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FOREWORD

This revision, based upon recently completed studies, provides the
following changes:

1.

An environmental factor (nE, @GMS) in all failure rate models for

equipment installed in missile silos.

2.

New failure rate models for:

Very Large Scale Integrated Circuits (VLSI).
Analog Microprocessors.

a. Surface Acoustic Wave (SAW) Devices.
b. Semiconductor Lasers.

¢. Helium/Cadmium Lasers.

d. Solid State Relays.

e. Time Delay Relays.

f. Thumbwheel Switches.

g. Integrated Circuit Sockets.
h. Meters.

i. Filters.

J Vidicons.

k.

1

* .

Revised failure rate models for:

a. Magnetrons.

b. Circuit Breakers.
¢. Incandescent Lamps.
d. Fuses.

e. Crystals.

f’

. -

Cathode Ray Tubes (CRTs).
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1. SCOPE

1.1 Purpose. This handbook establishes uniform methods for predicting the
reliability of military electronic equipment and systems. It provides a
common basis for reliability predictions during acquisition programs for
military electronic systems and equipment. It also establishes a common
basis for comparing and evaluating reliability predictions of related or
competitive designs.

1.2 Application, This handbook contains two methods of reliability pre-
diction -"Part Stress Analysis® in Section 5.1 and "Parts Count" in Section
5.2. These methods vary in degree of information needed to apply them.
The Part Stress Analysis Method requires the areater amount of detail
information and 1is apolicable during the later desian phase when actual
hardware and circuits are being desianed. The Parts Count Method requires
less information, generally that concerning quantities of different part
types, quality 1level of parts, ard the application environment. This
method s applicable in the -early design phase and during proposal
formulation.

1.3 Computerized Reliability Prediction. RADC-ORACLE is a computer pro-
gram developed to aid in applying the part stress analysis procedure of
MIL-HDBK-217, Based on equipment environmental characteristics, piece
part count, electronic stresses, submodule repair rates and system config-
uration, the program calculates piece part failure rates, equipment
failure rates, mean-time-to-failure, availability and repair rates.
ORACLE 1is available at cost to all DoD elements for their use or for use on
a specific contract as government furnished property (GFP).  Information
may be obtained from RADC/RBET, Griffiss AFB NY 13441 -5700.
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2. REFERENCED DOCUMENTS
The documents cited in this section are for guidance and information.

2.1 Government documents, This handbook cites some specifications which have
been cancelled or which describe devices that are not to be used for new design.
This information is necessary because some of these devices are used in so-called

"off-the-shelf" equipment which the Department of Defense purchases.

SPECIFICATIONS
FEDERAL

W-C-375 Circuit Breaker, Molded Case, Branch Circuit and Service

W-F-1726 Fuse, Cartridge, Class H (This covers renewable and nonre-
newable)

W-F-1814 Fuse, Cartridge, High Interrupting Capacity

W-L-111 Lamp, Incandescent Miniature, Tungsten Filament

MILITARY

MIL-C-5 Capacitors, Fixed, Mica-Dielectric, General Specification
for

MIL-R-11 Resistor, Fixed, Composition (Insulated) General Specifi-
cation for

MIL-R-19 Resistor, Variable, Wirewound {Low Operating Temperature)
General Specification for

MIL-C-20 Capacitor, Fixed, Ceramic Dielectric (Temperature Compen-
sating) Established and Nonestablished Reliability, Gen-
eral Specification for

MIL-C-25 Capacitor, Fixed, Paper-Dielectric, Direct Current (Her-
metically Sealed in Metal Cases), General Specification
for

MIL-R-26 Resistor, Fixed, Wirewound (Power Type), General Specifi-
cation for

MIL-T-27 Transformer and Inductor (Audio, Power, and High Power,
and High Power Pulse} General Specification for

MIL-C-62 Capacitor, Fixed Electrolytic (DC, Aluhinum, Dry Electro-

1yte, Polarized) General Specification for

2-1



MIL-C-81
MIL-C-92
MIL-R-93
MIL-R-94

MIL-V-95
MIL-C-3098
MIL-C-3607

MIL-C-3643

MIL-C-3650
MIL-C-3655

MIL-C-3767
MIL-S-3786
MIL-5-3950
MIL-C-~3965
MIL-C-5015

MIL-F-5372
MIL-R-5757

Downloaded from http://www.everyspec.com

MIL-HDBK-217E

Capacitor, Variable, Ceramic Dielectric

General Specification for

(Trimmer},

Capacitor, Variable, Air Dielectric
Specification for

{Trimmer}, General

Resistor, Fixed, Wirewound (Accurate), General Specifica-
tion for . .

Resistor, Variable,
for

Composition, General Specification

Vibrator, Interrupter and Self-Rectifying
Crystal Unit, Quartz, General Specification for

Connector, Coaxial, Radio Frequency, Series Pulse, General
Specifications for

Connector, Coaxia1,.Radio Frequency, Series NH, Associated
Fittings, General Specification for

Connector, Coaxial, Radio Frequency, Series LC

Connector, Plug and Receptacle, Electrical (Coaxial Series
Twin) and Associated Fittings, General Specification for

Connector, Plug and Receptacle {Power, Bladed Type) Gen-
eral Specification for

Switch, Rotary (Circuit Selector, Low-Current (Capacity),
General Specification for

Switch, Toggle, Environmentally Sealed, General Specifi-
cation for '

Capacitor, Fixed, Electrolytic {Nonsolid Electrolyte),
Tantalum, General Specification for

Connector, Electrical, Circular Threaded, AN Type, General
Specification for

Fuse, Current Limiter Type, Aircraft

Relay, Electrical (For Electronic and Communication Type .
Equipment), General Specification for




MIL-R-6106

MIL-L-6363

MIL-M-10304

MIL-R-~-10509

MIL-C-10950

MIL-C-11015

MIL-C-11272

MIL-C-11693

MIL-R-11804

MIL-C-12889

MIL-R-12934

MIL-C-14157

MIL-C-14409

MIL-F-15160

MIL-C-15305
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Relay, Electromagnetic (Including Established Reliability
(ER) Types), General Specification for

Lamp, Incandescent, Aviation Service, General Requirement
for

. T
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o emb
pecificati
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n

fo

pry
Q

Meter, Electrical Indicating, Panel Type, Ruggedized, Gen-
eral Specification for

Resistor, Fixed Film (High Stability), General Specifica-
tion for

Capacitor, Fixed, Mica Dielectric, Button Style, General
Specification for

Capacitor, Fixed, Ceramic Dielectric (General Purpose},
General Specification for

Capacitor, Fixed, Glass Dielectric, General Specification
for

Capacitor,. Feed Through, Radio Interference Reduction AC
and DC, {Hermetically Sealed in Metal Cases) Established
and Nonestablished Reliability, General Specification for

Resistor, Fixed, Film (Power Type), General Specification
for

Capacitor, By-Pass, Radio - Interference Reduction, Paper
Dielectric, AC and DC, (Hermetically Sealed in Metallic
Cases), General Specification for

Resistor, Variable, Wirewound, Precision, General Specif-
ication for

Capacitor, Fixed, Paper (Paper Plastic) or Plastic Dielec-
tric, Direct Current {Hermetically Sealed in Metal Cases)
Established Reliability, General Specification for
Capac Variable (Piston Type, Tubular Trimmer), Gen-
P | ation
rai tLabiur

s i
3 F3 +3
[ [

18]
U)ﬂ
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ito
pe
Fuse, Instrument, Power and Telephone

Coil, Fixed and Variable, Radio Frequency, General Specif-
ication for
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MIL-F-15733

MIL-C-18312

MIL-R-18546

MIL-S-19500
MIL-R-19523
MIL-R-19648
MIL-C-19978

MIL-T-21038
MIL-C-21097

MIL-R-22097

MIL-R-22684

MIL-C-23183

MIL-C-23269

MIL-R-23285

MIL-F-23419

ATy -~

MIL-T-23648
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Filter, Radio Inteference, General Specification for

Capacitor, Fixed, Metallized (Paper, Paper Plastic or
Plastic Film) Dielectric, Direct Current ({(Hermetically
Sealed in Metal Cases), General Specification for
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Resistor, Fixed, Wirewound (Power Type, Chassis Mounted),
General Specification for

Semiconductor Device, General Specification for

Relay, Control, Naval Shipboard

Relay, Time Delay, Thermal, General Specification for

Capacitor, Fixed Plastic (or Paper-Plastic) Dielectric
{Hermetically Sea1ed in Metal, Ceramic or Glass Cases),
Established and Nonestabli 1iabili ity, General .)pEC-

ification for
Transformer, Pulse, Low Power, General Specification for

Connector, Electrical, Printed Wiring Board, General Pur-
pose, General Specification for

‘Resistor, Variable, Nonwirewound {Adjustment Types)}, Gen-

eral Specification for

Resistor, Fixed, Film, Insulated, General Specification
for

oot L [ P N o YR RS N R L. |._-1 T Y2 . ood
AWILCN, RKOoLdr y \Frinued L]rCUlE}, \IHUIDW i eel, Lniineg anu
Pushbutton), General Specification for

Capacitor, Fixed or Variable, Vacuum Dielectric, General
Specification for

Capacitors, Fixed, Glass Dielectric, Establilshed Reli-

ability, General Specification for

istor, Variable, Nonwirewound,

Resi ar 0
for

Fuse, Instrument Type, General Specification for

- cs o~ P & I R Ry

Thermistor, ({Thermally Sensitive
General Specification for
2-4




MIL-C-24308

MIL-C-25516

MIL-C-28748

MIL-R-28750

MIL-M-38510

| -
1 -M-385

MIL-C-38999

MIL-C-39001

MIL-R-39002

MIL-C-39003

MIL-R-39005

C-39006

MIL-R-39007

MIL-R-39008

MIL-R-39009

MIL-C-39010
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Rectangular, Miniature Polarized

General Specification for

Connector, Electric,
Shell, Rack and Panel,

Connector, Electrical, Miniature, Coaxial, Environment
Resistant Type, General Specification for

Connector, Electrical {Circular, Mintature, Quick Discon-

nect, Enviromment Resisting) Receptacles and Plugs, Gen-
eral Specification for
Connector, Electrical, Rectangular, Rack and Panel, Solder

Type and Crimp Type Contacts, General Specification for

Relay, Solid State, General Specification for

Mirraci resd
Migcroc1rcults

Connector, Electrical, Circular, Miniature, High Density,
Quick Disconnect, {Bayonet, Threaded, and Breech Coupling)

. Environment Resistant, Removable Crimp and Hermetic Solder

Contacts, General Specification for
Capacitor, Fixed, Mica Dielectric, Established Reliabil-
ity, General Specification for

Resistor, Variable, Wire-Wound, Semi-Precision, General

Specification far

Capacitor, Fixed, Electrolytic, (Solid Electrolyte), Tan-
tal

) Fetahlichad Reliahilitv. fGienaral Snacificatinon far
{um, tstabiished Kellabliitly, keneral speciticaiion Tov

Resistor, Fixed, Wirewound, (Accurate) Established Reli-

ability, General Specification for

(Nonsolid Electroiyte)
General Specification

Capacitor, Fixed, Electroliytic
Tantalum Established Re]1ab111ty,
for

Resistor, Fixed, Wirewound (Power Type) Established Reli-
ability, General Specification for

Resistor, Fixed, Composition, {Insulated)} Established Re-
1fability, General Specification for

Resistor, Fixed, Wirewound {Power Type Chassis Mounted)
Established Reliability, general Specification for

Coil, Fixed, radio Frequency, Molded, established Reli-
abiiity, General Specification for
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MIL-C-39012

MIL-C-39014

MIL-R-39015

MIL-R-39016

MIL-R-39017

MIL-C-39018

MIL-C-39019

MIL-C-39022

MIL-R-39023

MIL-R-39035

MIL-P-55110
MIL-R-55182

MIL-C-55302

MIL-C-55514

MIL-C-55629

MIL-T-55631
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Connector, Coaxial, Radio Frequency, General Specifica-
tion for

Capacitor, Fixed, Ceramic Dielectric (General Purpose) Es-
tablished Reliability, General Specification for

Resistor, Variable, Wirewound (Lead Screw Actuated) Estab-
1lished Reliability, General Specification for

Relay, Electromagnetic, Established Reliability, General
Specification for

Resistor, Fixed, Film (Insulated)}, Established Reliabil-
ity, general Specification for

Capacitor, Fixed, Electrolytic (Aluminum Oxide) Estab-
lished Reliability and Nonestablished Reliability, Gen-
eral Specification for

Circuit Breakers, Magnetic, low Power, Sealed, Trip-Free,
General Specification for

Capacitor, Fixed, Metallized Paper, Paper-Plastic Film, or
Plastic Film Dielectric, Direct and Alternating Current
(Hermetically Sealed in Metal Cases) Established Reliabil-
ity, General Specification for

Resistor, Variable, General
Specification for

Nonwire Wound, Precision,

Resistor, Variable, Nonwire Wound {Adjustment Type) Estb-
lished Reliability, General Specification for
Printed Wiring Boards

Resistor, Fixed, General

Specification for

Film, Estblished Reliability,

Connector, Printed Circuit, Subassembly and Accessories
Capacitor, Fixed, Plastic {or Metallized Plastic) Dielec-
tric, Direct Current, In Non-Metal Cases, General Specifi-
cation for

Circuit Breaker, Magnetic, Unsealed, Trip-Free, General
Specification for

Transformer, Intermediace Frequency, Radio Frequency, and
Discriminator, General Specification for
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MIL-C-81511 Connector, Electrical, Circular, High Density, Quick Dis-
connect, Environment Resisting, and Accessories, General
Specification for

MIL -C~83383 Circuit Breaker, Remote Control, Thermal, Trip-Free, Gen-

L9 -GN ey L)

eral Spec1f1cat1on for
MIL-R-83401 Resistor Networks, Fixed, Film, General Specification for

MIL-C-83421 Capacitor, Fixed Supermetaliized Plastic Film Dielectric
{DC, AC or DC and AC) Hermetically Sealed in Metal Cases,
Established Reliability, General Specification for

MIL-C-83723 Connector, Electrical (Circular Environment Resisting),
Receptacles and Plugs, General Specification for

MIL-R-83725 Relay, Vacuum, General Specification for

MIL-R-83726 Relay, Time Delay, Electric and Electronic, General Spec-

v 1 G

ification for

MIL-C-83733 Connector, Electrical, Miniature, Rectangular Type, Rack
to Panel, Environment Resisting, 200 Degrees C Total Con-

......... PR P

tinuous Operating Temperature, General Specification for

MIL-5-83734  Socket, Plug-in Electronic Components, General Specifica-
tion for

STANDARDS

MILITARY

MIL-STD-883 Test Methods and Procedures for Microelectronics
MIL-STD-975 NASA Standard Electrical, Electronic and Electromechan-
ical Parts List

547 Parts, Materials and Proc
Technical Requirements for

PR Lo C o o~ | -
25282> TOr oHpdie Lau

(Copies of specifications and standards required by contractors in connection
with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

2.2 Nongovernment documents.

Institute of Electrical and Electronics Engineers ({IEEE)

IEEE 91-84 Graphic Symbols for Logic Functions, Institute of Elec-
trical and Electronics Engineers
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3. DEFINITIONS

3.1 Acronyms. The following are definitions of acronyms used in this
document:

AIM - avalanche induced migration

ALSTTL - advanced low power Schottky transistor transistor logic
ASTTL - advanced Schottky transistor transistor legic

CCD - charge coupled device

CML - current mode logic

CMOS - complementary metal oxide semiconductor

CMOS/S0S - CMOS fabricated on silicon on sapphire

DIP - dual in-line package

- mm .1
i

-l
(o]
O
(1]
o~k
-4
T
»
—h
wr
[nd
g

L -d
EAPROM - electrically alterable, programmable read only memory
ECL - emitter coupled logic

EEPROM - electrically erasable, programmable read only memory
EPROM - erasable, programmable read only memory

FET - field effect transistor

FTTL - fast transistor transistor logic

HCMOS - high speed CMOS

HMOS - high speed MOS

HTCMOS - high speed TTL compatible CMCS

HTTL - high speed transistor transistor logic

IIL - integrated injection logic

ISL - integrated Schottky logic

13 --isoplanar integrated injection logic

3-1
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IMPATT - impact avalanche and transit time

LED - Tight emitting diode

LSTT

1 - low
L 0

nawar Schattly francictnr +rancictar 1n
” PUI‘\_I e Wow N wi A -t Vo Wl WV 1 WS LS 4

LTTL - low power transistor transistor logic
MNOS - metal nitride oxide semiconductor

MOS - metal oxide semiconductor

NMOS - N channel metal oxide semiconductor
PIN - P intrinsic N

PMOS - P channel metal oxide semiconductor
PROM r
RAM - random access memary
ROM - read only memory

SAW - surface acoustic wave

STTL - Schottky transistor transistor logic

TTL - transistor transistor logic

TWT - traveling wave tube

1y 0l dwma _wial sk
YYOT uruvaTyivicu
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4, * GENERAL REQUIREMENTS

4.1 The Reliability Probiem

When it is proposed to design an electronic system to perform a

mamAd Aamandsoas $a - wmmmit i Smras ko =11

CO"‘F! exX dna aemanaing Juu, it is assumed that the required invesitment wiit
be justified according to the perfection by which the job is performed or
by the Tlarge number of times which the system can do the job., This
assumption cannot be justified when a system fails to perform upon demand
or fails to perform repeatedly. Thus, it is not enough simply to show that
a chasm can be spanned by a bridge; the bridge must continue to span the
chasm for a long time to come while carrying useful loads.

In the design of complex electronic systems, such an assumption as
mentioned above, is, in fact, not accepted. Instead, considerable effort
is made to obtain reliable system performance. Unlike bridge building and
other evolving technologies, it is recognized that the electronics art,
especially complex military systems, is often in revolution. It is some-
times referred to as an.exploding technology. Without time for order1y
evolution of systems, "applications of electronics suffer most from unreli-
ability. The ratio of new to tried and true portions of electronic systems
is relatively high; therefore, until the new becomes tried and true, its
reliability must be suspect. As an inevitable but not suprising result, it
can be concluded that reliability remains a spec1a1 problem in electronics
and will remain so, as 1ong as the technology is in revolution rather than

evolution.

Reliability is a consideration at all levels of electronics, from
materials to operating systems, because materials go to make up narts
parts compose assemblles, and assemblies are combined in systems of ever
increasing complexity and sophistication. Therefore, at any level of
development and design, it is natural to find the influence of reliability
engtneer1ng act1ng as a d1sc1p11ne founded to devote special engineering
attention to the unreliability problem. Reliability engineering is con-
cerned with the time degradation of materials, physical and electronic
measurements, equipment design, processes and system analysis, and synthe-
sis. None of these can be isolated from the overall electronics context,

but must be carried on in conjunction with many other disciplines.

