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ABSTRACT

The progress made during the seventh quarter of work

on the Manufacturin g and Technolog y Pro gram for

M i n i a t u r e  I-’ g h V o l t a g e  Mu l t i p l ie r  M o d u l e s  s d e s c r i b e d

in t h is  r e p o r t .

I
The r e s u l t s  of testing of rectan gular and curved

mu lt i p l i e r s  to the S e c o n d  Eng i n e e r i n g  Sam p le r e q u i r e —

men ts  are  p r e s e n t e d .

Steps to improve the frequenc y performance of the

multi p liers and optimization of the r e c t i f i e r s  for t hese

devices are dis cussed. Results of lif e testing of mu l t i p liers

are p r e s e n t e d .
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PURPOSE

This Contract covers component designs , mounting and interconnection

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 second generation image intensifier tubes. The full

scope and detai ls of the specification are given in SCS - 495, Appendix A

to the First 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 fina l report.

The general approach is to design and set — up a cost - effective production

capability, utilizing already established device technologies and materials,

and to demonstrate the production line capabilityb 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 pe~ orm

1 the function of a number of capacitors connected

in parallel (paralle l bank) or in series(series

capacitor bank).

Cure: — To change the physical properties of a material

by chemica l reaction or by the action of heat and

catalyst.

I F lash test: — Test consisting of instantaneous application of

I 
voltage at its specified value to the part.

Hybrid: — Technology combining thick — films ( capacitor

I banks) with discrete devices(rectifiers).

I Multiplier — Device consisting of capac~toi”~banks and rectifers
Modules:

connected and packaged to perform voltage

multiplication and rectification.

I Pad: - The metallized area on the ceramic bank acting

as a plate of a capacitor and used to make an

I electrica l connection to it.

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

junctions connected in series.

I
I
I
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Rectifier — — A substrate with rectif ers placed and secured
substrate
Assembly: within it.

Substrate: — Part of a multi plier module consisting of a

piece of insulating material machined to acc—

ommodate the rectifiers and support the capa—

citor banks.

VI



LIST OF SYMBOLS AND ABBREVIATIONS

ic — charging current (pA)

C~ 
- measured capacitance (pF )

D.F . — dissipation factor (%)

f — frequency (K Hz)

C; — input capacitance (pF)

— load current (nA)

yr - ripp le vo ltage (V)

V B — breakdown voltage (V)

V~ — input voltage (Vp — p)

V 0 — output voltage (V d.c.)

r1 — efficiency (%)

I
V I I

I
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1. 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 manufacturing process for

rectangular and curved multiplier modules were described. Prototype rectifier-

I substrate assemblies were fabricated and then redesigned to simp lify the assembly

I operation. The specification covering the requirements for the multiplier modules

forms Appendix A of the Report.

I
In the Second Q uarterly Report results of the electrica l evaluation of the first

samp le batch of rectangular capacitor banks TSK 25 - 250 and TSK 25 - 251 were

I given, the choice of the rectifier was made and electrica l test results were presented

I
on non—modular multipliers fabricated with TSK 25 - 250 and TSK 25 - 251 capacitor

banks and standard HV2CPD four-junction rectifiers, to eva luate these components.

In the Third Quarterly Report results of electri ca l tests on rectangular multiplier

I modules were presented. For an input voltage of 1 KV , efficiencies above 96%

I 
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 ripp le voltages, input capacitances and charging currents were

a lso measured on these multi pliers . Results of the mechanical and electrica l evaluation

(1)
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of TSK 25 — 249 curved capacitor banks were also presented in the Third Q uarterly

Report.

In the Fourth Q uarterly Report work on impregnation and coating of the multip liers

was discussed as we ll as some problems associated with the fabrication of the rectifier-

substrate assemblies. The fabrication of rectangular and curved multip liers for the

First Engineering Samp le was discussed.

In the Fifth Quarterly R eport were presented the results of electri ca l performance

testing at the room, high (+52°C) and low (-54°C) temperatures , as we ll as effects

of therma l shock, and high and low temperature storage .

In the Sixth Quarterly Report were presented the results of testing of rectangular and

curved multipliers to the Second Engineering Samp le requirements , steps to improve

the frequency performance of the multi pliers and optimization of the rectifiers for

these devices, as we ll as results of life testing of multipliers.

I
1
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2. FABRICATION AND EVALUATION OF MULTIPLIERS

2.1 Second Eng ineering Samples

I Rectifier—substrate assemblies with HXC 2 devices started in Decembe r 1977

- were assembled with capacitor banks into multi pliers , which were then impreg-

nated and coated.

Thirteen rectangular multi p liers TSK 312 — 000 were assembled , 8 of which

I showed continuity of the rectifier string when tested with a Tektronix 575

C urve—Tracer , wit h FVD at lOmA typically 25 to 26.5 volts or 2.08 to 2.21

vo lts per rect ifier. The other five were reworked and yie lded 3 more multipliers

to a tota l of eleven . F rom these , 2 parts were removed at initia l testing and

one was questionable because of corona effects observed at 1000 V p-p input

- 
vo ltage .

I
Sixteen curved multipliers TSK 313 — 000 were also assembled. As many as 6

reworks were needed before 14 multi p liers showing rectifier strin g continuit y

I were obtained . This was due to the difficulty of assem bling these parts and

also to the mismatch of capacitor banks, which had the pad pattern off-set by

1 0 .2 radiall y from the required position . From these parts, 3 were removed

f showing low efficiency at no load (83.5 to 93.5% compared with 99 to 10O~’o

for good parts) and high input capacitance (37 to 50 pF @ 1 kV and 20 kHz).

Three other devices were removed for high charging current ( over 300 )A @

1 1 kV and 20kHz, versus 100 to l3O pA for good devices).

