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SECTION 1

INTRODUCTION

Derating for electrical, mechani:q4l or electrcmechanical parts is
defined as the practice of reducing the electrical, mechanical or
environmental operating stresses belovw the maximum levels that the part
18 capable of sustaining in order to increase application reliability,

1.1 Objective

The objective of this conmtract was to develop and document guidelines
for electrical, electronic and electromechanical part derating. These
guideliner could be used as standards for evaluating designs or as
specifications te establish maximum allowable part operating levels for
various environmental conditions.

1.2 Scope

The defined list of 74 part types in 12 categories for which derating
guidelines were to be developed is shown in Table 1~1, A literature
search was performed to establish existing derating methods and derating
levels for the defined parts list. These data sources were analyzed and
tabulated to determine which part parameters shouid be derated and the
optimum derated stress levels for each of the required environmental
conditions., There were 9 unique enviromments for which optimum derating
was to be established:

1. Ground Benign 6. Airborne Fighter Inhabited
2. Ground Fixed 7. Airborne Fighter Uninhabited
3. Ground Mobile 8. Space Flight
4, Airborne Transport 9, Missile Launch

Inhabited

5. Airborne Transport
Uninhabited

In addition to eetablishmer* of Jeracing guidelines for all of the
defined part categories, critical aj~lication guidelines were to be
ircluded, Anp application guideline is dufined as a design rule that
states the limitation of the part im relefion to electrical, mechanical
or environmental parameters or packaging ard installation procedures,
Critical application guidelince for this report are those design
guidelines recognized as critical for reiiahle designs and therefore
merit inclusion with derating guidelines,

SRR, . v P TR e
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TRALE 1-11 LIST OF PARTS TO BE DERATED

PMART CATE0RY PRAT TYPE PART CATEGORY PART TYPE
DIGITH. (S51/KSD) PAPER/PLASTIC FILM
LINERR HICR
MICROCIRUITS LSI/MICROPRICESSOR CAPRCITORS GLASS
MENORIED CERRY I,
INBRIDS BECTROLYTIC
VARIABLE
TRANSISTORS SILICON (NPN/PNP)
TRANSISTORS GERMANIUN (NPN/PNP) NOTORS
TANSISTORS FET ROTATING DEVICES SYNCHROS/RESOLVERS
TRAMSISTORS UNIJUNCT N ELASPED TIME METERS
SIODES SILICON GENERn. PURPOSE
DINDES GERMANILN GENERAL PURPIGE TRANSFORMERS LN POJER PULSE
DICDES ZENER/AVALANCHE TRRNGFORMERS AUDID
THYRI STORS TRANSFORMERS HIGH POMER PULSE
NICRDWAVE DETELTORS INDUCTORS TRANSFORMERS POVER
SENICONSTTONS  MICROWAVE STHOYTKY DETECTORS TRANSFORMERS FF
NICROWAVE MIXERS COILS # CRBLE
NICRDMVE INPRTT COILS FIXED
HICROMAVE GUNN COILS VARIRBLE
HICROWAVE VARACTOR
NICRONAVE PIN GFNERAL PURPOSE
NICROMAVE STEP RECOVERY CONTACTOR, HIGH CURRENT
NICROWVE TUNNEL FELAYS LRTCHING
NICROWAVE TRANSISTORS EED
OPTD LEDS THERYL BINETAL
OPTO ISOLATORS METER MOVEMENT
CRT TOGGLE
ToES ™ MITCHES PUSH BUTTON
WAGNETROR SENGITIVE
WLYSTRON ROTRRY
LASENS CIRCILAR (RRCK AND PRAEL)
CONNECTORS PRINTED WIRING BOARD.
COMPOSITUIN %)) CORXTAL
RESIBTONS FILN (FIYFD)
METVORK FILN (FIXED) LAKPS (NEON/ THCANDESCENT)
WIRENOUND (FIXED) QUART] CRYSTALS
THERMISTOR MISCELLANEDUS ~ FUSES
NON-HIREWOUND (VARTABLE) VIBRATORS
WIREWOUND (VARIABLE) CIRCIIT BREAKERS
SRl DEVICES,
FIBER OPTIC DEVICES

4

- ———

12




1.3 Background

All electrical/electronic systems have minimum acceptabie reliability
requirements, even if not formally specifiocd, The parts used in a
system are the most critical items for achieving the required
reliability., Experience has shown that most field equipment failures
are due to failed parts, Prior to about 1960 control of parts
reliabiiity was accomplished by use of part specifications and testing
for both the parts and the produced equipment. Part application and
derating was usualiy left to the discretion of the designer,
Reliability was wusually controlled by levying specific Mean Time To
Failure (MTBF) requirements on the equipment. Designers achieve this
MTBF by allocating to a maximum allowable failure rate for the
individual parts,

This method results in two major deficiencies in achieving the maximum
cost effective reliability. First, testing does not duplicate all
operating conditions and thercfore does not disclose all possible field
failure modes., Second, since MIBF is a function of individual part
failure rates, it is often possible to compute an acceptable MTBF even
if one or more parts are operating at full rated stress levels. A part
operating at the full maximum rating is inherently more wnreliable and
is depending upon an unknown safety margin, if any, built into the
device by the manufacturer. Even if a failure due to overstress does
not occur in such a part, the time induced degradation rate is
increased, This may account in part for the common occurrence of
equipment calculated and tested to a specific MTBF which fails to
achieve projected reliability in field usage.

Recognition of these factors has led to the formalization of derauing,
for many programs by levying derating requirements on all designe within
the program. These derating requirements are in addition to those

requiring part specifications to control part quality and part receiving
inspection,

At the present time, there is no recognized Air Force standard devoted
exclusively to part derating for all environmentr, 1In part, thz reason
is due to the relative newness of using derating requirements as a
reliability tool. Another reason is that the establishment of derating
levels is somewhat subjective and derating does not lend itself to
supporting a large body of mathematical analysis as does other areas of
reliability analysis. Most information relating to specific derating
requirenents is contained in internal <contracior ox program
documentation and is not released for general publication. Thia
contract attempts to summarize and develop into general guidelines that
which is known and established.

13
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SECLTION 2

DATA DEVELOPMENT

2.1 Introduction

The primary tasks required by this contract were to select those part
stresses (parameters) most appropriate for derating and those critical
device charscteristics requiring application consideration and to
establish recommended stress levels for the selected parsmeters for the
operating environments specified. There were three major data sources
used:

1. A literature survey of present derating policies and practices.

2. An analysis of the part failure rate models as defined in
MIL~HDBK-217C Notice 1, "Reliability Prediction of Klectronic
Equipment",

3. Personal experiencc and techuical data of device technology,
operating characteristics, failure history and device physics of
failure. :

2.2 Literature Survey

2.2,1 Boeing Technical Library Survey

The literature survey was conducted by the Boeing Company Technical
Library individually for all 74 part types listed in the contract (See
Table 1-1). The following key words were used in addition to the names

and abhreviations of each of the part types:

A. Derating, Derating PYarameters, Derating Stress, Derating Stress
Levels,

B. Failure Rate, lailure History, Failure Modes, Failure Effects.
The search concentrated on literature published in the period from 1970

through 1981, Because of advancements in part technology over the past
decade, data older thsa. ten years was de—~emphasized.

14




The primary data bases searched weie:

CUMPENDEX, January 1970 - present, 817,000 records, monthly updates
(Engineering Index, Inc., New York, NY)

This data base provides abstracted information from the world”s
significant engineering and technological literature, The data base
included worldwide coverage of approximately 3,500 journals,
publications of engineering societies and organizations, papers from the
proceedings of conferences and selected government reports and books.

INSPEC, 1969 '~ present, 1,404,000 citations, monthly wupdates (The
Institution of Electrical Engineers, Savoy Place, London WS82R OBL,
England)

The Science Abstracts family of abstract journals, indices, and title
bulletins forms the largest English language data base in the fields of
physics, electrotechnology, computers and control. The total nurver of
journals scanned were approximataly 2,000,

NTXS, 1964 - present, 765,000 citations, biweekly updates (National
Technical Information Sarvice, NTIS, VU.S8. Department of Commerce,
Springfield, VA)

The NTIS data base consisted of government-sponscred research,
development and engineering plus analyses prepared by federal agencies,
their coniractors or grantees. It is the means through which
unclassified, publicly available, unlimited distribution reports are
made available from such agencies as NASA, DDC, DOE, HEW, HUD, DOT,
Department of Commzrce, and some 240 other units.

Source Data for Discrete Semiconductors (Table 2-3). These souxrces were
vsed to compare paat derating values for discrete semiconductors.

Bibliography (Sectiom 2.5): These sources were used for all part types.

List of MIL-STDs and MIL-HDBKs (Section 3.2): These sources were used
for all part types.

2.2.2 Boeing Experience Analysis Center Survey
The Boeing Experience Analysis Center (EAC) aurvey consisted of ¢ review
of the following data bases of "lesson learned" experiemce on aircraft,

missiles and space vehicles:

A. Raw field experience on over 13,000 current military, missile and
avionics carriers representing over 22 million flight houxs.

B. Helicopter experience data on 16 helicopter models with a total of
nearly 4 million flying hours.
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C. Commercial aircraft field experience data oun five models
representing over 3000 aircraft and 72 million flight hours.

D. Missile data such as Minuteman (LGM-30), Satura, AGM~28, AGM-69,
AGM-45, AGM-C5, AIM-7, AIM-9, ADM-20, Roland, GSRS, and ALCM,

E. Space data on Apollo, Burner II, lwsuar Reover, Lunar Orbiter, MVM
‘73, Mariner, and IUS.

F. Over 250,000 reports from GIDEP covering =znvironmental tost reports,
manufacturing methods and processes, hi~rel specifications, scientific
technical information, test equipment calibration procedures and ALERTS,

G. Miscellaneous ground and sea systems data on communication systems,
power plants, surface transport, electrical distribution systems, ships
and hydrofoil systems.

2.2.3 Military Documents

The literature survey included a review of all military specifications,
handbooks and standards with informaticn relacing to applications, usage
and derating for all the part types covered by the contract. Those with
significant applicability to this contract are listed in Section 3,
Paragraph 3.2 of this document,

2.2.4 Supplemental Information

For each of the part types of the contract, the responsible part
specialist reviewed their personal data files for material applicable to
derating and critical application factora. This information included
books, reports, mauufacturer”’s application notes, part evaluations, part
problem analyses, technical papers and technical articles,

2.2.5 Results Of The Literature Survey

The data search showed that there is not a large body of published
information defining current derating policies and practices. The
primary reason for this is partly due to the lack of a mathematical or
statistical data base for derating such as exists for the reliability
field. Good design practice dictates operating parts below their
maximum ratirgs and designing for “worst case" conditions results in
automatic derating. This lack oi an analytical base has resulted in ‘he
development of "rules for thumb" for derating which frequently result
from subjective judgment of intuition. Such derivations do not usually
result in published papers or documents,

The primary published sources used in developing the derating guidelinas
of this report are listed in the Bibliography of Paragraph 2.5 of this
section. The military specifications, etandards and handbooks

applicable to the recommended derating guidelines are listed in
Paragraph 3.2 of Section 3.
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2.3.1 General Methodology Of Data Analysis

Each data source disclosed by the literature survey was analyzed to
determine the following :

A. Did tne source contain derating information?

B. What part vypes were included?

C. For each part type covered, what parameters were derated?
D. For each derated parameter, what was the derating level?

E. To what operating environments were the recommended deratings
applied?

F. What special application considerations,ii any, were described by
the source?

These data were then tabulatnd by parameter, derating level and
operating environment. For many of the part types there was either no
data or such minimal data that tabulation was unnecessary.

L\

Transistors and diodes were two part types with a relatively large
amount of established derating data. These data will be used to
demonstrate the general methodology of deriving derating level pased on
present derating practice.

2.3.2 Trausistor and Diode Data Tabulation

Tables 2-1 and 2-2 are a tabulation of the major published derating data
for transistors and diodes respectively. Table 2~3 identifies the
source documents for this data. The tables indicate the. parameters
X derated and the reported maximum allowahle values for those puarameters.
411 listed wvalues are in percent of the maximum rating £for the
parameter. For example, ".8" in the I (current) column indicates the
maximum current allowed by that source is 802 of the maximum rated
value,

For tabulation purposes, the table defines the environment £for the
source. Almost universally, the present practice is to not distinguish
between operating conditions within a program. Therefore, a space
deratin;, document usually levies the same deraiing requirement for all ‘
componesits in the program whether used in the spuace vehicle or in the .
ground support equipment. Exceptions for less critical applications st
within a program are usually not defincd,
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TABE 2-13 TRANSISIDR DERITING DATA

SURE. TRANS
(0URCE ENVIRONENT WE I PR T IS VT VT VBT NS
VR BIPOL L5 B LTS
R mm M u“ ns .5 old
UNSHELTERED FET 4 5 6 LT3
ML AL 8 75 .5 L
}  SETER
UNSHEL TERED
w .6 .8 'a
m .s la '8
WAL .6 .8 .8
L SMCE COPL .6 .8 4
P .6 .B .8
ur .6 .B .2
FET .6 .8 .8
D FIGKTER-ALL AL .6
£ SPACE AL & LTS .5
FSPNE B .5 .8 K
WISSILE LAMNCH  PRMER .5 .53 J
6 BAKE AL 5 78 .73
NISSILE LAUNCH
FLIGHT AL .5 .5 .8
H  INWB-TRANSPOR
UNINHRR-TRANSPORT
AISSILE LAUNCH
BROUND AL 7 J K
I PENIGN EXCEPT -8
FIXED RF PR
KRILE
1 SWE AL 7 7 8 EXCEPT WF
.B PONER
FLIGHY TR 5 I3 .8
K INGAB-TRANSPORT .6
ININE-TRANGFORT .75
NN .83 7
™ .33 .8
GROUND e .8 J
L BENIN P %2 .8
FIXED FET 83 7
MOBILE T 94 .8
Y T 7
mr .“ la
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TRRLE 2-f:

TRAWSISTOR DERATING DATA (CONTINUED)

|
|
; SURGE TRANS
| SOURCE ENVIRONVENT TWE Y AR I I5 VT VLT VAT NOTES
t N FLIGHT AL .6 .8
| UNINHO-TRRNS
{ LS 6
l NN B3 7
g m -5 -B
m ls 'G
.8 X
M . B
FLIGHT T LSS 6
N INVB-TRNS FET .3 J
UNINRD-TRANS FET 9% .8
wr .5 6
T 7 J
m“ Im .a
NA/PNP PR 5 7
NPW/PNP PR g .8
NP/PNP PUR .8 8
R 5 TS W5 LN PONER
NN 6 5 .8 .75 HIGH POMER
0 MISSILE LAONCH WN/PWP b .5 o HIGH P/TREQ
WT -5 -5 "nl
Fer ' K
P GROUND BENIEN ML .5 75
FIIED T
GROND AL AL & .75 .8
@ RUGHT AL ALL 5 .7 .8
T¥CE ALL 6 T 8
W S L2 T5 LN POMER
s I L 75 RIGH PRER
R GACE WS .2 5
23 . S 75 GP/BH
(3 A 75 AMER
8 SPACE AL % 5 LS 5 SIL ONLY
T GROUND-HLL. ML .6 .3 7
NISSILE LANCH
|
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TRELE 2-11  TRANSISTOR DERATING DATA (CONTINED)

SURGE TRANS
SOURCE ENVIRONMENT TYE 77 PR I 15 VKT VLT WY NOTES
T S 6
/Pe 3 d
wm lm Ia
VAL FET .5 ¥
i  SHELJERED Rl & o
UNS ELTERFD FET 9% .8
wr .8 &
wr .7 of
wr .e9 .8
vV FLIGHT AL .6 B .9 6 9.
INHAS-TRANSPORT
UNINHRE-TRANSPORT
NPN/PNP -
¥ GROUMD BENIGN FET .6 HERIETIC
FIXED FET .5 MLRBTIC
MOSFET B .3 N
I SACE [ TR B BY Y I o Y |
HICRHAVE T3
Y GROUND BEXION AL 73
FIXED

NOTEs  JUNCTIAN TEMPERATURE DERATINDS ARE BASED ON DEGREES CENTIGRADE
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TABLE 2-2t DICUE DERATING DATR

SOURCE ENVIRONKENT TYFE 17 IF I8 PONER PIVAXYV NOTES
RECT .62 27 A5 Q.55
NAVL b .60 8@ 0.9 0.8
A SHELTERED REF .60 470 8.5 UM
UNSHELTERED RED .60 A7 A5e Q.7
THY  8.55 0.68 478 OB
RECT 38 am T 0B
NAVAL B a5 anm 9.65
) SHELTERED REF 6“5 am .65
UNSHELTERED REG L5 o 2. 65
THY 5 am 0.85
RECT  B.6O LY a.be
L] 8.60 b8
¢ sme REF  N.G¢ .
REG  0.60 .00
CAP D60 8.0
D FIGHTER-ALL Al  B.B8 QTS .7
RECT  0.66 Q.60 A75 B.6d O.T5 115 FOR 175 RATIND
(] 3.6/ 9.6 RGO B.t8 O.M 100 FOR 150 RATIMG
E GPCE REF 8,65 &% B.68 130 FOR 208 RATING
REG .5 .60
HICRN 0.cé
RECT 6.5 .58 0.6
SPACE ] | & 0.5 o
F KISSILE LAMNCH  REF LW .5
REG L5 8 .00
THY .58 Lo
VARACT L5 a.00
RECT W67 675 &70 6,65 G.TO
] 067 @50 a5 4% o7
REF .67 8.u
¢ SMCE R 867 .5
P0G 857 0S8
VARRCT B.67 A.75 a5 .7
SOTKY @67 ¥
RECT  o.89 &3 .0
FLIGHT SH 8.8 L5 Q.08
N INHAB-TRANS REF 689 w3l
UNINRB-TRANS  REB  0.8% 0.5
WISSILE LANCH  THY .5 5.60

.085
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TRLE 221 DIODE DERATING DATR <COMTIN/ED)
SOURDE ENVIADNHENT TV 1 IF  ISPER PIVAKY NOTES
SRTARD RECT (¥ 050 6.8 TROS VOLT.B M
BENIC RENS 023 & 078 1PN .8 WX
{ P REF "9 TIR 203 (PECT/S)
NOGILE REG "
™o am 875
RECT (M RES 678 TRNS VLT .B WX
REDS G5 &7 & 1R .0 M
e REF " TIR 228 (RELT/SH)
RED .
WA a7
RLIGHT TR 04D TS o7 0.5
K INRDTRNS  JRTY 060 &.73 s
NING-TRHE I BTS A.T5 s
oM W75 A7 a7
RIT L& e
GROUND RET BT .
L BENIO sonE
FINED W en
MBILE OFFIRE B.07 9.9
, REFIRE 0.77 0,85
b N FLIGH L ™
ININC-TREWS
R/ 00 &G M T 1
\ RIS 77 BT WSS car I
| RECT/ B53 A5 A GRIT 1M1
AL RED "% o 1
N INBTRS  RE 085 T
NINGE-TRES  RED s CMT 100
™ L am  oT 1
TH s a® oy o0
™ en A% CRIY I
X RECT/GH .67 0.0 650 R.00
0 MSIELNN RE  B.67 LS
RS 0.6 L
PGROND BENIN AL L1 ™
FIED AL o5 L
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; TRALE 228 UIIRE DERRTING DATA (CORTINGER)

e ™

15 MR PIVEKY  NOTES

ST W R

2
L W e apri M:Hﬂimvwrumthw [ Rl ¥ P

SOURCE ENYIRONRENT TYPE W W
AFUTELHEC PRI AT RIRDR
| GROUND AL AL B8 TS 858 RATED Ti=100
! FLIGHT fid AL 885 4% 860 RRTED Vi=ip
! SPACE AL B.6Y 9,78 R RATEN X9
t GROUND ALL Lo Q.68 RTS 4.5 FRTER Ti=174
| FLIGHT ALL AL NB8 ATS .8 RRTER Ti=10
{ m N-L ‘nm .vm ﬂ,ﬂ Rﬂm TJ"“.'S
GROUND ALL AL LB LT 1,5 RATED T3=1%0
0 FLIGHT AL AL BB AT 8.8 RATER TI=1R
SPACE AL 668 4TS & RRATED TX<1TH
GROXND ALL ML 0.6 4TS 2.8 RATEY 13175
FLIGHT ALL AL B8 475 | B TN T3=17§
SPACE /L 858 L7 2.0e ROTED V=170
GROUND RLL ALl MLER 473 2.2 PSR TU=280
FULGHT & AL R AT 8.8 RYTED T3=20
SPACE AL 808 W75 2.00 RATED Tle2t%
RECT Q.68 0.5 2.5
4] 2.68 82
R EPACE RECT . B.60 %50 | .0 N
REF  AGR 8.
REG  M.ER 6.50
W LB LW L ]
RECT41E 45 9.9
§ BPACE RECT) 40 475 Ln
1 .66 | e
REG .0
GROND-AL ar L% &7
T MISSILE LANCH  PONER e .00
REF/RED N
GO A L5 A% g.t8 The, SHTHHTE)
L GrCOL & .80 2.2 am TO=, BB TI+TE)
U GHELTERED Ge-CL T L% o 0. 00 T W(TI4T5)
UNGHELTERED RIRQ. A LN TO=, SB(TJ+T5)
RIRQL B .6 T, BR(TJ415)
RIRILT 4.9 Ths. MTIHTS)
|
}
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TARE 2-2¢ DIODE DEMATING DATR (CONTINJED)

| COREDWIRNE TVE 1 IF ISPER PIVEKY  NOTES
) '
i FLIGHT ML BT LT
| v INB-TRS
i NIN-TRONS
! BRUD RET LG RL® RS A3
v RE/RF 06D A L3
FIED WRCT LB LTS LS TS
1 sRE AL LS AT LS AT
MCRRE LN AT
Y GRND NN AL "
FIED
NOTES  JUNCTICN TENERATURE DERRTINGS AR BAGED ON DEOREES CENTRIGHAUE
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TABLE 2-3: Derating Data Sources for Discrete Seamiconductors

Each data source is followed by a brief description of the equipment
type covered, the MIL-HDBK~217C environment designation, and program

type, military, NASA or commercial.

SOURCE
LETTER SOURCE

A NAVSEA 0967-LP-597-1010: Parts Application and Reliability
Information Manual for Navy Electronic Equipment (Naval Sea
Systems Command, November 1975)

Naval electronic equipwent: Naval, Sheltered; Naval,
Unsheltered; Military

B NAVSEA 0967-LP-597-1011: Parts Application arcd Reliability
Manual for Navy Electronic Equipment (Naval Sea Systems
Command, October 1980)

Naval electronic equipment: Naval, Sueltered, Naval,
Unsheltered; Military '

C PPL-14: GSFC Preferred Parts List (Goddard Space Flight
Center, June 1978)

Space electronic equipment: Space, Flight; Military
D 53-15-2A: F=-16 Parts Derating Policy (USAF, November 1975)

Fighter aircraft electronic equipment: Airborne, Inhsbited,
Fighter; Airbormne, Uainhabitad, Fighter; Military

E RAC No., 0~06~01~1: Electronic Part Recommended Design
Criteria for Comsec Equipment (October 1980)

Space electronic equipment: Space, Flight; Government

F SAMSO-STD=77-7: Standardizevion and Control of Parts,
Materials and Processes for liissiles and Support Equipment
(Space and Missile Systems 0;yanization, Air Force System
Command, August 1977)

Space and missile electronic wjuipment: Space, Flight;
Missile, Lannch; Military ¢




MI1-STD-1547: Parts, Macerials and Processes for Space
and ‘Launch Vehicles, Technical Requirements (October 1978)

Spcae electronic equipment: Spcae, Flight; Military

0232-10327~1: Air Launched Cruise Missile (ALCM) Parts
Selection List and Stress Derating Requirements (Boeing
Aerospace Company, June, 1980)

Flight and missile electronic equipment: Airborne,
Inhabited, transport; Airborne, Uninhabited, transport;
Missile, Launch; Milicary

D328~10023~1: General Support Rocket System (GSRS)
Electrical/Electronic Parts Derating Criteria (Boeing
Aerospace Company, December 1977)

Mobile rocket launcher system: Ground, Benign, Ground,
Fixed, Ground, Mobile; Military

D290-10020-7: Inertial Upper Stage (IUS) Electrical/
Electronic Parts Derating Criteria (Boeing Aerospace
Company, March 1977)

Spuca electronic system: Space, Flight; Air Force

D204-10548-1: Airburne Warning and Control System (AWACS)
Derating ansl Application Stress Analysis Procedure-Electrical

and Elertronic Parts (Boeing Aerospace Company, September
1972

Flight comwmunications system: Airborne, Inhabited, transport;
Airborne, Uninnabizod, Transport; Military

MorganTown Phase 1I: Electrical/Electronic Parts Derdting
Criteria (Boeing Aerospace Company, June 1978)

Rapid transist vehicle system: Ground, Benign; Ground,
Fixed; Ground, Mobile; Commercial

D225-~12000-2: Compass Cope Electrical/Electronic Equipment

Design Equipment Design Criteris (Boeing Aerospace Company,
June 1975)

Unmanned aircraft electron systems: Airborne, Uninhabited,
transport: Military
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D5000 (7?A1, 72A2, 72Bl, 72B2): Boeing Design Manual for
Electrical/Electronic Design (Boeing Commercial Airplane
Company, Updated annually)

Aircraft electronic systems: Airborne, Inhabited, Transport;
Airborne, Uninhabited, Transport; Commercial

D232-10024~1: SCAD Electrical/Electronic Parts Application
and Derating Guide for CAE and AVE Equipment (Boeing

. Aerospace Company, March 1973)

Missile clectronic systems: Missile, Launch; Militaxry

Article: '"The }eliability of Fuilure Rates', Microelectronics
and Reliability, Vol. 12, 1973

Teleyhone systems: Ground, Benign; Ground, Fixed;
Commercial

RDH~-376: Reliability Design Handbook (RADC, March 1976)

RADC reliability design manual: All ground, flight,
aad space systems; Military

PPL-12: GS¥C Preferred Parts List (Goddard Space Flight
Center, July 1972)

Space electrouic systems: Opace, Flight; NASA

SPACE ZPP-2061-PPL: Electrlical/Flectronic Part Dexatiny
Factors (Jet Propulsion Laboratory, November 1974)

Space electronic systems: Space, Flight; NASA

RIM H~1224: Component Derating Policy for US Roland
Redesigned Equipments (Hughes Aircraft Company, Septemben
1977)

Mobile rocket electronic nystems: Ground, Benign; Ground,
Fixed; Ground, Mobile; Missile, Launch; Militury

AS-4613: Application and Derating Requirement for Electronic
Components, General Specification for (Naval Air Systems
Command, July 1976)

Naval electrouic systems: Naval, sheltered; Naval,
Unsheltered; Military
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AWACS Reliability Engineering Procedure No, RE-3: Parts

Derating and Application Stress Analysis Procedure (February
1973) '

Flight communications systems: Airborne, Inhabited,
Transport; Airborne, Uninhabited, Transport; Military

Universal Division and Control Systems. UDACS (Bowing
Aerospace Company, July 1981)

Flectrical power systems: Ground, Benign; Ground Fixed;
Commercial

GT 750543: ¥inal Report of Research into Deruting and
Reliability Models and Applications of Electrical and
Electronic Components for ESA Spacecraft (Ganeral Technology
Systems Limited, December 1976)

Spacecraft electronic systems: Space, Flight; NASA
"For The Real Cost Of A Design, Factor in Reliability",
Y. Deger and T. C. Jobe (RCA Corp.), Electronics, August
30, 1973, pp B3-88.

