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ABSTRACT (U)

(U) Effort during the third quarter of the contract was

concen tra ted on fabrica t ion and tes t ing of the second

submission of 10 engineering samples. In addi tion , tasks

continued during the report period include: 1) achieve-

ment of uniform fire polishing of entire MCP input

surface by using a mesh hea ter struc ture , 2) improved MCP

surface quality by op t imizing prepolish condi t ion of

MCP’ s and 3) employment of thicker lacquer films to

improve Al 203 quali ty.

(U) The new Varian evapora tor was completed and used to

perform all Al ..,03 evapora t ions . To achieve be tter thick-

ness control , a dual shutter sys tem was employed.

Several flood gun designs were tested in the present

engineering demountable tes t head to achieve higher

elec tron densi ty for improved viewing of Al 103 film

defec ts.

(U) Several MCP’ s were coated with very thick A1203 films to

s tudy A1 203 f i lm defec ts. The bakeable demoun table tes t

system was completely assembled and is now undergoing

heat and pressure tests.
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1.0 INTRODUCTION (U)

(U) The purchase descrip tion DAABO7-76-R-0035 calls for a

manufacturing methods and technology measure (MMTE) for

“Aluminum Oxide” Al203 which mee t the MCP 003 require-
ments. The objec tive of this program is to es tablish a
production capability for the purpose of meeting estimated

mili tary needs for a period of two years af ter comple t ion
of the contrac t , and to es tablish a base in plans which
may be used to meet expanded requirements. The MMTE will

include all work under Paragraphs 3.1 and 3.2 of ECIPPR

No. 15 necessary to establish capability to manufacture

aluminum oxide ion barrier microchanne l pla tes on a pilot

line bas is including fabrica tion of engineering samples
and confirma tory samples as specified in the contract.

Included in this program as par t of the engineering phase
are the inves t iga t ion of improvemen ts in surf ace condit ions
and cleanliness for MCP’ s to be filmed , salvage of .Al,03
ion barrier MCP’ s, f i l m i n g  process  con trol , the achieve-
ment of opt imum performa nce char ac teris t ics for ion barrier
MCP’ s and the design and fabrication of specialized test
equipmen t.

UNCLASSIFIED
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2 . 0  TECHNICAL D I S C U S S I O N  (U)

2.1 A1 203 Ion Barr ier Forma t ion (U)

2 .1.1 MCP Surf ace Cleaning (U)

(U) In addi tion to closer inspection and particle picking of

MCP’ s prior to filming , edge grind ing of the polished MCP

has been introd~’ced as par t of the cleaning process.
During the s tandard polishing process , cerium oxide
par t icles are embedd ed into the beveled edge of the
MCP as it sh if ts posi t ion in the polishing holder during
the polishing operation. To remove embedded par t ic le s,
the polished MCP is ed ge ground  whi ch is accom p l i shed by
loadin g the MCP into a vacuum chuck , rotating the plate

and grindin g the exposed edge with a honing tool. Edge

g r i n d i n g has r esul ted in much c lean er p la tes and has
reduced the  number  of type A and B ho les  in the  Al 2 0 3
f i l m .

2.1.2 Improved Lacquering Techniques (U)

(U) I n v e s t i g a t i o n s  of improved l a cque r ing  t echn i ques have
included use of an o v e r f l o w  lacquering tank for achieving

a c leaner  wa te r  surface , con trol of lacquer thickness ,

and i n v e s t i g a t i o n  of l a c q u e r  set up and d r y i n g  t i m e .

Dur ing  the l a s t  por t ion of this quar ter , attempts were
made to lacquer  funneled plates on another program . In

f i l m i n g  funne l ed  plates , the lacquer is only suppor ted
by very th in  edges of the MCP matr ix g lass .  Using the
s tandard lacquering process , lac quer films sag ged and
ruptured when s tre tched across the funneled ac ti ve area

2
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of the MCP. Sagging and ruptur ing was eliminated by
employing a thicker lacquer film. Thicker lacquer films
can be produced by slightly incr easing the tempera ture
of the water bath. Warmer water speeds up the dry ing
process of the lac quer and therefore , limi ts spreading
of the lacquer on the wa ter surface . This technique
was successfully used to lacquer and film funneled MCP’ s.

