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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current
specifications in accordance with Tl’s standard warranty. Testing and
other quality control techniques are utilized to the extent Tl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does T! warrant or represent that any license,
either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or
relating to any combination, machine, or process in which such
semiconductor products or services might be or are used.

Information contained in this data book supersede all data for this
technology published by Tl in the United States before January 1990.

Copyright © 1990, Texas Instruments Incorporated



INTRODUCTION

This data book presents the three major categories of Optoelectronic and Image Sensing devices that Texas
Instruments now offers to the Military, Computer, Industrial, and Consumer electronics markets. These categories
are:

® CCD Linear Image Sensors
® Optocouplers/Optoisolators
® Intelligent LED Displays

The CCD Image Sensor product line offers a range of linear sensors from an organization of 128 x 1 to
3456 x 1. The product family utilizes T!'s patented Virtual Phase technology to minimize the number of clock
electrodes required by the imager, resulting in simpler external circuitry requirements and improved performance.

The Optocoupler/Optoisolator devices are offered in metal-can and plastic dual-in-line (P-DIP) packages, JEDEC-
registered metal cans provide transistor output functions. All of TI’s Optocoupler/Optoisolator P-DIPs are UL
recognized and provide functions such as logic gates, triac, and transistor/Dariington outputs.

The Intelligent red LED Displays are plastic-encapsulated dual-in-line packages that contain TTL-compatible on-
board electronics to decode input signals and provide constant current to each LED.

This data book also contains information on hermetically sealed standard Pill package Infrared Emitters and
Phototransistors.

A selection guide, located in Section 1, lists the important electrical parameters and features. The glossary
describes the symbols, abbreviations, terms, and definitions. Included is a cross-reference table listing other
manufacturers with the direct or nearest replacement devices. The contents provides easy location of major
information in the general information, quality and reliability, and applications sections. The alphanumeric index
lists page numbers for all the device types. The detailed data sheets complete the salient features of the data book.

While this volume offers design and specification data only for Optoelectronic and Image Sensing components,
complete technical information for all TI semiconductor products are available from your nearest Tl Field Sales
Office, local authorized TI distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P. O. Box 809066

Dallas, Texas 75380-9066

We sincerely feel that you will discover this new 7990 Optoelectronics and Image Sensor Data Book to be a
significant addition to your collection of technical literature.
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OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

linear arrays

PAGE
TYPE PIXELS PIXEL SIZE SENSITIVITY PACKAGE NO
TC10271 128 x 1 12.7 pm x 12.7 ym 3.5 V/uJ/cm?2 10-pin CDIP (0.300 in) 25
TC102-1% 128 x 1 12.7 ym x 12.7 pm 3.5 V/ipdicm?2 10-pin CDIP (0.300 in) 217
TC103t 2048 x 1 12.7 um x 12.7 ym 3.5 V/uJicm?2 24-pin CDIP (0.600 in) 2-29
TC103-1% 2048 x 1 12.7 pm x 12.7 ym 3.5 V/;«J/cm2 24-pin CDIP (0.600 in) 2-41
TC10471 3456 x 1 10.7 ym x 10.7 ym 2.0 Vipd/em?2 24-pin CDIP (0.600 in) 2-53
TC104-1% 3456 x 1 10.7 um x 10.7 ym 2.0 V/pJ/cm?2 24-pin CDIP (0.600 in) 2-65
TC106-1% 2592 x 1 10.7 gm x 10.7 ym 2.0 V/ud/ecm?2 24-pin CDIP (0.600 in) 2-77 g
T Minimum and typical values of Write Reference (WR) and End of Scan (EOS) are specified. -
* Typical values of WR and EOS are specified. g
: f-
evaluation boards °
(T4
PAGE c
PART NO. DEVICE EVALUATED REMARKS NO —
PC401 TC103, TC103-1, TC104, Device socket fits TC103, TC103-1, TC104, TC104-1, and E
TC104-1 and TC106-1 TC106-1 (See TCK Evaluation Kits below) 7-59 [T
PC402 TC102 and TC102-1 Device socket fits TC102 and TC102-1 (See TCK102 below) g
evaluation kits o
PAGE
PART NO. CONTENTS REMARKS NO
TCK102 TC102 plus PC402 See Application section "'Operating Instructions for Linear CCD Image Sensors’’
TCK103 TC103 plus PC401 See Application section ‘‘Operating Instructions for Linear CCD Image Sensors’’ 7.69
TCK104 TC104 plus PC401 See Application section ‘’Operating Instructions for Linear CCD Image Sensors’’
TCK106-1 TC106-1 plus PC401 See Application section ‘‘Operating Instructions for Linear CCD Image Sensors’’
recommended support functions for linear image sensors
SUPPLY ANALOG INPUT PAGE
TYPE DESCRIPTION VOLTAGE, Ve | VOLTAGE, ANLG IN FEATURES NO
MIN(V) MAX(V) | MIN(V)  MAX(V) )
TL1591 | Sample and hold 4.75 5.5 0.8 Bandwidth 25 MHz Typ — Sample Rate 15 MHz Max | 2-89
TLD369 | Dual clock driver | 4.75 22 — — Can switch negative voltage with respect to Vpp 2-93
Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
\ placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
m shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers.
i
EXAS 1-7
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OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

optocouplers, 6-pin plastic DIP and metal can

ISOLATION VOLTAGE (kV) MINIMUM CTR PAGE
TYPE f = 60 Hz FEATURES
(%) NO.
PEAK RMS
3N261 1.0 - 50
3N262 1.0 — 100 (500 max) JEDEC, Metal Can 3-3
3N263 1.0 - 200 (1000 max)
- 4n22t 1.0 — 25
4N23t 1.0 - 60 JEDEC, Metal Can 3-9
() an24t 1.0 — 100
o an22AT 1.0 — 25
?D 4N23AT 1.0 - 60 JEDEC, Isolated Metal Can 3-13
- 4N24AT 1.0 — 100
o 4an25* 2.5 — 20
— 4N26 1.5 - 20 . .
3 JEDEC, Plastic DIP, UL File E-65085 3-19
=1 aN27 1.5 - 10
2 4N28 0.5 - 10
3 4N35*% 3.54 2.5 100
) 4N36 2.5 1.75 100 JEDEC, Plastic DIP, UL File E-65085 3-21
= aN37 1.5 1.05 100
g 4N478 1.0 - 50
4N48% 1.0 - 100 (500 max) JEDEC, Metal Can 3-25
4aN498 1.0 — 200 (1000 max)
McT2 5 - 20 Plastic DIP, UL File E-65085 3-109
MCT2E 3.54 2.5 20
TiL102 1.0 - 25 Metal Can 3-133
TIL103 1.0 - 100
TIL111 1.5 - 13 3-137
TiL113 1.5 - 300 3-143
TIL114 2.5 - 13 3-137
TIL116 2.5 - 20 Plastic DIP, UL File E-65085 3-137
TIL117 2.5 - 50 3-137
TIL118 1.5 — 10 3-147
TIL119A 1.5 — 300 TIL119A has no base connection. 3-143
TiL120 1.0 - 25 Metal Can 3-151
TIL121 1.0 - 50
TIL124 5.0 - 10 ) .
TIL125 5.0 _ 20 Hngh'VoItage, Plastic DIP, 3-156
UL File E-65085
TIL126 5.0 - 50
TIL127 5.0 — 300 High-Voltage Darlington, Plastic DIP
TIL128A 5.0 — 300 UL File E-65085 3-161
TIL128A has no base connection.
TJAN, JANTX, JANTXV levels to MIL-S-19500/486A USAF are also available.
*Available in PEP3 processing also.
SJAN, JANTX, JANTXV levels to MIL-S-19500/548 are also available.
*p
1-8 TeEXAs

E
INSTRUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265




OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

optocouplers, 6-pin plastic DIP and metal can (continued)

ISOLATION VOLTAGE (kV) MINIMUM CTR PAGE
TYPE f = 60 Hz %) FEATURES NO.
PEAK RMS
TIL1563 10 X .
TIL154 354 25 20 ngh.Voltage, Plastic DIP, 3.165
TIL155 50 UL File E-65085 1
TIL156 300 High-voltage, Darlington, Plastic DIP,
TIL157A 3.54 2.5 300 UL File E-65085 3-171
TIL157A has no base connection. c
TIL181 3.54 2.5 50 Plastic DIP, UL File E-65085 3-175 .9
TIL186-1 10 w®
TIL186-2 354 a5 20 I = 10 mA) AC Ir.1put Darlington, Plastic DIP, 3179 E
TIL186-3 50 UL File E-65085 b
TIL186-4 300 e
TIL1§7»; 250 . £
TIL187- 500 AC Input Darlington, Plastic DIP, —
TIL187-3 354 28 1000 'F 7 2MA UL File E-65085 3185 ©
TIL187-4 1500 g
I::j 221; 23(0) Same as TIL189 except TIL190 has no base 8
3.54 2.5 (IF = 2 mA) lead connection for high-EMI environment. 3-185
TIL188-3 1000 UL File E-65085.
TiL188-4 1500
TIL189-1 250
TIL189-2 3.54 25 500 g = 2 mA) High-'Voltage, Plastic DIP, 3.191
TIL189-3 1000 UL File E-65085
TIL189-4 1500
1:328; 228 Same as TIL189 except TIL190 has no base
3.54 2.5 (If = 2 mA) lead connection for high-EMI environment. 3-191
TIL190-3 1000 UL File E-65085.
TIL190-4 1500
TIL191 20 ) )
TIL191A 3.54 2.5 50 (IF = 5 mA) Single Channel 4-pin DIP 3197
TIL1918 100 UL File 65085
TIL192 20 .
Dual Channel 8-pin DIP
TIL192A 3.54 2.5 50 (I = 5 mA) . 3-197
UL File 65085
TIL192B 100
TIL193 20
TIL193A 3.54 2.5 50 (If = 5 mA) Ouad‘ Channef 16-pin DIP 3-197
TIL1938 e UL File 65085
TIL194 20 AC Input, Single Channel
TIL194A 3.54 2.5 50 (Ig = 5 mA) 4-pin DIP 3-203
TiL194B 100 UL File E-65085
TIL195 20 AC Input, Single Channel
TIL195A 3.54 2.5 50 (I = 5 mA) 8-pin DIP 3-203
TIL195B 100 UL File E-65085
TiL196 20 AC Input, Single Channel
TIL196A 3.54 2.5 50 (If = 5 mA) 16-pin DIP 3-203
TIL196B 100 UL File E-65085

