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WARNING—Life Support Applications Policy

Elantec, Inc. products are not authorized for and should not be used within Life Support Systems
without the specific written consent of Elantec, Inc. Life Support systems are equipment intended to
support or sustain life and whose failure to perform when properly used in accordance with instructions
provided can be reasonably expected to result in significant personal injury or death. Users contemplat-
ing application of Elantec, Inc. products in Life Support Systems are requested to contact Elantec, Inc.
factory headquarters to establish suitable terms and conditions for these applications. Elantec, Inc.’s
warranty is limited to replacement of defective components and does not cover injury to persons or
property or other consequential damages.

General Disclaimer

Specifications contained in this databook are current as of the publication date shown. Each datasheet
is a controlied document. Current revisions, if any, to these specifications are maintained at the factory
and are available upon request. Elantec, Inc. reserves the right to make changes in the circuitry or
specifications contained herein at any time without notice. Elantec, Inc. assumes no responsibility for
the use of any circuits described herein and makes no representations that they are free from patent
infringement. Products contained in this databook may be covered by one or more of the following
patents. Additional patents are pending. For specific information, refer to the individual datasheets:

US Patent Numbers: 4,746,877 ® 4,827,223 ® 4,837,523 ® 4,833,424 * 4,935,704 ® 4,910,477 ® 5,128,564 ®
4,878,034 * 4,063,802 ® 5,179,355 ® 5,321,371 ® 5,334,883 ® 5,341,047 ® 5,352,987 ® 5,352,389 ® 5,351,012 ¢
5,374,898 * 5,389,840

UK Patent Numbers: 2217135 ® 2217134



Z’able of Contentsj |

s B M Wi Bl 030 e o S il i TR SATI NG, i it B S R |
Page

b T i T T N e SN Bt e MR, O R . R e € SN S in i S i
AR O CONTBENTR. 0. .00 0 Rt i g s« o7 A 0 i i s e a2 iii
L PROBUCT JNE INDREE . co s <o s i OG5 Pabeh e & i eblakis N s o v vt v
GBI ST LR R R YR A M SRR 11 " ey BT O GENRIRNES | e L ) 1-1
AMPLIFIERS
1 (o S R SO PR AR 30 MHz Precision Current Mode Feedback Amplifier . ... 2-3
g [ adr R PR T T 110 MHz Current Mode Feedback Amplifier with

NG T N Vs B s oo . = TR SR by o o O L s 2-15
EL2170C/EL2270C/EL2470C ... Single, Dual, Quad 70 MHz/1 mA Current Mode

O T s e e SRR, §f S NI S RO S 2-32
BEHCLITEE & . ik s i s odreire 120 MHz Precision Current Mode Feedback Amplifier ... 2-48
BL2IT6CIBYEZ2T60 . 5u v o ianss Single, Dual 70 MHz/1 mA Current Mode Feedback

AmphfierswithDisable (.. 4. ... conriialen orsmns stnist 2-60
EL2180C/EL2280C/EL2480C ... Single, Dual, Quad 250 MHz/3 mA Current Mode

Feedbacl Amsiders .0, .0, . o8 A e ., 4T 2-78
BELE2186C/EL2286C. . ... .. 00 Single, Dual 250 MHz/3 mA Current Mode Feedback

Amphtiers WIth ENBaBIn S . . 3. . . f oo i e s i ra v s 2-94
APPLICATION SPECIFIC—VIDEO
AR T o e I S - Video Sync Separator with 50% Slicing................. 3-3
EL2210C/11C/EL2310C/11C/
HLOPWEIIIC o icoveinovabiedsy Low Cost Dual, Triple, Quad Video Operational

e LUy e SR LT g S e 3-9
LS00 S et b s Triple 80 MHz Video Amplifier with DC Restore ........ 3-17
EL4421C/22C/EL4441C/42C/
e b AR AR O - O Multiplexed-Input Video Amplifiers ................... 3-30
EL4430C/EL4431C............. Video Instrumentation Amplifiers ..................... 3-43
11 577 L T I S - Wideband Four-Quadrant Multiplier................... 3-52
PR e S s PR Wideband Variable-Gain Amplifier, Gainof2 ........... 3-65
ERIARTAEE £ o SHE O v oo Bt rn g Wideband Variable-Gain Amplifier, Gainof 10 .......... 3-76
R P SR S - o O L o [ R R e R e R e e M e 3-88
BLAUBAC © e ST s s e Horizontal Genlock, 3G . <o 7 b oo aiis savaaediisvens s 3-99
14 e e e S UMD T S e Porizontal Qefloo S IR o <. . - diges ves s Bt o o ve s s 3-111
COMMUNICATIONS
BEIR0NE . . s e e e Differential Line Driver/Receiver .........coiiniivnann 4-3
POWER MOSFET DRIVERS
BRI ., i vessrrsresioces High Speed, Monolithic Pin Driver ...........cc0iuaen. 5-3
L IO/ B 124300 % s o o M i FHEh DO COI EITVERE. . o oo o o5 afh i s an sl v nsdhniiis 5-9
AR | SRR R e P AR IO L Brdas DIV . . oo s s cin s sasnsswis 5-17



Table of Contents

Page
APPLICATION NOTES
A Low-Noise Variable Gaini CONLIol ... vvvvvttvoretiainrrsrinreeriteannas st titeannnss 6-3
Thermal Considerations of the SO=-8 .. ..ot iiiiiiinreiiiiieiiiirariretaaiiarnaranereenes 6-5
DC Restored 100 MHz Current Feedback Video Amplifier ......... oo 6-7
A Low Distortion Tuneable Sine Wave Oscillator ........coovriiiiiriiiiiiriirieenereenens 6-18
High-Purity Sine Wave Oscillators with Amplitude Stabilization .......... ..ol 6-22
EL4089 and EL4390 DC Restored Video Amplifiers .........c.cooiviimiiiiiiiiiirnenernnes 6-26
An Improved Peak DetectOr . ... vvvvvenentnsisitiisrsnareetstititotitirsnser e st 6-39
Measuring the Thermal Resistance of Power Surface-Mount Packages. .. ........coovvvnoennn. 6-41
Driving Reactive Loads with High Frequency Op Amps .......cocviuinierrrererennranens 6-44
Current Boosted and DC Stabilized Half Bridge Driver .. ........ooiiveeiiiiiiinrieaerenens 6-54
25 kHz Electronic Ballast Using the EL7981 Delay Driver .........oviniiiiirirnrrneenees 6-56
APPLICATIONS ASSISTANCE/SAMPLE ORDERING INFORMATION
Making Applications and Sample Requests Easier ...........ooiviiiiiiinneeeneens 7-3
PACKAGRE OUTLINES . . ... .. 500 ccoh s @duintsoaimpein @isns s ss o o doahs sigbioicsion s nse 8-1
ORDERING INFORMATION .......coovtettontennrartesreastssrannaornoncacransins 9-1
TERMS AND CONDITIONS OF SALE. ..........cciiiiiiiiiirineeiiiiaianneaannnnes 10-1
SALES REPRESENTATIVES AND DISTRIBUTORS ............ccoocviniiieiennns 11-1




Full Product Line Index

The following is a complete list of devices currently available from Elantec.

Publication

BETOSBALCE - = .~ o W ‘Monolithic High-Speed Pin Driver ...... 94 Data Book
1A U T S R R T R Monolithic High-Speed Pin Driver ...... 94 Data Book
BRSO 8=, S5 - O s Differential Line Driver/Receiver ....... New Product
HIEABBAC:. 8. vt iins s Video Sync Separator with 50% Slicing .. New Product
SEEINE N e v e Low Power, 70 MHz Buffer Amplifier. . .. 94 Data Book
B U Gl R R i g Low Power, 180 MHz Buffer Amplifier. . . 94 Data Book
RLRAEIRC 20 s s e edas s 100 MHz Video Line Driver ............ 94 Data Book
7 R R, AR, A0S REE Wlen. of . 5 0P80, . iseodie 94 Data Book
1 a1y 1 o e P SRR S e R 3OO MEHZPELT EBRIEr ... o v i onine 94 Data Book
ERRARRIN . S0 2 . 5 s s s fimis o e High Accuracy Fast Buffer ............. 94 Data Book
1T L e e R e High Accuracy Fast Buffer ............. 94 Data Book
JEEDO00 . . o e T 2 e e High Gain Fast FET Input Operational

BAODHRIEN? 5 Vb o ol iW0% 10 £10 240, 4 'y aiwlbtern 94 Data Book
BEL200GAC ... .8, 5o ons i High Gain Fast FET Input Operational

BAONNIRICY . /) o 3% v h s 0t am S praisia Fisd Bengsies b 94 Data Book
BHCZOARE 55 v atsaiton: coneas 55 MHz, 1 Amp Buffer Amplifier........ 94 Data Book
HLRANOE . os i taiossinbiesns 90 MHz, 1 Amp Buffer Amplifier........ 94 Data Book
1T o SRS e i B | High Voltage Comparator with

TrapsparentBabell. ..\ o v oisn s o s vanah 94 Data Book
5 T e R N R Fast, High Voltage Comparator with

Master Slave Flip-Flop................. 94 Data Book
s el el T S e R 50 MHz Current Feedback Amplifier .... 94 Data Book
LU TR e e e A S Monohthic PIn Driver ... .ccevessnndas 94 Data Book
L B R SRR e 120 MHz Current Feedback Amplifier ... 94 Data Book
Bl G L T B SRR T s o 550 MHz Buffer Amplifier.............. 94 Data Book
LT e DO e 100 MHz Video Line Driver ............ 94 Data Book
BEIOBTRENT:. v i o Servo Motor DIiver. . v.cosiveevnsvisres 94 Data Book
ARG o0 5 oy o N o v sl 1 GHz Operational Amplifier ........... 94 Data Book
0 AR O, Very High Slew Rate Wideband

Operational Amplifier.................. 94 Data Book
REEROMDES . . i i s Very High Slew Rate Wideband

Operational Amplifier. ................. 94 Data Book
LD T e R ] O AT Wideband, Fast Settling, Unity-Gain

Stable Operational Amplifier ........... 94 Data Book
L2080 . . RN v s Low-Power, 60 MHz, Unity-Gain Stable

Operational Amplifier.................. 94 Data Book
17 S 1 e S e I Low-Power, 100 MHz, Gain-of-2 Stable

Operational Amplifier.............00... 94 Data Book
RO oo i s e alh 200 MHz Current Feedback Amplifier ... 94 Data Book
HLATEC it ciein suns o Bhe 150 MHz Current Feedback Amplifier ... 94 Data Book
o Tl Rt e T B 730 MHz Closed Loop Buffer ........... 94 Data Book
i R e MG G 200 MHz Unity-Gain Stable Operational

PIECE. . . . B R e e vk 94 Data Book
OB el SR R 4 400 MHz GBWP Gain-of-2 Stable

Operational Amplifier.........cco00eens 94 Data Book
BEZIRG: .. .. O Pl s 2 GHz GBWP Gain-of-10 Stable

Operational Amplifier.................. 94 Data Book
1) e 2 b S, R [y 3 Current Mode Multiplier ............... 94 Data Book
A ] S R SR o 100 MHz DC-Restored Video Amplifier .. 94 Data Book

v



Full Product Line Index

Publication
219 T | W o Video Distribution Amplifier ........... 94 Data Book
10 B 5 1 R I e 100 MHz Current Feedback Amplifier ... 94 Data Book
101 v i PR . RS 85 MHz Current Feedback Amplifier .... 94 Data Book
1 58 1 e NI R 130 MHz Current Feedback Amplifier ... 94 Data Book
BLZI6BE oo vistisos s 30 MHz Precision Current Mode
Feedback Amplifier...........c.covvuns New Product
BL2WBBO . o Do adihg 110 MHz Current Mode Feedback
. Amplifier with Disable .. ............... New Product
LG L |, S REIR 2 - e Single 70 MHz/1 mA Current Mode
Feodbach ADIRET i % &ose Ta% s ravis visvs New Product
50 i [ e T R T 150 MHz Current Feedback Amplifier ... 94 Data Book
B b S R 120 MHz Precision Current Mode
Feadback AMPHIIET . .. vovubirs sinsfes ot New Product
I T e R M S et Single 70 MHz/1 mA Current Mode
Feedback Amplifier with Disable ........ New Product
BRISHEL . C . e L Single 250 MHz/3 mA Current Mode
Feedback Amplifier.............000uves New Product
FEFABOL ... oo vaidvon e oo Single 250 MHz/3 mA Current Mode
Feedback Amplifier with Disable ........ New Product
BB, . o e o e Low Cost Dual Video Operational
T ity e, AR e I S New Product
BEIEIIC . . ciiaiees on iblaiss Low Cost Dual Video Operational
SR e g e e e, New Product
§ 0 et e R = Rl T S Dual, 500 MHz, High Speed Operational
IO TITIRT s s iire i s o 0.3 s ciaimip > o 2 dps wiv 294 94 Data Book
3 P D e s U, Dual, 60 MHz, Unity Gain Stable
Operational Amplifier.................. 94 Data Book
170 B ] il RRCNERER IR, B 60 MHz, Fast Settling, Dual Current
Feedback Amplifier...........oviivvnn, 94 Data Book
LM L S e v e e Dual, Fast Single-Supply, Unity-Gain
Stable Operational Amplifier ........... 94 Data Book
0 A T o R Dual, Fast Single-Supply Decompensated
Operational Amplifier.................. 94 Data Book
o PTG L G LR ey Dual Low-Power, 60 MHz, Unity-Gain
Stable Operational Amplifier ........... 94 Data Book
1 B el R O T T Dual Low Power, 100 MHz, Gain-of-2
Stable Operational Amplifier ........... 94 Data Book
ERIOREE 2 s e Bl il Dual, 50 MHz Comparator/Pin Receiver . 94 Data Book
10 S5 1 e T G Dual 130 MHz Current Feedback
Vo liaral 03 7an e R e SR S S 94 Data Book
17 i (1] BRI S Dual 70 MHz/1 mA Current Mode
Feedback Amplifiere. . oo oo o vl New Product
5 7 ] SRR R e e Dual 70 MHz/1 mA Current Mode
Feedback Amplifier with Disable ........ New Product
| 3 BT et I PR S e Dual 250 MHz/3 mA Current Mode
Feedbacl AnlEer . . (sool 8 ok aas New Product
BEZORBL .. .0 &% - ks Dual 250 MHz/3 mA Current Mode
Feedback Amplifier with Disable ........ New Product
BESIIREI S e e Low Cost Triple Video Operational
VR by e AR e e T PR A New Product

vi



. FuilProduct Line Index

S

Publication
kU1 B L e B B | Low Cost Triple Video Operational
AmpREAer. . . RN L o A Ty S T New Product
0 LG E L) B S BU ) Low Cost Quad Video Operational
TRp IR = L SRS L e New Product
BERATNC L sl Low Cost Quad Video Operational
ApHBEta ol tema, (L. LR ES el New Product
11 By 3. R e e S S Quad De-Compensated, High Speed
Operational Amplifier.................. 94 Data Book
i R o 7 2 SN, £ St ahe o Quad 60 MHz High Speed Operational
ARIPBEST. o0 o e iRt S en v+ R i 4 s 94 Data Book
AR . N il il e, Quad Low-Power, 60 MHz, Unity-Gain
Stable Operational Amplifier ........... 94 Data Book
IR ol B, i VR i e Quad Low Power, 100 MHz, Gain-of-2
Stable Operational Amplifier ........... 94 Data Book
Lo SR ¢ s R s P S Quad 130 MHz Current Feedback
AT o IR Sl T N e ah 94 Data Book
BIRLOE 5o i T s Quad 70 MHz/1 mA Current Mode
Feedback Amplifier..........coouuvnnn. New Product
1 AT B AL A I T Quad 250 MHz/3 mA Current Mode
: Feedback Amplifier.................... New Product
BEIHESC. ol o s s i s 2 Amp Precision Servo Motor Driver .... 94 Data Book
BEAONE .o o e 200 MHz Current Feedback Amplifier ... 94 Data Book
LB - s e s P o ApplicationsNote ..................... 94 Data Book
TRLIGIHELS . vave o s 5oy Bl D oiega Current Mode Four Quadrant Multiplier . 94 Data Book
HEEAOBERS st s o % Db s DC-Restored Video Amplifier ........... 94 Data Book
BLAOORE B iRl e s Video Gain Control/Fader.............. 94 Data Book
ERNOBC T T, ok s s ieinr 2 Video Gain Control/Fader/Multiplexer . . 94 Data Book
BEAGO0C S 0 S Triple 80 MHz Video Amplifier with DC
T2 I R N TR T oL T New Product
L B o Da g D S A Triple 80 MHz Video Amplifier with
b ) e IRy | R (i e T 94 Data Book
LA . . ke Multiplexed-Input Video Amplifier .. .... New Product
BIEA220 . . o o Bl Multiplexed-Input Video Amplifier ...... New Product
B LT R S R 10 Video Instrumentation Amplifier........ New Product
Lol 3t E S TaRiaT by SRS Aol Video Instrumentation Amplifier........ New Product
1 3 LG S G . D Multiplexed-Input Video Amplifier . ..... New Product
Mgdag ) . o T S Multiplexed-Input Video Amplifier ...... New Product
I B R G PR TR o o Multiplexed-Input Video Amplifier ...... New Product
H 22 L G | A Multiplexed-Input Video Amplifier .. .. .. New Product
R R S Wideband Four-Quadrant Multiplier. . . . . New Product
PR o ST T Wideband Variable-Gain Amplifier, Gain
BIE i P R I New Product
U B D ] e SR RS Wideband Variable-Gain Amplifier, Gain
1 R R I T T New Product
IR e R N Video Baderh ol Rl i New Product
BUESOREEINS. L N T VideoSync Separator ........c...c..... 94 Data Book
3 NS SRS A B VideoSync Separator ..........c.cccu... 94 Data Book
i b el e A £ i Horizontal Genlock, 4 Fgo.....vvvvenn.. New Product
BEAOBOO S s o ey s Horizontal Genlock, 8 Fgo........v..... New Product
(L a0 e e, BRI e e S High-Speed, Single Channel Power
MOSFET DIiver. ..ol vai 8 i o b it Power Products Data Book



EL7114C
EL7134C

EL7144C

WETIBA0 s s i

EL7182C
EL7202C

EL7212C
EL7222C

EL7232C

ERNRI e il e s
T Ay, T e s e s

EL7242C

EL7243C
EL7252C

EL7262C
EL7272C
EL7412C

EL7501C

] R T

EL7982C

ELHO0002H/883/7801301XX .
ELH0021K/883/8508801YX .
ELH0032G/883/8001301ZX. .
ELH0033G/883/8001401ZX. .
ELH0042G/883/8508701ZX. .
ELH0101/883/8508901/2YX .
LT S N S O
EP20ISAC.......ovcvveiean

EP2015C

High-Speed, Single Channel Power
MOSFET Drivsh e <o - ool Soduie o
High-Speed, High-Current Line Driver
with 3-State
Dual Input, High-Speed, High Current
Power MOSFET Driver................
High Speed, Monolithic Pin Driver ......
2-Phase, High-Speed CCD Driver
High-Speed, Dual Channel Power
RIOSEET BIIVAE . o vah wisw s oo patdwiind oo 46
High-Speed, Dual Channel Power
MOSBFET IDHVEP I vius v cd it snelae o v
High-Speed, Dual Channel Power
MOSFET DEIVEr ;.. oiiis Lo i dlis s o 's 5
Dual Channel, High-Speed, High-Current
Line Driver with 3-State
High Speed Coil Driver
High Speed Coil Driver
Dual Input, High-Speed, Dual Channel
Power MOSFET Driver........co00vus.
Dual Input, Dual Channel CCD Driver. ..
Dual Input, High-Speed, Dual Channel
Power MOSFET Driver.........cc..0..
Dual Channel, High-Speed, Power
MOSFET Driver with Isolated Drains . ..
Dual Channel, High-Speed, Power
MOSFET Driver with Isolated Drains .
High-Speed, 4 Channel Power MOSFET
Driver
100V High SideDriver ........c000i0.0.
100V Full Bridge Driver................
100V Half Bridge Driver
Rising Edge Delay Driver ..............
Dual Rising Edge Delay Driver .........
Dual Rising Edge Delay Driver .........
Dual Rising Edge Delay Driver .........
Dual Rising Edge Delay Driver .........
Dual Rising Edge Delay Driver .........
Dual Rising Edge Delay Driver .........
Current BBpHEsE L. . .5 o ihd ol -
1 Amp Power Operational Amplifier .. ...
Fast Operational Amplifier .............
Fast Buffer Amplifier ..................
0.1 Amp Power Operational Amplifer . ...
Power Operational Amplifier
Fast Ouad NPN Afradr ¢ 4 Siaenvas iWaoe s
FastQuad PNPArray ......vovvvvnenns
Fast Quad PNP Array

viil

Publication

Power Products Data Book
Power Products Data Book

Power Products Data Book
New Product
Power Products Data Book

Power Products Data Book
Power Products Data Book
Power Products Data Book

Power Products Data Book
New Product
New Product

Power Products Data Book
Power Products Data Book

Power Products Data Book
Power Products Data Book
Power Products Data Book

Power Products Data Book
Power Products Data Book
New Product

Power Products Data Book
Power Products Data Book
Power Products Data Book
Power Products Data Book
Power Products Data Book
Power Products Data Book
Power Products Data Book
Power Products Data Book
94 Data Book

94 Data Book

94 Data Book

94 Data Book

94 Data Book

94 Data Book

94 Data Book

94 Data Book

94 Data Book




Capabilities

s elantecs

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS







Mission

“To be a leading supplier of high performance
analog solutions for the video/multimedia,
data processing, communications and
instrumentation markets.”

Elantec, Inc., founded in 1983 and located in
Milpitas, California, is a fully integrated semi-
conductor company focused on providing high
performance analog intensive functions for grow-
ing markets. These markets are driven by the

rapid advances in digital technology which in
turn creates a demand for high speed and low
power analog functions to complete the overall
system. Elantec serves these markets with stan-
dard and application specific standard products
(ASSP) using advanced bipolar and CMOS tech-
nologies.

Our strategy is to provide effective and timely
solutions through market knowledge, advanced
technologies, design expertise and close customer
interface.

0938-1

Automatic Testers
Measuring Instruments
Medical Instrumentation
Recorders

Portable Instrumentation

Market Typical Applications Representative Elantec Products
Video/Multimedia Displays Cathode Ray Tube Drivers
Personal Computer Add-on Boards Video ASSPs, Faders, DC Restoration
Set Top Converters Video ASSPs, Faders, Amplifiers
Special Effects Generators Video ASSPs, Multipliers, PLL, Faders
Studio Equipment Video Amplifiers, Faders, Multiplexers
Switchers/Routers Multiplexers, Power Amplifiers
Video Distribution Networks High Power Amplifiers
Workstations Video Timing Circuits
Video Cameras CCD Drivers, Amplifiers
Instrumentation Analyzers High Speed Amplifiers, Comparators

Pin Drivers/Receivers

High Speed Amplifiers, Comparators
Mosfet Drivers

High Speed Amplifiers

Low Power Amplifiers

Copiers

Document Scanners
Magnetic Disk Drives
Optical Disk Drives
Personal Computers
Power Supplies

Data Processing

Video Amplifiers

Video Amplifiers

Servo Motor Drivers

High Speed Amplifiers, Laser Drivers

Video ASSPs, DC to DC Converters, System Managers
Mosfet Drivers

Fax Machines
Modems
Transmission Line Drivers

Communications

Transmission Line Receivers
Networks

High Speed Amplifiers

High Speed Amplifiers

Power Amplifiers

High Speed Amplifiers, Transceivers
Twisted Pair Drivers

senIiqede)




Capabilities

Markets and Products

Elantec has over 150 products in its catalog to
serve the target markets. Many of the standard
products, such as amplifiers, are used in multiple
markets while the application specific products
are targeted for specific applications and group of
customers.

The preceding table outlines the ranges of mar-
kets, applications and products which the compa-
ny serves.

Technology

The company uses a variety of technologies for
its products. In particular, Elantec has focused
on developing an advanced complementary bipo-
lar technology using dielectric isolation and sili-
con on insulator techniques for its high speed cir-
cuits. Complementary bipolar technology allows
high speed analog signals to be processed effi-
ciently in either signal polarity which greatly
simplifies design methodology and substantially
improves power dissipation. Because of the di-
electric isolation technique, Elantec’s comple-
mentary process has the additional inherent ad-
vantages of low capacitance, low crosstalk, no
latch-up, high voltage, high temperature opera-
tion and improved speed.

For low power, analog switching and mixed sig-
nal applications, Elantec uses a variety of CMOS
technologies ranging from 1.2p to 2.0u gate
lengths.

Advances in technology together with outstand-
ing design expertise will continue to provide su-
perior solutions for Elantec’s target markets.

Bipolar Technology Capabilities

Elantec utilizes a combination of internal capa-
bility and external world class bipolar foundries.
We match the appropriate technology to best

serve the requirements of our customers’ de-
manding design problems. Elantec currently uses
the following bipolar technologies:
e Standard Linear J.I. (Junction Isolation)
40V, NPN Ft = 600 MHz, PNP Ft = 5 MHz
® High Voltage, Oxide Isolated—Fully Comple-
mentary Bipolar for high performance, high
voltage circuit applications
40V, NPN Ft = 800 MHz,
PNP Ft = 800 MHz
25V, NPN Ft = 1.5 GHz, PNP Ft = 1.5 GHz

® Low Voltage, Fast, Complementary Bipolar
10V, NPN Ft = 4.0 GHz, PNP Ft = 3.0 GHz

CMOS Technology

Elantec uses a variety of CMOS technologies
ranging from gate length of 1.2 to 2.0u. Each
version is available in single or dual poly and sin-
gle or dual metal and an epitaxial substrate to
provide a solid ground plane.

The processes are suitable for analog, mixed sig-
nal and high speed applications with supply volt-
ages ranging from 4.5V to 15V.

Design Capabilities

Elantec’s engineering team has many years of ex-
perience defining, designing, manufacturing and
testing analog and mixed signal devices, utilizing
both Bipolar and CMOS technologies.

Functions we currently supply are: current and
voltage feedback amplifiers, multipliers, video
specific standard products, pin drivers and re-
ceivers, C.R.T. drivers, buffers, servo electronics,
MOSFET and IGBT drivers, DC converters, in-
strumentation amplifiers, and precision amplifi-
ers. Elantec also designs customer specific prod-
ucts where the unique technical and volume re-
quirements of the system make this more desir-
able. Customers can discuss their challenging
system requirements with out talented technical
team of field and factory applications engineers.




Capabilities

Elantec provides each circuit designer and layout
artist with the most up to date Sun workstations
at their desk. All stations are networked together
to a Sun server. Extra “computing engines” are
also available on the network. The Sun network
is connected to the corporate network to facili-
tate corporate wide communication. Elantec uses
Cadence and MicroSim design software and Ca-
dence IC layout software and design verification
tools. The design tool suite can use the comput-
ing capability of the entire Sun network to allow
extensive simulations covering the variations of
the wafer fabrication process, based on data de-
rived from capability studies.

Test Automation/Equipment
Capability

Elantec utilizes the LTX Model 77 test system
with TS80 and TS88 test stations for primarily
DC testing operational amplifiers, buffers, com-
parators, and other linear devices. In general,
custom socket adaptors have been developed for
unique devices such as current feedback amplifi-
ers, DC restored video amplifiers, sync separators
and disk drive servo motors. A wide range of au-
tomatic handlers allow high speed, room temper-
ature and extended range temperature testing of
Dual in Line (DIP), Small Outline (SO) pack-
ages, metal cans such as TO3, TO99 and TOS8.

The DC testing capability of the LTX Model 77
is augmented with rack mounted AC test systems
which are integrated into the LTX. The time do-
main systems, which are used to measure very
fast rise times, slew rates and propagation delays,
are comprised of programmable pulse generators
and 1 GHz digitizing oscilloscopes and are capa-
ble of measurements under 10 pS. The frequency
domain systems which are used to measure band-
width, differential phase, differential gain, phase

linearity, gain flatness, distortion, etc. are com-
posed of programmable signal sources and net-
work analyzers and are capable of measurements
to 500 MHz.

Elantec ensures the accuracy of all critical test
parameters by testing using alternative devices
to the LTX system.

Quality and Service

Elantec’s commitment to quality begins with the
product definition, design and characterization
and continues through the complete process. We
are a fully integrated semiconductor company
with its own complete manufacturing facility, in-
cluding wafer fabrication, assembly and test.
Elantec continually improves its manufacturing
and quality methods using SPC, Total Quality
Management and ISO 9000 compatible tech-
niques.

Superior product performance and quality are
augmented by a commitment to customer service
and technical support in order to make our cus-
tomers successful. Technical customer support is
provided through corporate applications, field
applications engineers and technical seminars.
Sales support is provided through the Elantec
field sales force which directs a worldwide net-
work of technical representatives and distribu-
tors.

Packaging Capability

Elantec supports most industry standard pack-
age types. Currently we are manufacturing stan-
dard products in the packages shown below:

Additionally, we can supply special packages
upon request for volume and special applications.
Contact Elantec’s marketing department for
availability.

P-DIP, SO

P-DIP Packages—8, 14, 16-Pin

SO Packages—8, 14, 16, 20, 28-Lead

TO-220—5 Lead

Power Packages

TO-3—8 Lead

TO-5—10 Lead TO-8—12 Lead

senqede)
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Features
® 35 M() transimpedance
* 30 MHz —3dB bandwidth
(Ay = +1)
¢ 30 MHz — 3dB bandwidth
(Ay = +2)
* 1 mV input offset voltage
® 2 uA negative input bias current
* 86 dB common mode rejection
ratio

* 92 dB power supply rejection
ratio

Low supply current, 4 mA

Wide supply range, 4.5V to
+16.5V

® 55 mA output peak current

High capacitive load toleration
® Low cost

¢ Input/output compliance to £2V
of supplies

® 500 V/pus slew rate

® 65 ns settling to 0.1%

® 110 ns settling to 0.01%

* —68 dBc distortion @ 1 MHz

Applications
® Instrumentation circuitry
® Current to voltage convertors

¢ DAC/ADC output amplifier/
buffer

¢ Cable drivers

¢ Low distortion communications
® Medical imaging

® CCD imaging

® Infrared image enhancement

Ordering Information
Part No. Temp. Range Outline #
EL2165CN —40°C to +85°C 8-Pin P-DIP MDP0031
EL2165CS —40°C to +85°C 8-Lead SOIC MDP0027

Package

General Description

The EL2165C is a low offset, high transimpedance current
mode feedback amplifier with a —3 dB bandwidth of 30 MHz at
a gain of + 2. Built on Elantec’s proprietary monolithic comple-
mentary bipolar process, this amplifier uses current feedback to
achieve more bandwidth at a given gain than conventional volt-
age feedback amplifiers.

The high 35 M() transimpedance gain and low input referred
offset of the EL2165 will also bring the final settled output
much closer to its ideal value than is possible with earlier CMF
designs.

In addition, the common-mode and power supply rejection have
been greatly improved over earlier current mode feedback am-
plifiers and the input offset voltage and current have been
trimmed to rival that of good conventional voltage feedback
amplifiers. The part has a typical slew rate of 500 V/us and a
0.01% settling time of less than 110ns in inverting mode. At a
gain of +2 and an output signal level of 2 Vp-p, the total har-
monic distortion is only —68 dB at 1 MHz.

The amplifier can operate on any supply from 9V (+4.5V) to
33V (£ 16.5V), yet consumes only 4 mA at any supply voltage.
Using the industry standard 8-pin pinout, the EL2165C is avail-
able in both P-DIP and SO packages.

Connection Diagram

ne[T] ~ B
In-[Z] (7] v+
in+[3] 5 ] out
v-[@ [5]nC

2165-1
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30 MIIz Preézsw; _Current Mode Feedback Amplszr i
—

Absolute Maximum Ratings (1, = 25°0)

Voltage between Vg + and Vg — +33V Operating Junction Temperature
Voltage between I+ and Iy — +6V Plastic Package 150°
Current into I+ and In— 4 mA Storage Temperature Range —65°C to +150°C
Operating Ambient Temperature Range See Curves

Important Note: g

. A.II parameters having M‘n/; {

I~Test Level
| ,I,I:,ﬁ

Open Loop DC Electrical Characteristics

(Vg = 115V, Rp, = 500}, Tp = 25°C unless otherwise specified)

Parameter Description Conditions Temp Min Typ
Vos Input Offset Voltage 25°C 1
TC Vos Average Offset Voltage Drift Full 2
(Note 1)
Iin+ + Input Current 25°C -1
Iln— —Input Current 25°C t2
CMRR Con-lmon Mode Rejection 25°C 79 86
Ratio (Note 2)
ICMR — —Input (?un:ent Common 25°C 23 100 : 1 . nA/V
Mode Rejection (Note 2) Lafaaeey
PSRR Powv'er Supply Rejection 25°C 84 03 ! P 4B
Ratio (Note 3) o
IPSR— —Input forre.x)t Power 25°C 75 225 1| nawv
Supply Rejection (Note 3) e
i = + e
RoL Transimpedance (Note 4) Vg = 15V 25°¢ 33 v MO
Rp, = 5000 : ey
= + :
Vs — 15V 25°C 5.0 12.4 1 MO
Ry, = 150Q ]
Rin+ + Input Resistance 18 36 1 MQ
CiN+ + Input Capacitance 25°C 2.5 v pF
CMIR Common Mode Input Range Vg = *15V 25°C +12 t12.5 1 ‘i v
(Note 2) Vg = 5V 3¢ | #20 | +25 1




Open Loop DC Electrical Characteristics

(Vg = 15V, Ry, = 5008, Tp = 25°C unless otherwise specified) — Contd.

Parameter

Description

Conditions Temp Min Typ
Vo Output Voltage Swing ‘R,’;‘ : SiOfsfi/ 25°C +12.3 £13
5?: 1;;);; 25°C 116
5;- _ 1;:3 25°C 2.7 +3.0
Igc 2)1\\11:1::; j:zrst)Circuit Current 25°C 55 80
Ig Supply Current 25°C 4.0
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Closed Loop AC Electrical Characteristics

(Vg = *15V, Ay = +2, Rp = 1K, Ry, = 5001}, Tp

= 25°C unless otherwise specified)

Parameter Description Test Conditions Min | Typ Units
BW —3dB (Note 8) Vg = £15V,Ay=+2,Rp=1K 30 MHz
Vg = 15V, Ay=+1, Rp=13K 28 MH:z
Vg = £5V,Ay=+2,Rp=1K 30 MHz
Vg = #5V,Ay=+1,Rp=13K 30 MHz
SR Slew Rate (Notes 6 and 8) Ry, = 500Q 250 500 V/pS
Rp = 1K, Rg = 1100} Ry, = 4009 500 V/us
ty, tf Rise Time, Fall Time (Note 8) | Voyr = 500 mV 14 nS
tpd Propagation Delay (Note 8) 12 nS
Og Overshoot (Note 8) Vour = £500 mV 2 %
ts 0.1% Settling Time Ay =1 120
(Note 8) Vour = +10V Ay = —1 65 nS
Ay =2 100
ts 0.01% Settling Time Ay =1 750
(Note 8) Voyr = 110V Ay = —1 110 nS
Ay =2 500

Note 1: Measured from Ty to Tyax
Note 2: Ve = 12V for Vg = 15V and Tp = 25°C
Vem = T2V for Vg = 5V and Ty = 25°C

CMIR is guaranteed by the part passing CMRR at the rated common-mode swing.

Note 3: The supplies are moved from *4.5V to +15V.
Note 4: Voyt = *10V for Vg = 15V, and Voyr = *2V for Vg = *5V.

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 6: Slew Rate is with Voyr from +10V to —10V and measured at the 25% and 75% points.

Note 7: DC offset from —0.714V through +0.714V, AC amplitude 286 mV_,, f = 3.58 MHz.
Note 8: All AC tests are performed on a “warmed up” part, except for Slew Rate, which is pulse tested.
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Typical Performance Curves
Frequency Response Frequency Response Frequency Response
for Ay = -1 for Ay = +1 for Ay = +2
and for Various Rp Values and for Various Rp Values and for Various Rp Values
- T
5 | 1% =560/ 5 2 1] 0 5, 1l LT
N Re =750 = R = 1k R =750 Z R =750 Re = 560
g o £l g . g ==
= Re = 16111 \ S N = R = TN\ [
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5 -2 it g RAr g ,
g U g e \ g
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= 4 = 4 \ ]
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P _ 3 R =500 3
< —6 R‘"_'R*' = \\ g _ Vistisv = \ 2
= R =5000 a8 S -6 s =
Vo= 415V RN \
1M 10M 100M 1M 10M 100M 100M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
2165-2 2165-3 2165-4
Frequency Response
for Ay = +10 Frequency Response Frequency Response
and for Various Rf Values for Various Values of Ry, for Various Values of Cj,
@ 2 L [ I H = = 4
> R = 5608 = 2
g o L] 2 UL - po =220
2 7508 3 R Lis0n] 2 G = 100 PPN
A L X
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2 % il 2 1 £ o =205t
R IR = 1%
R Y N [\ VW v Ol R g L
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E Vi | = =
z — RL =z z
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3 ~6—Rr =5000 L s - -+ s 4 vs=#15v. — ——j
V=215V | ] J_U”_“ \ AT Nl oL JJJ
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2165-5 2165-6 2165-7
3 dB Bandwidth vs Peaking vs 3 dB Bandwidth vs
Supply Voltage for Ay = —1 Supply Voltage for Ay = -1 Temperature for Ay = —1
50 5 T 50
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- R = 5600 \ R 5000 Re = 1k
F [
e \ Vo= 3.5V, | R =500
~ 40 —+—1 4 ~ 40 L
S Re =7500 \ = V5= 45V
= T I = \\RF =5600 2 A ——— L4
Z 30 Re = 1k = 3 N L 30 = VeCL157
a 1] © N a Vg=¢10V s =
= —— =z — = —
E 20 = 1 rI’»k 3 2 2 20
o @
S { R 13k R = 7500 5 |
]
=50 =
0 | B =s00a oLl NNF = o J
0 3 6 9 12 15 0 3 6 9 12 15 -55 -15 25 65 105 145
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2165-8 2165-9 2165-10




EL2165C

Typical Performance Curves — Contd.

3 dB BANDWIDTH {MHz) 3dB BANDWIDTH (MHz)

3 dB BANDWIDTH (MHz)

3 dB Bandwidth vs
Supply Voltage for Ay = +1

60
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50 L
1
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5
* i i Sl
20
. D
0 3 6 9 12 15
SUPPLY VOLTAGE (V)
2165-11
3 dB Bandwidth vs
Supply Voltage for Ay = +2
R- =5600
F = L[]
Re = 7500
40 L
Re = 1k
AL 1
30 1
Re = 1.3k
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o L
0 3 6 g 12 15
SUPPLY VOLTAGE (V)
2165-14
3 dB Bandwidth vs
Supply Voltage for Ay = +10
0
6
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2165-17

PEAKING (dB)

PEAKING (dB)

PEAKING (dB)

Peaking vs
Supply Voltage for Ay = +1
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0 3 6 9 12 15
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Peaking vs
Supply Voltage for Ay = +2
5
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\
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3 F
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2165-15
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3 dB BANDWIDTH (MHz) 3dB BANDWIDTH (MHz)

3 dB BANDWIDTH (MHz)

3 dB Bandwidth vs

Temperature for Ay = +1
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2165-13
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2165-16
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Typical Performance Curves — Contd.
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vs Frequency
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Frequency Response for
Various Values of Cyn
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Voltage and Current Noise
vs Frequency
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Closed-Loop Output Impedance
vs Frequency
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Second and Third Hormonic
Distortion vs Frequency
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Typical Performance Curves — Contd.
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Typical Performance Curves — Contd.
Small Signal Pulse Response Large Signal Pulse Response
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Applications Information

Product Description

The EL2165C is a single current mode feedack
amplifier that offers wide bandwidth, high gain,
low distortion and exceptional DC specifications
for a CMF type amplifier at moderate supply
current. It is built using Elantec’s proprietary
complimentary bipolar process and is offered in
the industry standard pin-out. Due to the current
feedback architecture, the EL2165 closed loop
3 dB bandwidth is dependent on the feedback re-
sistor. First the desired bandwidth is selected by
choosing the feedback resistor, Rg, and then the
gain is set by picking the gain set resistor, Rg.
The curves at the beginning of the Typical Per-
formance Curves section show the effect of vary-
ing both Rf and Rg. The 3 dB bandwidth is sig-
nificantly less dependent on supply voltage than
earlier CMF amplifiers where increasing junction
capacitances with decreasing supply voltage
caused a much larger reduction in bandwidth. To
compensate for the remaining effect, smaller val-
ues of feedback resistor can be used at lower sup-
ply voltages.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible, below V,”. The power supply pins
must be well bypassed to ensure stability. A
1.0 puF tantalum capacitor in parallel with a
0.01 puF ceramic capacitor is adequate for each
supply pin.

For good AC performance, parasitic capacitances
should be kept to a minimum, especially at the
inverting input (see Capacitance at the Inverting
Input section). This implies keeping the ground
plane away from this pin. Carbon resistors are
acceptable, while wire-wound resistors should not
be used because of their parasitic inductance.
Similarly, capacitors should have low inductance
for best performance. Use of sockets, particularly
for SO packages, should be avoided. Sockets have
parasitic inductance and capacitance which will
cause peaking and overshoot.

Capacitance at the Inverting Input

Due to the topology of the conventional current
feedback amplifiers, stray capacitance at the in-
verting input will affect their AC and transient
performance when operating in the non-inverting
configuration. This may cause design, develop-
ment and production difficulties. The EL2165
has been designed in such a way as to largely
ignore such strays. The characteristic curves of
gain vs. frequency with varying values of Cyn—
illustrate this effect which produces only a slight
increase in peaking with Cyy— values up to 5 pF
with almost no change in 3 dB bandwidth.

In the inverting gain mode, added capacitance at
the inverting input has almost no effect at all.
This is because the inverting input is now a vir-
tual ground and the stray capacitance is not
therefore “seen” by the amplifier.

Feedback Resistors Values

The EL2165 has been designed and specified with
Rp 1 KQ for Ay + 2. This value of feed-
back resistor yields an extremely flat frequency
response with little or no peaking out to 30 MHz.
As is the case with all CMF amplifiers, wider
bandwidth, at the expense of peaking, can be ob-
tained by reducing the value of the feedback re-
sistor. Inversely, larger values of feedback resis-
tor will cause rolloff to occur at lower frequency.
For example, the 3 dB bandwidth of the EL2165
connected for Ay = —1 and Rg = 1 K is about
34 MHz. If Rp is reduced to 750§} the bandwidth
increases to 48 MHz. See the curves in the Typi-
cal Performance Curves section which show 3 dB
bandwidth and peaking vs. frequency for various
feedback resistors, supply voltages and tempera-
ture.

Bandwidth vs. Temperature

The supply current of many amplifiers, and con-
sequently their 3 dB bandwidths, drop off signifi-
cantly with increasing temperature. The EL2165
was designed to have nearly constant supply cur-
rent over temperature resulting in a part with
much less bandwidth vs. temperature sensitivity.
With Vg +15V and Ay = + 2, the bandwidth
only varies from 38 MHz to 29 MHz over the
entire die temperature range of 0°C < T < 150°C.
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Applications Information — Contd.

Supply Voltage Range

The EL2165 has been designed to operate com-
fortably with supply voltages from 5V to
+15V. AC characterization has been conducted
down to supply voltages of +3.5V. However, this
low value will not allow the part to power up and
function properly at the lowest portion of the
part’s operating temperature range (—40°C to
+85°C). In general, bandwidth, slew rate and
video characteristics will tend to improve with
increasing supply voltages.

If a single supply is desired, values from +9V to
+ 30V can be used as long as the input common
mode range is not exceeded. When using a single
supply, be sure to either 1) DC bias the inputs at
an appropriate common mode voltage and DC
couple the signal, or 2) ensure the driving a sig-
nal is within the input common mode range of
the EL2165.

Settling Characteristics

The EL2165 offers superb settling characteristics
to 0.1%, typically 65 ns operating in inverting
mode. The inverting 0.01% settling time is about
110 ns. The EL2165 is not slew rate limited,
therefore a step size up to 10V gives the same
settling time. The high 35 MQ transimpedance
gain and low input referred offsets of the EL2165
will also bring the final settled output much clos-
er to its ideal value than is possible with earlier
CMF designs.

The noninverting (Ay = +1) 0.1% settling time
is about 120 ns. As can be seen from the Long
Term Settling Error graph, for Ay = +1, there
is approximately a 0.04% residual which tails
away to 0.01% in about 750 ns. This is a thermal
settling error caused by a power dissipation
change in the input stage devices (before and af-
ter the voltage step). All others CMF amplifier
exhibit 0.01% thermal settling tails of several
tens of microseconds under the same conditions.
The input stage of the EL2165 has been designed
to greatly reduce this effect. For Ay = —1, the
inverting input is a virtual ground, therefore this
tail does not appear even in conventional CMF

amplifiers since the input stage does not experi-
ence the large voltage change that it does in non-
inverting mode.

Distortion Performance

The distortion performance of all high frequency
amplifiers degrade with increasing frequency.
The EL2165 is no exception. However, due to the
part’s high transimpedance, its distortion per-
formance at a given frequency can be 4 dB-8 dB
better than other high speed amplifiers available,
with the same power dissipation.

Power Dissipation

The EL2165 amplifier combines both high speed
and large output drive capability at a moderate
supply current in very small packages. It is possi-
ble to exceed the maximum junction temperature
allowed under certain supply voltage, tempera-
ture and loading conditions. To ensure that the
EL2165 remains within it’s absolute maximum
ratings, the following discussion will help to
avoid exceeding the maximum junction tempera-
ture.

The maximum power dissipation allowed in a
package is determined by it’s thermal resistance
and the amount of temperature rise according to:

PDmax = (TJMax —TAmax)/03a

The maximum power dissipation actually pro-
duced by an IC is the total quiescent supply cur-
rent times the total power supply voltage plus
the power dissipated in the IC due to the load, or:

PDmax = N X (2 X Vg X Ig4+ (Vg — Vour)XVourt/RL)

where N is the number of amplifiers per package,
and Ig is the current per amplifier. (To be more
accurate, the quiescent supply current flowing in
the output driver transistor should be subtracted
from the first term when the output is driving a
load. That is to say, due to the class AB nature of
the output stage, the output driver current is now
included in the second term.)

In general, an amplifier’s AC performance de-
grades at higher temperatures and lower supply
current. Unlike some amplifiers, the EL2165 and
many other Elantec amplifiers maintain almost
constant supply current over temperature so that
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Applications Information — Contd.
the AC performance is not degraded as much at
the upper end of the operating temperature
range.

The EL2165 consumes typically 4 mA and a max-
imum of 5 mA. The worst case power dissipated
in a IC amplifier operating from split supplies
with a grounded load occurs when the output is
between ground and half of one of its supplies or,
if it can’t go that far due to drive limitations, at
its maximum value. If we assume that the
EL2165 is used for double terminated cable driv-
ing application (Rp, 150Q)), and Ay +2,
then the maximum output voltage is 2V, and the
average output voltage is 1.4V. If we set the two
Ppmax €quations equal to each other, and solve
for Vg, we get a family of curves for various
packages options according to :

_ Ry X (TJmax — TAmax) /N X 054 + (Voun) X Vout)

Vs
(2 X Ig X Ry) + (Vour)

The following curve shows supply voltage (£Vg)
vs. temperature for the EL2165’s two packages
assuming Ay = +2, Ry = 150, and Vour
(peak) = 2V. The curves include the worst case
supply specification (Ig = 5 mA).

Supply Voltage vs
Ambient Temperature

8 EL2165CN,
o -
3 EL2165CS7
E
&

S 12
5
g
7 8
g |__CONDITIONS
% Ay = +2
3 4fr’ =150
2 s = 10 mA
o LYour = 2V PEAR

0 10 20 30 40 50 60 70 80
AMBIENT TEMPERATURE (©C)

. 2165-40

The curves do not include heat removal or forc-
ing air, or the simple fact that the package will
probably be attached to circuit board, which can
also provide some form of heat removal. Larger
temperature and voltage ranges are possible with
heat removal and forcing air past the device.

Output Current Drive

The EL2165 does not have output short circuit
protection. If the output is shorted to ground, the
power dissipation could be well over 1W. Heat
removal is required in order for the EL2165 to
survive an indefinite short.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For these applications, the back termi-
nation series resistor will decouple the EL2165
from the capacitive cable and allow extensive ca-
pacitive drive. However, other applications may
have high capacitive loads without termination
resistors. The EL2165 has particularly high ca-
pacitive load toleration and can drive a 50 pF
load with only 0.3 dB of peaking and a 100 pF
load with only 0.5 dB of peaking and without any
instability. If higher capacitive loads must be
driven or if little or no peaking is required, an
additional small value (51-50()) resistor can be
placed in series with the output. The gain resis-
tor, Rg, can be chosen to make up for the gain
loss created by this additional series resistance at
the output.
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110 MHz Current Feed

vack Amplifier with Disable

Features

* 110 MHz 3 dB bandwidth
(Ay = +2)

* 115 MHz 3 dB bandwidth
(Ay = +1)

® 0.01% differential gain,

Ry, = 50002
® 0.01° differential phase,
RL = 50002

* Low supply current, 7.5 mA
* Fast disable < 75 ns

* Low cost

® 1500 V/pus slew rate

Applications

® Video amplifiers

¢ Cable drivers

* RGB amplifiers

® Test equipment amplifiers

¢ Current to voltage converters
® Broadcast equipment

¢ High speed communications
® Video multiplexing

Ordering Information

Part No. Temp.Range Package Outline#

EL2166CN —40°C to +85°C 8-Pin P-DIP MDP0031

EL2166CS —40°C to +85°C 8-Pin SOIC MDP0027

General Description

The EL2166C is a current feedback operational amplifier with
—3 dB bandwidth of 110 MHz at a gain of + 2. Built using the
Elantec proprietary monolithic complementary bipolar process,
this amplifer uses current mode feedback to achieve more band-
width at a given gain than a conventional voltage feedback op-
erational amplifier.

The EL2166C is designed to drive a double terminated 75Q coax
cable to video levels. Differential gain and phase are excellent
when driving both loads of 5000 (<0.01%/<0.01°) and double
terminated 75} cables (0.025%/0.05° @ Vg = *15V, 0.04%/
0.02° @ Vg = +5V).

The EL2166C has a superior output disable function. Time to
enable or disable is < 75 ns. The DISABLE pin is TTL/CMOS
compatible. In disable mode, the amplifier can withstand over
1500 V/us signals at their outputs. The amplifier can operate on
any supply voltage from 10V (£ 5V) to 33V (£16.5V), yet con-
sume only 7.5 mA at any supply voltage. The EL2166C is avail-
able in 8-pin P-DIP and 8-pin SO packages.

Connection Diagram
EL2166C SO, P-DIP

Packages
onp [O 5] DISABLE
IN- ] 7] vs+
IN+ 3] [6] out
vs- [4] [5] N
2166-1
Top View
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EL2166C

Absolute Maximum Ratings (1, = 25°c)

Voltage between Vg+ and Vg~ +33V
Voltage between +IN and —IN +6V
Current into +IN or —IN 10 mA
Output Current +50 mA
Current into DISABLE Pin t5mA
Voltage between DISABLE Pin and

GND Pin +7V

Voltage at IN+, IN—, Vour,
DISABLE, GND Pins
Internal Power Dissipation
Operating Ambient Temperature Range
Operating Junction Temperature

Plastic Packages

Storage Temperature Range

Open Loop DC Electrical Characteristics

Vg = £15V,Rp, = 150}, Tp = 25°C unless otherwise specified

Parameter Description Conditions Temp
Min
Vos Input Offset Voltage Vg = +5V, £15V 25°C
TC Vpsg Average Offset Voltage Full
Drift (Note 1)
+IiN + Input Current Vg = 5V, +15V 25°C
—IN —Input Current Vg = =5V, £15V 25°C
CMRR Common Mode Rejection Vg = %5V, +15V 25°C 55
Ratio (Note 2)
—ICMR —Input Current Common | Vg = 15V, £15V 25°C
Mode Rejection (Note 2)
PSRR Power Supply Rejection 25°C 65
Ratio (Note 3)
- -1
IPSR nput Current Power 25°C

Supply Rejection (Note 3)

2-16

(Vg—) — 0.5Vto(Vg+) +0.5V
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Vg = $£15V, Ry, = 1500, Tp = 25°C unless otherwise specified

Open Loop DC Electrical Characteristics — Contd.

Limits
Parameter Description Conditions | Temp ni
Min | Typ | Max
R Transi = %15 L
oL ransimpedance Vg 15V 25°C 500 2000 —[ »I kQ
(Note 4) R = 4000 o
Vg = +5V e
S 25°C | 500 | 1200 1| k0
Ry, = 1500 L
+Rin + Input Resistance 25°C | 2.0 5.0 o1 T MO
+Cin + Input Capacitance 25°C 2.5 ';: V ‘ _l: pF
CMIR Common Mode Input Range Vg = +15V | 25°C | +12.6 | +13.2 o1 |
Vg = 5V | 25°C | 2.6 | *3.2 . v
Vo Output Voltage Swing Ry, = 4009, 25°C +12 | +135
Vg = £15V
RL = 1500,
25°C +11.4
Vg = £15V
Ry, = 1509,
25°C +3.0 | £3.7
Vg = £5V
. . = +
Isc Output Short Circuit Vg = 35V, 25°C 50 80 130
Current (Note 5) Vg = 15V
=+ L
Ig Supply Current Vs 15V 25°C 7.5 100 |
Vg = #5V
Ig, OFF Supply Current Disabled, Pin 8 = 0V 25°C 7.3 10.0 |
Iout: OFF | Output Current Disabled, Pin 8 = 0V Ay = +1 25°C 2.0 50.0
Vig DISABLE Pin Voltage for 25°C 2.0
Output Enabled (Note 9) ’ ‘
\%:9 DISABLE Pin Threshold for Output Disabled 25°C 08 | I . v
Ipis, ON DISABLE Pin Input Current, Pin 8 = +5V 25°C 70 | 150 |1 uA
Iprg, OFF | DISABLE Pin Input Current, Pin 8 = 0V 25°C | —150 | —60 I nA




EL2166C

Closed Loop AC Electrical Characteristics

Vg = £15V, Ay = +2, Ry = 560Q, Ry, = 150Q, Ty = 25°C unless otherwise noted

X Limits
Parameter Description Conditions
Min Typ
BW —3 dB Bandwidth Vg = 15V, Ay = +2 110
(Note 8) Vg = £15V, Ay = +1 115
Vg = 1£5V,Ay = +2 95
Vg = t5V,Ay = +1 100
SR Slew Rate Ry, = 400Q 1000 1500
(Notes 6, 8)
tp, tf Rise Time, Vout = +500mV 32
Fall Time, (Note 8) ’
tpd Propagation Delay 43
(Note 8) :
0s Overshoot (Note 8) Vout = 1500 mV 7
ts 0.1% Settling Time Vout = f10V 35
(Note 8) Ay = £1,Rp = 1K
dG Differential Gain Ry, = 150, Vg = =15V 0.025
(Notes 7, 8) Ry, = 1500, Vg = +5V 0.05
Ry = 5000, Vg = +15V 0.01
Ry, = 500Q}, Vg = 5V 0.01
dP Differential Phase Ry, = 1500, Vg = 115V 0.04
(Notes 7, 8) RL = 1500, Vg = +5V 0.02
Ry, = 5000, Vg = 15V 0.01
Ry, = 5009, Vg = 5V 0.01
tpis Disable/Enable Time 75
(Note 10)

Note 1: Measured from Tyn to Tyax-

Note 2: Veyp = +12.6V for Vg = +15V and Ty = 25°C
Vem = 126V for Vg = 25V and Ty = 25°C
Note 3: The supplies are moved from =5V to £15V.
Note 4: VoyT = 7V for Vg = +15V, and Voyt = 2V for Vg = 5V,

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 6: Slew Rate is with Voyr from + 10V to —10V and measured at the 25% and 75% points.

Note 7: DC offset from —0.714V through +0.714V, AC amplitude 286 mVp_,, f = 3.58 MHz.

Note 8: All AC tests are performed on a “warmed up” part, except for Slew Rate, which is pulse tested.
Note 9: The EL2166C will remain ENABLED if pin 8 is either left unconnected or Viy is applied to pin 8.
Note 10: Disable/Enable time is defined as the time from when the logic signal is applied to the DISABLE pin to when the output

voltage has gone 50% of the way from its initial to its final value.
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Typical Performance Curves — Contd.

3 dB Bandwidth vs Supply
Voltage for Ay = +1

150
[TTTI]
<150 L TR zeso [
: R =510 X’_,,-
z 110 E==
5 ol
§ %0 A — e
g A
%70 Re = 560 Rp = 750
-
[T TT]
s [T
3 6 9 12 15
SUPPLY VOLTAGE (+V)
3 dB Bandwidth vs Supply
Voltage for Ay = +2
150 ‘
Eares
= Re = 430
g 120 Re = 510
z 10 —
g I
E3
Iz Re = 560
g 90 H - [
2 L T~ | [ ]
" R- = 750
s [ [T
3 6 s 12 15
SUPPLY VOLTAGE (£V)
3 dB Bandwidth vs Supply
Voltage for Ay = +10
100 T 7T
R
T 8o Re = 510 \\
E \
RS
z
AR v
] R =360/ =
- 2 a
1]
0 [ 1]
0 3 6 9 12 15

SUPPLY VOLTAGE (£V)

PEAKING (dB)

PEAKING (dB)

PEAKING (dB)

Peaking vs Supply Voltage
for Ay = +1

1 qd\
Ry = 430 [ —
o
. Re = 510]
T
- —
Rr = 560
I
R = 750
3 6 9 12 15

SUPPLY VOLTAGE (%V)

Peaking vs Supply Voltage
for Ay = +2

/
I

/

~A ]

3 6 9 1215
SUPPLY VOLTAGE (£V)

Peaking vs Supply Voltage
for Ay = +10

Re = 750 4]
Rr = 5603
R =510
- R- = 430
¢
3 6 9 12 15

SUPPLY VOLTAGE (V)

3 dB BANDWIDTH (MHz) 3dB BANDWIDTH (MHz)

3 dB BANDWIDTH (MHz)

3 dB Bandwidth vs

Temperature for Ay = +1

150
FT T
Vg = £15V —]
s
130 el Vg = £10V
T
™~
110 - N
~L
T
90 b IR | T~ ~
L i
M Vour |
70| Vin R Vg = 5V
= 560 2
sft Z e Vs = xsv';
50 L1

-55 -15 25 85 105 145

DIE TEMPERATURE (°C)

3 dB Bandwidth vs
Temperature for Ay

= +2

150 T T 7 T

110

vg = 21svy—| Re
] Vour
130 fvg = 10V Vi 7
- RoT1s0
N, R

— Re
| —~~
= -

90

— L\
Vg = £5V o

Vg = 23V

70|!‘

ol 1| i

=55 -15 25 65 105 145

DIE TEMPERATURE (°C)

3 dB Bandwidth vs
Temperature for Ay

100

= +10

[ \RGer

80 I

Vin

2

Ve = 25v4 |7
4|5

R v
60 Rp =560 R =150

I
Vour

R

=

20

o
=55 -15 25 65 105

DIE TEMPERATURE (°C)

145

2166-3

2-20




- EL2166C

11 0 MHz Current Feedback Amplifier with Disable

D991ETH

Typical Performance Curves — Contd.
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Offset Voltage
vs Die Temperature

Typical Performance Curves — Contd.
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Typical Performance Curves — Contd.
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Long Term Settling Error

Typical Performance Curves — Contd.
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Differential Gain and Phase Test Circuit
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Applications Information

Product Description

The EL2166C is a current mode feedback amplifi-
er that offers wide bandwidth and good video
specifications at a moderately low supply cur-
rent. It is built using Elantec’s proprietary com-
plimentary bipolar process and is offered in in-
dustry standard pin-outs. Due to the current
feedback architecture, the EL2166C closed-loop
3 dB bandwidth is dependent on the value of the
feedback resistor. First the desired bandwidth is
selected by choosing the feedback resistor, Rp,
and then the gain is set by picking the gain resis-
tor, Rg. The curves at the beginning of the Typi-
cal Performance Curves section show the effect of
varying both Ry and Rg. The 3 dB bandwidth is
only slightly dependent on the power supply
voltage. The bandwidth reduces from 110 MHz
to 95 MHz as supplies are varied from 15V to
+5V. To compensate for this, smaller values of
feedback resistor can be used at lower supply
voltages.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible, below %,”. The power supply pins
must be well bypassed to reduce the risk of oscil-
lation. A 1.0 pF tantalum capacitor in parallel
with a 0.01 uF ceramic capacitor is adequate for
each supply pin.

For good AC performance, parasitic capacitances
should be kept to a minimum, especially at the
inverting input (see Capacitance at the Inverting
Input section). This implies keeping the ground
plane away from this pin. Carbon resistors are
acceptable, while use of wire-wound resistors
should not be used because of their parasitic in-
ductance. Similarly, capacitors should be low in-
ductance for best performance. Use of sockets,
particularly for the SO package, should be avoid-
ed. Sockets add parasitic inductance and capaci-
tance which will result in peaking and overshoot.

Capacitance at the Inverting Input

Due to the topology of the current feedback am-
plifier, stray capacitance at the inverting input
will affect the AC and transient performance of
the EL2166C when operating in the non-
inverting configuration. The characteristic curve
of gain vs. frequency with variations of Cyny—
emphasizes this effect. The curve illustrates how
the bandwidth can be extended over 30 MHz
with some additional peaking with an additional
5 pF of capacitance at the Vi — pin for the case
of Ay + 2. Higher values of capacitance will
be required to obtain similar effects at higher
gains.

In the inverting gain mode, added capacitance at
the inverting input has little effect since this
point is at a virtual ground and stray capacitance
is therefore not “seen” by the amplifier.

Feedback Resistor Values

The EL2166C has been designed and specified
with Rp 560Q for Ay = +2. This value of
feedback resistor yields relatively flat frequency
response with <1.5 dB peaking out to 110 MHz.
As is the case with all current feedback amplifi-
ers, wider bandwidth, at the expense of slight
peaking, can be obtained by reducing the value of
the feedback resistor. Inversely, larger values of
feedback resistor will cause rolloff to occur at a
lower frequency. By reducing Ry to 430}, band-
width can be extended to 120 MHz with 4.5 dB of
peaking. See the curves in the Typical Perform-
ance Curves section which show 3 dB bandwidth
and peaking vs. frequency for various feedback
resistors and various supply voltages.

Bandwidth vs Temperature

Whereas many amplifier’s supply current and
consequently 3 dB bandwidth drop off at high
temperature, the EL2166C was designed to have
little supply current variations with temperature.
An immediate benefit from this is that the 3 dB
bandwidth does not drop off drastically with
temperature. With Vg = 15V and Ay = +2,
the bandwidth only varies from 115 MHz to
95 MHz over the entire die junction temperature
range of 0°C < T < 150°C.
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Applications Information — Contd.

Supply Voltage Range

The EL2166C has been designed to operate with
supply voltages from *5V to *15V. AC per-
formance, including —3 dB bandwidth and dif-
ferential gain and phase, shows little degradation
as the supplies are lowered to *5V. For example,
as supplies are lowered from *15V to *5V,
—3 dB bandwidth reduces only 15 MHz, and dif-
ferential gain and phase remain less than 0.05%/
0.02° respectively.

If a single supply is desired, values from + 10V to
+ 30V can be used as long as the input common
mode range is not exceeded. When using a single
supply, be sure to either 1) DC bias the inputs at
an appropriate common mode voltage and AC
couple the signal, or 2) ensure the driving signal
is within the common mode range of the
EL2166C.

Disable Function

The EL2166C has a superior disable function
that has been optimized for video performance.
Time to disable/enable is around 75 ns.

During disable, the output of the EL2166C can
withstand over 1500 V/us slew rate signals at its
output and the output does not draw excessive
currents. The feed-through can be modeled as a
1.5 pF capacitor from Vi + to the output, and
the output impedance can be modeled as 4.4 pF
in parallel with 180 k) to ground when disabled.
Consequently, multiplexing with the EL2166C is
very easy. Simply tie the outputs of multiple
EL2166Cs together and drive the /DISABLE
pins with standard TTL or CMOS signals. The
disable signal applied to the /DISABLE pin is
referenced to the GND pin. The GND pin can be
tied as low as the Vg_ pin. This allows the
EL2166C to be operated on a single supply. For
example, one could tie the Vg_ and GND pins to
0V and Vg4 to +10V, and then use standard
TTL or CMOS to drive the /DISABLE pin. Re-
member to keep the inputs of the EL2166C with-
in their common mode range.

Multiplexing with the EL.2166C
An example of multiplexing with the EL2166C
and its response curve is shown below. Always be

sure that no more than *5V is applied between
Vin+ and Vin—, which is compatible with stan-
dard video signals. This usually becomes an issue
only when using the disable feature and amplify-
ing large voltages.

Dual EL2166C Multiplexer

560

AAA
Wy

+15V

+ t0u

560

VVv—

7
0.01u =

N}

t

|Ih

EL2166

Vit O A+

VenasLe

b Vour

-15v
2166-15

In the multiplexer above, suppose one amp is dis-
abled and the other has amplified a signal to
+10V at Voyrt. The voltage at pin 2 of the dis-

Dual EL2166C Multiplexer Switching
4 Vpp Uncorrelated Sinewaves to
2 Vpp Uncorrelated Sinewaves

2166-16
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Applications Information — Contd.
abled amplifier will now be + 5V due to the resis-
tor divider action. Therefore, any applied voltage
at pin 3 of the disabled amplifier must remain
above OV if the voltage between pins 2 and 3 of
the disabled amplifier is to remain less than 5V.
Also keep in mind that each disabled amplifier
adds more capacitance to the bus, as discussed
above. See Disable Function, and Driving Cables
and Capacitive Loads in this section, and the Fre-
quency Response for Various Cp, curves in the
Typical Performance Curve section.

Settling Characteristics

The EL2166C offers superb settling characteris-
tics to 0.1%, typically in the 35 ns to 40 ns range.
There are no aberrations created from the input
stage which often cause longer settling times in
other current feedback amplifiers. The EL2166C
is not slew rate limited, therefore any size step up
to +10V gives approximately the same settling
time.

As can be seen from the Long Term Settling Er-
ror curve, for Ay = + 1, there is approximately a
0.02% residual which tails away to 0.01% in
about 20 us. This is a thermal settling error
caused by a power dissipation differential (before
and after the voltage step). For Ay = —1, due to
the inverting mode configuration, this tail does
not appear since the input stage does not experi-
ence the large voltage change as in the non-in-
verting mode. With Ay —1, 0.01% settling
time is slightly greater than 100 ns.

Power Dissipation

The EL2166C amplifier combines both high
speed and large output current drive capability at
a moderate supply current in very small pack-
ages. It is possible to exceed the maximum junc-
tion temperature allowed under certain supply
voltage, temperature, and loading conditions. To
ensure that the EL2166C remains within its abso-
lute maximum ratings, the following discussion
will help to avoid exceeding the maximum junc-
tion temperature.

The maximum power dissipation allowed in a
package is determined by its thermal resistance
and the amount of temperature rise according to

Tymax — Tamax
PpMmax = —T

The maximum power dissipation actually pro-
duced by an IC is the total quiescent supply cur-
rent times the total power supply voltage plus
the power in the IC due to the load, or

Vour

Ppmax = 2" Vs *Ig + (Vs — Voun)*

where Ig is the supply current. (To be more accu-
rate, the quiescent supply current flowing in the
output driver transistor should be subtracted
from the first term because, under loading and
due to the class AB nature of the output stage,
the output driver current is now included in the
second term.)

In general, an amplifier’s AC performance de-
grades at higher operating temperature and lower
supply current. Unlike some amplifiers, the
EL2166C maintains almost constant supply cur-
rent over temperature so that AC performance is
not degraded as much over the entire operating
temperature range. Of course, this increase in
performance doesn’t come for free. Since the cur-
rent has increased, supply voltages must be limit-
ed so that maximum power ratings are not ex-
ceeded.

The EL2166C consumes typically 7.5 mA and
maximum 10.0 mA. The worst case power in an
IC occurs when the output voltage is at half sup-
ply, if it can go that far, or its maximum values if
it cannot reach half supply. If we set the two
PpmMmax equations equal to each other, and solve
for Vg, we can get a family of curves for various
loads and output voltages according to:

RL * (Tymax — Tamax)

) + (Vour)?
JA

Vs =
(2*Ig*Rp) + Vour
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The following curves show supply voltage (£ Vg)
vs R oap for various output voltage swings for
the 2 different packages. The curves assume
worst case conditions of Tp = +85°C and Ig =
10 mA.

Supply Voltage vs Ry oap for
Various Vour (SO Package)

1’5[~0.5
18 'IF 7 77
v avily 4

N/ e
AN

\ f)/ T,=85°C

\ = 16.5 AND O
our
¥

SUPPLY VOLTAGE (£V)
Iy

Is=10 mA —]
(WORST CASE)

50 100 200 500 1K 2K

RLOAD (Q)
2166-13
Supply Voltage vs Rroap for
Various Vgoyur (PDIP Package)
18
Vour =, 16.5 AND <1
; /
~ 16 7 Z
> L
H
~ 3 ~
o " 15 4
2 10 L //
3
> .}
> 12
a
o / 5 _ gso
5 oA T, = 85°C |
|S = 10mA |
(WORST CASE)
8 5
50 60 70 8090100 150 200
RLOAD (Q)
2166-14

The curves do not include heat removal or forc-
ing air, or the simple fact that the package will
probably be attached to a circuit board, which
can also provide some form of heat removal.
Larger temperature and voltage ranges are possi-
ble with heat removal and forcing air past the
part.

