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THE OPTOELECTRONICS DATA BOOK

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

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

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

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

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

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

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

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

TYPE ‘ TYPE TYPE

ING722 . ......... ... 53 JANTX4N24 .. ... ... 7-13 TIES14.............. 4-6
ING723 . ... .. ..., 5-3 JANTX4N47 ........ 7-27 TIES1G.............. 4-6
IN6724 . ............ 5-3 JANTX4N48 ........ 7-27 TIES16A . ........... 4-7
ING725 . ............ 5-3 JANTX4N49 ... ... ... 727 TIES27.............. 4-8
3N261.............. 7-3 JANTXVAN22 . ... ... 7-13 TIES35............. 4-16
3N262.............. 7-3 JANTXV4AN23 . ... ... 7-13 TIES494. . ......... 12-19
3N263.............. 7-3 JANTXV4N24 . ... ... 7-13 TIES495........... 12-19
4N22 .. ... 7-9 JANTXV4N47 ....... 7-27 TIES496........... 12-19
4N23 ... ... 7-9 JANTXV4N48 ....... 7-27 TIL23. ... .. 3-3
4N24 .. ...l 7-9 JANTXV4N49 .. ... .. 7-27 TIL24 . .. ... ... 3-3
4N25 .. ... 7-15 LS600 ............. 5-31 TIL24HR2 . .......... 3-7
4N26 ... ... ... 7-15 MCT2 ............. 7-29 TIL25. . ... ... 3-3
4N27 ... 7-15 MCT2E ............ 7-29 TIL31B. ............. 3-9
AN28 ... ... 7-15 PC401 ............. 2-55 TIL31BHR2 ......... 3-11
4N35 . ............. 7-17 PC402 ............. 2-55 TIL32.............. 3-13
4N36 .. ............ 7-17 TC101 .............. 2-5 TIL33B.............. 3-9
4N37 ... ... 7-17 TC102 . ............ 2-17 TIL34B. . ............ 3-9
AN4T ..o 11-3 TC103............. 2-29 TIL38.............. 3-15
4N47 . ... 7-21 TC104 ............. 2-41 TIL39.............. 3-17
4N48 . ... ... 7-21 TC201 ............. 2-53 TIL4O. ............. 3-19
4N49 ... ... 7-21 TC202............. 2-54 TIL78............... 5-7
4N56 . ............. 11-7 TCK101............. 2-2 TIL8T............... 5-9
4ANB7 ... ... ... ..., 11-11 TCK102............. 2-2 TIL8THR2 .......... 5-13
4NG8 . ............ 11-156 TCK103.............. 2-2 TILG9 . ............. 5-15
5082-4550 .......... 9-3 TCK104 ............. 2-2 TIL10O. . ........... 5-17
5082-4555 . ......... 9-3 TIEDS56 ............. 6-3 TIL102............. 7-33
5082-4650 .......... 9-3 TIEDSS ............. 6-5 TIL1O3............. 7-33
5082-4655 .......... 9-3 TIEDG9 ............. 6-7 TILTTT ..o 7-37
5082-4950 .......... 9-3 TIED87 . ... .......... 6-9 TILT12. ... ... ... .. 7-43
5082-4955 .......... 9-3 TIED88 ............. 6-9 TILT13 ... . ... 7-47
5082-7730 ......... 10-5 TIED89 ............. 6-9 TIL114 ... ... ... .. 7-37
5082-7731 ......... 10-5 TIED458 .. ......... 12-3 TILMT15. ... .. ... 7-43
5082-7740 ......... 10-5 TIED459 ........... 12-7 TILT16. ... ......... 7-37
HDSP6504 . ......... 10-7 TIED460 .......... 12-11 TIL1T17 ... o 7-37
HDSP6508.......... 10-7 TIED461 .......... 12-11 TILT18. ... . ... 7-43
JAN4N22 . ... ....... 7-13 TIED462 .......... 12-11 TILT19. ... ... . ... 7-47
JANAN23 .. ......... 7-13 TIED463 .......... 12-11 TILT19A ........... 7-47
JAN4N24 . .. ... ... .. 7-13 TIEF150........... 12-17 TIL120. ... ... ..., 7-51
JAN4N47........... 7-27 TIEF151........... 12-17 TIL12T ... oo 7-51
JAN4N4S8. . ......... 7-27 TIEF152........... 12-17 TIL124 .. .. ... ..., 7-55
JAN4N49. .......... 7-27 TIESO6.............. 4-3 TIL126. .. ... ... ... 7-55
JANTX4N22 ... ..... 7-13 TIES13.......... ... 45 TIL126............. 7-55
JANTX4N23 ........ 7-13 TIES13A ............ 4-5 TIL127 ... oL 7-61
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ALPHANUMERIC INDEX

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

TYPE
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TIL149 .. ........... 8-13
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TIL154 . ... ......... 7-65
TIL165. ... ......... 7-65
TIL156 .. ........... 7-71
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TIL1B7A ... ......... 7-711
TIL1B8. ............ 8-15
TILIBS . ............ 8-15
TIL160. ............ 8-17
TIL16T . ... .. ... .. 8-17
TIL167-1 ........... 8-19
TIL167-2 ........... 8-19
TIL168-1 ........... 8-21
TIL168-2 . .......... 8-21
TIL169-1 ........... 8-23
TIL169-2 ......... .. 8-2
TIL170-1 ........... 8-25
TIL170-2 .. ......... 8-25
TILIBO. . ........... 8-27
TIL209A .. .......... 9-5
TIL212-1 .o oL 9-7
TiL212-2 .. ... ... ... 9-7
TIL216-1 ... 9-7
TIL216-2 .. .......... 9-7
TIL220 .. ............ 9-9
TIL220S............. 9-9
TIL221 ... 9-9
TIL224-1 .. ... ... 9-11
TIL224-2 ... ........ 9-11
TIL228-1 .. ......... 9-11

TYPE
TIL228-2 .. ... ... .. 9-11
TIL232-1 .. ... 9-7
TIL232-2 .. ... 9-7
TIL234-1 ... ... ... 9-11
TIL234-2 .. ....... .. 9-11
TIL302 .. ... ... ... 10-11
TIL302A . ......... 10-11
TIL303............ 10-11
TIL303A .......... 10-11
TIL304 . ... ........ 10-11
TIL304A . ....... .. 10-11
TIL305............ 10-17
TIL3OG . . .......... 10-19
TIL306A . ......... 10-19
TIL307 ............ 10-19
TIL307A .......... 10-19
TIL308. . .......... 10-25
TIL308A .......... 10-25
TIL309 . ........... 10-25
TIL309A .......... 10-25
TIL311 ... 10-31
TIL3T1A . ... ..., 10-31
TIL312............ 10-35
TIL313. ... ..., 10-35
TIL314. . .......... 10-35
TIL315. . .......... 10-35
TIL321A .. ........ 10-37
TIL322A .. ... ..... 10-37
TIL323A .......... 10-37
TIL324A .. .. ... ... 10-37
TIL327 ... ... 10-35
TIL328............ 10-35
TIL330A .. ........ 10-37
TIL331A ... ....... 10-37
TIL333............ 10-35
TIL334............ 10-35
TIL335............ 10-35
TIL339............ 10-35
TIL340............ 10-35
TIL341............ 10-35
TIL345. .. ......... 10-37

TYPE
TIL346............ 10-37
TIL347............ 10-37
TIL348............ 10-37
TIL349............ 10-37
TIL350............ 10-37
TIL393-6 .......... 10-39
TIL393-8 . ......... 10-39
TIL393-9 .. ........ 10-39
TIL411 ... ... 5-19
TIL412. ...l 5-21
TIL413. ... ... ..., 5-23
TIL413S. . .......... 5-23
TiL414 . ... ... ... ... 5-25
TIL415. .. ......... 5-27
TIL416. ... ........ 5-29
TIL501 (4N41) . ... ... 11-3
TIL505 (4N56) . ... ... 11-7
TIL506 (4N57) . ... .. 11-1
TIL607 (4N58) . ... .. 11-15
TIL509............ 11-19
TL510............ 11-23
TIL6OT . ... ......... 5-31
TIL602............. 5-31
TIL6O3 . ............ 5-31
TiL604 ... .......... 5-31
TIL604HR2 ......... 5-39
TIL729............ 10-41
TIL730............ 10-41
TILBO4-12 . ..... ... 10-43
TIL902-1 .. ......... 3-21
TIL902-2 . .......... 3-21
TIL903-1 . .......... 3-23
TIL903-2 ........... 3-23
TILS04-1 . ... ....... 3-23
TIL904-2 .. ......... 3-23
TIL9O5-1 .. ......... 3-25
TIL905-2 . .......... 3-25
TIL906-1 . .......... 3-27
TIL906-2 ........... 3-27
LI 9-13
TILM4 ... ... 9-14
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Tl DELETED PART NUMBERS (REPLACEMENT GUIDE)

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

Obsolete Tl Part Number TI Nearest Replacement
LS400 TIL601 thru TIL604, TIL81
TIED55 TIED56,
TIED8O TIED89
TIED82 None
TIED83 thru TIED86 TIED87, TIED88
TIED9O thru TIED98 None
TIED451 TIED88
TIED452 None
TIES12 TIES13, TIES13A
TIES16B, TIES16C TIES16A
TIES36 TIES35
TIES471 TIES35, TIES494, TIES495, TIES496
TIES472 None
TIL23HR thru TIL25HR TIL24HR2
TIL26 TIL31B
TIL31 TIL31B
TIL33 TIL33B
TIL34 TIL34B
TIL31A TIL31B
TIL33A TIL33B
TIL34A TIL34B
TIL41 thru TIL50 Contact Opto Marketing
TIL63 thru TIL67 TIL81
TIL107, TIL108 4N47, 4N48, 4N49, 4N22, 4N23, 4N24
TIL131, TIL132, TIL133 Use TIL23, TIL601 series devices
TIL134, TIL135, TIL136 Use TIL23, TIL6O1 series devices
TIL141, TIL142 Contact Opto Marketing
TIL147 TIL147A
TIL148 TIL148A
TIL227 TIL224
TiL231 TIL228, TIL221

TEXAS INSTRUMENTS
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TI DELETED PART NUMBERS (REPLACEMENT GUIDE)

Obsolete Tl Part Number Tl Nearest Replacement
TIL236 TIL234
TIL261 thru TIL270 Contact Opto Marketing
TIL271 thru TIL280 Contact Opto Marketing
TIL281 thru TIL290 Contact Opto Marketing
TIL360 TIL393
TIL401 thru TIL406 TIL601 thru TIL604, TIL81
TIL501 4N41 (new JEDEC number, same device)
TIL504 TiL507, TIL305
TIL505 4N56 (new JEDEC number, same device) 1
TIL506 4N57 (new JEDEC number, same device)
TIL507 4N58 (new JEDEC number, same device)
TIL560 4N58 Z
TILB0OTHR thru TILEBO4HR TILBO4HR2 9
TIL605 thru TIL608 TIL601 thru TIL604 =
TIL621 thru TILE30 Call Opto Marketing g
TIL8O7, TIL8O8 TIL312, TIL313 E
TIL829 thru TIL834 TIL321A, 322A, TIL729, 730 o
TIL835, TIL836 TIL321A, 322A, 330A, TIL729, 730 O
TIL837, TIL838 TIL312, TIL313 L
TIL839 thru TIL842 TIL321A, TIL322A, TIL729, TI.730 E
TILM2 TILM4 -
TILM3C, TILM3R, TILM3Y, TILM3G None <
TXED453 TIED459 o'
TXED454 thru TXES457 series TIED459 LL
TXEF402 series None <
TXES37 TIES16A L
TXES475, TXES476 TIES494, TIES495, TIES496 o
TXES478 thru TXES483 series TIES494, TIES495, TIES496
TXES485, TXES486 TIES494, TIES495, TIES496
TXES488 thru TXES493 series TIES494, TIES495, TIES496

TEXAS INSTRUMENTS 19
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CCD Image Sensors

(Charged-Coupled Devices)

® Quick Reference Guide

® Virtual Phase Technology
Breakthrough

® Linear Arrays
Evaluation Boards
Evaluation Kits Available

® Area Arrays
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QUICK REFERENCE GUIDE
CCD IMAGE SENSORS

LINEAR ARRAYS

QUICK REFERENCE GUIDE

DEVICE PIXELS PIXEL SIZE SENSITIVITY PACKAGE
TC101 1728 x 1 12.7 pm x 12.7 pm 3.5 V/uJ/icm?2 24-pin CDIP (0.600 inch)
TC102 128 x 1 12.7 pm x 12.7 pm 3.5 V/pJicm2 10-pin CDIP (0.300 inch)
TC103 2048 x 1 12.7 ym x 12.7 pm 3.5 V/pJ/iem?2 24-pin CDIP (0.600 inch)
TC104 3456 x 1 10.7 pm x 10.7 ym 2.0 V/pJicm?2 24-pin CDIP (0.600 inch)
EVALUATION BOARDS
QUICK REFERENCE GUIDE
PART NO. | DEVICE EVALUATED REMARKS
Device socket fits TC101, TC103 or TC104
P 101,TC103,TC1
cao1 TC101,7C103,TC104 (See TCK101, TCK103, TCK104 below)
PC402 TC102 Device socket fits only TC102
(See TCK102 below)
EVALUATION KITS
QUICK REFERENCE GUIDE
PART NO. CONTENTS REMARKS
TCK101 TC101 plus PC401 Includes complete instructions to evaluate TC101
TCK102 TC102 plus PC402 Includes complete instructions to evaluate TC102
TCK103 TC103 plus PC401 Includes complete instructions to evaluate TC103
TCK104 TC104 plus PC401 Includes complete instructions to evaluate TC104
AREA ARRAYS
QUICK REFERENCE GUIDE
DEVICE PIXELS PIXEL SIZE SENSITIVITY PACKAGE
TC201* 328 x 490 24.4 ym x 24.4 ym 0.48 A/W 20-pin CDIP (0.800 inch)
TC202* 390 x 584 22 ym x 22 um 0.40 A/W 20-pin CDIP (0.800 inch)

*Availability of these devices is scheduled for 3rd quarter 1983.

TEXAS INSTRUMENTS
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Virtual Phase
Image sensing technology breakthrough

N The CCD (Charge Coupled Device) approach to linear image

ELECTRODE becausg of process and performance advan_tages.
Multiple-clock-electrode CCD processing methods have re-

IRTUAL" sensing will become the leading edge among industry methods

CLOCKED
ELECTRODE I

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 ...

1

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
OVERLAPPING device surface to one (Fig. 1). Other techniques require any-

l_ ELECTRODES 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.

-————

el

So, the new Virtual Phase technology can boast the same degree
of reliability as standard MOS technology.

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

~

[
: \@
-=d

Simplified clocking
Lower noise/Higher dynamic range
Greater sensitivity to light

Fig. 2 Standard 2 Phase Design

Ease of processing and use
Greater stability

T T T T T 1

TYPICAL SPECTRAL RESPONSE

Lower dark current
Improved spectral response in the lower wave length (blue)

regions (Fig. 3).

Features:

Virtual Phase N-Channel silicon MOS technology

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

Dynamic range typically 1000:1

\
ITHOUT FILTER]] End-of-scan signal

Internal dark and white references

SENSITIVITY — Vipdiem?
b

Blemish-free uniformity of image

=
e & o o o o o o

Simple, stable operation

400 500 600 700 800 900 1000
WAVELENGTH NANOMETERS

Fig. 3. Typical Sensitivity vs Wavelength

TEXAS INSTRUMENTS
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

D2663, FEBRUARY 1982

TOP VIEW
vrer (1 24 b Vss
os []2 23 [] Vss
® 1728 x 1 Sensor Element Organization Voo E 5 ol 1 " :] cos
Virtual-Phase N-Channel Silicon MOS
Technology vss [(]4 21 ’:l RCK
High Quantum Efficiency Nc s 20 [J NC
Enhanced Blue Response NC E 6 19 :] NC
Output Signal Approximately NC lj 7 18 ":] NC
1 Volt Peak-to-Peak NG : 8 1 17 D NG
o Dy femge oo 0 wds [ |7 b
End-of-Scan Signal vss [J10 W8] 15[ Vss
Internal Black and White References Tek 1 14 [] 7K
Simple and Stable Operation WRCK []12 13 [ XcK

NC — No internal connection

description

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

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

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
\ placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
‘I‘ 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. 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.

Copyright © 1982 by Texas Instruments Incorporated
TEXAS INSTRUMENTS
INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
[ \ DARK CURRENT BUFFER CCD J——o VoD
_

"—'—@‘ > ODD PIXEL TRANSPORT CCD

L B I
LINEAR T R 1 | | ry H I 1 T 1 1
motosre  [se[e [T [1 [T [NpNA— -2 [T [e e [e[s] | os
ARRAY 1 1 1 j . 1 1 i 1 I 1

1 1 —o VDD
$—©VREF

I T T T )

EVEN PIXEL TRANSPORT CCD

b

SHOSN3S IOVIAI ddD H

2-6

—WH EOS + DARK CURRENT BUFFER CCD T EOS
. CHARGE
DETECTOR
S OUTPUT
WRCK XCK TCK vss Rck AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD

= WHITE REFERENCE INPUT DIODE

= ISOLATION ELEMENT

w
B = BLACK REFERENCE ELEMENT
I
N

= 1728 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 ampilifier.

3 VpD Supply Voltage Output amplifier supply voltage.

11,14 TCK Transport Clock Drives the CCD transport registers.

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

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

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

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

4,10,15,23,24 Vss Substrate All voltages are referenced to the substrate.

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

shift registers

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

black and white reference elements

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

output signal amplifier

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

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

resolution

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

end-of-scan amplifier

The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where
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 1761
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

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

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

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

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

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

TEXAS INSTRUMENTS
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

XCK‘J—]‘ EXPOSURE TIME m
L X

44
3

w L] y |

X BrBrBoBmlmlm!l ol
0s —N=ny,
1 12 13 14 15 16 1

EOS

7 18 19|

Output Signal (OS) pulse identification: | — Isolation Pixel,
B — Black reference pixel, IP — Image pixel, X — Empty pixel
See Figure 3.

