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SECTION I

INT RODUCT ION

The primary objective of this Manufacturing Method and Tech-

nolog~ Engineering Program is threefold. First, the Injec tion

Laser Diode for use in Fiber Optic Communica tions as outlined

in Specification SCS-516 must be transferred from a develop-

mental dev ice type to a volume manufactured commercial product

without adversely aff ecting the performance characte ristics of

the device. Secondly, the manuf actur ing methods and techniques

necessary for the volume produc tion of the laser diode must

be developed and implemented to insure the highest degree of

device quality and r e l i ab i l i t y  at a reasonable cost. Th irdly ,

4 verification of device performance and qual ity for in jection

lasers produced in a volume manufac turing environment must be

carried out by means of rigorous testing and evaluation to

demonstrate the technical adequacy of the manufacturing methods

developed under this contract.

The major program objectives for the second quarter of the

program included finalization of the semiconductor laser chip

conf i guration with regard to the active region thickness and

str ipe width , completion of the p ill package design , and

construction of the burn—in racks for lifetesting . In addition ,

the f i r s t  lot of engineer i ng samples was f ab r i ca ted during

the second quarter.

I
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~1SECTION II

MANUFACTURING METHODS AND TECHNOLOGY ENGINEERING .

2 .1  Mater ia l s  Technoloqy.

2 . 1. 1 Li quid Phase Ep i t a x i a l  Syn thes i s  of Device S t ruc tu re s .

P r imary  e f f o r t  expended d u r i n g  the second quarter of

the program involved f i n a l i z a t i o n  of the ep i t ax ia l

struc ture and optimization of the contact stripe width.

Samples were grown during this per iod to determine the

proper mel t composi tions and growth times required to

yield structures compatible with the performance charac-

teristics dictated by specification SCS-516. Of the

ep i taxial  wafe r s  synthesized dur ing this period , DH-A-l02

exhi bited the most sati s fac tory perf orma nce wi th regard

to output power, stri pe width , peak wavelength and beam

.4 divergence . Triple stripe geometry injection laser

diode chips fabricated from this particular wa fer we re

eventual ly  employed in the uni ts del ivered as f irst

engineering samples. The performance charac teristics

of these un i t s  are discussed in de tail under paragraph

2.4. Table 1 shows the melt compositions for wafer

DH—A-102 as listed on the run sheet. Note that , in

addi t ion to mel t composi tions , growth conditions are

listed as well as the layer thicknesses obtained from

the photomicrograph of the cleaved and stained cross

section of the wafer (Figure 1). GaAs ingot and slice

numbers are recorded to m aintain complete traceability

throughout the en tire LPE process.  Vac uum read ings less

than 200 pm indicate system integrity and the absence

of leaks. A hydrogen flow rate of 150 cc/mm for ~i

~~~~~~~~~~~~~~~~~~~ -
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TABLE 1.

Epitaxial Wafer Melt Compositions

Run #~ DH—A—l02 Crystal # 7780 Job # 2043

Date 10—12—76 Slice # 24 Type Tri—StriRe

Bin ~ GaAs Ga Dopants Growth Temp . Layer
Time Thickness

____ 

gm. gm. mg. M m .  C pm

1 2°C 853
1 5 l T e  +5 

_ _ _ _ _  
1.6

2
1 5 1 Te; 3 .5 Al 

__________  
7 — 850 l.l __

3
1 5 1 Te ; 7. 0 Al 

— _____ 
7 849 1.1

4
1 5 10 Si; 1.0 A]. 

- 
30 sec. 848 0.4

4 5
1 5 100 Ge; 7 . 0  Al 15 848 1.9

6 
1 5 500 Ge 15 845 2. 9

1 5 — 5 842 0 . 5

8
- - — Wipe 841 -

_   
=

d~:uurfl 110 pm F J o w  Ra te :  lloccjmin F lush  Time:  2 hr

- 
Surface

at Rem: 0 . 8  ppm 02 at Run : Q.8 pp~~ 
Condition:; Good - -

i .~nt s :

3
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flush period of 2 hours is no rmally required to reduc e

the backg round 02 level below 1.0 ppm . These conditions

have been found to be absolutely essential for obtaininq

defect free crystal growth having the mirror like sur-

face morphology required for high resolution photo-

li thograp hy.

Several impor tant modifications to the ep itaxia l

str ucture were carried out as a res u lt of studies

performed during the first quarter of the program .

In orde r to obtain reasona bly low thr eshold current

densities (< 2.OKA/cm2), the active region thickness

has been reduced to -0.4 pm . Contact resistance ,

and hence thermal impedance , has  been reduced slight ly

by eliminating the Aluminum previously used in the

4 cap layer (melt #6) to limit lateral current spreading .

Also , a la ttice matching layer (mel t #2 ) ,  has been

incorporated to reduce stress caused by the excessive

mismatch between the n-type barrier (melt #3) and

the straigh t GaAs buffer layer (mel t #1) .  Recent

relia bility s tudies with double hetero junction room

temperature CW lasers have demonstrated an improvement

in lifetime using this techni que . Normall y, in lo nger

wavelength  devices , the lattice matching layer would

not be requi red ; but , because the band gap step mus t

be increased significantly in shorter waveleng th

lasers to maintain carrier and optical confinement ,

the discontinuity at the buffer—barrier interface

can be reduced by using this intermediate layer. This

technique is normally referred to as ‘step— grading ’

5
I.
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2.1.2 W a f e r  Processing.

Photo l i thography and chem ical etchi ng tech n iq ues for

s t r ipe geometry defi nition have improved considerably

dur ing the second quarter. Refinemen ts in the tech niques

incl ude improv ed opt ics for mask ali gnment , improved

dust contro l in the photoresist faci l i ty, and accu ra te

cal ibration of t k m ~ t - h  rat-es for 3:1 :1 H2P03: H20:H2O2

in GaAs. For 14 pm wide rails , the etch rate is 0.09 ~m/

sec at 25°C in the blocking layer (~.l0 16 n-type GaAs).

The etch rate has been observed to depend strongly on

the stripe width for ex posed GaAs rails less tha n 10 1.im

wide. The etch rate increases linearly to approximatE- ly

0.25 pm/sec for 5 urn wide rails. This effect is res-

pons ible in part for  the increased deg ree of d if f icu lty

encountered in channel definition for very narrow etched

.4 channel stripes.

The optimum stripe width required to obtain 25 pm optical

source size as defined in SCS-5l6 (Appendix C) has been

determined empirically to be between 14 pm and 16 pm.

Stripe geometry consisting of 15 pm wide channels etched

throuqh the blocking layer of wafer DH-A-l02 are shown

in t he photographs of Figure 2. Views from both the top

surface and cleaved cross section of the wafer are indicated .

After metallizing the wafer and cleaving into slivers ,

reflective SiO—Cr-Au optical coatings were applied to the

rear facet of each sliver. The slivers were then cut

in to disc reet triple elemen t mod u les for use in th e

construction of the laser diodes delivered as first

engineering samples.

6
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Figure 2.  Etched Contact Channel
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Imp lementa tion of the A1
203 anti-reflective coatings is

anticipated for the nex t report period . The c-Gun

evaporation system required for the deposition of the

op tical coa ting is manufactured by Thermionics Laboratory,

Inc . and consists of a multiple crucible water cooled

source (Model 100-0051) in conjunction with a 3000 watt

source control unit (Model 150—0030) . The crucible

assembly will be installed in a Consolidated Vacuum

Corp . CV-18 vacuum system specially modified to accept

the e-Gun apparatus .

2.2 Packaging Technology.

2.2.1 Package Design.

Finalization of the package design has been success-

fully accomplished during this report period . Mecha-

4 nical and electrical comparison of both the Cu-ceramic

and Cu-Mylar pill packages indicate relatively littl e

difference in performance between the two types. En-

vironmental test results for both types as reported

under paragraph 2.4 Because of the inherent simplicity

of the Cu-Mylar configuration shown in the blow up

diagram in Figure 3 , this package design has been

chosen for use in fabrication of the second set of

engineering samples. One important advantage to

using this type of co nstruction is the ease wi th whi ch

the window mating face can be lapped flat. Unlike the

Cu-ceramic package , which cons is ts  of two very d is s i m i l a r

mater ia ls, the Cu-My lar pack age consists of mat erials

all having approximately the same hardness. Hence ,

surface flatness consistent with a 0.001” epoxy inter—

8
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face between the package and the optical window can

easily be obtained . To reduce the overall capacitance

of the package to below 8 pF , a 0.005” thick epoxy

clad mylar preform is employed to attach the posi tive

and negative terminals of the package . Package

induc tance has been calculate d to be less than 0 .8 nH

for this configuration . Piece part drawings for the

Cu-Mylar package are shown in Figures 4, 5, and 6.

• 2.2.2 Package Assembly.

Package assembly is simplified considerably using the

desi gn described in the previous section . The design

results in an inexpensive , low inductance package

which requires no hi gh temperature brazing or alloying

step in its fabrication. The package can be manufactured

in large quantities with relatively simple machine

tools. The simplicity of the fabrication process is

illustrated in the package assembly f low char t  in

~~~~~~~ Figure 7. Disc shaped copper and brass (positive and

negative electrodes) blanks are first turned from

round stock on a lathe . The complementary discs are

degreased and attached using a ring shaped epoxy clad

stamped preform available commercially. A number of
4

these hollow pills are then simultaneously truncated

using a milling machine and a simple holding fixture .

