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r ABSTRACT
a..

This Firs t Quarterly Report describes the rectangular

A and curved miniature high voltage multi plier modules for use

r in low cost power supplies for second generation image

intensifier tubes. General ap proach is to set up cost—

~ I effective production capability , utilizing already established
1 ‘~ component technologies and ma terials and to demonstrate the

pilot line capability to fabricate devices at the rate of

125 acceptable units per 40 hour week.
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I
PURPOSE

This Contract covers component designs , moun t ing

and intercornect ion techniques , tooling and test methods

and other manufac turing methods and techniques required

for production of rectangular and curved min iature high

vol tage multiplier modules. These units are to be used

in low cost power supplies for second generation image

intensifier tubes. The full scope and details of the

specification are given in SCS-495, Appendix A.

The Thermometer Chart Figure 1 shows the program

task and target completion da tes from start to finish of

the project. Major milesto nes consist of delivery of

(1) first and second engineering samples and test data ,

(2) production line layout and schedule , (3) conf i rmatory

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 approach to the componen4 is to design

and set—up a cost—effective production capability , utilizing

already established device technologies and materia ls, and

to demonstrate the production line capability to fabricate

at the rate of 125 acceptable units per 40 hour week.

iv
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21 May/78 23 690 ... FINAL REPORT
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F SECTION 1

J r 1.1 DESIGN APPROACH

This section reviews the design approach and manu —

facturing process which will be used in the production
‘4

of rectangular and curved miniature high voltage multi-

plier modules. The process flow chart listing each major

I r process step is shown in Fig. 9. Because there are only

it geometri cal dif ferences between the curved an d rec tan gu la r

mult i pl i er modules , a si ngle process ou tl i ne w i l l be
I i

sufficient.

1.2 THE VOLTAGE MULTIPLIER

A high voltage power supply for low current appli-

cations can best be achieved by the us~ of cascading

ii mul tiplier stages. A basic “11 ” stage multiplier circuit

~ r Is shown in FIg. 2.

I r SINGLE STAGE

- j INPUT ~ I T1 1 1
~(IN).~~ ~~~~~~~~~ 

0 V
~ OUT )

- 
I GROUND 0 II — — — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L

‘-

- 1’
FIG. 2. “N” STAGE MULTIPLIER CIRCUIT

I 1 
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‘I
The construction of such a circuit uses discrete diodes

an d capacitors simply connected to develop a d.c. output

tha t Is a multiple of the peak-to-peak input voltage.

Almost any voltage can be achieved by increasing multi-

plier stages. The voltage is limited only by the ratings

of the components and materials used.

An ideal voltage multiplier characteristic is not

easily achieved in practice and it is commonly observed

that load regulation of multipl i er circuits rapidly de-

grades as the multi plication is increased. Factors such

as ripple , frequency and capacitance values play an im-

p ortant role in  mul tiplier design and performance.

Exper ience In the design of Second Generation power

sup plies has shown that capacitor values of approximately

5OpF , per stage , are necessary to give the necessary out-

put volta ge, load regulation and minimum ripple. This

can be verified using a multiplier equatio n as follows:

(1) Eo2NV pp (1 2N~~)~~~~(2N_1)

hence -

2 IL
c 2V pp N Cs+T(2N-1)

(2) m — 
NV Epp

_
o

2
-
~~

_ _ _ _ _ _ _ _ _  H



1~

,t
F

where

- r C~ mul tiplier capacitance

IL — load current

f — fre quency

N number of double stages

Cs rectifier ca pacitance

I ~~~

. 

- V pp peak—to—peak input voltage

- 1  ‘ - Eo a output voltage

r to find CM and assuming that

N — 6

f = 25KHz

IL 500nA

Cs 0.2pF

E0 5700 volts

1 ‘~ Vpp 1000 volts

J the

A CM a 48 .7pF

The above equations apply to Ideal conditions , In reality
I the stray or fringing capacitance plays a significant role

i ‘1 and must be considered and designed lnto the overall
I L ’
1 capacitor value requirements.
~ IT 1.3 MULTIPLIER CONSTRUCTION

In general multipliers are assembled using discrete

diodes and capacitors. Considerable multiplier size

~~-! -~1 - reduction has been achieved using discrete diodes and

~- - -~ -.
~~~I n  3
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ceramic parallel or series bank capacitors. The manu-

factur ing techniques are simple but labor intensive

and consequently expensive. The use of discrete diodes

ma kes further miniaturization Impossible beyond certain

l imits.

The objective of th is program is to develop

miniature , low cost hig h vol tage mul tip lier modules for

use in low cost power supplies for second generation I

Intens ifier tubes. Because the stress is on miniatur-

ization and low cost it was decided to adopt already

exist ing technologies within the corporate structure , -
~

mainl y that of high voltage diodes and high voltage

ceram ic capacitor. Since , both products wiU not be
I

cons idered as part of the development program it wi ll

be possible to optimize production techniques to

manufacture the specified multiplier modules from 
1

readily avai lab le components.

The desi gn and fabrication of voltage multi pl iers

will be realized by the use of custom designed/parallel I

capacitor banks and silicon high voltage rectifier

pellets . 
I

The multipliers will use two (2) 0 040 inch thick

J six section parallel ceramic capacitor banks. This

thickness is considered to be the opt imum for the

k—1200 material and volts/mi l rating

4 
~1
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A. CURVED CAPACITOR BANKS
I..

An electro de pattern has been designed for the

I; 
curved multiplier in such a way that when any two (2)

capacitor banks are sandwiched , the rect i f ier c hip s can
IT be placed between the capacitor plates to form a

volta ge multiplier. Each capacitor bank , i llus tra ted

in Fig. 3 by drawing No. TSK-25—249 , w ill have s i x (6)

plates with sufficient area to provide the necessary

mult iplier capacitance. This slanted electrode pattern

I allows d iode pairs to be placed on each pad , providing
- I 

the characteristic series string of diodes of the parallel

multiplier.

B. RECTANGULAR CAPACITOR BANKS
I II

- The same basic approach as outlined for the curved
I

multiplier will be used for the oblong multiplier. Two

I ~ (2) 0.040 inch thick rectangular ceramic blocks wi l l  be

sandwiched with rectifier chips between them. However ,

r constricted package size necessitates dissimi lar electrode
I 

patterns on opposing ceramic capacitor banks to achieve

the interconnecting diode conf iguration This Is

Illustrated in Fig. 4 and FIg. 5 by drawings T SK— 25 -247

II and TSK-25-248. - 

-

fl — 
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C. DIODE SUBSTRATE

It is proposed that a tooled ceramic or similar -:
type of material , forms a substrate in which are

located diode pellets at their exact position within

th~ multiplier electrode pad configurat ion. This

substrate is illustrated in Fig. 6 drawing number

TSK-313-100 for the curved multip lier and in Fig. 7

drawing number TSK-312-100 for the rectangular multi-

plier . The already pre-tested diodes will be inserted

into the substrate locating holes and then sealed

• within the substrate us ing thermosetting epoxy resin.

The diode leads w i l l  then be tr immed and both faces

of the substrate lapped to expose the silver lead

terminations of the diode pellets. The lapped diode

substrate assembl y will be tested to ensure that

device parameters did not alter during the lapp ing/

cleaning operation. The multiplier input and output

leads will be loca ted in the substrate grooves near 
I

the input and output diodes. The assembly will be

inserted between the two opposing capacitor banks. In- 
1

terconnection between the diodes and the capacitors I

will be made using silver conducting epoxy . For

assembly il lustration see Fig. 8, drawIng No. TSK-

312-102 and for Process Flow Chart see Fig. 9.

•1
1
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SECTION 2.

STATUS AND FUTURE WORK
r

This section describes the sta tus of work aga i ns t

-- the various tasks outlined in Figure 1.
1~

- F 2.1 PERT
II A PERT Chart covering the entire program was

1 r prepared and submitted 9/6/76. This plan has been

accepted.

II 2.2 THE CAPACITOR DESIGN

II] On 19 August 1976 a meeting was held with the
II

capacitor manufacturer (Erie Technological Products ,
- 
I-,

644 West 12th Street , Erie , PA) to discuss the

capacitor design , manufacture feasibility and delivery

time of the prototype samples .
r
IL During the discussion it became evident that the

rectangular tapacitor electrode pads , contained within
I such a small area would produce high stray and parasitic

capacitance values that wou ld equal or even exceed the

I required calculated values of approximately 30 pF per

i i  capacitor. To reduce the stray capacitance it became

- q necessary to reduce the electrode pad area leaving only

sufficient area for electrical connections The mast

promising electrode pad configuration was of the “dumb-

bell” design (see Fig. 10). SInce the manufacture of

j•
~
1 

- ~•1 _________
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I

this type of electrode presented no major technological

problems , a prototype sample of rectangular banks was

ordered for initial trials. A delivery time of four

(4) to five (5) weeks was promised by the manufacturer.

2.3 THE SUBSTRATE EVALUATION

A small sam p le of substrate was manufactured to

the originally proposed design. The material used was

glass filled epoxy and the main purpose was to evaluate

the feasibility of the design.

The rectifier pellets were encapsulated in the

substrate with thermo—setting epoxy . The excess

diode leads were trimmed and the substrates lapped , by

hand , on 400 grade carborundum paper. The following

problem areas were Identified :

(a) The diode body length between devices varied up

to 0.015 inches making accurate diode location

In the substrate impossib le;

• (b) because of the diode body length variations

accurate substrate lapping was impossib le;

(c) the diode location within the substrate required

very complex jigging arrangement;

(d) difficulty in making good input/output lead

connections to the diodes and the substrate .

8 -



11 2.4 THE DIODES

- 

I Bot h the single and double junction diodes are in

the process of being manufactured for evaluation

r 
purposes. No problems or delays are anticipated.

2.5 CAPACITOR SAMPLE MECHANICAL INSPECTION

The ordered capacitor samples were received on

27th Sept 1976. For dimensional evaluation see Table

I 1. For capacitor pads dimensional values see Table 2.

: 1  2.6 CAPACITOR ELECTRICAL TESTS

Samples of capacitors are undergoing capacitance
I value tests and breakdown strength tests, but final

results were not avai lable at the time of publication.

V 2.7 SUBSTRATE DESIGN CHANGE PROPOSALS

(a) The diode body length variations are inherent

I in the process and little can be done to

control the accuracy .

To overcome this problem It is p ropose d to increase
r

the substrate thickness to a level where diode length

variations will become less significant in the substrate

design.

F] (b) To ensure a more positive and accurate diode

location as well as simplify the diode jigging

- arrangements the substrate design was modified
— ~~~~~~~~ :- _ -