Current Limit
The EL2166C has an internal current limit that

protects the circuit in the event of the output be-’

ing shorted to ground. This limit is set at 80 mA
nominally and reduces with junction tempera-
ture. At a junction temperature of 150°C, the cur-
rent limits at about 50 mA. If the output is short-
ed to ground, the power dissipation could be well
over 1W. Heat removal is required in order for
the EL2166C to survive an indefinite short.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For those applications, the back termi-
nation series resistor will decouple the EL2166C
from the capacitive cable and allow extensive ca-
pacitive drive. However, other applications may
have high capacitive loads without termination
resistors. In these applications, an additional
small value (52-50Q)) resistor in series with the
output will eliminate most peaking. The gain re-
sistor, Rg, can be chosen to make up for the gain
loss created by this additional series resistor at
the output.
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EL2166C

EL2166C Macromodel

* Revision A, May 1994

* AC Characteristics used Cyy— (pin 2) = 1 pF; Rg = 56002

* Connections: +input

* | —input

* | | + Vsupply

. | \ | —Vsupply

y [ | | | output
’ P
.subckt EL2166C/EL 3 2 7 4 6

*

* Input Stage
*
e1100301.0
vis 109 OV
h2912vxx 1.0
r1 211130
111112 25nH
iinp 30 0.50A
iinm 2 0 5pA
r12 3 0 2Meg
*

* Slew Rate Limiting
*

h1 13 0 vis 600
r21314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

*e2 300 14 0 0.00166666666
133017 0.8uH

¢517 0 1.25pF

r5 17 0 500

*

* Transimpedance Stage
*

g10181701.0

rol 18 0 2Meg

cdp 18 0 2.9pF

*

* Output Stage
*

ql141819qp
q271820qn
q371921gn
q442022qp
r72164
82264

ios1 719 2mA
i0s2 20 4 2mA

*

* Supply Current
*

ips 7 4 2mA
*

* Error Terms

*

ivos 0 23 2mA
vxx 2300V
e4240301.35K
e5250701.0
e6260401.0

19 24 23 562

rl0 2523 1K

rll 26 23 1K

*

* Models

*

.model qn npn (is= 5e — 15 bf = 200 tf = 0.1ns)
.model gp pnp (is=5e— 15 bf =200 tf=0.1ns)

.model dclamp d (is=1le—30 ibv=0.266 bv=2.8 n=4)

.ends
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AAA
V
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218817

2-31



March 1995, Rev. A

EL2170C/EL2270C/EL2470C

Features

¢ Single (EL2170C), dual
(EL2270C) and quad (EL2470C)
topologies

¢ 1 mA supply current (per
amplifier)

* 70 MHz — 3 dB bandwidth

® Low cost

¢ Single- and dual-supply
operation down to *+ 1.5V

® 0.15%/0.15° diff. gain/diff. phase
into 15002

® 800 V/pus slew rate

e Large output drive current:
100 mA (EL2170C)
55 mA (EL2270C)
55 mA (EL2470C)

e Also available with disable in
single (EL2176C) and dual
(EL2276C)

e Higher speed EL2180C/EL2186C
family also available (3 mA/

250 MHz) in single, dual and
quad

Applications

* Low power/battery applications
e HDSL amplifiers

® Video amplifiers

¢ Cable drivers

¢ RGB amplifiers

* Test equipment amplifiers

e Current to voltage converters

Ordering Information

General Description

The EL2170C/EL2270C/EL2470C are single/dual/quad cur-
rent-feedback operational amplifiers which achieve a —3 dB
bandwidth of 70 MHz at a gain of +1 while consuming only
1 mA of supply current per amplifier. They will operate with
dual supplies ranging from 1.5V to +6V, or from single sup-
plies ranging from +3V to +12V. In spite of their low supply
current, the EL2270C and the EL2470C can output 55 mA while
swinging to £4V on %5V supplies. The EL2170C can output
100 mA with similar output swings. These attributes make the
EL2170C/EL2270C/EL2470C excellent choices for low power
and/or low voltage cable-driver, HDSL, or RGB applications.

For Single and Dual applications with disable, consider the
EL2176C (8-Pin Single) or EL2276C (14-Pin Dual). For higher
speed applications where power is still a concern, consider the
EL2180C/E12186C family which also comes in similar Single,
Dual and Quad configurations. The EL2180C/EL2186C family
provides a —3 dB bandwidth of 250 MHz while consuming
3 mA of supply current per amplifier.

Connection Diagrams

EL2170C SO, P-DIP EL2270C SO, P-DIP

Part No.

Temp. Range

Package

Outline #

EL2170CN

—40°C to +85°C

8-Pin PDIP

MDP0031

EL2170CS

—40°C to +85°C

8-Pin SOIC

MDP0027

EL2270CN

—40°C to +85°C

8-Pin PDIP

MDP0031

EL2270CS

~40°C to +85°C

8-Pin SOIC

MDP0027

EL2470CN

—40°C to +85°C

14-Pin PDIP

MDP0031

EL2470CS

—40°C to +85°C

14-Pin SOIC

MDP0027

-/ /
ne [ als outa 1] o
IN-[2] [7Jvs+ N A- [2] [7]outB
v+ [E] 6 Jout iN A+ [3] [6]INB-
vs [] [5]nC vs- (2] 5 ]IN B+
2170-1
EL2470C SO, P-DIP
N
outa[T] ) 4] OUTD
INA- [2] q 13] IND-
IN A+ [3] [72] IN D+

vs+ [
INB+ [5]
ing- [&]
outs [7]

1] vs-
[10] INC+
5] INC-

8| OUTC

2170-2
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Absolute Maximum Ratings (1, = 25°c)

Voltage between Vg 4 and Vg — +12.6V
Common-Mode Input Voltage Vg— toVg+
Differential Input Voltage 6V
Current into +IN or —IN +7.5mA
Internal Power Dissipation See Curves

Operating Ambient Temperature Range —40°C to +85°C

. portantNote. .
ﬂ’A.ll parmeters i:m\ing MinfMax

& TGSt Level

© 100% production tested at T4 = 25°C and QA
TM&X and T'M(xper QA test pian QCXNG’L

Operating Junction Temperature

Plastic Packages 150°C
Output Current (EL2170C) +120 mA
Output Current (EL2270C) +60 mA
Output Current (EL2470C) +60 mA

Storage Temperature Range —65°C to +150°C

] column tndicatea the specrﬁe devwe testmg

Parameter Description Conditions Min Typ | Max “  . f{‘ Units
Vos Input Offset Voltage 2.5 15 1 & i
TCVops Average Input Offset Measured from Tpn to TMax 5 o o
Voltage Drift e
dVgs Vog Matching EL2270C, EL2470C only 0.5 f v ;i
+1In + Input Current 0.5 5 1 f;
d+Iny + Iy Matching EL2270C, EL2470C only 20 v
—-In — Input Current 4 10 | : . ,,
d—Ix — 1IN Matching EL2270C, EL2470C only 15 v j
CMRR Common Mode Rejection Vem = £3.5V 45 50 .
Ratio i .
~ICMR ~ Input Current Common | Vey = £3.5V 4 10 | 1 | panv
Mode Rejection o
PSRR Power Supply Rejection Vg is moved from 4V to 6V 60 70
Ratio
—IPSR — Input Current Power Vg is moved from 4V to £ 6V 0.5
Supply Rejection
RoL Transimpedance Vour = 2.5V 200 400
+ RN + Input Resistance Vem = £3.5V 1 4
+CIn + Input Capacitance 1.2
CMIR Common Mode Input Range £3.5 4.0
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EL2170C/EL2270C/EL2470C

DC Electrical Characteristics — Contd.
Vg = t5V, Ry, = 150Q, T4 = 25°C unless otherwise specified

Parameter Description Conditions Min Typ
Vo Output Voltage Swing Vg = %5 *3.5 +4.0
Vg = + 5 Single-Supply, High 4.0
Vg = + 5 Single-Supply, Low 0.3
Io Output Current EL2170C only 80 100
EL2270C only, per Amplifier 50 55
EL2470C only, per Amplifier 50 55
Ig Supply Current Per Amplifier 1
AC Electrical Characteristics
Vg = 5V, Rp = Rg = 1kQ, Ry, = 15000, T4 = 25°C unless otherwise specified
Parameter Description Conditions Min Typ
—3dB BW —3 dB Bandwidth Ay = +1 70
—3dBBW —3 dB Bandwidth Ay = +2 60
SR Slew Rate Vour = *2.5V,Ay = +2 400 800
tp, tf Rise and Fall Time Vour = 1500 mV 4.5
tpd Propagation Delay Voyt = 1500 mV 4.5
(o] Overshoot Vout = 500 mV 3.0
ts 0.1% Settling Voutr = $2.5V, Ay = 1 40
dG Differential Gain Ay = +2,Ry, = 150Q (Note 1) 0.15
dpP Differential Phase Ay = +2,Ry, = 15002 (Note 1) 0.15
dG Differential Gain Ay = +1,Rp = 50002 (Note 1) 0.02
dpP Differential Phase Ay +1, Ry, = 5000 (Note 1) 0.01
Cg Channel Separation EL2270C, EL2470C only, f = 5 MHz 85

Note 1: DC offset from 0V to 0.714V, AC amplitude 286 mVp_p, f = 3.58 MHz.
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. 70 MHz/1 mA Current Mode Feedbdck Amplzftersg

Test Circuit (per Amplifier)

A

0.1 uf

VS+
EL2170C or
1/2 EL2270C or
1/4 EL2470C
VS-

ouT

Vaut

2170-3

Q9

p—O ouT

2170-4

O0L¥STA/D0LECTH/D0LIZTH
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lode Feedback Amplifiers

EL2170C/EL2270C/EL2470C

.
Typical Performance Curves
Non-Inverting Non-Inverting Frequency Response for
Frequency Response (Gain) Frequency Response (Phase) Various Ry and Rg
%0
. Re = 1kQ T Re=t1ka [T T T 5 R0 [TTT |
g 7 &:‘50? HA =+1 &:150:[1 T A=+ 3 Vg = #5V TR =Rg = 4750
~ — O sy T ~ Ay =+2 '8,
a A, =+7 Ay =+2 ) v \
S X N g 2
N [THA, = =+ N
2 Ay =45 T -0 N\ LAV TS E
= \‘ Ay=+10 ~ l [ =
s 2 9 S o
2 NXTH 2 o l Z NS A
w \ a Ay =+10 W 6200 Y [\
a8 a8 i)
2 2 Tk \
= \ N\ E
Z -270 =
2 A S . LT A
= = 2k \
~360 Tl i
™ 10M 100M  500M ™ 10M 100M  500M ™ 10M 100M  500M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
2170-5 2170-6 2170-7
Inverting Frequency Inverting Frequency Frequency Response for
Response (Gain) 270 Response (Phase) Various Ry, and Cj,
g o[ P | g o Ll
= LT BRFWE] T Ay=-2 = € =880F, R =500 |
z —— 190 T = T ol
a o T AV|' 1 S 4 t T
5 ™ HIAVT O = = G %8 R 750,
3 N\ Ay=~10] e %0 I 3 C_= 30pF, & = 5000
g - N L w H—t [ 2 q:gopf} PJ:‘!‘SGQ ‘I
2 \ 4 G IATT N 2 P
w a Ay=-101 \ w
e ” = G 0w R sma)
3 \ - 3 G = SpF. R = 1500 \
kS _6 E: 2 I I
\l 180 l [Tk
™ 10M 100M  500M M 10M 100M  500M ™ 10M 100M  500M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
2170-8 2170-8 2170-10
Frequency Response
Transimpedance (Ror) for Various Cin-
" L Il ~ Rp=Re=1kd |
] JIHl 8 ¢Rpte T e
100k — g ] =
s o g o g e
1ok N L 45 =z § | \ !
&
S SR b = - x 0 -
E N 2 o 2 Cpns = 2pF
z R e = -90 : —H =~ T
S 1k ~ T < I w __C(N_:‘ l“PF
= T N ¢ N 2 Sl
N * NS e, G = 0pF ]
100 U LN - 135 N z 2 m‘f 1)
: il
‘ L -4 1
L -180
10k 100k 10M  100M 10M  100M ™ 10M 100M  500M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
2170-11 2170-12 2170-13
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Typical Performance Curves — Contd.
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EL2170C/EL2270C/EL2470C

.
Typical Performance Curves — Contd.
Input Bias Current vs Short-Circuit Current vs Transimpedance (Rop) vs
Die Temperature Die Temperature Die Temperature
2 ne Vour = 1.25V) T
Rour = 100 500k
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E g+ E S 450k
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z | L Z 400k
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~] 5 90 3
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—3 dB Bandwith and Peaking —3 dB Bandwith and Peaking
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Various Non-Inverting Gains Various Inverting Gains Die Temperature
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~ EL2170C/EL2270C/EL2470C

70 MHz/1 mA Current Mode Feedback Amplifiers

Typical Performance Curves — Contd.
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70 MHz/I ~ mA Current Mode Feedback Amplzfzérs

Applications Information

Product Description

The EL2170C/EL2270C/EL2470C are current-
feedback operational amplifiers that offer a wide
—3 dB bandwidth of 70 MHz and a low supply
current of 1 mA per amplifier. All of these prod-
ucts also feature high output current drive. The
EL2170C can output 100 mA, while the EL2270C
and the EL2470C can output 55 mA per amplifi-
er. The EL2170C/EL2270C/EL2470C work with
supply voltages ranging from a single 3V to
16V, and they are also capable of swinging to
within 1V of either supply on the input and the
output. Because of their current-feedback topolo-
gy, the EL2170C/EL2270C/EL2470C do not
have the normal gain-bandwidth product associ-
ated with voltage-feedback operational amplifi-
ers. This allows their —3 dB bandwidth to re-
main relatively constant as closed-loop gain is in-
creased. This combination of high bandwidth and
low power, together with aggressive pricing make
the EL2170C/EL2270C/EL2470C the ideal
choice for many low-power/high-bandwidth ap-
plications such as portable computing, HDSL,
and video processing.

For Single and Dual applications with disable,
consider the EL2176C (8-Pin Single) and
EL2276C (14-Pin Dual). If higher speed is re-
quired, refer to the EL2180C/EL2186C family
which provides Singles, Duals, and Quads with
250 MHz of bandwidth while consuming 3 mA of
supply current per amplifier.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high-frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible. The power supply pins must be well
bypassed to reduce the risk of oscillation. The
combination of a 4.7 uF tantalum capacitor in
parallel with a 0.1 uF capacitor has been shown
to work well when placed at each supply pin.

For good AC performance, parasitic capacitance
should be kept to a minimum especially at the
inverting input (see the Capacitance at the In-
verting Input section). Ground plane construc-
tion should be used, but it should be removed
from the area near the inverting input to mini-
mize any stray capacitance at that node. Carbon
or Metal-Film resistors are acceptable with the
Metal-Film resistors giving slightly less peaking
and bandwidth because of their additional series
inductance. Use of sockets, particularly for the
SO package should be avoided if possible. Sock-
ets add parasitic inductance and capacitance
which will result in some additional peaking and
overshoot.

Capacitance at the Inverting Input

Any manufacturer’s high-speed voltage- or cur-
rent-feedback amplifier can be affected by stray
capacitance at the inverting input. For inverting
gains this parasitic capacitance has little effect
because the inverting input is a virtual ground,
but for non-inverting gains this capacitance (in
conjunction with the feedback and gain resistors)
creates a pole in the feedback path of the amplifi-
er. This pole, if low enough in frequency, has the
same destabilizing effect as a zero in the forward
open-loop response. The use of large value feed-
back and gain resistors further exacerbates the
problem by further lowering the pole frequency.

The EL2170C/EL2270C/EL2470C have been
specially designed to reduce power dissipation in
the feedback network by using large 1 kQ feed-
back and gain resistors. With the high band-
widths of these amplifiers, these large resistor
values would normally cause stability problems
when combined with parasitic capacitance, but
by internally canceling the effects of a nominal
amount of parasitic capacitance, the EL2170C/
EL2270C/EL2470C remain very stable. For less
experienced wusers, this feature makes the
EL2170C/EL2270C/EL2470C much more forgiv-
ing, and therefore easier to use than other prod-
ucts not incorporating this proprietary circuitry.
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EL2170C/EL2270C/EL2470C

Applications Information — Contd.
The experienced user with a large amount of PC
board layout experience may find in rare cases
that the EL2170C/EL2270C/EL2470C have less
bandwidth than expected. In this case, the invert-
ing input may have less parasitic capacitance
than expected by the internal compensation cir-
cuitry of the EL2170C/EL2270C/EL2470C. The
reduction of feedback resistor values (or the addi-
tion of a very small amount of external capaci-
tance at the inverting input, e. g. 0.5 pF) will
increase bandwidth as desired. Please see the
curves for Frequency Response for Various Ry
and Rg, and Frequency Response for Various
CIN—-

Feedback Resistor Values

The EL2170C/EL2270C/EL2470C have been de-
signed and specified at gains of +1 and +2 with
Rp = 1kQ. This value of feedback resistor gives
70 MHz of —3 dB bandwidth at Ay = +1 with
about 1.5 dB of peaking, and 60 MHz of —3 dB
bandwidth at Ay = +2 with about 0.5 dB of
peaking. Since the EL2170C/EL2270C/EL2470C
are current-feedback amplifiers, it is also possible
to change the value of Ry to get more bandwidth.
As seen in the curve of Frequency Response For
Various R and Rg, bandwidth and peaking can
be easily modified by varying the value of the
feedback resistor.

Because the EL2170C/EL2270C/EL2470C are
current-feedback amplifiers, their gain-band-
width product is not a constant for different
closed-loop gains. This feature actually allows
the EL2170C/EL2270C/EL2470C to maintain
about the same —3 dB bandwidth, regardless of
closed-loop gain. However, as closed-loop gain is
increased, bandwidth decreases slightly while sta-
bility increases. Since the loop stability is im-
proving with higher closed-loop gains, it becomes
possible to reduce the value of R below the spec-
ified 1 kO and still retain stability, resulting in
only a slight loss of bandwidth with increased
closed-loop gain.

Supply Voltage Range and Single-
Supply Operation

The EL2170C/EL2270C/EL2470C have been de-
signed to operate with supply voltages having a
span of greater than 3V, and less than 12V. In
practical terms, this means that the EL2170C/
EL2270C/EL2470C will operate on dual supplies
ranging from *1.5V to +6V. With a single-sup-
ply, the EL2170C/EL2270C/EL2470C will oper-
ate from +3V to +12V.

As supply voltages continue to decrease, it be-
comes necessary to provide input and output
voltage ranges that can get as close as possible to
the supply voltages. The EL2170C/EL2270C/
EL2470C have an input voltage range that ex-
tends to within 1V of either supply. So, for exam-
ple, on a single +5V supply, the EL2170C/
EL2270C/EL2470C have an input range which
spans from 1V to 4V. The output range of the
EL2170C/EL2270C/EL2470C is also quite large,
extending to within 1V of the supply rail. On a
+ 5V supply, the output is therefore capable of
swinging from —4V to +4V. Single-supply out-
put range is even larger because of the increased
negative swing due to the external pull-down re-
sistor to ground. On a single + 5V supply, output
voltage range is about 0.3V to 4V.

Video Performance

For good video performance, an amplifier is re-
quired to maintain the same output impedance
and the same frequency response as DC levels are
changed at the output. This is especially difficult
when driving a standard video load of 15042, be-
cause of the change in output current with DC
level. Until the EL2170C/EL2270C/EL2470C,
good Differential Gain could only be achieved by
running high idle currents through the output
transistors (to reduce variations in output imped-
ance). These currents were typically more than
the entire 1 mA supply current of each EL2170C/
EL2270C/EL2470C amplifier! Special circuitry
has been incorporated in the EL2170C/
EL2270C/EL2470C to reduce the variation of
output impedance with current output. This re-
sults in dG and dP specifications of 0.15% and
0.15° while driving 150() at a gain of +2.
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Applications Information — Contd.

Video Performance has also been measured with
a 500() load at a gain of + 1. Under these condi-
tions, the EL2170C/EL2270C/EL2470C have dG
and dP specifications of 0.01% and 0.02° respec-
tively while driving 500 () at Ay = +1.

Output Drive Capability

In spite of its low 1 mA of supply current, the
EL2170C is capable of providing a minimum of
180 mA of output current. Similarly, each am-
plifier of the EL2270C and the EL2470C is capa-
ble of providing a minimum of 50 mA. These
output drive levels are unprecedented in amplifi-
ers running at these supply currents. With a min-
imum *80 mA of output drive, the EL2170C is
capable of driving 50() loads to =4V, making it
an excellent choice for driving isolation trans-
formers in telecommunications applications.
Similarly, the * 50 mA minimum output drive of
each EL2270C and EL2470C amplifier allows
swings of 12,5V into 50(} loads.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For those applications, the back-termi-
nation series resistor will decouple the EL2170C/
EL2270C/EL2470C from the cable and allow ex-
tensive capacitive drive. However, other applica-
tions may have high capacitive loads without a
back-termination resistor. In these applications, a
small series resistor (usually between 5} and
50Q) can be placed in series with the output to
eliminate most peaking. The gain resistor (Rg)
can then be chosen to make up for any gain loss
which may be created by this additional resistor
at the output. In many cases it is also possible to
simply increase the value of the feedback resistor
(RF) to reduce the peaking.

Current Limiting

The EL2170C/EL2270C/EL2470C have no inter-
nal current-limiting circuitry. If any output is
shorted, it is possible to exceed the Absolute
Maximum Ratings for output current or power
dissipation, potentially resulting in the destruc-
tion of the device.

Power Dissipation

With the high output drive capability of the
EL2170C/EL2270C/EL2470C, it is possible to
exceed the 150°C Absolute Maximum junction
temperature under certain very high load current
conditions. Generally speaking, when Ry, falls be-
low about 25}, it is important to calculate the
maximum junction temperature (Typax) for the
application to determine if power-supply volt-
ages, load conditions, or package type need to be
modified for the EL2170C/EL2270C/EL2470C to
remain in the safe operating area. These parame-
ters are calculated as follows:

Tymax = Tmax + (054 * n * PDyax) [1]

where:

Tmax = Maximum Ambient Temperature

031a = Thermal Resistance of the Package

n = Number of Amplifiers in the Pack-
age

PDpax = Maximum Power Dissipation of

Each Amplifier in the Package.

PDpax for each amplifier can be calculated as
follows:

PDyax = (2% Vs * Ismax) +

(Vs — Vourmax) * (Vourmax/RL)) [2]

where:

Vg = Supply Voltage

IsmMax = Maximum Supply Current of 1
Amplifier

VourMmax = Max. Output Voltage of the Ap-
plication

Ry, = Load Resistance

D0LYETH/D0L2E TH/D0LIETH
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EL2170C/EL2270C/EL247 0C

Typical Application Circuits

0.1 uf

— Vour

5
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0.1 uf
IN+ Vgt
s 5
= EL2170C out A
IN- VS—
0.1 uf
-5V
1k 1k -
Vin
Fast-Settling Precision Amplifier
1k 1k
 AAA—e—AAA
W WA~
— 0.1 uf

+5V

Vg+
1/2 EL2270C or
1/4 EL2470C

Vg-

0.1 puF

vvv——l

\/
iN
Vgt

1/2 EL2270C or

1/4 EL2470C
Vg~

0.1 uf

Inverting 200 mA Output Current Distribution Amplifier
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Typical Application Circuits — Contd.
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L2170C/EL2270C/EL2470C

[Hz/1 mA Current Mode Feedback Amplifiers

EL2170C/EL2270C/EL2470C

EL2170C/EL2270C/EL2470C Macromodel

* Revision A, March 1995
* AC characteristics used Rf = Rg = 1K{), RL = 1500

* Connections: +input

* | —input

* | \ + Vsupply

' | \ | —Vsupply

* I \ | | output
’ | | | | |
.subckt EL2170/el 3 2 7 4 6

*

* Input Stage
*
el100301.0
vis 109 OV
h2912 vxx 1.0
rl 211165
111112 25nH
iinp 3 0 0.5uA
iinm 2 0 4uA
r12 3 0 4Meg

*

* Slew Rate Limiting
*

h1 13 0 vis 600
r21314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

¥

e2 300 14 0 0.00166666666
133017 0.5uH

¢517 0 0.69pF

r5 17 0 300

*

* Transimpedance Stage
*

g10181701.0

rol 18 0 400K

cdp 18 0 1.9pF

*

* Output Stage

*

ql 41819qp
q271820qn
q371921qn
q442022qp
172164
182264

iosl1 7 19 0.4mA
i0s2 20 4 0.4mA

*

* Supply Current

*

ips 74 InA
*

* Error Terms
*

ivos 0 23 2mA
vxx 2300V
e4240301.0
e5250701.0
e626040 —1.0
r9 24 23 0.316K
r10 2523 3.2K
rll 26 23 3.2K

*

* Models

*

.model gn npn(is = 5Se-15 bf =200 tf=0.01nS)
.model gp pnp(is= 5e-15 bf =200 tf = 0.01nS)
.model dclamp d(is = 1le-30 ibv = 0.266

+ bv=13vn=4)

.ends

2-46




in+
30

D0LYE TH/D0L3C TH/D0L1IZTH

n23i

AN
W
3
L
n)I
4
°

- & 3
0

AAA
VW




EL2175C

November 1994 Rev A

Features

® 30 M) transimpedance

¢ 142 MHz — 3 dB bandwidth
(Ay = +1)

* 120 MHz — 3 dB bandwidth
(Ay = +2)

* 1 mV input offset voltage

® 2 uA negative input bias current

* 86 dB common-mode rejection
ratio

® 92 dB power supply rejection
ratio

Low supply current, 8.5 mA

Wide supply range, £4.5V to
t16.5V

80 mA peak output current

High capacitive load toleration

Input/output compliance to 2V
of supplies

® 1,000 V/pus slew rate

® 50 ns settling to 0.1%

® 90 ns settling to 0.01%

e —70 dB distortion @ 4 MHz

* Low cost

Applications

¢ Instrumentation circuitry

¢ Current to voltage convertors
* RGB amplifiers

* DAC/ADC output amplifier/
buffer

® Cable drivers

* Low distortion communications
® Medical imaging

* CCD imaging

® Infrared image enhancement

Ordering Information

Part No. Temp. Range Package Outline #

EL2175CN —40°C to + 85°C 8-Pin P-DIP MDP0031

EL2175CS —40°Cto +85°C 8-Lead SO MDP0027

General Description

The EL2175C is a low offset, high transimpedance current
mode feedback amplifier with a —3 dB bandwidth of 120 MHz
at a gain of + 2. Built on Elantec’s proprietary monolithic com-
plementary bipolar process, this amplifier uses current mode
feedback to achieve more bandwidth at a give gain than conven-
tional voltage feedback amplifiers.

The high 30 MQ transimpedance gain and low input referred
offset of the EL2175 will also bring the final settled output
much closer to its ideal value than is possible with earlier CMF
designs.

In addition, the common-mode and power supply rejection have
been greatly improved over earlier current mode feedback am-
plifiers and the input offset voltage and current have been
trimmed to rival that of good conventional voltage feedback
amplifiers. The part has a typical slew rate of 1,000 V/us and a
0.01% settling time of less than 90 ns in inverting mode. At a
gain of +2 and an output signal level of 2 Vp_p the total har-
monic distortion is only —70 dB at 4 MHz.

The amplifier can operate on any supply from 9V (+4.5V) to
33V (£ 16.5V), yet consumes only 8.5 mA at any supply voltage.
Using the industry standard pinout, the EL2175C is available in
both P-DIP and SO packages.

Connection Diagram

\

ne [T
In-[2]
In+[2]
v

2175-1
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120 MHz Pre

DGLIZTH

Absolute Maximum Ratings (1, = 25°c)

Voltage between Vg + and Vg— +33V Operating Junction Temperature
Voltage between I+ and In— +6V Plastic Package 150°C
Current into Ix + and In — 4 mA Storage Temperature Range —65°C to +150°C
Operating Ambient Temperature Range See Curves

| Important Note:

| All paxameters having Mm/Max specifications are guaranteed

Test Procedure -
100% prodnehon tested and QA sample tested

Tmax and gy per QA test plan QCX0002.

m QA sample tested per QA test plan QCX0002.
. v Parameter is guaranteed (but not tested) byDes
v Parameter is typical value at T4 = 25°C for in
Open Loop DC Electrical Characteristics
Vg = 15V, Ry, = 5009, Tp = 25°C unless otherwise specified
I s .  Test .
Parameter Description Conditions | Temp | Min Typ Max | Level Units
Vos Input Offset Voltage 25°C 1 3 | 1 | mv
TC Vops Average Offset Voltage Drift (Note 1) Full 2 v | nvrsc
I+ + Input Current 25°C ~25 6 | T | paA
InN— — Input Current 25°C +2 +7 |1 RA
CMRR Common Mode Rejection Ratio 25°C 79 86 o dB
(Note 2) L
ICMR — —Input Current Common Mode L
25°C 2 1
Rejection (Note 2) 7 0 ! nA/V
PSRR Power Supply Rejection Ratio (Note 3) 25°C | 84 92 . | aB
R 5555
IPSR— - t P, Rejecti : iy
SR Input Current Power Supply Rejection 25°C 28 25 |1 nA/V
(Note 3) S
RoL Transimpedance Vg = +15V o
25°C 30 I MQ
(Note 4) R, = 5000 Lk ! e
Vs = £5V .
5°C 5 25 :
Ry = 1500 2 1 MO
RN + + Input Resistance 25°C 18 25 o MO
Cin + + Input Capacitance 25°C 2.5 L V . pF
CMIR Common Mode Input Range (Note 2) Vg = 15V 25°C *12 +12.5 L v
Vg = +5V 25°C | +2.0 | 25 1 | v
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EL2175C

Open Loop DC Electrical Characteristics

Vg = #15V, Rp = 5000}, Tp = 25°C unless otherwise specified — Contd.

Parameter Description Conditions Temp Min Typ
Vo Output Voltage Swing Ry, = 5000 25°C +12,3 13
Vg = 15V
Ry, = 150Q
25°C +11.7
Vg = 15V
Ry = 1500
25°C +2.7 +3.0
Vg = +5V
Isc Output Short Circuit Current Vg = 5V 25°C 55 90
(Note 4) Vg = +15V 80 135
Ig Supply Current Vg = 15V 25°C 8.5
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Closed Loop AC Electrical Characteristics

Vg = 15V, Ay = +2, Rp = 7500, Ry, = 5000, T4 = 25°C unless otherwise specified

Parameter Description Test Conditions Min | Typ Units
BW —3 dB (Note 8) BDWH Vg = 15V,Ay = +2,Rp = 120 MHz
Vg = *+15V,Ay = +1, Rp = 142 MHz
Vg = +5V,Ay = +2,Rp = 75090 98 MHz
Vg = +5V,Ay = +1,Rp = 1KQ 113 MHz
SR Slew Rate (Notes 6, 8) Ry, = 5000 500 1000 V/ps
Ry = 1KQ,Rg = 1100 Ry, = 1000 V/us
tp, tf Rise Time, Fall Time (Note 8) | Voyt = +£500 mV 3.7 ns
tod Propagation Delay 7.7 ns
Og Overshoot (Note 8) Vour = 500 mV 6 Yo
tg 0.1% Settling Time (Note 8) 70 L
AVour = 10V 50 Ly o
t 0.01% Settling Time 900 . L
AVour = 10V 90 v | ns
Ay = 500 o
dG Differential Gain (Notes 7,8) | Ry, = 1500 0.09 ;]v-r: %
RL = 5000 0.02 v %
dp Differential Phase (Notes 7,8) | Rp = 1500 0.5 v Tdeg ®)
Ry, = 50002 0.16 V. | deg(®
Note 1: Measured from Tpn to Tmax

Note 2:

Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:

Vem = 12V for Vg = +15V and T4 = 25°C
Vem = 2V for Vg = 5V and T, = 25°C
CMIR is guaranteed by the part passing CMRR at the rated common-mode swing.
The supplies are moved from +4.5V to +15V.

Vout = 10V for Vg = £15V, and Vouyt = %2V for Vg = *5V.

A heat sink is required to keep junction temperature below absolute maximum when an output is shorted.
Slew Rate is with Voy from +10V to —10V and measured at the 25% and 75% points.

DC offset from —0.714V through +0.714V, AC amplitude 286 mVpp, f = 3.58 MHz.

All AC tests are performed on a “warmed up” part, except for Slew Rate, which is pulse tested.
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EL2175C

Typical Performance Curves

MAGNITUDE (NORMALIZED) (dB) MAGNITUDE (NORMALIZED) (dB)

3 dB BANDWIDTH (MHz)

Frequency Response
for Ay = —1
and for Various Rg Values

R- =560Q
) ML LM = >ee0 7
m R =7500 —ﬁ [
] /
. MG N
TN
-2 |$F :I 1\'13hm"\ \
o Vout
-4
Ry = _R‘- N‘
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Applications Information

Product Description

The EL2175 is a single current mode feedback
amplifier that offers wide bandwidth, high gain,
low distortion and exceptional DC specifications
for a CMF type amplifier at moderate supply
current. Due to the current feedback architecture,
the closed loop 3 dB bandwidth is dependent on
the feedback resistor, Rg, and then the gain is set
by picking the gain set resistor, Rg. The curves
at the beginning of the “Typical Performance
Curves” section show the effect of varying both
Ry and Rg. The 3 dB bandwidth is significantly
less dependent on supply voltage than earlier
CMF amplifiers where increasing junction capac-
itance’s with decreasing supply voltage caused a
much larger reduction in bandwidth. To compen-
sate for the remaining effect, smaller values of
feedback resistor can be used at lower supply
voltages.

Power Supply Bypassing And Printed
Circuit Board Layout

As with any high frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible, below 1,”. The power supply pins
must be well bypassed to ensure stability. A
1.0 uF tantalum capacitor in parallel with a
0.01 pF ceramic capacitor is adequate for each
supply pin.

For good AC performance, parasitic capacitances
should be kept to a minimum, especially at the
inverting input (see Capacitance at the Inverting
Input section). This implies keeping the ground
plane away from this pin. Carbon resistors are
acceptable, while wire-wound resistors should not
be used because of their parasitic inductance.
Similarly, capacitors should have low inductance
for best performance. Use of sockets, particularly
for SO packages, should be avoided. Sockets have
parasitic inductance and capacitance which will
cause peaking and overshoot.

Capacitance at the Inverting Input

Due to the topology of the conventional current
feedback amplifiers, stray capacitance at the in-
verting input will affect their AC and transient

performance when operating in the non-inverting
configuration. This may cause design, develop-
ment and production difficulties. The EL2175
has been designed in such a way as to largely
ignore such strays. The characteristic curves of
gain vs. frequency with varying values of Cyy—
illustrate this effect which produces only a slight
increase in peaking with Cyyy— values up to 5 pF
with almost no change in 3 dB bandwidth.

In the inverting gain mode, added capacitance at
the inverting input has almost no effect at all.
This is because the inverting input is now a vir-
tual ground and the stray capacitance is not
therefore “seen’” by the amplifier.

Feedback Resistor Values

The EL2175 has been designed and specified with
Rp = 7500 for Ay = + 2. This value of feedback
resistor yields an extremely flat frequency re-
sponse with little or no peaking out to 120 MHz.
As is the case with all CMF amplifiers, wider
bandwidth, at the expense of peaking, can be ob-
tained by reducing the value of the feedback re-
sistor. Inversely, larger values of feedback resis-
tor will cause roll-off to occur at lower frequency.
This dependence of bandwidth on feedback re-
sistance value is not as pronounced with the
EL2175 at low non-inverting gains as with other
CMF amplifiers. However, it is at all other gain
conditions. For example, the 3 dB bandwidth of
the EL2175 connected for Ay = —1 and R =
7508} is about 65 MHz. If Rp is reduced to 5601},
the bandwidth increases to about 88 MHz. See
“Typical Performance Curves” section which
show 3 dB bandwidth and peaking vs. frequency
for various feedback resistor, supply voltages and
temperatures.

Bandwidth vs Temperature

The supply currents of many amplifiers and con-
sequently their 3 dB bandwidths drop off signifi-
cantly with increasing temperature. The EL2175
was designed to have nearly constant supply cur-
rent over temperature resulting in a device with
much less bandwidth vs. temperature sensitivity.
With Vg = +15V and Ay = + 2, the bandwidth
only varies from 123 MHz to 96 MHz over the
entire die temperature range of 0°C < T < 150°C.
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Supply Voltage Range

The EL2175 has been designed to operate com-
fortably with supply voltages from =5V to
+15V. AC characterization has been conducted
down to supply voltages of *3.5V. However, this
low value will not allow the part to power up and
function properly at the lowest portion of the
part’s operating temperature range (—40°C to
+85°C). In general, bandwidth, slew rate and
video characteristics will tend to improve with
increasing supply voltages.

If a single supply is desired, values from +9V to
+ 30V can be used as long as the input common
mode range is not exceeded. When using a single
supply, be sure to either 1) DC bias the inputs at
an appropriate common mode voltage and AC
couple the signal, or 2) ensure the driving signal
is within the input common mode range of the
EL2175.

Settling Characteristics

The EL2175 offers superb settling characteristics
to 0.1%, typically 50 ns operating in inverting
mode. The inverting 0.01% settling time is about
90 ns. The EL2175 is not slew rate limited, there-
fore step size up to *10V gives approximately
the same settling time. The high 30 M(} transim-
pedance gain and low input referred offsets of the
EL2175 will also bring the final settled output
much closer to its ideal value than is possible
with earlier CMF designs.

The non-inverting (Ay +1) 0.1% settling
time is about 70 ns. As can be seen from the Long
Term Settling Error graph, for Ay = +1, there
is approximately a 0.04% residual which tails
away to 0.01% in about 900 ns. This is a thermal
settling error caused by a power dissipation
change in the input stage devices (before and af-
ter the voltage step). All other CMF amplifiers
exhibit 0.01% thermal settling tails of several
tens of microseconds under the same conditions.
The input stage of the EL2175 has been designed
to greatly reduce this effect. For Ay = —1, be-
cause the inverting input is then a virtual
ground, this tail does not appear even in conven-
tional CMF amplifiers since the input stage does
not experience the large voltage change that it
does in non-inverting mode.

Distortion Performance

The distortion performance of all high frequency
amplifiers degrade with increasing frequency.
The EL2175 is no exception. However, due to it’s
high transimpedance, it’s distortion performance
at a given frequency can be 10-14 dB better than
other high speed amplifiers available.

Power Dissipation

The EL2175 combines both high speed and large
output drive capability at a moderate supply cur-
rent in very small packages. It is possible to ex-
ceed the maximum junction temperature allowed
under certain supply voltage, temperature and
loading conditions. To ensure that the EL2175
remains within it’s absolute maximum ratings,
the following discussion will help to avoid ex-
ceeding the maximum junction temperature.

The maximum power dissipation allowed in a
package is determined by it’s thermal resistance
and the amount of temperature rise according to:

Ppmax = (Tymax — Tamax) / 05a

The maximum power dissipation actually pro-
duced by an IC is the total quiescent supply cur-
rent times the total power supply voltage plus
the power dissipated in the IC due to the load, or:
Ppmax = NX (2XVgXIg+(Vs—Vour) XVour / RL)

where N is the number of amplifiers per package,
and Ig is the current per amplifier. (To be more
accurate, the quiescent supply current flowing in
the output driver transistor should be subtracted
from the first term when the output is driving a
load. That is to say, due to the class AB nature of
the output stage, the output driver current is now
included in the second term.) In general, an am-
plifier’s AC performance degrades at higher tem-
peratures and lower supply current. Unlike some
amplifiers, the EL2175 and many other Elantec
amplifiers maintain almost constant supply cur-
rent over temperature so that the AC perform-
ance is not degraded as much at the upper end of
the operating temperature range.

The EL2175 consumes typically 8.5 mA and a
maximum of 10 mA. The worst case power in an
amplifier operating from split supplies with a
grounded load occurs when the output is between
ground and half of one of it’s supplies or, if it
can’t go that far due to drive limitations, at it’s
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Applications Information — Contd.
maximum value. If we assume that the EL2175 is
used for double terminate video cable driving ap-
plications (Ry, = 150Q)), and Ay = + 2, then the
maximum output voltage is 2V, and the average
output voltage is 1.4V. If we set the two Pppax
equations equal to each other, and solve for Vg,
we get a family of curves for various package op-
tions according to:

R X (Tymax—Tamax) /N X 654 + (Voun) X (Vour)

Vg =
(2 X Ig X Ry) + (Vour)

The following curve shows supply voltage (£ Vg)
vs. temperature for the EL2175’s two packages,
assuming Ay = +2, Ry, 1502, and Voyr
(peak) = 2V. the curves include the worst case
supply specification (I = 10 mA)
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vs Ambient Temperature
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The curves do not include heat removal or forc-
ing air, or the simple fact that the package will
probably be attached to a circuit board, which
can also provide some form of heat removal.
Larger temperature and voltage ranges are possi-
ble with heat removal and forcing air past the
device.

Output Current Drive

The EL2175 does not have output short circuit
protection. If the output is shorted to ground, the
power dissipation could be well over 1W. Heat
removal is required in order for the EL2175 to
survive a continuous short.

Driving Cables And Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For these applications, the back termi-
nation series resistor will decouple the EL2175
from the capacitive cable and allow extensive ca-
pacitive drive. However, other applications may
have high capacitive loads without termination
resistors. The EL2175 has particularly high ca-
pacitive load toleration and can drive a 50 pF
load with only 3 dB of peaking and a 100 pF load
with only 4 dB of peaking and without any insta-
bility. If higher capacitive loads must be driven
or if little or no peaking is required, an additional
small value (51-50) resistor can be placed in
series with the output. The gain resistor, Rg, can
be chosen to make up for the gain loss created by
this additional series resistance at the output.
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EL2176C/EL2276C

Features

Single (EL2176C) and dual
(EL2276C) topologies
1 mA supply current (per
amplifier)
70 MHz — 3 dB bandwidth
Low cost
Fast disable
Powers down to 0 mA
Single- and dual-supply
operation down to £1.5V
0.15%/0.15° diff. gain/diff. phase
into 150Q)
800V /s slew rate
Large output drive current:
100 mA (EL2176C)

55 mA (EL2276C)
Also available without disable in
single (EL2170C), dual
(EL2270C) and quad (EL2470C)
Higher speed EL2180C/EL2186C
family also available (3 mA/
250 MHz) in single, dual and
quad

Applications

Low power/battery applications
HDSL amplifiers

Video amplifiers

Cable drivers

RGB amplifiers

Test equipment amplifiers
Current to voltage converters

Ordering Information

Part No. Temp.Range Package Outline #

EL2176CN

—40°C to +85°C 8-Pin PDIP MDZP0031

EL2176CS

—40°C to +85°C 8-Pin SOIC MDZP0027

EL2276CN

—40°C to +85°C 14-Pin PDIP MDP0031

EL2276CS

—40°C to +85°C 14-Pin SOIC MDP0027

General Description

The EL2176C/EL2276C are single/dual current-feedback oper-
ational amplifiers which achieve a —3 dB bandwidth of 70 MHz
at a gain of +1 while consuming only 1 mA of supply current
per amplifier. They will operate with dual supplies ranging
from * 1.5V to 6V, or from single supplies ranging from + 3V
to +12V. The EL2176C/EL2276C also include a disable/power-
down feature which reduces current consumption to 0 mA while
placing the amplifier output in a high impedance state. In spite
of its low supply current, the EL2276C can output 55 mA while
swinging to +4V on %5V supplies. The EL2176C can output
100 mA with similar output swings. These attributes make the
EL2176C/EL2276C excellent choices for low power and/or low
voltage cable-driver, HDSL, or RGB applications.

For Single, Dual and Quad applications without disable, consid-
er the EL2170C (8-Pin Single), EL2270C (8-Pin Dual) or
EL2470C (14-Pin Quad). For higher bandwidth applications
where low power is still a concern, consider the EL2180C/
EI12186C family which also comes in similar Single, Dual and
Quad configurations. The EL2180C/EL2186C family provides a
— 3 dB bandwidth of 250 MHz while consuming 3 mA of supply
current per amplifier.

Connection Diagrams

EL2176C SO, P-DIP EL2276C SO, P-DIP

ne [ ~ 5] ENABLE INA+ 7] ~ 14] IN A-
in-[2] [7]vs+ ne [Z] 3] ouT A
NEN 5 ]our ENABLE A 3] [72] NC
ve-[3] s]NC ve- 4] (1] ve+
- ENABLE B [7 | 0] NG
Ne [&] " (o] ouTs
INB+ [7] 8] INB-

2176-2

2-60




Absolute Maximum Ratings (1, - 25°¢)

Voltage between Vg + and Vg +12.6V
Common-Mode Input Voltage Vs— toVg+
Differential Input Voltage 6V
Current into +IN or —IN +7.5mA
Internal Power Dissipation See Curves

Operating Ambient Temperature Range

—40°C to +85°C

Pm u}ypmx&sme atTy = 25°C forinf

Operating Junction Temperature
Plastic Packages 150°C
Output Current (EL2176C)
Output Current (EL2276C)
Storage Temperature Range

+60 mA
—65°C to +150°C

‘est Level column md}&tés‘the‘spe&ﬁc device testing actnaily
electrieal tests using modern high-speed automaﬁc test

+£120mA’

DC Electrical Characteristics
Vg = 5V, Ry, = 150}, ENABLE =

0V, T4 = 25°C unless otherwise specified

Parameter Description Conditions Min | Typ
Vos Input Offset Voltage 2.5
TCVos Average Input Offset Voltage Drift Measured from TN to Tpax 5
dVos Vos Matching EL2276C only 0.5
+Imn + Input Current 0.5
d+Iin + Iy Matching EL2276C only 20
-Iin — Input Current 4
d—IiN —IiN Matching EL2276C only 1.5
CMRR Common Mode Rejection Ratio Vem = £35V 45 50
—ICMR — Input Current Common Mode Rejection | Ve = 3.5V 4
PSRR Power Supply Rejection Ratio Vg is moved from +4V to 16V 60 70
—IPSR — Input Current Power Supply Rejection | Vg is moved from +4V to +6V 0.5
RoL Transimpedance Vour = +2.5V 200 | 400
+Rin + Input Resistance Vem = 3.5V 1 4
+CIN + Input Capacitance 1.2
CMIR Common Mode Input Range +3.5| £4.0
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EL2176C/EL2276C

DC Electrical Characteristics — Contd.
Vg = *5V, Ry, = 1509, ENABLE = 0V, Tp = 25°C unless otherwise specified

Parameter Description Conditions Min | Typ
Vo Output Voltage Swing Vg = £5 +3.5| £4.0
Vg = +5 Single-Supply, High 4.0
Vg = + 5 Single-Supply, Low 0.3
Io Output Current EL2176C only 80 | 100
EL2276C only, per Amplifier 50 55
Ig Supply Current ENABLE = 2.0V, per Amplifier 1
Is(pIs) Supply Current (Disabled) ENABLE = 4.5V 0
Cour(prsy |Output Capacitance (Disabled) ENABLE = 4.5V 4.4
RN Enable Pin Input Resistance Measured at ENABLE = 2.0V, 4.5V 45 85
Ity Logic “1” Input Current Measured at ENABLE, ENABLE = 4.5V —0.04
I Logic “0” Input Current Measured at ENABLE, ENABLE = 0V —53
VpIs Minimum Voltage at ENABLE to Disable 4.5
VEN Maximum Voltage at ENABLE to Enable

AC Electrical Characteristics
Vg = 5V, Rp = Rg = 1.0kQ, Ry, = 1509, ENABLE = 0V, T4 = 25°C unless otherwise specified

Parameter Description Conditions Min | Typ | Max
—3dBBW —3 dB Bandwidth Ay = +1 70
—3dBBW —3 dB Bandwidth Ay = +2 60

SR Slew Rate Vour = 25V, Ay = +2 400 | 800

to tf Rise and Fall Time | Voyr = 500 mV 4.5

tpd Propagation Delay | Vour = 500 mV 4.5

os Overshoot Vour = 500 mV 3.0

ts 0.1% Settling Vour = t2.5V,Ay = —1 40

dG Differential Gain Ay = +2,Rp = 15002 (Note 1) 0.15

dpP Differential Phase Ay = +2,Rp = 1509 (Note 1) 0.15

dG Differential Gain Ay = +1,Rp = 5009 (Note 1) 0.02

dP Differential Phase Ay = +1, Ry, = 500Q (Note 1) 0.01

tON Turn-On Time Ay = +2,Viy = +1V, Ry = 1504 (Note 2) 40 100
tOFF Turn-Off Time Ay = +2,Viy = +1V, Ry, = 1500 (Note 2) 500 | 1000 |
Cs Channel Separation | EL2276C only, f = 5 MHz 85

Note 1: DC offset from 0V to 0.714V, AC amplitude 286 mVp_p, f = 3.58 MHz.

Note 2: Measured from the application of the logic signal until the

values.

| Units

MH:z
MHz
V/us

output voltage is at the 50% point between initial and final
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. 70 MHz/1mA Current,

Test Circuit (per Amplifier)

0.1 uF

D9LZTTH/DILIE TH

VS+

Vi ————] IN+
EL2176C or

1EL2276C Your
—1'N- VS-
ENABLE ENABLE
0.1
o RL
150

1 1k =
—AAA AAA

A\AAZ \A A4

RG RF

- 2176-3
Simplified Schematic (per Amplifer) m

V+ O

ENABLE
CIRCUITRY

_[:Qg

—O ouT

ENABLE

IN+ O——]

Q3

7 X

-O IN-
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EL2176C/EL2276C

MAGNITUDE (NORMALIZED) (dB)
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Typical Performance Curves — Contd.
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EL2176C/ EL2276C

70 MHz/I mA Current Mode Feedback Amp w/Dzsable
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Typical Performance Curves — Contd.
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e Feedback Amp w/Disable

DIFFERENTIAL PHASE (°)

Differential Gain and
Phase vs DC Input Voltage

Typical Performance Curves — Contd.
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EL2176C/EL2276C

Typical Performance Curves — Contd.
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Applications Information

Product Description

The EL2176C/EL2276C are current-feedback op-
erational amplifiers that offer a wide —3 dB
bandwidth of 70 MHz, a low supply current of
1 mA per amplifier and the ability to disable to
0 mA. Both products also feature high output
current drive. The EL2176C can output 100 mA,
while the EL2276C can output 55 mA per ampli-
fier. The EL2176C/EL2276C work with supply
voltages ranging from a single 3V to +6V, and
they are also capable of swinging to with in 1V of
either supply on the input and the output. Be-
cause of their current-feedback topology, the
EL2176C/EL2276C do not have the normal gain-
bandwidth product associated with voltage-feed-
back operational amplifiers. This allows their
—3 dB bandwidth to remain relatively constant
as closed-loop gain is increased. This combina-
tion of high bandwidth and low power, together
with aggressive pricing make the EL2176C/
EL2276C the ideal choice for many low-power/
high-bandwidth applications such as portable
computing, HDSL, and video processing.

For Single, Dual and Quad applications without
disable, consider the EL2170C (8-Pin Single),
EL2270C (8-Pin Dual) and EL2470C (14-Pin
Quad). If more AC performance is required, refer
to the EL2180C/EL2186C family which provides
Singles, Duals, and Quads with 250 MHz of
bandwidth while consuming 3 mA of supply cur-
rent per amplifier.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high-frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible. The power supply pins must be well
bypassed to reduce the risk of oscillation. The
combination of a 4.7 wF tantalum capacitor in
parallel with a 0.1 uF capacitor has been shown
to work well when placed at each supply pin.

For good AC performance, parasitic capacitance
should be kept to a minimum especially at the
inverting input (see the Capacitance at the In-
verting Input section). Ground plane construc-

tion should be used, but it should be removed
from the area near the inverting input to mini-
mize any stray capacitance at that node. Carbon
or Metal-Film resistors are acceptable with the
Metal-Film resistors giving slightly less peaking
and bandwidth because of their additional series
inductance. Use of sockets, particularly for the
SO package should be avoided if possible. Sock-
ets add parasitic inductance and capacitance
which will result in some additional peaking and
overshoot.

Disable/Power-Down

The EL2176C/EL2276C amplifiers can be dis-
abled, placing their output in a high-impedance
state. When disabled, each amplifier’s supply cur-
rent is reduced to 0 mA. Each EL2176C/
EL2276C amplifier is disabled when its
ENABLE pin is floating or pulled up to within
0.5V of the positive supply. Similarly, each am-
plifier is enabled by pulling its ENABLE pin at
least 3V below the positive supply. For £ 5V sup-
plies, this means that an EL2176C/EL2276C am-
plifier will be enabled when ENABLE is at 2V or
less, and disabled when ENABLE is above 4.5V.
Although the logic levels are not standard TTL,
this choice of logic voltages allows the EL2176C/
EL2276C to be enabled by tying ENABLE to
ground, even in + 3V single-supply applications.
The ENABLE pin can be driven from CMOS
outputs or open-collector TTL.

When enabled, supply current does vary some-
what with the voltage applied at ENABLE. For
example, with the supply voltages of the
EL2176C at *5V, if ENABLE is tied to —5V
(rather than ground) the supply current will in-
crease about 15% to 1.15 mA.

Capacitance at the Inverting Input

Any manufacturer’s high-speed voltage- or cur-
rent-feedback amplifier can be affected by stray
capacitance at the inverting input. For inverting
gains this parasitic capacitance has little effect
because the inverting input is a virtual ground,
but for non-inverting gains this capacitance (in
conjunction with the feedback and gain resistors)
creates a pole in the feedback path of the amplifi-
er. This pole, if low enough in frequency, has the
same destabilizing effect as a zero in the forward
open-loop response. The use of large value feed-
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EL2176C/EL2276C

Applications Information — Contd.
back and gain resistors further exacerbates the
problem by further lowering the pole frequency.

The EL2176C/EL2276C have been specially de-
signed to reduce power dissipation in the feed-
back network by using large 1.0 k) feedback and
gain resistors. With the high bandwidths of these
amplifiers, these large resistor values would nor-
mally cause stability problems when combined
with parasitic capacitance, but by internally can-
celing the effects of a nominal amount of parasit-
ic capacitance, the EL2176C/EL2276C remain
very stable. For less experienced users, this fea-
ture makes the EL2176C/EL2276C much more
forgiving, and therefore easier to use than other
products not incorporating this proprietary cir-
cuitry.

The experienced user with a large amount of PC
board layout experience may find in rare cases
that the EL2176C/EL2276 C have less band-
width than expected. In this case, the inverting
input may have less parasitic capacitance than
expected by the internal compensation circuitry
of the EL2176C/EL2276C. The reduction of feed-
back resistor values (or the addition of a very
small amount of external capacitance at the in-
verting input, e.g., 0.5 pF) will increase band-
width as desired. Please see the curves for Fre-
quency Response for Various Ry and Rg, and
Frequency Response for Various Cyy—.

Feedback Resistor Values

The EL2176C/EL2276C have been designed and
specified at gains of +1 and +2 with Rp
1.0 k. This value of feedback resistor gives
70 MHz of —3 dB bandwidth at Ay = +1 with
about 1.5 dB of peaking, and 60 MHz of —3 dB
bandwidth at Ay = +2 with about 0.5 dB of
peaking. Since the EL2176C/EL2276C are cur-
rent-feedback amplifiers, it is also possible to
change the value of Ry to get more bandwidth.
As seen in the curve of Frequency Response For
Various Ry and Rg, bandwidth and peaking can
be easily modified by varying the value of the
feedback resistor.

Because the EL2176C is a current-feedback am-
plifier, the gain-bandwidth product is not a con-
stant for different closed-loop gains. This feature

actually allows the EL2176C/EL2276C to main-
tain about the same —3 dB bandwidth, regard-
less of closed-loop gain. However, as closed-loop
gain is increased, bandwidth decreases slightly
while stability increases.

Since the loop stability is improving with higher
closed-loop gains, it becomes possible to reduce
the value of Ry below the specified 1.0 k2 and
still retain stability, resulting in only a slight loss
of bandwidth with increased closed-loop gain.

Supply Voltage Range and Single-
Supply Operation

The EL2176C/EL2276C have been designed to
operate with supply voltages having a span of
greater than 3V, and less than 12V. In practical
terms, this means that the EL2176C/EL2276C
will operate on dual supplies ranging from *1.5V
to £6V. With a single-supply, the EL2176C will
operate from +3V to +12V.

As supply voltages continue to decrease, it be-
comes necessary to provide input and output
voltage ranges that can get as close as possible to
the supply voltages. The EL2176C/EL2276C
have an input voltage range that extends to with-
in 1V of either supply. So, for example, on a sin-
gle +5V supply, the EL2176C/EL2276C have an
input range which spans from 1V to 4V. The out-
put range of the EL2176C /EL2276C is also quite
large, extending to within 1V of the supply rail.
On a 5V supply, the output is therefore capable
of swinging from —4V to +4V. Single-supply
output range is even larger because of the in-
creased negative swing due to the external pull-
down resistor to ground. On a single + 5V sup-
ply, output voltage range is about 0.3V to 4V.

Video Performance

For good video performance, an amplifier is re-
quired to maintain the same output impedance
and the same frequency response as DC levels are
changed at the output. This is especially difficult
when driving a standard video load of 1501, be-
cause of the change in output current with DC
level. Until the EL2176C/EL2276C, good Differ-
ential Gain could only be achieved by running
high idle currents through the output transistors
(to reduce variations in output impedance).
These currents were typically in excess of the
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Applications Information — Contd.
entire 1 mA supply current of each EL2176C/
EL2276C amplifier! Special circuitry has been in-
corporated in the EL2176C/EL2276C to reduce
the variation of output impedance with current
output. This results in dG and dP specifications
of 0.15% and 0.15° while driving 1500 at a gain
of +2.

Video Performance has also been measured with
a 5002 load at a gain of + 1. Under these condi-
tions, the EL2176C/EL2276C have dG and dP
specifications of 0.01% and 0.02° respectively
while driving 50002 at Ay = +1.

Output Drive Capability

In spite of its low 1 mA of supply current, the
EL2176C is capable of providing a minimum of
180 mA of output current. Similarly, each am-
plifier of the EL2276C is capable of providing a
minimum of *50 mA. These output drive levels
are unprecedented in amplifiers running at these
supply currents. With a minimum 80 mA of
output drive, the EL2176C is capable of driving
50Q loads to 4V, making it an excellent choice
for driving isolation transformers in telecommu-
nications applications. Similarly, the +50 mA
minimum output drive of each EL2276C amplifi-
er allows swings of +2.5V into 502 loads.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For those applications, the back-termi-
nation series resistor will decouple the EL2176C/
EL2276C from the cable and allow extensive ca-
pacitive drive. However, other applications may
have high capacitive loads without a back-termi-
nation resistor. In these applications, a small se-
ries resistor (usually between 5Q and 50Q) can be
placed in series with the output to eliminate most
peaking. The gain resistor (Rg) can then be cho-
sen to make up for any gain loss which may be
created by this additional resistor at the output.
In many cases it is also possible to simply in-
crease the value of the feedback resistor (Rf) to
reduce the peaking.

Current Limiting

The EL2176C/EL2276C have no internal cur-
rent-limiting circuitry. If any output is shorted,
it is possible to exceed the Absolute Maximum
Ratings for output current or power dissipation,
potentially resulting in the destruction of the de-
vice.

Power Dissipation

With the high output drive capability of the
EL2176C/EL2276C, it is possible to exceed the
150°C Absolute Maximum junction temperature
under certain very high load current conditions.
Generally speaking, when Ry, falls below about
254}, it is important to calculate the maximum
junction temperatu re (Tymay) for the application
to determine if power-supply voltages, load con-
ditions, or package type need to be modified for
the EL2176C/EL2276C to remain in the safe op-
erating area. These parameters are calculated as
follows:

Tymax = Tmax + (674 * n * PDyax) [1]

where:

Tymax = Maximum Ambient Temperature

(AN = Thermal Resistance of the Package

n = Number of Amplifiers in the Pack-
age

PDpmax = Maximum Power Dissipation of
Each Amplifier in the Package.

PDprax for each amplifier can be calculated as
follows:

PDmax = (2 * Vg * Igmax) +
(Vs = Vourmax) * (Vourmax/RL)) [2]

where:

Vg = Supply Voltage

Ismax = Maximum Supply Current of 1
Amplifier

VourmMax = Max. Output Voltage of the Ap-
plication

Ry, = Load Resistance
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EL2176C/EL2276C

Typical Application Circuits

Low Power Multiplexer with Single-Ended TTL Input

- 0.1 uf
ViNA Vs
L EL217GC or
S 1
10k 10k zEL2276¢C
< — IN- VS
ENABLE
0.1 uF
1k 1k -
N
_E_ RGA RFA
- 0.1 uf p— Vour
VB IN+ s+
EL2176C or
JEL2276C q
pr— |N_
§ 1k 1k -
A AA AAA
A A A A A A B
- ] RFB
_ - +5V
ABSELECT 2N2222
\l 10k
2N2222 2N2222
1N4001
>

1k% 470 1K

_;L g

2176-42
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Typical Application Circuits — Contd.

Inverting 200 mA Qutput Current Distribution Amplifier

ENABLE

IN+

IN-

ENABLE

EL2176C

0.1 uf

VS+

VS-

0.1 uF

IN=

ENABLE

EL2176C

0.1 uf

Vout

VS-

0.1 uF

2176-43

DILECTH/DILICTH
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Typical Application Circuits — Contd.

EL2176C/EL2276C

0.1 uF
+5V
N+ S+
£L2176C or
3EL2276C our
—{N- Vs~
ENABLE
0.1 uF
-5V
1k
AAA
WA

EL2176C or

1
ZEL2276C
ENABLE
1k 1k -
v AAA AAA
IN W VVv

TRANSMITTER

Differential Line-Driver/Receiver

0.1 4F
+5v
N+
EL2176C or
juzzzee 90
IN-
ENABLE
0.1 4F
-5V
It =
AA
WA—

VW

IN-
ENABLE

EL2176C or
JeL2276C

0.1 uf

RECEIVER

2176-44
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Typical Application Circuits — Contd.

Fast-Settling Precision Amplifier

1k 1k
AAA AAA
—I_—vvv VVV

0.1 uF

1
EEL2276C

— IN-

5
ENABLE

0.1 uF

‘
i

0.1 uf

\

1
EEL227SC

—]IN- vs-

ENABLE

_ 0.1 uf

2176-45
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EL2176C/EL2276C

EL2176C/EL2276C Macromodel

* Revision A, March 1995

* AC characteristics used Rf = Rg= 1K), RL =150}

* Connections: +input
' l

* | |
’ P
’ \ |
’ b
.subckt EL2176/el 3 2

»

* Input Stage
*
el100301.0
vis 109 OV

h2 912 vxx 1.0
r1211165
111112 25nH
iinp 3 0 0.5uA
iinm 2 0 4uA
r12 3 0 4Meg

*

* Slew Rate Limiting
*

h1 13 0 vis 600
r213141K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

e2 300 14 0 0.00166666666
133017 0.5uH

¢517 0 0.69pF

r517 0300

*

+ Vsupply

l —Vsupply

\ | output
Fr

7 4 6

* Transimpedance Stage
*

gl0181701.0

rol 18 0 400K

cdp 18 0 1.9pF

*

* Output Stage

*

ql41819gp
q271820gn
q371921gn
q442022qp
r72164
82264

iosl 7 19 0.4mA
i0s2 20 4 0.4mA

*

* Supply Current

*

ips 74 1nA

*

* Error Terms

*

ivos 0 23 2mA
vxx 2300V
e4240301.0
e5250701.0
e626040 —1.0
19 24 23 0.316K
r10 25 23 3.2K
rl1 26 23 3.2K

*

* Models

.model gn npn(is = 5e-15 bf =200 tf=0.01nS)
.model qp pnp(is = 5e-15 bf =200 tf=0.01nS)
.model dclamp d(is = 1e-30 ibv =0.266

+ bv=13vn=4)

.ends
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March 1995, Rev. A

e

EL2180C/EL2280C/ EL2480C

Features

¢ Single (EL2180C), dual
(EL2280C) and quad (EL2480C)
topologies

* 3 mA supply current (per
amplifier)

* 250 MHz — 3 dB bandwidth

® Low cost

Single- and dual-supply
operation down to £1.5V
0.05% /0.05° diff. gain/diff. phase
into 15042
® 1200 V/us slew rate
Large output drive current:
100 mA (EL2180C)
55 mA (EL2280C)
55 mA (EL2480C)
¢ Also available with disable in
single (EL2186C) and dual
(EL2286C)
¢ Lower power EL2170C/EL2176C
family also available (1 mA/
70 MHz2) in single, dual and quad

Applications

¢ Low power/battery applications
¢ HDSL amplifiers

® Video amplifiers

e Cable drivers

¢ RGB amplifiers

¢ Test equipment amplifiers

e Current to voltage converters

Ordering Information

Part No. Temp.Range Package Outline #
EL2180CN —40°C to +85°C 8-Pin PDIP MDPO0031
EL2180CS ~—40°C to +85°C 8-Pin SOIC MDP0027
EL2280CN —40°C to +85°C 8-Pin PDIP MDZP0031
EL2280CS —40°Cto +85°C 8-Pin SOIC MDP0027

EL2480CN —40°C to +85°C 14-Pin PDIP MDP0031

EL2480CS —40°C to +85°C 14-Pin SOIC MDP0027

General Description

The EL2180C/EL2280C/EL2480C are single/dual/quad cur-
rent-feedback operational amplifiers which achieve a —3 dB
bandwidth of 250 MHz at a gain of + 1 while consuming only
3 mA of supply current per amplifier. They will operate with
dual supplies ranging from 1.5V to *6V, or from single sup-
plies ranging from +3V to +12V. In spite of their low supply
current, the EL2480C and the EL2280C can output 55 mA while
swinging to +4V on %5V supplies. The EL2180C can output
100 mA with similar output swings. These attributes make the
EL2180C/EL2280C/EL2480C excellent choices for low power
and/or low voltage cable-driver, HDSL, or RGB applications.

For Single and Dual applications with disable, consider the
EL2186C (8-Pin Single) or EL2286C (14-Pin Dual). For lower
power applications where speed is still a concern, consider the
EL2170C/E12176C family which also comes in similar Single,
Dual and Quad configurations. The EL2170C/EL2176C family
provides a —3 dB bandwidth of 70 MHz while consuming 1 mA
of supply current per amplifier.

Connection Diagrams

EL2180C SO, P-DIP EL2280C SO, P-DIP
ne 1] ~ [5]ne out A [1] ~ 5] vs+
iN-[2] [7]vs+ iNA- [2] [7]ouTs
w+[E] e jout N a+ 2] e ]iNB-
vs-[4] 5 |NC ve- [2] BLED
2180-1
EL2480C SO, P-DIP
outa o \/ <] outD
IN A- E:::J [{ 3] IND-
IN A+ [3] b 4 2] IND+
ve+ [£] 1] vs-

IN B+ [5] [70] INC
IN B- E l<]i:sj INC-
outs [ 5] outc

2180-2
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Absolute Maximum Ratings (r, = 25°¢)

Voltage between Vg { and Vg +12.6V
Common-Mode Input Voltage Vg_ toVg+
Differential Input Voltage t6V
Current into +IN or —IN *7.5mA
Internal Power Dissipation See Curves

Operating Ambient Temperature Range

- Important Note:
‘ parameters. having Min/Max specifications are g‘naranteed

—40°Cto +85°C

. ’I‘est Procedure
100% productlon tested and QA sample tested

Tamax and Tappn per QA test plan QCX0002.
QA sample tested per QA test plan QCX0002.