The truncated surfaces are then lapped flat , deburred ,

and the parts cleaned prior to standard Ni-Au plating .

The packages are then electrically tested to eliminate

any failures due to shorts through the mylar film or

V

10
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Fogure 7. Flow Chart for Cu-Mylar Pill
P ackage  F a b r i ca t i o n .

Degrease B l an k s

Epoxy Bond
Electrode Blanks

Tru ncate
Blank Assembly

Lap & Deburr
Window Mating Face

Degrease &
Ultrasonic Clean

Ni-Au Plate

E l e c t r i c a l
Rejec t Test for Shorts 

Pass

14

~~~~~~ - ( - - - -,-- - -- ~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~ 
.—.

—--  _ _ _ _ _



- .

p1 ati n q F I itb;us h - w* -n t Th ( -  two i - i t - c t  rc de~~

2.3.2 Device  A s s e m b l y .

A f t e r  h a v i  fl ( ) p r escr e t ned m o d u l u s  u s i ng  a low d u t y

cvc Ic  pci let  tes t  to m e a s u re  the  t h r e s h o l d  and output

power of each chip, selected modules are mounted on

the pill packaqu . Indium is used to bond the module

p—side down to the posit ivi- electrode and to attach

the f l y wire interconnect.

A new technique for attaching the optical window to

the pill package was developed during this quarter

of the program and was used in the fabrication of

the first engineering samples. The preform previously

used has been eliminated because of the difficulty

encountered in obtaining a good seal between the

window and the package. Air pockets which formed

between the mylar film and the window were the primary

cause of this problem . Also , the epoxy could not be

fully cured at the recommended 150°C temperature

without risking damage to the Indium bonded laser

modules. The first attempt to attach optical windows

using the temperature cured epoxy preforms resulted

in complete destruc tion of the dev ices due to Indium

migration over the P/N junction of the laser module.

This d ifficult problem was solved by using a new UV

cur ing opt ical epoxy to a ttach th e windows . Th i s

epoxy is not available as a clad preform and must be

app l ied as a l i cj u i d .  Never the le s s , u n i f o r m  bond l i n e

thickness less than 0.001’ has been ob ta ined  r e g u l a r l y

15
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with this techni que .

Norland Optical Adhesive 1)1 is a clear , colorless ,

li quid photapolyrm- r that cures wh e n  exposed to ultra-

violet liqht. Since  it is an all solid mat erials

system , it offer~i many advantages in bonding of optical H

elements where the bonding surface can be activated

with light. The use of NOA 61 eliminates premixin -~ ,

drying, or heat curing operations common to other

optical adhesive systems .

The epoxy was designed to give the best possible bond

to glass surfaces. More specifically it was designed

to meet conditions of extreme temperature cycling and

humi di ty for doublets and achromatic lenses such as

those put forth by M u .  Spec . A-3920-B. It can be

used in any app lication of glass to glass to metal

where an extremely strong bond is needed .

Preliminary environmental tests with this non-hermetic

packaging scheme have been extremely encouraging .

Packages fabricated using these method s have success-

fully passed gross and fine leak tests corresponding

to leak rates of less than 10—8 cc/Sec. (MIL-STD—750 ,

Method 1071 , Condition H).

2.3 Test Equi pment.

Numerous changes have been made in the design of the

life test equipment. These changes have resulted in I
a simpler and more elegant circuit which is also more

reliable and potentially versatile.

Difficulties were encountered with instability and

V
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oscillation when several positions of burn—in were

operated in t . andem . These problems were attributed

to beard land ar ea si  Zt- and layout , (
~S~)(Ci~I l J  y t h at

relatc (i to the use of t~ a o u t p ut  FET ’ s in parallel.

Also , it was suspected t h a t  cr)ss coupling of pul to-S

from ohe board to another in t r e d j c - i  c - f f i c t r  such as

spu r ious  t r i g g e r i n g , p rob ab l y  due- in :~ ,~~r t  to the

random interaction of the mult i 1 - t e oscillator running

at slightly different fre !ueneies. thor r~atters

such as power dissipation and tL- n .- 1 ~er circuit

protection of individual boal is :~d ied ‘ the motivation

fo r redesign.

Design changes have been made in each stage of the

burn-in rack pulser circuit resulting in the new

des ign shown in Figure 8. The output stage was

changed from two FET ’s in pulse coupled mode to a

single FET in capacitive discharge mode. Further ,

it was found that the power d iss ipa tion could  be

significantly reduced by chang ing f rom s imple RC

charging of the output capac itor to an inductive

storage technique. These changes el im inated the

single—board oscillation problems . The driver stage

also was changed to an inductive stor age ar rangement

~ 

- similar to the output stage . In addition to reducing

the driver power by a rather dramatic 80% , the new

circuit offere d the bonus of suff ic ient ex tra drive

amplitude to allow the addition of a drive level

control. The only change in the pulse conditioning

circuit was the addi t ion of a pullup res istor on the

17

— ,‘ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ i .~~~~.-_ . .-— -.—---- - 

—-— -— -.-.



~~

- -  -.

~~~~~~~~~~~~

-.- -- -

~~~~~
-- —

~~~~~~~

- - . -,
F i gu r e  8.  Ci r - t i  i t  S ch e m a t i c  f o r  10MHz IL!)

L i f e  1 - s t  D r i ver  (sing le posit ion)

~~~~‘I, I I

_ 4

I 
= 

_____

—H