TEXAS ‘4‘ 19
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OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

optocouplers, 8-pin plastic DIP, high-speed (TA = 25°C unless otherwise noted)
CTR (MIN VoL (MAX SWITCHING TIMES (MAX
(MIN) oL (MAX) VE (MAX) . (MAx) ISOLATION PAGE
TYPE |Vo = 0.4V, IF = 16 mA IF = 16 mA
IF = 16 mA VOLTAGE (MIN) | NoO.
Ig=16mA | Ta = 0°C to 70°C < tpLH OR tpHL
6N135T 7% 0.4V (lg = 1.1 mA) 1.7V 1.5 us (R = 4.1 kQ) 3 kV dc 3-33
6N136T 19% 0.4V (lg = 2.4 mA) 1.7V 0.8 us (R = 1.9 k@) 3 kV dc 3-33
HCPL2502 15% 0.4V (lg = 2.4 mA) 1.7V 0.8 us (R = 1.9 kQ) 3 kV dc 3-59
HCPL2530 7% 0.4V (lg = 2.4 mA) 1.7V 1.5 us (R = 4.1 kQ) 3 kV dc 367
HCPL2531 19% 0.4V (Ig = 2.4 mA) 1.7V 0.8 us (RL = 1.9 kQ) 3 kV dc 3-67
@ | HcpLaso2 19% 0.4V (g = 2.4 mA) 1.7V 0.8 us (R = 1.9 kQ) 3 kV dc 3-33
) }
g optocouplers, 8-pin plastic DIP, high-speed logic gate (TA = 25°C unless otherwise noted)
=
Q VoL (MAX)
= SWITCHING TIMES (MAX
TvPE IF = 5mA, VE (MAX) I = 7.5 mA Rl = 350 9( c ) 15 o ISOLATION PAGE
— = /.5 mA, = . =
= loL = 13 mA E=10mA | F L L P VOLTAGE (MIN) | NO.
8‘ Ta = 0°C to 70°C tpLH tPHL
= [ en1377 0.6 V 1.75 V 75 ns 75 ns 3kV dc 3-41
3 [Thcrizeon 0.6 V 1.75 V 75 ns 75 ns 3 kV dc 3-75
® icrizes0t 0.6 V 1.75 V 75 ns 75 ns 3 kV dc 383
O | HcpL2e31¥ 0.6V 1.75 V 75 ns 75 ns 3KV dc 3-91
3
optocouplers, 8-pin plastic DIP, high-speed, high-gain (TA = 25°C unless otherwise noted)
CTR (MIN) VoL (MAX) SWITCHING TIMES (MAX)
Vo = 04V oL VE (MAX) ISOLATION PAGE
TYPE IF = 1.6 mA IF=1.6mA
IF = 1.6 mA, IF= 1.6 mA VOLTAGE (MIN) | NO.
TA = 0°C to 70°C
Ta = 0°C to 70°C tPLH tPHL
35 ps, 10 ps,
6N138T 300% 0.4V (Ig= 4.8 mA) 1.7V e e 3KV dc 3-49
RL=22kQ | R =22k
60 ps, 25 ps,
6N139t 500% 0.4V (lp = 6.4mA 1.7V 3kVd 3-49
° tlo mAl R = 4.7k |R_ = 4.7 k2 ©
35 ps, 20 us,
HCPL2730 300% 0.4V (lp = 4.8 mA) 1.7V ue ks 3 kV de 3-99
RL = 2.2kQ |RL = 2.2k
35 us, 20 s,
HCPL2731 500% 0.4V (ig = 6.4 mA) 1.7V ks ks 3 kV dc 3-99
RL = 22kQ | R = 2.2k
optocouplers, 6-pin plastic DIP TRIAC driver (TA = 25°C unless otherwise noted)
TYPE IET (MAX) VE (MAX) Vrm (MAX) IprRM (MAX) dv/dt ISOLATION PAGE
Vim =3V | If=10mA | Iym = 100 mA | RATED Vprm (TYP) VOLTAGE (MIN) NO.
MOC3009 30 mA 1.5V 3V 100 nA 12 Vips 7.5 kV dc
MOC3010 15 mA 1.5V 3v 100 nA 12 Vips 7.5 kV dc 3113
MOC3011 10 mA 1.5V 3v 100 nA 12 Vips 7.5 kV dc
MOC3012 5 mA 1.5V 3V 100 nA 12 Vips 7.5 kV dc
MOC3020 30 mA 15V 3V 100 nA 100 V/us 7.5 kV dc
MOC3021 15 mA 1.5V 3V 100 nA 100 Vius 7.5 kV dc 3119
MOC3022 10 mA 1.5V 3V 100 nA 100 Vips 7.5 kV dc
MOC3023 5 mA 1.5V 3V 100 nA 100 V/us 7.5 kV dc
TJEDEC registered
*Dual channel
1-10 TExAs {”
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OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

optocouplers, 6-pin plastic DIP TRIAC driver (TA = 25°C unless otherwise noted)
TYPE {FT (MAX) VE (MAX) VM (MAX) IpRM (MAX) dv/dt ISOLATION PAGE
Vim =3V | Ig=10mA | Iy = 100 mA | RATED Vprm (TYP) VOLTAGE (MIN) NO.
TIL3009 30 mA 1.5V 3v 100 nA 12 Vips 3.5 kV dc
TIL3010 15 mA 1.5V 3V 100 nA 12 Vius 3.5 kV dc 3.207
TIL3011 10 mA 1.5V 3v 100 nA 12 Vips 3.5 kV dc
TIL3012 5 mA 1.5V 3V 100 nA 12 Vips 3.5 kV dc
TIL3020 30 mA 1.5V 3V 100 nA 100 V/ps 3.5 kV dc
TIL3021 15 mA 1.5V 3V 100 nA 100 V/ps 3.5 kV dc 3.213
TIL3022 10 mA 1.5V 3V 100 nA 100 V/ips 3.5 kV dc c
TIL3023 5 mA 15V 3V 100 nA 100 V/us 3.6 kV dc -g
- . . . - m
optocouplers, 6-pin plastic DIP, Schmitt trigger (TA = 25°C unless otherwise noted) £
f=
LOGIC OUTPUT HYSTERESIS | SWITCHING TIMES (MAX) ISOLATION PAGE (@]
TYPE IET + (MAX) o—
FUNCTION | CONFIGURATION RATIO (TYP) | t, ORt; | tpH OR tpyL | VOLTAGE (MIN) | NO. c
OPI8012 Buffer Totem pole 10 mA 1.4 70 ns 5 us 3.54 kV dc -
OPI8013 | Buffer Open collector 10 mA 1.4 70 ns 5 us 354kvde |0 ©
OPI8014 Inverter Totem pole 10 mA 1.4 70 ns 5 us 3.54 kV dc a
OPI8016 Inverter Open collector 10 mA 1.4 70 ns 5 us 3.54 kV dc [
[+})
hybrid displays o
CHARACTER LOR
TYPE OF co PAGE
TYPE HEIGHT OF PACKAGE REMARKS
CHARACTER(S) . NO.
mm {inches) DISPLAY
TIL302 Left decimal
TIL302A 14-lead dual- | Left decimal
7-segment 6,9 (0.270) Red . -ea ua. ? ecmj\a 4-3
TIL303 in-line plastic | Right decimal
TIL303A Right decimal
TIL304 Polarit d 14-lead dual- | Right decimal
olanty and 6.9 (0.270) Red f-ead dua lgnt decima 43
TIL304A overflow unit in-line plastic | Right decimal
5 14-1 I-
TIL305 T 7,6 (0.300) Reg | [*1ead dual | o decimal a9
alphanumeric in-line plastic
TIL306 Left decimal
TIL306A Left decimal 411
TiL307 Right decimal
TIL307A 16-lead dual- | Right decimal
7-segment 6,9 (0.270) Red o X -
TiL308 in-line plastic | Left decimal
TIL308A Left decimal 2417
TIL309 Right decimat
TIL309A Right decimal
TIL311 14-lead dual- | Logic includes latch, decoder, and driver.
Hexadecimal 7,6 (0.300) Red | - cadcual ) togic includes tatch, decoder, and driver. 423
TIL311A in-line plastic | TL311 and TL311A — left and right decimals

Texas {? 1-11
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OPTOELECTRONICS AND IMAGE SENSORS
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infrared-emitting diodes

POWER OUTPUT
TYPE Po (MIN) ) ® VEIMAX) ) e (TYP) FEATURES PAGE
o F H | e = s50ma ) NO.
(mW) (mA)
TIL23 0.4 50 35° 1.5V 940 pill pack for mounti double-sided
1 age r nting on uble-sige
TIL24 1.0 50 | 35° 15V 940 | package 9 on doube 5-7
printed circuit boards. Compatible with
TIL25 0.75 50 35° 1.5V 940 .
TIL601 Series.
TIL24HR2 1.0 50 35° 1.5V 940 5-11
") phototransistors
]
LIGHT CURRENT DARK CURRENT
=] ¢ RK C POWER . PAGE
4] TYPE Veg =5V (MAX) FEATURES
- DISSIPATION NO.
Q MIN MAX Veg = 30V
- IN5722 0.5 mA 3 mA 25 nA 50 mW
35 IN6723 2 mA 5 mA 25 nA 50 mW ElA-registered versions 5.3
a" IN6724 4 mA 8 mA 25 nA 50 mW of TIL6O1 thru TIL6O4
- IN5725 7 mA 25 nA 50 mW
3 LS600 0.8 mA — 25 nA 50 mW
D | Lse02 0.5 mA - 25 nA 50 mw
5' LS611 0.5 mA 2 mA 25 nA 50 mW
- LS612 1 mA 3 mA 25 nA 50 mW
LS613 2 mA 4 mA 25 nA 50 mW
LS614 3 mA 5 mA 25 nA 50 mW Pill package designed for 5-25
LS615 4 mA 6 mA 25 nA 50 mW mounting on double-sided
LS616 5 mA 7 mA 25 nA 50 mW printed board. Compatible
LS617 6 mA 8 mA 25 nA 50 mW with TIL23 series.
LS618 7 mA 9 mA 25 nA 50 mW
LS619 8 mA - 25 nA 50 mW
TILBO1 0.5 mA 3 mA 25 nA 50 mW
TIL602 2 mA 5 mA 25 nA 50 mW 5.25
TIL603 4 mA 8 mA 25 nA 50 mW
TIL604 7 mA 25 nA 50 mW
TILBO4HR2 7 mA 25 nA 50 mW 5-33
Texas W
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OPTOELECTRONICS AND IMAGE SENSORS
QUICK REFERENCE GUIDE

sensor-emitter arrays

POWER Ic VCE(sat)
OUTPUT VE MAX I MIN TYP PAGE
TYPE FUNCTION F L Ig = 60 mA FEATURES
MIN I =50mA | Vcg =5V Ic =2mA NO.
Vce =5V
I = 50 mA Ig = 50 mA
Nine-element Nine TIL23s mounted
TIL131 | gallium arsenide 0.4 mw 1.5V on pc board for paper 5-13
IRED array tape readers
Nine-element Nine LS600s mounted
TIL132 | phototransistor 2 mA on pc board for paper 5-13 c
array tape readers ,9
. Consists of a TIL131 ‘6
Nine-channel 2.5 mA 4 TIL132 with
TIL133 | IRED-photo- to o4y |9 ! s13 | £
. . specified channel .
transistor pair 10 mA (@)
performance —
Twelve TIL23s mounted c
Twelve-element K —
. . on 6,4-mm (0.250-in) —
TIL134 | gallium arsenide 0.4 mW 1.5V i 519
centers. For reading 1]
IRED array °
punched cards [5)
Twelve L600s mounted c
Twelve-element . /]
. on 6,4-mm (0.250-in}
TIL135 | phototransistor 2 mA X X 5-19 (D
centers in double-sided
array
pc board
Consists of a TIL134
Twelve-channel 2.5 mA .
and TIL135 with
TIL136 | IRED-photo- to 0.4V » 5-19
. . specified channel
transistor pair 10 mA

performance

*i
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the
user should compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use
thereof. No liability is assumed for damages from the use of the information contained herein.

