noise Ratio 58 dB Note 10
VI (ma) Maximum Input Signal Voltage 10 Vpn—pk

CCD321A-3/B-3 AC CHARACTERISTICS: Ta= 55°C. Both registers in the multiplexed mode, Clock Rate = 7.18 MHz,
Sampling Rate = 14.32 MHz. Clocks are stopped for 300 8. Vour = 700 mV after 4.2 MHz low pasa filter (Ses Test Load Configuration, Figure 8)

SYMBOL CHARACTERISTIC i UNITS | CONDITIONS
MIN TYP MAX

aw Signal Bandwidth (3 dB Down} 42 50 MHz Nota 7

G Insertlon Gain 0 30 60 dB Note 8

3G Ditferential Gain 3.0 % Nolg 9

Ad Ditferential Phase 3.0 degrees | Note 9

S/N Signal-to-Nolse Ratio 55 a8 Note 10

SN Spacial Nolse 10,0 20.0 mv Notes 11, 12

VI i) Maximum Input Signal Voitage 1.0 Vek—ph
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CCD321A-2/B-2 AC CHARACTERISTICS: Ta = 55°C. Both registers In the muttiplexed mode, Clock Rate = 7.16 MHz,
Sampling Aate = 14.32 MHz. Yoyt = 700 mV. (See Test Load Configuration, Figure 8)

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
aw Signal Bandwidth (3 dB Down) n 25 kHz Note 7
1G Insertion Gain 0 3.0 a.0 d8 Note 8
THD Total Harmonic Distortion 05 10 % Note 13
S/N Signal-to-Noise Ratio 1] 85 dB Note 14
Vi (max) Maximum Input Signal Voltage 1.0 Vpk-pk
RSO Rate of Average Signal Otffset 15 mv/ms Note 15
*hl;vnmuu1nolm¢1 HIGEH el Adjustment in the ol 1 v ba 1 { ignal bandwidth
i a ar ranga of 1 V may ba necessary to maximize s b
2 Signal chargs injection I pm&h tha ditfarsnce Vi ind V. Adjustmant of either ¥ or Va Is neceasary to usungproplr operation.
£ 8 Hq-qh-umbﬁ:'rmﬂlﬂmmumﬂmﬂmhmmmh}nﬂonmm--‘ tothe shift registers. Ansgative bias on
Va5 of -2.0 1o -5.0 Vde mmmﬂhw
4, Cdia = Cdm = 30 pF = Capacitance with respact to Vas
8. Cona = Cogn = 10 pf = Gapacitance with renpect 1o Vas
8. Céma = Conp = 10 pf = tanca with respect (o Vas
;.lﬂgwmmﬁl_ mu VR of the sampling rate. Ses Fig. 1
9. Diffarential Gain wnd I8l Fhase are massured with Tektoonis NTEC Signal Generstor (147A) and Vector Scope (520A). See Figure 2.
10. wwu m:;hum i o sutput signal to AMS random noise. The peak-to-peak signal Is the maximum output level
naliatien ApACE, A
11 In iha sian/stop mode of oparafion in It Tha rise snd fall Himes of gu §nd oy magaed 30 na bo eiiminate charge injecti
12. MFMHWMMMWMMMWMﬂMH ll;rﬂmlnmmnmm.hhmll n::i-dwmln
5 mhﬂﬂf. ey Wnﬂnnqnwm-nuuhammm Mlmmlﬂdmmmhl{mﬂl
- WEEE
14, Audic B/N ix defined a8 the ratla of Bignal 1o RMS nolse ot 23 kHx bandwidtn. Both irm messwrsd with sn HPI00A FME Voltmater. See Figurs B
15 Aaie of Avarage-Signal Offesl is caused CiErrant in the regiestene 1 in tunct lmmparabiing, Figrurs 7
IG.M;MHMQW“M?MH ealumny g — ™ e
17. Devices can b operated beyord 20 bMHe withool Mmhmmmmhmmmianmmmum4
TYPICAL VIDEO PERFORMANCE CURVES
FREQUENCY RESPONSE DIFFERENTIAL GAIN AND PHASE
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TYPICAL AUDIO PERFORMANCE CURVES
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TIMING DIAGRAM
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Fig. 10 Analog Shift Register A or B Operation
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ORDERING INFORMATION

To order the CCD321 specify the “device and package type” as shawn below:

CLASS, APPLICATION SIDEBRAZE PKG. CERDIP PKG.
Broadcast quality video CCD3A

Industrial quality video CCO321A2 CCDang2
Time base comprassion and expansion CCD321A3 CCD321B3
Audio delay line CCD321A4 CcCDaz21B4

Also available from Fairchild is a fully-assembied module that contains all the necessary circuitry 1o operate the CCD321. The
module is designed to help the system designer bacome familiar with the operation of the device, and for use in OEM systams.

The CCD321VM is a video module using a CCD321A-3 or B-3. The moduls includes the necessary electronics to perform time base
compression and expansion, and variable video signal delay. The module requires a single power supply for operation.

Schematics and component layouts are included in the shipping packages for the CCD321VM. For further information on the
CCD321VM please contact your nearest Fairchild sales office or distributor or call 408-720-7600.

CCDaz1A: 16-PIN SIDEBRAZED PACKAGE DUTLINES CCD3zI8: 16-FiN CERDIP
200 0.5y
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NOTES:
All dimensions in inches (bold] and millimeters {parentheses).
Header Is black ceramic (AkOs)
Pina are Alloy 42, plated with gold (321A) or nickel {321B).
Top cover connected to pin 8 (Vs substrate) on 321A

Manufactured und f I : 2081877, Fairchild cannot assume responsibilty for use of any circultry described
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FAIRCHILD WESTON

CCD321VM

Video Delay Module

CCD IMAGING DIVISION

FEATURES

B 1 H delay line periormance

Electrically variable delay

Adjustable delay — by clock control

Wide signal bandwidth — 5 MHz

High S/N ratio — 55 dB

Dual 455-bit or single 810-bit delay

No drift — delay dependent on clock frequency
clocldng

Temporary siorage operation controlled by a singie TTL
input Hne
Single polarity power supply - +20 V

DESCRIPTION

The CCDAZ1IVM is a complete deley module intended for use in
video eignal processing systems whers precisely contraliad
delay or temporary storage of analog information Is required.
Tha module is & printed circuil board contalning Fairchild
CCD32 dual 455-bit analog shift reglater, Input end output
signal processing circultry, and the required clocking signal
sources and biss voitage controls. The moduis requires &
single «20 V power supply Input for cperation.

The delay time of analog signals through the CCD321VM is
precisely controlled by the clock signal frequency which can
be provided by an external source or obtalned from aninternal
VCO. The CCD321VM can be used as a 910-bit ona horizontal
line (1H) delay for TV video bandwidths of 5 MHz when
operating with & 4 x 3.58 = 14.3 MHz clock frequency, serve as
a temporary analog store for a full-bandwidth TV line, or can
be used as an adjustable delay by controlling sither the
internatly generated or external Input clock. The CCD321VM
can also be used as two 455-bit registers for delay of two
independent analog signals.

Typical video applications for the CCO321VM include time-
based correctors, video re-synchronizing systems, comb filter
realizations, moving target indicators and signal-to-noise
enhancement systems. Other applications include time-basad
compression and expansion systems, phase delay equalizers
and general purpose analog delay.

Falrehild Weston Systema, Inc. CCD lmaging Division,
810 W. Maude Ave., Sunnyvale. Californla 64086
(408) 720-7600, TWX 810-372-2110

©1888 Fairchild Weaton  Printed in US. A
Fairchlid Weston reasrves the right to make changes In
the circultry or specHications at any time without notice
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BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION Signal — Signal inputs to the A and B reglsters of
Dual 455-Bit Shift Regivter; CCD32t the CCD321 ara gain-controlled by individual potantlometers

The Fairchlld CCD321 is a monolithic 455/810-bit charge
coupled device analog shift register packaged in a 16-pin dual
In-line package. Functionalty this device employs discrete
electronic charge packets representing the sampted ampli-
tudes of two analog input voltage waveforms that are trans-
ported towards output charge sensing amplifiers by a 1-1/2
phase digital ¢lock signal. An integrated sampled and hold
output stage provides register output waveforms which are
near-replicas of the signals input to the device 455 periods
earlier. (See CCD321 Data Sheet for more details concerning
this device.)

Clocking Logic and Driver Circuits — The transport and
sampling clock pulses required for control of the CCD shift
register are generated at TTL levels and then amplified and
waveshaped by clock line drivers. A transport and a sample
pulse for register A of the CCD321 is triggered by each LOW-
to-HIGH transitlon of the master clock input to the CCD321VM,
aclock pair for register B is triggered by each LOW—to—HIGH
clock input transition. Analog information is thus made to
travel completely through both sides of the shift register by
455 complete cycles of the input clock.

Storage Loglc — A TTL HIGH level on the Enable input
terminal of the CCD321VM is synchronized to the transport
clock pulses and stops the transport and sampling functions
of the register. The analog data in the registers when the
clocks are stopped is stored until the Enable line returns LOW,
and then transporied out in the usual manner,

and then ac coupled through 22 yF capacitors into 100 K N
loads at the device inputs. Two emitter-followsrs provide the
sampled and held reglster A and register B cuput waveforms
at a 75 {} source impadance level.

If the two signal input terminals are connected together, the
input data is sampled twice during each clock ¢ycle. Aiternate
sampled anatog bits go In sequence to the two reglsters of the
CCD321. These alternating samples are de-multiplexed at the
register output, Jow pass fitered, and given 1o a third video
output lead. A 910-bit resolution is thus obtained, glving a
signal delay of 455 clock perlods or 910 clock half cycles. This
multiplex operating mode provides 63.5 us delay for a 5 MHz
bandwidth signal using a clock Input frequency of 2 x 3.58
MHz = 7.168 MHz, equivalent to a 14.3 MHz sampling and
transport rate.

Clock Qsclilstor — The internal clock generator of the
CCD321VM is a VCO which can be controlled over a 5 to 20
MHz renge by an external 0 to 5 Vdc signal, or adjusted by an
on-board potentiometer. An external TTL compatible square
wave clock signal can also be usad by optional connector
wirlng.

Bias Control —Power input to the CCD321VM Is from a
nominal +20 V extrnal supply. On-board regulators control
bias voltages for the CCD321, drivers and iogic circultry.




DC CHARACTERISTICS

MODULE
PIN
SYMBOL PARAMETER UNIT CONDITIONS NUMBER
Voo Power Supply Input +20 Vdc (<400 mA) Note 1 A&l
Vaa Common Ground ov - All unused pins
Via Input to A side of CCD321 500 mV peak-to-peak - 4
Vs Input to B side of CCD321 500 mV peak-to-peak - 8
Voa Output of A aide of CCDA1 500 mV peak-io-peak RL= 1k} B
Vo Output of B side of CCD321 500 mV peak-to-paak Ry =1y 10
tou | s e B s
™ Clock In ;T;S:::; e Nots 2 z
tour Intsmal Clock ;T':;‘:‘:;‘ g 22
455 Single reglster or multiplex mode
v Input to Output Delay - sl il
:'D Saeries mode of operation
HOLD Hold Control (Enable Input) TTL Levels 20
VCO (IN) VCO Control Input 0-5Vdc w
VCO{INT)| VCO Intemal Control 0-5vde 19

AC CHARACTERIBTICS: Ta = 25°C, Multipiexed Mode of Operation, fiy = 7.16 MHz Vi, = Vig = 500 mV pesak-to-peak,
r =63.5 us, Ses Note 3

SYMBOL PARAMETER VALUE CONDITIONS

BW Bandwidth (3 db down) 5 MHz Min

AG Differential Gain 2.5% Max Note 4

ad Differential Phase 2.5° Max Note 4

THD Total Harmenic Distortion 2% Max Note 5

SN Signal to Noing Ratio 55 dB Min Note 6 E

T Tilt of 60 Hz Square Wave 1% Max E

F Band Pess Flatness: To 3.58 MMz 1d8 =

Cifset DC Offset in Temporary Storage Mode 2.5 mV/ma Note 7 E::
g
=N

NOTES: [ =)

1. Module operates from 19 to 24 Vdc,

2. fwula the clock of a single register. In tha series or independent register mode, a sampling clock of 4X the signal bandwidth is usumity required.

In the multipiax mode, a sampling clock of 2X the signal bandwidth ta required. (L.e., In the muhiplex mode of operation, with iy = 10 MHz per slde
85 MHz (3db) bandwidth can be processed through the devics |

AC parameters gusranteed from 0°C to 55°C. Detay tolerances determined by stability of clock frequency.

Measured on a Tektronics 520 VECTORSCOPE.

Using fin = 10 MHz, multiplexad mods, Via, = Vig = 500 mV peak-to-peak, 1 MHz sine wave, Measurement done Umsing specirum analyzsr.

Lising Rhode and Schwartz noies meter at 4.2 MHz bandwidth

This Is & dc offset on the output signal which can occur because of dark current build-up when in hold mode, This offset can be expactad 10 double
for each 8-10°C Increass In the CCD3M junction temperature.
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Modes of Operation and Connecion Diagrame

The CCD321VM can be operated in various modes: (1) Two
independent 455-bit analog registers, (2) multiplex, (3) series
and (4) temporary analog storage. An on-board generated
clock with adjustable frequency, and internal VGO controlled
clock or an Independent externally generated clock input can
be used in any of the four modes.

The circuit diagram shown below shows the pin nomenclature
for the CCD3Z21VM.

The following diagrams represent the correct input/output
connections for proper operation of the CCD321VM in the
various modes. The CCD32IVM circuit diagram is included in
the module shipping package.
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clocking &a shown in Modes 1, 2and 3.

2 Delay=yo

Mods & Mulliplensd Mode of Operalion
1. Dwpending on mquinenents, connect pins Z, W, 18 and 22 for inmmal or wdemal

Notes:
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Mode & Serles Mode of Operation
Notes:

1 Depending on requirements, connect pina Z, W. 18 and 22 for internal or extemal
tlocking as shown In Modas 1, 2 and 3.

2. Delay= ﬂ“
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Mode 7: Temporary Analog Storage Operation

Notes:

1. Depending on requirements, connect pins Z, W, 19 and 22 for intermnal or external
clocking as shawn in Modes 1, 2 and 3.

2. Store signal (TTL)

—_

I ]
READ IN/ MEAD IN/
AEAD OUT "‘ SO T ': READ OUT

MECHANICAL SPECIFICATIONS

1. Module size is 45" x 5" x 75" (excluding edge connector),

2. Module weight is 5 oz

3. Edge connector is 22-pin double readout, . 158 center-to-center spacing. Mating conneciors can be TRW type 50-44 series adge connector, or
equivalent. Wireing Information included with each module.

not ility for use of any circultry d other than clrouitry sntirely in a Farchild product No othgr circult patent licanses are implied
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Application Notes, Articles
and Technical Briefs
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Charge-Coupled Devices

The products of a new concept in semiconductor
electronics, they hold considerable promise in applica-
tions as diverse as image sensors and information-

storage elements for computer memories.
By Gllbert F. Amello Asprinted from Scientific American Fobruary 1974

For the past four years there has been a growing excitement
among solid-state physicists about a new conceptin semicon-
ductor electronics that may someday have an impact on our
lives as dramatic as that of the transistor. The new concept is
charge-coupling and its practical manifestation is the charge-
coupled device.

Like the transistor, the charge-coupied device is a concept of
semiconductor electronics; as such it is subject to the same
physical laws that govern the transistor's dynamics and
fabrication. That, however, is where the similarity ends.
Although the charge-coupled device shares much the same
technological base with its distinguished predecessor, it is a
functional concept that focuses on the manipulation of
information rather than an active concept that focuses on the
modulation of electric currents. Transistor technology has
made possible computer-memory components with thou-
sands of memory elements on & single chip of silicon; charge-
couplingis making possible comparably sized memory compo-
nents with tens of thousands or even hundreds of thousands
of memory cells per silicon chip at approximately the same
cost.