~~~~~~

U-

~~~

-

a

>
c(

2~~L)

18



- .

TTL qato - output to improve i t s  d r i v e  c a p a b i l i t y .

Tb: drive pul ses for the board are new d -r i’ i--! rom

a buf i ci ed common clock for the n t  i r - b u t  n — i t  r a ek

r a th e r  t h a n  from ind ivi d oil o n — b e  ird os cill at or :; ,

n-e:Ll y in the interest of simplicit y and , i 1  t ly t-~

reduc - potential board interact ions - T1~ c ml- ,ri clock

has its own independent pow -i su~ n ly and comprises an

improved Schottk y TTL 10 MHz crystal ~~~1 ;t rol l

oscillator , buffered to drive the individu al h e r d s

threuph lengths of coaxial cable .  In addition to the

changes , each position is individu ally f ur e d  and has

a special circuit to detect and display the presence

of a blow n fuse .

Operation of the circuit is as t u i l  .~~~ . ~~ suppl y

voltages , 10 volts @ 360 mA and 0 vr )lt e .t 
~00 IRA ,

- - furnish all power r e q u i r e d  b y en posit ion . The

input signal is a Schottky TTL comnu~ ible 10 ~-l Uz

squarewave . This input signal is condition -d to

a 10 NS pulse by 1C2 , whose output drives Q2 throuq h

R5 and C3 . R4 is a qate pullup resistor. Current

flows in Q2’ s collector circuit for 90 NS out of the

100 NS cycle , allowing current in Li to reach a peak

valve of 500 mA. When the 10 NS pulse occurs , Q2

switches off. The current cannot change instantly

in Li , so it switches into C7 and Rl4 to generate a

pos iti ve pulse  of about 20 volts  across R1 4 .  Whe n Q2

turns on again after 10 NS , the pulse is terminated .

C7 is sufficiently large to couple this transient

wi thout any DC level cha nge over the cycle.  R13

19
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ac t s  to l im i t the current in Q2 and Ru damps Out

unwa nted osc i l la tion in Li by r educ ing  its “Q” . The

position of Rl4 determines the level of drive to the

gate of Q3 which in turn determines the peak amplitude

of its current pulse. Between drive pulses , Q3 is

not conducting and current flows through L2, D3 , and

L3 to charge C8 to about 60 volts. When Q3 is pulsed

on , C8 discharges through the laser under test. The

amplitude of this pulse depends on the final voltage

on C8 before discharge , the value of C8. and the level

of drive selected by R14. L3 serves to time delay

the reverse recovery current long enough to prevent it

from adding a tail to the laser current pulse. LED 1

will light to indicate if either Fl or F2 is open .

When Fl and F2 are good, Dl is reverse biased by the

4 10 volt supply and D2 is reverse biased by the voltage

derived from the voltage divider R9 and RlO connected

to the 60 volt supply. Sing le Dl and D2 are reverse

biased , no current flows in Ri or R7 and Qi is held

of f by R3 and the LED is not lighted . If fuse Fl

opens , Dl will now conduct with a current path through

Ri and R2 , causing base current to flow in Ql , caus ing

current to flow in R6 and LED 1. If fuse F2 opens , D2

will conduct through R7 and Rio , also turning on Qi

and LED 1. Either fuse , then, will cause the LED to

light if it is open. IC1 is a monolithic 6 vol t

regulator which supolies power to 1C2. Capacitors Cl ,

C2 , C4 , C5 , and C6 all bypass the power supp lies to

1;
20
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Figure 10. Photographs of ILD Driver
(s ingle lif e test position).
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P a r t s  L i s t  fo r  10MHz I L  D r iv e r
( S i n g le B u r n — I n  P o s i t i o n )

I t e m  Descri p t ion

Ql Fairchild 2N3906 Transistor

Q2 Communications Transistor Corp . D3-28 Trans.

Q3 Siliconix VMP-l Mospower Fet

ICl Fairchild 7806 6V Regulator

1C2 Fairchild 9S00 TTL Quad . Nand

Dl , 2 lN 4 0 0 4  Silicon Diode

D3 Fairchild FD600 Silicon Diode

LED 1 Vis ible  Red Led

Cl . 2 ,3 ,4 O.li.iF GMV 50V Epoxy Monolithic Cap

C5 0.lpF GMV lOOV Epoxy Monolithic Cap

C6 0.0561.iF 
~ 

10% 80V Film Cap

C7 0.Ol7lJ F L 10% 80V Film Cap
C8 0.001 tiF ± 10% lOOV Orange Drop Cap

Li 8 Turns on 1/2” Mandrel  18 gA Copper

L2 8 Turns on 1/2” Mandrel  18 gA Copper

L3 2 Turns on l/2” Mandrel 18 gA Copper

Fl ,2 AGC 3/4” 0.75A 250V Fuse

Ri 10K 1/2W 10% Carbon Resistor

R2 2.2K 1/2W 10% Carbon Resistor

R3 10K 1/2W 10% Carbon Resis tor

R4 22011 1/2w 10% Carbon Resistor
3

R5 lO0c~ 1/2w 10% Carbon Resistor

R6 470b 1/2W 10% Carbon Resistor

R7 10K 1/2W 10% Carbon Resistor

24
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TABLE 2. (Continued )

I tem Descr ip t ion

RB 1K 1/4w 10% Carbon Resistor -

R9 8.2K 1/2W 10% Carbon Resistor

RiO 2.2K 1/2W 10% Carbon Resistor

Ru lOb 1/2W 10% Carbon Resistor

Ri2 47fi 2W 10% Carbon Resistor

Ri3 lOp 1/2W 10% Carbon Resistor

Rl4 500p 1/4W 20% Carbon Trimmer Potentiometer

t ~
‘4;

V
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Parts List for Common Clock Board .

I tem Descr i p t i o n

C 9 68 PF ÷ 10% S i lve red  Mica Cap

cio 180 PF + 10% S i lvered Mica Cap

C11 500 ~iF + 2O -~. E l e c t r o l y t i c  Cap

C12 3.3 pF ± 20% Electrolytic Cap

C13 0.1 ~iF GMV Epoxy Monolithic Cap

R15 220Q 1/2W 10% Carbon Resistor

XTAL 10 MHZ C r y s t al

l2 . 6 V  AC 2A Trans fo rme r

IC
3 Fairchild 9S00 Schottky TTL Quad . Mand

IC4,5 Fairchild 9S04 Schottky TTL Hex Inverter

IC6 Fairchild 7806 6V Regulator

D4,5,61 7 1N4004 Silicon Diode

‘4 26
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ground.

A new c i r c u i t  boar d l ayout  incorpora ting a l l  of the

changes and a d d i t i o n s  has been designed and is in

produc tion. The fix ture wh ich hold s , connec ts , and

heatsinks the laser under tes t has been redesigned

for improved ease of laser inspection and removal.

The new design is also self-aligning to the laser

package. Figure 9 shows a photograph of the tr iple

stri pe LED mounted in the new spring loaded hea t sink .

The actual board layout for a single burn-in position

is shown in Figure 10. An overall view of the power

measurement tes t set is shown in Figure 11. Parts

lists for the modified version of the 10MHz driver

and the common clock board are given in Tab les 2 and 3

respectively.

The F4 000 vacuum photo diode has proven to be somewhat

marginal in its ability to resolve power levels much

less than 100 mW peak . For th is reason , an effor t to

determine a suitable hi gh speed detector which can be

cross calibrated at higher power levels with the F4000

is currently underway.

2.4 Device Performance.

The first set of 10 engineering samples fabricated

during this report period was charac terized wi th respec t

to the more important parameters outlined in specifi-

cation SCS-516 (Appendix C). Threshold current , out-

put power , peak wavelength , beam divergence , near

field uniformity, and env ironmental tests wer e carried
V
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out in order to obtain a preliminary evaluation of

overall device p e r f o r m a n c e . Not all tests required

b r  confirmatory sample acceptance were performed

since , at the end of this report period , much of the

s p e c i a l i z e d  test  equi pment , i n c l u d i n g  b u r n - i n  racks ,

is still in the process of being designed and built.

2 .4.1 Output Power and Drive Characteristics.

Table 4 outlines output power measurements performed

on the first set of engineering samples fabricated

from epitaxial wafer DH-A-lO2. The maximum duty

factor which could be obtained using the first generation

IL driver as limited to 2.5% (1.0MHz , 25 nsec at

the drive currents necessary to obtain reasonable

output power levels. This is due in part to the

high threshold currents obtained for this first group

of samples in conjunction with the limited drive capa-

bility of the pulser. As stated in paragraph 2.3 , the

problems associated with the test puiser are currently

being resolved through rather extensive design modifica-

tions. It can be seen from the data that higher tha n

expected threshold current densities for this structure

are responsible for the marg inal performance of these

units N S KA/cm2) . Peak emission wavelength for

these units is within specification however. Further

reduction in the cavity thickness from 0.4 pm to 0.2 tm

will be required to o}~tain threshold currents be l ow l.5A .

This modification should re3ult in output power levels

in excess of 230 mW at 2.5A based on the differential

28
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TABLE 4

TEST DATA

First Engineering Samples

Wafer # DII—A-l02

Uni t # Ith Po @ Im a x .  X peak
_ _ _ _  

A mW A nm

Al 3.4 128 4.0 805

A2 3.5 86 4.0 822

A3 1.8 360 3.0 815

A4 3.2 160 4.0 814

AS 3.2 l28 4.0 818

A6 2.8 208 3.5 815

Bi 2.6 176 3.5 804

B2 3.2 264 4.0 812

B3 1.8 296 3.0 814

B4 2.6 224 4.0 812

Test Condit ions: Rep i t i t i on  Rate — 1.0 MH~Pulse Width - 25 nsec.

29
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e f f i c~~cnc ies  ob ta ined  f rom the data  in Table 4

(rt=230mW/A overdrive).

2 .4.2 Far Field Beam Characteristics.

Typical far field intensity distributions parallel

and perpendicular to the plane of the junction are

shown in F i g u r e s  12 and 13 respectively. These measure-

ments were performed using a motor driven goniometer ,

and X-Y plotter in conjunction with the ITT F4000

vacuum photodiode . A new manually driven goniometer

specifically designed for use with the triple stripe

geometry IL device is planned for completion during

the next report period . Multiple parallel transverse

modes can be distinquished clearly in Figure 12.

2 . 4 . 3  Near Field Uniformity.

Qualitative measurements of the element to element
4

uniformity were performed using a silicon vidicon

tube and camera arrangement shown here in the photo-

graph of Figure 14. In general , most of the units

did not exhibit uniform element to element intensity

in the triple stripe array. Small variations in

of as little as 50 mA between elements was sufficient

to cause severe n o n u n i f o r m i t y  in the near f i eld.  In

at leist one instance , on ly one element of the pa rallel

a r ray  lased . Reducing the cavity width is expected to

e l i m i n a t e  th i s  problem also since the slight  d i f f e r e n c e s

in threshold current among the elements are thought to

be due to d i f f erences in lateral cur rent leakage for

each element. Reducing the cavity thickness to .2 pm

30
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F i g u r e  12. Far Fie ld  I n t e ns i t y  D i s t ri b u t i o n
P a r a l l e l  to J u n c t i o n  P l an e .
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Figu re 13. Far F i e ld  I n t e n s i t y  D i s t r i b u t i o n
Perpendicular to Junction Plane .

0
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ASSOCIATED TESTING LABORATORIES, INC. - 

~~~~

TABLE 5. -

EN V IRON M ENTA L TEST REPORT

TO: _~~~Laset~ piode_Labor a tor ie s , I n c .  DA TE : J a n u a r y  5, 1977

205 Forres t Street P.O. NO . 5286

Metuchen , Jew Jersey 08840 All JOB NO. T-4616

ATTENTION: ~~~ Steve Le~~~~~~~_ ITEMS TESTE D 10 - Special Lasers 
_______

Associated Testing Laboratories, Inc . certifies that the above referenced devices have been
su bje cted to Environmental Tests as set forth in the referenced purchase order.

QUANTITY QUANTITY
TEST SPECIFICATION TEST METHOD ACCEPTED REJECTED

Thermal Shock MIL-STD-202 107, Con . A 10 0 
________

Acceleration MIL-STD-750B 2006, 1,000g 10* 0 
____

Vibration — MIL-STD-750B 2056 10* 
_____

Shock MIL-STD-750B 2016.2 10* 
_____

*Following these tests some par ts were noted to have small cracks in various

corn ers. Parts are to be evaluated by Laser Diodes Laboratories , Inc. 