T
DEVICE MANUFACTURER/SOURCE DEVICE CODE
3N243 JEDEC Registered (Industry common) TIL120 B
3N244 JEDEC Registered (Industry common) TiL120 B g
3N245 JEDEC Registered (Industry common) TIL120 B -
4N22 JEDEC Registered (Industry common) 4N22 A (1]
4N22A JEDEC Registered (Industry common) 4N22 A E
4N23 JEDEC Registered (Industry common) 4N23 A 3
4N23A JEDEC Registered (Industry common) 4N23 A S
4N24 JEDEC Registered (Industry common) 4N24 A E
4N24A JEDEC Registered (Industry common) 4N24 A TU
4N25 JEDEC Registered (Industry common) 4N25 A P
4N25A JEDEC Registered (Industry common) TIL154 A q:’
4N26 JEDEC Registered (Industry common) 4N26 A Q
4N27 JEDEC Registered (Industry common) 4N27 A 0
4N28 JEDEC Registered (Industry common) 4N28 A
4N29A JEDEC Registered (Industry common) TIL156 A
4N30 JEDEC Registered (Industry common) TiL113 A
4N31 JEDEC Registered (Industry common) TIL119 A
4N33 JEDEC Registered (Industry common) TIL113 A
4N34 JEDEC Registered (Industry common) TIL113 A
4N35 JEDEC Registered (Industry common) 4N35 A
4N36 JEDEC Registered (Industry common) 4N36 A
4N37 JEDEC Registered (Industry common) 4N37 A
4N47 JEDEC Registered (Industry common) 4N47 A
4N48 JEDEC Registered (Industry common) 4N48 A
4N49 JEDEC Registered (Industry common) 4N49 A
6N135 Hewlett Packard 6N135 A
6N136 Hewlett Packard 6N136 A
6N137 Hewlett Packard 6N137 A
6N138 Hewlett Packard 6N138 A
6N139 Hewlett Packard 6N139 A
6N140A Hewlett Packard B6N140A A
5082-7100 Hewlett Packard TIL305 B
5082-7101 Hewlett Packard TIL305 B
5082-7300 Hewlett Packard | TIL309 B
5082-7300 Hewlett Packard TIL307 B
5082-7302 Hewlett Packard TIL308 B
5082-7302 Hewlett Packard TIL306 B
5082-7340 Hewlett Packard TIL311 B
BPX621 Siemens TIL602 B
BPX6211 Siemens TIL602 B
BPX62111 Siemens TIL603 B
CL12 Clairex TIL118 B

A = TI Direct Replacement
B = Nearest Replacement

Texas "u" 1-15
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

TI
DEVICE MANUFACTURER/SOURCE DEVICE CODE
CL13 Clairex 4N37 B
CL15 Clairex TiL116 B
CL16 Clairex TIL117 B
CL17 Clairex TIL118 B
cL1s Clairex TiL116 B
1 CcL19 Clairex TIL116 B
CL112 Clairex TIL167 B
CL1506 Clairex TIL118 B
() CL1510 Clairex 4N37 B
g CL1511 Clairex 4N37 B
[ CL10506A Clairex TIL116 B
) CLT3160 Clairex TIL602 B
- CLT3170 Clairex TIL604 B
5 CNX35 Quality Technologies Corp. TIL126 A
3" CNX36 Quality Technologies Corp. 4N35 A
- CNY17-1 General Electric TIL126 B
S CNY17-2 General Electric TIL126 B
@ CNY17-3 General Electric TIL127 B
6' CNY17-4 General Electric TiL128 B
=1 CNY18-2 Siemens TIL120 B
CNY18-3 Siemens TIL121 8
CNY35 General Electric TIL186-1 A
CNY47 General Electric TIL116 A
CNY47A General Electric TiL117 A
cayso General Electric 4N35 A
DL1A Siemens TiL302 B
DL1O Siemens TiL302 B
DL10A Siemens TIL302 B
DL57 Siemens TIL305 B8
DL101 Siemens TIL304 B
DL101A Siemens TIL304 B
GE3009 General Electric TIL3009 A
GE3010 General Electric TIL3010 A
GE3011 General Electric TIL3011 A
GE3012 General Electric TIL3012 A
GE3020 General Electric TIL3020 A
GE3021 General Electric TIL3021 A
GE3022 General Electric TIL3022 A
GE3023 General Electric TiL3023 A
GEPS2001 General Electric . TIL117 A
H11A1 General Electric TIL117 A
H11A1 Motorola TIL117 A
H11A2 General Electric TiL112 A
H11A2 Motorola 4N26 A
H11A3 General Electric TIL114 B
H11A3 General Electric TIL114 A
H11A3 General Electric TIL115 B
H11A3 General Electric TIL116 A
H11A3 General Electric TiL116 A

A = TI Direct Replacement
B = Nearest Replacement
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Tl
DEVICE MANUFACTURER/SOURCE DEVICE CODE
H11A3 Motorola 4N25 A
H11A4 General Electric TILT11 A
H11A4 Motorola 4N27 A
H11A5 General Electric TiL118 B
H11A5 General Electric TIL116 A
H11AS5 Motorola TiL117 A
H11A10 General Electric 4N27 A
H11A520 General Electric TIL125 A
H11A520 General Electric TIL124/TIL154 B [
H11A550 General Electric TIL126 A _9
H11A590 General Electric TIL126 A w®
H11A590 General Electric TIL126/TIL155 B E
H11A5100 General Electric 4N35 A e
H11AA1 General Electric TiL186-2 A 8
H11AA1 Motorola TIL186-1 A £
H11AA2 General Electric TIL186-1 A —
H11AA2 Motorola TiL186-2 A e
H11AA3 General Electric TIL186-3 A Q
H11AA3 Motorola TIL186-3 A S
H11AA4 General Electric TiL186-4 A (D
H11AA4 Motorola TIL186-4 A
H11B1 General Electric TIL189-2 A
H11B1 General Electric TIL113 B
H11B1 General Electric TIL187 B
H11B1 General Electric TIL188 B
H11B2 General Electric TIL119 B
H11B2 General Electric . TiIL113 A
H1183 General Electric TIL119 A
H11B255 General Electric TIL189-1 A
H11BX522 General Electric TIL189-3 A
H11G2 General Electric TIL156 B
H111 General Electric TIL3011 A
H11J2 General Electric TIL3010 A
H11J3 General Electric TIL3011 A
H11J4 General Electric TIL3010 A
H11J5 General Electric TIL3010 A
H11L1 General Electric OPI8015 A
H11L2 General Electric OPI8015 A
HCPL2502 Hewlett Packard HCPL2502 A
HCPL2530 Hewlett Packard HCPL2530 A
HCPL2531 Hewlett Packard HCPL2531 A
HCPL2601 Hewlett Packard HCPL2601 A
HCPL2630 Hewlett Packard HCPL2630 A
HCPL2631 Hewlett Packard HCPL2631 A
HCPL2730 Hewlett Packard HCPL2730 A
HCPL2731 Hewlett Packard HCPL2731 A
HCPL4502 Hewlett Packard HCPL4502 A
IL-1 Siemens TIL125 A
IL-5 Siemens TIL117 A

= TI Direct Replacement
= Nearest Replacement

%
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DEVICE
IL-12
IL-15
IL-16
IL-30
IL-74
IL-94
IL-101
IL-203
IL-250
IL-251
1L-262
IL-501
IL-505
IL-512
ILA-30
ILA-55
ILCA2-30
ILCA2-55
JAN4N22
JAN4N22A
JAN4N22A
JAN4N23
JAN4N23A
JAN4N23A
JAN4N24
JAN4N24A
JAN4N24A
JAN4N47
JAN4N48
JAN4N49
JANTX4N22
JANTX4N22A
JANTX4N22A
JANTX4N23
JANTX4N23A
JANTX4N23A
JANTX4N24
JANTX4N24A
JANTX4N24A
JANTX4N47
JANTX4N48
JANTX4N49
JANTXV4N22
JANTXVAN22A
JANTXVAN22A
JANTXV4N23
JANTXV4N23A
JANTXV4N23A
JANTXV4N24

Ti Direct Replacement
Nearest Replacement

MANUFACTURER/SOURCE
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Siemens
Micropac
Micropac

Optek/Optron
Micropac
Micropac

Optek/Optron
Micropac
Micropac

Optek/Optron
Micropac
Micropac
Micropac
Micropac
Micropac

Optek/Optron
Micropac
Micropac

Optek/Optron
Micropac
Micropac

Optek/Optron
Micropac
Micropac
Micropac
Micropac
Micropac

Optek/Optron
Micropac
Micropac

Optek/Optron
Micropac

TI
DEVICE

TIL111
TIL112
TIL118
TIL113
TIL111
TIL163
HCPL2601
TIL127
TIL186-3
TiL186-2
TIL186-4
TIL126

4N35

TiL125
TIL113
TIL189-1
TIL113
TIL189-1
JAN4N22
JAN4N22A
JAN4N22A
JAN4N23
JAN4N23A
JAN4AN23A
JAN4N24
JAN4N24A
JAN4N24A
JAN4AN47
JAN4N4S
JAN4N49
JANTX4N22
JANTX4N22A
JANTX4N22A
JANTX4N23
JANTX4N23A
JANTX4N23A
JANTX4N24
JANTX4N24A
JANTX4N24A
JANTX4N47
JANTX4N48
JANTX4N49
JANTXV4N22
JANTXV4AN22A
JANTXV4N22A
JANTXV4N23
JANTXV4N23A
JANTXV4N23A
JANTXV4AN24

CODE

>P>>>>P>PP>P>P>>>>P>>P>P>»>>>P>>>>>P>>P>>P>PP>>PP>>>P>>>0P0O>TDP>O
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TI
DEVICE MANUFACTURER/SOURCE DEVICE CODE
JANTXV4N24A Micropac JANTXV4N24A A
JANTXV4AN24A Optek/Optron JANTXV4AN24A A
JANTXV4N47 Micropac JANTXV4AN47 A
JANTXV4N48 Micropac JANTXV4N48 A
JANTXV4N49 Micropac JANTXV4N49 A
L15AX601 General Electric TIL6O1 A
L15AX604 General Electric TIL604 A
MAN1TA Quality Technologies Corp. TIL302 A
MAN2A Quality Technologies Corp. TIL305 A g
MAN10A Quality Technologies Corp. TIL302 A ]
MAN101A Quality Technologies Corp. TIL304 A ©
MAN1001A Quality Technologies Corp. TIL304 A E
MCA230 Quality Technologies Corp. TIL156 A s
MCA231 Quality Technologies Corp. TIL156 A b
MCA255 Quality Technologies Corp. TIL189-1 A E
MCA2230 Quality Technologies Corp. ’ TiL127 A 'a
MCA2231 Quality Technologies Corp. TIL189-2 A P
MCA2255 Quality Technologies Corp. TIL189-2 A d:,)
MCC670 Quality Technologies Corp. 6N138 A (1)
MCC671 Quality Technologies Corp. 6N139 A (D
MCL2502 Quality Technologies Corp. HCPL2502 A
MCL2530 Quality Technologies Corp. HCPL2530 A
MCL2531 Quality Technologies Corp. HCPL2531 A
MCL2601 Quality Technologies Corp. HCPL2601 A
MCL2630 Quality Technologies Corp. HCPL2630 A
MCL2631 Quality Technologies Corp. HCPL2631 A
MCP3009 Quality Technologies Corp. MOC3009 A
MCP3010 Quality Technologies Corp. MOC3010 A
MCP3011 Quality Technologies Corp. MOC3011 A
MCP3012 Quality Technologies Corp. MOC3012 A
MCP3020 Quality Technologies Corp. MOC3020 A
MCP3021 Quality Technologies Corp. MOC3021 A
MCP3022 Quality Technologies Corp. MOC3022 A
MCP3023 Quality Technologies Corp. MOC3023 A
MCT2 Quality Technologies Corp. MCT2 A
MCT2E Quality Technologies Corp. MCT2E A
MCT4 Quality Technologies Corp. TIL120 A
MCT26 Quality Technologies Corp. TIL111 A
MCT210 Quality Technologies Corp. TIL126 A
MCT270 Quality Technologies Corp. TiL125 A
MCT271 Quality Technologies Corp. TIL117 A
MCT272 Quality Technologies Corp. 4N36 A
MCT273 Quality Technologies Corp. TIL127 B
MCT274 Quality Technologies Corp. TiL128 B
MCT275 Quality Technologies Corp. TIL127 B
MCT276 Quality Technologies Corp. TIL116 A
MCT277 Quality Technologies Corp. 4N35 A
= Tl Direct Replacement
B = Nearest Replacement
TEXAS "?
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