What is charge-coupling? It is the collective transfer of all the
mobile electric charge stored within a semiconductor storage
element to a similar, adjacent storage element by the external
manipulation of voltages. The quantity of the stored charge in
this mobile “packet” can vary widely, depending on the
applied voltages and on the capacitance of the siorage
eloment. The amount of electric charge in each packet can
represent information.

Perhaps the easiest way to visualize the operatlon of a charge-
coupled device is through the use of a mechanical analogy.
Imagine a machine consisting of a series of three reciprocating
pistons with a crankshaft and connecting rods to drive them
[see lop illustration on next two pages]. On top of one or more
of the pistons is a fluid. Note that rotating the crankshaft in a
clockwise manner causes the fluid to move to the right,
whereas rotating the crankshaft in a counterclockwise manner
would cause the fluid to move to the left. Sinces it takes three
pistons to repeat the pattern, this arrangement is called a
three-phase system. If it is desired to move the fluid in one
direction only, a two-phase system can be devised by
imposing an asymmetry on the piston design [see bottom
illusiration on next two pages|]. Regardiess of the direction of
rotation, the fluid now advances to the right.

Analogous charge-coupted devices can be fabricated of
silicon [see iliustrations on page 26). The devices consist of a
“p type” silicon substrate (in which slectrons are normally the
signal carviers) with a silicon dioxide insulating layer on its
surface. An array of conducting electrodes is deposited in turn
on the surface of the insulator. The electrodes can be
interconnected to establish either two-phase or three-phase
operation. Underlying the insulator and within the bulk of the
semiconductor the slectrical conductivity of the silicon can be
selectively altered to form “n type" material (in which not
electrons but electron “holes™ are normally the signal carriers).

_
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The correspondence with the machine In the mechanical
analogy is realized by supposing that the fluld represents an
accumulation of electrons, that the pistons represent the
potential energy associated with the voltages applied to the
electrodes and that the crankshaft and connecting rods
represent the driving voltages and their relative timing.

When a pericdic wave form called a “clock” voltage is applied
to the electrodes, some of the elactrons In the vicinity of each
slectrode will form a discrete packsat of charge and move one
chargs-coupled element, or unit cell, to the right for each full
clock eycle. The packets of electron charge thersfore moveto
the right as a result of the continuous lateral displacement of
the local “potential well” in which they find themsslves. They
ara thus—or so it seems—atways falling.

The creation of the necessary potential well in the semicenduce-
tor substrate deserves some elaboration because of its central
Importance to the charge-coupling concept. In this context a
potentlal well is a localized volume in the silicon that is
aftractive to electrons; in other words, it Is the most positive
place around and hence is a desirable location from the point
of view of the negative electron. Potentla) welis are formedin a
charge-coupled storage element by the interaction of the
different conductivity-type regions of the silicon |see iffustra-
tion on page 27|. This interaction forms a well for electrons
such that the higher the clock voltage, the deeper the weit. Any
electrons In the well will move with the clock vottages.

Now, if two or more wells of different depths ara placed close
to one another, the wells will overlap and charge may be
“coupled,” or transferred, from one storage element to the
next as the depth of the well is altered by the clock voltages.
Thus the external clock voltages on the electrodes cause the
electrons to move in packets through the semiconductorina
potential-energy trough known as a channel. This mode of
electron transter is the essence of charge-coupling.

Closeup View of a2 small portion near the output ol a
charge-coupled photosensor arrey is provided by this
scanning alectron micrograph. Each element and its
associated readout electrode measure 1.9 square mils.
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The phenomenon of charge-coupling is in itself inadequate
for the purpose of constructing a useful device. A practical
charge~coupled device must be able to introduce the neces-
sary electrons into the structure and also have a means at
some location in the channet for detecting the amount of
charge in a packet. Thus for a structure to be classified as a
charge-coupled device it must possess at least three attributes:
input, charge-coupling and output.

As an axsmple of & simple yet functionally complete charge-
coupled device, consider a "shift register” conersting of sight
thrae-phase slamants, sn input diode and gate and an output
diode and gate [ses flustration on page 28], This structure is
in tact very similsr fo the first charge-colpled devics ever
W.mmdmummmammm
coupled devios is connectad to the input diode, which octs as
B source of alwctrons. If the input gate s held at a low voltags,
no eignal electrons can enter the channel, In order 1o put &
packat of electrons into the devics it Is necessary to wall until
the first-phase electrodes are in the high-valtage condition
and then “turn on" the input gaie by raising Its voltage.
Elsctrors fill the potential wali until the energy laval for
elactrons in the wall is the sama as that for the slectronsin the
source. The Input-gate voltags is now lowered to isolate the
source, and the charge packet created ia ready for transfer
down the channet. In the detection of the signal the charge is
merely transferred to a “drain,” or output dicde, whers it
appears as a current in some external circuit. This simple

charge-coupled device fulfills the function of an eight-bit shift
register, a device potentially usetul in computer architecture.

Devices fabricated and operated In this manner verly the
predictad performanca with ona asxception. Unfortunataly nol
all the electrons sdvance with the packe! on sach transfer, and
the residual charge appears in & tralling packet. The magni-
tude of such " inefficiency” is a function of the
design of the device and the frequency of operstion, Tranatar
inefficlency imposes a fundamantal limitation on the speed
&nd number of transters for & practical charge-coupled devica
because of tha resulting attenuation of the charge packet as it
is moved through the device from one region to the next,

Thare are two reasons for inefficiency. First,
tha slectrons may ba inhibited from moving because of local
reglona of lowsr poteritial energy (cormespanding to dents or
ridgas in the tog of the piston in the mechanical anatogy).
Sacond. the frequency of operation may be so high that thers
Is not mnough time for all the alectrons to lallow the moving
patential wells. Tha formar problem s one thet fs Infiuenced
predominantly by the design dutalls of the particular charge-
coupled device. Ressarchan working on the developmant of
such cavices am continuing 10 explore this aspect of charge-
coupling. Recent advances in tachnology have significantly
reduced the seriousneas of the problem, The problam of the
speed of the alectrons' motion, howsver, has more basic
arigins and desarvas additional comment.

Mechanical Anslogy usefui in visualizing the operation of
& charge-coupied device s depicted in this sequence of
idealized drawings. The machine iliusirated consists of &
repeating series ol three reciprocating pistons with a
crankshalt and connecting rods to drive them. On top of
one or more of the pistons is a fluid (color). Rotating the
crankshaft in a clockwise manner, as shown in this

instance, causes the fivid to move to the right. If the
crankshalt were to be rotated in a counterciockwise
manner, on the other hand, the fluid would move fo the
left. This particular type of arrangement, which roquires
three pistons lo repeat the pattarn, is called & three-phase
system. An analogous charge-coupled device cen be
fabricated of silicon (see top illustration on next page).
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Asymmetrical Plstons are added to the mechanical ana-
logue In order to introduce the operating principle of a
two-phase aystem. Regardiess of the direction in which
the crankshaft is rotated, the fluid now advances to the
right. in the correspondence with an actual charge-

The electrons are induced to move to an adjacent region of
lower energy {that is, a deeper potential well) by a combination
of thres influences: self-induced forces, field-aided forces and
thermal forces. Self-induced movememnt results from the
simple fact that a high-density packet of electrons {or any
similar particles) tends to spread rapidly if the constraining
force is removed, as is the case when the clock voltages
change. This type of force is important during the early stages
of charge transfer, Figid-aided movement is important if the
structure is designed in such a way that electric fields exist to
assist the electrons’ motion In the desired direction. This
corresponds to adding a slope to the top of the pistons in the
mechanical analogy. If such a force is present, it is important
only toward the end of the charge-transter cycle. Thermal
forces arise from the fact that the electrons receive thermal
energy from the silicon lattice and as a result are free to move
about randomly. In thelr random motion they tend to move to
regions of minimum electron energy. This type of force is
important at the end of the transfer cycle anly if field-aided
forces are absent.

The self-induced force lasts for only a brief time at the
beginning of the transter cycle, but it is responsible for moving
about 80 percent of a “saturation,” or full, charge. If the field-
aided forca Is present, it is responsible for moving most of the
remaining charge at a rate directly proportional to the strength
of the electric field and inversely proportional to the distance
between the electrodes. If the field-aided force is not present,
the remaining charge will move under the influence of thermal
forces at a rate directly proportional to the temperature and
inversely proportional to the square of the distance between
the electrodes. This rate is usuvally iower than that resulting
trom the field-aided force, although at small dimensions |t
becomes increasingly significant because of its inverse quad-
ratic dependence on distance.

Although these forces are responsible for moving only a
comparatively small fraction of the total charge packet, they
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coupled davice the fluid reprasenis an accumulation of
electrons, the pistons represent the potential energy
associated with the appliad voltages and the cranksheft
and the connecting rods represent the driving volteges
and thelr timing.

are important because very little transfer inefficiency can be
tolerated in practical devices. For example, if 1 percent of the
charge is left behind at each transfer, mest of a charge packet
wlll have dispersed after only 100 transfers. In genersal the
charge-transfer inefficiency must approach one part in 10,000
to be considered acceptable for most practical applications. In
spite of this requirement, devices that can be operated at
frequencias of up to 100 megahertz (100 million cycles per
second) are possible if the structures ar made small enough.
With modern microelectronic manufacturing techniques it is
possible to design and build a charge-coupted unit cell with
dimensions of lass than a mil (a thousandth of an inch) on a
side, although it is not atways appropriate to do so.

Unit cells of such small dimensiona are possible because of
the simple nature of the charge-coupled structure, which does
not require direct contact with the silicon in the array region.
This arrangement is to be contrasted with conventional
transistor technology, which in general requires several
contacts per functional cell. Contacts consume a significant
amount of valuable silicon because of the contact area and the
toierances needed to form a good electrical connection. From
the manufacturing viewpoint it is this feature more than any
other that makes charge-coupled devices 30 attractive.

The ability to generate, move about and detect many separate
packets of electrons in a small plece of semiconductor
material suggesis that the charge-coupling principle can be
applied to fulfill a number of information-processing require-
menta. In particular the highly ordered manlpulation of charge
packets characteristic of the operation of charge-coupled
devices favors uses such as image sensing, computer-
memery operation and sampled-signal processing. In each
case the function is achieved by a proper combination of
charge-coupled unit cells that operate individually exactly as
described above.
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Twao Thres-Phase Charge-Coupled Elemenia are shown
in the cross sectional disgram af right; the clrves af iaft
@ive the relative fiming of the “clock voltage” wave forms
for thres-phase operation. The device consists of a “p
fypa” sificon aubstrate (in which electrons are normally
the signal carriers) with & allicon dioxide insulsting layer
on it surface. Condugting elecirodss are deposited on
the surface of the insulator. Undarlying the insulator and
within the butk af the semigcenductor the siectrical
conductivity of the silicon can be altered to form an “n

type” fayer (in which electron “holes" are normally the
signal carrigrs ), When the clock voltege (s applisd fo the
alecirodes, some of (he elecirons in the weinity of sach
siscirode will form a discrete packet of chargs (biack
dots) and move ona slement to the Hight for sach full clock
cycle. Ineffect the packeis of eleziron charge mave to the
right &2 a reswil of the confinuous lateral displacemant of
the loocal “porential well* in which thay find themsalves
[white contours in subatrate).

CLOCH VOL TAGE

:

e/ \

[ )
TIE (FRACTIONS OF OME CYCLE)

Thies Two-Phase Charge-Coupled Elements are shown
in these cross sectional diagrams; again the curves give
the relative timing of the clock voltages, this time for two-
phase operation. Here the polential wells are given the
required asymmetry by the introduction of different n-

lypa conductivity regions just under the insulating layer.
As it the illustration at the top, the external clock voitages
on the electrodes cause the electrons to move in packets
through the n-fype semiconduciar layer toward the right.

213

&

=
—
[=]
=
—
=
—
[
3
(=5
=T




e — e, ————

Silicon, the semiconductor material of which charge-coupled
devices are generally fabricated, is highly sensitive to visible
and near-infrared radiation [see iflustration on page 9). tn
other words, when light falls on a silicon substrate, the
radiation is absorbed {by means of the Einstein photoelectric
effect), which results in the generation of electrons in a
quantity proportional to the amount of incident light. If there is
present an array of potential wells such as the one formed by
charge-coupled devices, these electrons will fill the wells to a
levat corresponding to the amount of light in their vicinity. This
“electro-optic” creation of electrons represents aninput to the
charge-coupled device that is entirely different from the input
method required for the shift register discussed above and
makes the charge-coupling concept useful for very different
kinds of application, Nonetheless, the packets ol electrons
generated by the light can be moved, just as in the shift
register, o a point of detection and converted to an sfectrical
signal representative of the optical image incident on the
device. That signal, after some conditioning, can be displayed
on a cathode ray tube. In this way a charge—coupled device
can become the heart of a television camera

One of the significant advantages of charge-coupled image
sensors over vacuum-tube sensors is the precise knowledge
of the photosensor locations with respect to one another. Ina
camera tube the video image is "read” from a photosensitive
material by a scanning electron beam. The position of the
beam is never precisely known because of the uncertainty in
the sweep circuits resulting from random electrical noise. Ina
charge-coupled sensor the location of the individual photosen-
sor sites is known exactly, since it is determined during the
manutacture of the component. Such “metric” accuracy is
important for proper alignment in color cameras and In
applications requiring data reduction of the acquired image
(as in photographic missions in space and phologrammetry}).

It is generally convenient for purposes of discussion to
separale charge-coupled sensors into two categories: linear
sensors and area sensors, A linear imege sensor is a simple
straight-line array of photosensors with the associated readout
and sensing circuitry. An area image sensor is a two-
dimensional mosaic of photosensors, again with the associ-
atad readout and sensing circuitry

Linear image sensors are used for a host of applications,
including air-to-ground and space-te-ground Imaging, fac-
simile recording and slow-scan television. The image to be
viewed is obtained by providing relative motion between the
sensor and the scene with the axis of the array perpendicular
to the direction of the motion. A resolution of 500 or more
photosensor elements is usually required. A primitive linear
imaging device can consist of nothing more than a charge-
coupled shift register and an output diode. In this structure the
image is acquired when one hoids the potential wells stationary
by stopping the voltage clocks for some period of time {the
“integration time") and then rapidly reads out the information
by starting the clocks. Such a simple charge-coupled device
should be practical only in special applications that allow very
long integration times. The reason for this limitation is the
“smearing” of the image that results when the shift register is
clocked at the same time that it is illuminated.

A really practical charge-coupled linear image senser is more
complex, It consists of a photosensor array for accumulating
the photocharge pattern plus an assaciated charge-coupled
shift register with one charge-coupled elsment for each
photosensor element in order to move the resulting charge
packets to an output point. The elements of the photosensor
array are individual charge-coupled storage elements with a
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commgen electrede called a photogate, They are electrically
separated from one another by a highly concentrated p-type
region called a channel stop. The photosenser array is
separated from the charge-coupled shift register by a region
over which there is an electrode called the transfer gate.

In operation the photogate voltage is held high and the charge
generatled by the incident radiation (the photocharge) is
collected by the individual photosensor elements, At the end
of the integration time the transter-gate voltage is raised from
its normally low voltage condition. The charge-coupled shilt-
register electrodes adjacent to the photosensor elements are
also brought to a high-voltage state. The photogate voltage is
then lowered and the accumulated photocharge transfers to
the shift register. After that is accomplished the transfer—gate
voliage is lowered and the photogate voltage is brought back
to its normally high state for another integration pericd.
Meanwhile the charge-coupled shift register is clocked for the
purpose of reading out the charge pattern.

