
- ,
-

~

AD—A071 158 LASER DIODE LABS INC METUCHEN N .J F/S 20/6 “1LIGHT EMITTING DIODES FOR FIBER OPTIC COMMUNICATIONS. (U)JUN 78 A GENNARO DAA BOY— 76—C—8135 
~ A.UNCLASSIFIrr~

_ U_ _ _ ____

U 
ENJD

DATE
flL~~ED

8 --
~~~~~— Doc 

- 

• 1



~~ —

J~VE16’
14 MANUFACTURING METHODS AND TECHNOLOGY ENGINEERING

PROGRAM QUARTERLY TECHNICAL REPORT

_ 
‘
I f

Contract Number DAABO7—76-C—8135 .•
. /

LIGHT EMITTING DIODES FOR FIBER OPTIC COMMUNICATIONS

Prepared By:

LASER DIODE LABORATORIES, INC.
205 Forrest Street
Metuchen , New Jersey 08840

SQ- .cD
I C-,

C.,
Sixth and Seventh Quarterly Reports
for the Period 1 January 1978 to 30 June 1978

Approved for public release; distribution unlimited.

Placed By:

U. S. Army Electronic Research and Dvelopment Command
Fort Monmouth, N. J. 07703



MANUFACTURING METHODS AND TECHNOLOGY ENGINEERING
PROGRAM QUARTERLY TECHNICAL REPORT

Contract Number DAABO7-76-C-8135

LIGHT EMITTING DIODES FOR FIBER OPTIC COMMUNICATIONS

Prepared by:

Albert Gennaro
Product Development Manager

LASER DIODE LABORATORIES , INC.
205 Forrest Street
Metuchen , New Jersey 08840

Sixth and Seventh Quarterly Reports
for the Period 1 January 1978 to 30 June 1978

This project has been accomplished as part of the Army
Manufacturing and Technology Program , which has as its
objective the timely establishment of manufacturing processes
techniques or equipment to insure the efficient production
of current or future programs.

The findings in this report are not to be construed as an
official Department of the Army position unless so designated
by other authorized documents.

Destroy this report when it is no longer needed. Do not
return it to the originator .

~~~~~~~~~~~_ ~~~~~ ~~



OF THIS PAOt (N~i~n 1).,. ‘~ni.,.d)

D~~DADT fl IVIIUEIIYA?lfl U DA( W READ INSTRUCTIONS
~~ ~~ !‘I 

•
~~~‘J~ .~ PIfl I- ! I ~~~ I~J~~~~! Owl. BEFORE COMPLETING FORM

l~ REPORT NONSEN 5. GOVT ACCESSION NO 3. NCCIPIINT $ CATA LO G NUMSEN

S. TI~~%.I (~~d SuBifti.) I. TYPE OF REPORT S PER~oo COVERED
Quarterly Report

(~~) ,~ IGRT ~MITTING DIODES FOR FIBER OPTIC ,t 1/1/78 to 6/30/78
COMMUNICATIONS - - —~~

_.... - ~~~~~~~~•~~~~~~~~~~~~ _-.— —- •. PERFONMINO ORG. REPORT NIIUSCN

7. *IJTHON(IJ S. CONTRACT OR GRANT NUMSIPI(a)

A1bert)~~rnaro! (,~
, )/DAA$7-76-C-8135)

S. PEN~ ONMINO ORGAN IZATION NAME AND A DORESS 10. PROGRAM CLtM(NT~PNO~ ECT , T A SK
AREA S WORK UNIT NUNPERS

Laser Diode Laboratories, Inc.
205 Forrest Street ~

) ‘—2769778
Metuchen,_New_Jersey 08850 

_______________________

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPQR~ -*AT4 . —~~~~~ -

U.S. Army Elec. Res. & Dev. Command ~~/ / ~ ~
- 7- ’

Fort Monmouth, New Jersey 07703 ~~~ N(I14SEN OF PAGES

ATTN: DRDCO-PC-D 35
IS. MONITORING AGENCY NAME S AOOPESS4I S dlll.~..,I Item ConI,olISng WIle.) 35 SECURITY CLASS. (of SAD. r poff)

~1 DECt.AS$IFICATION/OOWNGRIDING• SCHEDULE

IS. 01STNISUTION STATEMENT (.1 liii. Ropove)

Approved for public release; distribution unlimited .

17. 01ST MISuT ION ST AT EMENT (of Ih~ ab.IracI .ntO,.d In 8tock 20...lI dISIalonl4rom Rape’S)

/ ~~~ ~~ / .

/
~ 

,i t ’ / -
f

IS. SUPPLEMENTARY NOTES ~~~- -

Y~~
A , -1 - ‘

IS. KEY WORDS (Co&Jrni. on ,•t., •.atd• Dl n.e..uty and Identity by block numb.,)

Light Emitting Diode
Fiber Optic Communications
Gallium Aluminum Arsenide

~ Double Heterojunction LED
2~~ ABSTRACT (Continu, on ,..‘.,a. aid. Si n.c.a.dty and identity by block numb.?)

The design and fabrication of high speed etched-well light
emitting diodes for fiber optic communications is discussed
with regard to materials synthesis via LPE, wafer fabrication,
and device assembly in a manufacturing environment0

- C l

DD ~~ 1473 LOIT ON or NOV 35 IS OBSOLETE UNCLASSIFIED
3.. SECURITY CLASSIFICATION Or THIS PAGE (USian Da.(sI. ’IM



________________________ .
~~~~ p~~

