UNCLASSIFIED _

a0_ 296 169

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

&®

UNCLASSIFIED




NOTICE: Wwhen govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




=] peee ey e e b g Mg N

-

SR N ey ey

SRR Ny S ARG ¢

296169

CATALOGED BY
AS AD No.

{

-

B "
:
B8

ol 3 o e AT A it t S o st i i <.

Q?~2-V

RESISTORS, FIXED FILM TYPE
GENERAL PURPOSE

QUARTERLY PROGRESS REPORT #12

1 April 1962 through 30 June 1962

CONTRACT NO, DA-36-039-SC-81283

ORDER NO. 7630-PP-59-81-81

Prepared for the U. S, Army Signal Agency
by

RESEARCH AND DEVELOPMENT DIVISION

INTERNATIONAL RESISTANCE COMPANY

ASTHA

e
" FEE 1K '98%

+
¢



RES STORS, F’XED F I.M TYPE
GENERAL PURPOSE
QUARTERLY PROGRESS REPORT #12

1 Ap-i1 1962 threugh 30 L e 1942

Contract No, : DA -36-0.9-.5C-81283

Order No.: 7630-PP-R9.8].81
Applicable Specifications: SCS-22A

Report Prepared at: irter:aticra. Resistarce Co.

401 Nc -tk Br. .4 Street
ph’l'ﬂ.d(‘!'pl‘t q. P"a.

Written By:

J% G, Burns

Manager, Mecharial Developmert
Approved By:

M ard

Abraham ShocHet
Associate Director, Resear h
and Developmer.

Y .. I.
Mz~sger, Geernment Opezaticns

€ "r

"The work reported under this documers. has bee'. made pcasible through the
support and spor.surship extended by the U, S, A:my Sigral Agency under
Order No. 7630-PP-59-81-81, It is Putilshed :< + tuchr;: 4l infcrmatior. orly
and does not necessarily represert recommerdaii.r.s ¢ - corclusions by the
sponsoring Agercy, "




I TABLE OF CONTENTS
| Page
l Abstract 2
a Background 3
I I. Product and Process Development 5
| l II. Pre-Production Testing 5
II1. Reliability Evaluation 8
‘ l IV. Screening Tests 10
[ V. Mechanism of Failure 11
Conclusions 12
E Program for Next Quarter 13
H Personnel 14
Appendix 15
[
I
s

pu——————
v ,-.a



——

=l NN R U m A R A S T S A P B B e e e

ABSTRACT

All RC-07 pre-producticr testing has been completed excapt for the
400 Group III tests which had tc be repested due to a test equipment.
failure,

Performance data from RC-07, , 29 megochm and RC-20, .20 megohm
resistors is presented ‘or informational purposes,

Mechanism of failure studies have identitied two modas of failure:

(1) damaged resistive film, and (2) imperfect C, P, termination beads.
A 100% noise and tensile pull test is planned to eliminate such failures
on pilot run testing.

All reliability testing has been completed except icr 100°C, Load Life
and 175°C. No Load.

In order to meet the failure rate goal oS ., 1%, some efficient non-
destructive screening test will have to be developed, To this ernd, a

96 hour load life "burn-ir'' screening test was tried bu had to be discavded

when the results proved unsatisfactory.




BACKGROUND

The purpose of this contract is to establish a production facility with
capacity necessary to manufacture a minimum of 35,000 each of 1/4 watt

(RC-07) and 1/2 watt (RC=20) resistors per eight (8) hour shift,

The resistors are tc have the performance characteristics as set forth

in 8CS-22A (dated 15 January 1959) as modified by this contract. In
addition to other performance tests, the resistors must pass (1) a moisture
resistance (10 cycles) test with a performance goal of £3, 0% and (2) a load-
life test at 100°C for 2000 hours with a perfcrmance goal not to exceed 6%

for individual urits while the ave rage of the group is not to excead 3%,

As defined in the contract, the desired maximum failure rate of thase
resistors shall not be greater than one in one thousand (1 in 1000), The
failure rate shall be ascertained during the reliability evaluation and the