A high-density image sensor is more economically designed
with one shift register on each side of the photosensor array.
Since there must be one charge-coupled element for each
photosensor element, the distance between photosensor
elements is equal to the distance between the shift-register
slectrodes for a two-phase charge-coupled shift register and
is equal to 15 times the distance belween shift-register
electrodes for a three-phase charge-coupled shift register. In
this example the signal charge from the two three-phrase shift
registers is transported to a three-phase, two-slement register

Potentlal-Energy Proflles for a typical charge-coupled
information-storage element are shown here as a function
of distance into the bulk of the semiconductor at right
angles to its surface. (in order to show the potential wells
clearly, this diagram has been rotated by 90 degrees with
respect to the preceding ones.} The charge-distribution
patterns are shown for two situations: with no electrons in
the well {top} and with some electrons in the well
{bottom). As the curves indicate, the higher the clock
voltage, the deeper the well.
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for delivery to the on-chip preamplifier. If two-phase tech-
nology is used, however, it is possible to shift the charge
directly into an output diode, which s in turn the input to the
on-chip preamplifier. Note that in either case the information-
output rate of the device is twice the rate of sither of the long
shift registers. It is clear from this example that a two-phase
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Inpul and Oulpul Operations of a slmple sight-alamant,
Ihres-phase charge-coupled “shill register” are summa-
rizad in this series of disgrama. The signal anters the
device by way of an input diode, which gcls as a source of
elocirona. If the input gate is held al & low voltage, no
slgnal elecirons can entsr the polential-anergy “channal™
{11 inorder to put slectrons into the device ane must wait
uriil the first-phase slecirodes are in the high-voltage
condition and then “turn on" the Input gate by ralsing its
voltage (2). Efsctrons il the potential wall unlil the energy
laval for the efecirons in the wall is the same as thal lor the
elgctrons in the source. The inpul-gate voltage is now
lowered o isolate the souroe (3), and the charge packef
cragfed is ready for transler down the channel (4. Tha
signai is detected by transferring the charge packet fo an
oulput diods, where it appears as & currant.

charge-coupled structure not only is easier to clock but also is
more economical to lay out for a practical device. Even though
it is somewhat more difficult to manufacture because of the
required asymmetry, It is likely to dominate future designs of
charge-coupled devices when tully developed.

A linear sensor can be made to produce conventional two-
dimensional images (see ilfustration on next page). The image
to be sensed is placed on a rotating drum, which provides the
necessary motion of the image with respect to the device. The
speed of rotation is synchronized with the vertical scan of the
manitar, The charge-coupied linesr image sensor provides
each horizontal video fine for the monitor by & completa
sanding end readoul oparation repesied rapldly to supply all
ihe horizontal lires for a full frame, In many applications the
device is the moving slemant in the systam, &s In seral
reconnsissance, whis the dewice is iocaied in an aimplane ora
salallite

The quality of image reproduction achievabls with a linear
charge-coupled sensor is excellent, refiecting the large
dynamic range of the image sensor [see ilustration on page
31). The dynamic range is the ratio of the maximum to the
minimum detectable image intensity. The quafity of the
reproduction demonstrates the very high transfer efficiencies
and low electrical nolse levels that can be achieved in exlsting
charge-coupied devices.

Area image sensors are useful primarily for television-type
camera applications. The image is obtained by conventional
line-by-line scanning of the array mosaic and reproduction of
the resulting video sipnal on a standard raster-scanned
cathode-ray-tubs monitor. A charge-coupiad mea image
sansor designed for such & readoul mode can ba designed Ina
manner analogous to the linear image sansor. As in standard
broadcast television, the image s read oul in two sepamte
fields by first reading all the even-numbered photosensor
alemants in each column and ihen all the odd-numbered
photosensor elements in each column rather than by reading
the odd and even elements in parallef, as in the case of the
linear image sensor.

The ares image sensor operates as follows Light falling
continuousty on the pholosensor sites produces efectrons,
which accumislate as chargs packets In the potential wells
created by the photognte vollage, Aftar an interved of a thirtisth
of & sacond the charge packets collscied in the photosenaors
adjacent to all the phase-1 electrodes are transtarmed to the
reglon under the phase-1 elecirodes by raising the phass-1
voltage snd lowering the photogate voltage The charge
packets in photosensor sites adjacent lo the phase-2 alec-
trodes do nol transter because the phase-2 voltage remains
low. After the phase-1 tranafer takes place the phologate
voltsge sgain goes fo its normally high stale and more
electrona bagin to sccumulate in the deplated photasensor
sitea. The charge packets in the opagued shift regluter mre now
transferred 1o tha horizontal shifi register at the top of the
arTay. Each vertical transfar filla the horlzontal register, which
i then resd oul completely, producing & line of video
information al the oulput. Atter all these linas are read out (a
procedura that takes only a sixtieth of a second) the photo-
asnsors djacent to all the phase-2 electrodes are read out,
and in e similar manner this second field is deliversd 8s avides
signal at the output. Finally, the entire operation begins again
and is completed at regular intervais of a thirtieth of a second.

A typical image sensor designed to operate in this fashion
consists of a rectangular 100-by-100 photosensor grid [see
illustration on page 22]. Each pholosensor element and
associated readout electrode occupies only 1.9 square mils.
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All 10,000 elements fit on a chip that measures .12 by .16 inch.
An image taken with a camera system using such a device can
be displayed on a television monitor.

This image-sensing device and others made by charge-
coupled techniques are still somewhat primitive, but they
clearly point the wey toward a powerful camera technology.
The combination of solid-state reliability, low-voltage opera-
tion, low power dissipation, large dynamic range, metric
reproducibllity and visible and near-infrared response offers
to the potential user a compelting advantage over vacuum-
tube image sensors and other solid-state image sensors.

The charge-coupling concept is basicaily one of semicon-
ductor electronics rather than one of electro-optics. Because
of the electro-optic characteristics of silicon, however, the
light-sensing properties of charge-coupled arrays have tanded
to dominate this new technology. Nonetheless, the data-
handling properties of such arrays may be of equal or even
greater significance.

A charge-coupled semiconductor array is virtuaily ideal as a
time-sampled analogue shift register. From the viewpoint of
the electrical engineer this means a delay line where the delay
is proportional to the readin/readout rate; if the array is long
enough to contain the complete massage, the readin and the
readout rates can be different and the maximum delay
available is limited only by the thermal generation of random
electrons. At low temperatures several minutes of delay are
possible.

As a memory or digital-storage davice, charge-coupled arrays
can perform the functions of sequential access or hybrid tasks
such as drum or disk storage. The use of solid-state charge-
coupled arrays to eliminate all mechanical motion and parts is
a strong advantage of a memoery consisting of charge-coupled
devices.

The intrinsic analogue nature of the charge packet in a
charge-coupled device suggests broad potential for applica-
tion to sampled-signal processing. In a fundamental sensethe
use of charge-coupled devices as image sensors is merely a
special application of the device as an analogue shift register.

i one restricts the definition of sampled-signal davices to
those with an electrical (rather than an optical} input, then the
predominant members of this class are variable delay lines
and filters.

A delay line is a circuit that reproduces as accurately as
possible an input signal delayed by a finite pericd of time. A
delay line is “variable” if the time delay can be altered
electrically. The charge-coupled device acts as a natural delay
lina since any signal placed on its input diode will appear at its
output in sampled form after the interval required for the
charge packets to be shifted through all the elements of the
structure. The charge-coupled device can be used as a delay

RELATVE RESFONSE —3

WAVELENGTH (MRCRCNS)

Relative Speciral Responess of a charge-coupled silicon
photosensor element (colored curve) and the human eye
{black curve} are comparad. The semiconductor material
absorbs nat only visible light (.4 to .7 micron) but also
near-infrared radiation (.7 micron to 1.1 microns). The
absorption ol such radiation by a siticon substrate results
inthe ganeration of electrons in a quantity proportional to
the amount of incident radiation. It is this "slectro-optic”
property that enables charge-coupled devices to be used
as image sensors.
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Two-Dimensional Images can be repraoduced with the aid
of alinear charge-coupled sensor in a variety of ways, one
of which is outlined in this schematic diagram. The image
to be sensed is placed on a rotating drum (left) whose
speed of rotation is synchronized with the vertical scan of

a conventional television display monitor (right). The
charge-coupled device and the associated readout cir-
cuitry produce horizontal video lines at a rate rapid
enough to build up a full-frame image on the screen of the
monitor.
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Excellent Reproduction obtained with a 500-element
linear charge-coupled image sensor under widely varying
light conditions is evident in these photographs. An
apparatus similar 1o the one in the ilfustration on the
opposite page was employed to scan the image. The
photograph at left shows the original image to be scanned.,
The photograph at center shows the video display ob-
tained from the charge-couplied system under optirmum

lin In several ways, First, in the simple continuous mode the
delay s equal to the number of unit cally divided by the
frequency al which the device s clocked. Almatively,
whenavar dats appaar in bursts, the charge-coupled shift
ragistar can ba loaded with thess data during the burst snd the
data retnined for the desired intarval and then read out. In this
way the charge-coupled device is said to perform a “buffer"
function,

A charge-coupled delay line offers major advantages over the
more conventional glass delay line and even significant
advantages over the more exolic acoustic-surface-wave de-
vices [see “Acoustic Surface Waves," by Gordon S. Kino and
John Shaw: Scientific American, October, 1872). Among
these are wide dynamic range (better than 60 decibels after 30
milliseconds 81 room temperatiura) and separats alectronic
control of propagation veloclty and deliy time. Dalay lines
with such Nexibility will be of great valus In communicationa
and ledevision applications and will simplify existing methods
of producing controtled signal delays. Cine specist application
of significant interest s & “scan-rate converts:” often mguired
in video communications. Here the charge-coupled device
operates In the butler mode described above to accept and
then read out video frames at different rates 80 23 1o match
practical transmissipn-aysiem bandwidths with standard
television-display requirements

Extension of the simple delay-line concept leads to other
sampled-signal processing devices. I a delay line is fabricated
with interim taps at which the signal can bse sensed and fed
back 1o earlier stages in such a way as to affect the
transmission of the data, then this structure can be used as a
filter. Such a structure can be conveniently configured as a
band-pass filter where the resonant frequency of the circuit is
a direct function of the clock frequency. An improvement in
the signal-to-noise ratio to within a decibel of the theoratical
maximum has already been achiaved.

Matched filters find application in wide-spectrum communi-
cations and in radar to detect weak signals in high noise
backgrounds. In such epplications charge-coupled devices

“

lighting conditians (30 foot-candles of lumination). The
photograph al right shows the video dispiay obtained
from the same sysitem but with the light favel reduced
1,000 timas, to produce this piciure (he charge-coupled
device had fa move packels of epproximately 400 alo-
trons sach through a centimater of siificon withou! dis-
persion.

will complement acoustic-surtace-wave devices, which gen-
erally are useful only for delays of less than 100 microseconds.

As mentioned above, a charge-coupled storage element is
capable of storing a packet of electrons with a varying amount
of charge, depending on the design and operating conditions
of the charge-coupled unit cell. Nonetheless, there is no
reason one cannot conceptually quantize the charge-handling
ability of the cell and view the device as a binary digital
element. For example, one can arbitrarily say that if a storage
element contains a charge less than half the saturation
charge, it contains a “zero,” whereas if it possesses a charge
greater than haif the saturation charge, it contains a "one.” In
this way the storage element becomes a memory “bit” and a
charge-coupled delay line can be made to serve the function
of a digital shift register or serially accessible memory. Since
this function can be performed by other technologies aiso,
one must ask what charge-coupling has to offer. The answer
is cost-effectiveness. A charge-coupled memory not only has
all the advaniages of a conventional semiconductor com-
ponent (compatibility with other electranic circuit slements,
no mechanical motion, low power and volage, variable
clocking rates and other similar features) but also offers a
potentially low cost-per-bit ratic appreaching that of a mag-
netic memory. This is a result of the inherent structural
simplicity of the charge-coupled device. By virtlue of this
simplicity, memory arrays as large as a quarter of a million bits
per component on a piece of silicon less than halfaninchona
sida can be envisioned.

In addition, the powsr necessary o sustain a charpe-coupled
mamaory divice is vary low since the storege slement i not
active. The power required o meve the charge stored cn one
charge-coupled alement 1o an adjecent slement in a micro-
Encond is approximutely a microwstt. Moreovar, in a proparly
organized memory ILis not necessary 10 have all bits moving
simuftanacusly. Thus a one-megahertz. ona-magabil charge-
couped memory device would require s power ol somewhers
between a milliwatt and a watt 1o sustain it, excluding iogic
and other functions. The volume required for such a memory
is less than that of a pack of cigarettes.
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Ancther advantage lies in the tact that the charge-coupled
device is basically analogue in nature. It is thus possible to
store more than one data bit In each memory cell. This canbe
done by storing any one of a number of discrete levels of
charge ineach cell, thereby greatly increesing the information-
packing density. For exampile, a 100,000-ceil device capable of
handling elght levels of charge is comparable to a 300,000-bit
convertional memory. Such a memory chip would be of great
value in digital-to-analogue and analogue-to-digital con-
verters and other applications where multiple levels are
achieved only by the addition of vast amounts of memory.

In view of these important prospective features of charge-
coupled memory devices it appaears that we are at the dawn ot
a revolution that will ultimataly bring today’s powerful digital
computers directly into our everyday way of life. The charge-
coupling concept, In short, is a major new innovation in
ssmiconductor electronics. By virtue of its simplicity in design
and fabrication, Its high periormance in terms of dynamic
range and low power, and Its high packing density and
potentlally low cost, the technology of charge-coupling will
create major and unlquée new applications for the seml-
conductors that will have a direct impact on our lives.
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CCD Fundamentals

No math—just a straightforward explanation of how
CCD memory units and video devices operate and what
they can do for you!

By Frank H. Bower

Charge-coupled devices (CCDs) & n new family of ailicon

components capabile of parforming the generat
tunctions of image sensing, anslog signal processing, and
digital or analog memory. To realize the CCD concept’s fuil
capability, improved LS| techniques have been doviioped and
basic NMOS processes substantiaily refined. Recognizing the
technical advanisges of using CCDs in defense symteme,
military and ofher government ngencles staried funding a
number of reaearch and development programas in the anrly
seventies 1o accelargte the devalopment of practics) devies

Today, thers is a small but grawing numbar of manufacturers
affering high-performance CCD image sansing davices,
analog signal processing devices, and large capacity digital
memory inegrated circults. Several laboratories are also
developing end bullding small numbers of special devices
with governmant contractunl suppart.

CCO Linear imaging Devicas (LIDs} have made possible the
rew gonaration of fast facsimile machines now reaching the
markel They are also used In high spesd mail sorting, rapid
non-contact inspection and quality contral messurement,
and "smart” computer-controlled material handling systarns.
Real-time aerlal mapping, reconnaissance, and surveillance
systems have been Improved by the application. of high
resoiution LIDs as optical sensors.

CCD Area Imaging Devices (AIDa) ara used in small, rugged,
low power TV camerss capabl of aperation In vy low light
Inﬂumhunnl-qwlummnlimtmmhmapﬁm
in robots and sutomalic production systema as well s in
minfature TV cameras for mifitary systama (Figura 1),

Flgure 1: Cockpit TV camera system.
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The Charged-Coupled Device

The CCO operating principle is called “charge-coupling.”
Finite amounts ol slecirical charge called “packets” are
crasted in specific locations In the siicon semiconducior
matarial. Each specilic location, calied a “storage slement ™ is
created by the fisid of a pair of gate slectrodes vary close tothe
surface of the silicon at thet location. By placing the slompe
stamants adjacent o each other. in a line for instance, vollages
on the adjacent gate slectrodes can be afternately raised and
lowared and cause the individual charge packets bensath
them o be passed from one storage elsment to e next
(Figure 2}, Sinos each charge packet miay be of diffarsnt size,
the line of slemenis becomes a very simpip aralog shift
register. All CCDs are basically shift registers, and becauss
the tmnsler of charge from each storage slement 1o the nedt
adjacent alamant js vary efficient, the amount of charge in
asch packet stnys substantially the same, even aftsr i1 has
been passad from one alement o as many as & thousand
saquentially adjacent sismants Sinca the smaunt of charge In
sach packal is unigue, the stnng of charge packets can
rapresant anafog information. The davice s, in assnas, storing
that information wntll it is delivered as an slsctrical signal from
the charge detector buill into the device &t the end of the
charge-ocoupled register.