~~~~~~~~~~ 

as shown In Fig. 11. A sample of the new desi gn

Is being manufactured and the assemblies will

be evalua ted.

9 
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SECTION 3.

CONCLUSIONS

In the initial effort on this program it was possible

to establish capacitor pad design that would reduce stray

capacitance. Manufacture of prototype substrates assemblies

demonstrated the unsuitability of the originally proposed

design regarding diode pellet assembly and complexity of

jigging required in the assembly operation. New substrate

design is proposed and will be evaluated. A ll effort is

on the rectangular multiplier and on-ce the major problem
-I

areas are Identified and re’olved , evaluation of the curved

multiplier components will proceed.

-
~~~~

_ _ _ _ _ _ _ _  

10 

~~~~~~~~~~~~~~~ ~~~~~~~~~
, ,  : ~~~ ~~

-

-— - - -~~~~ ~~~
___

~~~
_
~~
_4

~
_ - - j - -- 

•
~~~~~

- -~~— -



~~~~

- ‘1; 
_____SECTION 4.

r

f ~ PROGRAM FOR NEXT QUARTER
J r

I ~ During the next quarter , electrical capacitor para-

I r meters will be evaluated and prototype multipliers built.

Multiplier efficiency and breakdown characteristics measured.

c The new substrate design will be evaluated and alternative

I substrate materials investigated .
i r

1.

F

Ii

Ii

F

-
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I
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I
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SECTION 5. I

PUBLICATION AND REPORTS .1

No reports or publications were made on the work

associated with this program during the current quarter. I .

12
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ORIGINALLY PROPOSED CAPACITOR DESI GN 1

~~I
1I

H
l 1

J~~ 
_ _ _

TYPE “A TYPE “B”

- T

RE— DESIGNED CAPACITOR 
- :

Q Q Q Q Q ~~o
~~~~~J?~

Po _ o . o a a o ~?J
TYPE “A TYPE “B ” 1

FIG. 10.
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I ORIGINAL SUBSTRATE DESIGN

- Ii

SUBSTRATE RECTIFIER POSITIONING
HOLE

I i
I RE-DESIGNED SUBSTRATE

I~~~~~~~~ 
L ~IL I LAf rz~~~~~~~~~~~~ i

/ / SUBSTRATE
11 LRECTIFIER LOCATION LRECTIFIER POSITIONINGI ’ RIM HOLES

FIG. 11.
! 
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CAPACITOR MEC HANICAL INSPECTIO N V

_ _ _ _ _ _

~1

I :1

• A

-, 

__B__

~~~~~~~~~~~

C 

-

~~~

CAPACITOR TYPE “A” & “B” I

CAPACITOR TYPE A” CAPACITOR TYPE “B”
DIM DiM DIM DIM DIM DIM IA B C A B C
INCH. INCH. INCH. INCH. INCH. INCH.

1 .248 .518 .044 1 .246 .515 .044 
I

2 .241 .519 .044 2 .248 .515 .043 -‘3 .249 .519 .044 3 .248 .516 .044
4 .249 .523 .045 4 .248 .521 .043
5 .248 .519 .042 5 .247 .513 .045
6 .248 .520 .044 - 6 .248 .519 .043 l
1 .249 .520 .044 7 .246 .512 .043 I
8 .249 .512 .043 8 .247 .519 .045
9 .247 .512 .044 9 .249 .520 .043
10 .247 .518 .045 10 .247 .516 .042 I
11 .245 .515 .045 11 .246 .516 .043
12 .247 .519 .042 12 .248 .516 .044

TABLE I
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I 
‘ CAPACITOR PAD MECHANICA L INSPECTION

~ j TYPE “A”
7 - _ _ _ _ _ _ _ _ _ _

1 • ~~c~~ c~o c=o
o c~J c~Jo

‘I I l —  — .

1 1 
_ _ _ _ _ _  

_
I DIMENSION 0 DIMENSION E DIMENSION F G

I MIN. MAX. AVE. MIN. MAX. AVE. MIN . MAX. AVE. AVE.
P r  - _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

1 .0319 .0468 .0413 .0129 .0273 .0182 .0339 .0407 .0372 .145
2 .0404 .0449 .0430 .0122 .0187 .0160 .0318 .0377 .0342 .149

1: 3 .0428 .0449 .0442 .0130 .0182 .0161 .0326 .0399 .0368 .146
- 4 .0362 .0472 .0450 .0137 .0213 .0172 .0308 .0405 .0359 .150

-- ‘1
ii TYPE “B”

H _____ -
F 

_ _ _ _ _ _

- H ~~ Q Q Q Q Q c 7 

- 

I DIMENSION 0 DIME NSION E DIMENSIO N F DIM G

MIN . MAX. AVE. MIN. MAX . AVE. MUI. MAX. AVE. AVE.