4.2 The Role of Reliability Prediction in Engineering

To be of value, a prediction must be timely. However, the earlier
it is needed the more difficulties will be encountered. It is certainly
true that the earlier a prediction has to be made about the unknown nature
of a future event, the more difficult it is to make a meaningful predic-
tion. As an example, it can be seen that the reliability of an electronic
equipment is known with certainty after it has been used in the field until

it s worn out and its failure history has been faithfully recorded. But
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for purposes of doing anything about the reliability of this equipment,
this knowledge has no value. Before this point, reliability cannot be
known with certainty; but a great deal of knowledge about reliability can
be accumulated over a short early period in the equipments’ useful Tife,
Even though the degree of certainty of knowledge 1S less, there is some
opportunity to do someth1ng to influence the reliability of the remaining
life portion. -

Similarly, considering the various stages back through installa-
tion, shipment, test, production, test design, development, procurement,
etc., less and less can be known with certainty about reliability. How-

avar what iz Inaunm ny nwradirtad haramae mava and mava waliuakhla ae a hacic
CVYoil g WiHGW T3 ADIUAN Ui PIOUILLEU LWOLUNCS TIJT & QiU fIIUF & YA IWGLW IT 43 4@ wasio

for taking action. After all, there is no value in simply knowing that a
certain failure will occur at some specific time in the future. The value
comes in having the opportunity to do something to prevent the failure from
occurring. Once this is done the future is changed from what was predicted
with certainty. Thus, prediciion becomes part of a process of ®designing
the future".

An early prediction is made on the basis of very little knowledge
in order to form a rational basis for doing something about changing the
basis of the prediction. The process, in order to have any meaning at all,
requires predicting, acting, measuring (or gaining new knowledge), then
repredicting, acting again and remeasuring continually throughout a pro-
gram of development. .

The two trends in the prediction art are (1) to gain better records
of ctass characteristics in more usable and realistic forms and (2) to
develop improved techniques for applying the consequent knowledge to pre-
d1ct1ons in appropr1ate confidence sett1ngs. The current state of ~-the-art

Tk ? mammad S o b S i i Aam T i o e [ YR,

IlI rel ICI.IJIIIl.y pICUILLIUHb IEbLb cu. LIIE ICV!'.'I UI UEVCIUPIIICHL UI Lll!‘.‘:bt‘ ual.a
and techniques. Much room remains for -advancing the state-of-the-art.

4.3 Limitations of Reliability Predictions

The art of predicting the reliability of electronic equipment has
practical Timitations such as those depending on data gathering and tech-
nique complexity. Considerable effort is required to generate sufficient
data on a part class to report a statistically valid reliability figqure for
that class. Casual data gathering on a part class occasionally accumulates
data more slowly than the advance of technology in that class; consequent-
ly, a valid level of data is never attained. In the case of many part
classes, the number of people participating in data gathering all over the

industry is rather large with consequent varying methods and conditions
which prevent exact coordination and correlation., Also part reliabi]ity

in the field use of equipment is difficult to examine due to the lack of
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suitable data being acquired. Thus, it can be seen that derivation of
failure rates (being mean values) is empirically difficult and obtaining
valid confidence values is practically precluded because of lack of corre-
lation.

The use of failure rate data, obtained fr
systems, is applicable on future concepts depen d1ng on the degree of simi-
larity existing both in the hardware design and in the anticipated environ-
ments. Data obtained on a system used in one environment may not be
applicable to use in a different environment, especially if the new envi-
ronment substantially exceeds the design capabilities. Other variants
that can affect the stated failure rate of a given system are: different
uses, different operators, different maintenance practices, different
measurement techniques or definitions of failure. When considering the
comparison between similar but unlike systems, the possible variations are
obviously even greater.

Thus, a fundamental limitation on reliability prediction is the
ability to accumuiate data of known va]idity for the new app]ication.
Another fundamental limitation is the comp lexi ty of predict ion techniques.
Very simple techniques omit a great deal of distinguishing detail and the
prediction suffers inaccuracy. More detailed techniques can become so
bogged down in detail that the prediction becomes costly and may actually

lag the principal hardware development effort.

This revision of the Handbook includes two methods of reliability
prediction - "Part Stress Analysis" in Section 5.1 and "Parts Count" in
Section 5.2. These methods vary in degree of information needed to apply
them. The Part Stress Analysis requires the greatest amount of detail and
is applicable during the later design phase where actual hardware and cir-
cuits are being designed. The Parts Count Method requires less informa-
tion, generally that dealing with quantity of different part types, qual-
1ty 1evel of the parts, and the app11cat1on env1ronment This method is
applicable in the early design phase and during bid proposal formulation,
Both methods will be revised periodically and new prediction methods will
be added as they are developed. Neither method applies to a nuclear
survivability env1ronment nor do they consider the effects of ionizing

radiation.

The content of this Handbook has been approved by the Military
Services and has been coordinated with appropriate segments of Industry.
It provides a common basis for reliability predictions during acquisition
programs for military electronic systems and equipments. It also estab-
lishes a common basis for comparing and evaluating reliability predictions
of related or competitive designs. The failure rates and their associated
adjustment factors presented herein are based upon evaluation and analysis '
of the best available data at the time of issue.

£
]
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5. DETAILED REQUIREMENTS

5.1 Part Stress Analysis Prediction.

5.1.1 General Factors.

5.1.1.1 Applicability. This method is applicable when most of the design
is completed and a detailed parts list including part stresses is avail-
able. , It can also be used during later design phases for reliability
trade-offs vs. part selection and stresses. This section contains failure

rate models for a broad variety of parts used in electronic equipment. The

parts are grouped by major categor1es and, where appropr1ate, are sub-
grouped within categories. The major categor1es are listed in Table 5.1.1-
1. For mechanical and electromechanical parts not covered by this Hand-
book, refer to Bibliography item 47.

TABLE 5.1.1-1: MAJOR PART CATEGORIES FOR PART STRESS ANALYSIS

PART CATEGORY SECTION

Microelectronics
Discrete Semiconductors

S NSRS NSRS,
P
—_— e ) ) —
* e s
Th N A oM

Tubes

Lasers

Resistors 5.1.6
Capacitors 5.1.7
Inductive 5.1.8
Rotary 5.1.9
Relays 5.1.10
Switches 5.1.11
Connectors 5.1.12
Wire & Printed Wire Boards 5.1.13
Connections 5.1.14
Meters 5.1.15
Quartz Crystals 5.1.16
Incandescent Lamps 5.1.17
Electronic Filters 5.1.18
Fuses 5.1.19
Miscellaneous 5.1.20

5.1.1.2 Part Quality. The quality of a part has a direct effect on the
part failure rate and appears in the part modeis as a factor, g Many

parts are covered by specifications that have several quality" levels,

hence, the part models have values of ny that are keyed to these quality

levels. Such parts with their qua]1t9 designators are shown in Table
5.1.1-2. The detailed requirements for these levels are clearly defined in
the applicable specification, except that definitions of microelectronic
quality levels S-1, B-1, B-2, D, and D-1 are contained in Table 5.1.2.7-1.

5.1.1-1



Downloaded from http://www.everyspec.com

MIL~-HDBK-217E

TABLE 5.1.1-2: PARTS WITH MULTI-LEVEL QUALITY SPECIFICATIONS

PART QUALITY DESIGNATORS
Microelectronics s, §-1, B, B-1, B-2
D, D-1

Discrete Semiconductors JANTXV, JANTX, JAN

Capacitors, Established D, C, S, R, B, P,
Reliability (ER} M, L

Resistors, Established S, R, P, M
Reliability (ER)

Coils, Molded, R.F., S, R, P, M
Retiabiity (ER)

Relays, Established , R, P, M L
Reliability (ER) |

i

Some parts are covered by older specifications, usually referred to as Non-
ER, that do not have multi-levels of quality. These part models generally
have two quality levels designated as *MIL. SPEC.*, and "Lower®. If the
part is procured in complete accordance with the applicable specification,
the w, value for MIL., SPEC, should be used, If any requirements are
waiveg or if a commercial part is procured, the nQ value for Lower should
be used.

The foregoing discussion involves the "as procured" part quality. Poor
equipment design, production, and testing facilities can degrade part
quality. The use of the higher quality parts requires a total equipment
rincwm and quality control nrocess commensurate with the h‘lnh part mliﬂ—
ity., It wou]d make little sense to procure high quality parts on]y to have
 the equipment production procedures damage the parts or introduce latent
defects. Total equ1pment program descriptions as they might vary with
different part quality mixes is beyond the scope of this Handbook. Reli-
ability management and quality control procedures are described in other
DoD standards and publications. Nevertheless, when a proposed equipment
development s pushing the state-of-the-art and has a high reliability
requirement necessitating high quality parts, the total equipment program
should be given careful scrutiny and not just the parts quality. Other-
wise, the Tow fajlure rates as predicted by the models for high quality
parts will not be valid.

5.1.1.3 Use Environment. A1l part reliability models include the effects
of environmental stresses through the environmental facter, wg, except for
the effects of ionizing radiation. The descriptions of these environments
are shown in Table 5.1.1-3. The

TE factor is quantified within each part

5.1.1-2
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These environments encompass the major areas of equip-
Some equipment will experience more than one environment during

its normal use, e.g., equipment in spacecraft. In such a case, the reli-
ability analysis should be segmented, namely, missile launch (M, ) con-
ditions during boost into and return from orbit, and space f]1ght

while in orbit.

TABLE 5.1.1-3 ENVIRONMENTAL SYMBOL AND DESCRIPTION

ENVIRONMENT

I
s¥mBoL

DESCRIPTICN

Ground,

Ground,

Ground,

Ground,

Manpack

Benign

Missile Silo

Fixed

Mobile

Space, Flight

Gg

Nonmobile, laboratory environment readily
accessible to maintenance; includes
laboratory instruments and test equipment,
medical electronic equipment, business
and scientific computer complexes.

Missiles Snd support equipment in ground silos.

Conditions less than ideal such as
installation in permanent racks with
adequate cooling air and possible
installation in unheated buildings;
includes permanent installation of
air traffic control, radar and
communications facilities.

Equipment installed on wheeled or
tracked vehicles; includes tactical
missile ground support equipment,

mob1]e communication equipment, tactical

£3mn [P ey

1ire UIfCLLIUH bybLEmS

Earth orbital. Approaches benign ground
conditions. Vehicle neither under

powered flight nor in atmospheric

reentry, includes satellites and shuttles.

Portable electronic equipment being

manually transported while in
operation; includes portable

L RLVER R LY Larph ) Ry

field communications equipment and
laser designations and rangefinders.

5.1.1-3
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TABLE 5.1.1-3 ENVIRONMENTAL SYMBOL AND DESCRIPTION (Cont)

BAvIT L AR,

T T I =

ENVIRONMENT Lif DESCRIPTION
sfMBoL
Naval, NS Sheltered or below deck conditions, protected
Sheltered from weather; includes surface
ships comunication, computer, and sonar
equipment.
Naval NU Nonprotected surface shipborne equipment
Unshe 1tered exposed to weather conditions; includes
most mounted equipment and missile/projectile
fire control equipment.
Naval NUU Equipment immersed in salt water; includes sonar
Undersea sensors and special purpose anti-submarine
Unsheltered warfare equipment.
Naval, . Neg Equipment installed in submarines; includes
Submar ine navigation and launch control systems.
Naval, NH Equipment installed in a hydrofoil vessel.
Hydrofoil
Airborne, AIC Typical conditions in cargo compartments
Inhabited, occupied by aircrew without environment extremes
Cargo of pressure, temperature, shock and vibration
and installed on long mission transport aircraft.
Airborne, AIT Same as A;. but installed on high performance
Inhabited, aircraft éﬁch as trainer aircraft.
Trainer :
Airborne, Arg Typical conditions in bomber compartments
Inhabited, occupied by aircrew without environment extremes
Bomber of pressure, temperature, shock and vibration
and instailed on Tong mission bomber aircraft.
Airborne, AIA Same as A ¢ but installed on'high performance
Inhabited, aircraft éuch as used for ground support.
Attack

5.1.1-4
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. TABLE 5.1.1-3 ENVIRONMENTAL SYMBOL AND DESCRIPTION (Cont)
ENVIRONMENT ) DESCRIPTION
shMBoL

Airborne, AIF Same as A,~ but installed on high per-

Inhabited, formance ;?rcraft such as fighters and

Fighter intercepters.

Airborne, AUC Bomb bay, eauipment bay, tail, or where extreme

Uninhabited, pressure, vibration, and temperature cycling

Cargo may be aggravated by contamination from oil,
hydraulic fluid and engine exhaust. Installed
on long mission transport aircraft.

Airborne, AUT Same as A C but installed on high performance

Uninhabited, aircraft Quch as used for trainer aircraft.

Trainer

Airborne, AUB Bomb bay, equipment bay, tail or where extreme

Uninhabited, pressure, vibration and temperature cycling may

Bomber be aggravated by contamination from oil,
hydraulic fluid and engine exhaust. Installed
on long mission bomber aircraft.

Airborne, AUA Same as A,~ but installed on high performance

Uninhabited, aircraft sich as used for ground support.

Attack

Airborne, AUF Same as A,,~ but installed on high performance

Uninhabited, aircraft gﬁch as fighters and intercepters,

Fighter

Airborne, Rotary ARN Equipment installed on helicopters; includes

Winged laser designators and fire control systems.

M%ssi]e, M Severe conditions related to missile launch

Launch (air and ground), and space vehicle boost into
orbit, vehicle re-entry and landing by
parachute. Conditions may also apply to rocket
propulsion powered flight.

5.1.1-5
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TABLE 5.1.1-3 ENVIRONMENTAL SYMBOL AND DESCRIPTION (Cont)

ENVIRONMENT n: . DESCRIPTION
smBoL
- [Cannon, CL Extremely severe conditions related to cannon
i aunch launching of 155 mm. and 5 inch guided projec-
tiles. Conditions apply from launch to target
impact.
Undersea, USL Conditions related to undersea torpedo mission
Launch and missile launch.
Missile, MFF Missiles in non-powered free flight.
Free Flight . ‘
TAirbreathing MFA Conditions related to powered flight of air
[Missile, Flight breathing missile; includes cruise missiles.

5.1.1.4 Part Failure Rate Models. Part fajlure rate models for microelec-

tronic parts are significantiy different from those for other parts and are

presented entirely in Section 5.1.2. Another type of model is used on most

gther parts; a typical example is the following one for discrete semicon- ‘
uctors: :

where

Ap is the part failure rate,
My is the base failure rate usually expressed by a model

_ relating the influence of electrical and temperature
stresses on the part.

HE and the other Il factors modify the base failure rate
for the category of environmental application and other
parameters ‘that affect the part reliability.

The g and I factors are used in all models and other N factors apply only
to specific(hode1s. The applicability of I factors is identified in each
subsection. An overall 1ist of II factors used in models other than micro-
electronics is presented in Table 5.1.1-4.

The base failure rate ()\,.) models are presented in each'part subsection
along with identification of the applicable model factors. Tables of
calculated A values are also provided for use in manual calculations. The

model equations can, of course, be incorporated into computer programs for

5.1.1-6
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machine processing. The tabulated values of A, are cut off at the part
ratings with regard to temperature and stress, hence, use of parts beyond
these cut off points will overstress the part. The use of the A models in
a computer program should take the part rating limits into account. The A
equations are mathematically continuous beyond the part ratings but sucR
failure rate values are invalid in the overstressed regions.

A1l the part models include both catastrophic and drift failures and are
based upon a constant failure rate, except for some rotary devices that
show an increasing failure rate. Failures associated with connection of
parts into circuit assemblies are not included within the part failure rate
models. Information on connection reliability is provided in Sections
5,1.13 and 5.1.14,

5.1.1.5 Thermal Aspects. The use of this prediction method requires the
determination of the temperatures to which the parts are subjected. Since
parts reliability is sensitive to temperature, the thermal analysis of any
design should fairly accurately provide the ambient temperatures needed in
using the part models. Of course, lower temperatures produce better reli-
ability but also can produce increased penalties in terms of added loads on
the environmental control system, unless achieved through improved thermal
design of the equipment. The thermal analysis should be part of the design
process and included in all the trade-off studies covering equipment per-
formance, reliability, weight, volume, environmental control systems, etc.
For general guidance and detailed thermal analysis procedures, refer to
Item 48 and 69 of Bibliography.

5.1.1-7
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TABLE 5.1.1-4
I FACTORS FOR PART FAILURE RATE MODELS EXCEPT MICROELECTRONICS

It DESCRIPTION

FACTOR

Common Factors - Used in all or many part categories

e Environment - Accounts for influence of undefined environmental
variabies inciuding temperature variabiiity. Relaied to
application categories (Table 5.1.1-3).

IIQ Quality - Accounts for effects of different quality levels.

Discrete Semiconductors

HA Application - Accounts for effect of application in terms of
circuit function.

HR Rating - Accounts for effect of maximum power or current rating.

I Complexity - Accounts for effect of multiple devices in a single
package. ' )

Iig, Voltage Stress - Adjusts model for a second electrical stress
(application voltage) in addition to wattage included within
Ab L]

e Frequency and peak operating power factor, also pulsed duty cycle
factor,

I, Forward peak current factor.

Ny Temperature - Accounts for effects of temperature.

My Matching networks - Accounts for effects of type of matching
natwarlk o

Lasers

Iy Gas overfill factor.

I Ballast factor.

HOS Active optical surface factor.

5-]-]-8
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TABLE 5.1.1-4 (Cont.)

m FACTORS FOR PART FAILURE RATE MODELS EXCEPT MICROELECTRONICS

Lasers

T~ Cleanliness facior.

TREP Factor to convert pulse rate to time for pulsed lasers.

TeooL Flashlamp cooling factor.

Tubes

L Construction factor.

m Learning factor,

™ Utilization factor.

Resistors

TR Resistance - Adjusts model for the effect of resistor ohmic
va lues.

Te Construction Class - Accounts for influence of construction class
of variable resistors as defined in individual part
specifications.

Ty Voltage - Adjusts for effect of applied voltage in variable
resistors in addition to wattage included within Ab'

m Tap Connections on Potentiometers - Accounts for effect of

TAPS . :
multiple taps on resistance element,

Capacitors

Ten Series Resistance - Adjusts model for the effect of series
vacicetanra in rivenit annliratrinn nf cama alartralutin
T d |l et T Wl Al w PPII QL ur Wi 2N CICDDIUIJD LY
capacitors.

Tey Capacitance Values - Adjusts model for effect of capacitance
related to case size.

Te Construction Factor - Accounts for effects of hermetic and non-
hermetic seals on CL & CLR capacitors.

Trp Configuration factor - Accounts for effects of fixed and variable

. constructions on CG capacitors.

»

5.1.1-9
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TABLE 5.1.1-4 (Cont.)
n FACTORS FOR PART FAILURE RATE MODELS EXCEPT MICROELECTRONICS

Inductive Dayices

K Family - Adjusts model for influence of family type as defined by
individual part specifications.

T Constrqction factor - Accounts for effects of fixed and var-
iable constructions.

Rotating devices

mg Factor related to size of synchros & resolvers.

™ Factor related to number of brushes on synchros & resolvers.

nr Temperature factor for elapsed-time meters.

Re lays

e Contacts - Accounts for contact quantity and form,

Teyd Cycling - Accounts for time rate of actuation.