— — - -•— _____________________________________

- 
TABLE OF CONTENTS

Section Page

I Introduction 1

II Manufacturing Methods and Technology
Engineering 221

2.1 Wafer Processing for Etched Well Light
Emitt ing Diode Chip Fabrication 2-6

2.3 Diode Assembly 6—15

2.4 Device Evaluation and Testing 16

2.4.1 Device Evaluation 16—18

2.5 Test Equipment 18

2.5.1 Life Testing 18

III Summary and Conclusions 22

ii 
- -



- -

a

LIST OF FIGURES

Figure Page

1 SEM Scan of Zinc Diffused Test Wafer  3

2 SEM Scan of Defective LED Wafer 
- 

4

3 SEM Scan EPI Structure 5

4 Curve Trace of Biased p-n-p-n Structure .  .  7

5 Zinc Diffusion Furnace 8

6 SEM Scan of Zinc Diffused Substrate 10

7 LED With ITT Fiber 12

8 Fiber Epoxied to Ferrule  14

• 9 Chip Soldering Fixture 15

-ì
I

)
t

t-i
Uiii 



Table Page

I Zinc Diffusion Data 9

II SCS—5ll Amendment ll ...13

III Lot BUR—B—72 GG—02—08 Fiber . . .  17

IV Lot BUR—B-72 GG—02—08 Fiber . .  . 19
V 3rd Engineering Sample ITT GG—02—8 Fiber . .  . 20
VI 4th Engineering Sample 2000 Hr. Life 21

- 

A cc es~~i~~ i-~~r

tOG iUn:rm ’~~ L
Just~~z i~ ‘t -,

_Pk~~r~~~~~TJ ~~~~~ • -

_~~~~ V~~ii~~~~- ’ . y  
-

k~~11 /or -

Dist. spec .~

iv

~

- -- —

.

-- — - -—~~~~~ ~~~~~~~~~~ -—-~~~~—~~~~~~~ —~~~~~~~~~~ ~~~~ - - - -_ ~~~~~~ -—~~~~~~ - -~~~-- 



APPENDICES

Page

-A Engineering Man-Hour Utilization for the
Sixth and Seventh Quarters of the Program . . 23

B Distribution List 24—30

I

V

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



— -~~~~~~~~~~~ -—

SECTION I

INTRODUCTION

The primary objective of this Manufacturing Methods and

Technology Engineering Program is twofold. First, the

manufacturing methods and techniques necessary for the

volume production of the light emitting diode for use

in fiber optic communications as outlined in Specifica-

tion SCS-511 must be developed and implemented to insure

the highest degree of device quality and reliability -

•

• at a reasonable cost. Secondly , verification of device

performance and quality for LED ’s produced in a volume

manufacturing environment must be carried out by means

of rigorous testing and evaluation in accordance with

SCS-5ll in order to demonstrate the technical adequacy

of the manufacturing methods developed under this

contract.