1 .0401 .0530 .0439 .0112 .0192 .0156 .0290 .0385 .0346 .182
I ’ 2 .0384 .0439 .0413 .0089 .0193 .0144 .0321 .0402 .0366 .186

3 .0416 .0452 .0437 .0075 .0216 .0150 .0282 .0406 .0350 .186
4 .0408 .0440 .0424 .0090 .0200 .0145 .0296 .0404 .0350 .184

I I  
— 

_____ _____ - -_____ _____ _ _ _ _ _  _ _ _ _ _  — - --——-——---• _ _ _ _ _  _ _ _ _ _

I’ TABLE II
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SECTION 6 I

IDENTIFICATION OF PERSO NNEL

Dur ing the first quarter of this program the 
-

fol lowing personnel worked in their area of responsibility :

I-IRS.
INDIVIDUAL RESPONSIBILITY SPENT I

P. Ransom General Manager -High Voltage Products 50

A. Kennedy Program Manager 212

G. Gordon Senior Electronic Engineer 33 -

~~

0. Platt Manager , Quality Ass urance & Contro l 24

V. Glenn Q.A. Ass istant - 19

K. Cram Draug htsman 38

0. Archard Q.C. Test Technicia n 16 I

________ 

-
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A. KENNEDY: Mana ger Semiconductor
Engineering

PROGRAM RESPONSIBILITY: Program Manager

CURRENT ASSIGNMENT

Mr. Kenned y is responsible for research and development of
sil icon hi gh voltage devices for mi litary , Industr ial and
commerc ial applications. These devices have ratings in the

- 

~~
- 

range 1000 to 50,000 volts per device , and 5 to l000mA .

I 

- 

He has been responsible for the development of miniature
silicon rectifiers specifically for use In voltage multipliers
and power supplies for Gen I and Gen II night vision systems.

Of particular relevance to this program Is the recent develop —
I ment of controlled avalanc he devices with extremely low reverse

leakage currents , typically less than 2 nanoamps at 2000 volts.
I i
I- I - Other ass ignments at this time are the development of a con-
IT trolled avalanc he rectifier , (15KV ) for the T V .  trip ler appli-

cation having fast turn-on and turn-off characteristics , and a
1 10KV rectifier for use In microwave ovens.
J r

P A miniature rectif ier for Gen I power supplies developed by
Mr. Kennedy ’s group Is currently In production at the rate of

I approximately 10,000 per week.

- 

ACADEMIC & PROFESSIONAL BACKGROUND

H.N.C. (Higher National Certificate) in Applied Physics , Nor th
Staffordshire College of Technology , En gland.

L 1969 — 1914 Produc tion Manager , International Rectif i er Com pany ,
- -

- 

~~ ¶ 

Nor thern I r e l and .

1 ‘~ 1963 - 1969 Senior Process Engineer , International Rectifier
I Company , England .

ii 1956 — 1963 Development Eng ineer , Sem iconductors , Nelson Researc h
Laboratories , English Electric Company, England.

I
-I

i1~9
1 h 1  

25
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G. GORDON Senior Electro nic Engineer

PROGRAM RESPDNSIBILITY

Elec trical design of the voltage multiplier , Includ i ng
rectifier and capacitor characteristics and ratings.
Assessment and analys is of performance data , with
particular reference to its suitability for use in Gen
II power supplies .

CURRENT ASSI GNMENTS

Mr. Gordon is In charge of an engineering development
group engaged in the development of power supplies for
Gen I and Gen II nig ht vision applicati ons. Recently
he was respons ible for the development and manufacture
of prototype “sing le ” osc i llator power su ppli es for 18
and 25mm Gen II systems .

Is also workin g on state-of-the-art designs for miniature
power supolies for CR1, laser and Infra-red applications.

ACADEMIC & PROFESSIONAL BACKGROUND

BA. Sc. Electrical Engineering, University of Toronto.
Member of the Association of Professional Engineers of Ontario.
1971 to present, Development Engineer with Erie Technological
Product s Canada , L imited.

Iv_______ _____

I
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0. PLATI Manager , Quality Assurance & Control

PRO flRAM RESPONSIBILITY — Qua lity Engineer , in charge of the
Qua lif ication Testing Program , and
Qual ity Requirements.

CURRENT ASSIGN MENTS

In his capacity as Manager of Q.A. & Q.C. , for the High Voltage
- 

I Division of Erie Technological Products Canada , Limited , Mr. Pla tt
is in charge of all  Q.A., Q.C., process control , testing and
Ins pection functions. The Erie Q.A., system is approved to U.S.
an d Canadian Fill standards.

I ACADEMIC & PROFESSIONAL BACKGROUND

1974 Executive Seminar - Quality Assurance.

1972 
- 

Metrolog y, Loyal i st College , Ontario.

1970— 1971 Stat ist ical  Methods in Quali ty Control ,
Quali ty Control Management .

! 

1969—1970 Solder certification course , U.S. Army
• Work Simplification.

Ma thematics.

1968—1969 Statistical Quality Control.
I ‘ Introduc ti on to QualI ty Con trol.

1 1968 3 — year course in Electronics and T.V.
Ii Serv 4cing ,DeVry Institute of Technology .

i 1968 to present Employed by Erie Technological Products of
Canada , Ltd.

r
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B. HEIDI Sen ior Technologist

PRO G RAM RESPO NSIBILITY

I
Test and evaluation of voltage multipliers w it h  p a r tic u l a r
reference to their suitabilit y for use in Gen II power supplies.

CURRENT ASS Ir~NMENT

Fir. Heldt is responsible for the circuit design , packaging
and evalua tion of prototype Gen II power supplies , 13 & 25mm
types. Developed the mas te r -s lave  and the single o s c i l l a t o r
conce pts. Has worked in this area since 1971.

ACADEMIC & PROFESSIONAL BACKGRO UND

Honour graduate Electronic Major , Quinte Secondary , On tar i o.
Honour gra dua te Engi neer i ng Technologist , Northern Institute
of Tec hnolo gy , Toron to. 1
Mem ber of OACETT.

1971 to present Senior Technologist with Erie Technological
Produc ts of Canada , Ltd.

1969—197-1 - Ma i ntenance Techn i c i an , Hitchon Radio Ltd. 1

1967—1 969 Lecturer in E lec t ron ics  Radio Col lege of
Canada , Toron to.

