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1.0 PURPOSE

The purpose of this program is to provide the necessary person-

nel and facilities required to design, fabricate, test, and deliver the S

intensified quandrat photomultiplier tubes (Digicons) required to support

the SHAD experiment. Deliverables included two (2) breadboard tubes,

three (3) space-qualified tubes, reports, and data.

All work -equiriedby this contract has bee accomplished. Two

42) breadboard tubes were fabricated, the design verified through testing

and the tubes delivered. Three ,(3) space-qualified tubes have been fabri-

cated, tested, and delivered. All reports and data requirements will have

been satisfied with the submittal of this final report.
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2.0 SHAD DIGICON DESIGN

2.1 BACKGROUND

The design of the quadrant photo tube for the SHAD Experiment 0

was derived from the quadrant Digicon guider tube developed by SAIC under

contract to the University of Maryland.

The Digicon tube is an imaging tube with a photocathode as an

electron source on one end and a monolithic silicon photodiode array as a

detector on the other end (Fig. 1). Electrons produced by incoming photons

at the photocathode are accelerated by an electrostatic field and detected

by the diode array. Each photodiode serves as the high-gain first stage

of a detector channel, producing a charge pulse of approximately 5000

electron-hole pairs for each incident photoelectron. Each current pulse

is amplified by a charge sensitive preamplifier and is "counted" if it ex-

ceeds a preset discriminator threshold level. The Digicon is characterized

by a wide dynamic range, low noise, high photometric accuracy, and high

reliability.

2.2 SHAD DESIGN

The design goals for the SHAD Flight-Qualified tube are listed

in Table 1. In order to satisfy them, revisions were made to the internal

tube structure making it more compatible with the vibration environment

to be encountered. The quadrant diode array design was revised to specify

the tighter inter-diode spacing recommended by Dr. Currie. See Fig. 2

SAIC Drawing No. 131-18-111-203.

The packaging and encapsulation design was completely revised

for this application. The magnetic shield was redesigned to provide a

closed shield. The encapsulant and HV cables were changed in order to be

compatible with the requirement for use of space-qualified materials, and

the method of attaching the High Voltage cable revised to accommodate the 3
spacecraft's environmental requirements.
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INCIDENT LIGHT
PHOTOCATHODE

QUADRANT ARRAY

Figure 1. Quadrant Digicon-Unencapsulated View.

3



Table 1. SHAD Quadrant Digicon Performance Goals.

1. PHYSICAL (See Figure 4)

* Length 3.50" ± 0.01"
* Diameter 2.00" ± 0.01"

* Weight 5350 grams

* Array Configuration See Fig. 2

2. ELECTRICAL

Diode Leakage Current 51 nA (4 central diodes)
(6V Reverse Bias)

Diode Capacitance 15 pf (4 central diodes)
(6V Reverse Bias)

AE/E at 15 kV 50.25 (4 central diodes)

3. PERFORMANCE AT 15 kV

* Photocathode Quantum 400 nm 25%
Efficiency 500 nm 15%

700 nm 2.5%
800 nm 0.1%

• Dark Count 525 ct/sec/diode (avg of 4 central
diodes)

• Magnification 0.6 < m < I

* Error Function (10-90%) 5011

* Uniformity (4 central ±5%
diodes)

4. ENVIRONMENTAL

* Vacuum Operation Compatible

* Temperature -400C to +550C

* Vibration See SHAD Vibration Levels

4 5
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The encapsulation technique has been described in detail in a

report to ONR, SAI-83/1421, dated December 1, 1983. The final encapsulated 0

tube assembly is shown in Fig. 3, SAIC Drawing No. 131-18-110-000. The

interface drawing, SAIC Drawing No. 131-18-110-001 is provided in Fig. 4.
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3.a TUBE NO. (I'6 2 -

DATE 5" /

DIGICON PERFORMANCE

a. MAGNIFICATION

DIODE,)

1/2 CENTER 1/2

p Divisions .-51 ..s' :,
/

Count Rate C 1l

S (Total No. Divisions) = 4 .- ,

W = S * (ji/Divisions) = • =

M (Magnification) D/W Lyoo,,,. / j = .

(D = Diode Width)

DIODE

1/2 CENTER 1/2

Divisions oil, 0 ' .i S C ,.,

Count Rate H__ _ q0 3_ D,7 -a

S (Total No. Divisions) =___-_____

W = S * (p/Divisions) = • =

M (Magnification) = D/W L( 00../ & = ,
(D = Diode Width)

(Average Magnification 2 = Goal .6<M<)

TEST ENGINEER (Nil 7-O-=' S-Th-6 QA k'E 4

CUSTOMER (if applicable) A1i 0

SI.o.So . .

_.. . • ;,.= .:_,. .. .. .. " . . >. .. -.. L . : 2 '.:i i _ _.0



18-4.2 /
ge 7 TUBE NO. 0 -3 --z

DATE S -__ _ _ _ _ _

QUAD DIGICON ARRAY RESPONSE

LEAKAGE CURRENT CAPACITANCE E/E
DIODE PIN (nA) (pf)

Goal < 1 nA Goal < 15 pf Goat < 0.25

Ql 2 0 . 0, .9

Q2 5 . 1o."2 O-7

Q3 9 ____ o
Q4 12 b

GI 1__-- 0 D

G2 3 -7-7 o; 0

63 4_ _ _

G4 6 D. -7

G5 8 -

G6 10 .

G7 11 o .& ,-

G8 13 D Q -A 7
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TUBE NO. &7- D bVL)

DATE 4ZLI.4

PHOTOCATHODE RESPONSE IAI _WIE-

Visible Current Mode Quantum Efficiency Data Sheet

Calibration CWave- Tube Standard Standard Calculated Goal
Length Signal Calibration Comments QE QE
(nim) (A) Signal (QE%) W W

(A)

360 9 .2 A ~ i3 c,~u- Lj___

400 i_0 1 -4 25.0_ _ _ _ _ _I_ _ _ _

500 1. I- . i 15.0
560 -,55 .I. ocI 5

600 z5~~ 4leS -a ~~~____

660 5033 -

I -'-

700 j 6 * S 0~ 2.5

I _

760 .64-L 41) . , 6.0( _LS _41__

800 I 0.1

_ _ _ _I I "__ _ _ _ _ _ _"__ _

Test Engineer QA,(oA _________________

Customer (if applicable) I A"_:."_._.

Calculated QE% Tube Signal x tnadClirtoSACalibration Standard Signal XSadr airto A

. . , .



AT 18-4.0
Initial Release

ENCAPSULATED DIGICON ACCEPTANCE TESTS (SHAD)

DIGICON NO. .. Z3-5 VI/)

TEST DATE

4.1 PHOTOCATHODE RESPONSE (QE) 4/26/4Y

4.2 DIODE ARRAY RESPONSE

a. Leakage /2 9 /eq

b. Capacitance 5 2q £/-)

C. AE/E /

4.3 DIGICON PERFORMANCE

a. Magnification 5117 _ •

b. Error Function 5/!7/& . .

C. Dark Count /7/ /

d. Uniformity

4.4 PHYSICAL

a. Diameter /27 /

b. Length --;/2$'/-

c. Centering 12/

d . WeightL 54

Data Distribution:

D Test Build Log Book
o Test Lab
o Tube Engineer
o Quality Assurahce
D Customer
1o File

.::LS
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May 30, 1984 g

SHAD QUAD DIGICON [1-131-08-645]

SAI P/N: 131-18-110-000
S/N: 673-5 (DVU)

Contract No: N00014-82-C-0363
Office of Naval Research

CERTIFICATE OF PERFORMANCE

This is to certify that the item noted was tested in accordance with the
SAI Acceptance Test Procedure AT-18-4.1- Photocathode Response (QE), AT-18-4.2A-
Diode Array Response, AT-18-4.3A- Digicon Performance, and AT-18-4.4- Physical,
Mechanical Dimensions. Test Data Summary Sheets are attached for each test.
Physical test reports and data on file at this facility and are available for
review by ONR.