The major objectives for the sixth and seventh quarters

of the program include SEM analysis of zinc diffused

wafers with attendant process change to control the

di f fus ion , fabrication of devices with the new ITT

- GG-02-8, measurement of P0 with this fiber versus fiber

epoxy ing methods, delivery of the third engineering

sample ~iiith this fiber, and the start of the 2000 hour

operating life as the fourth engineering samp

le.1
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SECTION II

MANUFACTURING METHODS AND TECHNOLOGY ENGINEERING

2.1 Wafer Processing for Etched Well Light Emitting Diode

Chip Fabrication.

Analysis of defec tive zinc diffused wafers has been

made possible by the aquisition of a Scanning Electron

Microscope. In order to establish a base line for

proper interpretation of the SEM photographs, a test -
•

wafer was zinc diffused producing a p-n-p structure.

Figure 1 is a scan on the test wafer . The scan direction

is from left to right. The first induced current wave-

form upward indicates a p to n transition. The current

peaks at the p-n junction , and then falls to a constant

level in the n substrate layer. The next induced current

waveform downward indicates an n to p transition, with

the indicated peak at the n-p junction , and a fall to

a constant level in the p layer. Figure 2 is an SEM

scan of a defective wafer. The straight line indicates

the exact scan location. The solitary induced current

waveform upward p to n transition indicates that the

n blocking layer has been “washed out” or converted to

‘p’ type material. Figure 3 depicts the proper device

structure before (A) and after (B) the zinc diffusion.

As a consequence of this information it has been determined

that the n blocking layer was too lightly doped and thus

easily converted to p type material. Increased dop
ing2



SCAN D I RECTION

‘ p ’ to ‘n ’

‘n ’ to ‘p ’

Figure 1. SEM Scan of Zinc Diffused Test Wafer.
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Figure 2. SEM Scan of Defective LED Wafer .
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of this layer in the EPI processing will prevent this con-

version . The zinc diffusion is done after the contact dot

has been etched , but by cleaving a strip between the dots

the structure shown in Figure 3 (B), after the diffusion ,

can be evaluated . If the processing has been successful

the structure in Figure 3 (B) should be seen. The SEM

can be employed, or a curve trace of the resultant p—n-p-n

structure can be perfor ned . Figure 4 is a photograph of

a curve trace performed on a diffused sample . The snap-back

trace is typical of a p-n—p-n structure and thus indicates

the proper LED structure has been formed by the EPI and

diffusion processes.

The zinc diffusion system has been re-built along the lines

described in the last report. Figure 5 is a photograph

of the system, in which can be seen the salient features.

The furnace rides on rails and can be removed from, or

slid over the inner ampoule area. The diffusion tube

opens into the dry box area for loading and unloading .

Table 1 lists data on surface concentration , sheet resistance

and diffused depth for several runs. High surface concentra-

tion and consistent diffused depth, requirements desired

for the LED device, are easily met by the system. Figure 6

is an SEM photograph of a diffused n type substrate, with 
- 

-

the induced current waveform showing a p to n transition

[ at ~ depth of 1.9 pm from the surface.

t 2 .3  Diode Assembly Techniques

After discussions with ECOM personnel , agreement h~~

been reached concerning upgrading of the contract, by

6

-
- 
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Figure 4. Curve Trace of Biased
p-n-p-n Structure.
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Figure 5. Zinc Diffusion Furnace. -
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TABLE I. ZINC DIFFUSION DATA

4)
0 C)

U)
-1- O E  4J~~~0 0  0 0  •‘-I t)

‘0
r 4 1  Q) 4J .4~~~ U)
4J~~~~ 4-I U)
In I~ UI

-.4 f’~ 4-I C) ~4 C’) 4-4
1-Ir-4 C D I  1-ic’i ( D I

00
CI) .-4 IZ r-I CD~~~ 4 ~~~~r4 -

_____  — 
BEF( ~E D: FFUSI( N 

____  
AFT R DIF USION 

____  _____  _____  ____

DATE 
______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

TDtE 
______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

_____ 3.3 _____ 1.1 _____ _____ 4.96 _____ 1.19 _____ 
1.90 

_____ _____

2 
— 

5.1 
_____ 

0.9 
_____ _____ 

4.8 
_____ 

1.2 - _____ 

1.95
3 

— 
4.7 

_____ 
0.9 

_____ — 6.28 _____ 
1.57 

_____ 
2.00 

_____ _____

4 
— 

5.2 
_____ 

0.8 
_____ _____ 

5.4 
-_____ 

1.36 — 1.90 
_____ _____

INSP.
BY 

- _ _  _ _  _ _  _  _ _  _ _  _ _  _ _ _  _ _  _ _  _
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SCAN DIRECTION
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- I l