FIGURE 1 — OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

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

Amplifier drain voltage (VDD) . - - - -« oo oo -0.3Vto30V
Amplifier reference voltage (VREF) - - -+« « « v v vttt -0.3Vto30V
Transferclock (XCK) VOIAGE . . . . . o ot —-25Vto5V
Transport clock (TCK) voltage . . ... ..o oot -25VtobV
Reset clock (RCK) VOItBGE . . . . . oo it -25VtobV
White reference clock (WRCK)voltage . . .. ... ..o -0.3Vto30V
STOrage tMPEIAtUIE . . . . o v v ot e e oot e e e e e —-25°Cto125°C
Operating free-air temperature . .. .. ... ... oottt -25°Cto70°C

NOTE 1: Voltage values are with respect to Vgg.

282
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TYPE TC101 :
1728 X 1 CCD LINEAR IMAGE SENSO

recommended operating conditions at Tp = 25°C

MIN NOM MAX UNIT
Vpp Supply voltage 15 16 20 \
VREF Amplifier reference voltage 6 7 8 \
VIH(X) Transfer clock high-level input voltage 1 2 3 Vv
VIL(X) Transfer clock low-level input voltage -179 -16 -15 \
VIH(T) Transport clock high-level input voltage 1 2 3 vV
ViLm Transport clock low-level input voltage -179 -16 -15 V.
VIH(R) Reset clock high-level input voltage 1 2 3 \
VIL(R) Reset clock low-level input voltage -179 -16 -15 \Y
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

1The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only

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

and all operating voltages at nominal recommended values

PARAMETER MIN TYP MAX UNIT
Average 0.5 10
. Low-frequency component 0.5 5
Dark-signal amplitude - - - mV
Nonuniformity relative to
average of adjacent pixels ! 20
Sensitivity 2 3.5 5| V/(ufcm?2)
X Peak-to-peak 50 100
Output amplitude Adjacent pixels from mV
variation (PRNU) ¢ X X 10
alternate registers (imbalance)
Peak-to-peak noise 1 mV
Equivalent exposure§ of peak-to-peak noise 0.35 nJ/cm2
Saturation exposure § 350 nJ/t:rn2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency (CTE) 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 10 \%
Output impedance 1 kQ
Transfer gate 170
Resistance to Vgg Transport gate 120 kQ
Reset gate 260
Transfer gate 260
Capacitance to Vgg Transport gate 580 pF
Reset gate 16
IREF Amplifier reference current 100 nA
DD Supply current 6.3 9.4 mA
Power dissipation 100 mW

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

TEXAS INSTRUMENTS
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

timing recommendations

MIN NOM MAX UNITS
Time delay from the transport clock risin:
TTHXH Y p. . 9 0 100 ns
edge to the transfer clock rising edge
Time delay from the transport clock rising edge
tTHWL 'm ay» " P rising edg o] 100 ns
to the white reference clock falling edge
Time delay from the transport clock rising
YTHRH o Y ns
edge to the reset clock rising edge
¢ Pulse duration of the high state for the reset 40 ns
W(RH) clock
Time delay from the transport clock falling
TLXL R 50 ns
edge to the transfer clock falling edge 2
Time delay from the transport clock falling edge
TTLWH ) . (o] 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 o
pulse m
tr rise time (all clocks) 15 ns Z
¢ fall time (all clocks) 5 ns w
3
> [®=tTHXH E
| | —
|
o] \ a
| | Q
! . et — (&)
! .
—>  |E—tTHWL | XL
\! | |
WRCK | 1 ]
| | ; |
' by I
| | ) I
; ) tTLWH |
|
TCK
i e
tTTHRH —3»
| 1Bt RH) Al nkg :‘“‘
I 1 |
RCK l ]
1 A v
os / \ ’ \
BLACK REFERENCE LEVEL
FIGURE 2 — DEVICE TIMING REQUIREMENTS
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TThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate.
tVCC and VgE 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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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

e I I I B
teprTrigger Y
|

TCK I | I I I
|

XCK |I 1
RCK . 1 I 1 J 1
I' 1

FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

WRCK

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 H

SENSITIVITY RESPONSIVITY
Vs Vs
WAVELENGTH OF INCIDENT LIGHT ; WAVELENGTH OF INCIDENT LIGHT
T T T I v J
I 100% =t ]
e T —
Qua\’\\u'!, — P 50%— ]
4 V.o 0.4 Va = 1
30% —|
o~ JU‘ . )
thout filt &..
S E il \ \WI ou nter § \/ 20%___‘
=
3 with | -1
A . 1 |1
| 1 ‘HA 11 filter Z o4 4] 10%
z \ S
s \ ‘@
Z \ c —
£ \\ 8 - “
5 04— $ 0.04
@ \ . 100% quantum efficiency \
is 0.80657\ A/W
\ for X in um.
0.1 0.01 J l l l
400 600 800 1000 1200 400 600 800 1000 1200
Incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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TYPE TC101

1728 X 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS

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

MODULATION TRANSFER FUNCTION

vs

SPATIAL FREQUENCY

MODULATION TRANSFER FUNCTION

vs
SPATIAL FREQUENCY

1.0 1.0 l I
T ‘ ‘ b§\x= 400 to 700 nm
8 \vi!h HA-11 filter 5
S o8 N So08 ~
i & B \\
E’ \ :_.; A =900 nm
§ 0.6 AN \ § 0.6 \
2 = without filter =
(=] o
Q I = % 04
3 3
8 § 2854 K Light § Monochromatic Light
[ |
— w 0.2 w 0.2
S = =
= =
= . :
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
m Normalized Spatial Frequency Normalized Spatial Frequency
(7)) (. 1 1 1 L J L 1 1 I 1 j
m 0 7.9 158 236 315 394 0 79 158 236 315 394
Z Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
8 FIGURE 7 FIGURE 8
X .
(72
AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
vs Vs
10 EXPOSURE TIME EXPOSURE TIME
LS5 100 T T
i f Ee = 50 uW/ch/
®
o H S 2854 K Light Ee'= 25 uW/cm?2
> 1 N4 - with HA-11 Filter
€ LI == = 2
[ NV S 60 -
] A 7 oA o
S AY 2 /o /f 3
17} N L s
Y [ h
% i <y 2 40 Ee = 12.5 uW/cm?2]
8 04 S 3 /
= < %
4 § 20 //// I
Y
p A g T Ee = 2.5 uW/cm?2
0.01 < o 1
0.1 1 10 100 0 2 4 6 8 10
texp — Exposure Time —ms texp — Exposure Time - ms
FIGURE 9 FIGURE 10
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TYPE TC101
1728 X 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

30,78 (1.212),__“

7,62 (0.300) 30,18 (1.188)
737102 1)
24232221201918 17 161514 13

Y
—

|- 1 CL
0,81(0.032) R 4o ———————= 4
NOM 1
| b
No.1 SENSOR ELEMENT 2|34 5 67 891011
4,55 (0.179)
I 2.29(0.169) ‘é’
2
| 15,80 (0.622) Ll
15,29 (0.602) w
2,97 (0.117) Ll
15,19 (0.598) 4,19 (0.165) 2,36 (0.093) 0
14,78 (0.582) 3 07 (0.127) | —D‘ I<—1 ,19 (0.047) MAX * <
= =
J
SEATING PLANE * E
0 (0.012 0,48 (0.019) o
__.l 0,30 (0.012) 0.38(0.015) ()
0,25(0.010) 3,81 (o 150)
3,05 (0.120) 2,54 (0.100) NOM

1,42 (0.056)

1,12 (0. 1,12 (0.044)

NOTES: 1. All dimensions are in millimeters and parenthetically in inches.

2. The distance between the top surface of the window and the surface of the sensor is nominally 0, 89 (0.035). This is
determined by observing the vertical motion of a microscope focused first at one plane, then at the other.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

D2664, APRIL 1982

Arad

128 x 1 Sensor Element Organization

Virtual-Phase N-Channel Silicon MOS
Technology

High Quantum Efficiency
Enhanced Blue Response

Output Signal Approximately
1 Volt Peak-to-Peak

Dynamic Range Relative to
Peak-to-Peak Noise Typically 1000:1

End-of-Scan Signal
Internal Black and White References

Simple and Stable Operation

CERAMIC DUAL-IN-LINE PACKAGE
(TOP VIEW)

U

veer []1 10[] vss
os []2 9]7] vss
vop []3 8| ] eos
ek []a 7[] Rek
wRek []s 6] ] xck

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device

description

placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid
shorting either OS or EOS to Vgg during operation to prevent damage to the output amplifiers.

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.

Copyright © 1982 by Texas Instruments Incorporated
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
[ DARK CURRENT BUFFER CCD }——-o VDD
—
—wH T ogo PIXEL TRANTSPORT ccD
N S
LINEAR I I I T 3
PHOTOSITE BEEBI |]||l|N|N1|N2| DR E 2 1 B|B|B BJ os
ARRAY T T T T i I l ‘r T
P S S Y ' R " ——oVop
+——wH EVEN PIXEL TRANSPORT CCD $——o VREF
—{WH o EOS + DARK CURRENT BUFFER CCD I 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
= 128 SENSOR ELEMENTS
PIN FUNCTIONAL DESCRIPTION
PIN SIGNATURE l NAME DESCRIPTION
NUMBER

1 VREF Reference Voltage Bias input for the output amplifiers.

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

3 Vpbbp 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.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

shift registers

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

black and white reference elements

CCD IMAGE SENSORS H

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

output signal amplifier

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

TEXAS INSTRUMENTS 2.19
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TYPE TC102 :
128 x 1 CCD LINEAR IMAGE SENSO

resolution

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

end-of-scan amplifier

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

clocks

The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the
time required to shift the entire contents of the transport registers to the output 'signal amplifier and equals 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.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

(44

]
XCK i EXPOSURE TIME I
[ -

-

K(s l
WRCK

UL, AUUUUUUUUUUUUULLL, JULL

N

nXn BrBrBnBml ey 2 anXanXr
0s 1 12 13 14 15 16 17 18 [19] 1 2 3 4 2
o ] p
T : 8
EOS L, ‘_J\._r\._n_.r\_rz
Ll
Output Signal (OS) pulse identification: w
| = Isolation pixel
IP = Image pixel Ll
B = Black reference pixel c
W = White reference pixel <
X = Empty pixel E
—
FIGURE 1 - OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS Q

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

Amplifier drain voltage (Vpp)

................................................ -0.3Vto30V
Amplifier reference voltage (VREF) . ... . ... ... .. -0.3Vto30V
Transferclock (XCK)voltage . . .. ... ... .. .. .. . -25Vto5V
Transportclock (TCK)voltage . ... .. .. ... . -25VtobV
Resetclock (RCK) voltage . . .. ... ... ... -25Vto5V
White reference clock (WRCK) voltage . . .. ........... o, -0.3Vto30V

Storage temperature . ... .. ... ... -25°Cto125°C

............................................. -25°Cto70°C
NOTE 1: Voltage values are with respect to Vss.
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

recommended operating conditions at Tp = 25°C

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

2 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.
O electrical characteristics at 25°C free-air temperature, fRcKk = 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.

a

S

> PARAMETER MIN TYP MAX UNIT

O Average 0.5 10

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

(/)] Nonuniformity relative to 1 20

m average of adjacent pixels

2 | sensitivity 2 3.5 5 | V/(ud/cm?)

m . Peak-to-peak 50 100

o Output amplitude Adjacent pixels from mV

x variation (PRNU)# X X 10

alternate registers (imbalance)

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

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

1Measured at 700 mV output amplitude with an /2.8 lens.
§Exposure = intensity x time
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

MIN NOM MAX UNIT

N Time delay from the transport clock rising o 100 ns
THXH edge to the transfer clock rising edge

N Time delay from the transport clock rising edge o 100 s
THWL to the white reference clock falling edge

Time delay from the transport clock rising

t 0o 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
tTLXL X 50 ns
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
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
1 fall time (all clocks) 5 ns
—Pi | tTHXH
p
XCK |
! I
: - tTLX L]
! SE—
—»|  |jE—tTHWL | | XLTH
AN 1 |
WRCK | | |
| | ! |
|
| | |
|
| s |
r-—ﬁm_wn |
TCK
|
| -
tTTHRL =3
t et
[ R, e > o
! |
| I
1 T

=/ \

- XN
[\

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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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

@

c 71 E J | [ | /I S| | I
o T L 1] L —
e LI 1
teprTrigger Y
|

TCK I l I I l

I
XcK | |

1 1 [l

|
RCK T 1

WRCK l

FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

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)

SENSITIVITY
vs
WAVELENGTH OF INCIDENT LIGHT

4 7
s Ve \without filter
> o
= with .
| HA-11 filter
1 \
> \
x \ \
= \
= \
& 04 \\
0.1

400 600 800 1000
Incident Wavelength — nm

FIGURE 5

1200

Responsivity — A/W

RESPONSIVITY
vs
WAVELENGTH OF INCIDENT LIGHT

1 T T T T 0"’/ —(;
3
e e T e i
— qua“‘um/ 50% —]
04 P |
pav4 il 30% —|
—
= 20% |
//
/ /
0.1 — : 10% |
- — :
- \
0.04 \
100% quantum efficiency |\
is 0.80657)\ A/W
for A in um.
0.01 I l
400 600 800 1000 1200

Incident Wavelength — nm

FIGURE 6
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TYPE

128 x 1 CCD LINEAR IMAGE SENSOR

TC102

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

TYPICAL CHARACTERISTICS

recommended values, unless otherwise noted)

MTF — Modulation Transfer Function

Dark Signal — mV

MODULATION TRANSFER FUNCTION
vs
SPATIAL FREQUENCY

1.0 ’ |
\Nith HA-11 filter
0.8
0.6 \ \
N N
Nithout filter
0.4 S~
2854 K Light
0.2
0
0 0.2 0.4 0.6 0.8 1.0
Normalized Spatial Frequency
L 1 1 1 1 ]
0 7.9 15.8 23.6 31.5 394
Spatial Frequency — cycles/mm
FIGURE 7
AVERAGE AND LOW-FREQUENCY
DARK SIGNAL
vs
EXPOSURE TIME
10
Yl
oM q
1 " £, il
’ 7
RO &
o
DA S 5 UA
AV + /o
Y A
A Y
0A1 Z va
=
AL/
v o
7
0.01
0.1 1 10 100

texp — Exposure Time — ms

FIGURE 9

= 10 ms, and all operating voltages at nominal

MTF — Modulation Transfer Function

Percentage of Saturated Output Voltage — %

1.0
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%\XL 400 toT7oo nm
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1 1 |
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FIGURE 8

OUTPUT SIGNAL VOLTAGE RELATIVE TO
SATURATED OUTPUT VOLTAGE
vs
EXPOSURE TIME

T T
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|
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I
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FIGURE 10
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TYPE TC102
128 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

12,83 (0.505)
1257 (0.495 ™
3,81 (0.150)
3,56 (0.140) 10 9 8 7 6
I e B comees | f e | f e |
F-—=——=--= |
] ' |
! 1
_/‘9' ;{7[:——* T
0,81 (0.032)R NOM 1 |
S
No. 1 SENSOR ELEMENT — N — man ——
1 2 3 a4 5
< | 5:82 (0.229)
8.10 (0.319) 5,56 (0.219)
7.75 (0.305)
7.49 (0.295)
7.24 (028 2,97 (0.117)
—» |€—1,19(0.047) MAX 2,36 (0.093)
—] A L — 1
S 4,19 (0.165) : |
3,07 (0.121)
— SEATING PLANE f
3,81 (0.150)
3,05 (0.120)
__I 0,30 (0.012) _.' 0,48 (0.0}9)
0,25 (0.010) 1,42 (0.056) 0,38 (0.015)

1,12 (0.044)

2,54 (0.100) NOM

NOTES: 1. All dimensions are in millimeters and parenthetically in inches.

2. The distance between the top surface of the window and the surface of the sensor is nominatly 0,89 (0.035). This is

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

D2686, FEBRUARY 1983

2048 x 1 Sensor Element Organization

Virtual-Phase N-Channel Silicon MOS
Technology

High Quantum Efficiency
Enhanced Biue Response

Output Signal Approximately
1.0 Volt Peak-to-Peak

Dynamic Range Relative to
Peak-to-Peak Noise Typically 1000:1

End-of-Scan Signal
Internal Black and White References
Simple and Stable Operation

OPTIONAL FEATURE:
Internal Reference Voltage

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.

Al
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.

TC103 . . . DUAL-IN-LINE PACKAGE
(TOP VIEW)
Veer [ M 24 Vg
os[2 Vss
VDDC 3 EOS
Vss[a RCK
INT REF[]5 NC
nNec e 1 NC
NC([7 NC
Nc[]s NC
NC[9 NC
VssO Vss
Tek (O TCK
WRCK ] XCK

NC — No internal connection

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
shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TC103

2048 x 1 CCD LINEAR IMAGE SENSOR |

functional block diagram

TCK

DARK CURRENT BUFFER CCD

]———T——o VDD

W= WHITE REFERENCE INPUT DIODE
B = BLACK REFERENCE ELEMENT

| = ISOLATION ELEMENT

N = 2048 SENSOR ELEMENTS

i VOLTAGE INT
——wWH ] — o?o PIXEL TRANTSPOR';CCD? 3 \ MOLTAGE - —oREF
LINEAR 1 1 1 1 I ryl 1 1 1 1L 1 1
PHOTOSITE |B|B|B|a|l]|[|l|]N]N-1[N-21-~“m|3|2]1||||||]||B]B|B|B]I 0s
ARRAY T T T T I T kd I I T T T
S T I ! I T T VDD
—{ EVEN PIXEL TRANSPORT CCD ) o VREF
B EOS + DARK CURRENT BUFFER CCD [ EOS
CHARGE
DETECTOR
s QUTPUT
WRCK XCK TCK Vss RcK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD

PIN FUNCTIONAL DESCRIPTION

SHOSN3S IDVIAI dOD M

PIN
NUMBER SIGNATURE NAME DESCRIPTION

1 VREF Reference Voltage Bias input for the output amplifiers and internal reference.

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

3 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
N i ion.
17, 18, 19, 20 C No internal connection
11, 14 TCK Transport Clock Drives the CCD transport registers.
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register
Clock elements to become white-reference and end-of-scan pulses.