—~~~~~~~
- -

Approved by:

/
— _. ~ -f . ( ‘ - ___

~- —.-~~-‘—-—--—--——-— --—

Ed win C. Bar low - P r o j e ct  Eng inee r

- 34
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~ i 1~ tend to lessen current spreading considerably.

2 . 4 . -1 Cnv r ()nnlental rrest iflq

1~(~~~h tyf)eS of p i l l  package  c o n s t r u c t i o n  were b u i l t

md t~~sted as part of the first enq ineering sample

s u b m i s s i o n . ‘ A ’  u n i t s  in Table 4 were of the Cu—My lar

\ ‘arit~ty wh ile ‘B ’ units were Cu-ceramic types. Both

t ypes  f a i r e d  ex t remely  well  in thermal  shock , accel-

eration , vibration , and mechan ical shock as shown in

the test report submitted by ATL , the independent

t e s t i n g  facility selected for use in this program . As

stated previously in paragraph 2.3.2 , samples of the

Cu—Mylar pill package has also successfully passed

MIL—STD-750 , Method 1071 for hermiticity. (See Table 5.)

SECTION III

SUMMARY AND CONCLUSIONS

The second quar ter  of the program has witnessed

finalization of the semiconductor laser chip confiqura—

t ion required to yield performance charac ter istics

sat is f y ing the requirements of specification SCS—5l6.

The chip design is a monolithic triple stripe geometry

double h e t e r o j u n c t i o n  s t ruc tu re  hav ing  an ac t ive

region thickness between 0.2 pm and 0 . 3  pm and individual

stripe widths of 14 pm to 16 pm each. The cavity

length is nominally 250 pm with HR rear facet coatings

applied to the ch ip .

Also during this report period , the optimum package

conf iguration has been determined for use in the second

35
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eng i n e e r i n g  samp le submiss ion . The Cu-Myla r  p i l l

packaqe incorporating an optical window attached via

UV cured epoxy has proven to be the design most corn-

patible with specification requirements and manufac—

tureabil ity.

Pr e l i m in a r y  eval uation of the f i r s t  set of eng i nee r ing

samples fabricated and tested during this report period

has demonstrated manufactureability of the triple

stripe geometry ILD in accordance with the requirements

set forth in specification SCS-5l6. Although device

performance was marg inal  in some respects , the appropr ia te

modi f i ca t ions  to the device desi gn required for  con—

formance can be implemented in a s t raigh t f o r w a r d  m a n n e r .

4 D i f f i c u l t i e s  encountered in the design and cons t ruc t ion

of the l i f e  test racks have been c l ea r ly  identified

and appropr ia te  steps to r e c t i f y  these problem areas

- 
- are cu r ren t ly  underway.

Plans fo r  the th i rd  quar te r  of the program inc lude

f ab r i ca t i on  and t es t ing  of the second set of e n g i n e e r i n g

samples.  Completion of a s u f f i c i e n t  number of b u r n — i n

and l i f e  test posi t ions  for  the 2000  hour l i f e  test

of these samples is also scheduled . I n s t a l l a t i o n  of

the e—Gun a p p a r a t u s  and construc tion of spe c i f i c a tion

test apparatus w i l l  also be under taken  dur ing the next

q u a r t e r .

36
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A P P E N D I X  A

Engineering Man-Hour Utilization
fo r  the Second Q u a rt e r  of the  P rog ram.

T. E. Stockton 96 Hrs.

A. Gennaro 109 Hrs.

S. Klu nk 
~iu  Hrs.

R. Albano 170 Hr s .
Manufacturing 627 Hrs.Personnel
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APPEN DIX B

B I O G R A P H I E S  OF KEY PERSONNEL.

I .,
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Robert B. Gill

Rober t Gill received the B. S . degree in phys ic s  f rom

F~iirlei gh Dickinson University in 1963 and the M. S. degree

in physics from Stevens In s t i tute  of Technology in 1967.

Mr . Gill  was employed at RCA Laboratories in 1963 , where

he was primarily engaged in the development of semiconductor

devices , including lead-salt infrared photoconductive and photo-

voltaic detectors and thin-film gallium arsenide solar cells .

His responsibilities included the preparation and characterization

of mater ia ls, device design and evaluation , and process development.

In 1968, Mr. Gill transferred to the Optoelectronic Products

Depar tment of the RCA Solidstate Division where he was assigned to

Semiconductor Engineering. His primary responsibilities were the

4 solution of problems associated with GaAs , (GaA1)As , and GaP sing le

and mul tiple epitaxy and the design of electroluminescent devices

including injection lasers and visible and infrared emitters utiliz-

— 
ing these materials. His work in these areas contributed to the

design and development of the first commercial GaAs and (GaAl)As

single heterojunction and LOC injection laser and laser arrays .

In 1971, Mr. Gill joined the staff of Laser Diode Laboratories ,

I n c . ,  as Operations Manager , Devices , and became the President in

1973. In this position he is in charge of R & D as well as product- —

ion engineering on materials , designs and processes for the injection

lasers and laser arrays .

Under his di rection Laser Diode Laboratories , Inc ., developed

39



and was the first to introduce into commercial sale:

( a )  a con t inuous  wave room temperature GaAlA s laser diode

(b) a radiation resis tant , heterojunction li ght emitt ing

diode

(c) a high power , high duty cycle , t r iple heterojunction,

stacked laser array

(d) a fiber optic coupled version of the preceding device ,

and

- (e) a 820 nm li ght emitting diode which was qualified for

use as an infrared source in the Goggle Program .

Mr. Gill is author or co-author of 19 technical and scient-

ific papers.

4
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Thomas  E. S to ck to n

Thomas Stockton was graduated with hi gh distinction in

Physics  from Rutgers  U n i v e r s i t y  where he received his  Bachelor ’ s

Degree in 1971.

Mr. Stockton was employed at RCA Laboratories in 1972

where he was primarily engaged in Optoelectronic device research ,

design , fabri cation and testing . Primarily responsible for the

development of multi—heterojunction injection lasers , his assign-

ments included crystal growth , li quid phase epitaxy , contact de-

velopment , diffusion technology and all aspects of device process-

ing and assembly. His significant achievements included develop—

ment of a high power LOC laser for optical communications and

fuzing , CW operation of A 1GaAs multiple heterojunction lasers ,

degradation studies leading to improved high damage threshold

semiconductor lasers, and a cold cathode electron emitter .

Mr. Stockton joined the staff at Laser Diode Laboratories ,

Inc., in the fall of 1974 as Operations Manager , Devices.

Among the programs concluded under his leadership, were

the introduction of the first commercial room temperature contin-

uous wave injection laser and the development of several fiber

optic coupled GaAs arrays capable of emitting up to 350 watts

from a .040 inch planar aperture.

He has co—authored one paper and holds a patent for a de—

fect free liquid phase epitaxial process. Mr Stockton is a member
r -

~~ -

of Phi Beta Kappa and the IEEE.
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i Tlbert GennI~~~

”

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Mr. Gennaro received the B. S. degree in physics fr om

Fairleigh Dickinson University in 1958. From 1958 to 1960

he pursued graduate studies in physics at Stevens Institute

of Technology .

From 1960 to 1962 Mr. Gennaro was employed by the Solid

State Division of Bendix Corporation where he was engaged in the

design and development of transistors and diodes . In 1962

he joined the Solid State Division of RCA where he worked as

a product development engineer in the development of designs

~ and processes for the fabrication of transistors and

integrated circuits . In 1972 Mr. Gennaro joined Laser Diode

4 Laboratories as Manufacturing Manager GaAs Crystal Production.

I He later transferred to the device operation at Laser Diode

- 
Laboratories.

He currently is Manager , Product Development within

the device operation . In his current capacity , Mr. Gennaro

is responsible for device design and the development of

processes required for the fabrication of heterojunction

LED ’ s suitable for use as sources in high speed communication

applications .

- 
- In addition, Mr. Gennaro is responsible for the design

and fabrication of all fiber optic coupled light emitting

diodes , laser diodes and laser array package assemblies .

‘
S
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Steven Klunk

Steven Klunk received the A.A. Diploma in Engineering

Technology from Cleveldnd Institute of Electronics in 1969

and has attended the University of Maryland .

From 1961-1967 , Mr. Klunk was with the U.S.A .1. where

he was engaged in photographic systems repair and maintainance .

In 1967, he joined Perkin Elmer Corp where he worked

as a field engineer on HF systems . From 1969 to 1972 Mr. Kiunk

was with the Applications Group of RCA ’s Optoelectronic Products

Activity . At RCA his primary responsibilities included the

design and fabrication of laser modulators , and burn—in and

life test equipment for support of that activity ’s injec tion

laser product development effort.

Mr. Kiunk joined Laser Diode Laboratories, in 1972

as an applications engineer. In this capacity he has been

p responsible for the design and fabrication of special laser

diode modulators , test equipment and laser illuminator

systems . He is currently engaged in the development of

LDL products intended for use in the modulation of room

temperature CW laser diode at rate ranging from 10 to 500

Megahertz.

Mr. Klunk has co-authored two technical papers on

modulators and modulator design for pulsed operation of

laser diodes.

