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ABSTRACT

The progress made during the tenth quarter of work on the

L Manufacturing and Technology Programme for Miniature High

Voltage Multiplier Modules is described in this report.

Data is presented on material and fixtures used in the fabri-

I cation of the multiplier modules.

[ The technique of silk screening the conductive epoxy onto the

components is described in the fabrication of the voltage[ multipliers.
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PURPOSE

This Contract covers componen t designs , mounting and inter-

COnn ect ion t e c h n i q ue s , t o o l i n g  and test methods and other

manufacturing methods and techni ques required for produc t ion

of rectangular and curved miniature high vol tage mul ti plier

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 Quarterl y Report .

Major mi les tones in this program consis t 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) Pilo t production run .

(6) Produc tion rate demonstration .

(7) Preparation and publication of a final report.

The general approa ch is to des ign and set-up a cost-effective

production capability , utilizing already established device’

technologies and materials , and to demonstra te the produc t ion

line capab ility to fabricate at the rate of 125 acceptable

units per 40 hour week .

iv 
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GLOSSARY OF SPECIAL TERMS

Capacitor bank : - Ceramic wafer with metallizations which

L 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 cataly s t .

Flash tes t :  - Test consisting of instantaneous application

of voltage at i ts specified value to the

p a r t .

Hybrid: - Technology combining thick-f i lms (capacitor

banks) with discrete devices ( rec t i f iers) .

Multiplier - Device consisting of capacitor banks and
Modules :

rectifiers connected and packaged to perform

voltage multiplication and rectification .

Pad: - The metallized area on the ceramic bank

acting as a p late of a capacitor and used

to make an electrical connection to it.

Rectifier : - Semiconductor device with one or more p-n

junctions connected in series .

Rectifier- - A substrate with rectifiers p laced and
substrate
Assembly : secured within it.
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Substrate : - Part of a multiplier module consisting of

a piece of insulating material machined to

acconnnodate the rectifiers and support the

capacitor banks .
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LIST OF SYMBOLS AND ABBREVIATIONS

1. ic - charg ing current  (~ A)

:: C,~ - measured capacitance (pF)

r D.F. - diss ipation factor (~ )

L.
f - f requency (KHz)

C j, - input  capac i t ance  (pF)

- load curren t (nA)

yr - ripp le vol tage (V)

V3 - breakdown voltage CV)

[ Vj, - input voltage (Vp-p)

V0 - output voltage (V d.c.)

- efficiency (
~~

VF 
- rectifier forward voltage drop (V)

PTRV - peak trans ient rever se vol tage (V)

- rectifier leakage current (nA)

vii
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1. INTRODUCTION

This report  describes b r i e f l y  the progress in the[ Manufac tur ing  Methods and Techni ques for Miniature  Hi gh

L Voltage Hybr id  M u l t i p l i e r  Modules Program , made during

the la tes t  calendar quar ter .

[
In the First  Quarterly Report the design and the manu-

[ facturing process for rectangular and curved multiplier

r modules were described. Prototype rectifier-substrate

L assemblies were fabricated and then redesigned to

[ simplify the assembly operation . The specification

cover ing the requirements for the multiplier modules

[ forms Appendix A of the Report.

In the Second Quarterly Report results of the electrical

I evaluation of the first sample batch of rectangular

capacitor banks TSK 25-250 and TSK 25-251 were given ,

I the choice of the rectifier was made and electrical test

results were presented on non-modular multipliers fabri-

I. . cated with TSK 25-250 and TSK 25-251 capacitor banks and

standard HV2OPD four-junction rectifiers , to evaluate

these components.

In the Third Quarterly Repor t results of elec trical

L tests on rectangular multiplier modules were presented.

LI
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For an input voltage of 1 Ky , efficiencies abo~e 96%

un der no-load conditions and above 957~ with 500 nA load

currents were achieved for all multipliers assembled

with TSK 25-250 and TSR 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

TSR 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

probl€ms associated with the fabrication of the rectifier-

substrate assemblies . The fabrication of rectangular and

curved multipliers for the First Engineering Sample was

dis cussed .

In che 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 effec ts

of thermal shock , and high and low temperature storage .

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 ,

j I
2



steps to improve the frequency performance of the multi -

pliers and optimization of the rectifiers for these

devices , as well as results of life testi ng of multi pli er s .