™ Load - Accounts for type of contact load.

e Family - Accounts for construction and application,

Switches

e Contacts - Accounts for contact quantity and form.

Teyo Cycling - Accounts for time rate of actuation.

m Load - Accounts for type of contact load.

Connectors

p Contacts - Accounts for quantity of contacts.

L% Cycling - Accounts for -time rate of mating and unmating.

5.1.1-10
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. TABLE 5.1.1-4 {Cont.)

I FACTORS FOR PART FAILURE RATE MODELS EXCEPT MICROELECTRONICS

Meters
HA Application factor.
HF Function factor.

Incandescent Lamps

Hu Utilization factor.

My Application factor.

. 5.1.1-11
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CAUTION

THE FAILURE RATES PRESENTED APPLY TO
EQUIPMENT UNDER NORMAL OPERATING
CONDITIONS, i.e., WITH POWER ON AND
PERFORMING ITS INTENDED FUNCTIONS IN

LATION OF ANY OF THE BASE FAILURE
RATE MODELS BEYOND THE TABULATED
VALUES SUCH AS HIGH OR SUB-ZERO TEM-
PERATURE, OR  ELECTRICAL  STRESS
VALUES ABOVE 1.0 OR AT O OR EXTRAPQ-
LATION OF ANY ASSQOCIATED MODIFIERS
IS COMPLETELY INVALID.

5.1.1-12
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5.1.2 Microelectronic Devices. This section presents failure rate pre-
diction models for nine major classes of microelectronic devices:

Monolithic Bipolar & MOS Digital Devices, Including
Shift Registers, Programmable Logic Arrays

(PLA) and Programmable Array Logic (PAL).......Sect, 5.1.2.1
Monolithic Bipolar & MOS Linear Devices............ Sect. 5.1.2.2
Monolithic Bipolar & MOS Digital

Microprocessor DevicesS....vveevevseenennnnns ...Sect, 5.1.2.3
Monolithic Bipolar & MOS Random Access

Memories (RAMS) . ..iiiiiiiiiineieinrinnnnenennes Sect. 5.1.2.4
Monolithic Bipolar, MOS Read Only Memories (ROMS)

& Programmable Read Only Memories (PROMs)...... Sect. 5.1.2.5
Monolithic Bipolar & MOS Analog

Microprocessor Devices...iiviiiineereenenananns Sect. 5.1.2.6
Hybrids........ fedterseasetrasetanetrsansannasenans Sect., 5.1.2.9
Magnetic Bubble Memories......cvvvevrevrnevnnnennns Sect. 5.1.2.10
Surface Acoustic Wave (SAW) Devices....... teseraaes Sect. 5.1.2.11

This revision of MIL-HDBK-217 has eliminated the use of terminology such as
SSI, MSI, LST and VLSI as descriptions of complexity for the models in this
section. The C1 and C2 factors used in previous revisions represented the
contribution to failure due to complexity, C1 for the chip contribution and
C2 as part of the package contribution. A new C1 has been introduced, this
reflects the contribution to the chip failure rate due to factors such as
complexity, technology, and in some cases due to the programming of Pro-
grammable Read Only Memory (PROM). The old C3 package complexity failure
rate has been retitled C2.

In the title description, of each monoiithic device type, Bipolar repre-
sents a3H TTL, ASTTL, DTL, ECL, CML, ALSTTL, HTTL, FTTL, LTTL, STTL, LSTTL,
ITIL, I°L and ISL devices. MOS represents all metal-oxide semiconductor
microcircuits which includes MNQOS, PMOS, (MOS, and NMOS fabricated on
various substrates such as sapphire, polycrystalline, or single crystal
silicon. From the I.C. chip standpoint, the hybrid model is structured to
accommodate all of the monolithic chip types and various complexity
levels.

Monolithic memory complexity factors are expressed in the number of bits in
accordance with JEDEC STD 21A, This standard, which is used by all govern-
ment and industry agencies that deal with microcircuit memories, states
that memories of 1024 bits and greater shall be expressed as K bits, where
K = 1024 bits. For example, a 16K memory has 16,384 bits, a 64K memory has

£ Ldbhp oiam
I DIL> dare

LC CA8 hites amd o TM mamace: khas 1 AAO C760 LIdka [ R U . —~
UJ,0030 DIiL> A a It menury rnas 1,00, 3/0 DIL)S., CXdUL Tunpers o
not used for memories of 1024 bits and greater.

5.1.2-1
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-The monolithic device models, along with parameter descriptions and in-
structions for quantifying the parameters are presented in Sections
5.1.2.1 through 5.1.2.6. The tables used for quantifying the model para-
meters are presented in Section 5.1.2.7.

For devices having both linear and digital functions not covered by MIL-M-
38510, use the lirear model. Line drivers and line receivers are consid-
ered linear devices, but if any device exceeds 1,000 transistors, use the
model in Section 5.1.2.6.

Models for magnetic bubble memories and a model for Surface Acoustic Wave
(SAW) devices are listed after the hybrid section.

Table 5.1.2.7-17 contains cross reference commercial type parts to MIL-M-
38510 type parts.

Table 5.1.2.7-18 contains the gate, transistor and bit counts for MIL-M-
38510 devices. For linear devices not covered by MIL-M-38510, use the,

............... g Py PRy .

transistor count as determined from the schematic diagram.

For microprocessors, do not use the complexity tables. Microprocessors
are classified by the number of bits in the data word. This notation is
used in data sheets and application notes. For example, the 8080 is an 8
bit microprocessor, the 8086 is a 16 bit microprocessor, etc.

For digital devices not convered by MIL-M-38510, use the gate count as
determined from the logic diagram. A J-K to R-S flip flop is equivalent to
6 gates when used as part of an LSI circuit, For the purpose of this

dLres wWIEN Lol 42 ae I

Handbook a gate is cons1dered to be any one of the fo110w1ng functions:
AND, OR, exclusive OR, NAND, NOR.and inverter, When a logic diagram is
unava11able, use dev1ce transistor count to determine gate count using the
following expressions:

Bipolar: No. Gates = No, Transistors # 3.0

(MOS: No. Gates = No. Transistors & 3.75

Other MOS: No. Gates = No. Transistors ¢ 3.0

5.1.2-2
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5.1.2.1 Monolithic Bipolar and MOS Digital Devices, Including Shift

Registers, Confiqurable Gate Arrays*, Programmable Logic Arrays (PLA) and

Programmable Array Logic (PAL).

Part operating failure rate model (kp):

Ao = Mg (Cympmy *+ Comg) m Failures/10% hours

A is the device failure rate in F/]O6 hours

is the quality factor, Table 5.1.2.7-1

mr s the temperature acceleration factor, based on technology (Table
5.1.2.7-4) and is found in Tables 5.1.2.7-5 thru 5.1.2.7-13.

my is the voltage stress derating factor, Table 5.1.2.7-14.

me s the 'application environment factor, Table 5.1.2.7-3.

C] is the circuit complexity factor based on gate count and technology
as follows:

Monolithic Bipolar And MOS Digital Devices Including Shift Registers and

Confiqurable Gate

Arrays*

For
For
For
For

For

1 to 100 gates, C] = .01

>100 to 1,000 gates, C1 = .02
>1,000 to 3,000 gates, C] = ,04
>3,000 to 10,000 gates, C1 = .08
>10,000 to 30,000 gates, C, = .16

Programmable Logic Arrays (PLA) and Programmable Array Logic (PAL)

For

For

For

1 to 100 gates, C] = 0.06
>100 to 1,000 gates, CI = 0,12
>1,000 to 5,000 gates, C] = 0.24

C, is the package complexity failure rate, Table 5.1.2.7-16,

5.1.2.1-1
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m is the device learning factor, Table 5.1.2.7-2.
*For Configurable Gate Arrays, m = 10. If test data verifying the circuit

design/performance of a discrete cell or gate is provided to the procuring
activity, them m. = 1 can be used. This data should consist of ac/dc

narametric data. (See JAN mirvrncircuit cnecificatinn MIBRSIN/RO0 ar
parameiric data. tege JAN microcircult specitication MIGoIU/0UL oY

M38510/605 for typical data requirements.)

5.1.2.1-2
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5.1.2.2 Monolithic Bipolar and MOS Linear Devices.

Part operating failure rate model (Ap):
_ . 6
kp =T (C]HTWV + CzﬂE) ™ Failures/10° hours
where: '
lp is the device failure rate in F/]O6 hours
" is the guality factor, Table 5.1.2.7-1

mr is the temperature acceleration factor, based on technology (Table
5.1.2.7-4) and is found in Tables 5.1.2.7-10 or 5.1.2.7-13.

my is the voltage stress derating factor, Table 5.1.2.7-14
e is the application environment factor, Table 5.1.2.7-3

C] is the circuit compiexity factor based on transistor count as
follows:

For 1 to 100 transistors, C1 = 0.01
. For >100 to 300 transistors, C] = 0.02
For >300 to 1000 transistors, C] = 0.04

52 is the package complexity failure rate, Table 5.1.2.7-16.
m s the device Tearning factor, Table 5.1.2.7-2.

5.1.2.2-1
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5.1.2.3 Monolithic Bipolar and MOS Digital Microprocessor Devices.

Part operating failure rate model (X ):

p
Xp = (C]nva + CZ"E)."L Fai]ures/106 hours:
where:
A, is the device failure rate in F/108 hours
q is the quatlity factor, Table 5.1.2.7-1
my is the temperature acceleration factor, based on technology (Table
5.1.2.7-4) and is found in Tables 5.1.2.7-5 thru 5.1.2.7-13,
m, is the voltage stress derating factor, Table 5.1.2.7-14

is the application environment factor, Table 5.1.2.7-3
CT is the circuit complexity failure rate based on bit count.

NOTE: Do not use Table 5.1.2.1-19 to determine microprocessor gate
count. Microprocessors are classified by the number of bits in

. their data word, see page 5.1.2-2.

For microprocessors up to 8 bits, C] = 0.03
For 16 bit microprocessors, C] = 0.06
For 32 bit microprocessors, Cy = 0.12
C2 is the package complexity failure rate, Table 5.1.2.7-16

uf is the device learning factor, Table 5.1.2.7-2
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5.1.2.4 Monolithic Bipolar and MOS Random Access Memories (RAMs).

Part operating failure rate mode (Ap):

Ap = (Cympmy + Can) m Fa‘i]ures/lo6 hours

where:

A
p

™
T

Ty
Te

Y

is the
is the

is the

is the
is the

is the

device failure rate in F/]O6 hours
quality factor, Table 5.1.2.7-1

temperature acceleration factor, based on technology (Table
5.1.2.7-4) and is found in Tables 5.1.2.7-5 thru 5.1.2.7-13

voltage stress derating factor, Table 5.1.2.7-14
application environment factor, Table 5.1.2.7-3

circuit complexity factor based on bit count and
technology.

Mos
For Dynamic RAMs up to 16K bits, Cl = 0.025
For Dynamic RAMs >16K to 64K bits, C] = 0.05

e SEAY ¥+~ OELK Ri+e £ =0 1N
M SO%N LU CJI0N Ull.:, b'l Ve 1V

For Dynamic RAMs >256K to M bits, C, = 0.20

For Static RAMS up to 4K bits, C] = .05
For Static RAMs >4K to 16K bits, C;, = .10

For Static RAMs >16K to 64K bits

M O LEAY thay

1
€, = .20

For Static RAMs >64K to 256K bits, C1 = .40

(cont'd on next page)
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For Static RAMS up to 4K bits, Cy = .05
For Static RAMS >4K to 16K bits, C;y = .10
C2 is the package complexity failure rate, Table 5.1.2.7-16

m is the device learning factor, Table 5.1,2.7-2
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5.1.2.5 Reéad Only Memories (ROMg) and Programmable Read Only Memories

(PROMs).  IncTudes PROMs with Fusible Link Programming, Avalanche Induced

Migration (AIM), Ultra-Violet Erasable (UVEPROMs), Electrically Erasable
a

(EEPROMs) and Electrically Alterable (EAPROMs)

d
n

)\p = HQ (C]T[TTTV + CZTTE) TTL
where:

X. is the device failure rate in F/TO6 hours

3

mq is the quality factor, Table 5.1.2.7-1

Ty is the temperature acceleration factor, based on technology (Table
5.1.2.7-4), and is found in Tables 5.1,2.7-5 thru 5.1.2.7-13

is the voltage stress derating factor, Table 5.1.2.7-14
me is the application environment factor, Table 5.1.2.7-3

1 is the device complexity failure rate based upon bit count and
technology.

MOS ROM

For devices up to 16K bits, Cy = 0.035
For devices with >16K to 64K bits, C] = 0.07
For devices with >64K to 256K bits, C] = 0.4

For devices with >256K to M bits, Cy = 0.28

For devices up to 16K bits, C] = 0.06
For devices with >16K to 64K bits, C1 = 0.12
For devices with >64K to 256K bits, CT = 0.24
For devices with >256K to TM bits, C1 = 0.48

BIPOLAR ROM/PROM {Fusible Link & AIM)

For devices up to 16K bits, C-I = 0.06

For devices with >16K to 64K bits, Cy = 0.12

5.1.2.5-1
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C2 is the package complexity failure rate, Table 5.1.2.7-16

m is the device learning factor, Table 5.1.2.7-2
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5.1.2.6 Monolithic Bipolar or MOS Analog Microprocessor Devices*,

Part operating failure rate model (Ap):

Ap = TQTA (C]ﬂTnv + Can) m Fai]ures/]O6 hours
where:

Ap is the device failure rate in F/106 hours

g is the quality factor, Table 5.1.2.7-1

T is the analog signal factor, = 1,24

ny s the temperature acceleration factor, based on technology (Table
' 5.1.2.7-4) and is found in Tables 5.1.2.7-5 thru 5.1.2.7-13

™, is the voltage stress derating factor, Table 5.1,2.7-14
mg is the application environment factor, Table 5.1.2.7-3
C] is the circuit complexity failure rate based on bit count

For signal processors up to 16 bits, C; = 0.06

[

2 is the package complexity failure rate, Table 5.1,2.7-16

m is the device learning factor, Table 5.1.2.7-2

* Analog microprocessor is defined as any microprocessor with on-chip
circuitry capab]e of accepting or outputting an analog signal, also

called signal processor.

5.1.2.6-1



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
MICROELECTRONIC DEVICES

5.1.2.7 Tables for the Monolithic Model Parameters.

TABLE 5.1.2.7-1. LT Quality Factors

QUALITY
LEVEL

DESCRIPTION

"

S

Procured in full accordance with MIL-M-38510,
Class S requirements. Class S Tisting on
QPL-38510.

0.25

S-1

Procured in full compliance with the requirements
of MIL-STD-975 or MIL-STD-1547 and have procuring
activity specification approval.

0.75

Procured in full accordance with MIL-M-38510,
Class B reguirements. Class B listing on QPL-38510.

1.0

Fully compliant with all requirements of Paragraph
1.2.1 of MIL-STD-883 and procured to a MIL Drawing,
DESC DBrawing or other government approved
documentation.

2.0

Not fully compliant with requirements of Paragraph
1.2.1 of MIL-STD-883 and procured to government
approved documentation including vendor's
equivalent Class B requirements.

5.0

Hermetically sealed parts with normal reliability

_screening and manufacturer's quality assurance

practices. *Nonhermetic parts encapsulated with
organic materig] must be subjected to 160 hours
burn-in at 123 C, 10 temperature cycles

(-55°C to 125°C) with end point electricals

and high temperature continuity test at 100°C.

10.0

Commercial {or non-mil standard) part, *encapsulated
or sealed with organic materials {e.g., epoxy,
silicone or phenolic).

20.0

* NONHERMETIC PARTS SHOULD ONLY BE USED IN CONTROLLED ENVIRONMENTS (e.g.,
GROUND BENIGN OR GROUND FIXED ENVIRONMENTS).

5.1.2.7-1




Downloaded from http://www.everyspec.com

MIL-HDBK-217E
MICROELECTRONIC DEVICES
MONOLITHIC
TABLE 5,1.2.7-2. LI LEARNING FACTORS

The learning factor m is 10 under any of the following conditions:

(1) New device in initial production.

(2) Where major changes in design or process have occurred.

(3) Where there has been an extended 1nterrupt1on in production or
a change in line personnel (radical expansion).

(4) For all new and unproven technologies.

The factor of 10 can be expected to apply until conditions and controls
have stabilized. This period extends for four months of continuous
production,

m is equal to 1.0 under all production conditions not stated in (1), (2)
and (3) above.

TABLE 5.1.2.7-3. APPLICATION ENVIRONMENT FACTOR g

ENVIRON- e [ ENVIRON- e
MENT MENT
Gy 0.38 Arg 5.0
Gy 0.65 Al 4.0
6 2.5 A 6.0
Gy 4.2 Al 3.0
My 3.8 Agr 4.0
Ngg 4.0 Ayg 7.5
N 4.0 Aun 6.0
Ny 5.7 Ay 9.0
Ny 5.9 Se 0.9
Ny 6.3 Mep 3.9
Aoy 8.5 Me 5.4
Are 2.5 Ug, n.
Aty 3.0 M, 13.
o 220.

5.1.2.7-2
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TABLE 5.1.2.7-4 TECHNOLOGY TEMPERATURE FACTOR TABLES
(SEE NOTES BELOW)

Technology Package Type mr Table Number A

ASTTL, CML,TTL, Hermetic 5.1.2.7-% 4635,
HTTL, FTTL, DTL, Nonhermetic 5.1.2.7-6 5214

ECL, ALSTTL
LTTL & STTL Hermetic 5.1.2.7-6 5214,
Nonhermetic 5.1.2.7-7 5794,
LSTTL Hermetic 5.1.2.7-7 5794,
Nonhermetic 5.1.2.7-8 6373.
1L, 3, IsL Hermetic 5.1.2.7-9 6952
& MNOS Nonhermetic 5.1.2,7-12 g270.
PMOS, NMOS Hermetic 5.1.2.7-7 5794.
& HMOS Nonhermetic 5.1.2.7-11 8111,
MOS, HCMOS, Hermet ic 5.1.2.7-8 6373.
& HTCMOS ‘Nonhermetic 5.1.2.7-12 9270.

P Y CMOS/S0S

. Linear (Bipolar Hermetic 5.1.2.7-10 7532.
& MOS) Nonhermetic 5.1.2.7-13 10429.

NOTE 1. =y = 0.1(e*)

where

v = _a f ] ]\

X = =R - !
TJ + 273 298

A = value from above Table

Ty = device worst case junction temperature (OC).

e = natural logarithm base, 2.718

5.1.2.7-3
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(Notes continued for Table 5.1,2,7-4)}

NOTE 2. T,, the worst case junction temperature, shall be measured or
e

Stimated using the following expression:

where :

Tc 1is case temperature (°c.).

n IRV T a.-_-.‘ tO0m g _weN E a4 e aa
Lr

is junction to case thermal resistance ( C/watt) for a device soldered
into a printed circuit board. If @,. is not available, use a value
contained in a specification for the ¢losest equivalent device or use
the table on page 5.1.2.7-5.

P is the worst case power realized in a system application. If the
applied power is notavailable, use the maximum power dissipation from
the device specification or from the specification for the closest
equivalent device.