T .
DEVICE MANUFACTURER/SOURCE DEVICE CODE
MCT2201 Quality Technologies Corp. 4N35 A
MCT2202 Quality Technologies Corp. TiL126 A
MCT5200 Quality Technologies Corp. 4N35 A
MCT5201 Quality Technologies Corp. 4N35 A
MCT5210 Quality Technologies Corp. 4N35 A
1 MCT5211 Quality Technologies Corp. 4N35 A
MLED910 Motorola TIL23 A
MOC119 Motorola TIL128A A
G) MOC1000 * Motorola TiL116 A
e MOC1000 Motorola an26 B
() MOC1001 Motorola 4N25 B
P MOC1001 Motorola TiL116 A
- MOC1002 Motorola 4N27 B
=) MOC1002 Motorola TIL116 A
a" MOC1003 Motorola 4N28 B
- MOC1005 Motorola TIL125 A
3 MOC1006 Motorola TIL124 A
2 MOC1100 Motorola TIL113 A
6' MOC1200 Motorola TiL113 A
3 MOC3009 Motorola MOC3009 A
MOC3010 Motorola MOC3010 A
MOC3011 Motorola MOC3011 A
MOC3012 Motorola MOC3012 A
MOC3020 Motorola MOC3020 A
MOC3021 Motorola MOC3021 A
MOC3022 Motorola MOC3022 A
MOC3023 Motorola MOC3023 A
MOC5007 Motorola OPI8015 A
MOC5008 Motorola OPi8015 A
MOC5009 Motorola OPI8015 A
MOC8020 Motorola TIL190-2 A
MOC8021 Motorola TIL190-3 A
MOC8030 Motorola TIL190-1 A
MOC8050 Motorola TiIL190-2 A
MOC8080 Motorola TiL189-2 A
MOC8100 Motorola TiIL126 A
MRD601 Motorola TIL601 A
MRD602 Motorola TIL602 A
MRD603 Motorola TIL603 A
MRD603 Motorola TIL604 B
MRD604 Motorola TIL604 A
OP123 Optek/Optron TiL23 A
OoP124 Optek/Optron TiL24 A
0OP600 Optek/Optron LS600 A
0OP601 Optek/Optron TIL601 A
0oP6062 Optek/Optron TiL602 A
0OP603 Optek/Optron TIL6O3 A
0OP604 Optek/Optron TiL604 A
0oP640 Optek/Optron LS600 A
A = TI Direct Replacement
B = Nearest Replacement
Texas W
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T
DEVICE MANUFACTURER/SOURCE DEVICE CODE
0P641 Optek/Optron TIL601 A
0P642 Optek/Optron TIL602 A
0P643 Optek/Optron TIL603 A
OPI102 Optek/Optron TiL102/4N22 A
OPI103 Optek/Optron TIL103/4N24 A
OP1130 Optek/Optron 4N48 A
OPI140 Optek/Optron TIL120 B
OPI2100 Optek/Optron 4N35 A
OPI2150 Optek/Optron TIL112 A g
OPI2151 Optek/Optron 4N27 A pre]
OPI2152 Optek/Optron 4N26 A @©
OPI2153 Optek/Optron TiL117 A E
OPI2154 Optek/Optron 4N37 A s
OPI2155 Optek/Optron 4N37 A ‘E
OPI2250 Optek/Optron TIL115 A —
OPI2251 Optek/Optron TiL153 A E
0OPI2252 Optek/Optron TIL116 A A
0OPI2253 Optek/Optron TiL117 A g
OPI2254 Optek/Optron 4N36 A (3]
OP12255 Optek/Optron 4N36 A (D
OPI2500 Optek/Optron TIL186-1 A
OPI2501 Optek/Optron TIL186-2 A
OPI2502 Optek/Optron HCPL2502 A
OPI12630 Optek/Optron HCPL2630 A
OPI3009 Optek/Optron TiL3009 A
OPI3010 Optek/Optron TIL3010 A
OPI3011 Optek/Optron TIL3011 A
OPI3012 Optek/Optron TIL3012 A
OPI13020 Optek/Optron TIL3020 A
OPI3021 Optek/Optron TIL3021 A
OPI13022 Optek/Optron TIL3022 A
OPI3023 Optek/Optron TiL3023 A
OPI3150 Optek/Optron TIL119A A
OPI3151 Optek/Optron TIL119A A
OPI3152 Optek/Optron TIL189-1 A
OPI3250 Optek/Optron TIL167A A
OPI13251 Optek/Optron TIL157A A
OPI3252 Optek/Optron TIL189-1 A
OPI8012 Optek/Optron OPI8012 A
OPI8013 Optek/Optron OPI8013 A
OPiB014 Optek/Optron OPI8014 A
OPI8015 Optek/Optron OPI8015 A
OoPI8137 Optek/Optron 6N137 A
PC110 Sharp TIL126 A
PC4N25 Sharp 4N25 A
PC4AN26 Sharp 4N26 A
PC4N27 Sharp 4N27 A
PC4N28 Sharp 4N28 A
PC4N35 Sharp 4N35 A

= TI Direct Replacement
= Nearest Replacement
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

Tl
DEVICE MANUFACTURER/SOURCE DEVICE CODE
PC4N36 Sharp 4N36 A
PC4N37 Sharp 4N37 A
PC613 Sharp TIL117 A
PC618 Sharp 6N136 A
PC713 Sharp TIL126 A
PC733 Sharp TIL186-2 A
PC733H Sharp TIL186-2 A
PC810 Sharp TIL191A A
o PC810A Sharp TIL191A A
g PC8108B Sharp TIL191B A
o PC812 Sharp TIL191B A
3 PC812A Sharp TIL191B A
- PC813 Sharp TIL194 A
5 PC813A Sharp TIL194A A
=h PC814 Sharp TIL194 A
2 PC814A Sharp TIL194A A
3 PC815 Sharp TIL197 A
g PC816 Sharp TIL191A A
o PC816A Sharp TIL191B A
3 PC816AB Sharp TIL1918B A
PC816AC Sharp TIL191B A
PC816AD Sharp TIL191B A
PC817 Sharp TIL191A A
PC817T1 Sharp TIL191B A
PC818 Sharp TIL191 A
PC823 Sharp TIL195 A
PC823A Sharp TIL195A A
PC825 Sharp TIL198 A
PC826 Sharp TIL192A A
PC826A Sharp TIL192B A
PC826AB Sharp TIL192B A
PC826AC Sharp TIL192B A
PC826AD Sharp TIL192B A
PC827 Sharp TIL192A A
PC827T1 Sharp TIL192B A
PC829 Sharp TIL913A A
PC843 Sharp TIL196 A
PC843A Sharp TIL196A A
PC845 Sharp TIL199 A
PC846 Sharp TIL193A A
PC846A Sharp TIL193B A
PC846AB Sharp TIL193B A
PC846AC Sharp TIL193B A
PC846AD Sharp TIL193B A
PC847 Sharp TIL193A A
PC847T1 Sharp TIL193B A
PC849 Sharp TIL914A A
PC900 Sharp OPIB015 A
PC901 Sharp OPIB015 A
A = TI Direct Replacement
B = Nearest Replacement
Texas WP
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

Tl
DEVICE MANUFACTURER/SOURCE DEVICE CODE
PS20018 NEC TIL117 A
PS2002B NEC TIL157A A
PS20038 NEC TIL117 A
PS20048B NEC TIL189-4 A
PS2006B NEC 6N136 A
PS20068B(1) NEC 6N135 A
PS20078B NEC 6N137 A
PS2010-K NEC 4N36 A
PS2010-L NEC TIL117 A c
PS2010-M NEC TIL116 A -g‘
PS2011-L NEC 4N35 A [+
PS2011-M NEC TIL126 A E
PS2012(1)-M NEC TIL128 A ‘o'
PS2012-M NEC TIL128A A L
PS2015-N NEC TIL125 A E
PS20168 NEC 6N136 A —
PS2018-L NEC 4N35 A E
PS2018-M NEC TIL126 A o
PS2021-L NEC 4N35 A QCD
PS2021-M NEC TIL126 A o
PS2031-L NEC 4N35 A
PS2031-M NEC TiL126 A
PS2044 NEC 6N136 A
PS2401A-1R NEC TIL1918B A
PS2401A-2R NEC TiL1928B A
PS2401A-4R NEC TiL193B A
PS2403-1M NEC TIL191B A
PS2403-2M NEC TiL192B A
PS2403-4M NEC TIL193B A
PS2501-1D NEC TIL191B A
PS2501-2D NEC TiL192B A
PS2501-4D NEC TIL193B A
PS2505-1 NEC TIL194B A
PS2505-2 NEC TIL195B A
PS2505-4 NEC TIL1968B A
S11MD5V Sharp MOC3022 A
SCD11B2 Honeywell TIL127 B
SCD11B2 Honeywell TiL113 B
SCD11B2 Honeywell TIL157 B
SCD11B2 Honeywell TIL119 B
SCD11B2 Honeywell TIL156 B
SCD11B2 Honeywell TiL128 B
SD2440-1 Honeywell TIL601 A
SD2440-2 Honeywell TIL602 A
S§D2440-3 Honeywell TIL603 A
SD2440-4 Honeywell TIL604 A
SE2450-1 Honeywell TIL23 A
SE2450-2 Honeywell TiL23 A
SE2450-3 Honeywell TIL25 A
= TI Direct Replacement
= Nearest Replacement
i
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CROSS-REFERENCE GUIDE
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A =
B =

DEVICE
SE2460-1
SE2460-2
SE2460-3
SFHB600
SFH600-0
SFHB01-1
SPX2E
SPX2E
SPX6
SPX26
SPX26
SPX26
SPX33
SPX33
SPX33B2
SPX33B2
SPX53
SPX53
TLP2530
TLP2531
TLP2601
TLP2630
TLP2631
TLP3009
TLP3010
TLP3011
TLP3012
TLP3020
TLP3021
TLP3022
TLP3023
TLP504A
TLP504A-2
TLP504A-2GB
TLP504AGB
TLP521-1A
TLP521-1GB
TLP521-2A
TLP521-2GB
TLP521-4A
TLP521-4GB
TLP575
TLP620
TLP620-2
TLP620-2GB
TLP620-4
TLP620-4GB
TLP620GB
TLP621

T! Direct Replacement
Nearest Replacement

MANUFACTURER/SOURCE
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell
Honeywell

Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba

TI
DEVICE

TIL23
TIL23
TiL24
TIL117
TIL117
TIL155
TIL125
TiL124
TIL126
TIL153
TiL118
TiL115
TIL154
TIL163
TIL116
TIL114
TIL117
TIL165
HCPL2530
HCPL2531
HCPL2601
HCPL2630
HCPL2631
MOC3009
MOC3010
MOC3011
MOC3012
MOC3020
MOC3021
MOC3022
MOC3023
TIL192A
TIL193A
TIL193B
TIL192B
TIL191A
TIL191B
TIL192A
TiL192B
TIL193A
TIL193B
TIL1G7A
TIL194A
TIL195A
TIL195B
TIL196A
TIL196B
TIL1948B
TIL191A

CODE

@

>PP>»>>>P>>>2>P>>>>P>>>>>P>P>>P>P>>>PP>r>>r > >0O0UEOOOO®>>OEOO0D>D
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OPTOELECTRONICS
CROSS-REFERENCE GUIDE

TI
DEVICE MANUFACTURER/SOURCE DEVICE CODE
TLP621-2 Toshiba TIL192A A
TLP621-2GB Toshiba TIL192B A
TLP621-4 Toshiba TIL193A A
TLP621-4GB Toshiba TIL193B A
TLP621GB Toshiba TiL191B A
TLP624 Toshiba TiL191B A
TLP624-2 Toshiba TiL192B A
TLP624-4 Toshiba TIL193B A
TLP626 Toshiba TiL1948B A
TLP626-2 Toshiba TIL1958B A
TLP626-4 Toshiba TIL196B A
TLP630 Toshiba TIL186-3 A
TLP630GB Toshiba TIL186-4 A
TLPE51 Toshiba 6N136 A

A = TI Direct Replacement

Gerteral Information
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CCD IMAGE SENSORS

CROSS-REFERENCE GUIDE

-
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DEVICE
RL128G
RL2048
CCcD111
CCD142
CCD143

B = Nearest Replacement

MANUFACTURER/SOURCE
EG&G Reticon
EG&G Reticon
Fairchild
Fairchild
Fairchild

T
DEVICE
TC102
TC103
TC102
TC103
TC103

CODE

W wWwwmww
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GLOSSARY
OPTOELECTRONIC AND IMAGE-SENSING TERMS AND DEFINITIONS

Introduction

This glossary contains letter symbols, abbreviations, terms, and definitions commonly used with
optoelectronic devices. Most of the information, excluding the image-sensing concepts, was obtained from
JEDEC Standard No. 77.