. Parameter is guaranteed (but not tested) by D
- Parameter is typical value at T4 = 25°C for infor

_ performed during production and Quality inspection. Elantec perfoms
‘ equipment, speciﬁea}ly the LTX77 Series system. Unless otherwise

mo% production tested at Ty = 25°C and QA sample

Operating Junction Temperature

Plastic Packages 150°C
Output Current (EL2180C) +120 mA
Output Current (EL2280C) +60 mA
Output Current (EL2480C) +60 mA

Storage Temperature Range —65°C to +150°C

el column indicates the specific device testing actuall
t electrical tests using modern high-speed automatic test
I tests are pulsed testn therefore TJ"‘TC"‘TA. e

DC Electrical Characteristics Vg = 15V, Ry, = 150Q, T4 = 25°C unless otherwise specified

Parameter Description Conditions Min Typ Max Units

Vos Input Offset Voltage 2.5 15 mV

TCVos Average Input Offset Measured from Tpn to TMaAX 5 uv/e
Voltage Drift

dVog Vog Matching EL2280C, EL2480C only 0.5 mV

+Iin + Input Current 15 15 MA

d+1In + Iy Matching EL2280C, EL2480C only 20 nA

— T

—IIn — Input Current 16 30 RA

d—Iin — Ity Matching EL2280C, EL2480C only 2 HA

CMRR Common Mode Rejection Vem = 3.5V 45 50 dB
Ratio

—ICMR — Input Current Common Vem = 13.5V 5 30 1 HA/V
Mode Rejection

PSRR Power Supply Rejection Vg is moved from +4V to 6V 60 70 1| aB
Ratio

—IPSR — Input Current Power Vg is moved from 4V to +6V 1 15 KAV
Supply Rejection

RoL Transimpedance Vout = 2.5V 150 300 kQ

+RIN + Input Resistance VeMm = 3.5V 0.5 2 MO

+Cin + Input Capacitance 1.2 pF

CMIR Common Mode Input Range +3.5 +4.0 v
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DC Electrical Characteristics — Contd.
Vg = %5V, Ry = 1500, T4 = 25°C unless otherwise specified

EL2180C/EL2280C/EL2480C

Parameter Description Conditions Min Typ Max

Vo Output Voltage Swing Vg = %5 13.5 +4.0
Vg = +5 Single-Supply, High 4.0
Vg = +5 Single-Supply, Low 0.3

Io Output Current EL2180C only 80 100
EL2280C only, per Amplifier 50 55
EL2480C only, per Amplifier 50 55

Ig Supply Current Per Amplifier 3 6

AC Electrical Characteristics
Vs = +5V,Rp = Rg = 7500, Ry, = 150, Ty = 25°C unless otherwise specified

Parameter Description Conditions Min Typ Max

—3dBBW -3 dB Bandwidth Ay = +1 250

—3dBBW —3 dB Bandwidth Ay = +2 180

0.1dB BW 0.1 dB Bandwidth Ay = +2 50

SR Slew Rate Vour = 125V, Ay = +2 600 1200

tr, tf Rise and Fall Time Vour = 500 mV 1.5

tpd Propagation Delay Vour = 1500 mV 1.5

oS Overshoot VouT = 500 mV 3.0

tg 0.1% Settling Vour = *2.5V,Ay = —1 15

dG Differential Gain Ay = +2, Ry, = 1500 (Note 1) 0.05

4P Differential Phase Ay = +2,Rp, = 1500 (Note 1) 0.05

dG Differential Gain Ay = +1, Ry = 50002 (Note 1) 0.01

dpP Differential Phase Ay = +1,Rp, = 5000 (Note 1) 0.01

Cg Channel Separation EL2280C, EL2480C only, f = 5 MHz 85

Note 1: DC offset from 0V to 0.714V, AC amplitude 286 mVp_p, f = 3.58 MHz.
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Test Circuit (per Amplifier)

0.1 ufF

Vin

EL2180C o 'S
1/2 EL2280C or
1/4 EL2480C
Vs-

0.1 uF
R
1500
7500 7500 =
o AAA

Vout

2180-3

_[:QQ

p—O ouT

Q13

O IN-

2180-4
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EL2180C/EL2280C/ EL2480C

MAGNITUDE (NORMALIZED) (dB) MAGNITUDE (NORMALIZED) (dB)

MAGNITUDE ()

Non-Inverting Frequency
Response (Gain)

R = 7500
R =1500 X

[N

N AN

|
LA \
T hrie |
N T \ U
i Vil
™ 10M 100M  500M
FREQUENCY (Hz)
2180-5
Inverting Frequency
Response (Gain)
o [Fr=750kA) [ [
RLT 15‘00 T A1
0 T Sa
| cu Ay =5
" N1
-4
\
-6
I |
™ 10M 100M  500M
FREQUENCY (Hz)
2180-8

Transimpedance (Rop) vs
Frequency

™ - -
~: _-%

100k B T
N GAIN

|

M
10k A

N i

PHASE

1k
100
100k 1M 10M  100M

FREQUENCY (Hz)
2180-11

PHASE (°)

PHASE (°)

PSRR, CMRR (dB)

Typical Performance Curves

Non-Inverting Frequency
Response (Phase)

90
R = 7500]] Ay=t1
R =1500
0 |l rAy=+2
Ay=+5
X A
-90
L i
180
Ay =+10
270
360 A}
1M 10M 100M  500M
FREQUENCY (Hz)
2180-6
Inverting Frequency
Response (Phase)
270
A
ol 1
| Av =l
v
90 |3 -ZIL_
Ay=T
0 |
AyE- 104 \
-90 %
180 ] ]
™ 10M 100M  500M
FREQUENCY (Hz)
2180-9
PSRR and CMRR
vs Frequency
100 T T
80 HH e
PSRR
. il |
CMRR
N
40 il | ™ | L1
N
TN
™
20 H——H— ]
ol Ll \_L [[L
10k 100k M 10M  100M
FREQUENCY (Hz)
2180-12

MAGNITUDE (NORMALIZED) (dB) MAGNITUDE (NORMALIZED) (dB)

MAGNITUDE (NORMALIZED) {(dB)

Frequency Response
for Various R and Rg

R_=150Q
R \ 1Y
Vg = £5V Y
Ay =+2 7T
2 R =R;=4300
| /N
7/
o
N
N
_2 N
750kQ \.
—ttt 5600 1
» 112> I
[ []i2x0- i
™ 10M 100M  500M
FREQUENCY (Hz)
2180-7
Frequency Response
for Various Ry, and Ry,
e T
CL?ZOFF,‘F"=I50 nJ‘
s I
o
T 1
=10pF, R_=5000
" vh?‘q:!:p;‘&:!bun i
L
) -t H
L
CL=3pF“Pt=|§0ﬂ H ‘
™ 10M 100M  500M
FREQUENCY {Hz)
2180-10

Frequency Response for
Various CiN—

w=vgrsea] [T [ |
4 &T'ﬁo I \qu_=2pF
2
Pl I
7
o —
N
Cn- ‘=0‘pF [
] [Gn- = TR
-2 L
]
» LT
™ 10M 100M 500M

FREQUENCY (Hz)
2180-13
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VOLTAGE NOISE (nV/y/Rz) OR

-3 dB BANDWIDTH (MHz)

SUPPLY CURRENT (mA)

Az)

CURRENT NOISE (pA

Voltage and Current
Noise vs Frequency

f
I
I

Jr
el

NN
/Za Wil

100 1k 10k 100k 1M 10M

FREQUENCY (Hz)
2180-14

—3 dB Bandwidth and Peaking
vs Supply Voltage for
Various Non-Inverting Gains

260 335 &W, Ay=+1
[ -3dB BW, A =+2 ]
220 --3dB BW, A, = +5 44
Peaking, Ay = +5,+10
Peaking, Ay =+2 —_
180 11| Peaking, Ay=+1, 3 @
Hiw N
140 [ ¢
r 2 2
100 &
F 1
60
2L Z3dB W, py =410/ |
0 t 2 3 4 5 8
SUPPLY VOLTAGE (V)
2180-17
Supply Current vs
Supply Voltage
4.0
30 /,/
2.0 //
1.0 /
0
0 t 2 3 4 5 &
SUPPLY VOLTAGE (2V)
2180-20

HARMONIC DISTORTION (dB)

~3dB BANDWIDTH (MHz)

COMMON~-MODE INPUT RANGE (V)

Typical Performance Curves — Contd.

2nd and 3rd Harmonic
Distortion vs Frequency

ay =42 1] il
[R = 1000 It
-20 Vg = 2Vp
4
L
—40 A
gl
” gl
-60 g // Hﬂ
-80 ; il
100 i
100k ™ 10M 100M

FREQUENCY (Hz)
2180-15

~3 dB Bandwidth and Peaking
vs Supply Voltage for
Various Inverting Gains

140 3 amEw, Ay = -1 3
[ -3dB6W, Ay =-2 13
120 [-Peaking, Ay =-5, =10 ]
Peaking, Ay ==~ 1 7
100 >
a 1, =
80 i ¢
= Peaking, A, =-2 4 E
60 | ]; a
F 348 BW, Ay=-5" 7'
40 ~
o ~3d8 BW, Ay =-10"
20 | | . 0
0 12 3 4 5 8
SUPPLY VOLTAGE (£V)
2180-18

Common-Mode Input Range
vs Supply Voltage
6

) e

/
2 +CMIR
o
2 \\‘ ~CMIR

“ S

-6

0 1 2 3 4 5 6
SUPPLY VOLTAGE (%V)

2180-21

SLEW RATE (V/ us)

OUTPUT VOLTAGE SWING (Vp_p)

N

o

©
o
o

o
=)
=]

2180-16
Qutput Voltage Swing
vs Supply Voltage
6
4
2
) 1
N
- ™.
-4 N
o 1 2 3 4 5 6
SUPPLY VOLTAGE (£V)
2180-19
Slew Rate vs
Supply Voltage
0
/
600 //
/’
0
o 1 2 3 4 5 &
SUPPLY VOLTAGE (£V)
2180-22

Output Voltage
Swing vs Frequency

-3

@
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IS

~

1 10 100

FREQUENCY (MHz)
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EL2180C/EL2280C/EL2480C

BIAS CURRENT (uA)

-3 dB BANDWIDTH (MHz)

SUPPLY CURRENT (mA)

5

200

250

200

-55 150 25 65 105

4.0

Input Bias Current

vs Die Temperature

—3 dB Bandwidth and Peaking
vs Die Temperature for

T
.
g
| —
-55 -15 25 85 105 145
DIE TEMPERATURE (°C)
2180-23

Various Non-Inverting Gains

. T
\</—3Iaa aw, Ay = +1]
Peaking. Ay = +1

\(\

-3d8 BW, Ay =+2

-3dB BW, Ay=+10
| =348 BW, Ay =45

—L

PEAKING (dB)

Peoking, Ay =+2, 45,410

-55

A T

DIE TEMPERATURE (°C)

Supply Current vs
Die Temperature

145

2180-26

DIE TEMPERATURE (°C)

-15 25 65 105

145

2180-29

110

OUTPUT CURRENT (mA)

-3dB BANDWIDTH (MHz)
'3
o

VAN

5
4
Z 3
<}
& 2
£ 1
& o
<
=
o -1
o
> -2
-
z -3
z

-4
-5

Typical Performance Curves — Contd.

Short-Circuit Current
vs Die Temperature

Rout =, 100
|t

Vour = 1-25Y]

L[]

-55

DIE TEMPERATURE (°C)

—3 dB Bandwidth vs
Die Temperature for

-15 25 85 105

145

2180-24

Various Inverting Gains

=
A\I,——\

| /A‘}z—z

Ay=-5
|

Ay =-10
N

(NO_PEAKING)

=55

DIE TEMPERATURE (°C)

Input Voltage Range
vs Die Temperature

-15 25 65 105

145

2180-27

I

1
L+CMIR

~CMIR
|

{

-55

DIE TEMPERATURE (°C)

-15 25 65 105

145

2180--30

TRANSIMPEDANCE ()

INPUT OFFSET VOLTAGE (mV)

SLEW RATE (V/ us)

400k

350k

N [} w
<) @ o
=] b= =3
x = x

150k

100k

1300

1200

1100

1000

Transimpedance (RoL)

vs Die Temperature

DIE TEMPERATURE (°C)

Input Offset Voltage
vs Die Temperature

55 =15 25 65 105

145

2180-25

-55 -15 25 65 105 145
CIE TEMPERATURE (°C)
2180-28
Slew Rate vs
Die Temperature
—
-55 -15 25 65 105 145
DIE TEMPERATURE (°C)
2180-31
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EL2180C/EL2280C/EL2480C
250 MHz/3 mA Current Mode Feedback Amplifiers
.

Typical Performance Curves — Contd.

Differential Gain and Differential Gain and

Phase vs DC Input Phase vs DC Input Settling Time vs

Voltage at 3.58 MHz Voltage at 3.58 MHz Settling Accuracy

Ay =42 ] Ay=+1 ] 2 '

004}g" = 1500 02 0.02|r" = 5000 0.02
—~ — L i
° = 0 | | ~
o ® < i »® ~ 15 [MEEY
w002 e =z & 001 001 2 2 NN V Step|
b K = S M
T - 3 z 3 g N
20 —0 = 2 0 o 2 S0 AN
£ 2 £ : ] z 2 /N
ol ' apP o z 7 g 3
& 002 -0.1 & & 001 ,//4 -0.015 = 2.5V Step :\
£ N\ £ Y% Nk 3 s i
5 Y \ = 74 ‘ i 1 Rk
-0.04 -0.2 -0.02 ‘ } i -0.02 —t
| I [ l
0
-1.0 -06 -02 02 06 1.0 -1.6 =06 -02 02 06 10 0.01 0.1 1.0
GE (V
DC INPUT VOLTAGE (V) DC INPUT VOLTAGE (V) SETTLING ACCURACY (%)
2180-32 2180-33

2180-34

Small-Signal Step Response Large-Signal Step Response

OUTPUT VOLTAGE (20 mV/div)
OUTPUT VOLTAGE (1V/div)

Vg=t5v Rp=Rg=750Q0 R =15000 Ay=+2 Vg=t5v Rp=Rg=7500 R, =1500 Ay=+2

TIME (10 ns/div) TIME (20 ns/div)
2180-35 2180-36
8-Pin Plastic DIP 8-Lead SO
Maximum Power Dissipation Maximum Power Dissipation
vs Ambient Temperature vs Ambient Temperature
2.0 2.0
Ty MAX = 150°C| Ty MAX = 150°C
= 950 = °
T 16 85 = 95°C/W s 16 8), = 150°C/W
z z
=] =]
= 1.2 2 1.2
g &
Z \ 2
g os N 2 o8
s o .
& g N
E3 = ! N
g 04 2 04 }
|
-25 25 75 125 175 -25 25 75 125 175
TEMPERATURE (°C) TEMPERATURE (°C)
2180-37 2180-38
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EL2180C/EL2280C/EL2480C

14-Pin Plastic DIP
Maximum Power Dissipation
vs Ambient Temperature

2.0
TyMAX = 150°C]
= oC
s s b4 = 70 /W
=
e
Eo12
a
[
3
5 08
o
&
3
S 04

-25 25 75 125 175

TEMPERATURE (°C)
2180-39

POWER DISSIPATION (W)

Typical Performance Curves — Contd.

14-Lead SO
Maximum Power Dissipation
vs Ambient Temperature

2.0

TyMAX = 150°C|
16 8y, = 110°C/W
1.2
0.8
0.4

=25 25 75 125 175

TEMPERATURE (°C)

2180-40

CHANNEL SEPARATION (dB)

Channel Separation
vs Frequency

I TETTT Y, = © dBm
I Tt
. VS = :tSV\
10k 100k ™ 10M 100M

FREQUENCY (Hz)

2180-41
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2280C/EL2480C

250 MHz/3 mA CurrentMode Feedback Amplifiers

Applications Information

Product Description

The EL2180C/EL2280C/EL2480C are current-
feedback operational amplifiers that offer a wide
—3 dB bandwidth of 250 MHz and a low supply
current of 3 mA per amplifier. All of these prod-
ucts also feature high output current drive. The
EL2180C can output 100 mA, while the EL2280C
and the EL2480C can output 55 mA per amplifi-
er. The EL2180C/EL2280C/EL2480C work with
supply voltages ranging from a single 3V to
16V, and they are also capable of swinging to
within 1V of either supply on the input and the
output. Because of their current-feedback topolo-
gy, the EL2180C/EL2280C/EL2480C do not
have the normal gain-bandwidth product associ-
ated with voltage-feedback operational amplifi-
ers. This allows their —3 dB bandwidth to re-
main relatively constant as closed-loop gain is in-
creased. This combination of high bandwidth and
low power, together with aggressive pricing make
the EL2180C/EL2280C/EL2480C the ideal
choice for many low-power/high-bandwidth ap-
plications such as portable computing, HDSL,
and video processing.

For Single and Dual applications with disable,
consider the EL2186C (8-Pin Single) and
EL2286C (14-Pin Dual). If lower power is re-
quired, refer to the EL2170C/EL2176C family
which provides Singles, Duals, and Quads with
70 MHz of bandwidth while consuming 1 mA of
supply current per amplifier.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high-frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible. The power supply pins must be well
bypassed to reduce the risk of oscillation. The
combination of a 4.7 uF tantalum capacitor in
parallel with a 0.1 uF capacitor has been shown
to work well when placed at each supply pin.

For good AC performance, parasitic capacitance
should be kept to a minimum especially at the
inverting input (see the Capacitance at the In-
verting Input section). Ground plane construc-
tion should be used, but it should be removed
from the area near the inverting input to mini-
mize any stray capacitance at that node. Carbon
or Metal-Film resistors are acceptable with the
Metal-Film resistors giving slightly less peaking
and bandwidth because of their additional series
inductance. Use of sockets, particularly for the
SO package, should be avoided if possible. Sock-
ets add parasitic inductance and capacitance
which will result in some additional peaking and
overshoot.

Capacitance at the Inverting Input

Any manufacturer’s high-speed voltage- or cur-
rent-feedback amplifier can be affected by stray
capacitance at the inverting input. For inverting
gains this parasitic capacitance has little effect
because the inverting input is a virtual ground,
but for non-inverting gains this capacitance (in
conjunction with the feedback and gain resistors)
creates a pole in the feedback path of the amplifi-
er. This pole, if low enough in frequency, has the
same destabilizing effect as a zero in the forward
open-loop response. The use of large value feed-
back and gain resistors further exacerbates the
problem by further lowering the pole frequency.

The EL2180C/EL2280C/EL2480C have been
specially designed to reduce power dissipation in
the feedback network by using large 750 feed-
back and gain resistors. With the high band-
widths of these amplifiers, these large resistor
values would normally cause stability problems
when combined with parasitic capacitance, but
by internally canceling the effects of a nominal
amount of parasitic capacitance, the EL2180C/
EL2280C/EL2480C remain very stable. For less
experienced users, this feature makes the
EL2180C/EL2280C/EL2480C much more forgiv-
ing, and therefore easier to use than other prod-
ucts not incorporating this proprietary circuitry.
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EL2180C/EL2280C/EL2480C

Applications Information — Contd.
The experienced user with a large amount of PC
board layout experience may find in rare cases
that the EL2180C/EL2280C/EL2480C have less
bandwidth than expected. In this case, the invert-
ing input may have less parasitic capacitance
than expected by the internal compensation cir-
cuitry of the EL2180C/EL2280C/EL2480C. The
reduction of feedback resistor values (or the addi-
tion of a very small amount of external capaci-
tance at the inverting input, e.g. 0.5 pF) will in-
crease bandwidth as desired. Please see the
curves for Frequency Response for Various Rp
and Rg, and Frequency Response for Various
CiN-—-

Feedback Resistor Values

The EL2180C/EL2280C/EL2480C have been de-
signed and specified at gains of +1 and +2 with
Rp = 750(). This value of feedback resistor gives
250 MHz of —3 dB bandwidth at Ay = +1 with
about 2.5 dB of peaking, and 180 MHz of —3 dB
bandwidth at Ay = +2 with about 0.1 dB of
peaking. Since the EL2180C/EL2280C/EL2480C
are current-feedback amplifiers, it is also possible
to change the value of R to get more bandwidth.
As seen in the curve of Frequency Response For
Various Rf and Rg, bandwidth and peaking can
be easily modified by varying the value of the
feedback resistor.

Because the EL2180C/EL2280C/EL2480C are
current-feedback amplifiers, their gain-band-
width product is not a constant for different
closed-loop gains. This feature actually allows
the EL2180C/EL2280C/EL2480C to maintain
about the same —3 dB bandwidth, regardless of
closed-loop gain. However, as closed-loop gain is
increased, bandwidth decreases slightly while sta-
bility increases. Since the loop stability is im-
proving with higher closed-loop gains, it becomes
possible to reduce the value of Ry below the spec-
ified 75001 and still retain stability, resulting in
only a slight loss of bandwidth with increased
closed-loop gain.

Supply Voltage Range and Single-
Supply Operation

The EL2180C/EL2280C/EL2480C have been de-
signed to operate with supply voltages having a
span of greater than 3V, and less than 12V. In
practical terms, this means that the EL2180C/
EL2280C/EL2480C will operate on dual supplies
ranging from *1.5V to +6V. With a single-sup-
ply, the EL2180C/EL2280C/EL2480C will oper-
ate from + 3V to +12V.

As supply voltages continue to decrease, it be-
comes necessary to provide input and output
voltage ranges that can get as close as possible to
the supply voltages. The EL2180C/EL2280C/
EL2480C have an input voltage range that ex-
tends to within 1V of either supply. So, for exam-
ple, on a single +5V supply, the EL2180C/
EL2280C/EL2480C have an input range which
spans from 1V to 4V. The output range of the
EL2180C/EL2280C/EL2480C is also quite large,
extending to within 1V of the supply rail. On a
+5V supply, the output is therefore capable of
swinging from —4V to +4V. Single-supply out-
put range is even larger because of the increased
negative swing due to the external pull-down re-
sistor to ground. On a single + 5V supply, output
voltage range is about 0.3V to 4V.

Video Performance

For good video performance, an amplifier is re-
quired to maintain the same output impedance
and the same frequency response as DC levels are
changed at the output. This is especially difficult
when driving a standard video load of 1502, be-
cause of the change in output current with DC
level. Until the EL2180C/EL2280C/EL2480C,
good Differential Gain could only be achieved by
running high idle currents through the output
transistors (to reduce variations in output imped-
ance). These currents were typically comparable
to the entire 3 mA supply current of each
EL2180C/EL2280C/EL2480C amplifier! Special
circuitry has been incorporated in the EL2180C/
EL2280C/EL2480C to reduce the variation of
output impedance with current output. This re-
sults in dG and dP specifications of 0.05% and
0.05° while driving 150() at a gain of +2.
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Applications Information — Contd.
Video Performance has also been measured with
a 500Q) load at a gain of + 1. Under these condi-
tions, the EL2180C/EL2280C/EL2480C have dG
and dP specifications of 0.01% and 0.01° respec-
tively while driving 500Q at Ay = +1.

Qutput Drive Capability

In spite of its low 3 mA of supply current, the
EL2180C is capable of providing a minimum of
180 mA of output current. Similarly, each am-
plifier of the EL2280C and the EL2480C is capa-
ble of providing a minimum of *50 mA. These
output drive levels are unprecedented in amplifi-
ers running at these supply currents. With a min-
imum *80 mA of output drive, the EL2180C is
capable of driving 50() loads to 4V, making it
an excellent choice for driving isolation trans-
formers in telecommunications applications.
Similarly, the =50 mA minimum output drive of
each EL2280C and EL2480C amplifier allows
swings of *2.5V into 50(} loads.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For those applications, the back-termi-
nation series resistor will decouple the EL2180C/
EL2280C/EL2480C from the cable and allow ex-
tensive capacitive drive. However, other applica-
tions may have high capacitive loads without a
back-termination resistor. In these applications, a
small series resistor (usually between 5{) and
50Q1) can be placed in series with the output to
eliminate most peaking. The gain resistor (Rg)
can then be chosen to make up for any gain loss
which may be created by this additional resistor
at the output. In many cases it is also possible to
simply increase the value of the feedback resistor
(RpF) to reduce the peaking.

Current Limiting

The EL2180C/EL2280C/EL2480C have no inter-
nal current-limiting circuitry. If any output is
shorted, it is possible to exceed the Absolute
Maximum Ratings for output current or power
dissipation, potentially resulting in the destruc-
tion of the device.

Power Dissipation

With the high output drive capability of the
EL2180C/EL2280C/EL2480C, it is possible to
exceed the 150°C Absolute Maximum junction
temperature under certain very high load current
conditions. Generally speaking, when Ry, falls be-
low about 25{}, it is important to calculate the
maximum junction temperature (TJpyax) for the
application to determine if power-supply volt-
ages, load conditions, or package type need to be
modified for the EL2180C/EL2280C/EL2480C to
remain in the safe operating area. These parame-
ters are calculated as follows:

Tymax = Tmax + (054 * n * PDyax) (1]

where:

Tmax = Maximum Ambient Temperature

ATN = Thermal Resistance of the Package

n = Number of Amplifiers in the Pack-
age

PDpax = Maximum Power Dissipation of

Each Amplifier in the Package.

PDyax for each amplifier can be calculated as
follows:

PDpax = (2% Vs * Igmax) +

(Vs = VourMax) * (Vourmax/RL)) [2]

where:

Vg = Supply Voltage

Ismax = Maximum Supply Current of 1
Amplifier

VourmMmax = Max. Output Voltage of the
Application

Ry, = Load Resistance
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EL2180C/EL2280C/EL2480C

Typical Application Circuits

EL2180C

Inverting 200 mA Output Current Distribution Amplifier

0.1 uf

>

<
<
<

— Vour

2180-42

1/2 EL2280C or
1/4 EL2480C

\

1/2 EL2280C or
1/4 EL2480C

Vgt

b— Vour

Vg-

0.1 ufF

2180-43
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25 0 MHz/3 mA Ciirrent ModeFeedback Amplzfzers i

Typical Application Circuits — Contd.

Differential Line-Driver/Receiver

0.1 uf

0.1 uf

Vgt
EL2180C or
1/2 EL2280C or
1/4 EL2480C

Vot
EL2180C or
1/2 EL2280C or
1/4 EL2480C

0.1 uf
Y
Vour* l}__' 750 =
WS “Whr V
0.1 uf b _E_
L 1 <
SOOI, 240 =
0.1 uF
= | ezisoc oS 0.1 uF
or 120
1/2 EL2280C or A Vo 4“_.
1/4 EL2480C X
= I £L2180C or °
1/2 EL2280C or — Vour
0.1 uf 1/4 EL2480C
750 750 =
v AA AAA
IN \AAd ¢ YV¥
TRANSMITTER 750 -
V‘v‘v \AAZ

RECEIVER

2180-44
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EL2180C/EL2280C/EL2480C

EL2180C/EL2280C/EL2480C Macromodel

* EL2180 Macromodel
* Revision A, March 1995

* AC characteristics used: Rf = Rg = 750 ohms

* Connections: +input
’ |

’ [
’ o
: I
’ L
.subckt EL2180/el 3 2

*

* Input Stage
¥
€e1100301.0
vis 109 OV
h2912vxx 1.0
rl 2 11 400
111112 25nH
iinp 3 0 1.5uA
iinm 2 0 3uA
r12 30 2Meg

*

* Slew Rate Limiting
¥

h113 0 vis 600

r2 1314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

€2 300 14 0 0.00166666666
133017 150nH

¢517 0 0.8pF

r517 0 165

*

+ Vsupply

| —Vsupply

\ | output
L

7 4 6

* Transimpedance Stage
*

g10181701.0

rol 18 0 450K

cdp 18 0 0.675pF

*

* Qutput Stage
*

ql41819qp
q271820qn
q371921qgn
q442022qgp
172164
82264

iosl 7 19 1mA
i0s2 20 4 1mA

*

* Supply Current

*

ips 74 0.2mA
*

* Error Terms
*

ivos 0 23 0.2mA
vxx 23 00V
e4240301.0
e5250701.0
e626040 —1.0
19 24 23 316

r10 2523 3.2K
rll 26 23 3.2K

*

* Models

*

.model gn npn(is = 5e-15 bf =200 tf = 0.01nS)
.model qp pnp(is= 5e-15 bf =200 tf=0.01nS)
.model dclamp d(is = 1le-30 ibv = 0.266

+ bv=0.71lvn=4)

.ends
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t Mode Feedback Amplifiers
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March 1995 Rev. A

 HIGH PERFORMANGE ANALOG INTEGRATED CIRCUT

élan

EL2186C/EL2286C

Features

¢ Single (EL2186C) and dual
(EL2286C) topologies

* 3 mA supply current (per
amplifier)

® 250 MHz — 3 dB bandwidth

¢ Low cost

® Fast disable

* Powers down to 0 mA

¢ Single- and dual-supply
operation down to £ 1.5V

® 0.05%/0.05° diff. gain/diff. phase
into 15002

® 1200V /us slew rate

e Large output drive current:
100 mA (EL2186C)
55 mA (EL2286C)

® Also available without disable in
single (EL2180C), dual
(EL2280C) and quad (EL2480C)

¢ Lower power EL2170C/EL2176C
family also available (1 mA/
70 MHz) in single, dual and quad

Applications

e Low power/battery applications
¢ HDSL amplifiers

e Video amplifiers

e Cable drivers

¢ RGB amplifiers

¢ Test equipment amplifiers

e Current to voltage converters

Ordering Information

Part No. Temp.Range Package Outline #

EL2186CN —40°C to +85°C 8-Pin PDIP MDP0031

EL2186CS —40°C to +85°C 8-Pin SOIC MDFP0027

EL2286CN —40°C to +85°C 14-Pin PDIP MDZP0031

EL2286CS —40°C to +85°C 14-Pin SOIC MDZP0027

General Description

The EL2186C/EL2286C are single/dual current-feedback oper-
ational amplifiers which achieve a —3 dB bandwidth of
250 MHz at a gain of + 1 while consuming only 3 mA of supply
current per amplifier. They will operate with dual supplies
ranging from *1.5V to 6V, or from single supplies ranging
from + 3V to +12V. The EL2186C/EL2286C also include a dis-
able/power-down feature which reduces current consumption to
0 mA while placing the amplifier output in a high impedance
state. In spite of its low supply current, the EL2286C can out-
put 55 mA while swinging to 4V on %5V supplies. The
EL2186C can output 100 mA with similar output swings. These
attributes make the EL2186C/EL2286C excellent choices for
low power and/or low voltage cable-driver, HDSL, or RGB ap-
plications.

For Single, Dual and Quad applications without disable, consid-
er the EL2180C (8-Pin Single), EL2280C (8-Pin Dual) or
EL2480C (14-Pin Quad). For lower power applications where
speed is still a concern, consider the EL2170C/EI12176C family
which also comes in similar Single, Dual and Quad configura-
tions. The EL2170C/EL2176C family provides a —3 dB band-
width of 70 MHz while consuming 1 mA of supply current per
amplifier.

Connection Diagrams

EL2186C SO, P-DIP EL2286C SO, P-DIP

e [7] s | ENABLE N A+ [ 4] INA-
n-[2] [7] v+ NG [2] 13] OUT A
N+ (3] & Jout ENABLE A [3] 2] NC
ve-[Z] als vs 4] 1] vs+
o ENABLE B 5| [10] NC
NG [&] (9] ouTs
INB+ [7] 5] INB-

2186-2
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Absolute Maximum Ratings (r, = 250

Voltage between Vg+ and Vg— +12.6V Operating Junction Temperature

Common-Mode Input Voltage Vg— toVg+ Plastic Packages 150°C

Differential Input Voltage T6V Output Current (EL2186C) +120 mA

Current into + IN or —IN +7.5mA Output Current (EL2286C) +60 mA

Internal Power Dissipation See Curves Storage Temperature Range —65°C to +150°C

Operating Ambient

Temperature Range —40°C to +85°C
Important Note: -

‘| All parameters having Min/Max specifications are g'naranteed. ! el column indzeates the spec:ﬂc devioe tesﬁng actuall i

‘ i?pexformed during production and Quality inspection. Elantec perfi
‘ quuipment, spec;ﬁcally the LTX77 Series system. Unless othe

Level Test Procedure
b 100% production tested and QA sample testedpe
- : 100% production tested at Ty = 25°C and QA s
- Taax and Tyyn per QA test plan QCX0002.
- m * QA sample tested per OA test plarn QCX0002 ;
L Parameter is guaranteed (but not tested) by Design erization Data,
v Parameter is typical value at Ta = 25°C for infe 5% :

DC Electrical Characteristics

Vg = %5V, Ry, = 1500}, ENABLE = 0V, T, = 25°C unless otherwise specified
Parameter Description Conditions Min | Typ
Vos Input Offset Voltage 2.5
TCVos Average Input Offset Voltage Drift Measured from TN to Tmax 5
dVos Vs Matching EL2286C only 0.5
+Iin + Input Current 1.5
d+Iin + Ipn Matching EL2286C only 20
—IIn — Input Current 16
d—Iin —Iin Matching EL2286C only 2
CMRR Common Mode Rejection Ratio Vem = 3.5V 45 50
—ICMR — Input Current Common Mode Rejection | Vepm = *3.5V 5
PSRR Power Supply Rejection Ratio Vg is moved from £4V to 6V 60 70
—IPSR — Input Current Power Supply Rejection | Vg is moved from £4V to £ 6V 1
RoL Transimpedance Vour = 2.5V 150 | 300
+Rin + Input Resistance Vem = 3.5V 0.5 2
+CIn + Input Capacitance 1.2
CMIR Common Mode Input Range +3.5| 4.0
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EL2186C/EL2286C

DC Electrical Characteristics — Contd.

Vg = %5V, Ry, = 1500}, ENABLE = 0V, T4 = 25°C unless otherwise specified
Parameter Description Conditions Min| Typ |Max
Vo Output Voltage Swing Vg = 5 +3.5| £4.0
Vs = +5 Single-Supply, High 4.0
Vg = + 5 Single-Supply, Low 0.3
Io Output Current EL2186C only 80 | 100
EL2286C only, per Amplifier 50 55
Ig Supply Current ENABLE = 2.0V, per Amplifier 3 6
Is(p1S) Supply Current (Disabled) ENABLE = 4.5V 0 20
Cour(pig) |Output Capacitance (Disabled) ENABLE = 4.5V 4.4
RN Enable Pin Input Resistance Measured at ENABLE = 2.0V, 4.5V 45 | 85
I Logic “1” Input Current Measured at ENABLE, ENABLE = 4.5V —0.04
I, Logic “0” Input Current Measured at ENABLE, ENABLE = 0V —53
Vpis Minimum Voltage at ENABLE to Disable 4.5
VEN Maximum Voltage at ENABLE to Enable 2.0

AC Electrical Characteristics

Vg = +5V,Rp = Rg =

7500, Ry, = 1500, ENABLE = 0V, T4 =

25°C unless otherwise specified

Parameter Description Conditions Min | Typ | Max Units
—3dBBW —3 dB Bandwidth Ay = +1 250 MHz
—3dBBW —3 dB Bandwidth Ay = +2 180 MH:z
0.1dBBW 0.1 dB Bandwidth Ay = +2 50 MHz
SR Slew Rate Vour = +2.5V,Ay = +2 600 | 1200 V/us
tp, tf Rise and Fall Time Vourt = +500 mV 1.5 ns
tpd Propagation Delay Vour = *500 mV 1.5 ns
os Overshoot Vgout = +500 mV 3.0 %o
ts 0.1% Settling Vour = t2.5V,Ay = —1 15 ns
dG Differential Gain Ay = +2,Rp, = 150 (Note 1) 0.05 %o
dpP Differential Phase Ay = +2,Rp, = 1500 (Note 1) 0.05

dG Differential Gain Ay = +1,RL = 5000 (Note 1) 0.01 %%
dP Differential Phase Ay = +1,Rp, = 5000 (Note 1) 0.01 °
toN Turn-On Time Ay = +2,Viy = +1V, Ry, = 1500 (Note 2) 40 100 ns
toFF Turn-Off Time Ay = +2,Viy = +1V, Ry = 1500 (Note 2) 500 1000 ns
Cs Channel Separation EL2286C only, f = 5 MHz 85 dB

Note 1: DC offset from 0V to 0.714V, AC amplitude 286 mVp_p, f = 3.58 MHz.
Note 2: Measured from the application of the logic signal until the output voltage is at the 50% point between initial and final

values.




Test Circuit (per Amplifier)

— IN-

ENABLE

7500

AAA

VS+
EL2186C or
3EL2286C

5

0.1 uf

0.1 uf

\AAS

RF

Simpliﬁed Schematic (per Amplifer)

v+ O

Vour

RL
1500

2186-3

ENABLE
CIRCUITRY

ENABLE

IN+ O

Q9

p—O ouT

Q13

—O IN-

2186-4
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EL2186C/EL2286C

MAGNITUDE (NORMALIZED) (dB)

MAGNITUDE (NORMALIZED) (dB)

100k

MAGNITUDE (0)

Typical Performance Curves

Non-Inverting Frequency
Response (Gain)

Rr = 7500

R =1500 Y

Non-Inverting Frequency

Response (Phase)
9

PHASE (°)

1

Ay=+5 \

ATHO [

™ 10M 100M 500M

FREQUENCY (Hz)

2186-5

Re = 7500 | [ A =*1
R = 1500 =
A+ AT Y2
LAy S5
N
A =+10
l 1
™ 10M 100M  500M

FREQUENCY (Hz)

PHASE (°)

Inverting Frequency
Response (Gain)
Re =750k |
R =1500 i AT
AT
K AT
AN\
i \
)\
™ 10M 100M  500M
FREQUENCY (Hz)

2186-8

Transimpedance (Rop)
vs Frequency
™

%:q l HH}

SV_"
10k a\;

TNl PrASE
1k = —
100 P——_-‘M»__

M

100k 1 10M 100M

FREQUENCY (Hz)

2186-11

00 % mm:lxj

2186-6
Inverting Frequency
Response (Phase)
Re = 7500 | T T
R =1500
L T
! Ay=-1
| | v
Ay = -ﬁ— !
AT
Ay =-10+1
™ 10M 100M  500M
FREQUENCY (Hz)
2186-9

PSRR and CMRR
vs Frequency

PSRR, CMRR (dB)

|

1
!FA

™ 10M 100M

FREQUENCY (Hz)
2186-12

Frequency Response
for Various Ry and Rg

~

MAGNITUDE (NORMALIZED) (dB)

R = 1500 [T
Vg =45V g
Ay =+2 T )
Re =Ry = 4300 A
\
NN
N\
750k -
T{Tssen i
L]
EEIEL= AN W

M 10M 100M 500M

FREQUENCY (Hz)

MAGNITUDE (NORMALIZED) (dB)

2186-7
Frequency Response
for Various Ry, and Ry,
=R, =7
AR
Q.3 20F, R =5000
¢ = 209F, R =1500
! f
L | g =topF RJ:soon[ 1]
=10pf, R = 1500
i 1
‘q= PF. l1:50 0 — I
h L
e I
™ 10M 100M  500M
FREQUENCY (Hz)
2186-10

Frequency Response for
Various CyN—

~

MAGNITUDE (NORMALIZED) (dB)

= =7son [ 1]
R = 1500 N
Pl
Y
-y
- 0pr T
o 20 TN
C- = T9F
|
\
™ 10M 100 500M

FREQUENCY (Hz)
2186-13
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Typical Performance Curves — Contd.

Voltage and Current
Noise vs Frequency

100
®
o o~
=
N T
<
2
<
i
8
o
% 80
o z
Z
w Z | L
‘;"’ @
g
2
=2
53 I\III
1

SUPPLY CURRENT (mA)

-3 dB BANDWIDTH (MHz
N
k=

100tk 10k

FREQUENCY (Hz)

100k 1M

10M

2186-14

—3 dB Bandwidth and Peaking

vs Supply Voltage for

Various Non-Inverting Gains

260 35 BW, Ay = +1

[ -3dBBW, Ay=+2
F-348 BW, Ay =+5
Peaking, Av—t5 +10
Peaking, Ay =+2
Peaking, +1
R A=

TTTTTT T D

“3dB BW, Ay =+10

] 1 2 3 4 5 6

SUPPLY VOLTAGE (%V)

Supply Current vs
Supply Voltage
4.0

2186-17

3.0

P

T
/

0 1 2 3 4

5 6

SUPPLY VOLTAGE (%V)

2186-20

PEAKING (dB)

HARMONIC DISTORTION (dB)

2nd and 3rd Harmonic
Distortion vs Frequency

[
[ay=s2TI_TTIT TTIT
[R = 1000 *
-20 LVp =2V }
| o
-40 . A
| gl
~60 Palhy i
Dl .
5"
—BO/ 1
-100
100k ™ 10M 100M
FREQUENCY (Hz)
2186-15

-3dB BANDWIDTH (MHz)

COMMON-MODE INPUT RANGE (V)

—3 dB Bandwidth and Peaking

vs Supply Voltage for
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Differential Gain and
Phase vs DC Input
Voltage at 3.58 MHz

Typical Performance Curves — Contd.
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250 MHz/3 mA Current

Applications Information

Product Description

The EL2186C/EL2286C are current-feedback op-
erational amplifiers that offer a wide —3 dB
bandwidth of 250 MHz, a low supply current of
3 mA per amplifier and the ability to disable to
0 mA. Both products also feature high output
current drive. The EL2186C can output 100 mA,
while the EL2286C can output 55 mA per ampli-
fier. The EL2186C/EL2286C work with supply
voltages ranging from a single 3V to £ 6V, and
they are also capable of swinging to within 1V of
either supply on the input and the output. Be-
cause of their current-feedback topology, the
EL2186C/EL2286C do not have the normal gain-
bandwidth product associated with voltage-feed-
back operational amplifiers. This allows their
—3 dB bandwidth to remain relatively constant
as closed-loop gain is increased. This combina-
tion of high bandwidth and low power, together
with aggressive pricing make the EL2186C/
EL2286C the ideal choice for many low-power/
high-bandwidth applications such as portable
computing, HDSL, and video processing.

For Single, Dual and Quad applications without
disable, consider the EL2180C (8-Pin Single),
EL2280C (8-Pin Dual) and EL2480C (14-Pin
Quad). If lower power is required, refer to the
EL2170C/EL2176C family which provides Sin-
gles, Duals, and Quads with 70 MHz of band-
width while consuming 1 mA of supply current
per amplifier.

Power Supply Bypassing and Printed
Circuit Board Layout

As with any high-frequency device, good printed
circuit board layout is necessary for optimum
performance. Ground plane construction is high-
ly recommended. Lead lengths should be as short
as possible. The power supply pins must be well
bypassed to reduce the risk of oscillation. The
combination of a 4.7 uF tantalum capacitor in
parallel with a 0.1 uF capacitor has been shown
to work well when placed at each supply pin.

For good AC performance, parasitic capacitance
should be kept to a minimum especially at the
inverting input (see the Capacitance at the In-

verting Input section). Ground plane construc-
tion should be used, but it should be removed
from the area near the inverting input to mini-
mize any stray capacitance at that node. Carbon
or Metal-Film resistors are acceptable with the
Metal-Film resistors giving slightly less peaking
and bandwidth because of their additional series
inductance. Use of sockets, particularly for the
SO package should be avoided if possible. Sock-
ets add parasitic inductance and capacitance
which will result in some additional peaking and
overshoot.

Disable/Power-Down

The EL2186C/EL2286C amplifiers can be dis-
abled, placing their output in a high-impedance
state. When disabled, each amplifier’s supply cur-
rent is reduced to 0 mA. Each EL2186C/
EL2286C amplifier is disabled when its
ENABLE pin is floating or pulled up to within
0.5V of the positive supply. Similarly, each am-
plifier is enabled by pulling its ENABLE pin at
least 3V below the positive supply. For 5V sup-
plies, this means that an EL2186C/EL2286C am-
plifier will be enabled when ENABLE is at 2V or
less, and disabled when ENABLE is above 4.5V.
Although the logic levels are not standard TTL,
this choice of logic voltages allows the EL2186C/
EL2286C to be enabled by tying ENABLE to
ground, even in + 3V single-supply applications.
The ENABLE pin can be driven from CMOS
outputs or open-collector TTL.

When enabled, supply current does vary some-
what with the voltage applied at ENABLE. For
example, with the supply voltages of the
EL2186C at 5V, if ENABLE is tied to —5V
(rather than ground) the supply current will in-
crease about 15% to 3.45 mA.

Capacitance at the Inverting Input

Any manufacturer’s high-speed voltage- or cur-
rent-feedback amplifier can be affected by stray
capacitance at the inverting input. For inverting
gains this parasitic capacitance has little effect
because the inverting input is a virtual ground,
but for non-inverting gains this capacitance (in
conjunction with the feedback and gain resistors)
creates a pole in the feedback path of the amplifi-
er. This pole, if low enough in frequency, has the
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EL2186C/ EL228GC

Applications Information — Contd.

same destabilizing effect as a zero in the forward
open-loop response. The use of large value feed-
back and gain resistors further exacerbates the
problem by further lowering the pole frequency.

The EL2186C/EL2286C have been specially de-
signed to reduce power dissipation in the feed-
back network by using large 750§} feedback and
gain resistors. With the high bandwidths of these
amplifiers, these large resistor values would nor-
mally cause stability problems when combined
with parasitic capacitance, but by internally can-
celing the effects of a nominal amount of parasit-
ic capacitance, the EL2186C/EL2286C remain
very stable. For less experienced users, this fea-
ture makes the EL2186C/EL2286C much more
forgiving, and therefore easier to use than other
products not incorporating this proprietary cir-
cuitry.

The experienced user with a large amount of PC
board layout experience may find in rare cases
that the EL2186C/EL2286C have less bandwidth
than expected. In this case, the inverting input
may have less parasitic capacitance than expected
by the internal compensation circuitry of the
EL2186C/EL2286C. The reduction of feedback
resistor values (or the addition of a very small
amount of external capacitance at the inverting
input, e.g. 0.5 pF) will increase bandwidth as de-
sired. Please see the curves for Frequency Re-
sponse for Various R and Rg, and Frequency
Response for Various Cyn .

Feedback Resistor Values

The EL2186C/EL2286C have been designed and
specified at gains of +1 and +2 with Rp =
750Q). This value of feedback resistor gives
250 MHz of —3 dB bandwidth at Ay = +1 with
about 2.5 dB of peaking, and 180 MHz of —3 dB
bandwidth at Ay = +2 with about 0.1 dB of
peaking. Since the EL2186C/EL2286C are cur-
rent-feedback amplifiers, it is also possible to
change the value of Rp to get more bandwidth.
As seen in the curve of Frequency Response For
Various Rf and Rg, bandwidth and peaking can
be easily modified by varying the value of the
feedback resistor.

Because the EL2186C/EL2286C are current-feed-
back amplifiers, their gain-bandwidth product is
not a constant for different closed-loop gains.
This feature actually allows the EL2186C/
EL2286C to maintain about the same —3 dB
bandwidth, regardless of closed-loop gain. How-
ever, as closed-loop gain is increased, bandwidth
decreases slightly while stability increases.

Since the loop stability is improving with higher
closed-loop gains, it becomes possible to reduce
the value of Ry below the specified 7500 and still
retain stability, resulting in only a slight loss of
bandwidth with increased closed-loop gain.

Supply Voltage Range and Single-
Supply Operation

The EL2186C/EL2286C have been designed to
operate with supply voltages having a span of
greater than 3V, and less than 12V. In practical
terms, this means that the EL2186C/EL2286C
will operate on dual supplies ranging from * 1.5V
to *6V. With a single-supply, the EL2176C will
operate from +3V to +12V.

As supply voltages continue to decrease, it be-
comes necessary to provide input and output
voltage ranges that can get as close as possible to
the supply voltages. The EL2186C/EL2286C
have an input voltage range that extends to with-
in 1V of either supply. So, for example, on a sin-
gle + 5V supply, the EL2186C/EL2286C have an
input range which spans from 1V to 4V. The out-
put range of the EL2186C/EL2286C is also quite
large, extending to within 1V of the supply rail.
On a *5V supply, the output is therefore capable
of swinging from —4V to +4V. Single-supply
output range is even larger because of the in-
creased negative swing due to the external pull-
down resistor to ground. On a single +5V sup-
ply, output voltage range is about 0.3V to 4V.

Video Performance

For good video performance, an amplifier is re-
quired to maintain the same output impedance
and the same frequency response as DC levels are
changed at the output. This is especially difficult
when driving a standard video load of 15012, be-
cause of the change in output current with DC
level. Until the EL2186C/EL2286C, good Differ-
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ential Gain could only be achieved by running
high idle currents through the output transistors
(to reduce variations in output impedance).
These currents were typically comparable to the
entire 3 mA supply current of each EL2186C/
EL2286C amplifier! Special circuitry has been in-
corporated in the EL2186C/EL2286C to reduce
the variation of output impedance with current
output. This results in dG and dP specifications
of 0.05% and 0.05° while driving 150() at a gain
of +2.

Video Performance has also been measured with
a 500Q) load at a gain of + 1. Under these condi-
tions, the EL2186C/EL2286C have dG and dP
specifications of 0.01% and 0.01° respectively
while driving 500) at Ay = +1.

Output Drive Capability

In spite of its low 3 mA of supply current, the
EL2186C is capable of providing a minimum of
180 mA of output current. Similarly, each am-
plifier of the EL2286C is capable of providing a
minimum of 50 mA. These output drive levels
are unprecedented in amplifiers running at these
supply currents. With a minimum +80 mA of
output drive, the EL2186C is capable of driving
50Q2 loads to *4V, making it an excellent choice
for driving isolation transformers in telecommu-
nications applications. Similarly, the *50 mA
minimum output drive of each EL2286C amplifi-
er allows swings of 2.5V into 50() loads.

Driving Cables and Capacitive Loads
When used as a cable driver, double termination
is always recommended for reflection-free per-
formance. For those applications, the back-termi-
nation series resistor will decouple the EL2186C/
EL2286C from the cable and allow extensive ca-
pacitive drive. However, other applications may
have high capacitive loads without a back-termi-
nation resistor. In these applications, a small
series resistor (usually between 5§} and 50)) can
be placed in series with the output to eliminate
most peaking. The gain resistor (Rg) can then be
chosen to make up for any gain loss which may
be created by this additional resistor at the out-
put. In many cases it is also possible to simply
increase the value of the feedback resistor (Rp) to
reduce the peaking.

Current Limiting

The EL2186C/EL2286C have no internal cur-
rent-limiting circuitry. If any output is shorted,
it is possible to exceed the Absolute Maximum
Ratings for output current or power dissipation,
potentially resulting in the destruction of the de-
vice.

Power Dissipation

With the high output drive capability of the
EL2186C/EL2286C, it is possible to exceed the
150°C Absolute Maximum junction temperature
under certain very high load current conditions.
Generally speaking, when Ry, falls below about
25Q), it is important to calculate the maximum
junction temperature (Tymax) for the application
to determine if power-supply voltages, load con-
ditions, or package type need to be modified for
the EL2186C/EL2286C to remain in the safe op-
erating area. These parameters are calculated as
follows:

Tymax = Tmax + (654 " n * PDpax) (1]
where:

Tymax = Maximum Ambient Temperature
O1a = Thermal Resistance of the Package
n = Number of Amplifiers in the Pack-

age
PDpax = Maximum Power Dissipation of
Each Amplifier in the Package.

PDyax for each amplifier can be calculated as
follows:
PDpax = (2% Vg * Ismax) +

(Vs — Vourmax) * (Vourmax/Rp) [2]

where:
Vs = Supply Voltage
Ismax = Maximum Supply Current of

1 Amplifier

VourmMmax = Max. Output Voltage of the
Application

Ry, = Load Resistance
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EL2186C/EL2286C

Typical Application Circuits

Low Power Multiplexer with Single-Ended TTL Input

0.1 uf

+5V D=
VINA + VS+
EL2186C or
< £ —EL2286C
10k :: 10k € N- 2
750 750 =
A AA —\AA
AA A4 Yyv——
—L_ Rroa RFA
= 0.1 uF *— Vour
VinB Vs
EL2186C or
EL2286C
el |N — VS—
ENABLE
0.1 uF
‘ 750 750 =
P —AAA e A A
vy \AA S
o RFB
_ - +5V
ABSELECT 2N2222
L| 10k
2N2222 2N2222
1N400 1
>
®e 4703 1k

2186-42
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Inverting 200 mA Output Current Distribution Amplifier
0.1 uF

EL2186C

—a [N~

VS-
ENABLE

0.1 uF

750 5

AAA AAA

Yy Yy
0.1 uF

p— Vour

.
w
-

III:I

IN+ VS+

e £L2186C ouTt AMNV—

—a IN~

VS~

ENABLE ENABLE

0.1 uF

m

750 750
WN__‘AfV» MWy
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ENABLE

in

Typical Application Circuits — Contd.

—iN-

Differential Line-Driver/Receiver

ENABLE

IN+

IN-
ENABLE

EL29886C or
Leazaec

0.1 uf

0.1 uf

||}—|

IN-

EL2186C or
1€L2286C

RECEIVER
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Typical Application Circuits — Contd.

D98CCTH/D981CTH

Fast-Settling Precision Amplifer

750 750
— VYV
— 0.1 uf

] iN+ VS+

€L2286C

r— IN- VS-

ENABLE

0.1 uf

A

1
EELZZBGC

—1 IN- VS—

\ ENABLE
| —_— 0.1 uf

F

2186-45
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EL2186C/EL2286C

EL2186C/EL2286C Macromodel

* EL2185 Macromodel
* Revision A, March 1995
* AC characteristics used: Rf = Rg = 750 ohms

* Connections: +input

* | —input

* | | + Vsupply

* | | | —Vsupply

y | | \ | output
. | | | | \
.subckt EL2186/el 3 2 7 4 6

*

* Input Stage
*
e1100301.0
vis 109 OV
h2912vxx 1.0
rl 2 11400
111112 25nH
iinp 30 1.5uA
iinm 2 0 3uA
r12 30 2Meg

*

* Slew Rate Limiting
*

h1 130 vis 600
r21314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

€2 300 14 0 0.00166666666

* Transimpedance Stage
X

g10181701.0

rol 18 0 450K

cdp 18 0 0.675pF

*

* Qutput Stage

*

ql41819qp
q271820qn
q371921gn
q442022qp
172164

82264

ios1 719 ImA
1082 204 1mA

*

* Supply Current

*

ips 74 0.2mA
*

* Error Terms
"

ivos 0 23 0.2mA
vxx 2300V
e4240301.0
e5250701.0
e626040 —1.0
r9 24 23 316

r10 2523 3.2K
r11 26 23 3.2K

*

133017 150nH * Models
¢517 0 0.8pF *
r517 0165 .model gn npn(is = 5e-15 bf =200 tf = 0.01nS)

*

.model qp pnp(is = 5e-15 bf = 200 tf=0.01nS)
.model dclamp d(is = le-30 ibv =10.266

+ bv=0.71lvn=4)

.ends
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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

Video SyncSepamtor w/50% Slicing

5‘ ;
§

Features

* NTSC, PAL, SECAM, non-
standard video sync separation

¢ Precision 50% slicing of video
input levels from 0.5 Vp_p to
2Vpp

® Low supply current - 1.5 mA typ.

® Single + 5V supply

¢ Composite, vertical sync output

¢ Odd/Even field output

* Burst/Back porch output

® Plug-in compatible with industry
standard LM1881 in 5V
applications

® Available in 8-pin DIP and SO
package

Applications ‘
¢ Existing LM1881 appliéétions
® Video special effects

® Video test equipment

® Video distribution

® Displays

* Imaging

® Video data capture

® Video triggers

Ordering Information

Part No. Temp. Range Package Outline #

EL1882CN —40°C to +85°C 8-pin DIP MDP0031

EL1882CS —40°Cto +85°C 8-lead SO MDP0027

General Description

The EL1882C video sync separator is manufactured using Elan-
tec’s high performance analog CMOS process. This device ex-
tracts sync timing information from both standard and non-
standard video input, including composite sync, vertical sync,
burst/back porch timing and odd/even field detection. 50%
sync tip slicing provides precise sync edge detection when the
video input level is between 0.5 Vp-p and 2 Vp-p (sync tip am-
plitude 143 mV 't0-572 mV). A single external resistor sets all
internal tlmmgt adjust for various video standards. The com-
posite syn ut follows video in sync pulses, and a verti-
cal syne pul utput on the rising edge of the first vertical

'serration following the vertical pre-equalizing string. For non-

standard vertical inputs, a default vertical pulse is output when

- | the vertical signal stays low for longer than the vertical sync
.| default delay time. The odd/even output indicates field polari-
-} 'ty detected during the vertical blanking interval. The EL1882C

is plug-in compatible with the industry standard LM1881 and
can be substituted for that part in 5V applications with im-
proved 50% slicing and lower required supply current.

Connection Diagram

COMPOSITE
o——11 8 Vpp 5V
SYNC OUTPUT 0.1 uF
COMPOSITE ODD/EVEN
e —
vioeo input © Il z 7 o 1 OUTPUT
p
VERTICAL
o—3 6 RSET
SYNC OUTPUT 580 k0
. s BURST/BACK
PORCH OUTPUT
GND

1881-1
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EL1882C

Absolute Maximum Ratings (r, = 25°0)

Ve Supply A'A Operating Ambient Temperature Range —40°C to +85°C
Storage Temperature —65°C to +150°C Operating Junction Temperature 125°C
Lead Temperature (5 sec) 260°C Power Dissipation 400 mW
Pin Voltages —0.5V to Vgt 0.5V
Important Note: e

performe | during production an
. ! o

Parameter Description Min Typ Max Units
Ipp, Quiescent Vpp = 5V 0.75 1.5 3.0
Clamp Voltage Pin 2, Unloaded 1.35 1.5 1.65
Clamp Discharge Current Pin2 = 2V 3.2 10 12
Clamp Charge Current Pin2 = 1V —2.0 —1.2 —-0.8
Rggt Pin Reference Voltage Pin 6 1.2 1.32 1.44
Vor, Output Low Voltage IoL = 1.6 mA 0.4 0.8
Vog Output High Voltage Iog = —40pA 4 4.8
Iog = —1.6mA 2.4 3.5

Dynamic Characteristics

Parameter Description Min | Typ
Comp Sync Prop Delay, tcg 50% Input-50% CS 10 30
Vertical Sync Width, tyg Normal or Default trigger, 50% —50% 185 230
Vertical Sync Default Delay, tysp | From start of Vert Sync at input to vert out pulse 35 60
Burst Gate Delay, tgp From rising edge of input to falling edge of Burst 400 550
Burst Gate Width, tg 2.9 3.5
Input Dynamic Range Video in amplitude to maintain 50% slice spec 0.5
Slice Level Within above dynamic range 40 50
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Separator w/50% Sliciiig

Pin Descriptions

Pin No. | Pin Name Function

1 Comp Sync Composite sync pulse output. Sync pulses start on a falling edge and end on a rising edge.

2 Video In AC coupled composite video input. Sync tip must be at the lowest potential (Positive picture phase).

3 Vert Sync Vertical sync pulse output. The falling edge of Vert Sync is the start of the vertical period.

4 GND Supply ground.

5 Burst Burst/Back porch output. Low during burst portion of composite video.

6 RsgT An external resistor to ground sets all internal timing. A 680k resistor will provide correct timing for
NTSC signals.

7 Odd/Even Odd/Even field output. Low during odd fields, high during even fields. Transitions occur at start of
Vert Sync pulse.

8 Vbp Positive supply. (5V)

3-5
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EL1882C

Timing Diagrams

SIGNAL ta. COMPOSITE VIDEO INPUT, FIELD ONE
'<-1~5 us0.1us FIELD ONE

TIME —>

H
VERTTICAL BLANKING INTERVAL = 20H 10(1271 usﬁgl;;z us)
1

3H 3H 3H

4—4—»'4—‘ i 6 7—>T<—° i 9—><—10—>| I<—19—>'<—20—>

H SYNC START OF X
INTERVAL |- ™ FIELD ONE I'_H”"—H"i _’l‘SH“ l“‘“—’l | (* SEE NOTE)
PRE-EQUALIZING VERTICAL SYNC POST-EQUALIZING |
H==1* bULSE INTERVAL "™ PULSE INTERVAL | PULSE INTERVAL .|  REF SUBCARRIER PHASE, |
9 LINE VERTICAL COLOR FIELD ONE !
! INTERVAL !

SIGNAL 1b. COMPOSITE SYNC. OQUTPUT, PIN 1

o o 8 O eV VR R | IO

SIGNAL 1c. VERTICAL SYNC. OUTPUT, PIN 3

SIGNAL 1d. ODD-EVEN QUTPUT, PIN 7

SIGNAL 1e. BACK PORCH OUTPUT, PIN §

U Ui e e o

1881-2

Figure 1
Notes:
b. The composite sync output reproduces all the video input sync pulses, with a propagation delay.
¢. Vertical sync leading edge is coincident with the first vertical serration pulse leading edge, with a propagation delay.
d. Odd-even output is low for even field, and high for odd field.
e. Back porch goes low for a fixed pulse width on the trailing edge of video input sync pulses. Note that for serration pulses during
vertical, the back porch starts on the rising edge of the serration pulse (with propagation delay).
* Signal 1a drawing reproduced with permission from EIA.
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.  Video Sync Separator w/50% Slicing
——————

Applications Information

Video In

A simplified block diagram is shown following
page.

An AC coupled video signal is input to Video In
pin 2 via Cl1, nominally 0.1 uF. Clamp charge
current will prevent the signal on pin 2 from go-
ing any more negative than Sync Tip Ref, about
1.5V. This charge current is nominally about
800 pA. A clamp discharge current of about
10 pA is always attempting to discharge C1 to
Sync Tip Ref, thus charge is lost between sync
pulses that must be replaced during sync pulses.
The droop voltage that will occur can be calculat-
ed from IT = CV, where V is the droop voltage, I
is the discharge current, T is the time between
sync pulses (sync period — sync tip width), and
Cis Cl.

An NTSC video signal has a horizontal frequency
of 15.73 kHz, and a sync tip width of 4.7 us. This
gives a period of 63.6 us and a time T = 58.9 us.
The droop voltage will then be V = 5.9 mV. This
is less than 2% of a nominal sync tip amplitude
of 286 mV. The charge represented by this droop
is replaced in a time given by T=CV/I, where I
clamp charge current 800 wA. Here T =
740 ns, about 16% of the sync pulse width of
4.7 ps. It is important to choose C1 so that the
droop voltage does not approach the 50% switch-
ing threshold of the internal comparator.

AGC and Composite Sync

The clamped video signal then passes to the
AGC, which will maintain the blanking level of
its output (sensed during burst) at the blanking
reference level. The AGC should therefore pres-
ent a constant amplitude signal to the compara-
tor, if the input is within the AGC’s dynamic
range. A 50% slicing reference is compared with
the AGC’s output at the comp circuit. Comp’s
output is level shifted and buffered to TTL lev-
els, and sent out as Comp Sync on pin 1.

Burst
A low-going Burst pulse follows each rising edge
of sync, and lasts approximately 3.5 us for an

RggT of 680 k). This signal is used internally to
gate the AGC feedback for determining blanking
level.

Vertical Sync

A low-going Vertical Sync pulse is output dur-
ing the start of the vertical cycle of the incoming
video signal. The vertical cycle starts with a pre-
equalizing phase of pulses with a duty cycle of
about 93%, followed by a vertical serration phase
that has a duty cycle of about 15%. Vertical Sync
is clocked out of the EL1882C on the first rising
edge during the vertical serration phase. In the
absence of vertical serration pulses, a vertical
sync pulse will be forced out after the vertical
sync default delay time, approximately 60 us af-
ter the last falling edge of the vertical equalizing
phase for Rggr = 680 k.

Odd/Even

Because a typical television picture is composed
of two interlaced frames, there is an odd frame
that includes all the odd lines, and an even frame
that consists of the even lines. This odd/even
frame information is decoded by the EL1882C
during the end of picture information and the be-
ginning of vertical information. The odd/even
circuit includes a T-flip-flop that is reset during
full horizontal lines, but not during half lines or
vertical equalization pulses. The T-flip-flop is
clocked during each falling edge of these half
h-period pulses. Even fields will toggle until a
high state is clocked to the odd/even pin 7 at the
beginning of vertical sync, and odd fields will
cause a low state to be clocked to the odd/even
pin at the start of the next vertical sync pulse.
Odd/even can be ignored if using non-interlaced
video, as there is no change in timing from one
frame to the next.

RsET

An external resistor RggT, connected from Rggt
pin 6 to ground, produces a reference current that
is used internally as the timing reference for ver-
tical sync width, vertical sync default delay,
burst gate delay and burst width. Decreasing the
value of RggT increases the reference current,
which in turn decreases reference times and pulse
widths. A higher frequency video input necessi-
tates a lower RggT value.
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EL1882C

Simplified Block Diagram

SYNC TIP
REF

| cLame

COMP
SYNC

BURST

VIDEO IN
-]
c1
GND
Rser | SYNC
REF e
R GEN L— BLANK
SET
50%
L SLICE
Figure 2

EVEN

1881-3
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. HIGH PERFORMANCE ANALDG INTEGRATED CIRCUITS

EL2210C/11C/EL2310C C/EL24100/110

Tripl nd Quad Vldeo,()pAmps ‘

Features

® Stable at gain of 2 and 100 MHz
gain—bandwidth product
(EL2211, EL2311, EL2411)

® Stable at gain of 1 and 50 MHz
gain—bandwidth product
(EL2210, EL2310, EL2410)

® 130V/us slew rate

® Drives 15012 load to video levels
Inputs and outputs operate at
negative supply rail

¢ +5V or +10V supplies

® —60 dB isolation at 4.2 MHz

Applications

* Consumer video amplifier
® Active filters/integrators
® Cost sensitive applications
® Single supply amplifiers

Ordering Information

Part No. Temp. Range Pkg. Outline #

EL2210CN —40°C to + 85°C8-pin P-DIP MDP0031

EL2211CN —40°C to + 85°C8-pin P-DIP MDP0031

EL2210CS —40°C to +85°C8-lead SO MDP0027

EL2211CS —40°C to +85°C8-lead SO MDP0027

EL2310CN —40°C to + 85°C 14-pin P-DIP MDP0031

EL2311CN —40°C to + 85°C 14-pin P-DIP MDP0031

EL2310CS —40°C to +85°C14-lead SO MDP0027

EL2311CS —40°Cto +85°C14-lead SO  MDP0027

EL2410CN —40°C to +85°C 14-pin P-DIP MDP0031

EL2411CN —40°C to + 85°C 14-pin P-DIP MDP0031

EL2410CS —40°Cto +85°C14-lead SO  MDP0027

EL2411CS —40°Cto +85°Cl4-lead SO  MDP0027

General Description

This family of dual, triple and quad operational amplifiers built
using Elantec’s Complementary Bipolar process offers unprece-
dented high frequency performance at a very low cost. They are
suitable for any application such as consumer video, where tra-
ditional DC performance specifications are of secondary impor-
tance to the high frequency specifications. On 5V supplies at
a gain of +1 the EL2210C, EL2310C and the EL2410C will
drive a 150() load to +2V, —1V with a bandwidth of 50 MHz
and a channel to channel isolation of 60 dB or more. At a gain
of +2 the EL2211C, EL2311C and EL2411C will drive a 150}
load to +2V, —1V with a bandwidth of 100 MHz with the same
channel to channel isolation. All four achieve 0.1 dB BW at
5 MHz.

The power supply operating range is fixed at £5V or +10/0V.
In single supply operation the inputs and outputs will operate
to ground. Each amplifier draws only 7 mA of supply current.

Connection Diagrams

EL2210C/EL2211C EL2410C/EL2411C

T\
out 1[1] [ [14] our 4
_IME;D-I \-@i 13] -IN4
+In1[3] [12] +in4

V+E Ev_

+in2 [5] EHNS
-IN2 E] E ’ j [__9_] -IN3
out 2 [7] [8]out 3

2210-2

out O
IN =1
N +10]
v-

EL2310C/EL2311C
ne [0 ~ [14] out 2
ne [Z] é_l—ﬁ -IN2
ne. 3] 2] +iN2
ver 3] v

+IN1[5] [10] +1n3
_IMEW VLE—INS
out 1[7] [e]our 3

2210-5
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EL2210C/11C/EL2310C/11C/EL2410C/11C

Absolute Maximum Ratings

Total Voltage Supply 18V Power Dissapation
Input Voltage *Vs Storage Temperature Range
Differential Input Voltage 6V Operating Temperature Range

Peak Output Current

EL22

DC Electrical Characteristics Vg = 15V, Ry = 1KQ, Temp. = 25°C unless otherwise noted

10, EL2310, EL.2410

75 mA per amplifier

See Curves

—65°C to +150°C

—40°C to +85°C

Parameter Description Conditions Min Typ |Max Units
Vos Input Offset Voltage 10 20 mV
TCVos Average Offset Voltage Drift (Note 2) —25 uv/eC
I Input Bias Current —15 -7 -3 | pA
Ios Input Offset Current 0.5 1.5 RA
TClps Average Offset Current Drift (Note 2) -7 nA/°C
AvyoL Open-Loop Gain Vour = £2V,Rp, = 1K) 160 250 VIV
Vour = +2V/0V, Ry, = 1500 160 250
PSRR Power Supply Rejection Vg = *4.5Vto £55V 50 60 dB
CMRR Common Mode Rejection Vem = $24V,Voyr = 0V 60 80 dB
CMIR Common Mode Input Range Vg = =5V —5/+3 \Y
Vour OutputVoltage Swing Ry, = Rp= 1 KQ Ry, to Gnd —2.5 -3,3 2.7
R = Rp = 1KQ +150Q to Gnd | —0.45| —0.6,2.9| 2.5 v
R = Rp = 1KQ Ry to VEg —4.95 3
Isc Output Short Circuit Current Output to Gnd (Note 1) 75 125 mA
Ig Supply Current No Load (per channel) 5.5 6.8 8.5 mA
RiN Input Resistance Differential 150 KQ
Common Mode 1.5 MO
CiN Input Capacitance Ay = +1@ 10 MHz 1 pF
Rour Output Resistance 0.150 Q
PSOR Power Supply Operating Range | Dual Supply 145 +6.5 v
Single Supply 9 13




EL.2211, EL2311, EL.2411
DC Electrical Characteristics vs = +5v,R;, = 1 K0, Ay = +2, Temp. = 25°C unless otherwise noted
Parameter Description Conditions Min Typ |Max ;; Te“ | Units
Level

Vos Input Offset Voltage 5 2 1 | mv
TCVops Average Offset Voltage Drift (Note 2) —25 | uv/ec
Ip Input Bias Current —-15 -7 -3 RA
Ios Input Offset Current 0.5 15 MA
TClgs Average Offset Current Drift (Note 2) -7 nA/°C
AvyoL Open-Loop Gain Vour = £2V,Ry, = 1 KQ 250 380

Vour = +2V/0V, Ry, = 1500 250 380 vV
PSRR Power Supply Rejection Vg = £4.5Vto 55V 55 68 dB
CMRR Common Mode Rejection Vem = £2.5V, Voyr = 0V 70 90 dB
CMIR Common Mode Input Range Vg = £5V —5/+3 v
Vour Output Voltage Swing Ry = Rp= 1K Ry, to Gnd 2.5 | —3.5,3.3| 2.7

Ry = Rp = 1K +150Q to Gnd | ~0.45| —0.6,2.9| 2.5 v

RL = Rp = 1KQ Ry, to Vg —4.95 3
Isc Output Short Circuit Current | Output to Gnd (Note 1) 75 125 mA
Ig Supply Current No Load 5.5 6.8 8.5 mA
RN Input Resistance Differential 150 KO

Common Mode 1.5 MQ
Cin Input Capacitance Ay = +1@ 10 MHz 1 pF
RouT Output Resistance 0.150 O
PSOR Power Supply Operating Range | Dual Supply 145 6.5

Single Supply 9 13 M
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EL2210C/11C/EL2310C/11C/EL2410C/11C

EL2210, EL2310, EL.2410

Parameter Description Conditions Min. | Typ. | Max.
BW —3 dB Bandwidth (Voyt = 0.4 Vpp) | Ay = +1 110
BW +0.1 dB Bandwidth (Voyur = 0.4 Vpp) | Ay = +1 12
GBWP Gain Bandwidth Product 55
PM Phase Margin 60
SR Slew Rate 85 130
FBWP Full Power Bandwidth (Note 3) 8 11
t, tf Rise Time, Fall Time 0.1V Step 2
oS Overshoot 0.1V Step 15
tpD Propagation Delay 3.5
tg Settling to 0.1% (Ay = 1) Vg = *5V, 2V Step 80
dg Differential Gain (Note 4) NTSC/PAL 0.1
dp Differential Phase (Note 4) NTSC/PAL 0.2
eN Input Noise Voltage 10 KHz 15
in Input Noise Current 10 KHz 1.5
Ccs Channel Separation P = 5 MHz 55

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 2: Measured from Tpn to Tmax
Note 3: For Vg = %5V, Vouyr = 4 Vpp. Full power bandwidth is based on slew rate measurement using:
FPBW = SR/(2pi * Vpeak)
Note 4: Video performance measured at Vg = 5V, Ay = +2 with 2 times normal video level across Ry, = 150().