In the Eighth Quarterly Report the results of the

reliability testing of rectangular and curved mul tipli ers

to the Second Engineering Sample requiremen ts were
analyzed and further steps to improve the performance of

the multipliers and optimize the rectifiers for these

devices were discussed.

In the Ninth Quarterly Report the results of further life-

testing of rectangular and curved multipliers was discussed .

The conn~enccment of the Confirmatory Sample phase was

described including improvements in the manufacturing

methods .

I 
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2.  FABRI CATION AND EVALUATION OF MULTIPLIERS

2.1 Substrate Assembly

The first batch of 38 substrate assemblies experi-

enced manufacturing difficulties and were rejected.

The 20 rectangular assemblies were correctly assembled

manually (as per Engineering Samp les) but a l l  exhib i ted

some faults. Each unit had several rectifiers in it

(after processing) which did not meet the specifi-

cations on forward voltage drop (VF), peak transient

reverse voltage (PTRV) and/or leakage current

The failures were charac terized by a VF that was

either very resistive or open , a PTRV of less than

1000 volts or an of grea ter than 100 nA . (Specified

values are 2.5 to 4.5V for VF at 10 mA , 1500 Vpp

minimum for PTRV and 7 nA maximum for 1
R 

at l000V

bias .) A failure analysis on these subs trates showed

two problems : an overlapping of the substrates and a

number of voids in the encapsulating epoxy . The over-

lapping condi tion exposed the silicon of some recti-

fiers and caused improper contact , thus , giving high

values for V
F . The epoxy voids caused “arc-over” at

the PTRV test and allowed a high ‘R due to the exposed

surface between anode and cathode .

The 18 curved subs tra tes were incorrec t ly assembled

(i.e. all the rectifiers were reversed) , as the

4
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r e su l t  of an ope ra to r  e r ror .  They were e x am i n e d  a ny -

way and exhibi ted essent ially the same problems as

the rectangular u n i t s :  o v e rl a p p i ng  and epoxy voids .

Then a secon d batch of 40 substrates was assembled;

20 rec tangular and 20 curve d t vnes. More con t rol was

exercised on this lot and the results were far b e t t e r

al though there were several reversed diodes and some

overlapping of the subst ra tes . Ther efore , we started

a ba tch of 20 voltage multi pliers - 10 of each type.

Unfortunately all 20 par ts failed at the first in-

spec tion on VF. All but 1 of the assemblies were

“open” although 2 had continuity at the correct value

but in the wrong polarity and a third unit had a low

value of VF indica ting a short of one or more diodes

in the substrate. A failure analysis showed the m ajor

problem to be excessive conductive epoxy at the sub-

strate lead slots and since this is cured in advance

of the assemb ly operation , the excess prevented the

DC capaci tor from making proper con tact wi th t he s ub-

strates. The curved multipliers had an additi onal

problem in that the subs tra tes were placed In the

“sandwich” configuration backwards so that the VF was

reversed from t~ie correc t value - another operator

error.
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~~~~~~~~~~~~~~~~~~

These 20 par ts  were reworked however we only

achieved 1 working unit (curved) while 18 of the

others were either “open” or “shorted” and 1 unit had

a low VF 
- indicative of a short of one or more diodes

on the substrate assembly.

A failure analysis of these parts showed two problems :

epoxy build-up at the slots (as had happened on the

original manufacture) and epoxy “smearing” on the

contacting surfaces so that “bridges” or “shorts”

were created.

I
Meanwhile another group of 80 substrate assemblies

(40 of each type) were then fabricated. We achieved

much better results , especially on the last batch of —

40 parts for which we had de-aired the encapsulating

epoxy prior to use in addition to the normal vacuum -

de-airing during the potting of the substrates.

Due to our previous problems with the multiplier

manufacture using manual assembly, we investigated

several alternatives and decided upon a silk screen

technique as our most feasible approach. The basic

idea is relatively simple as it is merely the applica-

tion of a thin layer of the Epo-Tek epoxy (less than

.001”) onto both the ceramic capacitors and the

I
6
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rectifier-substrate assembly. This entails that 4

layers of epoxy are deposited on the various surfaces;

:. two of which can use the same screen that the Ceramic

group uses for printing the electrode pattern on the

L capacitor itself and the other two of which require a

screen which is the mirror image of the first one . We

have proved that the silk screen technique will work

insofar as a controlled deposition of epoxy in a

specified location is concerned and we now require the

second screen to comp lete our evaluations. The various

screens were placed on order with Erie , Pa. and received

at the end of December. In addition a fixture was

designed to hold the various components in place by

use of a vacuum while the epoxy is being silk screened

onto its surface . The fixture was built in our model

shop and proved on our capacitors and substrates. The

silk screen procedure and holding fixture are

illustrated in Fig. 7.

