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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-516 must be transferred from a develop-

mental device type to a volume manufactured commmercial 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 must

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. —

With this goal in mind , the MMTE program for the Injection Laser

Diode for use in Fiber Optic Communications was organized

utilizing the Program Evaluation and Review Technique (PERT) for

planning , scheduling , controlling, and evaluating the progress

of the program . -

The major program objectives for the first quarter of the

program include the procurement of components essential for the

fabrication of prototype laser diodes , preliminary evaluation

of epitaxial material , and the construction of life racks to be

~ 
1
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used throughout the course of the program . The procurement of

V materials and equipment along with the status of process develop-

ment of manufacturing techniques is discussed in the following

sections with respect to the achievement of program milestones. 



I

SECTION II

DEVICE DES1Gt~ REQ U IR EMEN TS AND PERFORMZWCE S P E C I F I C A T I O N S

2.1 E le c t r o - O p t i c al  Characteristics.

The performance char acteris tics of the I n j ection La ser

fo r  use in Fiber Optic Communica t ions  are described

in detail in Technical Specification SCS—516. The

device may be gene ra l l y  d~~ cribed as a double-hetero-
V 

junction (DH) GaAs - GaA1As semiconductor laser
capable of high dati rate transmission at an emitting

wavelength of 820 nm at room temperature . In add ition ,

the device must be fiber optic comoatible. An out-

line of the major electro-optir.al performance character-

istics of the device is shown in Table 1. A more

detai led description of the device , including environ-

men tal performance and parameter test methods can be

found in SCS—5l6 . In order to provide for a high *

degree of fiber optic system integrity through- the

use of redundancy , the in jec t ion  laser diode has been

des igned to consist of a t r iad  of discrete lasing

V 
elements contained within a single crystal of semi-

conductor mater ia l .  This construct ion wi ll be referred

to as ”monoli thic  t r i ple st r ipe geometry ” throughout

~bis repor t .

2.2 Device Structure

T~ achieve the electro-optical characteristics outlined

in Ta b l e  1 , the narrow cavity (<.5pm) GaAs—GaA1As

__________ 
3
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Tabl e 1

- Electro—optical Performance Characteristics of the

- 

- Injection Laser Diode for Fiber Optic Communica tions .

~ M m .  Max. Units

Opt ical  Str ipe Wid th - 25

Stri pe Spac ing 120 130

- 

Peak Ou tput Power 200 - mW

Average Output Power
per Stripe 6.3 7.0 mW

Peak Wavelength 800 830 nm

I Beam Divergence Paral le l
I to Junc tion - 15 degrees

Beam Divergence Perpendicular
to Junct ion - 40 degrees

r

I.

Operating Conditions
V 

Ip~~~ 3A max .
Vf 2.OV max. @ 3A.
Ta = 25°C
tp 10 risec
DF = 10?-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~
V- -

~~~~~~ 
-

~~ 
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~~~~~
—

~~~~~~~~
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~~~~~~~~~~~
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~~~~~~~~~~
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~~~~~~~~~~~~~
-

~~ 
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double heterojuriction laser structure has been

employed in conjunction with Laser Diode Laboratories ’

unique stripe geometry current isolation technique .

Devices of this structure have demonstrated low thres-

hold current density (<1KA/cm 2) , hi gh d i f f e r e n t i a l

quantum efficiency (>50%), fast rise time (<200 psec) ,

• and sufficiently good beam characteristics to satisfy

the requirements of most fiber optic systems applications .

A schematic diagram of the structure is shown in

Fi gure 1 along with the bandgap , Eg,  and index of

refract ion , n , profiles perpendicular to the plane of

the P/N junc t ion .

The substrate, region 1, is n-type GaAs doped with Si

to 2 x 1018, with EPD <1K/cm2 . Existing dislocation

networks and substrate surface imperfections are

terminated by the growth of at least one n-type GaAs

buffer layer , region 2 , doped with Te to 2 x io1~
8
~

Regions 3 and 5 are n-type and p-type GaA1As respect-

ively . These two layers confine light generated

by the injection and recombination of carriers in the
- 

. 
active region 3, a p-type GaAlAs layer (Si, 1 x 1018).