Index to Glossary by Symbols and Abbreviations

B Demodulation bandwidth

CCD Charge-coupled device

CTD Charge-transfer device

CRT Cathode-ray tube <

CTR Current transfer ratio g

Ee Irradiance ©

Ey llluminance 1S

fmod Modulation frequency =
) o

H Irradiance —

hF Current transfer ratio £

IC(off) Off-state collector current -

IC(on) On-state collector current E

D Dark current o

le Radiant intensity ch

Ig Forward current ()

L Light current

IR Reverse current

IRED Infrared-emitting diode

ly Luminous intensity

Le Radiance

Ly Luminance

LED Light-emitting diode

NEP Noise equivalent power (spectral density)

NTSC National Television System Committee

Pn Noise equivalent power (spectral density)

Po Radiant flux or power output

Qe Radiant energy

Qy Luminous energy

Re Radiant responsivity

RGB Red-green-blue (monitor)

Ry Luminous responsivity

sr Steradian

td Delay time

tf Fall time

tf Radiant pulse fall time

tr Radiant pulse rise time

tr Rise time

ts Storage time

VE Forward voltage

Af Noise equivalent bandwidth

A Spectral bandwidth

OHI Half-intensity beam angle

Ap Wavelength at peak emission

de Radiant flux

dv Luminous flux
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GLOSSARY
OPTOELECTRONIC AND IMAGE-SENSING TERMS AND DEFINITIONS

Units of Measurement

Unit Symbol Note
amperet A
angstrom A 1A=10-10m=10-4 um=0.1 nm
candelat cd 1cd=1Im/sr
candela/foot2 cd/ft2 1 cd/ft2 = 10.76391 cd/m?2
1 candela/meter2t cd/m?2
degree CelsiusT °c
°K See K
() faradt F
1] foot ft 1 ft = 0.3048 m (exactly)
3 footcandle fc 1fc=11m/ft2 = 10.76391 Ix
3 footlambert fL 1fL = (1/m) cd/ft2 = 3.426259 cd/m?2
—_— hertzt Hz
5‘ inch in 1in = 2.54 cm (exactly)
= kelvinT K Formerly °K, degree Kelvin
e lambert L 1L = 3183.099 cd/m?2
3 lumen' Im
) luxt I 11x = 1 Im/m?2
:-’- meterf m
S mho mho Tmho=15
micron u The equivalent unit um is preferred
mil mil 1 mil =10—-3 in = 0.0254 mm (exactly)
nit nt 1nt=1cd/m2
ohmt Q
phot ph 1 ph =1 Im/cm?2
secondt s
siemensT S
steradian sr
stilb sb 1sb=1cd/cm2
voltt v
watt? w

Tinternational System (S1) units.
Metric Multipliers

Most of the preceding Sl unit symbols can be combined with the metric multipliers that follow.

Symbol Prefix Multiple
G giga 109
M mega 106
k kilo 103
h hecto 102
da deka 10
d deci 10-1
c centi 10-2
m milli 10-3
u micro 10-6
n nano 10—-9
P pico 10—-12
f femto 10-15

128 TEXAS "v'f
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Analog Output
An output whose amplitude is continuously proportionate to the input.
Axis of Measurement

The direction from the source of radiant energy, relative to the mechanical axis, in which the measurement
of radiometric and/or spectroradiometric characteristics is performed.

Black Level

The display signal level corresponding to the maximum limit for black peaks.
Brightness

See Luminance.
Charge-Coupled Device (CCD)

A charge-transfer device that stores charge in potential wells and transfers this charge almost completely
as a packet by translating the position of the potential wells.

Charge-Coupled Image Sensor

General Information

A charge-coupled device in which an optical image is converted into packets of charge that can be transferred
as the electrical analog of the image.

Charge-Transfer Device (CTD)

A device in which the operation depends on the movement of discrete packets of charge along or beneath
the semiconductor surface, or through the interconnections on the semiconductor surface.

Color Contrast

The ratio of the luminance values of two colors.
Color Encoder

A device that produces an encoded color signal from separate red, green, and blue color inputs.
Color Edging

Undesired colors appearing at the edges of colored images.

Color Temperature (of a light source)
The absolute temperature of a blackbody radiator having a chromaticity equal to that of the light source.
TYPICAL UNIT: K (formerly °K).

Coordinates
A method of locating a pixel in space, typically using an x, y, and z axis. (Cartesian Coordinates System).

Current Transfer Ratio, DC (of an Optocoupler) (hp or CRT)

The ratio of the dc output current to the dc input current.

{ip
EXAS 1.29
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



-—

uoneW.IoJU| |RIBUSE)

GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Dark Current (Ip)
The current that flows through a photosensitive device in the dark condition.
NOTE: The dark condition is attained when the electrical parameter under consideration approaches a value
that cannot be altered by further irradiation shielding.

Darlington Phototransistor

A phototransistor whose collector and emitter are connected to the collector and base, respectively, of
a second transistor. The emitter current of the input transistor is amplified by the second transistor and
the device has very high sensitivity to illumination or irradiation.

GRAPHIC SYMBOL:
~a
~Na

NOTE: The base region(s) may or may not be brought out as (an) electrical terminal(s).

Delay Time (tq)
The time interval from the point at which the leading edge of the input pulse has reached 10% of its
maximum amplitude to point at which the leading edge of the output pulse has reached 10% of its maximum
amplitude.

Demodulation Bandwidth (B)

The frequency interval in which the demodulated output of a photodetector, or a system including a
photodetector, is not more than 3 dB below the midband output. Midband output is the output in the region
of flat response or the average output over a specific frequency range.

Fall Time (tf)

The time duration during which the trailing edge of a pulse is decreasing from 90% to 10% of its maximum
amplitude.

Forward Current (If)

The current through a semiconductor diode when the p-region (anode) is a positive potential with respect
to the n-region (cathode).

Forward Voltage (VF)

The voltage across a semiconductor diode associated with the flow of forward current. The p-region is
a positive potential width respect to the n-region.

Gray Scale
An optical pattern in discrete steps between light and dark.

Note: A gray scale with ten steps that differ by the square root of two is usually in resolution test charts.

Half-Intensity Beam Angle (0H})

The angle within which the radiant intensity is not less than half of the maximum intensity.
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Hexadecimal Display
A solid-state display capable of exhibiting numbers O through 9 and alpha characters A through F.

NOTE: The TIL311 is a hexadecimal display with an integral TTL circuit that will accept, store, and display
4-bit binary data.

luminance (lllumination) (Ey/)

The luminous flux density incident on a surface; the quotient of the flux divided by the area of illuminated

surface.
c
TYPICAL UNITS: Im/ft2, Ix = Im/m2; 1 Im/ft2 = 10.76391 Ix. o
=
Image g
A displayed view of one or more objects or parts of objects. s
(Ve
Infrared Emission £
Radiant energy that is characterized by wavelengths longer than visible red, i.e., about 0.78 pm to 100 um. ©
o
(%)
Infrared-Emitting Diode (IRED) [
[+})
A diode capable of emitting radiant energy in the infrared region of the spectrum resulting from the (O]
recombination of electrons and holes.
NOTE: TI manufactures GaAs and GaAlAs radiant-energy sources that emit in the 0.82-um to 0.94-um
portion of the near-infrared region. These emitters are spectrally matched with Ti silicon photodetectors.
GRAPHIC SYMBOL:
~a
~a
Irradiance (Eg, formerly H)
The radiant flux density incident on a surface; the quotient of the flux divided by the area of irradiated
surface.
TYPICAL UNITS: W/ft2, W/m2; 1 W/ft2 = 10.76391 W/m2.
Light Current (I)
The current that flows through a photosensitive device, such as a phototransistor or a photodiode, when
it is exposed to radiant energy.
Light-Emitting Diode (LED)
A diode capable of emitting luminous energy resulting from the recombination of electrons and holes.
GRAPHIC SYMBOL:
~a
~a
i
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Linearity
The property of being linear. A linear relationship exists between two quantities when a change in a second
quantity is directly proportional to change in the first quantity.

Luminance (Ly) (Photometric Brightness)

The luminous intensity of a surface in a given direction per unit of projected area of the surface as viewed
from that direction.

TYPICAL UNITS: fL, cd/ft2, cd/m2; 1 fL = (1/x) cd/ft2 = 3.426259 cd/m2.

Luminous Energy (Qy)
The time rate of flow of luminous energy.
TYPICAL UNITS: Im=+s.

Luminous Flux (®y)
Energy traveling in the form of visible radiation.
TYPICAL UNIT: Im
NOTE: Luminous flux is related to radiant flux by the eye-response curve of the International Commission
of lllumination (CIE). At the peak response (A = 555 nm), 1 W = 680 Im.
Luminous Intensity (ly)
Luminous flux per unit solid angle in a given direction.

TYPICAL UNIT: cd. 1 cd = 1 Im/sr.

Luminous Responsivity (Ry)

The quotient of the rms value of the fundamental component of the electrical output divided by the rms
value of the fundamental component of the luminous flux of a specified distribution.

TYPICAL UNITS: V/Im, A/lm.

Modulation Frequency (fmod)

The frequency of modulation of the luminous or radiant flux.

Monochrome

Any combination of colors of the same hue, but of different saturations and luminances.

Noise Equivalent Bandwidth (Af)

The equivalent bandwith of a flat (or white) sharp-cutoff noise spectrum, having the same maximum value
and containing the same noise power as the actual broadband output noise power of the device or circuit.

TYPICAL UNIT: Hz.
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Noise Equivalent Power (P or NEP)

The rms value of the fundamental component of a modulated radiant flux incident on the detector area
that will produce a signal (voltage or current) at the detector output that is equal to the broadband rms
noise (voltage or current).

TYPICAL UNIT: W.

NOTE: The noise equivalent power equals the broadband output noise (voltage or current) divided by the
responsivity (in volts/watt or amperes/watt).

Noise Equivalent Power (Spectral Density) (P or NEP)
The noise equivalent power in a one-hertz bandwidth at the detector output.
TYPICAL UNITS: W/Hz1/2,

NOTE: The noise equivalent power spectral density equals the noise equivalent power divided by the square
root of the noise bandwidth.

Off-State Collector Current (IC(off)) (of an Optocoupler)

The output current when the input current is zero.

On-State Collector Current (IC(gp)) (of an Optocoupler)

General Information

The output current when the input current is above the threshold level.
NOTE: An increase in the input current will usually result in a corresponding increase in the on-state collector
current.
Optical Axis
A line about which the radiant-energy pattern is centered.
NOTES: 1. The radiant-energy pattern may be nonsymmetrical.
2. The optical axis may deviate from the mechanical axis.
Optocoupler (Optically Coupled Isolator, Photocoupler)

A device designed for the transformation of electrical signals by utilizing optical radiant energy so as to
provide coupling with electrical isolation between the input and the output.

NOTE: As manufactured by Texas Instruments, these devices consist of a gallium arsenide infrared-emitting
diode and a silicon phototransistor and provide high-voltage isolation between separate pairs of input and
output terminals.

Optoelectronic Device

A device that is responsive to or that emits or modifies coherent or noncoherent electromagnetic radiation
in the visible, infrared, and/or ultraviolet spectral regions; or a device that utilizes such electromagnetic
radiation for its internal operation.

Photocurrent

The difference between light current (I ) and dark current (Ip) in a photodetector.
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Photodetector, Photosensitive Device

A device that is responsive to electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral
regions.

Photodiode

A diode that is intended to be responsive to radiant energy.

| W
O e

NOTE: The photodiode is characterized by linearity between the input radiation and the output current.
It has faster switching speeds than a phototransistor.

Photometric Axis

See Axis of Measurement.

uoneWIoju| [RIBUSE)

Photometric Brightness

See Luminance.

Photon
A quantum (the smallest possible unit) of radiant energy; a photon carries a quantity of energy equal to
Planck’s constant (6.6262 x 10— 34 joule/hertz) times the frequency.
Phototransistor
A transistor (bipolar or field-effect) that is intended to be responsive to radiant energy.
NOTE: The base region or gate may or may not be brought out as an external terminal.
GRAPHIC SYMBOLS:

*~ ~
~

Picture Element
The smallest segment of a raster line which can be discretely controlled by the display system. Also called
a pixel, pel, or pixcell.

Quantum Efficiency (of a Photosensitive Device)

The fractional number of effective electron-hole pairs produced within the device for each incident photon.
For devices that internally amplify or multiply the electron-hole pairs, such as phototransistors or avalanche
photodiodes, the effect of the gain is to be excluded from quantum efficiency.
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Quantum Efficiency, External (of a Photoemitter)

The number of photons radiated for each electron flowing into the radiant source.

Radiance (Le)

The radiant intensity of a surface in a given direction per unit of projected area of the surface as viewed
from that direction.