Figure 6. S.E.M. Scan of Zinc Diffused Substrate .
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a substitution of the ITT GG-02-8 fiber for the Galileo

Galite 4000 fiber originally specififed. This program

upgrading will result in a superior fiber optic pig-

tailed light emitting diode for Communication Applications

with LED pigtail to fiber optic cable interface that is

currently considered both state of the art and best

production interface for existing ECOM system require—

- ‘ ments. Figure 7 shows an LED fabricated with the new

fiber which illustra tes the extreme flexibili ty of the

fiber. Table II is a list of changes required in

SCS—511 to reflect the effects of the fiber change.

Figure 8 shows two ways in which the fiber can be epoxied

to the ferrule. Because the core is small relative to

the fiber diameter , considerable optical power can be

coupled into the cladding and the optical power out of

the pigtail is affected by the way the fiber is epoxied

to the ferrule. Results of the two epoxying methods

are discussed in section 2.4, Device Evaluation and

Testing.

The chip soldering fixture described in the last report

has been completed and is shown in Figure 9. The fixture

body is graphite , or in the chip and solder preform

locating ring. The weight is polished stainless steel

and is sized to allow a sliding fit in the locating

ring. An eight minute cycle time has been established

in the GCA Infra-red belt furnace to solder a fixture

loaded with twenty-five units .

11 

- - -“~~~~~- - -- ~- - •~~~~~~- - -



W”I~WJIU~~~

Figure 7. LED With ITT Fiber .
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TABLE II. SCS-511 Amendment II

1. TABLE III

A. Subgroup 2

Output Optical Power .100 mw m m .

2. TABLE VI FIBER CHARACTERISTICS

Core Diameter 55 pm nom.
62.5 urn max.

Cladding Diameter 125 pm nom .

Protective Jacket Diameter 500 pm nom.

Bending Radius 5 mm nom.

3. FIGURE 1 PHYSICAL DIMENSIONS

Change fiber detail drawing to reflect TABLE VI changes.

13 
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2.4 Device Evaluation and Testing

2.4.1 Device Evaluation

The new fiber , ITT GG-02-08, with its small core and

large cladding to core area ratio required evaluation

of the affect  of epoxying of the fiber to the ferrule

on the optical power that could be coupled out of the

LED. Referring to Figure 8, if the fiber is epoxied

to the ferrule by contacting the integral sheathing,

then the full diameter of the fiber, including core

and cladding , will couple optical power into the fiber.

When the fiber is epoxied to the ferrule by contacting

the fiber itself , any power into the cladding is

stripped out by the epoxy coupling and only that power

accepted by the core will be propagated down the fiber

as usefull optical power output. Calculations based

on the ratio of the cladding to core areas indicates

that a loss on the order of 6 db can be expected when

epoxying directly to the fiber. Table III contains

data on lot Bur-B-72 which was used to ascertain the

results of the two methods of epoxying the fiber to the

ferrule. Calculations based on the data in the table

indicate there is a loss on the order of 4 db in the

direct epoxying method . It is possible to part ial ly

epoxy the fiber to the ferrule when attempting to

epoxy to the sheathing only. In this case a partial

coupling of optical power out of the cladding will occur

and intermediate optical power out of the fiber will

16 .
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TABLE III. LOT BUR-B-~72 GG-~02-08 FIBER

DATE ______ ______ ______ ______ ______ ______ ______ ______

TThIE _ _  _  _ _  _  _ __

1 .450
2 = .430 -

3 
— 

.565 
_ _ _ _  BARE DIODI S _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

4 — .430 _____ ______ ______ ______ _____ ______ ______ _____ ______ ______ ______