I;.
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Robi n Adai r

Mr . Ada i r  earned h is  B .S .  EE d egree at New Jersey

I n s t i t u t e  of Technology,  g r a du a t i n g  Cum Laude in 1975. His

senior project won awards from both NJIT and the IEEE , and

was published by the IEEE .

He jo ined Laser Diode Labora tories in 197 6 as an

App lications Engineer and is respons ible for design and

fabrication of electronic support and test equipment for

semiconductor diode lasers. He is currently developing

burn-in , test , and modulator circuits for both high duty

cycle lasers and high radiance communications LED ’s.
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TECHNICAL I E Q UI IU. ~:-WT~ ~

INJF ;CTIO~~ L&SER E)IODE FOR USE iN FiBER oi’ric CO~MUNICA TIO ~S

1. SCOPE

1.1 ~~~~~~~ This specification co ers the detail  requir emen~~ for
Gallium A luminum Arsenide (OaiW~s) inject ion laser diodes having a wavelength
of 620 nanometers (r~~). - The injection laser (IL) devices shall incorporate
the physical and electrical characteristics compatible with f iber  opt.ic cables
and systems employing the use of fiber optics. -

1.2 Recommended operating . condit.ions: Ip~ rr 3A

- Ta~~~
2O°C

- - 

. •
- VF 2.OVat Ip =3A

- 

- 
2. APPLICABLE D~~ U?-a UTS

2.1 The foilowing documents, of the issue in effect on the date of in-
vitation for bids or request for proposals , forrn a part of this specification
to the extent specified herein: - .

SPEC!FICATIGNS

MILITARY 
— I

MIL-C.-675 Coatinr of Glass Optical ~lements.J-ÜL—S —19500 Semiconductor-Devices , General Specification for.

STANDARDS - 
- 

-

- - 

-

~ ~~UTAPX - -

MIL-.STD-2O~ Test Nethocis for Electronic and Electrical Component
Parts.

?~~I~ STD—75O Test ?~cthods for Semiconductor Devices.

(Copies of documents required by contractors in connection with specific pro—curement functions ~hou1d be obtained from the procuring activity or as directed
by the c ’n  ~ct isr  o ff ic er .  Path t i t le  and nus~ber or sy~ibo 1 3hould be
stipui~ tr~d ~.‘ i ’~r~ requestin g copies . )

- -

- DAI4BO7 76 C - 0 0 4 C
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2.2 Q~~~~~~ jbile.-it ion~ .— The followin r documents fon~t a part of this
epectfication to the extent epecificd herein. t Jn less  otherwise indicated ,
the issue in effect on date of invitat ion for bids or request for proposal shil l
apply . . -

Laser Parameter-fleasurements t-I andbook , by H. G. Hea rd .

(App licatio n for copies should b~ addressed to John Wiley & ~~~~~ Inc.,
New York , N .Y . )

3. R~~ U IR -~ NT~

3.1 aeral desc~jj~Jon.
_ The IL devices are double hetero.~unction (TP)devices used at., hiph data rates at a wavelenrth of 820 rvn and shal l be com-

patible with fiber optic cables. The operating tem perature ranj~e shall be 20°C
to 30°C.

3.2 Perfo ance ch~racterjstjc~ .— Perforr~ance characteristics shal l be
as specified in Tables 111 , IV and V. I~ is the value of the current to obtn i . n
peak pulse optical out put power equal to 2C0 r~ and shall have a rninimuIn value
of 3A. (sec 4.6.5). 1p shall be determined for each device. This I~ value
shall be thc I~ value used for each device throughout the rex~ainder o1~ thedocument.

3.2.1 Process conditioninr .— All units shall be process conditior~cd.(~ co 4.5.1).

3.2.2 Burn—In. — All units shall be burned—in. (f ee 4.5.2) .

3.3 Dcsij
~n~~~

on st ructj~a, and p~~sIcaJ din~ension s .— The design, con-
struction and phy5ical dinensions shall be as specified in Firures 1, 2, and 3
and herein.

3.3.1 Netals. — Externa l metal surf aces shall be corrosion resistant or
shall he plated or treated to resis’ corrosion.

3.4 \!jndow.— The window shall contain no strain or cracks over the entire
diameter and be free fron optical distortion and lens effects over U—c ‘Iertral
0.303 in ch d~ aneter . The window shal l be anti—reflection coated on }~~~~t~~~

surfaces for a wavelenet,h of )
~
— = ~20 n~. The coating shall cor !or~- to thn

abrasion resistance requirenont of NIL—C—675.

- 
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3.5 M~~~~no.— M arking shal l be in accordance with MIL-.S—195(,0 excej  t 

-

the followin g thforr . it ion  shall be rnnrked on each uni t .

(a) Dat e co-ic .
(b) Manufac tu rer ’ zi i d e n t i f i cat ion.
(c)  Part . n~~-ber : SCS-.5l(~ 

. -

3.t e~~l~~L ~n - ~ t - sol . — WL ~’n the device is subjected to solve nts ,
there ~h~ fl b~ ~~ e.- < ~ aco ol’ : (a) me ch nical or electr ical  du.’s -iç ~e , ( b )  de te r iora— -
t .ion of the ~: t er ia l s  or fi11sheI~, ari d ( c )  i l legibi l i ty of ca~ e m~arV”i ng.

3.7 $oi r --~h i 1~~t~’ . — Lead s shal l be solderable.

3.8 Therm il_ sh ock . — A f t e r  being subjected to specif ied t emper a ture  cyc l ing ,
there shall be no e v i d e n c e  of defects or da~:;age to case , leads , or s e d s  or loss
of marking legibilit y .

3.9 Shock. — A ft e r  being subje c ted  to a shock of ‘,(~~p for .~ r:~cc , t }”r e
shall be no ev~ donce  of de fec ts  or danage to leads or seals. ~lso , the d e v i c e
shall b~ ‘I1ecuricai 1~ operable (See Sub group 2 of Table i i i ) .

3.10 Vi r i t i n~~~fa t i~ ue. - After being subjected to a vibration with a c- r-
stant peak a c c e l - :  of 20g min imum and a froquency of 60 ± 20 Hz for at lea t
32 4 ~ hours , there  shall be no evidence of defects or d wnagc to case , leads or
seals. Alco , the device shall be electrically operable (see Sub group 2 of T~ b 1o
111). -

3.11 V~ hrat~2i ’;ariah1o freoeeI1c -c ._ A f t e r  being sub iected t a v
with a coi:stan t poak acce le rat ion  of 2Ug r thimu-~ and a f requency  r~::-e t- ’~-t~;ce n l~-and ~f( ’C Hz , th ere  shal l be no evidence of de fec ts  or d~~zag e to c5I ’ , loads , or
seals. Also , the device shall be elec t r ica ll :  operable (see  Sub group  ~ of i a~~ic-
II I ) .  -

3.12 Cor~ntc~ t~~ cce1eratjon.— After being sub~ected to a coflsLr~:~ ac~ e~ ’- ra~tion of l000g fcr  1 minute in each of it~ orientations , there shall be no eviden ce
of de fec t s  or dan:ir ’e to case , leads , or seals. Also , the device shall ~e
electricall y operable (see Subgroup 2 of Table I I I ).

3.13 P i r h Uc~rerat ,urc_ USe. — A f t e r  being stored at J5°C for  the s p e c i f i e d
t i e  there  shalt be no evidence of’ de fect s  or lamage to case , leads or seals or
loss of mark ing leg ibi l i ty . Also , the device shall b~ e lc-ct .r icaf ly  crc-rab~ e (se e
Subgroup 2 of Table 111).

3.114 Steady s tat e  orera t,ion . — A f t e r  ~ein1- subje êt ed  to ~tc~ d v st a te  c~ e r a—
tien (I :~ = 100 ~~) for  the s p e c i fi e d  te~ p er o t ur e  and t ij a c , the device rhall be
electrically opera~ 1e (see  Subrr oup 2 of Table I I I ) .

3.15 o~ - ;tur ~~ r’-~~~-~ha rce . -. A f t e r  being subj ec ted  to th2 specif ied h umidity
and t e ; ’p e r a L sr e  cyci~ j , there  shall be no evidence of corrosion of external  letal
surfacr  s. Also , the dev ice  shall be electrically operable (see Sub group 2 of
Table I I I ) .
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6. QUALITY A~StfliANCF ~~0VIS10NS

4.1 Ry ns i J~~ f r r  i n s  c~J~~._ unless otherwise specif ied In the
contract , the contractor is responsible for t}e perforir~snce of all inspection
requi rements as specified herein. F;xcept ns otherwise specified in the con-
tract, the contractor isay use his own or any other facilities suitable for the
performance of the inspection requirements  i~p ecif ied  herein , un)ess~ disapproved
by the Goverrvnent. The ~ovcrnment reserves the r i gh t  to per form any of the
inspections set forth in the s p e c i f i c a t i o n  where such In spections are deemed
necessary to assure supplies and services confo rm to r .roscribed requirements.

1~.2 Classification of inspection .— Inspection shall be classified as
follows:

(a) First article inspection (does not include preparation for
delivery). (See 4.4).

(b) Q’ua) ity conformance inspection. (See 6.5).

6.3 Test_plan.— The contractor prepared Covernrnent—approved test plan ,
as cited in the contract, shall contain:

(a) Tine schedule and sequence of examinations and t.ests.