TYPICAL UNIT: Wxsr—Tm—2,

Radiant Energy (Qe)

Energy traveling in the form of electromagnetic waves.
TYPICAL UNITS: Wxs, J.

Radiant Flux or Power Output (¥e or PQ)
The time rate of flow of radiant energy.
TYPICAL UNITS: W.

Radiant Intensity (lg)

General Information

Radiant flux per unit solid angle in a given direction.
TYPICAL UNIT: W/sr.

Radiant Pulse Fall Time (tf

The time required for a radiometric quantity to change from 90% to 10% of its peak value for a step change
in electrical input.

Radiant Pulse Rise Time (t;)

The time required for a radiometric quantity to change from 10% to 90% of its peak value for a step change
in electrical input.

Radiant Responsivity (Re)

The quotient of the rms value of the fundamental component of the electrical output divided by the rms
value of the fundamental component of the radiant flux of a specified distribution.

TYPICAL UNITS: V/W, A/W.
Resolution

The number of visible distinguishable units in the device coordinate space.

Reverse Current (IR)

The current through a semiconductor diode when the n region (cathode) is at a positive potential with
respect to the p region (anode).

Reverse Voltage (VR)

The voltage across a semiconductor diode associated with the flow of reverse current. The n region is
at a positive potential with respect to the p region.
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GLOSSARY
OPTOELECTRONICS AND IMAGE-SENSING TERMS AND DEFINITIONS

Rise Time (ty)
The time duration during which the leading edge of a pulse is increasing from 10% to 90% of its maximum
amplitude.

Series Resistance
The undepleted bulk resistance of the photodiode substrate.
NOTE: This characteristic becomes significant at higher frequencies where the capacitive reactance of
the junction is of the same or lower magnitude compared to the series resistance.

Shift Register

A register in which the stored data can be moved from left to right, or vice versa.

Spectral Bandwidth (AN)

The wavelength interval in which the spectral concentration of a photometric or radiometric quantity is
not less than half of its maximum value.

TYPICAL UNITS: A, gm, nm.

Steradian (sr)
A unit of solid angular measurement equal to the solid angle at the center of a sphere subtended by a
portion of the surface area equal to the square of the radius; there are 4 7 steradians in a complete sphere.
The number of steradians in a cone of full angle #is 2 = (1 — cos 0.5 ).

Storage Time (tg)
The time interval from a point at which the trailing edge of the input pulse has dropped to 90% of its
maximum amplitude to a point at which the trailing edge of the output pulse has dropped to 90% of its
maximum amplitude.

Visible Emission

Radiant energy that is characterized by wavelengths of about 0.38 um to 0.78 um.

Wavelength at Peak Emission (\p)
The wavelength at which the spectral radiant intensity is maximum.

TYPICAL UNITS: A, pm, nm. 1 A = 10— 4 um = 0.1 nm.
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VIRTUAL PHASE
IMAGE SENSING TECHNOLOGY BREAKTHROUGH

The CCD (Charge Coupled Device) approach to linear image
41 : ; ; . ndus

sensing will become the leading edge among industry methods
CLOCKED “VIRTUAL" because of s and verformance advantages
mcmoﬂ ELECTRODE ecause of process and performance advantages.

Multiple-clock-electrode CCD processing methods have re-

mained complex and difficult to implement in the manufacturing
environment with any measure of cost/performance effectiveness
... until now.

The breakthrough: Now, Texas Instruments announces
a breakthrough in CCD image sensor processing technology ...

Fig. 1 TI's Patented Virtual Phase Design Virtual Phase (VP).
This giant technological stride greatly simplifies the processing
$2 techniques by reducing the number of clock electrodes on the 2
device surface to one (Fig. 1). Other techniques require any-

OVERLAPPING . L . d
#1 l_ELEcmones where from two to three levels (Fig. 2). Additional benefits of this

milestone process include simplified device operation and en-
hanced device quality.

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

[72]
c
B
-
Q
c
3
L
! The benefits of this TI-patented Virtual Phase technology are:  +
S~ o Simplified clocking o
- i W L ise/Higher dynamic rz g
Lo (S * Lower noise/Higher dynamic range o
o Greater sensitivity to light 3
Fig. 2 Standard 2 Phase Design o Ease of processing and use ‘Q
o Greater stability »
100 I T T T T T T7 o Lower dark current o
TYPILAL SPECTRAL RESPONSE e Improved spectral response in the lower wave length (blue) 2
regions (Fig. 3). QO
B o
- P Features:

H \ e Virtual Phase N-Channel silicon MOS technology 87
;i \ o High spectral responsivity ... particularly in the blue region ©
I \ o Approximately 1-V peak-to-peak output signal £
E 10 \C o Dynamic range typically 1000:1 -
E ITHOUT FILTER] o End-of-scan signal o
= o Internal dark and white references o
o Blemish-free uniformity of image o

o Simple, stable operation

400 500 600 700 800 900 1000
WAVELENGTH NANOMETERS

Fig. 3. Typical Sensitivity vs Wavelength

i
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

D2664, APRIL 1982 —REVISED JULY 1989

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

Virtual-Phase N-Channel Silicon MOS (TOP VIEW)

Technology

High Quantum Efficiency ~

Enhanced Blue Response VREF E 1 10 ; Vss
® OQutput Signal Approximately 9 \V

1 Volt Peak-to-Peak 0s E 2 j ss
® Dynamic Range Relative to Y] 3 8 EOS

Peak-to-Peak Noise Typically 1000:1 oD E j 2

End-of-Scan Signal TCK E 4 7 ] RCK

Internal Black and White References

Simple and Stable Operation WRCK E 5 6 j XCK

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

description

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

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

virtual-phase technology

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

CCD Image Sensors/Support Functions

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

EXAS
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TC102

128 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK

DARK CURRENT BUFFER CCD _F——oVoD

(
-
——wH R S ODD PIXEL TRANSPOR;CCDT T
LINEAR T I T I I ry 1 T T T T I
protosie (5] e]s]e[T [\ [TV [N - Js[2["[1] [\ ]s]e]e]e) 0s
ARRAY I T I T T I A T T T I T
IR T N | SR T T —°VoD
{vﬂ— > EVEN PIXEL TRANSPORT CCD $——0 VREF
—{WH E£0S + DARK CURRENT BUFFER CCD EOS
CHARGE
l DETECTOR
OUTPUT
WRCK XCK TCK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD

W= WHITE REFERENCE INPUT DIODE

B = BLACK REFERENCE ELEMENT

| = ISOLATION ELEMENT

N = 128 SENSOR ELEMENTS

PIN FUNCTIONAL DESCRIPTION
PIN
NUMBER SIGNATURE NAME DESCRIPTION

1 VREF Reference Voltage Bias input for the output amplifiers.

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

3 VpD Supply Voltage Output amplifier supply voltage.

4 TCK Transport Clock Drives the CCD transport registers.

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

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

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

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

9,10 Vss Substrate All voltages are referenced to the substrate.

Texas {"
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

N

shift registers

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

black and white reference elements

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

output signal amplifier

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

CCD Image Sensors/Support Functions
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TC102 ,
128 x 1 CCD LINEAR IMAGE SENSOR

resolution

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

end-of-scan amplifier

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

clocks

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

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

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

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

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

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

{ip
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

XCKﬂ‘ EXPOSURE TIME I ]
3)-
o«

1

X BrBmBaBrllnlin!
08 T 53 13 14 1 16 17 18 |9
1 U] o
2
3

EOS iy

Output Signal (OS) pulse identification:

| = Isolation pixel

iP = Image pixel

B = Black reference pixel
W = White reference pixel
X = Empty pixel

FIGURE 1 - OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

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

CCD Image Sensors/Support Functions

Amplifierdrain voltage (VDD) . ... .. ... -0.3Vto30V
Amplifier reference voltage (VREF) .. ... ... -0.3Vto30V
Transfer clock (XCK) voltage . . . ... ... ... . . -25Vto5V
Transportclock (TCK)voltage . . ........... .. ... —-25Vto5V
Resetclock (RCK)voltage . .. ... ... ... . ~-25Vto5V
White reference clock (WRCK) voltage . ... ........... ... ... .. ... ... ... ... .. -0.3Vto30V
Storage temperature . . . ... ... ... —25°Cto125°C
Operating free-air temperature . . ... ........ ... ~25°Cto70°C

NOTE 1: Voltage values are with respect to Vgs.

TeEXAS {? 2.9
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

recommended operating conditions at Tp = 25°C

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

§ The algebraic convention, where the most negative limit is d d as minil is used in this data sheet for clock voltage levels only.

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

PARAMETER MIN TYP MAX UNIT
Average 0.5 10
Dark-signal amplitude Low fr.equeljlcy conTponent 0.5 5 mv
Nonuniformity relative to 1 20
average of adjacent pixels
Sensitivity 2 3.5 5 | V/(ud/cm2)
e e
variation (PRNU)$ N ) 10
alternate registers (imbalance)
Peak-to-peak noise 1 mV
Equivalent exposure § of peak-to-peak noise 0.35 nJicm?2
Saturation exposure § 350 nJ/em2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise’ 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 10 \
Qutput impedance 1 kQ
Transfer gate 45
Resistance to Vgg Transport gate 45 kQ
Reset gate 45
Transfer gate 26
Capacitance to Vgg Transport gate 57 pF
Reset gate 7
IREF Amplifier reference current 3 nA
IpD Supply current 6.3 9.4 mA
Power dissipation 100 mwW

TDvnamic range = saturation output amplitude/standard deviation peak-to-peak noise.
¥Measured at 700 mV output amplitude with an /2.8 lens.
§E)(posure = intensity x time

{i’
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

MIN NOM MAX UNIT
THXH Time delay from the transport clock rising 0 100 s
edge to the transfer clock rising edge
THWL Time delay from the transport clock rising edge o 100 ns
to the white reference clock falling edge
'THRH Time delay from the transport clock rising o ns
edge to the reset clock rising edge
Pulse duration of the high state for the reset
tw(RH) clock 40 ns
TLXL Time delay from the transport clock falling 50 ns
edge to the transfer clock falling edge
TLWH Time delay from the transport clock falling edge ) 100 ns
to the white reference clock rising edge
Time delay from the transfer clock falling edge
tXLTH to the rising edge of the next transport clock 50 ns
pulse
ty rise time (all clocks) 15 ns
tf fall time (all clocks) 5 ns
-—b’ [ tTHXH
1 \
XCK |
] I
| -t L
—>|  |[E—tTHWL : f | XL
T\ | |
WRCK ] | |
| | : |
| 1 | |
| 1 | |
! r—n TLWH |
TCK
|
tTHF{H—-P: [
| ey e ey
RCK

os

RN
VARN

BLACK REFERENCE LEVEL

FIGURE 2 - DEVICE TIMING REQUIREMENTS

N

CCD Image Sensors/Support Functions
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10 kQ
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ADJ. CONT
ex (1/2) TLD369 DEVICE
L Pc —{>c Veet UNDER TEST
47 pt =—{CX2 B (%)SN7400 cc VoD
EN Y o—-d ab— Q 224
CLR CLR RCK  Vpp|
0.1 1F Veed <
+5 v
XCK  VREF
2N3906
,
[A)SN7474 (41SN7400 (4)SN74574
+5V |
3 _6_ (1/2) TLD369
PRE PRE Y 5kq
D Q A7_ D Q (2)IN4148
500 15V
pC G ¢ VDD @——@-AAA——@- WRCK
~ 200 2
o) al—
cLr cLr sNTstss vect
Vss
Y»fs v 2+5 v -
0.1uF 20
vegt >
COUNTER CHAINT e ] TLD369 TCK
—— e e T —_——— ==
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SN74L5193 SN74LS193 SN74L5193 | 3 22«
b
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I l l 0.1uF
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' BV Ve | 45V
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0.1 uﬂ; T 0.1uF] T o1 ,;Fl I
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Ce—

_I @ - @ Testrovts

tThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate.
tVCC and Vg are the voltages that will produce the desired values of V| and V), respectively, at the RCK, XCK, and TCK inputs.