The same technique was then appl ied to s tandard plates
and test results have shown that thicker films effect-

ively reduce the number of type A holes in the finished

plate.

2.1.3 A1203 Ion Barrier Evapora t ion (U)

2 .1.3 .1 Vacuum Baking of A1203 Films (U)

(U) Prior to completion of the second submission of engineer-

ing samp les , it was found that vacuum bak ing of A 1203
ion barrier MCP’ s resu lted in thinning o f the Al ,03 f i l m
and hence in a r educ t ion  in dead v o l t a g e  and gain  change
be tween  800 and 1000 v o l t s  input  l and ing  e n e r g i e s .  The
same decre ase in dead vol tage was measured in tubes
af ter process ing in a parallel tube program .

(U) To confirm these results , several ion barrier pla tes
were vacuum baked at 37 5°C for S hours. The tes t
resul ts are shown in Table I.

(U) These test results show tha t vacuum baking of ion barrier

MCP’ s reduced the thickness of Al 20. ion barrier films .

The average reduction in gain change and in dead voltage

was 40~~. To compensate for the reduction in film thick-

ness during vacuum bake , the thickness of the Al ,0. film

UNCLASSIFIED 
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Table I (U)

Pr ior  to Bake A f t e r  Bake
Gain Change! Gain  Change!

Pla te  # Thickness Dead Voltage Dead Voltage

538-11 45 g 8% ! 80 Vdc 5~ /60  Vdc
538-0 9  47 7 . 5 % /  85 Vdc 4~~/ 3O Vdc
538-19 42 7. 7~ 80 Vdc 5 % / S O  Vdc
538-16 4 2  6~ / 80 Vdc 4 % / 3 0  Vdc
538 -07  42  g 5% / 45 Vdc 0~ / 0 Vdc

was i n c r e a s e d .  A d d i t i o n a l  M CP ’ s were p r e p a r e d  w i t h  a
63 ~ t h i c k  Al 2 0 f i l m .  The t e s t  results , befo re  and
a f t e r  vacuum bake , are  shown in Table  I I .

Table  I I  (U)

P r io r  to Bake A f t e r  Bake
Gain Change !  Gain  Change !

Pla te  ~ Th ickness  Dead V o l t a g e  Dead Voltage

3 1 7 - 2 7  63 15% ! 260 Vdc 5 . 3 % ,’l90 Vdc
538 -26  63 16%! 270  Vdc l l . 3 % / l 7 0  Vdc
317 - 32  63 ~ 18%! 250 Vdc 16%! 2 10 Vdc
3 17-30 63 16% ! 260 Vdc l5~ / 180 Vdc
3 17 -2 4  63 ~ 15% ! 230 Vdc 13%! i SO Vdc
317 -45  63 15 .5% !  240 Vdc 15%! 180 Vdc
538-21  63 g 15%! 2 2 5  Vdc 13 . 5 %/ 1 6 5  Vdc

(U) In con t r a s t  to the r e s u l t s  shown in Table  I , the second
exper imen t  y i e lded  a drop in ga in  change  and dead v o l t a g e
of on ly  2S~,.

4
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(U) In addit ion to the above tes ts , three MCP’ s from Table
I were rebaked at 375 °C for  8 hours .  The t e s t  r e s u l t s
are shown in Tab le III which show tha t the second vacuum
bake does not affect the gain change and dead voltage

appreciably.

Tab le III (U)

Prior Bake Af ter Bake Af ter 2nd Bake
Gain Change! Gain Change! Gain Change !

Pla te# Thickness Dead Voltage Dead Voltage Dead Voltage

538- 19 42 ~ 7.7%!80 Vdc 5%/SO Vdc 4% ,! 10 Vdc

538-09 47 ~ 7 . S % / 8 5  Vdc 4 % / 3 O  Vdc 5 . 8 % !  4 5 Vdc
538-11 45 ~ 8%! 80 Vdc 5%!6O Vdc 5%! 50 Vdc

(U)  Based on the r e su l t s  shown in Table  I I  a d d i t i o n a l  p l a t e s
were evaporated with a 55 ~ thick A1,03 f ilm. As shown
in Table IV , a gain change  of s l i g h t l y  less  than  l0~ and
a dead vol tag e of 150 Vdc were ach iev ed af ter va cuum bake .