Further , the fixture for holding the rectangular

substrates during loading and encapsulating of the

diodes has been modified slightly to include a base-

plate (for better stability) and an improved cavi ty

7
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outline (to allow easier unloading of the cured

substrate assemblies). The fixture is illustrated

in Fig. 6.

2.2 Production Materials

As sufficient rectifiers had been fabricated with

the thin nailhead lead (HVRO4M-l3) without problems ,

I released the remaining 50,000 pieces of the order

to Emporium Specialties for this part with a

scheduled delivery of early January 1979 .

By the end of December we had received 2640 recti-

fiers (type HSC-3, part number RD0058). These

devices are now being stockpiled for later use in the

Confirmatory Sample and Pilot Production Run.

The substrate plates (P/N TSK-3l2-104 and TSK-3l3-l04)

have been modified slightly for ease of manufacture

(see Fig. 4 and 5) and RFQ ’s were sent out to several

vendors including the manufacturer of the Vespel SP-l

polyimide , Dupont. We should receive their responses

in the early part of the new year and , if satisfactory ,

we will place an order for sufficient parts to cover

the Pilot Production Run.

—
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We have received the firs t batch of capacitors .

P/N TSK-25-260 (lot #850066), manufactured by t h e

L Erie Trenton Cerami c Production Group . The

electrical measurements are given in Table 1 and the

mechanical characteristics in Table 2 and Fig. 1 ,

- 1  2 and 3.

In general the capacity is higher and the breakdown

voltage lower compared to capacitors supplied by

Erie , Pa . The ceramic engineers involved in this

project have assured me that the VB can be increased

and we should see hi gher readings on the next parts

F supplied to us.

Mechanically, the samples do not meet all the print

F. dimensions in several areas especially the bank
1. thickness , total arc length and electrode pattern

[I screening. Sample B was an examp le of a mis-screened

capacitor and the entire lot had to he sorted for

1 correct registration of the electrode pattern .

Therefore the number of acceptable capacitors amounted

to 219 pieces . The ceramic engineers have indicated

that they will work on improving the dimensions for

the next batch of capacitors to be delivered.

9
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An additional test was performed on the capacitors

to check the dielectric qualities of the ceramic:

10 capacitors were fabricated into S voltage multi-

pliers of a standard (rather than miniature) con-

figuration using a regular Erie diode , HV3OP . These

parts were tested in Fluorinert dielectric fluid

and the results are listed in Table 3. These

results show a very good efficiency and breakdown .1
voltage on all multipliers.

1
:1
I
ii
I
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3. CONCLUS I ONS

The material problems are being solved and the appropriate

~ L 
quantities of components to complete the Pilot Production

Run are in manufacture or on order from outside vendors

with the exception of the substrates which are out on

RFQ ’s at this time .

- The technique of silk screening epoxy onto the components

as part of the fabrication of the voltage multip liers

appears to be a feasible one and will be utill:’ed in

further investigation .

! i :
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9 . P ROCRA~~tE FOR NEXT QUAWI’ER

•~.l Ascertain the validit y and usefulness of the silk

screen procedure .

2 1 nIt I at e man u fact ur e f •~~~~ f j ~~~~~~~~ t o rv s amp it’ vol t a~’t’

mu lti p lier modules .

4. 1 Commence test Ing on con Ii rma t orv samp le mul ti p it er’~

5. PU BLI CATIONS AND REPORTS

No reports or pub ii cat ions were made on the work

associated wIth this program d u r i n g  t he curren t q u a r t e r .  J

—~~ I



6. IDENTIFICATION OF PERSONNEL

Brief descriptions of the background of technica l personnel

involved were included in the preceding Quarterly Progress

Reports.