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

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

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

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

functional description

image sensor elements

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

transfer gate

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

shift registers

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

black and white reference elements

CCD IMAGE SENSORS

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.

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.
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2048 x 1 CCD LINEAR IMAGE SENSOR

resolution

The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is
required with a light source that has a significant infrared component, then the designer must use appropnate 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 2081
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal.

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

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

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

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

The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.
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TYPE TC103
2048 X 1 CCD LINE IMAGE SENSOR

]
EXPOSURE TIME >
=] b - u
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3

(4
WRCK l ‘

nXn BrBrBnBa! | | 1
os 1 12 13 14 15 16 17 18 19

EOS Ln_ny

Output Signal (0S) 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) .. ... ... . -0.3Vto30V
Transfer clock (XCK) voltage . ... ... ... .. e -25Vtob5V
Transport clock (TCK) voltage . .. ... ... .. e e —-25Vto5V
Reset clock (RCK) voltage . . .. ... ... . e e —-25Vto5V
White reference clock (WRCK) voltage . ............. . ... .. ... .. .. . o, -0.3Vto30V
Storage teMPErature . . ... . u ittt et e e e e —25°C to 125°C

Operating free-air temMperature . . .. ... ... ..ttt et e —25°C to 70°C

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

MIN NOM MAX UNIT
VpD Amplifier supply voltage 13 14 15 \"
VIH(X) Transfer clock high-level input voltage 3 4 5 v
VIL(X) Transfer clock low-level input voltage -1561 -14 -13 Vv
VIH(T) Transport clock high-level input voltage 3 4 5 \
ViLm Transport clock low-level input voltage —-15¢t -14 -13 \Y
VIH(R) Reset clock high-level input voltage 3 4 5 Vv
VIL(R) Reset clock low-level input voltage -156¢t -14 -13 \Z
VIH(WR) White reference clock high-level input voltage 13 14 15 \"
VIL(WR) White reference clock low-level input voltage 6 7 8 A%
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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TYPE TC103

2048 x 1 CCD LINEAR IMAGE SENSOR

electrical characteristics at 25°C free-air temperature1|

PARAMETER MIN TYP MAX UNIT
Average 0.5 10 mV
. ) Low frequency component 0.5 5
Dark-signal amplitude - - -
Nonuniformity relative to 1.0 20 mV
average of adjacent pixels
Sensitivity 2 3.5 5 |V/(wdicm?2)
. Peak-to-peak 50 100
Output amplitude n -
. 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$ 350 nJ/cm2
Saturation output amplitude 700 1000 1400 mV
Dynamic range relative to peak-to-peak noise 500:1 1000:1
Charge transfer efficiency 0.99999
White reference amplitude 500 700 mV
End-of-scan amplitude 300 500 mV
Output offset (dc) voltage 10 \
Output impedance 1 kQ
Transfer gate 150
Resistance to Vgg Transport gate 500 kQ
Reset gate 500
Amplifier reference voltage, VREF 7 \
Transfer gate 250
Capacitance to Vgg Transport gate 600 pF
Reset gate 16
Amplifier supply current 8 12 mA
Total power dissipation 110 mW

*Measured at 700 mV output amplitude with an /2.8 lens.

§Exposure = intensity x time

9 Test conditions are frRek = 0.5 MHz, tgy, = 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. The internal reference voltage is used.
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TYPE TC103
2048 X 1 CCD LINE IMAGE SENSOR

timing requirements

MIN NOM MAX UNITS

N Time delay from the transport clock rising o 50 ns
THXH edge to the transfer clock rising edge.

¢ Time delay from the transport clock rising edge o 50 ns
THWL to the white reference clock falling edge.

¢ Time delay from the transport clock rising o ns
THRH edge to the reset clock rising edge.

Pulse duration of the high state for the reset

tw(RH) clock. 40 ns

Time delay from the transport clock falling

t 50 ns
TLXL edge to the transfer clock falling edge.

¢ Time delay from the transport clock falling edge 0 50 ns
TLWH to the white reference clock rising edge.

Time delay from the transfer clock falling edge

tXLTH to the rising edge of the next transport clock 50 ns
pulse.
tr rise time (all clocks) 15 ns
tf fall time (all clocks) 5 ns
| | tTHXH
o
XCK |
! |
| tTLX L~

|
i pe—tTHL 1 je——l i
T\
|
|
|

b— tTLWH
TCK
I
B r;_’"wmm ('_.: ™ IF_"
|
S A A A A
os /-\ /- _\

BLACK REFERENCE LEVEL

FIGURE 2 —DEVICE TIMING REQUIREMENTS
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FIGURE 3 —DRIVER CIRCUIT FOR TESTING IMAGE SENSOR

NOILVWHOLNI LNJWIHNSVIN H31IWVHVd

HOSN3IS J9VINI HYINIT I3 | x 8Y0¢

€0191 3dAL



TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

[}
E |
i L _J | I
|
F
texp Trigger Y
|
|
XCK | 1
|
RCK E | | | | | | [ 1 [ 1
|
WRCK l J
FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT
TYPICAL CHARACTERISTICS
(In the circuit of Figure 3 with TA = 25°C, fRck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-
mended values, unless otherwise noted)
SENSITIVITY RESPONSIVITY
vs Vs
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT
10 1 T T T T I
T I % p—
— hoen M =="70%
quantler T 50% |
4 A 0.4 Va4 :
I — — . ¥ 30% —
- E \without filter S s_/ 20% |
3 : < — N
3 with | //' | — —/-I
| 1 HA-11 filter - 4+ 109
- £ 01 % —
z AY E
s g = \
z ‘\ S T \\
c 04 3 0.04
@ \ « — 100% quantum efficiency \
\ is 0.80657\ A/W
B \ for X in um.
0.1 0.01 l 1
400 600 800 1000 1200 400 600 800 1000 1200
Incident Wavelength — nm Incident Wavelength — nm
FIGURE 5 FIGURE 6
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TYPE TC103
2048 x 1 CCD LINEAR IMAGE SENSOR

TYPICAL CHARACTERISTICS
(In the circuit of Figure 3 with Ta = 26°C, fRck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom-
mended values, unless otherwise noted)
MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
vs vs
SPATIAL FREQUENCY SPATIAL FREQUENCY

1.0 1.0 :
g | I '
c \ I I c \ X = 400 to 700 nm |
s th HA-11 filter s %‘\
S 08 508
c c
= 3
k] k3 - oo nm
Pl N fe 3
= \vithout filter =
2 2
8 3 04 ~ 5 04
O g 4 3 " -
I 2854 K Light = onochromatic Light
| I
> =
m = =
m 0 0
(7)) 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
m Normalized Spatial Frequency Normalized Spatial Frequency
Z L 1 1 1 1 } L 1 1 1 1 J
[77) ] 7.9 158 236 315 394 0 7.9 158 236 315 394
o Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
a FIGURE 7 FIGURE 8
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
Vs Vs
EXPOSURE TIME EXPOSURE TIME
10 = 100 T T
H R
I Ee = 50 uW/cmz/
8 |
/ & 80 -
oM b S 2854 K Light Ee = 25 uW/cm2
o / = with HA-11 Filter
> 1 DAY 5
€ WL Ay == a
| Y 2 A A 3 60 4 7
© Y '\Q) 49 kel
S AP » ‘o/r 2
7 Y 7 2 Y
X i w &?’/ 2 40 Ee = 12.5 uW/cm?2 ]
8 o1 - = f / / /
- o
2 Z
5]
/7 g 20 //// |
7 8 Ee = 2.5 uW/cm2
7 A 5 L ___e___F-—CL
o I .
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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2048 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

7,62 (0.300)
7,37 {0.290)

34,90 (1.374)
O — R
34,19 (1.346)

24232221201918 17161514 13
1.0

eloleolalolalclaVlelal

NOTE 1:

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

' -
081(0.032)R o
NOM |
_/ T O U O U oo OO OuUTr
No.1 SENSOR ELEMENT 1234567891011
4,62 (0.182)
> L 237(0.172)
| 15,80 (0.622)
n > 15,29 (0.602)
2,97 (0.117
" 15,19 (0.598) 4,19 (0.165) 2;36—50_09_3;
14,78 (0.582) 3,07 (0.127) ] ~>| rqf1 19 (0.047) MAX
L——
.I 0,30 (0.012) 0,48 (0.019)
0,2570.010) 3.81(0.150) 0,38770.015)
3,05 (0.120) 2,54 (0.100) NOM
3,45 (0.136)
3,15 (0.124)

The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined
by observing the vertical motion of a microscope focused first at one plane, then at the other.

CCD IMAGE SENSORS H
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

D2687, FEBRUARY 1983

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

Technology
® High Quantum Efficiency M
® Enhanced Blue Response VRer []1 24[ ) Vss
® Output Signal Approximately os[]2 23] Vss

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

\% 4 21 JRCK
® Dynamic Range Relative to ss H
Peak-to-Peak Noise Typically 1000:1 INT ReF []5 20[Ine
NI [ 19[INC
. ey .

End-of-Scan Signal e reIne
® Internal Black and White References ne e 17 NC
® Simple and Stable Operation Ne [o 16[]NC
© OPTIONAL FEATURE: vss[]10 15[ Vss

Internal Reference Voltage Tek 14[7] TCK

WRCk []12 13[] Xck
L
description NC — No internal connection.

CCD IMAGE SENSORS H

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

This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows
on 15.2-mm (0,600-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
‘%& shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers.

virtual phase technology

This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivfty. 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.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TC104

3456 x 1 CCD LINEAR IMAGE SENSOR

functional block diagram

TCK
L DARK CURRENT BUFFER CCD }————r——o VDD
INT
——[:]—]—o{j — on;o PIXEL TRANfSPORTTCCD? % \ LT NCE )R O REF
LINEAR T I 1 T T 3
PHOTOSITE lB]B]BIBIIIIIIIl]NINAIIN-Zl“';]‘“-lBI2|1|||IllIIIBlBlBIBq 0s
ARRAY T —T T T I T 2 T T — 1 I I
¥ v b v ¥ ¥ I T T —oVDD
o——{wh EVEN PIXEL TRANSPORT CCD b oVRer
—{WH EOS + DARK CURRENT BUFFER CCD T EOS
CHARGE
l DETECTOR
OUTPUT
WRCK XCK TCcK Vss RCK AMPLIFIERS
SUBSTRATE AND
LIGHT SHIELD
W =WHITE REFERENCE INPUT DIODE
B =BLACK REFERENCE ELEMENT
I =ISOLATION ELEMENT
N =3456 SENSOR ELEMENTS
PIN FUNCTIONAL DESCRIPTICN
PIN
NUMBER SIGNATURE NAME DESCRIPTION
1 VREF Reference Voltage | Bias input for the output amplifiers and internal reference.
2 0Ss Output Signal Video output from a cascaded source-follower MOS amplifier.
3 Vpp Supply Voltage Output amplifier supply voitage.
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 inter;'nal connection.
17,18, 19, 20
11, 14 TCK Transport Clock Drives the CCD transport registers.
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register
Clock elements to become white-reference and end-of-scan pulses.
Controls the transfer of charge packets from sensor elements to shift
13 XCK Transfer Clock registers. The interval between puises of the transfer clock determines the
eprsure time.
Controls recharging of the charge-detection diodes in the output
21 RCK Reset Clock amplifiers, and clocks the output shift registers where the odd and even
signals have been merged.
22 £E0S End-of-Scan Pulse Indi-cates that all charge packets have been shifted out of the transport
registers.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

functional description

image sensor elements

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

transfer gate

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

shift registers

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

black and white reference elements

CCD IMAGE SENSORS H

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

output signal amplifier

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

internal reference voitage

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.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

resolution

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

end-of-scan amplifier

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

clocks

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

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

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

The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end-
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero
volts will cause charge injection resulting in an increase in apparent dark 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 submuitiples of the TCK frequency. Figure 2 details the timing relationships
among the different clock pulses.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

XCK r £ XPOSURE TIME | I
—»

3

({4
WRCK |

X BrBrBABA N
08 1 12 13 14 15 16 17 18 |19
P
U e
T2
EOS L, s
Output Signal (OS) pulse identification: | = Isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel.

FIGURE 1—OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS

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

Amplifier drain voltage (VDD)  « « - oo -0.3Vto30V
Transfer clock (XCK) voltage . ... ... ... .. ... e -25Vtob5V
Transport clock (TCK) voltage . .. ... ... ... e e -25VtobV
Reset clock (RCK) voltage . . ... ... e -25VtobV
White reference clock (WRCK) voltage .. ......... . i -0.3Vto30V
Storage teMPErature . . ... .. ...ttt ittt e -25°C to 125°C
Operating free-air teMperature . .. ... .. ... it e e —25°C to 70°C

NOTE 1: Voltage values are with respect to Vgg.

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

MIN NOM MAX UNIT
VpD Amplifier supply voltage 13 14 15 \
VIH(X) Transfer clock high-level input voltage 3 4 5 \
VIL(X) Transfer clock low-level input voltage -151 -14 -13 Vv
VIH(T) Transport clock high-level input voltage 3 4 5 \
VIL(T) Transport clock low-level input voltage -151 -14 -13 \%
VIH(R) Reset clock high-level input voltage 3 4 5 \
ViL(R) Reset clock low-level input voltage -151 -14 -13 \4
VIH(WR) White reference clock high-level input voltage 13 14 15 \%
VIL(WR) White reference clock low-level input voltage 6 7 8 \%
frRCK Reset clock frequency (output data rate) 8 MHz

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

3456 x 1 CCD LINEAR IMAGE SENSOR

electrical characteristics at 25 °C free-air temperature §

PARAMETER MIN TYP MAX UNIT

Average 0.5 10 mV

Dark-signal amplitude Low ir'equelt\cy conTponent 0.5 5
Nonuniformity relative to a 20 mV
average of adjacent pixels

Sensitivity 1.4 2 3.5 |Viiwiem?2)

Output amplitude Pealk-to-pe?k 30 60

variation (PRNU)% Adjacent plx'els frorAn 10 mV
alternate registers (imbalance)

Peak-to-peak noise 0.6 mV

Equivalent exposure § of peak-to-peak noise 0.3 nJ/cm?2

Saturation exposure § 300 nJ/cm?2

Saturation output amplitude 400 600 800 mV

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

Charge transfer efficiency 0.99999

White reference amplitude 400 600 mV

End-of-scan amplitude 200 350 mV

Output offset (dc) voltage 6 Vv

Output impedance 1 kQ
Transfer gate 150

Resistance to Vgg Transport gate 700 kQ
Reset gate 700

Amplifier reference voltage, VRgf 7 \
Transfer gate 400

Capacitance to Vgg Transport gate 900 pF
Reset gate 16

Amplifier supply current 8 12 mA

Total power dissipation 112 mW

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

SExposure = intensity x time

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

HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage.
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

timing requirements

MIN NOM MAX UNITS
¢ Time delay from the transport clock rising o 50 ns
Lty edge to the transfer clock rising edge.
¢ Time delay from the transport clock rising edge o 50 ns
THWL to the white reference clock falling edge.
¢ Time delay from the transport clock rising o ns
THRH edge to the reset clock rising edge.
Pulse duration of the high state for the reset 20
tw(RH) clock. ns
¢ Time delay from the transport clock falling 50 ns
TLXL edge to the transfer clock falling edge.
. Time delay from the transport clock falling edge o 50 ns
TLWH to the white reference clock rising edge.
Time delay from the transfer clock falling edge
IXLTH to the rising edge of the next transport clock 50 ns
pulse.
tr Rise time (all clocks) 15 ns
tf Fall time (all clocks) 5 ns
-»| o= tTHXH
[}
| l
XCK |
! |
tTLXL—3
I e .
et tTHWL : ,4——»{ XLTH
AN | |
WRCK | | |
| | | |
l T |
| | | |
: — tTLWH |
I '
TCK
|
|
tTTHRL — 9  ja—
t,
a6 '_.: te > r_"
) | |
RCK [ |
/N [\

BLACK REFERENCE LEVEL

FIGURE 2 —DEVICE TIMING REQUIREMENTS
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TThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate.
iVCC 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 IMAGE SENSOR

NOILVINHOANI LNJNIHNSVYI HILINVHVYC

0LIL 3dAL

HOSN3IS JIVINI HYINIT @IJ | x 9S¥E



TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT

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

TYPICAL CHARACTERISTICS

mended values, unless otherwise noted)

4
I\
NE L \without filter
>(L
2 with \
HA-11 filter
Lo \ AN
> X X,
z \
> \
& 04 \X
o \ \
400 600 800 1000

SENSITIVITY
vs

WAVELENGTH OF INCIDENT LIGHT

Incident Wavelength — nm

FIGURE 5

1200

Responsivity — A/W

RESPONSIVITY
vs

WAVELENGTH OF INCIDENT LIGHT

! —F T '% _"3
ﬁ;ﬁc\eﬂ‘"’ 100 70% ]
quanti T 50%
0.4
NL T | 30%_|
”‘
l\-) 20% —|
0.1 — 10%
= \
-
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FIGURE 6
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TYPE TC104
3456 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 recom-
mended values, unless otherwise noted)

MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION
'S
Vs
SPATIAL FREQUENCY SPATIAL FREQUENCY

1.0 1.0 T i
c T~ , [ . \\ A = 400 to 700 nm
H \vith HA-11 filter S %
E 0.8 N § 0.8 \\
Z \ e \
5 s A =900 nm \
& 2
LI N M N
= Nithout filter ’i
2 S
8 ® 04 S~ % 04
o 3 3
S 2854 K Light 2 Monochromatic Light
I |
< ! o2 0.2
B E | =
) s s
m 0 0
(7)) 0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
m Normalized Spatial Frequency Normalized Spatial Frequency
L ! L . 1 ) L ! ! | ! i
2 0 9.3 18.7 28.0 374 46.7 0 9.3 18.7 28.0 37.4 46.7
w» .
o Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm
= FIGURE 7 FIGURE 8
(V7]

2-50

AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO
DARK SIGNAL SATURATED OUTPUT VOLTAGE
vs vs
EXPOSURE TIME EXPOSURE TIME

10 100 T
®
y | Eg = 50 uW/cm?2
§ |
4 £ 80 +
oM U 2 2854 K Light Ee = 25 uW/cm?2
1 ©,40 alik = |with HA-11 Filter
% 7 oo A a /
VL 2 60
! NEIL/E 8
T DA N/ 48y, o
5 S YLV k5
@ Y Nz S 40 Ee = 12.5 uW/cm?2
- o 1 <y 2 V4
a 0.1 — i,—,
7 2 / /
o
7 g 20 v
A A 8 / Ee = 2.6 uW/cm2
i 5 ]
0.01 0
0.1 1 10 100 0 2 4 6 8 10

texp — Exposure Time — ms
FIGURE 9

texp — Exposure Time — ms

FIGURE 10
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TYPE TC104
3456 x 1 CCD LINEAR IMAGE SENSOR

MECHANICAL DATA

. 45,67 (1.798) ‘
44,75 (1.762) >

—»

7,62 (0.300)
7.3770.290)
-
L g
0,81(0.032) R LI

NOM

No.1 SENSOR ELEMENT

15,80 (0.622)
.602]

15,19 (0.598) 4,19 (0.165)

—CL

4,50 (0.177)
4,24 (0.167)

,1——1 19 (0.047) MAX

2,97 (0.117)
2,36 (0.093)

¥

0,48 (0.019)
0,3870.015)

78 (0.582 3,0770.727) |
$————————— SEATING PLANE
0,30 (0.012)
0,25(0.010) 3,81 (o 150)
8,79 (0.346)
8,48 (0.334)

3,05(0.120) r, ’,‘L254 (0.100) NOM

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

NOTE 1: The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the

vertical motion of a microscope focused first at one plane, then at the other.
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TYPE TC201

328- X 490-PIXEL CCD AREA IMAGE SENSOR

D2734, MARCH 1983

® 328- X 490-Pixel Format for Frame-Store or
Full-Frame Mode Operation

Virtual Phase (VP), Front Side llluminated

CERAMIC PACKAGE
(TOP VIEW)

i4— 20,3 mm (0.800 inch) NOM ~D‘

Buried Channel Registers
High Charge Transfer Efficiency

High Resolution

Interlaced 525-line TV Output (Frame-Store
Mode)

No Residual Imaging
No Microphonics

Small Size, 11-mm Image Diagonal (Frame-
Store Mode)

No Image Burn-in

High Uniformity

[4—— 24,9 mm (0.980 inch) NOM ——

i
2]

30 [

4[]
5]

~ ] 20
] 19
] 18
] 17
] 16
]15

»
312
] 11

NN N KN

AREA IMAGE
SENSOR

| YA YA Yd YA VA V1 ]

NN NS

description

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

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

glass lids cover the image area.