This shift register performance is the basic characteristic of
CCDs uzed in analog signal processing and devices,
Figure 3 shows a dicde-gate structirs By which information is
mlmlmmﬂmﬁmamnmulnmﬂmmln
in elecironic sysiem oparating with curments and vaithges
rather than with the charge-packets manipulated in the CCD
itmall

Performing the image sensing function utifizes another basic
chamcteristic of silicon semiconduetor devices, This s the
phatoslectric affect by which free aloctrons are created in &
region of silieon iluminated by photons in the approximate
speciral range of 300 (ultraviclet) o 1100 fnear infrarad)
nanometers wavelength. Response pasks mf about 800
nanometer. Absorplion of such Incldent radiation |n the
sllicon gansrates o lineary proportional numbar al fres
slsctrons in the specific area illuminatzd. If o sllicon davice
struciure having & repetitive pattarn of amall but finite phicto-
SanEing sites is created, the number of free alsctrons generated
In each site {charge-packet) will ba directly proportional tothe
Incident radiation on that specific site. H the pattem of incident
radintion intenally s & focused light image from an optical
system viewing & scons, the o craatad In the
finite photo-sites array will ba & falihful reproduction of the
soens projected on ts surface,

Afler an appropriate exposurs tims, during which the incident
light an aach site is generating its time and intenaity propor-
tional siectron charge-packet, the charge-packets are simul-
tanecusly transfarmed by charge-coupling undar an adjscent
single long gate-slecirods, to a parallel COCD analog transport
shift register. The single long gats is called the tranafer-gate
(Figure 4),
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Each charge-packet corresponds to a picture elemeant {pixel)
and, when transferred to the adjacent CCD transport shift
register, continues to faithfully represent the total sensed
radiant energy which was absorbed in the specific photo site.
The transfer gate Is Immediately returmed to the non-transfer
clock level (LOW) so photo-sites can begin integrating the
next line of incident image information, At the same time, the
CCD analog transport register, now loaded with a parallel-
transterred line of picture information in the form of charge-
packets from a line of sensor sites, is rapidly clocked to deliver
the picture information, in serial format, to the device output
clrcultry.

The cutput circuitry consists of an output gate-diode structure
and appropriate reset and buffering signal amplifiers. The
output terminal delivers a sequence of elactrical pulses, the
amplitude of each being directly proportional to the charge-
packet size generated in the photo-site where the charge-
packet originated. Sample-and-hold circultry, either on-chip
or in the video processing support circuitry, delivers a line of
video information.

Linear imaging devices (L 1Ds) sense and deliver Information a
line at a time; they are electronically scanned in one dimension
and are often called line-acan devices.

Area imaging devices (AlDs) have an X-Y array of sense
slemsnts and sense an area image. They are built with both
vartical and horizontal transfer gates and transport registers,
and dellver an entire field of video information from each
Integration (exposure} peried in the form of a series of lines of
video signal.

CCD CHARACTERISTICS

¢ Temperature. The CCD works best al low temperatures. It
has no problem at -55° C and can perform at full capability to
+70°C. Above 70°C, storage-related parameters degrade
rapidly due to physical properties of semiconductor materials.
All semiconductor materials continuously generate hole-
electron pairs due to thermal energy, even at room temper-
ature. If there is a finite packet of electrons representing
information in & storage element, and thermally gensrated
electrons add to that packet over a period of time, the packet
will become larger and eventually will no longer accurately
represent the original information.

In image sensors, which are very high dynamic range analcg
devices, it is often desirable to provide cooling for low light
lavel applications to reduce thermal electron generation.
Since image sensor devices are used as single units cras a
matrix of two to six devices, and dissipate on the arder of 150
mW or less, cooling is relatively simpie. In CCD memory, long
registers could be a problem, so the devices are designed with
“refresh” cells at frequent intervals in the register. These
sanse-and-restore cells detect the “1” or “0" at the output end
of a shift register section before enough thermal electrons can
be added to cause misinterpretation of the data. Practical
economic considerations, however, limit the temperature
range for CCO memory to about +70° C. Because of the very
low power dissipated In CCD memory, it is practical to
consider providing cooling to achieve economical military
electronic systems.

¢ Speed. The speed limitation of CCD devices is theoretically
that of electron mobility in silicon and experimental devices
operating in the gigahertz range have been reported. Since
surface-state trapping in the silicon slows the net mobility of
carriers near the surlace, “buried channel” devices are faster
than “surface channel" devices. The practical limitation to
operating speed i3 caused by the edge-dependent charging
current associated with delivering the clock voltages to the
capacitances of the shifi-register gate electrodes (C dv/dt

current). The clock-driver circuitry also dissipates increased
power with increasing frequency of operation. Desired operat-
ing speed is, therefore, a very strong design consideration in
delarmining how much of the clock driving function should be
put on-chip, thus incraasing chip temperature, or left for the
system designer to provide on the board.

¢ Rellabllity. Since materials used and the fabrication and
packaging technology for CCDs are essentially those of
NMOS LS products, CCD davice reliability equals that of
NMOS. CCDs are Inherently lower power devices and,
therefore, the occurrenca of thermally-induced faillure mechan-
isms should be lower than that of NMOS. Manufacture of
CCDs utitizes state—of-the-art NMOS production technology
for its N channel, sllicon gate, ion-implanted, surface passi-
vated structure. Packaging can be in any of the commercial or
high-reliability packages already proven in industry.

e Nolse. The basic CCD register, heart of all CCD devices, is
practically noiseless becauss it does not have PN Junctions as
do MOS and bipolar devices. Asscciated on-chlp charge
detectors and buffer amplifiers do have PN junctions and
introduce some noise. Dynamic ranges of 10,000:1 have been
achieved without cooling.

Figure2: A two-phase CCD shifi register. The two comple-
mentary clock voltage waveforms ¢y and ¢2 are connected
to alternate closely-spaced gate efectrodes on the surface
of the thin insulating layer on the sificon. A deep potential
well which attracts electrons is created under the elec-
trode clock voltage HIGH and disappears under the
electrodes at clock voltage LOW. At ( = 0, ¢z voltage is
HIGH and the linite charge packel of seven electronsisin
the polential well under gate electrode #2 in storage
slement “A”. Att=1/2cycle laler, the potential well under
gate #2 has collapsed due to ¢y having gone LOW, and,
since at the same time the adjacent electrode ¥#3 con-
nected to ¢z has gone HIGH, the seven electron charge
packet has baen attracted to the new potential well unider
slectrode #3. Another hall cycle later, at t = 1 cycle, the
potential well under alactrode #3 has coilapsed with ¢2
going LOW and the electron packet moves to the new well
under electrode #4 which has gone HIGH with clock
voltage ¢1.

e
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are fabricated on very lightly doped, high-remistivity aillcon
whieh has charactoristics mors easily aitered by radiation than
the more heavily doped silicon in bipalar and conventional
NMOS devices Buried channal CCDs have besn reporied (o
be mare radistion \olerant than surlsce channel devices.
Governmant sponsoned I programs e under
winy ntseversl lnboratories to Investigate mathods for radiation
hardaning CCOD devices,
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Integrated clncuite. This- ks primarily becauss the basic CCO
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and transport of the information In the CCD register are
partormad by the pattorn of conductive gate alectrodes an the
mr!mniﬂwmlnmdﬂlwmmrﬂuaimn.muym
requirs MUch less sren per slorge slement than the combina-
mﬂmmummmmmlwmmumsw

ent.
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Figure 3: input and output diode/gate struclures for
electrical input and output to a CCD shift register.

CCD APPLICATIONS IN MILITARY ELECTRONICS
h‘#m&m&m”ﬂwdﬂiﬂmb-mnmm
a8 a line-scan devics or&s &n X-Y TV typo dovice. it can also be
configured as s combination of the two basic structures for
special applications. Tha line-scan devico has & single line of
sense slements and scans itsslf electronically in one axis—
along the sense alamants’ centerline. It is oftan referred to as &
Linsar Imaging Device (LID). The X-¥ device is an area matrix
of sansa slsments capable of being electronically scanned In
both X and ¥ axes to prodice an area TV plcture. It s often
referred to &8 an Arsa Imaging Device (AID),

Mot CCD image sensors have wide spectral range, and are
nominally useful cver the spectral range 300 to 1100 nanama-
fars e near-ultravicist through the middie of the near
Infrared regions. Sandard commercial CCD image sensors
will operata well up 1o a wavelength of sbout BOO to 900
nanomatirs; biyond that wavelength, they lose resolution
rapldly. Resolution loss is due to the IR image photons
pgenerating electrons much deapar in the silicon and, harators,
beyond the attractive affoct of the fieid crealed by the gate
slacirodes atl the sllicon surface. The generated electrons
diffuse in the bulk of the silicon untll they are gither lost by
recombination or move nearer 1o the surface whems they are

g

capturad in the fisld of one of the sanse slemants. However,
bacause of the tima dalay, thay may arrive 1oo late of in 8 sense
wlamant other than the one through which their exciting
photon antered the sllicon. The practical reault ks & loss of
resolution or smearing of the image sensed. In some labor-
atories, work is baing done to develop special CODs for long
wavelsngth IR image sensing.

All CCD image sensors consume low powor and operate on
low voltages. They are not damaged by Intense light. Cider
devices will cver-saturate and "bloom” under intense iiumi-
nation tut are not permanently damaged. Anti-blooming and
exposure conirol |8 now avallable on mons recent devices.
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Flgure 4: Simplitied biock fayout of a linear image sensor.

Linear Imaging Devices (LIDs)

LIDs are configured as a single line of sensor elements on &
long narrow chip. These devices are commercially available
with 256 to 3,458 elements with longer devices in development.
LIDs are used in facsimlle machines or spactromaters where
the subject is aline pattern. When relative motion of the scene
with respect to the sensor is provided by other means, the
array can present a high-resolutiocn TV-type picture. A con-
tinuous real-time picture can be obtained from a LID sensar in
an aircraft or satellite passing over the surface of the earth ata
constant altitude and velocity. Using a scanning mirror in the
optical system can accomptish a similar result, LIDs appli-
cations include:

s High speed, high resolution facsimile {text, maps, finger-
prints, photographs}

* Aerial mapping with high measuring accuracy

¢ Reai-time reconnaissance and surveillance

& Bar-code reading

» Sorting parts, mail, currency, food

¢ Convayorized product non-contact inspection

* Automatic warehouse routing and palletizing control

Special configurations of LID in which the array is eight to 64
elements wide (rather than one element wide) can ba used for
Moving Image Integration (M1} applications and are particu-
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larly effective in very low light level applcations. Combined
with analog delay lines, a LID can be used as the sensor for
Moving Target Indication (MTI).

Area imaging Devices (AlDs)

AlDs produce a TV picture. They are bullt in an array capable
of being self-scanned in both the X and Y direction. These
devices are available in 488 x 380 element arrays; they have
alsg been built in other size armay. As an example of a
commercially availabte device, the Fairchild CCD222 is a 488 x
380 element array with a sense area format in a 3 x 4 aspect
ratio for TV presentation. The device dissipates 60 mW when
operated at a 7 MHz data rate, and operates at voltages of 12V
to 15V. Its dynamic range is typically 1000:1 at room tempera-
ture. AlDs applications include:

e Low light level search and surveillance

¢ Missila and RPV guidance

o Star tracking

» Remote or projectile TV reconnaissance (Figure 5)
s Cockpit or gunsight camera

s Space telescope

Large area AlDs are difficult to produce “blemish free” at low
cost. Industry |s aggressively addressing reduction and elimina-
tion of randorm defects to achieve practical, low-cost volume-
producible AlDs with chip dragonal dimensions in the order of
>0.50".
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Flgure 5: Artiltery launched TV system concept.

Anslog Signal Processcrs

The CCD has been shown to be a nearly ideal analog shift
register. The simplest analog signal processor is a variabie
analog delay line where the delay obtained is a direct function
of the clocking frequency and the number of storage elements
In tha register. Differential phase and differential gain of 1% or
lgss is available in commercial devices. Tapped CCD delay
lines are excellent sampled analog filters and can be externally
prograrnmed to change filter characteristics, scan a frequency
spectrum, or provide correlation of weak signals in a strong
nolse background. CCD Analog Signal Processor applications
imclude:

* Video and audio variable delay lines
s Moving target indicator filter

» Signal correlation and convelution
* Sonic imaging

* \ioice compression and scrambling

* Video frame-grabber

* Communications and sacure communications filter
e Scan rate converter

» Spread spectrum filter

Digital Memory

AJ'IGlCCD memories are basically seriat because of the fundamen-
1al shift register nature of charge-coupling. They are dynamic
memories which require periodic refreshing and, like other
semiconductior memories, they are volatile. While their latency
is greater than bipolar and MOS memory, they are as much as
fifty times faster than magnetic disc and drum memories.
Because of the shift-register nature of CCD, the CCD memory
devices are block-access oriented rather than random bit
accessed. The high bit-count per package allows use of
distributed memory and changes in computer architacture.
CCD memory applications include:

» Cache memory

» Signal analysis for sonar, radar

« Synthetic aperture radar memory
o Digital delay

Conclusion

Charge—coupled devices are now a family in production,
bringing new capability to the military electronics systems
designer. The high-volume, low cost production of area image
sansors for TV sensing will require a combination of elimina-
tion of the causes of random defects from each step in the
manutacturing process and improvement in the phote-litho-
graphic techniques for patterning large area arrays so their
area can be reduced without reducing responsivity.

Volume production of high performance analog signal proces-
sing devices such as filters requires definition of a volume
market sufficient to warrant the devetopment cosis and
application of resources. Increased control of manufacturing
processes, particularly accuracy of the photo-lithographic
process or its electren-beam successor, will allow the dimen-
sional control necessary to produce devices which are linear
over a large dynamic range and have the hiph rejection
characteristics desired.
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Intensified CCD Camera
Uses Fiber-Optic Coupling

by R.H.Dyck

Microchannel plates are imaging devices which are sensitive
to charged particles and energetic photons. Originally devel-
oped for use as the amplifying elemant in military night vision
systems, the microchannel plate is now finding its way into
microscopes, oscilloscopes and solid-state cameras.

When used in CCD camerss, the increase in senativity
obtainabls depands to same degres on the type of ilumination
souroe since the spectral response of the Intenaifler s
significantly differant from the CCD. Howsver, in approximate
larms, the sanaitivity can be increased by faciors as high as
1,000. The minimum taceplate ilumination can be reduced
alno, by a facior of threa. Fairchild's CCD3E000! Intengifiad
camara is based on the company's 3000 camera and uses an
18mm diameter water-ype image sensor in lts design.

A scharmatic diagram of the front end of the camen |s shown
In Figure 1. In the basic CCD camens, the light from the lans
pnnnlhrmrghuthlnqlmwkd:mﬂlmmimlge
directly on the CCOD. In this Inisnsifie-CCD camera, the
Imaga & focused on the front of the image intensifier which
then produces an equal sized intemsifisd image at the back
surface. This imags is transmitied 1o the CCD by means of a
fiber-optie block that ks in direct opticel contact with the chip.

This systam la shown in mare detal in Figure 2. The intensifier
Is & smail ective dlameter (18mm) wafer-type intensifier mads
by Varo Electron Devices (Garland, TX). 1t is known as a
wafer-type of intensifier because of the small distance from
this phatocathods bo the phosphar which is approximately 0.1
In. Gain i3 achieved within a microchannel plite whers saoh
migrochannst acts as a high galn electron multiplier,

Foous i= maintained through the structurs by the proximity of
tha membars and by high appiled voltages that minimize the
time that the emilted electrons spend In the spaces on elther
side af the microchannel plate. This minimizes spreading of
alettrons dues to Initial isteral velocities, Fiber optics are usad
far the backplate to allow fiber-optic coupling with its attend-
&nt high optical afficlenay.