Li ght is confined to the waveguide formed by regions 3

and 5 by virtue of the slight decrease in index of re-

fraction at their boundaries with the lower bandgap

active layer. The peak emission wavelength of the

laser is controlled by the bandgap of the active

reg ion , which in turn  is a func tion of the alumi num 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~-- -- -— ---~~--
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concentration of this layer. In this case, 8%

aluminum in the active region corresponds to approximately

820 nm peak emission wavelength . In order to obtain

the low threshold current densities required for high

duty cycle operation and for satisfactory high tempe-

rature performance , the recombination volume , hence

the active reg ion thickness must be kept small. In

the case of CW injection lasers with 
~ th typically

• <1.5KA/cm2, ‘d’ is normally 0.3 to 0.4 inn.

Reg ion 6 functions as a contact cap with aluminum

incorporated in this p-type Ge doped layer to minimize

lateral current flow by increasing its resistivity .

Stripe geometry fabrication permits high duty cycle and

room temperature CW operation by l imiting the lasing

reg ion of the active layer to only a small portion of

the junction width . This allows heat generated in the

25 u rn lasing region beneath the contact stripe to be

dissipated throughout the entire bulk of the laser

diode pellet. The topmost region 7 consists of ligh t ly

doped n-type GaAs . Following photolithographic

def inition of the contact stripe , 15 to 20 inn wide

channels  are etched throug h th is  cu r ren t  block ing

layer. Under conditions of forward bias , curren t  is

restricted to flow through the active region only beneath

the etched channel. Elsewhere , because the p/n junc t ion

formed by interface between regions 6 and 7 is back—

biased , the cavity remains unpumped.

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Details of the epitaxial synthesis and wafer processing

for monolithic stripe geometry fabrication will be

discussed in Section III.

2 . 3  Array Confi guration.

The requirements of SCS-516 dictate the array configu-

ration for the monolithic triple stripe geometry inject ion

laser diode . Figure 2 illustrates the main features

of the diode chip. The diode essentially consists of

a triad of discrete lasing elements embedded in a

single chip of epitaxial GaAs-GaA1As material. Each

element has a maximum optical source size of 25 um

and the elements are spaced at 125 jnn intervals to

facilitate coupling of each individual element to a

triple fiber optic ribbon cable . Monolithic construction

is preferred because the high degree of dimensional

and compositional uniformity inherent in the hetero-

epitaxial process guarantees optimum uniformity of

electro-optical parameters among the three discrete

lasing elements . In addition , the hi gh degree of

uniformity provides perfect geometrical alignment

of the elements relative to each other . Fabrication

of the monolithic triple stripe geometry array from

epitaxially synthesized wafers is discussed in detail

in Section I I I .

2 . 4  Packa g~e Re quirements.

Dun tg the f i r s t  quarter of the program , several

modif icat ions to the package out l ine were requested

~

• • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~
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by ECOM for incorporation into the device

desi gn. These modifications to the proposed package

configuration involved increasing the height of the

pill package base to bet ter f a c i l i tate coupl ing  to the

f iber  cable end f e r r u l e .  A lso , the overall heigh t

was adjusted to allow the use of square optical windows

in production . Figure 3 shows the modified package

ou tl ine drawing wi th  tolerances . A detai l  drawing

showing the laser module mounting position and orient-

ation within the pill package is given in Figure 4 .

Engineering drawings of the package parts and a detailed

description of their assembly is given in Section III.

SECTION I I I

MANUFACTURING METHODS AND TECHN OLOGY ENGINEERING

3.1 Materials Technology.

3.1.1 Synthesis of Device Structure via LPE.

3.1.1.1 Liquid Phase Epitaxial System.

Liquid phase epitaxy is a complex process in which single

crystal layers of semiconductor material are deposited

on a single crystal substrate of lattice matched

material by precisely controlled cooling of a saturated

solution in contact with the substrate . In the case

of hetero-epitaxial synthesis of GaAs and GaAlAs layers

for laser fabrication , gallium (Ga) is the preferred

solvent and the substrate is normally high quality,

low EPD , (100) GaAs .

V V - — - - -- - - ——- -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~---j—-- - - --  - V ---- - -~~~



I 
_________ _____________

UI

I C,0
I • ( (

_ _  _ _  

__ 

V-

f 
!; 

Iz . 0  z
0 0 4  _ ..j~~~
IL. I °-• I ~~~ 

__ o_
ILl 4J~~~

o x
I.- a.