5 .510 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____

1 = .410 _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

2 
— 

.400 
_____  

FIE ~R EP( XIED ‘ 0 FER ULE B 
_____  _____  _____  _____  _____

3 - .450 OUTEI SHEA’ RING 
_____  _____  _____

_____ = .400 _____ _____ _____ _____ —~~~~ _____ _____ _____ _____ _____ _____

5 _ .450 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

_ _  _ _  _ _  _ _  _ _  

a 
_ _  _ _  _ _  _ _  _ _  _ _  _ _

1 = .110 
____  F: 3ER El )XIED TO FE RULE 

____  ____  ____  ____  ____

2 
— 

.120 
______ _____ 

t IRECT] Y 
_____ ______ ______ _____ ______ ______

3 .200 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

_____ : .180 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

5 
— 

.190 
______ _____ ______ ______ ______ _____ ______ ______ _____ ______ ______

INSP.
BY 

_______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

17 
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be obtained . This condition is illustrated in the data

of Table IV , where microscope examination of the units

revealed varying degrees of partial epoxying . Table V

contains data on units which will be supplied as the

third engineering sample with the ITT GG—02-8 fiber .

The variation in the optical power output is, again ,

due to partial epoxy coupling as described above.

2.5 Test Equipment

2.5.1 Life Testing

A 4th Engineering Sample of 16 units fabricated with

the ITT GG-02-8 fiber was assembled and placed on a

2000 hour operating life test. The devices are run

at a constant current of 100 ma. Table VI contains P0

data at 0 hours , 176 hours and 1008 hours, the total

time completed for this report period . Calculations

show that, on the average , the change in P0 is less

than 1% per 1000 hours. The 2000 hour life test will

terminate in mid-August .

18
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TABLE IV. LOT BUR-B-72 GG-02-08 FIBER 
_____________

a
0Q0 0  00

~ l H
0

c~) r~1

o 0

DATE 
— ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ _____

T D1E 
______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

1 — .400 _____ .120 _____ _____ _____ _____ _____ _____ _____ _____ _____

2 
— 

.430 
_____ 

.320 
_____ _____ _____ _____ _____ _____ _____ _____ _____

3 
- 

.450 
_____ 

.400 
_____ _____ ____ _____ _____ _____ _____ _____ _____

____ - .400 _____ .100 _____ _____ _____ _____ _____ _____ _____ _____ _____

5 
- 

.450 
_ _ _ _  .380 _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

6 _ 
- 

.410 ____  .110 ____  ____  ____  ____  ____  ____  _____  ____  ____

7 
— 

.400 
_____  .180 _____  _____  _____  _____  _____  _____  _____  _____  _____

8 .390 
_____ 

.240 
_____ _____ _____ _____ _____ _____ _____ _____ _____

9 — .450 
_____ 

.170 
_____ _____ _____ _____ _____ _____ _____ _____ _____

10 .410 
_____ 

.315 
_____ _____ _____ ____ - _____ _____ _____ _____ _____

INSP.
BY 

______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

19
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TABLE V. 3RD ENGINEERING SAMPLE - ITT GG-02-8 FIBER 

-

a
‘Ua 0

0
0
‘-I

UI
4-I

—a oa
0 4.1

C— - •-•<

DATE 
______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______ ______

TIME ______ ______ ______ ____ ______ ______ ______ ______ ______ ______ ______

_ _ _  — _ _ _  _ _ _  _ _ _  —_ ——  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