Table IV (U)

Before Bake After Bake
Gain Change ! Gain Change!

Plate # Thickness Dead Voltage Dead Voltage

542- 32 55 ~ lO%!200 Vdc 7%/l40 Vdc

542-33 55 ll%/185 Vdc 9%/140 Vdc

(U) These expe r imen t s  have shown that  the requ i red  maximum
gain change of 10% and maximum dead voltage of l5OV can

be me t wi th a 5 5 ~ thick A1203 film after a vacuum bake
at 37 5 0 C for  8 hours .

I
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2 .1.3.2 A1 ,03 Film Evapora tion With Varian Evaporator. (U)

(U) During this repor t period , the new oil free Var ian Evap-
ora tor was mad e opera t ional . Experimen ts were performed
to establish evaporation conditions and to achieve Al 20..

film charac teristics with respect to gain change and

dead vol tage identical to those achieved with A1 203 films
prepared with the Veeco evaporator. Identical film

charac teris ti cs were achieved wi th a deposi ted film
thickness of 40-42~ as compared to 55~ with the Veeco

evapora tor. The reduced film thickness may be attributed

to the lower vacuum pressure duA ing evaporation. The new

evapora tor maintains a vacuum pressur e of S x i0 6 Torr
during evapora tion as compared to an average of 5 x lO~~
Torr with the Veeco evaporator.

(U) To establish accurate rate control and deposition , a

dual shutter sys tem was des igned and ins talled in the
Varian evapor ator. The dual system consists of a scissors

shutter which is located directly below the MCP substrate

holder and an ev aporan t outga ss ing shutter wh ich is loca ted
direc tly above the E-gun hearth. The ”sci ssors ” shut ter
cons ists of two semi-circular plates and a circular cutout

in the closed position which is in line with the sensor

head and the evaporant source. After initial outgassing

of the A1203 evaporan t in the evapora ti on boa t , the

outgassing shutter is swung open to expose the thickness
monitor to the vapor stream . The evaporation rate is

then adjus ted to 1 to 2~ per second . Dur ing this adjust-

ment period , the scissors shutter is in the closed posi-
tion to protect the MCP’ s from Al ,03 vapors. The ou t-

gassing shutter is then moved over the evaporation boat

6
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to re-zero the thickness monitor. The scissors shutter is

then opened and the outgassing shutter is then quickly
swung open. After 40R of Al 203 have been evapora ted ,

the outgassing shutter and scissors shutter are closed
again. This dual shuttering techn ique has grea t ly
improved Al ,03 deposi t ion con trol. Al,03 films of
desired thickness can now be produced on a reproducible
bas is .

2.2 MCP Surface Quality Improvement (U)

2.2 .1 Grinding and Polishing (U)

(U) To improve the pre-polish condi tion of the MCP surface ,
twen ty- two MCP’ s were ground wi th a m i x t u r e  of 5 micron
par t icle grinding compound and Ceri te pol ish ing compound
m ixed in a ratio of 4:1. MCP surfaces were then pol-

ished by utili:in g the st andard produc t ion polishing
process .  Af ter removal of the core glas s in 1 0% solu t ion
of HC1, the surface of the MCP did not reveal any scratches
which normally appear at this stage. A photograph of

the surface of a standard MCP is shown in Figure # 1.

Surface scra tches can be seen on the ma trix of the MCP.
As a comparison , Figure ~2 shows the e tched surface of an
MCP which has been prepared w ith the improved pre-polish
technique. No surface scra tches can be de tec ted. To
confirm these resul ts , a second group of MCP’ s will be
prepared during the 4 th quar ter wi th the improved pre-
polish technique .

UNCLASSIFIED
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F I G U R E  # 1 (U)  Nor mal  P roduc t ion  MCP Surface
After Chemical Etching and Cleaning .

FI GURE #2 (U) Improved “Pre-Polish” Condition
MCP Surface Af ter Chemical
Etching and Cleaning.

1 8

I UNC LASSIFIED

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



UNCLASSIFIED

I
2.2.2 Fire Polishing (U)

(U) Fire polishin g experiments were continued utilizing a

square tantalum heating mesh. These experiments have

produced u n i f o r m  f i r e  p o l i s h i n g  a c t i o n  across  the e n t i r e
MCP surface.