4 ._I c~J $
Cl) 4 o .~I I ~~~~~~~~~~.J

rz4

1
4 _ H

w
6 I- 0 0

-
~ 

,~~0 4 a. 0 .
V &~~ 

ILla.
II.

4

0
0

--- V - V  --  ~~~~~~~~~ - -V — V - -~~~~~~~~~~~~~~~~~~~~~~~~ —---~~~~~~~~~~ V - - - • - - V •- - - V~~--- -~~~~~~



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

W I-

V I-
~~~; 

0 0

_ _  A

_ _ _  _ _ _ _ _ _  ______ H
£ ——V — — H

(~
)

NIn 0
— ‘- 04- i
‘ 4 $

• II. - 4J~~~3y 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  Ifl ILi 0 0

0 — 131 Z

0• 
> -J~~~

4$ Iii ~~l 0
— UI0 a. ~~ 0 0

/ 0 Co
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

(0

EU

~~a) I I
_ _ _ _ _ _ _ _ _ _ _  V I— ~~~o 0 ,

_J ~~~~~ k-i

--
—

~~
1 .c3— 0 ~ III ~-l

__________ o

I U w~~~~ 4
— I

_ _ _ _ _ _ _ _ _ _ _  L
0 0

.JW O X
4~~~~ 4 CI)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

V -

-

~ 

~~~~~~ ~~~~~ • 



— -V• - • 

- -V -

Crystal  growth of these s t ructures  takes place at

temperatures ranging between 750°C and 900°C and

musL be performed in an inert or reducing atmosphere

to avoid the highly detr imental  e f f e c t s  of oxygen

contamination.  The properly designed LPE reactor and

support systems must satisfy several criteria in order

to yield epitaxial wafers suitable for fabricating

monolithic triple stripe geometry laser structures.

These criteria are dictated by the un i fo rm ity,  r e l i ab i l i t y ,

and produceabili ty requirements of semiconductor

optoelectronic components for volume commercial manu-

facture . Maximum surface area , layer thickness uni-

formity , compositional u n i f o r m i t y ,  and minimum defect

density are required. In addition , the as-grown

surface morphology of the terminal layer must be corn-

patible with photol ithographic processing for the

de f in i tion and pat terning of stripe geometry contacts.

Fi gure 5 shows a block dia gram of the ep itaxial

sys tem in use at Laser Diode Laboratories.  Tnis

system incorporates several features which have resulted •

in the optimization of the liquid phase process :

Isotherma l Hea t Pi pe Furnace - The sodium filled iso-

thermal liner elimintates all vertical and horizontal

tempera ture gradi ents and , hence provides uniform

depos ition rates over the en t i r e  surface of the

substrate . The isotherma l liner also allows the use 
- -

of lar ger ep itaxial boats , therefore , larger epitaxial

13 
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wafer s can be synthesized or more comp lex structures grown .

Vac Sorb Pump - The u se of a molecular sieve prior to

the start  of the run completely removes all traces of

oxygen from the growth ambient without the risk of

organic contamination .

Oxygen Mon itor - The use of a fue l cell apparatus in

the ou tput stream of the system allows continuous

moni tor ing  of the 02 content of the system both prior

to and during epitaxial synthesis. The apparatus - ‘ -

assures system integri ty resul ting in reproduc ible

growth ra tes , alloy composition , and def ect free grow th

by prevent ing the formation of Al 203 in the mel t .

During the first quarter of the MMTE program , several

improvements were made in the design of the epi taxia l

reactor. Noteable among these improvemei~ts were the

desi gn and construction of new end cap apparatus shown

in the pho tograph of Figure 6a. The new desi gn can

suppor t hi gher vacuum , and operates with lower back-

ground 02 levels than could be obta ined previous ly .

The optimized desi gn now permi ts evacuat ion of the

grow th tube down to 80 microns and ~i steady state 02

concentrat ion of 0 .1 ppm in the H2 ca r r ier gas.  In

addition , an improved gas supply sub-system has been

des ign ed for  easier  use by produ ction pe rsonnel and

is shown in the photograph of Figure 6b. A schematic

indica ting its operation is shown in Figure 7. In

add it ion to ob ta i n i n g  opt imum system performance throug h

improved desi gn concepts , the design and construction of

~~ 15 
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the epitaxial boat is crucial to obtaining high

quality hetero-epitaxial material. The ultra high

puri ty , hi gh density graphi te boat is shown in the

photograph of Fi gure 8. The eight bin boat utilizes

a built-in indexing mechanism for accurate positioning

of the substrate in each bin. Also an extra bin is

employed to remove excess gallium which may adhere to

the surface of the wafer as it is removed from the

final melt.