1 .106 
_____ 

813 
____ 

1.4 
_____ _____ _____ _____ _____ _____ _____

2 
— 

.120 
_____ 

826 
- 

1.3 
_____ _____ _____ _____ _____ ____

3 
— 

.210 
_____ 

830 _____- 1.4 _____ _____ _____ _____ _____ _____ ____

4 .200 
_____ 

830 ____— 1.3 
_____ _____ _____ _____ _____ _____

5 .187 
_____  

823 
_____  

1.4 
_____  _____  _____  ____  _____  _____

6 
— 

.240 
_ _ _ _  

830 
_ _ _ _  

1.4 
—

~~~~~~~~

7 
— 

.145 
_____ 

830 
_____ 

l.a 
_____ _____ ____ _____ _____ _____ _____

8 = .310 —— 800 
_____ 

1.4 
_____ _____ _____ _____ _____ _____ _____

9 .314 
_____ 

800 
_____ 

1.4 
_____ _____ _____ _____ _____ _____ _____

10 = _____  

802 
_____  

1.4 
_____  _____  _____  _____  _____  _____  _____

INSP.
BY 

______ ______ ______ ______ ______ ______ ______ _______ ______ ______ ______ ______ 

20 
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LOT BUR-B-72
TABLE VI. 4TH ENGINEERING SAMPLE 2000 HR LIFE

‘U - - ‘ Ua a a
0 0 0 .
0 0 •
v-I r-4 (ja

1-i

1.-i

II II II
0 0 0

—4-——— - - - 4

IDATE 
______ ______ ______ —1 T IME 

— ______ _____ _____ _____ _____ _____ _____ _____ _____ _____ - -

1 .300 _____ .305 _____ .303 _____

2 
— .195 _____  .185 ____  .185 _____  ____  _____  _____  _____  _____

3 .315 _____ .320 _____ .317 _____ _____ _____ _____ _____ _____ —

4 
— 

.316 
_____ 

.310 
_____ 

.311 
_____ _____ _____ _____ _____ _____ _____

5 
— 

.436 
_____ 

.436 
_____ 

.432 
_____ _____ _____ _____ _____ _____

6 — .352 _____  .340 ____  .340 _____  ____  _____  _____  _____  _____ - -

- 
7 .247 _____ .242 _____ .245 _____ _____ _____ _____ _____ _____ _____

_ 8 
— .429 _____  .425 ____  .423 _____  ____  _____  _____  _____  _____

9 — .329 _____ .320 _____ .322 _____ _____ _____ _____ _____ _____ _____

10 
— 

.385 
_____ .385 _____ .385 _____ _____ _____ _____ _____ _____

11 
— 

.365 
_____ .365 _____ .363 _____ _____ _____ _____ _____ _____ ____

12 
— 

.430 _____ .425 _____ .425 _____ _____ _____ _____ _____ _____ _____

13 — .331 _____ .327 _____ .327 _____ _____ _____ _____ _____ _____ _____

14 — .240 _____ .242 _____ .243 _____ _____ _____ _____ _____ _____ _____

15 
— .310 -____ .309 _____ .310 _____ _____ _____ _____ _____ _____ _____

16 
— .410 _____ .404 _____ .412 —— _____ _____ _____ _____ _____ _____

INSP .
BY 

- ____ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
___J
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SECTION III

SUMMARY AND CONCLUSIONS

During the sixth and seventh quarters , by means of

SEN analysis, corrections were made in the blocking

layer EPI step to prevent subsequent zinc di f fus ion

from ‘washing ’ out the layer. The zinc diffusion

system was rebuilt to improve repeatability. A third

Engineering Sample was supplied with the ITT GG-02-8

fiber and a fourth Engineering Sample with the ITT

• GG—02-8 fiber was started on a 2000 hour operating life

test. Plans for the next quarter include continuation

of zinc diffusion tests to establish conditions for

shallow diffusions, on the order of 0.5 urn, the accumu-

lation of data on devices with the ITT GG-02-8 fiber

with and without epoxy de-coupling , completion and

delivery of the fourth Engineering Sample 2000 hour

operating life test units , and completion of a test

plan which meets the requirements of SCS-Sll.

22

~~~~ - —~~~~~~~~~~~~~~ - --~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A



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

APPEND IX A

Engineering Man-Hour Utilization for the
Sixth and Seventh Quarters of the Program .

6th Qtr. 7th Qtr. Cummulative

R. B. Gill 6 Hrs . 12 Hrs . 46 Hrs .

A. Gennaro 124 Hrs . 128 Hrs . 1065 Hrs .

M. Lai 16 Hrs. - 281 Hrs .

P. Schneider 2 Hrs. - 2 Hrs .

S. Kiunk 2 Hrs. - 2 Hrs.

T. E. Stockton - - 472 Hrs.

R. E . Albano - - 248 Hrs.

Manufacturing
Personnel 574 Hrs. 391.5 Hrs 3469.5 Hrs.
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