Availability of this device is
scheduled for 3rd quarter 1983

CCD IMAGE SENSORS H

PRODUCT PREVIEW

Copyright © 1983 by Texas Instruments Incorporated

T et TEXAS INSTRUMENTS

change or discontinue this product without notice. INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TC202

390- X 584-PIXEL CCD AREA IMAGE SENSOR

D2732, MARCH 1983

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

Virtual Phase (VP), Front Side llluminated

CERAMIC PACKAGE
(TOP VIEW)

€= 20,3 mm (0.800 inch) NOM *.

Buried Channel Registers
High Charge Transfer Efficiency
High Resolution

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

No Residual Imaging

No Microphonics

® Small Size, 11-mm Image Diagonal (Frame-
Store Mode)

No Image Burn-in

—— 24,9 mm (0.980 inch) NOM ————»

High Uniformity

gi
di
3]
o
5]
Ji
7(]
s}
o]

1o|;

\

] 20

J19
RN RN NS
' %
AN NN

17
] i
N N 16
. al:
R AREA IMAGE N 115
u SENSOR a
: S
|
d {12
N N I
[ HRIER

description

SHOSN3IS 3OVIAI ad0 !

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

phase MOS technology, which provides greater reliability at lower cost than the conventional 2-phase MOS technologies.

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

glass lids cover the image area.

Availablity of this device is
scheduled for 3rd quarter 1983

83 PRODUCT PREVIEW

Copyright © 1983 by Texas Instruments Incorporated

document contains information onaproductundr | EXAS INSTRUMENTS

2-54 development. Texas instruments reserves the right to
change or discontinue this product without notice. INCORPORATED
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PC401, PC402

Texas Instruments

~

PC401 and PC402

EVALUATION BOARDS

for operating

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

TEXAS INSTRUMENTS
OPTOELECTRONICS
P.0O. Box 225012, MS12
(214) 995-3821
Dallas, Texas 75265

CCD IMAGE SENSORS H
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PC401, PC402

LOGIC TIMING WAVEFORM
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PC401, PC402

LINEAR CCD EVALUATION BOARD

SOCKET FOR TC101

TC103 SOCKET FOR TC102
TC104 y
o ENDOF - \
SCAN ]
!
‘U8 o i T O OUTPUT
REK 11 11 o1 OMITJUMPER
PL-d ° FOR WHITE REF.
° ] | °
Vol gk BT v7
o
Vet DI xq widk
o \ @ Lv | L |
8 "
— o ﬂ o id
g u1 U2 u3 ué EXPOSURE
B FREQ. ADJ'_\\‘ - TIME ADJ.
R i
m ﬂJs**
22 2 17 14 7 4
1 A A S SO P MATING CONNECTOR
2 I HH HH IR TRW/CINCH 50-44A-30
7y INCLUDING EDGE I il H HE R OR EQUIVALENT
CONNECTOR T T T I
o GND I EXT. EXT. +5V
(:5 ViL CLK. EXP. COUNTER  +Vpp
CHAIN INPUT
(J1 & J3 SHOWN IN INTERNAL SELECT POSITION)
*J1=INTERNAL/EXTERNAL CLOCK SELECT
** J3 = INTERNAL/EXTERNAL EXPOSURE TIME SELECT
FEATURES: .
® PC401 operates TC101, TC103, and TC104. ® CCD on opposite side from components and
® PC402 operates TC102 controls to allow clearance for optics.
® Operates CCD over 2- to 16-ms exposure time
® g:gar;i: gggeover a 0.2 MHz to 2.0 MHz range with internal adjustment.
® Contains provision to accept both external
® HI clock voltage is controlled on the board . -
X X clock and external exposure time with jitter-
(VcH) while the LO clock' voltage is controlled free synchronization.
from the external negative supply (V|L).
® White reference control allows evaluation of ° 8:::; u;I:g;:?;ﬂ:lt::foo::treei:;;gecgr‘:;tie;
t{us cll,o ckrs |.njet<5t|or? s::bllltytastwell as the muitiples of TCK periods. Output from counter
signal’s elimination in the output. must be returned to external exposure time
® Three supply operation: input.
CSDV @%&) 1156;;‘“? ® Output emitter follower buffered to drive high
apacitance load.
VIL(R,T,X) nom @ 40 mA* capact
® All CCD clock signals have easily accessed

2-58

*Values from DATA SHEETS

test points for scope probes.



Infrared-Emitting Diodes

® Quick Reference Guide

® Gallium Arsenide and Gallium Aluminum
Arsenide

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

® Hermetically Sealed Packages
Pill
TO-18

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

® Measuring the Output of IREDs and LEDs

See Section 4 for Special Function Infrared-Emitting Diodes.

IR EMITTERS H
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QUICK REFERENCE GUIDE
INFRARED EMITTERS

INFRARED EMITTERS
QUICK REFERENCE GUIDE

POWER OUTPUT Vg Ap
DEVICE MIN @ I OHI MAX @ If TYP FEATURES
mW mA v mA nm
TiL23 04 50 35° 1.5 50 | 940 Pill package for mounting on double-sided printed circuit boards.
TIL24t 1 50 | 35° 1.5 50 | 940 . i .
Compatible with TIL6O1 Series
TIL25 0.75 50 | 35° 1.5 50 | 940
TIL31Bt 3.3 100 10°| 1.75 100 | 940 | Hermetically sealed TO-18 package
TIL32 0.5 20 | 35° 1.6 20 | 940 | Low-cost plastic package
TIL33B 2.5 100 | 80°| 1.75 100 | 940 | Hermetically sealed TO-18 package
TIL34B 1.6 100 10°| 1.75 100 940 | Hermetically sealed TO-18 package
TIL38 6 100 50° | 1.75 100 | 940 | Low-cost plastic package T 1% package
TIL39 6 100 20° | 1.75 100 940 | Low-cost plastic T 1% package
TiL4O 0.05 20 30° 1.6 20 940 | Low-cost plastic sidelooker package
TIL902-1 1.5 20 | 35° 1.6 20 | 880 | Low-cost plastic T 1 package
TIL902-2 2.5 20 | 35° 1.6 20 | 880 | Mechanically similar to TIL32
TIL903-1 6 100 10° 2.1 100 880 | Hermetically sealed TO-18 package
TIL903-2 9 100 | 10° 2.1 100 | 880 | Mechanically similar to TIL31B
TIL904-1 5 100 80° 2.1 100 880 | Hermetically sealed TO-18 package
TIL904-2 9 100 80° 2.1 100 880 | Mechanically similar to TIL33B
TIL905-1 1.5 20 50° 1.6 20 | 880 | Low-cost plastic T 1% package
TIL905-2 2.5 20 | 50° 1.6 20 | 880 | Mechanically similar to TIL38
TIL906-1 1.6 20 20° 1.6 20 | 880 | Low-cost plastic T 1% package
TIL906-2 25 20 | 20° 1.6 20 | 880 | Mechanically similar to TIL39

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

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

D2132, FEBRUARY 1970—-REVISED FEBRUARY 1983

mechanical data

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

Output Spectrally Compatible with Silicon Sensors

High Power Efficiency

High Power Output

Small Size Permits Matrix Assembly Directly into Printed Circuit Boards

High Radiant Intensity
TIL24HR2* Includes High-Reliability Processing and Lot Acceptance

(See page 3-7 for Summary of Processing

CERAMIC .
1,702 (0.067) ‘g gf; ggsl‘s)
7,600 (0.063) f
1575 (0.062) 2,337 (0.092)
1473 (0.058) 2,133 (0.084)
0,254 (0.010) 2-CATHODE
1-ANODE Z ]
3% 0,008 049 (0. mg).l ko510 0020
X Y 0,406 (0.016!
7083 (0,082 0.2310.009) (©.076)
343 (0.135)
3,10(0.122)

4 TIMES
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES ACTUAL SIZE
absolute maximum ratings
Reverse Voltage at 25°C Case Temperature . 2V
Continuous Forward Current at 25°C Case Temperature (See Note 1) 100 mA

Operating Case Temperature Range
Storage Temperature Range
Soldering Temperature (10 seconds) .

*All electrical and mechanical specifications for the Ti1L24 also apply for TIL24HR2.

NOTE 1:

—65°C to 125°C
—65°C to 150°C
240°C

Derate linearly to 125°C case temperature at the rate of 1 mA/°C. For pulsed operation at higher currents, see Figures 8 and 9.
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TYPES TIL23, TiL24, TIL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

operating characteristics at 25°C case temperature

TIL23 TIL24 TIL25
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Po Radiant Power Qutput 0.4 1 0.75 mW
Ap Wavelength at Peak Emission 915 940 975 | 9156 940 975 | 915 940 975 | nm
AMN  Spectral Bandwidth g =50 mA 50 75 50 75 50 75 | nm
644 Half-Intensity Beam Angle 35° 35° 35°
Vg Static Forward Voltage 1.25 1.5 1.5 15 \
TYPICAL CHARACTERISTICS
RELATIVE SPECTRAL CHARACTERISTICS
1.2

1.0

0.8

0.6

0.4

Relative Spectral Response or Output

0.2

Response of Human

Eye

Output of Tungsten
Source at 2870 K —

\

[\
[\

/|

[

Output of
TiL23

[\

). .
S

TIL24
TIL25

|

Response of

A\

/

Silicon
\h:[ransistors—

0.3 0.4

0.5

0.7 0.8

A—Wavelength—um

FIGURE 1

0.9
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TYPES TIL23, TIL24, TiL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

TYPICAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY
vs
ANGULAR DISPLACEMENT

RELATIVE POWER OUTPUT
Vs

CASE TEMPERATURE

1.2 ;
1.01— Z
f
z '
b | T
§ 0.8 - ]
£ ’ E]
5 r I %
g 06 ; ! §
a | S ( <
2 ! < | g -
3 04 — 38 ' 2 0071 !
< 5 o«
(] 0.04 lF =10 mA _|
0.2 ‘ ‘
/ i \ 0.02 -
9= " S " L N . 0.01
30 20 10 0 10 20 30 —75-50 25 0 25 50 75 100 125
6—Angular Displacement Tc—Case Temperature—°C
FIGURE 2 FIGURE 3
CHANGE IN WAVELENGTH OF PEAK INTENSITY RELATIVE POWER OUTPUT
vs vs
15 CASE TEMPERATURE FORWARD CURRENT
I
OU 30 T T 10 T T
g Ig = constant 7 [Tc=25°C L.
V!
1 [ See Note 2
© 20 i
Lo} 4
©
E %
s 10 .:5 2
g (o] //
& ] q
8 0 g 1
S a.
5 207 7
© & Vi
< -1 °
2 0 < 04 L
°
z /
| —-20 G.2
2.
<
-30 0.1
—75 -850 -26 0 25 50 75 100 125 10 20 40 70100 200 400 1000

To—Case Temperature—°C

FIGURE 4

NOTE 2: These parameters must be r d using pulse
¥Normalized to output at I = 50 mA, T = 25°C.

IF—-FonNard Current—mA

FIGURE 5

ses: t,,, = 0.04 ms, duty cycle < 10%.
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TYPES TIL23, TIL24, TIL25
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

TYPICAL CHARACTERISTICS

TIL23 COUPLING CHARACTERISTICS OF TIL23, TIL24, AND
FORWARD CONDUCTION CHARACTERISTICS TIL25WITH TIL602
100 | 100 vy e
See Note 2 70 +—F SOURCE: SENSOR: A
90 |- - 20 F——TIL25= TIL23, TIL602
TIL24 TIL24, Veg=2V]
80 2 ;rn.z: Tc =25°C |
< =50 mA
™~ F
E 0b- - pTo=100C < g0 |TILZ N Tc=25°C
- € -
§ — 7
£ 60 b AN
3 g 4 NS
- 50 5 AN
g S, AN
3
g 40 - 3 \\\\
‘.L g \
e 30 Co07 NN
AN
20 04 \\
10 / 0.2 \
0 — 0.1
09 1.0 1.1 1.2 1.3 1.4 15 0.01 0.02 004 0.070.1 0.2 04 07 1
VF—Forward Voltage—V Distance Between Lenses—in
FIGURE 6 FIGURE 7

NOTE 2: These parameters must be measured using pulse techniques: t,, = 0.04 ms, duty cycle < 10%.

THERMAL CHARACTERISTICS

MAXIMUM PULSE WIDTH MAXIMUM DUTY CYCLE
Vs Vs
FORWARD CURRENT FORWARD CURRENT
10 : 100 -
7 Tg=25°C1 90 A\ ]\ 1 [ 1.=25C]
80 ‘
4 — ] 70—\ : | )
2 \ \T ,_]T___ EF 60 \ s 1
g | i 2 5o \ 1
| | | (4 !
£ 1 S e 3 \
= N T T ©
§ 07 XS — S — > 40
i 0.4 a
3 E 30 -
2 0.2 £
£ %
E ©
o == f o -
go
0.04
0.02
0.01 1(:oo 200 400 700 1000
0 100 200 300 400 500
I —Forward Current—mA IF—Forward Current—mA
FIGURE 8 FIGURE 9
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TYPE TIL24HR2

HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

® This processing applies only to devices ordered under the part number TIL24HR2

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

This processing and lot acceptance follows the sequence of tests in MIL-S-19500 for JANTX types. This is not to
be construed to be a JANTX-qualified part. A detail specification is available upon request through your Tl Field Sales

Office or Optoelectronics Marketing at the following address:
Texas Instruments Incorporated
Optoelectronics Marketing
P.O. Box 225012, MS 12
Dallas, Texas 75265
Phone: (214) 995-3821

TEST

MIL-STD-750
TEST METHOD

100% Processing
Storage: Tp = 126°C, t = 24 h
Temperature Cycle: —55°C to 125°C, 10 cycles
Constant Acceleration: 20,000 G, Y1 axis
Power Burn-in: I = 50 mA, t = 168 h
Hermetic Seal, Fine
Hermetic Seal, Gross
External Visual

Product Acceptance

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

Group B-1: LTPD = 15
Solderability

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

Group B-3: LTPD = 5

Steady-State Operating Life: t = 340 h
Group B-4:

Decap, Internal Visual; Design Verification

1 Device/O Failure

Bond Strength LTPD = 20 (C = 0)
Group B-5: Not Applicable

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

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

IR EMITTERS .

2071
per detail spec

2026

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

1027

2075
2037 Cond. A

1032
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TYPE TIL24HR2 :
HIGH-RELIABILILTY PROCESSING AND LOT ACCEPTANCE

TEST

MIL-STD-750
TEST METHOD

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

Group C-1: LTPD = 15
Physical Dimensions
Group C-2: LTPD = 10
Thermal Shock (Glass Strain)
Hermetic Seal, Fine
Hermetic Seal, Gross
Moisture Resistance
External Visual

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

Group C-4: LTPD = 15
Salt Atmosphere
Group C-5: Not Applicable
Group C-6: A = 10
Steady-State Operating Life: t = 1000 h

2066

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

1021
2071

2016
2056
2006

1041

1026

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES TIL31B, TIL33B, TIL34B
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D1934, NOVEMBER 1974—REVISED FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED

® “B” Versions Especially Designed for Low Degradation and are Direct Replacements

for the “A” Versi

ons

e Spectrally and Mechanically Compatible with TIL81 and T1L99 Phototransistors

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

e TIL31HR2*

for Summary of Processing)

mechanical data

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

Each device is in a hermetically sealed welded case similar to JEDEC TO-18 with window. The TIL31B and TIL34B
have convex lenses while that of the TIL33B is essentially flat. A coin header is used to increase dissipation capability.
All TO-18 registration notes also apply to this outline. Approximate weight is 0.35 gram.