Together , the modified epitaxial reactor and epitaxial

boat allow the generation of double heterojunction

structures in a manufacturing environment for the

volume production of monolithic triple stripe geometry

injection lasers.

3 .1.1.2 Growth Process for the Synthesis of the Double Hetero-

jun ction Structare.

Epitaxial synthesis of the double heterojunction structure

is accomplished according to the sequence of events

outl ined in the flow chart of Fi gure 9. Table 2

lists the melt compositions for the growth of the double

he terojunct ion structure used in the fabr ica tion of the

- - 

1 

monoli thic  triple stripe geometry laser diode . After

the appropriate melt ingredients , gallium (Ga) charges ,

and polycrystalline source wafers , have been loaded

into consecutive growth bins , the sin g l e  c ry s t a l  (100)

GaAs substrate is placed into the slider well of the

high p u r i t y  graph ite boa t (r e f e r  to Fi gure 8 ) . A

graphi te cover pla te  is employed to el imina te  su r face

_ _ _ _
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Fi gure 9 Soquen2e of Operations for Liquid
Pna se Ep i t a x i a l  S y nt h e s i s .

~~~~~~ _- -— Weigh Melt Ingredients .
( Prepare ~~~~~~~~~ Clean & Etch Source Wafers.

Mater ia l s  
~~~~~~~~~~~~~~~~~~~~~~~ Clean & Etch Substrate .

Load Solid Components.
Load Load Ga Changes.
Boat ~~~~~~~~~~~— Load Source Wafer.

Place Grap hi te Blocks.

Place Boat 
— Position Boat Against Backstop .

in Growth Engage Control Rod in Slider.
Chamber Seal End Cap .

Evacuate Evacuate via Vac Sorb.
and - Bac k f i l l  wi th  112 .

Purge Chamber 
~~~~~~~

- —- Purge un t il  02 <1 PP~’.

Saturate _
~— Roll Furnace into Growth Position .

Melts  ~~~~~~~~~~~~~~~~~~~~~~~~~~ — Equilibrate to 850°C.

~~~~~~~— Soak 1 hou r .

Deposit Engage Cooling Ramp .

• Layers - — Advance Control  Rod According
to Growth Sequence.

~~~~~. Roll Furnace to Idle Position .
Terminate 

• ~_—r~ .~~~~~~~ — - - Engage Cooling Fan.
Run ~~~~~~~—-—— Purge with N2.

Remove Boat - -



~~iI~~~~~~~~~~HH1H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 2

Mel t Compos itions for Double Hetero junc tion Epi taxia l
Synthesis.

-- 
Layer *GaAs Ga Al Te Si Ge

- 1 0 .6 K  5 .0 K  — 1.0 — —
- 

2 0 . 6 K  5 .0 K  6 . 0  1.0 — —

— 

- 

3 0 . 6 K  5 . 0 K  1.0 — 15.0 —

- 
4 0 .6 K  5 .0 K  6 . 0  — — 0 . 1K

- 5 0 . 6 K  5 . 0 K  0 . 2  — — 0 . 5 K

6 0 . 6 K  5 .0 K  — — — —

* Polycrysta l’.ine source wafe r s .

** Wei ghts  in mg.

r

I, I 
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dissociation of the substrate during equilibration .

The boat is then loaded into the quartz growth tube

and the system is evacuated by means of the Vac-Sorb

pump . Following a short H2 purge , the system is

brought up to the starting temperature of 850°C by

rolling the isothermal liner into the growth position .

Melt saturat ion is accomplished dur ing a one hour

soak at 850°C during which time enough GaAs is dissolved

from the source wafers in order to exactly saturate each

melt. This recently developed self—saturation scheme

has simplified the growth procedure by eliminating the

need for careful preweighing of GaAs for each melt .

In addition , higher qual ity layers and increased run

to run layer thickness reproduceability have been

achieved with this technique . Once saturation has been

achieved , epitaxial synthesis procedes accoring to

the time temperature program shown in Figure 10.

Individual layers are epitaxially deposited by advancing

the substrate through the consecutive growth bins for

a precisely controlled time interval. Because growth

rates for the various melts are well defined for  a

f ixed s tar t ing temperature and cooling rate, layer

thickness can be accurately and reproduceably controlled

using this technique. A cleaved and etched cross section of

a typ ical wafer synthesized for use in the fabrication

of the monolithic triple geometry laser diodes is shown

in Figure 11. In add ition to the excellent dimensional

and compositional uniformity of the layers , the surface

- - --- ---
~~

- —
~~~ --~~~~~~~~~~~~~~~~~~ ,. 22 
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morphology of the heteroepitaxial wafer is characterized