1 (3)
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The overall yields after assem bly and completing the room temperature electrica l

testing were 9 out of 13 rectangu lar multi pliers , or 69%, and S out of 16 curved

mu ltip liers , or 503’o .

At room temperature , 1000 V p—p and 20 kHz, the average charging current of

accepta ble devices was for rectangular and curved multipliers respective ly, 100

and 114 pA , w hile at 35 kHz the corresponding figures were 203 and 238 pA.

The curved multi p liers also showed higher input capacitances averaging 6.82 pF

at 1000 V p-p and 35 kHz , versus 5. 12 pF for rectangular multipliers .

There is an increase in capacitance not exceeding 1 pF , typically 0.7 pF ,

observed with decreasing the input voltage from 1000 V to 50C V p-p.

Thicknesses of the multi pliers were held below 0. 175 ” both for the rectangular

and curved devices, as measured at the highest extruding points . At the center

of the body, the thicknesses ranged from . 146 ” to - 161 ” . The parts were coated I
twice with protective ename l. I
Six rectangular multip liers TSK 312 — 000 and six curved multipliers TSK 313 — I
000 were submitted to Night Vision Laboratories, Ft. Belvoir as Second Engin-

eering Sample. The results of electrica l tests performed on these devices at Erie

Technologica l Products were presented in the “R eport on Second Engineering I
Samp les ” (Erie Technica l Report # 0020 of February 7, 1978) and in Appendix A

of this report . The multip liers conformed to the electrica l requi rements as specified in

the applicable paragraphs of E lectronics Command Technica l Requirements SCS — I
495 dated 19 November 1975, wit h the cxception of failing to meet the 150 7A I

(4)
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charging current requirement at room temperature , w hen the input frequency

is 35 kHz. The charg ing current requirement was not met at —54°C and 35 kHz,

too -

Per request from U .S. Army E lectronics Command and Night Vision Laboratory a

new lot of multi pliers was fabricated and tested in an effort to optimize the

frequency performance of the devices. The multi p liers were made in the rec-

tangular modular version using I-ISC 2 and HFC 2 rectifiers , which in previous

tests in multipliers assembled with discrete rectifiers were judged slightly

superior to HXC 2 devices, a lthough they had lower production yie lds.

All  three types of devices are 2—junction rectifier stacks with low junction area

to achieve low capacitance . HXC are fast recovery (250 - 300 ns, typica lly,

measured in the Tektronixs S circuit with iF = iR =2mA) , HSC have similar

reverse recovery times , but faster turn—on time , typica lly 1 .8 ps for iF 100 mA ,

compared with 3 jis for HXC. HFS have very short reverse recovery and turn-

on (typica l va lues 120 ns and 0.4 ps, corresponding ly).

We started 2 lots of 400 rectifers each, and ended up with only 80 pcs. HSC 2

and 45 pcs . HFC 2 rectifiers.

The electrical parameters of the rectifiers are given in Table 1 - It is apparent

that both lots of devices showed higher leakage currents arid capacitance than

f those observed in the lots made previously and used in the discrete multipliers .

1.~ (5)
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Together with the low yie lds this confirms the initial impressions of the difficulty

and poor repetition of manufacturin g process of these devices .

Nine rectangular multiplier modules were fabri cated, 6 with HSC 2 rectifiers ,

and 3 with HFC 2. One of the latter was removed after assemb ly due to open

circuit in the rectifier chain . Another was removed at testing due to high

charg ing current , input capacitance and ripp le voltage .

The electri ca l parameters of the remaining parts were tested at room temperature

at frequencies of 20 and 35 kHz. The results are given in Erie Technica l Report

No. 0021, forming AppendiA B of this report.

The efficiencies of all parts were above 96.6% at both freq uencies, at no load

and under 500 nA load. The charging currents at 20 kHz averaged 149 pA for

multipliers with HSC 2 rectifiers and was 130 uA for the only part with HFC 2

recti fiers. At 35 kHz the corresponding figures were 337 and 310 pA. The input

capacitances were below 7 pF for all multipliers at both frequencies.

As a conclusion of this experiment it appears that what affects the frequency

performance of the multip liers most is the capacitance of the rectifiers , while the

reverse recovery time and turn-on speed are less critica l in our application.

It seems that the rectifier best suited to our needs is the HXC 2 device , w ith low

junction capacitance.

During the Program Review Meeting held on December 15 — 16, 1977 the update

of the specificati on SCS 495 was discussed . A draft of the updated specification

(6) 
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was submitted to U.S . Army E lectronics Command on January 31 , 1978.

2.2 Reliability Testing of Multipliers

Six multi pliers , 2 rectangular and 4 curved, were put on re liabi lity test on

November 14, 1977 under the following conditions:

- input voltage l000 V p—p

- Load current 500 nA

- Temperature 50°C

Reliability testing is conducted in air , without any additional protecti on of the

multipUers.

R eliability testing is done for informationa l purposes only, not as a requirement

on the multip liers .

The devices came from the lots fabricated between July and October 1977 for the

First Engineering Samp le S ubmission of October 21, 1977. HV 3 rectifiers were

used in this lot .

On February 8, unit #8 was removed from the reliability test. This unit exhibited

a drop in efficiency to below 4.3 kV out put voltage with a 1 kV input, shortly

afte r the start of the test , but did not deteriorate any farther. Device #8 was

retained from the manufactured lot as suspected of substandard quality — since it

I was showing at tests high ripple voltage (52 V p—p, compared wit h the lot average

of 17.4 V) and rather low efficiency of 9OYo (97.3% lot overage) .

On the same day, 4 additional multipliers were put on the reliability test . These

parts were retained from the Second Engineering Sample Submission of February 2, 1978 .

I
(7)
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and were made using HXC 2 rectifiers. Two multipliers were rectangular and

two curved . The input voltage in the test was raised to 1150 V p-p to con-

form with SCS 495 paragraph 4.5. 17. The temperature during the test is

maintained at 50°C, the load current is drawn through a 10 Gohm resistor.