.1

•1

t
-I i

~~~
__

_ _ _  _

I
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P. MAPLES Senior Engineering Technic ian

r
PPOG RAM RESPONSIBILITY

1 
Pac kaging Voltage Multi pli ers.

CURRENT ASSIGNMENT
ii -

~

Is respons ible for mechanical packaging and assembly of a
variety of high voltage power supplies , including miniature
types to MIL specifications for night vision , infra red ,
ohotomulti oller , etc., applications. Is qualified as a
cer tified instructor on soldering (U.S. Arm y course).

I- . ACADEMIC & PROFESSIONAL BACKGROU ND

Com pleted two years of O.N.C., course in England.
‘lember , Institute of Printed Circuits.
Certified Instructor on Soldering U.S. Army .
Course on Bus iness Organisation , Loyalist College , On tario.
Government Training course , Instrument Maker.

1939—1941 Evening course in Engineering.

1972 to present Employed as Senior Engineering Technician

I 

by Erie Technological Products of Canada , Ltd.

1°64—1972 Technical Specialist , Northern Electric Ltd .

J 
1961-1964 Manager of Prototype and Test Dept.,

I.T.T., England.

1941—1951 Instrument Maker , Aron Electrical Motors Ltd.,
a England.

II
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F. TREVERTO N Senior Test Techn ic ian

PROG RAr-1 RESPONSIBILITY

Desici ning and bui lding specia l  test equipment and f i x tu res
necessary .

CURRENT ASSI G NMENT

Resnonsib le for the design and assembly  of special test
equinment and f ix tur inq us ed in the test ing of high vo l tage
nower supplies and voltage multipliers , particularly for
Gen I and Gen II night vision power supplies. Also carries
out special tests and responsible for production testing
of high volta ge systems .

ACADEMIC & PROFESSIONAL BACKGROUND

1911 Elec tron i c Tec hni c i an -D ip loma , Loyalist
Colle ge , On tario.

Chairman of Student Branch I .E.E.E.
Mem ber of Analog /Hybr id Com puter Ed uca ti ona l
Society .

1971 to present Emp loyed by Er i e Technolo gi cal Produc ts of
Canada , Ltd., as Test Techn ician.

-I
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APPE N DIX A

MINIAT URE HIGH VOLTAGE HYBRID ~1ULT IP LIE R MOD U LES

I I. SCOPE
r ii

1.1 This specification covers the requirements for miniature

high voltage hybrid multiplier modules for use in low cost

power supplies for second generation image intensifier tubes.

2. APPLICABLE DOCUIIENTS

I i  2.1 The following documents , of the i ssue i n effec t on th e

date of invitation for bids or request for proposal , form a

part of this specification to the extent specified herein.

i 1~ 
SPECIFICATIONS

Mil i tary -

M IL— P— 11268 Parts , Ma i ntenance , and Process ing used
- in Electronic Equipment

I r STANDARDS
11 Military

MIL— STD— 105 Sampling Procedures and Tables for
Inspection by Attributes

MIL—STD— 109 Qualit y Assurance Terms and Definitions
I MI L—S TD —1 29 Marking for Shipment and Storage

MIL— STD— 13O Identification Marking of U.S. Military
I Property

MIL— STD— 202 Test flethods for Electronic and
Elec trical Component Parts

r MII-STD—454 Standard General Requirements for

~ 
J 

Electronic Equipment

MIL—STD-456 Electronic Par ts , Date an d Source Coding
for 

-

PIIL—STD—781 Reliability Test Exponential Distributions
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3. REQUIREMENTS

3.1 Item definition. The m iniature high voltage hybrid

multiplier module , hereafter ca lled the multiplier , shall be I

a solid state electronic device to conver t a sinusoidal (AC)

input voltage to a hi gh DC output voltage. The multiplier

sha ll consist of an “N” stage d iode capacitor array connected

in parallel.

3. 1.1 The major components of the multiplier are the m d l v i—

dua l diode pellets and capacitor array.

3.2 CharacteristIcs.

3.2. 1 Room temperature performance. Unless otherwise stated ,

the multiplier shall meet the following min imum requirements

at room temperature when operated from a 1000 volt peak to F

peak sine wave Input over a frequency range of 20 KHz to

40 KHZ.

3.2.1.1 MultIp lier efficienc y . The multiplier efficiency

- - 1 1 (6.3) shall be a minimum of 85% from no load (less than 2 • 1
nanoamps) to full load (500 nanoamps). (See 4.5.3.1).

3.2.1.2 Input capacitance. The input capacitance shall be

less than eight (8) picofarads at 500 voPs peak to peak.

(See 4 .5 .3 .2) .  -

3.2.1.3 Charging current. The multip lier pea k charging

current at no load shall be less than one tr -dered-fifty

(150) microamps. (See 4.5.3.3). 1

A-2



3.2.1.4 Ripple voltage. The multiplier ripple voltage shall

be less than 3% peak to peak at no load. (See 4.5.3.4).
Ii 3.2.2 Physical character isitics. The physical character-

I I~ istics of the multiplier shall be as specified herein .
Ii

3.2.2.1 Res istance to solderin g heat. The multipli er shall

suffer no mechanical or electrical damage after its leads have

been Immersed in a solder bath at 450”F for at least 3 seconds .

ii (See 4.5. 6) .

3.2.2.2 Solderab ility . Each multiplier lead shall be at

least 95% covered with a solder coating when immersed in a

solder bath , and any pinholes shal l be concentrated in one

area and do not exceed 5% of the total soldered area. (See

II 4.5.9).

r

3.2.2.3 TermInal strength. Each multiplier lead shall be

capable of withstanding a 1/4 pound pull for a minimum of

I k 5 secotids , wi th no rupturing of the lead or other damage to

the lead or mu ltiplier.

3.2.2.4 Dimensions. Dimensions shall be as specified in

Figure 3. (See 4.5.2).

I ~ 
3.2.2.5 Weight. The weight of each multiplier shall not

exceed 5 grams. (See 4.5.2).

3.2.3 Reliability (mean time to failure ). The multiplier

shall have a specified mean time to failure of 25,000 hours.

There shall be no evidence of physical or electrical damages

as . indicated by an open circuit or short circuit. In addition

~1 
the mul t ip l ier sha l l  mee t the following requirements

- 
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a. Multiplier efficiency shall be as specified in

3.2.1. 1.

b. Charging curren t shall be as specified in 3.2.1.3.

(See 4.5.17)

3.2.4 Environmental conditions.

3.2.4.1 High temperature performance. Unless otherwise

stated , the mul tiplier shall meet the following minimum

requirements at high temperature plus 52vC when operated from

a 1000 volt peak to peak sine wave input over a frequency

range of 20 KHz to 40 KHz. (See 4.5.5).

3,2.4.1.1 Multi plier efficiency . The multiplier efficiency

shall be a minimum of 80% from no load to full load and shall
-I

not chan ge more than plus or minus 2% from its room temperature

effic iency. (See 4.5.5.1).

3.2.4.1.2 In put capacitance. The Input capacitance shall be

less than eight (8) plcofarads at 500 volts peak to peak.

3.2. 4.1.3 ChargIng current. The multiplier peak changing

current at no load shall be less than 300 microamps. (See

4. 5.5. 3).

3.2.4.1.4 RIpple voltage. The multiplier ripple voltage shall

be less than 3% peak to peak at no load. - (See 4.5.5.4).

3.2.4.2 Low temperature performance. Unless otherwise stated ,

the multiplier shall meet the following minimum requirements

at minus 54 C when operated from a 1000 volt peak to peak sine

wave input over a frequency range of 20 KHZ to 40 KHz. (See

4.5.4).

A-4 Ii
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3.2.4.2.1 Multiplier efficiency . The multiplier efficiency

shall be a minimum of 80% from no load to f u l l  load and shall
I not change more than plus or minus 2% from its room temperature

I efficiency . (See 4.5.4.1).

I 1~ 
3.2.4.2.2 In put capacitance. The input capacitance shall be

less than eight (8) picofarads at 500 volts peak to peak.

f (See 4.5.4.2).

3.2.4.2.3 Char ging current. The multiplier charging current

at no load shall be.less than 150 mlcroamps .

3.2.5.2.4 Ripple voltage. The multiplier ripple voltage shall

be less than 3% peak to peak at no load.

j ~ 3.2.4.3 Environmental stress conditions.

I ~ 3.2.4.3.1 Therma l shock. The multiplier shall s how no

~ evidence of mechanical or electrical damage when subjected to

thermal shock. (See 4.5.13). -

1 3.2.4.3.2 High Temperature Storage. There shall be no

evidence of mechan ical or electrical damage after the multi-

L ~~
- plier has been subjected to a minimum of 8 hours storage at

I plus 71 C. The multiplier shall be capable of meet ing the

requirements of 3.2.4.1.1 and 3.2.4.1.3 after it has been sub—

jected to high temperature storage. (See 4.5.14).

3.2.4.3.3 Low temperature storage. There shall be no

evidence of mechanical or electrical damage after the multi-

r1 plier has been subjected to a minimum of two (2) hours storage

at minus 65’C. The multiplier shall be capable of meeting the

~I~
1 

_ _ _ _ _ _1- -
~ 

---- - - - 

- 
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requirements of 3.2.4.2.1 and 3.2.4.2.3 after it has been i

subjected to low temperature storage. (See 4.5.15).

3.2.4.3.4 Humid ity sealing . There shall be no evidence of

mechanical or electrical damage after the multip lier has been

exposed to a relative humidity of not less than 95% at -

a temperature of not less than plus 23”C for a period of not

less than six (6) hours. (See 4.5.16).

3.2.4.3.5 Mechanical shock. With  the operating potential

a pp lied to the mult ipl ier , there shall be no evidence of

cont inuous arcing or breakdown , nor shall there be any abrupt 
1

changes in charging current when the multiplier is subjected I

to the following mechanical shock. Additionally, there shall

be no evidence of mechanical damage. (See 4.5.12).

3.2.4.3.5.1 LongitudInal sawtooth. The multiplier shall

withstand not less than ten (10) mechanical shock pulses along

the transverse axis at an amplitude of 140 ±10 g ’s sawtooth I

wave peak for nine (9) millisecond ±10 percent duration. i

3.2.4.3.5.2 Longitudinal impu lse. The multiplier shall

withstand not less than six (6) mechanical shock pulses along

the longitudinal axis , in each direction , of not less than 500

g’s half sine wave peak for 0.3 ±0.05 millisecond duration.

3.2.4.3.6 Mechan Ical vibration. With the operating potential

applied to the multiplier , there shall be no evidence of I

continuous arcing or breakdown nor shall there be any abrupt

changes In input current when the multiplier is subjected to

- 1  -‘ A.6



I I

the followina mechanical vibration: 2.5 g peak sine wave

r v ibration over the frequency range of ten (10) Hertz through
S thirty— five hundred (3500) Hertz along both the longitudinal

and transverse axis of the multiplier Including three (3)
I

fIve (5) m inute dwells at the upper and lower frequency in
I.

eac h axis. (See 4.5.11). -

r 3.2.4.3. 7 Reduced Barometric Pressure. The multiplier shall

show no ev idence of continuous arcing or breakdown nor shall
- 

I T  there be any abrupt changes in charging current after subjection

to a barometric pressure of 3.44 Inch for one hour. The
I I

multiplier shall show no evidence of mechna lcal damage after

subje ction to a barometric pressure of 3.44 inch for one hour.
Ii (See 4.5.10).

3.3 Design and construction.

3.3.1 Materials , components , design and construction. Compat-

I Ible materia ls, processes and techniques will be utilized for

fabricating conductive and dielectric films in predetermined

‘ 
patterns and sequences to provide for the interconnection of

I 
diode pellets and capacitors to form a parallel array of

cascaded doubler stages. There shall be no adverse physical

Interation between thick film components -substrate , dielectric

or attached active devices. Thick film elements will be con-

sidered as compatible only if they have been developed to the

point of having all conductive dielectric insu lating and

passivat ing films constitute a system wherein no deleterious

H

A l
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metallurgical reactions between any one of the system corn—

oonents occurs as a result of any processing or operating

sequence. The contractor is not limited in his choice of 1

processes other than that each process used to fabricate the F