If Tp cannot be determined, use the following:

ENVIRO. 1 G Gys G Oy M Ngg Ng Ny Ny Ny Agy Apg At Apg

TC{OC.) 3 3 45 50 40 45 45 80 45 25 60 60 60 60

EWIRD. | Ara Are Auc Ayt Aug Aun Aur SF Mer Mra Ust M

Tel

o0 60 60 95 95 95 95 95 45 60 S50 40 60 45

5.1.2.7-4
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gJC values for MIL-M-38510 devices.

(From MIL-M-38510F, Appendix C.)

PACKAGE MAX

TYPE 8J)-C

LETTER (YC/W) DESCRIPTION

A 70 14-1ead FP (1/4" x 1/4")

B 70 14-1ead FP (3/16" x 1/4")

C 50 14-1ead DIP (174" x 3/4")

D 70 14-1ead FP (1/4" x 3/8")

E 50 16-lead DIP {1/4" x 7/8")

F 68 16-1ead FP (1/4" x 3/8")

G 60 8-1ead can

H 70 10-1ead FP (174" x 1/4%)

I 60 10-Tead can

J 40 24-1lead DIP (1/2" x "1-1/4")

K 53 24-lead FP (3/8" x 5/8")

L 40 24-lead DIP {1/4" x 1-1/4")

M 60 12-1ead can

P 50 8-lead DIP {1/4" x 3/8")

Q 30 40-1ead OIP (9/16" x 2-1/16")

R 40 20-lead DIP (1/4" x 1-1/16")

S 80 20-1ead FP (174" x 172"}

v 40 18-1ead DIP (1/4" x 15/16")

W 40 22-1ead DIP (3/8" x 1-1/8")
55 24-lead FP (1/4" x 3/8")

For other devices,

or if GJC cannot be determined,

use the following:

Package Type

Die Attach*

Number of Package Pins

< 22 pins | > 22 pins
Hermetic DIPs Eutectic 30 25
Epoxy or Glass 125 100
Nonhermetic BIPs Eutectic 30 25
Epoxy or Glass 125 100
Hermetic Flatpacks Eutectic 40 35
Epoxy or Glass 125 100
Hermetic Cans Eutectic 30 - NA
Epoxy or Glass 125 NA

* If the die attach method cannot be determined, assume that epoxy die
attach is used for hermetically packaged CMOS and eutectic die attach for
all other hermetic packages.

5.1.2.7-5
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ne VS JUNCTION TEMPERATURE FOR HERMETIC ASTTL, CML,
L, HTTL, FTTL, DTL, ECL & ALSTTL

T,(°C) T (%) wg 150w T,°0)  m
25 0.10 51 0.35 77 1.0 103 2.5
27 0.11 53 0.38 79 1.1 105 2.7
29 0.12 55 0.41 81 1.2 1no 3.2
31 0.14 57 0.45 83 1.3 115 3.7
33 0.15 59 0.49 85 1.4 120 4.3
35 0.17 61 0.53 87 1.5 125 5.0
37 0.18 63 0.58 89 1.6 135 6.6
39 0.20 65 0.63 91 1.7 145 8.7
41 0.22 67 0.68 93 1.8 150 9.9
43 0.24 69 0.74 95 1.9 155 1.
45 0.27 71 0.80 97 2.1 165 14,
47 0.29 | 73 0.87 99 2.2 175 18.
49 0.32 75 0.93 101 2.4

TABLE 5.1.2.7-6:

wr YS JUNCTION TEMPERATURES FOR HERMETIC LTTL & STTL:
NENHERMETIC ASTTL, CML, TTL, HTTL, FTTL, DTL, ECL &
ALSTTL :

TJ(OC) Tr TJ(OC) Ty _ TJ(OC) Tr TJ(OC) T |
J

25 0.10 51 0.41 77 1.4 103 3.8

27 0.1 53 0.45 79 1.5 105 4.1

29 - 0.13 55 0.50 81 1.6 110 4.9

31 0.14 57 0.55 83 1.7 115 5.8

33 0.16 59 0.60 85 1.9 120 6.9

35 0.18 61 0.66 87 2.0 125 8.1

37 0.20 63 0.72 89 2.2 135 1.

39 0.22 65 0.79 91 2.4 145 15

41 0.24 67 0.87 93 2.6 150 18

43 0.27 69 0.95 95 2.8 155 20.

45 0.30 71 1.0 97 3.0 165 27.

47 0.33 73 1.1 99 3.3 175 35.

49 0.37 75 1.2 101 3.5

5.1.2.7-6
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TABLE 5.1.2.7-7: =m¢ VS JUNCTION TEMPERATURE FOR HERMETIC LSTTL, PMOS,
NMOS & HMOS: NONHERMETIC LTTL & STTL

T,(°%0) g T, m 1,0 7w T5%)  m
25 0.10 51 0.48 77 1.8 103 5.7
27 0.1 53 0.53 79 2.0 105 6.1
29 0.13 55 0.59 81 2.2 110 7.5
31 0.15 57 0.66 83 2.4 115 9.1
33 0.17 59 0.73 85 2.6 120 n.
35 0.19 61 0.81 87 2.9 125 13.
37 0.21 63 0.90 89 3.1 135 19,
39 0.24 65 1.00 91 3.4 145 27.
41 0.27 67 1.10 93 3.7 150 31.
43 0.30 69 1.20 95 4.0 155 37.
45 0.34 71 1.40 97 4.4 165 50.
47 0.38 73 1.5 99 4.8 175 67.
49 0.43 75 1.6 101 5.2

TABLE 5.1.2.7-8: =, VS JUNCTION TEMPERATURE FOR HERMETIC (MOS, HCMOS,
H*CMOS & CMOS/S0S: NONHERMETIC LSTTL

1% W T4%C) g T,%0)  wg 500

25 0.10 51 0.56 77 2.4 103 8.5
27 0.12 53 0.63 79 2.7 105 9.2
29 0.13 55 0.71 81 3.0 110 12.
31 0.15 57 0.80 83 3.3 115 14.
33 0.17 59 0.89 85 3.6 120 18.
35 0.20 61 1.0 87 4.0 125 22.
37 0.23 63 1.1 89 4.4 135 32.
39 0.26 65 1.3 91 4.8 145 46.
41 0.30 67 1.4 93 5.3 150 56.
43 0.34 69 1.6 95 5.8 155 66.
45 0.38 71 1.8 97 6.4 165 93.
47 0.44 73 1.9 99 7.0 175 129.
49 0.49 75 2.2 101 7.7
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VS JUNCTION TEMPERATURE FOR HERMETIC IIL, I3L,

TABLE 5.1.2.7-9: 1

IS & MNOS
T g T, m T5°0)  wp T,%0)  m
25 0.10 | 51 0.65 77 3.2 103 13.
27 0.12 | 53 0.74 79 3.6 105 1.
29 0.14 | 55 0.84 81 4.0 110 18.
3] 0.16 | 57 0.96 83 4.5 15 22.
33 0.18 | 59 1.1 85 5.0 120 28.
35 0.21 61 1.2 87 5.6 125 35,
37 0.25 | 63 1.4 89 6.2 135 54.
39 0.28 | 65 1.6 9] 6.9 145 81.
41 0.33 | &7 1.8 93 7.6 150 99,
43 0.38 | 69 2.0 95 8.5 155 120.
45 0.43 | 71 2.3 97 9.4 165 173.
47 0.50 | 73 2.5 99 10. 175 247 .
49 0.57 75 2.9 101 1

TABLE 5.1.2.7-10: mr VS JUNCTION TEMPERATURE FOR HERMETIC LINEAR

T5%) g T4%C) g T  wg TJ(OC) "
25 0.10 51 0.76 77 4.3 103 19,
27 0.12 53 0.88 79 4.8 105 21.
29 0.14 55 1.0 81 5.5 110 27.
31 0.16 57 1.2 83 6.1 115 35.
33 0.19 59 1.3 85 6.9 120 45,
35 0.23 61 1.5 87 7.8 125 57.
37 0.27 63 1.7 89 8.7 135 91.
39 0.31 65 2.0 9] 9.8 145 142.
43 0.36 67 2.3 93 1. 150 175.
43 0.42 69 2.6 95 12. 155 216.
45 0.49 71 2.9 97 4. 165 323.
47 0.57 73 3.3 99 15. 175 474,
49 0.66 75 3.8 101 17
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TABLE 5.1.2.7-11: my VS JUNCTION TEMPERATURE FOR NONHERMETIC PMOS, NMOS &
HMOS
T,(%) %) T30%) 7 T,
25 0.10 51 0.89 77 5.7 103 28.
27 0.12 53 1.0 79 6.5 105 32.
29 0.14 55 1.2 81 7.4 110 42,
31 0.17 57 1.4 83 8.4 115 55.
33 0.20 59 1.6 | 85 9.6 120 72.
35 0.24 61 1.9 87 1. 125 93.
37 0.29 63 2.2 89 12. 135 154,
39 0.34 65 2.5 91 14. 145 248,
41 0.40 67 2.9 93 16. 150 311.
43 0.47 69 3.3 95 18. 155 390.
45 0.55 71 3.8 97 20. 165 600.
47 0.65 73 4.4 99 22. 175 907 .
49 0.76 75 5.0 101 25

VS JUNCTION TEMPERATURE FOR NONHERMETIC IIL, I3L,

TABLE 5.1.2.7-12:
15L, MNOS, CMOS, HCMOS, HTCMOS & CMOS/SOS

T.(°C) g 7%) T.(%) 7 T.(°C) -
Jv SR AR ARSI
25 0.10 51 1.2 77 10. 103 63.
27 0.12 53 1.5 79 12. ]95 172.
29 0.15 55 1.7 81 4. 110 100.
31 0.18 57 2.0 83 16. 15 136.
33 0.23 59 2.4 85 18, 120 184.
35 0.27 61 2.9 87 21. 125 248.
37 0.33° 63 3.4 89 24. 135 439,
39 0.40 65 4.0 91 28. 145 756.
41 0.49 67 4.7 93 32. 150 982.
43 0.59 69 5.5 95 37. 155 1269.
45 0.71 71 6.4 97 43, 165 2081,
a7 0.85 73 7.5 99 49. 175 3337
49 1.0 75 8.7 101 56.
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TABLE 5.1.2.7-13: m; VS JUNCTION TEMPERATURE FOR NONHERMETIC LINEAR

T5(°C) mr T,°0)  m T,0%)  ng T,0°%)

25 0.10 51 1.7 77 18. 103 142.
27 0.13 53 2.0 79 21. 105 165.
29 0.16 55 2.5 81 25. 110 236.
3] 0.20 57 3.0 83 30. 115 335.
33 0.25 59 3.6 85 35. 120 472.
35 0.31- | 61 4.4 87 41, 125 659.
37 0.39 63 5.2 89 49, 135 1252.
39 0.48 65 6.3 91 57. 145 2308.
41 0.59 67 7.5 93 67. 150 3100.
43 0.73 69 9.0 95 78. 155 4135.
45 0.90 71 1. 97 91. 165 7212.
a7 1.10 73 13. 99 106. 175 12272.
49 1.40 75 15, 101 123.
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Downloaded from http://www.everyspec.com

MIL~HDBK-217E
MICROELECTRONIC DEVICES

. MONOLITHIC

TABLE 5.1.2.7-14: Ty> VOLTAGE STRESS DERATING FACTOR

TECHNOLOGY Ty
CMOS, Vpp < 12 volts 1.0
CMOS, 12 volts < Vp < 20 volts Equation 1 (below)
or Table 5.1.2.7-15
CMOS/S0S and all technologies other 1.0
than CMOS

VDD is the maximum supply voltage rating.
Equation 1: For operating supply voltage from 12 to 20 volts
_ X
_ 0.168\!S (TJ + 273)
298

where: X

VS is the operating supply voltage in actual application

Ty is the device worst case junction temperature (°c)

e is the natural logarithm base, 2.718

5.1.2.7-1N
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TABLE 5.1.2.7-15:. m, FOR OMOS WITH 12 < Vpp < 20 VOLTS
Vg T, (%0) ____J
(V.)L__z.%-‘ 50 75 100 125 150
12 .83 B 1.2 1.4 1.6 1.9
13 %8 1.2 1.4 1.7 2.0 2.4
14 1.2 1.4 1.7 2.1 2.5 3.1
15 1.4 1.7 2.1 2.6 3.2 3.9
16 1.6 2.0 2.5 3.2 4.0 5.0
17 1.9 2.4 3.1 3.9 5.0 6.3
18 2.3 2.9 3.8 4.8 6.2 8.0
19 2.7 3.5 4.6 5.9 7.8 10.2
20 3.2 4.2 5.6 7.4 9.8 12.9

5.1.2.7-12
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PER 106 HOURS

C», PACKAGE COMPLEXITY FAILURE RATES IN FAILURES

PACKAGE TYPE*

Hermetic DIPs Hermetic
with Solder or Flatpacks
Number of Weld Seal, Hermetic DIPs with Axial
Functional| Leadless Chip with Glass Nonhermetic Leads on 50 Hermetic
Pins Carriers (LCC) Seal DIPs Mil Centers Cans
3 --- --- --- -—-- 0.0003
4 --- --- —-- 0.0004 0.0005
6 0.0019 0.0013 0.0018 0.0008 0.00M
8 0.0026 0.0021 0.0026 0.0013 0.0020
10 0.0034 0.0029 0.0034 0.0020 0.0031
12 0.0041 0.0038 0.0043 0.0028 0.0044
14 0.0048 0.0048 0.0051 0.0037 0.0060
16 0.0056 0.0059 0.0061 0.0047 0.0079
18 0.0064 0.0071 0.0070 0.0058 -
22 0.008 0.010 0.009 0.008 -—-
24 0.009 0.01 0.010 0.010 -—
28 0.070 0.014 0.012 -—- ---
36 0.013 0.020 0.016 --- ---
40 0.015 0.024 0.019 -—- -—
64 0.025 0.048 0.033 -— ---
80 0.032 -—- -—- --- -—-
128 0.053 -—- --- --- ---
180 0.076 -—- -—- -— -—

*If seal type for hermetic DIP is unknown,

The tabulated values are determined by the

assume glass seal.

following equations:

Hermetic DIPs with solder or weld seals, C, = 2.8 x 10'4(NP)]'08

Leadless Chip Carrier (LCC)

Hermetic DIPs-with glass seals C, = 9.0 x‘10'5(NP)1'5]
Nonhermetic DIPs C, = 2-6 X 10;4(Np)1'23
Hermetic Flatpacks C, = 3.0 x ]O-S(Np)]'az
Hermetic Cans Cr = 3.0 x 70“5(Np)2'0]

where :

Np is the number of pins on a device package which are connected
to some substrate location (3 f-NP < 180}.
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TABLE 5.1.2.7-17: CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510 TYPE

COMMERCIAL . M38510/ | COMMERCIAL  M38510/ | COMMERCIAL  M38510/
REF10 12403 LM139 11201 PALI6R6A-2 50409
LMIOTA 10103 LM140H-05 10702 PALI6L8A 50401
LM102 10601 LM140H-12 10703 PALI6R8A 50402
10501 06001 LM140H-15 10704 PAL16LBA-2 50407
10502 06002 LM140H-24 10705 PAL16R8A-2 50408
10504 06201 LM140K-05 10706 1802D 47001
10505 06003 LM140K-12 10707 DGIBTA 11101
10506 06004 LMI140K-15 10708 DG182A 11102
10507 06005 LM140K-24 10709 1832 47201
10509 06006 140138 05151 DG184A 11103
10524 06301 140238 05053 DG185A 11104
10525 06302 140938 17701 1853 47401
10531 06101 PAL 14H4 50303 DG187-A 11105
10535 06104 PAL14L4 50308 DG188A 11106
10576 06103 LM14TH-05 10702 DG190A 11107
10597 06202 LM14TH-12 10703 DG191A 11108
LM106 10303 LM141H-15 10704 {M193 11202
10631 06102 M141H-24 10705 LF198 12501
LM108A 10104 14502 17403 LM199A 1240
PAL10H8 503071 MC 14069 17401 LM199 12404
PAL10LS 50306 LF147 11906 DG200 12307
LM109 10701 LM148 11001 HI 200 12301
LM110 10602 LM149 11002 2003 14103
LMI11 10304 LM150K 11705 DG201 12302
LM117H 11703 LF151 11904 HI20]1 12302
LM117K 11704 1524 1260 PAL20R4A 50504
LM118 10107 LM1524 12601 PAL20R6A 50503
LM] 20H-05 11501 LF153 11905 PAL20L8A 50501
LMI20H-12 11502 15482 00601 PAL20RBA 50502
LMI20H-15 11503 LF155 1140 LH2101A 10105
LM120H-24 11504 LF155A 11404 LH2108A 10106
LMI20K-05 11505 1558 10108 LH2110 10603
LMI20K-12 11506 LF156 11402 LH2111 10305
LM120K-15 11507 LF156A 11405 2114 23802
LM120K-24 11508 LF157 11403 2114A 23804
DAC1221LD 12707 LF157A 11406 2117 24001
LM124 11005 PAL16C] 50305 2117 24002
PAL12H6 50302 PAL T6H? 50304 2117 24003
PALT2L6 50307 PAL16L2 50309 2147 2380
LM129A 12402 PALIGRAA 50404 2147H 23803
LM129B 12406 PAL16X4 50405 2147H-3 23805
LM137H 11803 PAL16A4 50406 2147H-2 23807
LM137K 11804 PAL16RAA-2 50410 2148H 23806
LM138K 11706 PALI6R6A 50403 2164 2440
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TABLE 5.1.2.7-1% CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510
TYPE (CONT'D)

