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SECTION I

INTRODUCTION

The primary objective of this Manufacturing Method and Tech-

nology Engineering Program is threefold . First , the Injection

Laser Diode for use in Fiber Optic Communications as outlined

in Specification SCS-5l6 must be transferred from a develop-

mental device type to a volume manufactured commercial product

without adversely affecting the performance characteristics of

the device. Secondly, the manufacturing methods and techniques

necessary for the volume production of the laser diode m~..st

be developed and implemented to insure the highest degree of

device quality and reliability at a reasonable cost. Thirdly,

verification of device performance and quality for injection

lasers produced in a volume manufacturing 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.

Major objectives for the fourth quarter of the pronram included

growing material for and fabrication of devices suitable for

the second engineering sample , completion of the first group

of burn-in positions, commencement of the initial burn-in of

the second engineering sample , and identification of a suitable

substitute for the ITT F4000 tube. Work on the e-gun system

continued to be frustrated by arcing and other problems which

will require return of the equipment to its manufacturer. Other

work continued on fabrication of test fixtures required for

specification testing , part icular ly transistor pulsers for

1
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power, wavelength , thermal impedance , emission distribution and

other operating tests , and a new goniometer . Further work was

done on the burn-in rack design , particularly with regard to

distribution of trigger pulses and cooling.

2
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SECTI ON I I

MANUFACTURING METHODS AND TECHNOLOGY E N G I N E E R I N G

2 .1 Ma te r i a l s

Addi t iona l w a f e r s  were grown and evaluated for  use in

the f ab r i ca t ion of the second engineer ing samp le . Two

of these w a f e r s  y ielded s a t i s f a c t o r y  eva lua t ion  devices

w i t h  average cha rac t e r i s t i c  27°C emission wavelengths

of 819 nm and 811 nm. Broad area lasers f ab r i ca t ed

from these w a f e r s  exhib i ted  average threshold  cur ren t

dens i t i es  less than 3KA/cm 2 and s ingle  ended d i f f e r e n t i a l

quantum e f f i c i e n c i e s  of over 3 0 % .  Based upon these

i n i t i a l  resul ts, processing of wafe r  DHA -l06  (F i g u r e s  1

and 2 ) was completed and a quan ity of t r i ple s t r ipe

lasers were fabricated from it . Ini tial evaluat ion of

these devices indicated a pre burn-in yield of about 65%

to the power , wavelength, and angular distribution re-

quirements of SCS-516. Therefore , a suf f i c i e n t  quanti ty

of devices were fabricated from this wafer to permit

the start of testing of the second engineering samp le.

Probl ems in chi p mounting due to the close oroximity of

the lasing region to the solder interface are being

addressed through the possible incorporation of integral

gold heat sink pads selectively plated onto the p-side

of the triad laser module. Cleaving rails 50 ~im wide

may be defined via photolithography after stripe

defin ition and metallization of the epi wafer have

been completed . Gold pads approximately 10 pm thick3



Fi gure 1. Ep itaxial Melt Compositions and Photomicrograph of
Cleaved Cross-section of Wafer DHA-106.

Run * DI-I-A- 106 Crystal * 7780 
_ _ _ _  

Program MMT 004 0

Slice * 54 Type TRI-STRIPE

~~iri GaAF Ga DoFints Al Time Layer
• gm. ing. ing . m m .  Thicknes

_________ ____ ______ 
______ -______ —______ 

pm

1 1.0 5 . 0  1.0 Te 0 . 0  5 1.6

2 1.0 5 .0  5 .0  Te 3 .5  10 1.2

3 1.0 5 .0  1.0 Te 7 . 0  10 0 . 8

4 1.0 5 . 0  10.0 Si 1.0 30 Sec . 0 . 3

5 1.0 : 5 .0  100 Ge 7 . 0  15 1.9

6 1.0 5 .0  500 Ge 0 . 0  15 2 .7

7 1.0 5.0 0.0 0.0 5 1.4

8 1.0 5 .0  0 . 0  0 . 0  Wi pe ——

9

10 -- --

Growth Conditions :

Vacuum : 160 pm

Flow Rate: 150 cc/mm .

Time : 3 .25  h r s .

R e s u l t s : ~~
. --

Surface Condit ion : Good . -

4 L.. ~~~
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Figure 2. Photolithographic Stripe Definition and Photomicro-
graph of Etched Contact Channel.

Wafer # DHA-106 Date

X Application MMT 0040 Job # 2 0 4 3

Operat ion Comments:

X Mask 12 p TRAD

X Cleaning st

X Prebake St Temp . 100°C Time 25 min .In Vac . X

X Resist type l37ODi p Spin 40 00 RPM Time 4 0 sec .