The CCD |mage sensor |s a 488 = 380 element device,
modified by repiacing tha normal thin glasa window with &

laceplate The fiber-optic faceplate rests against
the CCOD chip. The taceplate and CCD chip sre optically
coupled with cptical cemant which s approximately. 2um
thick. The faceplate is held in place relative to the CCD chip
with the &id of & surrounding frame. A photograph of the
fiber-optic CCO s shown In Figure 4

The libar-optic structures ars made up of highly rensparent
Hiber cores that are 4-8um in diameter and an intsrstitial glasa
that i slightly opficaily absorbant. Depanding on the refractive
indices of the two glasses, the corn regions have tha property
of total intermal reflection far light incident over large solld
angles. On-axis transmittances of the individug fiber-optic
biocks are typicsly 80 to 80%. Thia fibar-optic CCO is held
against the intensifiar by spring-loading the POS in which it is
maunted, again, the interface has an optical grada of apllcal
greass (Dow Coming -02-3067)

Pz = r -]
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Figure 1: Block diagram of the front end of the intensifier
CCD camera.

Flgure 2: Detailed drawing of the intensifiar and the fiber-
optic CCD.

In view of the small fiber size compared 1o the size of tha unit
cell of the CCD (18 = 30um) one would expect only & small
amount of image degradstion and, n facl wvery Iittle ks
obeerved. Typically, there are 20 1o 25 fibers per 18 = 30um unit
call with & few of thess nol being uselul bacauss thay only
Hluminate the vpagque portion of the unit cell containing the
varticsl CCD register cell, The high quality of the TR
tranamittad through tha fiBer-optic block iz ghown In the
device photograph (Figure 4}. The vertical, lighter shade bars
are aluminum strips on 30um centers. Some of the preamplifier
structure is visible through the fiber-optic faceplate in the
upper right hand comer.

The quality of imagery produced by the CCOD/fiber-optic
taceplate combination is illustrated in Figure 5. For this
picture, an image was formed on the front surface of the
fiber-optic faceplate with an ordinary camera lens.

\
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Flgure 3: The CCD image sensor wilh ils fiber-optic
faceplate.

Figure 4: A photograph ol a portion of the image sensor
with its fiber-optic faceplate.

Performance

The sensitivity of the camera is determined by the quantum
efficiency of the photocathode, the intensifier gain, the CCD
responsivity at the intensifier phosphor mean wavelength and
the CCD noise or CCD background signal. Under some
conditions, the sensitivity will be limited by the shot noise in
the primary photoelectron stream, For the smaller features in
the image, sensitivity will also be limited by the MTF of the
imaging system

The response spectrum of the photocathode is shown in
Figure 6. This type of photocathode is called the S-20
extended red. Because of its high quantum efficiency in the
red (600-700nm) and the near IR (700-800nm) compared o0
other available photocathodes, it is well suited to night vision
applications. For exampie, where there is moonlight, this
photocathode is desirable for its ability to sense a broad
portion of the spectrum and thereby generate more total
photocurrent.

For a second example, where there is some smalt amount of
incandescent lighting, the red and IR responsivity of this
photocathode takes advantage of the high output from
lighting in that part of the spectrum, The broadband respon-
sivity is conveniently described in terms of photometric units
using a standard 2854°K tungsten light source. The typicat
valus is 200uA per lumen.

The gain of the image intensifier may be expressed in more
than one way. The most common way is to give the photo-
metric output per unit of photometric input. This takes into
account the photocathode responsivity. Manufacturers give
typical values of between 7000 to 15,000 footlamberts/foot-
candle. Here unity gain means that if one viewed the phosphor

—_—- e, — = ===
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screen on-axis, the cutput would be one lumen per unit solid
angle for every pi (3.14) lumens incident on the photocathode.
Since the angular distribution out of the fiber-optic backplate
is more or less ideal (“Lambertian”), this is approximately
equivalent to cne lumen out per lumen in. Of course, this
measure of gain requires that the type of light source be
specified; in this case, it is again a 2854° K standard tungsten
source,

Another way to describe the gain would be to give the number
of photons emitted from the intenaifier (at the mean wave-
length of the phosphor, namely, 560nm) per electron emitied
from the photocathode. This measure of gain may be calcu-
lated to be 25,000 to 55,000.

Unfortunately, the intensifier camera has to suffer losses in
quantum efficiency both in the photocathode and in the CCD,
with the resutt that the predicted net increase in responsivity is
of the order of 2000. As already noted, the reduction in the
minimum illumination level cnto the front end photosensitive
surface, where the picture qualities appear most similar, has
been found to actually be approximately 1000 times

The ability of the intensifier camera to faithfully reproduce
details in scenery is imited in two different ways, just asitisin
any video camera; by the Nyquist-limit resolution and by the
MTF. The Nyquist limit resclution is 2 property of the CCDand
is not altered by the intensifier. The MTF Is tha product of the
MTF of the CCD by itself and that of the intensifier by itsslf, As
can be seen in Figure 7, the major MTF Joss occurs in the
intensifiar. Neverthelass, there is useful MTF out to at least 25
line pairs/mm in the intensifier alone (~5% MTF) and by the
same measure, there is useful resolution in the CCD intensifier

Figure 5: /mage praduced by the CCD with fiber-optic
faceplate (without the intensifiar).

camera out to at least 23 line pairs/mm. Since the CCD raster
measures 8.8mm vertically, this provides a usetul resolution in
the vertical direction of at least 400 TV lines. In the horizontal
direction, the MTF is greater than 15% at the Nyquist limit

Overall camera performance is illustrated by some night
scenes recorded with one of the cameras (Figures 8 and 9). An
/2.5 zoom lens was used wide open_ A nearly full moon was
still rather low in the sky; the light meter read ¢.35 lux at the car
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Flgure 7: MTF of the CCD222, the imtensifier alone and
the combination of the two.

in Figure 8 and 0.15 lux whera the man is standing In Figure 9.
One-ifth of a second exposures integrate noise to approxi-
mately the same degree as Ia perceived by a typical observer,

Al 0.35 lux, the parking lot scena s imaged with a sufficiantly
large 57N ratio that detall is obearvabls over a broad range of
gray levels, At 0015 lux, a few gray levals can b discarmed in
ther man's clathing, whersas the foliage is essentially 100 dark
to sea. In tha 0.35 lux scena (Figure B), the lumination level
raar the car i predomingtely from the moon with parhaps 20
or 30% coming from a nearby light

There Is a self-limiting behavior in the image intensifler when
the total Intensifier output emitted (electron) current reaches
the limit of the buiit-In power supply, the supply voltege drops
80 as to keep the average image intensity from the intensifier
mofe or less constant. In the camera, at least for night scenery
like that In Figure 8 and 8, the signal level in the CCD stays
near the saturation level and only occasionally might a bright
light in the scene causa the CCD to bloom. Bacauss of this
sell-imiting feature, the camera behaves as if it had AGC and
offers a good 5/N ratlo over several decades of average scene
brightriess.

\
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Figure 8: Parking iot in mooniight.

Figurs & Night scene whore a buliding shaded the scens
froim moonlight,

Fibar-optic coupling

The use of fiber-optic coupling betwser: the output phasphor
layer of the intensifier and the CCD provides a coupling
efficiency estimated to be in the neighborhood of 60%.
Becausa the fiber optics are of the type designated numerical
aperature (N.A.) 1.0In, the fraction of the omnidirectional light
incident on the fibers themseives which exlts from those fibers
is closa 1o 80%. Then each of the two fiber-optic plates (the
Intensitier backplate and the CCD faceplate) has a core fill
factor that is about 85%. This gives a resultant efficiency of
approximatety 8 = 0.85 x 0.85 = 0.58 = 60%.

If, instead, a relay lens had been used, it would have been
poselble to improve the resolution somewhat by imaging the
entire 18mm phosphor screen onto the CCD, but the coupling
sfficiency would have been considerably less.

Forexample, ifan /1 lena had been used s tha relay lena, the
half-anghs of the cone of scceptad light would have besn
approximataty 15° and the fraction of iight acoepled from tha
nearly ideal (Lambertian) phosphor light source would hevs
bean spproximately sin®15" = 0085, This is essentinlly a tactor
of ten lower than tha figurs for the fiber-optic case, and this
tatimate neads fo be reduced furthar due to the imparisct
transmission coefficient of any real lans

In addition to this disadvantage of a tens coupler, there are the
disadvantages of size and welght. This may add four inches or
more to the camera length. For the case of a amall primary
lens, the weight of the front end portion of the camera might
have been nearly doubled had a relay lens been usad.
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| FAIRCHILD WESTON

[ Sohkambero Technical Brief:

CCD IMAGING DIVISION

Electrons vs. Voltages

Usually, when cne talks about the output from a CCD image
sensor or camen, they refer 1o so many volts or millivoits of
output. It may be in regards to the saturation voltage, an
cutput voitage, photoresponse non-uniformity, dark signal
non-uniformity, responsivity or noise etc. All cur data shests
talk In terms of voltages cut. Some find it useful, however to
talk in terma of charge, or elecirons of signal rather than
referring to voltagas bacause [t is electrons that ans actually
being movad about in the device. The voltage appsars only as
a result of converting thls charge in the output amplifier.

The voltage at the output is linearly to the
number of electrons being converted. As a rule of thumb, our
line acan CCD's output 1.0-1.5,V per slectron of charge
recelved, and the CCD222 about 2.5-2.74V per electron. One
may use this “scaling factor” to converl voltages back to
electrons. For Instance:

Linear lmager Area Imager
Parameter Vois Electrons Volts Electrons
Vsar, Qsar 15V 1,000,0008 osav 300,000e
Vi = 50% V.
b S 1 750mV 500,0008 400mV 150,0008
NOISE (rms)
(i Dark) AV 2708 a6V 80e




“

FAIRCHILD WESTON | Technical Brief:
Typical Intemal
CCD IMAGING DIVISION Spectral Response (Smoothed)

Typical Intemal Spectral Response (Smoothed)

R (MA/W)

¥ (nmj)

Line Scan Devices Type I: CCD111

Line Scan Devices Type Il: CCD122, 123, 124, 133A. 143A,
153A, 151

Line Scan Devices Type I1l: CCD134, 145, 181

TV-Type Devices: CCD222
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FAIRCHILD WESTON Technical Brief:
Spectra of Three
CCD MAGING DIVISION Broadband Light Sources

Specira of Three Broadband Light Sources
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F700 Filter = 2.0 mm thick type BG-38 IR-absorbing filter
{Schott Opticat Glass Co., Dureya, PA).

FB00 Fllter = 3.0 mm thick type 1-75 IR-absorbing filter
{Coming Glass Co., Coming, NY), or a 20 mm thick Schott KG-1 filter.




ey | Technical Brief:
Charge Transfer Efficiency (CTE)
Calculations

by D. Debs

CCD IMAGING DIVISION

Assume that the CCD photosites are uniformly illuminated. Also assume that every shift register element has the same
charge transfer efficiency. Then:

/i

e
CTE (per 1 transfer) = 1-—
" ' ( Vour )

7¢ is the global charge transfer ineffisncy. Vou is the average pixel output amplitude under uniform illumination. (See
sketch below); “i" is the total number of shift register elements (transfers) between pixel #n and the output ampilifier. Note;
each shift register bit consists of two elements; two transfers are required to move a charge packet through one shift
register bit. Also, as shown below, there are more bits than the number of pixel lengths due to some exira bits (dark reference,
prescan etc.) in the line of video.

The table below lists e versus CTE for sach type of linear imaging device.

CTE CCD111 CCD153A CCD133A CCD181 CCD143A CCD151 e
(/1 Transter) i= 259 =523 i =1,035 i=2612 = 2,059 i=3514 UNITS
7 ne ne ne ne ne
0.890 800 0.03 0.05 0.10 0.28 021 .35 % of Vour
0.990 005 013 0.26 052 130 102 1.74 % of VipuT
0.969 990 0.28 052 1.03 258 204 345 % of Vour
(.999 980 052 104 I 205 5.09 4.03 679 % of Vour
0,092 970 077 1.56 .06 754 599 100 % of Your
0.999 060 1.03 207 406 992 7| 13.1 % of Vour
0.999 050 129 258 504 122 a78 161 % of Vout
0.999 840 154 309 am 145 16 19.0 % of Vout
0,999 830 1.80 358 699 167 134 218 % of Vout
0.909 820 208 410 795 18.9 152 245 % of Your
0988 910 2.30 460 889 210 188 271 % of Viout
0.999 800 2.56 510 583 23.0 18.6 296 % of Vour ‘

Measurement of Global Charge Transfer Inefficiency ( ne )
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FAIRCHILD WESTON

Application Note:

Charge injection

CCD IMAGING DIVISION by D.

Debe

Every input pin has a gate protection structure which includes
a diode from the input to the subsirate (Vgs). Negative
{transient) input vollages (Viy < Vss) will forward-bias the
dicde, injecting electrons into the bulk silicon of the CCD chip.
{See Figure 1.)

If sufficlent charge is injected, it will accumulate in the CCD
analog shift registers and/or the photosites near the injecting
gate protection structure(s). (See Figure 2.)

Injected charge which accumulates in the photosites will
result In a bell-shaped increase in the apparent background
dark signal, centered on the pixel nearest the injecting diode.
Injected charge which accumulates in the shift register(s)
increases the “register imbalance” (“odd/even™). The shift
register nearest the injecting diode will have the larger output.
(See Figure 3.)

The susceptibility to charge injection (sufficient to increase
the background dark signal) and/or reglster imbalances varies
significantly from device to device. It is not possible to select
devices with “low" susceptibility. However, devices with low
dark signal are typically more susceptible than devices with
high dark signal.

Fairchild CCD recommends limiting the rise and fall times for
the transport clocks, reset clocks, and sample-and-hold
clocks to a minimum of 30ns whenever possible.

Charge injection can be caused by negative transient voltages
<4ns long. Since these transients cannot be detected by
oscilloscopes with less than 250-500MHz bandwidth, a systemn
which appears to be free from negative transients on a
200MHz oscilloscope may still be prone to charge Injection.
The recommended method to eliminate charge injection is
shown in Figure 1 below.

Devices which have separate subastrate (Vss) and amplifier
{Vsa) grounds may have Improved charge injection perfor-
mance if Vss is made negative with respect to the clock-low
voltages. However, dark signal may increase with Vgg voltages
more negative than about -3 volts. (Please consult the data
sheets for specific devices to ensure that a specific device will
operate with negative substrate voltages.)

F1Q. 1 TYPICAL TTL TO CCD CLOCK INPUT INTERFACE CIRCUIT

FROM Veer . "
DaNTI-RUECTION GATE PROTECTION DIODE
i ’
— = L i
A e
SGATE Vi T ] J_
| T Coate
T = Ve = Vss
L | L rl N 7
W " "y
TTL-TO-MOS CLOCK RISE/FALL ADJUST CCD INTEANAL CIRCUIT
CLOCK DRIVER & ANTIHNJECTION CIRCUIT
NOTES:
1. trusg = traLL ~ (R1 - Caate)
2. Do not usa external parallel capacitor (C1) to adjust trise/tracL. Although this approach will work, Cy acts as an A.C. shunt
Into the ground plane. This makes the ground plane very nolsy.
3 See dalasheets for actual Caare values for a specific CCD.
4. Plane Anti-injection diode and Ry within one inch of CCD pin.
5. All diodes are FDHE0) or equivaient.
6. VRer can be generated by the following circuit.
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FiG.2 PHYSICAL EFFECTS OF CHARGE INJECTION:

LOCATION OF INJECTING
GATE PROTECTION DIODE

“CLOUD" OF ELECTRONS
DIFFUSING AWAY FROM G.PD.

PIXEL i
i

“A" SHIFT REG.

ARERARERRERRRR
LLOTIaed

B SBHIFT REG.