by f reedom from pit type defects and exhibits a hi gh

degree of f la tness compatible with the photol i thographic

processing steps required for the app lica tion of

str i pe geometry to the wafer surface . Photomicrographs

of the surface are shown in Figure 12.

3.1.2 Wafer Processing for Monolithic Triple Stripe Geometry

Module Fabrication.

Following li quid phase epitaxial  synthesis , the wafer

must be processed into individual triple stripe geometry

modules. The processing steps required for the fabri-

cation of the modules , are i l lustrated schematically

in the process flow chart , Figurel3 .  Af ter epi taxia l

synthesis of the mult ihe terojunct ion s t ruc ture , the

wafer undergoes a preprocess cleaning to remove residual

Ga from the surface , Figure 13 (a )  . Approxima tely .050”

of material  is cleaved from all four edges creating

mutually perpendicular <110> reference planes to be

used for  channel stripe alignment. The proper <110>
I.

ali gnment plane must be identified prior to epi t ax ia l

growth since a V-shaped channel cross section is desired .

This is normally accomp lished by def ining channels on

a sample substrate and observing the channels ’ cross

section. Once identification of the <110> has been

accomplished , the pro per al ignment p la ne is k nown for

all s- A bstratcs cut from a give1: ingot.

l I
~~~ I I i i  j~~ ’~ - çI~~ c def in i t i o n  -mf t he  S t r  i~ ) C ~~~~~~~~~~~
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Figure 13 Process flow diagram for the fabrication
of monolithic stripe geometry in ject ion
laser arrays.

_______________________________ 
a) Preprocess clean. Wafer

edges cleaved along <110>
to permit mask reg istra tion .

b)  Photol i thographic def ini t ion
of stripe geometry contact
channels .

~~~~~~~ J ~~-~~J ~~~~~~~~~~ ~~
____J 

~—

_______________________________ c) Etch through blocking
layer to form stripe
contact channels.

4 d) Remove resist, thin wafer
to .0035 ” . Evaporate
ohmic Sn contact on n—side .
Ni -Au plate wafe r .

e) Cleave wafe r  into .010”

~ 

slivers. HR and AR

~ 

~~~~~~~~~~~~ ~e m ~~i~
65 1

~

_ _ _  _ _ _ _ _ _ _ _ _  4



channels is accomplished by aligning the mask reference

with the proper <110> direction as indicated schematically

in Figure 13 (b) -

Photolithographic definition is followed by a 3:1:1,

Methanol :Phosphoric : Hydrogen Peroxide etch which

removes the n-GaAs blocking layer forming an array of

etched 20 iim wide contact channels in the p—GaAlAs

contact cap . Parallel contact channels are ’-spaced on

.005” centers over the ent ire sur face  of the ep itaxial

wafer  as shown in Figure 13 (c ) .

After removal of the masking resist, the epitax ial wafe r

is thinned to .0035” and Sn ohmic contacts are evaporated

over the n-side of the thinned wafer , Figure 13 (d).

Nj-Au electroplated contacts are app lied to both sides

of the wafer forming ohmic contact to the exposed p-GaAlAs

contact cap in the stripe channels .

Mirror facets are formed by cleaving the epitaxial wafer

— in the slivers approximately .010” by .300” as indicated

schematically in Fi gure 13 (e) .

Cleaving is accomplished with the aid of a diamond

scribing apparatus shown in the photograph of Figure 14.

The cavity length is accurately and reproduceably con-

trolled by the micro-index control on the vacuum chuck

of the scriber.

Reflective coating of the back facet of each sliver

is accomplished by vacuum deposition of successive films
0 0 0of SiO (2000A)  , Cr (5 0A) ,Au  (4 0 0 0A)  , Cr (b OA) , and

V-  ~~~~~~~~~~~~~~~~~~~~~~ - - -V -- - -
~~~~~~~~~~ - -- V- - V - - - V -_ -~~~~- -~~~~~~~- - - - -
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0
SiO (300A) -

Final ly, in Fi gure 13 (f ) , the individual slivers are cut

on .025” centers with a ganged wire saw having a .0035”

k e r f .