____ - ~~ posurv : Time st 60 sec .

X
__ - 

Develop : Time st 6 sec.

Stri pe A lignmcit ok

Stripe Width 14.5 p

x E t c h i n g

Etcharit 3:1:1 HPO4

Etch Rate

T ime 1) 22 sec , 2) sec. 3 ) sec. Total  sec .

Blocking Layer 1.4 p ; P Cap Layer 2.7

Cleaving: Stain

St ripe Width 14 p PHOTOS

Stripe Depth 2.8 p

X Resist  Strip

Temp . 25° 
- T~

Time 25 sec .

X Process acceptable

Yes

- 

_ _  _ ______________ _________________ — -



may than be plated over the entire epi wafer and

oriented so that each triad module is covered with a

single gold heat sink to within 25 pm of the edges

of the module. It is believed that this approach will

reduce device mounting difficulties significantly.

Installation of the e—gun into the vacuum system was

finally completed after many delays reported previously.

Operation , however , continued to be frustrated by

electrode arcing within the vacuum chamber . Addition-

ally, the emission current control was found to be not

properly calibrated to specification , and the beam

positioning control did not function correctly . Attempts

to resolve these problems have been unsuccessful and

it has been decided that the system must be returned

to its manufacturer for checkout and repair.

2.2 Packaging

Assembly of the optimized pill package previously re-

ported has been standardized . Various aspects of this

assembly procedure are illustrated . Figures 3, 4, 5

and 6 show the electrodes and mylar bonding preform prior

to assembly and milling . Figure 7 shows the electrode

bonding fixture and 15 packages clamped in place for

bonding . This assembly is placed in an oven at 125°C

for 3 hours, after which the packages are milled flat

as shown in Figure 8. Af ter milling , the package faces

are lapped to a standard 4L finish to insure a good sur-

face for window bonding. Figure 9 shows the rubber

6
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Figure 3. Electrodes and Mylar Preform .
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MATERIAL — Te Cu -
TOLERANCE : ±.002

FIGURE 4. PILL PACKAGE —

POSITIVE ELECTRODE

PILL PACKAGE — BOTTOM ELECTRODE

SCALE: 10 X APPROVED BY DRAWN BYR. JOBES
DATE: 6-20-77

DRAWING NUMBER

DIETZGEN MAS TE R F0R 1 ISSMF 8
I —~~~~~~~ ___- —-—-— — ——— -~~~~ - __________________ — ______________________________________

I —~~~ — ~~~~~~~~~~~ -
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.075

-jO7O~~~

.11 2

MATERIAL — BRASS
TOLERANCE : ±.0O2

FIGURE 5. PILL PACKAGE —

NEGATIVE ELECTRODE

PILL PACKAGE — TOP ELECTRODE

SCALE: 10 X APPROVED BY DRAWN BYR JOBES
DATE:6 20 77 

_ _ _ _ _ _ _ _ _ _ _

DRAWING NUMSER

OIETZG EN MASTER FORM ISSUF
9

___________________________________________________________  
P
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MATERIAL — ABLEF ILM 539 TYPE I

TOLERANCE : ±.0O2
THICKNESS: .005

FIGURE 6. PILL PACKAGE —

MYLAR INSULATOR

EPOXY PREFORM — PILL PACKAGE

SCALE: 10 X APPROVED BY TDR~WN BYR JOBES
DA TE: 6 2 0 77 

_ _ _ _ _ _ _ _ _ _

DRAWING NUMSER

DIETZO EN MASTER FORM ISSMF 10
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Fi gure 7 . Bonding Fixture with Packages
Clamped for Bonding .
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Figure 8. Milled Package Prior to Lapping .
(Mylar Preform Also Shown. )
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Fi gure 9. Rubber Lapping Pad .
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CLEAN PARTS 
NICKEL - GOLD

PLATE

__I__ 
_ _  _ _

BOND ELECTRODES MOUNT DIODE

HEAT CURE ______________________

1 •1
MOUNT WINDOW IN

MILL FLAT N2 DRY BOX WITH
UV CURE EPOXY

‘I
LAP FLAT PARTIAL CURE EPOXY

_ _•1__ 
— •1

CLEAN PART CLEAN EXCESS EPOXY

1 
. 

_ _ _ _ _ _ _ _I_ _ _ _ _ _ _ _

ETCH PART FINAL UV CURE EPOXY

Figure 10. Package Assembly Sequence .
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lapping pad used to hold the milled packages during the

lapp ing operdtion . Figure 10 shows the essential steps

in package and device assembly.