Consumer electronic equipment: Ground, Benigu; Ground,

- Iixed; Commexcial
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2.3.3 Environmental Evaluation

The derating levels for transistors and diodes were retabulated by
source and envirorment for each major parameter. The purpose of the
retabulation was to determine if present derating practices relate the
dorating stress level to the nine defined operating environmente
(Paragraph.l.2)

The tabulation of the transisiur and diode part types were divided into
groups as defined by the failure rate models of MIL-HDBK-217C. A list
of the groups is shown in Table 2-4. The operating environments are
abbreviated per MIL-HDBK-217C and are listed in Table 2-5, The Naval
Sheltered and Unsheltered enviroaments are shown for comparison, Tables
2-6 through 2-38 shows the retabulation. The numerical values shown for
the environmental factors at the bottom of the tebles are the MIL~
HDBK-217C multipliers to the generic failure for the listed operating
environments,
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TRALE 241 DISCAETE GENICONOUCTOR PRAT GROUPS PER MIL-HDBK-217
GROUP PRRT TYPE

I TRANSISTORS, NPN/PNP, GILICON, GERMANILN
11 TRANSISTORS, FET

11 TRANSISTORS, UNIMCTION
IV DIODES, GENERAL PURRGSE, SILICON, GERMANIUM
vV DIODES, WOLTRGE REGULATOR (ZENER: AVALANCHE)
¥ DIODES, VOLTAGE REFERENCE (TEMP., COMP. AVALANCHE)
VI THYRIGTORS

VII  MICROWAVE, DETECTORS. MIKERS

VIIT  MICROMAVE, VARACTORS, STEP RECIVERY, TUNNEL
IX  MICRONVE TRANSISTORS
X  OPTG-ELECTRONIC DEVICES

TRBLE 2-51 OPERATING ENVIRONMENTS PER MIL-HDEK-217

121,38 ENVIFDNMENT

Gb GROUND, BENTON

oF GRIUND, FIXED

o GROUND, MOBILE

ary AIRDORNE, TRANSPORT, INHABITED
v ATRBORNE, TRANSPORT, UNINHABITED
AlF AIRBORNE, FIGHTER: INHABITED
aF AIROORNE: FIGHTER, ININHRBITED

&F BPACE FLICHT

H. MIBSILE LAUNCH

b NRVAL, BHELTERED

(4] WAAL, UNSHELTERED
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TARE 2-61  DEMATING LM%MW?W JHCTION TENPEMTURE

SUE 88 G o AT ETTRE aF

F L N B
g e & K3
R S
H S .8 5
% Ua lg
;g :§ B
;E & &
K3
g8
K.
8 55
T & & 6 3
ut S35
i g 4
v I B
1 , 5
E LSS B35 &0 A6 BG4 BED RED G55 WS &5 TS
wn 6 B g MM 6 b B R M
I “ ','u . -5 [y * s "5 ns 15 .
ENVIRO !
CRETOR 4 3 21 12 8 245 M 1 @ 2B 1

iﬁm T TRIRE 36 WRSEN N JUNCTION TEAPERAY™G TN DELREES CENTIGRADE

TORE 211

DEMAT 10} LEVELS FOR BIFOLAR TRWSISTORS FMER
R 207 oRdue
ENVIRONWENT
BORCE BB OF DN A AT RIF AF S K. N M
8 A
3 N
¢ 3.3
] S5
¥ om0 &
k§ ® o
. s
goE & b 6 B B 6 ' )
K 5 '
T 3 4y
! 3 03
‘ l75 ‘:7‘5 '
AE M55 065 B66 0.7 B.57 &6 A6 W4 0.5 5.48 840
LGS R S T SN -SSR S S B S g
B e S S O S SO S S S |
puIRy !
TR 1 3 & 12 A B @ 1 B 2B M :
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T 241 DRI T A{ e e

ENVIRONENENT
AIT AT AIF AF o W N

BURE @ F N
A 5 .8
§ . I |
6 :?3
I .15 .18 .78
] T3
K T3 .

N N
) g
K B .8
o T
B
P .15 TS
g ln lm -15 Ou ln 375 ln .ns
v T TS )
X .
WE BTS BTS 073 AT BT3RS 7S B2 Q.78 .70 &TW
W .75 75 % .8 .8 .75 .75 .8 B .9 .9
m" ln lm [ . . 075 ln l: In 05 ls
RO

FRCOR 1§ 35 25 12 2 25 & 1 & 25 1

TABLE 2-91  DERATING LEVELS FUR BIPOLAR TRANSISTORS \DLTRGE
(NIL-HOBK-=217 GROUP 1)
ENVYRONHENT

GONCE 6B OF OGN AT AUT AIF RF SF M NI NS
A 5 T8
) N
: :

Fi 8 .8
|2 o 7
H - AL
I .8 .8 .B
2 7 7 3
i .8
? g
K R
[ - T
2 8 8 .8
] .2
NI I |
N2 g0
K I
0 .75
¢ .8 .2 .8 .B £ B .B .8
] T3
8 .75
T .1 117 I1 I7
i -
17) N |
us . 8 .0
1 - T
AE .75 0.75 075 B72 B./3 0.60 .08 B.76 LTS BT2 AT2
o8 .88 B 4 B .8 B .0 B
1 .7 !7 IG 's [ ] . £ ] 1 ls ls
ENVIRO
FRCOR 1 3 235 12 2 25 @ 1 M 25 m
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TRILE 2-1:  DERATIND Wﬂﬂ&! 2”%' ISTORS SURTE CURRENT

ENVIRONENT
GB GF (M AIT AT RAIF AF & W N N

SOURE
“ -5 n‘
3 9 .9 A
l [ [ ] 'n
AV L% 0.9 LTS 0.6 68
m 9 .9 5 T3 T
KN - N i £ 6
ENVIRD

FRCTR 1 8 28 12 2 25 M4 { & 2 n

YABLE 2-113 DERATING LEVELS FOR FET TRANSISTORE JUNCTION TEMPERATURE
(HIL-HOBK-217 GROUP ID)

BUNE OB GF O AIT AT AIF AF BF K N NS
«b

B b

. 3 8]
é 0
{ R 8
3 8
. I
:s % J L 0

Fior
S

P
B B B
- IS B

=B

58
TUWE BT RS AT BG4 B.G60 .60 BER N6 G5 BT BT
16 [ ] L lg r .B IB ls IB I“ lg“
v B T T S - - A

ENVIRO
FRECK 1 3 23 12 2 23 & | & 25 N

NOTE! THE TRELE 16 MOSED ON JUNCTION TENPERATURE IN DELREES DENTIGRADE
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12 Ili?“_ﬁa&?ﬁl?s G%H)TRMiMS POMER

ENVIRUNMENT
68 OF O AIT AT AIF AF BF K N N

RS e amT s

" ﬂ&
o6
’s .5
-5 Is ls
8 .8 .8
u lu l“ '“ s
S & & & 6 E W6 ag
oA
¥
.g % B o
. G;‘
o3

WE 6,62 B.G2 0.57 B2 B.5] G.00 B.60 B.43 B.A3 0.4 0.40

ORI R N T - R
"la ls .3 l‘ » 1 [ ] HE .3 .3 ] L]
N I T R
TRLE 2-131  DFPATING LEVELB FUR FEV TRANGISTORS CURRENT
(HIL-HOEK-2L7 GROLE 1)

ENVIRONSENT
BIUCE OB OF A AIT AUT AIF AF 6F M. NI NS

3 3
X R
B
B
TS5 LTS B
—— T
J5 . T
575 l;§ 175 173 un l75 075 tn
RTI | )
T
M AT B,75 075 0,75 B3 BIS AT AT OTS A7 BTR

R
Frerth

i 0 - SV - Y £ T Y : B« B .g
T3S ..75 By T - I Y - B B - I

1 3 A ©2 B A 4 1 B 23 n

34




L 10 TR0 08 R e

ENVIRONMENT
GF G AIT AUT AIF AF SF W NI NS

SORE G
A I5 T3
8 !n tn
X
E g
1 05 TS
" !a la .8
i 7 2 9
2 B .5 B
) !
K TS )
A
ﬁ . « . '.
N4 6
7] 1 B
ug g8 .8 -
¢ .8 & 8 B .8 .8 .8 .B
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2.3.4 Results of Data Tabulation

These retabulativns are summarized in Tables 2-3% through 2-43 by group
and environment for each parameter. A detsiled examination of these
summaries clearly shows that present praciice does not define the
recommended derated stress level for u parameter on the basis of the
operating environment. While there is zonsiderable consistency in the
level of derating for a specific pzrameter, a comparison of the derated
stress level to the environment indicates that environment. is not a
definitive wvariable in establishing the recommended stress level,
Present derating practice essentially recommends the following derating
for any environment:

DERATED STRESS

YARAMETER LEVEL FROM MAX RATING
Junction Temperature (deg C) 64
Power .53
Current W71
VYoltage .75
Surge Current .76

The lack of environmental variation can be partially explained by the
fact that almost all the derating data sources were derating for a
single specific environment, An additional factor is the prevalence of
intuitive analysis in the selection of derating levels and consequent
differing interpretations of how much derating is really necessary for a
given operating condition,

This does not mean that operating envircnment should be ignored in
developing derating requirements. B8ince the failure rate increases with
the extremity of the operating environment, derating can compensate for
environmental effects by operating the part: under stress conditions
which will result in a lower failure, This can be showr by examining
the effect of stress on the predicted failure rate. However, protection
of the parts from the operating environments is a design problem and
does not dictate the necessary derating from the device absoiute maximum
rating.
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2.4 Failure Rate Model Analysis

2.4.1 Failure Rate Prediction for Discrete Semiconductors

Ty determine if derating can be developed from an analysis of the
failure vrate model of a device, the failure rate prediction method for

general purpose silicon transistors will be examined (reference

MIL-HDBK-217C). The general failure rate model for transistors and
diodes is:

1p=>‘b(“Ex"Ax"Qx“Rx"c) Failures/10° hours

The failure rate model consists of a base failure rate, Al;g , which is
multiplied by various__ _T[___constants which depend on type, usage and

environment, For NPN/PNP bipolar silicon or germanium transistors the
multiplication factors are defined as:

Te Environment:
Ta Application

L q Quality

|l R Power Rating
LY Voltage Stress
C Complexity

The equation for the base failure rate, Ab , 18

N
( T 273 + T + (a1)s | P
Ay = Ae 273 F T(81)S e T,

vhere

A is a failure rate scaling factor

ﬁ" is_the natural logarithm base, 2.718
M IM. and P are shaping parameters

T is the operating temperature in degrees C, ambiext or case as
applicable
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A;L is the difference between the typical maximum allowable
temperature with no junction curremt or power and the typical
maximum allowable temperature with full rated junctinm current
and power,

S is the stress ratio of operating electrical stress to rated
electrical stress.

The values of the constants depend on the transistor/diode type and
3roup. The resulting base failure rates are functions of temperature
and electrical stress. The equation is based on typical maximum
junction temperatures of 100 degrees T for germanium (70 degrees C for
microwave types), 175 degrees C for silicon (150 degrees C for microwave
types) and 125 degrees C for opto-electronic devices as well &8s a value
of 25 degrees C for the maximum temperature at which full rated
operation is permitted. If device temperature ratings uare different
from these values, the values of S and T for entering the equation are
adjusted by procedures defined in MIL-HDBK-217C,

Calculated curves for NPN transistors are shown in Figure 2-1, The
curves cover failure rates up to the full rated vonditions. If a
particular operating condition of S and T results in a failure rate
higher than the mwaximums shown by the curves, the device 1is
over-stressed and should not be operated under those conditions., A
similar set of curves may be plotted for each discrete transistor and
diode type including thyristors and opto-electronic devices.

2.4.2 Variation of Failure Rate with 3treas Ratio

If the temperature is held constant and the change in failure rate with
changes in stress is plotted, a curve such as is shown in Figure 2-2
results. This curve is typical of this type of computation for discrete
semiconductors, The abscissa represents Stress Ratio which £or NPN
transistors 1is operatir ‘er divided by the maximum rated power. The
ordinate represents the mnt change in failure rate compared to
operation at a stress vatio of 1, For example, operation at 90% of
rated power results in a failure rate that is 327 lese than the failure
rate for operation at full rated power.

The curve shows that there is a continual reduction in the predicted
failure rate with stress reduction to the 10% stress level, However,
experience has shown that derating should be limited to 50% because the
gain in failure rate reduction is not significant, in most cases, for
the design penalities incurred when derating greater than 50% is
imposed,
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2.4.3 Selection of Derating Levels

As previously derscribed, extreme derating to the 50% poinr can result in
difficult and costly designs. For highly critical applications this

may be necessary, however for many non critical applications it would
not be justified. An obvious example would be ground support test
equipment. Since the curves show considerable failure rate improvement
with miniminal derating it would appear to be completely viable to
establish multiple derating levels based on the criticality of the
application,

As previously described for semiconductors the maximum derating point
should be 50%. For tne minimum derating point extensive design history
indicates tbat 75% derating presents almost no design penalities while
offering considerable improvement in the predicted failure rate. In
addition, it is obvious that allowing a 90% operating stress level would
not normally be considered good design practice because of the proximity
to the absolute maximum rating.

The selection of the maximum and minimum derating points and the
approximate midpoint of 652 results in an acceptable selection of
derating levels for differing requirements and is consisten® with the
literature survey of present derating practices.

2.4.,4 Conversion of Derating Levels

The primary failure forcing function for semicoiductors is junction
temperature. Since the dominant failure mechanisms are associated wich
the device junction temperature, it is advisable to express the derating
levels in terms of junction temperature, The method for tramslating the
selected derated stress levels of 75%, 65%, and 502 into junction
temperature was as follows.

Figure 2-3 shows the apecification absolute maximum derating curve for
the military preferred rectifier type 1N4148., The stress ratio for
general purpose diodes is operating forward current divided by the
maximum rated forward current. The maximum rating for this part is 1.0
amperes forward current up to an ambient temperature of 25 deg C. Above
25 deg C the current is derated linearly to zeroc at 175 deg C. The
slope of thie curve depends on the physical constants cf the device and
is approximately equal to the reciprocal of the thermal resistauce., In
practical terms, it is assumed that the junction temperature at uvery
point on the curve is equal to the maximum rating of 175 deg C.
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Note that in general, low power parts have their maximum temperature
ratings spevified in terms nf swbient temperature (TA) and high power
parts are specified in terms of cawe temperature (TC). In some casee,
waximwm ratings are given for both TA and TC, The division point
between low power and high power is arbitrary and not exactly defined,
MIL=~8TD=701, which lists military preferred semiconductors, defines low
power a8 5 watis or less and high pover as grester than 5 watts.

The derating strese ratios of 7%%, 65%, and 50% are drawn oun the graphs
of Figure 2+3, maintaining identical slopes to the maximum rating
curves,  Since at  zero forward curxent, the ambient and junction
temperaturss are equal, this results in maximuw allowable junction
tempevatures of 112,75 deg € for Level T, 138,75 deg ¢ for Tevel II, and
136,25 deg © for Lavel ILI stress ratios, This process was repeated for
the  waximwn rating curvas of the other highest usage military preferred
transistors, Table 2-44 anc diodes, Table 2+45., Table 2-46 stows the
recomuended  mawximum  allowable  junction tempewatures for discete
semiconductors, These selected temperatures are womewhat lower than
that imndicated by the above described analysis technique. This is due
to the exceptionally high temperatures indicated and that in most cases
the selected temperatures do not vepresemt a difficult design
constraint,

2.4.5 Analysis of Selected Junction Temperatura Limits

An analyeis of the selected derating levels (including temperativre) was
conducted by analysis of resulting failure rate as calculated per
MIL~HDBK= 217C, A table of the calculated values is shown in Table
2-%7. For purposes of this analysis, the failure rates were calculated
beyond the limits allowed by MIL~HDRK~217C. On the %able are marked the
selected dergted scresces, the resulting tailure rate (circlad) and a
line the stress vatio/temperature trade off needed to waintain that
failure ratio (a line), This data is then plotted in Figure 2-4, This
curve 18 mnot a rigorous analysis, Xts purpose is to illustrate the
relative derating effect on failure rate. Note the following:

1. Lorge reliability gain with little derating (Level III which sre not
difficult to achieve in design),

2. Reliability gain rate decreases below Leyel I derating. FPurther
derating would be unrealistic and difficult to achieve,

3. The selected intermediate derating Level (Level II) is still in the
region of sharp gains in reliability. Achievement of the derating will
require significant design effort but still would not be a overwhelning
burder (i.,e. + 125 deg C and 0.65 stress ratio),

4, Note the plotted temperature bar at each derating level; This shows
that large temperature changes are required to trade off against the
stress ratio,
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TABLE 2-46:

DERATED MAXIMUM JUNCTION TEMPERATURE

| I

MAXIMUM | MAXIMUM ALLOWABLE Tj (deg C) |
RATED | |
Tj [ LEVEL | LEVEL | LEVEL |
(deg C) | 1 | 11 \ 1L |
| I | o

200 | 115 % 140 | 160 |

| | |

175 | 100 | 125 | 145 |

I | | |

150 |  MAXIMUM | MAXIMUM |  MAXIMUM |

| RATED | RATED | RATED i

or | MINUS | MINUS | MINUS I
LOWER | 65 ! 40 ! 20 |
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701. 224. 74"'8“', 19800

"Synchros and Resolvere in Digital Systems”, Boyes, G. Automationm,
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Capacitor", Asada, T,.: Shibrai, K.,: Kageyama, I.: Hasegawa, Y.,
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Y., Mike, T., Sakurai, T,, Iwasake, M. and Naasske, O,, Electrical
Engineering in Japan, Vol. 93, No. 6, 1973.

"The Reliability of Failure Rates", Van Diest, H. G.,
Microelectronics and Reliability, Vol. 12, Pergamon Preus, 1973,

"Effects of Temperature on Avionics Reliability", Duhig, J. J.,
Jr., and Weaver, T. E,, Proceedings of Annual Reliability amnd
Maintainability Symposium, 1977.

"Trends in Failure Survival Techmiques for Avionic Systems", Price
D. C., The Rudio and Electronic Engineer, Vol, 46, No, 7, July 1976.

"The Reliability of Aerospace Ground Equipw nt", Shafer, R. E.,
Evaluation Engineering, May/June 1968.

"Electronic Part Failure Rates in Space Environments", Connor, J. A.,
IEEE Transactions on Reliability, September 1963.

“"Evaluation of LSI/MSI Reliability Models™, Kasouf, G., Proceedings
of Annual Reliability and Maintairability Symposium, 1978.
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Corporation of America, jolid State Division, June 1975,

69

e T s . R R . Cr T eEmem ot VR R 0 4f et & e AgR e Ea g




64, "Satellite Electronic Components Reliability Assurance", Jumon®, J.
1., Moria, A., Chino, K., Kurosawa, H., Review of the Electrical
Laboratories, Vol, 28, Nos. 7 and 8, July and August 1980

65. "Trends in Microwuve Power Transistors", Casterline, E. T. and
Benjamin, J. A,, Solid State Technology, April 1975.

66. '"Handbook of Components for Electromics", Harper, C. A., McGraw-Hill,

1978.

1.6 Recommendations

The following recommeundations conceru further work considered desirable
for the subject of derating.

2,6.1 Expansion of Literature Survey

As descrited in Section 2.2, a great deal of present derating practice
is contained ir internal user documentation and not released for general
publication. Acquistion of this type of data requires more time aud
on-site personal coordination than was ailuwable by the initial effort
this contract wepresentated, An update to the material in this document
could inrclude such an effort.

For nany of the part types specified to be derated by this contract,
there was little o: ao derating data disclosed by the literature secarch.
There were two main reasons for this lack of data, First some of the
part types are very seldom used in design and therefore have nrever
merited the 2ffort of formalized derating requirements. Secondly, other
part types are extremely sophiscated and specialized in their wusage.
Usually such part types have highly interdependent parameters which do
not permit the independent derating of individual parsmeters.

Fxpansion of the literature survey would explore in detail the following
areas: tubes, lasers, rotating devices, connectors (coaxial), quartz
crystals, vibrators, SAW devices, fiber optic devices, microwave
transistors and diodes, hybrids, microprocessors, memories and custom
LSI devices.,

2,6.2 Semiconductor Derating Curves

The darating curve from MIL-§-19500 for absolute maximum rating was used
to relate the selected end points over the total application range {sce
Figuire 2-3). Here parallel curves have bheen dreswn connecting the
selected end points. A brief review of these combined deratings suggest
an over derating when conditions prevail betwszen the end points. A
study is needed to generate the proper shape of these curves which gives
sufficient derating with consideration to design difficulities.
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SECTION 3

GENERAL DERATING REQUIREMENTS

| 3.1 Scope
! 3.1.1 General

This section and the following sections present reliability derating
guidelines for electrical, electronic and alectromechanical parts,
These requirements are intended fcr use by all organizations involved in
the design, wuse or evaluation of electrical, electronic or
electromechanical equipment and systems. The guidelines are iuteaded
for citation in whole or in part in contractr, task statements,
specifications or statements of work for such equipment.

3.1.2 Necessity for Derating

It has been proven by experience and part failure rate models that
derating (operating parts at less than their maximum ratings) is
necessary for reliable operation. It can be shown that there is an
improvement in the predicted failure rate for a part as the operating
stresses are decreased., This failure rate reduction continues to a
point vhere further stress reduction results in insufficent further
reliability gains,

3.1.3 Limitations of Derating

The derating levels recommended in the following sections are guidelines
only and should not be considered as absolute values. Derating always
represeuts a compromise betweem size, weight, cost and failure rate,
Generally, size, weight, and cost increase with increases in derating,
Excessive derating can result in no part existing to perform the
function. Also, the excesrive derating can vresult in unnecessary
ircreases in parts count and consequently of the overall circuit
predicted failure vate,

For most spplications, the recommended guidelines will not result in
significant size, weight or cost penalities, A careful analysis of the
design to establish all the trade offs should be performed for those
cases where it may be advicable to exceed the recommended guidelines,
j Minor devistiuns from the guidelines usually have small effect on the
predicted failure rate. ‘s

3.2 Referenced Documents
The following documents applicable to the material herein and ahould be )

congulted for supplemental information pertaining to the application and
usage of electrical, electronic and electromechanical parts.
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SPECIFICATICONS
MILITARY

MIL-C-20

MIL-T-27
MIL-C-3098
MIL-S-4040
MIL-E~5400
MIL-5~8334
MIL-E-8189
MIL-C-15305

MIL-S-19500
MIL-C-19978

MIL-T-21038
MIL-C-23269

MIL-M~38510

MIL-C-39001

MIL-C-32003

MIL-R-39005

MI1-C-39006

MIL~R-39007

MIL-R-39008

MIL-R-39009

1

Capacitors, Fixed, Ceramic Dielectric
(Temperature Compensating), General Specification
for

Transformers and Inductors (Audio, Power, and
High Power Pulse), General Specification for
Crystal Units, Quartz, General Specification for
Solenoids, Electrical, General Specification for
Electronic Equipment, Airborme, General
Specification for

Switches, Toggle, Positive Break, General
Specification for

Electronic Equipment, Missiles, Booster and
Allied Vehicles, Genersl Specification for
Coils, Fixed and Variable, Radiofrequency,
General Specification for

Semiconductor Devices, General Specification for
Capacitors, Fixed, Plastic Dielectric
(Hermetically Sealed) General Specification for
Transformers, Pulse, Low Power, General
Specification for

Capacitors, Fixed, Glass Dielectric, Established
Reliability, General Specification for
Microcircuits, General Specification for
Capacitors, Fixed Mica Dielectric, Established
Reliability, Geuneral Specification for
Capacitors, Fixed, Electrolytic, Tantalum, Solid-
Electrolyte, Established Reliability, General
Specification for

Resis-ors, Fixed, Wire-Wound (Accurate),
Established Reliability, General Specification
for

Capacitors, Fixed, Electrolytic (Nonsolid
Electrolyte), Tantalum, Established Reliability,
General Specification for

Resistors, Fixed, Wirewound (Power Type),
Established Reliability, General Specification
for

Resistors, Fixed, Composition (Insulated),
Established Reliability, General Specification
for

Resistors, Fixed, Wirewound, Chassis Mount,
Established Reliagbility, General Specification
for
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MIL~C-39010

MIL-C-39014

MIL~R-39015
MIL-R-39016
MIL-R-39017
MIL-C-39022
MIL-R-39035

MIL-R-55182

STANDARDS

MILITARY

DOD-STD-1686

MIL-STD-198
MIL-STD~199
MIL-STD-202
MIL-STD~454
MIL-STD-701
MIL-STD-721
MIL-STD-749
MIL-STD-785
MIL-STD-1131
MIL-STD-1132
MIL-STD~1346

MIL-STD-1498
MIL-STD-1562

Coils, Fixed, Radiofrequency, Molde(, Established
Reliability, General Specification for
Capacitors, Fixed, Ceramic Dielectric,
Established Reliability, General Specifications
for

Resistors, Variable, Wirewound, Established
Reliability, General Specificatiom for

Relays, Electromagnetic, Established Reliability,

- General Specifization for

Resistors, Fixed Film (Insulated), Established
Reliahility, General Specification for

Capacitors, Fixed, Metallirzed Plastic,

Established Reliability, General Specification for
Resistors, Variable, Non-wirewound, Established
Reliability, General Specification for

Resistors, Fixed Film, Established Reliability,
General Specificction for

Electrostatic Discharge Control Program for
Protection of Electrical and Electromic Parts,
Assemblies and Equipment (Excluding Electrically
Initiated Explosive Devices)

Capacitors, Selection and Use of

Resistors, Selection and Use of

Test Methods for Electronic and Electrical Component
Parts

Standard General Requirements of Electronic Equipment
Lists of Standard Semiconductor Devices

Definitions of Effectiveness Terms for

Reliability, Maintainability, Huwan Factors,

and Safety

Preparation and Submission of Data for Approval

of Nonstandard Parts ‘
Reliability Program for Systems and Equipment, b
Development and Production

Storage Sheli Life and Reforming Procedures for
Aluminum Electrolytic Fixed Capacitors

Switches and Associated Hardware, Selection and i
Use of

Relays, Selection and Use of

Circuit Brzakers, Selection and Use of
Lists of Standard Microcircuits
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HANDBOOKS
MILITARY

POD-HDBK-2630 ~ Electrostsatic Discharge Control Handbook for
Protection of Electrical and Flectronic Parts,
Assemblies and Equipment (Excluding Electrically
Initiated Explosive Devices)

MIL~HDBK~175 =~ Microelectronic Device Data Handbook

MIL-HDBK~217 -~ Reliability Stress and Failure Rate Data for
Electronic Equipment

3.3 Definitions

The terms and definitions used herein shall be interpreted im accordance
with the definitions of MIL-STD~721 except as otherwise noted.

3.3.1 Derating

The use of parts in such a manner that the applied stresses are less
than the maximum ratings.

3.3.2 Rating

For a specific parameter, the rating is the maximum value (stress) the
part is designed to withstand. Rating is normally used for describing a
stress such as temperature, power, and voltage or current which
increases failure rate as the stress is increased.

3.3.3 Stress

Electrical, mechanical or environmental forces applied to a part which
can affect failure rate,

3.3.4 Stress Ratio
The operating stress divided by the maximum rated stress.
3.3.5 Application

The method in which a part is used. This usually directly affects the
predicted failure rate. Application factors include all the electrical,
mechanical, and environmental characteristics of the parts operating
environment, A critical application factor is a particular operating
characteristic of the part which critically affects the failure rate and
therefore is valid for inclusion with derating guidelines. For example,
MIL-HDBK-217C lists three major application factors for bipolar
transistors; linear amplification, switching, and low noise or RF usage.
The generic failure rate multipliers for these three applications are
0.7, 1.5, and 15,
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3.4 General Requirements
3.4.1 Equipment Derating Levels

For many part types there is a range of acceptsble derating levels
between the minimum derating point and the point of over derating. The
optimum derating 1is normally considered to occur at or below the point
of stress where a rapid increase in failure rate occurs for a small
increase in stress, Three recommended derating levels are selected on
the basis of the criticality of the application.

3.4.1.1 Deratiag Level I (Maximum Derating)

Equipment whose failure would aubstantislly jeopardize the 1life of

personnel, or useriously jeopardizs the operational mission or for which

repairs are unfeaaible or econowically unjustified.

Level I derating is judged to be those stress levels below which further
reliability gain is negligible or where further dexating will create
unacceptably Jifficult design problems. This is inteaded for the most
critical applications where th: ussociated design difficulity can be
justified by the reliahility requirement,

3.4.1,2 Dersting Level II

Equipment whose failure would degrade the operational mission or would
resuit in vajustifiable repair costs.

Level IT derating ig considered to be 8till in the range where
reliability gzains are rapid as struss is decreased, However, achieving
designs with these reductions in allowed stress, is significantly more
dicficult thamn at lLevel TIX,

3.4.1.3 Derating Level I1X

Equipment of lesser criticality than Levels I or II, Equipment whose
failure does not jeopardize the operational mission or which cen be
quickly and economically repaired.

Level IIT derating is that stress level reduction which creates minor
design difficulties #nd yzt  generates the largest  incremental
reliability gain. The 1large reliability gain ic realized because the
effects of stress increase dram&tically as the absolute maximum rating
is apyproached,

3.4.2 Equipment Environwents

Generaliy, the followirg criticality levels apply, a3 wminimum, for the
listed operaticnal environments:
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ENVIRONMERT LEVEL
Ground IX1
Flight II
Space I
Missile Lauanch ]

3 I“'.3

Derating cannot be used

Part Quality Levels

to compensete for using parts of & lower quality

than necessary to meet usage reliability reyzirements. The quality
level of a part has a direct effect on the predicted failure rate.
Electrical testing of all parts in & Iiot {8 noct guavanteed for
commercial or JAH level military parts. ¥ar high reliability
spplications only fully tested and screemed parts (including burn-in)
should be used, in addition to application of the sappropiste derating
levyels.

3.4.4 fpecific Derating Guidelines

Derating guidelines £or specific
following sections. The order of
popularity or criticality.

SECTION NO.