0,483 (0.019)

THE CATHODE IS IN ELECTRICAL CONTACT WITH THE CASE

(See Note 2)

NC— NO INTERN,

1,17 (0.046)

AL CONNECTION 657(0.036)

5,34 (0.210) 3LEADS ————— DIA
4.3210.170) 0,406 (0.016) NOTE:
076 2,54 (0.100) DIA . . .
(0.030) W 14— 3-ANODE a. The window is Corning 7052 glass
MAX LEAD 2 MAY i
€ OMITTED or equivalent.
o 3:'135 Window dimensions are:
4,96 (0.196) / OF T Minimum diameter . . 3,5 (0.140)
452(0.178) N N ,
oA Maximum extension from top i
a 1,22 (0.048) { '
071(0.028) of case
5,84 (0.230) j‘___lrzuasmr 2-NC TIL31B and TIL34B ... 1,02 (0.040)
= 09 DIA
209) 1-CATHODE
5,31 (0.209) \_winoow TIL33B .. ......innn. 0,26 (0.010)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CL-18

*On the original TIL31, TIL33, and TI1L34, the anode was in electrical contact with the case. Lead 2, which had no internal connection, is

omitted on the B-suffix versions.

absolute maximum ratings

Reverse Voltage at 25°C Case Temperature 5V
Continuous Forward Current at 25°C Case Temperature (See Note 1) .. . . 200mA
Operating Case Temperature Range —65 Cto 150°C
Storage Temperature Range —65°C to 150°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds 240°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS TIL318 TIL338 Til348 uNIT
MIN TYP MAX | MIN TYP MAX [MIN TYP MAX
Po Radiant Power Output 3.3 6 25 5 2 3 mW
Ap  Wavelength at Peak Emission 915 940 975 | 915 940 975 [ 915 940 975 | nm
AN Spectral Bandwidth Ig =100 mA 50 75 50 75 50 75| nm
014y Half-Intensity Beam Angle 10° 80° 10°
Vg Static Forward Voltage 1.4 175 1.4 175 1.4 175 \%
tr Radiant Pulse Rise Timet IFm = 100 mA, 600 600 600 s
tf  Radiant Pulse Fall Timet = 5 s 350 350 350

"All electrical and mechanical specifications for the TIL24 also apply for TIL24HR2.

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

NOTE 1: Derate linearly to 150°C case temperature at the rate of 1.6 mA/°C.

Copyright © 1983 by Texas Instruments Incorporated
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TYPES TIL31B, TIL33B, TIL34B

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.2
[ Output of Tungsten
Response of Human Eye
5 1.0 P Y Source at 2870 K
3 [ — 7
s \
o
=
° 0.8
o
2
c
a
3
o 06
= Output of V
& TIL31B,
£ o / TIL33B, |
PO or TIL34B
2 Response of
3 /A Silicon
- « 0.2 Phototransistors —
m— o /
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
m A—Wavelength—um
g FIGURE 1
- RELATIVE POWER OUTPUT RELATIVE POWER OUTPUT CHANGE IN WAVELENGTH AT PEAK EMISSION
v vs vs
CASE TEMPERATURE FORWARD CURRENT b CASE TEMPERATURE
m a 10 o ¢ et £ 300 S
T i s s 1 o ¥ T © - N
7 < & If = constant
oo N \_\ .F:z.';omAJr— FTc=2s'c S I3
m , ~— 1 = 150 mA 4 [ SeeNote 2 - _L © 200
} %
%07 " IF = 100 mA| K 7 7 3
5 —1— 2 ‘ M s 100 —
5 04 = 3 I >
S — S g
g 02 2 1 | L & ot
H — e
H ~— & o = | )
g o + 2 — H s
z T s H o _ .
5 007 1 20 mA s 04 ——13A4 i J‘ 2 o
o o
< 004 1 g
— LI = ——
0.02 02 1 - T s -200
Ll 1 1
001 0.1 u 2 300
-50 -25 0 25 50 75 100 10 4 100 400 1000 < 50 -25 0 25 50 75 100
T¢~Case Temperature—"C |g—Forward Current—mA T ~Case Temperature—"C
FIGURE 2 FIGURE 3 FIGURE 4
TIL318, TIL34B TIL338
RELATIVE RADIANT INTENSITY RELATIVE RADIANT INTENSITY
vs vs FORWARD CONDUCTION CHARACTERISTICS
ANGULAR DISPLACEMENT ANGULAR DISPLACEMENT 100 S
12 ‘ 12 seNoez | [[ /
}’ ) ey
Tc=175"C ——*;/ A
1.0 | L — —— 1.0 — 80 |—pm R | E— .
> z € ]
z £ £ 70 R
§ 08 [— L 1 S o8 4 € / /
E M = ( - ¢ 6 -
< % - % s /
2 o6 < S o6 < S 50
§ . — -3 E 3 ! 2 w© — TC = —40°C
: : : . o /]
z 04 £ 04 2 0 ;
K L1/ o
: Vi ; / S e
02 0.2
)/ ] 10
4
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NOTE 2: This parameter must be measured using pulse techniques. t,,, = 0.04 ms, duty cycle < 10%.

6—Angular Displacement

FIGURE 5

¥ Normalized to outputatlg =10 mA, Tg = 25°C.

0~ Angular Displacement

FIGURE 6

Vg—Forward Voltage—V
FIGURE 7
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TYPE TIL31BHR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

® This processing applies only to devices ordered under the part number TIL31BHR2
® For electrical and mechanical specifications, refer to page 3-9
This processing and lot acceptance follows the sequence of tests in MIL-S-19500 for JANTX types. This is not to

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

483

Texas Instruments Incorporated
Optoelectronics Marketing

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

Phone: (214) 995-3821

TEST

MIL-STD-750
TEST METHOD

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

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

Constant Acceleration: 20,000 G, Y1 axis
Power Burn-in: I = 100 mA, t = 168 h
Hermetic Seal, Fine

Hermetic Seal, Gross

External Visual

Product Acceptance
Group A: LTPD = 5
External Visual
Electrical: Tp = 25°C
Group B-1: LTPD = 15
Solderability
Resistance to Solvents
Group B-2: LTPD = 10
Thermal Shock
Hermetic Seal, Fine
Hermetic Seal, Gross
Group B-3: LTPD = 5§
Steady-State Operating Life: t = 340 h
Group B-4:
Decap, Internal Visual; Design Verification
1 Device/O Failure
Bond Strength LTPD = 20 (C = 0)

Group B-5: Not Applicable

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

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

IR EMITTERS H

2071
per detail spec

2026
1022

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

1027

2075
2037 Cond. A

1032
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TYPE TIL31BHR2
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE

TEST

MIL-STD-750
TEST METHOD

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

Group C-1: LTPD = 15
Physical Dimensions

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

Group C-3: LTPD = 10
Shock: 15600 G
Vibration: 50 G
Acceleration: 20000 G

Group C-4: LTPD = 15
Salt Atmosphere

Group C-5: Not Applicable

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

2066

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

2016
2056
2006

1041

1026
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TYPE TIL32
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1855, SEPTEMBER 1971-REVISED APRIL 1983

DESIGNED TO EMIT
NEAR-INFRARED RADIATION
WHEN FORWARD BIASED

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

o High Power Efficiency

e High Power Output

e High Radiant Intensity

e Plastic Package with Two Leads for Ease of Handling

mechanical data

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

l@—— 14,5 (0.570) MIN.

5 34 (0.210)
1,27 (0.050
4,82 (0.190) ] F [ )

(See Note c)
CATHODE
' 3¢
ANODE
4 .07 (0.160) >
3 81 (0.150)
3,175 (0.125)
2,997 (0.118) DIA

1,27 (0.050) MIN

0,610 (0.024)
2% sQuARE CATHODE
0,457 (0.018) IDENTIFICATION
2 LEADS
1,40 (u 055)
1,14 (0 045)
(See Note b) 4,07 (0.160)
3,56 (0.140)

(SeeNotea)  NOTES: a. This diameter is measured 0,127 mm (0.005 inches) from the shoulder.

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

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings

Reverse Voltage at 25°C Free-Air Temperature . 2V
Continuous Forward Current at (or below) 25°C Free- Alr Temperature (See Note 1) . . . 40mA
Operating Free-Air Temperature Range . —40 Cto 100°C
Storage Temperature Range . . —40°Cto 125°C
Lead Temperature 1,6 mm (1/16 Inch) from Case for 5 Seconds . 240°C
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT

Po Radiant Power Output 05 1.2 mwW

Ap Wavelength at Peak Emission 915 940 975{ nm

AN Spectral Bandwidth Ig =20 mA 50 75| nm

OH) Half-Intensity Beam Angle 35°

Vg Static Forward Voltage 1.2 16 V

tr Radiant Pulse Rise Timel IEM = 40 mA, 1y > 5 ks 600 ns

tf Radiant Pulse Fall Timet 350

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

in current.

NOTE 1: Derate linearly to 100°C free-air temperature at the rate of 0.63 mA/°C.

483

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TiL32

P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.2
Output of Tungsten
Response of Human Eye
5 1.0 id Y Source at 2870 K —
5 [
5 —
o
=
© 0.8
3
2
c
<]
a
8
xc 06
e
%’: / / Output of
a
& 04 TIL32 \
(]
2 Response of
5 L
> /A Silicon )
@« 0.2 Phototransistors —
0 / R N
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
A—Wavelength—um
FIGURE 1
RELATIVE POWER OUTPUT RELATIVE POWER OUTPUT CHANGE IN WAVELENGTH OF PEAK INTENSITY
v v
FREE-AIR TEMPERATURE FORWARD CURRENT ? FREE-AIR TEMPERATURE
4 <)
4 [ Ta-25°C g X L
] ! > IE = constant
<
W 2 — = IF = 40 mA +—— 2 =
- = ©
S T M~ IF=30mA g 3
3 1 | ER 3
%07 IF=20mA- 8 07 § 0
H H S
& £ s
3 [ g
s 04 = 04 g
= 2 o -10 Ve
= IF - 10 mA « g
g
02 02 S
2
0.1 0.1 P
60 -256 0 25 5 75 100 10 20 40 70 100 3 50 -5 0 25 50 75 100
TA~Free-Air Temperature—°C Ig—Forward Current—-mA TA-Free-Air Temperature—°C
FIGURE 2 FIGURE 3 FIGURE 4
RELATIVE PHOTON INTENSITY
v
COUPLING CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS
ANGULAR DISPLACEMENT OF TIL32 WITH T1LT8 o .
10 10 P rr See Note 2 / / l
;E SOURCE SENSOR 90 -+ +
. Tiaz e H o | TA=T5C— /
L 08 al 1F=20ma Vee=5V H < [
1 / \ < b—Ta=25°C Ta=25"C H £ 70
g @ & £ /
E o6 x L2 LY
- : < < =
s / o L § ] 3 & Ta=25°C —7/
S g 3 1 = 2
2 IR 8 § VAV
a I~ 5 07 g 40
g 04 5 H S / /
& s T30
5 S 04 w /
K u
0.2 20 -
0.2 10 /‘———TA =I—40 C
oL o LA [
50° 40° 30° 20° 10° 0 10° 20° 30° 40° 50° 001 002 004 00701 02 04 071 09 10 11 12 13 14 15

6—Angular Displacement

FIGURE 5

NOTE 2: This parameter must be measured using pulse techniques: t,, = 0.04 ms, duty cycle < 10%.

$Normalized to Outputat Ig = 20 mA, Tp = 25°C.

Distance Between Lenses—in

FIGURE 6

VE—Forward Voltage—-V
FIGURE 7
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D2594, JULY 1980—REVISED APRIL 1983

TYPE TIL38
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

DESIGNED TO EMIT NEAR-INFRARED RADIATION

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

High Power Output with a Beam Angle of 50°

mechanical data

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

CATHODE

8,89 (0.350) IDENTIFICATION
8,38 (0.330) le——19,0 (0.750) MIN ——»{ 2,67 (0.105)
1,27 (0.050) 52170.055)
o g 1,27 (0.050) MIN—=  fo— 2.41(0.095)
CATHODE (See Note b)
508 (0.200) s 3
2,32(0.190) ANODE S
(See Note a) 1 '
2SQUARE LEADS 2552 “"022)]
7,75 (0.305) 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
d oI
55970.220) 0 A !

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

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

cL10

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

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

—40°C to 80°C

Storage TemMPErature . . . .. . ...ttt et e e e e e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds . ............................ 240°C
operating characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po Radiant Power Output 6 8 mW
" - - If = 100 mA, See Note 3
le Axial Radiant Intensity T 15 mW/sr|
Ap Wavelength at Peak Emission 915 940 975 nm
AN Spectral Bandwidth Between Half-Power Points IF = 20 mA 50 75 nm
OHI Emission Beam Angle Between Half-Intensity Points 50°
I = 100 mA 1.4 1.75
VE Static Forward Voltage IF=1A, tw = 10 s, 2,65 \
duty cycle < 1%
C Capacitance VE =0, f=1MHz 25 pF
t Radiant Pulse Rise Time¥ 600
t; Radiant Pulse Fall Time? IFm = 100 mA, - tw = 5 s 350 ns

T Axial radiant intensity is measured over 0.1 steradian on the mechanical axis. One steradian is the solid angle at the center of a sphere subtended by a
portion of the surface area equal to the square of the radius of the sphere. There are 4 7 steradians in a complete sphere.
*Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTES: 1.

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

2. This value applies for ty, < 10 us, f < 1 kHz. See Figure 1.
3. These parameters must be measured using pulse techniques, ty, = 10 ms, duty cycle < 1%.

483
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TYPE TIL38
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

SY311IN3 Hi H

ABSOLUTE MAXIMUM RATINGS
PEAK FORWARD CURRENT

Vs

PULSEWIDTH
4 0
Ta=25°C
< 2
< \
S f=1kHz
3 1 Y \
E \
s 0.7
. N
x 04 I\ \\
dl'f AN
s 0 f=10kHz\\ \\
- 7 N de N
0.1
1us 10 us 100 us 1 ms

tyw—Pulse Width

FIGURE 1

20
1.8

1.6
1.4
1.2
1.0
0.8
0.6

IF—Forward Current—A

0.4
0.2
0

FORWARD CONDUCTION CHARACTERISTICS

TYPICAL CHARACTERISTICS

AXIAL RADIANT INTENSITY

Vs

PEAK FORWARD CURRENT

0 05 1 15 2

25 3 35 4

VE—Forward Voltage—V

FIGURE 2

/ 200 7T
- tw=10ps 180 |- w7 IOk
f=1kHz / = Z L~
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NOTE 4: Axial radiant intensity is measured over 0.01 steradian on the mechanical axis.
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TYPE TIL39
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D2594, JULY 1980—REVISED APRIL 1983

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

mechanical data

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

CATHODE

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

8.89 (0.350) IDENTIFICATION
8,38 (0.330) te——19,0 (0.750) MIN ——»{
1,27 (0.050) 1,27 (0.050) MIN—=  fe—
(See Note c)
CATHODE
5,08 (0.200)
4,82 (0.190) DA ANODE 4
(See Note a) 1.
2 sauan Leaps 9550 0022 |
m 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
5,59 (0.220)
NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the package shoulder.

b. Lead spacing is measured where the leads emerge from the package.
c. Within this zone the package contour is not controlied.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CL-10

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Reverse Voltage . . ... .. . i e e e 5V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) . ............. 100 mA
Peak Forward Current (See Note 2) ... .. ... ... . .t 2A

Operating Free-Air Temperature Range

Storage Temperature

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds ................ ... ... ... ... 240°C
operating characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Po Radiant Power Output If = 100 mA, See Note 3 6 8 mwW
Axial Power Output into a 10° Cone I = 20 mA, See Note 4 150 W
le Axial Radiant lntensityT Ig = 100 mA, See Note 3 35 mW/sr|
)\p Wavelength at Peak Emission 915 940 975 nm
AN Spectral Bandwidth Between Half-Power Points I = 20 mA 50 75 nm
O Emission Beam Angle Between Half-Intensity Points 20°
Ig = 100 mA 1.4 1.75
VE Static Forward Voltage IF=1A, tw = 10 ps, 255 \Y
duty cycle < 1%
C Capacitance VE = 0, f=1MHz 25 pF
t Radiant Pulse Rise Time¥ 600
t; Radiant Pulse Fall Time? IFM = 100 mA, tw = 5 ps 350 ns

t Axial radiant intensity is measured over 0.1 steradian on the mechanical axis. One steradian is the solid angle at the center of a sphere subtended by a
portion of the surface area equal to the square of the radius of the sphere. There are 4 = steradians in a complete sphere.
*Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.

NOTES:

N

2. This value applies for tyy, < 10 us, f < 1 kHz. See Figure 1.

3. These parameters must be measured using pulse techniques, t,, =

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

10 ms, duty cycle < 1%.

4. The nominal 10° cone is defined by an aperture that has a diameter of 6,76 mm (0.266 inch) and is located 38.6 mm (1.52 inch) from the lens

side of the flange.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TIL39
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS

PEAK FORWARD CURRENT
Vs

SH3ALLIAG Hi u

PULSE WIDTH
4 )
TA = 25°C
€ 2
5 \f= 1 kHz
3 1 \; ™
hel \
g 07 C
LE N
x 04 \\
& N
L f= 10 kHz N
I 02 N N
dc N
0.1
1 us 10 us 100 us 1 ms
tyw—Pulse Width
FIGURE 1
TYPICAL CHARACTERISTICS
AXIAL RADIANT INTENSITY
VS
FORWARD CONDUCTION CHARACTERISTICS PEAK FORWARD CURRENT
2.0 500
I / [T ]
1.8 — tw=10ps 450 —t,y=10us
o [TTkHe / f=1kHz
— (-] ™ —
< 1. Ta=25°C é 4OQ TA=25°C
Lo14 E 350 |—See Note5 e
c | /
=4 1.2 ; 300
3 z P
s 10 £ 250 7
s E
£ o8 / £ 200 //
- / 5 /
L oe & 150 7
4 i P
0.4 / = 100 V4
0.2 v 50 A
0 1 0
0 05 1 15 2 25 3 35 4 0 02040608 1 12141618 2

VEg—Forward Voltage—V |p—Peak Forward Current—A

FIGURE 2 FIGURE 3

NOTE 5: Radiant intensity is measured over 0.01 steradian on the mechanical axis.
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TYPE TIL40
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D2558, JULY 1980—REVISED APRIL 1983

e Recommended for Applications Requiring Low-Cost Discrete Infrared Emitters

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

® Spectrally and Mechanically Compatible with TIL411, TiL412, TIL415, and TIL416.
e Designed for use in Housings or Printed Circuit Boards

mechanical data

This device has a gray-tinted molded plastic body.