OF INJECTING G.P.D.
1S AT PIXEL M1

FIG.3 Vout WITH CHARGE INJECTION AS SHOWN ABOVE (IN DARK):

g

INCREASED
REGISTER

AINEL #n IMBALANCE
{A side = odd #

PIXEL i1 ia larger than
8 side = sven #.

PIYEL §
e ——— i
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| FAIRCHILD WESTON |
Schlumberger
CCD IMAGING DIVISION

Application Note:
Anti-Blooming and
Integration Control

by T.

Murphy and D. Debs

Problems solved by Antiblooming and Integration Control:
CCD image sensor perlormance in certain applications has
been limited by one or more of the following:

1. CCD Responsivity could not be changed without changing
the transter clock cycle time (fexposure), which generally is
not acceptable in many imaging systems.

. Photosite response could not effectively be “turmed off”
during part of each taxpoasure. This degraded vertical reso-
lution (MTF) and/or did not allow solutions of problem #1
above.

. Vary brightly illuminated photosites would “bloom”; or
“smear” when oversaturated, causing a local loss of image
resolution much larger than just the number of oversat-
urated photosites. (e.g. the CCD dynamic range was less
than the image irradiance dynamic range.)

Features of Antiblooming and Integration Control:

The newest generation of Fairchild CCD image sensors
(CCD134, 145, 181, elc.) contain two features to eliminate
these problems. These features — “antiblooming™ and
“integration control” — can be used independently or in
combination.

Antiblooming “clips” or limits the amount of charge that can
be collected in any photosite. When properly adjusted, no
photosite can accumulate more charge than the shift register
can transfer properly. This causes a loss of signal amplitude
Information in the oversaturated photosites, but it prevents the

oversaturated photosites from smearing into adjacent areas
with consequent loss of resolution. Antiblooming alone has
no effect on the performance (responsivity, etc.) of non-
saturated photosites.

Integration controt effectively reduces the responsivity of all
photosites. This can be used to reduce all photosite cherge
packet amplitudes proportionately sc that none of the photo-
sites reaches saturation and/or blooms. Integration control
functions as an electronically-variable “shutter” during each
scan time.

Often the variable-responsivity feature of integration control is
useful even if the blooming is not a problem. Integration
control can be used for real-time adjustment of device
responsivity to track line-to-line changes in object illumi-
nation, background reflectivity, vertical scanning speed, etc.
Without integration control, this could enly be accomplished
by varying the transfer clock frequency (1¢x ), which generally
is not acceptable in fixed-output-rate systems. Adjustment of
system responsivity by optical means (e.g. with a mechanical
Irls, mechanical shutter, and/or optical filters) ls much slower
than simply adjusting the integration-control clock cycle.

“Turning off” the photosite charge collection during each

texposure by clocking ¢ic alsc improves vertical resolution
{MTF in the direction perpendicular to the CCD array long
axis.) This is particularly advantageous when the object is
moved in a start/stop “stepped” mode.

VSINK

Channel
Potential

(volts) QsAT(PS)

+v

Light shield omitted for clarity in Figures 1A, 1B, & 1C.

Anti-Blooming  Integration Photo
or Electron Control
Sink \ Gate

)

Photo

Gate Si;e / Gate /
\ * hy
[ 1ol Vra

Figure 1A: ¢ic = 0 voits; No Anti-blooming or Integration Control

Transter Shift Register
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Impiementation of these Festures:

The ¢&ic pin controls both the antiblooming and integration
control features. Figure 1 shows the behavior of charge
generated in the photositea for three different ¢ic voltages.
Charge is represented by the shaded areas and by the small
clrcles or dots.

In Figure 1A, the ¢ic is biased at zevo volis. In this cass, the
charge storage capacity of the photosites [*QgaT(PS)"} is
larger than the amount of charge that the shift register can
transfer without excessive loss [“Qsat(SR)"]. I the charge in
photosite #n [“Q(n)"] is excessive [a.g. if Q(n) > Qsar(SR)],
then the excess charge will remain In this shift register cell
when the shift registers are clocked. This excess charge will
combine with the charge packet from the #(n+2} photosite,

thus “smearing” the information down the shift register. If the
excess charge combined with the information from the #(n+2)
charge packet exceeds Qsat(SR), then the remainder wilt
combine with the photosite #(n+4) charge packet, etc. If [Q{n)
> QsaT(PS)), then the excess charge will also bloom within the
photosite array into the #{n+1) and #(n—1) photosites, etc.

Blooming can be eliminated by biasing the gic at epproxi-
matety the same voliage as the photogete (Vpg). (The exact
voltage required for optimal antlblooming operation is a
function of device manufacturing tolerances. See balow for
recommended ad|ustment procedure.) Figure 1B shows this
condition. Charge generated in the photosites in excess of
Qsat(SR) spills across the barrler formed by ¢ig into the
slectron sink.

Ve e

Channel
Potential
(volts}

+V

Figure 1B: ¢ic Blas = Vpg; Antlblooming Enabled
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Excess charge generated in pholosite spills across ¢ic barrier into the electron sink
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Figure 1C: ¢ic Blas = (Vpg + 3V); Integration Control Enabled
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If no charge collectlon (integration) is desired during the firat
part of the scan (integration) time, then gic is clocked to a
clock-high voltage at least about 3V higher than the photogate
voitage. This is shown in Figure 1C. All charge generated
during this ime will spill into the electron sink. The control of
the duty cycle of photosite signal charge collection is called
“Integration Control.” See Figure 2 for a typical timing
diagram.

Reduction of the effective intagration time by integration
control effectively shifts the dynamic range of the device to a
higher integration range. Figure 3 shows the typical dynamic
range for tin/taxposure ratios of 0.1 1o 1.0. Minimum tny/taxposure
ratlo is limited by optical crosstalk from the photosites inta the

shift registers during the ¢g«c clock-high time (e.g.. when the
photosite-generated charge is being dumped into the electron
sink.}

Antiblooming can be combined with integration control by

setting ¢uc clock-low to approximately the Vpg bias voltage
per the procedure below.

Optimization of Antiblooming

To optimize antiblooming, first set 4¢ to zero volts. Increase
Integration by increasing irradiance or texposuwre until the
device output is almost Vsat. Then increase ¢ig DC bias
voltage or ¢ic clock-low voltage to the highest voltage which
does not diminish the output signal amplitude. {See figure 4).

Figure 2: Integration Control and Anti-Blooming
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FAIRCHILD WESTON
Schlumberger
CCD IMAGING DIVISION

Application Note:
Photosite Transfer Loss
(PSTL)

Introduction

Two phenomencn affect the transfer of charge packets from
the photosites to the cutput amplifier. Photosite Transfer Loss
(PSTL) degrades the transfer of charge packets from the
photosites into the CCD shift register{s). Charge Transfer
Efficiency (CTE) dascribes the transfer of charge packets
along the CCD shift register(s) into the output amplifier gated
charge integrators.

CTE

CTE is specified on every CCD data sheet. It is approximately
8 constant percentage ot the Vaigna over at least the 1%-to-
100%—0f-Vam range. CTE is not normally atfected by the
amplitudes of charge packets transferred through the CCD
shift register(s) during previous scans.

PSTL Significance

PSTL is often assumed to be negligible. This assumption is
reasonably valid for applications where (1) the minimum pixel
illumination is atleast 5-10% of Vg, and/or (2} where the pixel
amplitudes are to be digitized to < 10 gray scales (=3 bits
anatog accuracy of full scale). Such applications generally
include document scanning for facismile or PC inputs, OCR,
and some industrial inspections.

PSTL can significantly reduce degrade device performance

under the following conditions:

1. Devicein dark or very dim illumination for many successive
integration times.

2. Accurate signal information is required for pixet inputs in
the (0.01% to 5-10%) of Egat range. (e.g. a high system
dynami¢ range is needed.)

These requirements are typical of satellite and telecine appli-
cations. Our newer devices have much better PSTL than
standard devices.

Before discussing PSTL amplitudes further, a definition of
PSTL is given

PSTL Definition

The effects of PSTL are shown and defined in Figures t and 2
below. The CCD is not illuminated for a long time (Laark ). Then
the light source is swilched on, colncident with the beginning
of a CCD Integration time (tnt). Radiant flux amplitude (light
intengity) is held constant for at least three successive
pericds before the light source is turned off. (LED lamps are a
convenient source for this teat.) Note that the CCD output
wavelorm (Vout) Is delayed by one tiy period (one “scan”) from
the illumination clocking. It the CCD had PSTL = 0, then the
average pixel output amplitude (Vygna) resulting from each
illuminated tiny would be the same. H 0 < PSTL < (100% of
Vaignal}, then the Vagnal resulting from the first illuminated tin
will be attenuated.

“

The charge lost from the first illuminated scan by PSTL is
gradually transferred out of the pholosites after the iflumi-
nation stops. A measure of this siow, exponentially-decreasing
charge leakage is defined as the “vertical charge transfer
inefficiency” or "VCTIE" in Figure 1.

PSTL Causes and Cures

PSTL is caused by three mechanisms:

1. Slow electron charge traps in the photosite regions.
{Absorb charge quickly, release charge over many scans.)

2. inadequate time and/or electrical field gradients to transfer
charge from photosites to shift registers.

3. Subthreshold depletion of photosites over many scans
while device is in dark.

The effects of slow traps and subthreshold depletion can be
significantly reduced (better than 2x improvement) by adding
optical bias light or “fat zero” to the incident itlumination. Use
of optical bias is limited by the noise contributions. See Tabie
1 below. An optcal bias of ~20mV decreases PSTL by at least
2x while increasing noise by only ~25%.

Inadequate time and/or electrical field gradient can be
improved by (a} provide a longer ¢y puise, per Figure 3A
below, and/or (b) by alse clocking the photogate (Veg) per
Figure 3B below.

Recently designed devices (CCD134, 145, 181) have neg-
Iigable PSTL: <5% of Vsignal for [(1% Of Vem) = Vsignaj < {100%
of Vaat) |. Older devices may have up to an order of magnitude
larger PSTL.

Table 1: Typical Device Noise vs. Optical Bias

|_ Optical Bias Total Nolss in Dark”
(MVRMS) {kefims) {MVams) (keftus)

0 0 0.20 018

5 4 22 A7

10 8 .23 18

20 16 25 20

40 32 30 .24

80 84 37 30

100 80 41 a2

*tint @ 1m8, fama = 2MH2, no C.D.S, Oulput Scale Factor =
1.254v/d] average dark signal «4 mV/ms, Tp=+25°C. (Typical for
143A, etc.} Note that (Peak-Paak Noise} = 5x (AMS Nolse).
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Flgure 1: Effects of PSTL and Vertical CTIE

Figure 2: Effects of PSTL and V-CTIE In s typical Line-image-Sensor-Based X-Y Scanning System (in “pushbroom™ mode)
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FIGURE 2: OPTIMAL CLOCK TIMING TO MINIMIZE PSTL
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| FAIRCHILD WESTON Application Note:
Schiumberger CCD Input and Output
CCD IMAGING DIVISION Requlrements
CLOCK INPUTS These diodes are intended to slow down the CCD gate rise
Load Cha tics and fall rates as the gate approaches the final clock-high and

CCD clock inputs range from relatively large capacitive loads
(30-1000pF, depending on device size) to very small capacitive
loads (<5pF). DC leakage current into all clocked inputs is
negligible {<1uA at +15V),

Recommended Clock Drivers
Standard TTL-to-MOS ciock drivers, such as the National
Semiconductor DS0026, are recommended for driving the
high-capacitance inputs, They are also convenient for driving
the low-capacitance inputs with appropriate resistance be-
tween the 0026 and the CCD.

Clock Rise/Fall Times

Refer to Figure 1: "Typical TTL-to-CCD Clock Input Interfor-
ence Circuit”. The damping resistor Ry limits the tig time so
that the CCD pin does not “ring” below Vss. {Momentary
pulses more negative than Vsg may degrade CCD perfor-
mance by increasing the apparent dark signal. See the
“Charge Injection” application note for further details.)

Excessively fast clock rise and fall times will also degrade
CCD performance by increasing the internal clock coupling
into the output waveform and/or increasing the external clock
coupling into the P.C. board ground plane{s). Rise and fall
times should exceed 30ns whenever possible.

P.C. Board Layout

The TTL-to-MOS clock drivers and interface circuitry should
be located close to the CCD (within 1 inch if possible} to
reduce transmission line “ringing" problems.

Although the DC currents into the CCD clock inputs are
negligible, large surge currents are required at the clock
transitions. Decouple each clock driver I1C with a large local
capacitor between Vcc and ground.

On devices with separate substrate (Vss) and signal (Vsg or
VeG) grounds, provide separate ground planes on the PC
board

Combining Clock Inputs

Many devices have two shift registers which can be run in
parallel. It is preferable to run both shift registers with the same
clock drivers unless the combined capacitance is too large for
the clock drivers. Running both shift registers with the same
clock drivers will improve CCD performance by reducing the
number of clocks which can capacitively coupie into the CCD
substrate,

Damping Circuits to Avold

The gate-to-gate capacitance of the CCD transport and
transter gates (¢1, ¢2, oT. VT, $X. oPG. €IC.) is usually a
significant part of the total gate capacitance. Intemnal clock
coupling can degrade device performance if the effective
impedance of the clock-driver-plus-damping circuit is exces-
sive, A particularly bad damping circuit for these gates is
back-to-back diodes. See Figure 2 for details.

clock-low voltages. Howaver, they also act as a very high
impedance between the clock driver and the CCD gate during
thefirst ~0.7V ot internal gate-to-gate clock coupling. This can
permit internal gate-to-gate clock coupling to become so
large that it degrades CTE and/or the output waveform. {See
Figure 1 for a recommended damping circuit.}

2-Phase Shift Register Clock Requirements

Devices with two-phase shift register clocks (¢1 and ¢z) have
special requirements on their phase relationship.

{See Figure 3.)

DC INPUT VOLTAGE SUPPLY REQUIREMENTS

CCD Noise Immunity

The CCD has minimal built-in noise rejection. Neise on the
Voo, VRp, and Vg supplies is attenuated by < 50% atthe CCD
signal output(s) (Vour or OS). Also, ¢1, ¢, Or ¢7 clock
coupling into Vog will increase register imbalance.

All DCinput voltages should be well regulated and thoroughly
decoupled to ground. If the device has separate substrate
(Vsg) and signal {Vsg) grounds, then all output ampiifier
supplies (Vpp, VRD, Voa. Vaias, oic.) should be decoupled to
VsG.

Typical DC Blas Currents
Typical
Pin Name Cumrent® Comments
Voo 3-10mA Vop = Voo
Veo 3-10mA
VRp <1pA Normally derived by resistor
Voa <A dividers from Vpp
Vrg <1uA
V1 <1uA Large decoupling capacitance

required due to large Vr-to-¢t
internal capacitance.