O o~ O

10
12

13
14
15
16

18
19
29
21
22
23
24

part

types are detailed in the
listing is in approximate order by

PART TYPE

Microcircuits
Transistoys

Diodes

Thyristors

Optical Semiconductors
Rasistors

Capacitors

Inductors

Relays

Switches

Conuectors

Rotating Devices

Lamps

Circuit Breakers

Fuses

Quartz Crystals

Tubes

L.asers

Vibrafors

Surface Wave Acoustical Devices
Fiber Optic Components
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SECTION 4

MICROCIRCUIT DERATING GUIDELINES

4.1 General

For purpoaes of derating, microcircuits may be classified as digital and
Linear since the siress factors of voltage and current are distinctive.
Another useful subdivision is bipolar aud MOS. Further subdiviasion of
functional types and construction types can be made but their
distinctiveuess in derating is not significant,

Microcircuits cam be generally characterized as a group of transistors,
diodes, vresistors, and capacitors (circuit elements), formed through
diffusion processes in the surface of a silicon chip. The surface
dimensions of elements are in the range of millimeters or less while the
vertical dimensions are in submicron. This structure geometry leads to
power dissipations in extremely small volumes in the chip surface with
the heat spreading downward to the package bottom and then to the
external environment. This near point source of heat and one direction
of heat flow can create very high temperatures at the active junctions
and high thermal gradients in the region of the junction, The junction
, thermal time constant can be in the low microseconds and the junction
3 temperature can track pulsed power down to that rate. The effective
junction width 1is quite narrow and leads to high electric field
intensity within the silicon. However, the applied junction voltage is
not generally under the control of the user and thus is not considered
in derating. An exception is linear devices (input and output
circuitry), when derated voltage can substantially aid device life time,
This susceptibility is due to the generally sensitive input circuitry
and the high power output sections., Note that power deratings are
directed toward reducing temperatures at those high power elements where
concentrated high temperatures exist,

The circuit elements are interconuected by surface metallizaticue,
possibly multilayer with crossovers, where conductor widths are
generally submillimeter with similar separations between conductors, The
separations between cross overs are closer and are insulated by solid
diffused materials. Current densities often will be in the range of 10E5
amps per cmE2 cross section of conductor. While the applied electric
field strength and the current density are designed to be within the
capability of these interconnect wmaterials, the existence of ro
manufacturing defects of electro-chemical reactions, and metal migration

over long periods of time can lead to failure in the intercommect -
system.

3
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In general, a perfect semiconductor device is considered to have
virtually unlimited 1life under normal operating conditions. However,
chemical reactions of contaminating materials, solid state reactions to
extraordinary voltage and current stress will, over time, cause changes
which may cause the circuit to malfunction, These reactions are most
strongly accelerated by increased temperature, A brief list of typical
defects leading to device failure is given:

o Microcracks in silicon chips

n Undesired chemicals in the enclosed atmosphere (i.e. water,
sulfur, chlorine, etc.)

0 Incomplete metallization (over oxide steps and on conductor
surface) '

0 Solid state defects in junction regions

o Thin insulation (or holes) between conductors (cross overs or
capacitors)

o Poor wire bonds subject to metallurgical changes,

This brief list is hardly exhaustive but merely illustrates the
need to derate those stresses which when coupled with defects can
cause device failure,

The selected derating levels in this section are based upon analysis of
4 large historical body of user data and upon well understood
relationships of stress and reliability. Generally the specified
derating chould be achievable with design constraints consistant with
the enhancod reliability, Waivers "o the specified derating should be

considered on an item by item basis rother than broad changes to whole
part categories,

4.2 Application Guidelines

1. All possible considerations should be given toward maintenance of
minimum junction temperatures. Note that all heat travels to the bottom
of the package and heat removal is most effective in this area. The
minimum power practical should be applied to the part and consideration
to external capacitance will reduce the associated current transients,
Power dissipation can rise rapidly as the operating frequency approaches
the maximum rated frequency. The device specification usually will
characterize this parameter. The specified DC power for these device
types has little meaning for high frequency operation.

Most microcircuits utilize a gold-silicon eutectic die mount method
which results in low thermal resistance to the package subatrate. To be
avoided, where possible, are parts using high thermal resistance methods
of die mount (i.e. glass, epoxy or intermediate insulating substrates).
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2. Most modern microcircuite are subject to electrostatic discharge
damage (there is a wide variation of sensitivity). Requiring special
precautions are MO5S devices and other high imput impedance types which
are especiclly susceptible to electro static discharge (ESD). Since this
damage may be latent, leading to failures aftexr application, veasonable
przcautions should be taken to avoid exposure tc thie hazard.

3. Careful precaution in circuit design is vrequired to aveid application
of reverse voltages on device leada., A coomon source is transieat
overshoots from fast, high current awitching. Occurrence of such
overshoots will lead to extrecaely high currese flow with its attendent
internal damsage, The design should not switih faster than the function
requires since this high speed increases device susceptibility to
failure, Also, use of faster dcvices tham the circuit requires
introduces all those attendant weakvegses and generally increases power
dissipation,

4, On bipolar digital devicea, supply voltage deviation from the
specified nominal will reduce noisc margin a2 seen externally and will
shift internal bias poinis which when coupled with tbrrmal effects can
cause erratic performance, This rupply voltage sisbility is egpecially
difficult duri.ag transient excursions when very high currents witl flow
from the supply. The supply voltage tranzients will be both pusitive and
negative, This offect is also presenc in linear devicas buv is aorwally
expected and design precautions are an obvious weguirewment,

5. A certain amount of parameter shift cam he anticipated over the life

of a microcircuit. While this will not prodvce » catastropic falluie, it

may cause the associated circuit to malfuucvion , Design margins should

be used to assure proper circuit function with the indicated change:
Bipolar Digital

Input leakage current; 4iC0 2

Fan—out ; ~20 %
Frequency; -10 %
Linear
Gain; -20 %
Offret voltagaes(l); +50 %
Offnet currents; +50 % or +5 pA

(whichever is greater)

(1) Low offset devices may have changes in the order of as much as 300%,
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4.3 Derating Guidelines

4.3.1 Lineaxr Microcircui* peratipng Guidelines (See Table 4-1)
(Daruted fro oprocurement specification maximum values)

A. Supply Voltag~: Derate from the absolute mawimum,

%; B. Input Voltare r Derate from the absolute maximum,

4]

%I C. Outnut Current: Derate £rowm maximum performance value,

',

i‘ D. Junction Temperature: Derate ver Table 4-1.

TABLE 4-~1: LINRAR DERATING
T T T TTLEVE I
| | !
| PARAMETER I I | X i I1I i
| | i | I I
| SUPFLY VOLTAGE | 0.70 (1) | 0.80 | 0.80 lI
| | | — -

| INPNUT VOLTAGE | 0.60 I 0.70 | 0.70 |
| - ! | o | |
| OU'LPUT CURRENT | 0.70 I 0.80 | 0.80 |
[ == I ! I - -
| MAX JUNCT. TEMP | 80 i 95 ! 5 |
I EG C) | ! | |
- ™ | N

(1)  Des.gning below 70% of the supply voltage may operate the device
below *he recc mmended operating voltage.
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4.3.2 Voltage Regulator Derating Guidelines (See Table 4-2)
(Derated form procurement specification maximum values)

A. Supply Voltage: Derate from the absolute maximum,

B. Input Voltage: Derate from the absolute maximum,

C. Differential Voltage Access Regulator: Derate from the absolute
maximum (Note: The differential voltage should always be 110X of the
specified minimum required for proper regulation),

D, Uutput Current: Derate from the absolute maximum,

E. Junction Temperature: Derate per Table 4-2.

T4LBLE 4=2: VOLTAGE REGULATOR DERATING

et ! : - e v v ;o L me 1 L)Y A R SN
' ot “-;ﬁ‘ﬂJ;v '

I | LEVEL |
I | |
| PARAMETER I 1 | 1L | 111 |
| ! I | |
| SUPPLY VOLTAGE/INPUT | 0.70 | 0.80 | 0.80 |
| VOLTAGE/DIFFERENTIAL | I | |
! VOLTAGE ACRCSS | ! | |
| THE REGULATOR I II |I lI
I [ e remr e v | e e i | i s o
| OUTPUT CURRENT | 0.70 | 0.75 i 0.80 |\
| .= | e |~
| MAX JUNCT. TEMP [ 80 | 95 | 105 |
| (deg C) | | | |
,,
; .
i.
w
Y
y
;&1 I
3
! oy
81 i \
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4.3.3 Bipolar Digital Derating Guidclines (See Table 4-3)
(Derated from procurement specification maximum values)

A, Supply Voltage: Tighten tolerance from nominal value
B. Frequency: Derate from absolute maximum
C. Output Current (source and sink): Derate from absolute maximum

D, Junction Temperitura: Derate from Table 4-3

TABLE 4~=3: BIPOLAR DIGITAL DERATING

| | LEVEL |

I | I

| PARAMETER | I | I | I1I |

I : | [ oo | - |

} | SUPPLY VOLTAGE | +/=-3% | +/~57 | YER |
i TOLERANCE, | | |SPECIFICATION |

. | | | |

| : FREQUENCY } 0.80 I 0.90 | 0.95 |
o e | | |

: OUTPUT CURRENT (1) { 0.80 | 0.90 | 0.90 |

| | |

‘ MAX JUNCT, TEMY : 85 | 100 | 115 |

| | |

(DEG C)

(1) Reducing fan-out may increase part count, which in turn increases 1
equipment failure rate. Whers obvious, adjustment should be allowed to 7
prevent this occurrence, ‘
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4.3.4 1708 and CMOS Derating Guidelines (See Table 4~4)
(Dersted from procurement specification maximum values)

A. Supply Voltage: Derate §rom maximum

B. Output Current: Derate from maximum

C. Frequency: Derate from maximum specified for tha applied supply
voltage .

D. Junction Temperature: Derate firom Table 4-4

TABLE 4-4: MOS AND CMOS DERATING
i I LEVEL i
| PARAMETER | |
| | 1 I 1% i 17X |
| | | I |
} | SUPPLY VOLTAGE | | | i
| (from absolute | 0.7 (1) | U.8 | 0.8 !
| maximum) | | I |
| |~ -] | el |
| OUTPUT CURRENT | i [ |
| (Buffer & Flip-Flop | 0.8 | 0.9 I 0.9 |
| only) (% of max, | | | f
| I0L only) [ | { |
I | i e | | ;
| FREQUENCY I | | | “
! | (% of max at supply | 0.8 | 0.8 | 0.9 | Z
I % | voliage) | | | I !
| | | | I - | i
; | MAXIMUM JUNCTION | | ! I !
| TEMPERATURE | 85 | 100 I 110 i ’:
| (deg C) | | | | ﬂ
\ I _— R | i :
N (1) Derating to 70% for supply voltaga may cause operat.on of the davice g ; '
: below the recommended operating voltage. T )
i
3 \
| ! X
,\ ! |

#a

. . ——
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4.3.5 Complex Microecircuits

Note that no division has been made along the lines of circuit
complexity (i.e, Smull Scale Iucegration, SSI versus Large Scale
Integration, LSI) or along the 3iines of circuit function (i.e,
Micxoprocessor, memory or hybrid subsystems). The recommended decrease
in stress level (derating) is related to the technology wused to
construct the active circuitry on the chip (i.e. bipolar versus M0S).
Thus the appropriate derating tables of Section &4 should be used,
Complex devices may represent a high failure risk on 4 per package basis
and uay merit wmore derating for that xe.con, Howeveir, other than
terperature, it is difficult to derate the voltage or current or
frequency of complex dewvices since they are truly a subsystem and

generally have a narrow parameter range over which they will pioperly
operate,

Raview of published past practice shows these complex device types to be
derated exactly the same as simple wmicrocircuits of like tachnology.
However, due to the large pnrtion of circuitry within a single package
it ie recommended that special effort be wade to reduce the temperature
below that recommended for thar technslogy. The required packaging and
heat sink effort will be less relative to that associated with a 1like
amount of circuitry scattered through more devices (less complex), Thus
the relative u1liability gain is greater for the required derign
conatraints. Note that temperature is the strongast single degrading

stress and thls effort can also compensate for the general irability to
devate the othex stress factore,
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SECTION 5

TRANSISTOR DERATING GUIDELINES

5.1 General
Transistoxs can be divided into four major categories:
A, Bipolar (NPN/PNP, Silicon or Germanium)
¥, Field Effect (N~Channel, P~Channnl, MOS, GaS)
C. Unijunction
D. Microwave
Phototreneistors and other radiation sensitive types are cuvered in
Section 8 Optical Semiconductors, Transistor chips should be derated

the same nr for hybrid microcircuits, Section 4.

Like all semicorductors, high tempersture operation is the most
destructive stress for transistors, The maximum junction temperature is

always controlled for a specific device. Control is  wusually
accomplirhed by specifying the maximum ambient or case temperaturc at
which full yated power ox current can be carried, From this

pover/temperature 1oint, the reduction in power with incraasing
temperature is defined by supplying the therma) resistance or a power
curve, The end point of this maximum rating is zero power at full rated
junction temperature.

Volcage hreakdown is the othar major failure forcing function which is
to be derated for tiansistors. Also, power transistors are subject to
failure by the second breakdown phenomena even when operated within the
voltage/current ratings, therefore, the defineq Safe Opesrating Area is
also derated.

The wselected derating levels in this section are based upsn analysis of
a large historical body of user data and upm well undarstood
relationships of stress and reliability, Generally the sapocified
derating should be achievable with design constraints consistast with
the enhanced reliability. Waivers to the specified derating should be
considered on on item by item basis rather thar breoad changes to whole
part categories,
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5.2 Application Guidelinas

A. Allov as a minimum for the following degradation in the list:d
parameters over the gervice life of the desigm:

1. Gain (screened devices) +/- 10%
2. Gain (unscreened devices) +/~ 20%

3. Leakage Current + 1002
4, Switching Times +  20%
5. Saturation Voltage +/=~ 15%

Note: Unscreened devices may be in the infant mortality region and
exhibit greater gain variations than shown in “typical®™ ratings.

B. Power transistors are subject to failure by thermal fatigue when
exposed to many temperature cycles. Thermal cycling is a normal result
of on-off operation, For maximum reliability, observe the case
temperature change limits shown in Figure 5-1, For example, a device
which is being operated at 502 of rated power dissapsation and is
expected tc have 50,000 on—off cycles during its useful life should not
exceed a 50 deg C case temperature change from minimum to maximum.

C. The sum of the anticipated transient voltage peaks and the operating
voltage peaks should not exceed the recommended derated voltage limits,

D. Avoid use of faster devices than the design requirew since faster
devices compromise other parameters and are more susceptible to
secondary breakdown.

E. Do not use germanium devices for new designa.

5.3 Trangistor Derating Guidelines

A. Derxata power as shown in Table 5-1. Application of the poweor
dorating to the maximum ratings is describaed in paragraph 5.3.1.

B. Derate junction temperature as shown in Table 5-1. E

C. Derate voltage as shown in Table 5 ,.

D. ¥or devices with defined Ssaie Operating Area (50A) curves, derate as ,
shown in Table 5~4 and described in Paragruph $.3.2. ‘
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TABLE 5-1: POWER DERATING

MAXIMUM ALLOWABLE TOTAL
POWER DISSIPATION (PT)

LEVEL I | LEVEL II ! LEVEL III
| |
050 | 0.65 | 0.80
MAXIMUM | MAXIMUM I MAXIMUM
RATED | RATED | RATED

TABLE 5-2: JUNCTION TEMPERATURE LERATING

|  MAXIMUM | MAXIMUM ALLOWABLE TJ (DEG C) |

|  RATED | |

| TJ | LEVEL | LEVEL | LEVEL |

: (DEG C) | I | 1I | III |
s macas | woe | | |

| 200 I 115 | 140 | 160 |

| | I | |

| 175 | 100 | 125 | 145 |

| | | i |

i 150 | MAXIMUM | MAXIMUM | MAXIMUM |

| OR IRATED MINUS| RATED HINUS | RATED MINUS |

| LOWER | 65 | 40 i 20 i

TABLE 5-3: VOLTAGE DERATING

}  MAXIMUM ALLOWABLE VOLTAGE |
|

| LEVEY T i LEVFL TI | LEVEL ILI |
f o | - o I
| 0.6 I 0.7 I V.8 |
| MaXimMu | MAXIMUM | MAXIMUM |
i RATED i RATED I RATED |
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TABLE 5~4: SAFE OPERATING AREA DERATING

RECOMMERDED MAXIMUMS

|
|
DERATING |  ILEVEL LEVEL LEVEL
PARAMETER | I 1T ITI
| kel -
|COLLECTOR ~ | 0

|EMITTER VOLTAGE|

| {
| COLLECTOR | 0.6 IC MAX

]

|

| | |

i | |

| | wmm |

J VWE | 0.8 VCE | 0.9 vCE |
| | ]

| | {

| | |

0.7 IC MAX | 0.8 IC MAX

5.3.1 Application of Power Derating Guidelines

The power ratings for trensistors are expressed by specifying the total
power dissipation and the temperaturs range over which this amount of
power can be dissipated. For low power transistors, the maximum powver
range 18 normally between the temperature range of -55 deg C to 25 deg
(.. For power devices, this temperature range (for full rated pover)
usually is extended on the high temperature side. Scume power devices
have an upper limit for full rated power as high as 150 deg ©. For all
transistor types, the power rating is reduced as the temperature is
increased above the upper temperature limit (defined as the temperature
derating point) wuntil zero power rating is reached at maximum rataed
junction temperature, Typical examples of these maximum rated power
curves are shown in Figures 5=~2 through 5-6 and are labeled “Abaolute
Maximum Ratiug". 7The junction temperxature at every point is considered
equal to the waximum rated junction temperature which is equal to the
temperature at the zero power point,The slope of the maximum vating
curves above +he maximum temperature where £ull vated power may be
dissipated is approximately equal to fthe reciprocal of the thermal
rasistance and isn dependent on the physical constants of the device.

Figures 5~2 aund 5-3 show the derating recommendations applled to
military preferred low power, switching, NPN transistocr type 2N2222A,
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Figure 5-2: Ambient Temperature Derating for Transistor Type 2N2222A
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Figures 5-4 through 5~6 show the recommendsd derating levels applisd to
military pwreferred power; NPN transistor type 2N3997. These dersting
curves illustrate & conflict that can occur betwsen the power and
junction temperature derating for a pact with a very high temparature
derating point. Figure 5-4, derates type 2NK3997 aeing the specificatica
ambient temperature rating. Since the temperature derating point of 2
deg C is the same as for the 2N2222A, the curvas aze idemtical except
for the difference in power level, Figures 5-3 znd 5-€ deratc the same
transistor by using the specified ccse temperature derating which has =
very high temperatutre derating point of 100 deg C. Figure 5-5 derates
the part by using the power derating recommendations of 75%, 63%, and
502 and plotting to determine the resultant junction temperatures, It
is spparent that the recommended junction temperatures are exceeded.
Figure 5~6 derat~2s thc part by using the recommended maximem junction
temperatures and plotting to determine the allowable power disuipation.
It is apparent that this results in an overderating of the part, with
the allowable power excessively restricted.

When such a conflict exists for a specific candidate part, the designex
must compromise between junction temperature and power dissipation to
derive the most reliable achievable design. Junction temperature iy the
failure forcing stress function and therefore uncertainties should bse
resolved in favor of the lower junction temperature.

5.3.2 Safe Operatiug Area Derating

The specifications for high power transistors usually include a defined
safe operating area (SOA) graph to insure operation without second
breakdown effects and failures, VFigure 5-7 shows a typical SOA curve
for DC operating and Figure 3-8 shows a typical 80A curve for pulsed
operation, Safe Operating Arca 4orating is performed by determining the
maximum vated current and voltage for a specified operating condition
and applying the derating criteria of Table 5~4. Figure 5-9 shows the
applicaticn of derating to a typicul SUA curve.

5.3.3 Microwave Transistor Derating Limitations

In general, Llow froquency trangistors offer almust the same electrical
characteristics at various power levels which allows considerable design
latitude for derating. Usually this is not true for microwave types,
Microwav:: design involves distributed constants and therefore the
transistor, package, purasitics, interconnections, and other components
mugt be considered as & single unit. This precvents consideration of
derating as a separate variable.

With microwave tramsistora, the design may require exceeding the vultage
and power derating limits recommended for low frequency designs; however

the junction temperature derating limits defined in Table 5-1 should be
observed,
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SECTION 6

DIODE DSERATING GUIDELINES

6.1 General Deratiug

As for al' other semiconductors, high temperatuvc operation is the most
destructive stress for diodes. Tomperature accelerates the reuction
rates oOf those phenomena which degrade scmiconductors and rendexrs the
Gevice more susceptiblé to asmage from other streases (i.c. voltage and
current flow)., Reducing jurction temperature and jwctiocs voltage
stzesy is the purpose of dicd¢ derating. In addition to temperzture the
priiary failure forcing fumctions for derating {as defined by the
fuliure rate model of MIL-HDEK~217C) is aversxe forwyard curient for
rect’ifiers sad switching diodes apnd power for most microwave and special
types, Other importunt selection parumerers for popular types are suvge
current ratings 4inr rectifiers and reverse recovery times for fast
recovery rectifiers end switching «icdes, ““here are many types of
specialized diodes with unique paraweters for special applizaticus such
a8 current regulators and most microwave typec.

The selected derating levels in this section are based upon analysis of
8 large historical Uody of user dats and upon well understocd
relationshipe of «stress and reliability, Genevaily the specified
derating should be achievable with design consiraints comnsistant with
the enhanced reliability. Wsivers to the gpecified derating should be
considared on &n item by item bas.s ruther than broad changes tu whole
part categories.

6.2 Application Guidelines

A. Allow for tha following paramstex degradation frow the initial
linits over the iife of the desigu.

1. Forward Voltage Drop f= 102
2, Reverse Leakage + 100%
3. Regulator Diode Voltege v/= 2%

4. Recovery and Switching Times + 20%
B. Germsaium diodes are not reccumended for uve for new designs.

C. Usre only metallurgicsily bonded diodes except for microwave types
wihere this type of bonding may mot be gvailabie.

D. Use only nermetically sealed types,

E. Do not overspecify speed gud forward woliage es cther
characteristics may saffer, affecting reliability.
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6.3 Dicde Derating Guidelineas

A, For &«ll diodes derate junction temperacure to the limita shuwn in
Tabl& 6-1 .

B. For all diocdes except for regulator and referencc types derate
reverse voltage to the limitc shown in Table §-2Z.

0. For all diodes devate forwerd current per Table 63 oz power per
Table 6=~4 ae applicable. The parvameter to be derated will be the
maximum current or power siress as listed by the device specificatiom.
For exsmple, the derating parameters for ractifiers is average forward

current, and for regulator and reference diodes ané most microwave
types, the derating parameter is power.

D. Derate only ambient temperature for refsrence diodes.

E, For special types which do mnot fall in one of the previous
categories, derate junction temperaturs to the limits of Teble 6~1 ang
the maxinum voltege strose to the limite uvf Tsble 6-2,

F. Derate peak surge and transient currents and pesak transieut voltages
to the specified surrent and voltage limite of Tablea $-2 aad 4-3.

TABLS 6~]: JUNCTION TEMPERATURF DERATING (AllL DIODES)

MAXIMUM ALLOWABLE JUKCTION TEMPERATURE |

i |

| MAXIMUM | (DEG C) J
! RATED | -4
. A | LEVEL | LEVEL ] LEVEL |
| (DEG C) | 1 | 1I i 11 |
| l—-.-u | - w | --n'
: 200 } 115 ; 140 % 160 g
! 175 I 100 : 125 : 145 }
! ; i - —

| 150 |  MAXIMIM | MAXIMUM | MAXIMUXK |
) OR | RAC&D MINUS | RATED MIMUS | RALED MINUS |
i LOWER | 65 } 40 | 20 |

BN I ] 50
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g TABLE 6-2: VYOLTAGE DERATING (ALL DIODES EXCEPT
i REGULATORS AND LEFEP THCE TYPF)
! ! MAXTMUM ALOWABLE OPERATING VOLTAGE |
[ % {VOLTS) |
; | e !
3 1 LEVEL I | LEVEL II : LEVEL IIl {
i =i |
' 0.6 OF RATED | 0.7 OF RATED | 0.8 OF BRATED |
Y | REVERSE VOLTAGE | REVERSE VOLTAGE | REVERSE VOLTAGE |
TABLE 6-3: CURRENT DERATING (ALL DIODES AS APPLICABLE)
! MAXIMUM AVEREAGE FORWARD CURBENT |
i |
! LEVEL I i LEVEL IT i LEVEL IIT |
| e | s | ]
; | 0.5C | 0.65 i 0.80 |
| MAXIMUM | MAXIMUM | MAXIMUM |
| RATED ] RATED H RATED !
: v
; TABLE 6~4: POWER DERATING (ALL DIODES AS APPLICABLZ) .
| I TAXIMUM ALLOWABLE TOTAL ] j
| POWER DISSIPATION {(PT) I ,,
i ] L
| LEVEL I | LEVEL II i LEVEL III : !
g [ | )
| 0.59 | 0.65 | 0.80 l 3
{ | MAXIMUM I MAXIMUM I MAXIMUM i y
Lo l RACED ! RATED ! RATED | b
~
E P |
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6.3.1 Application of Derating Guidelines

The maximum ratings for diodes are wusaally specified 3in current cor
power., For example: rectifiers are rated by maximum allowecble average
forward current and regulators/reference diodes by maximun allowable
total power dissipation. The temperature range over which the maximum
current or power rating is applicable 1is also specified. TFor all
devices, the low temperature limit is usualiy =65 or =55 degrees C. The
high temperature limit for low power or current devices is uocrmally 25
deg C while for high power or current dicdes it varies sad can bde as
high as 150 deg C. For ail devices, fue maximum rating ir reduced for
temperatures above the full rating/high temperaturs limit until zerc
current or Lower is reached at the point of the meximum rated junction
temperature for the device. Exsmuples of the maximum ratings curves are
shown in Figure 6=1 through 6~5 inclusive and are labeled, “Absolute
Maximum Rating". Note that the junction temperaturae at every peint on
the wmaximum rating curve is coasideral equal ¢ the maximum rated
junction temperature for the device.

The giope of the maximum ratings curve above the maximum temperature
where full rated curreat or power may be dissipated is approximately
equal to the reciprocal of the thermal resistance and is dependent c¢a
the physical constants of the device. Therefore, the slopes of the
recommended derating curves will be Identical. ‘The wmethod for'
establishing the derating for a sperific diode consists of beginning at
the ordinate of the maximum vating plot and the recommended derated
current or power level and plotting a curve to the zero power poiut on
the abcissa while maintaining the same slopes 25 the maxiwem vating
curve,

Figures ©6-1, 6-2, and 6-3 show the derating recommondations applied to
military preferred switching diodes, rectifier diodes and voltage
regulator diodes. Note that the curve reaches the zere curreat or power
point below the maximum allowable junciion temperatura recommendations.

Figures 6=4 and 6-5 ehows the recommended deratiug levels applied to
military preferred rectifier dinde types 1K12Z02A through 1N1206A. These
derating curves illustrate a conflict thai can occur Letween the current
or power and junctiva temperature derating for z part with & very high
temperature derating point. Figure 6~4, Jerater the diodes by using the
current derating recommendations. TVsing these ¢riteria the junction
temperature derating limits are axceeded, Figure 6~% shows a plot where
the same diodes are derated by applyiug the junction tempersture limite
and plotting back to the oxdinate to determine the sllovable average
forward current, Note that only the Level XIL liwi: of 160 deg C can be
plotted aud that for all threz Levels the dovicas awe overdurated with
excessive limitrs applied to the allowabls derated forward curreut, For
these cases, the designer must cumpromise hetween jusction temperature
and current or power dissipation to derive the wost reliable design.
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Junction  temperature 1is the failure forcing stress function and
therefore uncertainties should be resolved in favor of the lower
junction temperature.

6.3.2 Microwave Diode Derating Limitations

In general, low frequency diodes offer aimost the same electrical
characteristics at various power levels which allows considerable design
latitude for derating.” This is not usually true for microwave types,
Microwave design involves distributed constants and therefore the diode,
package, parasitics, interconnections, and other compounencs musi be
considered as a single unit. This often prevents consideration of
derating as a separate variable,

While the design may require exceeding the recommended voltage, current,
and power derating limits recommended for low frequency designs, the
junction temperature liwits defined in Table 6-1 shuuld be observed.
Use the failure rate model and prediction methods for microwave diodes

defined in MIL-HDBK~217C to evaluate candidate designs for maximum
reliability.
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SECTION 7

THYRISTOR DERATING GUIDELINES

7.1 General

This section covers derating of rectifier devices which have additional
junctions for cumtrolling device turn-on, turan-off or both. The wmost
common thyristor, sometimes cazlled a silicon controlled rectifier (SCR),
is a four layer (PNPN) semiconductor device. With voltage applied
between snode and cathode, the device is normally non-coaducting in
either direcitivu., Tie gate clsctrods when avhiactad +o che approvriate
current drive will trigger conduction between the cathode and anode.
The cathode—anode voltage must be of a suifficient magnitude to waintain
forward current above a minimum level known as the holding current.
Once conduction is initiated, only a reduction of the forward current
below the holding current can cause conduction to cease. Another class
¢f thyristoss, commonly known as triacs, has {wo gate elements which can
both start and stop current flow through the rectifier., Of lesser
usage, are light activated SCRs in which conduction is initiated by
radiation.

The chief failure fozcing functions £for thyristoxs are excessive
junction temperature (a function of forward current) and woltage
breakdown,

The selectod derating levels in this section are based uponr analysis of
a large historical body of wuser data and wupon well understood
relationships of stress and raliability. Gemerally ' the specified
derating suould be achievable with design constraints consistant with
the enhanced reliability. Waivers to the specified derating should be
considered on an item by item baeis rather tham broad changes to whole
part categories.