Fi gure 15 shows an ep itax i a l  waf e r  to wh ich t r iple

stri pe geometry con tac ts have been applied . Figure 16

shows ~-‘dividua1 modules after they have been cleaved ,

coated , and cut to size ready for  assembly onto the

pill package .

3.2 Packaging Technology.

3.2.1 Package Design.

Dur ing  the f ir st quar ter of tL~ program , f inal iza tion

of the package desig n and procur emen t of p i l l  package

blanks for  fabr ication of the f irs t engi neering samp les

was carried out. The pill package blank consists of

a brass nega tive electrode , an A1203 ceram ic spacer ,

and an OFHC copper positive electrode which serves

as the primary he-at sink for the monolithic triple

stripe geometry injec t ion  laser diode modu le .  These

three major  componen ts a re bonded together through the

V . 
use of a high temperature alloying technique and are

purchased from the supp lier a~ a comple te assembly.

Eng i neering drawings  for the piece parts are  given

in Fi gures 17 , 18 , and 19 - In addition to the

package b lank , thr- optical window along w i t h  its epex~

p r e for n  for  ~ tachme r 
~ ‘mike up t h  r~~ r n a i n C 1 e r  of the

pa— ’kage parts . i rt s draw]~~:I~ fo~ these t~~n components

_ _ _ _ _ _ _ _ _- V - - V - _ _ _
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are shown in Figures 20 and 21 and photographs of

the window and preform are shown in Figure 22 (a) and (b).

The epoxy utilized in this assembly is Ablest ik type 539

and is supplied as a stamped preform . Type 539 consists

of a non-frozen epoxy applied to both sides of a thin

mylar film carrier. Preforms of this type are available

in 0.0005” increments up to 0.003” thick . The epoxy

is tack free prior to curing and can be stored at 25°C

for an indefinite period of time . Curing is accomplished

by heating to 110°C for two hours and results in an

extremely u n i f o r m  bond line with a shear strength

of 3000 psi. Because extremely thin films of epoxy

are applied to tha  myla r  car r ier , deformat ion  of the

preform during cure is minimized . This feature together

with the inherent uniformi ty of the mylar f i l m  carrier

makes this an ideal material for the attachment of the

optical window to the laser diode p ill package .

In a parallel  e f f o r t, the use of a similar my lar preform

as an electrical insulator to be employed in place of

the ceramic is curr en t l y under investigation . Several

advantages to using epoxy preforzns for this application

have become evident to date . In order to obtain a

perfectly flat mounting surface for the 0.004” thick

optical window , the f r o n t  face of the p i l l  package blank

must be lapped prior to use. The presence of the

ceramic insulator introduces some degree of difficulty

in this step owing to the difference in hardness between

_ _  _ _ _
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A12O3 and copper. Although perfectly flat mounting

faces can be obtained , the lapping must be done care-

fully to prevent rounding . When the blank is designed

for use with an epoxy—mylar insulator , the lapp ing

accomp lished wi th  mu ch less d i f f i c u lty and wi th i

minimum of material removal . In addition , the copper-

mylar blank is about one th ird as costly as i ts copper

ceramic counterpart. Photographs of both types of pill

package blanks are shown in Figure 23 (a) and (b)

Experiments to determine the impact on environme n tal

and electro-optical characteristics due to the incor—

pora tion of the myla r insulator are cur rent ly underway .

3.2.2 Assembly Techni que.

A blow up of the injection laser diode pill package

assembly is illustrated in Figure 24. - The device is

assembled in the fol lowing sequence of procedures.  The

window mounting face of the pill package blank is first

lapped flat using the lapping machine shown in Figure 25.