ClOSIBd-LOOp AC Characteristics Vg = 15V, AC Test Figure 1, Temp. = 25°C unless otherwise noted

nV/rt (Hz)
pA/rt (Hz)
dB
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EL2211, EL2311, EL.2411

Parameter Description Conditions Min | Typ | Max
BW —3 dB Bandwidth (Voyt = 0.4 Vpp) Ay = +2 100
BW 0.1 dB Bandwidth (Voyt = 0.4 Vpp) | Ay = +2 8
GBWP Gain Bandwidth Product 130
PM Phase Margin 60
SR Slew Rate 100 | 140
FBWP Full Power Bandwidth (Note 3) 8 11
tr, tf Rise Time, Fall Time 0.1V Step 2.5
os Overshoot 0.1V Step 6
tpp Propagation Delay 3.5
ts Settling t0 0.1% (Ay = 1) Vg = %5V, 2V Step 80
dg Differential Gain (Note 4) NTSC/PAL 0.04
dp Differential Phase (Note 4) NTSC/PAL 0.15
eN Input Noise Voltage 10 KHz 15
iN Input Noise Current 10 KHz 1.5
CS Channel Separation P = 5MHz 55

Closed-Loop AC Characteristics Vg = %5V, AC Test Figure 1, Temp. = 25°C unless otherwise noted

Units

MHz
MH:z
MHz
©)
V/us
MH:z
ns
%o
ns
ns
%
©)

| nV/rt (Hz)
| pA/rt (Hz)

dB

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 2: Measured from Typn to Tyax
Note 3: For Vg = %5V, Voyr = 4 Vpp. Full power bandwidth is based on slew rate measurement using:
FPBW = SR/(2pi * Vpeak)
Note 4: Video performance measured at Vg = +5V, Ay = +2 with 2 times normal video level across Ry, = 1502.
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EL2210C/11C/EL2310C/11C/EL2410C/11C

POWER DISSIPATION (W)

POWER DISSIPATION (W)

Simplified Block Diagram

Ceomp

4

Typical Performance Curves
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Application Information

Product Description

The EL2210, EL2310 and EL2410 are dual, triple
and quad operational amplifiers stable at a gain
of 1. The EL2211, EL2311 and the EL2411 are
dual, triple and quad operational amplifiers sta-
ble at a gain of 2. All six are built on Elantec’s
proprietary complimentary process and share the
same voltage mode feedback topology. This to-
pology allows them to be used in a variety of ap-
plications where current mode feedback amplifi-
ers are not appropriate because of restrictions
placed on the feedback elements. These products
are especially designed for applications where
high bandwidth and good video performance
characteristics are desired but the higher cost of
more flexible and sophisticated products are pro-
hibitive. ‘

Power Supplies

These amplifiers are designed to work at a supply
voltage difference of 10V to 12V. These amplifers
will work on any combination of * supplies. All
Electrical characteristics are measured with + 5V
supplies. Below 9V total supply voltage the am-
plifiers’ performance will degrade dramatically.
The quiescent current is a direct function of total
supply voltage. With a total supply voltage of
12V the quiescent supply current will increase
from a typical 6.8 mA per amplifier to 8.5 mA per
amplifer.

Output Swing vs Load

Please refer to the simplified block diagram.
These amplifiers provide an NPN pull-up tran-
sistor output and a passive 1250() pull-down re-
sistor to the most negative supply. In an applica-
tion where the load is connected to Vg— the out-
put voltage can swing to within 200 mV of Vg—.
In split supply applications where the DC load is
connected to ground the negative swing is limit-
ed by the voltage divider formed by the load, the
internal 1250Q) resistor and any external pull-
down resistor. If Ry, were 150() then it and the
1250€) internal resistor limit the maximum nega-
tive swing to (Vgg(150/1250+150)) or —0.53V.
The negative swing can be increased by adding
an external resistor of appropriate value from the
output to the negative supply. The simplified
block diagram shows an 820() external pull-down

resistor. This resistor is in parallel with the inter-
nal 1250} resistor. This will increase the negative
swing to Vgg (150/((1250 * 820/(1250 + 820) +
150) or —1.16V.

Power Dissipation and Loading

Without any load and a 10V supply difference
the power dissipation is 70 mW per amplifier. At
12V supply difference this increases to 105 mW
per amplifier. At 12V this translates to a junction
temperature rise above ambient of 33° for the
dual and 40° for the quad amplifier. When the
amplifiers provide load current the power dissi-
pation can rapidly rise.

In *5V operation each output can drive a
grounded 150f) load to more than 2V. This oper-
ating condition will not exceed the maximum
junction temperature limit as long as the ambient
temperature is below 85°C, the device is soldered
in place, and the extra pull-down resistor is 8205}
or more.

If the load is connected to the most negative volt-
age (ground in single supply operation) you can
easily exceed the absolute maximum die tempera-
ture. For example the maximum die temperature
should be 150°C. At a maximum expected ambi-
ent temperature of 85°C, the total allowable pow-
er dissipation for the SO-8 package would be:

Pp = (150 ~ 75)/180°C/W = 416 mW

At 12V total supply voltage each amplifier draws
a maximum of 8.5 mA and dissipates 12V *
8.5 mA = 100 mW or 200 mW for the dual ampli-
fier. Which leaves 216 mW of increased power
due to the load. If the load were 150() connected
to the most negative voltage and the maximum
voltage out were Vg— +2V the load current
would be 13 mA. Then an extra 266 mW ((12V —
2V) * 13.3 mA * 2) would be dissipated in the
EL2210 or EL2211. The total dual amplifier pow-
er dissipation would be 266 mW + 200 mW =
466 mW, more than the maximum 416 mW al-
lowed. If the total supply difference were reduced
to 10V, the same calculations would yield
170 mW quiescent power dissipation and 213 mW
due to loading. This results in a die temperature
of 143°C (75°C + 69°C).

i OTL/D01¥CTH/O11/D01E2TH/OT1/D0182 TH




EL2210C/11C/EL2310C/11C/EL2410C/11C

Application Information — Contd.

In the above example, if the supplies were split
+6V and the 15000 loads were connected to
ground, the load induced power dissipation
would drop to 106 mW (13.3 mA * (6 — 2) * 2)
and the die temperature would be below the rated
maximum.

Video Performance

Following industry standard practices (see
EL2044 applications section) these six devices ex-
hibit good differential gain (dG) and good differ-
ential phase (dP) with *5V supplies and an ex-
ternal £20() resistor to the negative supply, in a
gain of 2 configuration. Driving 75§ back termi-
nated cables to standard video levels (1.428V at
the amplifier) the EL2210, EL2310 and EL2410
have dG of 0.1% and dP of 0.2°. The EL2211,
EL2311 and the EL2411 have dG of 0.04% and
dP of 0.15°.

Due to the negative swing limitations described
above, inverted video at a gain of 2 is just not
practical. If swings below ground are required
then changing the extra 820() resistor to 500f)
will allow reasonable dG and dP to approximate-
ly —0.75 mV. The EL2211, EL2311 and EL2411
will achieve approximately 0.1%/0.4° between 0V
and —0.75V. Beyond —0.75V dG and dP get
worse by orders of magnitude.

Differential gain and differential phase are fairly
constant for all loads above 150(). Differential

phase performance will improve by a factor of 3
if the supply voltage is increased to *6V.

Output Drive Capability

None of these devices have short circuit protec-
tion. Each output is capable of more than
100 mA into a shorted output. Care must be used
in the design to limit the output current with a
series resistor.

Printed-Circuit Layout

The EL2210C/EL2211C/EL2310C/EL2311C/
EL2410C/EL2411C are well behaved, and easy to
apply in most applications. However, a few sim-
ple techniques will help assure rapid, high quality
results. As with any high-frequency device, good
PCB layout is necessary for optimum perform-
ance. Ground-plane construction is highly recom-
mended, as is good power supply bypassing. A
0.1 uF ceramic capacitor is recommended for by-
passing both supplies. Lead lengths should be as
short as possible, and bypass capacitors should be
as close to the device pins as possible. For good
AC performance, parasitic capacitances should be
kept to a minimum at both inputs and at the
output. Resistor values should be kept under
5 KQ because of the RC time constants associat-
ed with the parasitic capacitance. Metal-film and
carbon resistors are both acceptable, use of wire-
wound resistors is not recommended because of
their parasitic inductance. Similarly, capacitors
should be low-inductance for best performance.




 HiGH iPEEFORMANGE'ANALOGjiNTEG&ATEB CIRCUITS

Features

¢ 80 MHz — 3 dB bandwidth for
gains of 1 to 10

® 800 V/pus slew rate
¢ 15 MHz bandwidth flat to 0.1 dB

¢ Excellent differential gain and
phase

e TTL/CMOS compatible DC
restore function

® Available in 16 lead P-DIP, 16
lead SOL

Applications

® RGB drivers requiring DC
restoration

* RGB multiplexers requiring DC
restoration

* RGB building blocks

® Video gain blocks requiring DC
restoration

® Sync and color burst processing

Ordering Information

Part No. Temp.Range Package Outline #

EL4390CN —40°C to +85°C 16-Pin P-DIP MDP0031

EL4390CM —40°C to +85°C 16-Lead SOL. MDP0027

General Description

The EL4390C is three wideband current-mode feedback amplifi-
ers optimized for video performance, each with a DC restore
amplifier. The DC restore function is activated by a common
TTL/CMOS compatible control signal while each channel has a
separate restore reference.

Each amplifier can drive a load of 150} at video signal levels.
The EL4390C operates on supplies as low as =4V up to +15V.

Being a current-mode feedback design, the bandwidth stays rel-
atively constant at approximately 80MHz over the 1 to +10
gain range. The EL4390C has been optimized for use with
13009} feedback resistors.

Connection Diagram
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EL4390C

EL4390C

. Triple 80 MHz Video Amplzfzer w tthC Res tor

Absolute Maximum Ratings (r, = 25°0)

Voltage between Vg + and Vg — +33V
Voltage at Vg + +18V
Voltage at Vg — —18V
Voltage between Vin + and VN — +6V
Current into VN + and Vi — 5mA

Importani Note:

Open Loop DC Electrical Characteristics supplies at +15V, Load = 1KQ

Internal Power Dissipation

Operating Ambient Temp. Range

Operating Junction Temperature

Storage Temperature Range

See Curves
—40°C to +85°C

150°C

—65°C to +150°C

Parameter Description Temp Min Typ Max Units
Amplifier Section (not restored)

Vos Input Offset Voltage +25°C 2 15 mV
Ig+ Iin + Input Bias Current +25°C 0.2 5 HA
Ig— I;n — Input Bias Current +25°C 10 65 HA
RoL Transimpedance (Note 1) +25°C 100 220 kO
Rin— In— Resistance +25°C 50 O
CMRR Common-Mode Rejection Ratio (Note 2) +25°C 50 56 dB
PSRR Power Supply Rejection Ratio (Note 4) +25°C 50 70 dB
Vo Output Voltage Swing; Ry, = 1k +25°C +12 +13 v
Isc Short-Circuit Current +25°C 45 70 100 mA
Isy Supply Current (Quiescent) +25°C 10 20 32 mA
Restoring Section

Vos, COMP Composite Input Offset Voltage (Note 3) +25°C 8

Igt+,R Restore I+ Input Bias Current +25°C 0.2

IouT Restoring Current Available +25°C 2 4

PSRR Power Supply Rejection Ratio (Note 4) +25°C 50 70

Gourt Conductance +25°C 8

Igy, RES Supply Current, Restoring +25°C 10 23

Vi, RES RES Logic Low Threshold +25°C 1.0

Viu, RES RES Logic High Threshold +25°C 1.4 1.8
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Open Loop DC Electrical Characteristics supplies at 15V, Load = 1K — Contd.

. Test R
Parameter Description Temp Min Typ Max h Units
Level
Restoring Section
I, RES RES Input Current, Logic Low +25°C 2 10 I MA
Iy, RES RES Input Current, Logic High +25°C 0.5 3 n | paA
Note 1: For current feedback amplifiers, Ayor, = RoL/RiN—.
Note 2: Vo = £10V for Vg = £15V.
Note 3: Measured from V¢y, to amplifier output, while restoring.
Note 4: Vg is measured at Vg = +4.5V and Vg = £ 16V, both supplies are changed simultaneously.
Closed Loop AC Electrical Characteristics
Supplies at 15V, Load = 15002 and 15 pF, T4 = 25°C (See note 7 re: test fixture)
Parameter Description Min Typ Max Tm - Units
 Level
Amplifier Section
SR Slew Rate (Note 5) 800 v V/us
SR Slew Rate w/ * 5V Supplies (Note 5) 550 v V/us
BW Bandwidth, —3dB, Ay = 1 95 v MHz
+ 5V Supplies, —3dB 72 o V MHz
BW Bandwidth, —0.1 dB 20 v MH:
+5V Supplies, —0.1dB 14 v MHz
dG Differential Gain at 3.58 MHz 0.02 v %
at + 5V Supplies (Note 6) 0.02 Loy %
dé Differential Phase at 3.58 MHz 0.03 T v ©
at £ 5V Supplies (Note 6) 0.06 ¥ )
Restoring Section
TRE Time to Enable Restore 35 -V ns
TRrD Time to Disable Restore 35 v ns

Note 5: SR is measured at 20% to 80% of 4V pk-pk square wave, with Ay = 5, Rp = 820}, Rg = 2004,

Note 6: DC offset from —0.714V to +0.714V, AC amplitude is 286m Vp-p, equivalent to 40 ire.
Note 7: Test fixture was designed to minimize capacitance at the Ixy— input. A “good” fixture should have less than 2 pF of stray
capacitance to ground at this very sensitive pin. See application notes for further details.
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EL4390C

These numbers represent the worst case bias current, and the worst case charging current. Note that to
get the full (2mA +) charging current, the clamp input must have >250mV of error voltage.

Table 1. Charge Storage Capacitor Value vs. Droop and Charging Rates

Cap Value Droop in Charge in Charge in
mF) 60uS (mV) 2uS (mV) 4uS (mV)

10 30 400 800

22 13.6 182 364

47 6.4 85 170

100 3.0 40 80

220 1.36 18 36

Note that the magnitude of the bias current will decrease as temperature increases.

The basic droop formula is :
V (droop) = Ig+ X (Line time — Charge time) / capacitor value

and the basic charging formula is:

V (charge) = Igyr X Charge time / capacitor value

Where Igyr is:

IoyT = (Clamp voltage — IN+ voltage) / 120
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Typical Performance Curves
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EL4390C

Typical Performance Curves — Contd.
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Applications Information

Circuit Operation
Each channel of the EL4390 contains a current
feedback amplifier and a TTL/CMOS compatible
clamp circuit. The current that the clamp can
source or sink into the non-inverting input is ap-
proximately:

I=(VcLamp — Vin+) /120

So, when the non-inverting input is at the same
voltage as the clamp reference, no current will
flow, and hence no charge is added to the capaci-
tor. When there is a difference in voltage, current
will flow, in an attempt to cancel the error AT
THE NON-INVERTING input. The amplifier’s
offset voltage and (Ig— X Rp) DC errors are not
cancelled with this loop. It is purely a method of
adding a controlled DC offset to the signal.

As well as the offset voltage error, which goes up
with gain, and the Ig— X Ry error which drops
with gain, there is also the Ig+ error term. Since
the amplifier is capacitively coupled, this small
current is slowly integrated and shows up as a
very slow ramp voltage. Table below shows the
output voltage drift in 60uS for various values of
coupling capacitor, all assuming the very worst
I+ current.

Table 1. Charge Storage Capacitor Value vs.
Droop and Charging Rates

Cap Value Droop in Charge in Charge in
(nF) 60uS (mV) 2u8S (mV) 4uS (mV)

10 30 400 800

22 13.6 182 364

47 6.4 85 170

100 3.0 40 80

220 1.36 18 36

In normal circuit operation, the picture content
will also cause a slow change in voltage across the
capacitor, so at every back porch time period,
these error terms can be corrected.

When a signal source is being switched, eg. from
two different surveillance cameras, it is recom-
mended to synchronize the switching with the
vertical blanking period, and to drive the HOLD
pin (pin 6) low, during these lines. This will en-
sure that the system has been completely re-
stored, regardless of the average intensity of the
two pictures.

Application Hints

Figures 1 & 2 shows a three channel DC-restoring
system, suitable for R-G-B or Y-U-V component
video, or three synchronous composite signals.

Figure 1 shows the amplifiers configured for non-
inverting gain, and Figure 2 shows the amplifiers
configured for inverting gains. Note that since
the DC-restoring function is accomplished by
clamping the amplifier’s non-inverting input,
during the back porch period, any signal on the
non-inverting input will be distorted. For this
reason, it is recommended to use the inverting
configuration for composite video, since this
avoids the color burst being altered during the
clamp time period.

Since all three amplifiers are monolithic, they
run at the same temperature, and will have very
similar input bias currents. This can be used to
advantage, in situations where the droop voltage
needs to be compensated, since a single trim cir-
cuit can be used for all three channels. A 560K}
or similar value resistor helps to isolate each sig-
nal. See Figure 2. The advantage of compensat-
ing for the droop voltage, is that a smaller capaci-
tor can be used, which allows a larger level resto-
ration within one line. See Table 1 for values of
capacitor and charge/droop rates.
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Applications Information — Contd.
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Applications Information — Contd.
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Applications Information — Contd.
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Applications Information — Contd.
In Figure 3, one of the three channels is used,
together with a low-offset op-amp, to automati-
cally trim the bias current of the other two chan-
nels. The two remaining channels are shown in
the non-inverting configuration, but could equal-
ly well be set to provide inverting gains. Two
DC-restored channels are typically needed in fad-
er applications. See the EL4094 and EL4095 for
suitable, monolithic video faders.

Layout and Dissipation Considerations

As with all high frequency circuits, the supplies
should be bypassed with a 0.1uF ceramic capaci-
tor very close to the supply pins, and a 4.7uF
tantalum capacitor fairly close, to handle the
high current surges. While a ground plane is rec-
ommended, the amplifier will work well with a
“star” grounding scheme. The pin 3 ground is
only used for the internal bias generator and the
reference for the TTL compatible “HOLD” in-
put.

As with all current feedback capacitors, all stray
capacitance to the inverting inputs should be
kept as low as possible, to avoid unwanted peak-
ing at the output. This is especially true if the
value of Rf has already been reduced to raise the
bandwidth of the part, while tolerating some
peaking. In this situation, additional capacitance
on the inverting input can lead to an unstable
amplifier.

Since there are three amplifiers all in one pack-
age, and each amplifier can sink or source typi-
cally more than 70mA, some care is needed to
avoid excessive die temperatures. Sustained, DC
currents, of over 30mA, are not recommended,
due to the limited current handling capability of
the metal traces inside the IC. Also, the short cir-
cuit protection can be tripped with currents as
low as 45mA, which is seen as excessive distor-
tion in the output waveform. As a quick rule of
thumb, both the SOL and DIP 16 pin packages
can dissipate about 1.4 watts at 25°C, and with
115V supplies and a worst case quiescent current
of 32mA, yields 0.96 watts, before any load is
driven.

Dissipation of the EL4390 can be reduced by low-
ering the supply voltage. Although some per-
formance is degraded at lower supplies, as seen in
the characteristic curves, it is often found to be a
useful compromise. The bandwidth can be recov-
ered, by reducing the value of Rf, and Rg as ap-
propriate.
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April 1994 Rev A

. HIGH PERFORMANCE ANALOG INT

,‘Multzplexed-lnput Vzde ) Ampl ,gfze

EL4421C/22C/41C/42C/43C/44C

Features

¢ Unity or + 2-gain bandwidth of
80 MHz

e 70 dB off-channel isolation at
4 MHz

¢ Directly drives high-impedance
or 7511 loads

* .02% and .02° differential gain
and phase errors

¢ 8 ns switching time

e <100 mV switching glitch

® 0.2% loaded gain error

¢ Compatible with +3V to 15V
supplies

® 160 mW maximum dissipation at
1 5V supplies

Ordering Information

Part No. Temp.Range Package Outline

EL4421CN —40°C to +85°C 8-Pin PDIP  MDP0031
EL4421C5 —40°C to +85°C 8-Pin SO MDP0027
EL4422CN —40°C to +85°C 8-Pin PDIP  MDP0031
EL4422C8 —40°C to +85°C 8-Pin SO MDP0027

EL4441CN —40°C to 1 85°C 14-Pin PDIP MDP0031
EL4441CS —40°C to +85°C 14-Pin SO  MDP0027
EL4442CN —40°C to +85°C 14-Pin PDIP MDP0031
EL4442CS —40°C to +85°C 14-Pin SO  MDP0027

EL4443CN —40°C to + 85°C 14-Pin PDIP MDP0031
EL4443CS —40°C to +85°C 14-Pin SO  MDP0027
EL4444CN —40°C to + 85°C 14-Pin PDIP MDP0031
EL4444CS —40°C to +85°C 14-Pin SO  MDP0027

General Description

The EL44XX family of video multiplexed-amplifiers offers a
very quick 8 ns switching time and low glitch along with very
low video distortion. The amplifiers have good gain accuracy
even when driving low-impedance loads. To save power, the am-
plifiers do not require heavy loading to remain stable.

The EL4421 and EL4422 are two-input multiplexed amplifiers.
The -inputs of the input stages are wired together and the de-
vice can be used as a pin-compatible upgrade from the
MAX453.

The EL4441 and EL4442 have four inputs, also with common
feedback. These may be used as upgrades of the MAX454.

The EL4443 and EL4444 are also 4-input multiplexed amplifi-
ers, but both positive and negative inputs are wired separately.
A wide variety of gain- and phase-switching circuits can be built
using independent feedback paths for each channel.

The EL4421, EL4441, and EL4443 are internally compensated
for unity-gain operation. The EL4422, EL4442, and EL4444 are
compensated for gains of + 2 or more, especially useful for driv-
ing back-matched cables.

The amplifiers have an operational temperature of —40°C to
+85°C and are packaged in plastic 8- and 14-pin DIP and 8- and
14-pin SO.

The EL44XX multiplexed-amplifier family is fabricated with
Elantec’s proprietary complementary bipolar process which
gives excellent signal symmetry and is very rugged.

Connection Diagrams

EL4421/EL4422
N

AOl‘

GNDlZ

4421-1

EL4441/EL4442 EL4443/EL4444
m i -, P
ORI ] v
J'II w2 o
w5 ]
e o [E] 5]

4421-2 4421-3
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EL4421C, 220/41 C/42C/43C/44C

Multiplexed-Input Video Amplifiers

Absolute Maximum Ratings

v+ Positive Supply Voltage 16.5V
Vs V+ to V— Supply Voltage 33V
VIN Voltage at any Input or Feedback V+ toV—
AVIN Difference between Pairs of
Inputs or Feedback 6V
fhnpartant Note:

_ All parameters having Min/Max specifications are guaranteed, The Test Level column indicates the specific device testing actnally} |
‘ performed during production and Quality inspection. Elantec performs most electrical tests using modern high-speed ‘automatic test
' 't spec1ﬁcally the LTX77 Series system. Unless otherwise zmted, all tests are pulsed tests, therefore Ty=Tc="Ta. L

~ Test Procedure
- 100% p

sted and QA

VvoagIc

Iin

Iout

Pp

Voltage at A0 or Al —4V to 6V
Current into any Input, 4 mA
Feedback, or Logic Pin

Output Current 30 mA
Maximum Power Dissipation See Curves

OW/OSVWOZWO IWOZZ/O I1gv¥'1d

le tested pex QA test plan QCX0002.

100% product:on tested at Ty = 25°C and QA sample tested at T4 = 25°C,

Tmax and Tyeny per QA test plan QCX0002.
QA tested per'QA test plan QCX0002.

~Parameter is guaranteed (but not tested) by Designaixdtharacteﬁzation Data,

Parameter is typical value at T4 = 25°C for information purposes only.

Open-Loop DC Electrical Characteristics

Power supplies at +5V, Ty = 25°C, Ry, =

50012, unless otherwise specified

Parameter Description Min Typ Max
Vos Input Offset Voltage '21, 41, and '43 -9 3 ]
'22,'42, and '44 -7 *2 7
Ip Input Bias Current, Positive Inputs Only
of the ‘21, '22, '41, '42, and All Inputs of —12 -5 0
the ‘43 and '44
IFp Input Bias Currents of Common Feedback
—'21and '22 —24 —10 u
—'41 and '42 —48 —20 0
Ios Input Offset Currents of the '43 and '44 60 350
Eg Gain Error of the ‘21 and ‘41 and '43 0.2 u.6
(Note 1) '22,'42 and '44 0.1 4 0.6
AvoL Open-Loop Gain EL4443 350 500
(Note 1) EL4444 500 750
VIn Input Signal Range, EL4421 and EL4441 +2.5 +3
(Note 2)
CMRR Common-Mode Rejection Ratio, EL4443 70 90
and EL4444
PSRR Power Supply Rejection Ratio 60 70
V¢ from +5V to £15V
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Open-Loop DC Electrical Characteristics — Contd.

Power supplies at +5V, Ty =

25°C

EL4421C/22C/41C/42C/43C/44C

Parameter Description Min Typ Max

CMIR Common-Mode Input Range 495 +3
(Note 3) EL4443 and EL4444 - -

Vourt Output Swing +2.5 +3.5

Isc Output Short-Circuit Current +40 +80

Fr Unselected Channel Feedthrough 21, ’41, '43 70 80
Attenuation, (Note 1) ’22,'42,44 55 64

I1.0GIC Input Current at A0 and Al 16 _8 0
with Input = 0V and 5V

VyogIC Logic Valid High and Low Input Levels 0.8 2.0

Ig Supply Current  EL4421 and EL4422 11 14
EL4441, EL4442, EL4443, and EL4444 13 16

Note 1: The ‘21, ‘41, and '43 devices are connected for unity-gain operation with 75{) load and an input span of £1V. The '22, ‘42,

and ‘44 devices are connected for a gain of +2 with a 150§ load and a +1V input span with Rp =

Rg = 2700

Note 2: The ‘21 and '41 devices are connected for unity gain with a 3V input span while the output swing is measured.
Note 3: CMIR is assured by passing the CMRR test at input voltage extremes.

Closed-Loop AC Electrical Characteristics

Power supplies at £5V. Ty =
Ay = +2and Ry =

150 with Rp = Rg = 270Q) and Cp = 3 pF; for all Cy, = 15 pF

= 25°C, for EL4421, EL4441, and EL4443 Ay = +1 and Ry = 500(), for EL4422, EL4442, and EL4444

Parameter Description Min | Typ | Max Units
BW — 3dB —3 dB Small-Signal Bandwidth, EL4421, ’41, ’43 80 MH:z
EL4422,°42,°44 65 MHz
BW + 0.1dB 0.1 dB Flatness Bandwidth 10 MHz
Peaking Frequency Response Peaking 0.5 dB
SR Slewrate, Voyt between —2.5V and +2.5V, Vg = 12V
EL4421, EL4441, EL4443 150 200 V/usec
EL4422, EL4442, ELA444 180 240 V/usec
Vi Input-Referred Noise Voltage Density
EL4421, EL4441, ELA4443 18 nV/rt-hz
ELA4422, EL4442, EL4444 14 nV/rt-hz
dg Differential Gain Error, VoppsgT between —0.7V and + 0.7V
EL4421, EL4441, EL4443 (Vg = 1£12V) 0.01 %o
EL4421, EL4441, EL4443 (Vg = 15V) 0.10 %
EL4422, EL4442, EL4444 (Vg = 112V) 0.02 %
EL4422, EL4442, EL4444 (Vg = £5V) 0.03 %
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Closed-Loop AC Electrical Characteristics

Power supplies at £5V. Tp = 25°C, for EL4421, EL4441, and EL4443 Ay = +1 and Ry, = 500Q), for EL4422, EL4442, and EL4444
Ay = +2and Ry, = 150Q with Rp = Rg = 2700 and Cp = 3 pF; for all C; = 15 pF — Contd.
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Parameter Description Min Typ Max
dyp Differential Phase Error, VoppggT between —0.7V and + 0.7V
EL4421, EL4441, EL4443 (Vg = 112V) 0.01
EL4421, EL4441, EL4443 (Vg +5V) 0.01
EL4422, EL4442, EL4444 (Vg = $12V) 0.02
EL4422, EL4442, EL4444 (Vg = £5V) 0.15
TMmux Multiplex Delay Time, Logic Threshold to 50% Signal Change
EL4421,'22 8
EL4441, 42, '43, 44 12
VGLITCH Peak Multiplex Glitch
EL4421,°22 70
EL4441,°42,°43,'44 100
1SO Channel Off Isolation at 3.58 MHz (See Text)
EL4421, EL4441, EL4443 76
EL4422, EL4442, EL4444 63
Typical Performance Curves
EL4421, EL4441, and EL4443 EL4421, EL4441, and EL4443
Small-Signal Transient Response Large-Signal Response

Vg = *5V, Ry, = 5000 Vg = 12V, Ry, = 5000

4421-5 4421-6
EL4421, EL4441, and EL4443 EL4422, EL4442, and EL4444
Frequency Response for Frequency Response for
Various Gains Various Gains
f R =5000 | f [ 1]
. C =12pF > .
P ~ < a=aNm — N " A =2
T - NPT g - S
~ \ NAE+Z)\ ~ \ \
c -2 £ -2 o\
3 \ \ \ 3 A=+10
) \ 3 v
= - =
B BRI i
-6 LN -6 |Re = 2700
LA \ 7 |R_=5000 \
-8 | I ‘ \ \ s C = 12pF \
™ 10M 100M ™ 10M 100M
Frequency (Hz) Frequency (Hz)
4421-7 4421-8
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Typical Performance Curves — Contd.
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Typical Performance Curves — Contd.

EL4421, EL4441, and EL4443
—3 dB Bandwidth, Slewrate,

x and Peaking vs Supply Voltage
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Typical Performance Curves — Contd.

EL4421, EL4441, and EL4443 Differential Gain
and Phase Errors, vs Input Offset,
Ay = +1, Ry, = 5000, F = 3.58 MHz
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Typical Performance Curves — Contd.

Switching Waveforms

B gain

100M

Switching from Grounded Input Channel-to-Channel
to Uncorrelated Sinewave and Back Switching Glitch
Logic -
Input
Output— Vout -
Address —=
Line
4421-26
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Unselected Channel Unselected Channel
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EL4421C/22C/41C/42C/43C/44C

Supply Current vs
Supply Voltage
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Applications Information

General Description

The EL44XX family of video mux-amps are com-
posed of two or four input stages whose inputs
are selected and control an output stage. One of
the inputs is active at a time and the circuit be-
haves as a traditional voltage-feedback op-amp
for that input, rejecting signals present at the un-
selected inputs. Selection is controlled by one or
two logic inputs.

The EL4421, EL4422, EL4441, and EL4442 have
all —inputs wired in parallel, allowing a single
feedback network to set the gain of all inputs.
These devices are wired for positive gains. The

Typical Performance Curves — Contd.

Supply Current vs

Temperature
g e~
T
2 -2 \\
3
S N
a N
5 ™
3 -6
7] \
£ N\
o -8 \
o
c
s -10
S
-12
0 25 50 75 100 125 150
Die Temperature (°C)
14-Pin Package -2
Power Dissipation vs
Ambient Temperature
1.6 T T
T 1
1.4 |_T4-PIN DIP AN
R NC o
s | | &
E 12 b <
- 14=PIN_SO l"
8 a
° 10 eaool N
5 08 r
2
S o6
o
2 o4
a.
0.2
0
-40-20 0 20 40 60 80 100

Ambient Temperature (°C)

4421-34

EL4443 and EL4444, on the other hand, have all
+inputs and —inputs brought out separately so
that the input stage can be wired for independent
gains and gain polarities with separate feedback
networks.

The EL4421, EL4441, and EL4443 are compen-
sated for unity-gain stability, while the EL4422,
EL4442, and EL4444 are compensated for a fed-
back gain of + 2, ideal for driving back-terminat-
ed cables or maintaining bandwidth at higher
fed-back gains.
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Applications Information — Contd.

Switching Characteristics

The logic inputs work with standard TTL levels
of 0.8V or less for a logic 0 and 2.0V or more for a
logic 1, making them compatible for TTL and

l 500 pA

Logic
input

toward V-

T e

CMOS drivers. The ground pin is the logic
threshold biasing reference. The simplified input
circuitry is shown below:

die substrate

GND

4421-35

Figure 1. Simplified Logic Input Circuitry

The ground pin draws a maximum DC current of
6 A, and may be biased anywhere between
(V—) +2.5V and (V+) —3.5V. The logic inputs
may range from (V—)+ 2.5V to V+, and are ad-
ditionally required to be no more negative than

V(Gnd pin)—4V and no more positive than
V(Gnd pin) + 6V.

For example, within these constraints, we can
power the EL44XX’s from + 5V and + 12V with-
out a negative supply by using these connections:

+12V
4 4.7 uf
tantalum
e
+5V
V+
1K
CMOS
2.5V -5.0V
g A A0 EL44XX
Drive 1K Mux Amp
+5V
GND V-
22K |
2.5V —
4
+
22K o= T HF

I tantalum

4421-36

Figure 2. Using the EL44XX Mux Amps with +5V and + 12V Supplies
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EL4421C/22C/41C/42C/43C/44C

Applications Information — Contd.

The logic input(s) and ground pin are shifted
2.5V above system ground to correctly bias the
mux-amp. Of course, all the signal inputs and
output will have to be shifted 2.5V above system
ground to ensure proper signal path biasing.

A final caution: the ground pin is also connected
to the 1C’s substrate and frequency compensation
components. The ground pin must be returned to
system ground by a short wire or nearby bypass
capacitor. In figure 2, the 22 KQ resistors also
serve to isolate the bypassed ground pin from the
=+ 5V supply noise.

Signal Amplitudes

Signal input and output voltages must be be-
tween (V—)+2.5V and (V+)—2.5V to ensure
linearity. Additionally, the differential voltage on
any input stage must be limited to £ 6V to pre-
vent damage. In unity-gain connections, any in-
put could have *3V applied and the output
would be at * 3V, putting us at our 6V differen-
tial limit. Higher-gain circuit applications divide
the output voltage and allow for larger outputs.
For instance, at a gain of + 2 the maximum input

is again *3V and the output swing is +6V. The
EL4443 or EL4444 can be wired for inverting
gain with even more amplitude possible.

The output and positive inputs respond to over-
loading amplitudes correctly; that is, they simply
clamp and remain monotonic with increasing
+input overdrive. A condition exists, however,
where the —input of an active stage is overdriven
by large outputs. This occurs mainly in unity-
gain connections, and only happens for negative
inputs. The overloaded input cannot control the
feedback loop correctly and the output can be-
come non-monotonic. A typical scenario has the
circuit running on %5V supplies, connected for
unity gain, and the input is the maximum +3V.
Negative input extremes can cause the output to
jump from —3V to around —2.3V. This will nev-
er happen if the input is restricted to +2.5V,
which is the guaranteed maximum input compli-
ance with *5V supplies, and is not a problem
with greater supply voltages. Connecting the
feedback network with a divider will prevent the
overloaded output voltage from being large
enough to overload the —input and monotonic
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Applications Information — Contd.

behavior is assured. In any event, keeping signals
within guaranteed compliance limits will assure
freedom from overload problems.

The input and output ranges are substantially
constant with temperature.

Power Supplies

The mux-amps work well on any supplies from
13V to £15V. The supplies may be of different
voltages as long as the requirements of the Gnd
pin are observed (see the Switching Characteris-
tics section for a discussion). The supplies should
be bypassed close to the device with short leads.
4.7 uF tantalum capacitors are very good, and no
smaller bypasses need be placed in parallel. Ca-
pacitors as small as 0.01 uwF can be used if small
load currents flow.

Single-polarity supplies, such as + 12V with
+ 5V can be used as described in the Switching
Characteristics section. The inputs and outputs
will have to have their levels shifted above
ground to accommodate the lack of negative sup-
ply.

The dissipation of the mux-amps increases with
power supply voltage, and this must be compati-
ble with the package chosen. This is a close esti-
mate for the dissipation of a circuit:

Pp = 2VgXIgmax+(Vg-Vg)XVo/Rpar

Where I, max is the maximum supply cur-
rent

Vg is the =+
sumed equal)

Vo if the output voltage

supply voltage (as-

RpaRr is the parallel of all resistors
loading the output

For instance, the EL4422 draws a maximum of
14 mA and we might require a 2V peak output
into 1500 and a 270Q) +270€) feedback divider.
The Rpagr is 117Q. The dissipation with +5V
supplies is 191 mW. The maximum Supply volt-
age that the device can run on for a given Pp and
the other parameter is

Vg, max=(Pp+Vp2/Rpar)/2Is+Vo/RpaR)

The maximum dissipation a package support is

Pp, max = (Tp, max-Ty, max)/Rryg
Where Tp, max is the maximum die temper-
ature, 150°C for reliability, less to re-
tain optimum electrical performance

Ta, max is the ambient temperature,
70° for commercial and 85°C for indus-
trial range

Rty is the thermal resistance of the
mounted package, obtained from data
sheet dissipation curves

The most difficult case is the SO-8 package. With
a maximum die temperature of 150°C and a maxi-
mum ambient temperature of 85°, the 65° temper-
ature rise and package thermal resistance of
170°/W gives a maximum dissipation of 382 mW.
This allows a maximum supply voltage of +9.2V
for the EL4422 operated in our example. If the
ELA4421 were driving a light load (Rpar —> ),
it could operate on * 15V supplies at a 70° maxi-
mum ambient.

The EL4441 through EL4444 can operate on
112V supplies in the SO package, and all parts
can be powered by *15V supplies in DIP pack-
ages.

Output Loading

The output stage of the mux-amp is very power-
ful, and can source 80 mA and sink 120 mA. Of
course, this is too much current to sustain and
the part will eventually be destroyed by excessive
dissipation or by metal traces on the die opening.
The metal traces are completely reliable while de-
livering the 30 mA continuous output given in
the Absolute Maximum Ratings table in this
data sheet, or higher purely transient currents.

Gain or gain accuracy degrades only 10% from
no load to 100£) load. Heavy resistive loading will
degrade frequency response and video distortion
only a bit, becoming noticeably worse for loads
< 1004.
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Applications Information — Contd.

Capacitive loads will cause peaking in the fre-
quency response. If capacitive loads must be driv-
en, a small-valued series resistor can be used to
isolate it. 120 to 512 should suffice. A 22} series
resistor will limit peaking to 2.5 dB with even a
220 pF load.

Input Connections

The input transistors can be driven from resistive
and capacitive sources but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80 nH of series inductance to make
the inputs actually oscillate, equivalent to four
inches of unshielded wiring or about 6" of unter-
minated input transmission line. The oscillation
has a characteristic frequency of 500 MHz.

Often simply placing one’s finger (via a metal
probe) or an oscilloscope probe on the input will
kill the oscillation. Normal high-frequency con-
struction obviates any such problems, where the
input source is reasonably close to the mux-amp
input. If this is not possible, one can insert series
resistors of around 51() to de-Q the inputs.

Feedback Connections

A feedback divider is used to increase circuit
gain, and some precautions should be observed.
The first is that parasitic capacitance at the —in-
put will add phase lag to the feedback path and
increase frequency response peaking or even
cause oscillation. One solution is to choose feed-
back resistors whose parallel value is low. The
pole frequency of the feedback network should be
maintained above at least 200 MHz. For a 3 pF
parasitic, this requires that the feedback divider
have less than 265{) impedance, equivalent to
two 5100 resistors when a gain of + 2 is desired.
Alternatively, a small capacitor across Ry can be
used to create more of a frequency-compensated
divider. The value of the capacitor should match
the parasitic capacitance at the —input. It is also
practical to place small capacitors across both the
feedback resistors (whose values maintain the de-
sired gain) to swamp out parasitics. For instance,
two 10 pF capacitors across equal divider resis-
tors will dominate parasitic effects and allow a
higher divider resistance.

The other major concern about the divider con-
cerns unselected-channel crosstalk. The differen-
tial input impedance of each input stage is
around 200 K(. The unselected input’s signal
sources thus drive current through that input im-
pedance into the feedback divider, inducing an
unwanted output. The gain from unselected in-
put to output, the crosstalk attenuation, if Rp/
Rin- In unity-gain connection the feedback resis-
tor is 0€) and very little crosstalk is induced. For
a gain of +2, the crosstalk is about —60 dB.

Feedthrough Attenuation

The channels have different crosstalk levels with
different inputs. Here is the typical attenuation
for all combinations of inputs for the mux-amps
at 3.58 MHz:

Feedthrough of EL4441 and EL4443 at 3.58 MHz

Inl In2 In3 Ind
00 Selected —-77dB —90dB —92dB
Select ) | —g0dB | Selected | —77dB | —90dB

Inputs,
a1a0 10| —101dB | —76dB | Selected | —66dB
11| —96dB | —84dB | —66dB | Selected
Feedthrough of EL.4421 at 3.58 MHz
Inl In2
Channel Select 0 Selected —88dB
Input, A0 1 —93dB Selected
Switching Glitches

The output of the mux-amps produces a small
“glitch” voltage in response to a logic input
change. A peak amplitude of only about 90 mV
occurs, and the transient settles out in 20 ns. The
glitch does not change amplitude with different
gain settings.

With the four-input multiplexers, when two logic
inputs are simultaneously changed, the glitch
amplitude doubles. The increase can be a avoided
by keeping transitions at least 6 ns apart. This
can be accomplished by inserting one gate delay
in one of the two logic inputs when they are truly
synchronous.
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. HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

Features
e Fully differential inputs and
feedback
— Differential input range of
t2v
— Common-mode range of £12V
— High CMRR at 4 MHz of
70 dB
— Stable at gains of 1, 2
® Calibrated and clean input
clipping
® 4430—80MHz @G =1
4431—160 MHz GBWP
380V/us slew rate
® 0.02% or ° differential gain or
phase
e Operateson £5to £15V
supplies with no AC degradation

[ ]

Applications

® Line receivers

* “Loop-through” interface

¢ Level translation

® Magnetic head pre-amplification

® Differential-to-single-ended
conversion

Ordering Information

Part No. Temp. Range Package Outline#
EL4430CN —40°C tc +85°C 8-pin P-DIP MDP0031
EL4430CS —40°C to +85°C 8-lead SO MDP0027
EL4431CN  —40°C to +85°C 8-pin P-DIP MDP0031
EL4431CS —40°Cto +85°C 8-lead SO MDP0027

General Description
The EL4430 and 4431 are video instrumentation amplifiers
which are ideal for line receivers, differential-to-single-ended
converters, transducer interfacing, and any situation where a
differential signal must be extracted from a background of com-
mon-mode noise or DC offset.

These devices have two differential signal inputs and two differ-
ential feedback terminals. The FB terminal connects to the am-
plifier output, or a divided version of it to increase circuit gain,
and the REF terminal is connected to the output ground or
offset reference.

The ELA4430 is compensated to be stable at a gain of 1 or more,
and the EL4431 for a gain of 2 or more.

The amplifiers have an operational temperature of —40°C to
+ 85°C and are packaged in plastic 8-pin DIP and SO-8.

The EL4430 and EL4431 are fabricated with Elantec’s proprie-
tary complementary bipolar process which gives excellent sig-
nal symmetry and is free from latchup.

Connection Diagram

aNo[T]

v
vin ] L
v.NE

b\’our

4430-1
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EL4430C/EL4431C

Absolute Maximum Ratings (t, = 25°0)

v+ Positive Supply Voltage 16.5V IouT
Vg V+ to V— Supply Voltage 33V Pp
Vin Voltage at any Input or Feedback V+ toV— Ta
AV  Difference between Pairs Tg

of Inputs or Feedback
Current into any Input, or Feedback Pin

Continuous Output Current
Maximum Power Dissipation

Operating Temperature Range

Storage Temperature Range

Open-Loop DC Electrical Characteristics power supplics at 5V, Ty =
Rp = Rg = 5009

30 mA

See Curves
—40°C to +85°C
—60°C to +150°C

25°. For the EL4431,

Parameter Description Min Typ
VDIFF Differential input voltage - Clipping ELA4430/31 2.0 2.3
Vem = 0)
0.1% nonlinearity =~ EL4430/31 1.8
Vem Common-mode range (Vpigg = 0) Vg = 5V +2 +3.0
Vg = +15V +12 +13.0
Vos Input offset voltage EL4430/31 2
Ig Input bias current (IN +, IN—, REF, and FB terminals) 12
Ios Input offset current between IN + and IN — 0.2
and between REF and FB )
RIN Input resistance EL4430/31 100 230
CMRR Common-maode rejection ratio 70 90
PSRR Power supply rejection ratio EL4430/31 60
Eg Gain error, excluding feedback resistors ~ EL4430/31 —0.7 —0.2
Vo Output voltage swing EL4430,Vg = £5V +2 +2.8
Vg = £15V | +12 | 128
EL4431,Vg = £5V +25 3.0
Vg= 15V | +12.5 | *13.0
Isc Output short-circuit current 40 90
Ig Supply current, Vg = =15V 13.5 16 mA
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Closed-Loop AC Electrical Characteristics power supplies at 12V, T4 = 25°C, Ry, = 5000 for
the EL4430, R, = 1509 for the EL4431, CL = 15 pF. For the EL4431, Rp = Rg = 5000.

OLEPPTH/D0EVY TH

Parameter Description Min | Typ
BW, -3dB — 3 dB small-signal bandwidth EL4430 82
EL4431 80
BW, £0.1dB | 0.1dB flatness bandwidth EL4430 20
EL4431 14
Peaking Frequency response peaking EL4430 0.6 dB
EL4431 1.0 dB
SR Slew rate, Voyr between —2V and +2V  All 380 V/us
VN Input-referred noise voltage density EL4430/31 26 nV/rt-Hz
dG Differential gain error, Voffset between EL4430 0.02
—0.7V and +0.7V EL4431, Ry, = 1500 0.04
do Differential gain error, Voffset between EL4430 0.02
—0.7V and +0.7V EL4431, Ry, = 15002 0.08
Ts Settling time, to 0.1% from a 4V step ELA4430 48
Test Circuit Typical
Performance

Curves

VIN , differential

? ViN» common—mode

EL4430 and EL4431
Common-Mode Rejection

Ratio vs Frequency
100
il [T
Vs = £15V
80
T 60 | N
& Vg = 5V \
z 40 l H
Output offset }..\
reference 20
= . 1 1l
#430-2 10k 100k 1M 1OM  100M

FREQUENCY (Hz)
4430-4
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EL4430C/EL4431C

Typical Performance Curves — Contd.

NORMALIZED GAIN (dB)

NORMALIZED GAIN (dB)
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EL4431 Frequency Response
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4430-6
EL4431 Frequency Response
for Various Ry, Cp,
Vg = *5V
T T T TITIT T T
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Typical Performance Curves — Contd.

EL4430 Differential Gain EL4430 Differential Gain
and Phase vs Input Offset and Phase vs Input Offset
Voltage for Vg = =5V Voltage for Vg = +12V
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EL4430C/EL4431C

Typical Performance Curves — Contd.

EL4430 —3 dB Bandwidth
and Peaking vs Supply
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Typical Performance Curves — Contd.
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EL4430C/EL4431C

Applications Information

The EL4430 and EL4431 are designed to convert
a fully differential input to a single-ended output.
It has two sets of inputs; one which is connected
to the signal and does not respond to its com-
mon-mode level, and another which is used to
complete a feedback loop with the output. Here is
a typical connection:

Differential + Qi
Inputs - OQ—rdq

r

Output Offset
(or ground)

Output

Ra

4430-2

The gain of the feedback divider is H. The trans-
fer function of the part is

Vour = Ao X (VinT) — (VIN—)
+ (VREF — VFB))-

VrR is connected to VouyT through a feedback
network, so Vg = H X Voyr. Ag is the open-
loop gain of the amplifier, and is about 600 for
the EL4430 and EL4431. The large value of Ag
drives

(Vint) — (Vin—) + (Vrer — VFB) — 0.

Rearranging and substituting for Vg

Vout = (Vin 1) — (Vin—) + Vrer)/H.
Thus, the output is equal to the difference of the
Vin’s and offset by VRrep, all gained up by the
feedback divider ratio. The input impedance of
the FB terminal (equal to Ryy of the input termi-
nals) is in parallel with an Rg, and raises circuit
gain slightly.

The EL4430 is stable for a gain of 1 (a direct
connection between Voyt and FB) or more and
the EL4431 for gains of 2 or more. It is important
to keep the feedback divider’s impedance at the
FB terminal low so that stray capacitance does
not diminish the loop’s phase margin. The pole
caused by the parallel of resistors Ry and Rg and

stray capacitance should be at least 200 MHz;
typical strays of 3 pF thus require a feedback im-
pedance of 270Q or less. Two 510{) resistors are
acceptable for a gain of 2; 300§} and 2700() make
a good gain-of-10 divider. Alternatively, a small
capacitor across Ry can be used to create more of
a frequency-compensated divider. The value of
the capacitor should scale with the parasitic ca-
pacitance at the FB terminal input. It is also
practical to place small capacitors across both the
feedback resistors (whose values maintain the de-
sired gain) to swamp out parasitics. For instance,
two 10 pF capacitors (for a gain of 2) across equal
divider resistors will dominate parasitic effects
and allow a higher divider resistance.

Input Connections

The input transistors can be driven from resistive
and capacitive sources, but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80nH of series inductance to make
the inputs actually oscillate, equivalent to 4” of
unshielded wiring or about 6" of unterminated
input transmission line. The oscillation has a
characteristic frequency of 500 MHz. Often, plac-
ing one’s finger (via a metal probe) or an oscillo-
scope probe on the input will kill the oscillation.
Normal high-frequency construction obviates
any such problems, where the input source is rea-
sonably close to the input. If this is not possible,
one can insert series resistors of approximately
510 to de-Q the inputs.

Signal Amplitudes

Signal input common-mode voltage must be be-
tween (V—)+ 3V and (V+)—3V to ensure linear-
ity. Additionally, the differential voltage on any
input stage must be limited to £6V to prevent
damage. The differential signal range is =2V in
the EL4430 and EL4431. The input range is sub-
stantially constant with temperature.

The Ground Pin

The ground pin draws only 6uA maximum DC
current, and may be biased anywhere between
(V—)+2.5V and (V+)—3.5V. The ground pin is
connected to the IC’s substrate and frequency
compensation components. It serves as a shield
within the IC and enhances CMRR over frequen-
cy, and if connected to a potential other than
ground, it must be bypassed.
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4430C/EL4431C

the Instrumentation Amplifiers

Applications Information

Power Supplies

The instrumentation amplifiers work well on any
supplies from *£3V to *15. The supplies may be
of different voltages as long as the requirements
of the Gnd pin are observed ( see the Ground Pin
section for a discussion). The supplies should be
bypassed close to the device with short leads.
4.7uF tantalum capacitors are very good, and no
smaller bypasses need be placed in parallel. Ca-
pacitors as low as 0.01uF can be used if small
load currents flow.

Single-polarity supplies, such as +12V with
+ 5V can be used, where the ground pin is con-
nected to + 5V and V- to ground. The inputs and
outputs will have to have their levels shifted
above ground to accommodate the lack of nega-
tive supply.

The dissipation of the amplifiers increases with
power supply voltage, and this must be compati-
ble with the package chosen. This is a close esti-
mate for the dissipation of a circuit:

Pp= 2 X Vg X Ig, max + (Vs—Vp)
X Vo/RparR

where Ig, max is the maximum supply current
Vg is the + supply voltage
(assumed equal)
Vo is the output voltage

RpaR is the parallel of all resistors
loading the output

For instance, the EL4431 draws a maximum of
16 mA and we might require a 2V peak output
into 1500} and a 2700 + 2700 feedback divider.
The Rpag is 117Q. The dissipation with 5V
supplies is 201 mW. The maximum supply volt-
age that the device can run on for a given Pp and
the other parameter is

Vg, max = (Pp + Vo2/RpaRr)/
(21g + Vo/RpaAR)

The maximum dissipation a package can offer is

Pp, max = (Tj, max — Ty max)/65a
where Tj, max is the maximum die junction
temperature, 150°C for reliability, less to
retain optimum electrical performance.

Tp, max is the ambient temperature, 70°C
for commercial and 85°C for industrial
range.

0js is the thermal resistance of the
mounted package, obtained from data-
sheet dissipation curves.

The more difficult case is the SO-8 package. With
a maximum die temperature of 150°C and a maxi-
mum ambient temperature of 85°C, the 65°C tem-
perature rise and package thermal resistance of
170°C/W gives a dissipation of 382 mW at 85°C.
This allows a maximum supply voltage of +8.5V
for the EL4431 operated in our example. If an
EL4430 were driving a light load (RpaRr = °),
it could operate on * 15V supplies at a 70°C max-
imum ambient.

Output Loading

The output stage of the instrumentation amplifi-
ers is very powerful. It typically can source
80 mA and sink 120 mA. Of course, this is too
much current to sustain and the part will eventu-
ally be destroyed by excessive dissipation or by
metal traces on the die opening. The metal traces
are completely reliable while delivering the
30 mA continuous output given in the Absolute
Maximum Ratings table in this datasheet, or
higher purely transient currents.

Gain or gain accuracy degrades only 10% from
no load to 100} load. Heavy resistive loading will
degrade frequency response and video distortion
for loads <1000}

Capacitive loads will cause peaking in the fre-
quency response. If capacitive loads must be driv-
en, a small-valued series resistor can be used to
isolate it (120 to 51 should suffice). A 22() se-
ries resistor will limit peaking to 2.5 dB with
even a 220 pF load.
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March 1995 Rev A

EL4450C

Features

¢ Complete four-quandrant
multiplier with output amp—
requires no extra components

® Good linearity of 0.3%

* 90 MHz bandwidth for both X
and Y inputs

® Operates on 5V to =15V
supplies

¢ All inputs are differential
® 400V/us slew rate

Applications

® Modulation/Demodulation

* RMS computation

¢ Real-time power computation

* Nonlinearity correction/
generation

Ordering Information

Part No. Temp.Range Package Outline #

EL4450CN _ —40°C to +85°C 14-Pin P-DIP MDP0031

EL4450CM_—40°C to +85°C 14-Lead SO MDP0027

General Description

The EL4450C is a complete four-quadrant multiplier circuit. It
offers wide bandwidth and good linearity while including a
powerful output voltage amplifier, drawing modest supply cur-
rent.

The EL4450C operates on * 5V supplies and has an analog in-
put range of 2V, making it ideal for video signal processing.
AC characteristics do not vary over the =5V to * 15V supply
range.

The multiplier has an operational temperature range of —40°C
to +85°C and are packaged in plastic 14-pin P-DIP and SO.

Connection Diagram

O U

enp [Z]
-
e (4]
%- (3]
ne [E]
Yivs 2]

14§ Vour

-
[12] v+
[11] re
[10] Rer

[5] ne
LEI "IN~

4450-1
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Absolute Maximum Ratings (1, = 25°0)

v+ Positive Supply Voltage 16.5V Iout Output Current 30 mA

Vs V+ to V— Supply Voltage 33v Pp Maximum Power Dissipation See Curves

VIiN Voltage at any Input or Feedback V+ toV— Ta Operating Temperature Range —40°C to +85°C

AVyy  Difference between Pairs Ts Storage Temperature Range —60°C to +150°C
of Inputs or Feedback 6V

In Current into any Input or Feedback Pin 4 mA

'lcolumnmdwateathespeciﬁedevioetesﬁng ctuall;

Parameter Description Min Typ
VDIFF Differential Input Voltage—Clipping 1.8 2.0
0.2% nonlinearity 1.0
Vem Common-Mode Range of Vpipp = 0, Vg = +5V +2.5 +2.8
Vg = 15V +12.5 +12.8
Vos Input Offset Voltage 8
Ig Input Bias Current 9
Ios Onput Offset Current between XN+ and Xjn— 05
YiN+ and Yy —, REF and FB !
Gain Gain Factor of Voyr = Gain X X+ X YN 0.45 0.5
NLx Nonlinearity of X Input; Xy between —1V and +1V 0.3
NLy Nonlinearity of Y Input; Y1y between —1V and +1V 0.2
Rin Input resistance, Xy + to Xin—, YIN+ to YIN-—, 230
REF to FB 90
CMRR Common-Mode Rejection Ratio, X1y and YN 70 90
PSRR Power-Supply Rejection Ratio, FB 60 72
Vo Output Voltage Swing Vg = +5V +2.5 128
(Vin = 0, VRgF Varied) Vg = 15V £12.5 +12.8
Isc Output Short-Circuit Current 40 85
Ig Supply Current, Vg = 15V 15.4
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Closed-Loop AC Electrical Characteristics

Power Supplies at £12V, Tp = 25°C, Ry, = 5009, C, = 15pF

Parameter Description Min Typ
BW, —3dB —3 dB Small-Signal Bandwidth, X or ¥ 90
BW, +£0.1dB 0.1 dB Flatness Bandwidth 10
Peaking Frequency Response Peaking 1.0
SR Slew Rate, Voyut between —2V and +2V 300 400
VN Input-Referred Noise Voltage Density 100
Test Circuit
Y
i i o ompm
ReS R
Nagvi 1l 133
V- o—ﬂ— 12} v
4.7 uF == 2 g cyers —ov+
Tantalum :.; ﬂ:TantaIum
IN —{4] i {
\/ >
o gt T A
1 AP
Yin O—— ] Elgu

Note: For typical performance curves, Rp = 0, Rg = ®©, Vg = *5V, Ry, = 5001, and Cp, = 15 pF unless otherwise noted.

Typical Performance Curves

Transfer Function of X Input for

Transfer Function of Y Input for

Various Y Inputs

Various X Inputs

. 2
j& Y = -2.5V = -2.5V
ve=oiv NS X =-1v PI
\ 1
Y
S S
z Y=0 Z X=0 4
5 £ 5 0 P
K] | Y = 41V 2 X = +1V
X
- -1
Y = +2.5V X = +2.5V 4
1 '
-2 —2 S
-25 -20 -15 -10 -05 O 05 10 15 20 25 -25 -15 -10 -05 © 05 2.0

X INPUT (V)
4450-3

Y INPUT (V)

4450-4
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NORMALIZED GAIN (dB)

GAIN (dB)

CHANGE IN -3 dB BANDWIDTH (%)

Frequency Response
for Various Feedback
Divider Ratios

T T
OUT ™ 2+ RATIO RATIO = 1
=
0 \
NN

RATIO = 1/2 NXT] \
RATIO = 1/5

_3 / \
RATIO = 1/10 —n
Vg = %5V \

5 |R = 5000 \
C. = 15pF

100k ™ 10M 100M

FREQUENCY (Hz)

4450-5

X Input Frequency Response
for Various Y DC Inputs

\\

TN

~-30 v
7 Vg = £5V
~40 .~ R, 25000
€ =15pF
1M 10M 100M 200M
FREQUENCY (Hz)
4450-8

Change in Bandwidth
and Peaking vs Temperature

0 PEAKING 1.0
% Vg = $5V
-5 RN 398 BANDWIDTH | 0.8
Vg = 35V
0 %
-1 0.6 2
-3dB BANDWIDTH’/\ ©
Vg = 15V g
-15 0.4 <
&
\ i
-20 0.2
PEAKING
Vg = £15V
25 i . 0
25 50 75 100 125 150
DIE TEMPERATURE (°C)
4450-11

GAIN (dB) NORMALIZED GAIN (dB)

TOTAL HARMONIC DISTORTION (dBc)

Typical Performance Curves — Contd.

Frequency Response
for Various Ry, Cr,

Vg =

+5V

7

6

51— R =s5000, ¢ =30pF
L= T 20P

4

3

2

R = 1500, G = 30pF TR
R =5000,C = 18pF
R = 150Q,C = 18pF
1 ! |
0
“1 I R =s000,¢ =8pF
-2 - R = 150Q,C_ = 8pF i
-3 Loy L | |
M 10M 100M
FREQUENCY (Hz)
4450-8

Y Input Frequency Response
for Various X DC Inputs

[¢]
N
-10 \
i
~20 T \\
/
A
=30
// Vg = £5V
_40 /R =s5000
S [ = 5pF
™ 10M 100M 200M

FREQUENCY (Hz)

4450-9

Total Harmonic Distortion
of X Input vs Frequency

-10 ARALL e )
Y INPUT = 1VDC
-20 f
o]
X AMPLITUDE = 1VRMS ||t
-40 R JJI—H"’T / L
NRMS ‘
o
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« AP A //
_60 L — »
70 Sal
X AMPLITUDE = 100 mVYRMS
_go L Lyl 1

100k

™ 10M
FREQUENCY (Hz)

100M
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NORMALIZED GAIN (dB)

CHANGE IN -3 dB BANDWIDTH (%)

TOTAL HARMONIC DISTORTION (dBc)

Frequency Response
for Various Ry, Cp,
Vg = 15V

L]
AL

7

6

5 — R = 5000, ¢ = 30pF ra
41— R =1500, ¢ = 30pF
3
2

L]

RNV B

T T

- R = 5000, ¢ = 18pF

1 LR =1500,¢ = WBpF;Lk_
i

N

= 5000, ¢ = 8pF]
= 1500, ¢ = 8pF

1M 10M 100M

FREQUENCY (Hz)

4450-7

—3 dB Bandwidth
and Peaking
vs Supply Voltage

I 1.0
6 PEAKING

L~
LTy

& AN
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\
-3 dB BANDWIDTH \—
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\
\

PEAKING (dB)
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Total Harmonic Distortion
of Y Input vs Frequency
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Typical Performance Curves — Contd.

SLEW RATE (V/ us)

7)

INPUT VOLTAGE NOISE (nV /

Slew Rate Slew Rate
vs Supply Voltage vs Die Temperature CMRR vs Frequency
450 500 100
N
(HVe = £15V
1 "] 400 80 S
400 “w
ES
~ ~ \
> 300 T 60
o Z
350 b= & Vg = 5V \
© 200 3 40 H
=
u '\
300 “ 100 20 Il
Vg = 12V
Q i Q
250 25 50 75 100 125 150 10k 100k M 10M 100M
s 7 o M 13 15 DIE TEMPERATURE (°C)
SUPPLY VOLTAGE (V) wwsots FREQUENCY (Hz)
445014 4450-16
Input Voltage Noise
vs Frequency Nonlinearity of X Input Nonlinearity of Y Input
1 = 10 — : 10 . —
o = BAND OF CURVES FOR — e
T 25V < v < +2.5V —] [~—~ BAND OF CURVES FOR J—]
i 3 —_ -2.5V < X < +2.5V 1 —|
® 4 ) S
1% i < 0 = 10
e = > >
it =t — z
z 2
i 1 tg g
100 e Z od zZ 04
S S
; z z
Hil |
10 0.01 0.01 I
10 100 1k 10k 100k -2 -1 o] 1 2 -2 -1 0 1 2
FREQUENCY (Hz) X INPUT VOLTAGE (V) Y INPUT VOLTAGE (V)
4450-17 4450-18 4450-19
Bias Current Common-Mode Input Range
vs Die Temperature vs Supply Voltage
10 .15
>
M
Z
8 W12
~ Q v
< = =
EY N Yo = SV = ~Vew 4 /
= 6 5 9
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o
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) / 3 v/
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Typical Performance Curves — Contd.

14-Pin Package

Supply Current Supply Current Power Dissipation vs
vs Die Temperature vs Supply Voltage Ambient Temperature
16.5 . 20 T : 1.6 .
Vo =115V =250 -
\C To=25 C\ 1.4 | 14-PIN DIP_]|
3 3 — = |
16 15 ~ 1.2 + t
E ~ £ } z 14-PIN SO
= \ 5 2 o
& Z DIE TEMPERATURE = 150°C 2
& 15.5 [m— — E 10 & o8
3™ /vs =15V 3 2
> \ N S os
- -t ov
& s N & 5 04
a \\ a a 02
145 0 O~4O -20 0O 20 40 60 80 100
25 50 75 100 125 150 0 3 [ 9 12 15 !
DIE TEMPERATURE (°C) SUPPLY VOLTAGE (£V) AMBIENT TEMPERATURE (°C)
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Applications Information

The EL4450 is a complete four-quadrant multiplier with 90 MHz bandwidth. It has three sets of inputs;
a differential multiplying X-input, a differential multiplying Y-input, and another differential input
which is used to complete a feedback loop with the output. Here is a typical connection:

o/
0 O Vour
3 77
= H
=]
Xy O———c7] v
v REF
Xy O———13] b & [TOp————————————0 OUTPUT OFFSET
(OR GND)
1 AN £
Yy O] 8

YiN- O——

The gain of the feedback divider is H, and H =

Rg/(Rg + Rp). The transfer function of the

part is

Vourt = Ao X (2 X (Vinx+-ViNx-)) %
((Viny + -VINY-)) T (VREF-VFB))-

Vg is connected to Vour through a feedback

network, so VRgr = H*Vourt. Ag is the open-

loop gain of the amplifier, and is about 600. The

large value of Ag drives

(Y2 X ((VINx +-Vinx-)) X (VINy+-VINY-)) +
(VReF-VFB) —> 0.

Rearranging and substituting for VR

Vour = (%2 X (ViNx+-VINx-)) X (VINy+-VINY-D) +
VRer)/H, or

Vour = (XY/2 + Vger)/H

Thus the output is equal to one-half the product
of X and Y inputs and offset by VRgF, all gained
up by the feedback divider ratio. The EL4450 is
stable for a direct connection between Voyr and
FB, and the feedback divider may be used for
higher output gain, although with the traditional
loss of bandwidth.

It is important to keep the feedback divider’s im-
pedance at the FB terminal low so that stray ca-
pacitance does not diminish the loop’s phase
margin. The pole caused by the parallel imped-
ance of the feedback resistors and stray capaci-
tance should be at least 150 MHz; typical strays

4450-25

of 3 pF thus require a feedback impedance of
3608} or less, Alternatively, a small capacitor
across Ry can be used to create more of a fre-
quency-compensated divider. The value of the ca-
pacitor should scale with the parasitic capaci-
tance at the FB input. It is also practical to place
small capacitors across both the feedback resis-
tors (whose values maintain the desired gain) to
swamp out parasitics. For instance, two 10 pF
capacitors across equal divider resistors for a
maximum gain of 1 will dominate parasitic ef-
fects and allow a higher divider resistance.

The REF pin can be used as the output’s ground
reference, or for DC offsetting of the output, or it
can be used to sum in another signal.

Input Connections

The input transistors can be driven from resistive
and capacitive sources, but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80 nH of series inductance to make
the inputs actually oscillate, equivalent to four
inches of unshielded wiring or about 6” of unter-
minated input transmission line. The oscillation
has a characteristic frequency of 500 MHz. Plac-
ing one’s finger (via a metal probe) or an oscillo-
scope probe on the input will kill the oscillation.
Normal high-frequency construction obviates
any such problems, where the input source is rea-
sonably close to the input. If this is not possible,
one can insert series resistors of around to 51} to
de-Q the inputs.

3-58




- EL4450C

Wideband Four-Quadrant Multiplier

Signal Amplitudes

Signal input common-mode voltage must be be-
tween (V—) + 2.5V and (V+) —2.5V to ensure
linearity. Additionally, the differential voltage on
any input stage must be limited to * 6V to pre-
vent damage. The differential signal range is
+ 2V in the EL4450C. The input range is sub-
stantially constant with temperature.

The Ground Pin

The ground pin draws only 6 wA maximum DC
current, and may be biased anywhere between
(V=) +2.5V and (V+) —3.5V. The ground pin
is connected to the IC’s substrate and frequency
compensation components. It serves as a shield
within the IC and enhances input stage CMRR
over frequency, and if connected to a potential
other than ground, it must be bypassed.

Power Supplies

The EL4450C works well on supplies from * 3V
to £ 15V. The supplies may be of different volt-
ages as long as the requirements of the GND pin
are observed (see the Ground Pin section for a
discussion). The supplies should be bypassed
close to the device with short leads. 4.7 pF tanta-
lum capacitors are very good, and no smaller by-
passes need be placed in parallel. Capacitors as
low as 0.01 uF can be used if small load currents
flow.

Single-polarity supplies, such as +12V with
+ 5V can be used, where the ground pin is con-
nected to +5V and V— to ground. The inputs
and outputs will have to have their levels shifted
above ground to accommodate the lack of nega-
tive supply.

The power dissipation of the EL4450C increases
with power supply voltage, and this must be
compatible with the package chosen. This is a
close estimate for the dissipation of a circuit:

Pp =2*Ig,max*Vg + (Vs-V0)*Vo/Rpar
where

Is,max is the maximum supply current

Vg is the * supply voltage (assumed equal)
Vo is the output voltage

RpaR is the parallel of all resistors loading
the output

For instance, the EL4450C draws a maximum of
18 mA. With light loading, Rppar = ° and the
dissipation with =5V supplies is 180 mW. The
maximum supply voltage that the device can run
on for a given Pp and the other parameters is

Vg,max = (Pp + Vg2/RpaR)/(2Is + Vo/RpAR)

The maximum dissipation a package can offer
is
Pp,max = (Tjmax-Ts,max)/03a

Where Tj,max is the maximum junction tem-
perature, 150°C for reliability, less to retain
optimum electrical performance

T,max is the ambient temperature, 70°C for
commercial and 85°C for industrial range

054 is the thermal resistance of the mounted
package, obtained from data sheet dissipation
curves

The more difficult case is the SO-14 package.
With a maximum junction temperature of 150°C
and a maximum ambient temperature of 85°C,
the 65°C temperature rise and package thermal
resistance of 120°/W gives a dissipation of
542 mW at 85°C. This allows the full maximum
operating supply voltage unloaded, but reduced if
loaded significantly.

Output Loading

The output stage is very powerful. It typically
can source 85 mA and sink 120 mA. Of course,
this is too much current to sustain and the part
will eventually be destroyed by excessive dissipa-
tion or by metal traces on the die opening. The
metal traces are completely reliable while deliver-
ing the 30 mA continuous output given in the
Absolute Maximum Ratings table in this data
sheet, or higher purely transient currents.

Gain accuracy degrades only 0.2% from no load-
to 100Q) load. Heavy resistive loading will de-
grade frequency response and video distortion for
loads < 100Q.

Capacitive loads will cause peaking in the fre-
quency response. If a capacitive load must be
driven, a small-valued series resistor can be used
to isolate it. 12€) to 510 should suffice. A 22Q)
series resistor will limit peaking to 2.5 dB with
even a 220 pF load.
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Mixer Applications

Because of its lower distortion levels, the Y input
is the better choice for a mixer’s signal port. The
X input would receive oscillator amplitudes of
about 1V RMS maximum. Carrier suppression is
initially limited by the offset voltage of the Y
input, 20 mV maximum, and is about 37 dB
worst-case. Better suppression can be obtained
by nulling the offset of the X input. Similarly,
nulling the offset of the Y input will improve sig-
nal-port suppression. Driving an input differen-
tially will also maximize feedthrough suppres-
sion at frequencies beyond 10 MHz.

AC Level Detectors

Square-law converters are commonly used to con-
vert AC signals to DC voltages corresponding to
the original amplitude in subsystems like auto-
matic gain controls (AGC’s) and amplitude-stabi-
lized oscillators. Due to the controlled AC ampli-
tudes, the inputs of the multiplier will see a rela-
tively constant signal level. Best performance
will be obtained for inputs between 200 mVRMS
and 1 VRMS. The traditional use of the EL4450C
as an AGC detector and control loop would be:

\/
1 14
—__r@ = G
K1 2 —
AC o R
INPUT AGC
b CONTROL
mE il out
d A P !
L AMPLITUDE

ET REFERENCE

—

4450-26

Traditional AGC Detector/DC Feedback Circuit
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AC Level Detectors — Contd.

