AD-AD63 020 CANADIAN COMMERCIAL CORP OTTAWA (ONTARIO) F/6 9/5
MANUFACTURING METHODS AND TECHNIQUES FOR MINIATURE HIGH VOLTAGE==ETC(U)
OCT 78 B G GORDON DAABO?-?&-C-OO“I
UNCLASSIFIED

.......... 5

DATE
FILMED

3-79

poC




e e e AP W SESREN LSS Sy

VEL = .. R

/705‘9 769

NINTH QUARTERLY PROGRESS REPORT

1 JULY 1978 TO 30 SEPTEMBER 1978

CONTRACT DAABO7 - 76 - C - 0041

MANUFACTURING METHODS AND TECHNIQUES FOR MINIATURE

HIGH VOLTAGE HYBRID MULTIPLIER MODULES

|

&

0DC FILE.COPY ADAO 63020

! -—-‘n

PLACED BY:
NIGHT VISION AND ELECTRO - OPTICAL LABORATORIES

Cp—

U.S. ARMY ERADCOM, FORT BELVOIR, VA., 22060

—

CONTRACTOR:
CANADIAN COMMERCIAL CORPORATION D D C
D [2laNT
g JaN 1079 ||

i 70 LYON STREET

OTTAWA, ONTARIO, CANADA K1lA 0S6

SUBCONTRACTOR :
ERIE TECHNOLOGICAL PRODUCTS OF CANADA LTD.
lL 5 FRASER AVENUE
n TRENTON, ONTARIO, CANADA K8V 5S1

DISTRIBUTION STATEMENT
""APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED"

ey g

€8 12 15 02 !




R A i e AW AR L T g A P il B Wy AT R e S S G GG

i T S G P I % S AT TP TmEOeofy
o ——— T T

-~ . -

|

2

ai

-y

.
DISCLAIMER STATEMENT -t 4
-
"The findings in this report are not to be construed d
as official Department of the Army position unless o
so designated by other authorized documents."
DISPOSITION INSTRUCTIONS 5
-y 9
"Destroy this report when it is no longer needed. ! ‘
Do not return it to the originator." 7 .
-
1
-

ACKNOWLEDGEMENT | i

"This project has been accomplished as part of the

U.S. Army Manufacturing and Technology Program, which

has as its objective the timely establishment of manu-
facturing processes, techniques or equipment to ensure the

efficient production of current or future defense programs."

- = O Em S

| Em =




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

3 REPORT DOCUMENTATION PAGE e TR TREC I
! . REPCRY NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER
- NINTH QUARTERLY REPOR
i. 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED 4
Manufacturing Methods and Techniques QUARTERLY
for Miniature High Voltage Hybrid 1 JULY TO 30 SEPTEMBER7
Multiplier Modules 6. PERFORMING ORG. REPORT NUMBER
; 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e) /
X | B. Grant Gordon, P.Eng. DAABO7 - 76 - C - 0041
' 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggnlAsOERLKEssluT'N':!RMOBJEEEST. TASK
Erie Technological Products of Canada, Limited Brclast
5 Fraser Avenue No 32769766
TRENTON, Ontario, Canada K8V 5S1 -
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army ERADOCOM, Night Vision and Electro- October 25, 1978
Optical Laboratories 13. NUMBER OF PAGES
Fort Belwoir, VA., 22060 35 |
T4, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) | 15. SECURITY CLASS. (of this report)
UNCLASSIFIED
[ 1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release, Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

High Voltage Multipliers, High Voltage Power Supplies, Night Vision, Second
| Generation Image Intensifier Tubes, High Voltage Rectifiers, Ceramic
i Capacitor Banks, Miniature Modules.

el cias et

\ i

|

{

1

1 20\ ABSTRACT (Continue on reverse side If necessary and Identily by block number) |
- |

|

The results of further life-testing of rectangular and curved multipliers
is discussed.

The commencement of the Confirmatory Sample phase is described including
improvements in the manufacturing methods.