(b) A description of the method of test and procedures.

(c) Identification and brief description of each inspection
instrument and date of most recent calibration.

4.4 First article.— (lnless otherwise specified in the contract, the first
article inspection shall be performed by the contractor. -

- - 14.14.1 ~j~st article units .— The contractor shall furnish 50 samples for
first article inspection,

4.4.2 First artic le inspection.— The first, article inspection shall con—
sist. of Table II and all the tests included in the (‘.overrrnent—approved tect. plan
(see 4.3), to show complian ce with th e requirements of section 3. No fa ilures
shall be pe rm itted.
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4.4.2.1 Order of t e r t t h~~.— Pri or to f i r s t  a r t i c le  i n s i e c t i ~ n , a l l  unit .
shall have been process conditioned followed by burn—in.- (~ ee 4.5.1 and 4.5.2).

4.5 ~~a1i~j~ c2pfo nce ip~j  .-. Quality conformance in~~~~~t J oYi ~h a l l
consist of the examinations and tests specified for Group A inspection
(Table iLl), Group B inspection (Table IV), and G roup C inspection (Table v).
Thu following shall apply: -

(a) Prior to performing Group A inspection , all units shall be
subjected to tho tests specified in paragraphs 4.5.1 and 4.5.2.

(b) If the manufacturer chooses the following option(s) for testing ,
the sa-nple units that are to be used in Group C inspection shall be designated
as such prior to conductinR the referenced Group 13 tests. Moreover , the num ber

- , of failed d iod es to h~counted for lot acceptance or rejection as a result of
Group C test shall be equal to all failed diodes of the test in Group B
inspection, which were predesi gnated for use in Group C inspection , plus any
additional failures occurring during Group C testinr.

(1) For subgroup 3 life test in Group C inspection, the manu-
facturer has the option of using all or a portion of the sample already
subjected to 340 hours of Group B life testing for an additional 660 hours 01’

testing to meet the 1,000 hour requirement .

(2) For the thermal shock (temperature cycling) test of G roup C
inspection , the manufacturer has the option of using all or a portion of the
sam ple alread y subjected to 10 cycles of Group B thermal shock (temperature
cycling) testing for an addit ional 15 cycles of testing to meet the 25—cycle
requirement .

4.5.1 Process contl jt,jonjnr. — Process conditioning shall ~e performed on
• 100 p t - r c (n t  of the units. The measurement and sequence shall be as specified

in Table I.

4.5 2 E3 u r n — I n . —  P o r n — i n  shai i be performed on l00~ of the unit s for
168 hours minirum uiider the following conditions:

— (See 3.2)

Ta — 20°C

DF 10~

I
- 

- -  
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4.5.2.1 Pre-..burn—In me.~iurement5.~ Prior to burn-in , measurPment. ofthe parameters li~tcd in subgroup 2 of Tab le UI shall be pe r fo rmed on 1(XJXof the unit s at Ta 25 C.

4.5. 2.2 ~~~~~~~rn— in measurelnen ts . ... Po st. burn—in measure ments , listedin subgro up 2 of Tab le Ill , sha l l be perfo rmed with in A hour s of the remo val ofbias cofldj tj ons at 25°C . The values observed for each device shall not exceedthe following, relative to the pre—burn —in measurements :

Table I. -. 1~roeess condj tj onj n5 
-

Test. MIL-STD 
- 

Method No. Details

H i gh t emperature life 750 1031 Sto rage temperature 85°C(non-ope ra t ing) 
- Stor age t ime 48 hours minimum

Thermal shocl 202 307 - - Test Condition A except
t(high ) 85°C ; t(lov) = —40°C ;
t ime at t.cmpcrature extreme s
15 minutes max imum

Constant acceleration 750 
- 

20C* 1,000 
~ 

‘
-

.,, .

V

DAABOJ 73 C~ Q~~4Q
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Tabl e 11. — First ar tic]e  inspection

— 

fteqt 
— 

No of s~nip1es VTest Para Method -

_________________________________________ 3 10 25

Group A thspoct.lon as specified Table III Y To be performed OQ all un1t~

Group B inspection as specified Table IV
Subgroup 1 X

Subgroup 2 - X

Subgroup 3 x
Group C inspection as specified Table V 1/

Sub group 1 - X

Subgroup 2 - - - - .  x
Hi gh temperatu re 3.13 Method 1031 of - X

life - MI L-STD-750
Ta = 85°C for

l000 hrs

Stead y state 3.14 Method 1026 of - X
operation life .MIL—STD-750

- Ta ’2 5 °C fOr
2000 hra
(See 3.2) 

- -
DF=]OX

values do not app~~ for first article inspection.
2/tjo . of samples specified for each column shall be subjected to all the tests of
that column .

~‘Aftc r 2000 hours , the ~o~t shall equa l 190 i~W minimum.

-

~~~~ 

. 

. 

. 

- 

- 
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Table 111.— Group A inspection
25°C ± 2°C unless otherwise specified

Test - . Condi tion Test.
Method Mm Max unIts LTFD

Sub~roup 1 7
Visua l and mechanical Method 2071 of See 3.3inspection MIL-S IV..750 -

wi~~~~ 4.6.1

Stripe width = (See 4.6.3 -

3.2) -

(a) single t. 10 ns 25 pm
(b) triple D~ l0~ 75 pm

Subj’~roup 2 
5

Peak wavelength (See 4.6.4 800 830 nm
3.2)

Peak optical pulse I ~ (See 4.6 .5 200power output 3.2)

— Subp~ oup 3 
5

Thermal impedai~ce = (See 4.6.6 10 ‘C
3.2)

t p lO ns 
- 

.. -

Beam width (See 4.6.7
- 3.2)

- t~ 1.0 ns
(a) in ji.~nct ion 15 angularplan e degrees(b) perpendi cu.l~r 40 angularto junction - - degrees

52 
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Reqt )IIL-.STD—750 LTPDest I’ara Method Condit .ion

Subgroup 1 . 
- 

15
Physical dimensions 3.3 2071. See Figures 1, 2 & 3

Subgroup 2 - 
- 15

Therv’.al shock 3.8 1051 Test Condition A except t (hi~h)
(temperature cycling) 85°C ; t (low) —40°C ; 10

cycles; time at temperature
ext remes 15 minutes maxixmixn

Moisture resistance 3.3.1, 1021 -

End point measur&~ents: 
3.15

Subgroup 2 of Table III -

Subgroup 3 15
Shock 3.9 201.6 Non-operating 500 g
Vibration f~atigue 3.10 2046 Non-operating
Vibration , variable 3.11 2056 Non-operating
frequency -

Constant accelerat ion 3.12 2006 force applied = 1,000 g
End point m easure nt.s: - 

- 
-

Subgroup 2 of Table III -

Sub J~rou~pJf - . - 
- - 7

H i gh temperature life 3.13 1032 Ta ~ 85°C
(non—operat ing ) :~ 

-

(See 4.5(b))

L~nd point measurements:
Subgroup 2 of Table 111 

- - -- - .- -

~.ubg roup~~ 
- 5

Steady state operation 3.14 1027 - ip (See 3.2) at 50°C
life 

- 
DF l0~ (See 6.2)

1”~d point measurements: tp 10 ns at. R~ = J~21z
Subgroup 2 of Table III

.
~~~

.-

-- 
V 

- -

- 

- 

~~~~~~~. - . . - -  53 DMBO7 76 C - ~ 0 0 4 0 -
P

~~~~ ~ , ~ 4~~~~
_
~~~

• _ ~~~~~~~~~~~~~~~~~~ -~~~~~~~~- r  
-



- ,  ~~~
— - -

ScS—5] .6 - 
-

Table V.-. croup C inspection

Reqt I4IL-~1~-.75oTest 
Papa Nuthod Details LTII3

Subp~roup j 15Thermal shock 3.8 105]. Test Condition Al except(temperature cycling) t(high) 85°C; t(low) =(See 4.5(b)) .40’C; ti~no at. temperature
ext.r-emes 

~~
- 15 minutes , mm ;

total test tIme 72 hr s ,
F.nd point measure.~ents:
subgroup 2 of Table III

- 
- 3 devjce~

- 

rao failujUesistai,ce to solvents 3.6 Method 215(See 4.6. 2) 
of )41L-STD—End point measurements:

Subgroup 2 of Table III
Su~grou p) 

- 

7High temperature life 3.13 1031 85 °C for 1000 bra(non-operating ) -

(See 4.5(b))
End point measureflents: - 

-Subgroup 2 of Table 111

5Steady state oporatj on 3.14 1026 (Sen 3.2)life . 
- 

V 
Ta 25°C for 2000 bra

- 1W 1C~ (See 6 .2)• 1/ -

End point measu rem~~t~~.
Subgroup 2 of Table III

• i/Limits of sub~roup 2 Tab le 111 same except 
~o~t 1 i* m m .

I- .

V

- 

- 

= 

~~~~~ ~~ O O 4 Q ~ 

~~~~~

-
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4.6 Test method s and conditi  .— Conditions and methods of examination

and test shall be as specified in Tables 1 , II , i l l , IV and V and as follows :

i~.6. 1 ~!indow.— Visual inspection shall be made to insure there arc no
cracks or optical distortions in the window. .. -

4.6.2 Resistance to so~vcnts.— Resistance to solvents shall be performed
in accordance with Method 215 of HIL-STD-.-202.

4.6.3 Stripe width. — The stripe width size can be dete~~ined by using amicroscope objective and a normal lens (fo r projection) combination with a
magnification of at. least 20(l( • The imnar e shall be sc~anned in the Junction
plane with a ca1ibr~ted iTT Phototube //F4000 (see 6.3), masked with an 0.5 mm
slit. Slit shall be perpendicular to the direction scanned. The rela t ive -

intensity shall be measured until it falls to 9CX~ of its peak value. These
boundaries will define the stripe width. (See Figure 6) .

4. 6.4 Peak wavelength ( 
~~~~~~~~~ Peak wavelength shall be measured using

a grating spectrometer with a resolution of at. least one angstron.