7.2 Application Guidelines

A. Allow as & minimem, the following degradation in the listed
parameters over the service life of the design:

1. Forward voltage drop +/- 10%
2. Leakage Currents + 1002
3., Switching times + 20%

B. Design for “hard" gate turn-—on (gate voltage and current well above
winimum levels). Marginal or slow gate drive can cause device failure,

C. Gate tramsieat pulses or noise can cause unwanted triggering and

uust be suppressed. Also fast (high dv/dt) anode voltage application
can cavse unwrnted device turn-om.
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D. Insure that for all "on" conditions the anode current is well adove
the winimum holding current level and for all "off" conditions the anode
current is reduced well below the minimum specified hclding current.

E. Never sllow the gate to become wore negative witb zespect to the
anode than is allowed by the ratings as device damage will occur.

F. Voltages in excess of the forward and reverse blocking voltages can
cause the device to break into unwanted conductivn, Insure thet Yoff"
state voltages plus worst case transients do not exceed the rated
blocking voltages.

| | )
l C. Wheuw fuiimg fwr iuyrimcor protection the 1t rating of the fuse
wust be iess ilusn the (¢t of the thyristor.

7.3 Thyristor Derating Guidelines

i

A. Derate thyristor wmaximum junction temperatures to the limits shown
in Table 7-1,

B. Derate thyristor voltages to the limits of Table 7-2.

C. Derate thyrigtor averege forward currents to the limits ol Table

r 7"'30
]
The method for applying the derating is the same as described for diodes
in Section 6. Figure 7-1 siilows the maximum rating curves for thyristor
type 2N2324A a3 shown in specification MIL-5-19500/276A. Level II ‘
derating for the DC case is specified on this Figure. l
TABLE 7-1: JUNCTION TEMPERATURE DERATING i
| MAXIMUM | MANIMUM ALLOWABLE TJ (DEG C) |
| BRATED |- |
) I LEVEL | LEVEL ' LEVEL |
| (DEG ¢) | I I II [ 111 I .,
| mae l | — | | :
i 200 = 115 | 140 : i60 i |
! | | !
: | 175 | 100 | 125 | 145 i ‘
{ | I | |~ I '
: [ 150 |  MAXIMUM |  MAXIMUM | MAXIMUM | {
§ | OR | BATED MINUS | RATED MINUS | RATED MINUS| .
N :  LOWER | 65 | | 20 |
!
¥ ,
¥ ¢
: 3
: : |
% _
i
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TABLE 7-2: VOLTAGE DERATING

l
III | VDM, VRSM

LEVEL |I VOLTAGE |I DESICN MAXIMUM ALLOWABLE
| PARAMETER | (VoLTS)
I : VDM, VRRM ; 0.6 mxnjmu BATED
i1 "2 VM, VXSH f 0.7 MAXIHUM RATED
|

0.8 MAXIMUM RATED

TABLE 7-3: FORWARD CURRENT DERATING

MAXIMUM ALLOWABLE FORWARD CURRENT

LEVFL I | LEVEL i1 | LEVEL III
] - ]
0.50 | 0.65 | 0.80
MAXIMUM |  MAXIMUM |  MAXIMUM
RATED | RATED l RATED
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SECTICN 8

OPTICAL SEMI ONDUCTOR DERATING GUYDELINES

4 TR,

§.1 General

Thexe are three major classes of optical semiconductore, Those which
emit i1adiation, those which collecr radiation, and combinatioms of the
two. Tbe major type of emitters are light emitting dioder (LEbs) which
f are used for lamps aand displays, The major colleactor types a&rxe
cptimized for wvisible light ard inciude photodiocdes, phototrangistors,
and light activated silicon controlled rectifiers. The wmost covmom
combinational deVvice 1ie the optical iscletor which contains a light
emitting diode coupled with a collector, pboto diode or phctotransistor,
and gsometimes includes amplifying elcementa,

Generally, optical semecounductors are dafined by the same _arameters,
(power, wvoltage, &and current) as unon optical devices with the addition
of parcmeters defining the optical characteristics such as peek and
dominant wavelength and axial luzinous intensity of the radiation which
is usually visible iight,

In common with all ovther semiconductor, excessive junction temperature
and junction voltage are the major failure forcing stress functions,
Junction temperature is dependent on the current through the junction
which is coutrolled by derating the operating current oc power.

‘ The selected derating levels in this saction are based upoun review of
limited uistorical applicaiions and/or upoa engineering judgement to
balance the increased wreliability u«gainst che vrelative constraints
placed upon design freedom. The device complexity and/or limited
analytical relationship Wbeiween applied stress and its reliability
effects prevents precise selection of apprupriate derating levels, Some
flexability should be wused in application of specific values of
deratirg, In particular, one dersted parameter can be traded off !
againat another but the relief should not be granted sll the way o the

-

‘ next level (i.e. Level I to Level II}.

O

8.2 Application Guidelines

A. A current liwitii.g must be Jjucorporated as part of the drive
circuitry for LEDs, Ghis is usually a series resistor,

L

B. Half or full-wave rectifiecd ac sine wave is cot recommended for LED
drive current, If rectified ac ir used to drive LEDs the pcak value of
the current must never exceed the allowable dec current maximum,

T e g

C. When operating a LED ir the rpulsed mode, the peak junction
teuperature, not the average, determines the time average power
digsipation aad light output,

i
i
;
|
Q.
4
{
%
{

ey

e g
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D. Some LEDs cen be operated at curwvent levels significantly bslow
(down to 50%) the maximum ratings without noti~esble visual change ia
light ontput. This valve is dependent upon the speciric T§ED wuudex
concaderation,

F. The dominant wavelength i. a quartitstive measure of th2 color of ar
LED.

F. Tu maiutain vp%o isolator coumon moda rejectiou, <ptimize circuit
bcard layout to r. duce coupling by stray capecilance,

G. Many opto isolators ircorporate very uigh gain circuitzy
(darlington) aud reguire external bypassing to prevent damaginrg internal
ogcillation,

H. *1low for 15% degradation in opty isolator current tranafer ratio
(CTR) over the cervice 1life of the design. This degradation is
especially prevaleat at low drive curient. The input drive current
should be well above the turn~ou peint.

2.2 Optical Semiconductor Derating Guidelines

For all ¢ptical semiconductor devices derate junciion temperature as
shown in Table 8~1.

Optical semiconductors, in general, are rated nt lower temperatures than
other semicunductors. A8 a result it may be necessary for a specific
desigu to exceed the recommended guidelines for maximum junction
temperature. Since the desired radiation characteristice are dependent
on operating voltsge and current, general derating is mnot being
recommended for these parameters. All design opticns should be analyzed
using the failure rate predictiun methods cf MIL-HDBK-~217 to determine
the opcimum reliability in an achievable design.

TARLE 8-~1: JUNCTION TEMPERATURE DERATING

" MAXIMUM ALLOWABLE JUNCTION TEMPERATURE (TJ)

| | |
| MAXIMUM { . (deg C) I
|  RATED i |
] TJ i LEViL i LEVEL | LEVEL I
[ (deg T) I I ! II i 111 i
| i " -zt lu:nns-zu,n: I--—' l
| 200 ; 110 : 135 : 150 |
! . |
{ 175 : 100 : 120 } 140 :
| 150 | MAVIMUM | MAXIMUM ! MAXIMUM I
| OR | RATED MINUS | RATED MINUS | RATED MINUS [
| LOWER | 60 | 50 [ 25 |
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SECTISN 9

RESISTOR UERATING GUIDELINES

9.0 Introduction

This section supplics Zue drrating curves and application guidelines fur
fixed and varialla resistoxs, The resistor types that will be covered

in this sectiop are defiued by the following Military Specifications:

Ti{2E SUBSECTION

——

COMPOSITION, FIXED 9.1.1

MIL-K~39008 Resistozs, Fixed, Cowposition (Insulated), Established
%eliability (ER), /. tyle RCR)

FILM, FILED 9.h.2

MIL-R~22684 Resistors, Fixed, Film, Insulated, (iry'e RL)
MIL-k~39017 Resistors, Fixed, Ifilm, Insulated, ER, (Stvle RLR)
MIL-R-55182 Resistors, Fixed, Film, ER, (Style RNR)
MIL-R-55342 Resistors, Fixed, Film, Chip, ER, (Style RM)

NOTWCIK, FILM, FIXED 9.1.3
MIL-E-83401 Resistor Network, Fixed, Film, (Style RZ)
WIREWOUND, FIXED 9.1.4

MIL=-R-26 Xesistors, Fixed, Wirewvund (Power Type), (Style BW)

MIL-R~i8546 Resisiors, Fixed, Wirewound (Pewer Type, Chassis
Mounted), (Style RE)

MIL-R-39005 Resiecurs, Fixed, Wirewound (Accurate), ER,
(8tyle RBR)

MI~R~39007 Resistors, Fixed, Wirewouad (Pewer Type), ¥R, (Style
RWR)

MIL-R-39009 Reaistors, Fixed, Wirewound (Pouver Type, Chassis
Movazed), ER, (Sty:e RER)

NON-WIKEWOUND, VARIABLE 9.2.1
MIL~R=~94 Resistors, Variable, Composition, (Style RV)

MIL-R-22097 Resistors, Variable, Nou~wircwourd (Lead Screw
Actuated), (Style RJ)
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MIL-R-39023 Resistors, variabie, Non-wirewcund, Precision,
(StyleRQ)
MIL-R-39035 Resistors, Vaviable, Cermet, or Carbon I'ilm (Le.d Screw

Actuated) ER, (Style RJR)

WIREWOUND, VARIABLE 9.2.2

MIL~R-19 Resistors, Variable, Wirewound (Low Operating
Temperature), (Style RA)

MIL-R~22 Resistors, Variable, Wirewound (Pover Type), (Style RE)

MIL-R~12934 Resistors, Variable, Wirewound, Precision, (Style RR)

MIL-R-27208 Resistors, Variable, Wirewound (Lead 3crew Actuated),
(style RT)

MIL-R-39002 Resistors, Vaxiable, wirzwourd, Semi~Precision,
(style RK)

MIL-R~39015 Resistors, Variable, Wirewound (Lead Screw Actaated),
ER, (Style RTR)

THERMIS™OR 9.3
MIL~T~-23648 Thermiestor (Thermally Sensitive Resistor), Insulated, -

(Style RTH)

Whenever two specifications define the samc type resistor with the same
temperature limits, the specifications sre listed on the same derating
curve; such as, MIL-R-22684 and MIL-R=-39017 in Figure 9.1-4,

E3C1ION 9.1
FIXED RF".3TOR GENERAL wZRATING CONSIDERATIONS

The principal siress porameters in derating fixed resistors is the "hot

spot temperatura" (sum of the ambient temperature sud the temperuture
due to the dissipated power). Therefore, decreasing the ambient
temperature aod/or the power dissipatiou factor will extend the
lifetime.

All derating curves will reduce buth ambient
power,

temperature as well as

The selected derating levels in this cection are based upon analyais of
a large historical btody of user data and upon well uaderstood
relationships of stress and reliability. Geanerally the specified
derating should be achiievable with design constraints coneistant with
the enhanced reliability. Waivera to the specified deratiug should be
considered on an item by item basia rather than broad changes to whole
part categories.
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SECTION 9.1,1

FIXED COMPOSITION RESISTOR DERATING

9.1.1.1 General

! The fixed compouition resistor is defined by MIL-R-39008 (RCR). This
type ~f resistor is small, inexpensive, and has good reliability when
vroperly wused. They do have poor resistance stability, high noise
characterictic and appreciable voltage and temperature coefficients.

The resistance element consists of & wumixture of carbon, insulating
; material, and suitable binders, eitlier molded together or applicd as a
thin layer of conducting material on an i-sulated form., These resistors
are covered by a molded jacket which is primarily intended t» provide an
s adequate moisture barrier for the resistance element, as well as
i mechanical protection and strength for wire l:ads.

9.1.1.2 Application Guidelines

&. Tne wvoltage and power dissipacions limits must not be overilooked.
The resistance has a negative ccefiicent f£for both <temperature and
voltage and are very susceptible to burn-¢ut, (See Figure 9.1=l1 and
MIL-STD~199 for applicable limits for voltage ‘imitatiors.)

—

B. Exposure to humiuity may cause surface lcakage paths which lower
resistauce or absorption of moisture which way increase the resistance.

RRT

C. Resistor charcteristics czu be permanently damaged by exposure of vl
the resistive material to temperatures above 130 deg C.

T e L

9.1.1.3 Derating Guidelines

Ambieut temperature and povwer are the principal derating stress
parameters for fixed composition resistors. The recommended derating
focr the three application Levels are given in Figure 9.1-2,

117




31435 AQ suo:jeljw} 963 |0A :T-1°6 aunbij

; "STHO A, IINVLGISY
C e 18 oNT 0000 00!
p3m 021° 00s od ; ERm mv.
2
$3n 022 00s ol 1141
paw 0s2 oss | os mﬂ
30 012 os2 | s
930 o8y’ osi | sar !
u:._T wonwd | 51704 | spiva EiE
+ ] *
VRIXYI 318ISEING3d 12 yRZ ek
M \\.T@. ©
At —
= -
.
=8 @
i
| 35 m
v 13 )
a6 M § ,
] i o i :
Hi13 oo m : ._
o 1 - =4 %
A g5 m m H
&N 1 1 u
2 E2E 1 |
8 E2E & 2
1 : w
L3 4 ,
i > 0001
A b
1
m )
1
1
3

A —e——— T




RO0EE-Y- T 43 POUISR] UOJILSOON0) ‘PIXLY CS1075(33Y S0 SOAND Sujgedag :2-1°6 nBi4

{05) FUNLVEIGHIL" INTTSHY
74 051 52t 001 sL 05 52 0
¢l 211903 991 0L A,

I 3BA3

11 13A31

13 .ﬁ»ﬁ

L

HN; LYY 3TUNLIVINNYM ¥C HOI1¥II4123dS vIA

S¢

2

fat

¥IM0d QLYY %

119

- o T T T R TR TR -




SECTION 9.1.2

FIXED FILM RESISTUR DERATING

9,1.2.1 General

Fixed film vresistors ere defined by  MIL-R-22684, MIL~R-39017,
MIL-R-55182, and MIL-R~55342, This type is intended for high frequency

applications and where high stability and clcse resistauce tolerance is
required.

For MIL-R-22684 (RL) and MIL-E~39017 (RLR) resistors, the resistance
element consists of 8 filu—-type resistance element (tin oxide, metal
glaze, etc.) which has been formed on a substrate by om~ of several
processes depending uron thz manufacturer. The element is spiraled to
achieve ranges in resistance value and, after lead attachment the
element is coated to protect it from wmoisture or otler detrimental
environmental conditions.

For MIL-K~55182 (RNR) resistor, the resistance element consists of a
metal film element on a ceramic substrate. The element iz formed by the
condensation of a heated metal under ' vacuum coanditions. Followiug
spiralling to  increase the available resistance values aud the

attachment of 1leads, the element is protected from envivonmental
conditions by an enclosure.

The resistance element of HMIL~R~55342 (RM) consists of & film element on
& ceramic substrate. Tha element i3 formed either by deposition of a
vaporized metal or the printing of & metal and glass combination paste
which has then been fired at a high temperature. Resistance elements
are generally rectangular in shape aand calibrated to the proper
resistance value by trimming the element by abrasion or a laser beam.

For detailed application and design guidelinws, consult MIL-STD-199,
9.1.2,2 Application Guideliues

The epplication guidelines are defined for each Military type part.

A, Foyr MIL-E-22684 aud MIL-R-39017 type parts:

1. The naximum continuous working woltage specified for each style

should not be exceeded, regsrdless of the caleulated rated voltage on
the basis of power rating.

2, Noise outprt is uncontrolled by the specification, but is conusidered
a negligible quantity.
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3. For MIL-R-39017 fonly} the resistance value will change; 2% (averag=)
per year (additive in subsequeni years) under normal storage conditions,
(25 deg +/- 10 deg C and humidity </- 90%).

4., The effective DC resistarce will change when used ct frequencies
above 50 MHz (sez Figure 9,1-3),

B. For MIL-R-55182 type parts:
1. The effective DC resistance for most values will remain fairly

conatant up t©o 100 MHz and decrzase at Liphex f£requercies, The larger
resistance values sre affected more by the high frequencies,

Z, The tighter (0.l%) tolerance film resistors are susceptible to
electrostatic damage (see Appendix C, DOD-STD-1686; DOD-IDBK-2630).

5. Peak power dissipation should not exceed four times the maximum
rating of the resistor under any conditionm.

4, The design should be able to tolerate a +/- 2% shift in resistance
to assure long life reliability,

C. TFor MIL-R-55342 type parts:

1. Film resistors with small dimensions and high sheet resistivity
material may be subject to significant changes in resistance values
(normally lower) and to changes in temperature coefficients due to a
static discharge,

2. The effective reeistance values will be reduced when used at
frequencies of 200 MHz or above because of shunt capacitance betwcen the
resistance elements and the comnecting circuits,

9.1.2.3 Derating Guidelines

Ambient  temperature and poser are the principal derating stress
parameters tor fixed film rwesirtors, The recommended derating curves

for the three Levels are giveu for each defined resistor type.

The derating curves for MIL-5~22684 and MIL-R-39017 types are given in
Figure 9.1-%.

7 The derating curves f£nr MIL-R-55182 types st 70 deg C and 125 deg ¢

(ambient tewperature) are given in Figure 9.1-5 and Figu+ve 9.1-6,
respectively,

The derating curves for MIL-R-55342 types are given in Figure 9 .1~7,
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SECTION 9.1.3

FIXED NETWORK FILM RESISTOR DERATING

9.3.3,.1 General

The fixed networx film resistors are defined by MIL-R~83401 (RZ). These
registors ave fixed resistors in a resistor network configuration having
a film resistance element and in a dual-in-line, single-in~line, or flat
pack configuration. They are stable with respect to time, temperature,
snd humidity, These resistors are designed for wuse in critical
circuitry whexe stability, loug life, reliable operation and accwacy
are cof prime importance. They are particularly desirable for
winicturization und for case of assembly.

The resistence elesent consists of & film element on a ceramic
swbatcvates The element is formed either by deposi”~ion of a vaporized
metal or the printing of a wmetal sud gluss combination paste which has
then basw fired &t a4 high tew) rature. Resistance elements are
generally rectangular in shape snd cal.brated to the proper resistance
velue by triwcing the eclement by ibrasion or a laser beam. After
calibration, che recistance elemert is protected by an enclosure or
coating of iusuleting, woisture-resistant material (usuall; epoxy or a
gilicone), '
9.1.3.2 Application Guidelines

A. Maxlpem woltages are specifiea Lecause of the very Jmall spacing
betwesn the vevistance elemcrcs and the conaecting circuits, The
maxiunum voltage for each netwixk type is listed inm MIL-R-33401 or
MILw8TD-199 .

E. The MIL spec or manufacturer listing gives two power ratings for the
registor aetwork., They ave individual clement and total network package
powexr vetinge. The mexiwum power vatings is Dased on continucus,
full=load operation at 70 deg C. I£ operated above 70 deg C, the
resiotors nust be derated per Figure 9.1-8.

9.1.,3,3 Dersting Guidelines
Ambient
parameters
MIL~R=-8340i .
Figure 9,1-6.

temperature and power are the principsl derating stresu
for fixed mnetwork f£ilm resistors which is defined by
The recommended derating for the three Levels are given in
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SEZTION 9.1.4

FYXED WIREWOUND RESISTOR DERATING

9.1.4.1 General

The fixed wirewound resistors are defined by MIL-R-26, MIL-R-18546,
MIL~R-39005, MIL-R-39007, and MIL-R-39009. ‘

*The fixed wirewound resistor have high stability, wmedium temperature

coefficeirt, high reliability and negligible voltage coerficient
‘characteristics and are normally unsuitable for usage above 50 KHz.

The construction of MIL-R~26 (RW) and MIL-R-39007 (BWR) type resistors
employs a measured length of resistance wire or ribbon wound in a
precise manner. The continuous length of wire is wound on & ceramic
core or tube and attached to end terminations., The element is enclosed
by inorganic wvitreous or a silicome «oating to protect i. from
detrimental euvironment conditions,.

The coastruction of MIL-R-18546 (RE) and MIL-R-39009 (RER) type
resistors are similar to MiiL~R~26 as shown above. The continuous length
of wire, the finished resistor element and element and termination caps
are sealed by a coating material. The coated elcment is inserted in a
fioned aluminum alloy housing which completes the sealing of the elewent
from detrimental environuwents and provide:s a radiator and a heat sink
for heat dissipation,

The resistarnce element of MIL-R~39005 (RBR) consists of a precisely
measured length of reeiuntance wire, wound on a bobbim or core. The
resistance wire is an alloy wmetal without joints, welds, or bonds,
except for splicing at end terminals, In order to minimize inductance,
resistsrs are wound reverse or bifilar. The element assembly is
protected by an enclosure of moisture-resistant iungulating waterisl
which covers the <resictance element including connections and

terminations,
9.1.4.2 Application Guidelines
The applicacion guidelines are defined for each Military type part,

A. For MIL-R-26 type parts:

1. The use of a wire size less than 0.001 inch nominal diaveter ier ot
recommended fcr Levels I and II,

2. Resistors used in equipment should not exceed tbe rated ozerating
tempersture under any comdition (i.e. high altitude, all enclosure in
place, max power dissination).
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3. When mounted in rows or banks, the sracing of the resiscors should
bz such thai none of the resistors in the row o+ bank will exceed the
i uaximun bot-spot temperature,

4., Where high voltages are present betwees resistor circuits and the
grounded surxface on which resistors are mounted, a secondary iunsulation
capable of withstanding the voltage should be provided between resistors
and mountinge or between mountings and ground.

B. For MIL-B-18546 ard MIL-E~39009 type parts:

1. The use of RY aud BRER resistors with a wire cize less thau 0.001
inch numinal dinuster shall not be permitted for Nevels I & IL.

2, RER resistors cac reliably withatand pulse voltages of much greater
amplitude than permitted for steady state operation, Figure 9.1=9
illustratss the permissible pulse power applicable tv the various power
ratings., These ocuives wmust be derated if there is any steadv state
power applied, The indicated pulse power shorld be derated the saume
percentagas a8 shown in the naext section for Levels I, II, and III,

C. For MIL~R~39005 type parte:

{ l. Voltages in excess of the voltage ratings should not be used because
it way cause insulsation hreskdown between the windings.

2., A secondary insulation between the ressistor and its mcunting, or

; between the mwounting and grouaded surface ahould be used where high
voltages {250 volts or greatar) ave present betwean resistor circuit and
the grounded surface,

3. Care should le wused whed s(ldering lower rosistance values and
tighter tolerance res.stors vo gvoid causing increassd contact
z2slstance,

4. Lead 1length effects should be considered when using low resistance
valuus and tight tolerance vesistors (9.i% or less),

[

5. Wire gize of less than 0.00l inch diamete. is not recouwmended,

D. For MI"~R-39007 type rarts:

1. Resistors used in equipment should ot e¢vceed the rated operating
temperatur2 under any coudition (i.,e. Thigh altitude, all of the ‘
cnclosures in place, the wix power diseipation, ctc.),.

2. When mounted in rows or baanks, thc spacing of the resirtors should
be ouch that nune of the resistors in the row or bank will exceed the
, maximum hot=-spot temperature.
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Examnle for use of the pulse rating curves:

1. Given:
3) Ambient temperature at part location during operation = 559C.
b} Circuit requires nonreretitive pulse of 50 volts, Pw = 130 msec.
¢) Required resistance value = 46.4 olms; level equipment.

2, Finc: Resistor type meetina pulse and power derating criteria,

'3, Svlution: 2 >
a} PLise power (P) = ES/R » 50“/46.4 = 54 watis.

Plot intersection of 0.1 second and 54 watts on Figure 9.1-9,
RERGO (5 watts) meets pulse ciiteria,

However, from Figure 9.1-12, note that in this casz, the °
permissible stress ratio s .5 of “he maximum rating at 25°C.
Accordingly, use RER65 (10 watts derated to 5 watts?.

Figure 9.1-9: Fulse Ratings for RER Resistnrs
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3. The use of a wire size of 0,001

inch nominal diameter is not
recommended for Levels I and II. - T

‘ 4. RWR resistors can reliably withstand pulse voltages of much grcater

amplitude than permitted for steady state operation, Figure 9.1-10
shows the permissible pulse power applicable to the various power
racings. These curves must be derated if there is any .steady state

power appiied. The indicated pulse power should be derated the same
percentage as shown in the mext section for Levels I, II, and III,

9.1.4.3 Dersating Guidelines

Awvbient temperature and power are the principal dersting stress
parameters for fixed wirewound vresistors. The recomminded derating

curves for the the thren Levels are given for each MIL definad resistor
type.

The derating curves for MIL-K~26 types are given in Figure 9.1-l1.

Figure C.1-12, The chaseis-nrea is another ecritical parsueter for

MIL-R-39009 tyres. With 8 reduction in tre chassis~area, the power must

The derating curves for MIL-R-18546 and MIL-R-39002 types arc given in
% be derated per l'igurc 9.1-12,

nr—— ——

The Jduratiug curves fos MIL-R=-39005 types are given in Figure 9.1-14.

The derating curves for MIL-B-39007 types are piven in Figure 9.1-ib.
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il Example Tor use of the pulse rating curves:

% 1. Glven: ' °

ﬁ ‘ &) Anbient temperature at part location during operation » 75°C.

K b) Civruit requires nourepetitive pulse of 100 volts, Pw = 10 msec.
i ¢) Required resistance value » 9.09 ohms; lTevel equiprent.

t» &, Find: Resistor type meeting puise and'poﬂer derating criteria,
‘ 3. Solution: '

Baise power (P) = E2/r + 100%/9,09 = 1100 watts.
Plot interseciion of .01 second and 1100 watts on Figure 9,1-iu,
Observe that a type RWR74 (5 watt) meets pulse criteria.
However, from Figure 9.1-(5, note that in this case, the 0

" permissible stress ratio 1s ,5 of the maximum ratin§ at 25°C,

Accordingly wuse RWR78 (.0 watts derated to 5 watts
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SECTION 9.2

VARYABLE RESISTOR GENERAL DERATING COMSIDELATION

The principal stress parameter in derat.ug varisble reiistors is the sum
of the ambient temperature and the temperature rise from the power
dissipated equaling the “hot-spot" tewprzrature., Hevce, lowering the
maximum  awbient  tempersture and Jerating the powe: reduces the
"hot=~spot" temperature In addition, dersating power veduces the cvrrent
through the contact and prevents its wearcut. The total curreat
(bleeder and element) cannot exceed that currert indican2d by the ratea
power, The wettage rating ia decveased by t at preportisn which is
removed frow the circuit,

e e e

: The selected derating levels in this sectiocn ave basad upon analysis of
? 8 large historical body of wuser dsta «nd upen well understood
g relationships of stress and reliability. Cenerally the sapecified
derating should be achievable with design <constraints consistant with
the enhanced reliability. Waivers to the gpecified derating should be
considered on an item by item busis rather than broad changes to whole

part categories,
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SECTION §.2.1

VARTAELE NON-WIREWOUND RESISTOR DERATING

9.2.1.1 General

The variable non-wirewound resistors are defined by MIL-R-%,
MIL~R-22097, MIL-R-39023, -nd MIL-R-39035. The properties of this
rveeistor group are determinad by the resistive element being either a
compoeition, carbon or metal film, cermet or vonductive plastic., The

conducting element also detamines the maximum operating temperature and
power racings.

MIL-B~% (RV) resistors have a composition resistive element shaped in
an arc with a coatact, controlled by a shaft, to give a linear chauge in
resistance. The construction af the element is one of two types; a
molded type which is a one-piece wunit containing the resistance
material, terminals, face plate, and the bushing, or a composition-£film
type  constructed by spraying or painting a filw of carbon vesistance
waterial onto the surface of a prepared form.

MIL-R~22097 (RJ) resistors have an element of metal, CJermet type or
carbon film deposited wupon a cevamic or glass base. Uepending unpon
style, the element is rectangular or shaped in an art and the s8llding
contact maintains continuous contect when traversin; the element in a
straight line or circular motion,

\ MIL-R-39023 (RQ) resistors have a resistance element comsistirg of
carbon, cermet, or conductive plastic deposited cn a plaatic insulating
bas . The moving contact is insulated from the operuting shatt and
maintains countinuous electrical travel throughout the entire wechanical
travel,

MIL-R-39035 (RJR) resistors have an element of continuous resistive
material (cermet, metal film, etc.) ou a rectangular or arc shaped core.

depending wupon the style. The sliding contact traversses the elemeut in
a circular or straight line.

All the above structures are housed in an enclosure to protect the
conducting elemept and connections from enviroumental conditiouns,

!
\ For detailed application and design guidel’nes, consult MIL~STD-~199. E
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9.2.1.2 Application Guidelines

The application guidelines are defined for each Military type part.