_[
1 \
I

FORM

13an 73 V473  EDITION OF 1 NOV 68 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




=

1_JUL® 998 e 39 ,'SEP'M? ‘Z}z Yot

- - o

fMANUFACTURING;IETHODS AND TECHNIQUES FOR _MINIATURE /

[

HIGH VOLTAGE _HYBRID 'MULTIPLIER_MODULES . |

/

e —————— ——_—" ”
CONTRACT NO./ DAABP7 - 76 - C - gp41l |
DISTRIBUTION STATEMENT !
"APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED" ,
ACCESSION for
m w.‘.ﬂe &t .:m%p
ooc Bt Sesiiey O
URANROUNCTD o

NSTIHICATIC ! <o eme e

|| (R
Ay et r‘;‘:s
DISTRIBHT > S8
o e L

<7327 (AL




PRI IR s 7

P T 1 R e 7 T NS T . . <A It 90 I 100 I e e A

ABSTRACT

The progress made during the ninth quarter of work on the
Manufacturing and Technology Programme for Miniature High

Voltage Multiplier Modules is described in this report.

The results of further life-testing of rectangular and

curved multipliers is discussed.

The commencement of the Confirmatory Sample phase is

described including improvements in the manufacturing

methods.
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PURPOSE

This Contract covers component designs, mounting and inter-
connection techniques, tooling and test methods and other
manufacturing methods and techniques required for production
of rectangular and curved miniature high voltage multiplier
modules. These units are to be used in low cost power
supplies for image intensifier tubes. The full scope and
details of the specification are given in Appendix A to the

Eighth Quarterly Report.

Major milestones in this program consist of delivery of the
following items:
(1) First and second engineering samples and test data.
(2) Production line layout and schedule.

‘ (3) Confirmatory samples and test data.

‘ (4) Production line set-up.

@ (5) Pilot production run.

(6) Production rate demonstration.

(7) Preparation and publication of a final report.

The general app:oach is to design and set-up a cost-effective
production capability, utilizing already established device
technologies and materials, and to demonstrate the production

line capability to fabricate at the rate of 125 acceptable

units per 40 hour week.




GLOSSARY OF SPECIAL TERMS

Capacitor bank: - Ceramic wafer with metallizations which
perform the function of a number of

capacitors connected in parallel (parallel

" bank) or in series (series capacitor bank).
Cure: - To change the physical properties of a
- material by chemical reaction or by the

action of heat and catalyst.
Flash test: - Test consisting of instantaneous application

of voltage at its specified value to the

|- q
part. f .
-
. Hybrid: - Technology combining thick-films (capacitor L
banks) with discrete devices (rectifiers). ;
Multiplier - Device consisting of capacitor banks and ‘
Modules: 1
N rectifiers connected and packaged to perform

voltage multiplication and rectification.

Pad: - The metallized area on the ceramic bank

’ acting as a plate of a capacitor and used
to make an electrical connection to it. f
Rectifier: - Semiconductor device with one or more p-n
junctions connected in series. | ]
Rectifier- - A substrate with rectifiers placed and

substrate ' 4
Assembly: secured within it.

preTp
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Substrate: - Part of a multiplier module consisting of
a piece of insulating material machined to

accommodate the rectifiers and support the

capacitor banks.




N | LIST OF SYMBOLS AND ABBREVIATIONS

ic - charging current (uA) 1
Cy - measured capacitance (pF)
D.F. - dissipation factor (%)
f - frequency (KHz)
! Ci - input capacitance (pF) :
Iy, - load current (nA)
vy - ripple voltage (V) g
. Ve - breakdown voltage (V)
| Vi - input voltage (Vp-p)
Vo - output voltage (V d.c.)
'1 n - efficiency (%)

vii
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INTRODUCTION

This report describes briefly the progress in the
Manufacturing Methods and Techniques for Miniature High
Voltage Hybrid Multiplier Modules Program, made during

the latest calendar quarter.

In the First Quarterly Report the design and the manu-
facturing process for rectangular and curved multiplier
modules were described. Prototype rectifier-substrate
assemblies were fabricated and then redesigned to
simplify the assembly operation. The specification
covering the requirements for the multiplier modules

forms Appendix A of the Report.

In the Second Quarterly Report results of the electrical
evaluation of the first sample batch of rectangular
capacitor banks TSK 25-250 and TSK 25-251 were given,
the choice of the rectifier was made and electrical test
results were presented on non-modular multipliers fabri-
cated with TSK 25-250 and TSK 25-251 capacitor banks and
standard HV20PD four-junction rectifiers, to evaluate

these components.

In the Third Quarterly Report results of electrical

tests on rectangular multiplier modules were presented.