Typ ical output voltage of the multi pliers is &4 to 6.6 kV.

Wit hin 48 hrs . the output voltage of one curved multi plier (# 6A) dropped to

5.4 kV and remained at this leve l since . Other devices maintained their our-

put at the initia l va lues unti l, after 696 hrs, unit h A  exhibited a drop of out—

put vo ltage to 5.4 kV too.

On March 16, after 2232 hrs. on test one multip lier was found completely

destroyed with the capacitor cracked and the epoxy substrate carbonized.

Another unit showed no output, char marks around the High Voltage output lead

and the diode chain open circuited. Both units were removed.

At the same time another unit (#3) had the output voltage reduced to 5.35 kV ,

signifying a loss of one stage .

All  three failed units belong to the lot of curved multipliers submitted on

October 2 1 , 1977 as First Engineering Samp le.

The High Voltage Products Q.C. will perform an ana lysis of the failures of the

multipliers.

The results of reliability testing of the multip liers are summarized in Tables 2 & 3.

(8)



2.3 Production Materials

r Lots of 400 pcs . each of HFC 2 and HSC 2 rectifiers were made bringing to

5460 to tota l quantity of rectifiers manufactured for this project .

A lot of 300 pcs . TSK 25 - 260 curved capacitor banks ( lot # E3039) was

received on March 9, 1978. This brings to 812 the quantity of capacitor banks

I manufactured for this project by Erie Technological Products at Erie , Pa.

I The results of electrica l tests and dimensi onal measurements for 2 sample

pieces from this lot are given in Tables 4 & 5 and on Figure 1. The capacitor

pad layout conforms more close ly with the requirements of the drawing TSK —

25 - 260 than was the case with previous lots. The break down voltage

averaged 10.6 kV , but on some pads on one sample it is as low as 8.5 kV.

I
I
1

(9)
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3. CONC LUSIONS

The multipliers with low junction capacitance rectifiers show improved frequency

performance , not depending very much on the switching speed of the rectifiers in the

investigated range . They fai l to meet the origina l requirement of 150 pA charging

current at 40 kHz, but can meet the limit of 250 pA at 35 kHz.

An ana lysis of life—testing results is needed before proceeding to the next phase of

the program -

(10)



4. PROGRAM FOR NEXT QUARTER
- 

4.1 Ana lyse the results of reliability testing of the multipliers .

4.2 Prepare for the start of manufacture of the confirmatory sample lot .

I

I
I

I

1 (11)
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5. PUBLICATIONS AND REPORTS

No reports or publications were made on the work associated with this program during

the current quarter.

(12)
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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.

During the Seventh quarter of the program the following persons worked in their area

of responsibi lity:

HR S.
INDIVIDUAL RESPONSIBiLiTY SPENT

- 

Dr. M - K orwin-Pawlowski Program Manager 83

G. Gordon Senior Electronic Engineer 11

D. P latt Manager, Quality Assurance
and Control, High Voltage
Products 44

I D. Archard Senior Test Technician 46

[ V. G lenn Q.C. Inspector 30

K. Cram Draftsman 6

1. MackIm Draftsman 3

Manufacturing Personnel 25

~1~
I

I
(13)
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E LECTR ICAL PROPERTIES OF RECTIFIERS

F. V . D. @ l O m A iR @ 1kV ‘RR C
TYPE (V) ( nA) (ns) (pF)

Average Max . Average Max . Average Max . Average Max .

HSC 2 1.58 3.00 7.0 10 225 320 0.70 0.80

HFC 2 3.54 4.00 11 .2 20 144 170 0.64 0.87

Notes : 1. All measurements at 25°C

2. TRR — measured using Tektronix “S” Circuit = iR = 2 mA

3. C - measured on Boonton RF Admittance Meter Model 33A at 1 MHz
and - 100V.

4. Maximum F.V .D. and iR tested on 100% of lot

S. Maximum TRR and C in the tested sample of 20 pcs.

TABLE 1

(14) 
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OUTPUT VOLTAGE AT LIFE TEST OF MULTIPLIERS FROM
FIRST ENGINEERING SAMPLE

UNIT TYPE Vo_( kV) 
________

0 hrs. 24 hrs. 1344 hrs. 2616 hrs

57 Rectangular 5.70 5.70 5.70/6.40 6.40

65 Rectangular 5.70 5.70 5.70/6.40 6.40

7 C urved 5.75 5.75 5.75/ 6.40 5.35

8 C urved 5.35 5.40 4.30/—---

9 C urved 5.75 5.75 5.75/6.40

18 C urved 5.75 5.75 5.75/ 6.40

Notes : T 5 0 °C , ij 500 nA

V~ 
= 1000 V , for t .~ 1344 hrs .

V~ 
= 1150 V for t > 1344 hrs.

# 8 - removed after 1344 hrs., Vo = 4.3 kV @ V; = 1000 \f

# 9 — removed after 2232 hrs., Vo = 0

# 18 — removed after 2232 hrs., Vo~~0

I
TABLE 2

I
(15)
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OUTPUT VOLTAGE AT LIFE TEST OF MULTIPLIERS
FROM SECOND ENGINEERING SAMPLE

Unit Type Vo, ( kV)

0 hrs. 48 hrs. 1272 hrs .

h A  Rectangular 6.40 6.40 5.40

76 Rectangu lar 6.45 6.45 6.45

6A C urved 6.40 5.40 5.20

8A C urved 6.45 6.45 6.45

Notes: T 50°C , iL 500 nA, V ; = 1150 V

# 6A , Vo 5.40kVafter 48 hrs .

# h A , Vo 5.40kVafter 69ó hrs .

TABLE 3

(16)