A. TFor MIL-R~9 type parts:

1. The wattage rating for these resistors are vased on cperation at 70
deg ¢, mounted on & 16 gauge steel plate, 4 inches suquare. Thus
wounting technique should be taken into consideration when the wattage
is applied du.;ing speci‘ic applicatiouns,

2, &ll properties of composition resistor may change whern a soldering
iror. is applied directly to terminale for a long peviod cf time., Heat
sinking during solder operation should be considered.

3. These variable resistors should not be used at potentials to ground
tLreater than 500V peak or 200V weak for aircraft equipment, urless
supplementary insulation is provided.

4. The noise level is quite high for this type resistoz. But, the
thevwal and mechanicsal noise level will normally Aecr~ase over the liie.

3. Tor MIL-R~221097 aud MIL-R~3903% type parts:

1. The wattage ratings of these resistors zre based on operation at 85
deg ¢ when mounted on 1/16 inch thick, gliss bause, epoxy laminate. The
wattage rating is applicable when the entire resistance clement is
engaged in the circuit. When cnly a portion is engaged, the wattuge is
reduced directly in the same propuxtion &s the resistance.

7. Whexe voltages higher than 259V rms are present between the resistor
cireuit end ground osurface, a secondary insulaticn to withs~and this
condition ahould be provided.

3, When stacking resistors, the wattage must be reduced to compensate
for the added trmperature rise,

4, 1he rasistancce~temverature characteristic must be considered when
operution may encounter a tempurature rise due to neighboring components
and/or ambient teuperature riss,

€. For MIL-R-39023 type par%a:

1. The wattage rating of these recistors are based on opmiaticn st 70
deg C, mounted on a 4=-inch square 0,.25G inch thick alloy aluminum punel.
This mwmouvnting technique should be iwcken into cumsiderstion when the
wattage io applied during specific applicatien,




e o

2. Tha resjigstance-temperature characteristics must be considered when
opsration may enmcounter a temperature rise due to neighboring comprnents

end/ox aubient temperature rise. These characteristics are defined in
MIL~-R-39023.

9,2,1.3 Derating Guidelices

Aubient temperature and power are the principal derating siress

patameters for wvariable pon~wirewound resistors., The recomanended -

derating curves for the three Levels are given for each MIL defined
resistor type. '

The derating curves for MIL-k~94 types are given inm Figure 9,2-l.

The derating cutves for MIL-R~22097 and MIL-R~39035 types are given in
Figure $.2-2,

The derating curves for MIL-~R-39023 types are given in Figure 9.2-3.
This derating only covers Levels II and III. 7This type is not
recommended for use in Level I due to contact resistance variatiou and &
fauilure rate higher than the fiied resistor replacements.
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SECTION 9,2.2

VARTABLE WIREWOUND RESISTOR DERATING

9.2.2.1 General

_ The variable wirewound resistovrs are defimed by MIL-R~19, MIL~-R-22,
i MIL-R-12934, MIL-R-27208, MIL-R-39002, and MIL-R-39015. Based upon
I construction and power rat-ng, these resistors are divided into ¢we
groups: MIL-R-19, MIL-R-22, and IL-B=39002 lorm the larger power
ratings, and MIL-R~272¢8, MIL-R-12934, and MIL-R-390i5 comprise the

lower power trimming units, All units are used basically as rheostets
or veltage dividers,

o © HMIL-R-19 {®A). MIL-R-22 (RP), and MIL-R-39002 (RK) resintors have a
resistance element of continuous lengthk wire, wound on an insulating
strip or core and shaped in au arc so that a contact bears uniformly on

R the vresistance element when adjusted by a conirol shaft. Various ,
s functions z:e available, The contact is imsulated from the operating '
;t, sbaft and ike xesistor housing. The housing provides mechanical and

o govironmentel protection of the element. MIL-R-39002 is otructured with

S uore vrecisioun to provide improved linearity.

©.

b MIL~R-27208 (RT) and MIL-R-3%Jl5 (RTR) resistors have an element of

L§é' continuous-length wire, wound 1linearly or a rectangular or arc-shaped

core, depending upon the stvle, The sliding contact traverses the
N | elcment in a circelar or straight line, again dependent uvon style. The

- elemout is protected from detrvimental environmertal conditions by a

e l housing nr enclosure. The lead screw head is insulated from the i
o electrical portion of the resistor. MIL-R-1293%4 is similar except ior !
i addition of a holically wound resistance element. i
;Qf~ ; Tor Jetailed applicacion and design guidelines, ccnsult MIL~5TD-199.

- 9.,2.2.2 Application Guidelines ,

The applicstion guidelires are defiued for =ach Military type part,
&, For MIL~R-19 type pazer:

: 1. '7h2 wattage ratiugs of these resistors are based oun opcration of 40
! deg C, sounted on 16 guuge wteel plate, 4 iuches square, This mounting
I tzchnique should be taken into considerstion when the wattsge ic applied
K diicing specific applicarious.

ET“ o 2. TFor linear types, the continuous wnttage vating is directly

PR : propostional to the amount of resistance element in the circuil.
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3. For taper type. th» waximuw permissible current for che
highb~resistance sections iz 0,745 W/R and for the low- resistance
sections is 2.24 W/R. ‘

B, For MIL-I'-22 type parts:

1. The wattage rat:ugs of rhesc resistors are based on operation at 25
deg C, mounted on )2-inch square steel panel, 0.M3 inch tuick (4-inmch
scuare X 0,50 inch for RPO5 and RI'06)., This mounting technique should
be taken irnto comsideration when the wattage ia applied during specific
applications.

2., uJperation of Cthese resistors at ambiei.. temperatures greater than
124 deg C can damage the resistor,

3., These resistors should not be used at poientials atove grouad
g-eater than 500V (250V for stvles RPO5 and RP06) wnlesa aupp!-nentavv
insulation is used. ‘

4. Waen resistors are required to opporate in DC circuitr having
potentials in excess of 40V, caie should be exercised in specifying an
clectrical off position,

C. For MIL-R=12934 type parts:

1, The wattage ratiug of these resistcrs ave based on operation at 35
deg C, mounted or 4~inch squre, 0.250 inch thick alloy aluminum., This
mounting technique should be taker into considcration when a wattage is
dissipated during specific applications,

2. The re.istance-temvervture characteiistl. must by considered when
operation miy encounter a temperature rise due to ueighboring components

and/or ambient temperature rise., This claracteristic is listed in
MIL-R-12934,

D, For MIL~R-27208 and MIL~R-35015 tspe parts:

1. The wattaze ratings of these cesistors axe based on operation at 85
deg C wlen mounted on & 1/16 inch thick, glass base, epoxy luminate,
This wattage rating is applicable when the entire resigtance element is
engag ! in the c¢ircuit. When resistance is reduced, th: wattcze rating
will reduce by the same proportics,

2, When voltages higher than 250V rms is present between the resistor
circuit and the grounded surfac ., a secondary insulatinn to withetad
this condition should be provided.

3. Stacking resistors will cause an added rise in tempersature. This
rise wutt be comsideced in determiniug the total application
temperature,
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4, The resistance—temperature characteristic must be counsidered when
operation may encounter & temperature rise due to ueighboring componenis
and/or ambient temperature rige,

5. Use of a wire s8ize of legs tham ¢,.001 inch dismeter is upot
recommended,

E. For MIL~R-39002 type parts:
1. The wattage ratiug of these resistors are based on operatisz at 85
deg C, mounted on a 4=-inch square, 0.05~inch thick, steel panel. This
mounting techknique should be taken into consideration when the wattage
is applied during the specific applicatiocs,

2, The cesistance~temperature chsracteristic mus> be considered when

operation may encounter a temperature rise due to neighboring components
and/or ambient temperature rise.

3. VWhen voltages higher tham 250V rms are present between the rescistor
circuit and the grounded surface, a secondary insulaifor to withstaud
this condition ghould be provided,

4, When only a po.tion of the resistance element is engaged, the
wattage rating must be reducad by the same proportion as the cesistance,

“.2.2.,3 Derating Guidelines

Ambient tewperature and power are the principsl derating stress
parameter for variable wirewound recistors. The recomnended derating
curves for the three Levels are given for each MWIL defiued resistor
types.

The dereting curves for MIL~R~lY types are givem in Figure $.2-%.

The derating curves fur MIL~B-22 types are given in Figure 9.2-%. Siace
the vesistor iy wunenclosed, it can be effected by enviroumental

conditions (such as moisturs), Therefore, it i1s wuot recommended for
Levels I & IX.

The daerating curve for MIL-E~12934 is given for Levels II and Iil in
Pigare 9.2~6., Thic type is not recommended for Level I due to contact
resistance veriation aud a failure r~te higher than tlie fixed resistor
replacements.

The derating curves for ¥IL-R-27208 and MIL—R-?BOiS types are given in
Figure 9.2-7,

The dereting for ' _I1~R-39002 types &re only givea for Leval II and IIX
and are located in Figure 9.2-3, Thic type is not recommended for Level
I due to ccntuct resistsnce variation and a failure rvate higher than the
fixed resistor replacements.
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SECTION 9.3

THERMISTOR, (THERMALLY SENSITIVE RESISTOR), INSULATED LERATING

9.3.1 Geueral

The principal stress parameter in derating thermistors, are the ombient
temperature and the rated power.

‘The thermistor types are defined by MIL~T-23648 (RTH). The thermistor
is a mixture of metal oxides fired at high temperatures to produce a
sintered resistive element having an extremely high unegative or positive
temperature coefficients of resistance. The largz temperatuve
coefficients produce resistance ratios (values at 25 deg ¢ cowpared to
values at 125 deg C) of 0.5, 19,8, and 29.4.

The selected derating levels in this section axc “ased uwpon analysis of
a large historical body of user data and upon well understood
relacionships of stress and reliability., Generally the specified
deratiug should be achievable with design coustrziunts counistant with
the enhanced reliability, Waivers to the specified derating should be
concidered on an item by item basis rather than broad changes to whole
part categories.

9.3.2 Application Guidelines
A, Operation of thermistor above the maximum "hot spot" temperacure

will produce permanent resistsunce changes. Ir extrame cases, Cthis can
cause thermal runaway.

B. Use g current limiting resistor to prevent the negative conf€icient
type from going into thermsl runaway.

C. Never exceed the maximum current or power rating, even for short
time periods.

D, Never move a thermistor (self-heat mode) iuto a lower thermal

conductiug wedium or enviromment without careful sualyais in order to
prevent thermal runaway counditicns.

E. Accurate ‘theruistors {+/= 1%) should uot t¢ operatcd beyond the
specified test points given by the Mil-spec or manufacturer”s listiungs.

7.3.23 Derating Guidelines

The principal derating stress parameters for thermistor, are the ambient
temperature and the rated power, The recoumended derating for the
ambient temperature is 15 deg C below the maximum limits and the power
is ¢o be 502 of the rated (see Figure 9.3-1). These deratings will
apply for all three Levels,
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10.1

Tbia
snd variable

specifications:

TYPE

PAPER/PLASTIC FILM

MIL-C-11693

MIL~C~19978

MIL~C~39022°

MIL-C~55514

MIL~C-83421

MICA

MIL~C~10950
MIL~-C~39001

GLASS

MIL-C-23269

CERAMIC
MIL~C~20

MIL~-C-11015

SECTIOL 10

CAPACITOR DERATING GUIDELINES

Introduction

section covers the derating and application guidelines for fixed
capacitors,
MIL-HDB¥~217C with the elimination of those
design or where no suppliers are defined for

The capacitor gelected are from

types inactive for new
the following Military

types,

SUBSECTION

10.2

Capacitors, Fixed, Paper, Metallized Paper, Metallized
Plastic, RFI Feed-Thru, Establ!ished Reliability and
Non=Establislied Reliability (Style CZR and CZ)
Capacitors, Fixed, Plastic (or Paper-Plastic,)
Established and Non~Establzsned Reliability, (Style
CQR and CQ)

Capacitors, Fixed, Metallized, Paper-Plactic Film or
Plastic Film Dielectric, Established Reliability,
(style CHR)

Capacitors, Plastic, Metallized Plastic, Established
Raeliability, (Style CFR)

Capaciiors, Super-Metallized Plastic, Estsblished
Reliability, (Style CRH)

10.3
Capacitors, Fixed; Mica, Button Style, (Style CB)
Capacitors, Fixed, Mica, Established Reliability,
(Style CMR)

10.4

Capacitors, ¥ixed, CIasa, Established Rellabzllty,
(Style CYR)

10,5

Capacitors, Fixed, Ceramic (Temperature
Compensating), (Style CCR)

Gagacitors, Fixed, Ceramic (Genmeral Purpose), (Style
CK
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TYPE SUBSECTION

MIL~C-39034 Capacitors, Fixed, Ceramic (General Purpose},
Established Reliability, (Style CKR)

ELECTROLYTIC 10.6, 10.7, 10.8, And 10.9 | .
MIL-C-62 Capacitors, Fixed, Electrolytic (DC, Aluminum, Dry )
Electrclyte, Polarized), (Style CE) B

MIL-C-390C3 Capucitors, Fixad, Electrolytic, Tantalum, Solid R

Flectrolyte, Established Reliability, (Style CSR)
MIL~C-35306 Capacitors, Fixed Electrolytic, Tantalum, Nom=-solid
Electrolyte, Established Relicbility, (Styi: CLR)

" MIL-"-39018 Capacitors, Fixed, Electxolytic, Aluminum Oxide,
4 (Style CU)
b y
4 VARIABLE CAPACITORS 10.10 And 10.11 4
. 8
MIL~C-~81 Capacitors, Vaviable, Ceramic, (Style CV) 3
{ MIL-C~14409 Capacitors, Variable, Piston Type, Tubular Trimmer, «
‘ (style PC) i

P

Wherever two or more specifications could be shown by one set of
dorating graphs, the specifications are 1listed together, such as
MIL-C~1095G and MIL-C-39001 (see Figure 10.3~1).

S TN

far A

. Derating is that reduction oi streas factors necessary to signifcantly
L extend the operational life. For capacitors, the factors are curreut,
DC and/or AC vcltage, and temperature (including the capaciter”s case
temperature rise from AC loading). There are two fundamantal relations
governing the derating of capacitors, The first relates voltage as

1 follows:

AR ek

Voltage DC Derated = Voltage DC (applied) + Peak AC voltage (applied).

The secend relation is the total temperature of the capacitor being the
sum of the awbient temperature and the rise in case temperature from the
¢ AC 1load. Methods of determining case temperature rise sre outlined in
MIL~STD-198,

‘ Yeat is generated in a capacitor by two mechanisms: (1) lnss produced by
‘ leakage current through the dielectric and (2) loss due to the
. equivalent series vesistauce (ESR). ESR representé a combinatiom of the
-j} effecte of electrode resistance, electrolyte <resistance, lead
e resistance, electrode eddy currents, and dielectric hysteresis, ’
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That portion of Leat generated by leakage current may usually be
neglected since the temperature rise resulting therefrom ealdom exceeds
two or three degrees. ESR, however, countributes substuntidlly to
heating when an AC component is present, ¢nd this temperature rise
consitutes an important limitstion in capacitor applicatica,

The maximum allowable AC componmaat is that value which results iu a case
temperature ris2 above ambieat such that the maxinum temperature rating
of the part is not exceeded.

Temperature capability is specification controlled at both high and low
limits, The high-temperatuwre limit wiy be exceded only at the wrisk of
degradation or thermal runaway. When - energized after a period of
storage or deactivation at temperature near the lew limit, the nousclid
electrolyte types (MIL~C~39006) will exhibit a sizeable 1loas of
capacitance until they warm up, If thore is a substantial AC component,
heating frow the increased losses at low temperature will quickly
restore the lost capacitance when the circuit is energized.

Dissipation factor (DF) is specified in capacitor specificaticns because
it is more readily measureable than power factor, which is the
characteristic of wore interest to the designer. Frequency and
capacitance are, of course, cowpcuents of DF. ’

DC losses are specified in terms of leakage current (XL) for
electrolytic capacitors and insulation resistance for mnon-electrolytic
types. All capacitors have positive JL - temperature charactaristics.
Polarity has a negligible effect on IL of nou-electrolytic and mnonpolar
electrolytic capacitors while polar electrolytice exhibit diode
characteristice with respect to forward and reverse IL. '

There is little evidence that age has any serious effasct oo ledkage
current although specifications gllow 25 increase for mnonsolid
electrolytics, 50% for solid tantalum and 85% for ceramics at 10,000
hours 1life., Leakage current vs voliage is approximately linear belc.
breakdown levels for all iypes,

Stray capacitance and recistance to case are negligible except for very
low values of capacitance in matal cases, aud except for foil
elictrolytics with flosting cases  (MIL-C~39005) which. have an
indeterminate resirtauce from cathode tec case, Noupolar types have an
indeterminate resistance from both terminals to case,

Ripple and pulse currents affect temperasture rise and consequently
influence failure rate, Criteria for pulee curreat limits is not
available in the specification or Iliterature; the manufacturer’o
recosmendations should bLe uvequested in the case of application
requiremeats in excess of limita listed im the individual
specifications,
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The effects of voltage, temperature and ripple current are predictable
but littie information is available on the effect of voltage transients
on failure rate,

Failure wmodes of capacitors may include shorts, cpens, grounds to case,
low capacitance, high capacitance, high dissipation factor, mnoisiness,
leakage of electrolyte, and mechanical failure,

Noise in capacitors may be caused by scintillation, clearing, defects in

bonds, aad movement of electrodes caused by electrostatic force (audible
noise),

Ihe selected derating levels in thie section are based upon analysis of
a large historical body of user data and upon well understood
celationships of stress and rellability., Geanerally the specified
derating should be achievable with design constraints consistant with
:he enhanced geliability. Waivers to the specified deratiug should be
considered on an item by item basis rather than broad changes to whole
part categories,
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‘ SICTION 10.2

FIXED (PA2ER/PLASTIC) FILM CAPACLTCR DERATING GUIDELINLCS

‘ 10.2.1  Ceneval ' % T T e

o B L f [ . L ‘,A: Y

YT T YT

The fixed paper-plastic film capacitors are defined by MIL-C-11693,
MIL~C- 19978, MIL—C-39022 MilL~C~-55514, and MIL-C-83421, This group of,
capacitors has hlgn insulatxon resistance, low dielectric absorpt:on or
low loss factor over wide temperature ranges with the AC component of
impressed voltage ranging from small to more than 50 percént of the DC’
voltage rating.,

MIL~C~11693 (C2Z and CZR) is a paper “and metallized paper dielectric,’
radio inference reduction feed~-through capacitor. This type of
constructlon is essentially a three-termipal network in which the case
coustitutes common or group te:m;nal. Thir constructlon, wh.ch 1s
analogous to a coaxxal cab1¢, requires a cemter conductor to carry. ratud
line uurrent and a capacitor sect;oﬂ disposed concentrically around the
center conduc;or 80 that the path of RF currents flowing betwe¢n the
center conductor gnd the case is symmetrical.

— .

Cex¢ain defects in feed-through-capacitor coustruction mey cause the
insertion-loss~characteristic to depart from the ideal. For example,
registance in the foils, or in the solder comnections at the edges of
the foils, way slow the vate of insertion-loss rise below that for the

\ ideal capacitor and level out the curve in the high—-frequency region, A
downward slope in the insertion-loss curve at high frequency, beyond 100
megahertz (MHz), is usually indicative of incomplete or asymmetrical
foil=to-ground conmectio: s,

Since a feed-through capacitor wust carry all of the line current
through its center conductor, it 1is rated not only in terms of the
caprcitance and the voltage it has to withstand, but also in terms of
the current it caa safely carry to the load.

Y

MIL-C~19978 (CQ and CQR) defines an established reliability, plastic (or

paper- plastic) dielectric, fixed capacitors, hermetically sealed in

metal cases. These capacitors have high . insulation resistauce, low

dielectric absorption, or low loss factor over wide temperature ranges

with the AC component of the impressed voltage teing small with respect

to the DC voltage rating. These capacitors have foil electrodes with :
the thin paper plastic dielectric wound into cyliundrical form. The foil

extends beyond the body to reduce indurtance and provide terminations.

Sprayed metal is used to bond the foil to scldered leads. The unit is

sealed hermetically in metal cases,

160

T b 3 T LSO V08 T ? 5t
- . MR IRRINNE O SR LI, .00 e




The major dielectrics are as foliows:

Polyethylene terephthalate (characteristic M capacitors):
Charncteristic M capacitors are iutended /or high-tempuizture
applications similar to those served by hermetically~suiled paper
capacitors, but where high insulation recistance at the upper
temperature limits is required,

Paper and polyethylene terephthalate (characteristic K capacitors}:
Charactexistic K capacitors are intended for applications where high
insulation resistance is necessary.

Polycaibonate (characteristic Q capacitors): Characteristic Q
capacitors are intended for applications where minimum capacitance
changes with temperature are required; these capacitors are especially
suitable for use in tuned and precision timing circuils,

MIL~C~-39022 (CHR) defines an established veliability, metallized
dielectric (paper-plastic or plastic) fized capacitoss, hermetically
gealed in-metal cases. The electrodes of metaliized dielectric
capacitors are formed by vapor deposition of aluminum or zimc on paper
or plastic film, masked to provide insulation at one edge and exposed
metal at the other. ©Pairs of metallized films (or papers) are wound
into a roll which i- connected to leads by metal spraying the ends and
soldering, The rolls are enclosed in cylindrical wetal cases and Lhe
leads are brought out to opposite ends through glass seals,

Metailized construction offers two advantages over foil construction fox

low voltage ratings. The vapor deposited metal is only 1 X 10E-6 inch

thick compared to 250 x 10E-6 inch for foil, yielding considerable
improvement in voluue efficiency., The thinner electrode also makes it
fearible to eliminate failure sites by using "“clearing" techniques
during fabrication. However, the thiuner electrodes impose a limitation
on current~cariying capacity and cause a slightly high2r digsipation
factor than that obtained with foil comstruction,

MIL-C-55514 (CFR) is (he same type of capacitor as the MIL~-C-39022
except the capacitor has a nomsetal case. The structure is similar with

the metallized plastic dielectric. 1f used in moisture envirvonments,
the units should be encapsulated,

The major aielectrics are:
Polyethylene terephthalate: These capacitors are intended for high-
temperature applications similar to those served by hermetically-

sealed paper capacitors, but where bhigh insulation resistance at the
upper temperature limits i3 recuired.
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- Polycarbonate: These capacitors are interded for applications where
.M-; minimus capacitance changes with temperaturc are required; they are
u especially suitable for use in tuvned and preci )n timing circuits,
g |

These capaciturs are desigued for use in circuit applications
requirirg high insulation resistan:ze, low dieclectric absorpticn, or
low loss factor over wide temnerature ranges, and where the AC
cowmponent of the impressed voltage is small with respect to the DC
voltage rating.
e MIL-C-83421 (CRH) is an es’ablished reliability, supermetallized plastic
K, film dielectric, fixed capacitor having DC and AC ratings, hermeticclly

seal2d in metal cases, They are similar in construction to MIL-C-32022.
g An impregnant is used to reduce momentary breakdowns and a DC burn-in is
s conducted to remove defects requiring "clearing". Thece caracitors have
high insulation resistance, countiolled low dielectric absorption with a

higli stability temperature characteristic and low losses. Maximum DG j
fﬁ“ rated voltages vacy from 30 to 400 volts,
s 10,7.2 Application and Derating Guidelines
) The applicaticn guidelines ar. Jdefined for each misitary type part.
"Qﬁ A, For MIL-C-11692 type parts:
;7 : 1. The derating c*1res sre shown in Figure 10.2-1. Both tempevature
s and voltage are ated for the three Levels. Line current is derated

- 8C perscent of the raced valuc.

2. The ideal locstion for the feed-through capacitor im any suppression
system 18 ac the point of exit of the wiring from a chassis or housing
surrounding the source of intecference.

3. Selection of the optimum feed--through capacitance for any given
application wusually necessitates a compromise between capacitance
et | sufficiently large to provide good imsertion loss at the lowest RF to be

: suppressed, and capacitance not so large as tc cause appreciable loading
@ . at 60 lHertz or other power fxequencies. Cenerally, roxr the most
i practical suppressinn purposes, the range oi capacitance values is from
0.0% to 2.0 microfarads (uF) inclusive.

N . 4 Additiomal application data is found in MIL-SID-198.

R 29
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B, For MIL-C~19978 type parts:

1. The devating curves for these capacitors sre shown in Figure 10.2-2.
Both temperature znd voltage are derated fnr the three Levels,

2. These capacitors may be used where an AC compouent is present
provided that (1) the sum of the DC voltage and the peak AC voltage does
not exceed the DC voltage rating or (2) the peak AC voltage does not
exceed 20 percent of the DC voltage rating at 60 Hz, 15 percent at 170
Hz; or 1 percent at 10,000 Hz., Where heavy transient or pulse currenty
are encountered, the requirements of MiL=C-19978 are not su.ficient to
guarantee satisfactory performance, and due allowance mus* thernfore be
wade in the selecilon of a capacitor.

3. For addditional data, refer to MIL~-STD-198,
C. For MIL-C~39022 type parts:

L. The derating curvzs for this capacitor sre shown in Figure 10.2-3,
Both temperature and voltage are derated for wunits with maximum
temperatures of 85 and 125 deg C for the three Levels,

2. These capecitorgs may be used where an AC component is present
provided chat (1) the sum of the DC voltage and the peak AC voltage does
not exceed the DC voltage rating, and (2) the AC voltage does not exceed
20 percent of the DC voltage rating,

3. For additional application data, see MIL~STD-1v8.
D, For MIL~C~55514 type parts:

l. The derating curves are shown in Figure 10.2-4, Both *emperat..e
and voltage are derated for the three Levels except that the capacitor
is not used for space appli~ation where degassing is not permitted.

2. These capacitors may be .sed where an AC component 1is present
provided that (1) the sum of the DC voltage and the peak AC voltage does
not exceed the DC voltage rating or (2) the peak AC voltage does not
exceed 20 pevvent of the DC voltage rating at 60 Hz: 15 percent at 120
Hz; or 1 percent at 18,000 Hz. Where heavy trsnsient or pulse currents
are encounterad, the reqirements of MIL-C-55514 are not sufficient to
guarantee satisfactury performance, and due allowance must therefore be
rmade in the selection of a capacitor.

3. For additional application data, see MIL-STD-198,




E, For MIL-C-83421 type parts:

1. The derating curves for this capacitor are givem in Figure 10.2-5.
Both temperature and voltage are derated for the three Levels.

2. The AC ratings of voltage and urrent controlled by MIL-C- 83421,
cannot be exeeded.

3. For additonal application data refer to MIL-C~39022 in MIL-STD-198
since this standard does not include MIL-C-83421,
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SECTION 10.3

FIXED MICA CAPACITOR DERATING GUIDELINES
10.3.1 General

MIL=C~39001 and MIL-C-10950 define the fixed nica capacitor. This
capacitor approaches the ideal component by heving a low dissipation
factor (high @). high tewmperature stability and high insulation
resistance, They have good frequency stability up to 500 megahertz.
They are used where close impedance limits are essential with respect to
temperature, frequeucy, and aging.

MiL-C~39001 (CMR) is constructed with wuwuscovite mica. It has a
dielectric coustant between 6.5 and 8.5 aad can be split inte thin
sheets it .8 mwvonporous and does not vreadily absorl woisture,
Protection from woistursz is provided to obtain  high-capacitance
stability and 1low 1losses., The two techniques used to form the
capacitors covered in this section are by stacking the mica sheets

throigh the silvered-mica process or Ly use of tin-lead foil to separate
the mica sheets,

Terminals are attached to the mica stacks by the use of pressure clips
which have been solder—coated for manimum wechanical strength,

The molded case is wade of a polyester materisl which also exhibite high

insulation resistance and high resistance to moisture absorption aund,
transmission. The molded case also imparts rigidity to the capacitor in

the event the capacitor is subjected to vibratiom or shock,

The MIL-C-10950 (CB) capacitnrs are couposed of a stack of silvered-mice
sheets connected in parallel. This assembly is enclosed i a metal case
wi.th a high potential (erminal coavected through the center of the
stack. The other terminal is formed by this metal case covnected at all
poiuts arouud the outer edge of the electrodes. This design permits the
current to fan out in a 36(G~degrees pattern from the center terminal
providing the shortest RF current path beiween the center terminal and
chassis, The internal inductacce ic thus kept smgll, The use of
relatively heavy and short terminzls yesults ian winiwuw external
inductance assnciated permaneatly with tlhie capacitor., The unite are
then welded and hermetically glass sealed with the excention of style
CB50, which is resin sealed.

170

P

b P GRAE e TER

&

Camia -t e
i A




e

10.3.2 Application and Derating Guidelines
The applicatior guidelines are defined for each military type part.
&, TFor MIL~C~390¢1 and MIL-C-10950 type parts:

1. The derating curves are shown in Figure 10,3-1. Both temperature
and voltage are derated for the three Levels.

2, Due to the inherent characteristics of the dielectric (i.e., high
insulation resistance and high breakdown voltage, low power factor, iow
inductance, and low dielectric absorption), these mica capacitors are
small and have good stability and high reliability.

3. MIL-C-39001 is =n established reliability specification with failure
rates available to 3 level (0.0l percent per thousand hours). ' They will
experience fallures at a rate depending almost exclusively wupon the
manner in which they are used; e.g., (1) with the temperature remaining
coustant, the capacitor life is inversely proportiopal to the 8th power
of the applied D¢ voltage, or (2) with the DC voltage remaining
constent, life decreases approximately 50 percent for every 10 deg C
rise in temperature, These capacitors have a life expectancy of 50,000
hours at rated conditious.