For an input voltage of 1 KV, efficiencies above 96%

under no-load conditions and above 95% with 500 nA load

currents were achieved for all multipliers assembled
with TSK 25-250 and TSK 25-251 and three-chip rectifiers.
Low ripple voltages, input capacitances and charging
currents were also measured on these multipliers.

Results of the mechanical and electrical evaluation of
TSK 25-249 curved capacitor banks were also presented in

the Third Quarterly Report.

In the Fourth Quarterly Report work on impregnation and
coating of the multipliers was discussed as well as some
problems associated with the fabrication of the rectifier-
substrate assemblies. The fabrication of rectangular and
curved multipliers for the First Engineering Sample was

discussed.

In the Fifth Quarterly Report were presented the results
of electrical performance testing at the room, high
(+52°C) and low (-54°C) temperatures, as well as effects

of thermal shock, and high and low temperature storage.

E | In the Sixth and Seventh Quarterly Reports were pre-
sented the results of testing of rectangular and curved

{ multipliers to the Second Engineering Sample requirements,




steps to improve the frequency performance of the multi-

3 pliers and optimization of the rectifiers for these

In the Eighth Quarterly Report the results of the
reliability testing of rectangular and curved multipliers
to the Second Engineering Sample requirements were
analyzed and further steps to improve the performance of

the multipliers and optimize the rectifiers for these

devices were discussed.

devices, as well as results of life testing of multipliers.

i




E‘ 2. FABRICATION AND EVALUATION OF MULTIPLIERS

2.1 General

2.

2

The Programme Manager has received formal authori-

zation to proceed to the Confirmatory Sample phase

from the Administrative Contracting Officer, Major

S.L. Thacher, U.S. Army CERCOM.

Reliability Testing of Voltage Multipliers

The four (4) encapsulated multiplier modules

successfully completed the life test with 2592 hours

on each unit.
5208 hours
3862 hours
2592 hours

for a combined

fore, overall,
8004 hours
8926 hours

This brings the total times to:

for unit #57

for unit #76 and 8A

for unit #82

figure of 15,524 unit hours. There-
our life test produced results of:
on 6 pcs (1000 Vp-p, unencapsulated)

on 9 pes (1150 Vp-p, unencapsulated)

10,416 hours on 5 pcs (1150 Vp-p, encapsulated)

for a total of

27,346 unit hours on 12 pieces.




2.

3

Further life tests will be conducted on overrun

multipliers from the confirmatory sample manufacture
and all such units will be encapsulated to eliminate

any corona problems. .

Multiplier Design

The evaluation lot of 10,000 rectifier leads
(HVRO4M-13) were received on 23 August. This enabled
us to proceed with the manufacture of HSC3 devices
(part number RD0058) using the thin nailhead leads.
By the end of September we had received 480 recti-
fiers with another 1423 in various stages of manu-

facture.

Our model shop fabricated and delivered to us 100
pieces each of the rectangular and curved substrate
plates made from the polyimide Vespel SP-1 material.
The inspection data is presented in Tables 1 and 2
for the rectangular and curved substrates, respec-

tively. E

These materials enabled us to commence manufacture |

of 38 substrate assemblies; 20 rectangular and 18

curved. Since these substrates are polyimide, we




were able to cure the potting epoxy at a temperature

of 240°C (compared to the 200°C previously used for
the G-10 glass epoxy board).

As the loading of the devices into the substrates

is difficult and time consuming - especially when
using clips as we had in the past - we designed fix-
tures to improve the operation. These fixtures
(illustrated in Figures 3 and 4) provide stability
to the assembly and allow faster loading of the
rectifiers as well as superior potting. This is a
vast improvement over the previous method although
one problem has manifested itself. The loading of
the rectifiers into the substrates is simple
provided one is careful, however, it is easy to jar
a substrate out of its location and upset it. There-
fore, some method of holding the substrate down onto
the fixture during loading and encapsulation is

required. We are presently examining this problem

and will modify the fixtures accordingly.

T
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CONCLUSIONS

The life testing indicates that the multipliers, as
fabricated, will meet the reliability requirements if

encapsulated for the test.

The fixtures built for substrate loading substantially

improve the assembly technique.

Further changes will be incorporated to ease the manu-
facture of the multiplier modules and to improve their
reliability. The capacitor and rectifier designs are

finished and the substrates will need only minor modi-

fications at most.