Pilot Run,

Durirg the pariod between September 15, 1958 to July 8, 1959, process
development work was continued by IRC in an effort to improve the per-
formance cﬁanctar‘utica and reliability of the High Stability Resistor
beyond the level which was attained at the conclusion of Contract

DA-36-039-8C-73235. This work was performed at IRC expense, and

-3-
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improvemerts were made in the following areas:

(1) overcoat materials development for improved moisture
resistance,

(2) contact paint development for improved performance of
unspiralled, intermediate range (300 ohm to 0,25 megohm)
resistors,

(3) establishment of processing conditions (specifically arcspirallirg

parameters) for improvement of short-time overload performance.

Development work was continued at IRC expense on the high-range {(above

10 megohm) resistor process,

One of the objectives of this contract is to provide a "'high stability, ' mass~
produced resistor at a cost approximately equal to that of the carbon
composition resistor, To accomplish this, it will be necessary to set up a
highly mechanized ops ration with a minimum of hand and/or transfer
operations, This has already been accomplished with the IRC type BT

resistcr and will serve as a guide for the contract work,

Resistor element development is being done in three areas: low, inter-

mediate, and high range.
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I, Product and Process Development

No activity during this quarter.

1. Pre-Production Testing - RC~-07 and RC-20

RC-07 pre-production test results, except shelf life, for ranges (400,
0. 29 megohm, and 0. 45 megohm) are summarized in Tables I through III,
This completes the last of the RC-07 ranges tested under Phase I, pre-~
production, RC-20 performance results for the . 20 megohm range are shown
in Table IV,

RC-07 400

Failures were obtained on dielectric wet (2), and moisture cycle,

Load (5).

The dielectric failures were due to pin holes in the mold jackst, Units
processed under phase II, Pilot Plant will be visually inspected more closely

to eliminate this condition,

During the moisture cycle test, a mechanical failure occurred, re-
sulting in the overloading of the units on load. These units showed maximum
changes from 6,0 to 7,0%. As:a result of the momentary overloading of the
circuit in which all units were connected in parallel, above normal % AR's
were obtained, The mechanical failure resulted from a *""Blue M'" power
sManufactured by the Amphenol-Borg Electronic Corp., Broadview, Ill,

Part Number 26-190-32,

-5.

[ F—



= N N EE N D TN T O Y e O o e e

L

jm— §

b |

connector which shorted and accidently subjected the resistors on load to an
overload at 100 volts, These resistors normally are loaded at 3,2 volts,
As a results of this accidental overloading, an additional (40) units have been

put through the moisture cycle test sequence. As yet, results are not available,

RC=-07 - 0, 29 megohm

There was (1) failure on low temperature operation, (1) on moisture
resistance, (1) on Short Time overload, and (1) on 100° Load Life., In all

cases there were no open units,

The 0,29 megohm test results are presented for information purposes

only and have no bearing on pre-production test phase approval,

On removing the mold jacket and overcoat from the moisture re-
sistance failure (4, 47%) and examining 1t under a 33x scope, nothing signi-

ficant was observed.

The low tamperature operation failure (1. 94%) was due to termination,
a crack in the Cp bead, A 100% noise and pull test should eliminate such

failures on pilot run testing,

The short time overload (unstable) and 100° load life (6, 65%) units

were accidently broken on attempting to remove the mold jacket and overcoat,

.6.
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In all likelihocod, the unstable unit was also due to a weak termination,

RC-07 - 0, 45 megohm

Two (2) failures were obtained on moisture cycle, The two moisture
cycle failures (5. 47% and 5, 14%) were examined under a scope and nothing

significant was seen, A total of two failures is permitted for this test group.

RC-20 -~ 0, 20 megohm

Performance results for the last of the RC-20 ranges (0, 2 megohm)
are presented in Table IV, There was (1) failure on moisture load, (8) on

100° load life, (1) on solder and (3) on 70° load life.