1.6.5 Peak optical. pu~se power (P0~tJ.— 1’opt is measured using a cali-
brated ITT Phototubo //F4000 terminated into 50 ohms positioned at a distance of
1 ,5 cm with a rectangular aperture of width .39 cm and length 1.03 cm.
(~;ce Figure 6). (See 6.3) . 

- 

-

4.6.6 The ~~ii impedance. — with unit, mounted on a heat sink capable of
being heated above room temperature, it is driven at 0.1~ duty cycle to minimize
self-.hcating effects. ?~easurements of peak out put wavelengt h ( ~i .p ) versus
temperature (T) from 20°C to 60°C are recorded . In order to ta~é into acc’.oun t
its own heating effe ct, unit is then operated at 20°C and at 1(~ duty cycle.The peak output wavelength is then recorded under these conditions. The voltage
drop (V0) across t.he output of the unit is then measured. (~ee6.2).

4.6.7 fle~ui~~rid th .— A calibrated ITT PhototuSe /i F’L.C00 (see 6 .3 ) ,  shal l be
mounted on a turntable and masked with a small aperture so that is angular -

resolution is at least one degree. The distance between the unit and the
detector shall be at least 20 cm. The relative intensity shall be measured
unt il its value falls down to 50~ of its peak value. This area will define the
beam width. The beam width In angular degrees is measured in both the junc t ion

- 

- 

plane and in the plane perpendicular to the junction plane. (See Figure 5).
.‘,-•

• 

- 

~~~~~ 
-

. 

5 
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5. FRE PAMTICN FC1~ DELIVERY
5.1 Preserv~t5on~ packarlnr and packing. ... Units shall be prepared fordelivery as specified in the contract .

6. NOTES -

6.1 AbhreviaLi~~ s svmb&Is~ and definitions.... The abbreviations, symbols ,a~d definitions are as foflow~:

DF duty factor 
-

input pulse current

peak pulse optical po~er output
am bient temperature

pulse width at 3 db point

- pulse repetition rate

Vp. forward voltage

peak wavelength

6.2 Calculation of thermal ir-~oedance (Zt,).-. Thermal impedance can becalculat.cd by taking the s1~ pe ( ø~. ) of the curve 
)~~ 

Vs tc~lperaturc measuredin 4.6.6 and the following:

AT_ where ~ P IP X VD x DF and DF~~.T~ x t~H
~ T _ _ _ _  • where J~ T, and 4?- are taken from graph

6.3 ~et~od for calib~atjon of ITT ~~ototube /!p/c~co.... This information cznbe found on pages 180 to 190 in “Laser Par ar. eter Neasure stent s Handbook.”• ~1anu facturer ’s calib ration is accept.ablo if traceable tø an NIIS standard.
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ELECThc7~Ics COMMAND SCS-516WC~~! ICAI.. RF.QUIRFj~ RI’S AMENDWNT-1
‘ -29 December 1975

INJECTIOU IA.~EU DIOC) FCI~ ti~;i DI mnrn OPTIC C l ~ IJCAr1C~5

Page 1

1.2 line 2, delete “20°C” and substitute “25°C” -

Page 2

3.2 line 3, delete “m,thimum” and substitute “maximum”

3.4 delete and substitute :

“3.4 ‘~1indow._ The window shall contain no strain or crack s over that portion
which is in the optical path (area of input radiat ion incident on the injection
laser chip). This portion of the window shall also be free from optical
distortion and lens effects. The window shall be anti—reflec tion costed on
both surfaces for a ~~ve1ength or 7b ~ 820 nm. The coating shall conform to
the abrasion resistance requirement of MIL-C—675.” 

- .

Page 3
3.7 delete in its ent irety .

3.16 line 2, delete “(Ip. = 100 mA)”

Page 5

4.5.2 line 4, delete “20°C” and substi tute “25°C”

Page 8

Table III, ~~~~~~~~~~ Thermal impedance , under units column, delete “ SC’  andsubstitut e “°Cft”

Pa~e 9

Tab le IV , Su~g~rout~ 5, wider Condition column, delete “50°C” and substitute- - 

“25°C” for

• 

- DAABO7 3 C - 0 0 4 0
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A}*1il)*3~T-l

Page 10

Table V, Subgroup 2, under Details column for Resistance to solvents , add ,
“except solvents used shall be:

(a) Methyl alcohol , per O~4~—23 2, Grade A.

(b) Ethyl alcohol , per O—E—00760, ?ype 1, Grade A .
(c) Isopropyl alcohol , per ?F—I—735, Grade A.

(d) Three (3) parts by volume of isopropyl alcohol , as specified in (c)
abo ve and one (1) part by volume of distil led water. ’

- Page ll

6.6.1 Add , “This test shall be performed prior to attaching the window to
the case.”

4.6.2 Add , “except solvents used shall be:

(a) 1~ethyl alcoho l, per 0—M- 232, Grade A.

(b) Ethyl. alcohol, per O-.E-0O76c-~ Type 1, Grade A.

(c) Isopropyl alcohol , per TI’—I —735, Grade A.

(d) Three (3) parts by volume of isopropy l alcohol , as specified in (c)
above and one (1) part by volume of dt~tU1ed water. ”

4.6.5 line 3, delete “ .39 cm” and aubstit. ut,e “ .394 cm”
line 3, delete ‘1.03 cm” and substitu t e “1.09 cm”

4.6.6 lines 4 and 5, delete “20°C” and substi tute “25°C”

— Page 19

Fig 6 Front view of detector , delete “1.03 cm” and substi tut e “1.09 cm”Delete “ .392 cm” and substitut e “ .394 cm”

4
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ELECTRONICS CC~04ANr) - 
scS-516TECI{NICAL REQUIR J4E~~~ - AJTh2~DME rJT -2- 

. - 
- 

. 20 April 1976
INJECTION LASER DIODE FOR USE IN FIBER OPTIC

- 

~a g e8  -

Subgrot~p 1 - Stripe width (a) single - change “25 rm min~~~ im” to “25 mmmaximum.

Stripe width (b) triple - change “ 75 miniimnn” to “75maxj.iriuin. •~ 
-

Subgroup 3 - Thermal impedance - change ~1O0 c/v minim~i ”  to “100 c/vma~d~~m.” .

Beam width (9) in j unction plane - change “15 angular degrce~minimum ” to “15 angular degree s ma,dmum. ”

66
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ELECTROUICS co:-:.t~ rn SCS— 516
ThCF~~ICAL BEQUIR~~~ NTS A~~~D~E~1T-2

20 April 1976

INJECTION LASER DIODE FOR USE D~ F]~ ER OPTIC

- 
C0~24UNICATIONS

Page 8

To Table III - Subgroup 3, adñ~:
Test

Test Condition Method Mm Max Units

Average I = (see 3.2) I~.6.8 6.3 
- 

7.0 mW-
Optical Power = 10 ns &
Output Per . Stripe p 6.)& -

Page fl - --

~.6.8 Power~~~ i~o~~~ ty from Stripe to Stripe

Laser stripe must be magnified. to 200 x using a lens that has a f nt~ ber o:
1.2. The projected images of each of the three junction faces must be tested~
for average power using a silicon photodiode.

Page l2

6.IL Definition of average optical po--rer
Average optical power = Peak optical power 

/ 10

Average optical power/stripe = 1/3 average optical power.
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APPENDIX D

DISTRIBUTION LIST

Contract r-) AABO7— 76— C—0 040

Copies

Defense Documentation Center 2
ATTN : DDC-TCA
Cameron Station (Building 5)
Alexand r ia , Virginia 22314

Director of Defense R & E 1
ATTN : Technical Library
Room 9E—1039 , The Pentagon
Washington , D . C. 20301

Defense Communications Agency 1
ATTN : Code 340
Washington , D .C. 20305

The University of Michigan 1
Institute of Science and Technology
ATTN : IRIA Library
P0 Box 618
P~nn Arbor , Michi gan 48107

Director , Defense Atomic Support Agency I
ATTN : Technical Library
Washington , D. C. 20305

Chief ,of Naval Research 1
ATTN : Code 427
Department of the Navy
Wabhington , D. C. 20325

Naval Ships Systems Command 1
ATTN : Code 20526 (Technical Library)
Main Navy Building , Room 1528
Washington , D. C. 20325

Naval Ships Engineering Center 1
ATTN : Section 6171
Department of the Navy
Washington , D. C. 20360

Air Force Avionics Lab. 1
ATTN : TEA— 4 (Mr. James Skaiski)
Wri ght—Patterson Air Force Base , OH 45433

Commander 1
Naval Research Laboratories
ATTN : Dr. A. Fenner Milton (Code 5504.2)
Washington , D. C. 20375
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Copies

Commander
Naval Electronic System Command
ATTN : Mr. L . Sumney
Washington , D. C. 20360

.~OtiL~~L 1dCr
Naval Electronics Laboratory Center
ATTN : Dr. H. Wieder (Code 2600)
271 Catalina Boulevard
San Diego , CA 92152

Commander
Naval Electronics Laboratory Center
ATTN : D. Williams (Code 2500)
271 Catalina Boulevard
San Diego , CA 92152

Commander
Na val Electronics Laboratory Center
ATTN : D.J. Albares (Code 2600)
271 Catalina Boulevard
San Diego , CA 92152

Commander
Naval Electronics Laboratory Center
ATTN : R. Leduska (Code 4400)
271 Catalina Boulevard
San Diego , CA 92152

Commander
Naval Electronics Laboratory Center
ATTN : S. Miller (Code 2600)
271 Catalina Boulevard
San Diego , CA 92152

Texas Instruments Inc.
ATTN : W. Shaunf ield

- 
- Box 5012

Dallas , TX 75222

Commander 2
US Army Electronics Command
ATTN DRSEL-NL-M1 (Dr. L. Dworkin)
Fort Monmouth , N.J. 07703

Commander
US Army Electronics Command
ATTN : DRSEL—TL—M (H. Pomerantz)
Fort Monmouth , N .J. 07703
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Copies

Commander
US Army Missile Command
ATTN : AMSMI-ILS (Mr. W. Tharp)
Building 4488
Redstone Arsenal , Alabama 35809

Naval Weapo ns Center
Code 3353 -
ATTN: Mr. R. Swenso n
China Lake , CA 93555

Director
National Security Agency
ATTN: R—4, Mr. P. S. Szozepanek
Fort George G. Meade , MD 20755

Advisory Group on Electron Devices 2
ATTN : Secretary, SPGR on Optical Masers
201 Varick Street
New York , N.Y. 10014

Institute Defense Analysis
ATTN : Mr. Lucien M. Biberman
400 Army — Navy Drive
Arlington , Virg inia 22202

Commander
US Army Electronics Command
ATTN: DRSEL—CT—DT (Mr. Bernard Louis)
Fort Moninouth, N.J. 07703

Commander
US Army Electronics Command
ATTN : DRS EL—CT—L—C (Mrs. C. Burke)
Fort Monmouth , N.J. 07703

Commander 3
US Army Electronics Command
ATTN : DRS EL—PP— I— P l— 1 (Mr . J. Sanders)
Fort Mon.mouth , N .J .  07703

Harry Diamond Lab
ATTN : J. Blackburn
Branch 230
2800 Powder Mill Rd
Adel phi , MD 20783

Commander , RADAC
ATTN : EMEDA (Mr . M. Kesselman)
Gri f f i s  Air Force Base , N .Y.  13440
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Copies

Air Force Avionics Laboratory 1
ATTN : Mr. William Schoonover
ATTN: AFAL (AVRO)
Wright—Patterson Air Force Base, OH 45433

NASA Manned Spacec r a f t  Center 1
ATTI4 : TF4 , Mr. Ray R. Glemence
Houston , TX 77058

- - Naval Ships Engineer Center 1
ATTN : Section 6171
Dep~artment of the Navy
Washington , D.C.  20360

Dr. Fred W. Quelle 1
Office of Naval Research
495 Summer Street
Boston , Massachusetts 02210

Department of the Navy 1
Naval Electronics Systems Command
ATTN: Code 05143 (Mr . Carl A. Ri gdon )
Washington , D.C. 20360

Bell Telep hone Laborato ries , Inc . 1
I ATTN: Technical Reports Center WH2A—160

Whippany Road
Whippany , N.J. 07981

Commander 1
AFAL/TEA
ATTN : K. R. Hutchinson
Wright—Patterson Air Force Base, OH 454 33

Commande r 1
AFML/LTE
ATTN : Capt George Boyd
Wright—Patterson Air Force Base , OH 45433

Commande r 1
Hq, AFSC/DLCAA
ATTN : Majo r D. C. Luke
Andrews Air Force Base
Washington , D. C. 20331

Commander 1
Air Force Weapons Lab (AFWL/ELP)
ATTN: CPT . J. Tucker
Kir t land Air Force Base , ~Th1 87117
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Ai r Force M~ t o r l a l s  L a b o r a t o r y
4 AMSL (liE) ?~!r~, la r r a n t

~ t~~ t — 1 ttterson A Ir FoNt Base , Ohi o 45433

Commander
US N tval Ordinance Laboratory
ATTN : Technical  L ib ra ry
White Oak , Silver Spring , Ml) 20910

Rome Air Development Center (EMTLD)
ATTN : Documents  Library
G~tiffiss Air Force Base , N .Y. 13440

Electronic Systems Division (ESTI)
L. C. Hanscom Field
Bedford , Massachusetts 01730

Air Force Weapons Laboratory
ATTN: WLIL

C Kirtland Air Force Base, New Mexico 07117

OFC, Assistant Secretary of the Army (R&D)
ATTN : Assistant for Research
Room 3—E—379 , The Pentagon
Washington , D. C. 20310

Chief of Research and Development
Department of the Army
ATTN: Mr. R. B. Watson
Army Research Office
Washington, D. C. 20310

Commander
US Army Materiel Development & Readiness Command
ATTN : DR~MT
5001 Eisenhower Avenue
Alexandria , VA 22333

RCA Electronic Components
ATTN: Mr. N. R. Hangen
New Holland Avenue
Lancaster , PA 17604

ITT Electro—Optical Products Division
Box ~‘O65
Roanoke, VA 24019
ATTN: R. Williams

Spectronics Inc.
830 E. Arapalo Road
Richardson , TX 78080
ATTN: W. Kolander
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Ai r For ce Armanent Lab
AFATL/DLMI/Mr. Lynn Deibler
Eglin AFB , FL 32542

US Naval Avionics Fac i l ity
ATTN: Mr. Rod Katz (Code 813)
6000 E. 21st Street