S

Gary L. Russi.
Quality Assurance

Distribution: SAI Test
SAI QA
SAI Contracts (4)
SAI File

Science Applications, Inc. 11526 Sorrento Valley Road, Suite A, San Diego, California 92121, (619) 458.3700 0

Dlher SAI Offices. AlbuquerqueAnn Arbo, Arlington,Allania, Boston.Ch§cgo,Hunlsvilie, La Joll&,Los Angees,McLean,Palo AltoSanta Barbara, Sunnyvale & Tucson
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APPENDIX A S

SHAD SPACE-QUALIFIED TUBES TEST DATA

673-5 Design Verification Unit (DVU) S

676-5 First Flight Tube (F-i)

691-5 Second Flight Tube (F-2)

674-5 Third Flight Tube (F-3) 0

672-5 Unencapsulated Tube (Spare)
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All tests were monitored by both SAIC Quality Engineering and

the appointed Government representative.

Test data is included in Appendix A.

3.2.4 Space-Qualified Tube Delivery

The Design Verification Unit (DVU) was delivered to ONR at ITE,

Beltsville, Maryland on June 1, 1984.

Following selection by ONR, Tube S/N 676-5 was selected to be

encapsulated into the first Space-Qualified Tube (F-l). This tube was

delivered on June 6, 1984.

Following the processing and testing of the redder photocathode

tubes, Tube S/N 691-5 and S/N 674-5 were selected for use in the second

and third Space-Qualified Tubes (F-2 and F-3). These tubes were delivered 0

on October 8, 1984 and December 3, 1984, respectively.

Tube S/N C72-5, which is a good operating device but not selected

for use as a deliverable flight tube, is still unencapsulated. It is being

held in SHAD residual inventory at SAIC.

14
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Tube Run
No. Tube S/N Results Assignment/Use

4 672-5 Good Tube Hold in Residual

5 673-5 Good Tube DVU Tube

6 674-5 Good Tube F-3 Tube

7 676-5 Good Tube F-1 Tube

At this point SAIC was directed to attempt a "redder" photocathode. Three

cathode tests were performed on S/N 686, 688 and 690. Then the last two

tube runs were made using the "redder" photocathode process.

8 691-5 Good Tube F-2 Tube

9 695-5 Noisy Tube Scrap

3.2.3 Space-Qualified Tube Testing

Testing of the Space-Qualified Tubes was performed in accordance

with the SHAD Test Plan, TP 131-08-645-01, Rev. A, and the SHAD Acceptance

Test Procedures, AT 18-4.0, AT 18.1, AT 18.2, AT 18.3, and AT 18.4. Test- ".
ing included the following:

* Manufacturing Tests

w Incoming Inspection
In-Process Inspection

* Unencapsulated Digicon Tests

Photocathode Response
Diode Response
Digicon Performance
Physical Inspection

" Encapsulated Digicon Tests

Photocathode Response
Diode Response
Digicon Performance
Physical Inspection

Unencapsulated tests were performed on all tubes produced. Encap-

sulated Tube Acceptance Tests were performed on the Design Verification Unit .

(DVU) and on the three flight tubes delivered (F-1, F-2, and F-3).

13
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The encapsulated tube design was revised, modifying the anti-

corona shield and the potting/installation techniques.

The first SHAD breadboard tube was re-encapsulated in the re-

vised configuration which successfully passed thermal cycling between +55°C

and -45°C. This tube was delivered to ONR at ITE, Beltsville, Maryland

on October 5, 1983 for integration testing.

The second breadboard tube (S/N 651-5) was encapsulated in the

new configuration. It received functional performance testing, thermal

cycling, and vibration testing, passing all successfully. This tube was

delivered to ONR at ITE on October 6, 1983.

3.2 SPACE-QUALIFIED TUBES

3.2.1 Space-Qualified Parts Procurement •

The parts for fabrication of the Space-Qualified Tubes were pro-

cured under a separate contract, N00014-82-C-0708. All parts were received,

inspected, and tested. We found, upon testing, that the diode arrays fabri- - .

cated for these tubes failed during vacuum bake. After several reworks and

weeks of delays, the problems being experienced (with metalization) were

identified, and we received usable diode arrays.

3.2.2 Space-Qualified Tube Fabrication

Nine tube runs were completed for the fabrication of Space-Qualified

tubes. The sequence and results are listed below:

Tube Run
No. Tube S/N Results Assignment/Use

1 661-5 Indium Seal Failure Scrap

2 670-5 Diodes High Leakage Scrap

3 671-5 Diodes High Leakage/Seal Scrap

At this point the diode problem was identified and corrected.

1

- 12
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3.0 HARDWARE FABRICATION AND TESTING S

3.1 BREADBOARD TUBES

The first phase of this program was to design, fabricate, encap-

sulate, and test two (2) breadboard tubes of the design to be used in the

space-qualified devices to follow.

3.1.1 Breadboard Tube Fabrication 0

The two breadboard quadrant tubes were fabricated successfully

and tested for operation. These were, respectively, S/N 638-5 and 651-5.

Tube S/N 638-5 was selected for encapsulation processing and test

while S/N 651-5 was designated the life and environmental test unit. The

Life Test was performed on this tube with no unacceptable degradation of

performance after the scheduled accumulation of 1012 electrons.

3.1.2 Breadboard Tube Encapsulation and Testing

The encapsulation process for the SHAD flight Digicons was devel-

oped using space-compatible materials based on experience with the University

of Maryland quad guider tubes and with the ST FOS flight Digicons. This 0

process was tested on a non-operating tube and the problems initially en-

countered with material compatibility, adhesion, and surface preparation

worked out. Following successful processing of non-working tubes, the

first SHAD breadboard tube, S/N 638-5, was encapsulated using this process.

Post-encapsulation testing revealed that the tube was no longer operational.

We dissected the tube and found that the indium seal had failed, most prob-

ably during the encapsulant's cure cycle. It appears that the force on the

tube's anti-corona shield due to differential expansion during the potting

cure was sufficient to mechanically force the faceplate from its indium seal.

Additional problems were found during thermal testing of the encapsulated

assembly.

. - .
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6 ?3-S L1
PREAMP No. 1 COUNTER No. 18 DIODE No. I THRESHOLD * 84 4
SCALE MAX,SCALE MIN a 20009 0 (

4

44 +

l l I I I I I

-15 15
----- DEFLECTION(D/A UNITS) ----

HflI,Hlm2,FWHM,Pos. = -14.4 46 13.95 -7.44
10%-90%,90%-I10,RVE= .67 . 1.57
MAX COUNT,MIN COUNT = 287f"T 3523.06

STD. DEV OF EFUN a .836020563172
SUMSUM = 4220.86666667 6
MEAN EFUN - -4.15192341003E-02
***QUAD08(7/24/83)***

Preamp. No. 1 2 3 4 5 6 7 8 9 18 11
'Coun.er No. 18 19 21 22 20 23 24 25 29 27 28 26
Diode No. 1 2 3 4 0 0 0 6 0 0 6 8
Threshold 84 100 80 70 254 254 254 254 254 254 254 254
DEFLECTION FACTORS: Xw 6.25 Y- 6.25 (MICRONS PER D/A)

5 / 17 /83 15 :26 (54 Sec.)
QUAD TUBE SCAN



DVV

4.3.c,d TUBE NO.

DATE S/I / /

DIGICON PERFORMANCE

c. 100 SECOND INTEGRATION DARK COUNT

Ql= 67J'1

Q2= .,J.,

Q3 = -,; S I

Q4 = 4 ?

TOTAL = _" _ _ _ _ _ _ _ _ _ _ _ _ 0

C = TOTAL/400 = ,
(Goal = 25)

I '-" ,.K' , , P ) ,'- ,,i " 'r "

d. QUADRANT RESPONSE UNIFORMITY.
,. .- S 1 % AVG

Q2 2Yo 3.__

Q3 4160 0

Q4H 74 4. L(. o

AVG= 4-(1I
(Goal ±%

TEST ENGINEER a________ QA ~S~'IIO

CUSTOMER (if applicable) I4/A

-" . . --"", : ." - - .- . .- .-. ..-.... •.....- .. ,.".-'.".., ". ,., ,- -.... "



TUBE NO. C027-5(&bVU) AT 18-4.4
Initial Release

DATE /58

PHYSICAL, MECHANICAL DIMENSIONS

a. Maximum Diameter (2.00 ±0.01 inch) 2,01 -.2-00t

b. Maximum Length (3.50 10.01 inch)- 3,4? -.3.51
C. Concentri ci ty:

Shield, Anticorona Metalization,
Cone 1.D. Optical Inspection
(0.015 max. TIR) .........Verified ______K _____

d. -Weight (Max. 350 g.) ...........Verified O

Dia.
2.00
±0.01

to _OHA- 3.50 ±0.1-~

Inspector _______________QA______________

Customer (if applicable) //
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4 June 1984 AMg&
#106

Office of Naval Research
Department of the Navy
459 Summer Street
Boston, MA 02210

Attention: Dr. Fred Quell

Subject: Certificate of Performance

Reference: Contract N00014-82-C-0363

Gentlemen:

Science Applications, Inc. (SAI) provides herewith two (2) copies
of the "Certificate of Performance" for the FOS Digicon, SAI Part
131-18-110-000 and Serial Number 676-5 (F#l). This is to certify
that the items were tested in accordance with the attached test
reports, in accordance with the above referenced contract.