Mechanism of failure investigations reveal the following:
(a) Mcisture cycle (4. 37%) and solder (6. 31%) failed units broke
on removing mold jacket and overcoat, thus preventing any
meaningful investigation ahd mechanism of failure conclusions,
(b) 70° Load Life - (3) open failures., Hair line fissures were
cbserved running across the conductive path on two of the units,
The third unit showed nothing significant, It is hoped that the use
of a noise screening test will sort out similar potential failures
prior to pilot run testing,
(c) 100° Load Life - (1) open, 7% AR failures and average % AR

lot failure (3, 12%). The individual and lot failures were due to

-? -
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usirg tvo high a base range, Lower base ranges will be used in
pilot plant operstions,

II1, Reliability Evaluation

The contract specifies that reliability testing was to be conducted on a
sample of (20) resistors per environment, However, since this sample size
was cconaidered too small to ascertain with any meaningful confidence the
failure rate of the unit, additional samples of (2} each for RC=20 ranges
(38 ohm, 2800 ohm, 0,24 megohm, 0, 48 megohm) and RC~07 ranges

(24 ohm, 3000 ohm, 0,27 megohm and 0, 48 megohm) were submitted to test,

The tests were continued until either:
(a) 100% of the sample had failed, (the contract required 50%), 0-
(b) The test cycle on time was cxceed;d by a factor of 10, or (1)
yesr of test time had elapsed,
A summary of the data by average maximum, minimum and number
of failures by test cycle or hours is shown in Tables V through XIII. Except

for two tests, 100’ Load Life and 175° No Load, all tests have baen completed.

One relisbility objective of the contract was to develop a resistor
having no greater than a 1 in 1000 (0. 1%) failure rate with 80% confidence
when subjected to specified stress environments of Table XIV, An example

of the calculatiors used to arrive at the failure rate observed from the
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reliability test phase is carried out below.

Taking the low temperature storage data in Table V with a failure
designated as anything beyond %1, 0% AR, we obtain on grouping all ranges
and both styles, zero (0) failures out of (160) units for the normal or first
test cycle., (Failure rate calculations in all cases were based on data

collected on the first cycle or first 2000 hours),

(1) Observed failure rate 0/160 x 100 = 0, 0%,
On using the Pr)iu:on‘l )proba.bility distribution for calculating the upper
one-sided 80% confidence limit with zero (0) failures and a sample size of
(160) we {ind,

(2) One-sided upper 80% confidence limit = 1,01%.

Dividing 1,01% by the assigned weighting on severity ratio of 100, we obtain:

(3) 1.01%/100 = 0,01%

as the failure rute fcr low temperature exposure,

Identical calculations were carried out for all other tests except
high temperature exposure, 175° No Load. See Table XIV for results,
The 175° No Load data was eliminated from the failure rate calculations
(1) Note: Values were taken from Miss F, Thorndike's chart showing

cumulative probability curves for the FPoisson distribution,
(Bell System Technical Journal, Octobser, 1926).

.9 .
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due to the obvicus inability of the unit to withstand this environment for
the time specified. With the 175° high temperature exposure test omitted,

the overall target failure rate goal becomes 0. 086%.,

The observed failure rates, with 80% confidence for moisture cycle
(Oe 15%) and load life (0. 045%) exceeded the failure rate goal of 0, 004% and
the overall failure rate of (0, 21%) exceeded the goal of 0, 086% per tast cycle
and 1000 hours,

IV, Screening Tests

In order to meet the failure rate goal of 0. 1%, some efficient non-
destructive screening tests will have to be developed. A number of screening
tests are now under consideration such as roise, X-ray, 100% pull test and

twist test (check for instability,,

Some work has slready been performed in the area of possibly
developing a burn-in operation as a screening test, Extra units from pre-
production runs were placed on 100°C and 100% load and after 96 hours the
data was analyzed and units with abnormal changes (beyond #3 sigma) were
removed from test, The remaining units were kept on test for 2000 hours.
The burn-in test proved inefficient since some units that showed normal

changes after (96) hours showed up later as failures,

-10 -
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The units that were removed from test after (96) hours were
examined and in most cases nothing significant was seen, The only obvious
mechanism observed was cracked Cp-beads. Because of this a 100% pull
test will be used to screen out weak terminated units processed during pilot
plant operations,