FIGURE 3 — DRIVER CIRCUIT FOR TESTING LINE IMAGE SENSOR
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

|
|
[
[

|

L

|

F
texp Trigger

[
XCK J 1
]
RCK !
WRCK —| J

FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

N

TYPICAL CHARACTERISTICS

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

CCD Image Sensors/Support Functions

SENSITIVITY RESPONSIVITY
vs vs
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT
10 1 T T T T T
- 100% == —]
ua
4 A 0.4 S, . 1 ;
M/ka( 30% |
O\ . .
% S \wnhqut filter = = 5\/ 0% |
= . <
3 with LT
. | L —
| 1 \HA-11 filter > o1 B A4 10% |
Zz Ly =
2 \ Z - —
= \ g s el \
& o4 \ & 0.0a | — \
\ 100% quantum efficiency \
\ is 0.80657\ A/W
\ for X in um.
0.1 0.01 ‘ ‘
400 600 800 1000 1200 400 600 800 1000 1200
Incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS

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

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
vs vs
SPATIAL FREQUENCY 1.0 SPATIAL FREQUENCY
1.0 I I
| AN A = 400 to 700 nm
S \ without filter S \\
g os <] 5 0.8
Z \ Z \
o ;. A =900 nm \
2 o
g2 06 N g 0.6
2 = N F
C c
2 k]
& 04 5 04
3 ]
] 2
8 §° 2854 K Light 20 Monochromatic Light
w) L 02 Jo2
— s =
3 =
Q 0 0
(o] 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
@ Normalized Spatial Frequency Normalized Spatial Frequency
m [ Il L I L L 1 Il | | |
@ 0 7.9 15.8 23.6 31.6 39.4 0 7.9 15.8 23.6 31.5 39.4
s Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
»
0o FIGURE 7 FIGURE 8
-
(]
~
[72] AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
[ DARK SIGNAL SATURATED OUTPUT VOLTAGE
-c Vs Vs
° EXPOSURE TIME EXPOSURE TIME
[©] 10 100 T T
-~ = Ee = 50 uW/cm2
| e HW/em
m o I
g f g 2854 K Light /
4 S 9 Ee = 25 uW/cm?
0 1 ol 2 with HA-11 Filter e = v Aitiem
~ > 1 »260 5
=4 E W === 2 60
e [ NEILE 3 7
> = Y % °
T NA G k]
(7] =S AP 2 o/ 2
@a N7 / s p
X 1 N7 2 40 Eg=12.5 uW/cm2]
S o1 @
K Z’a ,/
5 a8 20 / /
y ] / Eo=25 2
3] e 5 uW/ecm
/ & —
0.01 0
0.1 1 10 100 0 2 4 6 8 10
texp — Exposure Time —ms ) texp — Exposure Time — ms
FIGURE 9 FIGURE 10
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TC102
128 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

12,83 (0.505)
12,57 (0.495)
3.81 (0.150)
3,56 (0.140) 10 9 8 7 6
— f e T e | f e | l e
r——=====" 1
1 |
: |
B P e B
1 ! ‘
0,81 (0.032)R NOM 1 . —i _____ ) | 2
No. 1 SENSOR ELEMENT — _ === —
1 2 3 4 5 n
c
5,82 (0.229) 2
8,10 (0.319) 5,56 (0.219) 5
7.75 (0.305) [
=]
7.49 (0.295) [V
7.24 (0.285) 2,97 (0.117) -
<— 1,19 (0.047) MAX 236(0.093) 5
8
B W—
- A T 1~l 3
4,19 (0.165) (7))
3,07 (0.121) B
~SEATING PLANE | °
3,81 (0.150) [72]
3,05 (0.120) c
Q
e 80 000 I
0,25 (0.010) 1,42 (0.056) <)
1,12 (0.044) =2
2,54 (0.100) NOM g
NOTES: 1. All dimensions are in millimeters and parenthetically in inches. D
2. The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is o
determined by observing the vertical motion of a microscope focused first at one plane, then at the other. o
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

D2664, DECEMBER 1983 —REVISED JULY 1989

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

(TOP VIEW)
Virtual-Phase N-Channel Silicon MOS

Technology U
High Quantum Efficiency VREF E 1 10 j Vss
Enhanced Blue Response

\)
Output Signal Approximately 1 Volt 0s C 2 9 j Ss
Peak-to-Peak

\") 8 EOS
® Dynamic Range Relative to bD E 3 j
Peak-to-Peak Noise Typically 1000:1 j RCK

TCK 4
End-of-Scan Signal E
[ ] xck

~N

Internal Black and White References WRCK E 5

(=)

N

Simple and Stable Operation

Same as TC102 Except for "'White
Reference Amplitude’” and ‘‘End-of-Scan
Amplitude’’ Specifications

description

The TC102-1, a 128-element CCD line image sensor, functions in high-resolution image scanning applications such
as document reading and optical character recognition. The TC102-1 incorporates virtual-phase MOS technology,
which provides simplified operation and high reliability.

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

virtual phase technology

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

CCD Image Sensors/Support Functions

the user.
PRODUCTION DATA documents contain information . Copyright © 1989, Texas Instruments Incorporated
current as of publication date. Products conform to y} .
specifications per the terms of Texas Instruments TEXAS
standard warranty. Production processing does not 2-17
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TC1021

128 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
| DARK CURRENT BUFFER CCD }——>VoD
-
——wH e — ODD PIXEL TRANSPORT ccoT —r 1
LINEAR T I I T T s T T I T T T
PHOTOSITE [s]e]s]B[ T [ ININAN2 - - [3T2 N[ ] ]e]e]B] &) os
ARRAY T T T T I I il T T T T T
T 1 1 31 1 S T T ——o VoD
————{E— | EVEN PIXEL TRANSPORT CCD $—OVREF
+—WH o E0S 7 DARK CURRENT BUFFER CCD EOS
CHARGE
l DETECTOR
OUTPUT
WRCK XCK TCK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD
W= WHITE REFERENCE INPUT DIODE
B = BLACK REFERENCE ELEMENT
| = ISOLATION ELEMENT
N = 128 SENSOR ELEMENTS
PIN FUNCTIONAL DESCRIPTION
PIN
NUMBER SIGNATURE NAME DESCRIPTION

1 VREF Reference Voltage Bias input for the output amplifiers.

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

3 VbD Supply Voltage Output amplifier supply voltage.

4 TCK Transport Clock Drives the CCD transport registers.

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

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

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

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

9,10 Vss Substrate All voltages are referenced to the substrate.
Mg
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

N

shift registers

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

black and white reference elements

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

output signal amplifier

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

CCD Image Sensors/Support Functions
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths (see Figures 7 and 8). If optimum resolution is

required with a light source that has a significant infrared component, then the designer must use appropriate filters to
restrict the optical pass band to shorter wavelengths.

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where

" it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two

white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used
to alert the external circuitry that the linear image data readout has been completed.

clocks

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

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

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

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

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

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

2-20
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

J’} ‘ exvosune T |

X BraBmBAaB I alnlnl
0s —N—ny
1 12 13 14 15 16 17 18 |19

EOS "Lriny
Output Signal (OS) pulse identification:
1 = Isolation pixel
IP = Image pixel
B = Black reference pixel
W = White reference pixel
X = Empty pixel

FIGURE 1 -~ OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

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

Amplifierdrain voltage (VDD) . . . . . . . -0.3Vto30V
Amplifier reference voltage (VREF) . . . . .. ... . -0.3Vto30V
Transferclock (XCK)voltage . . . . .. . ... e —-25Vtob5V
Transportclock (TCK)voltage . .. .. ... ... . . e —25Vto5V
Resetclock (RCK) voltage . . . . . . .ottt —-25Vto5V
White reference clock (WRCK)voltage . . ... ... . ... ... ... i -0.3Vto30V
StOrage teMPErature . . . . . . .t vt ittt it e —25°Cto125°C
Operating free-air temperature . . . . . . . .. .ot e —-25°Cto70°C

n
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NOTE 1: Voltage values are with respect to Vgg.
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128 x 1 CCD LINEAR IMAGE SENSOR

recommended operating conditions at Tp = 25°C

MIN NOM MAX UNIT
Vpbp Supply voltage 15 16 20 \Y
VREF Amplifier reference voltage 6 7 8 \
VIH(X) Transfer clock high-level input voltage 1 2 3 \Y
ViL(X) Transfer clock low-level input voltage -179 -16 -156 \
VIH(T) Transport clock high-level input voltage 1 2 3 \Y
Vium Transport clock low-level input voitage -179 -16 -15 \Y
VIH(R) Reset clock high-level input voltage 1 2 3 A
VIL(R) Reset clock low-level input voltage -179 -16 -15 \Z
VIH(WR) White reference clock high-level input voltage 15 16 20 \%
VIL(WR) White reference clock low-level input voltage 6 7 8 \
fRCK Reset clock frequency (output data rate) 2 10 MHz

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

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

PARAMETER MIN TYP MAX UNIT
Average 0.5 10
Dark-signal amplitude Low fr.equer?cy con'?ponent 0.5 5 mV
Nonuniformity relative to y 20
average of adjacent pixels
Sensitivity 2 3.5 5 | V/(ud/icm?2)
Output amplitude Zed?::e‘:tpz?:els from = =2 mV
variation (PRNU)# . . 10
alternate registers (imbalance)
Peak-to-peak noise 1 mV
Equivalent exposure § of peak-to-peak noise 0.35 nJ/cm?2
Saturation exposure § : 350 nJd/cm?2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise ' 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 500 mV
End-of-scan amplitude 300 mV
Output offset (dc) voltage 10 \Y
Output impedance 1 kQ
Transfer gate 45
Resistance to Vgg Transport gate 45 kQ
Reset gate 45
Transfer gate 26
Capacitance to Vgg Transport gate 57 pF
Reset gate 7
IREF Amplifier reference current 3 nA
Ipp Supply current 6.3 9.4 mA
Power dissipation 100 mW

TDynamic range = saturation output amplitude/standard deviation peak-to-peak noise.
#Measured at 700 mV output amplitude with an /2.8 lens.
§Exposure = intensity x time
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

MIN NOM MAX UNIT

Time delay from the transport clock rising

t . 0] 100 ns
THXH edge to the transfer clock rising edge

Time delay from the transport clock rising edge

t o 100 ns
THWL to the white reference clock falling edge

Time delay from the transport clock rising

t ] ns
THRH edge to the reset clock rising edge

Pulse duration of the high state for the reset

tw(RH) clock 40 ns

Time delay from the transport clock falling
edge to the transfer clock falling edge
Time delay from the transport clock falling edge

t 0 100 ns
TLWH to the white reference clock rising edge

TLXL

Time delay from the transfer clock falling edge

IXLTH to the rising edge of the next transport clock 80 ns »
pulse c
tr rise time (all clocks) 15 ns .2
tf fall time (all clocks) 5 ns 3
c
3
> %= tTHXH (TR
[ -
| |
XCK | o
| | Qo
i [y | Q
| F——‘.lthTH 3
—|  jE—tTHWL | | w
AN | | ry
WRCK | | | ‘,’_’
] L/ I )
| | i 2

I ! |
TTLWH [}]
| | n
TCK ! o
o g

tTHRH
| P Ry Ananie r_" £
[ ! -
RCK [ I o)
. — , } O
(&)
os / \ / \

BLACK REFERENCE LEVEL

FIGURE 2 - DEVICE TIMING REQUIREMENTS
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FIGURE 3 — DRIVER CIRCUIT FOR TESTING LINE IMAGE SENSOR
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

TYPICAL CHARACTERISTICS

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

CCD Image Sensors/Support Functions

SENSITIVITY RESPONSIVITY
vs vs
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT
1 T T T T T
_{,__{___(__ & \00% "
cien 70%
1 (‘um et 10V e Aoo
T T 50%
4 A 0.4 A\ - T
. w 30% ]
N . .
S 5 \ \wnthout filter E f S\ 20% |
3 with \ < | K—/‘
= . ! L —1 L—
o \‘HA-H filter > os S 10% —|
z \ H
= r \ g - =
Gz \ g T \
g 04 \ & o004 \
@ \ | 100% quantum efficiency \
\ is 0.80657) A/W
‘ for X in um.
0.1 0.01 | |
400 600 800 1000 1200 400 600 800 1000 1200
Incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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TC1021
128 x 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS

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

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
vs vs
SPATIAL FREQUENCY SPATIAL FREQUENCY

1.0 1.0
|

] 1
A =400 to 700
without filter \\ to nm

g 8
§ os ~] G o8
& L
k] N ] X\ =900 nm
2 06 2 06
© ©
2 = N = AN
c c
2 8
=4 =
o ] 0.4 2 0.4
g . E o i
(@) s 2854 K Light S Monochromatic Light
o L 02 Loz
— = =
3 = =
@ 0o 0
«Q
® 0o 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency Normalized Spatial Frequency
(7)) L N | " | , L I I I I J
o 0 7.9 15.8 23.6 31.5 39.4 0 7.9 ) 15.8 23.6 316 39.4
a Spatial Frequency - cycles/mm Spatial Frequency — cycles/mm
o FIGURE 7 FIGURE 8
4
(7]
~
2] AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
_g DARK SIGNAL SATURATED OUTPUT VOLTAGE
3 vs vs
o EXPOSURE TIME EXPOSURE TIME
2 10 z 100 T T
-~ = Ee = 50 uW/cm2
T M l
i=d
g £ 8 2854 K Ligh /
o oM A s ; ot Ee = 25 uW/cm2
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~ > 1 40 5
=" € VL)L ~ 2
] <Y S 5 60 P
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[72] é % //'\ %0 E /
] AY 7 o
.
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TC102-1
128 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

¢ 12,83 (0.505) 3
12,57 (0.495)
3.81 (0.150)
3,56 (0.140] 10 9 8 7 6

l = —__— f e |

r=-—==-==-- |

1 !