*Seo data sheets for specific values

BUFFERING OF CCD QUTPUTS

The on-chip amplifiers are designed 10 drive a low-capaci-
tance, high impedance external buffer. Maximum cutput load
is <10 to 20pF and =5k to Vgs or Vsa. An emitter follower or
equivalent Is recommended.
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FIG. 1 TYPICAL TTL TC CCD CLOCK INPUT INTERFACE CIRCUIT

NOTES:
1. trise ~ traLL =~ (Ry - Caate}
2 Do not use external paraliel capacitor (C1) to adjust trise/traLL. Although this approach will work, C1 acts as an A.C. shunt
into the ground plane. This makes the ground plane very noisy.
3. See datashests for actual Caate values for a specific CCD.
4. Plane Anti-injaction diode and R, within ons inch of CCD pin.
5. All diodes are FDHBOO or squivalent.
6. VREF can be generated by the following circuit.
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FIGURE 3: TWO-PHASE SHIFT REGISTER CLOCK TIMING

BEST ¢1/¢2 CLOCK TIMING:

- 50% DUTY CYCLE

L}

—————
X X — VoLocx - caoss =4V
o2

= S v

————— \—_—J
SIMULTANEOUS tmseAraLL: VoLoCK - CRosS = 4V
¢ CLOCK COUPLING CANCELS GIVES GOOD CTE &
¢2 CLOCK COUPLING; GIVES OUTPUT TIMING
BEST CCD QUTPUT WAVEFORM.
ACCEPTABLE:
NOT 50% DUTY CYCLE
*\
&
VeoLock - opass > 4V
- o] e 0.0VDC
b T 4 ——
NON-SIMULTANEOUS ¢1-trise VcLock - cross > 4V
and ¢o-traLL (& visa versa) GIVES GOOD CTE &
INCREASES CLOCK-COUPLING OUTPUT TIMING
NOT ACCEPTABLE:
1
/ VcLocK - cRoss < 4V
o2

T 0.0VDC
IF ONE OR BOTH VcLock - cross < 4V, THEN POOR
CTE AND/OR INCORRECT QUTPUT SIGNAL TIMING CAN
OCCUR
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FAIRCHILD WESTON |
Schiumberger
CCD IMAGING DIVISION

Application Note:

Co

rrelated Double Sampling

by T. Murphy

A tachnique called Correlated Double Samgpling (CDS) is
racommended when very low noise performance is desired.
CDS is the differencing of samples of the zero reference level
(VRer) and valid video taken at each pixel. In order to use CDS
the internal sample-and-hoid circuit must be disabled and an
external reset clock must be used. An explanation of the CCD
output circuit and the advantages of CDS follows.

The CCD output circuit converts the photoelectron signal
chargeto a voltage signal. Charge packets from the photosites
arg transported to a precharged diode whose potential
changes linearly in response to the quantity of signat charge
delivered. This potential is applied to the gate of an n-channel
MOS transistor producing a signal at VIDEOgyr. A reset
transistor driven by the reset clock {¢a) recharges the charge
detector diode to the positive potential Vap before the arrival
of each new signal charge packet.

Figure 1 shows the three cutput wavelorm components: reset
clock capacitive teedthrough, zero reference level (Vrer) and
valid video. The potantial dilerence between Veer and valid
video is proportional to the signal charge.

When the diode is reset to Vpp there is a thermal noise voltage
component in addition 1o the nominal potential. The square
root of the variance of this reset noise voltage is Vams.

kT
VAMS = q —_
MS C

where k is Boltzmann's constant, T is temperature in °K and C
is the capacitance ot the node. At room temperature this
represents about 200uV of noise,

The reset noise can be eliminated by CDS. The same random
reset nolse voltage is present in both Vrgr and valid video. By
taking the difference between samples of Vagr and valid video
tor each pixel the random voltage is eliminated. See Figure 2
for & block diagram of the CDS circuit.* See Figure 1 for the
timing diagram.*

The filter in Figure 2 serves to reduce high frequency nolse
befare sampting. If the filter is not employed, the differential
amp increases the high frequency noise in the sampled
signala negating the benefits of CDS. The filter is a low-pass
fiter with a cut-off frequency of approximately 3 times the
video data rate. This allows for a relatively sharp transition
from Vagr to valid video while still reducing the high frequency
noise

Anocther advantage of COS Is that it reduces the 1/{ noise in the
output at frequencies below fpata. Since each pixet has
independent Vper, there is a very short time scale for readout
of the signal. Therefore the low frequency noise in the device's
intemal output amplifier and in Vgp is effectively filtered out.

For ideal supression of 1/f noise the VRer and valid video
sampling internals (Figure 1) should be very close together. in
practice, and especially at high data rates, the valid video
sample may be taken later in the pixel to assure that the signal
has settled. Maximum signal-to-noise ratio is realized by
integrating VRer and valld video samples for as long as
possible without sampling reset feadthrough or the Vagr-valid
video transition.

“It is not recommended to use one semple and hold while
attempting to clamp VRer as is displayed in Figure 3.
Clamping to ground makes the CDS circuit very susceptible
to neise and ground loops in the “ground plane.”

FIGURE 1. TIMING DIAGRAM
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FIGURE 2. BLOCK DIAGRAM
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FIGURE Y. CORRELATED DOUBLE SAMPLING
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FAIRCHILD WESTON Technical Brief:

Position of Pixel #1

CCD IMAGING DIVISION vs. Package Edge

POSITION OF PIXEL #1 vs. PACKAGE EDGE & PIN #1
PIEL 1 EDGE OF DIE ATTACH
3 CAVITY
-— x, ——i
]
J-""r L //:!.
" =TT PIXEL ARRAY
,_._.. - m— T i
POMEL 1 = i niEeE 1 i ===
[ ]
| W / /
i x H
—- .
& REFERENCE EDGE OF PACKAGE
iy FOR ¥; AND ¢
TOR VIEW, NOT TO SCALE
TABULATION CHART
a LY . X1 (inches) ¥1 (inches) ¢ (degrees)
4 4 Typ Max Typ Max Typ Max
CCD1MA/B 18-Pin Sidebrazed 0.295+020 +060 0145010 +025 0.0+1.0 0.0
cCcD1z22 24-Pin Sidebrazed 0.089+ +045 0.285+ + 045 oo+ + 30
CCD123 & CCD124 24-Pin BSF Topbrazed 0.214+014 +0.50 0.275+014 +.045 0.0+ + 35
CCD123 & CCD 124 | 24-Pin Sidebrazed 4.2102010 + 025 0.205+.010 + 025 0.0+ + 30
CCD133A 24-Pin Sldebrazed 0200+ +037 0285+ +038 0.0+ + 26
CCD134 24-Pin Sldebrazed 0.292+ 0285+ 0.0+
CCD143A 28-Pin Sidebrazed 0158+ +067 0.295+ 047 0.0+ + 36
CCD145 28-Pin Sidebrazed 0.154% 0.295+ 0.0x
CCD151 28-Pin Sidebrazed 0221+ +071 0.295+ +.041 0.0 * 38 ::
CCD153A 24-Pin Sidebrazed 0424+ +037 0.205+ *038 0.0% * 28 E
ccois 2B-Pln Sidebrazed 0170t 0.205+ 0.0 =
Note: Speclal selections for lighiar distributions are avallable — consult factory. _E_
i
=
=
-
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Application Note:
Comparison of

FAIRCHILD WESTON

CCD IMAGING DIVISION

The “C” and “R”

Line Scan Camera Families

History

Availability of the first member of the commercial (“C") line
scan camera family, the CCD1300C, was announced in 1877
by the CCD tmaging Division, which was then a part
of Fairchild Semiconductor Corporation. The family was
broadened between 1977 and 1980 by announcement of other
members of the family; the CCD1100C, the CCD1200C, the
CCD1400C, and the CCD1500C. In addition to design and
development of the new family member to provide customers
a choice of camera resolutions ranging from 256 to 2048
slements, significant engineering offorts were successfully
aimed towards reducing the manufacturing costs and con-
sequently the customer prices tor the line scan camera
products, to provide improved camera performance, and to
adapt the standard line scan cameras for a variety of applica-
tion-specific situations for a number of valued customers.

The improved "C" cameras were well received by the market
placs, but they were not ideal for industrial uses. The camera
enclosures were not seaied nor of optical instrument guality,
the cameras could operate only at data rates below 10 MHz
per second, and the control unit-to-camera cable length had
1o be less than 2 meters for good perlormance. Certain
integrated circuits used in the family were archaic, and were
consequently obsoleted and made unavailable by our vendors
in and before 1985.

A first “industrial” grade, or “R" family line scan camera was
developed and announced in 1979 while CCD Imaging
belonged to the Fairchild Semiconductor Division of Schlum-
berger. This camera was specifically designed for factory
installations, was sealed for environmental protection, and
was packaged in an enclosure only 2.25 inches In diameter
and 5 Inches in length.

The “R" camera family has been broadened by announcement
of severat new products between 1979 and 1986 and the family
of products have been continuously improved in offered
performance capabilities. The tamily now includes the 512 x 1
element CAM1200R, the 1024 x 1 element CAM1300R, the
2048 = 1 element CAM1500R, and the 3456 x 1 element
CAM1600R. A controller, the CB1000R, for drive and inter-
facing of any of the carneras and systems including a camera
and the CB1000R and a cable set are available as CCD1200R,
CCD1300R, CCD1500R, or CCD1600R. These products are
still supplied by the original CCD Imaging Division, which has
become an impartant part of Fairchild Weston Systems, inc.,
which is a Schlumberger company and is organizationally
saparated from Fairchild Semiconductor.
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R-To-C Family Comparlsons

The obsolete “C” commercial-grade line scan cameras were
sold in diamond shaped vented sheet metal enclosures about
6 Inches in length, 3 inches in width, and 5'% inches high, The
enclosures were optically imprecise, and the sensor align-
ment, with respect to the mounting mechanisms provided on
the enclosure, was somewhat unpredictable, The camera
enclosure was not sealed, and the electronics and internal
optical components could be damaged by expgasure to high
humidity conditions and by dirt and dust.

The “R" industrial-grade line scan cameras ware avallable in
sealed cylindrical enclosures 2% inches in diameter and 5
inches in length. The sensor package is precisely and rigldly
attached, with a cirguiar printed circuit board, to the camera
faceplate.

The “C" cameras contained logic circuits for full control of
sensor timing plus an analog video processor for interface to
the user systemn. The “R” cameras are very flexible operation-
ally; all timing is controlled by two ciock signal inputs which
permit the cameras to be operated optimally for any specific
application. The two time-division multiplexed video outputs
of the “R” cameras (one for the CAM1G00R) permit user-
design of video circuitry meeting the needs of the camera
system, while the video processorincludedin the “C" cameras
met only data sheet specified interface conditions. The “C"
cameras could be driven with cables not longer than & feet in
length at their maximum data rates of 10 MHz; the “R” cameras
include line drivers and receivers which permit operation at
cable lengths of > 250 feet at 20 MHz with twisted pair clock
cables.

The "C" cameras were recommended for use only with a
control unit and power supply unit made by Fairchild. The “R"
cameras can be easily controlled by customer-provided clock
and power supply inputs, and they are strongly recommended
for OEM installations.

Fairchlld Weston, however, provides at a low price, the
CB1000R controller which is adaptable for use with any
member of the “R” camera family. As is well documented in
the preceeding CB1000R data sheet, the controlier provides a
very flexible set of clock signals to the attached camera,
provides the de¢ supply inputs needed by the camera, and
includes an analog “video processor™ and a “pixe! locator."
The video processor provides, at its BNC-connactor outputs,
a de-multipiexed element-sequential ground referenced 0-1V
peak analog video output signal at a 75 ohm impedance level.




The “pixel locator” run-ength encodes the camera data, and
eases the task of interfacing a camera to a computer for image
proceesing.

It is recommended that a complete camera system (512
element CCD1200R. 1024 slament CCD1300R, 2048 slament
CCD1500R, or 3456 element CCD1800R) be ordered because
of the inherent convenlence and aconomy In receiving a fully
integrated system. The “CCD-—R" systems provide all of the
functional performance faatures which wers available from
the “C” cameraa when the pixel locator accessory was also
purchased, and offer many performance improvements as
woll. OEM camera users are encouraged to specify Falrchild
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Weston Model CAMI200R, CAMIIC0R, CAMIS00R, or
CAM1E800R to obtain only an Industrial-grade camera with a
reaolution of 512, 1024, 2048, or 3458 elements respectively.
Owners of one of the “R™ cameras are encouraged to ordera
CB1000R for use with thelr cameras—it may ease design-in of
the camera into an electro-optical system.

The “C” family of Fairchild Weston line acan cameras has, as
do all high tschnology products, become obsolets. The “C”
family Is replaced by the superior “R" famlly of line scan
cameras made available by the pioneering efforts of the CCD
Imaging Division of Fairchild Weston Systema, Inc.
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FAIRCHILD WESTON |

CCD IMAGING DIVISION

Application Note:
The Synchronous Flash Mode
For The 3000 And 5000 Series Cameras

by L Solarl

INTRODUCTION

Sometimes it is valuable to get a picture of a moving object
(perhaps an object on a moving belt). To accomplish this, the
object is illuminated by a short intense flash in an otherwise
dark environment. Under these conditions, a small amount of
light may leak under the light shield covering the vertical shift
register and create a ‘ghost’ image In the shift reglster. The
veriical shift register runs continuously and will move that
image some distance up the register before photogats transfer
QCCUrs.

This ‘ghost’ image can be eliminated by inhibiting the vertical
shift register clocks to the sensor during and after the Hiash,
until the photogate clock transfers charge from the pixels to
the registers. In this way, the real image is superimposed on
the ghost image, and the ghost is not seen.

OPERATION

Toeliminate the ghost image, supply a TTL level start puise to
reset the central timing gate array, before the flash occurs. A
low to high transition {recommended rise time <100ns) resets
the gate array, which triggers a new field index &s seen In the
attached timing diagram, The vertical clocks to tha sensor are
inhibited from reset time until the next normal photogate
transfer time, which occures 18lines after reset. After the start
pulse is sent into the camera, the actual reset may not occur
immediately; wait one horizontal line time, then fire the strobe
light within the first 17 line times.

SPECIAL TIMING CONSIDERATIONS

Operation of the camera in the flash mode does not affect
RS170output, however, resetting the camera doea. Therefore,
any frame grabber accepting the output of the camera should
also be triggered from the start pulse. When the camera is
operating in a standard RS170 mode of operation, the

maximum rate for strobe fiashing is 30/sec, interlaced; 60/3ac,
non-interiaced or pseudo-interlaced. The camera may also be
operated in the flash mode with external clock inputs, with a
maximum flash rate ot one flash per frame. The camera may
not ba operated in the Hlash mode while in gen-lock.

/O CONNECTIONS FOR CAMERAS FACTORY PRE-SET
IN THE FLASH MODE

3000 Series Cameras which have been pre-set at the factory
for the flash mode allow access for the input of the start pulse
through pin #13 of the 25 pin ‘D' connector.

5000 Serigs Cameras which have besn pre-set at the factory
for the flash mode allow access for the input of the start pulse
through pin #2 of the user 1/O connector.

MODIFYING STANDARD CAMERAS

FOR THE FLASH MODE

The 3000 Series Cameras built since 1985 marked with a serial
number beginning with ‘'C", include a Fairchild gate array logic
board and are capable of being used in the synchronous flash
made. This mode may be invoked by grounding pin #24 of the
gate array. A start pulse must be supplied to the reset pin (#20)
of the gate array. This puise may be accessed into the camera
through the 25 pin 'D’ connactor, by isolating pin #13 of the
connector (previously ground}, and connecting it to the reset
pin of the gate array. Pin #13 must be fresd from ground both
In the power supply and on the rear mother board of the
camera.

The 5000 Series Cameras may be used in the flash mode by
installing a jumper at W4 G-H, and supptying the reset pulse to
pin #2 of the 25 pin user |/C connector. (Detailed instructions
are In the CCD5000 Manual, Sections 3.1.5 and 3.1.3)
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FAIRCHILD WESTON
Schiumberger

CCD IMAGING DIVISION

Application Note:
Predicted Effects of High-Power

and High-Energy Optical

Irradiance on CCD Image Sensors

This technical note describes the predicted effects of large
concentrations of radiant optical energy on Falrchild CCD
image sensors—such as might occur with a laser or a solar
image. It should be understood that these are only predictions;
we do not know of actual instances of such damage. All of the
effects are thermal; that is, this technical note only deals with
heating effects due to dc or pulsed radiation that is concen-
{rated in some definable way. The emphasis will be on worst-
casa conditions.

As & point of referenca let us first consider how much heating
will typically oceur when a device is uniformly irradiated near
saturation at some commaon integration period. We will only
treat the case of monochromatic light at 4 central wavelength,
namely, 600nm, and we will only consider one typical device,
namely, the CCD133. The area of the dark ceramic header
(90% absorbant) is approximately 4.5cm2 At the data sheet
test condition of 1ms integration period, with the device near
saturation the radiant power absorbed by the device can be
estimated to be, based on data sheet information:

0.9 {0.4pl/cm?)  (4.5cm?)/103s = 1.6mW

(The saturation energy density of 0.4uJ/cm? was calculated by
dividing the typical saturation voltage of 2.0V by the typical
spectral responsivity at 600nm of SV/uJ/cm?.)