4. MIL-C-10950 (omly)

Capacitors are very stable with time &nd have high reliability in
circuits where ambient conditions can be closely controlled to reduce
failure from silver~iom migration, Silver-ion migration can occur in a
few hours when silvered-mica capacitors are simultaneously exposed to DC
voltage stresses, humidity, and high temperatures, For additional
application data, vefer to MIL-STD~198.
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SECTION 1C.4

FIXTD GLASS CAPACTITOR DERATING GUIDFLINES

b 10.4.1 Canoral

MIL-C-23265 (CYR) specificstion <definee the fized, plass dielectric
1 capacitor. It, 1like the mica capacitor, is ideal by having ¢ lew
§‘ dissipaticn fact.r (high , high ingulation vesistaace (low leakage)

and high temporatura stzoility. Taey are vetry stable with frequency up

to 500 wesahertss

Class-dielectric Lapcitors are composed of alternate layers of glaos
ribbon and the electrode material. After assembly, the units guc sealed
togethar by high temperature and prescure to form & rugged monolithic
bleck, BSince tra termina) leads ara fused to the glass case, the seal

caunut be broken without destroying the capacitor.

r 10.4.2 Applization aud Derating Guidelinee
; ~he application gurdeliues are defined for each military type part,
A. For MIL-C-23269 type parta:

1. ‘ihe deruting curves 3ra shown in Figure 10.4-1 with botn tewperature
and voltags drated for the three Lovels,

2. Fer additionsl application data, refer to MIL~STD-198.
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SECTION 10.5

FIXED CRHRAMIC CAPACITOR DERATING GUIDELINES

10.5.1 General

MIL=-C~39014 (CKR) defines an establislied reliability, general purvose
ceramic capacitors. MiL=-C-11015 (CK) is the non—-established reliability
unit. These capacitors are characteristically small physical size, high
insulation resistance but witn comparatively large capacitance values,
The necessary large dielectric constent is subject to changes caused by
temperature, voltage, frequency, ahd self aging.

This ceramic capacitor consists of a ceramic dizlectric on which a thim
metallic film, usually silver, has beer fired at very high temperatures.
Terminal leade are attached to the electvodes by a pressure contact or
by soldering. Ceramic capacitors are encapsulated to protect the
dielectric from the enviromment and to electrically  insulate the
capacitor., The disk types are covered by “an insulating resin, plastic,

or creamic; the thin-plated subminiature types may be dipped, moided, or -

preformed cases, The feed-through units &sre made of ceramic tubes

modified for their required wounting. Because the constituent materials .

have molecular polar momentsy, the ‘dielectric constants of some mixes
reach hundreds (even thousands), of times the value of paper, mica, and
plastic films. This results in ceramics having the largest
capacitance~to-size ratios of all high-resistance dielectrics.

MIL~C-~20 (CCR) defines an established reliability ceramic capacitor
having controlled temperature characteristics, Control of capacitance
change with temperature requ.res use of ceramics with different
compositoas procucing low to high dielectric constants, The low
dielectric constants (less than 10) produce very stable properties. As
the dialectric constent increases, the temperaiure coefficien. of
capacitance decreases to negative values., Physically, the most common
types of temperature-compensating, ceramic-dielectric capacitors aie
small monolithic tubular and rectangular types covered by insulating
resin, plastic, or ceramic.

10.5.2 Applicaticn and Derating Guidelines
The application guidelines are defined for each military type part,

A, TFor MIL-C~20, MIL-C-~11015, and MIL-C-39014 type parts:

1. The derating curves for MIL-C-39(G1l4, MIL-C-20 and MIL-C~ 11015 are
shown in Figure .0.5-1. Both temperature and voltage are derated for
units raced at 125 and 150 deg C.
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2. GQarc ld be used in soldering the leads. Excessive heat ‘may
damage encapeulation and weaken the electrode ‘o terminal lead
contact. Sudden changes in tempevature such as those experienced ir
scldering, can crack the ¢ ‘:gpsulation or the ceramic dielectric, Leads
should not be bent cle : .. the case nor should any strain be imposed on

tue capacitor body to avoid fraccuring the eacapsulation or ceramic
dielevtric,

3. Xt i¢ not intended that the case insulation be cubjected to
sustained voltage in excess of 150 percent of the DC rated voltage of
the caracitor., Sv-plementary insulation should be pro—rided where the
case way come .n contas: with higher voltage,

4., When the silver electrodes in the cervamic capacitor are exposed to
high humidities and high DC potentials, silver icr migration may take
place und short circuit canacitors after relatively short pericds of
time. Excessive moi-ture during periods of storuge should be avoided
i since the encapsulation material may absorb wmoigture and silver ion
migrativn may oneur when the capacitors are later put into service.

5. TFor additousl application data for each capacitor, refer to
M1L~$TD-108, i
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SECTION 10.6

FIXED, Ai.UMINUM ELECTROLYTIC (DRY), CAPACITCR DERATING GUIDELINES

10.6.1 General

Aluminum electrolytic capacitors defined by MIL-C~62 (CE) provide the
smallest volume, mass, and cost per microfarad of any type of capacitor
with the exception of the tantalum electrolytic capacitor.

These capacitors are generally used where low f£requency, pulsating, DC
signal components are to be filtered out. These capacitors are designed
for applications where accuracy of capacitance is relatively
unimportant.

The capacitor consists of aluminum foil rolled onto a porous spacer,
The foils are approximately 0,003 to 0.005 inch thick., Tbe spacer 1is
impregnated with an electrolyte and separates the anode siud cathode.
The electrolyte is usually an aquec—s solution of ammoaium borate, boric
acid, and glycol.

The metal cases are provided with an insulating sleeve which has an
insulation resistance of at least 100 megohms., It should be noted that
the insulation resistance refers tc the sleeve and not to the resistance
between the terminals and the case. )

10.6.2 Application and Derating Guidelines
The application guidelines are defined for each military type part.
A, TFor MIL-C-62 type part:

1. The derating curves for MIL-(-62 are given iu ¥igure 10.6-1. Both
temperature and voltage are derated for Level 1LY,

2. These  capacitors are not suitable for airborme equipment
applications since thay ghould not be subjected to low barometric
pressure and low temperatures at high a&ltitudes., The aluminum
electrolytic capacitors can he derated only for & short period since
derating for any length of time may result in the necessity for
re-forming., ¥ven though they have vents desigued Lo open at dangernus
pressuies, explosious can ocrur because of gas pressure or a §park
ignition of free oxygen and hydroger liberated at the electrodes, , '
Provigions should be made co protect surrounding parts,
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3. The thickness of the oxide film which is formed both initally on the
foil and during the forming operations on the completed capacitor
determiner the maximum peak or surge voltage which may be applied. For
maximum reliability and 1long life, the DC vated voltage should not be
more than approximately 80 percent of full rating so that surges can oe
kept within the full-rated voltage. The time of surge~ voltage
application should not be more than 30 seconds every 10 minutes,

4. These capacitors should be used only in UC circuits with polarity
properly observed. Ir AC components are present, the sum of thé peak AC
voltage plus the applied DC voltage must not exceed the DC rating. The
peak AC value should also be less thau the applied DC voltage in order
that polarity may be maintained even on negative peaks, Capacitocs
which have been subjected to voltage reversal should be discarded.

5. When these capacitors are used for inpvt-filtering purposes, the rms
ripple (at +85 deg C and 120 Hz; should not exceed the value calculated
from the following equation:

Ir=kV C

Where Ir = Maximum rms ripple current in milliamperes.
k = Value as specified in wach slash sheet of MIL-C=~62
C = Nominal capacitance in microfarads.

When operated at a frequency differeat from 120 Hz or at a
temperature different from +85 deg C, the value obtained from
the equation should be multiplied by the appropriate value
supplied by each slash sheet of MIL-C-62,

6. For .dditional application data, refer to MIL-STD~198,
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Fiqure 10.6-1: Derating Curves for Capuacitors, Fixed,
9 Electrolytic Nefined by MIL-C-62
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SECTION 10.7
FIXED ELECTROLYTIC (ALUMINUM OXIDE), ERX, CAPACITOR DLRATING GUIDEL INE'S
10.7.1 Geuneral

Aluminum electrolytic capacitors defined by MIL-C=3901R (CU, axe
intended for use in filter, coupling, and by=-pass applicatious whure
large cupacitance values arc required in small cases and where excosskod
of capacitance cver the nominal value can be tolevatwed.

Aluminum electrolytic capacitors provide the swallest volume, mass, and
cost. per microfarad of any type of capacitor with tho exceptiun of Kha
tantalum electrolytic capacitor,

The capacitor consists of aluminum foil rolled ontu u porous apaca. "he
foil is approximately 0.003 to 0,005 inzh thick. ‘The epaver Lo
impregnnted with an electrolyte and separates the anode and cathoda.
The electrolyte is usually an aqueous solution of avwoulum borste,
boric, acid, aad glycol., Advancewents in the wawufacture of alumitwm
electrolytic vapacitors have made possible an increased £oil puriuy,
improved oxide system, and 4n increase in etch ratioe.  Othoy
coutributing factors are an improvad capacitor seal pad the dovalopmend,
cf an elecirolyte with a non-aqeous, nou-acid base.

The metal cases are pwovided with an insulating slseve which hes en
insulation resictance of at least 100 megohms,

It should be noted thal the insulation resistance vefers to the slauve
and not to the resistaiice batwuen the teymlnais and the caso,

10,7.2 Application and Dervating Guideliras

The application guidelines are defined Lor esxh militery type part,

A, Y¥or MIL-C-39018 :type parle:

1. The deratiuy, curves are giver iw ¥igure 10.71. Both teaperature
and voltage are derated for Level IiI. ALl &oyles, having  waxlvem

cperating temperatures of 85, 107 ard 12% deg €, are derated 20 degrecs
for long life,

2. For polarized capacitors, the appiied AG peak voltage <hould naver
exceed the applied DC voltupe; the wum of the applied AC peak and DC
voltages should never exceed the rated DC werking volrage,
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3. The thickness of the oxide film which is formed both initially omn
the fofl and during the forming operations on the cowpleted capacitor
determines the maxivum peak or surge voltage which may applied. Foc
msximum rveliability and 1long life, the DU vated voltage should not be
more than approximately 80 perceant oi full rating so that surges can be
kept witkin the full=rated wvwoltage. The time of surge~ voltage
application should not be more than 30 seconds every 10 minutes,

4, The surge voltage is the maximum vnituge to whic.. the capacitor

rhould bLe subjected under any coundition, This includes transients and
p=ak ripple at the highest line voltag=s.

5. These capacitors are nomhermetically sealed and are notr recommended
for airborne equipment applications since they should not be subjected
to low bavowntri: pressure and low temperatures at ligh altitudes.
\Yhece alowinum electyolytic capacitors can be derated ouly for & shoxt
peviod since derating for any length of time may result io the aecessity
for rae-forming. Pven though tbey have vents dJdasigned to open at
duugarous pregsures, explosions can occur because of gas prescure or &
spark iguition of free oxygen and hydrogen libarsted at the electrndes,
Provigivns should he made to protect survounding pavts.

6. Kipple currert vatings are provided ia each slash cheet of
MIL~C-390i8 for capacitor stylcs and are based upoa & 10 :Hégrec rise in
tempardture.

k]

Yo For additionsl application data, vefer to MIL~8519-198.
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SZCTION 10.8

FIXED, ELECTROLYTIC (SOLIT ELECTROLYTL), TANTALUL, ER, CAPACITOR
DEBATING GUIDELINES

10.8.1 General

These electrolytic capacitors defined by MIL-C~-39003 (CSR) are the most
stable and most reliable electrolytic availsple, naving a longer life
charscteristic than any of the other electrolytic capcitors. Because of
their passive e¢lectrolyte being solid and dry, these capacitors are not
temperature~sersitive; they have a lower capacitance-temperature
characteristic than any of the other electrolytic capacitors,

“hese capscitors are aveilable as pulariced 4nd nonpolarized types.
Polarized rypes should have their cases at the same potential as the
negative lead; thiay should be used only iuw M circuits with polarity
otserved, Nonpolarized types should be vsed whure reversal of poteatial
occury,

A porous tantalum pellet or wire serves ss the anode of a solid tentalum
capacitoy, The surfaces of the snode are elactrochemically cunverted to
an oxide of tantalum which servus as the dieiectric, These surfaces are
coated with an oxide sewiconductor which is the working electyolyte in
s0lid form. This oxide semicunductor egtablishes countact with all of
the couplex surfaces of the aacdized pullet aut is capable of healing
imperfectinny of the tamtalum oxide dielectric film,

10.8.2 Application and Derating Guidalinus
The applicction guidelines are defined for each military type part.,
A. For MIT=C~-39003 type paxte:

1. The devating curvns for these capacitors aro shown in rigure 1C.8-1.
¥nth temperature and voltage ave dorated {or Levels I, II, and IIL,

2. Failure rate i3 s fuaction ~f tompersture, applied vceltage, and
circuir impedsuns. Increaced veliability may be obtained by deratiug
the temperature and applied veltage and increasing ciyvcuit lmpedances,
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3. DC leakage current increases when either voltage or (umperature is
increased; the rate of increase is greater at the higher values of
o voltage and temperature. A point can be reached where the DC leakage
P current will avalanche and attain proportions that will permanently
L damage the capacitor By increasing the circuit impedance, the leakagc
; current is reduced. In high impendance circuits, ‘momentary breakdowns
(if present) will self-heal., It is recommended that & minimum circuit

L impedance of 3 ochme per applied volt be utilized to attain improved
L reliability.

4. These cupacirors are not operated with reverse ripple current. They
are capable of withstanding peak DU voltages in the reverse direction
equal to 152 of their LC rating at +25 deg C; 10% at +55 deg C; 5% at
+85 deg C; and 1% at +125 deg C.

5. for additional gpplication data, refer to MIL-STD-198 including
graphs for ripple wvoltage vratings as functicns of temperatnure and
frequency.
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SECTION 10.9

FIXED, ELECTROLYTIC (NONSOLID ELECTRGYTE), TANTALUM, ER, CAPACITOR
DE”ATING GUIDELINES

10.9.1 General

The properties of MIL-C-39006 (CLR) capacitors are determined by the two
basic types of tantalum (foil and sintered slug) employed in their
counstruction,

Foil Types - The foil types are the most versatile of all electrolytic
capacitors. They are available in plain or etched £0il and in polarized
or mnowvolarized construction, which makes them suitable for many
applicatious. The foil types are limited by their great variation of
characteristics and design tolerances,

Polarized (Styles CLR25 and CLR 35) =~ The polarized foil types are
easentially used where low-frequency pulsating DC components are to be
bypassed or filtered out and for other uses in electronic equipment
where large capacitance values are required and cowparatively wide
capacitance tolerances can be tolerated.

Nonpolarized (Stylee CLR27 and CLR37) =~ The nonpolarized types are
primarily suitable for AC applications or where DC voltage reversals
occur, Examples of thesc uscs are in (1) tuned low-frequemcy circuits,
{2) phasing of low voltage AC wotors, (3) computer circuits where
reversal of DC voltage cccurs, and (4) servo aystems,

Sintered Slug Type (Styles CLK65 and CLR79) =~ These capacitors are
limited to low voltage applications. Their primary use ia in low
voltsge power asupply filtering circuits. Their 1low leakage current
(lowest of all the tantelum cypes) is not appreciable below +05 deg C
and at ordinary opevating temperatures is comparable to good gquality
papsr capgcitors, yet they are much smaller in size,

The structures of the fuil and sintered slug capacitors are as follows:

Foil Types ~ These capacitors consist of a tantalum foil, acting as the
anode, which is electrouwechanically treated to form a layer of tantalum
oxid¢, dielectric, Porous space material is used to form a conveantional
cylindrical capacitor section with axial tuntulum wires on either eund.
The section is impregnated with a suitable electrolyte (ususlly & weak
acid or base) and then sealed in a suitable container., Solderable leads
are welded to the tantalum leads,
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Sintered-Slug Types - These capacitors coasist of a siutered-slug,
acting as the anode, which is electrochemically treated to form a layer
of tantalum oxide dielectric. The slug is placed in a suitable case
(silver coated inside or for Style CLR79 a tantalum case with ao silver
applied) with a liquid electrolyte, such as sulphuric acid or litbiuw
chloride., The cau is then hermetically sealed.

10.9.2 Application and Derating Guideliaes
The application guidelines are defined for each militsry type part,
A. For MIL-C-39006 type parts:

1. The derating curves are giver in Figure 10.9-1 for the threc Lcvals.
Both tempersture and voltage are derated.

2. Because the more stable tantalum oxide film is lecs subject to
dissolving the surrounding ¢iectrolyte than the £ilm in an alumioum
capacitor, the shelf life of the tantglum unit is wuch longer, and less
re-forming is required. After sturage for long periods, the ve-formiug
current is low and the time is comparatively shorii it vay be expected
to take less than 10 minvtes., Thuse properties are sffected by tha
storage temperature to a8 significant degree, being excellent at
temperatures from =5} deg fo +25 deg C; good at +65 deg C; and
relatively poor at +85 deg €. o

Some Style CLR23 capacitors msy exhibit cupacitance change and
dissipatior factur changes wheu exposed to low DC bias levels (0 to 2,2
volts DC), Care should be exercisad when applications. requizve thase
voltage levels. ' .

3. Although polarized styles may b2 rated for reveree voltagus, it is
recommendad that no reversal is permitted., Reversa velitsges produce
large currents and vemoval of silver into solution., These actiona are
accumulative iu biecaking down the Jdislectric £ilw by lozalizwd heatias
and £illing pin holes with silver deposits,

4. Curves for comtrolliing AC ripple voltages and cirrents are provided
iu MIL-STR~198, These ratings cannct be suceeded,

5. VFor ndditionrl applicatice data, refer to MIL~STD-198.
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SECTION 10.190

VARIABLE (PISTON TYPE, TUBULAR TRIMMER) CAPACITOR DERATING GUIDELINES

10,10.1 General

These capacitors defined by MIL~C-~14409 (PC) are small-sized, sealed,
tubular trimmer, variabie capacitors designed for use where fine tuning
adjus-ments are periodically required during the life of the equipment.
Normally they are used for trimming and coupling in such circuits as
intermediate frequency, radio~frequency, oscillator, phase shifter, and
disceriminator stages.

Styles PC25 and PC26 capacitors are constructed of a series of
concentric circular metal bards which interleaf and are variable by
adjustment of the relative depth of the interface, All other style
capacitors are constructed of glass— or quartw—-dielectric cylinders and
metal tuning pistoas., A portion of the cylinder is plated with metal to
form the stator and the metal piston, controlled by a tuning screw, acts
as the rotor for these variable capacitors, The overlap of the stator
and rotor determines the capacitance. The self-contained piston within
the dielectric cylinder functions as a low inductance coaxial assembly.

10.10,2 Application and Derating Guidelines
The application guidelines are defined for each military type part.
A. For MIL-C-14409 type parts:

1. The derating curves for these capacitors are given in Figure 10,10-1
for the three Levels,

2, For additional application data, refer to MIL-8TD-198,

3. There are no application precautions perculiar to this device type
over and above that discussed in the general sectiom,

190

T et o 13 % e M N e A e e e esa = = etk e b § b et s ¢ o ¢ o




. XAl

50py1-2-11W £Q D3uUL3aQ Jeingnl
wa@:oﬁ.&.mzmtg 5407 }10RdR) 404 SIAARD Bupjedag :1-01°0T 34nbid : _

Gov ‘JYNIYEIdWIL INIIGAY ,,
iy

0ST  OrI Gz &1l Go1 SL 0§ T4 0 S5~
i\/\ 0 , .
!

1
ﬂ.:s_ma\\ qarvaao—"1
. | :
90051, %521,
a3Lvd qaLyd o w
S1INA SLIND |
oy —
_ 1 1A o ;
|
111 ONV 11 ST3AND 05
5L
20
“39Y110A A
Q3Lve 7
. 001 : :
NIV XVH-SLIAIT ¥FENLOVAINVM YO NOLL¥OIJII3dS I
.w.
|

B T I T RN R




-

I. SECTTON 10.11

; VARIABLE, CERAMIC, CAPACITOR DERATING GUIDELINES

; 10.11.1 General

; These capacitors defined by MIL-C-81 (CV) are small-sized trimmer
capacitors designed for use where fine tuning adjustments are
periodically required during the life of the equipment. Normally they
are used for trimmiung and coupling in such circuits as intermediate
frequency, radio-frequency, oscillator, phase shifter, and discriminator
stages. Because of their low mass, these units are relatively stable
against shock and vibraticn which tend to cause changes in capacitance.

Where a higher order of stability is required, air criwmmers should be
used,

Each unit consists of a single stator and a single rotor for each
section, made of ceramic uaterial impregnated with transformer or
silicone oil, Pure silver is fired and burnished on the top of the base
of the stator in a half-moon pattern. The rotor, usually of titanium
dioxide, har pure silver contact points, The coutact surfaces of both
the stator and rotor are ground and lapped flat, thus eliminating air
? space variatinns with temperature.

The principle of operation is similar to that of an air-dielectric
tuning capacitor where the overlsp of the stator and rotor deturtiines
the capacitance; in chese units, the ceramic dielectric replaces the air
\ dielectric., Rotors may be rotated continuously: full capacitance change

occurs during each rotation, The approximate maximum capacitance poinc
is indicated on the capacitor,

Since the tewperature censitivity is nununlinear over the capacitance

range and varies greatly between units, these capacitors should not be
designed into circuits as temperature compensating units,

10.11,2 Application c¢ud Derating Guidelines
The application guidelines are defined for each military type part.

A. For MIL-C-81 type parts:

1. The derating cuives are shown in Figure 10,11--1. Both temperature
and voltage are derated for the three Levels.

2. For adiitional application data, refer to MIL-STD-198.

3. There are no application precautions for this device type over and
ahove that discussed in the general section.
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100 MIL SPECIFICATION OR MANUFACTURER LIMITS-MAX RATING

%
RATED
VOLTAGE,
DC

75

50 LEVELS I1 AND III

30 LEVEL I

25

0 _J\/
-5% 0 25 50 75 85

AMBIENT TEMPERATURE, (°C)

Figure 10.11-1: Derating Curves for Capacitors, Variable,
Ceramic Dielectric Defined by MIL-C-81
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SECTION 11

INDUCTIVE DEVICF® DERATING GUIDELINES

11.1 General

Inductive devices create a magnetic field derived from the physical
construction of the device and 1its electrical input. These devices
include low and high frequency fixed coils, variable coils, audio and
radio frequency traasformers, power transformers, and low and high power
wulse transformers,

Coils, the simuiest of the inductive Adevices, are constructed with an
insulatned wire <coil wound on a suitable support form which may or may
not be inducvtive material., The inductance can be fixed or varied
depending wupon the physical construction, There are several types of
trans“ormers utilizing multiple coil windings with methods of coupling
the wmagnetic field of the coils thru the physical relationship and the
field-flux~coupling magnetic cores.

These cons.ruction features aenerally lead to closely spaced, multiple
layered wraps of insuiated wire over forms which way or may not be
active in the device operation. This construction characteristic leads
to heat generation deep within the wire coil and in the magnetic core.
Large voltage differentials can exist between c¢losely spaced elements
seperated by a very thin insulation layer. Also, due to the
multiplicity of coil wraps and a desire to constrain size and weight ,
the coil wire size vends to be marginal lor the device current rating.,
All these construction elements are susceptable co insulation break down
due to heat allowing electrical shorting between adjacent elemerts,
Also, overheating can be caused by excessive currents (IR heating) or
improper frequency of operation (core saturation or eddy curient heating
in the core).

The selected derating levels in this section are based wupon review of
limited historical appiications and/or upon eugineering judgoment .o
balance the increased reliability against the relative constraints
placed wupon design freedom. The device complexity and/or limited
analytical relationship between applied stress and its reliability
effects prevents precise selection of appropriate derating levels. Some
flexability should be wused in application of specific values of
derating. 1In particular, one derated parameter can be traded off
against another but the relief should not be granted all the way to the
next level (i.e. Level I to Level II),
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11.2 Appl.cation Guidelines

A, Increased temperature degradrs the insulation of the devices which,
in turn, decreases the reliability and life span of the device.

B. Winding voltage is kept at the nominal value to prevent insulation
break down,

C. Operation at a lower than designed frequency range results in
overheating and possible core saturation, thus decreasiug the life span,

11.3 Inductive Devices Derating Guidelines

The principal stress parameter for inductlive davices is the operating
hot spot temperature., The reliability of inductive devices is a
function of c¢vperating hot spot temperature as it welates to the
ingulation capability , operating currents, in-rush transients, and
dielectric stress., The method of computing the hot-spot temperature is
given in MIL-HDBK-217C.

The critical parameters for inductive deviceu are listed a&s follows:

A. Wind‘ng wvoltages are fixed and are not derated to improve
reliability.

B. Frequency operation at lower than the designed frequency range will
result 1in overheating and possitle core  saturation, Thervefore,
frequency cannot be derated to improve reliability.

C. The derated values for hot-spot temperature, maximum current, inrush
transients, and dielectric stress are derated as shown in Table 1l-1.
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SECTION 12

RELAY DERATING GUIDELINES

12.1 General

The principal derating stress parameters for relays are the ccntinuous
contact current, coil operating voltage, coil drop out voltage,
vibration limits, and temperature.

There are four major relay groups that will be covered. These groups
are electromechanical relays, solid state relays, hybrid
electromechanicai relays, and hybrid solid stat~ relays. Under these
major groups, there are five relay types., These bhasic types are

balanced armature, balanced~force, low level, msgnetic latching, and
polarized,

The electromechanical relays use an electrical input to create the
motive force which mechanically mcves the metallic contacts to open or
closed vositions, This type offer greater tolerances to overioad
conditions and usually better iuput to output isolationm.

The solid state relays function by the use of electronic components
which perform the relay operaticn., This type of relay <does not contain
woving parts, therefore it is not cycle life sensitive.

The hyorid electromechanical relay uses electromechanical and electronic

devices to perform the switching functions with an electromechanical
output.

The hybrid sulid state relay use electronic devices and occasioqally
electromechanical devi.es to perform the switching functions with a

solid st.%e output. This type offers an increused sensitivity for
operations at low emergy inmput levels.

Under these four relsy groups are five major functional types. These
functional types are balanced armature, balanced-force, low-level,
magnetic latching, and polarized types.

Balanced armature type relays has the armature pivoted at che center of
the mass, which balances the irmature with respect to static and dynamic

external forces., This type works better than the other types in
environments of extreme shock and vibration,

Balanced—force type relays have th» same umount of force applied to the
armature for both the energized and de-—energized states,
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Low level type relavs are relays that will switch dry circuit or low
level 1load. The low level loads are considered to be 100mV (open
circuit voltage) ot less and 10 wA or less, There is normally a gold or
gold alloy plating on the surface of the contacts.

Magnetic latching type relays use a permansnt magnet in conjunction with
the normal soft ironm circuit, so that the permanent magnet flux will

hold the armature in the operated condition after the electromagnetic
ceil energy has been removed.

Polarized type relays have many r2lay stylesa including telegraph,
erystal can, differential, ferreed, dry reed, mwagretic latching,
mercury- wetted contact, and armature type with a4 permanent core. This
type usually bas one or more permanent magnets to provide the polarizing
magnetic flux that normally can flow in either of two symmetrical paths.

It is necessary to observe the terminsl polarity with this type ot
relay.,

For a more detailed application and design guideline, consult MIL~STD-
1346,

The selected derating levels in this section are based upon review of
limited historical applications and/or wupon engineering judgement to
balance the iocreased reliability against the relative coustraiunts
placed upon design freedom. The device complexity and/or limited
analytical relationship Dhetween applied stress and its reliability
effects prevents precise selection of appropriate derating levels, Somn
flexability should be wused in application of specific values of
derating. In particular, one derated parareter can be traded off
against another but the relief should not be granted all the way to the
next level (i.e. Level 1 to Level II).

12.2 Application Guidelines

There are many critical application guidelines to be considered for
different relay applications, This section will call out critical
application guidelines which apply to all of the relays.

8, Relays should not be energized for emergency opevations. They

suould however be normally energized so that they will release under an
emergency condition.

B. Never parallel contacis to increase the curren: capacity. Contacts
will not make or break simultaneously, therefore one contact may end up
carrying all of the load under worst case conditions,

c. Switchiug of circuit transient surges in excess of current ratings
will seriously impair contact life. Note: surge current greater than

ten times the steady state current can result when switching inductive,
capacitive, and lamp loads.
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D. Observe relay ratings

1. Relays tested and rated for single phase operations should not be
; used to switch polyphase circuits.

2. Use of relays to reverse motoxs should be avoided unless the relay
is rated for this function or unless power is remcved prior to reversal.

3. More power 1is needed to operate relays at elevoted ambient
temperatures due to the change in coil resistance.

4. Relays should be located and mounted in areas which will winimize
the probability of contact chatter due to shock and vibration.

| 12.3 Relay Derating Guidelines

Continuous contact cument, c¢oil operating voltage, coil drop out
voltage, vibration, and temperature are the derating stress parameters
for all four of the relay groups.