! ]

_/‘9‘;{7[':}— e i

0,81 (0.032)R Ni 1 !

A 2
No. 1 SENSOR ELEMENT — =

1 2 3 4 5 n
&
< » | 5.82 (0.229) o]
|__8.10(0.319) 5,56 (0.219) Q
7,75 (0.305) c
3
- 7.49 (0.295) VS
7.24 10.285) 2,97 (0.117) ""_‘
—p» |«®—1,19 (0.047) MAX 2,36 (0.093) (o)
Y g
L] ‘ — -| — =
4,19 (0.165) e (V5]
2070121 ~
3,07 (0.121) 2
—SEATING PLANE ' | ()
3,81 (0.150) n
3,05 (0.120) g
_.‘ 0,30 (0.012) B _.| I‘" 0,48 (0.019) v
0.25 (0.010) 1,42 (0.056) 0.38 (0.015) o
1,12 (0.044) ©
2,54 (0.100) NOM E
NOTE: The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the Q
vertical motion of a microscope focused first at one plane, then at the other. U
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICLALY IN INCHES o
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TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

D2686, FEBRUARY 1983 —REVISED JULY 1989

2048 x 1 Sensor Element Organization TC103 . . . DUAL-IN-LINE PACKAGE
® Virtual-Phase N-Channel Silicon MOS (TOP VIEW)
Technology
® High Quantum Efficiency VREFCJ" M
Enhanced Blue Response 0os[]2
® OQutput Signal Approximately Vop[d3
1.0 Volt Peak-to-Peak Vss[]a
® Dynamic Range Relative to INT REF[5
Peak-to-Peak Noise Typically 1000:1 ne e
® End-of-Scan Signal NC(7
® Internal Black and White References NCCB 2
NC
® Simple and Stable Operation v G
10
® OPTIONAL FEATURE: s
Internal Reference Voltage Tekn
WRCK[T12 L

NC — No internal connection

description

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

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

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

CCD Image Sensors/Support Functions

virtual phase technology

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

PRODUCTION DATA documents contain information . Copyright © 1989, Texas Instruments Incorporated
current as of publication date. Products conform to

specifications per the terms of Texas Instruments TE,

standard warranty. Production processing does not 2-29
necessarily include testing of all parameters. lN STRUMENTS
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TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

N
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TCK
( DARK CURRENT BUFFER CCD J———T———o VDD
1 VOLTAGE INT
—wH C 1 o?o PIXEL TRANSPORT CCD — \\ VOLTAGE  I—oREr
LINEAR I I I T T 55 T T ) T I I
PHOTOSITE ﬁjslsls[lh[t[|]N]N-1|N.[~~-“~n|3|2|1||||]|[||B|B|B|B]| os
ARRAY T T T | I T idhd T T )| I i
S T S T | I T T T VoD
o——{wH : EVEN PIXEL TRANSPORT CCD o VREF
0——-@]—-«7 B! EOS + DARK CURRENT BUFFER CCD EOS
CHARGE
DETECTOR
S OUTPUT
WRCK XCK TCK Vss RCK  AMPLIFIERS

W= WHITE REFERENCE INPUT DIODE
B = BLACK REFERENCE ELEMENT

I = ISOLATION ELEMENT

N = 2048 SENSOR ELEMENTS

SUBSTRATE AND
LIGHT SHIELD

PIN FUNCTIONAL DESCRIPTION

PIN
NUMBER SIGNATURE NAME DESCRIPTION
1 VREF Reference Voltage Bias input for the output amplifiers and internal reference.
2 0os Output Signal Video output from a cascaded source-follower MOS amplifier.
3 Vpp Supply Voltage Output amplifier supply voltage.
4,10, 15, 23,
24 Vss Substrate All voltages are referenced to the substrate.
5 INT REF Internal Reference Potential derived internally for operational reference voltage.
6.7.8 9,16 NC No internal connection.
17,18, 19, 20
11, 14 TCK Transport Clock Drives the CCD transport registers.
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register
Clock elements to become white-reference and end-of-scan pulses.

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

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

22 £0S End-of-Scan Pulse :;:::: that all charge packets have been shifted out of the transport

2-30
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TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

N

shift registers

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

black and white reference elements

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

output signal amplifier

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

CCD Image Sensors/Support Functions

internal reference voltage

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

Texas {? 2-31
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TC103
2048 x 1 CCD LINEAR IMAGE SENSOR
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resolution

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

end-of-scan amplifier

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

clocks

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

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

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

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

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

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

2-32
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TC103
2048 x 1 CCD LINEAR IMAGE SENSOR
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Output Signal (OS) pulse identification: | = isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel.

FIGURE 1—OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

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

Amplifier drain voltage (VDD1) - -« oot i e -0.3Vto30V
Transfer clock (XCK) voltage .. ......... ... ... -25Vtob5V
Transport clock (TCK) voltage . ... ... .. ... e -25Vto5V
Reset clock (RCK) voltage . .. ... .. ... . e e e —-25Vto5V
White reference clock (WRCK) voltage . ............. .. . . i, -0.3Vto30V
Storage tEMPErAIUIE . . . ottt ettt e e e e —25°C to 125°C
Operating free-air temperature . ... ... .. ... ..ttt —25°C to 70°C

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

CCD Image Sensors/Support Functions

MIN NOM MAX UNIT
VpD Amplifier supply voltage 13 14 15 \%
VIH(X) Transfer clock high-level input voltage 3 4 5 \
ViL(X) Transfer clock low-level input voltage -15t -14 -13 \
ViH(T) Transport clock high-level input voltage 3 4 5 \
ViLm Transport clock low-level input voltage -15t -14 -13 \
VIH(R) Reset clock high-level input voltage 3 4 5 \
VIL(R) Reset clock low-level input voltage - 157 -14 -13 \
VIH(WR) White reference clock high-level input voltage 13 14 15 \
VIL(WR) White reference clock low-level input voltage 6 7 8 \2
fRCK Reset clock frequency (output data rate) 10 MHz

TThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only.
NOTE 1: Voltage values are with respect to Vgg.
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TC103

2048 x 1 CCD LINEAR IMAGE SENSOR

electrical characteristics at 25°C free-air temperatureﬂ

N
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PARAMETER MiIN TYP MAX UNIT
Average 0.5 10 mV
) . Low frequency component 0.5 5
Dark-signal amplitude - - -
Nonuniformity relative to 10 20 mV
average of adjacent pixels
Sensitivity 2 3.5 5 |V/(uliem?2)
Output amplitude Pea.k»to-pe?k 50 100
L Adjacent pixels from mV
variation (PRNU)¥ . . 10
alternate registers (imbalance)
Peak-to-peak noise 1 mV
Equivalent exposure3 of peak-to-peak noise 0.35 nJ/cm2
Saturation exposure 3 350 nJ/cm?2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 7 \
Output impedance 1 kQ
Transfer gate 150
Resistance to Vsg Transport gate 500 kQ
Reset gate 500
Amplifier reference voltage, VRef 7 v
Transfer gate 250
Capacitance to Vgg Transport gate 600 pF
Reset gate 16
Amplifier supply current 8 12 mA
Total power dissipation 110 mwW

TDynamic range = saturation output amplitude/standard deviation peak-to-peak noise.

*Measured at 700 mV output amplitude with an /2.8 lens.
§F.xposure = intensity x time

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

2-34

xas WP

E
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 752656




TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

MIN NOM MAX UNITS
t Time delay from the transport clock rising o 50 ns
THXH edge to the transfer clock rising edge.
N Time delay from the transport clock rising edge 0 50 ns
THWL to the white reference clock falling edge.
¢ Time delay from the transport clock rising o ns
THRH edge to the reset clock rising edge.
Pulse duration of the high state for the reset
tw(RH) clock. 40 ns
¢ Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge.
N Time delay from the transport clock falling edge o 50 ns
TLWH to the white reference clock rising edge. 2
Time delay from the transfer clock falling edge
IXLTH to the rising edge of the next transport clock 50 ns n
pulse. c
tr rise time (all clocks) 15 ns (@}
tf fall time (all clocks) 5 ns -.3
c
3
| fa—tTHXH L.
0 o
[
XCK | \ [e)
| | Q
p—tTLX L Q
| i je——d 3
—»{  pe—tTHWL | 1 n
\! | | i
WRCK | [} | 7))
| | \ b~
[ i | o
| | | | n
| fa— tTLWH c
| ! [0
TCK 7]
|
\ V]
TTHRH—  j— %

oI\

BLACK REFERENCE LEVEL

FIGURE 2 —DEVICE TIMING REQUIREMENTS

Texas {'f

INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

2-35



§9ZG4 SYXIL 'SYTIVQA * €0£659 X08 3D1440 1S0d

9€-¢

SININWNHILISN

‘!} SvxXd|p

suonoung4 uoddng/siosuag abewj oo

SN74LS626 SN7474
5V vco @
+5 V.—I—+
0.14F ! ®
FrEQ 3 10 <O PRE /?; PRE
FREQ. , b REq o
— a
ADJ. CONT
L] . | bevice
Dc UNDER TEST
47 pf L Cx2 n VoD
EN Y 0 Q I
CLR CLR Vop
(1/2) TLD369
(%4)SN7400 veet
829
RCK  VREF
0.14F veet S 1
5kQ2
+5 V >
veet <
¢ xCK INT
] 2N3906 REF|
LASNTAT4 (%4)SN7400 (/2)SN74S74
3 veet
390 Q
PRE B PRE 45V (1/2) TLD369
o /F e (2)IN4148
500 2
c G- D C VDD 6— g —8 WRCK
= _ 2002
cr @ cLr @ (:)SN75453 veet
i+5 v 2+5 v —] vss
0.14F 9N ]
veet b
COUNTER CHAINt /7
— —— e JCQuNTERGHAN e TLoses, Tek
COUNTER COUNTER COUNTER Vee $
I SN74LS193 SN74LS193 SN74LS193 | 3390
(LsB) (MSB) | -
I $ l l l 0.14F
Veet 0s EOS
' TOAD TOAD TOAD EE
D> DOWN BOR[O- DOWN BOR > bown BOR [ T
' By +5 Ve +5 Vi
D> up cARb= " §—Pup carjo= -i—.>up carjo—
| A B C DCLR 3 A B C _DCLR |
01 hFl 0.14F] 0 |
I ’; SWITCH
L @ @ TEST POINTS

T This counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate.
V(e and Vg are the voltages that will produce the desired values of Vi and Vy, respectively, at the RCK, XCK, and TCK inputs.

FIGURE 3—DRIVER CIRCUIT 