The EL4450C simply provides an output equal to
the square of the input signal and an integrator
filters out the AC component, while comparing
the DC component to an amplitude reference.
The integrator output is the DC control voltage
to the variable-gain sections of the AGC (not
shown). If a negative polarity of reference is re-
quired, one of the multiplier input terminal pairs
is reversed, inverting the multiplier output. In-

put bias current will cause input voltage offsets
due to source impedances; putting a compensat-
ing resistor in series with the grounded inputs of
the EL4450C will reduce this offset greatly.

This control system will attempt to force

VIN,RMS2 /4= VREF-

The extra op-amp can be eliminated by using this
circuit:

"\ R AGC
0 14 CONTROL
ouT
N g ¥
o—T—{zE j—LM—o
AC AMPLITUDE
INPUT & REFERENCE
— 0 o
(13 VAN (9]
{7]

4450-27

Simplified AGC Detector/DC Feedback Circuit
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EL4450

AC Level Detectors — Contd.

Here the internal op-amp of the EL4450C re-
places the external amplifier. The feedback ca-
pacitor Cg does not provide a perfect integration
action; a zero occurs at a frequency of 1/27RCp.
This is canceled by including another RCf pair
at the AGC control output. If the reference volt-
age must be negative, the resistor at pin 11 is
connected to ground rather than the reference
and pin 10 connected to the reference.

The amplitude reference will have to support
some AC currents flowing through R. If this is a
problem, several changes can be made to

eliminate it. The reference is connected to pin 10
and the resistor R connected to pin 11 reconnect-
ed to ground, and one of the multiplier input con-
nections are reversed.

Square-law detectors have a restricted input
range, about 10:1, because the output rapidly dis-
appears into the DC errors as signal amplitudes
reduce. This circuit gives a multiplier output that
is the absolute value of the input, thus increasing
range to 100:1:

-/
0 i
=
= i
R
° —W\—e— {7 1]
INPUT R T v,
o ———] > o
=
- E AN\ El|
—7]
COMPARATOR
L
Rli, SR

4450-28

Absolute-Value Input Circuitry
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An ECL comparator produces an output corre-
sponding to the sign of the input, which when
multiplied by the input produces an effective

Nonlinear Function Generation
The REF pin of the EL4450C can be used to sum
in various quantities of polynominal function

absolute-value function. The RC product con-
nected to the X inputs simply emulates the time
delay of the comparator to maintain circuit accu-
racy at higher frequencies.

generators. For instance, this sum of REF allows
a linear signal path which can have various
amounts of squared signal added:

-/

/\

Input O

Kz

VW

>
AN

|||I--|.| ||||1I
HEMHMNRARME

B, —0Q Output
SR =K
3 -z
3] T 2V sz + VN
q Ko Tkt Veer
12 2 !
& ﬁ 3R
! —0 Vrer
10—
9]
8

Polynomial Function Generator

The polarity of the squared signal can be re-
versed by swapping one of the X or Y input pairs.

The REF and FB pins also simplify feedback
schemes that allow square-rooting:

4450-29

The diode and Iyyjdown assure that the output
will always produce the positive square-root of
the input signal. I, j1gown should be large enough
to assure that the diode be forward-biased for any
load current. In this configuration, the band-
width of the circuit will reduce for smaller input
signals.

ouTPUT
=V2Vy

Loln oh

>

i

Vi

i)
17
—o-
G—o+
(5]

[E1—

leuLLoown g
(SEE TEXT) §

V-

-

Square-Rooter

4450-30
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Nonlinear Function Generation — Contd.

The REF and FB terminals can also be used to

implement division:

Vx
INPUT

The output frequency response reduces for small-
er values of Vx, but is not affected by VRer.

Divider Connection

(KR ~ [T———e——o0ouTPUT
o m e
i i8]
o——F i
3] P X Ei_.(__o VReF
— INPUT
3 A B
Mg ¥ L,

4450-31
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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

Features

® Complete variable-gain amplifier
with output amplifier, requires
no extra components

¢ Excellent linearity of 0.2%

® 70 MHz signal bandwidth

e Operates on £ 5V to £15V
supplies

e All inputs are differential
® 400V/us slew rate
® >70dB attenuation @ 4 MHz

Applications

¢ Leveling of varying inputs
® Variable filters

* Fading

¢ Text insertion into video

Ordering Information

Part No. Temp.Range Package Outline #

EL4451CN —40°C to +85°C 14-Pin P-DIP MDP0031

EL4451CS —40°Cto +85°C 14-Lead SO MDP0027

General Description

The EL4451C is a complete variable gain circuit. It offers wide
bandwidth and excellent linearity while including a powerful
output voltage amplifier, drawing modest supply current.

The EL4451C operates on £ 5V to £ 15V supplies and has an
analog input range of *2V, making it ideal for video signal
processing. AC characteristics do not change appreciably over
the £ 5V to £15V supply range.

The circuit has an operational temperature range of —40°C to
+85°C and is packaged in plastic 14-pin DIP and 14-lead SO.

The EL4451C is fabricated with Elantec’s proprietary comple-
mentary bipolar process which provides excellent signal sym-
metry and is free from latch up.

Connection Diagram

\—/
/\

3 a8

ne[1]
ano 2]
V[
vin[4]
w-E—>
nc €]

Gain+} 7

4] Vour
NC

EV+
[} B
E REF

8 |Gain-

44511
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Absolute Maximum Ratings (1, = 2570

v+ Positive Supply Voltage 16.5V Iout

Vs V+ to V— Supply Voltage 33V Pp

VIN Voltage at any Input or Feedback V+ toV— Ta

AVyy  Difference between Pairs Ts
of Inputs or Feedback 6V

IN Current into any Input, or Feedback Pin 4mA

Important Note: -

i’ Test Level

Continuous Output Current
Maximum Power Dissipation
Operating Temperature Range

Storage Temperature Range

30mA
See Curves
—40°C to +85°C
—60°C to +150°C

Parameter Description Min Typ Max
VDIFF Signal input differential input voltage - Clipping 1.8 2.0
0.2% nonlinearity 1.3
Vem Common-mode range of Vin; Vpirp = 0, Vg = 15V +2.0 +2.8
Vg = 15V +12.8
Vos Input offset voltage 7 25
Vos, FB Output offset voltage 8 25
Va, 100% Extrapolated voltage for 100% gain 1.9 2.1 2.2
Vg, 0% Extrapolated voltage for 0% gain —0.16 —0.06 0.06
VG, 1v Gain at Vgarn = 1V 0.95 1.05 1.15
Ig Input bias current (all inputs) —20 —9 0
Ios Input offset current between Vi +and Vin— 0.2 4
Gain+ and Gain—, FB and Ref
NL Nonlinearity, Viy between —1V and +1V, Vg = 1V 0.2 0.5 ~’ 
Ft Signal feedthrough, Vg = —1V ~100 | -70 | 1 | aB
RN, VIN Input resistance, Vin 100 230 o KO
Rin, FB Input resistance, FB 200 460 KO
RN, RgaIN Input resistance, gain input 50 100 KO
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Open-Loop DC Electrical Characteristics — Contd.

Power Supplies at £5V, Ty =

25°C, R, = 5001}

Parameter Description Min Typ Max | g::;l Units

CMRR Common-mode rejection ratio of Vi 70 90 1

PSRR Power supply rejection ratio of Vog, g, Vg = 5V to +15V 50 60

Vo Output voltage swing Vg = 5V +2.5 +2.8

(Vin = 0, VREgF varied) Vg = 15V +12.5 +12.8

Isc Output short-circuit current 40 85

Is Supply current, Vg = +15V 15.5 18
Closed-Loop AC Electrical Characteristics
Power supplies at 12V, Ty = 25°C. Ry, = 5000, C;, = 15pF, Vg = 1V

Parameter Description Min Typ Max e ‘

BW, —3dB —3dB small-signal bandwidth, signal input 70 N "

BW, +0.1dB 0.1dB flatness bandwidth, signal input 10 v

Peaking Frequency response peaking 0.6 V' :

BW, gain —3dB small-signal bandwidth, gain input 70 V

SR Slew rate, Vour between —2V and +2V, Rp = Rg = 5000 400 v

VN Input referred noise voltage density 110 V . nV/VHz

dG Differential gain error, Voffset between —0.7V and + 0.7V 0.9 v %

dé Differential phase error, Voffset between —0.7V and +0.7V 0.2 ro °

Test Circuit

Note: For typical performance curves, Rp = 0, Rg = ©, Vgain = 1V, Rp = 500(, and Cy, = 15 pF unless otherwise noted.
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E A E =
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Typical Performance Curves
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Typical Performance Curves — Contd.
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Common-Mode
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Input Voltage Noise
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Nonlinearity vs
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Typical Performance Curves — Contd.
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Applications Information

The EL4451 is a complete two-quadrant multipli-
er/gain control with 70 MHz bandwidth. It has
three sets of inputs; a differential signal input
VN, a differential gain-controlling input Vga1n,
and another differential input which is used to
complete a feedback loop with the output. Here is
a typical connection:

K ~ O Vour
It o=/ \
=
VvN*O—E 6 q .
0B —P>2
[5] Output
Veain+ 7 A g':sé’l‘o)

Vean- O

44512

The gain of the feedback divider is
Rg
- Rg + Rp
The transfer function of the part is
Vour = Ao X (((Vin+) = (VIN—) * (Vgaint) — (VeaIN =) +
(VReF ~ VFB))-

VFB is connected to Voyr through a feedback
network, so Vgg = H X Vgyr. Ag is the open-
loop gain of the amplifier, and is approximately
600. The large value of Ag drives

(Vi) = (Vin =) X (Veaint) — (Veain—) + (VREF — VFR)

— 0.

Rearranging and substituting for Vgg
Vout = ((Vin+) — (VIN— ) ¥ (Vgaint) — (Vgan) + VRER)/H,
or

Vout = (Vin ¥ VgaiNn + VrRer)/H

Thus the output is equal to the difference of the
VIn’s times the difference of Vgan's and offset
by VREF, all gained up by the feedback divider
ratio. The EL4451 is stable for a direct connec-
tion between Vout and FB, and the divider may
be used for higher output gain, although with the
traditional loss of bandwidth.

It is important to keep the feedback divider’s im-
pedance at the FB terminal low so that stray ca-
pacitance does not diminish the loop’s phase
margin. The pole caused by the parallel imped-
ance of the feedback resistors and stray capaci-
tance should be at least 150 MHz; typical strays
of 3 pF thus require a feedback impedance of

360€) or less. Alternatively, a small capacitor
across R can be used to create more of a fre-
quency-compensated divider. The value of the ca-
pacitor should scale with the parasitic capaci-
tance at the FB input. It is also practical to place
small capacitors across both the feedback and the
gain resistors (whose values maintain the desired
gain) to swamp out parasitics. For instance, two
10pF capacitors across equal divider resistors for
a maximum gain of 4 will dominate parasitic ef-
fects and allow a higher divider resistance.

The REF pin can be used as the output’s ground
reference, for DC offsetting of the output, or it
can be used to sum in another signal.

Gain-Control Characteristics

The quantity Vgain in the above equations is
bounded as 0<VgaiN <2, even though the exter-
nally applied voltages exceed this range. Actual-
ly, the gain transfer function around 0 and 2V is
“soft”; that is, the gain does not clip abruptly
below the 0%-Vgain voltage nor above the
100%-VgaIN level. An overdrive of 0.3V must be
applied to VgaIN to obtain truly 0% or 100%.
Because the 0%- or 100%- VgaIn levels cannot
be precisely determined, they are extrapolated
from two points measured inside the slope of the
gain transfer curve. Generally, an applied Vgain
range of —0.5V to + 2.5V will assure the full nu-
merical span of 0<VgaAN<2.

The gain control has a small-signal bandwidth
equal to the Viyn channel bandwidth, and over-
load recovery resolves in about 20 nsec.

Input Connections

The input transistors can be driven from resistive
and capacitive sources, but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80nH of series inductance to make
the inputs actually oscillate, equivalent to four
inches of unshielded wiring or 6” of unterminat-
ed input transmission line. The oscillation has a
characteristic frequency of 500 MHz. Often plac-
ing one’s finger (via a metal probe) or an oscillo-
scope probe on the input will kill the oscillation.
Normal high-frequency construction obviates
any such problems, where the input source is rea-
sonably close to the input. If this is not possible,
one can insert series resistors of around 51f) to
de-Q the inputs.
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Applications Information — Contd.

Signal Amplitudes

Signal input common-mode voltage must be be-
tween (V—)+3V and (V+)—3V to ensure linear-
ity. Additionally, the differential voltage on any
input stage must be limited to £ 6V to prevent
damage. The differential signal range is +2V in
the EL4451. The input range is substantially con-
stant with temperature.

The Ground Pin

The ground pin draws only 6uA maximum DC
current, and may be biased anywhere between
(V—)+2.5V and (V+)—3.5V. The ground pin is
connected to the IC’s substrate and frequency
compensation components. It serves as a shield
within the IC and enhances input stage CMRR
and feedthrough over frequency, and if connected
to a potential other than ground, it must be by-
passed.

Power Supplies

The EL4451 works with any supplies from +3V
to £15V. The supplies may be of different volt-
ages as long as the requirements of the ground
pin are observed (see the Ground Pin section).
The supplies should be bypassed close to the de-
vice with short leads. 4.7uF tantalum capacitors
are very good, and no smaller bypasses need be
placed in parallel. Capacitors as small as 0.01pF
can be used if small load currents flow.

Single-polarity supplies, such as +12V with
+ 5V can be used, where the ground pin is con-
nected to +5V and V— to ground. The inputs
and outputs will have to have their levels shifted
above ground to accommodate the lack of nega-
tive supply.

The power dissipation of the EL4451 increases

with power supply voltage, and this must be

compatible with the package chosen. This is a

close estimate for the dissipation of a circuit:

Pp = 2 X Vg X Ig, max + (Vs — Vo) X Vo/Rpar

where Ig, max is the maximum supply current
Vg is the * supply voltage (assumed

equal)

Vo is the output voltage

RpaR is the parallel of all resistors loading
the output

For instance, the EL4451 draws a maximum of
18mA. With light loading, Rppr —> ° and the
dissipation with *5V supplies is 180 mW. The
maximum supply voltage that the device can run
on for a given Pp and other parameters is

Vg, max = (Pp + Vo2/Rpar) / (2Is + Vo/RpaRr)

The maximum dissipation a package can offer is
Pp, max = (Ty, max— Ty, max) / 634

Where Ty, max is the maximum die tempera-
ture, 150°C for reliability, less to re-
tain optimum electrical performance

Ta, max is the ambient temperature,
70°C for commercial and 85°C for in-
dustrial range

Ojais the thermal resistance of the
mounted package, obtained from
data sheet dissipation curves

The more difficult case is the SO-14 package.
With a maximum die temperature of 150°C and a
maximum ambient temperature of 85°C, the 65°C
temperature rise and package thermal resistance
of 120°C/W gives a dissipation of 542 mW at
85°C. This allows the full maximum operating
supply voltage unloaded, but reduced if loaded.

Output Loading

The output stage of the EL4451 is very powerful.
It typically can source 80mA and sink 120mA. Of
course, this is too much current to sustain and
the part will eventually be destroyed by excessive
dissipation or by metal traces on the die opening.
The metal traces are completely reliable while de-
livering the 30mA continuous output given in the
Absolute Maximum Ratings table in this data
sheet, or higher purely transient currents.

Gain changes only 0.2% from no load to 100}
load. Heavy resistive loading will degrade fre-
quency response and video distortion for loads
<1009.

Capacitive loads will cause peaking in the fre-
quency response. If capacitive loads must be driv-
en, a small-valued series resistor can be used to
isolate it. 12Q) to 512 should suffice. A 22(} series
resistor will limit peaking to 2.5 dB with even a
220pF load.
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Applications Information — Contd.

Leveling Circuits

Often a variable-gain control is used to normalize
an input signal to a standard amplitude from a
modest range of possible input amplitude. A good
example is in video systems, where an untermi-
nated cable will yield a twice-sized standard vid-
eo amplitude, and an erroneously twice-terminat-
ed cable gives a 2/3-sized input.

Here is a £ 6 dB range preamplifier:
Linearized Leveling Amplifier
o/

14} + Output

R1

0

(¥

(&1

Input P—AMr—ep——o 7}
0

= [3

7]

Gain o p.
Control™ 3 —

o
N

1—AnAA

4451-30

In this arrangement, the EL4451 outputs a mix-
ture of the signal routed through the multiplier
and the REF terminal. The multiplier port pro-
duces the most distortion and needs to handle a
fraction of an oversized video input, whereas the
REF port is just like an op-amp input summing
into the output. Thus, for oversized inputs the
gain will be decreased and the majority of the
signal is routed through the linear REF terminal.
For undersized inputs, the gain is increased and
the multiplier’s contribution added to the output.

Here are some component values for two designs:

Attenuation —-3dB
R R R R
Ratio Re | Ra | Ri| Ry | Rs | g ndwidth
1.5 200€) | 40092 | 30002 | 10092 | 20002 | 47 MHz
2 4000 | 40091 | 50092 | 100€2 | 2000 | 28 MHz

EL4451 Leveler Circuit
Attenuation Ratio = 1.5
0.1

N\

RN /
MR YRV
N_/

50 75 100 125 150 175 200

PERCENTAGE AMPLITUDE OF A STANDARD
NTSC SIGNAL AT THE INPUT (%)

DIFFERENTIAL GAIN (%) OR PHASE (°)
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EL4451 Leveler Circuit
Attenuation Ratio = 2
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o 7<\\ o /
o V/" DG
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N —t

DIFFERENTIAL GAIN (%) OR PHASE (°)

-0.3
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PERCENTAGE AMPLITUDE OF A STANDARD
NTSC SIGNAL AT THE INPUT (%)
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With the higher attenuation ratio, the multiplier
sees a smaller input amplitude and distorts less,
however the higher output gain reduces circuit
bandwidth. As seen in the next curves, the peak
differential gain error is 0.47% for the attenua-
tion ratio of 1.5, but only 0.27% with the gain of
2 constants. To maintain bandwidth, an external
op amp can be used instead of the Rg - Rg divid-
er to boost the EL4451’s output by the attenua-
tion ratio.

Sinewave Oscillators

Generating a stable, low distortion sinewave has
long been a difficult task. Because a linear oscil-
lator’s output tends to grow or diminish continu-
ously, either a clipping circuit or automatic gain
control (AGC) is needed. Clipping circuits gener-
ate severe distortion which needs subsequent fil-
tering, and AGC’s can be complicated.
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Applications Information — Contd.

Here is the EL4451 used as an oscillator with simple AGC:

Low-Distortion Sinewave Oscillator

—
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tuned \/
circuit 1 T4} —» Output
-see text —___CC — P
oz /\ gl
-12V ——g—]7] 2 +12v
7 af q 37 of
tant. 2 O T tant.
[ = Z 3+
< )
35100 e $ 2200
I i L3 > o 1
3 9 D1
11k% -:_CE VAN — #meu
™ .
4 =l 1
INg14 S 2.4k 510k :Eo.l#r
L -12v
= 6.2k
-12v

The oscillation frequency is set by the resonance
of a series-tuned circuit, which may be an L-C
combination or a crystal. At resonance, the series
impedance of the tuned circuit drops and its
phase lag is 0°, so the EL4451 needs a gain just
over unity to sustain oscillation. The Vgain—
terminal is initially at —0.7V and the VgaiN T
terminal at about + 2.1V, setting the maximum
gain in the EL4451. At such high gain, the loop
oscillates and output amplitude grows until Dy
rectifies more positive voltage at Vgain —, ulti-
mately reducing gain until a stable 0.5Vrms out-
put is produced.

Using a 2 MHz crystal, output distortion was
—53 dBc, or 0.22%. Sideband modulation was
only 14 Hz wide at —90 dBc, limited by the filter
of the spectrum analyzer used.

The circuit works up to 30 MHz. A parallel-tuned
circuit can replace the 5104 resistor and the 5100
resistor moved in place of the series-tuned ele-
ment to allow grounding of the tuned compo-
nents.

4451-33

Filters
The EL4451 can be connected to act as a voltage-
variable integrator as shown:

EL4451 Connected As Variable Integrator

A4 Output
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The input RC cancels a zero produced by the out-
put op-amp feedback connection at w = 1/RC.
With the input RC connected Vour/VIN =
1/sRC; without it Voyt/ViN = (1 +sRC)/sRC.
This variable integrator may be used in networks
such as the Bi-quad. In some applications the in-
put RC may be omitted. If a negative gain is re-
quired, the Viy+ and Vyy— terminals can be
exchanged.
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Applications Information — Contd.

A voltage-controlled equalizer and cable driver
can be constructed so:

Equalization and Line Driver Amplifier

N/
0 E——W\"ﬁ?
z
o /\ i L
IR
oo 0 O<HP ]
Input >—4—| [———w—
Ry X Re =
= Y ———
T d A 5]
Voain —17] Ej__

4451-35

The main signal path is via the REF pin. This
ensures maximum signal linearity, while the mul-
tiplier input is used to allow a variable amount of
frequency-shaped input from Rj, R, and C. For
optimum linearity, the multiplier input is attenu-
ated by R; and Rj. This may not be necessary,
depending on input signal amplitude, and R;
might be set to 0. Rjand R should be set to pro-
vide sufficient peaking, depending on cable high-
frequency losses, at maximum gain. Rp and Rg
are chosen to provide the desired circuit gain, in-
cluding backmatch resistor loss.
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Features

e Complete variable-gain amplifier
complete with output amplifier

¢ Compensated for Gain > 10

® 50 MHz signal bandwidth

¢ 50 MHz gain-control bandwidth

e Low 29 nV/V/Hz input noise

® Operates on 5V to £15V
supplies

¢ All inputs are differential

* >70 dB attenuation @ 5 MHz

Applications

® AGC variable-gain amplifier
e IF amplifier

® Transducer amplifier

Ordering Information

Part No. Temp.Range Package Outline #

EL4452CN —40°C to +85°C 14-pin P-DIP MDP0031
EL4452CS —40°C to +85°C 14-lead SO MDP0027

General Description

The EL4452 is a complete variable-gain circuit. It offers wide
bandwidth and excellent linearity, while including a powerful
output voltage amplifier, drawing modest current. The higher
gain and lower input noise makes the EL4452 ideal for use in
AGC systems.

The EL4452 operates on £ 5V to £ 15V and has an analog input
range of £0.5V. AC characteristics do not change appreciably
over the supply range.

The circuit has an operational temperature of —40°C to +85°C
and is packaged in 14-pin P-DIP and SO-14.

The EL4452 is fabricated with Elantec’s proprietary comple-
mentary bipolar process which gives excellent signal symmetry
and is very rugged.

Connection Diagram

—/

ne [
onp [2]

-
vine 4]

4] out
i3] N
BRE
1] re

vin- (5] 10] ret
ne [E] [5]ne
Vo [Z] 81 Voain-

44521
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Inputs or Feedback 6V

Absolute Maximum Ratings (r, = 25°¢)

2 Tm and Ty per QA test p!an chuooz

~ QA sample tested per QA test plan QCX0002.

Parameter is guaranteed (but not tested) by D

v+ Positive Supply Voltage 16.5V IN Current into any Input or

Vg V+ to V— Supply Voltage 33v Feedback Pin

Vin Voltage at any Input or Feedback V+ toV— Iout Output Current

AVIN Difference between Pairs of Maximum Power Dissipation

Operating Temperature Range
Storage Temperature Range

4 mA
30 mA
See Curves
—40°C to +85°C
—60°C to +150°C

Parameter is typical value at Tq = 25°C for iufé ‘
Open-Loop DC Electrical Characteristics
Power supplies at £5V, Ty = 25°C, Rgp = 910Q}, Rg = 100}, Ry, = 500§
Parameter Description Min Typ Max
VDIFF Signal Input Differential Input Voltage - Clipping 0.4 0.5
0.6% Nonlinearity 0.4
Vem Common-Mode Range (All Inputs; Vpipp = 0) Vg = 15V +2.0 +2.8
Vg = £15V +12.0 +12.8
Vos Input Offset Voltage 10
Vos, FB Output Offset Voltage 10
Vg, 100% Extrapolated Voltage for 100% Gain 1.8 2.1 2.2
Vg, 0% Extrapolated Voltage for 0% Gain —0.16 —0.06 0.04
Vg, 1V Gain at Vgain = 1 (Rf = 9100, Rg = 100Q) 4.9 5.35 5.9
Ig Input Bias Current (All Inputs) —20 -9 0
Ios Input Offset Current Between Vin+ and Viy—, 0.5 4
VgaIN t and VgaIN —
Fr Signal Feedthrough, Vg = —1V —100 dB
RN, Signal Input Resistance, Signal Input 25 60 kQ
RN, Gain Input Resistance, Gain Input 50 120 kQ
RN, FB Input Resistance, Feedback 25 60 kN
CMRR Common-Mode Rejection Ratio, Vin 70 90 dB
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Open-Loop DC Electrical Characteristics — Contd.
Power supplies at +5V, T4 = 25°C, Rp = 9100}, Rg = 100Q}, Ry, = 5000

Parameter Description Min Typ
PSRR Power-Supply Rejection Ratio, Vgg, FB; Supplies from 5V to £ 15V 65 83
Eg Gain Error, Excluding Feedback Resistors, Vgain = 2.5V -7
NL Nonlinearity, Viy from —0.25V to +0.25, Vgain = 1V 0.3
Vo Output Voltage Swing Vs +5V +2.5 +2.8
(VIN = 0, VREF Varied) Vg= 15V | +12.5 | +12.8
Isc Output Short-Circuit Current 40 85
Ig Supply Current, Vg = 15V 15.5
Closed-Loop AC Electrical Characteristics
Power supplies at £12V, T4 = 25°C, Ry, = 5000, Cy, = 15pF
Parameter Description Min Typ Max Units
BW, —3dB —3dB Small-Signal Bandwidth, Signal Input 50 MHz
BW, £0.1dB 0.1dB Flatness Bandwidth, Signal Input 10 MHz
Peaking Frequency Response Peaking 0.1 dB
BW, Gain —3dB Small-Signal Bandwidth, Gain Input 50 MH:z
SR Slew Rate, Vgour between —2V and + 2V 350 400 550 V/us
VN Input-Referred Noise Voltage Density 29 nV/rt-Hz
Test Circuit
N
1 74— ' O Output
ReS R é L c
Z /\ ik 13 T
- 3 Ef—ho V+
4.7 uf * ) ﬂ = 4.7 uF
tant. *== = tant.
Vin —{4] D—_J1 i P
\/ >
i3 P> o — JL e
d A P07
Gain
Con Qr‘ol l‘z 3 —

Note: For typical performance curves, Rp = 910(}, Rg = 1009, Vgain = 1V, Ry =

4452-2

5000, and Cr, = 15 pF unless otherwise noted.




Typical Performance Curves
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Typical Performance Curves — Contd.
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Typical Performance Curves — Contd.
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Typical Performance Curves —
Contd.

Supply Current
vs Die Temperature
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Applications Information

The EL4452 is a complete two-quadrant multipli-
er/gain control with 50 MHz bandwidth. It has
three sets of inputs; a differential signal input
VIN, a differential gain-controlling input VgaIN,
and another differential input which is used to
complete a feedback loop with the output. Here is
a typical connection:

o —/
o I
= O
vint O——2]
i O—3]

Output
Offset
(or GND)

|

T
1
!u

VGaIn+

Vaan- O

4451-23

The gain of the feedback divider is H. The trans-
fer function of the part is
Vout = Ag X (Vin+) = (Vin—)) X ((Voamn ) — (Vgamw =N +

(VReF ~ VFB))

Vpp is connected to Voyr through a feedback
network, so Vgg = H X Voyrt. AQ is the open-
loop gain of the amplifier, and is approximately
3300. The large value of Ag drives

((Vin+) = (VIN =) X % (Veain t) ~ (Veain ) + (VREF — VFB)

-0

Rearranging and substituting for Vgp

Vour = ((Vin+) — (Vin—) X % ((Vgain t) — (Veam)) + Vrer)/H,
or

Vour = (Vin X Y2 VgaiN + VrRer)/H
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Applications Information — Contd.
Thus the output is equal to the difference of the
Vin's times the difference of Vgain'g and offset
by Vggp, all gained up by the feedback divider
ratio. The EL4452 is stable for a divider ratio of
10, and the divider may be set for higher output
gain, although with the traditional loss of band-
width.

It is important to keep the feedback divider’s im-
pedance at the FB terminal low so that stray ca-
pacitance does not diminish the loop’s phase
margin. The pole caused by the parallel imped-
ance of the feedback resistors and stray capaci-
tance should be at least 130 MHz; typical strays
of 3 pF thus require a feedback impedance of
400Q) or less. Alternatively, a small capacitor
across Ry can be used to create more of a fre-
quency-compensated divider. The value of the ca-
pacitor should scale with the parasitic capaci-
tance at the FB input. It is also practical to place
small capacitors across both the feedback and the
gain resistors (whose values maintain the desired
gain) to swamp out parasitics. For instance, a
3 pF capacitor across Ry and 27 pF to ground
will dominate parasitic effects in a Y, divider
and allow a higher divider resistance.

The REF pin can be used as the output’s ground
reference, for DC offsetting of the output, or it
can be used to sum in another signal.

Gain-Control Characteristics

The quantity Vgain in the above equations is
bounded as 0 <VgaIN <2, even though the exter-
nally applied voltages exceed this range. Actual-
ly, the gain transfer function around 0 and 2V is
“soft”; that is, the gain does not clip abruptly
below the 0%-Vgain voltage nor above the
100%-VgaIN level. An overdrive of 0.3V must be
applied to VgaIn to obtain truly 0% or 100%.
Because the 0%- or 100%- VgaIN levels cannot
be precisely determined, they are extrapolated
from two points measured inside the slope of the
gain transfer curve. Generally, an applied VgaIin
range of —0.5V to +2.5V will assure the full nu-
merical span of 0<VgaIN<2.

The gain control has a small-signal bandwidth
equal to the Vin channel bandwidth, and over-
load recovery resolves in about 20 nsec.

Input Connections

The input transistors can be driven from resistive
and capacitive sources, but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80nH of series inductance to make
the inputs actually oscillate, equivalent to four
inches of unshielded wiring or 6” of unterminat-
ed input transmission line. The oscillation has a
characteristic frequency of 500 MHz. Often plac-
ing one’s finger (via a metal probe) or an oscillo-
scope probe on the input will kill the oscillation.
Normal high-frequency construction obviates
any such problems, where the input source is rea-
sonably close to the input. If this is not possible,
one can insert series resistors of around 51Q) to
de-Q the inputs.

Signal Amplitudes

Signal input common-mode voltage must be be-
tween (V—) + 2.5V and (V+) — 2.5V to ensure
linearity. Additionally, the differential voltage on
any input stage must be limited to +6V to pre-
vent damage. The differential signal range is
£0.5V in the EL4452. The input range is sub-
stantially constant with temperature.

The Ground Pin

The ground pin draws only 6 A maximum DC
current, and may be biased anywhere between
(V—)+2.5V and (V+)—3.5V. The ground pin is
connected to the IC’s substrate and frequency
compensation components. It serves as a shield
within the IC and enhances input stage CMRR
and feedthrough over frequency, and if connected
to a potential other than ground, it must be by-
passed.

Power Supplies

The EL4452 operates with power supplies from
+3V to £15V. The supplies may be of different
voltages as long as the requirements of the
ground pin are observed (see the Ground Pin sec-
tion). The supplies should be bypassed close to
the device with short leads. 4.7 uF tantalum ca-
pacitors are very good, and no smaller bypasses
need be placed in parallel. Capacitors as small as
0.01 uF can be used if small load currents flow.

Single-polarity supplies, such as +12V with
+ 5V can be used, where the ground pin is con-
nected to +5V and V— to ground. The inputs
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Applications Information — Contd.
and outputs will have to have their levels shifted
above ground to accommodate the lack of nega-
tive supply.

The power dissipation of the EL4452 increases
with power supply voltage, and this must be
compatible with the package chosen. This is a
close estimate for the dissipation of a circuit:

Pp=2XVgXlIg, max+(Vg— Vo) XVo/Rpar

where Ig, max is the maximum supply current
Vg is the *
equal)

supply voltage (assumed

Vo is the output voltage

RpAR is the parallel of all resistors loading
the output

For instance, the EL4452 draws a maximum of
18mA. With light loading, Rpar —> © and the
dissipation with 5V supplies is 180 mW. The
maximum supply voltage that the device can run
on for a given Pp and other parameters is

Vs, max = (Pp+ Vp?2/RpaRr)/(2Is + Vo/RpaR)
The maximum dissipation a package can offer is
Pp, max = (Ty, max—Ty, max) / Oy

Where Tj, max is the maximum die tempera-
ture, 150°C for reliability, less to re-
tain optimum electrical performance

Tp, max is the ambient temperature,
70°C for commercial and 85°C for in-
dustrial range

O7ais the thermal resistance of the
mounted package, obtained from
data sheet dissipation curves

The more difficult case is the SO-14 package.
With a maximum die temperature of 150°C and a
maximum ambient temperature of 85°C, the 65°C
temperature rise and package thermal resistance
of 120°C/W gives a dissipation of 542 mW at
85°C. This allows the full maximum operating
supply voltage unloaded, but reduced if loaded.

Output Loading

The output stage of the EL4452 is very powerful.
It can typically source 80 mA and sink 120 mA.
Of course, this is too much current to sustain and
the part will eventually be destroyed by excessive
dissipation or by metal traces on the die opening.
The metal traces are completely reliable while de-
livering the 30 mA continuous output given in
the Absolute Maximum Ratings table in this
data sheet, or higher purely transient currents.

Gain changes only 0.2% from no load to a 100€2
load. Heavy resistive loading will degrade fre-
quency response and distortion for loads <100(}.

Capacitive loads will cause peaking in the fre-
quency response. If capacitive loads must be driv-
en, a small-valued series resistor can be used to
isolate it. 12Q) to 51€) should suffice. A 22() series
resistor will limit peaking to 1 dB with even a
220 pF load.

AGC Circuits
The basic AGC (automatic gain control) loop is
this:

INPUT > $—> OUTPUT
LEVEL
DETECTOR
LOW-PASS
FILTER
REFERENCE
4452-24
Basic AGC Loop

A multiplier scales the input signal and provides
necessary gain and buffers the signal presented
to the output load, a level detector (shown sche-
matically here as a diode) converts some measure
of the output signal amplitude to a DC level, a
low-pass filter attenuates any signal ripple pres-
ent on that DC level, and an amplifier compares
that level to a reference and amplifies the error to
create a gain-control voltage for the multiplier.
The circuitry is a servo that attempts to keep the
output amplitude constant by continuously ad-
justing the multiplier’s gain control input.
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Applications Information — Contd.

Most AGC’s deal with repetitive input signals
that are capacitively coupled. It is generally de-
sirable to keep DC offsets from mixing with AC
signals and fooling the level detector into main-
taining the DC output offset level constant, rath-
er than a smaller AC component. To that end,
either the level detector is AC-coupled, or the ref-
erence voltage must be made greater than the
maximum multiplier gain times the input offset.
For instance, if the level detector output equaled

the reference voltage at 1V of EL4452 output, the
8 mV of input offset would require a maximum
gain of 125 through the EL4452. Bias current-in-
duced offsets could increase this further.

Depending on the nature of the signal, different
level detector strategies will be employed. If the
system goal is to prevent overload of subsequent
stages, peak detectors are preferred. Other strate-
gies use an RMS detector to maintain constant
output power. Here is a simple AGC using peak
detection:

EL4452
-/ 4)\
> Vout
Cr
(V— —— V4 |¢
4.7 uf = L 4.7 puF [AY
TANTALUM Y] [ TANTALUM INS14 100k
Y, = - AAA AA
IN vy
c,; R RF 2200 ]
N 1k c1 I 510k
— 1k = V-
VRer
7k
AAA

IHw—e
<
-
<

2k

4452-25
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Applications Information — Contd.

The output of the EL4452 drives a diode detector
which is compared to Vggg by an offset integra-
tor. Its output feeds the gain-control input of the
EL4452. The integrator’s output is attenuated by
the 2 k) and 2.7 k() resistors to prevent the op-
amp from overloading the gain-control pin dur-
ing zero input conditions. The 510 k() resistor
provides a pull-down current to the peak level
storage capacitor C1 to allow it to drift negative
when output amplitude reduces. Thus the detec-
tor is of fast attack and slow decay design, able to
reduce AGC gain rapidly when signal amplitude
suddenly increases, and increases gain slowly
when the input drops out momentarily. The val-
ue of C1 determines drop-out reaction rates, and
the value of C affects overall loop time constant
as well as the amount of ripple on the gain-con-
trol line. C2 can be used to reduce this ripple fur-

EL4452

ther, although it contributes to loop overshoot
when input amplitude changes suddenly. The op-
amp can be any inexpensive low-frequency type.

The major problem with diode detectors is their
large and variable forward voltage. They require
at least a 2 Vp_p peak output signal to function
reliably, and the forward voltage should be com-
pensated by including a negative Vp added to
VREF- Even this is only moderately successful.
At the expense of bandwidth, op-amp circuits can
greatly improve diode rectifiers (see “An Im-
proved Peak Detector”, an Elantec application
note). Fortunately, the detector will see a con-
stant amplitude of signal if the AGC is operating
correctly.

A better-calibrated method is to use a four-quad-
rant multiplier as a square-law detector. Here is a
circuit employing the EL4450:

v+
4.7 uF
TANTALUM

A
4.7 puF
TANTALUM

T

R

YIN "'_)

S

AAA
\ A4

> Vour EL4450
Vo —— v+
4.7 uF == 3 L 4.7 uf
TANTALUM L T TANTALUM
<
z 1k G

—-REFERENCE —p—m!

4452-26
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In this circuit, the EL4450 not only calculates the
square of the input, but also provides the offset
integrator function. The product of the two mul-
tiplier inputs adds to the —Reference input and
are passed to the output amplifier, which
through Cg behaves as a pseudo-integrator. The
“integrator” gain does not pass through zero at
high frequencies but has a zero at 1/(27Cp X 1
k). This zero is cancelled by the pole caused by
the second capacitor of value Cg connected at the
EL4452 —Vga1n input. The —Reference can be
exchanged for a positive reference by connecting
it to the ground return of the 1 k() resistor at the
FB terminal and grounding REF.

As a general consideration, the input signal ap-
plied to an EL4452 should be kept below about
250 mV peak for good linearity. If the AGC were
designed to produce a 1V peak output, the input
range would be 100 mV-250 mV peak when the
ELA4452 has a feedback network that establishes a
maximum gain of 10. This is an input range of
only 2.5:1 for precise output regulation. Raising
the maximum gain to 25 allows a 40 mV-250 mV
input range with the output still regulated, better
than 6:1. Unfortunately, the bandwidth will be
reduced. Bandwidth can be maintained by adding
a high frequency op-amp cascaded with the out-
put to make up gain beyond the 10 of the
EL4452, current feedback devices being the most
flexible. The op-amp’s input should be capacitor
coupled to prevent gained-up offsets from confus-
ing the level detector during AGC control line
variations.
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EL4453C

 HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

1R

Features

¢ Complete two-input fader with
output amplifier—uses no extra
components

* 80 MHz bandwidth
¢ Fast fade control speed

® Operates on £5V to 15V
supplies

e >60 dB attenuation @ 5 MHz

Applications

¢ Mixing two inputs

¢ Picture-in-picture

e Text overlay onto video
® General gain control

Ordering Information

Part No. Temp. Range Pkg. OQutline #

EL4453CN —40°C to +85°C 14-Pin P-DIP MDP0031

EL4453CS —40°C to +85°C 14-Lead SOIC MDP0027

General Description

The EL4453C is a complete fader subsystem. It variably blends
two inputs together for such applications as video picture-in-
picture effects.

The EL4453C operates on 5V to * 15V supplies and has an
analog differential input range of +2V. AC characteristics do
not change appreciably over the supply range.

The circuit has an operational temperature of —40°C to +85°C
and is packaged in 14-pin P-DIP and SO-14.

The EL4453C is fabricated with Elantec’s proprietary comple-
mentary bipolar process which gives excellent signal symmetry
and is free from latch up.

Connection Diagram

o

NC|1
GNDI 2 13 |NC
V-| 3 12| v+

VinA+ E 111 Sum-
VINA- E 10 | Sum+
Fade+ E 9 | ViNB+
Fade- E 8 | ViNB-

4453-1
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Video Fader

DESHY'TH

Absolute Maximum Ratings 1, - 25°c

v+ Positive Supply Voltage 16.5V Inn Current into any Input, or Feedback Pin 4mA
Vg V+ to V— Supply Voltage 33v Ioyr Output Current 30 mA
Vin Voltage at any Input or Feedback V+ toV— Pp Maximum Power Dissipation See Curves
AVin Difference between Pairs Ta Operating Temperature Range —40°C to +85°C

of Inputs or Feedback 6V Ts Storage Temperature Range —60°C to +150°C

,;?Impartant Note:
All parameters having Min/Max speciﬁcations are guarantee
‘;performed during production and Quality inspection. Elantec

st Ve} column indicates the specific device testing actually
most electrical tests using modern hlgh-speed automatic test .

Test Procedure
100% produchon tested and QA sample tested
 100% production tested at Ta = 25°C and QA
TMAX and’ TamiN per QA test plan QCX0002,
QA sample tested per QA test plan QCX0002.
Parameter is guaranteed (but not tested) by D

aracterization Data. ‘
 Parameter is typical value at T4 = 25°C for informa b0

Open-Loop DC Electrical Characteristics

Power Supplies at +5V, Sum+ = Sum— = 0, T, = 25°C
Parameter Description Min | Typ
VDpIFF VINA, VINB, or Sum Differential Input Voltage— Clipping 1.8 2.0
0.2% Nonlinearity 0.7
Vem Common-Mode Range (All Inputs; Vprpp = 0) Vg = £5V +25 | 2.8
Vg = +15V +12.5| £12.8
Vos A or B Input Offset Voltage
VFADE, 100% | Extrapolated Voltage for 100% Gain for ViNyA 0.9 1.05
VFADE, 0% Extrapolated Voltage for 0% Gain for ViNA —12 | —115
Ig Input Bias Current (All Inputs) with all Viy = 0 9
Ios Input Offset Current between VinyA + and VinA —, 0.2
VinB+ and ViyB—, Fade+ and Fade —,
and Sum+ and Sum—
Fp VinNA Signal Feedthrough, Vpapg = — 1.5V —100
NL A or B Input Nonlinearity, Vyy between +1V and —1V, ViyA or VinB 0.2
Sum Input 0.5
RN, Signal Input Resistance, A, B, or Sum Input 230
RiN, Fade Input Resistance, Fade Input 120
CMRR Common-Mode Rejection Ratio, ViNA or VB 70 80
PSRR Power Supply Rejection Ratio 50 70
Eg Gain Error, Veapg = 1.5V, ViNA or ViNB -2
Sum Input —4
Vo Output Voltage Swing Vg = =5V +25 | +2.8
(Vin = 0, VRgF Varied) Vg = *15V +12.5 £12.8
Isc Output Short-Circuit Current 40 85
Ig Supply Current, Vg = +15V 17
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Closed-Loop AC Electrical Characteristics

Power supplies at +12V, T4 = 25°C, Ry, = 5008}, Cp, = 15 pF, VFADE = 1.5V, Sum+ = Sum— = 0
Parameter Description Min | Typ | Max Units
BW, —3dB | —3 dB Small-Signal Bandwidth, VinA or VINB 80 MHz
BW, £0.1dB | 0.1 dB Flatness Bandwidth, VynA or VINB 9 MHz
Peaking Frequency Response Peaking 1.0 dB
BW, Fade —3 dB Small-Signal Bandwidth, Fade Input 80 MHz
SR Slew Rate, VoyT between —2V and +2V TBD | 380 V/us
VN Input-Referred Noise Voltage Density 160 nV/Hz
Fr Feedthrough of Faded-Out Channel, F = 3.58 MHz —63 dB
dG Differential Gain Error, VoppsgT from 0 to +0.714V, Fade at 100%
VINA or VINB 0.05 o
Sum Input 0.35 %
de Differential Phase Error, VoppsgT from 0 to +£0.71V, Fade at 100%
VinA or VINB 0.05 )
Sum Input 0.1 )
Test Circuit
-/ L
[] e} Output
g Bl 5]
V- o= 5| 12 }p——r|—0V+
T u Tu
Tant. =+ %: Tant.
ViNA °"'_.'"__E 11 —Osum-
2Rea
3R |——| 5 10 I——— —OSum+
$RGA
Fade+ O— 6 z] 3
SRee
j; Re

Note: For typical performance curves Sum+ = Sum— = 0, R
otherwise noted.
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Typical Performance Curves
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EL4453C

Typical Performance Curves — Contd.
Frequency Response for Input Common-Mode Rejection Input Voltage and Current
Different Gains, Vg = +5V Ratio vs Frequency Noise vs Frequency
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Typical Performance Curves — Contd.
Nonlinearity vs Vin Signal Span Nonlinearity vs Sum Signal Span
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~ Video Fader

Typical Performance Curves — Contd.

Transient Response of Fade Input
Constant Signal into VinA

Vour
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VINA Transient Response for Various Gains
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Supply Current vs Supply Voltage
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Overdrive Recovery Glitch from
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Cross-Fade Balance with ViNA = VINB = 0
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Applications Information

The EL4453C is a complete two-quadrant fader/ fade-controlling input Vpapg, and another dif-
gain control with 80 MHz bandwidth. It has four ferential input Sum which can be ased to add in a
sets of inputs; a differential signal input ViNA, a third input at full gain. This is the general con-
differential signal input VyNB, a differential nection of the EL4453C:
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"EL4453C

 Video Fader

Applications Information — Contd.
The gain of the feedback dividers are Hp and
Hpg, and 0 < H < 1. The transfer function of the
part is

Vout=Ao X [((ViNA+)-Ha XVouT)
X1+ (VrapE+)—(VFADE-))/2
+((VinB+)-HgXVour) X(1 =(VFADE +)
+ (VFADE-))/2 + (Sum +)—(Sum—))],

<

with —1
merically.

(VraDE+)-(VFADE-) < 11 nu-

Ag is the open-loop gain of the amplifier, and is
about 600. The large value of Ag drives

(ViNA+)-HaAXVoum) X(1 + (VFADE+)
~(VFADE - ))/2 + (ViNB+)-HpXVour)
X(1— (VFADE+) T (VFADE-))/2
+ (Sum+)—(Sum—)) — 0.

Rearranging and substituting

F X ViNA +F X ViyB + Sum
F X Hy + F X Hp

Vour =

Where F = (1 + (VraDE+) — (VFADE-))/2,
F=Q1—(Vrape+)t+ (VFADE-))/2, and
Sum = (Sum+ )—(Sum—)

In the above equations, F represents the fade
amount, with F = 1 giving 100% gain on VINA
but 0% for ViyB; F = 0 giving 0% gain for
ViNA but 100% to ViyB. Fis 1 — F, the comple-
ment of the fade gain. When F = 1,

VINA + Sum

Vout = H,

and the amplifier passes VinyA and Sum with a
gain of 1/Hp. Similarly, for F = 0

VinB + Sum

Vour = Hp

and the gains vary linearly between fade ex-
tremes.

The EL4453C is stable for a direct connection be-
tween Voyt and ViNA— or VinB—, yielding a
gain of + 1. The feedback divider may be used for
higher output gain, although with the traditional
loss of bandwidth. It is important to keep the
feedback dividers’ impedances low so that stray
capacitance does not diminish the feedback loop’s
phase margin. The pole caused by the parallel im-
pedance of the feedback resistors and stray ca-
pacitance should be at least 150 MHz; typical
strays of 3 pF thus require a feedback impedance
of 3609 or less. Alternatively, a small capacitor
across Rp can be used to create more of a fre-
quency-compensated divider. The value of the ca-
pacitor should scale with the parasitic capaci-
tance at the FB input. It is also practical to place
small capacitors across both the feedback resis-
tors (whose values maintain the desired gain) to
swamp out parasitics. For instance, two 10 pF
capacitors across equal divider resistors for a gain
of two will dominate parasitic effects and allow a
higher divider resistance. Either input channel
can be set up for inverting gain using traditional
feedback resistor connections.

At 100% gain, an input stage operates just like
an op-amp’s input, and the gain error is very low,
around —0.2%. Furthermore, nonlinearities are
vastly improved since the gain core sees only
small error signals, not full inputs. Unfortunate-
ly, distortions increase at lower fade gains for a
given input channel.

The Sum pins can be used to inject an additional
input signal, but it is not as linear as the Vin
paths. The gain error is also not as good as the
main inputs, being about 1%. Both sum pins
should be grounded if they are not to be used.
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Video Fader

Fade-Control Characteristics

The quantity Vpapg in the above equations is
bounded as —1 < Vgapg < 1, even though the
externally applied voltages often exceed this
range. Actually, the gain transfer function
around —1V and + 1V is “soft”, that is, the gain
does not clip abruptly below the 0%-VgApg volt-
age or above the 100% -Vgapg level. An over-
drive of 0.3V must be applied to Vgapg to obtain
truly 0% or 100%. Because the 0% = or 100%-
VraADE levels cannot be precisely determined,
they are extrapolated from two points measured
inside the slope of the gain transfer curve. Gener-
ally, an applied Vgaopg range of —1.5V to + 1.5V
will assure the full span of numerical — 1
<VpapgE < land 0 < F <1,

The fade control has a small-signal bandwidth
equal to the Vyn channel bandwidth, and over-
load recovery resolves in about 20 ns.

Input Connections

The input transistors can be driven from resistive
and capacitive sources, but are capable of oscilla-
tion when presented with an inductive input. It
takes about 80 nH of series inductance to make
the inputs actually oscillate, equivalent to four
inches cf unshielded wiring or about six inches of
unterminated input transmission line. The oscil-
lation has a characteristic frequency of 500 MHz.
Often placing one’s finger (via a metal probe) or
an oscilloscope probe on the input will kill the
oscillation. Normal high frequency construction
obviates any such problems, where the input
source is reasonably close to the fader input. If
this is not possible, one can insert series resistors
of around 51€) to de-Q the inputs.

Signal Amplitudes

Signal input common-mode voltage must be be-
tween (V—) + 2.5V and (V+) — 2.5V to ensure
linearity. Additionally, the differential voltage on
any input stage must be limited to £ 6V to pre-
vent damage. The differential signal range is
+2V in the EL4453C. The input range is sub-
stantially constant with temperature.

The Ground Pin

The ground pin draws only 6 pA maximum DC
current, and may be biased anywhere between
(V—) +2.5V and (V+) — 3.5V. The ground pin
is connected to the IC’s substrate and frequency
compensation components. It serves as a shield
within the IC and enhances input stage CMRR
and channel-to-channel isolation over frequency,
and if connected to a potential other than
ground, it must be bypassed.

Power Supplies

The EL4453C works well on any supplies from
+3V to £15V. The supplies may be of different
voltages as long as the requirements of the GND
pin are observed (see the Ground Pin section for
a discussion). The supplies should be bypassed
close to the device with short leads. 4.7 uF tanta-
lum capacitors are very good, and no smaller by-
passes need be placed in parallel. Capacitors as
small as 0.01 uF can be used if small load cur-
rents flow.

Singe-polarity supplies, such as + 12V with +5V
can be used, where the ground pin is connected to
+5V and V— to ground. The inputs and outputs
will have to have their levels shifted above
ground to accommodate the lack of negative sup-

ply.

The dissipation of the fader increases with power
supply voltage, and this must be compatible with
the package chosen. This is a close estimate for
the dissipation of a circuit:

Pp=2XVg, maxXVg+(Vg—Vg)XVo/Rpar

where Ig, max is the maximum supply current
Vg is the * supply voltage
(assumed equal)
Vo is the output voltage
RpAR is the parallel of all resistors
loading the output

=
=
B
N
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Video Fader

Power Supplies — Contd.

For instance, the EL4453C draws a maximum of
21 mA. With light loading, Rppr —> ° and the
dissipation with 5V supplies is 210 mW. The
maximum supply voltage that the device can run
on for a given Pp and the other parameters is

Vs, max=(Pp + Vo?/Rpar)/(2Is + Vo/RpaR)
The maximum dissipation a package can offer is

Pp, max = (Tp, max — Tp, max)/0j

where Tp, max is the maximum die tempera-
ture, 150°C for reliability, less to retain
optimum electrical performace

T 5, max is the ambient temperature, 70°C
for commercial and 85°C for industrial
range

O7a is the thermal resistance of the
mounted package, obtained from data-
sheet dissipation curves

The more difficult case is the SO-14 package.
With a maximum die temperature of 150°C and a
maximum ambient temperature of 70°C, the 80°C
temperature rise and package thermal resistance
of 110°/W gives a dissipation of 636 mW at 85 °C.

This allows =+ 15V operation over the commercial
temperature range, but higher ambient tempera-
ture or output loading may require lower supply
voltages.

Output Loading

The output stage of the EL4453C is very power-
ful. It typically can source 80 mA and sink
120 mA. Of course, this is too much current to
sustain and the part will eventually be destroyed
by excessive dissipation or by metal traces on the
die opening. The metal traces are completely reli-
able while delivering the 30 mA continuous out-
put given in the Absolute Maximum Ratings ta-
ble in this data sheet, or higher purely transient
currents.

Gain changes only 0.2% from no load to 100§
load. Heavy resistive loading will degrade fre-
quency response and video distortion for loads
< 1001).

Capacitive loads will cause peaking in the fre-
quency response. If capacitive loads must be driv-
en, a small-valued series resistor can be used to
isolate it. 12§ to 51 should suffice. A 22{} series
resistor will limit peaking to 2.5 dB with even a
220 pF load.
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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

Features
® 36 MHz, general purpose PLL

® 4 Fgc based timing (use the
EL4585 for 8 Fgc)

¢ Compatible w/EL4583 Sync
Separator

® VCXOQ, Xtal, or LC tank
oscillator

® <2 nsjitter (VCXO)

® User controlled PLL capture and
lock

¢ Compatible with NTSC and PAL
TV formats

® 8 pre-programmed TV scan rate
clock divisors

® Selectable external divide for
custorn ratios

® Single 5V, low current operation

Applications
* Pixel Clock regeneration

® Video compression engine
(MPEG) clock generator

® Video capture or digitization

¢ PIP (Picture in Picture) timing
generator

e Text or graphics overlay timing

Ordering Information

Part No. Temp. Range Package Outline #

EL4584CN -40°C to +85°C 16-Pin DIP MDP0031
EL4584CS -40°C to +85°C 16-Lead SO MDP0027

For 6Fsc and 8Fsc clock frequencies, see
EL4585 datasheet.

General Description

The EL4584C is a PLL (Phase Lock Loop) sub system, designed
for video applications but also suitable for general purpose use
up to 36 MHz. In a video application this device generates a
TTL/CMOS compatible Pixel Clock (Clk Out) which is a multi-
ple of the TV Horizontal scan rate, and phase locked to it.

The reference signal is a horizontal sync signal, TTL/CMOS
format, which can be easily derived from an analog composite
video signal with the EL4583 Sync Separator. An input signal
to “coast” is provided for applications were periodic distur-
bances are present in the reference video timing such as VTR
head switching. The Lock detector output indicates correct lock.

The divider ratio is four ratios for NTSC and four similar ratios
for the PAL video timing standards, by external selection of
three control pins. These four ratios have been selected for com-
mon video applications including 4 Fgc, 3 Fgc, 13.5 MHz
(CCIR 601 format) and square picture elements used in some
workstation graphics. To generate 8 Fgc, 6 Fgc, 27 MHz (CCIR
601 format) etc. use the EL4585, which includes an additional
divide by 2 stage.

For applications where these frequencies are inappropriate or
for general purpose PLL applications the internal divider can be
bypassed and an external divider chain used.

FREQUENCIES and DIVISORS
Function 3Fsc CCIR 601 Square 4Fsc
Divisor 851 864 944 1135
PAL Fosc (MHz) 13.301 13.5 14.75 17.734
Divisor 682 858 780 910
NTSC Fosc (MHz) 10.738 13.5 12.273 14.318

CCIR 601 Divisors yield 720 pixels in the portion of each line for NTSC and PAL.
Square pixels format gives 640 pixels for NTSC and 768 pixels for PAL in the active portion.
3Fsc numbers do not yield integer divisors.

Connection Diagram

16 ] Prog Cik Freq. &
— - Clk Out

Divid
in — Vss
(®)
vco Ext.
Div.
Qut Lock
Control o
Vss Voo
(A) Charge Phase/Freq. (D)
out Filter Pump Detector
Lowp !N 7 H-Sync In
Filter

Div
sesci (2] 5] coost

4584-1
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EL4584C

Operating Ambient Temperature
Range

Absolute Maximum Ratings (1, = 25°0)

Vee Supply v
Storage Temperature —65°C to +150°C
Lead Temperature 260°C
Pin Voltages —0.5V to Ve + 0.5V

—40°C to +85°C

DC Electrical Characteristics (vpp = 5V, Ta =

Operating Junction Temp

Power Dissipation
Oscillator Frequency

25°C unless otherwise noted)

125°C
400 mW
36 MHz

Parameter Conditions Temp Min Typ Max
Ipp Vpp = 5V (Note 1) 25°C 2 4
ViL Input Low Voltage 25°C 1.5
Vig Input High Voltage 25°C 3.5
I1p, Input Low Current All inputs except COAST, Viny = 1.5V 25°C —100
Iy Input High Current All inputs except COAST, Viy = 3.5V 25°C 100
I1p Input Low Current COAST pin, Vi = 1.5V 25°C —100 —60
Iy Input High Current COAST pin, Vi = 3.5V 25°C 60 100
VoL Output Low Voltage Lock Det, Igp, = 1.6mA 25°C 0.4
Von Cutput High Voltage Lock Det, Iog = —1.6mA 25°C 2.4
VoL Output Low Voltage CLK, IgL, = 3.2mA 25°C 0.4
Voy Output High Voltage | CLK, Ipyg = —3.2mA 25°C 2.4
VoL Output Low Voltage OSC Out, Igp, = 200pnA 25°C 0.4
Vog Output High Voltage | OSC Out,Iog = —200pnA 25°C 2.4
Io1. Output Low Current Filter Out, Voyr = 2.5V 25°C 200 300
Ion Output High Current Filter Out, Vout = 2.5V 25°C —300 —200
IoL/Iog Current Ratio Filter Out, Voyr = 2.5V 25°C 1.05 1.0 0.95
ILgAK Filter Out Coast Mode, Vpp> Vour> 0V 25°C | —100 *1 100 nA

Note 1: All inputs to 0V, COAST floating.
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EL4584(

Horizontal Genlock, 4 Fs¢

AC Electrical Characteristics (Vpp = 5V, Ta = 25°C unless otherwise noted)

Parameter Conditions Temp Min Typ Max I'f:rs:l - Units
VCO Gain @ 20 MHz Test Circuit 1 25°C 15.5 v | B
H-sync S/N Ratio Vpp = 5V (Note 2) 25°C 35 dB
Jitter VCXO Oscillator 25°C 1 ns
Jitter LC Oscillator (Typ) 25°C 10 ns

Pin Description

Note 2: Noisy video signal input to EL4583C, H-sync input to EL4584C. Test for positive signal lock.

P8V IH

Pin No.| Pin Name Function

16,1,2 Prog A,B,C Digital inputs to select — N value for internal counter. See table below for values.

3 Osc/VCO Out | Output of internal inverter/oscillator. Connect to external crystal or LC tank VCO circuit.

4 Vpp (A) Analog positive supply for oscillator, PLL circuits.

5 Osc/VCOIn | Input from external VCO.

6 Vgs (A) Analog ground for oscillator, PLL circuits.

7 Filter Charge pump output. If the H-sync phase is leading or H-sync frequency > CLK -+ N, current is pumped
into the filter capacitor to increase VCO frequency. If H-sync phase is lagging or frequency < CLK + N,
current is pumped out of the filter capacitor to decrease VCO frequency. During coast mode or when
locked, filter goes to a high impedance state.

8 Div Select Divide select input. When high, the internal divider is enabled and EXT DIV becomes a test pin,
outputting CLK -~ N. When low, the internal divider is disabled and EXT DIV is an input from an
external +~N.

9 Coast Tri-state logic input. Low(< %;*Vcc) = normal mode, Hi Z(or ¥; to %4* V) = fast lock mode,
High(>%4*Vee) = coast mode.

10 H-sync In Horizontal sync pulse (CMOS level) input.

11 Vpp (D) Positive supply for digital, I/0 circuits.

12 Lock Det Lock Detect output. Low level when PLL is locked. Pulses high when out of lock.

13 Ext Div External Divide input when DIV SEL is low, internal + N output when DIV SEL is high.

14 Vss (D) Ground for digital, I/0 circuits.

15 CLK Out Buffered output of the VCO.

VCO Divisors Table 1

Prog A Prog B Prog C Div Value

Pin 16 Pin 1 Pin 2 N
0 0 0 851
0 0 1 864
0 1 0 944
0 1 1 1135
1 0 0 682
1 0 1 858
1 1 0 780
1 1 1 910
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Timing Diagrams
PLL Locked Condition (Phase Error = 0)
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Typical Performance Curves
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Typical Performance Curves — Contd.

4584 OSC Gain @ 20 MHz vs Temp
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EL4584C

Horzzontal Genlock 4‘FSC

Description Of Operation

The horizontal sync signal (CMOS level, falling
leading edge) is input to H-sync input (pin 10).
This signal is delayed about 110 ns, the falling
edge of which becomes the reference to which the
clock output will be locked. (See timing dia-
grams.) The clock is generated by the signal on
pin 5, OSC in. There are 2 general types of VCO
that can be used with the EL4584C, LC and crys-
tal controlled. Additionally, each type can be ei-
ther built up using discrete components, includ-
ing a varactor as the frequency controlling ele-
ment, or complete, self contained modules can be
purchased with everything inside a metal can.
The modules are very forgiving of PCB layout,
but cost more than discrete solutions. The VCO
or VCXO is used to generate the clock. An LC
tank resonator has greater “pull” than a crystal
controlled circuit, but will also be more likely to
drift over time, and thus will generate more jit-
ter. The “pullability” of the circuit refers to the
ability to “pull” the frequency of oscillation away
from its center frequency by modulating the volt-
age on the control pin of a VCO module or varac-
tor, and is a function of the slope and range of
the capacitance-voltage curve of the varactor or
VCO module used. The VCO signal is sent to a
divide by N counter, and to the CLK out pin. The
divisor N is determined by the state of pins 1,2,
and 16 and is described in table 1 above. The di-
vided signal is sent, along with the delayed
H-sync input, to the phase/frequency detector,
which compares the two signals for phase and
frequency differences. Any phase difference is
converted to a current at the charge pump output
FILTER (pin 7). A VCO with positive frequency
deviation with control voltage must be used. Va-
ractors have negative capacitance slope with
voltage, resulting in positive frequency deviation
with control voltage for the oscillators in figures
10 and 11 below.

vVCO

The VCO should be tuned so its frequency of os-
cillation is very close to the required clock output
frequency when the voltage on the varactor is 2.5
volts. VCXO and VCO modules are already tuned
to the desired frequency, so this step is not neces-
sary if using one of these units. The range of the
FILTER (pin 7) is 0 to 5 volts and it can source

or sink a maximum of about 300 nA, so all fre-
quency control must be accomplished with vari-
able capacitance from the varactor within this
range. Crystal oscillators are more stable than LC
oscillators, which translates into lower jitter, but
LC oscillators can be pulled from their mid-point
values further, resulting in a greater capture and
locking range. If the incoming horizontal sync
signal is known to be very stable, then a crystal
oscillator circuit can be used. If the h-sync signal
experiences frequency variations of greater than
about 300 ppm, an LC oscillator should be con-
sidered, as crystal oscillators are very difficult to
pull this far. When H-SYNC input frequency is
greater than CLK frequency + N, filter output
(pin 7) sources current into the filter capacitor,
increasing the voltage across the varactor, which
lowers its capacitance, thus tending to increase
VCO frequency. Conversely, filter output pulls
current from the filter capacitor when H-SYNC
frequency is less than CLK + N, forcing the VCO
frequency lower.

Loop Filter

The loop filter controls how fast the VCO will
respond to a change in filter output stimulus. Its
components should be chosen so that fast lock
can be achieved, yet with a minimum of VCO
“hunting”, preferably in one to two oscillations
of filter output, assuming the VCO frequency
starts within capture range. If the filter is under-
damped, the VCO will over and under-shoot the
desired operating point many times before a sta-
ble lock takes place. It is possible to under-damp
the filter so much that the loop itself oscillates,
and VCO lock is never achieved. If the filter is
over-damped, the VCO response time will be ex-
cessive and many cycles will be required for a
lock condition. Over-damping is also character-
ized by an easily unlocked system because the
filter can’t respond fast enough to perturbations
in VCO frequency. A severely over damped sys-
tem will seem to endlessly oscillate, like a very
large mass at the end of a long pendulum. Due to
parasitic effects of PCB traces and component
variables, it will take some trial and error experi-
mentation to determine the best values to use for
any given situation. Use the component tables as
a starting point, but be aware that deviation from
these values is not out of the ordinary.
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Description of Operation — Contd.

External Divide

DIV SEL (pin 8) controls the use of the internal
divider. When high, the internal divider is en-
abled and EXT DIV (pin 13) outputs the CLK
out divided by N. This is the signal to which the
horizontal sync input will lock. When divide se-
lect is low, the internal divider output is disabled,
and external divide becomes an input from an ex-
ternal divider, so that a divisor other than one of
the 8 pre-programmed internal divisors can be
used.

Normal Mode

Normal mode is enabled by pulling COAST (pin
9) low (below Y;*V¢e). If H-sync and CLK+ N
have any phase or frequency difference, an error
signal is generated and sent to the charge pump.
The charge pump will either force current into or
out of the filter capacitor in an attempt to modu-
late the VCO frequency. Modulation will contin-
ue until the phase and frequency of CLK + N ex-
actly match the H-sync input. When the phase
and frequency match (with some offset in phase
that is a function of the VCO characteristics), the
error signal goes to zero, lock detect no longer
pulses high, and the charge pump enters a high
impedance state. The clock is now locked to the
H-sync input. As long as phase and frequency
differences remain small, the PLL can adjust the
VCO to remain locked and lock detect remains
low. Once locked, the phase/frequency detector
becomes a phase only detector so that missing
sync pulses will not disturb the VCO output. If
H-sync disappears completely, filter output goes
into a high impedance state, which is functional-
ly equivalent to coast mode.

Fast Lock Mode

Fast Lock mode is enabled by either allowing
coast to float, or pulling it to mid supply (be-
tween Y5 and 24*Vce). In this mode, lock is
achieved much faster than in normal mode, but
the clock divisor is modified on the fly to achieve
this. If the phase detector detects an error of
enough magnitude, the clock is either inhibited
or reset to attempt a “fast” lock of the signals.

Forcing the clock to be synchronized to the H-
sync input this way allows a lock in approximate-
ly 2 H-cycles, but the clock spacing will not be
regular during this time. Once the near lock con-
dition is attained, filter output should be very
close to its lock-on value and placing the device
into normal mode should result in a normal lock
very quickly. Fast Lock mode is intended to be
used where H-sync becomes irregular, until a sta-
ble signal is again obtained.

Coast Mode

Coast mode is enabled by pulling COAST (pin 9)
high (above 24*V¢c). In coast mode the internal
phase detector is disabled and filter out remains
in high impedance mode to keep filter out volt-
age and VCO frequency as constant a possible.
VCO frequency will drift as charge leaks from the
filter capacitor, and the voltage changes the VCO
operating point. Coast mode is intended to be
used when noise or signal degradation result in
loss of horizontal sync for many cycles. The
phase detector will not attempt to adjust to the
resultant loss of signal so that when horizontal
sync returns, sync lock can be re-established
quickly. However, if much VCO drift has oc-
curred, it may take as long to re-lock as when
restarting.

Lock Detect

Lock detect (pin 12) will go low when lock is es-
tablished. Any DC current path from FILTER
out will skew EXT DIV relative to H-SYNC in,
tending to offset or add to the 110 ns internal
delay, depending on which way the extra current
is flowing. This offset is called static phase error,
and is always present in any PLL system. If,
when the part stabilizes in a locked mode, lock
detect is not low, adding or subtracting from the
series resistor will change this static phase error
to allow LDET to go low while in lock. The goal
is to put the rising edge of EXT DIV in sync
with the falling edge of H-SYNC + 110 ns. (See
timing diagrams.) Increasing R, increases phase
error, while decreasing R, decreases phase error.
(Phase error is positive when EXT DIV lags
H-SYNC.) The resistance needed will depend on
VCO design or VCXO module selection.
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Applications Information Typical LC VCO

Choosing External Components J"<‘r

1. To choose LC VCO components, first pick the
desired operating frequency. For our example
we will use 14.31818 MHz, with an H-sync fre-
quency of 15.734 kHz.

2. Choose a reasonable inductor value (10-20puH
works well). We choose 15 wH.

3. Calculate Ct needed to produce Fogc.

c2

| From Loop Filter
(Algho Industries
MV1204-12

or Similar)

4584-10

1

F = — Figure 10
0SC = S s
LC VCO Component Values (Approximate)
Cr= 1 = 1 =8.2 pF Frequency L1 C1 C2
47r2F2L  472(14.318e6)2(15¢ — 6) (MHz) (uH) (pF) PP
4. From the varactor data sheet find Cy @ 2.5V, 13.301 15 18 220
the desired lock voltage. Cy =23 pF for our
SMV1204-12, for example. 135 15 bl 220
5.Cy should be about 10Cy, so we choose 14.75 12 18 220
C, =220 pF for our example. 17.734 12 10 220
6. Calculate C;. Since 10.738 22 20 220
12.273 18 17 220
CiCoCy
Cr= ) 14.318 15 14 220

(C1Cy) + (C1Cy) + (CoCy)

Note: Use shielded inductors for optimum performance.
then
Typical Xtal VCO
CyCrCy

B (C2Cy) = (CoC1) — (CrCy) ) ‘41 44 H‘T -
3 5

For our example, C; = 14 pF. (A trim cap may be
used for fine tuning.) Examples for each frequen- VWA
cy using the internal divider follow.

o-——lnl—o

Y1 _
LZ c2 From Loop Filter
— Ct

A2l
Y1 Fundamental (Alpha Industries
v Xtal EMV1204—12

or Similar

N

4584-11

Figure 11
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Xtal VCO Component Values (Approximate)

Frequency R1 C1 C2
(MHz) k) (pF) (uF)
13.301 300 15 .001
13.5 300 15 .001
14.75 300 15 .001
17.734 300 15 .001
10.738 300 15 .001
12.273 300 15 .001
14.318 300 15 .001

The above oscillators are arranged as Colpitts os-
cillators, and the structure is redrawn here to em-
phasize the split capacitance used in a Colpitts
oscillator. It should be noted that this oscillator
configuration is just one of literally hundreds
possible, and the configuration shown here does
not necessarily represent the best solution for all
applications. Crystal manufacturers are very in-
formative sources on the design and use of oscil-
lators in a wide variety of applications, and the
reader is encouraged to become familiar with
them.
Colpitts Oscillator

V+

From Loop
Filter

A4584-12

C; is to adjust the center frequency, C, DC iso-
lates the control from the oscillator, and V1 is the
primary control device. C, should be much larger
than Cy so that V; has maximum modulation
capability. The frequency of oscillation is given
by:

_ C1CCy
(C1Cy) + (C(Cy) + (CoCy)

Choosing Loop Filter

Components
The PLL, VCO, and loop filter can be described

as:
KVCO —|—> 8 out (s)
s

4584-13

o in (s)—;@-—»[ kKo | —»[ F(s) | —>

—T ~ }
LT

Where:

K 4= phase detector gain in A/rad
F(s)=loop filter impedance in V/A
Kyco= VCO gain in rad/s/V

N =internal or external divisor

It can be shown that for the loop filter shown
below:

_ Kd4Kvco C3  _ 2N{w,
C=———"7%,C =Ry = ———
No: 10 K4Kvco

Where w, = loop filter bandwidth, and { = loop

filter damping factor.