Should you require any additional technical information, please
contact Mr. Gary Russell at (619) 458-3796.

Very truly yours,

SCIENCE APPLICATIONS, INC.

Barbara Bashforth
Administrative Assistant
Technology Development Group

/bb

Encl osures

cc: Mr. Pete Petiford - OCASMA, San Diego

bcc: J. McCoy .-

G. Russell
Chron
File
Deliverables

Science Applications, Inc. 10401 Roselle Street, San Diego, California 92121, (619) 458-3700 5

Other SAI Offices Albuquerque, Atlanta, Chicago. Dayton. Denver. Hunlsville, Los Angeles, Oak Ridge. San Ctego, San Francisco, Tucson, and Washington. D C.
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May 30, 1984 S
SHAD QUAD DIGICON [1-131-08-645]

SAI P/N: 131-18-110-000
S/N: 676-5 (F#l)

Contract No: N00014-82-C-0363
Office of Naval Research

CERTIFICATE OF PERFORMANCE

This is to certify that the item noted was tested in accordance with the
SAI Acceptance Test Procedures AT-18-4.1- Photocathode Response (QE),
AT-18-4.2A- Diode Array Response, AT-18-4.3A- Digicon Performance, and
AT-18-4.4- Physical, Mechanical Dimensions (Ref Request for Deviation/Waiver
5/29/84 #W8401). Test Data Summary Sheets are attached for each test. Physical
test reports and data on file at this facility and are available for review by ONR.

Gary L. ussell -

Quality Assurance

Distribution: SAI Test
SAI QA
SAI Contracts (4) •
SAI File

Science Applications, Inc. 11526 Sorrento Valley Road, Suite A, San Diego, California 92121, (619) 458-3700 0

Other SAI Offices. Albuquerque, Ann Arbor,Arlington,Atlanta,Boston,Chcago. Huntsville.,L Jolla,Los Angeles,McLean,Palo AloSanta BarbaraSunnyvate & Tucson

- -------.-.-.-. . . . . . . . . . N.a.



AT 18-4.0
Initial Release

ENCAPSULATED DIGICON ACCEPTANCE TESTS (SHAD)

DIGICON NO. 676 -5 (F-I)

TEST DATE

4.1 PHOTOCATHODE RESPONSE (QE) 51 /

4.2 DIODE ARRAY RESPONSE

a. Leakage 52-9/'

b. Capacitance 5129/p4

C. AE/E _ /__! __ ,

4.3 DIGICON PERFORMANCE

a. Magnification '!21 /4

b. Error Function L-I/4/"

c. Dark Count

d. Uniformity !12

4.4 PHYSICAL S

a. Diameter _____/ __

b. Length -12 /?A I

c. Centering

d. Weight 5/2/B4

Data Distribution: S

1o Test Build Log Book
o3 Test Lab
o Tube Engineer
o Quality Assurance
o] Customer
o File

: ; " a ,:- i~l ,." , -,.i k' " dl i i l i ~ i -" " : - - - : - t-_ - - : : . .. ,:" ". ,'



TUBE NO. 676--S (SH D F-

DATE !__/ __-

PHOTOCATHODE RESPONSE

Visible Current Mode Quantum Efficiency Data Sheet

Wave- Tube Calibration Standard Calculated Goal
Length Signal Standard Cal ibration Comments QE QE
(nm) (A) Signal (QE%) ()

(A)r -  rE-

360 1 OR .6-7 9 . BL( t,,-nJ, "S. 7

400 \0 7,.Ii cxE 925.00

I -1 -_

500 c - - OUT 15.0

560 1 - 1-7 - 7 ?6f7 _s__

600 8 -7 . -7 . 6 )L ,FIL .o
a. - 7 .17 -

700 1f Mci 0 r i__c 2.5

760 L1& TO ~ 4 1J-L qa Lk77 C

800 ~ ______*I0.1

II I _

Test Engineer 0 -w q~ QA~Z

Customer (if applicable) iIa

Calculated Q% - . "Tube Signal-.
Calclate QECalibration Standard Signal x Standard Calibration QA%

I0



AT 18-4.3 TUBE NO. - z (<vAi i" )
Page 4

DATE 5- A- _

4.3.a

DIGICON PERFORMANCE

a. MAGNIFICATION 6

DIODE

1/2 CENTER 1/2

p Divisions -4 1z I F>

Count Rate ZZ50 2- z 5 7Z-4

S (Total No. Divisions) 50- t I___=___

W = S * (p/Divisions) 0-- * IC = 6o4-C

M (Magnification) = D/W = 400 pm / '4t = _

(D = Diode Width)

DIODE 3 S

1/2 CENTER 1/2 . -

p Divisions __ ______

Count Rate _z,_ ______ a37D 5

S (Total No. Divisions)-19+0 0 4-25__=___

W = S * (p/Divisions) = 10_ * 0 = ;53D

M (Magnification) = D/W = 400 pm / ___) _•

(D = Diode Width)

(Average Magnification( 2 M2) Goal = 0.6<M<l)

TEST ENGINEER "

CUSTOMER (if applicab 10, wm0

Figure 4.3a .



18-4.3 _T,
1e 5~. TUBE NO. ~lL J 3
3. c,dDAE6

DIGICON PERFORMANCE

100 SECOND INTEGRATION DARK COUNT

Q2= 2 '
Q3 - _ _ _ _ __-

Q4c _ __

TOTAL o03

C - TOTAL/400 = Z 7 5
(Goal = 10)

d. QUADRANT RESPONSE UNIFORMITY

% AVG

Q2 Z

Q4 gg + o'0 l.- :

AVG=
(Goal :

TEST ENGINEER QA 2 T
CUSTOMER (if applicable) .._--.-

Figure 4.3b



5 / 24 /83 13 : 48 ( 55 Sec.)
D TUBE SCAN

5 / 24 /83 13 : 55 ( 17 Sec.)
D TUBE SCAN

US " S
us

SWEEP Q Y
M -15 TO 15 IN 31 STEPS OF I EACH 1 Sec

AMP No. 1 COUNTER No. 18 DIODE Ho. I THRESHOLD = 84

LE MAX,SCALE MIN ft 20000 0

+ *+ 4 4 

+ +

++

44-

4

4.4

4'

4 + + +
S

I .II

-15 15
----- DEFLECTION(D/A UNITS) ---- --

ml,Hf m2,FWHt,Pos.o -14,p-=:7 '14.8-. e3
%-q0,9s%-19%,A 19 ... >.

X COUNTIMIN COUNT 2 2 2774.54

TD. DEV OF EFUN .."75349316025 - '. •

5 / 24 /63 13 : 57 . 27 -Sec. ).
**eQUAD9(7/24/G3)**# . -- . .". -

-  
- S

. . . . ... : " .. - " .... * ..:.': .
• " ' -, • . .. -. ;.. " .. d .. ... ,

• * . . - o . ;. . j..l , .



18-4.2 S
le 7 TUBE NO. 76-5 F-)

DATE 5/ -R___.

QUAD DIGICON ARRAY RESPONSE

LEAKAGE CURRENT CAPACITANCE
DIODE PIN (WA) (pf) Goal < 0.25

Goal < 1 nA Goal _< 15 pf G

Q1 2 o. --

Q2 5 03. 3L
Q3 9 (D I- . -3

Q4 12 13" 0.3

GI 1 _,___.__, o.3p

G2 3 C. .3S

G3 4 _ C_._ O,S1
G4 6 .X

G5 8 .7 ".