ELECTR ICAL TEST DATA FOR TSK 25 - 260
CURVED CAPAC I TOR BANK SAMPLES

LOT ~~E 3039

C,~ D. F. C~ V B
UNIT PAD @ 0kV @ 6 kV

________ _________ 

(pF) (%) (pF) ( kV)

1 1 90 0.01 63 14.8
2 89 0.01 62 9.0
3 88 0.01 62 14.2
4 89 0.01 62 11.0
5 86 0.01 60 15.6

• 6 74 0.01 52 9.0

2 1 88 0.01 62 8.5
2 89 0.01 62 9.0
3 88 0.01 62 9.0
4 88 0.01 62 8.8
5 86 0.01 60 8.9

________ 6 74 0 0 1  52 9.0

Average 86 0.01 60 10.6

TABLE 4

F
[ ( 17)



MECHANICAL INSPECTION DATA FOR TSK 25- 26OCAPAC ITOR BANKS
LOT ~~E 3039
UNIT # 1

- 
PAD # 1 2 3 4 5 6

Dimensions in
inches or degree

A .0463 .0473 .0471 .0473 .0459 .0450

B .0480 .0471 .0491 .0471 .0453 .0442

E .0401 .0403 .0434 .0455 .0471 .0513

F .0438 .0414 .0398 .0365 .0351 .0327

H .0223 .0224 .0237 .0240 .0228 .0223

Q h1 °0’ 23° 0’ 34° 30’ 46°0’ 58°0’ 70° 0’

R 16° 45’ 28° 30’ 40° 15’ 51° 30’ 63°45’ 75°451

K .2503

Li .505

L2 .568

L3 .686

L4 .748

M 80°45’
N .0430
P .0260m m, .0696 max.

Note : See figure # 1 for dimensioning .

TABLE 5

(18)
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MECHANICA L INSPECTION DATA FOR TSK 25- 260 CAPAC ITOR BANKS
LOT ft E 3039

LIN IT # 2

PAD # 
1 2 3 4 5 6

0 mens ons in
Inches or degre

A .0463 .0473 .0471 .0473 .0459 .0450

B .0480 .0471 .M49 1 .0471 .0453 .044 2

E .0401 .0403 .0434 .0455 .0471 .0513

F .0438 .0419 .0398 .0365 .035 1 .0327

H .0223 .0224 .0237 .0240 .0228 .0223

Q 11 ° 0’ 23° 0’ 35°0’ 47° 0’ 58° 30’ 70° 30’

R 17° 0’ 28° 30’ 40° 30’ 52° 0’ 64° 0’ 76° 0’

K .2852

11 .500

L2 .570

L3 .685

14 .750

M 80° 0’

N .0430

P .0279 mm , .O7i3 max .

Note : See figure # 1  for dimerisioning .

• 1
TABLE 6

I
(19)
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REPORT SUMMARY SHEET: 
2. S stem: 

Day~Mo. y~~~~
1. Part Name: 5. Repo rt Ne . : Test Comp l. 31 ~Jan. 78
— High VQ1t~g~JJybri~d Mult. Modules ETR 0020 • .  Re.port Compl. 7 Feb. 78 -•

4. Report Title: 6. Test Type: E l e c t r i c a l  Testing of the
_~~~Eñ~ TechnicaLRcport . S~~oniL F.ngine~ rin g Sam ples

7. This test (supersedes)(s~~~~~ar~~~s) Repo rt No. :  ETR 0019

8. j~~A. Part Description: 9. Vendor 10. Vendo r I I .  Coy . 12. Total

- - 

Pa~~ No. :  No. : T~ s~ed:

I I Rectangula r Multip l ier  Module Er i e  TSK-3 12-000 N/A 6
II Curved h e r  Module ~~~~~~~~~~~~~~~~~~~~~~~ ~J_A~~~~~~~~~ 6 

_ _ _ _ _ _

13. Internal Specs. Etc. :  14. MU. Spec. Reference

Fort Monmout h Contract No. DAAI3O 7-76 -(’ -004 1 D. M il .  -Std. -202
3. USAECOM MM & T Requirement No. 15 , December , 75 F. M u .  Std. -831

____  

USAECOM Technical R~qy i rernent No._S S-495 , 1 N o 75
15. ~Spec. Mult . Type: 1~ Mult . Type: JL

Test or Environment:  SCS-495 Test Details: No. No. No. No.
Item : 

_________ ____ 
Pa ra. :  _ ~~~_~~~~~~~~~~_ Test: R~J~ Test: Rej. : -

1. 0/P Voltage (no load) 3.2. 1 Pre environmental  (R.T . ) 6 0 6 0
2. Ripp le Voltage 3 .2 .1 .4  Pre environmental (R .T. ) 6 0 6 0
3. Charge Current 3 .2 .1 .3  Pre environmental (R.T. ) 6 *6 6 *6
4. Input Capacitance 3.2.1.2 Pre environmental  (R.T. ) 6 0 6 0
5. 0/P Voltage (full load) 3. 2. 1 Pre environmental  ( R .T . )  6 0 6 0
6. Efficienc y Cal. 3.2.1.1 Pre environmental  (R .T. ) 6 0 

• 
6 0

7. 0/P Voltage (no load) 3 .2.4.1 Iligh temp. (+52°C) 3 0 3 0
8. Ripp le Voltage 3.2.4. 1.4 High temp. (+52° C) N/A N/A N/A N/A
9. Charge Curre nt 3 .2.4.1.3 High temp. (+52°C) 3 0 3 0

10. Input Capacitance 3.2.4. 1.2 High temp. (+52°C) 3 0 3 0
11. 0/P Voltage (full load) 3.2.4.1.1 High temp. (+52°C) 3 0 3 0
12. 0/P Voltage (no load) 3 .2 .4 .2  Low temp. (-54°C) 3 0 3 0
13. Ripp le Voltage 