1.K4q4 = 300 uA/2mrad =
EL4584C.

4.77e-5A/rad for the

2. The loop bandwidth should be about H-sync
frequency/20, and the damping ratio should be
1 for optimum performance. For our example,
15.734 kHz/20 = 787 Hz = 5000 rad/S.

W, =
3. N=0910 from table 1.

14, 31818M
15.73426k

VCOfrequency
H-SYNCfrequency

4. Kyco represents how much the VCO frequen-
cy changes for each volt applied at the control
pin. It is assumed (but probably isn’t) linear
about the lock point (2.5V). Its value depends
on the VCO configuration and the varactor
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transfer function C,=F(V¢), where V¢ is the error Tg at lock, but if made too large, will
reverse bias control voltage, and Cy is varactor slow loop response. If Ry is made smaller, Tg
capacitance. Since F(V¢) is nonlinear, it is (see timing diagrams) increases, and if Ry in-
probably best to build the VCO and measure creases, Ty decreases. For LDET to be low at
Kyco about 2.5V. The results of one such mea- lock, |Tg| < 50 ns. C4 is used mainly to attenu-
surement are shown below. The slope of the ate high frequency noise from the charge
curve is determined by linear regression tech- pump. The effect these components have on
niques and equals Kycp. For our example, time to lock is illustrated below.

Kyco = 6.05 Mrad/S/V. Effect of Loop Filter

Fosc vs V¢, LC VCO on Lock Time

98 o5 |
97 z 08
g 07
% // x g6
; 96 e w 0.5
o v 2 04 L
= 95 A T 03 {
- 0.2 N == .
S 94 / g o1 [ =20 [T
H / ! E 4] | L hy
:t 03 A LC Kycp = 6.05 Mrad/s/V g g PR L
= /" & -0.2 Hf R %:8,2 HH
Z-0.3 =5 oM =0. Hi
2 7 o [N L0 |
- ISR NEEE
91 0567 2 35 4 5 6 7 8
2 21 22 23 24 25 26 27 28 29 3 wnt

4584-15
Control Voltage, (V)

4584-14

Let T=R3C3. As T increases, damping increases,
but so does lock time. Decreasing T decreases

5. Now we can solve for C3, C4, and Rj.
34 3 damping and speeds up loop response, but in-

K4Kyco (4.77¢ — 5)(6.05€6) creases overshoot and thus increases the number
3 = = = 0.01 uF of hunting oscillations before lock. Critical damp-
Nw?, (910)(5000)2 ing ({=1) occurs at minimum lock time. Because
decreased damping also decreases loop stability,
C4 = _(;é = 0.001 uF it is sometimes desirable to design slightly over-
damped ({>1), trading lock time for increased
stability.
INfon, __O10)A)(E00) oy Typical Loop Filter

37 R4Kyco (4.77e — 5)(6.05¢6) : .
|

We choose Rz = 30 k() for convenience. R
. . . Filter To VCO
6. Notice R, has little effect on the loop filter de- _ | |
sign. Ry should be large, around 100k, and can l Cs C,
be adjusted to compensate for any static phase

R3

4584-16
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LC Loop Filter Components (Approximate)

Frequency R2 R3 C3 C4
(MHz) &) k) (uF) (LF)
13.301 100 30 0.01 0.001
13.5 100 30 0.01 0.001
14.75 100 33 0.01 0.001
17.734 100 39 0.01 0.001
10.738 100 22 0.01 0.001
12.273 100 27 0.01 0.001
14.318 100 30 0.01 0.001

Xtal Loop Filter Components (Approximate)

Frequency R2 R3 C3 C4
(MHz) k) M) (pF) (pF)
13.301 100 4.3 68 6.8
13.5 100 4.3 68 6.8
14.75 100 4.3 68 6.8
17.734 100 4.3 68 6.8
10.738 100 4.3 68 6.8
12.273 100 4.3 68 6.8
14.318 100 4.3 68 6.8

PCB Layout Considerations

It is highly recommended that power and ground
planes be used in layout. The oscillator and filter
sections constitute a feedback loop and thus care
must be taken to avoid any feedback signal influ-
encing the oscillator except at the control input.
The entire oscillator/filter section should be sur-
rounded by copper ground to prevent unwanted
influences from nearby signals. Use separate
paths for analog and digital supplies, keeping the
analog (oscillator section) as short and free from
spurious signals as possible. Careful attention
must be paid to correct bypassing. Keep lead

lengths short and place bypass caps as close to
the supply pins as possible. If laying out a PCB
to use discrete components for the VCO section,
care must be taken to avoid parasitic capacitance
at the OSC pins 3 and 5, and FILTER out (pin
7). Remove ground and power plane copper
above and below these traces to avoid making a
capacitive connection to them. It is also recom-
mended to enclose the oscillator section within a
shielded cage to reduce external influences on the
VCO, as they tend to be very sensitive to “hand-
waving” influences, the LC variety being more
sensitive than crystal controlled oscillators. In
general, the higher the operating frequency, the
more important these considerations are. Self
contained VCXO or VCO modules are already
mounted in a shielding cage and therefore do not
require as much consideration in layout. Many
crystal manufacturers publish informative litera-
ture regarding use and layout of oscillators which
should be helpful.

Component Sources

Inductors
¢ Dale Electronics
E. Highway 50
PO Box 180
Yankton, SD 57078-0180
(605) 665-9301

Crystals, VCXO, VCO Modules
® Connor-Winfield
2111 Comprehensive Drive
Aurora, IL 60606
(708) 851-4722
® Piezo Systems
100 K Street
PO Box 619
Carlisle, PA 17013
(717) 249-2151

3-109

=
-
B
Qo
®
g
a




EL4584C

Component Sources — Contd.

® Reeves-Hoffman
400 West North Street
Carlisle, PA 17013
(717) 243-5929

® SaRonix
151 Laura Lane
Palo Alto, CA 94043
(415) 856-6900

® Standard Crystal
9940 Baldwin Place
El Monte, CA 91731
(818) 443-2121

Varactors

e Alpha Industries
20 Sylvan Road
Woburn, MA 01801
(617) 935-5150

® Motorola Semiconductor Products
2100 E. Elliot
Tempe, AZ 85284
(602) 244-6900

Note: These sources are provided for information
purposes only. No endorsement of these compa-
nies is implied by this listing.
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Features
e 36 MHz, general purpose PLL

¢ 8 Fgc timing. (Use the EL4584
for 4 Fgc)

¢ Compatible with EL4583C Sync
Separator

e VCXO, Xtal, or LC tank
oscillator

e <2nS jitter (VCXO)

e User-controlled PLL capture and
lock

¢ Compatible with NTSC and PAL
TV formats

® 8 pre-programmed popular TV
scan rate clock divisors

® Single 5V, low current operation

Applications
* Pixel Clock regeneration

® Video compression engine
(MPEG) clock generator

e Video Capture or digitization

¢ PIP (Picture In Picture) timing
generator

¢ Text or Graphics overlay timing

Ordering Information

General Description

The EL4585C is a PLL (Phase Lock Loop) sub system, designed
for video applications, but also suitable for general purpose use
up to 36 MHz. In a video application this device generates a
TTL/CMOS compatible Pixel Clock (Clk Out) which is a multi-
ple of the TV Horizontal scan rate, and phase locked to it.

The reference signal is a horizontal sync signal, TTL/CMOS
format, which can be easily derived from an analog composite
video signal with the EL4583 Sync Separator. An input signal
to “‘coast” is provided for applications where periodic distur-
bances are present in the reference video timing such as VIR
head switching. The Lock detector output indicates correct lock.

The divider ratio is four ratios for NTSC and four similar ratios
for the PAL video timing standards, by external selection of
three control pins. These four ratios have been selected for com-
mon video applications including 8 Fgc, 6 Fgc, 27 MHz (CCIR
601 format) and square picture elements used in some worksta-
tion graphics. To generate 4 Fgc, 3 Fgc, 13.5 MHz (CCIR 601
format) etc., use the EL4584, which does not have the addition-
al divide by 2 stage of the EL4585.

For applications where these frequencies are inappropriate or
for general purpose PLL applications the internal divider can be
by passed and an external divider chain used.

Part No. Temp.Range Package Outline #

EL4585CN  —40°Cto +85°C 16-Pin DIP MDP0031
EL4585CS —40°Cto +85°C 16-Lead SO MDP0027

For 3Fsc and 4Fsc clock frequency operation,
see EL4584 datasheet.

FREQUENCIES and DIVISORS
Function 6Fsc CCIR 601 Square 8Fsc
Divisor* 851 864 944 1135
PAL Fosc (MHz) 26.602 27.0 29.5 35.468
Divisor* 682 858 780 910
NTSC Fosc (MHz) 21.476 27.0 24.546 28.636
CCIR 601 divisors yield 720 pixels in the active portion of each line for NT'SC and PAL.
Square pixels format gives 640 pixels for NTSC and 768 pixels for PAL.
6Fsc frequencies do not yield integer divisors.
*Divisor does not include + 2 block.
Connection Diagram
ng? {l 1 = Decoder 16 | Prog Clk Freq. A
Clk
ch. —— - Cik Qut
-Dmdsr
n L_- &
veco > = Ext.
Div.
out Lock
Control Detect
Y
Charge Phase/Freq. il ¥)
&ua,P - ME Pump Detector Hesyne In
Filter )
Div
T—EI Goost

Select

4585-1
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EL4585C

Absolute Maximum Ratings (1, = 25°c)

Ve Supply
Storage Temperature

Lead Temperature
Pin Voltages
Operating Ambient Temperature Range

DC Electrical Characteristics (vpp = 5V, T4 = 25°C unless otherwise noted)

—65°C to +150°C
260°C

—0.5V to Vee T 0.5V
—40°C to +85°C

Operating Junction Temp

Power Dissipation

Oscillator Frequency

Parameter Conditions Temp Min Typ Max
Ipp Vpp= 5V (Note 1) 25°C 2 4
ViL Input Low Voltage 25°C 1.5
Vig Input High Voltage 25°C 3.5
I, Input Low Current All inputs except COAST, Vj, = 1.5V 25°C —100
I1yg Input High Current All inputs except COAST, V;, = 3.5V 25°C 100
Ij1, Input Low Current COAST pin, Vi = 1.5V 25°C —100 —60
I1y Input High Current COAST pin, V;,=3.5V 25°C 60 100
Vo1, Output Low Voltage Lock Det, Ior, =1.6mA 25°C 0.4
Vou Output High Voltage Lock Det, Iog= —1.6mA 25°C 2.4
VoL Output Low Voltage CLK, IpL=3.2mA 25°C 0.4
Von Output High Voltage CLK, Ipg= —3.2mA 25°C 2.4
VoL Output Low Voltage OSC Out, Igp, =200uA 25°C 0.4
Voy Output High Voltage | OSC Out, Iog= —200pA 25°C 2.4
1oL Output Low Current Filter Out, Voyr = 2.5V 25°C 200 300
Ioy Output High Current Filter Out, Voyr = 2.5V 25°C —300 —200
IoL/log Current Ratio Filter Out, Voyp =2.5V 25°C 1.05 1.0 0.95
Ip pak Filter Out Coast Mode, Vpp> Vour> 0V 25°C —100 t1 100

Note 1: All inputs to 0V, COAST floating.

125°C
400mW
36MHz

Units
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AC Electrical Characteristics (vpp=5V, Tp=25°C unless otherwise noted)

Parameter Conditions Temp Min Typ Max E:j:l - Units
VCO Gain @ 20 MHz Test circuit 1 25°C 15.5 o
H-sync S/N Ratio Vpp =5V (Note 2) 25°C 35
Jitter VCXO Oscillator 25°C 1
Jitter LC Oscillator (Typ) 25°C 10

Note 2: Noisy video signal input to EL4583C, H-sync input to EL4585C. Test for positive signal lock.

Pin Description

Pin No.| Pin Name Function

16,1,2 Prog A,B,C Digital inputs to select ~ N value for internal counter. See table below for values.

3 Osc/VCO Out | Output of internal inverter/oscillator. Connect to external crystal or LC tank VCO circuit.

4 Vpp (A) Analog positive supply for oscillator, PLL circuits.

5 Osc/VCO In | Input from external VCO.

6 Vgs (A) Analog ground for oscillator, PLL circuits.

7 Filter Charge pump output. If the H-sync phase is leading or H-sync frequency > CLK + 2N, current is pumped
into the filter capacitor to increase VCO frequency. If H-sync phase is lagging or frequency < CLK +2N,
current is pumped out of the filter capacitor to decrease VCO frequency. During coast mode or when
locked, filter goes to a high impedance state.

8 Div Select Divide select input. When high, the internal divider is enabled and EXT DIV becomes a test pin,
outputting CLK + 2N. When low, the internal divider is disabled and EXT DIV is an input from an
external +N.

9 Coast Tri-state logic input. Low(<Y;*V¢c) = normal mode, Hi Z(or Y; to 23*V¢c) = fast lock mode,
High(>%;*Ve) = coast mode.

10 H-sync In Horizontal sync pulse (CMOS level) input.

11 Vpp (D) Positive supply for digital, I/0O circuits.

12 Lock Det Lock Detect output. Low level when PLL is locked. Pulses high when out of lock.

13 Ext Div External Divide input when DIV SEL is low, internal + 2N output when DIV SEL is high.

14 Vgs (D) Ground for digital, I/0 circuits.

15 CLK Out Buffered output of the VCO.

Table 5: VCO Divisors

Prog A Prog B Prog C Div Value

Pin 16 Pin1 Pin 2 N
0 0 0 851
0 0 1 864
0 1 0 944
0 1 1 1135
1 0 0 682
1 0 1 858
1 1 0 780
1 1 1 910
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Timing Diagrams
PLL Locked Condition (Phase Error = 0)

-»; '«- ~110 ns£50 ns

|

| |

H-Sync |
(inpillt) | |

Exi. Div.
input or output)

1

4585-2

QOut of Lock Condition

| |
H-Sync \ E / N ] ] l'\_-/—

)
iy Tu o
L | | U \ 05 = 7o X 360
) \ |
Div. ""‘| _ | . | Ty = H-sync period
|
|

| | Ty = phase error period

+ |
ch A &
Pump. OFF ),- - ——— OFF

1 |
[V o o o o | |
! ' ' 4585-3
Typical Performance Curves
Idd vs Fosc
5.00 3 Test Circuit 1
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4
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Typical Performance Curves — Contd.

OSC Gain @ 20 MHz vs Temp

Vin = 10 mVgys

20.00-\
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14.00
S 12.00 —
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4585-6
Typical Varactor OSC Gain vs Fosc
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4585-7
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EL4585C

Description Of Operation

The horizontal sync signal (CMOS level, falling
leading edge) is input to H-SYNC input (pin 10).
This signal is delayed about 110nS, the falling
edge of which becomes the reference to which the
clock output will be locked. (See timing dia-
grams.) The clock is generated by the signal on
pin 5, OSC in. There are 2 general types of VCO
that can be used with the EL4585C, LC and crys-
tal controlled. Additionally, each type can be ei-
ther built up using discrete components, includ-
ing a varactor as the frequency controlling ele-
ment, or complete, self contained modules can be
purchased with everything inside a metal can.
These modules are very forgiving of PCB layout,
but cost more than discrete solutions. The VCO
or VCXO is used to regulate the clock. An LC
tank resonator has greater “pull” than a crystal
controlled circuit, but will also be more likely to
drift over time, and thus will generate more jit-
ter. The “pullability” of the circuit refers to the
ability to pull the frequency of oscillation away
from its center frequency by modulating the volt-
age on the control pin of the VCO module or va-
ractor, and is a function of the slope and range of
the capacitance-voltage curve of the varactor or
VCO module used. The VCO signal is sent to the
CLK out pin, divided by two, then sent to the
divide by N counter. The divisor N is determined
by the state of pins 1, 2, and 16 and is described
in table 5 above. The divided signal is sent, along
with the delayed H-sync input, to the phase/fre-
quency detector, which compares the two signals
for phase and frequency differences. Any phase
difference is converted to a current at the charge
pump output, FILTER (pin 7). A VCO with a
positive frequency deviation with control voltage
must be used. Varactors have negative capaci-
tance slope with voltage, resulting in positive fre-
quency deviation with increasing control voltage
for the oscillators in figures 10 and 11 below.

vCO

The VCO should be tuned so that its frequency of
oscillation is very close to the required clock out-
put frequency when the voltage on the varactor
is 2.5 volts. VCXO and VCO modules are already
tuned to the desired frequency, so this step is not
necessary if using one of these units. The output
range of the FILTER (pin 7) is 0 to 5 volts, and it

can source or sink a maximum of about 300uA,
so all frequency control must be accomplished
with variable capacitance from the varactor with-
in this range. Crystal oscillators are more stable
than LC oscillators, which translates into lower
jitter, but LC oscillators can be pulled from their
mid-point values further, resulting in a greater
capture and locking range. If the incoming hori-
zontal sync signal is known to be very stable,
then a crystal oscillator circuit can be used. If the
H-sync signal experiences frequency variations of
greater than about 300ppm, an LC oscillator
should be considered, as crystal oscillators are
very difficult to pull this far. When H-sync input
frequency is greater than CLK frequency + 2N,
FILTER output (pin 7) sources current into the
filter capacitor, increasing the voltage across the
varactor, thus tending to increase VCO frequen-
cy. Conversely, filter output pulls current from
the filter capacitor when H-sync frequency is less
than CLK 2N, forcing the VCO frequency
lower.

Loop Filter

The loop filter controls how fast the VCO will
respond to a change in phase comparator output
stimulus. Its components should be chosen so
that fast lock can be achieved, yet with a mini-
mum of VCO “hunting”, preferably in one to two
oscillations of filter output, assuming the VCO
frequency starts within capture range. If the fil-
ter is under-damped, the VCO will over and un-
der-shoot the desired operating point many times
before a stable lock takes place. It is possible to
under-damp the filter so much that the loop itself
oscillates, and VCO lock is never achieved. If the
filter is over-damped, the VCO response time will
be excessive and many cycles will be required for
a lock condition. Over-damping is also character-
ized by an easily unlocked system because the
filter can’t respond fast enough to perturbations
in VCO frequency. A severely over damped sys-
tem will seem to endlessly oscillate, like a very
large mass at the end of a long pendulum. Due to
parasitic effects of PCB traces and component
variables, it will take some trial and error experi-
mentation to determine the best values to use for
any given situation. Use the component tables as
a starting point, but be aware that deviations
from these values are not out of the ordinary.
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Description Of Operation — Contd.

External Divide

DIV SEL (pin 8) controls the use of the internal
divider. When high, the internal divider is en-
abled and EXT DIV (pin 13) outputs the CLK
out divided by 2N. This is the signal to which the
horizontal sync input will lock. When divide se-
lect is low, the internal divider output is disabled,
and external divide becomes an input from an ex-
ternal divider, so that a divisor other than one of
the 8 pre-programmed internal divisors can be
used.

Normal Mode

Normal mode is enabled by pulling COAST (pin
9) low (below 4*Vcc). If H-SYNC and CLK + 2N
have any phase or frequency difference, an error
signal is generated and sent to the charge pump.
The charge pump will either force current into or
out of the filter capacitor in an attempt to modu-
late the VCO frequency. Modulation will contin-
ue until the phase and frequency of CLK+2N
exactly match the H-sync input. When the phase
and frequency match (with some offset in phase
that is a function of the VCO characteristics), the
error signal goes to zero, lock detect no longer
pulses high, and the charge pump enters a high
impedance state. The clock is now locked to the
H-sync input. As long as phase and frequency
differences remain small, the PLL can adjust the
VCO to remain locked and lock detect remains
low. Once locked, the phase/frequency detector
becomes a phase only detector so that missing
sync pulses will not disturb the VCO output. If
H-sync disappears completely, filter output goes
into a high impedance state, which is functional-
ly equivalent to coast mode.

Fast Lock Mode

Fast Lock mode is enabled by either allowing
coast to float, or pulling it to mid supply (be-
tween Y, and 24*Vcc). In this mode, lock is
achieved much faster than in normal mode, but
the clock divisor is modified on the fly to achieve
this. If the phase detector detects an error of
enough magnitude, the clock is either inhibited
or reset to attempt a “fast lock” of the signals.

Forcing the clock to be synchronized to the
H-sync input this way allows a lock in approxi-
mately 2 H-cycles, but the clock spacing will not
be regular during this time. Once the near lock
condition is attained, filter output should be very
close to its lock-on value, and placing the device
into normal mode should result in a normal lock
very quickly. Fast lock mode is intended to be
used where H-sync becomes irregular, until a sta-
ble signal is again obtained.

Coast Mode

Coast mode is enabled by pulling COAST (pin 9)
high (above 24*Vcc). In coast mode the internal
phase detector is disabled and filter out remains
in high impedance mode to keep filter out volt-
age and VCO frequency as constant a possible.
VCO frequency will drift as charge leaks from the
filter capacitor, and the voltage changes the VCO
operating point. Coast mode is intended to be
used when noise or signal degradation result in
loss of horizontal sync for many cycles. The
phase detector will not attempt to adjust to the
resultant loss of signal so that when horizontal
sync returns, sync lock can be re-established
quickly. However, if much VCO drift has oc-
curred, it may take as long to re-lock as when
restarting.

Lock Detect

Lock detect (pin 12) will go low when lock is es-
tablished. Any DC current path from FILTER
out will skew EXT DIV relative to H-SYNC in,
tending to offset or add to the 110nS internal de-
lay, depending on which way the extra current is
flowing. This offset is called static phase error,
and is always present in any PLL system. If,
when the part stabilizes in a locked mode, lock
detect is not low, adding or subtracting from the
series resistor will change this static phase error
to allow LDET to go low while in lock. The goal
is to put the rising edge of EXT DIV in sync
with the falling edge of H-SYNC + 110nS. (See
timing diagrams.) Increasing R, increases phase
error, while decreasing R, decreases phase error.
(Phase error is positive when EXT DIV lags
H-SYNC.) The resistance needed will depend on
VCO design or VCXO module selection.
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EL4585C
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Applications Information

Choosing External Components

1. To choose LC VCO components, first pick the
desired operating frequency. For our example
we will use 28.636MHz, with an H-sync fre-
quency of 15.734kHz.

2. Choose a reasonable inductor value (1-5puH
works well). We choose 3.3uH.

3. Calculate Ct needed to produce Fpgc.

1
27 yLCp

1 1
472F2L  472(28.636€6)2(3.3¢ — 6)
4, From the varactor data sheet find Cy @ 2.5V,

the desired lock voltage. Cy=23pF for our
SMV1204-12 for example.

5.Cy should be about 10Cy, so we choose
C,=220pF for our example.

6. Calculate C;. Since

Fosc =

Cr= =9.4pF

G — C1CCy
T — ’
(C1Cy) + (C1Cy) + (CoCy)
then
C,CrC
C = 2C1rCy

(C2Cy) — (C2C1) — (CTCy)

For our example, C;= 17pF. (A trim cap may be
used for fine tuning.) Examples for each frequen-
cy using the internal divider follow.

Typical LC VCO

L1 c2

| From Loop Filter
? (Algha Indus(r»es

or Srmllur

4585-10

LC VCO Component Values (Approximate)

Frequency L1 C1 C2
(MHz) (nH) (pF) (pF)
26.602 3.3 22 220
27.0 3.3 21 220
29.5 2.7 22 220
35.468 2.2 16 220
21.476 4.7 26 220
24.546 3.9 22 220
28.636 3.3 17 220

Note: Use shielded inductors for optimum performance.

Typical Xtal VCO

E 2 From Loop Filter
7_ c1
\al
Y1 Fundamental (Alghq Industries
v Xtal MV1204-12

or Sumnlar)
4585-11
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Xtal VCO Component Values (Approximate)

Frequency R1 C1 Cc2
(MHz) k) (pF) (uF)
26.602 300 15 .001
27.0 300 15 .001
29.5 300 15 .001
35.468 300 15 .001
21.476 300 15 .001
24.546 300 15 .001
28.636 300 15 .001

The above oscillators are arranged as Colpitts os-
cillators, and the structure is redrawn here to em-
phasize the split capacitance used in a Colpitts
oscillator. It should be noted that this oscillator
configuration is just one of literally hundreds
possible, and the configuration shown here does
not necessarily represent the best solution for all
applications. Crystal manufacturers are very in-
formative sources on the design and use of oscil-
lators in a wide variety of applications, and the
reader is encouraged to become familiar with
them.

Colpitts Oscillator
V+

From Loo
Y Filter P

gu

4585-12

C; is to adjust the center frequency, Cy DC iso-
lates the control from the oscillator, and V1 is the
primary control device. C; should be much larger
than Cy so that V; has maximum modulation
capability. The frequency of oscillation is given
by:

_ C1CCy
(C1Cy) + (C1Cy) + (C2Cv)

Choosing Loop Filter

Components

The PLL, VCO, and loop filter can be described
as:

6 in (s)—;@ —>[ 0 |—>[Fs) | —>]Kveo T 6 out (s)

I~}
| S|

458513
Where:

K 4= phase detector gain in A/rad

F(s) =loop filter impedance in V/A
Kyco=VCO gain in rad/s/V

N = Total internal or external divisor (see 3 be-
low)

It can be shown that for the loop filter shown
below:

2N{w,

,C4 = — Rz =

K4Kvco

Where w,=loop filter bandwidth, and {=1loop

filter damping factor.

1. K4 = 300puA/2mrad = 4.77e-5A/rad for the
EL4585C.

2. The loop bandwidth should be about H-sync
frequency/20, and the damping ratio should be
1 for optimum performance. For our example,
o, =15.734kHz/20= 787 Hz = 5000 rad/S.

3. N = 910x2 = 1820 from table 1.
F 28.636M

N=_—YO _ = 1820 = 910x2
Freyne  15.73426k

4, Kyco represents how much the VCO frequen-
cy changes for each volt applied at the control
pin. It is assumed (but probably isn’t) linear
about the lock point (2.5V). Its value depends
on the VCO configuration and the varactor
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EL4585C

 Horizontal Genlock, 8

transfer function C, = F(V), where V¢ is the re-
verse bias control voltage, and Cy is varactor ca-
pacitance. Since F(V¢) is nonlinear, it is probably
best to build the VCO and measure Kyco about
2.5V. The results of one such measurement are
shown below. The slope of the curve is deter-
mined by linear regression techniques and equals
Kyco. For our example, Kyco=9.06 Mrad/s/V.

Foscvs Vg, LC VCO

154
153
152

151 JI/
150 '/

149 A |

148 A
o7 & LC Kycp = 9,06 Mrad/s/V

'
146 e
145
144

Frequency, Mrad/s

2 21 22 23 24 25 26 27 28 29 3
Control Voltage, V
4585-14

5. Now we can solve for C3, C4, and R3.

KgKyco  (4.77e—5)(9.06e6)

= 0.01uF
37 TNag? (1820)(5000)2 s
Cy = E:_3 = 0.001uF
4T M
INCw 2)(1820)(1)(5000
R; = fo, @) (X ) _ 421K

" K4Kyco  (4.77e—5)(9.06e6)

We choose R3 =43k(} for convenience.

6. Notice R, has little effect on the loop filter de-
sign. R, should be large, around 100k, and can
be adjusted to compensate for any static phase
error Ty at lock, but if made too large, will
slow loop response. If R; is made smaller, Ty
(see timing diagrams) increases, and if Ry in-

creases, Ty decreases. For LDET to be low at
lock, (Tg| < 50n8. C4 is used mainly to attenuate
high frequency noise from the charge pump. The
effect these components have on time to lock is
illustrated below.

Effect of Loop Filter on Lock Time

1.0
Fg Tl 1l

« 0.8

g 07

& 06

w 05

2 0.4

T 03 ki

g 02 (7 =239 TR

= 0 NI

5 I

< _ | ’

3 -0 NG o= T

S ~0.2 [t sy 6= 07

Z-0.3 ||t =5.0\7T s:°~5
—0a =) Ll é=0.3
204 (I fvrereen -
®0 1 2 3 4 5 6 7

4585-15

Let T=R3C3. As T increases, damping increases,
but so does lock time. Decreasing T decreases
damping and speeds up loop response, but in-
creases overshoot and thus increases the number
of hunting oscillations before lock. Critical damp-
ing ({=1) occurs at minimum lock time. Because
decreased damping also decreases loop stability,
it is sometimes desirable to design slightly over-
damped ({>1), trading lock time for increased
stability.

Typical Loop Filter

]
i R,

Filter To VCO
|

X Cs Cy

Ry

4585-16
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LC Loop Filter Components (Approximate)

Frequency R2 R3 C3 C4
(MHz) kQ) (kQ) (nF) (uF)
26.602 100 39 0.01 0.001
27.0 100 39 0.01 0.001
29.5 100 43 0.01 0.001
35.468 100 51 0.01 0.001
21.476 100 30 0.01 0.001
24.546 100 36 0.01 0.001
28.636 100 43 0.01 0.001

Xtal Loop Filter Components (Approximate)

Frequency R2 R3 C3 C4
(MHz) kQ) (MQ) (pF) (pF)
26.602 100 4.3 68 6.8
27.0 100 4.3 68 6.8
29.5 100 4.3 68 6.8
35.468 100 4.3 68 6.8
21.476 100 4.3 68 6.8
24.546 100 4.3 68 6.8
28.636 100 4.3 68 6.8

PCB Layout Considerations

It is highly recommended that power and ground
planes be used in layout. The oscillator and filter
sections constitute a feedback loop and thus care

must be taken to avoid any feedback signal influ-
encing the oscillator except at the control input.
The entire oscillator/filter section should be sur-
rounded by copper ground to prevent unwanted
influences from nearby signals. Use separate
paths for analog and digital supplies, keeping the
analog (oscillator section) as short and free from
spurious signals as possible. Careful attention
must be paid to correct bypassing. Keep lead
lengths short and place bypass caps as close to
the supply pins as possible. If laying out a PCB
to use discrete components for the VCO section,
care must be taken to avoid parasitic capacitance
at the OSC pins 3 and 5, and FILTER out (pin
7). Remove ground and power plane copper
above and below these traces to avoid making a
capacitive connection to them. It is also recom-
mended to enclose the oscillator section within a
shielded cage to reduce external influences on the
VCO, as they tend to be very sensitive to “hand
waving” influences, the LC variety being more
sensitive than crystal controlled oscillators. In
general, the higher the operating frequency, the
more important these considerations are. Self
contained VCXO or VCO modules are already
mounted in a shielding cage and therefore do not
require as much consideration in layout. Many
crystal manufacturers publish informative litera-
ture regarding use and layout of oscillators which
should be helpful.
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Component Sources

Inductors

e Dale Electronics
E. Highway 50
PO Box 180
Yankton, SD 57078-0180
(605) 665-9301

Crystals, VCXO0, VCO Modules

¢ Connor-Winfield
2111 Comprehensive Drive
Aurora, IL 60606
(708) 851-4722

¢ Piezo Systems
100 K Street
PO Box 619
Carlisle, PA 17013
(717) 249-2151

¢ Reeves-Hoffman
400 West North Street
Carlisle, PA 17013
(717) 243-5929

® SaRonix
151 Laura Lane
Palo Alto, CA 94043
(415) 856-6900

e Standard Crystal
9940 Baldwin Place
El1 Monte, CA 91731
(818) 443-2121

Varactors

¢ Alpha Industries
20 Sylvan Road
Woburn, MA 01801
(617) 935-5150

e Motorola Semiconductor Products
2100 E. Elliot
Tempe, AZ 85284
(602) 244-6900

Note: These sources are provided for information
purposes only. No endorsement of these compa-
nies is implied by this listing.
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| HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

ELI501C—SLIDE®

. Differential Line Dr‘ er/Recewer

Features

¢ Complete ADSL differential
driver and receiver

® 45V, differential output drive
into 200

* —60 dB typical output distortion
at full output at 2 MHz

¢ —73 dB typical receive distortion
at 15 V., levels at 2 MHz

® Drives 8 single-ended video loads,
or 4 S-VHS loads, or 4
differential video loads

¢ Power surface-mount package

Applications

¢ ADSL line interface

¢ HDSL line driver

¢ Video distribution amplifier
® Video twisted-pair line driver

Ordering Information

Part No. Temp.Range Package Outline #

EL1501CM —40°Cto +85°C 20-Lead SO MDP0027

General Description

The EL1501C contains two wideband high-voltage drivers and
two receive amplifiers. It is designed to drive 45 Vp,_, signals at
2 MHz into a 200} load differentially with very low distortion.
The receive amplifiers also provide very low distortion and
noise, and with external resistors can be wired as a hybrid cou-
pler.

All amplifiers are of the current-feedback type, giving high
slewrates while consuming moderate power. They retain fre-
quency response over a wide range of externally set gains.

The EL1501C operates on £5V to £15V supplies, and retains
its bandwidths and linearities over the supply range.

Eight center package pins are used as ground connections and
heat spreaders, allowing a dissipation of 2W at the maximum
ambient temperature of 85°C.

—/

V)N~ Driver+ E E ViN~—s Driver—
Vout» Driver+ E E Vouyts Driver—
[ 5] v
6nd* [4] [17] 6na*
end* 5] [76] 6na*
EL1501C

Gnd* E
Gnd* E E Gnd”*
VN +s Driver+ E E Vints Driver—

Vouts Receiver+ E—-ﬁltb—@ Vot Receiver=
Vin~» Receiver+ E E ViNT» Receiver—

1501-1

[15] 6na*

*Subscriber Line Interface Device
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EL1501C

Absolute Maximum Ratings (1, = 25°0)
Vs
v+
v_
Vin+
Iin
IoyT, driver

V+ to V— Supply Voltage 33V
V+ Voltage to Ground —0.3Vto +33V
V — Voltage to Ground —33V to 0.3V
Driver ViN+ Voltage V—toV+
Current into any Input 8 mA
Qutput Current from

Driver (Static) 75 mA

: TM AX and TM“\? e QA test plan QCXOOU?

QA samp!e tested per QA test plan QCXGOQZ. .

IouT, rec

Pp
Ta
Ts

Output Current from

Receiver (Static)

Mazximum Power Dissipation
Operating Temperature Range
Storage Temperature Range

15 mA

See Curves
—40°C to +85°C
—60°C to +150°C

Open -Loop DC Electrical Characterlstlcs Power supplies at +15V, R for both drivers and
receivers is 1 k€Y, Ry, for driver is 750, Ry, for receiver is 200(}. Ty = 25°C. Amplifiers tested separately.

Parameter Description Min Typ Max Units
Vos, driver Driver Input Offset Voltage —30 30 mV
AV g, drivers Driver-to-Driver Vog Mismatch —10 10 mV
I+, driver Non-Inverting Driver Input Bias Current —10 10 MA
Ig—, driver Inverting Driver Input Bias Current —40 40 HA
AIg—, drivers Driver-to-Driver Ig — Mismatch —36 36 MA
RoL, drivers Driver Transimpedance, VoyT from —12V to +12V 0.4 1.6 MQ
Vour, driver Driver Loaded Output Swing +12.0 +13 v
Vs, receiver Receiver Input Offset Voltage —30 30 mV
AVg, receivers Receiver-to-Receiver Vog Mismatch —10 10 mV
Ig—, receiver Receiver Inverting Input Bias Current —15 15 MA
Alg—, receiver Receiver-to-Receiver Ig— Mismatch —16 16 MA
RoL, receiver Receiver Transimpedance, Voyt from —4V to +4V 2 6 MQ
Vour, receiver Receiver Loaded Output Swing +6.25 +10 v
Ig All Outputs at 0V 30 36 45 mA
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Closed-Loop AC Electrical Characteristics
Power supplies at +15V, Rp for both drivers and receivers is 510Q2, Ry, for drivers is 750, Ry, for receivers is 200Q2. Cp, = 15 pF.
Driver gain is + 10 and receiver gain is —1. Tp = 25°C. Amplifiers tested separately.

Test
Parameter Description Min | T, Max Units
P yP Level
BW, driver —3 dB Bandwidth of Driver Amplifiers 63 v MH:z
HD, driver ‘Total Harmonic Distortion of Driver
=2 MHz, Supplies at 15V, 22.5 V,,_;, Output —60 v dBc
f =2 MHzg, Supplies at 9V, 10.5 V, ;, Output —66 \'2 dBc
f =300 kHz, Supplies at 5V, 6 V,_, Output =71 v dBc
dG, driver Driver Differential Gain Error, Standard NTSC Test
Ay = +2,Vg = 12V, Ry, = 37.50 0.17 v %
dé, driver Driver Differential Phase Error, Standard NTSC Test
Ay = +2,Vg = +12V, Ry = 37.50 0.06 v °
SR, driver Driver Slewrate, Voyr from —10V to + 10V Measured at £ 5V TBD | 1000 I V/usec
eN, driver Driver Input Noise Voltage 3.3 v nV/VHz
iN, driver Driver — Input Noise Current 18 v pA/VHz
BW, receiver — 3 dB Bandwidth of Receive Amplifiers 80 v MHz
HD, receiver | Total Harmonic Distortion of Receive Amplifiers
f =2 MHz, Supplies at 15V, 11.25 V, , Output —72 v dBc
f =2 MHz, Supplies at £9V, 5.25 V5, Output —-71 v dBc
f =300 kHz, Supplies at 5V, 3 V,_, Output —73 v dBc
SR, receiver Receiver Slewrate, Voy from —4V to +4V Measured at £2.5V | TBD 600 I V/usec
eN, receiver Receiver Input Noise Voltage 3 v nV/JHz
iN, receiver Receiver —Input Noise Current 12 v pA/VHz
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Test Circuit

Rs =
N L
-— < :RL -
VouT: o Vour»
Driver+ Driver=
m! Py —
V- b 18f <+ V+
o 4 - - \ ht 3.3 uF,
17 j:Ton!olum
16
EL1501C —
14
Vine m! = < N
IN? 13 <
Driver+ — Driver—
Vour» m! ° ® Vout»
out 12 » Yout
Receiver+ —! I Receiver—
T ICL R

Vins Receiver+

Typical Performance Curves

Driver Frequency Response vs
Rp at =15V Supplies

oo T L]
Rt:[‘lo(‘)ﬂ R =5 h
17 S0l
6 NI ‘
g s Re = 68001 s
< 14 > 45 >
R e 3
2 Re = 20(1«7?
1 y—--—<
10 1
]
100k 1M 1M 100K

Frequency (Hz)
1501-3

Vino Receiver—

Driver Frequency Response vs
Ry at £9V Supplies

[T T T
R =1000 R,.m51 1 HH,
N
R = 6800 1
%&: 20a
100k ™ 1OM— 100M
Frequency (Hz)
1501-4

RN

Gain (dB)

1501-2

Driver Frequency Response vs
Ry at +5V Supplies

Ay= 5| [Re = 5108
(R = 10007
Re = 6800
Re = 8200
[T
100k 1M 10M 100M
Frequency (Hz)
1501-5
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Typical Performance Curves — Contd.
Driver Frequency Response Driver Frequency Response Driver Frequency Response
vs Gain (Non-Inverting) vs Gain (Inverting) vs = Supply Voltage
[ve=215V ”[]H i [ve=215V l[[[l] [T] [av=10[] [
R = 5100 = ¥51] Re =5100 Ay =51 Re=51007 1 vo=25v ||
= 3R =1000 A s u”—— = 3R =1000 4 ¢ B 3R =1000—
N 2 ” oL 2 2 ” Z 2 L
- Ay =+10 c Ay =-10 c
'g 1 ﬂ g 1 g 1
- 0 4 o 0 A - 0
3 3 H
2 HH— = - . 2
[ g N g
s Ay = +20 5 Ay = -201 c
z -3 m‘, F4 -3 %‘__ z -3
-4 -4 -4
Il l
100k ™ 10M 100M 100k ™ 10M 100M 100k ™ 10M 100M
Frequency (Hz) Frequency (Hz) Frequency (Hz)
1501-6 1501-7 1501-8
Driver Harmonic Distortion Driver Harmonic Distortion vs
vs Frequency Output Amplitude at 2 MHz
Driver Bandwidth vs Temperature (Single Amplifier) (Single Amplifier)
[} -55 T TTTT —~ | S | =
g R =100 \Vour=5%.p i S s AN
® 2 Ay=+10 |Vs=#5V(] ! z Pvs= tsv";:_;110n
2 ~ - = I ~ i =
< s ™ . 80 (Re=5100 7 y ; g o o ————
: < £ e / £ 6o =
3 \ 5 g5 | Your= 12%-p / o £
10 N 8 Vorxo | 1K LT 8 ]
@ o ! 2 -65
£ \ £ -7 o >( i c / —
° £ LtV | Vour = 22Vp_p) g Vg =£15V.
€ -15 T LA Vg=£15V 2 -70 LA
s Ay =+5 T _75 TGN x v
© R =5100 s L I i} kS ]
- a K] Measurement Disto tion 2
Lo LR=100 _80 | [[{{][Floor | ! L[ -75
25 50 75 100 125 150 o.1 | 10 2 4 6 8101214161820222426
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EL1501C

Typical Performance Curves — Contd.

Driver Differential Gain Error Driver Differential Phase Error
vs DC Input Voltage—Driving vs DC Input Voltage—Driving
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Typical Performance Curves — Contd.

Total Supply Current
vs Supply Voltage (All Amplifiers)
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Applications Information

Power Dissipation (W)

Power Dissipation vs

Ambient Temperature for

Various Mounted 0jm’s
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1501-24

The EL1501C consists of two power line drivers reception. The amplifiers are designed to be used
and two receiver amplifiers that can be connected with signals up to 4 MHz and produce low distor-
for full duplex differential line transmission and tion levels. Here is a typical interface circuit:

Rout

AAA

Line+

Drive
lifiers

A\AAS

Rout

AAA

ZNe

Line—

AAAZ

- Home
Receive \A4
\

Out+ ™ RN’
Receive
Amplifiers

Receive ¢ + R’

Out- - AAA

A\ A A4

AAA AAA

\AA S AAA4

R RN’

1501-25

Typical Line Interface Connections
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EL1501C

Applications Information — Contd.
The drive amplifiers are wired one in positive
gain and the other in negative gain configura-
tions to generate a differential output for a sin-
gle-ended input. The drivers will exhibit very
similar frequency responses for gains of three or
greater and thus generate very small common-
mode outputs over frequency, but for low gains
the two drivers Rp’s need to be adjusted to give
similar frequency responses. The positive-gain
driver will generally exhibit more bandwidth and
peaking than the negative-gain driver. The Typi-
cal Performance Curves section of this data sheet
has a plot of driver responses matched at gains of
+1 and —1 using feedback resistors of 9102 and
7501}, respectively.

The receiver amplifiers are wired as a hybrid cou-
pler in the circuit. They reject the drivers’ output
signal (to the matching accuracy of the line im-
pedance and resistors) while passing the signal
coming from the line. Their outputs are still dif-
ferential signals and can be converted to single-
ended form by using a wideband instrumentation

amplifier such as the EL4430. In a simplistic
analysis we set Royr = ZpINE/2 and R’ =
2*Ryn’. Signals coming in from the line convert
to currents through the Ryyn’s and pass through
the receive amplifiers. Driver outputs pass
through the R’ resistors and produce signal cur-
rents, but they are cancelled by opposite-polarity
currents through the Ryn’ resistors.

The actual value of Royr is increased from
ZpinE/2 to make its value in parallel Ryy' equal
ZpINE/2 and better match the line. For proper
hybrid balance, R’ is increased to compensate for
Royr’s adjustment. For Zpyng = 130Q and
RN’ = 510Q, we set Royr = 74.5Q and R’ =
1.17 kQ.

For operating frequencies below 1 MHz, or in
cases where the hybrid rejection of the drive sig-
nal is not very critical, the receive amplifiers can
be wired to provide a single-ended hybrid coupler
output:

+ Rout Line+
AAA —
yYyy
Drive
Amplifiers ZiiNE
- Rout Line-
V- e AAA & - —
N YVVY N
+
S (T
2R L >
> < SR SR,
W < Ry ST SN
R '
F Re ]
AAA
Yy

Receive <
Out

—

Receive
Amplifiers

1501-27

Receive Amplifiers Providing Hybrid and Differential Conversion
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Applications Information — Contd.
Common-mode rejection is as good as resistor
and line impedance match, as before, but there is
a 4 ns time mismatch due to cascading the re-
ceive amplifiers. Thus, rejection of common-
mode interference will degrade above 1 MHz.

If the receiver amplifiers are not used, their —in-
puts and outputs may simply be left open. This
will reduce power consumption by 2 mA per am-
plifier.

If a differential signal is available to the drive
amplifiers, they may be wired so:

1501-26
Drivers Wired for Differential Input

Each amplifier has identical positive gain con-
nections, and optimum common-mode rejection
occurs. Further, DC input errors are duplicated
and create common-mode rather than differential
line errors.

Input Connections

The receiver amplifiers are not sensitive to source
impedances, since they are wired for inverting
gain. The drivers are somewhat sensitive to
source impedance, however. In particular, they
do not like being driven by inductive sources.
More than 100 nH of source impedance can cause
ringing or even oscillations. This inductance is
equivalent to about 4” of unshielded wiring, or
6” of unterminated transmission line. Normal
high-frequency construction obviates any such
problem.

Resistive sources greater than 2 k() will cause the
driver to exhibit increased harmonic distortion.
Most amplifier output stages are much lower in
impedance and give no problem.

Power Supplies

The EL1501C works well over the £5V to £15V
supply range. Frequency response varies only
slightly, and output drive capability is constant.
The major supply voltage issue is power dissipa-
tion. The internal dissipation Pp for an EL1501C
running on supply voltages of +Vg and deliver-
ing a DC output voltage Vg into a load of Ry, is

Pp=2 X Vg X Ig + 2 (Vg — Vo) X Vo/Ry,

where the X indicates that all four amplifiers can
produce dissipation by each driving a load. If
outputs are sinusoidal signals of Vg volts per am-
plifier peak-to-peak rather than DC the dissipa-
tion is

Pp =2 X Vg X Ig +

VZS><V337VS><V%+3><VZ,

E 37 128
RL
Formula 1

As a worst-case example, assume the drivers are
running on *15.75V supplies, each delivering
19.4 V,, outputs into 119Q (the parallel of resis-
tors the driver in the first schematic would see),
and quiescent supply current Ig is the maximum
43 mA, and is substantially constant over tem-
perature. The quiescent dissipation (the first
term of the equation) is 1.42W, and each driver
adds 0.44W, for a total of 2.24W dissipation. The
19.4 V,_, output level was chosen to produce the
maximum internal dissipation: that is, Vo =
1.234 X Vg is the most dissipative output level.

The power supplies should be well bypassed close
to the EL1501C. 3.3 puF tantalum capacitors work
well. Since the load currents are differential, they
need not travel through the board copper and set
up ground loops that can return to amplifier in-
puts. Due to the class AB output stage design,
these currents have heavy harmonic content. If
the ground terminal of the positive and negative
bypass capacitors are connected to each other di-
rectly and then returned to circuit ground, no
ground loops will occur. This scheme is employed
in the layout of the EL1501C demonstration
board, and documentation can be obtained from
the factory.

4-11
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Heat-Sinking

To disperse this heat, the center four leads on
either side of the package are internally fused to
the mounting platform of the die. Heat flows
through the leads into the circuit board copper,
then spreading and convecting to air. Thus, the
ground plane on the component side of the board
becomes the heatsink for the EL1501C. This has
proven to be a very effective technique, but sev-
eral aspects of board layout should be noted.
First, the heat should not be shunted to internal
copper layers of the board nor backside foil, since
the feedthroughs and fiberglass of the board are
not very thermally conductive. To obtain the
best thermal resistance of the mounted part, 1,
the topside copper ground plane should have as
much area as possible and be as thick as practi-
cal. If possible, the solder mask can be cut away
from the EL1501C to improve thermal resistance.
Finally, metal heatsinks can be placed against
the board close to the part to draw heat toward
the chassis.

The package will exhibit a 8y of 80°C/W with
no assistance from circuit board heatsinks. This
will suffice for the lowest supply voltages and
output levels. The best 8y that can be obtained
is about 30°C/W, and a practical layout would

produce 43°C/W. More detail is available from
the Elantec application note Measuring the
Thermal Resistance of Power Surface-Mount
Packages. This plot summarizes the note’s re-
sults:

Thermal Resistance of EL1501C
vs Copper Area

55 T T T T T
Note: 2-ounce copper used
F Top Foil onl |_
\ op Foil only;

E S0 \ with solder mask
< \/ |
= \ Top Foil only;
< 45 X solder mask |
@
2 S 1\
2 40 t
2 LTop Foil with 0.45 in?
2 Bottom Foil with many
g 35 feedthraughs
=

30

0 1 2 3 4 5 6 7 8 910

Area of Circuit-Board Heatsink (in?)

150128
For a given 0y, the maximum Pp is

Pp = (Tmax — Ta)0m,

where Tyax = 150°C, the maximum die temper-

ature in a plastic package, and T is the ambient
air temperature.
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Output Loading

While the drive amplifiers can output in excess of
250 mA, the internal metallization is not de-
signed to carry more than 75 mA of steady DC
current and there is no current-limit mechanism.
This allows safely driving peak sinusoidal cur-
rents of m X 75 mA, or 236 mA. This current is
more than that required to drive line impedances
to large output levels, but output short circuits
cannot be tolerated. The series output resistor
will usually limit currents to safe values in the
event of line shorts. Driving lines with no series
resistor is a serious hazard.

The amplifiers are sensitive to capacitive loading.
More than 25 pF will cause peaking of the fre-
quency response. The same is true of badly termi-
nated lines connected without a series matching
resistor.

Feedback Resistor Value

The bandwidth and peaking of the amplifiers
varies with supply voltage somewhat and with
gain settings. The receive amplifiers are connect-
ed in inverting mode and will produce a narrow

range of characteristics, but the drives can be
used for a wide range of gains. The feedback re-
sistor values can be adjusted to produce an opti-
mal frequency response. Here is a series of resis-
tor values that produce an optimal driver fre-
quency response (1 dB peaking) for different sup-
ply voltages and gains:

Optimum Driver Feedback Resistor for Various
Gains and Supply Voltages

Supply Driver Voltage Gain
Voltage | +1 2.5 5 10
+5V 7500 | 9100 75000 | 68000 | 6200
19V 68002 | 8200 68002 | 62000 | 5100
+15V 6200 75092 6200 5100 | 4700
Driving Video Loads

Each driver amplifier can drive four doubly-ter-
minated video loads while operating on *5V
supplies. Larger supply voltages slightly improve
differential gain and phase distortions, which are
around 0.2% and 0.1° for single-ended outputs
with the standard NTSC test. Differential-output
distortion drops to 0.09% and 0.08°.
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Features

¢ Comparatively low cost

® 3.State output

® 3V and 5V Input compatible

® Clocking speeds up to 10 MHz

® 20 ns Switching/delay time

¢ 4A Peak drive

¢ Isolated drains

* Low output impedance—2.5(}

® Low quiescent current—5 mA

* Wide operating voltage—
4.5V-16V

¢ Isolated P-channel device

® Separate ground and Vi, pins

Applications

® Loaded circuit board testers
® Digital testers

® Level shifting below GND

¢ IGBT drivers

® CCD drivers

Ordering Information

Part No. Temp. Range Pkg.

Qutline #

EL7154CN —40°C to +85°C 8-Pin P-DIP MDP0031

EL7154CS —40°C to +85°C8-Pin SOIC MDP0027

Nominal Operating

Voltage Range
Pin Min Max
VL -3 0
Vpp-VL 5 15
V-V 2 15
Vpp-VH -0.5 15
Vpbp 5 15

General Description

The EL7154C 3-state pin driver is particularly well suited for
ATE and level shifting applications. The 4A peak drive capabil-
ity, makes the EL7154C an excellent choice when driving high
speed capacitive lines.

The p-channel MOSFET is completely isolated from the power
supply, providing a high degree of flexibility. Pin (7) can be
grounded, and the output can be taken from pin (8) when a
“source follower” output is desired. Then n-channel MOSFET
has an isolated drain, but shares a common bus with pre-drivers
and level shifter circuits. This is necessary to ensure that the
n-channel device can turn off effectively when Vi, goes below
GND. In some power-FET and IGBT applications, negative
drive is desirable to insure effective turn-off. The EL7154 can be
used in these applications by returning Vy, to a moderate nega-
tive potential.

Connection Diagram

I U/ 1
Voo Vy
! I 2]
Pout
LEVEL v
SHIFT L
AND
LOGIC Voo a
Nout

Vi
]
7154-1
Top View
Truth Table
3-State Input Pour Nour

0 [ Open Open
0 1 Open Open
1 0 HIGH Open
1 1 Open LOW

Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047, #5,352,578,
#5,352,389, #5,351,012, #5,374,898
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EL7154C

Absolute Maximum Ratings

Supply (Vpp to Vi; Vg-Vi, Vy to GND),

V+ toVy
Vi, to GND
Input Pins

Peak Output Current

Storage Temperature Range

16.5V
—5V Power Dissipation
—0.3V below Vi, to SOIC
+ 0.3V above Vpp PDIP

4A
—65°C to +150°C

Ambient Operating Temperature

Operating Junction Temperature

DC Electrical Characteristics

T = 25°C, Vpp = +12V, Vi = +12V, VL, = —3V, unless otherwise specified
Parameter Description Co:diizons Min Typ Max

Input
VIiH Logic “1” Input Voltage 2.4
Ity Logic “1” Input Current Vig = Vpp 0.1 10
ViL Logic “0” Input Voltage 0.6
Ipp, Logic “0” Input Current Vi = 0V 0.1 10
Vavs Input Hysteresis 0.3

Output
Ron Pull-Up Resistance Ioyr = —100mA 1.5 4
RoL Pull-Down Resistance Ioyr = +100mA 2 4
Iout Output Leakage Current Vpp/GND 0.2 10
Ipk Peak Output Current Source 4.0

Sink 4.0

Inc Continuous Output Current Source/Sink 200

Power Supply
Ig Power Supply Current Inputs = Vpp 1 2.5
Vs Operating Voltage 4.5 16
Ig Current to GND (Pin 4) 1 10
Iy Off Leakage at Vg Pin 8 = 0V 1 10

—40°C to +85°C
125°C

570 mW
1050 mW




AC Electrical Characteristics Ta = 25°C unless otherwise specified

Test
Parameter Description . Min T Max
P Conditions ¥p
Switching Characteristics (Vpp = Vg = 12V; V[, = —3V)
trR Rise Time Cp = 100 pF 4 25
CL, = 2000 pF 20
tp Fall Time Cp, = 100 pF 4 25
Cp = 2000 pF 20
tp.1 Turn-Off Delay Time Cp = 2000 pF 20 25
tp.2 Turn-On Delay Time Cy, = 2000 pF 10 25
tp.1 3-State Delay 25
tp.2 3-State Delay 25
Timing Table
v 1
input 2.5V -
0
90%
Inverted
Output
10%

7154-2

- T

3-STA
py
3-STATE 4’@ LZJ

LEVEL
SHIFT
AND
SIGNAL IN 3 LOGIC
INPUT
4
— GND

7154-3
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EL7154C

Typical Performance Curves

Switch Threshold vs
Supply Voltage

Max Power/Derating Curves 2.0 T
[ \ ‘ High Limit = 2.4V
1w 1.8
1.05W \ I [
: 8,5 = 95°C/W P
800 mw |- 8-Lead /£ 16 i
PDIP \ 7 g /Hysteresm
t \f % 1.4 7
600 mW 570 mW 2 /
=N N[ Max T, = 125°C < 12
+ 2
| B—Lead\\ \ £
400mW
SO A \ 1.0
i 7 L Low Limit = 0.8V
200mW |g = a i
MW [0y, = 175°C/W N T [
[ A
5 10 15

0 25 50 75 100 125 150

10.00

2.000
/div

N (mA)

-10.00
-5

Supply Current (mA)
N W O N R

Supply Voltage

°c
7154-9 7154-10
Input Current vs Voltage Peak Drive vs Supply Voltage
V - Supply
15 10 5 0
0
-
-
7
4.0A
—— N-CHANNEL
|1-Sink / /
-2.0A / ,/
4 /
Va / 2.0
s 7 4 P-CHANNEL —  |-Source
/S
-4.0A 7
.0 0 V+ 20.0 pa
P
Vin 2.500/div (V) =
0 5 10 15
7154-11
V - Supply
7154-12
Quiescent Supply Current “ON” Resistance vs Supply Voltage
Case: ) ' / A Measured at
—"a - Al Inputs = 0 / 4 100 mA
B~ 1lInput =0 y — \
[~ C - All Inputs = Vpp / (] \
2 3
/ B < \ Pull Down
/ : <
/ &
4 z Pull Up
/) // S
// — C ]
= — 0
5 10 15 5 10 15
Supply Voltage Supply Voltage
7154-13 7154-14
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Typical Performance Curves — Contd.

Average Supply Current vs
Voltage and Frequency

200
,r
= L Ny A "
o Cm 7/
z Vpp =+ 10V =5 7z
o
£ 7
3 — T
2 2 ot /T Yoo = 25Y
Q T T 1
3 i
— C_ = 2000 pF
-
[T T
10kHz  100kHz 1 MHz 10MHz
Frequency
7154-15
Typical Applications
Pin Driver
Vpp O—¢ O
Rs iE l SENSE
u —0
FH
3-STATE >——|:
INPUT >
]

P

j—l D.U.T.

7154-4

Rise/Fall Time vs Load

100
[T
= 10v
80
”
<
g 60
£
3
S 40 t
S N/
3
& .
a
Vs i
20 i N4g
" |
200 2,000

Load Capacitance (pF)

20,000

7154-16

Adjustable Amplitude Pulse Generator

+15V
Vop O—¢ $ *
_%0.1 uF
1K
\
‘i| 0.1 uf
INPUT >——]]

ik

1

g]——b QUTPUT
[

7154-5
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EL7154C

Typical Applications — Contd.

IGBT Driver (with Negative Swing) PMOS Follower
v +12V Vop O—g-
Cr
i L 0.1 pF 3 L0AD/PULL-UP
~ Vour
\/ _{E:}—'_’ (NO INVERTING)
_C INPUT >—_{: 1—¢
INPUT >——T] 1 -|E 1
— ]
j 0.1 uF
1T v
~ 7154-7
Q-2v
7154-6
Resonant Gate Driver
-
pp O—¢ ¢ '
—L 0.1 uf :
v !
]
\/ !
IN914 !
-I E 10 1M Power
INPUT >_—E MOSFET
I—E -lE}—]
© e 7154-8
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EL7241C

I Drivers

Features

* 20 ns Propagation delay

e Clock to 10 MHz

¢ 2 Amp peak output drive

¢ 3Q) output impedance

¢ 3V/5V Logic input compatible
¢ Outputs “OK” below ground

e Operating voltage 4.5V to 16V

Applications
¢ Tape drive-write head driver
e Current switching

¢ Center-Tapped transformer
driver

e ATE-pin drivers
¢ Analog switching
e AC switching

e T - switch

Ordering Information

Part No. Temp. Range Package Outline #
EL7240CN  —40°Cto +85°C_ 8-Pin P-DIP__ MDP0031
EL7240CS _ ~40°C to +85°C__ 8-Pin P-SOIC__MDP0027
EL7241CN__ —40°Cto +85°C__ 8-Pin P-DIP__MDP0031
EL7241CS _ —40°Cto +85°C__8-Pin P-SOIC_ MDP0027

Operating Voltage
Range
Pins Min/Max (Volts)
Vpp/GND 4.5/16
Vpp/Output 0/—20
Source/Output 0/—16
Output/GND 16/—10

General Description

The EL7240C/EL7241C high speed coil drivers accept logic in-
puts which independently control a pair of 3} PMOS FET’s.
The output transistors share a common source, making these
devices well suited for “current steering” and analog switching
applications. The typical clam ng diodes to ground are re-
moved, thus allowing ping (6) and (7) to swing negative. This
feature is desirable when driving “center-tapped” coils refer-
enced to ground. ogic “NAND” input configuration can be
used to tputs The EL7240C and EL7241C differ

only by the

E COMMON SOURCE

ZI (A) OUTPUT

3 (B) OUTPUT

(B) INPUT | 4

7240-1

EL7241C
rplﬁgz COMMON SOURCE
_l 3 (A) OUTPUT

E‘-;—EI (B) OUTPUT

7240-2
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EL7240C/EL7241C

Absolute Maximum Ratings

Operating Junction Temperature

Power Dissipation
SOIC
PDIP

Supply (V+ to GND) 16.5V
Input Pins —0.3V to + 0.3V above V+
Combined Peak Output Current 4A
Storage Temperature Range —65°C to +150°C
Ambient Operating

Temperature —~40°C to +85°C

DC Electrical Characteristics Ta = 25°C, V = 15V unless otherwise specified

Parameter Description Te:s.t Min Typ Max
Conditions

Input
Vig Logic “1” Input Voltage 2.4
Iig Logic “1” Input Current @v+ 0.1 10
ViL Logic “0” Input Voltage 0.8
I Logic “0” Input Current @oVv 0.1 10
Vuavs Input Hysteresis 0.3

Output
Ron Pull-Up Resistance IoyT = —100 mA 3 6
1oFF Off Leakage Vout = 0V 0.2 10
Ipk Peak Output Current Source 2.0
Ipc Continuous Output Current Channel 100
Vg Source Potential with Channel A or B 2.3 275

Grounded Drain 100 mA Load

Power Supply
Ig Power Supply Current Inputs High 1 2.5
Vg Operating Voltage 4.5 16

125°C

670 mW
1050 mW

Units




7240C/EL7241C

High Speed Coil Drivers

AC Electrical Characteristics Ta = 25°C, V = 15V unless otherwise specified

=
=
N
[\
>
(==}
(@]
~
=
-
-
[\
g
[
a

e Test . .
Parameter Description Con. ;i tions Min Typ Max Units
Switching Characteristics
tp.ON Turn-On Delay Time 18
tD.OFF Turn-Off Delay Time 20
Rise and Fall times (tg and tg) are load dependant.
Typical Performance Curves
Supply Current vs Vpp and Input Source Voltage vs Current
Connection (Grounded Drain) Output Conduction vs Vgs
5.000 —T— T
|® All inputs @ + @/_ 100.0 | ‘ I | -100.0—
_ Pin3, and 2 or 4 @+ 7 | s \ I [ 47
os000|©Pin3 @+ 1] o/ | 10.00] Pin8 /] 1/ 10.00 / )4
~ Jdiv[@Pin2 or 4 @[ [/ /div 4f I / _/w &Ff® AO
T [@alinpus @ Vg [ Y 7 = == / < / /
- 7 1€ E TR | /= (1) E v/
£ / » I+ outpuTs QUTPUTH v y
: Vo AVis - ) = /&
o P Q / L Y/ [ ®ves=-15]_|
P AP | // B®Vos=-10| |
Z © '/ / ©vgs=-5
> ~ 7 1
o T 0 0 [ [
5.000 1.000/div 15.00 0 0.2500/div 2.500 0 50.00/div -500.0
Vpp (V) Vein-8) (V) Vgs (mV)
7240-3 7240-4 7240-5
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EL7240C/EL7241C

Typical Performance Curves — Contd.

Max Power/Derating Curves

w A ]

1.05WN\ |
;

800mw |- 8-Lead

600 mW

8y, =95°C/W
POIP. N
T L
570 mw \
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L7240C/EL7241C

" High Speed Coil Drivers

Typical Applications

Write Head Driver
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EL7240C/ EL7 241C

' EL7240C/EL7241C

~ High Speed Coil Drivers

Typical Applications — Contd.

Bi-Level Step Generator
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>
S1o0a 1000

=5V >

7240-15

5-14




7240C/EL7241C

High Speed Coil Drivers

Typical Applications — Contd.

Push-Pull Transformer Driver
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High Speed Bipolar Drive Circuit
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Typical Applications — Contd.

“Two-Bit” Current Source with Gating

EL7240C/ EL7241C

- ~
Vpp = +12V _D>=— 1

ENABLE >—— Voo E

E COMMON SOURCE

20 >——1——(a) INPUT | 2 z] (A) OUTPUT — e

E (B) OUTPUT =

2! S>———— (8) INPUT E

EL7240C
7240-18
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Features

® 100V High Side Voltage

® Programmable Delay

® Direct Coupled

® No Start Up Ambiguity

® Rail to Rail Output

* 1 MHz Operation

® 1.0 Amp Peak Current

® Improved Response Times
e Matched Rise and Fall Times
* Low Supply Current

® Low Output Impedance

* Low Input Capacitance

Applications

® Uninterruptible Power Supplies
* Distributed Power Systems

® IGBT Drive

¢ DC-DC Converters

® Motor Control

* Power MOSFET Drive

® Switch Mode Power Supplies

Ordering Information

Part No. Temp.Range Package Outline #

EL7661CN —40°C to +85°C 18-Pin P-DIP MDP0031

Timing Diagram

General Description

The EL7661 provides a low cost solution to many full bridge
applications. The EL7661 is DC coupled so that there are no
start up problems associated with AC coupled schemes. A single
resistor from the Dggt pins to Vgg provides “dead time” pro-
grammability. Shorting the DggpT pins to Vpp gives the mini-
mum delay (~ 100 ns).

Connection Diagram
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EL7661C

Supply (V14 and Vuig to Vss)
Supply (Vpp to GND)

Operating Junction Temperature
Combined Peak Output Current

DC Electrical Characteristics

Input Pins —0.3V below Vgs,
+0.3V above Vpp

Absolute Maximum Ratings (T, = 25°C)

Storage Temperature Range

—65°C to +150°C

Ambient Operating Temperature —40°C to +85°C

Power Dissipation

(Ta = 25C, Vpp = 15V, Vgg = 0V, CLoap = 1000 pF, unless otherwise specified)

PDIP 1600 mW

Units

Parameter Description Test Conditions Min Typ Max
Input/Qutput
ViL Logic “1” Input Voltage 3.0 2.4
Iy Logic “1” Input Current 0.1
A% Logic “0” Input Voltage 1.8
VHYS Input Hysteresis 0.5
I Logic “0” Input Current 0.1
Rou Pull-Up Resistance Ioyr = —100 mA 5.0
RoL Pull-Down Resistance Ioyt = +100mA 5.0
Ipx Peak Output Current 1.0
Ipc Continuous Output 50.0
Current Source/Sink
Power Supply
Ipp Supply Current into Vpp Rget = 5.1k
Inputs = 15V
IH1A Supply Current into Vyia
Iys Supply Current into Vyig
Vpbp Operating Voltage 4.5
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EL7661C

- . 100V Full BrzdgeDrwer
1

AC Electrical Characteristics
(Ta = 25C, Vpp = 15V, Vgg = 0V, CLoap = 1000 pF, unless otherwise specified)

=
=
a3
(=2
S
bt
@)

Parameter Description Test Conditions Min Typ Max Level Units
Switching Characteristics
tr Rise Time Cy = 500 pF 15.0 W : s
Cr, = 1000 pF 20.0 40.0 .
t Fall Ti = 500 pF 15.0 :
F alt hime C P Y ns
CL = 1000 pF 20.0 40.0
tD ON HI High Side Turn On DseT = VDD 50.0 100.0 150.0 IV ns
Delay Time RseT = 5.1k 75.0 125.0 200.0 S
RggT = 200k 750.0 1150.0 1500.0 1
tD ON LO Low Side Turn On Dset = VDD 50.0 100.0 1500 | W | s
Delay Time RggTLO = 5.1k 75.0 125.0 200.0 i o
RgeTLO = 200k 750.0 1150.0 1500.0 1
t High Side Turn Off =V S
D OFF HI igh Side Turn O Dser = VDD 100.0 150.0 IV 1 ns
Delay Time : ,
tDOFF LO Low Side Turn Off Dser = Vpp 100.0 150.0 v ns
Delay Time : G
A = 200 :
tD MISMATCH Amrto ALo DseT k +/100 |1 %
Delay Mismatch
t to B = 200k -
D MISMATCH Barto Bro DsgT +7100 |1 %
Delay Mismatch
B = 200k ‘ ‘
tD MISMATCH Aprto HI DseT +/-10.0 q %
Delay Mismatch
= 200k ‘ ~
tD MISMATCH Apoto fo.o DseT +/-10.0 1 %
Delay Mismatch .




EL7661C

EL7661 Pin Description

Pin # Name Description

1 Ram Internal circuit connection. This pin swings from Vgg to Vpp. This pin is out of phase with IN 4.
Normally this pin should be unconnected to any external circuitry.

2 DserLO Connection for the delay setting resistor. This pin must be connected externally to the Dgg g1 pin. This
pin is connected internally to a PMOS diode referenced to Vpp.

3 INg Digital input for the “B” drivers. Its polarity is non-inverting with respect to the “B” outputs.

4 Bio “B” lo-side output. Swings from Vgg to Vpp.

5 Vpp Positive supply for the lo-side circuitry.

6 Ao *“A” lo-side output. Swings from Vgg to Vpp.

7 IN4 Digital input for the “A” drivers. Its polarity is non-inverting with respect to the “A” outputs.

8 DggTHI Connection for the delay setting resistor. This pin must be connected externally to the DggTr0 pin. This
pin is connected internally to a PMOS diode referenced to Vpp.

9 Rpp Internal circuit connection. This pin swings from Vgg to Vpp. It is in phase with INg. Normally this pin
should be unconnected to any external circuitry.