Bla nks are mounted in a special f i x ture to fa ci li tate
- - - 

batch processing of the parts. The pill package blanks

are then individually inspected and are deburr ed pr io r

to electroless pla ting wi th nickel and gold.  Nex t,

the f l y  ribbon is welded to the negat ive electrode of

the package . A photogLaph of the welding apparatus is

shown in the pho tograph of F igure 26. At this point ,

pre-tested laser diode modules are mounted on the pi l l

package and the fly ribbon is attached to the n—side

—--- ------- --- -- - - -  --- --- 
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of the m o cu l e  w i t h  ind i um . A f t e r  u n d e r g o i n g  an el~-ctro-

optical parametur screen , anti-reflective coatings

will be ap~ licc1 to the passed diode assemblies . To

da te , AR coatings have not been incorporated on proto-

tvue diodes because construction of the electron beam 
V

depos ition sys tem is no t scheduled for  co~.~pletion until

the end of the next quarter. A photograph of the multi-

pot E—gun source is shown in Figure 27. - A critical

step in the fabrication of the injection laser diode

assembly is the a t t achment  of the opt ical  window to

the package. A special assembly station , shown in

Figure 28 , has been designed to permit the attach-

ment of the optical window in a dust-free , dry ni t rogen

ambient environment. The entire process including

epoxy cure must take place in an inert gas in order to

avo id the pote n t i a l l y  det r imental e f f e c t s  of both

mo isture and oxygen contamina tion of the monol ithic

triple str ipe geome try in jec t ion laser diode.  A

photograph of the completed assembly is shown in

Figure 29. -

- 

- 
3.3. Device Evaluation and Testing.

- - 3.3.1 T25t Equ ipment.

A 10 MH
~ 

pulser capable of delivering drive currents

up to 3.0 amperes at a duty factor of 10% forms t h e

f I 1 i S~~~5 f o r  a l l  of the e le c t r o — o p t i c al  m e a s u r e m e n t s  to be

(:crri (- (1 out d u r i n q  the course of this proqram . The V
first 25 positions of the burn—in and li fe test rack

_ - -
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are currently under construction and are scheduled for

comple tion dur ing  the second quarter  of the program .

The circuit schematic for this driver is shown in

Figure 30 . A pro totype circuit board has been

evaluated for  stabi l i t y  and ha s exhib i ted  hi ghly satis-

factory performance over a 500 hour period .

3.3.2 Prototype Laser Performance.

— In itial evaluat ions of double he te ro junc t ion  material
V 

were carried out on structures having cavity dimensions

of g rea te r  than l . O u m .  Fi gure  31 shows a photograph

of an etched cross section of DH-A-97 .

Modules f a b r i c a t e d  f rom t h i s  ep i t ax i a l  w a f e r  consisted

of t r i ads  of .001”  contact  s t r ipes.  A po r t ion  of one

of these etched channe l s  can be seen c l e a r l y  on the p — s i d e

(top  edge)  of the e p i t a x i a l  w a f e r .  The p r i m a r y  reason

for  choosing a wide cav i ty  s t ruc tu r e  for  the i n i t i a l

pro to type  e v a l u a t i o n  was to d e t e r m i n e  the base l ine  or

‘ wors t  case ’ pe r fo rmance  c h a r a c t e r i s t i c s  of the dev ice .

In add iti on , by compar ing broad area to stripe geometry

la si ng charac te r i stics fo r f ixed  cav ity leng ths ,

and accurate estimate of degree of current spreading can

- 
, Pt made for a given ep i t ax i a l  co n f igura tion .  In the

case of DH-A-97 , which had a 1.4 ~m cavitylJ th fo r

stri pe geometry laser diodes was 14KA/cm 2 i.e. Jth /d=

lO~~A ’ cm 2 / . m .  ‘3 th~~
1 f o r  broad  area contacts was 6.5KA/cm 2/ u m

i n d i c a t i n q  c o n s i d e r a b le  c u r r e n t  s p re a d i ng  in the  w i d e

c a v i t y  s t r u c t u r 1 - . M o d u l e s  f a b r i ~’~~t s -d f rom D I 1 — A — 9 7 , ex-