2 SQUARE LEADS
0,559 (0.022)
0457(0018) ) 76 (0.030) RADIUS NOM
4,699 (0.185) 1,27 (0.050) MIN
2,445 (0.175) 1,57 (0.062) MIN DIA ,
L | lt——11.4 (0.450) MIN.
1 l ANODE L
L 24 ]
= 1}
D@ (
2,362 (0.093) CATHODE
2,210 (0.087) Zl 4'
2,540+ 0,127
1473 (0058) | “-S‘:"Nio &1"5
1,321 (0.052) 4,07 (0.160)
™ 355 (0.140) ™
6,223 (0.245)
5,969 (0.235)
0,35 (0.015)
NOM
0,51 (0.020) NOM
) T v, 1 1,346 (0.053)
'~ ] 1092 (0. 045}
2,667 (0.105) * - — L, 1,092 (0.043)
2,413 (0.095) e Y
NOTES: a. All dimensions are in millimeters and parenthetically in inches.
b. Lead spacing is measured where the leads emerge from the package.

IR EMITTERS H

absolute maximum ratings

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

40 mA

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 Inch) from Case for 5Seconds ... ........................... 240°C
operating characteristics at 25°C free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Po Radiant Power Output 50 100 W

Axial Power Output into a 10° Cone 10 LW
)\p Wavelength at Peak Emission 940 nm

h IF =20 mA
AN Spectral Bandwidth 50 75 nm
OHy Half-Intensity Beam Angle 30°
VE Static Forward Voltage 1.2 16 \
tr Radiant Pulse Rise TimeT 600
1EM = 40 mA, ty, > 5 us

t Radiant Pulse Fall TimeT Fu w 350 ns

tRadiant pulserise time is the time for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time for a change in radiant power output from 90% to 10% of its peak value for a step change in current,

NOTE 1: Derate linearly to 80°C free-air temperature at the rate of 0.73 mA/°C.

Copyright © 1983 by Texas Instruments | ncorporated
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TYPE TIL40
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODE

1.2

TYPICAL CHARACTERISTICS
RELATIVE SPECTRAL CHARACTERISTICS

=
o

Response of Human Eye

T T
Output of Tungsten
Source at 2870 K

0.8

—

0.6

04

/|

/

Relative Spectral Response or Output

o
N
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Output of / \ Response of

Silicon

Phototransistors

N

—-—
o 03 0.4 05 0.6 0.7 08 0.9 1.0 1.1 1.2
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m FIGURE 1
RELATIVE POWER OUTPUT
RELATIVE POWER OUTPUT
— vs . vs
j FREE-AIR TEMPERATURE FORWARD CURRENT
4
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=
X Py — o e doma 2
- "
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s | 3
o T o
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[ é
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FIGURE 2 FIGURE 3
RELATIVE PHOTON INTENSITY »
vs COUPLING CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS
ANGULAR DISPLACEMENT OF TIL40 WITH TIL411 100 .
12 10 See Note 2 / / j
' 7 90 f— —
o TA=75°C ~f /
1 80
4 < /
> € 70
Z « § /
§ o8 e 2 _s?ligCE: £ w0 1
£ 2 & TIL 5 Ta=25°C /
5 oo H § IF=20mA S 50 // // 7
g o b 5 ETa=25° ?
£ £ N S o pAE S g a0
s 8 § " [-SENSOR: 5 / /
® 04 3 04l TiLan | 30
& L © " vee=sv o /
= 26° N
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§~Angular Displacement Distance Between Lenses — mm Vg—Forward YoltaQE—V
FIGURE 4 FIGURE 5 FIGURE 6

NOTE 2: This parameter must be measured using pulse techniques: t,, = 0.04 ms, duty cycle < 10%.

fNormalized

to Output at I = 20 mA, Tp = 25°C.
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TYPE TIL902
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2699, MARCH 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

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

® Low-Cost Plastic Package

mechanical data

This device has a tinted plastic body similar in size to lamp style T-1 and may be panel mounted using mounting clip

TILM1.
1,27 (0.050) MIN
l——14,5 (0.570) MIN.
5.34(0210) o 0.610(0.028) 5 s p g CATHODE
4,82 (0.190) o 1,27 (0.050) 0,457 (0.018) IDENTIFICATION
_] (See Note c) -Zil:EADS
CATHODE
3C — x y
| 3C ] (/)]
] . ANODE 1,40 (0.055) oc
l‘_4,07 (0.160) 1~ 1,14 (0.045) w
3,81 (0.150) (See Note b) 4,07 (0.160)
S DIA
3,175 (0.125) 3,55 (0.140) t
2,997 (0.118) —
(See Notea) NOTES: a. This diameter is measured 0,127 mm (0.005 inch) from the shoulder. E
b. Lead spacing is reasured where the leads emerge from the package.
c. Within this zone package contour is not controlled. Lu
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL-9 m
—
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Reverse Voltage . ... ... ... i e 3V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) .. ............. 40 mA
Peak Forward Current (See NOte 2) . .. .. ... ... e e e e e e 2A
Operating Free-Air Temperature Range . ............ .. .. .. ... —40°C to 80°C
Storage Temperature Range . . ... ... .. it e —40°C to 100°C
Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds .. ........ ... . ... ... 240°C
operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
P Radiant P Output TiIL902-1 1.5 W
it m
C  FRadiant Fower Cutpu TIL902-2 2.5
- - IF = 20 mA
P Radiant Power Output into an Aperture TIL902-1 0.4 mwW
A (see Note 3) TIL902-2 0.7
OH) Emission Beam Angle Between Half-Intensity Points 30°
Ap  Wavelength at Peak Emission IF = 20 mA 880 nm
VE  Static Forward Voltage 1.26 1.75 \
IR Reverse Current Vg =3V 100 A
t Radiant Pulse Rise Time¥ | 20 MA to = 5 600 ns
% Radiant Pulse Fall Time¥ FM = SOmA tw = 5 #s 350

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

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

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

apex of the cone coincides with the package shoulder.

Copyright © 1983 by Texas Instruments Incorporated
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SH3ILLINT HI u

Relative Power Output

TYPE TIL902
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS

PEAK FORWARD CURRENT

Vs
PULSE WIDTH
10
TA=25

4
<
1
g 1
3 =, ==t /
T 04N
g FHN = ks
K 1= 40 kHz RN
v o0a
H £ =10 kHz
g
| 004 e
H H:H il
g
Toml L Il

T 10 s 100 s Tms

tw — Pulse Width

FIGURE 1

RELATIVE POWER OUTPUT

FORWARD CURRENT

Vs

TYPICAL CHARACTERISTICS

RADIANT POWER OUTPUT RELATIVE RADIANT INTENSITY
vs Vs
FORWARD CURRENT ANGULAR DISPLACEMENT

16 T 1
| | | Ta=25C
7 o s 14
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712 £
H H
s T 2 w E g6
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L~ 15°c & £
2 2 4 Ta— g 02
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Ig ~ Forward Current — mA I — Forward Current — mA 0 — Angular Displacement
FIGURE 2 FIGURE 3 FIGURE 4

COUPLING CHARACTERISTICS

Output Current — mA

FORWARD CONDUCTION
OF TIL902WITH TIL78 CHARACTERISTICS
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TYPES TIL903, TIL304
GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODES

D2718, FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED RADIATION WHEN FORWARD BIASED
® Output Spectrally Compatible with Silicon Sensors
® Mechanically Compatible with TIL81 and TIL99

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

mechanical data

Each device is in a hermetically sealed welded case similar to JEDEC TO-18 with window. The TIL903 has a convex
lens while that of the TIL904 is essentially flat.

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

THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE

5,34 (0.210) 3LEADSs 2483100190 NOTE:
4,32 (0.170) 0,406 (0.016) . . X
076 e 254 (0.100) DIA a. The window is Corning 7052 glass or
(0.030) W j— 3-ANODE equivalent.
MAX LEAD 2 MAY . . i
BE OMITTED 4 Window dimensions are:
T THE .. o
a /(‘;Dng; Minimum diameter ... 3,5 (0.140)
4.96 (0.196)
7520178 — orm Maximum extension from top of case
Dia
e 122 0048) TILYO3 ... ..., 1,02 (0.040)

0.71(0.028) TIL9O4 . ... ...... 0,25 (0.010)

~
5,84 (0.230) L._.l 12,7 (0600) 2-NC
MIN

531 10.209) O'A
N -wiNDOW
(ee Note )

1,17 (0.046)

NC- NO INTERNAL CONNECTION

0,91 (0.036)

IR EMITTERS H

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CcL18
absolute maximum ratings
Reverse Voltage at 25°C Case TeMPErature . . .. oottt e e e e e 3V
Continuous Forward Current at 25°C Case Temperature (See Note 1) ... ....... ... .......... 200 mA

Operating Case Temperature Range . ... ...... ...ttt —-65°C to 125°C
Storage Temperature Range ... ........ ... ... ... ... -65°C to 150°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds . ............................ 260°C
operating characteristics at 25°C case temperature
TIL: TIL904
PARAMETER TEST COND!TIONS 903 90 UNIT
MiIN TYP MAX MIN TYP MAX
TIL903-1 6
TIL903-2 9
P Radi P Ig = 100 mA '\
fo) adiant Power Output F TiL90a1 5 m
TIL904-2 10
A\p Wavelength at Peak Emission 880 880 nm
OH1  Half-Intensity Beam Angle Ip = 100 mA 10° 80°
Vg Static Forward Voltage 1.5 2.1 1.5 2.1 \
IR Reverse Current VR =3V 100 100 A
; ise TimeT
tr Radfant Pulse Rise ~|A'|me IFM = 100 mA, ty = 5 s 600 600 ns
tf Radiant Pulse Fall Time® 350 350

1 Radiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in current; radiant
pulse fall time is the time required for a change in radiant power output from 90% to 10% of its peak value for a step change in current.
NOTE 1: Derate linearly to 125°C case temperature at the rate of 2.0 mA/°C.
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TYPES TIL903, TIL904
GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODES

ABSOLUTE MAXIMUM RATINGS

PEAK FORWARD CURRENT

Vs
PULSE WIDTH
10 —
T = 25°CH—
T
< 1
| |
§ 1 o
5
o  —
T 04
: O §=1kHz
,5_ 041z 20kH: il
% =10 kHz
4
> 0.08 —
=
001
s 10 s 100 s 1ms

tw — Pulse Width

FIGURE 1

TYPICAL CHARACTERISTICS

SY3ALLING dI H

TIL903 TiIL904
RELATIVE POWER OUTPUT RELATIVE RADIANT INTENSITY RELATIVE RADIANT INTENSITY
vs vs vs
FORWARD CURRENT ANGULAR DISPLACEMENT ANGULAR DISPLACEMENT
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18
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gu ;: 08 \ % 08 / \
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el S| S oa s 04
206 g : z
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0.2 i
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{F-Forward Current—mA 0 — Angular Displacement — Degrees 0 — Angular Displacement — Degraes
FIGURE 2 FIGURE 3 FIGURE 4
COUPLING CHARACTERISTICS FORWARD CONDUCTION
OF TIL81 WITH TIL903 AND TIL904 CHARACTERISTICS
» SOURCE: 100 Ta=75%C
18 TILO03/TIL904
16 ~ IE =100 mA < 80
T Ta=25°C H / /_40°C
é 2 ile0s TIL903 E b 2°c 1Y
g0 i a 3 ]l/
S 8 i T o
a2 |- SENSOR:
g j"m.m ™~ $ 2 / /
Vee=6V w
271, =25°C =
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FIGURE 5 FIGURE 6
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TYPE TIL905
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2682, FEBRUARY 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED

® Output Spectrally Compatible with Silicon Sensors
{e.g., TIL100, TiL413, TIL414)

® High Power Output with a 50° Beam Angle

® Low-Cost Plastic Package

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

clip

TILM4 (formerly TILM2).
8,89 (0.350) IDENTIFICATION
8,38 (0.330) le———19,0 (0.750) MIN ——
1,27 (0.050) 1,27 (0.050) MIN—=  |=—
(See Note c) ~™|
CATHODE
5,08 (0.200)
4,82 (0.190) ANODE
(See Note a) 1 +
2 SQUARE LEADS 2259 (0.022) (0'022)]—
7,75 (0.305) 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
559 (0.220)

2,67 (0.105)

2,41 (0.095)

(See Note b)

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

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

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

Re

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

—40°C to 80°C

—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5 Seconds .. .............couiuinirenonn.. 240°C
operating characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
- 1.5
Po  Radiant Power Output TIL90S-1 mw
Ik = 20 mA TIL905-2| 2.5
p, Radiant Power Output into an Aperture F TIL905-1 0.6 W
A (see Note 3) TIL905-2 1.0
\p Wavelength at Peak Emission 880 nm
Oy  Emission Beam Angle Between Half-Intensity Point IF = 20 mA 50°
Vg Static Forward Voltage 1.25 1.76 \4
IR Reverse Current VR =3V 100 pA
1 Radiant Pulse Rise TimeT | 20 mA. 1 5 600 ns
- = >
t  Radiant Pulse Fall TimeT FM A tw = 5 ps 350

IR EMITTERS H

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

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

NOTES: 1.

2. This value applies for ty, < 10 us, f < 1 kHz. See Figure 1.

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

apex of the cone coincides with the package shoulder.

Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
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TYPE TIL905
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

SH3ILLINT dI u

326

ABSOLUTE MAXIMUM RATINGS
PEAK FORWARD CURRENT

Vs
PULSE WIDTH
10 -
Ta=25°CHf
<« * i
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g =
T 04 NG
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s = 40 kH:
: 01 =40 kHz 1
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H i
| 004 i o
= i
3
0.01 Hﬁ
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tw — Pulse Width

FIGURE 1

RELATIVE POWER OUTPUT

TYPICAL CHARACTERISTICS

RADIANT POWER OUTPUT

RELATIVE RADIANT INTENSITY

Vs v§ Vs
FORWARD CURRENT FORWARD CURRENT ANGULAR DISPLACEMENT
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TYPE TIL906
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

D2683, MARCH 1983

DESIGNED TO EMIT NEAR-INFRARED
RADIATION WHEN FORWARD BIASED
® Output Spectrally Compatible with Silicon Sensors
(e.g., TIL100, TIL413, TIL414)

® High Power Output with a 20° Beam Angle
® Low-Cost Plastic Package
mechanical data

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

clip TILM4 (formerly TILM2).

CATHODE

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

8,89 (0.350) IDENTIFICATION
8,38 (0.330) le——19,0 (0.750) MIN ——{ 2,67 0.105)
1,27 (0.050) 2,67 (0.105)
& g‘m c))__ 1,27 (0.050) MIN-=  |e— 2,41(0.095)
CATHODE (See Note b)
5.08 (0.200) . S 3
4,82 (0.190) ANODE 4
(See Note a) ¥ '
2souane Leaps 05900022 |
7,75 (0.305) 0,457 (0.018)
7,49 (0.295)
6,10 (0.240)
5,59 (0.220)

IR EMITTERS H

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES cL10

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Reverse Voltage . ... ... it e e e 3V
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) . ............. 100 mA
Peak Forward Current (See NOte 2) . . ... ... i e e e 2A

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

—40°C to 80°C
—40°C to 100°C

Lead Temperature 1,6 mm (1/16 inch) from Case for 5Seconds ............................. 240°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
- 1.5
Po  Radiant Power Output TIL906-1 mwW
e - 20 mA TIL906-2 2.5
p Radiant Power Output into an Aperture F TIL906-1 0.8 mW
A (see Note 3) TIL906-2 1.3
0H1  Emission Beam Angle Between Half-Intensity Points 20°
)\p Wavelength at Peak Emission Ig = 20 mA 880 nm
VE  Static Forward Voltage 1.25 1.75 \
IR Reverse Current VR =3V 100 pA
t,  Radiant Pulse Rise TimeT \ 20 mA. 1 5 600 ns
= >
t  Radiant Pulse Fall TimeT i MA tw = S ks 350

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

NOTES: 1. Derate linearly to 80°C free-air temperature at the rate of 1.82 mA/°C.
2. This value applies for ty, < 10 us, f < 1 kHz. See Figure 1.

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

apex of the cone coincides with the package shoulder.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TIL906
P-N GALLIUM ALUMINUM ARSENIDE INFRARED-EMITTING DIODE

ABSOLUTE MAXIMUM RATINGS
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MEASURING THE OUTPUT OF

INFRARED-EMITTING AND LIGHT-EMITTING DIODES

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

Ronald D. Grotti and Larry D. Major
Optoelectronics Department

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

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

SELECTION OF DETECTOR

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

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

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

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

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

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

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

THE PHOTOVOLTAIC CELL

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

electrons generated/s

Nsc = =
incident photons/s
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INFRARED-EMITTING AND LIGHT-EMITTING DIODES

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

90 nsc AS A FUNCTION
—_ OF WAVELENGTH
B
5. 801~
o
]
§ 70 —
w
I
s 60 -
5
5
< 50—
=]
o
40 | | | |
5 6 7 8 9 10

WAVELENGTH (um)

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

CELL CALIBRATION

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

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

IL energy

Mse ™ photon

optical power

where Iy is the short-circuit current from the photovoltaic cell under

test and optical power is the measurement made by the thermopile.

The three quantum efficiencies are then plotted, and a curve

is generated that allows the cell to be used to measure accurately
any impinging light of known spectral characteristics.