10 LXp Negative supply for the “B” hi-side driver.

11 Byi “B” hi-side output. Swings from LXg to VHIB.

12 VHuIB Positive supply for the “B” hi-side driver.

13 Rem Internal circuit connection. This pin swings from Vgg to Vpp. It is out of phase with INg. Normally this
pin should be unconnected to any external circuitry.

14 Vgs Negative supply for lo-side circuitry.

15 Rap Internal circuit connection. This pin swings from Vgg to Vpp. It is in phase with IN 4. Normally this pin
should be unconnected to any external circuitry.

16 LXa Negative supply for the “A” hi-side driver.

17 Apyy “A” hi-side output. Swings from LX4 to Vya.

18 VHia Positive supply for the “A” hi-side driver.

5-20




~ EL7661C

100V Full Bridge Driver |

Typical Performance Curves

Quiescent Supply Current
vs Supply Current
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EL7661C

Power Dissipation {W)

Power Dissipation vs

Temperature

Input Threshold vs

Typical Performance Curves — Contd.
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“EL7661C

100V Full Bridge Driver

Theory of Operation

The EL7661 consists of, among other things, 4
CMOS super inverter output stages. The super
inverter configuration minimizes the possibility
of simultaneous conduction of the two output
complementary MOS devices. Each output stage
can source or sink up to 1 amp of peak current.
The state of the two output stages denoted
“Aro” and “Ay” is determined by the input
“IN5”. In a like manner the state of the two out-
put stages denoted “Bro” and “Byy” is deter-
mined by the input “INg”. The lo-side output
stages, “Aro” and “Bp o” have Vgg as their nega-
tive supply and Vpp as their positive supply.
The negative supply of the “Ayy” output stage is
LX4. The positive supply of the “Ayr” output
stage is Vgra. Similarly, the positive and nega-
tive supplies of the “Byy” output stage are de-
noted Vyrg and LXg. The hi-side supplies, LX4,
LXg, VHia, and Vg can float with respect to
Vgs. In fact the hi-side supplies can easily be
100V higher than Vgs. However, the differential
voltage between Vyra and LXp, and between
Vi and LXg, should never exceed 15V.

The input signals, IN and INg, are level shifted
from their quasi TTL levels to Vgg to Vpp volt-
ages. After the level shift stage the rising edge of
the signal is delayed some amount determined by
the value of the resistor at the Dggt pin. (The
falling edge of the signal has no extra delay add-
ed to it at this stage.) The delayed signal then
drives its respective output drivers. The signals
which drive the hi-side drivers are level shifted
up to the appropriate levels while the signals
which drive the lo-side drivers have an additional
delay added to mimic the delay inherent in the
hi-side level shift circuitry.

The circuitry which produces the resistor con-
trolled delay of the rising edge of the output re-
duces down to a simple RC time constant. The R
is provided by the user and the C is built into the
delay circuitry. Ideally the delay would have no
dependency on supply voltage or temperature
since the R and C are well controlled, however,
due to nonidealities of the exact implementation,
the delay times are a weak function of supply
voltage and temperature.
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Macromodel
****EL7661 model****

*** top level circuit starts here ***
a-input
* | input
a lo-side output
b lo-side output
a hi-side output
b hi-side output
a hi-side neg supply
| b hi-side neg supply
l lo-side neg supply
| | a hi-side pos supply
I I l b hi-side pos supply
| | | | lo-side pos supply
l
1

\
| |
i I |
| | \ !
: I l \ l l
J \ | | l
| l l | l
\ \ | | I
\ \ | | l
l | l J |
| ! | | |

[ | I !

xb vss vhia vhib vdd

b-
}
|
|
|
l
I
|
\
|

|
}
\
|
|
!

.subckt M7661 ina inb alo blo ahi bhi 1

****top level subcircuit calls****

xdela ina outa vss delay

xdelb inb outb vss delay

xalo alo outa vdd vss vss outstg

xblo blo outb vdd vss vss outstg

xahi ahi outa vhia Ixa vss outstg

xbhi bhi outb vhib Ixb vss outstg

.ends M7661

****put in value of rset resistor here****

.param rset = 50e3

****comparator subcircuit****

.subckt comp1l0 out inp inm vss

el out vss table {(v(inp)—v(inm))*5000} (0,0,15,15)

rout out vss 10meg

rinp inp vss 10meg

rinm inm vss 10meg

.ends comp10
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L7661

100V Full Bridge Driv

O199LTH

Macromodel — Contd.

****input, delay, and level shift subcircuit****
.subckt delay vin compout vss

vinref vinref vss 1.8

x1 n1 vin vinref vss comp10

rslow nl n5 {rset}

rnom n5 n2 25k

cdelay n2 vss 7.5p

ddelay n4 nl modd

rfast n4 n2 110k

rdivl vddint n3 1k

rdiv2 n3 vss 1k

x2 compout n3 n2 vss compl0

vddint vddint vss 15

.model modd d is = le-7

.ends delay

***#*5 ohm output stage subcircuit****

.subckt outstg out gate vhi Ix vss

sp vhi out gate vss spmod

sn out 1x gate vss snmod

.model spmod vswitch ron =5 roff = 2meg von = 2.5 voff =4.5
.model snmod vswitch ron = 5 roff = 2meg von=7.5 voff=5.5
.ends outstg
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Macromodel — Contd.

EL7661 Macromodel Schematic

— VHiB VHiA
— By — Aq
v/ /
1 LX), 1 L— X,
i — Voo
) — /
— By —Bo

ReasT 1k
\ 110k
+ +
INy N1
1k
Rser Rnom /
- 25k -
L / L V L
1.8V == T 15y =
- Reast 1k b3
4 110k 3
. N3
INg N \
NS 1k ‘
Rser Rnom | N2 /
- 25k
CoeLay == l/ =
T Gl T

1
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A Low-Noise Variable Gain Control
by Barry Harvey

The EL2082 current-mode variable gain control
IC can be connected in a way to minimize circuit
noise. In the usual forward configuration, the cir-
cuit has an 80 nV/yHz input noise which is con-
stant with respect to gain adjustment. The circuit
to be shown has an effective input noise which
reduces as adjusted gain is increased. The circuit
is useful in AGC or leveling functions where a
relatively constant output amplitude is required
for a range of inputs.

Figure 1 shows the schematic of the configura-
tion. The EL2082 provides an output current
equal to VgaIn/1V times the input current. The
output impedance of the EL2082 is in the me-
gohm range and the input impedance is about
90, and the part behaves as a current conveyor
with adjustable gain. In essence, the EL2082
causes Rpy to behave as a variable feedback re-
sistor, and in parallel with Rgp controls the gain
of the circuit.

With Vgain = 0, the circuit gain is —Ryp/RIN,
and the noise of the EL2082 is gained to zero. In
this mode, the circuit gain is maximum and input
noise is determined by the op-amp alone. With
VgaiN = 1V, the circuit gain is —(Rpp/Rpvy)/
RjyNn, and EL2082 noise mixes with op-amp noise.

For the maximum value of Vgain = 2V, the
EL2082 dominates the feedback signal and gain
is minimum while output noise is increased.

The op-amp must be a current-feedback type for
the circuit to work. The CMF amplifier’s low-in-
put impedance prevents capacitance at the —in-
put from causing a feedback pole and drastically
limiting potential bandwidth. On the other hand,
since the time delay of the EL2082 is inside the
Rpvy feedback loop, Rpy is a rather high value
and must be adjusted to prevent excessive peak-
ing or oscillation when VgaiNn = 2V. RpF is set
to control the maximum gain when Vgainy = 0.
For the values shown, the output can swing +2V
for 0.25% distortion, and the maximum swing is
t4V.

The input noise is successfully reduced by the cir-
cuit when small inputs require higher gain, as
shown in Figure 2. The constancy of bandwidth
and peaking and gain range are the tradeoffs.
Here is a table of measured values:

VGAIN Ay BW, -3dB Peaking Input Noise
0 9.03 11 MHz None 8.7nV/VHz
0.5V 5.41 26 MHz None 19nV/VHz
1.0V 3.91 58 MHz None 33nV/VHz
15V 3.11 75 MHz 2.2dB 42nV/yHz
2.0V 2.62 80 MHz 5.5dB 57 nV/VHz
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Application Note #1
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iderations of the SO-§

Thermal Considerations of the SO-8

by Barry Siegel

The world owes Phillips and Signetics a great
debt in introducing the SO package. It offers a
very small footprint, low cost, reliable, surface
mounting package demanded by today’s high
density systems. However, since the thermal im-
pedance of any package is, to the first order, in-
versely proportional to its area, the SO-8 imposes
severe restrictions on the allowable power dissi-
pation of the package. As pointed out in Refer-
ence (1), power dissipation raises the die junction
temperature, and system reliability may be de-
graded. This brief sets forth a practical design
method to ascertain what, if any, restrictions
have to be placed on operating a linear IC in the
SO package.

Analysis

Probably the best place to begin is to establish at
what junction temperature a given device will be
allowed to operate. Most manufacturers rate
their junctions at a maximum of 150°C in plastic
packages, but for reasons of reliability, a lower
number may be mandated. The datasheet usually
stipulates 04, the thermal impedance from junc-
tion to ambient, and the difference between the
maximum junction temperature we will allow
and the maximum ambient temperature stipu-
lates the thermal budget that we have or the
junction temperature rise:

T -T
Pt = j(max) A(max)

®

where:

Pt = Total Power Dissipated by the Device
Tj(max) = Maximum Junction Temperature
Ta(max) = Maximum Ambient Temperature

Power dissipation is comprised of two parts—Pq,
the power dissipated by the device due simply to
its supply current, and Pl, the power dissipated
by the chip as a consequence of driving a load. In
general, Pq is independent of Pl and vice versa,
so an analysis can be made of each case and the
results simply added together to obtain Pt.

The analysis should start with Pq since it is
straightforward, and if Tj(max) is exceeded un-
der quiescent conditions, an alternate strategy is
dictated. A word of caution, however, is in order.
There are devices such as the EL2001 Unity Gain
Buffer that draw a supply current of 1 mA but
are capable of driving 100 mA loads. Clearly, in
this case, power dissipation will be dominated by
Pl. As a case in point, we might examine the
EL2120 100 MHz CFA. Its quiescent supply cur-
rent is specified as 20 mA. A typical video appli-
cation is to use * 10V power supplies with 1500
load driven to 8V peak-to-peak with an ambient
temperature of 50°C. Under these conditions, Pq
is equal to 400 mW, and using the datasheet val-
ue of 175°C/W for 07,4, we obtain an average val-
ue for Ty of 120°C. What this tells us is that in
order to keep the junction below 150°, the junc-
tion rise due to driving a load must be under
30°C.

G# 9ION uonebuddv
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Application Note #2

If we assume a steady state (sinusoidal) output
voltage of 4V, the power dissipated in the
EL2021’s output transistor, Pl, would be:

Pl = (V+ — Vout) dour) 2
Where:

I _ Vour

ouUT Ry

Ry = R || Rp

The recommended feedback resistor for the
EL2120 is typically 30012, and for an inverter, Rp
is indeed in parallel with Ry. For our particular
case, Pl is equal to 240 mW, and the additional
increase in junction temperature is 42°C exceed-
ing our earlier requirement of limiting the load
incurred junction rise to less than 30° and putting
the junction at an average of 162°C.

In the final analysis, either the supply voltages
have to be reduced or the load decreased to main-
tain the junction temperature below 150°. Our
best advice is to approach the problem carefully,
do the Pq “spot check” first, and verify the con-
ditions with the vendor’s applications depart-
ment.
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100 MHz Current Feedback

by John Lidgey and Chris Toumazou

Summary

The EL2090 is an extremely versatile video am-
plifier with an integral on-board DC loop amplifi-
er and sample-hold control circuitry. It is the
first complete DC-restored monolithic video am-
plifier subsystem. It uses a current-feedback vid-
eo amplifier with a nulling sample and hold am-
plifier specifically designed to stabilize video per-
formance. This application note includes a video
signal restorer with some fundamentals about
DC restoration. As an application circuit of the
EL2090, a x2 gain video amplifier is described
together with a full evaluation circuit and double
sided pc-board artwork. The EL2090 is a high-
speed part, and some useful tips on layout have
been included.

Although DC restoration is not a new concept,
the high slew-rate, fast settling-time and low
phase distortion at high frequencies provided by
Elantec’s family of monolithic current-feedback
amplifiers, make CFAs the most attractive video
amplifier choice for this application.

Video Signal Refresher

Figure 1 is a typical composite video signal
which has a standard distribution level of 1V
peak-to-peak  into 75}, and comprises

T
o
Q
o

SAMPLE HOLD

SYNCHRONIZATION

SIGNAL

PICTURE SIGNAL ‘w’

CHROMA SIGNAL

=

FRONT PORCH
BACK PORCH

0947-8

Figure 1. Video Signal

DC Restored 100 MHz Current Feedback Video Amplifier

several sections. The video signal is the part con-
taining the visible picture information, with a
maximum amplitude between black and white of
0.7V. At the end of the picture information is the
front-porch followed by a —0.3V of sync pulse,
which is regenerated to provide system synchro-
nization. The back porch is the part of the signal
that represents the black or blanking level. In
color NTSC systems the chroma or color burst
signal is added to the back porch, normally occu-
pying 9 cycles of 3.58 MHz subcarrier (4.43 MHz
for PAL systems).

Video signals are often AC coupled to avoid DC
bias interaction between different systems. The
blanking level of the composite video signal
needs to be restored to an externally set DC volt-
age, which locks the video signal to a predeter-
mined common reference level, ensuring consist-
ency in the picture displayed. This DC reference
voltage VR, sets and controls the picture bright-
ness. The fundamental objective of the DC re-
store system is to force the DC baseline from the
video amplifier to equal the externally set refer-
ence voltage Vg.

Figure 2 shows the schematic of a classical DC
control servo system.

VIDEO

VIDEC
OUTPUT

VIDEQ
QUTPUT

BLACK-LEVEL
REFERENCE

CoLo
$ CTRL AMPLIFIER

0947-1

Figure 2. Classical DC Control Servo
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Video Signal Refresher — Contd.

The sync pulse is used to drive the control switch
so that the DC servo loop is closed during the
back porch of the video signal. The low pass filter
removes the chroma burst. Operation of the DC
loop is best understood by considering the volt-
age, V¢, across the hold capacitor, Cgorp. Dur-
ing the back porch sample period, the switch is
closed and the hold capacitor charges up. It can
be shown from the loop dynamics that,

Ve = Vgp — Vep/[A1*A;] —VRr/A;

where Vgp is the average back porch voltage for
the sample period.

The net result is that Voyr = VR — Vp/Ay,
which shows that the output is clamped to Vg
with an offset term of —Vgp/Aj. This offset is
clearly small with a high gain DC loop amplifier,
A,. The EL2090 has a DC loop amplifier gain of
15 kV/V, reducing this offset to the order of a
few millivolts. During the hold period the switch
is open and the stored DC value of V¢ is now
subtracted from the incoming video signal, mak-
ing
V) =Viny — Vep + VR/A;
and so
Vour = A1 [Vin — Vepl + VR

which effectively sets the back porch to Vg and
the video signal is amplified by the forward am-
plifier with gain, A;.

Vin +

AA
v

o

>

Subcircuits

The EL2090 DC restored amplifier is a 14-pin
monolithic version of the circuit shown in Figure
2. The video amplifier, Ay, is a 100 MHz current
feedback amplifier or CFA. These devices offer
very high speed performance with excellent dif-
ferential gain and phase. In many respects the
CFA behaves as a conventional op-amp, but
there are several key differences that must be
considered by the user. In particular the two in-
put impedances of the amplifier are different.
The non-inverting input is high impedance and
the inverting low impedance. However, the spe-
cial feature of the CFA is that when in closed
loop, the feedback current is determined by resis-
tor, Ry, which controls the bandwidth of the am-
plifier independently of the gain setting resistor
Rg-

The current feedback amplifier is essentially a
transimpedance amplifier with an input voltage
buffer to create a high input impedance non-
inverting input. The transimpedance amplifier is
formed by mirroring the output current of the
input unity gain buffer into a high impedance
internal Z-node and buffering this Z-node voltage
through a low impedance output, as shown sche-
matically in Figure 3 below.

0947-9

Figure 3. The Current-Feedback Amplifier




nt Feedback Video Amplifier

Subcircuits — Contd.

The unity gain buffers are a complementary
class-AB common-collector stage, with DC cur-
rent biasing. The slew-rate of the CFA is excel-
lent due to the non-current-limiting input stage.
The CFA has only one internal high impedance
node (Z), so it is essentially a single pole domi-
nant amplifier. Since the inverting input termi-
nal is the output terminal of a voltage buffer, it is
a low impedance point and the feedback signal is
current. Intuitively one can see that in closed
loop the feedback current through Rp supplies
the current demanded by Rg and the input error
current into the inverting input terminal. It is
this feedback current component of R which is
used to charge the compensation capacitance at
the Z-node. Theoretically it can be shown that
the —3 dB bandwidth is approximately,

f — 3dB = 1/[27RpCyZ]

where Cz is the compensation capacitance of the
Z-node. However, as for conventional op-amps,
the closed loop gain, Ay, is simply

A; = [1 + Rp/Rgl,

and the —3 dB frequency can be controlled with
Rp while the closed loop gain can be set indepen-
dently with Rg.

Features of the EL.2090

Elantec pioneered the development of monolithic
CFAs. A first to the market with the CFA the
established reputation is confirmed with the
EL2090 which is the first monolithic DC restored
video amplifier. The device is built with Elantec’s
fast proprietary complementary bipolar technolo-
gy which yields NPN and PNP transistors with
equivalent AC and DC performance.

The on-chip current-feedback ampifier is opti-
mized for video performance, and since it is a cur-
rent-feedback amplifier it ensures that the —3 dB

bandwidth stays essentially constant for various
closed-loop gains. The amplifier performs well at
frequencies as high as 100 MHz when driving
75€). The sample and hold circuit is optimized for
fast sync pulse response; the switch operates in
only 40 ns. A particular feature of this sample
and hold output buffer is its low output imped-
ance which is fairly constant over frequency and
load current. This provides good isolation and
thus prevents the DC restore circuit from inter-
fering with video amplifier performance through
Raz.

Note that the burst output of Elantec’s EL4581
and EL4583 sync separator chips can drive the
Hold input of the 2090 directly.

Typical Application Circuit

Figure 4 shows a component level schematic dia-
gram of the gain x2 DC restored video amplifier.
The operation of the circuit is based upon the
simple analysis given with the amplifier connect-
ed in the non-inverting mode of operation. The
application circuit will restore the video DC level
in ten scan lines, even if the hold pulse is as short
as 2 ps long. The current-feedback resistor Ry of
3000 will give a stable bandwidth of 115 MHz
and all component values are chosen to maintain
optimum speed and performance.

DC feedback resistor Rpz is 2 k) and is suffi-
ciently larger than Ry to provide reasonable iso-
lation between the sample and hold circuit and
video amplifier and thus avoid any video signal
coupling back to the sample-hold. Ryz may be
(optionally) split into two 1 k) resistors and a
820 pF bypass capacitor to reduce unwanted
transient feedthrough from the sample and hold
to the video signal to less than about 1 mV seen
at the amplifier’s output. The circuit is designed
to operate using * 15V supplies, but it can oper-
ate down to *5V supplies by changing Raz and
Caz values. Alternatively an inverting configura-
tion video amplifier could be used with appropri-
ate exchange of the input signals to the DC loop
amplifier.
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v VIDEO
VIDEO IN Rn3 AMPLIFIER v
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RnS 50pF
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BLACK-LEVEL
ChoLp DC LOOP REFERENCE

HDD
Figure 4. DC Restored Video Amplifier with Ay = 2

Design Procedures

1. Determining Raz

Ideally Rpz should be large to provide good iso-
lation between the sample and hold buffer and
the video amplifier. This is because any video-
induced current through Rz will cause changes
in the buffer output impedance. A large series
Raz will reduce the effect of buffer output im-
pedance variations and thus preserve the differ-
ential gain error of the video amplifier. However,
too large a value of Rpz along with the output
voltage compliance of the buffer will limit the
maximum Iz, the DC correction current. A low-
er Ip7 will result in a lower restored reference
level. Consequently, trade-offs have to be made
between Rpz, the maximum restored reference
level, and the supply voltage which controls the
output voltage compliance of the buffer. The fol-
lowing equations address some of the issues relat-
ed to the trade-offs.

During the back-porch of the video signal, the
sample and hold switch is closed. The servo loop
charges ChyoLp to a voltage level necessary to
bring the video amplifier output to the reference
input level. The maximum voltage of CyoLp is
limited by the supply voltages.

VREF = (VBp " A1) — Vaz (Rp/Raz) 1

AMPLIFIER

0947-10

where

VREF is the new stabilized back-porch level at

the output of the video amplifier.

Vgp is the input back-porch offset voltage at

the video amplifier input

A is the close loop gain of the video amplifier.
A =Rp(1/Rpaz + 1/Rg) + 1 (2)
Ry is the feedback resistor of the current-feed-
back video amplifier. It is nominally 300Q for
Ay +2. In gain of +5 application, Rp
should be decreased to 270} to maintain gain
flatness.
Vaz is the buffered Cyorp voltage developed
by the loop to maintain the output at the refer-
ence level.
Vaz is limited to the supply rails less 2.5V.

—VsuppLy T+ 2.5V < Vpz <
+VguppLy — 2.5V 3)
Analysis of equation (1) shows that since Vgp,
A1, and Ry values are established by system re-
quirements, the maximum Rpyz is determined by
Vaz and Vrgr. A high Ry 7 value requires a pro-
portionally high V7 voltage and low Ve Out-
side the back-porch period, the switch is opened.
The DC offset is maintained.




2. Design Example

Below examples are intended to show how Rjz
changes under different supply voltages and ref-
erence level.

Example A.
VsuppLy = T15V
VREF = 0V

Al =2

Vgp = %1V

Rp = 3000

Applying equation (3), the output voltage com-
pliance V7 of the sample and hold buffer can be
calculated,

—12.5V < Vuaz < 12,5V

Using equation (1), Raz = 1.8 k) for Vgp =
+1V.

Once Rpz is determined, equation (2) gives Rg
= 3601).

Example B.
VsuppLy = 5V
VREF = 0V

= 2

Vgp = +1V

Applying equation (1), Raz = 3759 for Vgp =
t1V.
Equation (2) gives Rg = 1.5 k().

Example C.
VsuppLy = *15V

Applying equation (3),
—12.5V £ Vpaz < 12,5V

Rp = 300Q

Equation (1) gives

Raz = 1.2 kQ for Vgp = —1V
Rpz = 3.75kQ for Vgp = —1V

Therefore, Rpz = 1.2 k)
Using equation (2), Rg = 400Q.

The above examples demonstrate the trade-off
between the supply voltage, Rpz, and the refer-
ence level. Examples A and B reveal that a lower
supply voltage requires a lower Rpz. Examples A

and C show that when the supply rails are kept
constant, a higher reference level requires a lower

Raz.

3. Determine CyxoLp

Fast acquisition time is achieved with small val-
ues of CHoLD, but this degrades droop perform-
ance. For video the droop needs to be better than
1, IRE in one horizontal line, or less than 3.5 mV
in 45 us for NTSC. The droop is primarily caused
by ChoLD voltage decaying. Since the droop of
ChoLp is amplified to the output by the ratio
Rp/Raz then CyoLp must be chosen to satisfy
dVe/dt < 3.5 mV/45us multiply Raoz/Rp =
510 V/us

Rp = 510V/ps.

Since dVC/dt = Iproop/CuoLD, and the dis-
charge current Iprpop is a maximum of 50 nA,
then

CuoLD ® 98 pF, or 100 pF, the nearest preferred
value.

If Rpz is decreased for lower supply operation,
Caz is correspondingly increased to preserve
droop and acquisition characteristics.

4. Acquisition Time

Based on the values shown in Figure 4 the acqui-
sition time is approximately 20us. Note that it
will take 10 chroma-burst of 2us each to finish
settling from a A1.0V input signal shift.

Evaluation Printed Circuit Board
A component layout of the application circuit is
shown in Figure 5(b) with some additional fea-
tures.

® VRgF is applied externally to the grounded re-
sistor R4, which is decoupled with capacitor
Cll.

® Optional 75) termination resistor has been in-
cluded at the input and output.

® Built in guard ring on PCB board layout (Fig-
ure 5(b)) ensures that leakage from the hold ca-
pacitor is minimal to improve droop perform-
ance. The guard ring is connected to the S/H
Out. The hold capacitor should be low leakage
and so mica or mylar capacitors are recom-
mended here.

g# 9ION uoliéOEiddV
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Evaluation Printed Circuit Board

— Contd.

¢ Diode clamp circuit to overcome lock-up has

been included on board.

¢ Optional AC input coupling capacitors of about
10 pF has been included.

® Optional snubber circuit has been included.

® Optional R-C low pass filter on hold input logic

drive has been included should the logic signal

require slowing down.

Printed Circuit Board and
Layout Hints

Figure 5(a)—(d) on following pages, shows a com-
ponent layout together with double sided pc-
board. Ground plane is essential throughout to
reduce parasitic inductance and stray pickup.
Special precautions have been taken to avoid any
discontinuity in ground plane since this will
make the function of ground plane much less ef-
fective. Supply decoupling capacitors are kept
close to the power supply pins to ensure good
power supply integrity. The feedback path of the
video amplifier should be kept as small as possi-
ble to avoid deterioration in high frequency gain
accuracy. BNC connectors are included at the in-
put and output.

R1 = 3600 Ci1 = 0.1uF POT1 = 10 kO
R2 = 30042 C2 =01pF D1 = 1N914
R3 =1k C3 = 4.7 uF (Tant.) D2 = ZN458B
R5 = 750 C5 = 820 pF D3 = ZN458B (2.45 VREF)
R6 = 2200 C6 = 39 pF

R7 = 4.7k C7 = 50 pF

R8 =10k C8 = 100 pF

R9 = 10kQ C9 = 0.1 pF (Ceramic)

R10 = 2 kQ C10 = 4.7 uF (Tant., 25V)

R11 = 10002 Cl1 = 4.7 pF (Tant., 25V)

R12 = 10k C12 = 30 pF

R13 = 75Q C13 = 0.1 uF (Ceramic)

R14 = 10 k2

Figure 5(a). Component Values
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Figure 5(b)
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Figure 5(c)
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Figure 5(d)
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Do’s and Don’ts

General Circuit Layout

As with all high frequency devices care must be
taken with printed circuit board layout. Good
ground plane construction is essential and DC
power supply integrity must be ensured, so the
power supply pins should be bypassed to ground
with ceramic capacitors as close to the supply
pins of the device as possible. The video current
feedback amplifier is, like all CFAs, particularly
sensitive to stray capacitance at the inverting in-
put. This capacitance combined with the invert-
ing node input resistance generates an additional
high frequency pole in the feedback loop of the
CFA leading to gain peaking in the response.
Consequently pc-boards should be designed to
keep lead lengths as short as possible around the
inverting input node, with the ground plane posi-
tioned sufficiently far away to prevent this gain
peaking effect.

Load Capacitance

In general load capacitance with negative feed-
back amplifiers causes gain peaking. This is be-
cause the load capacitance with the non-zero out-
put resistance of the amplifier creates an addi-
tional pole in the feedback loop. The video CFA
within the EL2090 is no exception to this and it
may be necessary to add a series R-C snubber
network to ground to minimize peaking, as
shown in the data sheet, where the appropriate
components are selected for a particular value of
load capacitance.

Sample and Hold Section
Clock-feedthrough to Cyor.p leads to an undesir-
able hold-step, effecting the DC bias level.

1k

22 pF :l;

Figure 6

Back

Porch ChoLo

0847-6

Increasing CHoLp is the most direct way of re-
ducing this effect. Under normal operation the
loop amplifier only deals with a small correction
to V¢ and although increasing CyorLp will com-
promise the slew-rate of the sample-hold section,
this is not a practical limitation. However with
CgoLp > 1 nF and the sampling interval tg <
2 ms then on power up the device may lock-up if
V¢ approaches V¢, causing the output transis-
tors of the sample-hold amplifier to be taken out
of their active region. The net result is that the
lock-up does not self recover. Limiting V¢ to Ve
— 3V using the external clamp circuit shown in
Figure 4 prevents this lock-up condition from oc-
curing.

Vee =+15V
EL2030 R1
ING14 4.7k
= -
Coo 181
_L R2
l CHOLD 10k
0847-7
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Summary of Performance
Characteristics

One can make a low distortion tuneable oscillator
by incorporating an active filter inside an AGC
loop. With a control voltage Vg of 0.1 to 2V, one
can obtain over a decade of tuning range, with
oscillation frequencies from 200 kHz to 3 MHz in
this particular design. Total Harmonic Distor-
tion (THD) is —64.5 dB at Vg = 1V, and is kept
below —57 dB over most of the tuning range.
Modulation sidebands due to loop jitter are at
least 50 dB down over the entire tuning range,
with suppression approaching 56 dB for higher
Vg- Linearity error for fogc vs. Vg is below 4%.

Theory of Operation
The active filter employed in this design is a
state variable configuration with the EL2082 in
the integrator path providing the frequency con-
trol; a circuit diagram of this filter is shown in
Figure 1. The EL2082 is a current mode multipli-
er with low input impedance (95{) nom) and cur-
rent source output. It takes the current through
the integrator resistor Ryp, scales it by a gain
determined by Vg, then outputs the scaled signal
current to the integrator capacitor Cg. In effect,
we can modify the integrator time constants by
adjusting Vg; the filter cutoff frequency is then
given by
_ Vg 1

1V 27 (Ryy + 95Q) Cg

fo

This filter serves as the feedback network for the
oscillator, a block diagram of which is shown in
Figure 2. At frequency fg, the filter phase is 0°,
and if the feedback gain is >1, sustained oscilla-
tion will occur. To ensure startup, many oscilla-
tor designs have feedback gain > 1, but then os-
cillation amplitude grows until nonlinearity sets
in and reduces the loop gain down to 1, thus mak-
ing it difficult to generate a pure sine wave. In
this design, Automatic Gain Control (AGC) is
used to maintain unity gain and stable oscillation
amplitude. The AGC circuit consists of a 4-quad-
rant multiplier, which multiplies the output sine
wave with itself to generate a DC and double fre-
quency term. The high frequency term is filtered

A Low Distortion Tuneable Sine Wave Oscillator

and the remaining DC voltage, which provides a
measure of the output amplitude, is used to con-
trol the variable gain amplifier. This gain is con-
tinually adjusted to provide unity gain around
the feedback loop.

Figure 3 shows a circuit diagram of this oscilla-
tor. The top part of the diagram is the tuneable
active filter implemented using two EL2082s and
a EL2444 quad op amp package. The output of
this filter is fed back to its input via a unity gain
buffer, obtained by connecting pins 11 and 14 of
the EL4451 together. To compensate for filter
losses, this output is also fed through the resis-
tive divider R;/R; into the variable gain amplifi-
er of the EL4451. By setting the gain to just the
right amount, we have unity gain in the feedback
path and the necessary conditions for stable oscil-
lation.

This adjustment is provided by an AGC, which
consists of the EL4450 four quadrant multiplier
and a filter to act as a RMS to DC converter. If
the oscillation amplitude increases, the DC con-
trol voltage also increases to lower the gain of the
EL4451 amplifier. The inverse can be said for os-
cillation amplitude that is too small. The loop
will servo itself until the mean-square of the os-
cillation amplitude equals the reference voltage
on pin 10 of the EL4450. This reference voltage
can be changed by adjusting the potentiometer
VRI.

Design Notes

Several issues were raised in this design, the first
of which is the speed and stability of the AGC
loop. A loop that is too slow, as was found early
on, is not able to track the oscillation amplitudes;
what results is a backlash phenonmenon where
the loop is constantly over-correcting and never
finds a stable operating point. On the other hand,
a loop with too much bandwidth would allow ex-
cessive feedthrough, again destabilizing itself and
distorting the output. A loop bandwidth of
~ 16 kHz has been found to be adequate for this
design.
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Referring to Figure 3, we see that the EL4450
provides a “pseudo” integrator in its output path;
it is termed pseudo since it provides rolloff only
until ~ 16 kHz, after which it becomes a unity
gain element. To continue the rolloff after
16 kHz, we need an additional lowpass filter with
a pole at the above frequency. Although this
seems sound, we encountered loop instabilities
with this implementation. By moving the pole of
the lowpass filter above the “integrator zero”, the
loop is stabilized.

The residual loop jitter causes another problem:
modulation noise. Small variations in the loop
voltage that reach the GAIN — pin of the EL4451
modulates the gain and creates Amplitude Modu-
lation (AM) in the output waveform. Although
this modulation is small, it is observable on the
spectrum analyzer as sidebands around the fun-
damental. To reduce these sidebands we lowered
the feedback into the multiplier, set by R; and
R,. Since the loop voltage directly modulates this
feedback, by lowering the feedback we also lower
the modulated components.

Another problem is the limited Q provided by the
active filter network. As opposed to a crystal or
LC tuned circuits, we are limited to painfully low
Q’s in this filter. Since Q # 1 unbalances the gain
between filter stages, there is a practical limit to
Q before the 2nd integrator is overdriven. Ideally
we would like a high Q to reduce phase noise and
to reduce the loop jitter. Unfortunately in this

implementation, while Q > 1 does reduce modu-
lation effects, it also increases the THD due to
the gain unbalance mentioned earlier. In addi-
tion, a Q > 1 also introduces clipping problems
in that during startup, the oscillator can swing to
large amplitudes and clip, and the AGC has no
hope of recovering from such an unhappy begin-
ning. Hence, a Q = 1 was chosen for this design
to provide reliable startup and lower THD.

As the frequency of operation increases, we see
peaking in the active filter due to increased phase
shifts through the op amp stages. Once the peak-
ing causes the filter gain to exceed 0 dB at 0°
filter phase, the AGC is no longer able to keep
the feedback gain to 1, and clipping occurs in the
oscillator output. For this reason it is recom-
mended that the oscillation frequency be kept un-
der 3.5 MHz. The range of operation in this de-
sign thus lies quite close to the upper limit. For
those desiring lower frequencies of operation
some recommended component values are given

" below:

p# oj0N uopesnddy

—
Tuning Range | Ry, Cr R; | Ry C Cq

20 kHz-300kHz | 3k
200 kHz-3 MHz | 3k

10 nF
1 nF

10 nF
1nF

330 pF | 330 | 240
33pF | 330 | 120

The current design runs on a supply of £5V. Itis
possible to push the upper frequency limit to
about 4 MHz by operating on 112V supplies,
provided that the current limiting resistor Rz for
the LM337 is raised to 2 k).

1/4
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—O Vour

— ireq. control

0948-1

Figure 1
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Variable Gain Amplifier
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Typical Performance Curves
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by Barry Harvey

While a wide variety of circuits and components
are used to generate sinewaves, it has always
been a challenge to produce spectrally pure and
regulated sines in circuits that require no tuning
nor adjustments. This article shows a practical
method of achieving these goals. The classic sys-
tem architecture is shown below.

The crystal (or other frequency-selective net-
work) provides the oscillation path around the
multiplier or variable-gain amplifier. The multi-
plier’s output is sampled by some amplitude de-
tector, shown here as a rectifier diode. The DC

High-Purity Sinewave Oscillators With Amplitude Stabilization

output of the rectifier is filtered by a low-pass
filter, and the output of that is compared to a DC
reference voltage by the servo amplifier. The
gained-up error is then used as the multiplier’s
gain-control input. The amplitude-control loop
serves to set the oscillation path gain to just uni-
ty, so that the multiplier’s output doesn’t grow
nor decay, and the loop also maintains oscillation
amplitude within the linear range of all compo-
nents. This gain-controlled oscillator is more
complicated than simple overdriven circuits, but
it produces very pure sinewaves and has no start-
up problems.

Basic Stabilized Oscillator Loop

il

Low-Pass

Vref

Filter

0949-1
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Here is a realization using common components:

Basic Oscillator with Amplitude Stabilization Loop

N

g¢# 910N uoneorddy

27K

- output
2Mhz N/ b=
= 1O [ ]
- — 3 10 &— v+ —, l—
2. 7uF jﬁ— IN914
tantalum ST Pu ol 100K
anal f‘ Ttaﬁnyurr

Vref

2K

The EL4451 is a two-quadrant multiplier, whose
gain-control input voltage of 0 —> + 2V produces
a voltage gain of 0 to 2. The signal input receives
a portion of the output signal passed through a
series crystal. At resonance, the crystals imped-
ance phase passes through 0° and positive feed-
back occurs around the multiplier. The crystal
has a series resistance of about 100}, so with the
crystals 5100) load the multiplier will need to
have a gain of 1.2 to sustain oscillation.

The output is rectified by a simple diode detector
and compared to a reference voltage by an inte-
grating op-amp. The integrators output is attenu-
ated by the 2 k) and 2.7 k) resistors so it cannot
overdrive the EL4451 gain-control input and
cause nonlinear oscillations. The diode detector
has a 220W resistor in series so as to not cause
output distortions due to charging pulses. A pull-
down current flows through the 510k resistor to
allow proper rectification.

0949-2

Any crystal, up to about 50 MHz fundamental
mode resonance, can be used. Overtone crystals
will require an added series-tuned circuit to force
harmonic oscillation modes. The crystal and
510W resistor can be exchanged to put the crystal
at ground, using the parallel resonance mode of
the crystal.

This circuit generates —53 dBc harmonic distor-
tion at 2 MHz with =5V supplies and 1 Vrms
output into 500(). This is mostly due to the out-
put stage nonlinearities of the EL4451, and it
drops to —60 dBc at *12V supplies. Reducing
the output amplitude further improves distortion
levels, although the simple diode detector re-
quires a minimum 0.5 Vrms level. Sideband noise
is excellent, spanning only 14 Hz at —90 dBc, the
resolution of the spectrum analyzer used.

A series-tuned LC filter can be substituted for the
crystal. As long as the loaded Q is greater than
about 5, the output distortion will be as good as
with the crystal. Sideband noise is worse than
with the crystal, however.
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This circuit generates very low distortion levels:

EL4451

Output

<
33300

0.1 uF
<)
_L—-| 21600
= <t10 j
Sk "=

Amplitude
adjust

9108

V-

0949-3

Figure 2. Very Low-Distortion Oscillator

The EL4451 is connected in a slightly different
way; the majority of crystal feedback is delivered
to the REF input of the feedback amplifier, and a
smaller amount of signal routed through the
variable-gain input port. In this way, most of the
signal runs through a simple voltage-follower
path with minimal distortion. The total gain of
the EL4451 in this connection is 1 + (Vgain/2V)
(160W/(160W + 330W)), which needs to be ser-
voed to about 1.2 for stable oscillation.

The output of the EL4451 is passed through a
simple filter to additionally reduce harmonics,
then used as the output. For my measurements, I
loaded the output with an additional 500(2,
bringing the total load to 250Q2. The EL4451 can
drive lower impedances, but the output distortion
will rise. Note that no active amplifier nor buffer
can be used to drive the output with distortion
levels anywhere near that of the passive filter.

Rather than load the filter with a highly nonlin-
ear diode detector, this circuit uses the high-im-
pedance inputs of the EL4450 to sense output
amplitude. This is a four-quadrant multiplier,
and is used as a mean-square amplitude detector.
The advantages include much more precise initial
calibration, easier ripple filtering since its at
twice the oscillator frequency, and a built-in am-
plifier which can be used as the servo error ampli-
fier. The X- and Y- inputs of the EL4450 are
wired together to produce an internal output?
quantity at the = point. Added to this is a static
level from the LM336 reference that has a polari-
ty that subtracts from the mean-square quantity.
The FB terminal, normally used for DC feed-
back, is connected as something like an integra-
tor using the 0.1 pF capacitor. Thus, the output
amplifier of the EL4450 is both the low-pass fil-
ter and error amplifier for the servo loop, and
attempts to maintain the output mean-squared
voltage equal to that of the reference.




Harmonic distortion is —74 dB with the circuit
running on *5V supplies, and —80 dB with
+12V. As before, reducing the output amplitude
improves distortion further.

The error amplifier is not actually required for
amplitude stabilization. Since even a miniscule
amount of oscillation loop gain more than unity
results in a continuously growing amplitude, or a
tad less than unity gain creates an ever-shrinking
level, we could say that the gain-control input of
the oscillating EL4451 already has infinite gain.
This circuit makes use of this fact:

This circuit is very simple and still has the low
distortion levels of the previous oscillators, but
the output level is not well calibrated, despite the
diode forward voltage compensation network
connected to the Gain + terminal. Variations in
crystal series resistance will vary output ampli-
tude.

In summary, we see that recent multiplier ICs
can be employed in simple circuits to generate
highly pure sinewaves over wide frequency
ranges. The particular devices shown are low-
cost, yet well calibrated and flexible.

Simple Linear Oscillator

b Output

0949-4
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Application Note #6

John Lidgey, Chris Toumazou and Mike Wong

1. Introduction

The EL4089 is a complete monolithic video am-
plifier sub-system in a single 8-pin package. It
comprises a high quality video amplifier and a
nulling, sample-and-hold amplifier specifically
designed to stabilize video performance. The part
is a derivative of Elantec’s high performance vid-
eo DC restoration amplifier, the EL2090, but has
been optimized for lower system cost by reducing

EL4089
VIN- [1] ] vCC
VIN+ [Z] 7] vOouT
HOLD[E] : 6] REF
VEE E—>— 5] GND

0950-1

EL4089 and EL4390 DC Restored Video Amplifier

the pin count and the number of external compo-
nents. For Rgg and YUV applications the
EL4390 provides three channel in a single 16-pin
package.

This application note provides background infor-
mation on DC restoration. Typical applications
circuits and design hints are given to assist in the
development of cost effective systems based on
the EL4089 and EL4390.

EL4390
RIN- |I—\_‘> iERYee
RIN+ [Z J_;_q_l—ﬂ ROUT
CLAMP
DIG GND [3] ™ | EVEL R
GIN- [ F{>————T_5| GOUT
CLAMP
GIN+ [5 ~—<H— (evELG
CLAMP
[ |
HOLD [¢] ~—<— | kvELB
BIN+ [ 0] BOUT
BIN- [E] 5] VEE

0950-17

Figure 1. EL4089 and EL4093 Package Outlines
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- DC Restored Video Amplifier

2. Video Signal Refresher
2.1 Composite Video Signal

The figure shown below represents a typical com-
posite video signal, which has a standard distri-
bution level of 1 Vp_p into a 75{) load, and com-
prises several sections. The video signal is the
part containing the visible picture information,
with a maximum amplitude between black and
white of 0.7V. At the end of the picture informa-
tion is the front-porch, followed by a sync pulse,
which is regenerated to provide system synchro-
nization. The back-porch is the part of the signal
that represents the black or blanking level. In
NTSC color systems, the chroma or color burst
signal is added to the back-porch and normally
occupies 9 cycles of the 3.58 MHz subcarrier.

2.2 DC Restoration—The Classical
Approach

Video signals are often AC coupled to avoid DC
bias interaction between different systems. The
blanking level of the composite video signal
therefore needs to be restored to an externally
defined DC voltage, which locks the video signal
to a predetermined common reference level, en-
suring consistency in the displayed picture. This
DC reference voltage, VR, sets and controls the
picture brightness. The fundamental objective of
the DC restore system is to force the DC output
from the video amplifier to be equal to an exter-
nally defined reference voltage VR. Figure 3
shows a classical approach to DC restoration in
video systems.

| (Hold |Sample <

l<-4—-—>l<—>:

Hold

v

11 )
1 1o | |
e | .
11 85 T‘é 1 | \Lummance
12 &l ' signal
:_ ‘E\ = g ,
I'E LN +\ Chrominance I
:‘g | : signal :
ol Back I |
TET | poon )
»U“l | | ) : )
0950-2
Figure 2. Typical Composite Video Signal
+ .
Al VldeO
o Output
Vin) -
Lowpass
Filter
Ve +
A2
-— VR
Chold '
T Hold

0950-3

Figure 3. Classical DC Restoration Control Servo Loop
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EL4 089 and EL4390
DC Restored Vi ide A

2. Video Signal Refresher — Contd.

The Sync pulse is used to drive the control switch
to the sample-and-hold, so that the DC servo
loop is closed during the back-porch of the video
signal. The lowpass filter is used to remove the
chroma burst. The operation of the DC loop is
perhaps best understood by considering the volt-
age appearing across the hold capacitor, CHoLD-
During the back-porch sampling period, the
switch is closed and the hold capacitor charges
up. It can be shown from the loop dynamics that

VR

Ve =VIN — AL

ey

where Viyy = VBP (the average back-porch volt-
age of the incoming video signal). Equation (1)
can be reconfigured,

Ve = VBP — —
¢ Al

The net result is that

VBP
Voutr = VR + A_Z

(2
which shows that the output is clamped to VR
with an offset term of VBP/A2. This offset is
clearly small for a high gain DC loop amplifier,

|\

A2. During the hold period, the switch is open
and the stored DC value of V¢ is now subtracted
from the incoming video signal, which effectively
sets the back-porch to VR and the video signal is
amplified by the forward amplifier with gain, Al,
giving

Vin

VR
Al Viy — VBP + H

Vour = — Vo)Al

Vour = Al(Viy — VBP) + VR 3)

2.3 DC Restoration—The EL. 4089
Approach

A simplified scheme of the EL4089 as a feedback
system is shown in Figure 4. Unlike Figure 3, the
input difference symbol is not shown because the
error/correction voltage is stored across the cou-
pling capacitor Cgorp which is outside the con-
trol loop.

The operation of the EL4089 is simple, but very
subtle. In sample mode, the amplifier’s dynamics
are such that the output is set to a predetermined
reference voltage VR, which may be at ground
potential. The correction voltage required at the
input of amplifier Al to maintain Voyt at VR is
simply stored across capacitor CHoLD-

vid Chold | Al
1de0 l N Video
N
Input x4 : _| << | Output
[ Phe L
| owpass
Ve | e Filter
=7
| -
L e
A2
+ VR
Hold

0850-4

Figure 4. Simplified Block Diagram of EL4089
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2. Video Signal Refresher — Contd.
Consider the following analysis. With the switch
closed, the input voltage of amplifier Al is (VR
VouT)AZ giving Vouyr (VR
VouT)A1lA2 and thus
} = VR

Assuming that the loop gain A1A2 is very high.

AlA2

i e 4
1+ AlA2 “®

VOUT = VR{

The correction voltage stored across capacitor
CyoLp is simply

VC = ViN — (VR — VpoyrmA2 5)
Assuming in this instance that Viy = VBP,
which is the average back-porch reference of the
incoming signal, and substituting for Voyr from
Equations (4) and (5) gives

VR

VC = VBP — — (6)
Al

Notice that the correction voltage VC is stored
across that coupling capacitor Cyoy,p, which is
external to the loop amplifier. Unlike the classi-
cal system of Figure 3, it is this unique feature of
the EL4089 which obviates the need for a classi-
cal sample-and-hold buffer amplifier in the feed-
back path; thus allowing a very economical 8-pin
solution to be realized. Furthermore, the cou-
pling capacitor has two functions, namely to
avoid DC bias interaction between different sys-
tems and to hold the correction voltage as de-
scribed above.

During the hold period, the video input signal
(Vin) is amplified in the classical way by the *2
video amplifier Al, but in this case the correction
voltage held by Cyorp is subtracted from the
input to give

VOUT = VR + (VIN - VBP)Al (7)

Summary of Operation

1. When the HOLD logic input is set to TTL/
CMOS logic 0, the sample-and-hold amplifier
can be used to null the DC offset of the video
amplifier.

2. When the HOLD input goes to a TTL/CMOS
logic 1, the correcting voltage is stored on the
video amplifiers input coupling capacitor. The
correction voltage can be further corrected as
need be, on each video line.

3. The video amplifier is optimized for video per-
formance and low power. Its current-feedback
design allows the user to maintain essentially
the same bandwidth over a given gain range of
nearly 10:1. The amplifier drives back-termi-
nated 75% lines.

Subcircuits

The EL4089 DC restored amplifier is an 8-pin
monolithic version of the circuit shown in
Figure 4. The video amplifier, Al, is a 60 MHz
current feedback amplifier or CFA. These devices
offer very high speed performance with excellent
differential gain and phase. In many respects the
CFA behaves as a conventional op-amp, but
there are several key differences that must be
considered by the user. In particular the two in-
put impedances of the amplifier are different.
The non-inverting input impedance is high and
the inverting a low impedance. However, the spe-
cial feature of the CFA is that when in a closed
loop configuration, the feedback current is deter-
mined by the resistor, Rg, which controls that
bandwidth of the amplifier independently of the
gain setting resistor Rg.

6-29
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Application Note #6

2. Video Signal Refresher — Contd.
The current feedback amplifier is essentially a
transimpedance amplifier with an input voltage
buffer to create a high input impedance non-in-
verting input. The transimpedance amplifier is
formed by mirroring the output current of the
input unity gain buffer into a high impedance
internal Z-node and buffering this Z-node voltage
through to a low impedance output, as shown
schematically in Figure 5 below.

The unity gain buffers are a complementary
class-AB common-collector stage, with DC cur-
rent biasing. The slew-rate of the CFA is excel-
lent due to the non-current limiting input stage.
The CFA has only one internal high impedance
node (Z), so it is essentially a single pole domi-
nant amplifier. Since the inverting input termi-
nal is the output terminal of a voltage buffer, it is
a low impedance point and the feedback signal is
current. Intuitively one can see that in closed
loop the feedback current through Rp supplies

Z-node

Vin

the current demanded by Rg and the input error
current into the inverting input terminal. It is
this feedback current component of Rp which is
used to charge the compensation capacitance at
the Z-node. Theoretically it can be shown that
the —3 dB bandwidth is approximately,

1
f—3dB= ——— (8)
2pRFCZ

where CZ is the compensation capacitance of the
Z-node. However, as for conventional op-amps,
the closed loop gain, Al, is simply

Rp

Al=1+— )
Rg

and the —3 dB frequency can be controlled with

Rp while the closed loop gain can be set indepen-
dently with Rg.

+Vcce

Vout

Vce

0950-5

Figure 5. The Current-Feedback Op-Amp
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Restored Video Amplifier

2. Video Signal Refresher — Contd.

The EL4390 Approach

The EL4390 is three high performance current
feed-back amplifiers with DC restore function. A
simplified schematic diagram of one of the chan-
nels in a DC restore configuration is shown in
Figure 6. Its basic approach is very similar to the
EL4089 in that the error/correction voltage is
stored across the coupling capacitor Cyorp from
the video input to the positive input of the ampli-
fier. Different from the EL4089, when the sample
and hold switch is close, an internal buffer ampli-
fier is enabled to force the non-inverting input of
the video amplifier to be equal to the reference
input level. When the switch is open, an error
voltage is stored on the input coupling capacitor
CHoLD to maintain the offset at the output. The
following details the mathematical relationships
between the inputs and output.

When the sample and hold switch is close,

VOUT = A1*VR (11)

where Al is the close-loop gain of the amplifier.
The voltage across the hold capacitor is

VC =Viny — VR (12)
In many NTSC video applications, the back-
porch of the video signal is clamped. Thus, Vi is
the input back-porch level, VBP.
VC = VBP — VR (13)
When the sample and hold switch is open, the

voltage across the hold capacitor maintains the
proper offset.

Vour = Al(VINy — VO)

Al (Viy — VBP + VR) as

I

Vout

VR

0950-6

Figure 6. Simplified Connection Diagram of EL4390
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EL1089 and EL4390
DC Restored Video Amplifier

3. Features of the EL4089C

Elantec pioneered the development of monolithic
CFAs. As first to the market with the CFA our
established reputation is confirmed with the
EL4089 which is the first 8-pin monolithic DC
restored video amplifier. A connection diagram
for the EL4089 configured as a DC restoring am-
plifier with a gain of 2 restoring to ground (pin
3—zero voltage reference) is shown in Figure 7.

The EL4089C is fabricated in Elantec’s propriety
Complementary Bipolar process which produces
NPN and PNP transistors with equivalent AC
and DC performance. The EL4089C is specified
for operation over the 0°C to + 75°C temperature
range.

The on-chip current-feedback amplifier of
EL4089 and EL4390 is optimized for video per-
formance. Since it is a current-feedback amplifi-
er, the —3 dB bandwidth stays essentially con-

stant for various closed-loop gains. The amplifier
performs well at frequencies as high as 60 MHz
for the EL4089 and 80 MHz for the EL4390 when
driving 75Q. The sample and hold circuit is opti-
mized for fast sync pulse response.

4. Typical Application Circuits

The EL4089 and EL4390 are designed to DC-re-
store a video waveform (Figure 2). A typical ap-
plication circuit of the EL4089 is illustrated in
Figure 8. The following analysis also applies to
the EL4390. This circuit forces the cable driving
video amplifier’s output to pin 3 reference volt-
age level when the HOLD pin is at a logic low. In
the case of EL4390, when HOLD pin is logic low,
the output of the video amplifier is driven to the
reference voltage multiply by the close loop gain
of the video amplifier. In Figure 8, pin 3 is
grounded and HOLD pin is low during back-
porch of the video signal, consequently, the back-
porch is clamped to the ground voltage level.

300
ANA—

V+
VIDEO 3 5] (+12V)
I/P 0.1uF
T e
= _L—E 6] (-12V)
HOLD 0 :
TTL INPUT }1_

0950-7

Figure 7. EL4089 Connection Diagram (Configured as a DC Restoring
Amplifier with a Gain of 2, Restoring to Ground)
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4. Typical Application Circuits — Contd.
300

300

lW —\VVV

J?Vout

V+
cx1  Lg 5 (+12V)
VIDEO 0.1uF
or0 i
= I AN 5 (-12V)
HoLp E—P— T—El
TTL INPUT =
Figure 8 -
CX1 Determination Where:

The correction voltage is stored across the capaci-
tor CX1, an external ceramic capacitor connect-
ing from the video signal input to the non-invert-
ing input of the video amplifier. The following
demonstrates how the CX1 capacitor should be
chosen to satisfy the system droop voltage and
sampling requirements.

Ideally the input impedance of the video amplifi-
er should be infinite during the hold period to
avoid any discharging effects on the CX1 capaci-
tor. However, due to the inherent nature of the
bipolar transistors, a bias current is always pres-
ent. This bias current discharges CX1 during the
hold time and as a result causes the correction
voltage across CX1 to drift. Equation (15) gives
the basic relationship between correction droop
voltage and the CX1 value.

_ I+ )TLINE ~ TSAMPLE)
CX1

V(droop) (15)

V(droop) is the voltage change across CX1
during hold period.

Ig+ is the amplifier’s non-inverting input
bias current.

TLINE is the single video line duration.

TsaMPLE is the sampling time during which
the S/H switch is closed.

The output voltage change due to voltage droop-
ing is simply,

Vour(droop) = V(droop) * Al

Where:
Al is the close loop gain of the video amplifier.

In the Figure 8 design example, a typical input
bias current of the video amplifier is 1 pA, so for
a 62 us hold time and 0.01 wF capacitor, the cor-
rection voltage droops 6.2 mV; consequently, the
output voltage drifts by 12.4 mV in one video
line.

6-33
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4. Typical Application Circuits
— Contd.

The CX1 value and sampling time also determi-
nate the amount of time required by the EL4089
to reach within its DC-restored voltage range.

TSAMPLE

V(charge) = IpyT X1

(16)

Where:

Ioyr is the sample and hold amplifier output
current.

The sample and hold amplifier can typically pro-
vide a current of 300 uA to charge CX1, so with
1.2 us sampling time, the output can be corrected
by 36 mV in each line.

Equations (15) and (16) demonstrate the trade-
offs between CX1, sampling time, DC off-set
droop voltage, and speed of the DC-restore func-
tion. Using a smaller value of CX1 increases both
the voltages that can be corrected each line and
the drift while being held, likewise, using a larger
value of CX1 reduces those voltages.

In Figure 9, a resistor is connected from the non-
inverting input of the amplifier to the negative
supply to compensate for the non-inverting input

bias current. To obtain the optimum perform-
ance, the compensation resistor R1 should be ad-
justed to give 0 mV droop voltage at 50% field.

The restore current generated by the sample and
hold amplifier decreases as the output voltage ap-
proaches the reference voltage. This effect com-
bines with the 7 mV of offset voltage error in the
sample and hold amplifier can result in a 22 mV
of total error from the output to the reference
voltage input during clamping. A method of cor-
recting this problem is depicted in Figure 10. A
voltage divider is used to compensate for the
sample and hold amplifier offsets.

A complete DC-restore circuit with the EL4581
sync separator is shown in Figure 11. An optional
RC low pass filter on HOLD input pin is includ-
ed should the logic signal require slowing down.
This RC network can also serve to prevent feet-
through from the falling and rising edges of the
back-porch sync timing signal to the video ampli-
fier output. The video DC restore output and
EL4581 back-porch timing waveforms are illus-
trated in Figure 12. During the back-porch inter-
val, the EL4581 pulls the hold pin of the EL4089
low and the EL4089 servo loop forces the output
to the reference voltage level. In the photo, the
input back-porch voltage level is 0.5V and the
output back porch voltage level is restored to 0V,
the reference voltage level.
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Figure 9. Ig + Bias Current Correction

300 300
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Figure 10. Sample and Hold Off-Set Error Compensation
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4. Typical Application Circuits — Contd.

300 300 Vout
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Figure 12. Video Output and EL4581 Back-Porch Sync Signal

0950-11
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4. Typical Application Circuits — Contd.
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EL4089 in Inverting Gain Configuration
Placing the hold capacitor in the signal path
leads to sync signal feed-through and phase dis-
tortion of the burst signal. Rearranging the
EL4089 in the inverting configuration as shown
in Figure 13 provides significant improvements.
Figure 14 indicates a 15 mV of voltage spike in
amplifier output during the sampling interval
and coincides with the falling and rising edge of
the HOLD signal. The output voltage spike is
caused by the charging current injecting out of
the output of S/H amplifier during the back-
porch interval. One way to minimize the sync
feed-through is to feed the video input signal di-
rectly into the inverting input of the video ampli-
fier and short the DC restore capacitor to ground.
As a result, the video input signal is not affected
by output current of the S/H amplifier. The voit-
age spike is also reduced by an addition of a sim-
ple RC network from the output of the EL4581
to the HOLD input of the EL4089. Figure 15 test
result shows no voltage spikes and only a 4 mV of
voltage dip during the sampling period. In the
inverting configuration, the video signal goes di-
rectly into a purely resistive component, thus, no
phase shift occurs.

0950-13

Figure 13. EL4089 DC-Restore Amplifier in —2 Gain Configuration

Vout

EL4581
Back Porch

0950-14

Figure 14. Back-Porch Sync Edge Feed-Through

Vout

EL4581
Back Porch

0950-15
Figure 15. EL4089 Inverting Amplifier
Output Waveform
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4. Typical Application Circuits
— Contd.

EL4581 Interface

The hold input of the EL4089 is designed to in-
terface directly to Elantec’s existing suite of sync
separators, namely the EL4581 and the EL4583.
The connection diagram of the EL4581 is shown
in Figure 16.

The EL4581 extracts timing information includ-
ing composite sync, vertical sync, burst/back-
porch timing and odd/even field information
from standard negative going sync NTSC, PAL,
and SECAM video signals. The EL4581 detects
video signals from 0.5 to 2 Vp_p. The 50% slicing
feature provides precise sync edge detection even
in the presence of noise and variable signal am-
plitudes. A built-in linear phase, third order, col-
or burst filter minimizes spurious timing infor-
mation and reduces the number of external com-
ponents. The integrated circuit is also capable of
providing sync separation for non-standard, fast-
er, horizontal rate video signals by changing an
external horizontal scan rate setting resistor. The
vertical output is produced on the rising edge of
the first serration in the vertical sync period. A
default output is produced after an internally
generated time delay, in the event of missing ser-
ration pulses, for example, in the case of a non-
standard video signal. All outputs are active low.

5. Printed Circuit Board

Layout Hints

The feedback path of the video amplifier should
be kept as small as possible to avoid deterioration
of high frequency gain accuracy.

The board layout should have a ground plane un-
derneath the EL4089, with the ground plane cut
away from the vicinity of the Vi — pin (pin 1)
to minimize the stray capacitance between pin 1
and ground.

Power supply bypassing is important and a
0.1 uF ceramic capacitor, from each power pin to
ground, placed very close to the power pins, to-
gether with a 4.7 pF tantalum bead capacitor, is
recommended.

When both digital and analog grounds are on the
same board, the EL4089 should be on the analog
ground. The digital ground can be connected to
the analog ground through a 1002 -300{2 resistor
near the EL4089. This allows the digital signal a
return path while preventing the digital noise
from corrupting the analog ground.

i
0.1uF
o— —12

3]

r*
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Video Input

Vce
8] (+5V)
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Figure 16. EL4581 Connection Diagram
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An Improved Peak Detector
by Tamara I. Ahrens

Diodes have long served as adequate rectifiers de-
spite necessarily large input voltages and poor
accuracy. The most common configuration for a
simple diode peak detector (Figure 1) provides a
mediocre 10% error for very large input voltages
(Figure 2). If the diode is linearized, the neces-
sary input voltage is only reduced to 1V peak for
the same 10% error (Figure 2). However, devel-
opment of high frequency op amps allows feed-
back circuitry to provide better accuracy and
more sensitivity at the input. With feedback
(Figure 3), peak detection is feasible at input
voltages as small as 50 mV/rms.

Function of Feedback Diode Circuitry
The input stage consists of a high frequency op
amp whose output is fed into both a diode (D1),
which functions similar to the diode of a simple
peak detector, and a clamping network, which
limits the negative output swing of the forward
op amp. The output of the diode (D1) is connect-
ed to the storage capacitor and is also fed back to
the input through a buffer. A storage capacitor of
0.1uF is recommended for peak detection at au-
dio frequencies. A small resistance is shown in
series with the storage capacitor to isolate it from
the feedback loop. The smallest functional value
is recommended for minimal peaking and maxi-
mum bandwidth; 100} is suggested. A bleed cur-
rent is necessary to allow the output to relax for a
smaller input or in the absence of an input. 20pA,
small enough to avoid deteriorating the output
value substantially, but large enough to domi-
nate the bias current of the feedback buffer, was
chosen. The output of the buffer is fed back to
the negative input of the forward op amp
through a resistor. This resistor buffers the emit-
ter of the pnp transistor of the clamping network
from the low impedance at the output of the buff-
er. Please note: a compensation capacitor on the
forward op amp may be a necessary addition to
ensure stability and the output of the entire peak
detection circuit must be buffered to prevent a
disturbance in performance.

Clamping Network

The diode (D2) of the clamping network is al-
ways held on by the current source. For voltage
signals greater than the peak held at the output,
the forward, rectifying diode (D1) is conducting,
the output voltage is raised to match the input
voltage, the buffer feeds that voltage back
around to the negative input of the forward op
amp, and the emitter of the pnp transistor is held
at the same voltage as its base, keeping it off and
eliminating the second feedback loop.

For voltage signals less than the peak held at the
output, the rectifying diode (D1) is off. The emit-
ter of the pnp transistor is set as high as the out-
put voltage by the buffer through the 1k{} resis-
tor while the base is pulled down by the output of
the forward op amp through the feedback diode
(D2). The 270() resistor adds a 0.3V bias to the
base of the transistor producing a charge-dis-
charge current ratio of 10,000:1. When the tran-
sistor turns omn, a crude unity gain feedback loop
is completed through the clamping network
(from the output voltage, down a diode drop and
up the base-emitter diode of the transistor, to the
input voltage) and a voltage drop builds across
the 1k resistor. This clamping action minimizes
the recovery time of the circuit. Since the clamp-
ing network works like a unity gain buffer for
inputs less than the peak voltage, the output
needs to slew less than one diode drop to turn on
the rectifying diode (D1) for inputs greater than
the peak voltage. In this manner, the clamping
network prevents the forward op amp from ex-
hibiting open loop behavior and railing negative
for inputs less than the peak voltage. This great-
ly reduces the slew rate necessary to achieve a
desired bandwidth.

Amplitude Considerations

This circuit has the ability to function with am-
plitudes 30 times smaller than a simple diode
peak detector. The EL2244 has an open loop gain
of 60dB, raising smaller input signals enough to
be detectable by the diode. The smallest ampli-
tudes recoverable will be determined by the noise

L# 9j0oN uoneorddy
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amplified within the circuit. For the given cir-
cuit, this limit is approximately 30mV/rms input
voltage. The largest amplitudes allowable will be
determined by the input constraints of the op
amp. For the EL2244 at +5V supplies, the maxi-
mum input range is approximately +3.5V.

Frequency Considerations

If 5% errors can be tolerated, this circuit has a
bandwidth of 100 kHz (Figure 4), making it ideal
for audio applications. A great deal of small sig-
nal bandwidth and large slew rates are necessary

IN9 148

o I
0951-1

Figure 1. Simple Diode Peak Detector
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Figure 3. Diode with Feedback

to swing quickly through the dead zone at the
output of the first op amp and these quantities
limit circuit performance.

Thus, for a handful of inexpensive parts, a drastic
improvement can be made in the performance of
a peak detector over that of a simple diode. With
the utilization of modern, high-speed op amps,
the feedback diode peak detector offers almost
two decades of input voltage range improvement
while maintaining functionality into the mega-
hertz range.
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Measuring the Thermal Resistance of Power Surface-Mount Packages

by B. Harvey

Modern miniature IC packages have allowed
great space savings in products, but frustrate the
designer by concentrating the heat generated by
circuits into smaller volumes. Increasing IC
speeds and complexities over the years have also
demanded greater power dissipation. Higher in-
ternal operating temperatures will shorten the
life of an IC; elevated but safe temperatures often
reduce the quality of performance in circuits, for
instance degrading frequency response or distor-
tion.

To cope with the problem, a variety of heat man-
agement packages have been introduced which
conduct heat from the IC die through the pack-
age leads to the circuit board. The board becomes
the major heatsink, and the onus of thermal de-
sign passes from the IC manufacturer to the
board designer. This article is intended to assist
the board designer in measuring thermal resist-
ance of mounted IC devices efficiently.

Traditional parameters 6y (thermal resistance
of a device not connected to anything) and 6jc
(infinite heatsink connected to the part) are not
useful with mounted devices. Circuit boards are
neither insignificant nor infinite heat sinks. We
will use the parameter Oy as the mounted ther-
mal resistance of an IC, and it will vary with die
size, package type, and circuit board features.
The Oy can be estimated by thermal simulation
of the part and its mounting environment, but
seldom is there concrete data on the thermal
structure of the IC, and correctly modeling the
board environment is difficult. A good way to es-
timate Oy is to solder the IC to an area of circuit
board that has been suitably sculpted with a Dre-
mel tool to emulate a final board pattern in the
region of the test device (or a finished board it-
self) and use the following circuit to measure

OJM:

RELAY DRIVE

f:i
-F--T

1
]
I
- v+
= ! |
' DEVICE UNDER b
X TEST <
1
1
| "SOME
I TERMINAL" O
) DIODE
! ve VOLTAGE
v- \ out

0852-1

“Some terminal” is any pin that is connected to
an internal parasitic diode whose other connec-
tion is either power supply pin. The IC manufac-
turer’s technical support people can help select
the right pin and drive polarity. We will use the
forward voltage as a measure of internal die tem-
perature. When the relay grounds the supply
pins, R provides a current from a supply to bias
the diode. Depending on the internal diode con-
nection, V+ or V— will be connected to R. R
should supply a current low enough to create
minimal resistive drop in series with the diode.
50 wA is a good guess for the current, or any cur-
rent that sets up about 600 mV of forward diode
voltage at room temperature. The general equa-
tion for diode tempco (it generally need not be
measured directly) is:

AV/AT = —(1.12V — Vbe (25°C))/300°K. Thus
a 600 mV junction at room temperature has a
—1.7 mV/°C temperature coefficient.

g# 910N uoyeonddy

6-41



Application Note #8

Using a storage or digitizing oscilloscope measur-
ing the forward diode voltage, we will observe the
thermal relaxation of the die after a steady power
dissipation is terminated. The dissipation is the
part’s own supply current, applied through the
relay. The relay’s drive is also the oscilloscope
trigger. Because the temperature change may
only cause tens of millivolts of diode voltage var-
iation against the background of 600 mV, a stable
differential-amplifier with adjustable offset will
be used for the oscilloscope input. Alternately,
the ground of the above circuit may be shifted
with a third supply before being connected to the
oscilloscope.

This is the test sequence:

1. Connect everything with the device powered
down. Set the oscilloscope sweep to the slow-
est setting, continuously sweeping.

2. Adjust the offset against the diode voltage to
center the oscilloscope trace. The 10 mV/div.
sensitivity is a good start.

Apply power to the device via the relay. The
oscilloscope trace will be off-screen. Allow the
part at least ten minutes to warm up its
mounting.

. Clear any stored trace. Turn off power to the
device. The following trace should be seen on
the oscilloscope:

0952-2
Oscilloscope Display of Diode Voltage
Relaxation During Cooling

We see an initial rapid cooling followed by very
slow settling back toward room temperature. The
cooling rate is not a simple exponential decay,
but has a wide range of time dynamics. Here is
the decay behavior of an EL1501 mounted on a
large heat spreader:
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0852-3
Thermal Relaxation vs. Time of a Mounted
Power SO-20 Package

For the first ten milliseconds little die tempera-
ture change occurs. Then the heat makes its way
through the die and flows out through the lead-
frame, which occurs in around ten seconds. The
last event is the settling of the heat-sinking
board, which resolves in ten minutes. Clearly,
thermal measurements require patience and time.

The thermal resistance 0y is then the temper-
ture variation (long-term) divided by the power
dissipated, so:

1M = ATgiode/Pdiss, quiescent

AVdiode * 300°K
*(1.12V — Vgg (25°C)

PCliss, quiescent
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Using this technique, the thermal resistance of
the SOL-20 fused-lead package was measured.
This package houses the EL1501 and has four
center leads on each side fused to the IC’s mount-
ing header. Thus, heat flows directly through
these pins from the IC and spreads through the
ground plane on top of the circuit board. A nearly
continuous ground plane is hand-drawn. Several
variations of the board were tested. The first was
the most straightforward: just the top foil is a
heatsink. By cutting away board material, a vari-
able area was implemented and thermal resist-
ance measured. Then the measurements are re-
peated on an identical board with no solder mask
to add to thermal resistance. Another variation
was to create another heatsink area on the back
of the board, thermally connected to the top foil
by a multitude of feedthroughs. Finally, a copper
sheet-metal heatsink was soldered to the top foil
near the IC’s heat-spreading pins.