2.3 Test Equipment

Sign i f i cant progress toward comp letion of test equi pment

required for this program has occurred . The burn—in

rack has f i n a l l y  been ref ined  to a workable configuration ,

a new goniometer has been desi gned and buil t and a

transistor pulser has been selected and optimized for

tes t ing of power , wavelength , therma l impedance and

emis sion distr ibut ion. Most important , a suitable

replacement for the ITT F4 00 phototube has been found

in the Texas Ins truments TIED 88 APD.

Further modification to each burn—in position (Figurell)

has been effected , both in the interest of s impl i f ica t ion

and in improvement of performance . R5 and C3 have been

deleted and R4 has been changed to 470 D. C8 also has

been changed to 0.0015 pF. These changes permit slightly

more conservative operation of Q2 and Q3 while thereby

yielding a better pulse shape . Each row of 8 positions

is now driven by a local clock buffer (Figure 12) to

insure good pulse shape and eliminate the effects of

long clock lines to multi ple terminations. The common

clock to drive the burn in rack in its final configuration

is under design and some breadboard work has been done

on it as well. A temporary clock source (Figure 13)

for immediate use has been ~n operation for some time

15
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TABLE 1

Revised Parts List for 10MHz IL Driver
(Single Burn-In Position)

Item Description

Qi Fairchild 2N3906 Transistor

Q2 Communications Transistor Corp. D3-28 Trans.

Siliconix VMP—l Mospower Fet

IC1 Fairchild 7806 6V Regulator

1C2 Fairchild 9S00 TTL Quad . Nand

Dl ,2 1N4004 Silicon Diode

D3 Fairchild FD600 Silicon Di’de

LED1 Visible Red LED

Cl ,2 ,-1 0.l~iF IMV 50V Epoxy Monolithic Cap

C3 Del’ ted

0.li j F CMV 100V Epoxy Monolithic Cap

0.0 6pF + 10% 80V Film Cap

C7 0 .O17IIF’ -+- 80V Film Cap

C8 0 . 0 0 15  F + 10% 100V Orange Drop Cap

LI 8 T u r n s  on 1/2 ’ M a n d r e l  18 qA Copper

L2 8 T u r n s  on 1/2” M a n d r e l  18 (JA Copper

L3 2 Turns on 1/2” Mandrel 18 TA Copoer

Fl ,2 Ac,C 3/4” 0.75A 250V Fuse

81 10K 1/2W 10% Carbon Resistor

R2 2.21< 1/2W 10% Carbon Resistor

R3 10K 1/2W 10% Carbon Resistor

R4 470 Q 1/2W 10% Carbon R e i s t o r

R5 Dele ted

R6 470 Q 1/2W 10% Carbon R e s i s t o r

17 
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TABLE 1 (Continued)

Item Descri ption

R7 10K 1/2W 10% Carbon Resistor

R8 11< 1/4W 10% Carbon Resistor

R9 8 . 2 K  1/2W 10% Carbon Resistor

RiO 2 .2 K  1/2W 10% Carbon Resistor

Ru ioci 1/2W 10% Carbon Resistor

R12 47Q 2W 10% Carbon Resistor

R13 10c2 1/2W 10% Carbon Resistor

R 14 500Q 1/4 20% Carbon Trimmer Potentiometer

18
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and gives excellent results in all respects. Problems

with board cooling are being addressed by incorporation

of air deflection baffles in the cabinet designed to

9 direct the airflow past the diodes while the rack is

in operation . Close attention is being paid to thermal

management within the rack to insure both reliable

operation of the system and avoidance of device over—

stress during burn-in and lifetest. The first group of

eight rack positions (Figure 14) is complete and has

been operated satisfactorily for a total of several

hundred hours both with and without lasers in place.

A transistor pulser design (Figure 15) has been selected

and tested extensively in breadboard for use in

measurement of performance of the lasers . Two separate

pulsers are anticipated , both having the same power

supply and clock configuration . One will be used atop

the goniometer to effect far field measurements. The

other will be mounted in an assembly which incorporates

a variable temperature pill package test fixture , and

will be used for the remaining pulsed tests such as

power, wavelength , spectral width , thermal impedance ,

stripe width , and uniformity . Parts for these pulsers

are in various stages of specification , design , ordering ,

and receipt as needed . Breadboard testing of the basic

design is complete and the pulser for the goniometer

has been built and tested. The power supplies are

still in breadboard awaiting arrival of cases but

21
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Figure 14. Row of Eight Burn-In Positions.