The recommended derating for Level I is listed in table 12:1,

The recommended derating for Level II is liated in table 12-2.

The recémmended derating for Level I1II is jisted in table 12-3.
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TABLE 12-1: RELAY DERATING FOR LEVEL 1

PARAMETER

{

DERATING PERCENTAGE (27 |

CONTINUOUS CONTACT CURRENT
LOW LEVEL (1)
RESISTIVE LOAD
CAPACITIVE i0AD

MAXIMUM INRUSH CURRENT
INDUCTIVE LOAD

MOTOR LOAD

LAMP (FILAMENT) LOAD

DERATING NOT APPLICABLE

50% OF

50% OF

50% OF
35% OF

50%
15%

50%

MOUNTING Q

-t

TEMPERATURE

I
[
|
I
I
I
|
I
I
|
I
l
I
I
i
I
I
|
l
|
I
I
|
I
I
!
[
I
|
|
I
I
I
I
|
!
l
|

7-8%
CONTACT POWER 40%
APPLICABLE TO REED, MERCURY
WETTED OR OTHER LOADS RATED
IN WATTS OR VOLT AMPERES
COIL OPERATE VOLTAGE
MINIMUM CONTINUOUS DC OR RMS 90% OF
AC VOLTAGE
MINIMUM COIL VOLTAGE (3) 110% OF
COIL DROP OUT VOLTAGE
MAXIMUM ALLOWABLE 110% OF
MINIMUM ALLOWABLE 90% OF
VIBRATION LIMIT INCLUDING 60% OF

RATED RESISTIVE

|

I

I

I

I

|

I

|
RATED RESISTLVE !
|

RATE INDUCTIVE OR |
RATED RESISTIVE I
I

OF PATED MOTOR OR |
OF RAWED RESISTIVE |
|

I

|

|

|

|

I

OF RATED LAMP OR
OF RATED RESISTIVE

OF RATED VALUE

|
RATED DROPOUT I
|
|

RATED DROPOUT

Less than 100 oW of power

PN e e e e e e ——— e T T T e e e ——

~
—

ratings are not given.

~
to
St

Use derated resistive ratings when the inductive, motor, or lawp

Minimum short duration voltage, worst case limit. Transients of

shorter duration than 107 of release time may be of lower vultage.

PR T U URIN , B
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TABLE 12-2: RELAY DERATING FOR LEVEL II
| PARAMETER “DERATING PERCENTAGE (2) |
U | e e e 1

CONTINUOUS CONTACT CURRENT

LOW LEVEL (1) DERATING NOT APPLICABLE

|
RESISTIVE LOAD | 75% OF RATED RESISTIVE
i
CAPACITIVE LOAD |
MAXIMUM INRUSH CURRENT | 75% OF RATED RESISTIVE
|
INDUCTIVE LOAD | 75% OF RATE INDUCTIVE OR
| 40% OF RATED RESISTIVE

MOTOR LOAD 75% OF RATED MOTOR CR

|
!
|
|
|
|
|
!
|
|
[
|
20% OF RATED RESISTIVE |
|
|
|
|
|
!
i
|
|
i
}
i

LAMP (FILAMENT) LOAD 75% OF RATED LAMP OR

104 OF RATED RESISTIVE

50% OF RATED VALUE
APPLIVABLE TO REED, MERCURY ’
WETTED OR OTHER LOADS RATED
IN WATTS OR VOLT AMPERES

|
|
I
|
I
I
|
|
|
|
I
!
COIL OPERATE VOLTAGE i
MINIMUM CONTINUOUS DC OR RMS | 90% OF RATED NOMINAL VALUE

AC VOLTAGE |

|

|

|

|

|

|

[

!

|

!

|

|

MINIMUM COIL VOLTAGE (3) 110% OF RATED PICKUP VOLTAGE

k00 B gt g 8 W

COIL DROP OUT VOLTAGE

|
I
|
|
I
|
|
|
{
i
|
|
I
!
|
|
|
|
! | CONVACT POWER
|
|
|
|
|
|
i
!
|
i
|
!
I
|
[
|
|
i
|

|

(

|

)

4 MAXIMUM ALLOWABLF 110% OF RATED DRUPCUT !
j

MINIMUM ALLOWABLE 90% OF RATED DROPOUT %

‘ VIBRATION LIMIT INCLUDING 60% OF MAX RATED |
MOUNTING Q &

TEMPERATURE 20 DEG C LESS THAN MAX RATED |

(1) Less than 100 wW of power

\2) Use derated resistive ratings when the inductiva, wotcr, or lamp
ratings are not given,

(3) Minimum short duration voitage, worst case liwit, Transients of
shorter duration than 10% of release time may be of lower voltnge.
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TABLE 12-3:

RELAY DERATING FOR LEVEL [II

PARAMETER

DERATING PRRCENTAGE (2)

CONTINUOUS CONTACT CHRRENT
LOW LEVEL (1)
RESISTLVE LOAD

CAPACITIVE LCAD
MAXIMUM INRUSE CURRENT

INDUCTIVE LOAD
MCTOR LOAD
LAMP (FILAMENT) LOAD

CORTACT POWER .
APPLICABLE TO REED, MERCURY
WETTED OR OTHER LOADS RATED
IN WATTS OR VOLT AMPERES

I
|
I
I
I
I
I
I
I
I
|
I
I
|
|
I
|
I
I
I
I
|
I
I

DERATING NOT APPLICABLE

90% OF RATED RESISTIVE

90%Z OF RATED RESISTIVE

90% OF RATED INDUCGTIVE OR
75% OF RATED RESiSTI"E

90% OF RATED MOTOR OR
75% OF RATED RE{ iSTIVE

907 OF RATED LAMP OR
30%Z GF RATED RESISTIVE

70%Z OF RATED VALUE

COIL OPERATE VOLTAGE
MINIIUM CONTINUUUS DC OR RMS
AC VOLTAGE

MINIMUM COIL VOLTAGE (3)

907 OF RATED NOMINAL VALUE

110Z OF RATED PICKUP? VOLTAGE

COIL DROP QUT VOLTAGE
MAXTMUM ALLOWABLE

MINI UM AL{,OWABLE

110% OF RATED DROPOUT

90%Z OF RATED DROFOUT

VIBRATION LIMIT INCLUDING
MOUNTING Q

- ot

6C0% OF MAXIMUM RATED

TEMPERATURE

|
|
|
I
I
I
I
I
i
I
I
I
I
I
I
|

20 DEG C LESS THAN MAX. RATED

Less than 1GyU mW of power

— ¢ — ——

I
|
I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
|
|
I
!
I
|
I
|
I
|
|
I
I
I
I
I
I
I
|
I
I
]
I

Use derated resistiveratings when the inductive, motor, or lamp

ratings sre not given,

Minimum short duration voltage, worst case limit,

Transients of

shorter duration than 10% of release time may be of lower voltzge.
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SECTION 13

SWITCH DERATING GUIDELINES

13.1 Genercl

The principal derating parameter for switches are the contact current,

. voltage, and power.

There are four major switch types that will be covered, they are toggle,
sensitive, rotary, and pushbutton switches, Other swiiches like limit,
proximity, thermal, etc, have many application considerations that must
be followed, therefore, this derating may only appriy to their contacts,

Toggle switches ire used to perform a make—and-break action. They can
be used in AC or DC circuits,

Sensitive switches are generally a plunger activated switch which
performs a N. 0, (normally open) or N., C, (normally closed)
electrical swithching function. The plunger is spring loaded and can be
activated be applying direct force (normally 5 once wmaximum) upon the
top of the plunger or if there is a leaf pivotting arm attached to the
plunger, by applying force to the arm which will in turn apply force to
the plunger,

Rotary switches are generally used as a circuit selector for switching
small signals, frequencies etc., and normally are not considered a vower
switching device. The switching is actuatcd by a rotary motion of tha
shaft for the selection of one or more circuits. They are suitable for
use ia AC or DC circuits,

Pushbutton switches are operated by the movement of a reciprocating
plunger, These switches vary in complexity from a single circuit
"on-off" switch to a multicircuit switch with a lighted display. These
switches caa be used in AC or DT circuits.

Fer detailed design and application guidelines, comsult MIL-STD-113Z,

The selected derating levels in this section are based upon review of
limited historical applicatiors and/or wupon engineering jidgement to
balance the increased reliability agaiust the relative constraints
placed upcn design freedom. The device complexity and/or limited
analytical relaticaship betw~wm applied stress and its reliability
effects prevents precise selecvion of appropriate derating levels. Some
flexability should be wused 1is application of specific values of
derating. In particular, one derated parameter can be traded ~ff
against another but the relief should not be granted all the way to the
next .evel (i.e. Level I to Level I1I).
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13.2 Application Guidelirnes

A. Switch contacts may be operated in parsllel for redundancy but never
to increase the current rating.

B. Switch application in digital circuits must be carefully reviewed to
assure that contact bounce or chatter w.ll not be interpreted as a
circuit interruption wiich will produce logic errors.

€. Switches are subject to contact chatter in high shock and vibration

environments, therefore they should be mounted in areas which will
minimize shock and vibrationm.

D. Switches used in low level application, normally with noble metal
contacts, must be rated for low level currents and voltages., Low level
requirements are defined per MIL-STD-20Z test method 311 as 10 mA
zaximum at 30 mV maximum open circuit voltage DC or peak AC,

E. Insulation resistance of switches must be considered when used in
high impedsnce circuits.

F. Temperature and altitude wvariation must be considered because
moisture condensatiou within the switch may occcur during
temperature/altitude changes. This moisture way cause contact
convaumination or short circuit.

G. It 1is wusually necessary to use toggle or push button s—itches for
high current levelc. The rating of rotary switches is normally limited

to 15 amperes., ©Positive break toggle switches per MIL-S-8834 are
preferred types for heavy loads.

H. In humid or d¢ v environmenis sealed switches should be used,
although a larg ompletely open switch is equally good in moist
environments. A poorly sealed switch may allow condensation to
accumulate but uot provide for water drainage.

13,3 Derating Guidelines

The contact current, voltage, and power are the principal derating
stress parameters, The recormended derating for Levels I, II, and III
are listed in Table 13-1,
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TABLE J3-1: SWITCH DERATING GUIDELINES

PARAMETERS

DERATING PERCENTAGE

FOR LEVLL I
(2)

DERA" {iwG PERCENTAGE
FOR LEVEL 11
(2)

DERATING PERCENTAGE
FOR LEVEL Il
(2)

CONTINUOUS CONTACT
CURRENT

LOW LEVEL (1)
RESISTIVE LOAD

CAPACTTIVE LOAD
(KAXIMUM INRUSH

CURRENT) } l

INDUCTIVE LOAD 1502 OF RATED INDUCTIVE |75% OF RATED INDUCTIVE 190Z OF RATED INDUCTIVE
|OR 35% OF RATED JOR 40% OF RATED JOR 50% OF RATED
{RESISTIVE |RESISTIVE |RESISTIVE
| | ]

MOTOR LOAD |50% OF RATED MNTOR LOAD]75% OF RATED MOTOR LOAD|30% OF RATED MOTOR LOAD
|OR 15% OF RATED JOR 20% OF RATED JOR 35% OF RATED
|RESISTIVE IRESISTIVE |RESISTIVE
| | |

LAMP (. ILAMENY) LOAD |50%7 OF RATED LAMP ]75% OF RATED LAMP ]90T OF RATED LAMP
[OR 7-8% OF RATED fOR 10% OF RATED [OR 15% OF RATED
|RES1STIVE }RESIST!VE }nzsxsrxvt

CONTAUT POWER (3)  140% OF RATED [50% OF RATED 170% OF RATED
| | !

CONTACT VOLTAGE 140% OF RATFD 1502 OF RATED 170X OF RATED

|
DEBATING NOT APPLICABLE|DERATING NOT APPLICABLE}DERATING ROT AFPLICABLE

{
502 OF RATED RESISTIVE |75% OF RATED RESISTIVE |90% OF BATED RESISTIVE

{
|
(
-
|
|
|
|
|
|
] | |
|S0% OF RATED RESISTIVE {75% OF RATED RESISTIVE [90%Z OF RATED RESISTIVE
| |
|
|

(1) Less then 100uw of power,
(2) Use derated resistive ratings when the inductive, motor, or lamp

ratings are not given.

(3) When contacts are rated for power or volt-ampere capacity such as
vwith reed switches or merxcury switch,
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SECTION 14
CONNECTOR DERATING GUIDELINES

14,1 General

The primary factors affectiug the failure rate of connectors are insert
material, contact current, number of active contacts, mate/unmate
cyceling, and the environment in which it is operated. The rating of
connectors is determined by the temperature of the insert material.
This tewperature is due to operating ambieut temperature and the
temperature rise caused by current through the contacts.

The selected derating levels in this section are based upon review of
limited historical applications and/or upun engineering judgement to
balance the increased reliability against the relative constraints
placed upon design freedom. The device complexity aad/or limited
analytical relationship between applied stress and its relisbility
effects prevents precise selection of appropriate derating levels. Some
flexability should be used in application of specific wvalues of
derating., In particular, one derated parameter can be traded off
against another but the relief should not be granted all the way to the
next level (i.e. Level I to Level II).

14,2 Application Guidelines

A, VWbhen the number of active contacts 1is 100 or more in a single
connector, the reliablity will be increased by using 2 cennectors with
the same total number of contacts as the single connector.

B. Using a 200 deg C rated ingert over a 125 deg ¢ rated insert will
will lower generic failure rate an average of 85% (see VFigure 14-1),

c. Scoop-proof conmectors should be considered fo~ designs susceptable
to bent pin feilures. Also, scoop~proof connectors must always be used
for crdinance/explosive circuitry.

D. When pins are connected in parallel at the comnnector to incresse the
current capacity, allow for a wimimuc of 25% surplus of pins over that
required to meet the 50X derating for each pin, assuming equal curreuts
in each. The currents will not divide equally due !o variations in
contact recistance. For example, it would require 5 pins rated at 1
ampere each to conduct 2 amperes under 50% derated conditions.
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Figura 14-1: Service Life vs. Hotspot Temperatuie
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14£.3 Connector Derating wuidelines

Voltage, :urrent, and temperature are che stress parameters that will be
derated for connectors. The recommended derating for each Level is
shown in Table l4-1. Also, the applied voltdge must be derated for
application in altitude as shown in Figure i4=2, The vultage derating

of Table 14-1 and of Figure 14-2 is not sdditive. The lesser of the two
voltages should be us=zd,

The guideliues preszrted herein are applicuble to all three classes of
connectors, circular, printed wire board, and coaxial.
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TABLE 14-1: RECOMMENLEL CONNECIOR DERATING

|Max Insert
\Temperature

LT

| | |
|  PARAMETIR LEVEL I | LEVEL II | LEVEL IIT |
l BELE St U T UK DO O N g B R ERIAS P WNTCE NN UNSME MZ ER ALY ER l -1 3 ot BN EBR I----:-u---x-n::u- I
| Max Operating 50% Rated | 70% Rated | 80% Rated |
| Voltage Dielectric | Dielectric | Dielectric |
| DC or AC Withstanding | Wiethstanding | Withstanding |
| Voltage Voltage | Voltage | Voltage |
| -1 | -
| | 70% Rated | 85% Rated |
| Current Current | Current | Cur.ent |
| | l |
| i | |
| | i

Max Rated Imsert |Max Rated Insert |Max Rated Insert |
Temp less 50 dcgC |Temp less 25 degCliemp less 20 degCl
| (Ambient + | | |
| Heating Factor) | |

i

|

|

l

|

|

|

|
Max Operating | 50% Rated

l

|

i

l

I

!

|

| |
| (1] | I | |

(1) Awmbient temperature is that teuperature in which the connector will
operiie., Healting factor is the temperature rise caused by power
transmission through the coutacts.
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OPERATING YOLTAGE % OF RATED VALUE

100

75

50

[ 9%+
(&%)

D.C. VOLTAGE

A.C. VOLTAGE

1C,00° 70,000

ALTITUDE (FT.) OR MORE

Figure 14-2: Vcltage Derating For Altitude
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SECTION 15

ROTATTNG DEVICES DERATING GUIDLLINES

15.0 Introduction

The rotary device s an electromechaaical device that will rotate in
response to an electrical input or will produce an eleccrical cutput in
response to rotation, Exauples of this type of device are motors,
generators, synchros, and time metcrs,

The selected derating levels in this section are based upon review of
limited historical applications and/or upun engineering judgement %o
balance the increased reliability against the relative constraints
placed wupun design fieedom, The derice complexity aud/or liwmited
analytical irelationship between applied stress and its reliability
effects prevents precise selectinun of appropriate derating levels. Some
flexability should be wused in application of specific values of
derating, In particular, one Jeruted parameter can be frraded off
against another but the relief shovld noi be granted all the way to the
next revel (i.e. Level I to Level 1i).

SECTION 15.1

ELECTRICAL MOTOR DERATING GUIDELINES

15.1.1 General

The principal derating stress parameters for these devices are bearing
loadn, winding temperature, and the ambient temperature of operation.

The two major groups of electrical rotors are alternating current (AU)
devices and direct curreut (DC) devices.

AC motors are also divided into two major subgroups; synchronous and
asynchrouous devices. Synchronous devices run at a constant speed (as
related to 1line frequenery) regardless of 1load, while asyachronous
devices run at a less than synchronous level (induction motor). The
actual comnstruction ol the AC motor depends on the usage of the device,
whether it be fractional horsepower or many horsepower. See Figure L5-1
for some exawmples, AC mwmotors can be single nhase or poly phase, but
they are coustrvuctes aud used iu the same manner.

DC motors are widely used because the speed-torque relationship can be
varied o manv tforms or for the reguneration application in either
direction of rotation. They can be controlled smoothly down to gero
rpus and immediately zccelerated in the opposite direction., See Figure
15-1 for examples of DC nwotors.
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15.1.2 Application Guidelires

A. Temperature is the prime determining Ffactor in motor 1life and
efficiency, If the temperature of the device becomes too great, the
windings insulation fails; if the tempe.-ature goues too low, the bearings
fail., The preferred operating temperature range is be"ween 0 degrees <
and 30 degrees C,

B. Voltage must be wmaintainad at the nominal level to achieve maximum
efficiency aud life span,

C. Moisture should be minimized to prevent corrosica, insuletion
degradation, and low resistance to electrical leakage.

D. Load and speed also affect efficiency and life span., Exceesive
loads or low speed can create high winding temperatures and exceusive
bearing loads.

15.1.3 Motoir Derating Guidelines

The bLearing load, winding temperature, and the ambient temperature of
operation are the principal dersting ntress parameters for motors (AC
ana DC). The recommended derated valuas for all three Luvels are listed
below: :

A. Temperature is the major stress facter for wmotors, Figure 15-2
graphs the relative effect uf a change in the ambient temperature on the
failure rate, Note that bearings fail at low temperatur=2s while
windings and insulation failucve preduminates st high temperature. Note
tuat the failure rate vlotted as a fuuction of tewperature (Figuare 15-2)
is relative since it will vary for different classes of motors and fov
various quality levels of motor constructi-n, HNote that the calculated
failure zate (MIL-MDBK- 217C) plot shows a linear incrzasa with
temperaure (above 0 deg C). In actual practice, based upon typical
chemical reaction vates, the failure rate probably increases faater than
the calculatiou indicates, The wmaximum rated operating temperature
gshould be derated as follows:

Level 1; Max. rated less 40 deg C
Level II; Max, rated less 25 deg C
Level 11I; Max, rated less 15 deg C

Absolute upper temperature limits are neot specified since this will vary
with the «class of insulation used in the device design. The lower
temperature is limited to apprc-.imately U degrees C wunless heating or
preceutions are taken due to bearing failures as shown in Figure 15-2,

B. Beating load should be derated by 25% of rated load for Level L.

For Levels II and IIT, the bearing road should be derated by 10% of the
nted load.
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SECTION 15.2

l SYNCHROS AND RESOLVERS DEEATING . IDELIMES

: 15.2.1 General

The principal devating stzess parameters for synchros and resolvirs are
bearing loads and device winding temperature,

Synchros and resolvers axe rotsry devices thii usually perform together
to interpret mechanicul apgular displacement. The synchros wueasures
physical angular position and transforms it into an electrical signal.
The resolver converts an iuput electrical eignal into an angular
position displacement,

1842.2 Application Guidelines

A. Temperature is the main factor im predicting the 1life span for
synchros and resolvers, However, very little heat is internally
generated and thus the ambient temnerature iz predomivant. The
preferred operating temperature range is between O degrees and 30
degrees C,

B, Voltage must be maintained at the nominal level to achieve wmaximum
operation and lite spar.

C. Moisture should be winimized to nvevent corrosion, insulation
degradation, and low resistance electrical leakage.

D. Excessive load or speed are detrimental, These are normally low
speed devices.,

15.2,3 Synchros And Resolvers Derating Guidelines

The bearing load and winding temperature (or ambient temperature of
operaticn) are the principal derating stress parameters for synchros and f
‘ resnive 4, o

The bearing lcad should be derated by 25% of the rated load for Level 1.
For Level II and L=vel III, the beeving load shoula “e derated by 10% of
the rated load,
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Fipure 15-3 gives a relative effect of changes 1in the ambient
temperature on the failure rate. At the lower ambient temperature, the
failures are due to the bearings and at the higher ambient (emperature,
the failures are due t¢ windings and insulation., The maximum rated
temperature should be derated as fallows:

Level 7;  Maximum Rated less 40 degrees C.
Level 1II; Maximum Rated less 25 degrees C.
Level IIT; Maximum Rated less 15 degrees C.

The zosolute upper temperature limits are not specified since this will
vary «ith the class of insulation used in the device design.

The lower operating temperature 1is to be limited to approximately 0
degrees C unless heating or other precautions are taken due to bearing
failures shown in Figure 15-3,
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SECTION 15.3

ELAPSED TIME METER DERATING GUIDELINES

15.3.1 General

The principal stress parameters for elapsed time meters is bearing
temperature.

Most time meter devices use motor driven rotary components when the
speed mneeds to be held constant. This is achieved either by the use of
a governor {(UC motor types) or by the use of a synchrous motor (AC motor
types).

Most elapsed time meters provide a digital readout and may be resetable,
Some time devices employ electronics or electrochemical operating
principles. The 1load and speed of the mechanical elements is usually
fixed, and therefore it can not be derated for improved reliability,

15,3.2 Application Guidelines

A. Temperature is the main factor in predicting the life span., If the
temparature of the device becomes too great, the windings insulation
fails; if the temperature goes too low, the bearings and other
mechanical fuction characteristics can cause failures,

B. <+Voltage must be maintained at the nominal level to achieve maxinum
evfi ;iency and life span,

C. Mcisture should be minimized to prevent corrosion, insulation
degradation, ard lTow lecakige resistance.

15.3.3 Elasped Time Meter Derating Guidelines (Motor Driven)

The bearing loads, winding temperature, and the ambient temperaturc of
operation are the principal derating stress porameters for elapsed time
meters., Time meter devices rely on the ability of the rotating motoxr to
kecp the speed constant. Therefore, the facto:s for maximum efficiency
and life span are the same as for the motors. See Section 15,1,1 for
the derating guidelines,
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SECTION 16
T AMP DERATING GUIDELINES

This section will cover the derating for incandescent and gaseous
(neon/argon) lamps.

The selected derating levels in this section are based wupon review of
limited historical applications and/or upon engineering judgement to
balance the increased reliabilitv against the relative constraints
placed wupon design freedom. The device complexity and/or limited
analytical relationship between applied stress and its reliability
effects prevents precise selectiun of appropriate derating levels. Some
flexability should be used in application of specific values of
derating. In particular, one darated parameter can be traded off
against another but the reli:f should not be granted all the way to the
next level (i.e, Level I to Level II),

SECTION 16.1

INTANDESCENT LAMP DERATING GUIDELINES

16.1.1 General

The primary derating stress parameter for incandescent lamps is the
applied voltage.

The incandescent lamp is mede up of a filament sealed in an inert gas.
This filament is normally made of tungsten and the operating temperature
is between 1600 Jeg K and 3200 deg X for clear glass bulbs and between
1700 deg K and 6500 deg K for color coated bulbs, The application must
protect against. damages to the glass seal, mechanical stress (vibratiou
or shock) to Lhe filament and overheating uf the filament,

The primary factor in predicting the life expectancy for incandescent
lamps is the applied voltage. Figure 16-1 illustrates the relationship
bet'seen the applied voltage, the life expectanrcy, and the light output.
For example, cperating the lamp at 94% of the rated design voltage will
cause the candle power to be decreased by 16%Z, the curreat through the
lamp to be decreased by 5%, and the average life to have multiplying
factor uf 2X or to be doubled. The life expectancy of an 1ucandescent
lamp 1is typically 1 to 2K hours, dut may be shorter for high intensity
types,

16.1.2 Application Guideli.es

A. Tue lamp should not be exposed to extreme shock or vibration near
the resonant frequency of the filamen“, If operated in this
envirorwent, probable damagc to the filament will take place, Short
filament lamps are uot affected by shock or vibration as wmuci+ agc longer
filament lamps.
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| B. 717 operating above 177 deg C, the solder on the base may soften and
eform. perating above eg evolved gasses may attack the

| def 0 i b 260 d c, lved y k tl

} filament, or the glass envelope may snften or collapse,

C. Variation in applied voltage from the rated voltage level will
significantly effect the 1light output and life expectancy (see Figure
16=1). The frequency of on/off cycling will also affect the life
expectancy.

D. Incandescent lamps can be used with any color lens, however, the
light output will be affected by the color of the lens (i.e. A 1light
color lens, like yellow or straw, will have little affect on the light
output. Where a green, red, or blue will decraase the light output.;.

E. Temperature cycling is especially damaging to incandescent lamps.
Also, the cold verses hot filament impedance ratio is typically 1:10 and
causes high inrush current at turn~on., These life limiting factors can
be minimized by application of stand=by power (1/2 voltage) and a series
resistance (10% of the hot filament resistance).

F., The incandescent lamps will conswe the mout power for the given
amount of light over tue other lomp types.

G, DC operation of an incandescent lamp will greatly reduce life f
expectancy benause the resistance in the lamp will increasc with time
and therefore cauce a higher voltage drop across the lamp., There are
other factors which may be encountered from DC operation, such as
notching or uuneven evaporation of the filament., These factors will also
cause decreased life expectancy,

16.1.3 Incandescent Derating Guidelinas

T Voltage is the derating stress parameter for incandencent lamps. The -
recommenied voltage luvel for all three Levels that will double the life .
expectancy with an acceptable drop in light output (16%) is 94% of the 4

rated level, if operated in normal enviromments (i.e. uo extreme shock,
vibration or ambient temporature).
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SECTION 16.2
NEON/ARGUN LAMP DERATING GUIDELINES
16.2,1 Ceneral

e peincipal derating strews parvameter for gaseous lamps are the
current, the etarting voltage, aud maintaining voltage lesvels., Arxrgon
lamps will follow the same application and derating guidelines as neon
lawps,

A neon lamp is a cold~cathode gas Jischarge type device and coneists of
two closely opaced electrodes in a gas {illed glass envelope. The gas
will ionize and glow when sufficient voltage is applied. The typical
life expectancy for neon lamps is 10 to 15K hours.

The amount of light output from the lawp In directly proportioned to the
current  through the lamp, A resistoxr must be placed in saries with the
lamp to prevent instantaneous burnout from excessive current., With this
sories resistor and the combination of the sustaiviug voltage and lawp
charuacteristics, the current level through the lamp can be determined.
Therefore, the light output con also be Jdetermined,

The primary factors Lla predicting the life expectancy of a neon lamp ara
the current through the lamp and the starting voltage. Operation above
rated current und starting voltage will cause a decreawve in life
expuctancy.,

16.2,2 Application Guidelinas

A, vhe starting voliaye, nceded to start ionization, d1s normally 20%
higher than +he sustaining voltage level, Consult the appropriate
specification ¢ eaact values,

B. Neou luwps cuu be operated in environmeits of shock and vibsatiow,

C., Neon lamps shouid not be used in envirouments where the awmbient
temperature aexceeds 150 deg C.

P, A variation trom the rated current level will cause significant
changes in the life expectaucy and light output (i.a, au increase the
current will increase the brightness and decrease the liie expectancy).
The current through the lamp, which is directly proportiunal tn tue
required series resistor, 1s norwally betweun 0,lmA and SmA,

E. Dark colored lens (like green or blue) should rot be used with tneon
lamps because the light output will be quite low.

222

ERMUR NPT .“m, e

o AN, K

CRP KA N



F. The required starting and sustaining voltage will increase ove» the
life of the part., A typical ircrease is about 5 to 10% from the initial
values, This change may vary for different parts (consult the
appropriata specification).

16.2.3 Neown Lamp Decating Guideliunes

Current through the lamp i¢ *he principal derating stress parameter.
The recommended current level for all three Levels is 944 of the rated
current, With a devating of 94%, the life expectancy will double and
the output will only be decreased by 16%.