(U) Fire polishing is accomplished in the following manner.

The MCP is loca ted in vacuum wi th a heat source in
close proximity to the input side. The heat source is

ac t iva t ed  which then r a i s e s  the g l a s s  s u rfa ~.e to j u s t
below the mel t ing tempera ture . To achiev e a smo oth and
uniform fire polished surface , the temperature is peaked

to the mel ting po int and then reduced to room tempera-
ture.

(U) This technique has resulted in one uniformly fire

polished MCP. However , subsequen t experiements have

clearly demons trated that fire polishing cond it ions ar e
extremely difficult to reproduce. The decision was then

made to discont inue this technique in f avor of the more
successful pre-polish technique.

2.3 Testing of A1 2O3 Ion Barrier Films (U)

2 .3. 1 Tube Cons truc t ion (U)

(U) In preparation for the confirmatory sample phase of the

con trac t , two test tubes were constructed with Al 0..2~~ion barrier MCP’ s. Bo th tubes were built using produc-
tion sub assemblies and utilizing standard Generation II

produc t ion fac ili t ies. Special handling of filmed MCP ’ s

9
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was introduced to insure that the Al 203 film was no t

picked or blown clean during assembly and exhaust

loading operations. After both tubes were completed ,

testing at 5 volts landing energy revealed many more

“hole” defec ts in the Al 203 film than had been detected

by the demountable tes t head using UV exci tat ion of
an aluminized quartz cathode as the emission source.

The appearanc e of more holes in the Al203 film of the
finished tubes may be related to tube processing tech-
niques or more holes may be detectable with the higher

electron density from the photocathode . To determine if

more holes can be de tec ted wi th higher elec tron densi ty,
the demountable test head was equipped wi th a flood gun
capable of highe r electron emission than the presently

employed UV exci ted aluminized quar t z ca thode.

(U) Both tubes were assembled and exhaus ted wi thout difficulty .

For s implicity , the tubes were assemb led using the s ingle
seal me thod and the MCP was outgassed wi th a s tandard
GEN II flood gun .

2 . 3 . 2  Flood Gun MCP Tes t ing (U)

(U) Our presen t engineering demoun table test station is
equipped with two test heads. One of the test heads

was modified for flood gun viewing of Al 203 filmed MCP’s

whereas the second test head is equipped with a UV exci-

tation source. A standard GEN II MCP outgassing gun was

modified to achieve flood gun electron excitation of the

Al ,02 ion barrier MCP. Despi te employment of a mesh

10
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be tween the flood gun and the tes t MCP , the uniformit y

of the flood beam was poor. However , suff icien t tes t ing
was performed to determine that the flood gun v iew in g

sys tem is capable of de tec ting all holes which a re
detec table wi th the UV exci ted tes t head , and in
addit ion , the flood gun viewing sys tem is cap able of
resolving small er holes in the film than could be
detected with the UV excited test head .

2.3.3 Defect Study Using Thick A12 03 Films . (U)

(U) In an effor t to correla te film defec ts which are
de tec table by elec tron viewing with film defec ts which
are visually detectable under the Leit: microscope ,

MCP’ s were prep ared wi th thick A1203 films . One
MCP was evapora ted wi th 50O~ of Al 203. The second
sample was evapora ted wi th 250 g of Al 70_ . Thicker films

faci litate visual detection of very small (2-3 micron)

defec ts in the Al 703 film.

(U) Figure 43 shows a plate when viewed with the flood gun.

This MCP was originally re jec ted in the UV tes t head
for an excessive number of type A and B holes. After

rejection , it was re-evaporated with 500 additional
~ of Al ,03 for defec t s tudies.  In Figure #4 , the l a r g e
bright spot appearing near the edge of the MCP at the

bo ttom of the pho tograp h was loca ted v isually and pho to-
graphed using the Lei.tz microscope. This defect is

illus trated in Figure #4 , and apparently is a break
in the lac quer film exposing an area of a t leas t s ix
single channels. Close examina tion of the defect

revealed a raised edge around the periphery of the defect

11
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FIGURE #3 (U) Photograph of Reject A1 203.
Filmed MCP as Viewed with the
Flood Gun Test Head .
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FIGURE #4 (U) Photograph of Large Hole in the
Lacquer Film Probably Presen t
Prior to Al203 Evapora t ion.
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which consis ts of the rolled li p of the lacquer film.