- 

3.2.5 . 2 .4  Low temp. (-54° C) N/A N/A N/A N/A
14. Cha rge Current 3.2.4. 2.3 Low temp. (-54°C) 3 *3 3 *3
15. Input Capacitance 3 .2.4.2.2 Low temp. (-54° C) 3 0 3 0
16. 0/P Voltage (full load) 3.2.4.2. 1 Low temp. (-54° C) 3 0 3 0
17. Thermal Shock 3.2.4.3. 1 25 cycles (-65 to +71°C) 6 N/A 6 N/A
18. High Temp. Storage 3.2.4.3.2 8 hrs. ~ +71°C 6 N/A 6 N/A
19. 0/P Voltage (no load) 3.2. 1 Post environmental ( R .T . )  6 0 6 0
20. Ripple Voltage 3.2. 1.4 Post environmental (R .T. ) 6 0 6 0
21. Charge Current 3 .2.1.3 Post environniental (R.T . ) 6 *6 6 *6
22. Input Capacitance 3.2.1.2 Post environmental (R .T .)  6 0 6 0
23. 0/P Voltage (full load) 3.2.1 Post environmental (R .T. ) 6 0 6 0
24. Efficiency Cal. 3.2. 1. 1 Post environmenta l (R . T .)  6 0 6 0

16. Summary of ~~~port : See ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________

17. Tested 18. Vendor Info rmed: 19. Signed : 20. Cont ractor~~Subcont ractor:~• Beyond Spec. [U Letter Rep ’t Oral
_ _ _- Yes 

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

REPRODUCTION OR DISPLA Y OF THIS MATERIA L FOR SALES
--_ --_OR_PUBLICIT Y_PURPO SES_IS_PROHIBITED 

____

* NOTE: Refe r to the app licable “Test Evaluation and Results ” Pa ragra ph contained in the body of
this report.
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4.0) Report Description:

This test and demonstration report (data item B002) pertains to the elect rical
and environmental evaluation of two “Six Stage High Voltage Multip lier Module ”
types, supp lied as Second Engineering Samples against “Manufacturing Method s

~nd Technology Contract DAA BO7-76-C -0041. ”

The test specimens were tested in accordance with the app licable pa ragraphs
of “Electronics Command Technical Requirement SCS-495, dated 19 Nov. /75. ”
The requirement s contained in the fo rementioned document are considered as
design goals and subject to change prior to the next submission of Confirmatory
Samples. Devices that are marginal failures have not been removed fro m the
sample and their  test result s are contained in this report.

5.0) Test Sample Description:

The test samples are individually identified by means of an identification no.
(label) which is attached to the multip lier ’s “Dl” lead.

Multiplier “hook -up ” lead identification:

a) The “ground lead” (ribbon type) is identified by a blue dot located on the
multiplier body.

b) The “A.C .  input ” is the remaining ribbon lead

c) The “D.C. output ” is the remaining cylindrical lead.

NOTE: All ope rationa l tests were conducted with the ground and Dl leads
commoned , and the test specimen totally immersed in Fluorine rt
“FC-43” (mfg . by 3M Co. ).

5. 1) Disposition of Test Specimens:

5. 1. 1) Six (6) type I Rectangular Modules (TSK-312-000, id ent . no ’s.:
10, 70, 71, 72, 73, 74) are being submitted as Second Engineering
Samples (item no. 0001AA) against MM & T contract.

5. 1.2) Six (6) type II Curved Multiplier Modules (TSK-313-000, ident.
no’s.: 7 , 9, 23, 25, 26, 27) are being submitted as Second
Engineering Samples (item no. 000 1AA) against MM & T cont ract.

6.0) Test and Evaluation Results:

6. 1) Pre Environmental Electrical Testing (Room Temp. ): 1
6. 1. 1) Output Voltage (No Load)

Page 4
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I Ref.: Appendix I & II, Sheet I, Cond. Al & A2
Test Circuit Fig. 1, Fig. 5

I Method: With 1000 Vp/p (~ 20 & 35 KHz app lied , record the
output voltage

Results: The 12 multiplie rs successfully conform to the expected
output voltage level.

6. 1.2) Ripp le Voltage

Ref. : Appendix I & II, Sheet 1, Cond. Bi & B2
Test Circuit Fig. 3, Fig. S

I Method: With 1000 Vp/p @ 20 & 35 KHz app lied , record the
output ripp le voltage using a “Jennings Type ” scope
probe( Results: The 12 multipliers successfully confo rm tc the <3%
requirement of SCS-495 , Para 3.2. 1.4. -

( 6. 1. 3) Charge Current

Ref.: Append ix I &‘ II, Sheet 1, Cond . Cl & C2
Test Circuit Fig. 4, Fig. 5

Method: With 1000 Vp/p ~ 20 & 35 KHz applied, record the
charging current

1 Results: The 12 multipliers failed to confo rm to the < 150 ).A
1 requirement of SCS-495, Para 3.2. 1.3 when tested

at 35 KHz.

6. 1.4) Input Capacitance

Ref.: Append ix I & II, Sheet 1, Cond. Dl & D2
Test Circuit Fig. 4 , Fig. 5

Method : With 1000 Vp/p @ 20 & 35 KHz applied , record the
input capacitance reading on the variable capacitor

• Results: The 12 multipliers successfully conform to the < 8  pF
requirement of SCS-495, Para 3.2. 1.2.

6. 1.5) Output Voltage (Full Load)

I Ref.: Appendix I & II, Sheet 1, Cond. El & E2
Test Circuit Fig. 2, Fig. 5

Method: With 1000 Vp/p @ 20 & 35 KHz applied, record the

I output voltage
Results: The 12 multipliers successfully conform to the expected

I output voltage level.