The starting and susteining voltage levels are lamp characteristics and

cannot be derated. The starting voltage level can be increased for a
quicker response time, but the life expectancy will be decreased.
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SECTION 17

. CIRCUIT BREARER DFRIATING GUIDELINES

17.1 General

The principal derating parameter for circuit breakers is the current
through the element.

There azre three main types of circuit breakers that will be considered
in  this section. They are thermal, magnetic, and thermal compensated
(thermal-magnetic). The type of circuit breaker is dependent on the
following: wire protection, load requiremeats,  interruption
requirements, and enviruomental considerstions, The trip
characteristics will change slightly between operating with 60 Wz AC and
DC currents,

The thermal circuit breaker responds only Lo temperature changes in the
srmature, The armature is norwally bimetal ond in series with the
circuit it ig to protect, The temperature change in the armature iu
generated by I°R losses. The heat will cause the armature to beud,
which causes it to unlatch (for a typical trip curve for thig type, see
Figuve 17~lA)., This typu is normally umsealed.

Magnetic circuit breakers ure made up of a solenoid coil with a dashpot
time=deluy element. The oneration is dependent wpon the magnetic flux
yenervated from the current in the coil. The solenoid coil is wouud such
that the magnetic flux yenerated by rated currvent or less will rot cuuse
the spring armature to open., An increase in magnetic flux (due to an
increase above the rated current) will cause the aruatuzre to pull open
(for a typical trip curve for this type, see Figure 17-1B),

A thermal compensated circuit breaker operates in the same wmanner as
thermal circuit Dbreakers with the exception of the instentaneous
tripping point. At the instantaneous tripping point, the magaetic
feature eitber takes over to help it remain closed or will help the
armaturz to open (for a typical trip curve for this type, see Figure
17-1C). This type of circuit breaker should be use in envirouments
where the ambieut temperature may vary.

For detailed design and application guidelines, consult MIL-STD-1498.
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The selected derating levels in this section are based upon review of
limited historical applications and/or upon engineering juvdgement to
balance the increased reliability against the relative constraints
placed upon aesign freedom, The device complexity and/or limited
analytical relationship between applied stress aud its reliability
effects prevents precise selection of appropriate derating levels, Some
flexability shoul. be wused in application of specific values of
derating. In particular, one deruted parameter can be traded - off
against another but the relief should not be granted all the way to the
next level (i.e. Level I to Level II),

17.2 Applicatioen Guidelines

A, 'The power capacity of the generating scurce 1is limited by the
tranoformer and line impedances and must be considered,

B. The iuterrupt capacity of the circuit breaker must not be exceedcd,
The interrupring capacity is the wmaximum short circuit current that the
circuit breaker can interrupt without failure occurring (noirmally 1000 A
to 10000 A, consult the appropriate specificotion for przcise values).

C. Thermal and thermal compensated relays do not have an dinstantanceous
trip time. Instantaneous trip time is normally 15 msec or less (this
value mey vary between brrakers, consult the appropriate specification).

D, A time delay trip characteristics should be used when the load way
cause high inrush (high starting loads) currents,

E, Over the life of the breaker, the maximuwm ultimate trip current will
increase by 10% and the minimum ultimate trip current will decrease by
10% (see Figuve 17-2 for this example).

F. FEnvironaentally sealed circuit breakers should be wused when the
application of the circuit breake~ is in an environment where particles
or gasses may cause failures,

17.3 Circuit Breaker Derating Guidelines

Current through a circuit breaker is the principal deratiug stress
parameter. The recommended currvent derating for Levels ¥ and Il ig 75%
to 80% of the rated level and for Level 111, vse 90% of the rated level.
At these levels, the ability to protect the circuit

from a large
overload is still available.
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SECTION 18

FUSE DERATING GUIDELINES

18.1 Genevral

.

The principal derating stress parameter for fuses is current. The four
basic types of fuses that are covered in this section are normal
response, time-delay, fast—-acting, and current limitiug.

The normul-response fuses may or may not be current limiting. It has a
fusing time which is normally faster than the trip time of a circuit
breaker, Typically, the fusing time is 0 to 5 secunds at anm overload ot
200% or 0 to 0.1 seconds at an overload of 300%.

The time-delay fusa also may or may mnot be current linitiang. It
functions by the use cf two elements: a4 thermal cutout with a
high-time~lag characteristics and a short~circuit element. The thermal
cutout operates under normal transient overloads and blows on continuous
light overloads. The short-circuit elements will blow under heavy
overloads and short-circuit conditions, The time-delay fuses can be
used in conditions where a motor starting load or switching transjients
may cause normal-response fuses to blow.

The fast-acting fuses are designed to blow extrumely fast under
short=circuit conditiows., The normal respomse tiwe is a few msec for
large overloads. Thesue fuses may or way not be cument-limiting., The
fast-acting fuses can bLe used to provide som: protection in
semiconductor circuitry because of their fast response time to au
overload.

The current-limiting fuses have the ability to limit tae inotuntaneous
peak current of a shert circuit, It will rot totally eliminute the
effects of a short circuit, but it will lower the current to values much
less than would exist if che fuse werc not in the circuit. This type of
fuse under a given short—-circuit condition will clear the fault within
one-~half cycle under ac operation between 50 and 400Hz.

The selected derating levels in this section ar~ based "non review of
limited historical applications and/or upon engineering judgement to
balance the increased reliability against the relative constraints
vlaced upon design freedon. The device couplexity and/or limited
analytical relationship between applied stress and its reliability
effects prevents precise selection of appropriate derating levels. Some
flexability should be wused in application c¢f specific wvalues of
derating. In particulur, one derated parameter can be traded off
againit another but the relief should not be granted all the way to the
next level (i.e. Level I to Level II).
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18,2 Applicatinn Guidelines

A. Current limiting fuses should not be used at frequencics higher than
400Hz if single cycle protection is desired.

B. The circuit voltage rvhouid not exceed the voltage rating of the fuse
to protect from arcing. ’

C. Changes in ambient temperature will cause the rating of the fuse to
change. For typical time-~delay and normal response fuses, see Figure
18«1 anu Figure 18-2, respectively,

D, Extrewe caution should be observed when using fusee in a sface
applications ( mnote: the characteristics may c(hange in  this
environment).

E, Extreme shock or vibration may cause premature opening of {uses,
congult the appropriate Spec for limits,

18.3 Fuse Derating Guidelines

Current is the dera.ing stress paramcter for fuses, The Trecommended
carrvent derating for fuses is 50% of the rated value for Levels I and II
aud 70% of the rated value for Level LII. There 1s an additioual
derating of 0.5%/degC recommeaded £or an increase in the ambient
Lempevature above 25 deg C. It is alsfo recommended that voltage rating
of the fusa be derated 20-40% four fuse current ratings of 1/2 A or less.
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SECTION 19

CRYSTAL DERATLNG GUIDELINES

19.1 General

The crystal wunit is generally made up of a quartz crystal mounted in a
metallic holder. The size oi the crystal is inversely proportioual to
the frequen.y of operation. The ¢ 'ystal unit may also contain a heating
element which will help stabilize the crystal temperature,

The five important parameters of the crystal unit are frequency range,
mode ¢ oscillation, temperatuire range, load capacitance, and driving
level., The principal stress parameters are the driving power and the
temperature of operation, The rated power must be applied to aclicve
the rated frequency and output power,

MIL-C-3098 and MIL-STD-683 specifies military crystal units for
frequencies of operation from 16 KHz to 125 MHz and operatiug
temperature ranges from =55 deg C to ~105 deg C and driving powers
varying from 0.l to 10,0 uW.

The selec.ed derating level in this section is based upon engineeving
judgement by counsideration of the device construction and materials,
Due either to the relative recent technology development and/or the
manner iu which the device is integrated into its surrvounding & stem, no
derating history 1is available. In many cases, due to the operative
uature ¢f ihe devices, derating iteelf is inapproprizte. However, where
practical, the design should strive to give the maximum stress margin
(below waximum rated) practical when considered against the design
difficulties thus incurred., Some analysis should be applied to assess
the design difficulties thus incurred., These device types are generally
low population devices in systems and thus have limited reliability
contribution (if their reliability contribution is well b-2low that of
the total system).

19.2 Application Guidelines

A. The Frequency and frequency stability of a crystal is sensistive to
high levels of moisture and temperature.

B. Environments of shock and vioration can damage the fragile crystal
unit and lower the frequency of the larger types. Consult the

appropiate specification for the recommended safe limits of shock and
vibration,
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C. While not normally considered electrostatic sensitive devices, most
crystal units are susceptahle v~ Jamage tor elzctroctatic discharges
greater than 4000 volts, This level of electrostitic voltage can be
induced by impropcr handling. The damage ofter results in operational
degradation rather than catastrophic failure,

D, With excessive arive voltage applied, crystal fractures can occur
due to mechanical forces exceeding the elastic limics.

F. The input drive power tolerance (typically +/=1.0 %) can be
tightened to assure frequency stability.

19.3 Crystal Derating Guidelines

The recommended driving power for most crystal units cannot be derated
since the rated frequency may not be obtainable, Consult the appropiatn
specificaiion or manufacturer”s literature for pussible exceptions.

y
The operating temperature of the crystal must be maintained between th~
maximum aud mivimum limits in order to achieve the rated frequency.
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SECTION 20

TUBE DERATING GUIDLLINES

20.1 Introduction

This section covers cathoae ray trubes and microwave tubes of the
following types; traveling wvave tubes, magnetrons, and klystrons.

The selected derating level ia thic section is based upon engineering
judgement by consideration of the device construction anu materials.
Due either to thc relative recent technology development and/or the
wanuer iu which the device is integrated into its surrounding system, no
derating history is avaiiable. In many cases, due to the operutive
nature of the devices, de ating itsalt lc inappropriate. Howeve., whare
practical, the design should strive *o give the maximum stress margin
(below wmaxjmum vrated) practical when considered against the design
difficulties thue incurred, Some analysis should be applied to asness
the design difficvlties thus incurred. These device types are generally
low population devices in systems and thus have limited reliability

contribution (if their reliability contiibution is well below that of
the total system).

SECTION 20,2
CATHOLE RAY TUBE DERATING GUIDELINES

The design ot systems u.ing cathode ray tubes is highly dependent on
humau factoirs such as visibility, size, color, readability,...,etc.
Because of the specialized nature of the design field and of the data,
it is not practical to establish generalized applicetion aud derating
guidel nes, However, with vacuum tube devices, the bulb, and.the
suthode  temperatures are  important for  reliability, Consult
specifications and manufacturer s literature for the optimum conditious
for winimum failure rates. Also, consideration can be given to
maintioning cathode teuwperature at a reduced temperate during "off"
conditions, This #will reduce effects of cold in-rush current and
thermal cycling. Most failures are associaleu with cathode failure due

to thermal effects or gun assembly failure due to mechanical stresses
frem vibration or sheck,
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SECTION 20.3
MICROWAVE TUBE DERATING GUIDELINSS
20.2.1 General

Microwave tubes can be divided into 4wo main classfications: linear
beam c¢vpes which include traveling wave and klysicon tubes  and
crossed=field types which includes wagnetrons.

In linear beaw tubes, a mnagnetic field with coincident axis to the
electron beam holds the beam tugether as it travele Luve Llangth of the
tube, Electrons zxece.ve potentiul energy from tda ¢c¢c beam voltage
before they arrive in the microwcve region, 1In t¥s microwavz region the
electrons are accelerated or decelurated by the wisrowave £/+°d and then
bunched as they drift, The bunched electrons give up kinstic energy to
the microwave fields a d induce current in the output structuze,

In the crossed=-field tubes, such as magnetrous, the de¢ maguetic field
and the dc electric field are perpendicular to .ach other., The magnetic
field has a direct part in the RF irtersction process. The electrons
emitted by the cathode are accelerated by the electric field. The
higher the electren velocity the more their paths are bent by the
magnetic field, With a RF field applied tp the anode, electrons
entering the retarding field are decelerated and give up energy to the
R¥ field and the anode circuit. 'Those clectrons entering during the
accelerating field receive enerpyy from the RF field and are returned
back towards the cathode,

20,3.2 Microwave Tube Lerating Guidelines

The design usage of microwave tubes is highly specialized and there is
insufficient data to define generalized darating guidelines for all
conditions, Use the failure rate prved’ 1 iun methods of MIL~HDBK~Zi7C to
cptimize design and wusage for winiwun failure rate. he following
recomtendations are guideliunes oaly and are not necessarily oytimum for
all devices under all couditions (see Table 20-1),
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\ TABLE 20-1: MICROWAVE TUBE DERATING
I I | I
| PARAMETER | RECOMMYNDED |
I | MAXIMUM |
I I !
| | |
| TEMPERATURE | 20 deg € LESS THAN MAXIMUM |
| |  RATING |
| | |
~ I I |
| POWER OUTPUT : 80% OF MAXTMUM RATING I
I !
I | I
: REFLECTED POWER l 50% OF MAXIMUM RA'LING :
, I | |
{ ULy CYCLY : 75% OF MAXIMUM RATING ’
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: SECTION 21

LASER DERATING GULDELINES

21,1 ceneral

There are six major types of lesers in general usage which have failure
rate prediction models defined by MTL=HDRK=-217C.

A. Helium/Neou

B, Argon Ion

C. €02 Sealed

D. €02 ¥lowing

| E. Solid State, Nd: YAG Rod
I'v 8olid State, Ruby Rod

The selected dorating level in this section iu baved upon engineering
judgamert by counsideration of the device coustruction and materials,
Due oither to the velative wocent technology development and/or the
wunner in which the device is integrated into its surounding system, no
davating histery 18 availeble.  In mauy cases, due to the operative
witure of the deviecen, derating itvscelf is iunappropriate, However, wher:
practical, the design sonould strive to give the wmaximum stress wargln
(below maximunm  rated) practical when considered ag inst the design
difficulties this incurred. Some onalysis should be applied to assess
the design difflculties thus Juncurred, Those device Lypeos are gencrally
low ypopuletion devicoes in systemg and thus have limited rulinbility
contributiou (if their raliability contribution is wcll below that of
tha total vystem).

21.2 Tasex Application Guidelives and Deraling .
%
b
, ' ' s . . v
Laser system design ds A spociulized rield where the cperating iy o
parametors of each type ovua unique and interdependent.  Limiting R
purameters by generalized dertlng de not practical or oedvisable, &
Develop desigbs €ov windmur. prordicred Sailure rate using the failure 'ﬁ ‘
rute models of MIL-HDBK~Z174 and follow manufacturer®s recormend4tions i
for operating parameters auvd condicions not defined by the failugs vatwe 5
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SECTION 22
VIBMA'YGR DERATTING GUIDELINES
22.1 General

Vibratocrs are not recommended for use in electrical circuits because of
l'wited cycling life. If a vibrator device is needed, the use of a
solid state device 1like a high power switching transistor, is
recommended,

The selected devating level in this scction is based upon engineering
judgewsnt by consideration of the duvice constructiou and materialu.
Due either to :the relative recent technology developmeat and/or the
manuer in whi:h the device ie integraced inte its nurrounding system, no
derating bistory ir available. In many cases, due to the operative
nature of the devices, derating itself is inappropriate. However, where
practical, the design should strive to give the maximum stress margin
(below maximuwm rated) practical when considered against the design
difficultics thus incurred. Some anslysis should be applied to assess
the deoign difficulties thus incurred. These device types are generally
low population devices in systems and thus have limited reliability
coucribution (if their reliability contribution is well below that of
the totul system).

2,2 Vibrator Derating Guiduelines
The current thiough the contacts 'of the vibrator is the principal
darating stress parameter, ‘The recoumended current deratirg for Lavels

1, 4I, and 1Ll are lioted in Table 22~1, A reduction in the frequency
of operation, if possible, will extend the life of the vibrator,
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TABLE 22-1: VIRRATOR GURRENT DERATING

-

| LEVEL I | LEVFL II LEVEL III |
| | - |
| RESISTIVE LOAD | 50% OF RATED| 75% OF RATED | 90% OF RATED |
| RESISTIVE | RESISTIVE RESISTIVS |
| | |
| CAPACITLVE LOAD| 50% OF RATED| 75% OF RATED | 90% OF RAYED

|

|

|

% CURRENT)

-

| INDUCTIV): LOAD

|
I
|
|
|
|
| (MAXTMUM INRUSH { RESISTiVE
|
| 50% OrF RATED| 75% OF RATED
|
|
|

!
I
I
|
l
|
RESISTIVE I RESISTIVE
|
|
!
|
I

I
{
|
I
90% OF RATED {
I
|

| (L INDUCTIVE OR| INDUCTIVE OR ! INDUCTIVE CR
| 35% OF RATED| 40% OF RATED | 75% OF RATED
I RESTSTIVE | RESISTIVE RESTSTIVE

(1) Use derated resistive vatings when irductive ratiugs
are not given,
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SECTION 23

SURFACE WAVE ACOUSTICAL DEVICE DERATING GUIDELINES

23.1 General

Surface wave acoustical (SAW) devices are designed as oscillators,
filters, and delay lines operating at microwave frequencies to 1.0 GHz,
Surface waves, known as Raleigh waves, are traveling disturbances on the
surface of solids with the motion of the atoms mostly confined to a
depth of a surface wavelength., Physically SAW devices consist of a
plezoelectric crystal substrate owver whicl the Raleigh waves propagate.
Tho propagution velocity is much less than electronic propagation (and
less than the crystsl wave velocity) and thus signal delay and filtering
can be achieved, The input and output electronic interiace iu achieved
vith surface deposited incerdigitated conductors which creates crystal
distortion with applied electrical potential, The crystal respounse is
sensitive to “emperaturc, surface conditior, and thr wounting
characteristics,  Since it is temporature stuble over the full militany
range Lo one part in ten thousand, the wost commonly used dielectric is
Y-cut quarty crystal,

The selected derating level in this snction is based upon engineering
judgement by cousideration of the davice construction and materials,
Due either to the relative recent technology developmeut and/or the
maunar in which the device is integrated into its surroundiug system, no
derating history is available, In many cases, due to the operative
nature of the devices, derating itself is inappropriatae. However, where
practical, the design should strive to give the maximum stress margin
(below maximum rated) ypractical when considored against the design
diftficulties thus dincurred. Some analysis should be applied t, assess
the design difficulties thus incurred. These device types are generally
Tow population devices in systems and thus have 1limited reliability
cortribution (if their reliability contribution is vell below that of
the total syutem),

23.2 Application Guidelines

Ihese devices are sensitive to surface conditions therefore it requires
integrity of this hermetic packapge, changes in the gurface environments
such as gas, moisture, dirt, etc, all will degrade performance. Also
the crystal wmounting characteristics must not change from the original
design. These sensitivities require design attention to minimize
original stress to the package and mounting. Temperature cycling and
mechanica. stress should be minimized., Also exposure to excessive
temperaturc over long pirivds will jermanently degrade the crystal
characteristics.




23.3 Saw Derating Guidelines

lVerate input power by +10 dBm for devices operating above

100 MHz and

+20 dbm for devices operating below 100 MHz, The design should not

subject the SAW devices to the rated maximum of shock.
temperature cycling.
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SECTION 24

FIBER OPTIC COMsONENTS DERATING GUIDELINED

24 .1 Introduction

The fiber optic components considered for derat ng crifteria consist of
the four major classes and their subclagses 1listed in Table 24-1.
Pacticular items not considered, primarily because they are still in the
developmental stage and are. uot mature enough to be classed as off the

sholf components, incluce couplers, splitters, repeaters, s8plices and
non~silicrn deteciors.

There are no prior astablished derating criteria for tho four classes of
fiber optic components, However, the major environmental and operating

stress faccors are known. Failure rates for these components are being
daveloped,

The selected derdting level in this section is based upou engineering
judgement by consideration of the device construction and waterials,
Due either to the velative recent technology development and/cr the
manner 1in which the device is integrated into its surrounding system, no
derating history is available. Tn many cases, due o the operative
nature of the devices, derating itself is inappropriate. However, where
practical, the design should strive to give the miximum stress marg.n
(below maximum vated) practical when considered dgainst the desigu
difficulties thus 1iacurred. Some aual,ysis should be applied to assess
the design difficulties thus incurred. These device types are generally
low population devices in systems and thus have limited reliability

contribution (if cheir reliability contribution is well below that of
the total system).

SECTION 24,2

FIBER OPTIC LIGHT SOURCES DERATING GUIDELINES

24.2.1 General

The two major source types, light emitting diodes (LEDs) and injection
laser diodes (ILDs), share wost of the failure wechanisus and stress
factors. Application choice of tbe two device types is dependent on two
paramc ters: optical power and bandwidth, ILDs are capable of coupled
power to the riber in the range of a few milliwatts and bandwidths in
the low gigahe.tz region while LEDs are g-nerally capable of only a few
hundred microwatts of coupled power and a dandwidth in the order uf a
few hundred megahertz,
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TABLE 24--1: FIBER OPTIC COMPOLENT _LASSES

T i | I
| CLASS | SUB Cl.SS i
| ! !
lnnzn====-=====-nan=!nrnu-n:n:n:z:: ==“==========‘.==E===|
I I I
| SOURCES | Injection Laser Diodes (ILD"s) |
| | Light kmitting Diodes (LED"s) |
i | I
| =— ! |
. ! |
|  DECTECTORS ¢ Pin Diodes |
: ( Avalanche Photo Diodes |
| |
= S T - _— |
| | I
| CABLES | One Single ¥iber |

i } Multiple Single Fiber | |
}

| <o) ~| |

‘ l |

| CONNECTORS | Single Contact f B
| | Multiple Contact f
| { I
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24.,2,2 Application Guidelines

24,2,2,1 Electrical Factors

A. Power supplies for ILDs must be carefully designed to completely
eliminate over current pulses which can cause catastrophic failure by

facet damage.

B. Output power should be given a 3dB margin to account for gradual
degradation of the device.

24 ,2,2.2 Mechanical Factors

A. Gradual degradation of optical power 1is caused by increased
conceniration of non radiative recombination centers and by point
defects with energy levels deep in the forbidden gap. The rate of
degradation is reduced only by reduction of the device temperature.

B. Mechanical stress, such as thermal or mechanical shock and vibration
cause dark line defects (crystal 1lattice defects) to grow. These
defects will reduce available output power. Stress screening can be
used to eliminate devices with these defects,

C. EIxcess optical power of ILDs will damage facets and will destroy the
device, Note that optical power output is strongly  temperature
dependent and must be monitored aad con%rolled to assure safe operativm,
(See Figure 24-1).

24,2.3 Derating Guidelines

Primary stress factors for optical sources are temperature (for boin
I7Ds and LEDs), voltage-current power dissipation for (LEDs and optical

power dissipation for 1iDs). The following parameters should be
considered for derating:

A. Wormalized failure rate versus tomperature curves are given in
Figure 24-2 for GaAs devices with 0.7Ev activation energy and for
silicon devices with 1,l1Ev activation energy.

B. A current derating curve for typical LED scurces is included 1in

Figure 24-3, Tt is hased upon a maximum junctio. temperatures of Figure
24-2,

C. For ILDs, in addition to the maximum junctiun temperature limits of

Figure 24-2 , the peak optical power output should be limited to 50% of
rating.
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SECTION 24 .3
FIBER OPTIC DETECTOR DERATING GUIDELINE®ES
24 .3.1 General

The two major detector types used in present design are silicon diodes
of PIN construction and APD (Avalanche Photo Diode) construction., PIN
diodes are normally operated at a low reverse voltage (5V - 50V),
wherea. APDs are uwormally operated at high reverse voltage (200V to
405V).  APDs are more subject to suifsce contuamination and electrolytic
torrosion,

Both detector types operite over the same wave length region
(350-1100nM). The maijor difference in the two devices is that the APD
is operated in the avalanche mode and has a net photo current gain,

"This gain may be up to 100 times that of a PIN diode whose output is in

the raange of 0.4 Amp per watt of incident optical power. The speed of
APD is several times that of the PIN diode and eittends into the low
gigahertz region.,

24..3.2 Application Guidelines
24.,3,2,1 Electi'cal Factors

A. Gain of APDs should be derated by 3dB to account for gradual
efficiency degradation and shifts in the operating point.

B. Reduction of junction temperature will rnduce failure rate as shown
in Figure 24-~2,

C. Operation of PIN diodes at 607 of rated voltage (for all these
criticality categoriet) will reduce stress and still provide an adequate
drift field to assure low junction capacitance and quick turn off times,

24 .3.2.2 Mechanical Factors
A, Lattice defects, and in the case of APDr, surface coutamination are
failure mechanisms which reduces the life span. The expected failure

activation energy i8 estimated at 1.iEv. The plot of failure rate
versus case temperature for this energy ir plotted 5n Figure 24-4,
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24,3.3 Derating Guidelines

A. Yower derativg is unot necessary because internal dissipation is not
siguificant,

B,  Ruduce Jjunction temperature por Figutes 26-2. Reduce PIN diode
raversoe voitage to 60% of rating for all three Levels. Reverse voltage
canuot be derated for the APD as the voltage is used to sel or adiust
device gain and is  typically set set slightly below the breakdown
voltage,
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SECTION 24 .4
FIBER OP1YC CABLES/FIBERS DERATING GUIDELINES
A b1 Geneval

Tha two primary cable configurations are the siugle fiber cable and a
cable wade up of a8 group of separately sheathed single fibers, (each
fiber being a separate delu channel). 'Two fiber types used in each of
the cuble configurations sre the gluss clad glass core type and the
plestic clad glase core type. The second type is commonly abbreviated
to P08 (Plascic Clad 8ilica). “he all glass fiber i primarily used for
"Loang tine" (over 2 kilometer) applications, whereas the PCS fiber is
vBed in “ohort havl" (less than § kilomater) applications.

2 42 Application Guidelines (Mechanical)

Failure wodes encountered are catastrophic failura (fiber breakage) or
attenuation, Both are caused by saveral Atress factors: temperature,
tenslon and nuclear vadistion., Yhe effects of the first two factors are
g function primarily of ceble fibew condtructicu and installation, whilc
the effecte of radiatlon are determined entirely by tne Fiber fhoth corve
aud cladding) waterial.

A, Tempexature creates mechanical stress on the fiber due to
temparature coetficients of expansion between the jacketing and the
fiber and in the case of PCS fiber, between the core and the cladding.
Proper cable design wiuimizes these stresses and assures longer life.

B, ‘Temperature irduced changes in cladding refractive index con also
cause eattenuation and extinction in PCS fibers.

C.  The vee of 4 buffer coating applied to the fibor, immediately after
drawing, as a moigture barrier and a mechanical stiffenev dncresses
tensile strength of the fiber (see Yigure 24-5).

D. Imand vadiuws induced temsion will ultimately cause a fiber to break
even after up to 20 years of use. The stress relationship is non~lineay
snd there are no real models upon which to buase predictions of life
span,

E. Radiation effects on fibers other than rate effecte are primarily
nanifedsted by an increase in attenuation, Change is measured in units
of dB/Km (see Figure 24~6), Low dose levels have to be allowed for so
that the fiberd are not rendered useless, particularly in "long line"
applications,
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24 .4.3 Derating Guidelines

Cable construction i1s the key to high reliability in the particular
applications of fiber optic cables. The use of strength wmembers,
buffers, jackets, and moisture barriers in the development of optimum
cable designg is an emerging technology and little data 18 available on

performance of present designs or of future products. New products
procured wunder specification control for use outside of known
performance levels should be qualified before use.

Primary stress factors should be derated as follows:
A. Temperature: 20 deg (¢ inside both upper and lower limits.

R,  Tension: For £fiber = 20X of proof test., For cable =~ 50% of the
rated tensile,

¢, Bend radius: 200% of minimum.

D. Radiation = No criteris at this time (consult the supplier). Bee
Figure 24-6 for radiation effects.
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! SECTION 24.5

FIBER OPTIC CONNECTOR DERATING GUIDELINES

¢ 24 .,5.1 General

Fiber optic connectors available today are primarily single contact
type, although seversl multicontact types are in low volume use. Some
available single connectors include the "SMA" derivatives, several
plastic types and a few environmental  types, The available
multicontacts include the jack screw, rack and panel, and circular type,
with a few ruggedized environmental versions in low volume productiom,

The primary purpose of a fiber optic connector is to hold two opposed
fibers in proxiwity with axial, angular, and lateral alignment while
protecting those fibers from the environment.

24 .5.2 Application Guidelinces (Mechanical)

A. Recommend 50% reduction in guaranteed mated/unmated cycles to reduce

degradetion,

3

r B, Connector insertion loss performance parameter should be increased
by 100% to account for fiber variation between fiber actually used in

the desigu and the fiber wused by the connector supplier when |
characterizing the coanector, i.e. a 1.5dB loss counector should be
, considered a 3IB loss connector,

Ce Stiffness transition at the cable/connector interface should be
achiaved by use of cable stiffeners or a heat shrinkable outer sheath.

D. Position adjustment should be available on at 1least one of the
connector pairs to allow the mating of the two terminations as required,
This design feature must be such that it is restrained after mating, and
tha wating position is not affecte! by outside stress,

E. To ncrease life, a cover is wused to protect thc fiber mating :
surfaces from contamination in the unmated condition, )

24..5.3 Derating Guidelines ¥

PR

The primary degrading envirunment 1s temperature. This 1is true of
conventional  counectors as well. See derating fox conventional
counectors in Section 14 for derating guidelines,
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