COMMERCIAL M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
2164 24402 DG300 11601 40148 05752
2164 24403 DG30TA 11602 4015A 05703
2316E 40301 3018A 10801 40158 05753
24401 24401 DG302A 11603 4016A 05801
2500 12204 DG303A 11604 40168 05851
2510 12205 DG304A 11605 4017A 05601
2516 22101 3045 10802 40178 05651
255174 33106 DG305A 11606 401748 17505
25L5175 33107 DG306A 11607 4018A 05602
2520 12206 DG307A 11608 40188 05652
2532 22201 MC3101 15501 4019A 05302
0026 03501 MC3106 15502 40198 05352
DS0026 03501 MC3TN 15503 4020A 05603
MHO026 03501 MK 34000 40301 40208 05653
2600 12202 34069 17401 4021A 05704
2616 40301 3516E 40301 40218 05754
2620 12203 3636 21002 4022A 05604
0P27A 13503 4000A 05201 4022B 05654
2700 12201 40008 05251 4023A 05003
2708 22001 4001A 05202 40238 05053
2716 22101 40018 05252 4024A 05605
275180 20903 4002A 05203 40248 05655
275181 20904 40028 05253 4025A 05204
275191 21002 4006A 05701 40258 05254
2732 22202 40068 05751 4027A 5102
NMC2816 22601 | 4007A 05301 40278 05152
285166A 21002 4007U8 05351 4028A 05901
285166A 21004 4008A 05401 40288 05951
2901A 44001 40088 05451 4030A 15303
2901C 44001 4009A 05501 40308 05353
2905 44101 4009u8 05551 4031A 05705
2906 44102 4010A 05502 40318 05755
2907 44103 40108 05552 4034A 05706
2915A 44104 40106B 17702 40348 05756
2916A 44105 401078 17402 4041A 05505
2917A 44106 401098 17404 4041UB 05555
2918 44201 4011A 05001 404 3A 05103
29611 20402 40118 05051 40438 05153
29621 20805 4012A 05002 4048A 05304
29631 20904 40128 05052 40488 05354
29651 20902 4013A 05101 4049A 05803
29651 20908 40138 05151 404918 05553
29681 21002 4014A 05702 40504 05504
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TABLE 5.1.2.7- 17 CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510
TYPE (CONT'D)
COMMERCIAL  M38510/ | COMMERCIAL  M38510/ COMMERCIAL  M38510/
40508 05554 4564 24401 535841 20902
TMS4050 23502 4564 28402 535841 20908
TMS4050 23504 4564 24403 5400 00104
80604 05X01 4741 11003 54L00 02004
TMS4060 23501 506 - 19001 54H00 02304
TMS4060 23503 506A 19002 54500 07001
4066A 05802 507 12003 541,500 30001
40668 05852 507A 19004 54F00 33001
40678 17801 508A 19005 54ALS00 37001
4069U8 17401 509A 19006 54HCOO 65001
40708 17203 HPROM512 20101 5401 00107
40708 05353 51C67 29103 54L01 02006
40718 17101 51C67 29106 54501 02306
40728 17102 52116.. 40301 5402 00401
40738 17003 MM5280 23505 54102 02701
40758 17103 MM5280 23506 54502 07301
40768 17501 5300-1 20301 541502 30301
40778 17204 5301-1 20302 54F02 33301
40818 17001 MCM5303 20101 54ALS02 37301
40828 17002 MCM5304 20102 5403 00109
40858 17201 5305-1 20401 54103 02006
40868 17202 5306-1 20402 54503 07002
40938 17701 5351680 21001 541503 30002
40958 17502 5351681 21002 5404 00105
40968 17503 AD5325 13903 54C04 17401
MKB4096 23602 5330 20701 54L04 02005
MKBA4096 23604 5331 20702 54H04 02305
40978 17802 AD534T 13901 54504 07003
40988 17504 AD534S 13902 541504 30003
40998 17601 5340-1 20801 54F04 33002
a6 24001 5341-1 20802 54ALS04 37006
416 24002 535440 20601 5405 00108
4116 24003 535441 20602 54505 07004 -
4136 11004 5348-1 20804 541,505 30004
4156 11003 5349-1 20805 5406 00801
4213 13904 5352-1 20601 5407 00803
45028 17403 5353-1 20602 5408 01601
45088 17602 5380-1 20903 54508 08003
45148 17301 5380-2 20903 54H08 15501
45158 17302 5381-1 20904 54HO8 15504
4532B 17303 5381-2 20904 541508 31004
45558 17304 535840 20901 54F08 34001
45568 17305 535840 20907 54ALS08 37401 -
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MIL-HDBK-217E
MICROELECTRONIC DEVICES

MONOLITHIC
TABLE 5.1.2.7-17 CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510
TYPE (CONT'D)

COMMERCIAL  M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
5409 01602 54116 01503 54F151 33901
54509 08004 5412 00106 54153 01403
541509 31005 541512 30006 545153 07902
5410 00103 54121 01201 5415153 30902
54L10 02003 541121 04201 54F153 33902
54H10 02303 54122 01202 54154 15201
54510 07005 541122 04202 54155 15202
54LS10 30005 5405122 31403 5415155 32601
54F10 33003 54123 01203 54156 15203
54ALS10 37002 54LS123 31401 5415156 32602
54HC10 65002 54LS124 31701 54157 01405
54ALS1000 38401 54125 15301 545157 07903
54ALS1002 38402 5415125 32301 5415157 30903
54ALS1003 38403 54L5125A 32301 54F157 33903
54ALS1004 38409 54126 15302 545158 07904
54ALS1005 38410 54LS126 32302 5415158 30904
54ALS1008 38404 5413 15101 54F158 33904
544101 02205 541513 31301 5416 00802
54ALS1010 38405 54132 15103 54160 01303
54ALS101 38406 5415132 31303 5415160 31503
54ALS1020 38407 54HC132 65005 54LS160A 31503
54H103 02206 545133 07009 54161 01306
54ALS1032 38408 54ALS133 37005 5415161 31504
S4ALS1034 38411 545134 07010 54LS161A 31504
54ALS1035 38412 545135 07502 54162 01305
54107 00203 545138 07701 5405162 31511
54LS107 30108 5415138 30701 54LS162A 31511
5415109 30109 54ALS138 37701 54163 01304
54F109 34102 545139 07702 5415163 31512
54ALS109 37102 5405139 30702 54LS163A 31512
54511 08001 5414 15102 54164 00903
54H11 15502 541514 31302 54L164 02802
54LS 1 31001 545140 08101 54LS164 30605
54FT1 34002 54145 01005 54165 00904
54ALST 37402 54147 15601 54LS165 30608
545112 07102 54148 15602 54LS165A 30608
54LS112 30103 5415148 36001 5415166 30609
54F112 34103 54515 08002 5415168 31505
B4ALST12A 37103 54LS15 31002 54LS169 31506
545113 07103 54150 01401 54LS169A 31506
5415113 30104 54151 01406 5417 00804
545114 07104 545151 07901 54170 01801
5415114 30105 54LS151 30901 5415170 31902
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TABLE 5.1.2.7-17: CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510
TYPE (CONT'D)

COMMERCIAL M38510/ COMMERCIAL - M38510/ COMMERCIAL  M38510/
545173 36101 54H21 15503 5415273 32501
54174 - - 01701 54L521 31003 5415279 31602
545174 01705 54H22 02307 5428 16201
54L5174 30106 54522 07007 541.528 30204
54F174 34107 541522 30008 54ALS28 38402
54ALS174 37201 5415221 31402 5415280 32901
54175 01702 5423 00402 54F280 34901
545175 07106 541.5240 32400 5415283 31202
5415175 30107 54F240 33201 54F283 34201
54F175 34104 54ALS240 38301 545287 20302
54AL 5175 37202 5415241 32402 545288 20702
54180 01901 54F241 33202 5415290 32003
54181 . 011 54AL5241 38302 5415293 32004
545181 07801 54ALS242 38506 54152958 30606
5415181 30801 54ALS243 38507 5415298 30909
54182 01102 5415244 32403 5430 00101
545182 07802 54F244 33203 54130 02001
5415190 31513 54ALS244 38303 54H30 02301
5415191 31509 5425 00403 54530 07008
54192 01308 545251 07905 54L530 30009
5415192 31507 5415251 30905 54ALS30 37004
54193 01309 54F251 33905 54HC30 65004
54L193 02503 545253 073908 5432 16101
54L5193 31508 545253 30908 541.532 30501
54194 00905 54F253 33908 54F32 33501
545194 07601 54AL.S253 3XX01 54ALS32 37501
5415194 30601 545257 07906 5415324 31702
54L5194A 30601 5415257 30906 5415348 36002
54F194 33601 54152578 30906 54F352 33909
54195 00906 54F257 33906 54F353 33910
545195 07602 545258 07907 54365 16301
5415195 30602 5415258 30907 5415365 32201
54L5195A 30602 54152588 30907 54366 16302
5415196 32001 54F 258 33907 5415366 32203
5415197 32002 5415259 31603 54367 16303
5420 00102 54152598 31605 5415367 32202
54120 02002 5426 00805 54368 16304
54H20 02302 541.526 32102 5415368 32204
54520 07006 5415261 31801 5437 00302
541520 30007 5415266 30303 541837 30202
54F20 33004 5427 00404 58ALS37 38401
54ALS20 37003 54L527 30302 5415373 32502
54HC20 65003 54ALS27 37302 5415374 32503
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TYPE (CONT®D)

CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510

COMMERCIAL M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
54F374 34105 54551 07401 54H74 02203
54L5375 31604 541551 30401 54574 07101 .
5415377 32504 54F521 34701 541574 30102
54F378 34108 5453 - 00503 54F74 34101
54F379 34109 54H53 04003 54ALS74 37101
5438 00303 54F534 34106 5475 01501
541538 30203 5454 00504 54L575 31601
54L 5390 32701 54H54 04004 5476 00204
541.5393 32702 541 54 04102 54H76 02204
54LS395A 30607 541554 30402 54L576 30110
5440 00301 541.5540 32404 541.S76A 30110
54H40 02401 5415541 32405 5477 01502
54540 07201 54H55 04005 54178 02104
541540 30201 54155 04103 5479 00207
54AL 5S40 38407 545570 20401 5480 00604
545412 42101 545571 20402 5482 00601
5442 01001 545572 20601 5483 00602
54142 02901 545573 20602 54L.583A 31201
541542 30703 54ALS574 37104 54585 08201
5415424 42201 54ALS576 37105 5485 15001
545428 42301 54564 07402 541585 31101
5443 01002 54Fp4 33401 54AL.5857 37901
54143 02902 5415640 32804 5486 00701
5444 01003 54AL S640 38501 54186 02601
54144 02903 54AL 5641 38502 54586 07501
5445 01004 54ALS642 38503 541 86 30502
5446 01006 54AL5643 38504 54F86 34501
54146 02904 54AL 5645 38505 54AL 5874 37106
5447 01007 54L5646 32804 54AL 5876 37107
54L47 02905 5415648 32805 5490 01307
541547 30704 54565 07403 54L90 02501
545472 20805 5415670 31901 541590 31507
545473 20804 5470 00206 5492 013M
545474 20802 54L71 02101 541592 31510
545475 20801 5472 00201 54€929 23901 .
5448 01008 54172 02102 5493 01302
5449 01008 54H72 02201 541.93 02502
5415490 32703 5473 00202 541593 21502
5450 00501 54173 02103 541 93A 02502
54H50 04001 54H73 02202 54C930 23902
5451 00502 54LS73 30101 5495 00901
54H51 04002 5474 00205 54195 N2801
54151 04101 5474 02105 30603

541.595
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TABLE 5.1.2.7-17% CROSS REFERENCE FOR COMMERCIAL TYPE TQ MIL-38510
TYPE (CONT'D) ‘

COMMERCIAL M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
5415958 30603 6208 19008 7611 20302
5496 - 00902 6216 19003 76160 21001
541596 30604 064 11903 76161 21002
55107 10401 6504 24501 76165 21005
55108 10402 6508 23901 7620 20401
55113 10405 6514 24502 7621 20402
55114 10403 6516 29102 76321 21101
55115 10404 65162 29101 7640 20801
SMJ5517 29101 65162 29104 7641 20802
SMJ5517 29105 65162 29105 76L42A 02906
5532A 13102 6518 23902 7642 20601
55325 13001 65262 29103 7643 20602
55326 13002 MCM6604A 23602 7644 20603
55327 13003 MCM65604A 23604 76170 02805
5534A 13101 MCM6605 23601 7680 20903
SE5537 12502 - MCM6605 23603 7681 20904
55450 12901 IM6654 21901 7684 20901
55451 12902 6665 24401 7685 20902
55452 12903 6665 24402 771 11904
55453 12904 6665 24403 775180 20903
55454 12905 6800 40001 775181 20904
55460 12906 6810 40201 775184 20901
55461 12907 S68318 40301 775185 20902
55462 12908 68A316E . 40301 775190 21001
55463 12909 68316E 40301 7758191 21002
55464 12910 071 11904 772 11805
555 10901 710 10307 774 11906
556 10902 LM710 10301 78MG 11701
557 10903 1 10302 786G 11702
IM5603A 20201 LM717 10302 78M05 10702
AD561 13301 714 13502 7805 10706
IM5623 20202 7181 01101 NC7810LC 22501
568318 40301 072 11905 78M12 10703
ADS71 13401 LM723 10201 7812 10707
AD584S 12801 MM7280 23505 78M15 10704
AD584T 12802 MM7280 23506 7815 10708
061 11901 074 11906 78M24 10705
6108 19007 LM741A 10101 7824 10709
6116 19001 LM747A 10102 7831 10406
6116 29101 7558 10108 7832 10407
6116 29104 7602 20701 79MG 11801
6116 29105 7603 20702 796G 11802
062 11902 7610 20301 79M05 115801

5.1.2.7-20



Downloaded from http://www.everyspec.com

MIL-HDBK-217E

MICROELECTRONIC DEVICES

MONOLITHIC

TYPE (CONT'D)

CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510

COMMERCIAL  M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
7905 11505 825185 20902 93L01 02907
79M12. 11502 825190 21001 9301 15206
7912 11506 825191 21002 9304 00603
79M15. 11503 8251918 21004 9308 01503
7915 11507 - 82523 20701 93L08 04502
79M24 11504 8224 42201 9309 01404
7924 11508 8252708 20905 93L09 04601
DAC-08 11301 8228 42301 93L10 02504
DAC - 08A 11302 8250 15204 9311 15201
Z-80 48002 8251 15205 0312 01402
Z-80A 48001 8252 15206 93112 04602
Z80ACPU 48001 8264 24401 9314 01504
Z-808 48003 8264 24402 93L14 04501
Z80CPU 48002 8264. 24403 93L16 02505
780BCPU 48003 9093 03304 9317 15802
28001 52001 AMI130CFC 23701 93L18 04301
Z8001A 52003 AM9130AFC 23702 a318 15603
23002 52002 AMO130CDM 23703 932 03101
Z8002A 52004 AMOT30CFM 23703 9321 15801
8080A 42001 AMI130ADM 23704 9322 01405
82510 23101 AMI130AFM 23704 93122 04603
82510 23107 AMOTL30CF 23705 93L24 04401
82511 23102 AMOTL30AF 23706 9324 15002
82511 23108 AMITL30CDM 23707 93L28 02803
825115 20803 AMOTL30CFM 23707 9328 15902
8212 42101 AMO1L30ADM 23708 933 03105
825123 20702 AM91L30 AFM 23708 9334 16001
825126 20301 AMITA0CFC 23709 9338 15701
825126A 20303 AMI140AFC 23710 9341 01101
825129 20302 AMO140CDM 23711 93410 23001
8251294 20304 AMITAOCFM 23711 93411 23003
825130 20401 AMOTA0ADM 23712 93412 23109
8251304 20403 AMITA0AFM 23712 931472 23111
825131 20402 AMO1LA0CDC 23713 93415 23101
8251314 20404 AMOTLAOAFC 23714 93L415 23103
825136 20601 AMO1L40CDM 23715 93415 23105
825137 20602 AMITLAOCFM 23715 93415 23107
825137A 20604 AMOTLACADM 23716 93417 20301
825140 20801 AMITLAOAFM 23716 93419 23201
825141 20802 9218 40301 9342 01102
825180 20903 930 03001 93L420 23004
825181 20904 93L00 02804 93421 23002
825184 20901 9300 15901 93422 23110
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TABLE 5.1.2.7-17: CROSS REFERENCE FOR COMMERCIAL TYPE TO MIL-38510
TYPE (CONT'D)

COMMERCIAL M38510/ COMMERCIAL  M38510/ COMMERCIAL  M38510/
931422 2312 93453 20602 946 03004
93422A 23114 93460 20906 943 03302
93L422A 23115 93461 20905 950 03303
93425 23102 935 03002 951 13201
931425 23104 93510 21001 9LS51 30401
93425 23106 932510 21003 9L554 30402
93425A 23108 93511 21002 957 03103
93L425A 23113 932511 21002 958 03104
93427 20302 937511 21004 9601 01204
93436 20401 936 03003 9602 01205
93438 20801 9380 06604 9614 10403
93446 20402 9382 00601 9615 10404
93448 20802 9383 00602 962 03005
93450 20903 940 03002 1 SBP9900A 46001
93451 20904 944 03102 SBP9983 46501
93452 20601 945 03301
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TABLE 5,1.2,7-18: MICROELECTRONIC PARAMETERS