mul tip lier shall be mutually compatible with each other. The 
I

techniques utilized shall have been optimized and capab le of

being controlled so that the multiplier can be reproduc - 
I

ibility and repetitively fabricated with operational , 1

environmental and reliability characteristics equivalent to

those requirements specified herein. (See 4.5.2.1).

3.3.1.1 Mater ials and components. Materials shall be as

specified herein. Materials not specified shall be

selected by the contractor and shaH be subjected to all I

prov isions of the specification with conformance to t4IL-P-

11268.

3.3.1.2 Terminals. (See 4.5.2.1) 
1

3.3.1.2.1 Terminal type. Terminal type shall be as shown
V

in Figure 3.

3.3.1.2.2 Terminal location and length. Location and length 1

shall be as specified in FIgure 3.

3.3.2 Identification and marking . The multi plier shall be

marked in accordance with MIL-STD-130 with the type designation ,

the MS part number the manufacturer ’s name or code symbol , F

termina l , Identification , and date code in accordance with -~~~

MI L— STD—456 . Terminal and part number ident i f icat ion shall
be In accordance with figure 3. (See 4.5.2.1). I

1 A-8
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3.3.3 Workmanshi p. Workmanship shall be in accordance with

- H MIL—STD—454, requirement 9. The multi plier s ha l l  be free
- Ii from burrs, sharp edges , potting voids , defects and scratches

which may affect performance. It shall also be free from

grease, oil , dust , solder flux or any other conductive film.

The process of fabrication and non-destructive testing shall

q not deteriorate the characteristics of multiplier performance

materia l or appearance. (See 4 .5 .2 ) .

3.3.4 Over voltage. There shall be no evidence of continuous

arc ing, or breakdown when t he mul tip lier is subjected for 5

seconds to a voltage sufficient to cause 150% of ra ted out pu t

1 1 voltage to appear for a multiplier efficiency less than 88% and 130%

ti of rated output vo l tage for a multiplier efficiency greater than

9 88%. (See 4.5.8).
a! -

3.3.5 Burn — in. All multipliers shall be burned in at no load

of 48 hours at plus 52vC at 115% of rated output voltage for

I ,. a multiplier eff iciency greater than 88% and at 125% of ra ted

-1 1 output for a multiplier eff iciency less than 83%. (See 4.3.1

I ~ and 4.4.1).

I ‘ 4. QUALITY ASSURANCE PROVISION.

4.1 ResponsIbi lity for Inspection. - Unless otherwise specified

I In the contract or purchase order the supplier Is responsible

for the performance of a l l  inspection requirements as speci f ied

q herein. Except as otherwise specified in the contract or order ,

I ~ the supplier may utilize his own or any other fac i l i t ies suit-

able for the performance of the inspection requirements specif ied

herein , unless disapproved by the Government. The Government

A-9 —
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I
reserves the right to perform any of the inspections set

forth in the purchase description where such inspections -

~~

are deemed necessary to assure that supplies and services .1

conform to prescribed requirements.

4.2 Classificat ion of inspection. T he exam i na ti on an d

testing of multipliers shall be classified as follows :

(a)  first article inspection (b) quality conformance inspection

(does not include preparation for delivery).

- 
4.3 First article inspect ion.

4.3.1 First article samples. When specified In the contract

or purchase order the contractor shall furnish fifty(50)

first article samples of each mu lti plier.

4.3.2 First article inspection. All multipliers shall be I

burned in In accordance with 3.3.5 prior to initiating the I

fol lowing Inspections. Fifty units of each type shall be 
I

subjected to the inspections specified In Table 1 in the order

shown. All sample units shall be subjected to the inspection

of Group 1. Ten sample units shall be subjected to the

inspection of Group II. Thirty— five (35) sample units shall

be subjected to the inspections of Group III. The remaining 
I

five (5) sample units shall be subjected to the Inspections

of Group IV. No failures shall be permitted.

4.4 Quality Conformance Inspection.

4.4.1 Burn in. All mult ipliers shall be burned in in - ‘

accordance with 3.3.5.

A-10 1 
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4.4.2 Grou p A Inspection. - Group A inspection shall consist
- 

I of the examination and tests specified In Table II , in the
I order shown.

4. 4. 2 . 1  S a mpl I ng  pl a n  — Statistical sampling and inspection

shall be in accordance with M IL— STD— 105 for general inspection ~

I level II. the acce pt a b le qua lity leve l s (AQL )  sha l l  be as

specified in Table II. Major and minor defects shall be as

defined in t-IIL-STD— 105.

4.4. 4.2 Rejected lots - If an inspection lot is rejected ,

the supplier may rework it to correct the defects , or screen

out the delective units and resubmi t for reinspection. Re—

) 
~~

- , submitted lots shall be inspected using tightened Inspection.

-
~ Such lots shall be separate from new lots , and shall be

1) clearly Identif ied as reinspected lots.

4.4.3 Group B Inspection — Group B inspection shall consist

of the tests specified In Table III in the order shown.

They shall be performed on samole units that have been sub- -

jected to and have passed the group A tests unless i t i s more

practical to select a separate sample from the lot for group

i t  B Inspection.

4.4.3.1 Sampling plan — The sampling plan shall be in

accordance with MIL-STD—105 for general inspection level II.

- 
- -j Ii The AOL shall be 1.0 percent defective.

Ii 4.4.3.2 ReJected lots — If an inspection lot is rejected ,

the supplier may rework it to correct the defects , or screen

out the defective units , and resubmit for relnspection.

Resubmitted lots shall be inspected using tightened inspection.

I 
_ _  - 
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Such lots shall be separate from new lots, an d s h a l l  be

clearl y identified as reinspected lots. - I

4.4.4 Grou p C Inspection. Group C inspection shall consist 1

of the examination and tests specified in Table IV , in the

order shown. Group C inspection shall be made on sample

units se lec ted from inspec tion lots which have passed the

groups A and B inspections. Sample units shall be selected I

once a mon th. Five (5) sample units shall be selected for

Subgroup 1. Five (5) sample units shall be selected and 
I

subjected to the Inspections of Subgroup II. Sample units 1

for Subgroup III testing shall be selected in accordance

with paragraph 4.2.4 NProduction Acceptance (Sampling) Phase

of Production Reliability Tests ” of MIL-STD-781. Three (3)

sample units shall be selected and subjected to the inspections

of Subgroup IV.

4.4.4.1 Disposition of sample units. Sample units which have

been subjected to group C inspection shall be delivered on the

contrac t or purchase order , if the lot is accepted and the 1

sample units are still within specified electrical tolerance , I

and If the sample units are clean and smooth.

4.4.4.2 Noncompliance. If a sample fails to pass group C

inspection the supplier shall take corrective action on the I

ma ter ia l s or processes , both , as warranted , and on all units - I
of product which can be corrected and which were manufactured

under essentially the same conditions, with essentially the

same mater ials , processes, etc., and which are considered

subject to the same failure . Acceptance of the product shall

be discontinued until corrective action , acceptable to the
A.12 I
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Governme nt , has been taken. After the corrective action has

9 been taken , group C inspection shall be repeated on additional

sample un its (all inspection , or the inspection which the

or ig i na l  sam p le fa i le d , at the option of the Government).

Groups A and B inspections may be reinstituted ; however ,

final acceptance shall be withheld until the group C re-

inspection has shown that the corrective action was success-
II

- 

ful . In the event of failure after reinspection information

H concerning the failure and the corrective action taken shall

be furnished to the cognizant inspection activity and the

qualifying activity.

4.5 Methods of examination and test.
~ ii 4.5.1 Inspection Cond itions. Test will be conducted in

~ 
accordance wIt h the test procedures specified herein. Unless

I r otherwise speci f ied the following conditions shall apply.

f 1~ a. Inspections and test shall be performed in accordance

with the test conditions specified in the “GENERAL REQUI REME NTS”

1 of MIL-STD—202.

b. Rated applied Input voltage shall be 1000 volt ±1%

I r peak to peak sine wave input.

c. Test frequency shall be within ±2% of the nominal

value.

d. Nominal test frequency shall be 30 (Hz.

e. No load output shall be less than 2 nanoamp.

f. Full load output shall be 500 ±50 nanoamps.

- s-i
- - 
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4. 5. 2 Visual  and mechanica l exam ination.

4.5.2.1 Ex ternal. Multip l iers shall be examined to verify

that the materia ls , ex ternal design and construction ,

physical d i m e n s i ons , weight , marking and workmanship are in

accordance with the applicable requirements. (See 3.3.1.2,

3. 2.2.4 , 3.2.2.5 , 3.3.2 , 3. 3.3) .
I a

4.5.2.2 Internal. Multipli ers shall be disassembled and

examined to verify that the materials , i n te rna l  connec ti ons , T

lead wires , diodes capacitors , internal mounting, potting and I

workmansh ip are in accordance with the applicable requirements.

(See 3.3.1, 3.3.1.7, 3.3.3). 
1

4.5.3 Room temperature elect rical performance.

4.5.3.1 Multiplier efficie ncy . With rated voltage applied , 
-~~

the multi plier output voltage shall be measured whi le the

supply frequency is varied over the specified frequency ranges

of 20 KHz to 40 KHz with the input voltage held constant.

Measuremen ts shall be performed at no load and full load. F

(See 3.2.1.1).

4.5.3.2 Input capacitance. The input capacitance for the

multiplier shall be determined by a capacitance brid ge or

other suitable means at 500 volt peak to peak at 30 KHz using

the circuit of figure 2. (See 3.2.1.2).

4.5.3.3 Charging current, the multip lier charging current

shall be measured using the circuit of Figure 2. Measuremen ts

shall be made at no load at 20 K14z and 40 KHZ at rated input

voltage. (See 3.2.1.3). 
F
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4.5.3.4 Ri pple voltage. The multiplier ripple voltage shall

i be measured using a Jenn ings Probe or other suitable device.

Measurements shall be made with rated voltage applied at 30 KHZ

r at full load of 500 nanoamps. (See 3.2.1.4).
- 

4.5.4 Low temperature performance. the multip l i er s ha l l  be

m a i n ta ined  for a m i n imum of one hour  a t a tem pe ra tu re  of

1~~
• minus 54°C prior to performance of the following tests. (See

3.2.4.2).

I 
- 

4.5.4.1 Multi plier efficiency. With rated voltage applied

the mul tiplier output voltage shall be measured while the

supply frequency is varied over the specified frequency

range with the input voltage held constant. Measurements

shall be performed at no load and full load. (See 3.2.4.2.1).

- V 4.5.4.2 Input capacitance. The input capacitance for the

f I — multiplier shall be determined by a capacitance bridge or

I 
other suitable means at 500 volt peak to peak at 30 KHZ using

the circu it of figure 2. (See 3 .2 .4 .2 .2) .

1 4.5.4.3 Chargin g current. The mu ltiolier charging current

shall be measured using the circuit of Figure 2. Measurements
L shall be made at no load at 20 KHz and 40 KHZ at rated input

voltage. (See 3.2.4.2.3). -

4.5.4.4 Ripple Voltage , the multiplier ripple voltage shall
I r

be measured using a Jennings Probe or other suitable device.

- 

1~’ 
Measurements shall be made with rated voltage applied at 30 KHz

at full load of 500 nanoamps. (See 3.2.4.2.4).

11