6. 1. 6) Efficiency Calculation

I Ref. : Appendix I & II, Sheet 1, Cond . Fl & F2

Page S
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Test Circuit Fig. 1, Fig. 2 , Fig. 5
Method: Using the fo rmula provided in Pa ra 6.3. 1 of SCS-495

the calculated mult ip lier efficienc ies , with the output
at full load (worse case), exceed the 85% requirement
of SCS-495 , Para 3.2.1.1.

6. 2) High Temperature Electrical Testing

NOTE: Due to test limitations only six (6) mult ipliers were examined
for output voltage (no load & full load), charge current , and
input capacitance at +52°C.

6.2. 1) Output Voltage (No Load)

Ref. : Appendix I & II, Sheet 2 , Column 1
Test Circuit Fig. 1, Fig. 5

Method : With the six multip liers mounted in a temperature
chambe r c.t +52°C with an input voltage of 1000 Vp/p
@ 35 KHz app lied , record the output voltage

Results: The 6 multip liers successfully conform to the expected
output voltage level.

6 .2 .2)  Cha rge Current

Ref. : Appendix I & H, Sheet 2 , Column 2
Test Circ u it Fig. 4 , Fig. S

Method: With the six multip liers mounted in a temperature
chamber at +52°C with an input voltage of 1000 Vp/p
@ 35 KHz app lied , record the charge current

Results: The 6 multip liers successfully conform to the < 300 jiA
requirement of SCS-495 , Pa ra 3.2.4. 1.3.

6.2.3) Input Capacitance

Ref. : Appendix I & II, Sheet 2 , Column 3
Test Circuit Fig. 4 , Fig. 5

Method: With the six multip liers mounted in a temperature
chamber at +52°C with an input voltage of 1000 Vp/p
@ 35 KHz app lied , record the input capacitance

Results: The 6 multipliers successfully conform to the < 8  pF
requirement of SCS-495 , Para 3.2.4. 1.2.

6.2.4)  Output Voltage (Full Load)

• Ref. : Appendix I & II , Sheet 2 , Column 4 & 5
Test Circuit Fig. 2 , Fig. 5

Method: With the 6 multipliers mounted in a tempe rature
chambe r at + 52~ C with an input voltage of 1000 Vp/p

-

• - •
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~ 35 KHz app l ied , record the output voltage and cal-
culate the efficiency

I Results: The multip liers exceed the R0~ , e f f i c i enc y  require-
ment of SCS-495 , Para 3.2.4. 1.1.

1 6.3) Low Temperature Electrical Testing

NOTE: Due to test limitations only six (6) multip liers were examined

I for output voltage (no load & full load), cha rge current,  and
input capacitance at -54° C.

( 6. 3. 1) Output Voltage (No Load)

Ref.: Append ix I & II, Sheet 2, Column 6

f Test Circuit Fig. 1, Fig. 5
Method: With the six multipliers mounted in a temperature

.~hamber at -54°C with an input voltage of 1000 Vp/p
@ 35 KHz applied , record the output voltage

Results: The 6 multipliers succe ssfully conform to the expected
output voltage level.

6.3.2) Charge Current

Ref. : Appendix I & II, Sheet 2 , Column 7
Test Circuit Fig. 4 , Fig. 5

Method: With all six multip liers mounted ir ~ a temperature
chamber at -54° C with an input voltage of 1000 Vp/p
@ 35 KHz app l ied , record the cha rge current

Results: All six unit s failed to confo rm to the <150 ~iA requirement
of SCS-495 , Para 3 .2 .4 .2 .3 .

6. 3.3) Input Capacitance

Ref. : Appendix I & II, Sheet 2 , Column 8
Test Circuit Fig. 4, Fig. 5

Method: With the six multipliers mounted in a temperature
chamber at -54°C with an input voltage of 1000 Vp/p
@ 35 KHz app lied , record the input capacitance.

Results: The 6 mul t ip liers successfully conform to the < 8  pF
requirement of SCS-495, Para 3. 2.4. 2. 2.

1 6.3.4) Output Voltage (Full Load)

I Ref. : Appendix I & II, Sheet 2 , Column 9 & 10
Test Circuit Fig. 2 , Fig. 5

Method: With the 6 multip liers mounted in a temperature

I chamber  at -54°C with an input voltage of 1000 Vp/p
(a 35 KHz app lied , record the output voltage and cal-

I
It 

—~~~~~~~~~~~~ - .~~~~~—- - - — —•  -— - -- ••-- - .•. - _______-
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culate the efficiency
Results: The mult ip liers exceed the 80% efficiency requirement

of SCS-495 , Pa ra 3.2.4.2.1.

6.4) Thermal Shock Evaluation (Non-O perational )

Ref. : Appendix I & II, Sheet 2 , Column 11
Method: The twelve (12) multip liers were tested in accordance with

test cond. B-i , Method 107D, of Mil . Std. 202 , only the high
temperature extreme was reduced to +71°C, per Pa ra 3.2.4.3. 1
of SCS-495

Results: See Post Environmental Electrical Test Results.

6. 5) High Temperature Storage (Non-O perational )

Ref. : Appendix I & II , Sheet 2 , Column 12
Method : The twelve (12) multip liers were subjected to 8 hours storage

at +71°C per Pa ra 3 .2 .4 .3 .2  of SCS-495
Results: See Post Environmental Electrical Test Results.

6. 6) Post Environmental Electrical Testing (Room Temp.)

6. 6. 1) Output Voltage (No Load)

Ref. : Appendix I & II , Sheet 3, Cond . A2
Test Circuit Fig. 1, Fig. 5

Method: With 1000 Vp/p @
~ 35 KHz app lied , record the output

voltage
Results: The 12 multip liers successfully conform to the expected

output voltage level.

6.6.2) Ripple Voltage

Ref. : Appendix I & II, Sheet 3, Cond . B2
Test Circuit Fig. 3, Fig. 5

Method: With 1000 Vp/p @ 33 KHz applied , record the output
ripp le voltage by using a “Jennings Type ” scope probe.