Other r~~fec ts in thick Al20- film MCP’s are illus trated
in Figures 5 , 6, and 7. Addit ional tes ts will be re-
quired to determine and isolate causes for film defects.

2. 4 Bakeable and Demo untable Vacuum Tes t Sys tem (U)

(U) The demountable sys tem was comple tely as sembled at the
end of the third quar ter. A photograph of the assemb led
sys tem is shown in Figure #8. The delayed SCR heat

controller has since been received. The entire system

is presen tly undergoing hea t and pressure tes ts .

(U) The ent ire vacuum sys tem has been leak checked. A nude
UHV gauge has been installed in the chamber to permit

pressure tes t ing of the demountable chamber during hea t

cycling . A photograph of the demountable chamber is
shown in Figure #9.

(U) Af ter all leak checking at room tempera ture and at 375°C
has been compl eted , the internal fixturing will be in-

stalled. The internal fixturing consists of 1) a fixed

circular plate containing either aluminized ca thodes or
openings for flood gun elec trons arranged in a circle ,
2) a rotatable plate containing six ceramic nests

arranged in a circle and 3) a suppor t s tand which loca tes
the six ceramic nests directly below viewing ports which

are situated on top of the chamber.

13
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I FIGURE #5 (U) Completed MCP With A1203 Film

Illustrating a Small 3-4 Micron Hole
in Lacquer Film. Ho le May Be Caused
by A l 203 “Pop-Up” During Evaporation.
Appears as Defect in Demountable.

I FIGURE #6 (U) Completed MCP With Al203 Fi lm
Illus trating Splits in Lacquer
Film. May Be Weakness in Lacquer.

I Appears as Defec t in Demoun tab le.
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FIGURE #7 (U) Dust Particles Under A1 203
Film. Appears as Defec t
in Demountable .
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FIGURE #8 (U) Photograp h of Tes t Chamber
and Pump ing S y s t e m .

I - FIGURE #9 (U) Bakeable Demountable
Tes t Chamber.
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(U) Each ceram ic nes t con tains a tes t MCP and a phosphor
facepla te which can be r o t a t e d  over any of the  f i x e d
ou tgas or tes t posi t ions. This arrangemen t permi ts
each MCP to be elec tron scrubbed wi th a flood gun
and tes ted wi th ei ther a flood gun or UV exci ted
alumin iz ed ca thode for e lec trical charac teris t ic s and
ion barrier film quali ty.

(U) Elec trical connections to the MCP input and output ,

aluminized cathodes and flood gun electrodes are made

through the bo tt om sec t ion of the ch amber . High
vol tage connec t ion s to the six phosphor pla tes are
already moun ted in the top portion of the chamber.

2 .5 Prepara t ion and Delivery of Second Submission of 10
Engineering Samples (U)

(U) The second submission of ten (10) engineering samples

was submi tted on February 28 , 1977. Ca tagor y II require-
men ts for these samples include nine non-bake require-

men ts and two r equ iremen ts af te r bake. Each MCP af ter
it had been tested and met the nine non-bake requirements

was individually loaded in to a tube body and baked for
8 hours at 375°C. The vacuum bake requiremen ts for
catagory II tests were also met. The MCP’s were then
re tes ted in the demoun table tes t head for corre lat ion of
test results. Test data for the 10 engineering samples

are given in Table V. Detailed test data for each MCP

are presen ted in Figures 10 throug h 19.

(U) The engineering demoun tabl e te st head and the new
bakeable demoun tab le sys tem need to be equipped wi th

17
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flood gun tes t ing capability to simula te tube tes t

conditions .

3 .0 CONCLUSIONS (U)

(U) Careful picking and cleaning of MCP’ s prior to lac-
quering and the addition of an edge grind to remove
polishing compound have resul ted in a cleaner MCP and
hence , in a reduc t ion of type A and B holes . It was
also es tabl ished that the applica t ion of a thicker lac-
quer film fur ther reduc ed the number of type A and B
holes. Higher quali ty ion barr ier f i lms can now be
produced at high yield by utili:ing the oil-free Varian

evaporator and a dual shutter system to precisely control

depo s it ion ra te and film thickness .