~~~~ 
! I
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4.4.5 HI gh temperature performance. The mul tip l ier s h a l l  be

maintained for a minimum of one hour at a temperature of -

plus S2VC prior to performance of the following tests.

(See 3.2.4.1). I

4.5.5.1 Mult iplier efficiency . With rated voltage applied

the multiplier output voltage shall be measured whi le the

supply frequency is varied over the specified frequency range

with the input voltage held constant. tleasurements shall be I

performed at no load and full load. (See 3.2.4.1).

4.5.5.2 Input capacitance. The input capacitance for the 
I

multiplier shall be determined by a capacitance bridge or

other suitable means at 500 volt peak to peak at 30 KHz using 
-‘

the c i r c u i t  of f i gure 2. (See 3.2.4.1.2) .

4.5.5.3 ChargIng current. The multiplier charging current 1

shall be measured using the circuit of Figure 2. Measurements 
F

shall be made at no load at 20 KHz and 40 KHz at rated input

voltage. (See 3.2.4.1.3). 
1

4.5.5.4 RIppl e voltage. The multiplier ripple voltage shall

be measured using a Jennings Probe or other suitabl e device. - l

Measurements shall be made with rated voltage applied at

30 KHz at full load of 500 nanoamps. (See 3.2.4.1.4).

4.5.6 Resistance to soldering heat. Multipliers shall be 
--

- 
- tested in accordance with method 210 of MIL—STD-202. the

following details shall apply: -

A—1 6
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(a) Special preparation of specimen - Sam p le  un i ts

shall not have been soldered during any of the previous tests.

(b) Depth of immersion In the molten solder - To a

~ 
point 1/16 inch from the nearest insu lating material.

(c) Test—cond ition 450 ±10 F; immersion 3 seconds

ii (see 3.2.2.1).

H 4.5.7 Terminal strength. Piultipliers shall be tested for

- 

term inal secureness In accordance with method 211 of IIIL-

STD—202. The following details and exceptions shall apply:

(a) Test-condition letter - A.