G6 10 S.6 0 . 3 S

G7 11 ..

G8 13 , .-/ -

0*9-

0



NO. 76-5 (F-) AT 18-4.4
512q/e/ #Initial Release

PHYSICAL, MECHANICAL DIMENSIONS

a. Maximum Diameter (2.00 ±0.01 inch) ___r_' ____

b. Maximum Length (3.50 ± 0.01 inch) _ er/,'eJ

c. Concentricity:

Shield, Anticorona Metalization, SA

Cone I.D. Optical Inspection
(0.015 max. TIR) .......... Verified ', ,p

d. Weight (Max. 350 g.) .......... Verified 3 4 0g g&oA',9

t S•

Dia.
2.00
±0.01

0.015 3.50 ±0.01

Inspector /_ ,___, __QA IV,"-_ _

Customer (if applicable) 'e," o-ye57" 41- hs,/ZO,:P'OC v/ /'

#¢-€2 #0S

• - .-

.



.4.3 TUBE NO. .- S

DATE _ _. S

DIGICON PERFORMANCE

MAGNIFICATION

DIODE

1/2 CENTER 1/2

p Divisions _____-- _-___"

Count Rate Z7 4 _______

S (Total No. Divisions) _,3__7-S_ __ = _ 3

W = S * (p/Divisions) Sjj.. • /0 = _

M (Magnification) = D/W = _-_o __/ -'3O = "7 -

(D = Diode Width)

DIODE '-

1/2 CENTER 112

p Divisions €8 - 22I7 -

Count Rate Z _ _ 574 80

S (Total No. Divisions) Y 7
W r S * (p/Divisions) 7• /5" 70 0

M (Magnification) = D/W -570 •70
(D a Diode Width)

(Average Magnification (M )) Goal 0.6<M<1)

EST ENGINEER ___, ______QA Q IolTft"
, .S

:USTOMER (if applicable) __--

Figure 4.3a



IC-4.3 TUBE 1O. 4'i/- "
e4

DATE /o. 4"

a

DIGICON PERFORMANCE

a. MAGNIFICATION

DIODE /

1/2 CENTER 1/2

p Divisions _5 4B(;,

Count Rate Z7T 4 ',T 274
S (Total No. Divisions) 5'S6, -3& = _ _'0

W = S * (p/Divisions) =.-.. * /= o

M (Magnification) = D/W ZJicJ / C =
(D = Diode Width)

DIODE S

I/2 CENTER 1/2

v Divisions _-_8 -___•

Count Rate ;-Z LL- 7.- .

S (Total No. Divisions) ,4S -5-1" = . _

W - S * (p/Divisions) - "____ , /_ __ = 5Z-2
M (Magnification) -DW = . / .'-'..W = •
(D = Diode Width)

(Average Magnification 2 Z) i..Goa =.6<M<l)

TEST ENGINEER t.., . QA o8I /

CUSTOMER (if applicable) _,_

Figure 4.3a



AT 18-4.2
Page 7 TUBE NO. ______________,'_____

DATE IO" 5 - ,e1

QUAD DIGICON ARRAY RESPONSE

LEAKAGE CURRENT CAPACITANCE
DIODE PIN (nA) (pf) AE/E

Goal :5 1 nA Goal _< 15 pf Goal < 0.25

01 2 . :;, ? I6 o .

Q2 5 .40

Q3 9 /6-7 ,o 7_• __

Q4 12 . ,,).] -

G2 3

G3 4 74
64 6 59- 7 7

G5 8 7 -
G6 10 -

G7 11 .7-4 •_ _- _

G8 13-

Ilel



,~rI '~I UBE NO. "SV kA
DAE[ -o1 -C _

PIIOTOCAIIIODE R[SPOnSE

Visible Current Mode Quantum Efficieny Data Sheet

Calibration
lave- Tube Stdard Standard Calculated Goal
?ngth Signal Calibration Comments QE QE
(ni) (A) Signal (QE%) (%) (%)

(A)
rE-  rE

360 •14-?- - 1* -9  31P- ... _____.

400 E5 L "9Z +0 __"____'___25.0

460 7Nw r-8 .Z46I ' IO-5

500. 5 & I L& 7.96 ' 15.0

560 (b .- 933: ~O ____

600 /1-2 -/4 1 2.5

760 -5 9C3  . , .72 .

I_

800 3.09 4 , 95 -2456 _._ 0.1.0

_ _ _ _ ~I I _ _ _ _ _ _ _ _ _ _ _ _ _ _

IS I
S -F' __

ast Engineer <.OQE_______________

istomer (if applicable) ____________________________

alculate QE% clube Signal xSadr airto A700utd Q- Calibration Standard Snd Ct QA•

IS



jl;/ SCIENCE APPLICATIONS, INC.

APPLIED SCIENCE & TECHNOLOGY GROUP N
TELEPHONE - SHIPPINGIRECEIVING DEPT.: (714) 452-91SO

Systems Division TO:

LECTRONIC VISION MOMaKUM Instrumentation Technology Engineering, Inc.
1526 SORRENTO VALLEY ROAD. SUITE A 10511 Tucker Street

;AN DIEGO. CA. 92121 Beltsville, MD 20705

NSTRUMENTATION DEVELOPMENT LAB t
11526 SORRENTO VALLEY ROAD. SUITE B Attn: Mr. E. C. Aaron
SAN DIEGO. CA. 92121

"FFLUENT CONTROL LAB
1030 SORRENTO VALLEY BLVD.
;AN DIEGO, CA. 92121

3AI TECHNOLOGY COMPANYS
1060 SORRENTO VALLEY BLVD. I
SAN DIEGO, CA. 92121

RACTIPURCHASE ORDER NO. jPROJECT NO. DATE DUE DATE SHIPPED
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Copy of Test Data each 1 l
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II

1
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PACKING SLIP
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AT 18-4.0

Initial Release S

ENCAPSULATED DIGICON ACCEPTANCE TESTS (SHAD)

DIGICON NO. _____-_"_

TEST DATE

4.1 PHOTOCATHODE RESPONSE (QE) ' 0-Z -

4.2 DIODE ARRAY RESPONSE B

a. Leakage 0 " -

b. Capacitance tO 5 -

c. .E-E S

4.3 DIGICON PERFORMANCE

a. MIagnification ei. - -. - . ..... '

b. Error Function IC' - -4

c. Dark Count F-"
d. Uniformity I L ' . 1'-

4.4 PHYSICAL

a. Diameter I0 -" -

b. Length i10-15-- -

c. Centering 1 --.. I

d. Weight t S k-

Data Distribution:

o Test Build Log Book
O Test Lab
o Tube Engineer
o Quality Assurance
0 Customer
0 File

2t -



5A I

December 3, 1984

SHAD QUAD DIGICON (1-131-08-645)

SAIC P/N: 131-18-110-000
SAIC S/N: 691-5 (F#2)

Contract No.: N00014-82-C-0363
Office of Naval Research

CERTIFICATE OF PERFORMANCE

This is to certify that the item noted was tested in accordance with
the SAIC Acceptance Test Procedures AT-18-4.1- Photocathode Response (QE),
AT-18-4.2A- Diode Array Response, AT-18-4.3A- Digicon Performance, and
AT-18-4.4- Physical, Mechanical Dimensions. Test Data Summary Sheets
are attached for each test. Physical test reports and data are on file
at this facility and are available for review by ONR.

Gary L. R ssell
Quality Assurance

Distribution: SAIC Test
SAIC QA
SAIC Contracts (4)
SAIC File

-S

10401 Roselle Dr. San Diego. Calfornia 92121. (619) 458-3700

Oter SAIC Offces Alt',erqie Ann Aror Arhigfo Atlanta Bston CNhCago 0untSl La Josa LOS AfVreS McLean Pil Alo Santa Ba'ta', S. ,A ao .

- . . ." . . .



o

-- - SI, I I fto-

Science Apicatios kferational C-ovpian

#216

3 December 1984

Office of Naval Research
Department of the Navy
459 Summer Street
Boston, MA 02210

Attention: Dr. Fred Quell 0

Subject: Certificate of Performance

Reference: Contract N00014-82-C-0363

Gentlemen:

Science Applications International Corporation (SAIC) provides herewith
two (2) copies of the "Certificate of Performance" for the FOS Digicon,
SAI Part Number 131-18-110-000 and Serial Number 691-5 (F#2). This is
to certify that the items were tested in accordance with the attached
test reports, in accordance with the above referenced contract.