Results: The 12 multip liers successfully confo rm to the <3%
requirement of SCS-495 Pa ra 3.2. 1.4.

6.6.3) Charge Current

Ref. : Appendix I & II, Sheet 3, Cond. C2
Test Circuit FIg. 4 , FIg. 5

Method : With 1000 Vp/p @ 35 K l—lz app lied , record the charging
current

Results: All 12 multIp liers failed to conform to the <150 pA
requirement of SCS-495 , Para 3.2. 1.3.

Page 8
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6 .6.4)  Input Capacita nce

Ref. : Appendix I & II, Sheet 3, Cond. D2
Test Circuit Fig. 4 , Fig. 5

Method: With 1000 Vp/p @ 35 KHz app lied , record the input
capacitance reading on the va riable capacitor.

Results: The 12 multip liers successfully confo rm to the < 8  p F
requirement of SCS-495 , Para 3 .2 .1 .2 .

6.6.5) Output Voltage (Full Load)

Ref. : Appendix I & II, Sheet 3, Cotid . E2
Test Circuit Fig. 2 , Fig. 5

Method: With 1000 Vp/p (~~ 35 KHz applied , record the output
volt age

Results: The 12 mult ip liers successfully conform to the expected
output voltage level.

6.6.6) Efficie ncy Calculation

Ref. : Appendix I & II, Sheet 3, Cond. F2
Test Circuit Fig. 1, Fig. 2 , Fig. 5

Method: Using the formula provided in Pa ra 6. 3. 1 of SCS-49 5
the calculated multip lier efficiencies, with the output
at full load (worse case), exceed the 85% requirement
of SCS-495 , Para 3.2.1.1.

7.0) Report Summation:

In this report we evaluated twelve (12) Second Engineering Multip lier Samples
per MM & T contract DDABO7-76-C-004l . The result s indicated by the various
test paragraphs conc lude that none of the multip liers examined conform to
“all” the electrical requirement s as specified in the applicable paragra phs of
SCS-495.

7. 1) All twelve multipliers fail to meet the 150 pA charge curre nt requirement
at room temp. when the input voltage frequency is 35 KHz.

7.2) All six multipliers evaluated fail  to meet the 150 pA cha rge current
requirement at -54°C when the input voltage frequency is 35 KHz.

• 1
1
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RE~~ RT SUMMARY SHEET: 
— 

Night Vision Action:  Day I Mo. i Yr.
1. Part Name: 5. Report No. : Test Con p l. 23 Mar~ 7S

High Voltage Hybrid Mult . Modules — ETR 002 1 - Report Compi . I 29 M a r )  ~~
4. Report Title : 6. Test Type: Electrical Testing of the

Frie Technical Repo rt 
_________ 

SecQnd Engineerthg Samples

7. This test ( ~~xs~~Es)(sup p lements) Report N o . :  ETR 0020

8. 8A. Pa rt Description: 9. Vendor~l0. Vendor 11. Gov. 12. Tota l
Type: __4 Part No. : No. : Tested :

I Rectangular Multip lier Module Erie TSK-3 12-000 N/A 7

13. Internal Specs. Etc.: 14. Mu . Spec. Reference

A. Fort Monmouth Contract No. DAABO7-76-C-0041 D. Mu . -Std. -202
B. USAECOM MM & T Requirement No. 15, December, 75 E. Mil. -Std . -831
C. - USA ECOM Technical Requirement No. SCS-495, 19 Nov. 75 _____________________ I
15. Spec. Mult.  Type I 

_______ ______

Test or Environment : SCS-495 Test Details: No. No.
item : ___________________ Para. : 

______________________ Test: Rej . :  
______ _____

1. 0/P Voltage (no load) 3.2. 1 Room Temp. at two freq ’s 7 0
2. Ripple Voltage 3. 2. 1.4 ?oom Temp. at two freq ’s 7 0
3. Charge Current 3.2. 1.3 Room Temp. at two freq ’s 7 *7
4. Input Capacitance 3.2. 1.2 Room Temp. at two freq ’s 7 0
5. 0/P Voltage (full load) 3. 2. 1 Room Temp. at two freq ’s 7 0
6. Efficiency Cal. 3.2.1.1 Room Temp. at two freq ’s 7 0

_ _  • - 
_ _ _ _ _ _ _  

_ _ _ _ _ _  _ _  

I

16. Summary of Report: See ‘Test Report Summation ” Page 6
17. Tested 18. Vendor Info rmed: 19. Signed: 20. Cont ractor: Subcontractor:

Beyond Spec. Letter Rep ’t Ora l
Yes - -‘

REPRODUCTION OR DISPLA Y OF THIS MATERIA L FOR SALES

-- OR PUBLICITY PURPOSES IS PROHIBITED I

* NOTE: Refe r to the applicable “Test Evaluation and Result s” Paragra ph contained in the body of
this report .
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4.0) Report Description:

This test and demonstration report (data item 13002) pertains to the electrical
evaluation of a “Rectangular Six Stage High Voltage Multip lier Module ”, supp lied
as Second Engineering Samples against “Manufacturing Methods and Technology
Cont ract DAABO7-76-C-0041 . ”

The test specimens were tested in accordance with the app licable pa ragraphs
of “Electronics Command Technical Requirement SCS-495 , dated 19 Nov. /75. ”
The requirement s contained in the forementioned document are considered as
design goals arid subject to change prior to the next submission of Confirmatory
Samples. Devices that are ma rginal failure s have not been removed fro m the
sample and their  test result s are contained in this report .

5.0) Test Samp le Description:

The test samp les are individually identified by means of an identification no.
(label) which is attached to the multip lier ’s “D l”  lead.