M38510/ Vce Pd Complexity Np M38510/ Vec Pd Complexity
XXXXXXX (v.) (W.) XXXXXXX fv.) (W.)
TTL TTL
00101-A 7. g.04 16 14 00203-C 7. 0.22 16G
00101-8 7. 0.04 1G 14 n00204-¢ 7.. n.22- 166G
00101-C 7. 0.04 16 14 00204-F 7. n.22 166G
00101-0D 7. 0.04 16 14 00205-A 7. n.22 126G
00102-A 7. 0.08 26 14 00205-8 7. 0.22 126G
00102-8 7. 0.08 26 14 00205-C 7. 0.22 126G
00102-C 7. 0.08 26 14 00205-D 7. n,22 126G
00102-0 7. ¢.08 26G 14 00206-A 7. .11 116G
00103-A 7. 0.12 36 14 00206-8 7. 0.1 116
00103-8 7. 0.12 36 14 00206-C 7. 0.11 116G
00103-C 7. 0.12 36 14 00206-3 7. 0.11 116
00103-D 7. 0.12 3G 14 00207 -A 7. 0.722 12G
00104-A 7. 0.16 4G 14 D0207-8 7. n.22 126G
p0104-B 7. 0.16 4G 14 00207-C 7. 0.22 126G
00104-C 7. 0.16 4G 14 00207-0 7. 0.22 126G
00104-D 7. 0.16 46 14 00301-A 7. n.20 26
00105-A 7. 0.24 66 14 00301-8 7. 0.20 26
. 00105-8 7. .24 6G 14 00301-L 7. 0.20 26
00105-C 7. 0.24 6G 14 00301-D 7. 0.20 26
00105-D 7. 0.24 6G 14 00302-A 7. 0.40 4G
00106-A 7. 0.12 3G 14 10302-8 7. 0.40 4G
00106-8 7. 0.12 36 14 00302-C 7. 0.40 4G
00106-C 7. 0.12 3G 14 n0302-0 7. n.40 4G
00106-D 7. 0.12 36 14 00303-A 7. 0.40 4G
00107 -A 7. 0.16 a6 14 00303-3 7. 0.40 4G
00107-38 7. 0.16 4G 14 00323-C 7. n.,ag 4G
00107-C 7. 0.16 4G 14 00303-D 7. 0.40 a6
00107-D 7. 0.16 4G 14 00401-A 7. 0.74 4G
00T08-A 7. 0.24 6G 14 00401-8 7. 0.24 4G
00108-8 7. 0.24 6G 14 00401-C 7. 0.24 4G
00108-C 7. . 0.24 6G 14 00401-D 7. 0.24 4G
00108-D 7. 0.24 6G 14 00402-E 7. 0.12 2G
00109-C 7. 0.16 4G 14 004902-F 7. 0.12 26
00201-A 7. o.Nn 86 13 00403-A 7. 0.12 26
00201-8 7. o.M 86 13 00403-8 7. 0.12 26
00201-C 7. o.Nn 86 13 00403-C 7. 0.12 26
00201-D 7. 0.1 86 13 00403-D 7. 0.12 2G
00202-A 7. 0.22 16G 14 00404-A 7. 0.18 3G
00202-8 7. 0.22 16G 14 00404-B 7. 0.18 3G
00202-C 7. g.22 166G 14 00404-C 7. 0.18 3G
00202-D 7. 0.22 16G 14 00404-D 7. 0.18 a6
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vee Pd Complexity Np M38510/ Vec Pd Complexity Np
XXXXXXX  (V.) (W.) XAXXXXX V.Y (W)
TTL , TTL
00s01-A 7.  0.10 6G 14 || 00803-8 7. 0.32 6G 14
70501-8 7, 0.10 6G 14 00803-C 7. 0.32 6G 14
00501-C 7.  0.10 66G 14 00803-0 7. 0.32 6G 14
00501-0 7.  0.10 6G 14 00804-4 7. n.32 66 14
00502-A 7.  0.10 6G 14 00804-8 7. 0,32 66G 14
00502-8 7. 0.10 6G 14 00804-C 7. 0.32 AG 14
00502-C 7.  0.10 6G 14 '00808-0 7.  0.32 6G 14
00502-0 7.  0.10 6G 14 00805-A 7, 0.22 AG . 14
00503-A 7.  0.07 5G 13 §0805-8 7. .22 4G 13
00503-8 7. 0.07 5G 13 00805-C 7. 0.22 4G 14
00503-C 7.  0.07 56 13 00805-0 7. 0,22 4G 14
00503-0 7. 0.07 56 13 00901-A 7. 0,42 76 14
00504-A 7,  0.07 4G 14 00901-8 7,  0.42 aze 14
00508-3 7,  0.07 4G 14 00901-C 7. 0.42 76 4
00508-C 7.  0.07 4G 14 00901-0 7. 0.42 376 14
00504-0 7,  0.07 56 14 00902-€ 7. n.40 - 396 16
00601-A 7, 0.28 216 14 n0902-F 7. 0.40 396 15
00601-3 7. 0.28 216 14 n0903-A 7. n.32 316G 14
00601-C 7. 0.28 216 14 00903-8 7. 0.32 66 14
20601-0 7. 0.28 21G 14 00903-C 7. 0,32. 366G 14
00602-E 7. 0.55 366 16 00903-0 7. 0,32 36G 14
00602-F 7. 0.55 366G 16 N0904-€ 7,  0.37 626 16
006023-£ 7, 0.30 226 15 ng9oa-f 7. 0.37 §2C 18
00603-7 7. 0.30 226 16 00905-E 7.  0.36 476 16
J0604-A 7. 0.17 146G 13 00905-F 7, n.36 476G 16
00604-8 7. 0.17 146 14 00906-€ 7., 0,37 416 16
00604-C 7, 0.17 146 18 n0906-F 7. 0,37 416 16
00804-0 7.  G.17 46 14 gigei-€ 7.  0.23 18a 18
00701-A 7, 0.26 4G 14 01001-F 7, 0.23 186 16
00701-8 7. 0.26 46 14 01002-€ 7.  0.23 186G 16
00701-C 7,  0.26 4G 14 01002-F 7. 0.23 186 16
00701-0 7.  0.26 a6 14 01003-€ 7.  0.23 186 15
00801-A 7.  0.32 56 14 01003-F 7, 0.23 186 16
00801-8 7,  0.32 66 14 01004-€ 7, 0.34 186 16
00801-C 7.  0.32 6G 14 01004-F 7. 0.3 186 16
00801-D. 7.  0.32 6G 14 01005-E 7, 0.34 186G 16
00802-A 7, 0,32 G 14 01005-F 7. 0.3a 186 16
00802-8 7.,  0.32 66G 14 01006-E 7. 0.47 346G 16
00802-C 7, 0,32 66 14 01006-F 7. 0.47 246 16
-00802-0 7. 0.32 6G 14 01007-¢ 7. 0.47 44G 16 -
00803-A 7, 0.32 66 14 01007-¢ 7. 0.47 446 16 -
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TABLE 5,1.2.7-18: MICROELECTRONIC PARAMETERS (CONT’ D)

M38510/ Vec ° Pd " Complexity Np M38510/ Vec Pd Complexity
XXXXXXX  (V.)  (W.) XXXXXXX  (V.)  (W.)
i IL
01008-E 7.  0.47 376G 16 01305-F 7.  0.50 606
01008-F 7.  0.47 376 16 01306-E 7.  0.50 57G
01009-A 7.  0.47 346 14 01306-F 7 0.50 576
01009-8 7.  0.47 346 14 01307-4 7 0.27 156
01009-C 7.  0.47 346G 14 01307-C 7 0.27 156
01009-0 7.  0.47 346 14 01307-0 7.  0.27 156
01101-d 7.  0.80 636 24 01308-E 7.  0.49 506
01101-K 7.  0.80 636 24 01308-F 7. 0.49. 508
o1101-L 7. 0.80 636G 24 01309-E 7.  0.49 486
01101-Z 7.  0.80 636 24 01309-F 7.  0.49 486
01102-€ 7.  0.80 196 16 o1401-J 7. 0.38 266G
01102-F 7.  0.80 196 16 01401-k 7.  0.38 266
01201-A 7.  0.22 86 14 01401-L 7.  0.38 266
01201-8 7.  0.22 86 14 01401-Z 7.  0.38 266G
01201-C 7.  0.22 8G 14 01402-€ 7.  0.27 176
01201-D 7.  0.22 86 14 01402-F 7.  0.27 176
01202-A 7.  0.17 106 14 01403-E 7.  0.29 166
A o 70 017 106 14 |l o1a03-F 7. 020 166
4 01202-C 7.  0.17 106 14 01404-E 7.  0.25 166
01202-0 7.  0.17 106 14 01404-F 7 0.25 166
01203-E 7.  0.38 206 16 01405-E - 7.  0.28 196
01203-F 7.  0.38 206 16 01405-F 7.  0.28 196
01204-A 7.  G.14 36 14 01406-€ 7.  0.27 176
01204-8 7. 0.14 86 14 01406-F 7.  0.27 176
01208-C 7.  0.14 86 14 01501-E 7.  0.28 24G
01204-D 7.  0.14 86 14 01501-F 7.  0.28 246
01205-E 7.  0.29 146 16 01502-A 7.  0.28 246
01205-F 7. 0.29 146 e 01502-8 7. 0.28 246G
01301-A 7.  0.27 266 14 01502-C 7.  0.28 246G
01301-8 7.  0.27 266 14 01502-D 7.  0.28 246
01301-C 7.  0.27 © 266 14 01503-J 7.  0.63 566
01301-D 7.  0.27 26G 14 01503-K 7.  0.63 566
01302-A 7.  0.27 256 14 01503-L 7.  0.63 566
01302-8 7.  0.27 256 14 01503-2 7.  0.63 566
01302-C 7.  0.27 256 14 01504-E 7.  0.33 266
01302-0 7.  0.27 256 14 01508-F 7 0.33 266
01303-E 7.  0.50 606 16 01601-4 7 a.20 46
01303-F 7.  0.50 60G 16 01601-8 7 0.20 46
01304-E 7.  0.50 586 16 01601-C 7.  0.20 4G
01304-F 7.  0.50 586 16 01601-D 7.  0.20 46
01305-E 7. 0.50 . 606G 16 01602-A 7.  0.20 4G
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' TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS -{CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Vec Pd Complexity Np
XXXXXXX  (V.}  (W.) XXXXXXX  (V.) (W)
TTL LTTL o
01602-8 7. 0.20 4G 14 02101-8 8. 0.01 8G 14
01602-C 7. 0.20 4G 14 02101-C 8. 0.01 8G 14
01602-D 7. 0.20 4G 14 02101-D 8. 8.01 8G 14
01701-E 7. 0.44 366 16 02102-A 8. 0.01 8G 14
01701-F 7. 0.44 366 16 02102-8 8. 0.01 86 14
01702-E 7. 0.26 246G 16 02102-C 8. 0.01 8G 14
01702-F 7. 0.26 246 16 02102-D 8. n.01 8G 14
01801-¢ 7. 0.77 1006 16 02103-A 8. 0.02 146G 14
01801-F 7. 0.77 - 1006 16 02103-8 8. 0,02 146 14
01901-A 7. 0.27 146G 14 02103-C 8. 0.02 14G 14
01901-8 7. 0.27 146 14 02103-D 8. 0.02 - 14G 14
01901-C 7. 0.27 146G 14 02104-A 8. 0.02 16G 14
01901-0D 7. 0.27 146 14 02104-8 8. 0.02 166G 14
. —<{ 02104-C 8. 5.02 166G 14
LTTL 02104-D 8. 0.02 166G 14
02105-A 8. 0.02 126G 14
02001-A 8. 0.00 16 14 02105-8 8. 0.02 126 14
02001-8 8. 0.00 1G 14 02105-C 8. 0.02 126 14
02001-C 8. G.00 16 14 02105-D 8. 0.02 126G 14
02001-D 8. g.00 16 14 ' -
02002-A 8. 0.01 26 14 HTTL
02002-B 8. 0.01 26 14
02002-C 8. g.01 2G 14 02201-A 7. 0.14 86 14
02002-D 8. 0.01 26 14 02201-8 7. 0.14 8G 14
02003-A 8. 0.01 36 14 11 02201-C 7. 0.14 8G 14
02003-8 8. 0.01 3G 14 02201-D 7. 0.14 8G 14
02003-C 8. 0.01 36 14 02202-A 7. 0.27 166G 14
02003-D 8. 0.01 3G 14 02202-8 7. g.27 166G 14
02004-A 8. 0.02 4G 14 02202-C 7. 0.27 166G 14
02004-B 8. 0.02 4G 14 02202-D 7. 0.27 166G 14
02004-~C 8. 0.02 4G 14 02203-A 7. n.27 126G 14
02004-0 8. 0.02 4G 14 02203-8 7. 0.27 126 14
02005-A 8. 0.02 6G 14 02203-C 7. 0.27 126G 14
02005-8 8. 0.02 6G 14 02203-D 7. 0.27 126G 14
02005-C 8. 0.02 6G 14 || 02204-E 7. 0.27 16G 16
02005-D 8. 0.02 6G 14 02204-F 7. 0.27 16G 16
02006-A 8. 0.02 4G 14 02205-A 7. 0.21 106 14
02006-8 8, 0.02 4G 14 02205-8 7. 0.21 106 14
02006-C 8. 0.02 4G 14 02205-C 7. 0.21 106 14
02006-D 8. 0.02 4G 14 02205-D 7. 0.21 10G 14
02101-A 8. 0.01 86 14 02206-A 7. 0.42 126G 14
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)
M38510/ Vcc Pd . Complexity Np M38510/ Vec Pd Complexity Np
XXAXXXX (v.)  (M.) XXXXXXX  (v.))  (W.)
HTTL LTTL
02206-8 7. 0.42 126 14 02501-D 8. 0.07 15G 14
02206-C 7. 0.42 126 14 02502-A 8. 0.06 256G 14
02206-D 7. 0.42 126 14 02502-8 3. 0.06 25G 14
02301-A 7. 0.20 16 14 | 02503-C 8. 0.06 25G 14
02301-B 7. 0.20 1G 14 02503-E 3. 0.13 486 16
02301-C 7. 0.20 16 14 02503-F 8, 0.13 486 16
02301-D 7. 0.20 16 14 02504-0D 8. 0.06 25G 16
02302-A 7. 0.40 26 14 | 02504-E 8. 0.17 386G 16
02302-B 7. 0.40 2G 14 02504-F 8. 0.17 386G 16
02302-C 7. 0.40 2G 14 02505-E 8, n.17 386G 16
02302-D 7. 0.40 2G 14 (2505-F 8. 0.17 386G 16
02303-A 7. 0.59 3G 14 02601-A 7. 0.04 4G 14
02303-8 7. 0.59 3G 14 02601-B 7. 0.04 4G 14
02303-C 7. 0.59 3G 14 02601-C 7. 0.04 4G 14
02303-0 7. 0.59 3G 14 02601-D 7. 0.04 4G 14
02304-A 7. 0.80 4G 14 02701-A 7. 0.02 4G 14
02304-8 7. 0.80 4G 14 02701-8 7. 0.02 4G 14
: 02304-C 7. 0.80 4G 14 02701-C 7. 0.02 4G 14
02304-0 7. 0.80 4G 14 02701-D 7. 0.02 4G 14
02305-A 7. 1.20 6G 14 02801-A 8. n.02 376G 14
02305-8 7. 1.20 6G 14 || 02801-8 8. 0.02 376G 14
02305-C 7. 1.20 66 14 02801-C 8. 0.02 376G 14
02305-D 7. 1.20 6G 14 02801-0 8. 0.02 376G 14
02306-A 7. 0.79 4G 14 (32802-A 7. n.12 366G 14
02306-8 7. 0.79 4G 14 02802-8 7. 0.12 366G 14
02306-C 7. 0.79 4G 14 02802-C 7. 0,12 366G 14
02306~D 7. g.79 4G 14 02802-D 7. n.12 36G 14
02307-A 7. 0.40 26 14 02803-E 7. 0.27 726G 16
02307-8 7. 0.40 2G 14 02803-F 7. n.27 726G 16
02307-C 7. 0.40 2G 14 02804-E 7. n.12 406 16
02307-D 7. 0.40 26 14 02804-F 7. 0.1? 406 16
02401-A 7. 0.27 26 14 02805-A 7. 0.05 366G 14
02401-8 7. 0.27 2G 14 02805-8 7. 0.05 366G 14
02401-C 7. 0.27 2G 14 02805-C 7. 0.05 36G 14
02401-D 7. 0.27 2G 14 02805-D 7. 0.05 36G 14
02901-E 7. 0.12 186G 16
LTTL 02901-F 7. g.12 186 16
02902-E 7. 0.12 18G 16
02501-A 8. 0.07 15G 14 02902-F 7. 0.12 18G 16
02501-8 8. 0.07 156G 14 02903-E 7. 0.12 186G 16
02501-C 8. 0.07 156 14 02903-F 7. 0.12 186G 16
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TABLE 5.1,2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Ve Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX  (V.)  (W.) XXXXXXX  (v,) (4.)
LTTL DTL
02904-E 7. 0.24 44G 16 || 03703-C 8. 0.13 4G, 14
1 02904-F 7. 0.24 44G 16 03103-D 8. 0.13 4G 14
02905-E 7. 0.24 446G 16 03104-A 8. 0.17 4G 14
02905-F 7. 0.24 4486 16 03104-3 8. .17 4G 14
02906-E 7. 0.03 186G 16 03104-C 8. 0.17 4G 14
02906-F 7. 0.03 18G 16 03104-D 8. 0.17 4G 14
02907 -t 7. 0.07 186G 16 03105-A 8. 0.02 26 14
02907-F 7. 0.07 186G 16 03105-8 8. 0.02 26 14
03105-C 8. 0.02 2G 14
OTL 03105-D 8. n.02 2G 14
03201-A 8. 0.18 66 14
03001-A 8. 0.05 26 14 03201-8 8. 0.18 66 14
03001-8 8. 0.05 26 14 03201-C 8. 0.18 66 14
03001-C 8. 0.05 26 14 03201-D 8. 0.18 6G 14
03001-D 8. 0.05 2G 14 03301-A 8. 0.07 86 14
03002-A 8. 0.14 6G 14 03301-8 8. 0.07 8G 14
03002-8 8. 0.14 66 14 03301-C 8. Q.07 86 14
03002-C 8. 0.14 6G 14 03301-D 8. 0.07 86 14
03002-D 8. 0.14 6G 14 03302-A 8. 0.07 86 14
03003-A 8. 0.14 6G 14 03302-B 8. 0.07 86 14
03003-8 8. g.14 6G 14 03302-C 8. 0.07 8G 14
03003-C 8. 0.14 6G 14 03302-D 3. 0.07 BG 14
- 03003-D 8. g.14 66 14 03303-A 3. 9.07 86 14
03004-A 8. 0.09 4G 14 03303-8 8. 0.07 8G 14
03004-8 8. 0.09 4G 14 03303-C 8. 0.07 8G 14
03004-C 8. 0.09 4G 14 03303-D 8. 0.07 8G 14
03004-D 8. 0.09 4G 14 03304-A 8. n.14 166G 14
03005-A 8. 0.07 3G 5 03304-B 8. 0.14 166G 14
03005-B 8. 0.07 36 14 03304-C 8. 0.14 166 14
03005-C 8. 0.07 3G 14 Q03304-0 8. 0.14 16G 14
03005-D 8. 0.07 3G 14 03501-C, 22. 0.80 18T 14
03101-A 8. 0.13 2G 14 03501-G6 22, 0.80 18T 8
03101-8 8. 0.13 2G 14 03501-M 22, 0.80 18T 12
03101-C 8. 0.13 2G 14
03101-D 8. 0.13 2G 14 HTTL
03102-A 8. - 0,10 2G 14 -
031C2-8B 3. 0.10 26 14 04001 -A 7 0.1a 6G 14
03102-C 8. 0.10 26 14 04001-8 7. 0.14 6G 14
03102-D 8. 0.10 26 14 04001-C 7. 0.14 6G 14
03103-A 8. 0.13 4G 14 04001-D 7. 0.14 6G 14
© 03103-8 8. 0.13 44 14 04002-A 7. 0.14 6G 14
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS fCONT'D)

M38510/ Vec  Pd Complexity Np M38510/ Vcc  Pd Complexity Np
XXXXXXK  (V.) (W) XXX {v.) (W)
HTTL LTTL
04002-8 7.  0.14 66 14 04502-0 7.  0.34 606 24
04002-C 7. 0.14 66 14 04502-K 7.  0.34 606 24
04002-D 7. 0.14 6G 14 04601-€ 7.  0.15 166 16
04003-A 7. 0.14 56 14 04601-F 7.  0.15 166 16
04003-8 7. 0.14 56 14 04602-E 7.  0.14 176 16
04003-C 7.  0.14 56 14 04602-F 7. 0.4 176 16
04003-D 7. 0.4 56 14 04603-E 7.  0.13 196 16
04004-A 7. 0.14 56 14 04603-F 7.  0.13 196 16
04004-8 7.  0.14 56 14
04004-C 7.  0.14 5G 14 CMOS
04004-D 7.  0.14 56 14
04005-A 7. 0,08 36 14 05001-C 13,  0.20 46 14
04005-B 7.  0.08 36 14 05001-0 13.  0.20 AG 14
04005-C 7.  0.08 36 14 05002-A 13,  0.20 26 14
04005-D 7.  0.08 36 14 05002-C 13.  0.20 26 14
05002-D 13.  0.20 26 14
LTTL 05003-A 13,  0.20 3G 14
05003-C 13.  0.20 36 14
04101-A 7. 0.0 66 14 05003-D 13.  0.20 36 14
04101-8 7. 0.0 66 14 05051-A 15,  0.20 4G 14
04101-C 7. 0.0 64 14 05051-C 15,  0.20 4G 14
04101-D 7.  0.01 66 14 05051-0 15.  0.20 46 14
04102-C 7. 0,01 56 14 05052-A 15.  0.20 26 14
04103-A 7. 0.0 36 14 05052-C 16,  0.20 26 14
04103-8 7.  0.01 36 14 05052-D 15,  0.20 26 14
04103-C 7. 0.0 36 14 05053-A 15.  0.20 36 14
04103-D 7.  0.01 36 14 05053-C 15, 0,20 36 18
04201-A 8, 0.1 86 14 05053-D 5.  0.20 36 14
04201-8 8, 0.1) 86 14 05101-A 13,  0.20 246 14
04201-C 8, 0.1 86 14 05101-C 13.  0.20 246 14
04201-D 8, 0.1 86 14 05101-D 13.  0.20 24G 14
04202-A 8., 0.08 106 18 05102-A 13.  0.20 306 16
04202-8 8, 0,08 106 14 05102-C 13,  0.20 306 16
04202-C 8, 0.08 106 14 05102-0 13. 0,20 306 16
04202-D 8.  0.08 106 14 05103-A 13, 0,20 246 15
04301-E 7.  0.12 246 16 05103-8 13,  0.20 246 15
0430Y-F 7. 0,12 246 16 05103-0 13.  0.20 246 15
04401-E 7.  0.12 286 16 05151-A 15,  0.20 246 14
04401-F 7,  0.12 286 16 05151-C 15, 0,20 246 14
04501-E 7, 0,18 306 16 05151-D 15, 0,20 246 14
04501-F 7. 0,18 306 16 05152-A 15. 0,20 306 14