~~~~ Indianapolis , IN 42618

Navy Air Sy stems Command
ATTN : L. H. Cona way (Code 5330)
Washington , 0. C . 20361

Commander
US Army Electronics  Command
ATTN: DRSEL—CT (R. Buser)
Fort Monmouth , N.J . 07703

Commander 2
US Army Electronics Command
Night Vision Laborato ry
ATTN: DRSEL-NV—SD (Mr. Steve Gibson)
Fort Belvoir , VA 22050

Division of Non— Ionizing Radiat ion
L t t t e rman  Army Ins t i tu te  of Research
Presidio of San Francisco
San Francisco , CA 94129

Commande r
Harry Diamond Labo ratory

I ATTN: AMSDC—RCB (Mr . R. G. Humphrey)
Washington , 0. C. 20438

Commander 4
US Army Electronics Command
ATTN : DRSEL—CT—L D (Dr . E . Schiel)
Fort Monmouth, New Jers~y 07703

- 
- Commander

US Army Materials Research Agency
ATTh: AMDME-ED (Mr . Raymond L. Farrow)
Wate r tow n , Massachusetts 02172

• Director  •1
- 

- US Army Production Equipment Agency
ATTN: AMIPE—MT (Mr . C. E. McBurney)

• Rock Island Arsenal
Rock Island , IL 61201
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Bell Nor the rn  Resea rch Ltd 1
P. 0. B’~ 3511
Statton C
OtL awa , Canada KIY4 H7
ATTN : B. C. Kirk

RCA Laboratories 1
Princeton , N.J. 08540
ATTN : Henry  Kressel

Hug hes A i r c r a f t  Company I
ATTN : Company Technical Document Center
6/El l O
Centinela at Teale
Culver City, CA 90230

Hewlett  Packard Laboratories 1
1501 Page Mill Road
Palo Alto , CA 94304
ATTN : Mr. George Kaposhilih

Hughes Resea rch Laboratories 1
ATTN: N. Barnaski
3011 Mal ibu Canyon Road
Malibu , CA 90265

Bell Telephone Lhboratories
ATTN: Dr. T. Winternit z
Mi litary Design Suppor t Laboratory
Whippany , N.J. 07981

Corning Glass Work 1
ATTN : Dr. Roy Love
Corning ,  N . Y .  14830

Harris Indu stries I
Electra-Optics 0pera~ ion
ATTN : John Williams, Sales Mgr
P.O. Box 37,
Melbourne , FL 32901

Varo Texas Division 1
ATTN : R. Laughlin
2201 W. Walnut St.
P.O. Box 401267
Garland , TX 75040

Communicat ions  Systems P rocurement  Branch 1
Procurement  & Production Direc tora te
A t t n : Gordon McMain
U .  S. Army E l e c t r o n i c s  Command
Fort M onm outh , N . J .  0770 3
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