Should you require any additional technical information, please contact
Mr. Gary Russell at (619) 458-3796.

Very truly yours,

SCIENCE APPLICATIONS INTERNATIONAL CORP.

Barbara Bashforth
Administrative Assistant

/bb

Enclosures
9

cc: Mr. Pete Petiford - DCAS1IA (San Diego)

1040f Roselle Dr San Diego California 92121 (619) 458-3700

A- o, es -a- A- A--, A --, Afwwa Bostor C-C-Qc. Hd, .,- a i.L .- -,-,A-, k e-. Pat , - Vt..Saw . -- ,- . - .S.- .



S

0

0

SERIAL NUMBER 691-5
S

SECOND FLIGHT TUBE (F-2)

S

S

S

S

S

S

9

. . . .



______________________FORM APPROVED OMO NO. 22-01-O4O3
I PR0C INSTRUMENT OEM iCONTRACTI 1ORDEI 04 6 INVOICE I J'AG1 O0F

MATERIAL INSPECTION U1NO. 1 ."

AND N00014-82-C-0363 ACCEPI,,CE,',," -
RECEIVING REPORT DATE D

2 SHIPENT N4o 3 DAlE S..l,,D 4 &A I DISOUNt TERM$

SAIOOO1I 84JUN07 TCN

9 PRIME CONITRACTOR CO' 52302 10. ADMW4SIEREDIV coot S0514A

Science Applications, Inc. OCASMA - La Jolla
10401 Roselle Street Bldq. 4, AF Plant 19
San Diego, CA 92121 4297 Pacific Highway

San Diego, CA 92110

I, SHIPPE FROM ltohat tho.91 COD 52302 FcO S 12 PAYMENT Witt E MADE sI CODE S0506A

Same as Block 9 DCASMA - Los Angeles 0
11099 So. La Cienega Blvd.
P.O. Box 45011
Los Angeles, CA 90045

13 SHIPPED I0 CODE 14. MARKED FOR CO0DE

Instrumentation Technology Engineering, Inc. Mr. E. C. Aaron S
10511 Tucker Street
Beltsville, MD 20705

Is IIEM 16 SIOCK PART NO DESCRIPTION 17 OUANrIY Is 19. 20
Id*u nunoW# of IAh,p*ng conlo~ne.*yp. of

NO 0 ondguve , tOu,', numbe SHIPO,RECD UNIT UNIT PRICE AMOUNT S

0001:AD The Contractor shall design, build, test 1 EA NSP NSP
and deliver one space-qualified flight
model of their intensified quadrant
photomultiplier tube.

SAI Part No. 131-18-100-000
Serial No. 676-5 (F-l)
(18 mm Quadrant Digicon Guider Tube
Assembly)

21 PRO( URIM(NI OUAIIY ASNURANCE 22 RCEIVER'S USE

A ORIGIN 8 DEStINATION Ouneie shown ,n(olumn 17 were ace-ed na

P A .- ] IIA, ".. I . ... "............ J ]POA L J A€.,DN(E .,8 I.*, ,* .. .... oppofent good condiion eacepl a noted.
4 4 --* W *W *IO' 4 ,5 - Cw me i* ,,4,.* 4 .. S. ; *.S@ -

,,,* e* ,,,*,fl *. I... -, * . .,4 ,*.,**. . 5. ...'w , - b* .a~ -~, d ... y * .k *I

DATE RECEIVED SIGNATURE Of AUTH GOVT REP

TYPED NAME

DAIE SIGNAIURE OF AU t REP DATE SIGNATURE Of AUIH GOVI REP
"i quoa"I2 'eceovod by ohs0 Go.tvinmenl ,the/ some os

TYPED NAME Pete Petif d TYPED NAME qu.noSU, m asA ' oPhd. indicte by I $* I acA, . i doIl..

AND0 0FIC C 14A -- AND TITLE * - a(-,t9 q.4Wfhty fecAVd bew qvosl, SAppe
_q U 4 A lad wniceck.

23 CONIRACIORUS E ONLY

DO 250 RP.ACSEDI? POFIAUCSWHKCMAYNUSED



______________________PORI APPROVED OUSNIO. 22-R-0402
I P1CC INSTRUMENT NXN ICONINACTI JORDERINO 8 INVOKCE

MATERIAL INSPECTION N.fr 0
AND N00014-82-C-0363 4. ACEP MC0O4

RECEIVING REPORT DATE ACP~C ON
2SHIPMENT NO0 3 DATE SHIPPED 4 &A 5 DISCOUNT TERMS
2SA10001 84JUN07 TCN

9 PRIE CONTRACIOR Com 52302 10 ADMINISTEREDS ByCOoE S0514A0

F Science Applications, Inc. DCASMA - La Jolla
10401 Roselle Street Bldq. 4, AF Plant 19
San Diego, CA 92121 4297 Pacific Highway

San Diego, CA 92110
It SHIPPED ROMIMothr thanR 91CODE 52302 TOB. S 12 PAYMENT Witt BfMADE BY CODE S0506A

Same as Block 9 OCASMA - Los Angeles
11099 So. La Clenega Blvd.
P.O. Box 45011
Los Angeles, CA 90045

13 SHIPPED 1O CODj 14. MARKED FORCD

Instrumentation Technology Engineering, Inc. Mr. E. C. Aaron
10511 Tucker Street
Beltsville, MD 20705

Is IE 16 STOCK PART NO DESCRIPTION Q7 UANITY lB 19. 20IIIEM I~~~lod~cuse rnmber of ih~ppoorg conloonois-t ype ofUNTPIEA O TNo coftuofl, (Onta,,,., numrn,. SHIPOD,REC*0 1UNIT UNTPIEAON0

0001:AD The Contractor shall design, build, test 1 EA NSP NSP
and deliver one space-qualified flight
model of their intensified quadrant
photomultiplier tube.

* SAI Part No. 131-18-100-000
* Serial No. 676-5 (F-1)

(18 mmi Quadrant Digicon Guider Tube
Assembly)

21 PROCUREMENT QUAtITY ASSURANCE 22 RECEIVER'S USE

A ORIGIN r-6 DESTINATION O.uantivie. Lhowrn on column 17 were received in
14 POA[J *'. .... ,.....*.. L POA Ne~ oictcit4.cI #, o..d... ., ,.pparent good conodition except a% noted.

DATE RECEIVED SIGNATURE Of AUTH GOVT REP

TYPED NAME

DAft ___________OFSIGNATUREOf__________REP

SI t i Of AU VT REP DATE SINTR fAT OTRP 11 quontjr eceowed by the Gonernonent ot th* same at
TYPED NAME Pete Peti d TYPE D NAME q_.oeIy .ped, indicate by I .' I morh, of different.
AND Oil KtE S~1AAND TITLE nt ott quratity received below. quonft.y shipped

23 CONTRAC IOR USE ONLY io n~c

FOR 1EPIACES EITION Of I AUG 67 WHICH MAY3N USEDDDPBM 250



7 June 1984

AMg
#107

Instrumentation Technology
Engineering, Inc.

10511 Tucker Street
Beltsville, MD 20705

Attention: Mr. E. C. Aaron

Subject: Material Inspection & Receiving Report -

Shipment of Photomultiplier Tube

Reference: Contract N00014-82-C-0363

Gentlemen:

In accordance with the requirements of the above referenced contract,
Science Applications, Inc. (SAI) provides herewith four (4) copies of
the DD Form 250, Material Inspection and Receiving Report completed to
verify Shipment No. SAIO001, entitled "Quadrant Photomultiplier Tube"
under Contract Line Item Number OOAD. SAI has been directed by the
ONR Technical Representative, Dr. Quell, to ship directly to your
facility the enclosed tube.

If you have any questions of a technical nature, contact Mr. John McCoy
at (619) 458-3794 or Mr. Gary Russell at (619) 458-3796.

Very truly yours,

SCIENCE APPLICATIONS, INC.