S B
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4. PROGRAMME FOR NEXT QUARTER

4.1 Continue manufacture of the confirmatory sample lot.

4.2 Commence testing of the confirmatory sample lot.




s kit

5.

PUBLICATIONS AND REPORTS

No reports or publications were made on the work

associated with this program during the current quarter.
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6. IDENTIFICATION OF PERSONNEL

Brief descriptions of the background of technical personnel
involved were included in the preceding Quarterly Progress
Reports.

On 1 September, Dr. M. Korwin-Pawlowski left the employ of Erie

Technological Products of Canada and was replaced by Mr. B.
Grant Gordon, P.Eng., as Programme Manager on this contract.
During the Ninth quarter of the program the following persons

worked in their area of responsibility:

HRS.
INDIVIDUAL RESPONSIBILITY SPENT
Dr. M. Korwin-Pawlowski Programme Manager 77 v
(to August 8, 1978) '
B.G. Gordon Programme Manager 91
(from August 8, 1978)
D. Platt Manager, Quality Assurance 6
and Control, High Voltage
Products
D. Archard Senior Test Technician 10
M. Black Production Supervisor, 2
Rectifiers
K. Cram Draughtsman 16
C. Grills Senior Engineering 95
Technician
L. Macklin Draughtsman 5
D. Regan Senior Engineering 16 1
Technician '
Manufacturing Personnel 22.4 1
TOTAL HOURS - in quarter 340.4
TOTAL HOURS - to date 4379.4
10 ¢
l-— e == e ——e- T |
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Additional Mechanical Data for TSK-313-104'A' Substrates

Unit A Unit B
R1 .506 .505
R2 .755 .753
R3 .568 .565
R4 .684 .670
Al 10° 10°
A2 15°40" 16°
A3 21°%40" 55"
Al 27%25" 27%45"
AS 33%25" 33%40"
A6 39°15° 39°%45"
A7 45°%25" 46°
A8 51°20" 51%5"
A9 57°25" 57°50"
Al10 63°05" 63°30"
All 69°05" 69°40"
Al2 75° 75°35"
Al3 79° 79%50"
Notes: (i) All measurements are in inches unless specified.

(ii) See Figure 2b for dimensioning.

16
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West Springfield, Massachusetts 01089

Defense Documentation Center
ATIN: DDC - IRS

Cameron Station

Building 5

Alexandria, VA 22314

Honeywell, Incorporated

Government and Aeronautical Products Division
Ceramics Center

Golden Valley, Mimmesota 55422

Director

National Security Agency

ATIN: TDL

Fort George G. Meade, MD 20755

Office of Naval Research
Code 427
Arlington, VA 2217

Air Force Avionics Lab
ATTN: AFAL/DOT, STINFO
Wright-Patterson AFB, OH 45433

Ofc., Asst. Sec. of the Army (R&D)
ATIN: Asst. for Research

Room 3 - E - 379, the Pentagon
Washington, DC 20310
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ADDRESS COPIES
Commanding General 1
U.S. Army Research & Development Command
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I

5001 Eisenhower Blwvd.
Alexandria, VA 22233

C.G., U.S. Army Missile Command 1
Redstone Scientific Infor. Ctr.

ATIN: Chief Document Sect.

Redstone Arsenal, AL 35809

Reliability Analysis Center 1
RADC (RBRAC)

ATIN: I.L. Krulac

Griffiss AFB, N.Y. 13441

Director Night Vision Lab. 1
ECOM
ATIN: DRSEL - NV - II
Mr. Joseph Martino
. Ft. Belwoir, VA 22060

Commander 1
Air Force Avionics Lab AVIM

ATIN: Dr. Ronald Belt

Wright-Patterson AFB, OH 45433

Bell Northem Research 1
ATIN: Technical Library
P.0. Box 3511, Station C
Ottawa, Ontario, Canada

Fairchild Semiconductor Research & Development Laboratory 1
ATIN: Dr. James M. Early
4001 Miranda Avenue
Palo Alto, CA 10504

General Electric

Research & Development Center
ATIN: Dr. J.J. Tiemamn
Schenectady, N.Y. 12305

Naval Research Lab.