[ During the Ninth quarter of the program the following persons

worked in their area of responsibility :
— 

HRS .
INDIVIDUAL RESPONSIBILITY SPENT

B.C. Cordon Progranune Manager 15C
4

D. Platr Manager , Quality Assurance 1
and Control , High Voltage
Products

D. Archard Senior Test Technician 4
I

K . Cram Draughtsman 2

V. Glenn Q . C .  Inspector 12

C. Grills Senior Engineering 72.5
Technician

B. Heidt Process Engineering 4
Supervisor

L. Mack u n  Draught sman 13

r P. Maples Senior Engineering 48
Technician

D. Regan Senior Engineering 16
Technician

F. Treverton Senior Test Technician 3

Manufacturing Personnel 141.1

TOTAL HOURS - in quarter 474.6

TOTAL HOURS - to date 4854.0

13
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~~~~‘T R ICA1,  lFST  DATA 
- 
FOR 1’SK — - :t~O

— - 

C1’RVFD CAPACITOR B ANK SAMI’l}S

LOT i? $ S00t~t

I

UNIT PA!) P . F.
‘ft @ O K \ ’  @ t ~~KV

(pF) (~ ) &P F’) (KV)

A 1 99.~ 1.5’~ 
t Q .~~ 10.8

100.8 1. 3t ~ 70 .h  ‘ .7

3 101.7 1. SI ! 71 . .~
4 100.t~ 1.28 70.4 7.7

q9 . 1  1.~~~1 t,9 . 4  8. 9

100.1 1.41 70.1 7.S

B 1 103.4 1.~~0 7 2 . 4  ‘).0
2 1 1 1 . 8  1.18 78.3 8. 7
.3 110.0 1.14 77.0
4 107.’) 1. 31 7~ •S 7 . ’)

117.0 l.1.~ 81.’) 7. 7
10’).1 1 .17 ~~~

C 1 102.0 .87 ,‘1.4 ‘) . ‘
~

2 lOb . -~ .87 ~~~~~
1 ii !.9 .81 7’) , 7  Q .0

.4 110.1 .80 77 .1 8.
10Q .3 .81 7p . S Q .0

C’ 101 .0 7’) 71 .1 Q .0

Average’ lOs .’) 1.1 8 7...l

I
TABLE 1 J

.1 -~
.1

1.4



MEIHAN J CAl. 1 NSPF:cI1 ON DATA FOR TSK—2 5—2 t O  C.\PACITO R BANKS
LOT II

UN i t’ ~ A

PAD # 1 2 1 4 S

A .2517
B .0393 .0403 .0392 .0415 .042? .0441
C .0433 .0422 .0412 .0424 .0384 .0401

r D .0504 .0496 .0472 .0481 .0506 .0472

I ~ E .0463 .0502 .0464 .0455 . 0473 .0463
F .0723 .0237 .0223 .0227 .0233 .0233
C .0476
H .0206
J .0887

UNI T ’~~B

PAD # 1 2 3 4

A .2 4 65
B .0730 .0574 .0443 .0307 .0174 .0085

£ . C . 0 2 3 3  .0360 .0503 . 0 b 4 3  .0778 .0878
D .0458 .0453 .0435 .0439 .0427 .0436
E .0446 .0443 .0440 .043S .0443 .0441
F .0202 .0201 .02 05 .01’)’) .0193 .0187
C .0423
H .0220
J .1085

Notes: (1) All dimensions in inches.
(ii) Sec Fig. 3 for dimensioning.

TABLE 2

15
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TSK—25—260 CAPACITOR

ELECTRODE PATTERN DIMENSIO NS

SAMPLE ‘A’

69°15

/ / / / / / / 330 _ ./85

/ / / / / / / i 27°j -~~~~~~~KN\\\\\\~ /J I I I I L 1i i1’~’°7~~~~\//
FIG 1 
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TSK—25-260 CAPACITOR

ELECTRODE PAT TERN DIMENSIONS
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OUTPUT VOLTAGE OF MULTIPLIERS USING TSK-25-260
CAP ACITORS ( LOT II 850066) AND HV3OP DIODES

11

V1 (Vp~) 1000 1150 1300 Breakdown

UNIT # (iii)

29 6.0KV 6.95Kv 7.95KV 9.4Kv

30 6.0 6.95 7.95 10.3

31 6.0 6.95 7.95 9.3

32 6.0 6.95 7.95 8.0

33 6.0 6.95 7.95 9.4

- 

_ 
Notes: (1) Frequency of applied voltage in all tests is 35 K}lz.

(i i)  Tests conducted in Fluorinert FC—43 dielectric fluid.
(iii) “Breakdown” denotes the DC output voltage reached before

the multiplier failed.

TABLE 3
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