V. Mechanism of Failure

Mecharism of failure studies have already been completed on units
that failed moisture cycle after 100 cycles. Two modes of failure were
clearly identified. A number of units showed areas where the film was
attacked and removed and other units showed cracks in the Cp-bead. The
film removal was probably due to inadequate overcoat protection, On
checking with IRC overcoat specialists, it was discovered that the overcoat
used had been in siorage longer than its predicted shelf life and that adding
solvent to the overcoat was not recommended. Fresh overcoat has been
ordered for pilot plant runs and adding solvent will be discontinusd, As
mentioned above, a sub-assembly pull test will be used to screen out cracked

terminations,

1l -
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CONCL USIONS

All pre-production testing has now been completed for the RC-07
style except for the 40 ohm Group III tests, This test will bo
ccmpleted shortly and the pre-production report will then be issued,
Pre-production testing has been completed for the RC-07, .29 meg-
ohr;x and the RC-20 megohm units, This data is offered for infor-
mational purposes.

A 100% noise and tensile pull test is planned to eliminate weak
terminations on pilot run testing.

Based upon reliubility test data, the overall failure rate of this
resistor was calculated to be . 21% per 1000 hours,

A 96 hour load life "burn-in" screening test was tried but proved
inefficient.

Mechanism of failure studies show that failures are caused by two

factors: (1) the resistance film being attacked or removed and (2)

faulty termination,



I

1.

2.

P O v, ER
(July, August, September, 1962)

Complete Group III rerun testing on the RC-07 pre-production resistors.
Write and submit RC-07 pre-production report to Signal Corps.
Continue Pilot Run production for the RC-20 style, ranges 10 KR, 1/2
megohm, 300ﬂ and 100Kn, |

Continue with 100°C load life and 175°C no load testing in order to

complete the reliability requirements of the contract,

-13 -
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PERSONNEL

Time Spent on Contract (1 April through 30 June 1962)

PRODUCT AND PROCESS

J. Burns 78.0
D, Osborne 112, 5

FACILITY DESIGN AND FABRICATION

C. Thornburg 7.5

PERFORMANCE AND RELIABILITY REVIEW

A. Aniline 2.0
P. Burroughs 6.5
W. Ebling 1.5
D, Famigletti 7.5
O. Johnson 181, 5
J. Sabo- 148, 5
TEST SECTION 258, 9

TOTAL 804. 4

- 14 -
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APPENDIX

High Stability = Pre=-production Performance Summary
Sheet #1 of 2
Sheet #2 of 2

High Stability = Pre-production Performance Summary
Sheet #1 of 2
Sheet #2 of 2

High Stability = Pre=-production Performance Summary
Sheeat #1 of 2
Sheet #2 of 2

High Stability = Pre-production Performance Summary
Sheet #1 of 2
Sheet #2 of 2

High Stability - Reliability Evaluation Summary Test -
Low Temperature Storage

High Stability - Reliability Evaluation Summary Test
175° No Load

Page #1 of 2

Page #2 of 2

High Stability = Reliability Evaluation Summary Test
100° Load Life

High Stability = Reliability Evaluation Summary Test
High Frequency Vibration

High Stability - Reliability Evaluation Summary Test
Shock

High Stability = Reliability Evaluation Summary Test
Acceleration

High Stability = Reliability Evalustion Summary Test
Moisture Resistance - Wet (Load)
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1
pra—1

XII,

XII1,

X1v,

High Stability - Relizbility Evalustior. Summary Test
Moisture Resistance = Wet (Polar)

High Stabllity = Reliability Evaluation Summary Test
Load and Polar - Dry Reading after 100 Cycles

Failurs Rate Gosls
Obsgerved Failure Rates
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