ATIN: Dr. David F. Barbe
(Code 5260)

4555 Overlook Avenue
Washington, DC 20375

Mr. W.H. Dodson
f Sandia Laboratories Div., 2116
| Albuquerque, N.M. 87115




ADDRESS

Carmine J. Salvo
Rome Air Development Ctr.
Griffiss AFB, N.Y. 13441

Dr. Barry Dunbridge

TRW Systems Group

One Space Park

Redondo Beach, CA 90278

AFAL/TEA
ATIN: Fritz Schuermeyer
Wright-Patterson AFB, OH 54433

Naval Ordnance Lab.
ATIN: Mr. Frederick E. Wamock
White Oak, MA 20910

Dr. H.A.R. Wegener
Sperry Rand Research Center
Sudbury, MA 01776

Mr. James Doyle

General Electric Defense
Electronics Division
Utica, N.Y. 13503

Mr. F.B. Micheletti
Electronics Research Division
Rockwell International

3370 Miraloma Avenue

Anaheim, CA 92803

Dr. Andrew Ticki
Nitron Corporation
10420 Bubb Road
Cupertino, CA 95014

Commander

RADC

ATIN: RBRM/Mr. J. Brauer
Griffiss AFB, N.Y. 13441

Dr. Gerald B. Herzog
Solid-State Technology Center
RCA David Samoff Research Ctr.
Princeton, N.J. 08540

Dr. George E. Smith
Bell Telephone Laboratories, Inc.
Room 2A - 323

Murray Hill, N.J. 07974
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ADDRESS

Director

Defense Communications Agency
Technical Library Center
Code 205 (P.A. Tolovi)
Washington, DC 20305

Institute of Defense Analysis
Arlington, VA 22209

Dr. Gordon E. Moore
Intel Corporation

3065 Bowers Road
Santa Clara, CA 95951

Commander

Harry Diamond Laboratories
ATIN: Mr. A.J. Baba

2800 Powder Mill Road
Adelphi, MD 20783

Naval Electronic Laboratory Ctr.

ATIN: Mr. C.E. Holland, Jr. (Code 4300)
271 Catalina Blvd.

San Diego, CA 92152

Mr. R. Weglein

Hughes Research Laboratories
3011 Malibu Canyon Road
Malibu, CA 09265

Sperry Rand Research Center
100 North Road

Sudbury, MA 01776

ATIN: Dr. H. Van De Vaart

Westinghouse Electric Corp.
Research & Development Center
Beulah Road

Pittsburgh, PA 15235

Stanford Research Institute
Menlo Park, CA 94025
ATIN: Dr. A. Bahr

00, USA Foreign Science Div.
ATTN: AMXST CE Division

220 Seventh St. NE
Charlottesville, VA 22901
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ADDRESS

U.S. Amy Research Office-Durham
ATIN: CRDARD-IP

Box M, Duke Station

Durham, N.C. 27706

U.S. Amy Research Ofc-Durham
ATIN: Dr. Robert J. Lontz
Box M, Duke Station

Durham, N.C. 27706

USA Security Agency
ATIN: IARD

Arlington Hall Station, Bldg 420
Arlington, VA 2212

Director

U.S. Army Adv Matl Concepts Agency
ATIN: AMXAM

Washington, D.C. 20315

Commanding General

U.S. Army Missile Command
ATIN: DRSMI-RFG (Mr. N. Bell)
Redstone Arsenal, AL 35809

Commanding Officer

Harry Diamond Laboratories
ATIN: DRXDO-RCB (Mr. Nemarich)
Washington, D.C. 20438

Commanding Officer

USA Satellite Comm Agency
ATIN: DRCPM-SC-3

Fort Monmouth, N.J. 07703

U.S. Army Liaison Office
MIL-Lincoln Lab, Room A-210
P.0. Box 73

Lexington, MA 02173

Chief, Intell Matl Dev Office
Electronic Warfare Lab, ECOM
Fort Holabird, MD 21219

Erie Technological Products of Canada Limited
5 Fraser Avenue

Trenton, Ontario K8V 5S1

ATIN: Mr. Brian McCallum
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Advisory Gp on Electron Devices 1
201 Varick St. 9th Floor
New York, N.Y. 10014

U.S. Army Electronics Command 1
Chief-Intelligence Material Development Office
Electronic Warfare Laboratories

» Fort Holabird, M 21219
; National Semiconductors Ltd. g
ATIN: Dr. M. Korwin-Pawlowski
. 2150 Ward St.

Montreal, (uebec
Canada, HYM 1T7
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