Multip lier “hook -up ” lead identification:

a) The “ground lead” (ribbon type) is identified by a blue dot located on the
multiplier body.

b) The “A.C.  input ” is the remaining ribbon lead.

c) The “D .C. output ” is the remaining cylindrical lead.

NOTE: All operational test s were conducted with the ground and Dl leads
commoned , and the test specimen totally immersed in Fluorinert
“FC-43” (mf g. by 3M Co.).

5. 1) Disposition of Test Specimens:

5. 1. 1) Five (5) type I Rectangula r Modules (TSK-312-000, identi .
no ’s.: 77 , 78, 79 , 80 & 84) are being submitted as Second
Engineering Samples (item no. 0001AA) against MM & T contract.

5 .1 .2)  Two (2) type I Rectangular Modules (TSK-312-000 , ident .
no ’s.: 81 & 82) are being held at Erie for further electrical
evaluation.

Page 4
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• 6.0) Test and Evaluation Results:

6. 1) Electrical Testing (Room Temp.):

6. 1. 1) Output Voltage (No Load)

Ref.: Appendix I, Sheet 1, Cond. Al & A2
Test Circuit Fig. 1, Fig. 5

Method: With 1000 Vp/p @ 20 & 35 KHz applied, record the
output voltage

Results: The 7 multipliers successfully conform to the expected
output voltage level.

6.1.2) Ripple Voltage

Ref.: Appendix I, Sheet 1, Cond. Bi & B2
Test Circuit Fig. 3, Fig. 5

Method: With 1000 Vp/p @ 20 & 35 KHz applied, record the
output ripple voltage using a “Jennings Type” scope
probe

Results: The 7 multipliers successfully conform to the <3%
requirement of SCS-495, Para 3.2. 1.4.

6.1.3) Charge Current

R ef . : Appendix I , Sheet 1, Cond. Cl & C2
Test Circuit Fig. 4, Fig. 5

Method : With 1000 Vp/p @ 20 & 35 KHz applied, record the
charging current

Results: The 7 multipliers failed to conform to the < 150 pA
requirement of SCS-495 , Pa ra 3.2. 1.3 when tested
at 35 KHz.

6. 1.4) Input Capacitance

Ref.: Appendix I, Sheet 1, Cond. Dl & D2
Test Circuit Fig. 4, Fig. 5

Method: With 1000 Vp/p @ 20 & 35 KHz applied, record the
Input capacitance reading on the variable capacitor

Results: The 7 multIpliers successfully confo rm to the <8 pF
requirement of SCS-495, Para 3.2. 1.2.

I
f Page 5
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6.1.5) Output Voltage (Full Load)

Ref.: Appendix I, Sheet 1, Cond. El & E2
Test Circuit Fig. 2 , Fig. 5

Method: With 1000 Vp/p @ 20 & 35 KHz app lied , record the
out put voltage

Results: The 7 multip liers successfully conform to the expected

- 
output voltage level.

6. 1.6) Efficiency Calculation

Ref.: Appendix I, Sheet 1, Cond. Fl & F2
Test Circuit Fig. 1, Fig. 2, Fig. 5

Method: Using the formula provided in Para 6.3. 1 of SCS-495
the calculated multiplier efficiencies , with the output
at full load (worse case), exceed the 85% requirement
of SCS-495, Para 3.2.1.1.

7.0) Report Summation:

In this report we evaluated seven (7) Second Engineering Multiplier Samples
per MM & T contract DDABO7-75-C-004l. The results indicated by the various
test paragraphs conclude that none of the multipliers examined conform to
“all” the electrical requirements as specified in the applicable paragraphs
of SCS-495.

7. 1) All seven multipliers fail to meet the 150 uA charge current requirement
at room temp. when the input voltage frequency is 35 KHz.

NOTE: Electrical test s were conducted at room temperature conditions
only.

8.0) List of Illustrations:

8. 1) The five test circuit illustrations are contained in previously submitted
ETR 0020.

1’

I
I

Page6

1 
- -- —- -  _________________



_ _ _  _ _ _ _ _  _ _  ~~~GF 7
— -

-~~~ 
I
~j  

~Ci ~ ~ ~ ~ ~ 
- I f —r- - — — —  - — — -

~~ 1~

~~~~~~~~~~ l%~J~
r
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~ ~~~~~~~ 

~~~~~-~~ ‘~
. 

~~~~ N~~~~~ O QJ 0 c::~
I ~~~~~~~ ‘V

-~~z-- -
Q~ ~~

~~~~~ ~~~~~~~~~~~~ 
i:~

~~~~ 1~~ ~~~ C ‘
~ ~ ‘-1 ~~ ?‘.. tt

4. C C~~~ ~ ‘.1 ~~~~~ -

*1) -

~~ ~~~~Q\ 
_

~~~ _ _ P ~~~ ~~~~~~~“r 
-

0 
~~~~~~~~~~~ ~‘1 I~

U) “~ ~ ~~~~~~~~~ ~~ C~~~C~~~~~I :~ I 1~ ~ 

~r V ~~~~~ 
• I

-

~

-- - - - - -

..Ji- w 0  ~~~~~~~~~~~~~o -w 
~4 N  ~

~~~ ~~~~~~~~~ o ,~ o c~ ~~~~( ~ ~
“ ‘~ ‘( ~~~~~~~~

.-J~~ t~
:
~~ ~ ~~~~ 

_ _
~~~

_ _
~~~

- -  - -- - - -

~ H° o‘

~~ h ~ -
‘4 N~~~~~~ I 

I

~ 0

-, 

i _ 
~

., -. 

I
N ‘

~~ 

- 0 0 0 0
‘I) 

~
.- ‘

~~~ 
\/) c-~

L1) C~~~~

~ ° ° 0 0

I 
~ ~~ : : g

_ _ _ _ _ _ _ _ _  

0

: 
H~~~~~~H HL

o 0 C ~~ UL~11N NOLLYDIdLLNHUI

I