I ‘ (b) App lIed force - Terminal secureness . sha ll be tested

1 i~ by gradually applying a force of 1/4 pound to each pin terminal
j ii
I in the direction of the ax is  of the terminal. (See 3.2.2.3).

~~~I T ~ 
-

4. 5 .8 Over Volta ge — A test voltage sufficient to achieve

the required over voltage as specified in 3.3.4 shall be

applied . The test potential shall be applied for 5 ±1/2 second.

There shall be no load. During the test, multipliers shall

be exam ined for evidence of continuous arcing, breakdown of

insu lations and abrupt changes in charging current. (See 3.3.4) .

4.5.9 Solderabillty . Multipliers shall be tested in

i
f accordance with method 208 of MIL-STD-202. Each of the terminals

is to be tested . (See 3.2.2.2).

4.5.10 Barometric pressure. Multipliers shall be tested as

specified in 4.2.3.1 and In  accordance with method 105 of

~ I 
MIL—STD-202. The following details and exception shall apply:

A—l i
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(a) inpu t voltage shall be sufficient to cause 115%

of rated output.

3 (b) Test—condition letter A. (See 3.2.4.3.7).

4. 5.11 Mechanical vibrat ion. The rated operating potential

and loads shall be applied to the multiplier during vibration

testing. The electrical test circuit shall be devised so

that the multiplier can be monitored during test for evidence

of arcing, breakdown or abru pt changes in charging current.

(See 3.2.4.3.6).

4.5.11.1 LongItudinal vibration. - Rigidly mount the multi -

plier to the vibration table such that the radial axis of the

curved multiplier is parallel to the direction of motion (for

the rectangular multiplier the length axis is parallel to

the direction of motion). Subject the multiplier to two (2)

each thirty (30) minute sweeps over the frequency ranges of

ten (10) Hertz to 3500 Hertz and back to ten (10) Hertz while

maintaining a constant 2.5 g ’s for five (5) minutes at each

of the frequencies 1020 Hz & 2080 Hz,

4.5.11.2 Transverse vibration. Rigidly mount the multiplier

to the vibration table such that the radial axis of curved

multiplier Is perpendicular to the direction motion. (For

the rectangular multiplier the length axis is perpendicular

to the direction of motion). Subject the multiplier to two (2)

each thirty (30) minute sweeps over the frequency range of

ten (10) Hertz to 3500 Hertz and back to ten (10) Hertz whIle

mainta i n i n g a cons tan t 2.5 g’s ±0,.2 acceleration. Subject

A-18
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I the multip lier to vibration of ten (10) g for five (5)

minu tes at each of the frequencies 1020 Hz , 2080 Hz , and

3140 Hz ±100 Hz.
aL -

4.5.12 Mechanical shock. The rated operating potential and
I-

i ’  loads shall be applied to the multiplier during shock testing.

The electrical test circuit shall be devised so that the

mult iplier can be monitored during test for evidence of

arcing, breakdown , or abrupt changes in charging current.

Tests shall also be monitored with an accelerometer mounted
11 on the te st f ixture near the mu ltiplier. Pulse shape and

am plitude shall be recorded. (See 3.2.4.3.5).

Ii 4.5.12.1 Longitudinal sawtooth. Rigidly mount the multi plier

with the radial axis for the curved multiplier in a vertical

I plane , (longitudinal) , (for the rectangular multiplier the

I length axis is mounted in a vertical plane) and subject the

I 
~ 

multi plier to five (5) shock pulses of nine (9) millisecond

k duration sawtooth wave form whose peak force is 140 g ’ s

L ~ ± 14 g ’s, as measured by a calibrated “Peak G” meter or

I oscilloscope. If there Is no evidence of electrical or
- -

~ 17 mechanical failure reverse the multiplier so that the shock is
I -

still parallel to the radia l axis (length axis for the rectangu —

lar multiplier) and repeat the test.

1 4.5.12.2 Transverse sawtooth. Rigidly mount the multip l ier

~ 

- 
such that the radial axis (length axis) for the rectangular

multi plier is In a horizontal (transverse phase). With the

multiplier thus mounted , subject the mu ltiplier to ten (10)
— -~

---i r~
- shock pulses with the direction of the force applied perpendi-

F cular to the radial axis (length ax is  for the rectangular

_ _ _ _ _ _ _ _ _ _ _ _ _ _--—- - -

~ 
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•
multiplier).

4.5.12 Longitudinal impu lse. Mount the multiplier as In

4.2.3.12.1 and subject the multiplier to six (6) pulses of F

nominal half sine wave shape having a peak amplitude of not I

less than 500 g ’s and duration 0.10 ±0.05 mIlliseconds. 
I

Impact oscillations as measured by the monitoring acceler-

ometer shall be less t han 30 g ’s twelve (12) m illisecond 
I

after initIal pulse. Reverse the multiplier so that the F

pulse is still paralle l to the radia l axis (length axis for

rectangular multiplier) but In the opposite direction , and - F

subject It to five (5) pulses of nomina l half sine wave shape

having a peak amplitude of not less than 310 g ’s and duration 
F

of 0.~O ±0.05 mil lisecon ds. Impact oscillations as measured

by the monitoring accelerometer shal l be less than 30 g ’s

twelve (12) milliseconds -after i n i t i al  pulse. If there is

no evidence of electrical or mechanical failure , continue -

the test.

4.5.13 Thermal Shock. Multipliers shall be tested in accor-

dance with method b i D , of MIL—STD—202. Test condition B-i

shall app ly. (See 3.2.4.3.1).

:1 4.5.14 High Temperature Storage. Mu ltipliers shall be I

F subjected to a minimum storage period of 8 hours at plus 71uC .

The ambient temperature shall then be gradual ly lowered to F

plus 52°C. Measurements shall be made of the multiplier
- I efficlincy and charging current in accordance with 4.5.5.1, I

and 4.5.5.3. (See 3.2.4.3.2).

- -~-~ 
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4.5.15 Low Temperature Storag!~ Multipliers shall be

- 
subjected to a minimum storage period of 2 hours at minus

65vC . The ambient temperature shall then be gradually raised

I to minus 54°C. Measurements shall be made of the multiplier

t 
~ 

efficiency and charging current in accordance with 4.5.4.1 anu

4 .5. 4.3 . (See 3.2.4 .3. 3).

1 4.5.16 HumidIty Sealing . Multipliers shall be exposed to

a re la ti ve hum id i t y of not less th an 95% a t a tem pera ture  of

V 
p lus 23’C. Time of exposure shall be six hours. Upon

— completion of the exposure time , the multiplier shall be

tested with an overload voltage of 112 percent of rated ac
- vo ltage. The overload voltage shall be applied to the multi-

plier as soon as possible after removal from the humidity

- chamber and in no case shall this interval exceed six hours.

t 
~~

. The overload test shall be performed for a period of 48 hours.

I ~ (See 3.2.4.3.4).
- 1 

~ 
4.5.17 Reliabilit y. Multipliers shall be life tested at 52

• a !
± 5°C. Operation shall be continuous at full load of 500

a-i
nano amps. Appl ied input voltage s h a l l  corres pon d to the

burn in voltage (3.3.5). At least once each week dur ing

opera t ion , the multipliers shall be subjected to at least

10 discharges to ground through a 22 megohm resistor for a
I 

period not less than 8 seconds per discharge. The electrical

s~. 1 test circuit shall be devised so that an open circuit or

- ~~ 

~~ 

short circuit during full load operation can be detected and

Ii  A— 21
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the time of failure recorded . Measurements shall be made I

of the multi plier efficiency and no load charging current a

at least once each 200 hours of operating time . For pre- I

production qualification , accept/reject criteria shall be

in accordance with MIL-STD—781, Test P lan  IV , except that

the total test time shall be in multip les of the specified

MTTF of this specification. No replacement shall be allowed.

For wuality conformance acceptance , accept/reject criteria I

shall be in accordance with MIL—STD-781, Test Plan V. 1

Test time shall be In mul tiples of the specified MTTF and 
-

replacement shall be allowed .

5. PREPARATION FOR DELIVERY. 
I

5.1 PaCkaging. Packaging of the multiplier shall be in F

ac cordance with the best commercial practice.

6. NOTES.

6.1 Intended use, the multiplier is intended for use in

-j power supplies for second generation image Intensifier tubes.

6 .2 OrderIng data . Procurement documents shall specify I

the following:

6.2.1 Specification. Title , number , revis ion , and date of 
I

this specification and any amendments thereto. 1

6.2.2. Packaging. Level of packaging and level of packin g

required for shipment.

6.2.3 FJrst article. If first article samp les are to be

procured and the quantity if other than fifty (50).

A.22
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6 .2 .4 ~ uantit y . The quantity of multipliers to be supplied.

- r 6 . 2 . 5  Lot size. The quanti ty of multipliers making up the
I. lo t s~ ze on which sampling is based if different from first

I article or quality conformance requirements.

6.3 Definitions:
V -

6.3.1 M ult inlier efficiency . Multiplier efficiency is

V def i ne d as:
- 

Multiplier Output Voltage
AC In put Voltage X No . Stages -

I 6.3.2 Rated Output voltage. Rated output voltage for the

I i mul tiplier is defined as: Multip lier efficiency x rated
I - 

Ac input voltage x number of m ultiplIer stages.

6.3,3 Rated input voltage. Rated input v o l t a g e  is  equal

I to 1000 VPP ±1%.
V

L 6.3.4 Damage. Damage Is def ined as any breakage , lossen i n g,
1 s h I f t , deformat ion , failure of any finish , hardwa re , connec ti on

1 or com ponen t, increase or fluc tua t i on i n i n pu t cu rren t, corona ,
arc ing, voltage instability , electrical failure of mal-

func t ion in g , or any deterioration quality , or fa i l u r e  to

operate in accordance with the requirements of this sped-

- 111 ficiation.

1 9a t

I ,
j 

F_ i
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TABLE 1 I

FIRST ARTICLE INSPECTION FOR ELECTRICAL AND ENVIRONMENTAL I
CHARACTERISTICS AND MECHANICAL DESIGN AND CONSTRUCTION

EXAMINATION OR TEST REQUIREMENT METHOD
PARAGRAPH PARAGRAPH I

Group !
Visua l and mechanical examInation 3.3.1.2 1

— (external)  3.2.2 .4 , 3.2.2.5 .1
3.3.2, 3.3.3

Multiplier EfficIency 3.2.1.1, 3.2.4.1.1 4.5.3.1, 4.5.5.1 
-I 

-

3.2.4.2.1 4.5.4.1 *

Charging Current 3.2.1.3, 3.2.4.1.3 4.5.3.3, 4 .5 .5 .3  1
3.2.4.2.3 4.5.4.3 -

Input CapacItance 3.2.1.2, 3.2.4.1.2 4.5.3.2, 4.5.5.2
3.2.4.2.2 4.5.4.2

Group II

Resistance to Soldering heat 3.2.2.1 4.5.6

Terminal Strength 3.2.2.3 4.5.7

Over Voltage 3.3.4 4.5.8 -

Solderab ility - 3.2.2.2 4.5 .9

Dielectric withstandin g voltage 
F

at Barometric Pressure 3.2.4.3.7 4.5.10 I

Thermal Shock 3.2.4.3.1 4.5.13 1

High Temperature Storage 3.2.4.3.2 4.5.14

Low Temperature Storage 3.2.4.3.3 4.5.15 -

Humidity Sealing 3.2.4.3.4 4.5.16

Over Voltage 3.3.4 4 ,5.8

Multiplier Efficiency 3.2.1.1 4.5.3.1

Charqing Current 3.2.1.3 4.5.3.3 1
- .  I

- I

H
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a ;

I ~
-. FIRST ART iCLE INSPECTION CONTINUED

- i t
EXAMINATION OR TEST REQ UIREMENT METHOD

F PARA GRAPH PARAGRAPH

Input Capacitance 3.2.1.2 4.5.3.2

Visual & Mechanical Examination 3.3.2
(external ) 3.3.3 4.5.2.1

- V i s u a l  & Mechanica l ExaminatIon 3.3.1, 3.3.1.1

~ 