MEASUREMENT PROCEDURE

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

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

(units are um and eV)

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

SPECTRAL

¢ BANDWIDTH ~300 um

RELATIVE INTENSITY —»

pal

£ Ap ~ 0.9 um
WAVELENGTH—p

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

electrons
1L =(———) (1.602 x 10—19)
s

and
photons

1L =ng¢ (1.602 X 10—19)

therefore,
IL

nsc (1.602 X 10—19)

PHOTOVOLTAIC
E
CELL AMMETER

MICROVOLTMETER

photons/s =

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

Knowing Iy, we can now calculate the emitter quantum
efficiency nem and optical power Pq:

IL
Nem = where Ip is IRED current
nsc [D
IL\ [/ energy
Po = —

nsc / \photon

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

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

CURRENT-

LIMITING

RESISTOR IRED
OR

REGULATED
CONSTANT-
CURRENT
SUPPLY

Figure 4. Calibrating the Test Setup
O-RING SEAL
PHOTOVOLTAIC CELL
+ : 2X2C™M -
T[T T
\ 1] N i
O‘ 1 7777772y =

IR EMITTERS H

/ _L—-u-l'\— IRED OR LED
GOLD OR SILVER REFLECTOR

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

TESTING PRECAUTIONS

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

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

SAMPLE CALCULATION OF DIODE POWER
OUTPUT AND QUANTUM EFFICIENCY

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

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

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

Then:

Nem = emitter quantum efficiency
<1L> ( 1) /' 25mA ( 1 )
AvAYY A elect | \300 mA
{1sc D 07

photon
=0.119 photons/electron

Nem = 11.9%
I\ /energy
Optical Power =P = —
nsc/ \photon.
1.24 1.24
Where energy = —— = —— =1.341eV
Ap 0.925
25 mA eV
Po =f —— | (1.341
elect photon
photon
Po

Power efficiency = ——————
Input Power

_ 479X 10-3W 479X 10-3W
Ip VE 48X 102 W

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

® Quick Reference Guide
® High-Efficiency/High-Power .
® Hermetically Sealed Packages

® Open Construction on Some Devices

® Article on TIES27 GaAs Noncoherent
IR Source

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

SPECIAL FUNCTION INFRARED-EMITTING DIODES
QUICK REFERENCE GUIDE

POWER OUTPUT o VE Ap
DEVICE MN @ If T;"', MAX @  If TYP FEATURES
mW mA \' mA pm
TIESO6 0.6 500 115° 2.3 500 0.91 0.19-mm (0.0075-in) dia emitting area
TIES13 20 300 130° 2 300 0.93 0.91-mm (0.036-in) diameter
TIES13A 30 300 - 130° 2 300 0.93 hemispherically shaped chip
TIES14 60 1000 130° 2 1000 0.93 1.83-mm (0.072-in) diameter
TIES15 30 1000 130° 2 1000 0.93 hemispherically shaped chip
TIES16A 100 2000 150° 2 2000 0.93
TIES27 15 300 135° 2.2 300 0.93 Stud header with epoxy lens
0.46-mm (0.018-in) diameter
TIES35 0.9 50 1356° 2 50 0.91 hermispherically shaped chip,
15-ns typical rise time
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TYPE TIESO06
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D343, FEBRUARY 1967 —REVISED APRIL 1983

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

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

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

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

940 0,370
5590380 "

PLIn a0 wats s1s030 838020,
rios —-—T—-‘ l»,;u O e o I’m w0 'l

597 (0.235)
5710225)
A

11,18 (0.440) wiNoow
04T (0470) 0138.32NC2A e Zom
ANSI STD THREAD 4,95 (0.195) ! '

FORMERLY 632 NC2A sats
(APPROX 3.5 mm MAX DIA|

SEATING PLANE ——f CATHODE

25410100 o

267 0.105) ¢, 1 318 (0.125)
7,03 (0.080)

241 (0,096) 241 (0.096) 0330 (0.013)
T 5203 0.008)

NOTES: a. Torque between stud and can or lug must be avoided. Flats are provided on the stud for
tightening to heat sink.
b. The orientation of the lug in relation to the stud fiats is not controlled.
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES CL-17

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) .. . .. .. ... ...ovnn... 500 mA
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2)
Storage Temperature Range . . . .. . . .. ... ittt e e e e e
Solder Lug Temperature for 10 Seconds (See Note 3)

operating characteristics at 25° C stud temperature

SPECIAL FUNCTION IR EMITTERS

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT

Po Radiant Power Qutput 0.6 0.12 mwW
Ap Wavelength at Peak Emission 930 nm
AN Spectral Bandwidth I =500 mA 25 nm
OH| Half-Intensity Beam Angle 120°

Vg Static Forward Voltage 1.7 2.3 \%
tr Radiant Pulse Rise Time IEpm = 100 mA, 15

ty > 100 ns ne

tf Radiant Pulse Fall Time w 15

NOTES: 1. Derate linearly to 125°C stud temperature at the rate of 5 mA/C.
2. This value applies for t,, < 100 us, duty cycle < 50%. Derate linearly to 125°C stud temperature at the rate of 7 mA/C.
3. Soldered connections should not be made directly to the stud because of the low-thermal-resistance path between the stud

and emitting element.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TIES06

GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS

- RELATIVE SPECTRAL CHARACTERISTICS

RELATIVE PHOTON INTENSITY
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A : 1.0
It = 500 mA K
Te = 25°C \
208 L0
0.6 0.6 3
5 : :
o 0.4 . 0-4 &
> 2
3 \ 3 J \
£ 0.2 2 0.2 }
0 / 0
900 920 940 960 980 1000 80° 40° 0 40° 80°
A—Wavelength—nm 8 — Angular Displacement
FIGURE 1 FIGURE 2
RELATIVE PHOTON INTENSITY <
. | CHANGE IN WAVELENGTH OF PEAK INTENSITY
O vs
R. R
(7)) v CASE TEMPERATURE q CASE TEMPERATURE
-u &] 2.5 — w300 T T
m "o . Ig = Constant RY] lg = Constant
W s /]
o N 2 200
== 5 3 4
® 1. — o
lE _: \ ’”— > 100 /
>
2 N £ f
| e 1.0 BN s o0
Cc § 0.9 &
Z :. 0.8 O 100 A
> 0.7 £
(2] % 0.6 AN H /
- s N s -200 L
— £ 0.5 ;5 A
c
o 2 04 h | -300
2 £ 7550 -25 0 25 50 75100 125 150 a 75 -50 =25 0 25 50 75 100 125
— Tc — Case Temperature — °C 3 Tc — Case Temperature — °C
s FIGURE 3 FIGURE 4
m
g RELATIVE PHOTON INTENSITY
— v
j FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS
(R e 1.0
m Tc = 25°C
a 208 T 0.8
8 / H
£0.6 L 0.
5 / 3
3 ®
f.O.A g 0.4 /
3 $ y
5 / ]
3
0,2 ~ 0.2 /
0 0
0 200 400 600 800 0 0.5 1.0 1.5 2.0 2.5
lg — Forward Current — mA V& — Forward Voltage — V
FIGURE 5 FIGURE 6
483
44 TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TIES13, TIES13A
GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D2403, MARCH 1969—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

High Output Efficiency
Hemispherically Shaped Chips with Diameter of 36

Spectrally Matched to Silicon Sensors . .

mechanical data

Mils

. Peak Emission at 930 nm

Stud-Mounted Package for Convenient Mounting and Heat Sinking

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

of the low-thermal-resistance path between the stud and emitting element.

476 (0.1875)
351(0.1775)

8,00 (0.315) 9,14 (0.360)
72400289 T 7.87(0310

N

597 (0.235) ANODE

5710225

11,18 (0.440)
1041 (0.470)

0.13832 NC-2A

ANS! STD THREAD
FORMERLY 6-32 NC-2A

(APPROX 3.5 mm MAX DIA)

4,95 (0.195)
3,44 {0.775)

CATHODE

SEATING PLANE ~——tnf

3,18 (0.125)
241 (0.095)

2,54 (0.100)

2,670.105)
2,03 0.080)

2,4710.095)

0,330 (0.013)
0,203 (0:508)

NOTES:

a.

tightening to heat sink.

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

9,40 (0,370)
88910350 °'°

8,38 (0.330)

(a,n (0.320)

Torque between stud and can or lug must be avoided. Flats are provided on the stud for

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

WINDOW

6,86 (0.270) o
5.61(0.260)

cL17

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature

Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1)

Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2)
Storage Temperature Range
Solder Lug Temperature for 10 Seconds

operating characteristics at 25°C stud temperature

500 mA

240°C

PARAMETER TEST CONDITIONS TYPE MIN TYP MAX | UNIT
TIES13 20 25 -

P iant P W
o0 Radiant Power Output TIES13A 30 35 m
xp Wavelength at Peak Emission All 930 nm
AN Spectral Bandwidth I = 300 mA All 45 nm

041 Half-Intensity Beam Angle Al 130°

VE  Static Forward Voltage All 1.4 2 \

tr Radiant Pulse Rise Time IFm = 100 mA, All 600 ns

tf Radiant Pulse Fall Time tw = 5us All 450 ns
NOTES: 1. Derate linearly to 100°C stud temperature at the rate of 4 mA/°C.

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

GALLIUM ARSENIDE INFRARED-EMITTING DIODES

D2403, MARCH 1969—REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

mechanical data

High Output . . . 60 mW Min at 25°C for the TIES14
Hemispherically Shaped Chips with Diameter of 72 Mils
Spectrally Matched to Silicon Sensors . . . Peak Emission at 930 nm

Stud-Mounted Package for Convenient Mounting and Heat Sinking

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

476 (0.1875) 8,00 (0.315) 9,14 (0.360)
451(0.1775) ‘]‘ > 724(0.285) T 787 (0.310 ’1

]

597 (0.235) ANODE

5,71(0.225)
D|

p—

1118 (0.440) B
0,41 (0.410) 0.138-32 NC-2A
ANSI STD THREAD 4,95 (0.195)
FORMERLY 632 NC-2A 2.44(0.175)

(APPROX 3.5 mm MAX DIA)

SEATING PLANE ——{

2,67 (0.105) DIA 3,18 (0.125)
241 (0.095) 2,41(0.095) 0,330 (0.013)

0,203 (0.008)

2,54 (0.100)
2,03 (0,080

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

9,40 (0,370}
77777 1
&89 0.350 "
8,38 (0.330)
813 (0.320 '

CATHODE

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

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

WINDOW

686 (0.270) 1
6.61(0.260)

CL-17
absolute maximum ratings
Reverse Voltage at 25°C Stud Temperature . . ... ... ...ttt ettt 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) . .................. 1A
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) .. ..................... 1.6 A
Storage Temperature Range .. ... ....... ... .. ... —-55°C to 100°C
Solder Lug Temperature for 10 SECONAS . . .. . ... ittt e e 240°C
operating characteristics at 25°C stud temperature
PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT
. TIES14 60 75
P, Radiant P W
(o) adiant Power Output TIESTS 30 50 m
)\p Wavelength at Peak Emission Al 930 nm
AN Spectral Bandwidth e =1A All 45 nm
0y  Half-Intensity Beam Angle F= All 130°
Vg  Static Forward Voltage All 1.4 2 \
tr Radiant Pulse Rise Time IfFmM = 100 mA, All 600 ns
tf Radiant Pulse Fall Time tw = 5pus All 450 ns

NOTES: 1. Derate linearly to 100°C stud temperature at the rate of 13.3 mA/°C.

2. This value applies for ty, =100 ps, duty cycle =50%. Derate linearly to 100°C stud temperature at the rate of 21.3 mA/°C.

483
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TYPE TIES16A
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1947, NOVEMBER 1972—REVISED FEBRUARY 1983

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

High Output Power . . . 100 mW Min at 25°C
Hemispherically Shaped 72-Mil-Diameter Chip

Stud Mounting for Convenient Heat Sinking

Open Construction to Allow Flexibility in Optical Design

mechanical data

This diode is mounted on a copper stud header to provide efficient heat sinking. The anode is in electrical contact
with the copper stud. The cathode lead is a varnished 0.01-inch copper wire secured to the stud by a metalized ceramic
insulator. Soldered connections should not be made directly to the stud because of the low-thermal-resistance path
to the emitting element.

2,67 (0.105)
953 (0.375) 2.41(0.095)
5,27 (0.365) 1,245 (0.049)

1143 (0.045)

[ — 0.138-32 NC-2A
1,654 (0.073) ANSI STD THREAD
12,83 (0.505) @ 1,803 (0.071) ;g; nunékzliv
12,57 {0.495) DIA (APPROX 3.5 mm MAX DIA)
0 f GaAs DOME % ANODE
3,099 (0.122)
2,997 (0.118) 343 (0.135)
25,4 (1.000) > —
CERAMIC R ) 2,92 (0.115)
INSULATOR N
0,305 (0.012)

0,203 (0.008)
CATHODE LEAD

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature . . . .. ... ... ..ottt et aeae e 2V
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1) . .................. 2A
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2) . .................cc..... 3A
Storage Temperature Range ... ......... ...ttt e -55°C to 100°C
Lead Temperature 6.4 mm (1/4 Inch) from Ceramic Insulator for 5 Seconds . .................... 230°C

operating characteristics at 25°C stud temperature

PARAMETER TEST CONDITION MIN TYP TYP | UNIT
Po  Radiant Power Output 100 150 mwW
Ap  Wavelength at Peak Emission 930 nm
AN Spectral Bandwidth IF=2A 450 A
6y Half-Intensity Beam Angle 150°
Vg Static Forward Voltage 1.6 2 \Z
1, Radiant Pul ise Ti 600
r adiant Pulse Rise Time IEM = 100 mA, ty > 5 us ns
tf Radiant Pulse Fall Time 450

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

283

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

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TIES27

GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D901, SEPTEMBER 1971 —-REVISED APRIL 1983

DESIGNED TO EMIT NEAR-INFRARED RADIANT ENERGY WHEN FORWARD BIASED

e High Output Power . .. 1

5 mW Min at 25°C

e Spectrally Matched to Silicon Sensors . . .Peak Emission at 930 nm

e Stud Mounting for Convenient Heat Sinking

e Recommended for Precision Optical Alignment, Industrial
Controls, and Optical Communications

mechanical data

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

(0.315)
315) (
(0285 8,38 (0.330) TYP
| 4,77 (0.1875) 6,23 (0.245)
"1 4,51 (0.1775) 5,050.199)
T
5,97 (0.235) _ anope A TTTT _ 7,671 (0.302)
6,71 (0.225) 11T - 7,569 (0.298)
118 04400 139 37 NC .20

10.81 041001 51D THREAD

FORMERLY 6:32 NC-2A
(APPROX 3.5 mm MAX DIA)|

SEATING PLANE -wf

3,18 (0.125)_|

21 (0.095)

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

\_ 267 (0.108)
2,41(0.095)

NOTES: a. The orientation of the lug in relation to the stud flats is not controlled.
b. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening

to heat sink.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

CLEAR PLASTIC LENS

l‘o,z:«u 0.013)
"1™ 6:20310.008)

9,40 (0.370)
889 (0.350)

CATHODE

absolute maximum ratings

Reverse Voltage at 25°C Stud Temperature
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1)
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2)
Storage Temperature Range
Solder Lug Temperature for 10 Seconds

operating characteristics at 25°C stud temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Po Radiant Power Output 15 20 mw
}\p Wavelength at Peak Emission 930 nm
AN Spectral Bandwidth Ig =300 mA 45 nm
6| Half-Intensity Beam Angle 130°
VE Static Forward Voltage 1.7 2.2 \
ty Radiant Pulse Rise Time IFMm = 100 mA, 600

N ) tw = 5 s ns
tf Radiant Pulse Fall Time 450

NOTES: 1. Derate linearly to 70°C stud temperature at the rate of 6.7 mA/°C.

2. This value applies for t,,, < 100 us, duty cycle <50%. Derate linearly to 70°C stud temperature at the rate of 11.1 mA/°C

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TIES27
GALLIUM ARSENIDE INFRARED-EMITTING DIODE

TYPICAL CHARACTERISTICS

RELATIVE POWER OUTPUT

vs
STUD TEMPERATURE

SH3LLIAT HI NOLLONNS 1VIO3dS E

RELATIVE SPECTRAL CHARACTERISTICS a
2 — T See Note 3 |
Teug 25°C ‘ e I
IF - 300 mA | . \ |
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2 5
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NOTE 3: These curves have been normalized to the output at Ig = 300 mA, Tgyg = 25°C.
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

TIES27 GaAs NONCOHERENT INFRARED SOURCE

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

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

THEORY OF OPERATION

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

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

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

Ny

Sin§ = — )
C N2

where N; = index of refraction of air = 1
N2 = index of refraction of GaAs=3.6

0 = critical angle = 16.1°.

Any radiant energy generated that strikes the surface of

A
CHIP

SURFACE
—P

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

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

1 —Cosf, 1 - Cos24.6°
= =231 (2)

a= = - =
IACOSGI 1 —Cos 16.1

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

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

the chip at an angle greater than the critical angle will not 1
escape but will be reflected internally. This is shown in ng = k2 3)
Figure 1. Ig
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4-14

TIES27 GaAs NONCOHERENT INFRARED SOURCE

DEVICE PERFORMANCE

Forward Voltage

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

nKT IF1
AVp=-— loge — 4)
q IF2

where V= forward voltage

lF = forward current

KT
— ~26mV
q

n = constant

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

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

Optical Power

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

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

P = I¢E
where I(p = optical output current = n.lp (5)
1.24
B=
p

Ap = peak wavelength in micrometers

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

Spectral Distribution

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

16
15—
14
13

12 —

=25°C
I

1.0 —
0.9 —
08 [—
0.7 —
06—
05 —
04—
0.3 —

RELATIVE OPTICAL POWER T¢

0.2 —
0.1 —

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

FORWARD DRIVE CURRENT, I (mA)

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

1.4

=25°C

RELATIVE PHOTON INTENSITY T¢

04 —
02 —
0 I U DR B S
0 10 20 30 40 50 60 70

CASE TEMPERATURE, T¢ (°C)

FIGURE 3. Relative Photon Intensity
versus Case Temperature

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

CHANGE IN WAVELENGTH OF PEAK INTENSITY, Ap (A)

ol L L 11
0 5 15 25 35 45 55 65 70
CASE TEMPERATURE, T¢, °c)

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

Radiance

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

P = I¢E (5)
where l¢ = optical output current = nylp
1.2
Y
P
Ap = peak wavelength in micrometers.
Po/Q
Le=—— (6)
A
where P = total optical power

Q = solid angle of emission in steradians
A = Area of active region in cm?.