Barbara Bashforth
Administrative Assistant

/bb

Enclosures

cc: Dr. Fred Quell - ONR
Mr. Pete Petiford - OCASMA, QAR
Mr. John Christensen - ONR (CO) bcc: .. :cCoy

G. Russell
Chron
File
Del i verabl es

Science Applications, Inc. 10401 Roselle Street, San Diego, California 92121. (619) 458.3700

Ohw SAI Offices Albuquerque. Allanta, Chicago. Dayton. Denver, Hunlsville, Los Angeles, Oak Ridge, Son Csego, San Francisco, Tucson, ano Wishinglon, DC.



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

DETACHMENT, BOSTON
495 SUMMER STREET

BOSTON. MA 02210 IN REPLY REFER TO 0

FWQ:acl
31 May 1984

SAI
Attn: Gerry Russel
Quality Assurance
10401 Roselle Street
San Diego, CA 92121

Dear Mr. Russel:

By authority of this letter you are advised to ship the SHAD flight
Fl Quadrant Tube #676-5 with open waver #W8401.

Sincerely you s,

FRED W. UELLE

-0 S

-S

S

....................................................................................



REQUEST FOR DEVIATION/WAIVER DATE PREPARED P, IPROCURING ACTIVITY NO.

(SEE MIL-STP-480 on 181 FOR INSTRUCTIONS)/

I, ORIGINATOR NAM4E AND ADDRESS 2. DEVIATION5W.IVERSc;e,.,ee AopcAc,i, s. /,nc. 6/le ,'9,e ',j , , . I-] °EVI ATDON ,I

//5Z& 0 j,,,v i g EjIo EMAO ECRITICAL.

4. DESIGNAT ION ('OR IDEV!A71ON/WAIVER S. BASE LINE AFFECTED 6. OTHER SYSI0S/CONFIG.j

.MODEL/TYE b. MFR. CODE c. SYS. DESIG. I. IV/WAIVEII o 
RATION ITPOY S ArECTED

Z -,AD ,,ON ; L O C.. o - __ UC L a
7. SPECIFICATIONS AFFLcIED-TEST PLAN S. DRAWI-NGS AFFECTED

. .S..........: ..... MFR. CODE SPEC./DOC. NO. SCN MFR. CODE "BER REV. NOR. NO.

6, 42-10

• 1I T PL AN

9 T lkl OF DEVIAllON/WAIVIP 1 NTRAC1 NO. I LINE ITEM

I I CON' IGLUAT ION I TIM NOINCLA1UI1WE " "CLAtSSIFIC -i .0T'0M O DEFECT "
12. CO NO. '3 DffFF No14DEE CLASSIFICATION

'5 .... Of 1. . . LvI. . . .* Ct I .... T RO. 04 r PL T V ." L. T O 18. OTY 1 19. RECQUR ING DEVIATION/WAIVER

&46 v erl e A -, Y/D-4s - /li ___ ___ NO_
2 0 fIlCTI ON COS/PRI I 21. EFFECT ON DELIVERY SCHEOULE

0 A141)& ___ I A- 'e_ _ __ _ _ _ _
122. L1iI( ON INTtGIATEEL LOGISTIC SUPPORT. INTERFACE. ETC.

.1 I rTT I O DI ','AT UNf/WAIVE.R

or, Ade,nM A /

OA A~s-mi 65.

(A'dn..Zrd6'c b ,,/. 7.5,,A'.4-.,, f.4,,pj y•

4 IF: 10k. D[VIATION!XAIVER

2C -PO~jfTtON 1f1f(TfIV Hy SERIAL NIJIRER

61/vy_ 76-55a,4P/*/__ _ _ _ _ _

2 6. TTIN ACTIVIyAJHNI, SI GATR TIT hE.*UMRLP SINTR zp41A /7 ,4 5l4 'C
27. APPROVAL/DISAPPROVAL

4 b.

APPROVAL RECL**AfNCED 1]APPROVED L--DISAPPROVED
1(,41 WAfN

t 
ACTIVITY SIGNATURE TATE-

D-D 'D'.. 1694 ,,. o,,,,,Y.- ,.,.-,,,., 0-- 0, 2,._.,



10 / 4 /83 14 : 15 ( 33 Sec.)
QUAD TUBE SHAD F-S RTP 18-4-84 S

10 / 4 /83 14 : 22 ( 31 Sec.)
QUAD TUBE SHAD F-8 ATP 10-4-84

X-SWEEP Q Y - 8
FROM -15 TO 15 IN 31 STEPS OF I EACH I Sec

PREAMP No. I COUNTER No. 18 DIODE No. I THRESHOLD - 60
SCALE MAX,SCALE MIN - 2e00 0

+ + + +,4 + +. + + ~

4

-1 5 15
----- DEFLECTION(VAR UNITS) -----

Mful,Hf%2,FM,Pos. -14.45 .07 14.52 -7.19 l #FU o
1e%-9e%,9S%-te%,AVE- .72 1.82 1.27 . O
MAX COU T,MI N COUNT " 21932.8 2 03.94 D s1

D O

. *.. .. , .. -S.o . .



AT 18-4.3 )
Page 5 TUBE NO. 6,.'i (

4.3.cd DATE ___ __ ___ __ _l

DIGICON PERFORMANCE

c. 100 SECOND INTEGRATION DARK COUNT

Qlu __ _ _ _

Q2c 573
!* Q3 = (__ _ __ _"

Q4= ___-564

TOTAL= ZIso

C = TOTAL/400 = _-" _ _-

(Goal = 10)

d. QUADRANT RESPONSE UNIFORMITY

0 AVG

Qi I 4 k3, -- _-___ -. .

Q2 4_____ 501 ;

Q3 ./4 - 1.

*4 4

AVG =-)N

(Goal * -5%)

S TEST ENGINEER . 7 kA QA QE8 S

CUSTOMER (If applicable) ___ __

Figure 4.3b

t _I ~~~~ ~~. I .. .. ... I.... .. ... ,-.. . -- .a-- I i i i i il-l -• . .



TUBE NO. _-,______" AT 18-4.4 -
Initial Release

DATE_ ______

PHYSICAL, MECHANICAL DIMENSIONS -

a. Maximum Diameter (2.00±0.01 inch) .2-OC01

b. Maximum Length (3.50±o0.01 inch) ,_- _4_C_

c. Concentricity:

Shield, Anticorona Metalization,
Cone I.D. Optical Inspection
(0.015 max. TIR) .......... Verified .cI ,

d. Weight (Max. 350 g.) ............ Verified 3/'

Dia.
(D 2.00

to. 01

Q 0.01513.50 ±0.01

Inspector '0~/O5& QA IS-A

C( l

........................................................................................................ ' . '



p 0

S

S

SERIAL NUMBER 674-5

THIRD FLIGHT TUBE (F-3) 0

S S

S

0

S S

S S

S 0

0 0

................................................................ . . . . . .



SSAIU

#215

3 December 1984

S

Office of Naval Research
Department of the Navy
459 Summer Street
Boston, MA 02210

Attention: Dr. Fred Quell

Subject: Certificate of Performance

Reference: Contract N00014-82-C-0363

Gentlemen:

Science Applications International Corporation (SAIC) provides herewith
two (2) copies of the "Certificate of Performance" for the FOS Digicon,
SAI Part Number 131-18-110-000 and Serial Number 674-5 (F#3). This is
to certify that the items were tested in accordance with the attached
test reports, in accordance with the above referenced contract.

Should you require any additional technical information, please
contact Mr. Gary Russell at (619) 458-3796.

Very truly yours,

SCIENCE APPLICATIONS INTERNATIONAL CORP.

Barbara Bashforth V
Administrative Assistant

/bb

Enclosures

cc: Mr. Pete Petiford - DCASMA (San Diego)

10401 Roselle Dr. San Diego. Cahornia 92121, (619) 458-3700

OrPe, SAIC O",ces Dlu elqe A,, At o, ArnQton Auanta Bostonw Cicago Huwtsfle La Jolla Los AngQeles P cteart Pato Aro Sanrta Bartta, S.nnyt'.aw a"I 7- so

. . .~~ ~~~ .. . .. . .. . . .. . .. . .