Downloaded from http://www.everyspec.com

MIL-HDBK-217E

MICROELECTRONIC DEVICES

MONOLITHIC
TABLE 5.1.2.7-1& MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vee Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX  (V.) (W.) XXXXXX (V,) (W.)}

CMOS CMOS

05152-C 15, 0.20 306 14 05353-A 15, 0.20 4G 14
05152-0 15, 0.20 306 14 05353-C 15, 0.20 4G 14
05153-A 15, 0.20 246G 14 1] 05353-D 15, 0.20 4G 14
05153-C 15, 0.20 246G 14 05354-E 15, 0.20 36 16
05153-D 15, 0.20 24G 14 05354-F 15, 0.20 36 16
05201-A 13 0.20 36 12 05401-E 13, 0.20 58G 16
05201-C 13, 0.20 36 12 05401-F 13. 0.20 586G 16
05201-D 13, 0.20 36 12 05451-E 15. 0.20 58G 16
05202-A 13. 0.20 4G 14 05451-F 15, 0.20 586G 16
0s5202-C 13, 0.20 4G 14 05501-E  13. 0.20 6G 16
05202-D 13. 0.20 4G 14 05501-F  13. 0.20 6G 16
05203-A 13, .20 26 12 05502-E 13. 0.20 6G 16
05203-C 13, 0.20 26 12 05502-F 13. 0.20 6G 16
05203-D 13, 0.20 26 12 05503-E 13. 0.20 6G 16
05204-A 13, 0.20 36 14 05503-F 13. -0.20 6G 16
05204-C 13, 0.20 36 14 05504-E 13, 0.20 6G 16
05204-D 13, 0.20 3G 14 05504-F 13. 0.20 6G 16
05251-A 15, 0.20 36 14 05505-A 13, 0.20 126G 14
g5251-C 15, 0.20 36 14 05505-C 13, 0.20 126 14
05252-0 15, 0.20 4G 14 05506-0 13, 0.20 126 14
05253-A 15, 0.20 2G 14 05551-E 15, 0.20 66 16
05253-C 15. 0.20 2G 14 05551-F 15, 0.20 66 16
05253-0 15, 0.20 2G 14 05552-E 15, 0.20 6G 16
05254-A 15, 0.20 3G 14 05552-F 15, 0.20 6G 16
05254-C 15. 0.20 3G 14 05553-E 15. 0.20 66 16
05254-0  15. 0.20 36 14 05553-F 15, 0.20 6G 16
C5301-A 13, 0.20 3G 14 05554-E 15.. 0.20 6G 16
05307-C 13, 0.20 3G 14 05554-F 15, 0.20 6G 16
05301-D 13, 0.20 3G 14 05555-A 15, 0.20 126 14
05302-E 13, 0.20 126G 16 05555-C 15, 0.20 126G 14
05302-F 13, 0.20 126G 16 05555-0 15, 0.20 126G 14
05303-A 13, 0.20 4G 14 05601-E 13. 0.20 476G 16
05303-C 13, 0.20 4G 14 05601-F 13. 0.20 474G 16
05303-0 13, 0.20 4G 14 05602-E 3. 0.20 576G 16
05304-E 13. 0.20 24G 16 05602-F  13. 0.20 574G 16
05304-F  13. 0.20 24G 16 05603-E 13. .20 1326 16
05351-A 15, 0.20 3G 14 05603-F 13, 0.20 1326 16
05351-C 15, 0.20 36 14 05604-E 13. 0.20 396G 1A
05351-D 15. .20 36 14 05604-F 13. 0.20 396G 16
05352-E 15, 0.20 126G 14 05605-A 13, 0.20 816G 14
05352-F 15, 0.20 12G 14 05605-C  13. 0.20 81G 14
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TABLE 5.1.2.7-18 MICROELECTRONIC PARAMETERS (CONT'D)
M38510/ Vec Pd Complexity Np M38510/ Vec Pd Complexity Np
XXXXXXX  (V.)  (W.) XXXXXXX  (V.)  (W.)
MOS CMOS
05605-D  13. 0.20 816G 14 05802-A 13. 0.20 4G 14
05651-E  15. 0.20 476G 16 05802-C 13, 0.20 4G 14
05651-F 15, 0.20 47G 16 05802-D 13. 0.20 4G 14
05652-E 15, 0.20 57G 16 05851-A 15, 0.20 4G 14
05652-F 15, 0.20 576 16 05851-C 15, 0.20 4G 14
05653-E  15. 0.20 132G 16 05851-D 15, 0.20 4G 14
05653-F 15, 0.20 1326 16 05852-A 15, 0.20 4G 14
05654-E 15, 0.20 396 16 05852-C 15, 0.20 46 14
105654-F 15, 0.20 396 16 05852-D 15. 0.20 4G 14
05655-A 15, 0.20 816G 14 05901-E 13, 0.20 386 16
05655-C  15. 0.20 816 14 05901-F 13, 0.20 386G 16
05655-D 15, 0.20 816 14 05951-E 15, 0.20 386G 16
05701-A 13. 0.20° 109G 14 05951-F 15, 0.20 386 16
05701-C  13. 0.20 1096 14
05701-0 13. 0.20 109G 14 ECL
05702-E 13. 0.20 556G 16
05702-F 13. 0.20 556 16 06001-E 7. 0.22 4G 16
05703-E  13. 0.20 586G 16 06001-F 7. 0.22 4G 16
05703-F 13 0.20 586G 16 06002-E 7. 0.22 4G 16
05704-E 13, 0.20 55G 16 06002-F 7. 0.22 46 16
05704-F 13, 0.20 55G 16 06003-E 7. 0.16 36 16
05705-E 13, 0.20 263G 16 06003-F 7. 0.16 3G 16
05705-F 13. 0.20 2636 16 06004 -E 7. 0.16 3G 16
05706-J 13, 0.20 566G 24 06004 -F 7. 0.16 3G 16
05706-K 13, 0.20 566G 24 06005-E 7. 0.16 3G 16
05751-A  15. 0.20 109G 14 06005-F 7. 0.16 3G 16
05751-C 15, 0.20 109G 14 06006-E 7. 0.1 26 16
05751-D 15, 0.20 109G 14 06006 -F 7. 0.1 26 16
05752-E  15. 0.20 556 16 05101-E 7. 0.16 24G 16
05752-F 15, 0.20 556G 16 06101-F 7. 0.16 246G 16
05753-E 15. 0.20 586G 16 ~06102-E . 7. 0.19 24G 16
05753-F 15, 0.20 586G 16 06102-F 7. 0.19 24G 16
05754-E 15, 0.20 55G 16 06103-E 7. 0.1 426G 16
05754-F 15, 0.20 55G 16 06103-F 7. 0.1 426G 16
05755-E 15, 0.20 263G 16 06104-E 7. 0.20 246 16
05755-F 15, 0.20 2636 16 06104-F 7. 0.20 246G 16
05756-J 15, 0.20 566 24 06201-E 7. 0.22 4G 16
5756-K 15, 0.20 566G 24 06201-F 7. 0.22 4G 16
5801-A 13, 0.20 4G 14 06202-E 7. 0.33 6G 16
5801-C 13. 0.20 4G 14 06202-F 7. 0.33 6G 16
ESSO]-D 13, 0.20 4G 14 06301-E 7. 0.15 a6 16
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TABLE §.1.2,7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vce Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX  (V.) (M.) XXXXXXX  (V.) (W.)
ECL , STTL
06301-F 7. 0.15 46 16 07010-F 7. 0.14 16 16
06302-E 7. 0.13 4G 16 07101-A 7. 0.27 126G 14
06302-F 7. 0.13 4G 16 071Q1-8 7. 0.27 126 14
07101-C 7. 0.27 126G 14
STTL 07101-D 7. 0.27 126G 14
' - 07102-E 7. 0.27 166 16
07001-A 7. 0.20 4G 14 07102-F 7. 0.27 166 16
07001-8 7. 0.20 4G 14 07103-A 7. 0.27 166G 14 .
07001-C 7. 0.20 4G 14 07103-8 7. 0.27 166G 14
07001-D 7. 0.20 4G 14 || 07103-C 7. 0.27 16G 14
07002-A 7. 0.20 4G 14 07103-D 7. 0.27 166G 14 ‘
07002-8 7. 0.20 4G 14 07104-A 7. a.27 16G 14
07002-C 7. 0.20 4G 14 07104-8 7. 0.27 166G 14
07002-D 7. 0.20 4G 14 07104-C 7. 0.27 166 14
- 07003-A 7. 0.30 6G 14 07104-0 7. a.27 168G 14
07003-8 7. 0.30 6G 14 07105-E 7. 0.79 366G 16
07003-C 7. '0.30 6G 14 07105-F 7. 0.79 366 16
07003-D 7. 0.30 6G 14 07106-E 7. 0.52 24G 16
07004-A 7. 0.30 6G 14 07106-F 7. 0.52 246G 16
07004-8 7. 0.30 6G 14 0720]-A 7. 0.24 26 14
07004-C 7. 0.30 6G 14 07201-8 7. 0.24 26 14
07004-D 7. 0.30 66 14 07201-C 7. 0.24 26 14
07005-A 7. 0.15 36 14 07201-0 7. 0.24 2G 14
07005-8 7. 0.15 k] 14 07301-A 7. 0.25 4G 14
07005-C 7. 0.15 36 14 07301-8 7. 0.25 4G 14
07005-D 7. 0.15 36 14 07301-C 7. 0.25 4G 14
07006-A 7. 0.10 26 14 07301-D 7. 0.25 a6 14
-07006-C 7. 0.10 2G 14 07401-A 7. 0.12 6G 14
07006-0 -7, 0.10 26 14 07401-B 7. 0,12 6G 14
07006-0 7. 0.10 26 14 07401-C 7. 0.12 6G 14
07007-A 7. 0.10 2G 14 07401-D 7. 0.12 6G 14
07007 -8 7. g.10 26 14 07402-A 7. 0.09 5G 14
07007-C 7. 0.10 2G 14 07402-8 7. 0.09 56 14
07007-D 7. 0.10 2G 14 07402-C 7. 0.09 5G 14
07008-A 7. 0.06 16 14 07402-0 7. 0.09 5G 14
07008-8 7. 0.06 16 14 07403-A 7. 0.09 56 14
07008-C 7. 0.06 16 14 07403-8 7. 0.09 56 - 14
07008-D 7. 0.06 16 14 07403-C 7. 0.09 5G 14
07009-E 7. 0.06 1G 16 07403-D 7. 0.09 5G 14
07009-F 7. 0.06 16 16 07501-A 7. 0.55 46 14
07010-E 7. 0.14 16 16 07501-8 7. 0.55 4G 14
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)
M38510/ Vec Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX  {V.) (W.) XXXXXXX  (v.)  (W.)
STTL STTL
07501-C. 7. 0.55 4G 14 08002-D 7. 0.23 3G 14
07501-D 7. 0.55 4G 14 08003-A 7. 0.31 4G 14
07502-E 7. 0.42 8G 16 08003-8 7. 0.31 4G 14
07502-F 7. 0.42 86 16 08003-C 7. 0.31 4G 14
07601-E 7. G.70 476 16 08003-D 7. 0.31 4G 14
07601-F 7. 0.70 47G 16 08004-A 7. 0.31 4G 14
07602-E 7. 0.70 416 16 08004-8 7. 0.31 4G 14
07602-F 7. 0.70 416G 16 -08004-C 7. 0.31 4G 14
07701-E 7. 0.33 o6 16 08004-0 7. 0.31 48 14
07701-F 7. 0.33 16G 16 08101-A° 7. 0.48 2G 14
07702-E 7. 0.41 186 16 08101-8 7. 0.48 26 14
07702-F 7. 0.41 186G 16 08101-C 7. 0.48 2G 14
07801-4 7. 0.99 636G 24 08101-p- 7. 0.48 26 14
07801-K 7. 0.99 63G 24 08201-£ 7. g.60 316 16
07801-L 7. 0.99 636 24 08201-F 7. 0.60 316 16
07801-2 7. 0.99 636 24
07802-E 7. 0.99 19G 16 LINEAR
07802-F 7. 0.99 196G 16
07901-E 7. 0.39 176 16 10101-A 22, 0.3%5 23T 14
07901-F 7. 0.39 176G 16 10101-8 22, 0.35 23T 14
07902-E 7. 0.39 166G 16 10101-C 22, 0.40 237 14
07902-F 7. 0.3% 166G 16 10101-D 22, 0.35 23T 14
07903-E 7. 0.43 15G 16 10101-G6 22, 0.33 23T 8
07903-F 7. 0.43 165G 16 10101-H 22, 0.33 23T 10
07904-€ 7. 0.34 156 16 10101-p 22, 0.40 23T 8
07904-F 7. 0.34 15G 16 10102-A 22, 0.35 46T 14
07905-E 7. 0.47 176G 16 10102-8  22. 0.35 467 14
07905-F 7. g.47 i7G 8 10102-C 22, 0.40 467 14
07906-E 7. 0.55 156G 16 10102-0 22, 0.3% 46T 14
07906-F 7. 0.5% 156G 16 10102-1 22, 0.35 467 10
07907-E 7. 0.48 156 16 10103-C  22. 0.40 21T 14
07907-F 7. 0.48 15G 16 10103-6 22, 0.33 21T 8
07908-E 7. 0.55 166G 16 10103-H 22, 0.33 21T 10
07908-F 7. 0.55% 166G 16 10103-p 22, 0.40 21T 8
08001-A 7. 0.23 36 14 10104-C  22. 0.40 29T 14
08001-8 7. 0.23 36 14 10104-G  22. 0.33 297 8
08001-C 7. 0.23 3G 14 10104-4 22, 0.33 29T 10
08001-D 7. 0.23 3G 14 10104-p .22, 0.40 29T 8
08002-A 7. 0.23 36 14 10105-E  22. 0.40 427 16
08002-B 7. 0.23 36 14 10105-F 22, 0.40 427 16
08002-C 7. 0.23 3G 14 10106-E  22. 0.40 58T 16
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TABLE 5,1.2,7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Vee Pd Complexity Np
XXXXXXX  (V.) (W.) XXXXXXX  (V,) (W.)

LINEAR LINEAR

10106-F 22. 0.40 58T 16 10407-F 7. 0.22 9T 16
10107-C  22. 0.40 367 14 10601-C 36, 0.40 19T 14
10107-6  22. 0.33 36T 8 10601-G  36. 0.35 197 8
10107-H  22. 0.33 367 10 10601-G 36, 0.35 19T 8
10107-p 22, 0.40 36T 8 10601-H  36. -0.33 19T 10
10108-G 22, 0.33 46T 8 10602-C 36, 0.40 19T 14
10201-A 40, 0.35 20T 14 10602-G  36. 0.3% 197 8
10201-B 40, 0.35 207 14 10602-H 36, 0.33 197 7
10201-C 40 0.40 207 14 10603-E  36. 0.40 38T 16
10201-D  40. 0.35 207 14 10603-F 36, 0.40 38T 16
10201-H 30, 0.35 20T 10 10701-X 35, 0.89 19T 3
10201-1 40, 0.35 207 10 |7 10701-y 35, 3.60 197 3
10301-C 21, 0.40 a7 14 10702-X  35. 0.89 18T 3
10301-6 21, 0.33 9T ) 10703-X 35, 0.89 187 3
10301-H  21. 0.33 aT 10 10704-X 35, 0.89 18T 3
10302-C 21, 0.40 18T 14 10705-X 40 0.89 18T 3
10302-F 21, 0.35 187 16 10706-Y 35, 3.60 177 3
10302-H  21. 0.33 18T 10 10707-Y 35, 3.60 177 3
10303-A  30. 0.3%5 13T 14 10708-Y 35, 3.60 7T 3
10303-G  30. 0.33 13T 8 10709-Y  40. 3.60 177 3
10304-G  36. 0.33 23T 8 10801-A 15, 0.35 aT 14
10304-H  36. 0.33 23T 10 10801-C 15, 0.40 aT 14
10305-E 36, 0.40 46T 16 10801-0 15. 0.35 4T 14
10305-F  36. 0.35 46T 16 10801-M 15, 0.35 a7 14
10401-A 7. 0.55 29T 14 10802-A 15, 0.35 5T 14
10401-8 7. 0.55 29T 14 10802-C 15, 0.40 5T 14
10401-C 7. 0.55 297 14 10802-D 15, 0.35 5T 14
10401-D 7. 0.55 297 14 10901-C 18, 0.40 237 14
10402-A 7. 0.55 25T 14 10901-6¢ 18, 0.30 23T . 8
10402-8 7. 0.55 25T 14 10901-P 18, 0.37 23T 8
10402-C 7. 0.55 25T 14 10902-C 18, 0.40 46T 14 !
10402-D 7. 0.55 25T 14 10903-C 18, 0.40 237 14 |
10403-E 7. 0.40 6T 16 11001-A 22, 0.35 - 887 14
10403-F 7. 0.40 67 16 1og-¢ 22, 0.40 887 14
10404-E 7. 0.40 35T 16 11001-D 22, 0.35 88T 14
10404-F 7. 0.40 35T 16 11002-A 22, 0.35% 88T 14
10405-E 7. 0.40 87 16 11002-C 22. 0.40 88T 14
10405-F 7. 0.40 8T 16 11002-D 22, 0.35 88T 14
10406-E 7. 0,22 9T 16 11003-A 22, 0.3% 68T 14
10406-F 7. 0.22 9T 16 11003-C 22, 0.40 68T 14
10407 -E 7. 0,22 T 16 11003-0 22. 0.35 68T 14

5.1.2.7-34




Downloaded from http://www.everyspec.com

MICROELECTRONIC DEVICES

TABLE 5.1.2.7-18:

MIL-HDBK~217E

MONOLITHIC

MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vec  Pd Complexity Np M38510/ Vcc  Pd Complexity Np
XXXXXXX  (v.)  (W.) XXXXXXX  {V.)  (M.)