(U) Smoo th MCP surfaces have been ach ieved wi th the intro-
duct ion of a prepo lish technique which el imina tes
scra tches. Bec ause of diff icul t ies enc ountered in re-
producing uniform fire polished surfaces , the f ire po l i sh
technique was discontinued in favor of the pre-polish

technique .

(U) Evalua tion of A l203 filmed MCP’ s in the demountab le
test head and in tubes , has indicated that film qual ity
evalua tion is s trongly dependent on tes t techni~~ e em-
ployed . To increase test reliability and to achieve

be tter correla t ion wi th evalua t ion in tubes , both
the engineering demoun table tes t head and the newly
constructed bakeable and demountable system will be

equipped wi th a flood gun arrangemen t .
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4 .0  SCHEDULE (U)

Effort planned for the next quarter include :

4.1 Complete debugging of Bakeable Demountable Test

S y s t e m .  (U)

4 .2 Fabrica te and Tes t Five (5) Engineering Samples to

Ca tegory III Requirements. (U)

4 . 3  Install Flood Gun Viewing Dev ice for A1703 MCP

Evaluation in both Demountable Systems . (U)

4 .4  Con t inue inv esti gat ion of def ec ts and elimina tion of

def ects by using thick A l203 filmed MCP’ s.  (U)

4.5 Complete MCP Surface Improvement by Utili:ing Prepolish

Techn ique . (U)

5 .0 CONFERENCES AND REPORTS (U)

5 .1 Conferences (U)

(U) Mr. John Rennie visi ted ITT EOPD on March 10th and 11th

and reviewed progress to da te and planning for 4 th quar ter.

5 .2 Repor ts (U)

(U) The draf t copy of the second quar terly repor t has been

subm itted . Monthly progress letters for January ,

February , and March have been submit ted.

30

UNCLASSIFIED

_ _  --



-~~~ —

UNCLASSIFIED

6 .0 GLOSSARY (U)

- Angs trom

A1203 - Chemical abbrevia tion for aluminum oxide

Lac quer - An organic li quid which is appl ied to the

MCP to temporaril y cover the channel holes.

Af ter a smoo th shee t of A1203 is evapor ated

on top of the lacquer , the lacquer  is

removed by baking in oxygen .

ZvICP - Microchannel pla te
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7 . 0  D I S T R I B U T I O N  LIST (U)

ADDRESSES NO. OF COPIES

Bell Telep hone Labora tories , Inc .
Mountain Avenue
ATTN : Dr . Eugene I. Gordon

Direc tor , Pa ttern Genera t ion
Tech Lab

Murray Hill , NJ 07974

Wes t inghouse Elec tric Corpora t ion
Defense ~ E l e c t r o n i c s  S y s t e m s  Cen te r
Bal t imore/Washing ton International Airpor t
P. 0. Box 1693
ATTN : Dr .  James A.  Hall
Balt imore , Maryland 21203

General Elec tric Comp any
Corpor ate Research ~ Deve lopmen t
P. 0. Box 8
ATTN : Dr. Rowland W . Redington
Schenec tady , N1 l.301

Leland  Stanford Jr. University
Depar tmen t of Publ ic Safe ty
7 11 Serra Stree t
ATTN : Dr. William E . Sp icer
Stanford , California 94 305

RCA Corpora t ion
David Sarnoff Research Cen ter
P. 0. Box 432
ATTN: Dr . Brown Williams
Prince ton , NJ 0854 0

The Johns Hopkins Universi ty
Applied Physics Labora tory
Johns Hopkins Road
ATTN: Dr. Charle s Feldman
Laurel , Maryland 208 10
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M IT 1
Lincoln  Labora tory
P. 0. Box 73
ATTN : Dr. Frank L. McNamara
Lexing ton , MA 0217 3

Pal i sades  Ins ti tu te for Research Services , Inc . 1
201 ~

rarick Street
ATTN : Mr.  Tom Henion
New York , NY 100 14

RCA Corpora ti on 1
Elec tro Op t ics ~ Devices/Pic ture Tube DivP. 0. Box 1140
ATTN : Mr. Richard Hangen
Lancas ter , PA 17604