SciecAPPikboln hmti o P 08860

December 3, 1984

SHAD QUAD DIGICON (1-131-08-645)

SAIC P/N: 131-18-110-000
SAIC S/N: 674-5 (F#3)

Contract No.: N00014-82-C-0363
Office of Naval Research

CERTIFICATE OF PERFORMANCE

This is to certify that the item noted was tested in accordance
with the SAIC Acceptance Test Procedures AT-18-4.1- Photocathode
Response (QE), AT-18-4.2A- Diode Array Response, AT-18-4.3A- Digicon
Performance, and AT-18-4.4- Physical, Mechanical Dimensions. Test
Data Summary Sheets are attached for each test. Physical test reports
and data are on file at this facility and are available for review by
ONR.

Gary L. Russfl
Quality Assurance

Distribution: SAIC Test
SAIC QA
SAIC Contracts (4)
SAIC File

10401 Roselle Dr. San Diego. Cahfornmia 92121, (619) 458-3700
O1'1e SAC OC)ces Alva~ueroue A- Atbo, A.,nprm Aitarfa &oston Ch-CW9o Hdu,,Iie La Jolla LOS Angvies McLean Pako Anlo Sara Ba'id,a S a,' we a' ,
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INSTRUMENTATION DEVELOPMENT LAB BeItsvlle, M 20705
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SAN DIEGO, CA 92121 ATTN: Mr. E.C.Aaron
RADeCO' --
A DIVISION OF SCIENCE APPLICATIONS, INC.
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SAN DIEGO, CA 92121

'ONTRACT/PURCHASE ORDER NO. PROJECT NO. DATE DUE DATE SHIPPED
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AT 18-4.0
Initial Release

ENCAPSULATED DIGICON ACCEPTANCE TESTS (SHAD)

DIGICON NO. 4 L
F-b .

TEST DATE

4.1 PHOTOCATHODE RESPONSE (QE) __ "__-___

4.2 DIODE ARRAY RESPONSE 0

a. Leakage I .$0 d

b. Capacitance l 4". -

C. AE/E " ,..3" "

4.3 DIGICON PERFORMANCE

a. Magnification I_-_._)" ___

b. Error Function II 29 " 4 "  
5

C. Dark Count /i 7f-

d. Uniformity

4.4 PHYSICAL "

a. Diameter Il 30.&

b. Length I0 P
c. Centering 64O. s4.0
d. Weight !1 8! 4

Data Distribution:

o Test Build Log Book
o Test Lab
o Tube Engineer
o Quality Assurance
13 Customer
0 File



TUG[ No. &?4- F- 0

DAI E _ 7,~i__

PIIOTOCATHODE RESPONSE

Visible Current Mode Quantum Efficiency Data Sheet S

gave- Tube Cal ibration Standard Calculated Goaleave- Signa Standard
ength Signal S na Calibration Comments QE QE
(ni) (A) (A) (QE%) (M) (%)

r E-_ rE-
360 _4 ______g _9 __ Z4 s.

400 -Z' -') ,4 ,-9 15 4 _2 . 25.0

rl460 C)94 -s44-- 10.5-rk-

1o '9( LB '11 JB 7-96 _._ . 15.0
______ ~ I __ _ _ _ _ _ _ _ _ _ _

560 T.a 5. o9 _). CjC)

I

600 i~Y r)1 ' ~ ' s'

660 1 !1 .1i-8 252 _, _ _o_

700 !')o T5 -.. 9" , lbI 1-72 2.5
_I .! _

760 49 F - I(,( t-8 -726 _ _..

800 " ic)  J - .245 q.2- 0.1

SI__ S

est Engineer e(. QA

ustomer (if applicable) _

Tube Signal

ulatedibration Standard Signal x Standard Calibration QA%

- '- -lb~ri n Standard Signal-"



AT-3018 TUBE NO. "-

0 -0

4 S

-7S

300 40 500600 70 ao

Waeent Tnm

i T I



AT 18-4.2
Page 7 TUBE NO. <74- F-

DATE 11" _ _ _ _ _ -A

QUAD DIGICON ARRAY RESPONSE S

LEAKAGE CURRENT CAPACITANCE
DIODE PIN (A) (pf) oaE/E

Goal _< 1 nA Goal _< 15 pf Goal - 0.25

Qi 2 o..L4

Q2 5 2 _ _... _ 10

Q3 9 -O3 0.30
Q4 12 .{, . o.27

G1 1 'Z 14 .Z 3 _

G2 3 .93 -A - Z__

G3 4 -4- 7-( o'

G4 6 .62 oZO

G5 8 0 0.i

G6 10 .ZO

G7 11 , 0

G8 13 . z_ __ o._l

0

, S

.



iTLRE 0 DECREES CENTIGRADE

UBE SCAN4

2 / 2 '83 9 : 55 ( 10 SEc.)
OUND COUNT FOR 10 INTERVALS OF I SEC EACH S
LECTION OF X= 0 & Y= B
INC. ACCEPTED - 5
LIMIT = 100 COUNTS
ATURE = 0 DEGREES CENTIGRADE

D, I ODE --------------- COUNS ..------------
NUMBER ISOLATED FILTERED TOTAL

1 0 118 118
0 96 96

3 0 95 95
4 0 93 93

iLS 402 402 0

ITER',YALS REJECTED; 0 INTERVALS WITHOUT COUNTS

?ATURE = 0 DEGREES CENTIGRADE

FU:E SCAN

2 ' 2 '83 9 : 57 C 0 Sec.)
IOUND COUNT FOR 100 INTERVALS OF 1 SEC EACH

:LECTIOH OF X= 0 & Y= 0
JINC. ACCEPTED = 5
LIMIT = 100 COUNTS
-'ATURE = 0 DEGREES CENTIGRADE

DIODE ------------ COUNTS ------------
NUMBER ISOLATED FILTERED TOTAL

1 0 1118 1118 
2 0 975 975

3 0 874 874
4 0 946 946

; L S 3913 3913

I TER'vARLS REJECTED; 0 INTERVALS WITHOUT COUNTS

RATU'E = 0 DEGREES CENTIGRADE

- .- - - - - -- - - - - - - - - - - - - -

. . . . . . . . .. . . . . . . . . . . . . . . . . . . . .



TUBE NO. 672-S
DATE __ _ _ _ _ _

SHAD DIGICON DARK COUNT

)0 SECOND INTEGRATION

QI = /M?

Q2 = 97S
Q3= Y74
Q4= 946

TOTAL= 598-

C = TOTAL/400 = ? 7f1

UADRANT UNIFORMITY

% AVG

Q2 37& -o ____ .

Q3 3 7-O 29?,
Q4 3760 /__,3

AVG ,7s

EST ENGINEER QA

.-....- ' , .. .... .............. .. -'.-:..,7,..'..... ., .. -. '-.."-.. .- .','-



2 '2 /83 16 :12 (21 Sec.)
TUBE SCAN

672 RESOLUTON
JEEP @ Y a 0
-50 TO 50 IN 21 STEPS OF 5 EACH I Sec

IP No. I COUNTER No. 18 DIODE No. 1 THRESHOLD = 54
MAX,SCALE M11 = 2008 0

.4 + +

4

+

-50I 5 0
----- DEFLECT ION(D/A UNITS) ......

[,Hf'r,,2,FWHM,.Pcs. = -47.09 16.35 63.44 -15.37
-901 9 I.-I ';, VE= 3.36 31.05 17.2 - . .•

C:OUNT,INI COUNlT = 20884.4 3374.68

4 '

• .- ' -. i -i -.i" i l- -. i i -; -i. 'i . . ---- . - -. -.-i .- . i -- i :; i .ii ; ." . .- .. -. ..- .- : .- -... -- . ." -.S

" " '- " "a ' "'' " ' '- " "" ' " "-" -~ m " "-'' ' .'' ",-' ,,,', , mr w " " . . . . .- ' - " ' " ' ' ' - " 'S "



2 2 /83 9 :34 (3 Sec.)
ID TUBE SCAN

OR FUNCTION (FINE) 2/2/84
-SWEEP @ Y = -2
)M -15 TO 15 IN 31 STEPS OF 1 EACH 1 Sec

• RMP No. I COUNTER No. 18 DIODE No. 1 THRESHOLD = 84 0

ILE MAX,SCALE MIN = 2008 8

t, 4 4 4. + .6 . 6- 44 0

4

4

4-

T 4EV + -1 +6 1 + "

i I I I I I I I
-15 15

---------------DEFLECTION(D'A UNITS)-..

rg,,,,Hs'r2. FHH,Pos. = -14.45 3.84 17.49 -5.7 -•
t':-9O%, 90,.-t e ,AVE= .72 4.84 2.38 ES =40.4JL (2'I "$ \Q7)
ix COUNTMIN COUNT = 21779.7 2278.21

;TD. DEV OF EFUN * .99)6151062727

LIMSUM = 2718.4
lEAN EFUN - .224906928429

V
. . .- . . .

. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .



TUBEo. 6 72-
DATE 2/_ /_____

SHAD DIGICON MAGNIFICATION TEST

DIODE 2

1/2 CENTER 1/2

p Divisions .Sf . 2

Count Rate 25T- _______ _______

S (Total No. Divisions) 4- , ?2-2 =>

W : S * Ni/Divisions) Z/ J9 * P,_ : ,&3, 7Z
M (Magnification) D/W _ _______ __2 772 . ZZ-
(D : Diode Width)

DIODE

1/2 CENTER 1/2

P Divisions -____,

Count Rate

S (Total No. Divisions) = --.._ _..

W = S * (PDivisions) = *

M (Magnification)= D/W = /_=

(D Diode Width)

TEST E1NGINEER ,9/T //4.01QA______________

.......................

. ,m-'.. w~w -,z- '-U --'............,....................... ""-'; .. " "" ..



AT-3012

Figure 5

VISIBLE CURRENT MODE QUANTUM EFFICIENCY DATA SHEET

Calculated Tube
Wave- Standard Standard Monochro- Signal Calculated Spec -

length Calibration Signal mator Out- Current Q.E. Q.E.

(nm) "(mA/w)/Q.E. Cu(rent Put (pJ) (pA) (%) ()

400 nm /4-.1 , f *_- __ /_ 0 43 ' 2,87 25.0
420 nm _,_,/_ e26-9) , es..) ____

440 nm
460 nm /I __ _ ,9 I____ g e 2, 7
480 nrn

500__ ____ /5&67 _____ ve 14 15.0

520 nm

540 nm

560nm ___. _____s __- Es7 :-6 9.I .
580 nm

600 nm & ,& 2SO - ,467-r-6 , /S__
620 nfl _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

.640 nm__ _ _ __ _ _ __ _ _

660 ,f 2 2 ,2c Lc -4 .7 <s(
680 nm

700 nm 1,72, .,1V E- _ ,2.c9-( .66 2.5
720 nm - •

740 nm
760 nm 7__, ,____- ."z, L /726 ____E

780 nm .-..
800 nm 02 /..56-9. ______-, _,, _ 0.1 0

820 nn

840 nm
860 nm 0/7
880 nm

900 nm __ __ ___<0.1

Date tib 1/ 1')' Tube S/N:- Test Eng. .0,* 4-

Q.A. Q.A. Verification of Equipment Calibration_____________

- . . ,.. . .-. .,
. . . . . . . . . . . . ..- -.-. . . .... .-.. .. ' -.-- " - ."...'£ 'i '. • -- ' .-. i ," 1-' ,i- ''. - . ,-,- ': - ,.-,'' i- " i"-1"-



'rube NoJ. -o22S
P;407'OCAr*q4E P-ESP,IJSE Doe2---e4

bqc1 Skeet

Wauee ,'n4/ Ty~be 5snekzvj 5tardotraI C A~ catlcuae 60','
6;,3 ra CaI~breori

II
4___0 &05o '-1 *37 -9 _ _ __ _ _ _ _ __ 24-,7 _ _ _ _

4LO 1,50 8 ? 9 )5i _ _77___

*ZOG- 5 r i.73 1-8 7.q~ UP__1___C 45L0

___ ___ v I __21_8 __ _ _ _ _ _ __ _ _ _i_ _ __ _I_ _ _

700___ 1,72__ 2-S

goo__/__ 1-9 g21 I-l& .2__45 __o_____ _ _0.)

________ __________e QA_________ 69 ' I_____
lt--I_____ 6V__ __ ___________



70 Divisions 51h, I10th Accent by 3 Cycle Semi-Log

19
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T__

+ +

7-~

.. .. - . . . . ..
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UNENCAPSULATED DIGICON TESTS (SHAD) B

DIGICON NO. _____2_-

TEST DATE

PHOTOCATHODE RESPONSE 4 2/8/84

DIODE ARRAY RESPONSE

Leakage (12) Z/IO/69

Capacitance (12) JO/ S

AE/E (12) 2 /to/64

DIGICON PERFORMANCE

Magnification 2/3/5 i- .

Error Function Z/2-/.4 ..

Dark Count 2/Z/&4 9.2,

Uniformity 2/2/64 _ 1%

........ 7



S

0

S

SERIAL NUMBER 672-5

UNENCAPSULATED TUBE (SPARE) S

S

S

S

S

S

S

. . . .............

.........................................

. . . .
. . .



TUBE NO. L49' -- AT 18-4.4
DATE Initial Release

PHYSICAL, MECHANICAL DIMENSIONS

a. Maximum Diameter (2.00 ±0.01 inch) 0C04

b. Maximum Length (3.50 ±0.01 inch) __ __ ___03_ _

C. Concentricity:

Shield, Anticorona Metalization,
Cone I.D. Optical Inspection J
(0.015 max. TIR) .........Verified

d. Weight (Max. 350 g.) ...........Veri f ied 0 Z~

Dia.
2.00
±0.01

00 0. 3.50±01

SAIS

Inspector QA

Customer (if applicable) )-'~



11 / 29 12 : 29 ( 38 Sec.) B
QUAD TUBE SCAIN SHAD F-3 11.29.84

11 / 29 / 13 : 49 ( 44 Sec.)
QUAD TUBE SCAN SHAD F-3 11.29.84 C,'CPA 74-5 -.

X-SWEEP @ Y - -13
FROM -15 TO 15 IN 31 STEPS OF I EACH 1 Sec

PREAMP No. I COUNTER No. 18 DIODE No. I THRESHOLD = 54
SCALE MAXSCALE MIN a 20008 8

+ -4

4

+

I I I I I I

-15 15
----- DEFLECTION(D/A UNITS) ----

Hfm1,Hfm2,FWHMOPos. a -2.19 15 17.19 6.4
IS-90%,90-IOq,RVE 3.69 6 1.84 (0

MAX COUNTMIN COUNT m 21927.7 1416.72

STD. DEV OF EFUN * .935929721991
SUMSUM a 5793.46666667
MEAN EFUN a .176272619362

-" . .



TUBE NO. 74 - F-3 °

DATE ___.__. __________

SHAD DIGICON MAGNIFICATION TEST

DIODE 3
1/2 CENTER 1/2

p Divisions _L-3?- e__C) 5 z 0,4

Count Rate 3___

S (Total No. Divisions) =

W = S * (p/Divisions) 6, $/ ,D _

M (Magnification) D/W :.---__, ___"___ : -
(D = Diode Width)

DIODE "

1/2 CENTER 112

p Divisions 2:. 4 ______ _-____

Count Rate t e _ b4 L _

S (Total No. Divisions) " - ,- = .,

W = S (p/Divisions) 0 * = 6,/0

M (Magnification)= D/W = Z) / c(-,re)
(D = Di eWidth

TEST ENGINEER QA O__-

o., ...-.--. . .
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TUBE NO. F-3)

DATE 1/ 2CS)

tHAD DIGICON MAGNIFICATION TEST

DIODE

1/2 CENTER 112

i Divisions Z-9 4( o a0

Count Rate Z 7_-- ,7 L-

S (Total No. Divisions) ZA)P - < =

W = S * (/Divisions) = (* .= .3

M (Magnification) = D/W , /1V0
(D = Diode Width)

DIODE Q

112 CENTER 1/2

pi Divisions __ _ _4 4'1
Count Rate 31 A 04

S (Total No. Divisions)- K =

W = S * (p/Divisions) 0,& * IO. = 4Z.O

M (Magnification)= D/W q u / '.-O = ' &'1 "
(D = Diode Width)

TEST ENGINEER A. QA

-.-.. ".. -.- . -...............................-........ "...,.......,_-,.-.....--...-."..."""..
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