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

A=(0.018 X 2.54)% cm? =2.09 X 1073 cm? 6

-3
15X 107° W)/(2n st
Lt )/(2 ) ®
209X 1073 cm2

=114 W - s {jem?

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

Radiant Intensity

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

! -2 ®
€ 2r’

where Ie = radiant intensity (W/sr)

P = total optical power (W)

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

Thermal Resistance

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

Pulse Mode Operation

The TIES27 is capable of being pulsed at relatively
high peak currents. The limiting factor, as it is in most
pulsed mode applications, is the interfaces and not the P-N
junction—the power density gets so large in the bonding
wire or the contact pad that catastrophic failures occur. For
example, a 1-mil gold wire that is 0.5 inches long has a
power density of approximately 4200 W/cm3 with 300 mA
flowing through it. However, by increasing the current to
1 amp, the power density increases to approximately
47,000 W/cm3.
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TIES27 GaAs NONCOHERENT

INFRARED SOURCE

300° bX 60°
60° S 300°
> 7
310° 50°
50° 310°
320° Frsaan 40°
40° HHE 320°
HHHE
330° 340° 350° 0° 10° 20° 30°
30° 20° 10° 350° 340° 330°

FIGURE 5. A Typical Intensity Pattern for the TIES 27
There are tradeoffs that must be considered when
operating in the pulse mode such as duty cycle, repetition
rate, and peak current. The peak current can be approxi-
mated with reasonable accuracy by using

Ipm = (g max)/D = If max (1) (10)
t

where I\ = maximum peak current

I max = maximum-rated continuous forward
rcurrent

D = duty cycle
T = period of frequency

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

IEM = 4A
80—

70{—
IEm=2A

60 (—

50 p—

PEAK POWER (mw)

40— L, ImEA

30 —

20—

5 Y O S B B

10 20 30 40 50 60 70 80
DUTY CYCLE, D, (%)

FIGURE 6. Typical Peak Power of TIES 27 at 10 kHz
with Various Peak Current Levels at
Various Duty Cycles

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

Optical Design Considerations

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

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

—
Y
—_— ——
~——— -

f1S FOCAL LENGTH
FIGURE 7. Typical Optical Collection Configuration
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TIES27 GaAs NONCOHERENT INFRARED SOURCE

QC
PiPol g ) ™= (an

2m (1 - Cos @
) (<__>> n
0 2m

where Pt = optical power transmitted in the

beam of the collection optics.
P,= the total radiated optical power.

Q= the solid angle of collection in

steradians.

Q, = the solid angle of emission in

steradians.
7, = the transmission efficiency of the lens.

0 = the half angle of the collection cone.

Table 1

f- 0 Pt
number ) 1-Cos# (mW)

1.0 26.6 0.1 1.5

1.4 19.6 0.06 0.8

2.0 14.0 0.03 0.45

2.8 10.2 0.02 0.3

4.0 7.0 0.01 0.15

TYPICAL APPLICATION DATA

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

MECHANICAL DATA

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

INPUT VOLTAGE, V;p(MAX)

2N2905

|lH

FIGURE 8. An Economical Circuit for
Modulating a TIES27

1090
mow

PP
N
I

| 1 | — | |

1 107 102 103 104 105 106

FREQUENCY, (HERTZ)

107

FIGURE 9. Maximum Frequency for Circuit in Figure 8

RELATIVE OUTPUT

0.6 | —
0.4 |—

02—

0 | | l | J—

1 10" 102 103 104 105 108

FREQUENCY, (HERTZ)

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

= 12
2
g
Q
2 10~
c
w
& 08l
[
-
< os|-
e
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(=4
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zZ o2t
5 |
= % | l
0 1.0 20 30 35

INPUT POWER WITH NO SIGNAL, (WATTS)

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

0.235 (5,97) ANODE 0.302 (7,671)
0225 B +{ 11 il 0.298(7.560)

~0.315 (8,00)
X ¥ P
0.285 (7,28) 350 (8381 T 0.370 (9,40)
0350 (8,89)
0.1875 (4,77) 0.245 (6,23)
01775 (&51) 0.199 (5,05)

0.440 (11,18)  ¢433.32 Nic-2
02011041 pns) STD THREAD
FORMERLY 6-32 NC-2A

CLEAR PLASTIC LENS

SEATING PLANE -

0100 258) /. 0.105 (2,67) 0125 (3,18)
27 pia
0,080 (2,03) 0,095 (2.41) 0.013 (0,330)
0095 (2.a1) 500 6.75] CATHODE

NOTES: a. The orientation of the lug in relation to the stud flats is not controlled.
b. Torque between stud and lug must be avoided. Flats are provided on the stud for tightening
to heat sink.
c. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.

FIGURE 12. Mechanical Specifications for TIES27
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TYPE TIES35

GALLIUM ARSENIDE INFRARED-EMITTING DIODE

D1948, NOVEMBER 1974 —REVISED APRIL 1983

DESIGNED TO EMIT NEAR INFRARED RADIANT ENERGY WHEN FORWARD BIASED

mechanical data

High Speed, High Efficiency
Hemispherically Shaped 18-Mil-Diameter Chip
Stud Mounting for Convenient Heat Sinking

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

4,77 (0.1875)
451(0.1775)

6,97 (0.236)
5,71(0.225)
DIA

254 0.100) o
2,03 (0.080)

s
(e

8,00 (0.315)
7.240.285)
5,97 (0.235)

5,46 (0.215)

\

2\

ANODE ﬂ ”" I

9,40 (0.370)
8,89 (0.350)
2.75 (0.305)
7.49 (0.295)

DIA

DIA;

/%

11,18 (0.440)
st o410l 0.138-32 NC-2A
ANSI STD THREAD
FORMERLY 6-32 NC-2A
(APPROX 3.5 mm MAX DIA)

3,18 (0.125)

2,67 (0.105]
DiA 2,47 (0.095

2,41 (0.095)

to heat sink.

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

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

SEATING PLANE ——{

0,330 (0.013)
0,203 (0.008)

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

0,46 (0.018) DIA
DOME EMITTER

CATHODE

absolute maximum ratings

Reverse Voltage at 256°C Stud Temperature
Continuous Forward Current at (or below) 25°C Stud Temperature (See Note 1)
Peak Forward Current at (or below) 25°C Stud Temperature (See Note 2)
Storage Temperature Range
Solder Lug Temperature for 10 Seconds

operating characteristics at 25°C stud temperature

240°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po Radiant Power Output 900 1200 uW
Ap Wavelength at Peak Emission 910 nm
AN Spectral Bandwidth I =50 mA 30 nm
641  Half-Intensity Beam Angle 135°
Vg  Static Forward Voltage 1.5 2 \%
t, Radiant Pulse Rise Time IFm = 50 mA, 15
t  Radiant Pulse Fall Time tw > 100 ns 15 ns
TRadiant pulse rise time is the time required for a change in radiant power output from 10% to 90% of its peak value for a step change in
rrent.
r\cl;T:S:t 1. Derate linearly to 50 mA at 100°C stud temperature at the rate of 2.0 mA/°C.

2. This value applies for tw <100 us, duty cycle <50%. Derate linearly to 100°C stud temperature at the rate of 3.0 mA/°C.

TEXAS INSTRUMENTS

INCORPORATED

Copyright © 1983 by Texas Instruments Incorporated

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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Photodetectors (Sensors)

® Quick Reference Guide

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

® Hermetically Sealed Packages
Pill
TO-18

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

See Section 6 for Avalanche Photodiodes.

PHOTODETECTORS ﬁ
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QUICK REFERENCE GUIDE
PHOTODETECTORS

PHOTODETECTORS
QUICK REFERENCE GUIDE
LIGHT DARK
POWER
DEVICE TYPE CURRENT CURRENT DISS FEATURES
MIN MAX @ V | MAX @ \ '
1N5722  Phototransistor 0.5 mA 3mA 5| 256nA 30 | 50 mW
N57 Phototransist 2mA  BmA 5| 25nA o w )
1N5723 oto rans!s or m m 5n 3 50 m ElA-Registered versions of TIL601-TIL604
1N5724  Phototransistor 4 mA 8mA 5| 25nA 30 | 50 mW
1N5725 Phototransistor 7 mA 5| 25nA 30 | 50 mW
LS600 Phototransistor 0.8 mA 5| 25nA 30 | 50 mW | Pill package (See TIL601 Series)
. Low-cost epoxy package compatible with
IL h t 1 mA 5| 25nA 0 | 50 mW
TIL78 Phototransistor m n. 3 0 m TIL32, TIL9O2
TO-18 ki ith field of view.
As Phototransistor 5 mA 5 | 100 nA 10 | 250 mW p.)ac ag-e With narrow Tield of view
TIL81 T As Photodiod 170 4A T 0-50 10 nA 10 | 250 mw Compatible with TIL31B, TIL33B, TIL34B,
s Photodiode - m
pATYP TIL902, TIL9O4
As Photot isti 1 mA 5 [ 100nA 10 | 250 mW
TIL99 ototransistor m " ™™ | Similar to TIL81 except flat lens
As Photodiode 40 pA Typ 0-50 | 10 nA 10 | 250 mW
Designed for infrared remote-control systems
TIL100  Photodiode 10 pA 10 | 50 nA 10 | 1560 mW | Compatible with TIL38, TIL39, TIL905, and
TIL906
TIL411 Phototransistor 100 pA 5 |1 100 nA 5 50 mW | Compatible with TIL40; Reverse pinout of
TIL415
TiL412 Photodarlington 500 pA 1 1100 nA 5 50 mW | Compatible with TiL40; Reverse pinout of
TIL416
TIL413  Photodiode 10 pA 10 | 50 nA 10 [ 150 mW [ Compatible with TIL38, TIL39, TIL905,
TIL414 Phototransistor 100 pA 5 [ 50 nA 10 | 50 mW | and TIL906
TIL415 Phototransistor 100 pA 5 | 100 nA 5 50 mW | Compatible with TIL40
TIL416 Photodarlington 500 pA 1 1100 nA 5 50 mW | Compatible with TIL40
TIL6O1 Phototransistor 0.5 mA 3 mA 5 25 nA 30 | 50 mW X . X
) Pill package designed for mounting on double-|
TiL602 Phototransistor 2mA 5mA 5 | 256nA 30 | 50 mW ided printed board. C tible with
TIL603  Phototransistor 4mA 8mA 5 |25nA 30 | somw |S'9eC printedboard. Lompatible wi
. TIL23 series
TIL604T  Phototransistor 7 mA 5 | 26 nA 30 [ 50 mW

1t-ligh~reliability versions (TIL81 HR2 and TIL604 HR2) are also available.
For additional photodetectors, see Special Electro-optical Components section of this book.

TEXAS INSTRUMENTS

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

D974, MARCH 1972—REVISED NOVEMBER 1974

JEDEC-REGISTERED VERSIONS OF TIL601 THRU TIL604

Readers, Velocity Indicators, and Encoders

*mechanical data

Recommended for Application in Character Recognition, Tape and Card

Unique Package Design Allows for Assembly into Printed Circuit Boards

PHOTODETECTORS ﬁ

COLLECTOR
0,483 (0.019)
0228 10.009) / 02542 0,026
TCERAMIC /—LENS 4 * 0, RAD
{0.010 £ 0.001)
A N (1
[}
1,550 (0.061) ) 2,337 (0.092)
ﬁ%a'm.@ 2,133 (0.084)
1,702 (0.067) EMITTER .
1,600 (00631 T " 0,254 (0.010) -——l I-—- 0610 (0024}
A o il hihatd 0,406 (0.016)
2,235 (0.088) 0,127 (0.005)
2,083 (0.082)
3,175 (0.125)
2,591 (0.102) FOUR TIMES
ACTUAL SIZE
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
*absolute maximum ratings at 25°C case temperature (unless otherwise noted)
Collector-Emitter Voltage 50 V
Emitter-Collector Voltage e e e e e e e e . 7V
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) ... 50 mW
Operating Case Temperature Range —65°C to 125°C
Storage Temperature Range —65°C to 150°C
Soldering Temperature (3 minutes) 240°C
*electrical characteristics at 25°C case temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS TYPE [MIN TYP MAX|UNIT
V(BR)CEO Collector-Emitter Breakdown Voltage Ic=100 A, E¢=0 ALL 50 \
V(BR)ECO Emitter-Collector Breakdown Voltage Ig =100 uA, Eg=0 ALL 7 Vv
VCE=30V, Eg=0 ALL 25 | nA
=30V, Eg=0,
Ip Dark Current VceE 0o . Ee ALL 1 uA
Te=100°C
1N5722| 0.5 3
) VCE=5V, Eg=20mW/cm2[1N5723] 2 51 A
I Light Current See Note 2 1N5724| 4 8
1N5725 7
. ) Ic=0.4mA, E¢=20mW/cm2,
VCE(sat)  Collector-Emitter Saturation Voltage See Note 2 ALL 0.15 Vv
NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/°C.
2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered

tungsten linear-filament lamp operating at a color temperature

of 2870 K.

*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication.

283
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TYPES 1IN5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

*switching characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN_TYP MAX|UNIT
ty Rise Time Vec =30V, 1 =800uA, 1.5 25 s
T Fall Time RL=1kS, See Figure 1 15 25 |V

*PARAMETER MEASUREMENT INFORMATION

See Note a

Y
ﬁ QUTPUT
" —o

See Note b

VW\—

Veg =30V R =1k2 S
<

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

e e FIGURE 1

E NOTES: a. Inputirradiance is supplied by a pulsed xenon bulb source. Incident irradiation is adjusted for I; =800 uA.

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

*JEDEC registt\ared data

TYPICAL CHARACTERISTICS

COUPLING CHARACTERISTICS RELATIVE OUTPUT
v v
OF 1N5723 WITH TIL23 OR TIL24 CASE TEMPERATURE OF SOURCE AND SENSOR

$H01931300LOHd

NORMALIZED LIGHT CURRENT
vs
ANGULAR DISPLACEMENT

. 16 1.25
‘23 — SOURCE: SENSOR:
o 1 TiL24 or 1N5723 14
TiL2a TIL23 Vee=2V 100
20— IF=50mA  Tc=26"C 12 Il /
=t TN || Tc=25°c 1
g 0 LTe2d ] i 510 -E-
7 == | g ~ ] 8’ 0.75
g )
g 208 S / 3
S 2 = / 3 l <
ot 0,50
g © 06—~ sounce: " SENSOR: 1 i g
= HEH Eﬁ TIL23 or TIL24 1N5722-1N5725 H 8
07 HH 04—+ 1F=50mA  —— vgg=5V p 3
04 025
02 02
0.1 0 oo
001 002 004 00701 02 04 07 1 ~75 50 -26 O 25 §0 75 100 125 50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50°
Distance Betwoen Lenses—in T¢—Case Temperature of Source and Sensor—C ©-Angular Displacement
FIGURE 2 FIGURE 3 FIGURE 4
INCORPORATED

POST OFFICE BOX 225012 ® DALLAS; TEXAS 75265
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TYPES 1N5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

N
>

O = s o= s NN
® o » @ @ O N

Ic—Collector Current-mA

o o o
S E s

°

024

°
3

o
B3

°
8

Vg (sar)~ Collector-Emitter Saturation Voltage—V'
° °
? S

°

10 000

1000

1p—Derk Current—nA

0.1

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

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT

COLLECTOR-EMITTER VOLTAGE

I
T = 26°C
[ See Note 2 P,
vl
VAW A
/
Ee = 40 mW/cm?
€, = 60 mW/cm? /
/
/
e
/ Ee = 20 mW/em?
0 005 01 015 02 02 03

Vg ~Collector-Emitter Voltage—V

FIGURE 5

COLLECTOR-EMITTER SATURATION VOLTAGE

vs

IRRADIANCE
1= 0.5mA
S
Te=2°C
See Note 2
20 30 40 50 60 70 80

Ee-Irradiance—mW/cm?
FIGURE 7
DARK CURRENT

vs
CASE TEMPERATURE

-

50 25 o 25 50 7% 100 125
T—Case Temperature—"C

FIGURE 9

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

£}

I~Collector Current-mA
IS

N

1g—Collector Current-mA
o = = N N w e s
@ o @ © w o w o

o

1N5723

COLLECTOR CURRENT
vs
COLLECTOR-EMITTER VOLTAGE

A} T
\
e \ = 25"
40 mW/em? 2, Tc=25C
3, See Note 2
Vi
\Z
2,
\z
%)
NS
€ = 30 mW/em? “’f&
0,
| >
B
~ Loy
Ee = 20 mW/em? S ~d
)
y E¢ = 10mW/em?
1
o a 8 12 16 20

V cg—Collector-Emitter Voltage—V.

FIGURE 6

1N5723
COLLECTOR CURRENT
vs
IRRADIANCE

Te=25°C

See Note 2

" Veg =03V,

Veg =01V

0 5 10 15 20

Relstive Output
o o o

Ee—Irradiance~mW/cm?

FIGURE 8

RELATIVE OUTPUT

v
MODULATION FREQUENCY

vcscsﬂvr
Te=25"CH

11
—

TTTTT,

L= 10ka
-

A

1 2 a4 10 20 40 100 400 1000

fmod~Modulation Frequency~kHz

FIGURE 10
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TYPES 1N5722 THRU 1N5725
N-P-N PLANAR SILICON PHOTOTRANSISTORS

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

1.2 T T
Output of Tungsten
Response of Human Eye Source at 2870 K
5 1.0
g ——
3
3 /\ /
5 08
3
c
]
2
« 0.6
E \
£ /
2 04 ( / Output of / \ \ Response of
‘g ) GaAs 1N5722 thru 1N5725
s Sources
€ 02 P \
0 / —] / \ N
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

\ — Wavelength — um

FIGURE 11

S4019313A010Hd u

TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ARRAYS

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

Texas Instruments custom-array techniques offer many advantages:

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

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

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

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

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

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

5-6

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

283



TYPE TIL78
N-P-N SILICON PHOTOTRANSISTOR

D1856, SEPTEMBER 1971—-REVISED DECEMBER 1982

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

mechanical data

This device has a clear molded epoxy body.

Spe