The results are shown in this graph:
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Thermal Resistance of Dual-4-Fused-Lead
SOL-20 Package

10

The SO-20 standard package has a 035 of
80°C/W. With 4in? of circuit board heatsink cop-
per with solder maskcutout, the thermal resist-
ance drops to 32°C/W. Given a quiescent dissipa-
tion of 1.25W, the die temperature rise of the
mounted EL1501 is 40°C. With a maximum am-
bient temperature of 85°C, we have a worst-case
die temperature of 125°C, safely within the 150°C
package limit.

Some observations:

1. 4in2 of copper area is sufficient in that more
doesn’t help much.

2. The bottom foil did not greatly help.

3. Removing the solder mask over the heat
spreading area, if appropriate, reduces Oy
nicely.

Finally, a large metal heatsink mounted close to
the heat-spreading pins produced a 68jc of
30°C/W.

6-43
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Driving Reactive Loads with High Frequency Op-Amps

by Barry Harvey and Chris Siu

As the bandwidth of op-amps today pushes past
100 MHz towards the GHz region, increasing at-
tention must be paid to the components, loads,
and circuit traces which surround the op-amp.
Not only is this necessary to optimize perform-
ance, but neglecting to do so may throw the am-
plifier into oscillation. This application note dis-
cusses the effect of loads, especially capacitive
ones, on the behaviour of a high speed op-amp.

1.0 Real World Loads

To start, one needs to question whether there are
any pure capacitive loads at high frequencies. To
connect any load we need some wires or metal
interconnect, and associated with these wires are
resistance and self-inductance. In the following
sections we will examine some possible loads and
their behaviour over frequency.

Coaxial Cables
Coaxial cables must be terminated in the proper
impedance to look like a resistive load to the
driving source. A common myth is that an unter-
minated cable looks capacitive. While this may
be true for short cables at low frequencies, it cer-
tainly does not hold at higher frequencies. An un-
terminated cable presents a varying impedance
to the source over frequency, and it can look ca-
pacitive or inductive depending on the length of
the cable and the frequency. This behaviour can
be explained by viewing the coaxial cable as a
lossless transmission line. The input impedance
Z; of a transmission line with characteristic im-
pedance Z, and length L, terminated in a load
Zy, is given by:
z =2, Zy, + :iZOOtan BL

Z, + jZy,® tan BL
where 8=2m/\, and A is the size of one wave-
length on the line. As an example, consider the
standard RG58C/U 504} coaxial cable. If we ter-
minate the cable with a 50{) load, then by the
above equation Z; = Z, and the cable should
look perfectly resistive over frequency. Figure 1.1
shows an actual measurement done on a 5’ long
cable terminated in a 50() load. Except for minor
impedance variations due to mismatch and line
loss, the cable does look like 5000 over a wide

range of frequency. If the cable was terminated
improperly, with a 75Q load for example, the im-
pedance then varies with frequency as shown in
Figure 1.2. Note that even though we have termi-
nated the cable with a resistive load, the cable
impedance phase varies between *23°. In the ex-
treme, if the cable is unterminated, then Zy, =
and the equation reduces to Z; = —jZ,/(tan BL).
Figure 1.3 shows the input impedance of an un-
terminated 50) cable, and we see the phase skip-
ping between —90° (capacitive) to +90° (induc-
tive) at regular intervals. In fact, for frequencies
at which the line length is an odd multiple of a
quarter wavelength, Z; becomes zero. Conversely,
for frequencies at which the line is a multiple of a
half wavelength, Z; becomes infinite.
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Figure 1.3. Impedance of an Unterminated
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The moral of the story is that you must termi-
nate your cable with the correct load at high fre-
quencies. Otherwise, the driving source will see a
wildly changing load with frequency, and this
may cause the amplifier to oscillate.

Discrete Capacitors

At high frequencies, another parasitic which be-
comes dominant is the inductance of a leaded ca-
pacitor. We can treat the capacitor as a series
RLC circuit, with L modelling the lead induc-
tance and R modelling the losses due to the elec-
trodes, leads, and dielectric. The capacitor will
thus self-resonate at a frequency given by:

!
f o 2 ‘/L_C

As an example, the impedance of a 10 nF leaded
ceramic capacitor was measured, yielding the
equivalent series RLC values of 0.66(}, 36 nH,
and 8.6 nF respectively. Figure 1.4 shows the im-
pedance of this capacitor over frequency, and we
see that it self-resonates at 9.1 MHz, behaving as
an inductor for frequencies above that. For this

measurement the leads of the capacitor were kept
as short as possible. If we were a bit sloppy and
left 1” leads on the capacitor, the inductance
would increase to about 60 nH, lowering the reso-
nance down to 7 MHz. Generally, an inch of slen-
der wire has about 20 nH of inductance per inch,
which is why it is so important in high frequency
work to minimize lead length.
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Figure 1.4. Impedance of a Leader
10 nF Capacitor

Inputs of Active Devices

Besides driving cables or passive loads, an ampli-
fier could also be driving the input of another
active device. At first, one might think that the
input of an op-amp can be modeled by some
high-value resistance in parallel with a capaci-
tance. While this model is correct to some extent,
some measurements quickly reveal that the input
capacitance is not all that “pure”. Figure 1.5
shows the input impedance of the EL2044 con-
nected as an unity gain buffer. While the imped-
ance does decrease with frequency, it does not do
so at —6 dB/octave; rather, the impedance is de-
creasing at a greater rate. The phase of the input
impedance also reveals the “impurity” of this in-
put capacitance.
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Figure 1.5. Input Impedance of a Unity Gain
Follower Using The EL2044

Other Capacitive Loads

As the examples above may suggest, strictly ca-
pacitive loads are difficult to find at high fre-
quencies. The only load we know of that is capac-
itive at high frequencies is a Liquid Crystal Dis-
play (LCD). In this instance, the intersection of
the row and column lines causes many capaci-
tances to be distributed along the line, and be-
cause of numerous parallel lines the inductance
tends to be low, giving loads upwards of 1000 pF
without large amounts of inductance.

Although pure capacitive loads are rare at high
frequencies, this does not mean that we can ig-
nore them. Capacitive reactance can exist over
narrow frequency ranges, and we must ensure
that our amplifier does not oscillate in these
ranges.

2.0 Capacitive Loads are Hard
Generally, an op-amp has no problem driving re-
sistive or inductive loads. Of course, this state-
ment needs to be qualified as to the size of the
load, but the point is that both kinds of loads do
not degrade the phase margin of the amplifier.
Capacitive loads, on the other hand, do reduce an
amplifier’s phase margin, and in severe cases can
cause the op-amp to oscillate.

Op-Amp Output Resistance

To see how various loads affect the phase margin,
we can model the open-loop output impedance of
an op-amp as the resistance R,. Shown in Figure
2.1, R, forms a divider with the load Zj, and the
output V, goes to the feedback network Ry and
Rg. If the phase lag of V, increased due to the
R,Z1, divider, the phase margin around the loop
diminishes and peaking, even oscillation, will oc-

0954-7
Figure 2.1. Open Loop Output
Resistance of an Op-Amp

First, if Zy, is resistive, then there is no phase lag
and the phase margin is preserved. If Zy is induc-
tive, then V, gets a phase lead and the phase
margin is increased! Finally, if Zy is capacitive
then we do get a phase lag and the amplifier will
peak due to this load. The severity of this prob-
lem increases with high speed op-amps, as the
example below illustrates.

Suppose that we have a 100 MHz amplifier with
45° of phase margin. Let R, = 508 and Z1, =
15 pF, then this network has a cutoff frequency
fc of 212 MHz. At 100 MHz, this network pro-
vides 25° of phase lag and thus reduces the phase
margin to 20°. Severe peaking will result in the
frequency response. The loss of phase margin due
to a capacitive load is given by:

APM = TAN—I;—“

C
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where f, is the op-amp’s unity gain frequency,
and f. is the cutoff frequency of the R,Cy, net-
work. Thus we see that for high frequency op-
amps, even a small capacitive load can cause a
large reduction in the phase margin.

Op-Amp Output Inductance
Another way to understand an op-amp’s sensitiv-
ity to capacitive loads is to look at its closed-loop
output impedance more closely. As an example,
consider the output impedance vs frequency
curve of the EL2044, reproduced in Figure 2.2.
We see that beyond about 200 kHz, the output
impedance actually looks inductive, and this
would resonate with a capacitive load! To see
why an op-amp’s output impedance looks induc-
tive, consider the circuit in Figure 2.3, where we
have an op-amp with open loop gain A(s) and
some general feedback network with gain 8. The
transfer function of this circuit is given by:
_ A

B =TT Ao
If the loop transmission A(s)8 is large, then H(s)
= 1/8, and we arrive at one of the important
results of negative feedback: the system’s gain
depends largely on the feedback network and not
on the op-amp itself. Similarly, the system’s out-
put impedance is given by:

Zoyr = —0

1+ A(s)B

where R,, is the op-amp’s open loop output resist-
ance. Thus for large values of loop transmission,
negative feedback drives the output impedance
to some low value. As frequency increases, how-
ever, the magnitude of A(s) rolls off, reducing the
loop transmission and raising Zoyt. Eventually,
at frequencies where A(s)B<<1, Zoyr asym-
totes to the output impedance of the op-amp out-
put stage.
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Output Stage Superinductance

Beyond the system level explanations given
above, we can gain understanding into the prob-
lem by looking at the op-amp at the transistor
level. In any op-amp we have an output stage
that buffers the gain stage from the external
load. The emitter follower is often used for this
purpose, so we will consider the follower’s output
impedance under different conditions. Figure 2.4
shows the general circuit. At low frequencies we
can find the output impedance using the reflec-
tion rule:

R =
ouT B+1
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At higher frequencies, however, we cannot ne-
glect the frequency dependence of 8. If we model
B as a single-pole system with DC gain S8, and
unity gain crossing w,, then the output imped-
ance becomes the following:

R R fﬁo) R .. R
Zour = ———— =2 (14 P L R 2
out ( Bo ) Bo( S Bo Jff'r
. fBo
+.—_
1 Jf’r
v
IN w HVOUT

0954-8
Figure 2.3. Block Diagram of General
Feedback System

then we get the transformations shown in Figure
2.4. In the first case where the source is resistive,
the output impedance is resistive and inductive.
This is intuitively similar to the op-amp example
presented earlier; since 8 decreases with frequen-
cy, Rour rises and thus appears inductive.
Hence we see that even a simple emitter follower
can resonate into a capacitive load. As an exam-
ple, a transistor with an internal base resistance
of 2000 and a fT of 300 MHz has an output in-
ductance of 100 nH. If this was used to drive a
50 pF load, its resonant frequency would be at
70 MHz, well within the range of today’s high
speed op-amps.

The next transformation is for a capacitive
source, which results in a resistive and capacitive
output impedance.

Finally, when the source is inductive, the output
impedance has a negative real component. This
negative impedance has no reactive phase, but its
magnitude increases as the frequency squared; we
will name this component a “super-inductor”. If
the sum of series resistance in a network is nega-
tive and all the reactances cancel, then the net-
work will oscillate. Thus the seemingly benign
emitter follower really misbehaves if we drive it
with an inductive source!

So where do we get an inductive source from
within an op-amp? The Darlington connection is
one possibility. In this configuration, an emitter
follower drives another emitter follower. The
first follower transforms its base resistance into
an output inductance, and the second follower
transforms this inductance into an output super-
inductance. The effect is the same for a NPN fol-
lower driving a PNP, or vice versa. Since base
resistance tends to be larger for IC transistors
than for discrete transistors, super-inductance is
very much an issue for monolithic amplifiers. An
output stage with this topology is shown in Fig-
ure 2.5, first used in the LHO0002 buffer amplifier.
Most integrated amplifiers built with a comple-
mentary bipolar process also use this output
stage, and so a real amplifier’s output impedance
is the sum of resistive, inductive, and super-in-
ductive components. If a capacitive load reso-
nates with the inductance at a frequency where
the super-inductance is greater than the real re-
sistance, oscillations will occur in the output
stage independent of loop characteristics.
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Figure 2.4. Impedance Transformations for an Emitter Follower with Various Source Impedances

6-49

g# ojoN uornjeorddy




Application Note #9

Vour

/|

0954-12

Figure 2.5. LH0002 Output Stage Topology

3.0 Possible Solutions

Like death and taxes, it is inevitable that we will
have to drive some form of capacitance. Unlike
death and taxes, techniques exist to deal with ca-
pacitive loads to some degree. We will present
some of these techniques in the following sec-
tions.

Internal Compensation

As we saw earlier, heavy capacitive loads can re-
duce the phase margin of an amplifier, and thus
cause the amplifier response to peak. However, if
we can lower the dominant pole of the amplifier
such that the phase margin is restored, then the
overall amplifier response should not peak, al-
though the bandwidth will also be reduced. Is
there such a way of sensing the amount of capaci-
tive load and adjusting the dominant pole appro-
priately? The answer is yes, and the solution can
be seen in Figure 3.1, where a capacitor C; has
been connected between the gain stage and out-
put of an op-amp.

First, consider a light load on the output (high
Ry, low Cp). Driving this load, the two voltages
Vourt and Vygiz should track each other closely,
and no current will flow thru the R.C. combina-
tion. The compensation network does no work in
this case, and we get the normal amplifier re-
sponse as given by Curve A in Figure 3.2. Now
suppose we raise Cp, to some high value. The
voltage Voyt will not follow Vygyz as closely,
and current begins to flow in the R.C. network.

Output
_______ Compensation
4 Cc " Network

Vout

11

|||—||—
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Figure 3.1. Compensation Scheme To Make Op-Amps More Tolerant of Capacitive Loads




This in effect puts part of C. on the gain node,

thus lowering the bandwidth of the amplifier. Vi
Curve B in Figure 3.2 shows what the response
may look like in this case. On the other hand, R
Curve C shows what will happen if we did not
use the compensation network to drive a large Rg
CL; although we retain the bandwidth, severe
peaking occurs. =

0954-15
This technique does have its drawback: the band- Figure 3.3. Series Resistor Compensation To
width reduces for heavy loads in general. Thus, Stabilize an Op-Amp Driving Capacitive Loads
the bandwidth lowers for heavy resistive loading
as well, which is an undesirable trait. In addition, The required amount of series resistance dc:pends
this technique degrades the RF linearity of the on the part used, but values of 5{ to 15( is usu-
amplifier, ruining such performance parameters ally sufficient to prevent local resonances. The

as differential gain and phase.

External Compensation—Series Resistor nonlinear loads.
To avoid sacrificing performance, most of Elan-
tec’s op-amps are not heavily compensated for ca-

pacitive loads. The use of external compensation An‘?t'her way to stabilize an op-amp driving a ca-
networks may be required to optimize certain ap- p.'i\c1t1ve load is the use of a snubber, as shown in
plications. Figure 3.3 shows one such network, Flgufe 3.4. ’Ijo see how a snubber can reduce
where we have inserted a series resistor with the peaklns, con51.der the 300 MHz /r transistor pre-
op-amp’s output. The stabilizing effect of this re- .sented in Section 2. For that example, the output
sistor can be thought of in two ways. One is that inductance of the emitter follower was shown to

RSERIES Serves to isolate the op-amp output and be 100 nH. With a lig’h‘t resistive loail Ry = 1kQO
feedback network from the capacitive load. The and moderate capacitive load C;, = 50 pF, the

disadvantage of this technique is a reduction in
gain accuracy, and extra distortion when driving

External Compensation—The Snubber

other way to think about it is to recall the super- circuit resonates at 70 MHz with a Q given by:
inductor concept introduced earlier. Since the o= R
output stage presents a negative resistance over L
certain frequencies, adding enough series resist- CL

ance would cancel this negative resistance and
prevent oscillation.

~ ©

\
log |A| 4\ Il v heavy cap load
’ \  without output comp
J \ network
,/
A—”’

light capacitive load;

heavy cap load Ceomp dominates

with output comp
network

Figure 3.2. Effects of Compensation Scheme Shown in Figure 3.1

—p log W
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Figure 3.4. The Snubber

In this case, Q works out to be about 22, giving us
severe peaking in the frequency response. How-
ever, with a load of 150(), the Q reduces to 3.
Thus the extra stabillty gained with a heavy load
resistor is desirable, but we may be wasting DC
load current with this approach. A way around
this is to insert a capacitor in series with the re-
sistor, resulting in a snubber.

There are various ways to determine appropriate
values for Rgnyuyp and Cgnup, one of which is
presented in [2]. We will describe an alternative
method here. First, operate the amplifier as in
the intended application and look at its frequen-
cy response on a network analyzer. Find the fre-
quency at which the peak occurs, and denote that
as fp. Next, try loading the amplifier with differ-
ent load resistances until the peaking reduces to a
satisfactory level; this value will be RgnuB. Fi-
nally, we need a capacitor that will make the
snubber look resistive at the frequency of the
peak. A rough guideline is to make the snubber

zero frequency 3 times lower than /o, resulting in
the following design equation:

3
CsNUB= -7 oo
27 * f, * RsNUB

Note that as opposed to the series resistor meth-
od, the use of a snubber does not degrade the gain
accuracy or cause extra distortion when driving a
nonlinear load.

Unterminated Coaxial Lines

As we may have hinted earlier, unterminated co-
axial lines mean trouble. The simple remedy for
this is to terminate the line in its characteristic
impedance, and the cable will look like a stable
resistive load to the driving amplifier.

In certain cases the cable termination may be un-
known, or it may not be under our control at all
times. A good example of this is in ATE systems,
where an amplifier drives a signal through a co-
axial cable to a test pin. However, when a device
under test is not plugged in, the test pin is left
unterminated, and so the amplifier is driving into
an open cable. Figure 3.5 shows how we can use
back-matching to solve this problem. In back-
matching, we insert a resistor Rgp equal to the
cable’s characteristic impedance between the am-
plifier and the cable. Rgp serves to isolate the
amplifier from the cable, the impedance of which
could wildly vary with frequency. Also, since
RpMm terminates the cable at the source end, re-
flected signals are absorbed in Rpw, preventing
multiple reflections from occurring.

Back-match
Resistor

0954-17

Figure 3.5. Backmatching
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4.0 Summary

High frequency op-amps are sensitive to capaci-
tive loads due to the loss of phase margin in driv-
ing these loads. In addition, the op-amp output
stage can introduce its own resonance, further
complicating the stability issue. These problems
can introduce severe peaking in the frequency
response or excessive ringing in the transient
response. Some recent op-amp designs have in-
corporated an internal compensation network for
capacitive loads. Such op-amps, however, sacri-
fice bandwidth and RF linearity in return for
foolproof usage. For the best performance, ampli-
fiers without the internal compensation network
should be used in conjunction with a snubber
when necessary. Proper bypassing and board lay-
out have not been stressed in this application
note, but they are equally important to the well-
being of a high speed op-amp.
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Following are two applications notes for the
EL7661 half bridge driver.

1. The current boosted half bridge driver offers

the control functions of the EL7661 with en-
hanced drive capability. For example an appli-
cation with Vg = 16V, a 25 ns turn on time
and a 3000 pF load would require Ipg = (Vg
+ Vgs) * C/Ton = (16 + 10) * 3000
pF/25 ns = 3.12A peak current from the

Current Boosted and DC Stabilized Half Bridge Driver
by Les Mills

driver. Since the EL7761 specifies Ipg = 1A
typical, the output requires current boosting
to achieve the desired turn on time. This cir-
cuit is also useful in applications where the
switching time is less stringent or the load is
lighter but the output is required to swing
over a greater range due to higher supplies
voltages.
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Figure 1. EL7661 Half Bridge Driver with Output Current Boost
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2. DC stabilization of the half bridge driver is oscillator since its output must swing between
achieved by charge pumping the high side GND and the 16V supply and provide a mini-
supply storage capacitor while the output is in mum of 10 mA, the supply current of the
the high state. This keeps the top half of the EL7761. The EL7232 is capable of 1.5A peak.
circuit (Vpp to Lx) biased at 12V when a 12V Any driver providing 30 mA, swinging be-
Zener is used as shown. The Zener should be tween GND and the 16V supply would also be

15V or less. The EL7232 was selected for the

suitable.
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Figure 2. EL7661 Half Bridge Driver DC Stabilized with Output Current Boost
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25 kHz Electronic Ballast Using The EL7981 Delay Driver

by Bruce Rosenthal

Introduction

Electronic ballasts are rapidly gaining market ac-
ceptance, as ballast prices drop, electrical rates
increase, and performance improves. Their pri-
mary advantages are: (1) the elimination of flick-
er, and noise (hum), (2) increased efficiency re-
sulting in a cost advantage, and (3) reduces size
and weight. The EL7981 is particularly well suit-
ed for this application by using the programma-
ble delay and high current drive features.

System Operation

The ballast, in many respects, resembles an OFF-
LINE Switch-Mode Power Supply. The 120 VAC
line is rectified and doubled, developing =
300 VDC rail-to-rail. When the intensity switch is
set to “Low”, the doubler is eliminated, and
150 VDC is produced. A *“half bridge” configura-
tion, using (2) Power MOSFET’s drives an LC
resonant circuit, with sufficient “Q” to develop
the necessary starting voltage. The resulting cur-
rent and voltage to the lamp are sinusoidal. Iso-
lated drive to the FET’s is provided with a trans-
former coupled from EL7981 Dual Delay Driver.
The delay function allows for the “Recovery
Time” of the parasitic diodes in the Power Mos-
fet’s. A 555 timer generates the desired clock fre-
quency. The clock can be tuned to the resonant
frequency of the series L-C network. For tutorial
reasons, auxillary power for the clock and driver
were supplied externally, however, in practice a
simple charge-pump can be used to develop the
10V supply.

Lamp

The “F40” 40 watt, 48" flourescent lamp was se-
lected for its popularity, and low cost. Above
20 kHz, these flourescent lamps behave like a
300Q) resistor because the plasma is maintained.
The “striking” voltage for a cold tube is around
400V, however, this can be reduced by supplying
current to the starter filament. Additional lamps
can be added, but require separate L-C networks.
25 kHz operation was chosen, because it’s above
the audible range, yet not so high, that switching
losses would be of concern. Increased lamp life
has been reported by operating at these frequen-
cies compared to 50 Hz-60 Hz.

EL7981

The EL7981 Dual Delay Driver generates a pro-
grammable delay to the rising edge of the output
waveforms. Each output has a nominal “ON” re-
sistance of 5(), and can source and sink 1A, With
Rger = 300 kQ, the delay is about 1.5 us, which
provides sufficient time for the parasitic diodes
in the FET’s to recover. The strong output devic-
es are suitable for driving the “Gate” transformer
directly. The resulting gate drive waveform has
(3) distinct levels: —10V, 0V, +10V.

Magnetics

The two magnetic components of the Ballast are
(1) the gate transformer, and (2) the output reso-
nating inductor. The output inductor is rated at
1.8 mH (Magnetic Circuit Elements Inc.
#0C25BL25). The gate transformer is wound
1:1:1 and is tightly coupled to provide fast
switching. (Magnetic Circuit Elements Inc.
#0-1853T1). For further information on these
components, contact John Conklin at Magnetic
Circuit Elements (408) 757-8752.
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Elantec’s Policy

Elantec receives many applications inquiries ev-
ery day which vary widely in nature. We believe
that Application assistance is as inherently im-
portant to our customers as the performance and
quality of our products. To assist our customers
in getting the best and fastest support possible,
the following information is provided.

Sample and Literature Requests
If you know what product sample or literature
you need, probably the best and fastest way to
obtain them is to call Elantec’s local sales office,
sales representative, or distributor. A complete
listing is on pages 11-3 through 11-15 of this
book. If you are not sure what you need, call our
Applications hot line 1 (800) 333-6314. For litera-
ture only, touch or request extension 234. For ap-
plications assistance, touch or request extension
311.

New Applications Assistance
Technical assistance for a new application is a
toll free phone call away. Call 1 (800) 333-6314
and touch or request extension 311, Probably the
most important information that Elantec needs
to assist you is a clear picture of what the circuit
needs to do. What we mean by that is the cost
and performance objectives of the circuit or sys-
tem. If you have a preliminary topology or sche-
matic, feel free to FAX that to the Factory at 1
(408) 945-9305 in confidence. The following is a
check list which will expedite our assistance to
you:

What does the circuit need to do?
What power supply voltages are available?
What is the temperature range?

What is the load?

What are the key specs: bandwidth, slew rate,
settling time, noise, output voltage, etc. and what
are your expectations?

Problems with an Existing Circuit

and Other Issues

Applications assistance for an existing applica-
tion is a toll free phone call away. Call 1 (800)
333-6314 and touch or request extension 311.

Probably the most important information that
Elantec needs to assist you is a clear picture of
what the circuit is doing or not doing. The fol-
lowing is a check list which will expedite our as-
sistance to you:

What is the part number?

What is the device’s date code?

What are the symptoms?

Are scope photos or frequency plots available?
How many devices are involved?

Unreleased Product

As a general rule, Elantec does not sample new
devices that have not completed our rigorous for-
mal release cycle. However, occasionally we will
“beta ” site customers with advanced Engineer-
ing samples. We view this as a productive ex-
change between our Factory and customer Engi-
neering teams to pin point problems and issues.
In all instances, these devices will be marked
“Engineering Sample.” If you are interested in
such a device, call your nearest Elantec sales of-
fice, local sales representative, or the Factory at 1
(800) 333-6314 and touch or request extension
252.

Demo Boards

Contact factory applications for demo board
availability.

Quality or Reliability Issues

On the rare occasion that you experience what
may be a Reliability or Quality issue, please con-
tact the nearest Elantec sales office, local sales
representative, or distributor. You may choose to
call the Factory directly at 1 (800) 333-6314, and
touch or request extension 310 or 279.

Price Quotes/Delivery Status

For pricing and delivery information, please con-
tact the appropriate full service representative or
local Elantec franchised distributor as listed on
page 11-6. For additional information you may
contact the Elantec Customer Service Depart-
ment @ 1 (800) 333-6314.

SATdINVS ¥ SNOLLVOI'IddV
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Soldering Packages to PC Boards
DIP Packages

Wave soldering is recommended for DIP pack-
ages. Elantec’s DIP packages will survive a peak
temperature of 300°C (at leads) for 10 seconds.
Solder plated are recommended. Rosin mildly ac-
tivated (RMA) flux or organic flux is needed.
Wave soldering using a dual wave system at
250°C £ 10°C for 2 seconds per wave is preferable.
Thorough cleaning of boards after soldering is re-
quired.

Surface Mount Packages

Wave soldering and vapor phase or infrared (IR)
reflow can be used for soldering surface mount
packages. Elantec’s surface mount packages will
withstand 260°C for 10 seconds. Solder plated
boards are recommended for wave soldering and
vapor phase or IR reflow methods.

8-3

Wave Soldering: Adhesive is used to hold com-
ponents on the boards during wave scldering.
Place components on the board and cure adhesive
before wave soldering. Rosin mildly activated
(RMA) flux or organic flux is needed. Wave sol-
dering using a dual wave system at 25¢°C +10°C
for 2 seconds per wave is preferable. Thorough
cleaning of boards after soldering is required.

Reflow Soldering: Screen solder paste on
board and attach components to board. Solder
paste with RMA flux is recommended. Bake the
boards at 65°C-90°C for 15 minutes. Reflow sol-
der paste with vapor phase or IR reflow systems.
The solder paste temperature must be main-
tained at or above 200°C for at least 30 seconds.
Clean boards to remove flux.
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PACKAGE OUTLINES

NOTE 1
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NOTE 1
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Note 1: These dimensions do not include mold flash or protrusions. Mold flash protrusion shall not exceed .006” on any side.

Note 2: 8 and 14 leads are narrow body.
Note 3: Dimensions and tolerancing per ANSI Y14.5M-1982.
Note 4: Flat area of lead foot.
Note 5: SOL-24T2 (thermal package) has 2 fused leads on each side of package.

MDP0027 Rev. C
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NOTE

Package Outline—SOIC

Lead Finish—Solder Plate

4

Lead Count

Symbol| SOL-28

SOL-20

SOL-16

SO-16

SO-8

SOL-24

Min | Max

Max

Max

Min

Max

Max

Max

A 0.096 | 0.104

0.096

0.104

0.096

0.104

0.061

0.068

0.061

0.068

0.096

0.104

A; |0.004|0.011

0.004

0.011

0.004

0.011

0.004

0.010

0.004

0.010

0.004

0.011

0.014 | 0.019

0.014

0.019

0.014

0.019

0.014

0.019

0.014

0.019

0.014

0.019

0.009 | 0.012

0.009

0.012

0.009

0.012

0.008

0.010

0.008

0.010

0.009

0.012

0.696 | 0.712

0.498

0.510

0.397

0.430

0.386

0.394

0.189

0.196

0.598

0.614

®H(O(o|®

0.291 0.299

0.291

0.299

0.291

0.299

0.150

0.157

0.150

0.157

0.291

0.299

e 0.050 BSC

0.050

BSC

0.050

BSC

0.050

BSC

0.050

BSC

0.050

BSC

0.398 | 0.414

0.398

0.414

0.398

0.414

0.230

0.244

0.230

0.244

0.398

0.414

0.010( 0.016

0.010

0.016

0.010

0.016

0.010

0.016

0.010

0.016

0.010

0.016

[l = ]

0.016 | 0.024

0.016

0.024

0.016

0.024

0.016

0.024

0.016

0.024

0.016

0.024
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MDP0031 Rev. A
Plastic Package
Lead Finish—Hot Solder DIP
Common Min Max Min Max Min Max Min Max
Dimensions
Ay 0.020 0.040 0.020 0.040 0.020 0.040 0.020 0.040
A 0.125 0.145 0.125 0.145 0.125 0.145 0.125 0.145
B 0.016 0.020 0.016 0.020 0.016 0.020 0.015 0.021
B 0.050 0.070 0.050 0.070 0.050 0.070 0.050 0.070
C 0.008 0.012 0.008 0.012 0.008 0.012 0.008 0.012
0.350 0.385 0.750 0.770 0.745 0.755 0.925 1.045
E 0.290 0.310 0.300 0.320 0.300 0.325 0.300 0.320
E; 0.245 0.255 0.245 0.255 0.245 0.255 0.245 0.255
e 0.100 Typ 0.100 Typ 0.100 Typ 0.100 Typ
ea 0.300 Ref 0.300 Ref 0.300 Ref 0.300 Ref
L 0.130 0.150 0.115 0.150 0.125 | 0.150 0.130 0.150
8 14 16 20
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In North America, Elantec has three levels of
sales support. Regional Sales Managers are locat-
ed in the Boston and San Jose areas. Field Appli-
cations Engineers are located in the Boston and
San Jose offices. Elantec also maintains a net-
work of sales representatives covering the United
States and Canada. Finally, major nationwide
and regional distributors provide local stock.
Elantec maintains an up-to-date distributor in-
ventory status and provides an inventory referral
service through Distribution Sales in San Jose.
Orders may be placed through the sales repre-
sentatives or distributors. A list of sales repre-
sentatives and distributors is included with this
Elantec 1994 Databook, or please contact any of
the regional sales offices.

In Europe, Elantec has a Regional Sales Office in
London. Local sales support is provided through
stocking representatives in all of the major coun-
tries. A current list of representatives and distrib-
utors may be obtained from the London office.

Elantec has stocking agents in all Pacific Rim
Countries, Australia, and New Zealand. A list
may be obtained from Elantec’s headquarters in
Milpitas, California.

In Asia, Elantec has a regional sales office in To-
kyo. Local sales support is provided through
stocking representatives in all of the major coun-
tries. A current list of representatives may be ob-
tained by contacting the Tokyo sales office.

Elantec Proprietary and NSC Alternate Source

E L 2006 A G
T T

PREFIX
ELANTEC

FAMILY
LH  NSC Alternate Source
L Proprietary Linear

P PNP Array

N NPN Array

PART
NUMBER

OPTIONAL SUFFIX
A Selected Electrical

Performance
C —0°Cto +75°C or —40°C to +85°C
E —40°Cto +150°C

None —55°Cto +125°C

9-3

/883B

RELIABILITY PROGRAM
/883B 100% MIL-STD-883 Class B,
Current Revision Processing

PACKAGE
Sidebraze
TO-8 Metal Can
TO-5 or TO-99 Metal Can
CerDIP
TO-3
Plastic DIP
TO-220
Large Body SOIC
Narrow Body SOIC
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ELANTEC, INCORPORATED (“SELLER”)
TERMS AND CONDITIONS OF SALE

1. ACCEPTANCE OF ORDER

THIS ACKNOWLEDGEMENT AND AC-
CEPTANCE IS EXPRESSLY LIMITED TO
AND MADE CONDITIONAL UPON THE
TERMS AND CONDITIONS CONTAINED
HEREIN AND ANY OF THE BUYER’'S
TERMS AND CONDITIONS WHICH ARE IN
ADDITION TO OR DIFFERENT FROM
THOSE CONTAIN HEREIN WHICH ARE
NOT SEPARATELY AND SPECIFICALLY
AGREED TO IN WRITING ARE HEREBY
OBJECTED TO AND SHALL BE OF NO EF-
FECT.

Only those orders accepted by Seller as its home
office in Milpitas, California shall be binding
upon Seller.

2. PRICES

Irrespective of any prices quoted by Seller or list-
ed on Buyer’s order, Seller’s acceptance of any
order is subject to the prices shown on Seller’s
acknowledgment. Said prices are firm and are not
subject to adjustment other that “precious metals
adjustments” or “precious metals surcharges” at
Seller’s option to cover Seller’s cost of fluctua-
tions in the price of precious metals utilized in
the manufacture of Seller’s products.

3. TAXES

All prices are exclusive of all federal, state and
local excise, sales, use and similar taxes. Such
taxes shall be paid by Buyer, or in lieu thereof
Buyer shall provide Seller with a tax exemption
certificate acceptable to the taxing authorities.
When applicable, such taxes will appear as sepa-
rate additional items on the invoice unless Seller
receives a proper tax-exemption certificate from
Buyer prior to shipment.

4. PAYMENT

Unless Seller has extended credit to Buyer as de-
scribed below, Buyer shall pay Seller, at Seller’s
option either by: Cash with Order, C.0.D., Letter
of Credit or Sight Draft.

Should Seller elect to extend credit to Buyer,
payment shall be made in full within thirty (30)
days of the date of Seller’s invoice. Seller reserves
the right at any time to change the amount of or
to withdraw any credit extended to Buyer.

Any payments made in excess of thirty (30) days
may be subject to late charges.

5. TITLE AND DELIVERY

Seller shall deliver products sold hereunder to
Buyer F.O.B. Seller’s factory. Partial deliveries
shall be permitted. Upon such delivery to a carri-
er at Seller’s factory, title to the products and all
risk of loss or damage shall pass to Buyer.

6. SHIPMENT

All shipping charges and expenses shall be paid
by Buyer. Seller will not insure the products sold
hereunder unless requested by Buyer in which
case Buyer will pay for such insurance.

Shipments will be made, at Seller’s option, either
by Parcel Post, Railway Express. Air Express,
Air Freight, or as otherwise determined by Seller.

Shipping dates are approximate and are depen-
dent upon Seller’s prompt receipt of all necessary
information from Buyer.

7. PATENTS

With respect to products manufactured soley to
Seller’s designs and specifications, Seller shall de-
fend any suit or proceeding brought against Buy-
er insofar as such suit or proceeding is based on a
claim that any such products furnished here-
under infringe any patent of the United States. If
Seller is notified promptly in writing of such suit
or proceeding and given full and complete au-
thority, information, and assistance by Buyer for
such defense, Seller shall pay all damages and
costs finally awarded against Buyer in any such
suit or proceeding, but Seller shall not be respon-
sible for any compromise thereof made by Buyer
without the written consent of Seller. In the
event that such products are held in such suit or
proceeding to infringe a patent of the United
States and their use is enjoined, or if in the opin-
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ion of Seller such products are likely to become
the subject of a claim of infringement of a patent
of the United States, Seller, in its sole discretion
and at its won expense, may either: (a) procedure
for Buyer the right to continue using such prod-
ucts with noninfringing products; or (b) modify
such products so that they become noninfringing;
or (c) replace such products with noninfringing
products; or (d) accept the return of such prod-
ucts, granting Buyer a refund therefor equal to
the depreciated value thereof.

Seller shall have no liability to Buyer under any
provision hereof if any patent infringement or
claim thereof is based upon (a) a modification of
the products not introduced by or approved by
Seller; or (b) the interconnection or use of the
products in combination with products with oth-
er devices not made by Seller; or (c) the use of the
products in other than an application recom-
mended by Seller.

The foregoing states the entire liability of Seller
for infringement of patents by Seller’s products
or any part(s) thereof.

8. INDEMNITY

Buyer shall indemnify, defend, and hold Seller
harmless from and against any and all liability,
damages, expenses, costs or losses resulting from
any suit or proceeding brought for infringement
of a patent(s), copyright(s), or trademark(s), or
for a misappropriation of use of any trade se-
cret(s), or for unfair competition arising from
Seller’s compliance with Buyer’s design, specifi-
cations or instructions.

9. SECURITY INTEREST

Notwithstanding passage of title of products sold
hereunder to Buyer F.O.B. Seller’s factory, Seller
shall retaln a security interest in the products un-
til payment has been made in full by Buyer for
such products. Buyer shall perform all acts neces-
sary to perfect and maintaln such security inter-
est.

10. WARRANTIES

Seller warrants to Buyer that Seller’s standard
products sold hereunder (and any services fur-
nished therewith) which are not used in any med-
ical or life support application shall be free from

defects in material and workmanship and shall
conform to the applicable specifications (if any)
for a period of one year from the date of ship-
ment. For products which are not standard prod-
ucts of Seller, such as dice and developmental or
custom designed products. Seller warrants to
Buyer that such products sold hereunder (and
any services furnished therewith) shall be free
from defects in material and workmanship and
shall conform to the applicable specifications (if
any) for a period of thirty (30) days from the date
of shipment.

Should products sold hereunder fall to meet the
above applicable warranty, Seller, at its option,
shall repair or replace such products or issue
Buyer a credit provided that (a) Seller is notified
in writing by Buyer within thirty (30) days after
discovery of such failure; (b)Buyer obtains a Re-
turn Material Authorization from Seller prior to
returning any defective products to Seller; (c) the
defective products are returned to Seller, trans-
portations charges prepaid by Buyer; (d) the de-
fective products are received by Seller for adjust-
ment no later than four (4) weeks following the
last day of the warranty period, and (e) Seller’s
examination of such products shall disclose, to its
satisfaction, that such failures have not been
caused by misuse, abuse, neglect, improper instal-
lation or application repair, alteration, accident
or negligency in use, storage, transportation or
handling.

In the event of failure to meet the above applica-
ble warranty with respect to products sold here-
under cannot be corrected by Seller’s reasonable
efforts, the Seller and Buyer shall negotiate an
equitable adjustment in price.

The foregoing warranty provisions set forth the
Seller’s sole liability and the Buyer’s exclusive
remedies for claims (except as to title) based on
defects in or failure of any products sold here-
under or services furnished hereunder whether
the claim is based in contact, tort, (including neg-
ligence), warranty or otherwise and however in-
stituted. Upon the expiration of the applicable
warranty for any products sold hereunder, all
such liability shall terminate.
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The above warranty periods shall not be extend-
ed by the repair or replacement of products pur-
suant to any of the above warranties. The above
warranties shall apply only to Buyer and shall
not apply to Buyer’s customers or any other
third parties.

SELLER PRODUCTS ARE NOT DESIGNED
FOR AND SHOULD NOT BE USED WITHIN
LIFE SUPPORT SYSTEMS WITHOUT THE
SPECIFIC WRITTEN CONSENT OF THE
PRESIDENT OF ELANTEC. LIFE SUPPORT
SYSTEMS ARE EQUIPMENT INTENDED
TO SUPPORT OR SUSTAIN LIFE AND
WHOSE FAILURE TO PERFORM WHEN
PROPERLY USED IN ACCORDANCE WITH
INSTRUCTIONS PROVIDED CAN BE REA-
SONABLY EXPECTED TO RESULT IN SIG-
NIFICANT PERSONAL INJURY OR
DEATH. USERS CONTEMPLATING APPLI-
CATION OF SELLER PRODUCTS IN LIFE
SUPPORT SYSTEMS ARE REQUESTED TO
CONTACT SELLER FACTORY HEADQUAR-
TERS TO ESTABLISH SUITABLE TERMS
AND CONDITIONS FOR THESE APPLICA-
TIONS. SELLER’S WARRANTY IS LIMITED
TO REPLACEMENT OF DEFECTIVE COM-
PONENTS AND DOES NOT COVER INJURY
TO PERSONS OR PROPERTY OR OTHER
CONSEQUENTIAL DAMAGES.

11. LIMITATION OF LIABILITY

In no event, whether as a result of breach of con-
tract, warranty or tort (including negligence) or
otherwise shall Seller be liable for any special,
consequential, incidental or penal damages, in-
cluding but not limited to, loss of profit or reve-
nues, loss of the product or any associated equip-
ment, damaged to associated equipment, cost of
captial, cost of substitute products, facilities,
service or replacement power, down time costs or
claims of Buyer’s customers for such damages. If
Buyer transfers title to or leases products sold
hereunder to any third party, Buyer shall obtain
from such third party a provision affording the
Seller the protection of the preceding sentence.

Except as provided in the above “Patents” arti-
cle, whether a claim is based in contract, tort (in-
cluding negligence) or otherwise, the Seller’s lia-
bility for any loss or damage arising out of, or

resulting from any products sold hereunder or
services furnished hereunder shall in no case ex-
ceed the price of the specific product(s) or serv-
ice(s) which gives rise to the claim. Except as to
title, any such liability shall terminate upon the
expiration of the applicable warranty period
specified in the above “Warranties” article.

12. U.S. GOVERNMENT CONTRACTS

If the products to be furnished hereunder are to
be used in the performance of a U.S. Government
contract or subcontract, no Government requir-
ments or regulations shall be binding upon Seller
unless specifically agreed to by Seller in writing.

If the Government terminates such a contract or
subcontract in whole or in part through no fault
of or failure to perform by Buyer, this order may
be canceled in writing in the same proportion,
and the liability of Buyer for termination allow-
ances shall be determined by the then applicable
regulations of the Government regarding termi-
nation of contracts.

13. EXCUSABLE DELAYS

Seller shall not be liable for delays in delivery or
performance due to any cause beyond its reason-
able control, including, without limitation, acts
of God, acts of Buyer, strikes or other labor dis-
turbances, inability to obtain necessary materi-
als, components, services or facilities.

14. CANCELLATIONS OF STANDARD
PRODUCTS

Should Buyer terminate any order accepted here-
under or should Seller terminate any order ac-
cepted hereunder due to Buyer’s nonperformance
of its obligations hereunder, then Buyer shall pay
Seller its reasonable termination charges within
fifteen (15) days from the date of invoice of same.

Buyer may request rescheduling or cancellation

by providing thirty (30) days written notice to

Elantec provided however, that elantec is not ob-

ligated to accept such notice, but if such notice is

given and accepted by Elantec, then Elantec has

the right to deliver and be paid by Buyer for:

1. 100% of quantity of devices scheduled for

delivery within thirty (30) days following
receipt of said notice.

SNOLLIONOD ANV SIWYHL
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2. 50% of quantity of devices scheduled for de-
livery within 30-60 days following receipt
of said notice.

15. CANCELLATION OF PRODUCTS
MANUFACTURED TO BUYER’S
DESIGN/SPECIFICATIONS
INCLUDING ALL NON-STANDARD
AND DISK DRIVE PRODUCTS

Charge for engineering, design, generation of
data, lot charges or any other special charges that

are not for product are non-cancelable except
with prior written permission from Seller.

Buyer may request rescheduling or cancellation
of product by providing 60 day notice to Elantec
provided, however, that Elantec is not obligated
to accept such notice but if such notice is given
and is accepted by Elantec, then Elantec has the
right to deliver and be paid by the Buyer for:

1.100% quantity within 60 days following
written receipt of said notice;

2. All additional work in process scheduled
within the 16 week delivery time period
shall be paid for by Buyer at a price based
on the percentage of completion of such in-
ventory applied to the price for the finished
product. Buyer shall also promptly pay to
Elantec; (a) costs of settling and paying
claims arising out of termination of work
under Elantec’s subcontracts or vendors; (b)
reasonable costs of settlement, including en-
gineering, development, accounting, legal
and clerical costs; (¢) twenty percent (20%)
of the purchase price of the purchase order
to be canceled.

16. ASSIGNMENT

Any assignment by Buyer of this order or of any
rights or obligations in connection therewith
shall be void without the written prior consent of
the Seller.

17. EXPORT TO NON-APPROVED
COUNTRIES

Buyer agrees to take all reasonable and necessary
precautions to prevent ultimate exportation of
Elantec products to countries prohibited by rules
or regulations of the United States Government,
and to obtain all export licenses and other gov-
ernmental approvals necessary prior to the ex-
port of any Elantec products.

18. MISCELLANEOUS

The validity, performance and construction of
these terms and conditions of sale and any sale
hereunder shall be governed by the laws of the
state of California.

The invalidity, in whole or in part, of a y provi-
sion herein shall not affect the validity or enforce
ability of any other provision herein.

Any representation, warranty, course of dealing
or trade usage not contained or referenced herein
shall not be binding on Seller.

No modification, amendment, recision, waiver or
other change in these terms and conditions shall
be binding on Seller unless assented to in writing
by Seller’s duly authorized representative.

Seller reserves the right to manufacture and/or
assemble its products in any of its worldwide fa-
cilities unless otherwise agreed to in writing with
Buyer.
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United States Manufacturers Representatives

ALABAMA

Group 2000 Sales, Inc

655 Gallatin St #100

Huntsville, AL 35801

PHONE 205-536-2000
FAX 205-533-5525

ARIZONA

Reptronix, Ltd

1661 E. Camelback Rd

Phoenix, AZ 85016

PHONE 602-230-2630
FAX 602-230-7730

CALIFORNIA
Bestronics
9683 Tierra Grande St #102
San Diego, CA 92126
PHONE 619-693-1111

FAX 619-693-1963

Brooks Technical Group
883 North Shoreline Blvd
Mountain View, CA 94043
PHONE 415-960-3880
FAX 415-960-3615

Parsons Technical Marketing
10112 Fair Oaks Blvd #4
Fair Oaks, CA 95628
PHONE 916-965-3255

FAX 916-965-4204

Westrep

2557 West Woodland Dr

Anaheim, CA 92801

PHONE 714-527-2822
FAX 714-527-3868

COLORADO

Thom Luke Sales

9000 E. Nichols Ave #240

Englewood, CO 80112

PHONE 303-649-9717
FAX 303-649-9719

CONNECTICUT
John E. Boeing
101 Harvest Pk No Bldg 1A
Wallingford, CT 06492
PHONE 203-265-1318

FAX 203-265-0235

FLORIDA
Naltron Corp
Lincoln Center
5401 W. Kennedy Blvd #992
Tampa, FL 33609
PHONE 813-287-1433
FAX 813-287-1746

GEORGIA

Group 2000 Sales, Inc

655 Engineering Dr #140

Norcross, GA 30092

PHONE 404-729-1889
FAX 404-729-1896

IDAHO
First Source
10451 W. Garverdale Ct #209
Boise, ID 83704
PHONE 208-378-4680
FAX 208-323-9386

ILLINOIS
Mid Star Technologies
2268 B Landmeier Rd
Elk Grove Village, IL 60007
PHONE 708-427-2300
FAX 708-427-0121

INDIANA

Mohrfield Marketing

4173 Millersville Rd

Indianapolis, IN 46205

PHONE 317-546-6969
FAX 317-545-4504
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MANUF. REPS AND DIST.

INDIANA — Contd.
Morfield Marketing, Inc
9415 Teke Dr

Leo, IN 46765

PHONE 219-627-5355
FAX 219-627-2953

KANSAS
Midtec Associates, Inc
11900 W. 87th St Pkwy #220
Lenexa, KS 66215
PHONE 913-541-0505
FAX 913-541-1729

KENTUCKY
Mohrfield Marketing, Inc
191 W. Lowry Ln #A
Lexington, KY 40504
PHONE 606-277-7990
FAX 606-278-1278

MARYLAND

DGR

1447 York Rd #401

Lutherville, MD 21093

PHONE 410-583-1360
FAX 410-825-5579

MASSACHUSETTS

John E. Boeing

10 North Rd

Chelmsford, MA 01824

PHONE 508-256-5800
FAX 508-256-8939

MICHIGAN
Electronic Sources Inc
8002 W. Grand River Ave #B
Brighton, Ml 48116
PHONE 810-227-3598
FAX 810-227-5655

MINNESOTA

High Technology Sls

4801 W. 81st St #115

Bloomington, MN 55437

PHONE 612-844-9933
FAX 612-844-9930

United States Manufacturers Representatives — Contd.

MISSOURI

Midtec Associates, Inc

55 Westport Plaza #614

St. Louis, MO 63146

PHONE 314-275-8666
FAX 314-275-8859

NEW JERSEY

BGR Associates

525 Route 73 Suite 100

Marlton, NJ 08053

PHONE 609-983-1020
FAX 609-983-1879

NEW MEXICO

Reptronix Ltd.

237 C Eubank North East

Albuquerque, NM 87123

PHONE 505-292-1718
FAX 505-299-1611

NEW YORK

Astrorep Inc

103 Cooper St

Babylon, NY 11702

PHONE 516-422-2500
FAX 516-422-2504

CTC Associates

1063 Killoe Rd

Baldwinsville, NY 13027

PHONE 315-638-9232
FAX 315-638-7410

NORTH CAROLINA
Group 2000 Sales, Inc
875 Walnut St #310
Cary, NC 27511
PHONE 919-481-1530
FAX 919-481-1958

OHIO

Mid Star Technologies

35 Compark Rd #204

Centerville, OH 45458

PHONE 513-439-5700
FAX 513-439-6657
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OREGON
Electronic Solutions
P.O. Box 91428
Portland, OR 97291
PHONE 503-292-8204
FAX 503-423-8005

TEXAS

O M Associates

690 W. Campbell Rd #150

Richardson, TX 75080

PHONE 214-690-6746
FAX 214-690-8721

O M Associates
20405 S.H. 249 #170
Houston, TX 77070
PHONE 713-376-6400
FAX 713-376-6490

O M Associates
11044 Research Blvd # A103
Austin, TX 78759
PHONE 512-794-9971
FAX 512-794-9987

BRITISH COLUMBIA
Leister Blake Enterprises Ltd
570 Ballantree Rd
West Vancover, B. C. V7S 1W3
PHONE 604-926-6127

FAX 604-926-0372

ONTARIO
Har-Tech Electronics Ltd
390 Bradwick Dr #3 and #4
Concord, Ontario, Canada L4K 2W4
PHONE 905-660-3419

FAX 905-660-5102

United States Manufacturers Representatives — Contd.

UTAH

First Source

2688 Willow Bend

Sandy, UT 84093

PHONE 801-943-6894
FAX 801-943-6896

WASHINGTON
E2
13333 Bel-Red Rd Suite 239
Bellevue, WA 98005
PHONE 206-637-0302

FAX 206-646-8893

WISCONSIN

Selective Sales

143 E. Capital Dr

Hartland, WI 53029

PHONE 414-367-1133
FAX 414-367-3842

Canadian Manufacturers Representatives

Har-Tech Electronics Ltd
One Bonner St
Nepean, Ontario, Canada K2H 7S9
PHONE 613-726-9410
FAX 613-726-8834

QUEBEC
Har-Tech Electronics Ltd
6600 Trans-Canada Hwy #460
Pointe Claire, Quebec, Canada HIR 4S2
PHONE 514-694-6110
FAX 514-694-8501
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ALABAMA

Insight Electronics Inc

4835 University Square #19

Huntsville, AL 35816

PHONE 205-830-1222
FAX 205-830-1225

Marshall Industries
3313 Memorial Pkwy South
Huntsville, AL 35801
PHONE 205-881-9235

FAX 205-881-1490

Nu Horizons
4801 University Square #11
Huntsville, AL 35816
PHONE 205-722-9330

FAX 205-722-9348

ARIZONA

Insight Electronics Inc
1515 W, University #103
Tempe, AZ 85281

PHONE 602-829-1800
FAX 602-967-2658

Marshall Industries

9830 S. 51st St #C107-109

Phoenix, AZ 85044

PHONE 602-496-0290
FAX 602-893-9029

CALIFORNIA
Insight Electronics Inc
2 Venture Plaza # 340
Irvine, CA 92718

PHONE 714-727-3291
FAX 714-727-1804

Insight Electronics Inc
9980 Huennekens St
San Diego, CA 92121
PHONE 619-587-1100
FAX 619-587-1380

United States Distributors

Insight Electronics Inc
1295 Oakmead Parkway
Sunnyvale, CA 94086

PHONE 408-720-9222
FAX 408-720-8390

Insight Electronics Inc
4333 Park Terrance Dr #101
Westlake Village, CA 91361
PHONE 818-707-2101

FAX 818-707-0321

Marshall Industries
9320 Telstar Ave
El Monte, CA 91731-3004

PHONE 818-307-6000
FAX 818-307-6297

Marshall Industries
One Morgan
Irvine, CA 92718-1994

PHONE 714-458-5395
FAX 714-581-5255

Marshall Industries
336 Los Coches St
Milpitas, CA 95035

PHONE 408-942-4600
FAX 408-262-1224

Marshall Industries
5961 Kearny Villa
San Diego, CA 92123

PHONE 619-627-4140
FAX 619-627-4163

Marshall Industries

3039 Kilgore Ave #140

Rancho Cordova, CA 95670

PHONE 916-635-9700
FAX 916-635-6044

Marshall Industries
26637 W. Agoura Rd
Calabasas, CA 91302
PHONE 818-876-7000
FAX 818-880-6846




United States Distributors — Contd.

CALIFORNIA — Contd.

Zeus Electronics

6 Cromwell St #100

Irvine, CA 92718

PHONE 714-581-4622
FAX 714-454-4355

Zeus Electronics

6276 San Ingacio Ave #E

San Jose, CA 95119

PHONE 408-629-4789
FAX 408-629-4792

COLORADO

Insight Electronics

384 Inverness Dr S. #105

Englewood, CO 80112

PHONE 303-649-1800
FAX 303-649-1818

Marshall Industries
12351 N Grant
Thornton, CO 80241
PHONE 303-451-8383
FAX 303-457-2899

CONNECTICUT
Marshall Industries
20 Sterling Dr
Wallingford, CT 06492-0200
PHONE 203-265-3822

FAX 203-284-9285

FLORIDA

Insight Electronics Inc

17757 U.S. 19 North #520

Clearwater, FL 34624

PHONE 813-532-8850
FAX 813-532-4252

Insight Electronics Inc
621 NW 53rd St #240
Boca Raton, FL 33487
PHONE 407-995-1486
FAX 407-995-1487

Insight Electronics Inc
600 Northlake Blvd #250
Altamonte Springs, FL 32701
PHONE 407-834-6310

FAX 407-834-6461

Marshall Industries
2840 Scherer Dr #410
St. Petersburg, FL 33716
PHONE 813-573-1399
FAX 813-573-0069

Marshall Industries
2700 W. Cypress Creek Rd #D114
Ft. Lauderdale, FL 33309
PHONE 305-977-4880

FAX 305-977-4887

Marshall Industries
380-S Northlake Blvd #1024
Altamonte Springs, FL 32701-5260
PHONE 407-767-8585

FAX 407-767-8676

Nu Horizons
600-S Northlake Blvd #270
Altamonte Springs, FL 32701
PHONE 407-831-8008

FAX 407-831-8862

Nu Horizons

3421 NW 55th St

Ft. Lauderdale, FL 33309

PHONE 305-735-2555
FAX 305-735-2880
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United States Distributors — Contd.

FLORIDA — Contd. KANSAS
Zeus Electronics Marshall Industries
37 Skyline Dr Bldg D #1301 10413 W. 84th Terrace
Lake Mary, FL 32746 Lenexa, KS 66214
PHONE 407-333-3055 PHONE 913-492-3121
FAX 407-333-9681 FAX 913-492-6205
GEORGIA MARYLAND
Insight Electronics Inc Insight Electronics
3005 Breckinridge Blvd #210-A 9101 Guilford Rd
Duluth, GA 30136 Columbia, MD 20146
PHONE 404-717-8566 PHONE 301-490-8080
FAX 404-717-8588 FAX 301-490-8081
Marshall Industries Marshall Industries
5300 Oakbrook Pkwy # 140 2221 Broadbirch Dr #G
Norcross, GA 30093-9990 Silver Springs, MD 20904
PHONE 404-923-5750 PHONE 301-622-1118
FAX 404-923-2743 FAX 301-622-0451
Nu Horizons Nu Horizons
5555 Qakbrook Pkwy # 340 8975 Guilford Rd #120
Norcross, GA 30093 Columbia, MD 21046
PHONE 404-416-8666 PHONE 410-995-6330
FAX 404-416-9060 FAX 410-995-6332
ILLINOIS MASSACHUSETTS
Insight Electronics Gerber Electronics
1365 Wiley Rd #142 128 Carnegie Row
Schaumburg, IL 60173 Norwood, MA 02062
PHONE 708-885-9700 PHONE 617-769-6000
FAX 708-885-9701 FAX 617-762-8931
Marshall Industries Insight Electronics
50 E. Commerce Unit 1 55 Cambridge St #301
Schaumburg, IL 60173 Burlington, MA 01803
PHONE 708-490-0155 PHONE 617-270-9400
FAX 708-490-0569 FAX 617-270-3279
INDIANA Marshall Industries
Marshall Industries 33 Upton Dr
6990 Corporate Dr Wilmington, MA 01887
Indianapolis, IN 46278 PHONE 508-658-0810
PHONE 317-297-0483 FAX 508-657-5931

FAX 317-297-2787




butors Listings

Nu Horizons

107 Audubon Rd Bldg 1

Wakefield, MA 01880

PHONE 617-246-4442
FAX 617-246-4462

Zeus Electronics

25 Upton Dr

Wilmington, MA 01887

PHONE 508-658-4776
FAX 508-694-2199

MICHIGAN
Marshall Industries
31067 Schoolcraft
Livonia, Ml 48150
PHONE 313-525-5850
FAX 313-525-5855

MINNESOTA

Insight Electronics Inc

5353 Gamble Dr #330

St. Louis Park, MN 55416

PHONE 612-525-9999
FAX 612-525-9998

Marshall Industries
14800 28th Ave, N. #175
Plymouth, MN 55447
PHONE 612-559-2211
FAX 612-559-8321

Nu Horizons

United States Distributors — Contd.
MASSACHUSETTS — Contd.

6955 Washington Ave South

Edina, MN 55439

PHONE 612-942-9030
FAX 612-942-9144

MISSOURI
Marshall Industries
3377 Hollenberg
Bridgeton, MO 63044
PHONE 314-291-4650
FAX 314-291-5391

NEW JERSEY
Insight Electronics
1 Eves Dr #135
Marlton, NJ 08053

PHONE

609-985-5556

FAX 609-985-5895

Marshall Industries

158 Gaither Dr

Mt. Laurel, NJ 08054

PHONE 609-234-9100
FAX 609-778-1819

Marshall Industries
101 Fairfield Rd
Fairfield, NJ 07006

PHONE 201-882-0320
FAX 201-882-0095

Nu Horizons

39 US Route 46

Pine Brook, NJ 07058

PHONE 201-882-8300
FAX 201-882-8398

Nu Horizons

18000 Horizons Way # 200

Mt. Laurel, NJ 08054

PHONE 609-231-0900
FAX 609-231-9510

NEW YORK
Marshall Industries
100 Marshall Dr
Endicott, NY 13760

PHONE 607-796-2345
FAX 607-785-5546

Marshall Industries
1250 Scottsville Rd
Rochester, NY 14624
PHONE 716-235-7620
FAX 716-235-0052
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United States Distributors — Contd.

NEW YORK — Contd.

Marshall Industries

275 Oser Ave

Hauppauge, NY 11788

PHONE 516-273-2053
FAX 516-434-4775

Nu Horizons

333 Metro Park

Rochester, NY 14623

PHONE 716-292-0777
FAX 716-292-0750

Nu Horizons

6000 New Horizons Blvd

N Amityville, NY 11701

PHONE 516-226-6000
FAX 516-226-6140

Zeus Electronics

100 Midland Ave

Port Chester, NY 10573

PHONE 914-937-7400
FAX 914-937-2553

NORTH CAROLINA
Marshall Industries
5224 Green Dairy Rd
Raleigh, NC 27604
PHONE 919-878-9882
FAX 919-872-2431

OHIO

Insight Electreonics

115 E. Aurora Rd #101

Northfield, OH 44067

PHONE 216-467-2522
FAX 216-467-3412

Marshall Industries
30700 Bainbridge Rd Unit A
Solon, OH 44139
PHONE 216-248-1788
FAX 216-248-2312

Marshall Industries
3520 Park Center Dr
Dayton, OH 45414-2573
PHONE 513-898-4480
FAX 513-898-9363

Nu Horizons Electronics
6200 SOM Center Road
Solon, OH 44139
PHONE 216-349-2008
FAX 216-349-2086

OREGON
Insight Electronics Inc
8705 S.W. Nimbus Ave # 200
Beaverton, OR 97005
PHONE 503-628-3031

FAX 503-641-4530

Marshall Industries
9705 S.W. Gemini Dr
Beaverton, OR 97005
PHONE 503-644-5050
FAX 503-646-8256

TEXAS

Insight Electronics Inc

11500 Matric Blvd #215

Austin, TX 78758

PHONE 512-719-3090
FAX 512-719-3091

Insight Electronics Inc
1778 Plano Rd #320
Richardon, TX 75081

PHONE 214-783-0800
FAX 214-680-2402

Insight Electronics Inc
1909 Maxwell Circle
Alvin, TX 77511
PHONE 713-388-0703
FAX 713-388-0332
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TEXAS — Contd.
Marshall Industries

United States Distributors — Contd.

Marshall Industries
2355 S. 1070 West #D

10681 Haddington Dr #160 Salt Lake City, UT 84119

Houston, TX 77040

PHONE 713-467-1666
FAX 713-462-6714

Marshall Industries
8504 Cross Park Dr
Austin, TX 76754

PHONE 512-837-1991
FAX 512-923-2743

Marshall Industries
1551 N. Glenville Dr
Richardson, TX 75081
PHONE 214-705-0600
FAX 214-770-0675

Nu Horizons

2081 Hutton Dr #119

Carrollton, TX 75006

PHONE 214-488-2255
FAX 214-488-2265

Zeus Electronics
3220 Commander Dr
Carrollton, TX 75006
PHONE 214-380-4330
FAX 214-447-2222

UTAH

Insight Electronics

PHONE 801-973-2288
FAX 801-487-0936

WASHINGTON
Insight Electronics Inc
12002 115th Ave N.E.
Kirkland, WA 98034
PHONE 206-820-8100
FAX 206-821-2976

Marshall Industries
11715 N. Creek Pkwy S. #112
Bothell, WA 98011
PHONE 206-486-5747
FAX 206-486-6964

WISCONSIN
Insight Electronics
10855 W Potter Rd #1
Wauwatosa, WI 53226
PHONE 414-258-5338
FAX 414-258-5360

Marshall Industries

20900 Swenson Dr #150

Waukesha, WI 53186-4050

PHONE 414-797-8400
FAX 414-797-8270

“ILSIAd ANV SdHY "ANNVIA

545 East 4600 South #E-110

Salt Lake City, UT 84107

PHONE 801-288-9001
FAX 801-288-9125
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MANUF. REPS AND DIST.

l .

Canadian Distributors

BRITISH COLUMBIA
Future Electronics
1695 Boundary Rd
Vancouver, B. C., V5R 5J7 Canada
PHONE 604-294-1166
FAX 604-294-1206

ONTARIO
Marshall Industries
4 Paget Rd #10 & 11 Building 1112
Brampton, Ontario, L6T 5G3 Canada
PHONE 416-458-8046

FAX 416-458-1613

QUEBEC
Future Electronics
237 Hymus Blvd
Pointe Claire, Quebec, HIR 5C7 Canada
PHONE 514-694-7710
FAX 514-695-3707

Marshall Industries
148 Brunswick Blvd
Pointe Claire, Quebec, HIR 5P9 Canada
PHONE 514-694-8142
FAX 514-694-6989
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and Distributors Listings

International Representives and Distributors

AUSTRALIA

Reptechnic

3/36 Bydown St

Neutral Bay N5W 2089

Australia

PHONE 011-61-2-953-9844
FAX 011-61-2-953-9683

AUSTRIA

Allmos Electronics GES.m.b.h.
Esterhazystrasse 33

A-7000 Eisenstadt

Austria

PHONE 43-2682-67561
FAX 43-2682-67561-9

BELGIUM

Microtron

Generaal Dewittelann 7

2800 Mechelen

Belgium

PHONE 011-32-15-212223
FAX 011-32-15-210069

CHINA

Lestina International Ltd

707 Longjin East Rd

Guang Zhou

China 510180

PHONE 011-86-20-885-0613/1615
FAX 011-86-20-886-1615

DENMARK

C-88

Kokkedal Industripark 101

DK-2980 Kokkedal

Denmark

PHONE 45-42-244888
FAX 45-42-244889

FINLAND

Perel Oy

Torpankatu 28

P.O. Box 230

05801 Hyvinkaa

Finland

PHONE 011-358-14 87111
FAX 011-358-14 8711500

FRANCE

Microel

Immeuble Micro

Av. de la Baltique

BP3

91941 Les Ulis Cedex, France

PHONE 011-33-1-69-07-08-24
FAX 011-33-1-69-07-17-23

GERMANY

Atlantik Elektronic Gmbh

Fraunhoferstrasse 11a

82152 Planegg/Munich

Germany

PHONE 49-89-857-0000
FAX 49-89-857-3702

HONG KONG
Leadertronics Company
Unit 1706-07, 17F Hewlett Centre
52-54 Hoi Yven Road
Kwun Tong Kowloon
Hong Kong
PHONE 852-2-389-0800
FAX 852-2-797-8429

Lestina International Ltd

14th Floor, Park Tower

15 Austin Road, Tsimshatsui

Hong Kong

PHONE 011-852-735-1736
FAX 011-852-730-5260/7538

INDIA

Hynetic Electronics

#50, 2nd Cross

Gavipuram Extension

Bangalore 560 019

India

PHONE 011-91-80-620-852
FAX 011-91-80-624-073
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International Representatives and Distributors — Contd.

MANUF. REPS AND DIST.

INDIA — Contd. JAPAN — Contd.
IRYS Engineering Services Microtek Inc
26 Y, Plot #4 & 5 Baner Rd 2-7-5 Izumi
Silver Oak Park Suginami-Ku
Baner Pune Tokyo 168
411 008 Japan
India PHONE 81-3-3371-4071
PHONE 91-212-339-836 - FAX 81-3-3361-6921
FAX 91-212-436-798
KOREA
ISRAEL Mainsail Mercantile, Ltd
Gallium Electronic 1-29 Gahoe-Dong
11 Hasadna St Chongro-Ku
P.O.B. 2552 Seoul
43650 110-260
Ra’anana, Israel Korea
PHONE 09-982182 PHONE 011-82-2-745-2761
FAX 09-984046 FAX 011-82-2-745-2766
ITALY NEW ZEALAND
Eurelecttronica Professional Elect
Via Enrico Fermi, 8 26 L Penning Rd
20090 Assago Mi Milford, Auckland
Italy New Zealand
PHONE 39-2-457841 PHONE 011-64-9-410-9690
FAX 39-2-26126270 FAX 011-64-9-410-2971
MicroElit s.p.a. NORWAY
Via Sardegna 1 Berendsen Components
20146 Milano Konowsgt 8
Italy P.B. 9376 Gronland
PHONE 39-2-4817900 0135 Oslo Norway
FAX 39-2-4813594 PHONE 011-47-22-67-68-00
FAX 011-47-22-67-73-80
JAPAN
Internix, Inc SINGAPORE
Shinjuku Hamada Bldg 7F Desner Electronics
7-4-7 Nishi Shinjuku 42 Mactaggart Rd
Shinjuku-Ku 160 #04-01 Mactaggart Bldg
Tokyo 160 Singapore
Japan 1336
PHONE 011-81-3-3369-1105 PHONE 011-65-285-1566

FAX 011-81-3-3363-8486 FAX 011-65-284-9466
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International Representatives and Distributors — Contd.

SPAIN

ADM Electronica S.A.

Tomas Breton, No. 50, 3-2

28045 Madrid

Spain

PHONE 011-34-1-5304121
FAX 011-34-1-5300164

SWEDEN

Memec Scandinavia

Kvamholmsvagen 52

S-131 31 Nacka

Sweden

PHONE 46-8-643-4190
FAX 46-8-643-1195

SWITZERLAND

Stolz AG

Tafernstrasse 11

CH-5405 Baden-Dattwill

Switzerland

PHONE 011-41-56-84-90-00
FAX 011-41-56-83-19-63

TAIWAN

Shaw-Fuu Enterprises Co, Ltd
5F-2, 63, Lane 122, Sec 4
Jen-Ai Rd

Taipei

Taiwan

R.O.C.

PHONE 011-886-2-708-5061
FAX 011-886-2-708-5413

Thousand Oaks Micro Systems
22845 Savi Ranch Parkway #G
Yorba Linda, CA 92687
PHONE 714-998-6688

FAX 714-998-5588

THE NETHERLANDS
Microtron Holland
Beneluxweg 37

4904 S] OOSTERHOUT
Holland

The Netherlands

PHONE 31/01620-60308
FAX 31/01620-60633

UNITED KINGDOM
Microelectronics Technology
Countax House,

Haseley Trading Estate,
Stadhampton Rd, Great Haseley,
Oxfordshire

0X44 7PF

England U.K.

PHONE 011-44-1844-278781
FAX 011-44-1844-278746
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SALES OFFICES

WEST EAST EUROPE

Elantec, Inc. Elantec, Inc. Elantec, Inc.

1996 Tarob Court Mark 128 Office Park Gordon House Business Centre
Milpitas, CA 95035 140 Wood Road, Suite 104 First Floor

Telephone: (408) 945-1323  Braintree, MA 02184 6 Lissenden Gardens

(800) 333-6314 Telephone: (617) 8499181  London, NW5 11X

Fax: (408) 945-9305 Fax: (617) 849-0285 England

Telephone: 44-171-482-4596
Fax: 44-171-267-1026

HEADQUARTERS
Elantec, Inc. ® 1996 Tarob Court e Milpitas, CA 95035
Telephone: (408) 945-1323 « (800) 333-6314

Fax: (408) 945-9305 . e-mail: sales@elantec.com

&
elantec '..:::

Integrated Circuits

© 1995 Elantec, Inc.
L Printed in USA.
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