h i b i t e d  an av cr a I j~~ t h r e s h o l d  of 3 . 2  am p e r e s  ~ nd a d i f —

~~~ 49
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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f e r e n t i a l  q u a n t u m  e f f i c i e n c y  of 3 3 ,  w i t h  no o p t i c a l

c o a t i n g s  app l ied  to the f a c e t s  of the  d iode .
- I 

Based on t h i s  da t a , s t r u c t u r e s  h a v i n g  a c a v i t y  w i d t h , ci ,

equal  to 0 . 4  ~im r e q u i r e  a s t r i pe w i d t h  of a p p r o x i m a t e l y

15 ~im in order to maintain an optical source size less

than  25 ~im wide. The maximum threshold current for

devices wit-h a 0.4 im cavity will be about 350 ma for

each elemen t of the tri ad.  In real ity , since the amount

of curren t spr eading decreases w ith decreasing cavi ty

width , threshold current is expected to somewhat lower

than this figure. In addition , the output power at 2

amperes drive shou ld exceed 200 mW based on the 30%

effic iency measurement.

It should be noted that , wi th  the addi tion of su i table

reflective and antireflective optical coatings to the

laser diode , a substantital improvement in the output

character i s t ics  of the dev ice w i l l  occu r .

3.4 Production Engineering .

A summary of the en tire f ab r i ca t ion  process for  the

volume manufacture of monolithic triple s t r ipe geometry

injection laser diodes is shown in the f low char t of

Figure 32. . In—process test and inspection steps have
- - been inserted at appropr ia te  points  throu ghou t the

fabrication sequence . An effort has been made to mini-

mize the number of in-process check points while main-

ta i n i ng a hi gh degree of process efficiency. An estimate

to minimum man—hour requirements for the fabrication of

_ _ _ _ _ _ _ _  
j
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Figure 32 Flow chart of Manufacturing process for triple
Stripe Geometry Injection Laser Diode.
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the in jec t ion la ser at a rate of 100 un its per day is

included in Table 3 . In some cases the minimum through-

put at a given operation exceeds the daily requirement

of the program . In these cases , the minimum man—hour

requirement , is based on the amount of time required to

complete a g iven operation even if that operation y ields

more than the required number of devices. For example ,

if optical coatings are applied to a number of slivers ,

the time required may be 2 . 4  hours minimum regardless of

whether 100 modu les or 500 modu les can be coated in the

same operation.

SECTION IV

SUMMARY AND CONCLUSIONS

The first quarter of the program has witnessed the pro-

curement of all essential components for the fabrication

of the engineering prototypes . Prel iminary evaluations

carried out for the purpose of determining optimum ma-

terial design parameters have been completed . The results

of these studies indicate that contact stripe widths of

J~5 pm may be required in order that the threshold current

be kept below 1.0 ampere for the triad and the optical

source size be kept below 25 pm for each element. of the

triad .

Potential problem areas involving window attachment have

been iden t i f i e d  and solut ions proposed . A modi f ied  pill

package, which employs a mylar insulator in place of

the ceramic spacer , is currently under consideration as 
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Table 3

V 

Minimum Man Hour Requirements for Fabrication of
Monolithic Stripe Geometry Injection Laser Diodes.

Manufacturing Man hour
Sequence Requirement

1. Epitaxial Synthesis 4.0 —

2. Photolithography 1.4

3. Metalization 1.1

4. Cleaving 1.0

5. HR Coating 2.4

6. Cutt ing 4 . 2

7. Module Pretest 1.5

8. Package Preparation 5 .0

9. Welding 0 . 6

10. Di ode Mounting 12.0

11. Device Pretest 1.5

12. AR Coating 4 . 8

13. Window Attachment 6 .0

14. Inspection - 1.5

* Figures are yield adjusted for a rate of
100 units  per day.



-
~~~~~~~~~~~~~~~ 

_

one possible solution to the problem of obtaining a

perfectly flat window mating face.

Pla ns for  the next quarter include the fabr icat ion ,

testing, and delivery of the first set of engineering

samples. In addition , the ins ta l la t ion  of the electron

beam gun requi’ed for the deposition of an t i re f lective

coatings is scheduled for completion . The first 50 burn—

in and l i fe  test positions wi l l  also be completed during

the second quarter of the program .

I.
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TABLE 4

- 
Engineering Man-Hour Totals for the First Quarter

- 
- 

of the Program .

R. B. Gil l  President 138 Hrs .

T. E. Stockton Operations Manager 376 Hrs.

R. E. Albano Technical Staff  Member 160 Hrs .

A. Gennaro Technical Staff Member 154 Hrs.

S. Klunk Technical S ta ff  Member 86 Hrs .
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