~~~~~ (Internal) (one sample unit) 3.3.3 4.5.2.2
- Group III

Reliability 3.2.3 4.5.17

Over Voltaae 3.3.4 4.5.8
I IJ

Visua l & Mechnaical 3.3.2
3.3.3 4.5.2.1

t Multi p lier EffIciency 3.2.1.1 4.5.3.1

Chara ina Current 3.2.1.3 4.5.3.3

Input Caoacitance 3.2.1.2 4.5.3.2

Group IV

Mechanical Vibration 3.2.4.3.6 4.5.11

Mechanical Shock 3.2.4.3.5 4.5.12

Over Voltage 3.3.4 4,5.8

ii Ripp le Voltage 3.2.1.4 4.5.3.4
3.2.4.1.4, 3.2.4.2.4 4.5.5.4

4.5.4.4

‘I

F-
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TABLE 11

GROUP A INSPE CTION
EXAMINATION OR TEST REQUIREMENT t-IETHOD AQL

PARA GRAPH PARAGRAPH (PERCENT DEFECTIVE)
MAJOR M I N OR

Visual & Mechanical 3.3.1.2, 3.2.2.4 4.5.2.1 0.65 4.0 
1

Examination (external) 3.2.2.5, 3.3.2
3.3.3 1

Over Voltage 3.3.4 4.5.8 0.65 -

Multiplier Efficiency 3.2.1.1 4.5.3.1 0.65

Charging Current 3.2.1.3 4.5.3.3 0.65 -

TInput Capacitance 3.2.1.2 4.5.3.2 0.65 -

I

•1

TABLE I I I

GRO U P B INSPECTION
EXAMINATION OR TEST REQUIREMENT METHOD —

PARAGRAPH PARAGRAPH
- 

- Multiplier Efficiency 3.2.4.1.1, 3.2.4.2.1 4.5.5.1, 4.5.4.1 -

Charging Current 3.2.4.1.3, 3.2.4.2.3 4.5.5.3, 4.5.4.3

Inout Capacitance 3.2.4.1.2, 3.2.4.2.2 - 4.5.5.2, 4.5.4.2 1

-I
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i i TABLE IV

I - 

GROUP C INSPECTION
I 

i EXAMIN A TI ON OR TE ST RE QU IREME NT M ETH OD
PARA GRAPH PARA GRAPH

i i Subgroup 1
-I

Thermal Shock 3.2.4.3.! 4.5.13

Over Voltane 3.3.4 4.5.8

High Temperature Storage 3.2.4.3.2 4.5.14

Low Temperature Storane 3.2.4.3.3 4.5.15

1 Subgroup 2

~ 
Resistance to soldering heat 3.2.2.1 4.5.6

Terminal Strength 3.2.2.3 4.5.7

Humidity Sealin g 3.2.4.3.4 4.5.16

I 

Over Voltage 3.3.4 4.5.8

Reduced Barometric Pressure 3.2.4.3.7 4.5.10

I 
Mech anical Vibration 3.2.4.3.6 4.5.11

I Mechanica l Shock 3.2.4.3.5 4.5.12

I 
Over Voltage 3.3.4 4.5.8.7

Multiplier Efficiency 3.2.1.1 4.5.3.1

ft Charging Current 3.2.1.3 4.5 .3.3

I ~ Input Capacitance 3.2.1.2 - 4.5.3.2

I 9 VIsual & MechanIcal 3.3.2
Examination (external) 3.3.3 4.5.2.1

Visual $ Mechanical
I Examination (internal , 3.3.1, 3.3.1.1

hi one sample) 3.3.3 4.5.2.2

-
~ 

11

A-27

-‘-- ;‘- 
~
‘.l,__ 1’4. ~~~~~~~



GROUP C INSPECT I ON CONTIN UED
EXAMINATION OR TEST RE QUIREMENT METHOD

- PARAGRAPH PARAGRAPH I

Subgroup 3 
I

ReliabilIty 3.2.3 4.5.17

Over Voltage 3.3.4 4.5.8

VIsual & Mechan ical 
I

Examination (external) 3.3.2, 3.3.3 4.5.2.1 1

Multi p lier Efficiency 3.2.1.1 4.5.3.1.1

Charging Current 3.2.1.3 4.5.3.3

Input Capacitance 3.2.1.2 4.5.3.2

Subgroup 4

Solderab llity 3.2.2.2 4.5.9

Ripple Voltage 3.2.1.4 4.5.3 4

- I
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A IDENTIFICATION
AND MARKING

DATE CODE k -

PART No.

F 6 STAGE CURVED M U L T I P L I E R  MODULE
I ’

_ 

1.15

I D E N T I F I C A T I O N  

../ ~~~~ .33 MAXi 

~~~~

- DATE CODE
1 - PART No.

- 6 STAGE RECTANGULAR MULTIPLIER MODULEi1

I’ NOTE: 
- 

-

I 1. TOLERANCES FOR ALL DIMENSIONS TO BE ESTABLISHED
FOR OPTIMUM PRODUCTION REPRODUCIBILITY.

-~~ Ii -- -~~: 2. LEAD MATERIAL TO BE SELECTED FOR OPTIMUM PRODUCTION
- - - REPRODUCIBILITY.

1~

i t

FIG. 3. MULTIPLIER MODULES
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