A rough estimate of thermal resistance ot the package is
10° C/W. Therefore the estimated rise in temperature is;

1.6mW (10°C/W) = 0.018°C

Hf the radiation is confined to the arsa of the silicon chip
(0.2cm?), which has an average absorbtance of only about
20%, the corresponding valuss are:

0.2 (0.4xJ0/cm?) (0.2cm?)/10738 + BuW
and
8uW {10°C/W) = 0.00016°C
Let these two temperatures be our point of reference. Next let

us consider several representative specific examples of high
energy optical irradiance,

Case 1. The sun is locused on the device. In one specific
scenario an F/2 lens forms an image of the sun 2.3mm in
diameter on the CCD133 chip. The luminous intensity of the
solar image is:
(1.6 * 10°* lumen/steradian. m?)
4F?

2314006109 45, 408 1ux
4(2p

Using our recommended 700 nm infrared blocking filter, one
lux equels approximatety 0.33mW/cm?, giving a powsr density
of 100W/cm? and a total incident power of 3.2W. Taking the
absorbtance to be 20% (as we did above for the mostly
aluminized chip) the total absorbed power is approximately
0.64W and the temperature rise of the chip above the ambient

i9 approximately
0.64W (10°C/W) = 6°

Since the device is rated at 125°C maximum, thers is no
danger at all of harming the device, assuming there is

adequate control of the ambient temperature.

Case |I. A isser spot 10pum In dlametsr Is focused on the
chip. The question is: What ara the power and pulsed snergy
limits before something gets too hot? For this case, it is useful
to think of the silicon chip as a large heat sink on which is an
insulating glass layer 1-3um thick, and an aluminum layer 1um
thick. The aluminum can absorb power faster than it can
spread laterally and downward to the single crystal silicon
heat sink. if the aluminum layer reaches a temperature of
450° C for even very brief times like a few minutes, itis possible
to damage the device. (This occurs at the aluminum - silicon
contacts.) For laser puises less than 20-50ns, the power would
not spread significantly outside the 104 spot and one can
calculate the incident enargy required to heat that amount of
aluminum by 450 - 25 = 425° C. In addition to the information
we already have, we need the heat capacity of aluminum,

which is 2.4J/cm®™ C. The critical energy level is then

240/em™C (10°cm) (425°C) (8x107cm?) _
0.1

0.8

For pulsas longer than 20-50ns, this critical energy will
increase because the heat has time to spread, but simple
quantitive predictions are probably not reliable because of the

complexity of the chip structure.

General Observation. Since the silicon chip can withstand
125°C indefinitely and 450°C for very brie! periods of time,
and since CCD devices typically saturate at illumination levels
that heat the device by less than 0.1°C, it is clear that there is at
least a 1000:1 safety margin above saturation before damage

will occur
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FAIRCHILD WESTON Application Note:
X-Ray Imaging with
CCD IMAGING DIVISION Fairchild CCD Image Sensors

Ity R.H. Dyck

X-rayimaging is conventionally done with either photographic
film, X-ray phosphor screens viewsd directly, or X-ray image
converter tubes coupled to a vidicon-type of television camera.
Solid state image sensors can provide several advantages
over the conventional approaches. For example, by simply
replacing the tube-type camera by a solid state camera one
achieves the advantages of:

1} a distortion-free scanning raster,
2) an ultra-stable scanning raster, and

3} tfull digital control of the image readout, as is desirable for
interfacing to digitat systems,

The above example can be implemented in two ways. One
way i8 10 use relay optica o image the output of the X-ray
image converter tube onto the image sensor. Because sengi-
tivity is generally quite important, the aperture of the lens
should be approximately {/1.4 or larger, i.e., a smaller /no. The
other way is to use an image sensor with a fiber optics
facoplate and a converter with a fiberoptic backplate. An
improvement in sensitivity of 10 to 20 times has been achieved
with this approach. In terms of numerical aperture (NA)}, the
aperture of this ty pe of coupling can be approximately 1.0; this
is approximately equivalent to 1/0.5.

Other approaches to X-ray imaging with solid state image
s&nsors are: {1) to use an X-ray phosphor that is deposited
directly on a fiber optics faceplate on the sensar, and (2) to let
the X-rays excite the sensor directly. This last method is not
recommended, however, since the X-rays incident on an
image sensor, especially when it is powered. lead to degra-
dation of the device similar o the way devices degrade due lo
any other form of high energy radiation such as gamma rays
and high energy electrons. The eftects include (1) increassd
dark signal, (2) decreased charge transfer efficiency, and (3)
drift in optimum drive voltages. Depending on the particutar
type of radiation, the dose, the device and the temperature,
any one of these effects may dominate.

Where X-ray imaging directly on the sensor is considered, the
following information may be of value.

1) The attenuation depth in silicon varles strongly with X-ray
energy. Above approximately 6 KeV, the characteristic attenu-
ation depth (where the incident X-ray flux is attenuated 2.72
times} is greater than 30 um. This situation results in relatively
larger crosstalk between photoslements, and also in the
pessibility of poor uniformity of responss.

2) Continued exposure to X-rays, especially while under
power, causes the device to degrade. Near room temperature,
this will generally be detectable at 10° to 10 rads, and may
make the device unusable at 10° to 10° rads. Annealling wHil
restora proper performance to some degree, but since the
best annealling only occurs at temperatures above the maxi-
mum recommended storage temperature, low-risk annealling
treatments are not expected to help very much. Annealling
assisted by ultraviolet irradiation may be considerably more
effective.

e e e S S

3) Becausse good imaging is only expected for relatively low
X-ray energies, and because the normal glass window on the
image sensor strongly attenuates these low-energy X-rays, it
Is important to replace the glass window by a thin berylllum
cover (of course, for ultraviclet-assisted annealling a beryltium
cover would need to be removable)

4) Dosimetry. A rad is defined differently in silicon device
investigations relative to the conventional definition for bio-
logical and health studies. For the latter, the definition is 100
erga/gram in carbon. For sllicon devices, it is 4.2 x 10"
electron-hole pairs/cm? in silicon. Another useful relationship
in dealing with radiation effects in silicon devices is that it
takes approximately 3.5 eV of energy, on the average for high
energy radiation, to create one electron-hole pair in silicon.

5) Active area. Because the aluminum that shields the CCD
regiaters from light is transmitting for X-rays, the registers may
be stopped during an exposure, and the active area may be
considered to include the registers. This situation results in
oddly shaped element areas for jine-scan imagers uniess
elaments are paired. For paired elements, the resuiting active
element area is approximately 26 x 260 ym = 0.007 mm2.

6) Example of an X-ray sxposure and the resulling radiation
dose. Assume 10 KeV radiation. Each X-ray photon will
generate approximately 3,000 photoelectrons. Of these, 2,000
will be generated in the first 100 um of depth. Assume all 2,000
will be collected. Assume an average exposure of 50 X-ray
photons per 26 x 260um pixel. This will generate approxi-
mately 100,000 photoelectrons or approximately 10% of the
saturation output voltage. This exposure, expressed in radio-
metric units, is

(50 photons) {10* eV/photon) {1.6x107* joule/eV)
7%107 cm?

= 112107 jfem?

The radiaticn dose seen by the upper portion of the device can
be estimated as follows: agsume a characteristic absorption
length of 100 um. The absorption coefficient is then one
parcent per micrometer. The excitation density at the top of
the device and for the average exposure used in this example
i3 then

50 photons) (3000 paira/photon) (0.1/um} {10* xm/cm
{7x10°5 cm?) (4.2x10™ pairs/rad)
= 5.1 mRad

Therefore, if one is careful not to expose the device un-
necessarily to the X-ray source, it should be possible to take as
many as 200,000 exposures before the significant degradation
resulting from 10° Rads accumulated dose will occur.
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FAIRCHILD WESTON Technical Brief:
W Dead-Layer Structure

s of the Standard CCD222

DEAD-LAYER STRUCTURE OF THE STANDARD CCD 222
RELATIVE TO HIGH-ENERGY PARTICLE—SENSING APPLICATIONS

16,m —— Region of thickest dead layer
Prgtoalarmant | (Cross-hatched)
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FAIRCHILD WESTON

Technical Brief:

Questions and Answers

CCD IMAGING DIVISION

Q@ What are the length of die tolerances and pixel size

A

tolerances on our linear imaging devices? What is the
center-to-center pixel spacing error?

The "pitch” of a CCO linear image sensor is defined as the
center-to-center photosite spacing. The pixels and thus
the pitch are detined initialiy on the die by the first masking
operation.

Tha first source of pileh Inaccuracy is due to the mask.
The masks are “wrillen" during the maskmaking process
by an electron beam, Dus to machine limitations, the
a-baam writes in "blocks” about 0.25-0.32 inches long,
which |s 500-830 plxels per block a1 13um pitch, The pheal
al the edge of each block may be +0.125, \oo wide or
narrow. Within the: block, the pitch of any two adjacent
pixals 8 sccurate within =0.016um. Howover, the fots
cumulative pitch error is 10.00006.m/pixel’, which is
equivalent to £0.085,.:m total for 1,024 pixels at 13.m pitch,
{i.e.. the CCD133) (All data above is worst-case.)

The second source of pitch inaccuracy is expansion or
contraction of the silicon die between first mask in wafer
Inbrication and window glass cover in packaged devics
assembly. The sllicon die length changea siightly during
exch high-tempersiure processing steg. Special high-rel
davices assembled with AuSn solder die attach on Ayl
afumning ceramic headars sre genermily compressed linaarly
at «25°C by 0.03 to 0.06 5 m/pixel, This s due to the greater
coafficient of thermal sxpansion of the headsr Compumad
Iy the die. Comprassion of polymer-adhesive dia-attached
die Ia signficantly léss for solder die-attached devices,

* Cumuiative pitch error is equal to the total length block
error divided by the number of pixels in the block.

Q: What light sources are recommended for use with CCD's?

A

A

Any light source in the visible spectrum is recommended
for use with CCD's. Usual choices are “daylight fluor-
escent”, or filtered tungsten. Tungsten has some IR
content which should be filtered out for best results.
Monochromatic lasers ame also quite acceptabie in the
visible gpecirum. Aemamber, the mason IR light & not
recommended e that optical crosstallk batween pixals
Increases with wavelength and image clarity (MTF) goes
down. Silicon does, howsver, have & good senaitivity
below 11um and for certaln applications whers low
contrast is acceptable, some near IR light sources may be
used.

How tong an integration time is necessary to acquire an
image using a CCD?

The answer depends strictly on the wavelength and
intensity of the ight. At a fixed wavelangih, it depends
solely on intenaity. (See Responsivity Curves for Sansithvity
vi. Wanvelsrnigth), Integration time ik not as important sa
sxposure. Exposure = integration time % light intensity.
Therefors, vary short (on the order of nanossconds)
Imtegration times are possible with an intense snough
liggtit.
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CCD Imaging
Quality Assurance Program

Introduction

CCD Imaging's quality assurance program has been devel-
oped to ensure the products with the highest standards of
quality and reliability are manufactured and delivered to
custiomers. These quality standards are designed not only to
mest those required by CCD Imaging, but also to meel or
exceed contractual obligations. The program covers all activi-
ties including new product development, manufacturing
process controls, control of vendors and subcontractors, and
the review and inclusion of special customer requirements
Every functional group manager is responsibte for implement-
ing and monltering conformance to CCD Imaging's quality
assurance program.

To produce quality products, a documented plan and a
system of controls and monitors is necessary. CCD Imaging
has used appendix A of MIL-M-38510 as a model for their
quality assurance program. Some of the major aspects of this
program are described in the following sections.

Document Control
CCD Imaging document control department has three basic
functions:

» Control of Procedures, Drawings and
Documaents related to materials, manufacturing
processes, testing and product qualification are
maintainad by document control. Each is uniquely
numbered and identified by function, category and
revision status.

Cheange Control

Any change to & procedure, drawing or specification
must be documented and approved by the appropri-
ate functional groups (including customers when
applicable) before implementation. A histery of all
changes is maintained by document control and the
revislon status is identified on each document,

* Hecords
Records of product manufacturing, inspections,
screening tests, qualifications, quality conformance
inspections and audits are retained for a minimum
period of three years or as specifiad by customers.

Training

Although every position 13 staffed with qualified, experienced
personnel, training is an Integral part of CCD Imaging's
operations and includes the following techniques or methods:

On the jab tralning for assigned operations.

Classroom presentations and individual or group

discussions.

* QOral and/or written tests.

» Participation in selected courses of study or
seminars.

e Records of training are maintained and these are

updated after periodic re-training or other kinds of

training are completed.

252

Maintensnce and Calibration

Measuring or test equipment used in the manufacture or
testing of products at CCD Imaging are pariodically main-
talned and calibrated in compliance with requirements of
MIL-STD-45662. Records of calibration are maintained and
the standards used are traceable to the National Buresau of
Standards. The calibration status of each piece of equipment
Is indicated by a sticker that identifies the date of calibration,
calibration due date, and the name of the organization that
performed the calibration. Equipment not requiring calibration
or that are used for reference are indicated by a sticker.

Process Controls

Manufacturing and quality ensure that all procesasing opera-
tiong are accomplished using documented product flows, lot
travelers, specifications, approved materials, environmental
controls and quatified production equipment.

* [ncoming |
Received materials are sample inspected for accapt-
ance per applicable specification and criteria. Rec-
ords are maintained by vendor and type of material
and may include the results of actual “use” tests or
veritication of material composition of congtruction.

Final Inspection

All products arg 100% visually inspected and tested
to documented criteria that are specified for each
type of product. Quality inspects and accepts based
on sampling plans derived from MIL-M-38510
(LTPD's), MIL-STD-105D {AQL's), or to appropriate
MIL-STD-883 methods.

¢ In-Process inspections and Audite

Manufacturing inspects and monitore the results of
each manufacturing process using documented
acceptance criterla, comparison to standards or
process monitoring materials. Results are recorded
on travelers, data logs or trend charts for the purpose
of: identification and removal of non-conforming
materials as early as possible, to identify process
trends and the need for possible cormactive action(s),
and to ensure complianca to specifications. Quality
audits alt procaessing for the same purposes, but also
to ensure proper recording, disposition of non-
conforming materials and for the approval and
implementation of proper corrective maasures.

Vendor and Subcontractor Audit

Suppliers of direct materials to CCD Imaging are not audited
provided their materials are accepted and conform to certifi-
cates of compliance, certificates of analysis, incoming inspec-
tion, specified use tests, or verlfication of composition and or
construction. However, quality does initially approve and
routinely audits all subcontractors that provide manufacturing,
environmental and calibration services for CCD Imaging.




ﬁ

Control of Materiais

All non-conforming are |dentified by the use ol
stamps, stickers, tags or markings and are segregated from
spproved materiais. CCOD Imaging's aysiem for controliing
non-conforming materials covers thrae arsas; matarials
recoived irom suppliers, those detacted during manulacturing
and test, and materials returned by oustomers. ANl non-
conformances: are documantad for the purposes of review,
verification anaiysis and disposition. The latter will result in
cne of the following: retum to vender, use as s, scrap,
reworic/repalr, or return to customer. Documentation ac-

comparying non-conforming materials defines the discrep-
ancy(s}, causs {if known) and required corrective action to
prévant of minimize ecurrencs. Duality assursncs s respon-
sible for coordinating the snalysis and dispasition of recalved
material and material returned from customers that are non-
conforming to specifications, CCO imaging enginesring and
quality assurance are responsibla for coordinating the anslysis
&nd disposition of nor-conforming material detected during
manutacturing or test and for implementing cormctive action.
Whars contractually required, cusiomer lnvolvement and
approval ane obtained by quailty assurance
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