Varo , In c . 1
P. 0. Box 401146
ATTN : Mr. Rayburn Wright
Garland , Texas 750 4 0

Li tton Industries , Inc . 1
Elec tron Tube D i v i s i o n
960 Indus tr i a l  Road
ATTN : Mr . Arnold  Davis
San Carlos , CA 94070

Galileo Elec tric Optics Corporation 1
Gal i leo Park
ATTN : Mr . G. Batchelder
Sturbr idge , MA 01518

Varian  Assoc i ates , Inc . 1
6 11 Hansen Way
ATTN : Dr.  P.  Hess
Palo Al to , CA 94304

Ni-Tec Incorpora ted 1
7426 Linder  Avenue
ATTN : Mr . C. B. Polivka
Skokie , Illinois 60076

Universi ty of California , Los Angeles  1
O f f i c e  of Contrac t ~ Grant Administration
405 Hilgard Avenue
ATTN : Dr. J. MacKenzie
Los Angeles , CA 90024
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Direc tor
US Army ECOM
Ni ght Vision Laboratory
ATTN : DRSEL-NV-FIR - Dr. Edward T. Hutcheson
Fort Monmouth , NJ 07703

Commander
US Army ECOM
ATTN : DRSEL-TL-BD - Dr. Elliott Schiam
For t Monmou th , NJ 07703

Commander
US Army Elec tronics Command
ATTN : DRSEL-TL-BD - Mr. Mu n s e y  F .  C r o s t
Fort Monmouth , NJ 07703

Direc tor , Ballis tic Missile Defense
Advanced Technology Cen ter
ATTN : Mr. Fournev M . Hoke (ATC-0)
P.  0. Box 1500
Hun ts v i l l e , AL 35807

Direc tor
US Army ECO M
Ni gh t V ision Labor at ory
A TTN: DR SEL- NV - F IR - Mr. Herbert K. Pollehn
For t Belvo i r , VA 22060

Mr.  Step hen B.  Campana (Code 2 021 2)
Naval  Air  Deve lo pmen t Cen ter
W a r m i n i st e r , PA 18974

Naval  Research Labora tory
ATTN : Dr . Wilford D. Baker , Code 52 62
4555 Overlook Av enue , S.W .
Washing ton , D . C .  2 0375

Dr. Alvin D. Schni tzler
The Ins ti tu te for  Defense  Analyses
Science and Technology Division
400 Army-Navy Drive
Arl ing ton , VA 2 2 2 0 2

Commander , AFAL
ATTN : AFAL/DHE-1 , Dr. Ronald A. Bel t

(Bldg 620)
Wri ght Patterson AFB , OH 4543 3
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Commander , RADC 1
ATTN : ISCA/Mr . Murray Kesselman
Griffiss AFB , NY 13441

NASA - Langley Research Cen ter 1
Langley Station
ATTN : Dr .  Roger A.  B reckenr idge , M/ S 4 7 3
Hamp ton , VA 23665

Direc tor , National Security Agency 1
ATTN : Mr.  Paul J.  Boudreaux , R 522
Fort George G. Meade , MD 207 55

Director 1
US Army Industrial Base Enr~ neer ing Ac t ivi ty
ATTN: DRXIB-MT (Mr . C. E. cBurney)
Rock I s land , 1L 61201

Commander 1
US Army Elec tronics Command
ATTN : DRSEL—RV-EV - (Mr. C. O’Rourke)
For t Belvoir , VA 22050

Direc tor 1
Ni ght Vision Laboratory
ATTN: DRSEL—NV-SD - (Mr. J. Rennie)
For t Belvoi r , VA 22 060

Commander 1
US Army elec tronics Command
ATTN : DRSEL-PP- I-PI-l - (Mr . W. Pelt:)
For t Non mou th , NJ 0 770 3

Direc tor 1
Ni ght Vision Laboratory
DRSEL-NV-SD
ATTN : Mr. S. Carts
For t Belvoir , VA 22060

Defense  Documen tat ion Cen ter 1
ATTN : DDC-IRS
5010 Duke Street
Cameron Station (Bldg 5)
Alexandria , VA 2 2314
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