- :.: — - 
- -

I —



z
-4

z
r4  r 4
+

>1

U) (‘4
+

— 1 1

1~
1

~1
I L f l I H

0 E-~ ‘-4

N 0

_ _ _  0 a)
ii (I)

‘-4__J
a. I s

Lfl Ol D~
0 •
J~~C’4 Z o

‘—4

~~~~~~~~~~~~~~~~~~4~1

:

m
Ti

—
‘ 

— - —‘ -— —I- 
— —c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—



operation of the power supplies in breadboard permits

sat isfactory operation in any event .

A new desi gn goniometer was needed to measure fa r  field

beam characteristics, therefore one was desi gned and

built (Figure 16) for use in this program . The mechanical

design is simple and rugged yet precise enough to yield

better than 0.5 degree precision . Its electronics

(Figure 17) permit direct interfacing with any X-Y

recorder and it may conveniently be adjusted to measure

any range of angular distributions as required . The zero

and full scale potentiometers are precision ten turn

types to permit ease of setup. The angular position

sensing potentiometer is a special high linearity single

turn type selected to insure good angle to voltage

conversion .

A power measuring apparatus based on the Texas Instru-

ments TIED 88 avalanche photodiode has been built and

tested and results to date indicate that it will be

adequate as a replacement for the ITT F4000 phototube.

The TIED 88 is a diode pair consisting of an avalanche

photodiode (APD) and a small reference diode that have

been manufactured together to ensure close matching of

both the breakdown voltages and the temperature co-

efficients of the two diodes. This makes it possible

to build a temperature-compensating bias circuit that

will hold the avalanche gain constant over wide tempera-

ture variations. Such a circuit is suggested by the
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Figure 16. New Design Goniometer.
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Figure 19. APD Power Detector Enclosure .
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manufac tu rer . Based on thi s desi gn , a regulator

(Fiqure 18) has been built , toge ther  w i th a su i tab le

enclosure (Fi gure 19) incorporating the rectangular

aperture required by SCS-5l6 and a diffuser to allow

the small diode ac tive are a to measure a signal pro-

por tional to the power inciden t upon the rectangula r

aper ture. Stab il i t y  and repeat i b il ity of th is system

have been good and allow measuremen ts of better quality

than those obtainable with the F4000 tube . The system

has been calibrated with low duty cycle pulses of 10 ns

width  by cross corre la t ion of a number of lasers measured

on this system and a traceable ITT F4000 phototube .

Goals to be pursued in the future include completion of

equi pment cur ren t ly in various stages of construction ,

addition of more positions to the burn—in rack , and

construction of the t rans is tor  pul ser to be used wi th

the temperature controlled test fixture.

2.4 Dev ice Performance

Devices fabricated from wafer DHA-106 were tested for

wavelength , th reshold , and Ip . Resu l t s  of typical

acceptance devices are shown in Table 2. Power output

ver sus c u r r e n t  for  two representa tive u n i t s  are shown

in Figures 20 and 21 .

e
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TABLE 2 . TYPICAL DEVICES FROM WAFER DHA-l06.

Unit  # Ith , Amps Imax , Amps A , nm

1 1.9 2 .6 820

2 1.7 2 .5 816

3 2.1 2.9 822

4 2 . 0  3 .0  819

5 2 .1  2 .9 823

6 2.1 3 . 0  815

7 2 . 0  2 .9 823

8 1.8 3 .0  820

9 2 . 1 2 .8 8 19

10 1.8 2.6 817
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Figure  2 0 .  Power Output vs. Current .
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Figure 21. Power Output vs. Current.
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SECTION I I I

SUMMARY

The fourth quarter of this program has been productive

on all f ronts .  Material for the second engineering sample

has been grown and evaluated . Improvements in device

mounting and fabr ica t ion were explored and assembly flow

further defined . Test equipment assembly continues

wcll in all areas , particularly in the burn—in rack

which has finally become operational. Other progress

of sig n i f i cance included choice , evaluation and construc-

tion of the APD based detector for power measurement ,

construction of the new goniometer , and selection of a

transistor type test pulser design. Goals for the next

report period include fur ther  work on all aspects of

the test equi pment , completion of pre burn-in testing

of the second engineering samp le as well as initiation

of the burn in and l i f e  test of the second engineering

sample.
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APPENDIX A

Engineering Man—Hour U t i l i za t i o n
for the Fourth Quarter of the Program .

4th Qtr .  Cumulative

T. E. Stockton 176 Hrs .  784 Hrs .

R . B. Gill — 138 Hrs .

A. Gennaro - 371 Hrs.

R. Albano 64 Hrs . 590 Hrs .

S. KlunF 106 Hrs.  386 Hrs .

Manufacturing 50 Hrs.  1128 Hrs.
Personnel
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