LINEAR LINEAR

11004-C 22,  0.40 60T 14 N4a01-p 22,  0.40 197 8
11005-A 36,  0.35 1027 14 11402-6 22,  0.33 197 8
11005-C  36.  0.40 1027 14 [] 1402-4 22,  0.33 197 10
11005-0  36. 0.35 1027 14 11402-P  22. 0,40 197 8
11101-A  36. 0,35 221 14 11403-6 22.  0.33 197 8
1M101-C 36.  0.40 227 14 11403-H  22.  0.33 197 10
1M101-D  36.  0.35 221 14 11403-p  22.  0.40 197 8
11101-1 3.  0.35 227 10 11404-6 22.  0.33 197 8
11102-A 36,  0.35 227 14 11405-6  22.  0.33 197 8
11102-C  36.  0.40 227 14 11405-H 22 0.33 197 10
11102-0  36.  0.35 227 14 11405-P 22,  0.40 19T 8
11102-1  36.  0.35 221 10 11406-G 22,  0.33 197 8
11103-A  36.  0.35 30T 14 11406-4 22,  0.33 197 10
11103-0  36.  0.35 307 14 11406-P 22,  0.40 197 8
11103-E  36.  0.40 307 16 11501-x 0.  0.89 237 3
11104-A 36,  0.35 30T 14 11502-X  17.  0.89 23T 3
11108-0 36 0.35 30T 14 11503-X 20.  0.89 23T 3
11104-E 36 0.40 307 15 11504-X 29.  0.89 237 3
11105-A  36.  0.35 157 14 11505-Y 10.  3.60 217 3
11105-C  36.  0.40 15T 14 11506-Y 17.  3.60 217 3
11105-D  36.  0.35 15T 14 11507-Y 20.  3.60 21T 3
11105-1  36.  0.35 15T 10 11508-Y 29.  3.60 217 3
11106-A  36.  0.35 15T 14

11106-C  36.  0.40 15T 14 CMOS

11106-0  36.  0.35 15T 14

11106-1 36.  0.35 15T 10 11601-C 15,  0.40 421 14
11107-A  36.  0.35 30T 14 11601-D 15,  0.35 42T 14
1107-C 36,  0.40 30T 14 || 11601-1 15,  0.25 421 10
11107-D  36.  0.35 30T 14 11602-C 15,  0.40 277 14
11108-A  36.  0.35 30T 14 11602-D 15.  0.35 277 14
11108-C  36.  0.40 30T 14 11602-1 15,  0.25 27T 10
11108-D 36,  0.35 30T 14 11603-C 15,  0.40 54T 14
11201-A  36.  0.35 327 14 11603-0 15,  0.35 54T 14
11201-C  36.  0.40 327 14 11604-C 15,  0.40 54T 14
11201-D  36. 0,35 32T 14 11604-0 15,  0.35 54T 14
11202-6 36 0.33 16T 8 11605-C 15,  0.40 38T 14
11202-P 36 0.40 167 8 11605-0 15,  0.35 38T 14
11301-E 36,  0.40 84T 16 11605-1 15,  0.25 38T 10
11302-E  36.  0.40 84T 16 11606-C 15,  0.40 267 14
11401-6  22.  0.33 197 8 11606-D 15,  0.35 257 14
11401-H 22,  0.33 197 10 11606-1 15.  0.25 25T 10
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS (CONT;D)

M38510/ Ve Pd Complexity Np M38510/ Ve Pd Complexity Np
XXXXRXX (V) (W) AXKXXXX (V.) (W) :
MOS cMOs
11607-C 15, 0.40 50T 14 12301-C 19, 0.40 36T 14
11607-D 15, 0.35 50T 14 12301-1 15, 0.35 ki) 10
11608-C 15, 0.40 50T 14 12302-E  30. 0.40 72T 16
11608-D  15. 0.35 507 14 12303-C 15, 0.40 18T 14
12303-1 15, 0.35 18T 10
LINEAR 12304-E 15, 0.40 187 16
11701-X 40, 0.89 177 4 LINEAR
11702-X  40. 3.60 177 4
11703-X  40. 0.89 267 3 12401-X 30, 0.12 19T 2
11704-Y  40. 3.60 26T 3 12401-Y  30. 0.14 19T 4
11801-X  40. 0.89 237 4 124071-6 30, 0.18 19T 8
11802-Y  40. 3.60 23T 4 12402-X 30, 0.12 87 2
11803-X  40. 0.89 307 3 12402-Y  30. 0.14 8T 4
1N804-y 40, 3.60 30T 3 12402-G 30, 0.18 8T. 8
1190%-G  36. 0.33 337 8 12403-X . 30, 0.12: 21T 2
11301-P 36, 0.40 337 8 12403-Y  30. 0.14 21T 4
11902-C  36. 0.40 66T 14 12403-G  30. 0.18 217 8
11902-G  36. 0.33 66T 8 12404-X  30. 0.12 197 2
11902-P  36. 0.40 66T 8 12404-Y  30. 0.14 197 4
11803-C  36. 0.40 1327 14 12404-G  30. 0.18 197 8
1903-0  36. 0.35 1327 14 12406-X  30. 0.12 87 2
11904-G  36. 0.33 28T 8 12406-Y  30. 0.14 ar 4
11904-P  36. 0.40 28T 8 12406-6  30. 0.18 8T 8
11905-C  36. 0.40 547 14 125016 15. 0.33 62T - 8
11905-6  36. 0.33 54T 8 12501-P 15, 0.33 627 8
11905-P  36. 0.40 54T 8 12502-P 15, 0.40 61T 8
11906-C  36. 0.40 1247 14 12601-E 40, 0.40 71T 16
11906-D  36. 0.35 1247 14 12801-G  30. 0.33 16T 8
122016 40. 0.30 50T 8 12802-6  30. 0.33 16T 8.
12201-H 40, 0.30 507 14 12901-C 7. 0.27 10T 14
12202-G  40. 0.30 40T 8 12901-P 7. 0.21 10T 8
12202-H 40, 0.30 407 8 12902-C 7. 0.27 10T 14
12203-G  40. 0.30 40T 8 12902-P 7. 0.21 10T 8
12203-H 40, 0.30 407 8 12903-C 7. 0.27 14T 14
12204-G 40, 0.30 30T 8 12903-P 7. 0.21 14T 8
12204-H  40. 0.30 30T 8 12904-C 7. 0.27 14T 14
12205-6  40. 0.30 307 8 12904-P 7. 0.21 147 - 8
12205-H  40. 0.30 30T 8 12905-C 7. 0.27 - 18T 14
12206-G  40. 0.30 37 8 12905-P 7. 0.21 18T 8
12206-H  40. 0.30 3T 8 12906-C 7. 0.27 10T 14
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS {CONT'D)

M38510/ Vee Pd Complexity Np M38510/ Vecc Pd Complexity Np
XXXXXX (V) (W) XXXXXXX (V.Y (W.)
LINEAR TTL
12906 -P 7. 0.21 10T 8 15103-A 7. 0.18 4G 14
12907 -C 7. 0.27 10T 14 15103-8 7. 0.18 4G 14
12907 -P 7. 0.21 107 8 .18103-C 7. 0.18 4G 14
12908-C 7. 0.27 14T 14 15103-D 7. 0.18 4G 14
12908-P 7. 0.21 14T 8 15201-J 7. 0.27 216 24
12909-C 7. 0.27 14T 14 15201-K 7. 0.27 216 24
12909-p 7. 0.2] 14T 8 15201-L 7. 0.27 216 24
12910-C 7. 0.27 18T 14 15201-1 7. 0.27 216 24
12910-P 7. 0.21 18T 8 15202-E 7. 0.20 156 16
13001-E  25. 1.40 327 16 15202-F 7. 0.20 156 16
13002-€ 7. 1.40 327 16 15203-E 7. 0.20 156 16
13003-E 7. 1.40 327 16 15203-F 7. 0.20 165G 16
13100-6 22 0.33 217 8 15204-A 7. 0.14 156 14
13101-p 22, 0.40 21T 8 15204-8 7. 0.14 156 14
131:2-6 22, 0.33 427 8 15204-C 7. 0.14 156 14
13102-p 22, 0.40 427 8 15204-D 7. 0.14 156G 14
13301-€ 16.5 0.50 960G 16 15205-€ 7. 0.19 186G 16
13301-Z 16.5 0.50 966 16 15205 -F 7. 0.19 186G 16
13401-v 7. 0.8 173G 19 15206-E 7. 0.19 18G 16
13901-1 22, 0.33 497 10 16206-F 7. 0.19 186G 16
13901-C 22, 0.40 497 14 15301-C 7. 0.30 4G 14
13902-1 22. 0.33 49T 10 15301-D 7. 0.30 4G 14
13902-C 22, 0.40 49T 14 15302-C 7. 0.35 4G 14
13903-1 22. 0.33 28T 10 15302-D 7. 0.35 4G 14
13903-C 22, 0.40 28T 14
14103-E  50. 1.00 T 16 HTTL
TTL 15501-A 7. 0.35 4G 14

15501-8 7. 0.3 4G 14
15001 -E 7. 0.49 3iG 16 15501-C 7. 0.35 AG 14
15001-F 7. 0.49 316 16 15501-D 7. 0.35 4G 14
15002-E 7. 0.45 326G 16 15502-A 7. 0.26 36 14
15002-F 7. 0.49 326G 16 15502 -B 7. 0.26 3G - 14
15101-A 7. 0.18 2G 14 15502-C 7. 0.26 3G 14
15101-8 7. 0.18 26 14 15502-D 7. 0.26 36 14
15101-C 7. 0.18 2G 14 15503-A 7. 0.18 26 14
15101-D 7. 0.18 26 14 15503-8 7. 0.18 2G 14
15102-A 7. 0.18 6G 14 15503-C 7. 0.18 2G 14
15102-8 7. 0.18 6G 14 15503-0D 7. 0.18 26 14
15102-C 7. 0.18 6G 14 15504-A 7. 0.35 4G 14
15102-D 7. 0.18 6G 14 15504-B 7. 0.35 4G 14
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TABLE 5.1.2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vcc Pd Compliexity Np M38510/ Vee Pd Complexity Np
XXXXXXX (V.) (W.) XXXXXXX (v.) (W.)
HTTL Mas
15504 -0 7. 0.35 4G 14 17001-A 15, 0.20 4G 14
17001-C 15, 0.20 4G 14
TTL 17001-D 15, 0.20 4G 14
17002-C 18, 0.20 2G 14
15601 -E 7. 0.39 316 16 17002-D 15, 0.20 26 14
15601-F 7. 0.39 316 16 17003-C 15, 0.20 3G 14
15602-E 7. 0.33 296 16 17003-0 15, 0.20 3G 14
15602-F 7. 0.33 296G 16 Il 17101-A 15, 0.20 4G 14
15603-E 7. 0.42 24G 16 17101-C 18, 0.20 4G ‘ 14
15603-F 7. 0.42 246G 16 17101-0 15, 0.20 4G 14
15701-€ 7. 0.74 986G 16 17102-A 15, 0.20 26 14
15701 -F 7. 0.74 984G 16 17102-C 15, 0.20 2G 14
15801 -E 7. 0.28 186 16 17102-0 15, 0.20 26 14
1580%-F 7.  0.28 186 16 17103-A 15,  0.20 36 14
15802-E 7. 0.40 46G 16 17103-C 15, 0.20 3G 14
15802-F 7. 0.40 464G 16 17103-0 18, 0.20 3G 14
15901 -E 7. 0.47 406G 16 17201-A 15, 0.20 6G 14
15901 -F 1. 0.47 40G 16 17201-C 15, 0.20 6G 14
15902 -E 7. 0.42 72G 16 17201-0 15, 0.20 6G 14
15902 -F 7. 0.42 72G 16 17202-A 18, 0.20 5G 14
16001 -E 7. 0.47 596G 16 17202-C 15. 0.20 56 14
16001 -F 7. 0.47 598G 16 17202-0 1§, 0.20 5G 14
16101-A 7. 0.21 4G 14 17203-A 15. 0.20 4G 14
161018 7. 0.21 4G 14 17203-C 15, Q.20 4G 14
16101-C 7. 0.21 4G 14 17203-0 15, 0.20 .46 14
16101-D 7. 0.21 4G 14 17204-A 15. 0.20 aG - -’ 14
16201 -A 7. 0.32 4G 14 17204-C 15, 0.20 4G 14
16201-8 7. 0.32 4G 14 17204-0 15. 0.20 4G 14
16201-C 7. 0.32 4G 14 17301-4 15. 0.20 120G 24
16201-D 7. 0.32 4G 14 17301-K 15, 0.20 1206 24
16301-¢ 7. 0.28 7G 16 17301-X 15, 0.20 120G 24
18301 -F 7. 0.28 76G 16 17301-Y 15, 0.20 120G 28
16302-E 7. 0.55 7G 16 17302-4 15, - 0.20 104G 24
16302-F 7. 0.55 76 16 17302-K 15, 0.20 104G 24
16303-E 7. 0.28 8G 16 17302-X 15, 0.20 104G 24
16303-F 7. 0.28 8G 16 17302-Y 15, 0.20 104G 24
16304-E 7. 0.16 BG 16 17303-E 15. 0.20 34G 16
16304 -F 7. g.16 8G 16 17303-F 15, 0.20 34G 16
- 17304-E 15, 0.20 346 16
17304-F 15. 0.20 346 16
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TABLE 5.1.,2.7-78: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Ve Pd Complexity Np M38510/ Complexity Np
XXXXXXX  (V.) (W.) XXXXXXX
CMOS CMOS
17305-E 15, 0.20 266G 16 19001-X 52T 28
17305-F 15, 0.20 266G 16 19002-X 52T 28
17401-A 15, 0.20 66 14 19003-X 36T 28
17401-C 15, 0.20 6G 14 19004-X 36T 28
17401-D 15, 0.20 6G 14 19005-E 28T 16
17402-A 15. 0.20 6G 14 16006-E 18T 1]
17402-C  15. 0.20 6G 14 ,
17402-D 15. 0.20 6G 14 TTL PROM
17403-E 15, 0.20 126G 6 |
17403-F 15, 0.20 126 16 20101-4J 7. 0.58 5128 24
17404-E 15, 0.20 326 16 20101-K 7. 0.58 5128 24
17404-F 15, 0.20 326 16 20101-2 7. 0.58 5128 24
17501-E 15, 0.20 526 16 20102-J 7. 0.58 5128 24
17501-F 15, 0.20 526G 16 20102-X 7. 0.58 5128 24
17502-C 15, 0.20 20G 14 20102-2 7. 0.58 5128 24
17502-D 15, 0.20 206G 14 20201-E 7. 0.72 10248 16
PN 17503-C 15, 0.20 216G 14 20201-F 7. 0.72 10248 16
' 17503-D  15. 0.20 216 14 20202-E 7. 0.72 10248 16
17504-E 15, .20 206G 16 (| 20202-F 7. 0.72 10248 16
17504-F 15, 0.20 206 16
17505-E 15, 0.20 366G 16 STTL PROM
17505-F 15, 0.20 36G 16
17601-E 15, 0.20 766G 16 20301-E 7. 0.74 10248 16
17601-F 15, 0.20 76G 16 20301-F 7. 0.74 10248 16
17602-0 15, 0.20 566G 24 20302-E 7. 0.74 10248 16
17602-k 15, 0.20 566G 24 20302-F 7. 0.74 1024B 16
17602-7 15, 0.20 566G 24 20303-E 7. 0.74 10248 16
17701-A 15, 0.20 4G 14 20303-F 7. 0.74 10248 16
17701-C 15, 0.20 4G 14 20304-E 7. 0.74 10248 16
17701-D 15, 0.20 4G 14 20304-F 7. 0.78 10248 16
17702-A 15, 0.20 6G 14 20401-E 7. 0.79 20488 16
17702-C 15, 0.20 6G 14 20401-F 7. 0.79 20488 16
17702-0 15, 0.20 6G 14 20402-E 7 0.79 20488 16
17801-3 15, 0.20 80G 24 20402-F 7. 0.79 20488 16
17801-K 15, 0.20 806 24 20601-V 7. n.79 4096B 18
17801-2 15, 0,20 806 24 20601-2 7. 0.79 40968 18
17802-4 15, 0.20 926G 24 20602-v 7. 0.79 40968 18
17802-K 15, 0.20 926G 24 20602-7 7. 0.79 40968 18
17802-2 15, 0.20 926 24 20603-E 7. 0.79 40968 16
17803-E 15. 0.20 414G 16 20603-F 7. 0,79 40968 16
17803-F 15, 0.20 416 16 20701-E 7. 0.74 2568 16
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TABLE 5.1.2,7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vec Pd Complexity Np M38510/ Vec Pd Complexity Np

XXXXXXX (V.) (W.) XOXxx (v.) (W.)

STTL PROM CMOS EPROM

20701-F 7. 0.74 2568 16 21901-4 8, 1.80 40968 24

20702-E 7. 0.74 2568 16

20702-F 7. 0.74 2568 16 NMOS EPROM

20801-J 7. 1.00 40968 24 ,

20801-K 7. 1.00 40968 24 22001-J  30. 1.80 81928 24

20801-X 7. 1.00 40968 24 22101-J 6. 1.90 163848 24

20802-J 7. 1.00 40968 24 22201-4J 6. 1.00 32768B 24

20802-K 7. 1.00 4096B 24 22202-4 6. 1.00 327688 24

20802-X 7. 1.00 40968 24 22601-4 6. 1.00 163848 24

20803-4 7. 1.00 40968 24

20803-K 7. 1.00 40968 24 TTL RAM

20803-X 7. 1,00 40968 24

20804-Y 7. 1.00 ' 40968 20 23001-E 7. 0.80 2568 16

20805-Y 7. 1.00 40968 20 23001-F 7. 0.80 2568 16

20901-v 7. 0.72 81928 18 23002-t 7. 0.80 2568 16

20902-v 7. 0.72 81928 18 23002-F 7. 0.80 2568 16

20903-9 - 7. 1.40 81928 24 23003-E 7. G.80 2568 16

20903-K 7. 1.40 81928 24 23003-F 7. G.80 2568 16

20904-J 7. 1.40 81928 24 23004-E 7. 0.41 2568 16

20904-K 7. 1.40 81928 24 23004-F 7. 0.41 2568 16

20905-4 7. 1.40 81928 24 23101-E 7. 0.94 10248 16

20905-K 7. 1.40 81928 24 23101-F 7. 0.94 10248 16

20906-J 7. 1.40 81928 24 23101-Y 7. . 0.9 10248 24

20906-K 7. 1.40 81928 24 23102-E 7. 0.94 10248 16

20907-J 7. 1.40 81928 24 23102-F 7. 0.94 10248 - 16

20907-K 7. 1.40 81928 24 23102-Y 7. 0.94 10248 28

20908-J. 7. 1.40 81928 24

20908-K 7. 1.40 81928 24 LSTTL RAM

21001-y 7. 1,00 163848 24

21001-k 7. 1.00 163848 24 23103-E 7. 0.41 10248 16

21002-4 7. 1.00 163848 24 23103-F 7. 0.41 10248 16

21002-K 7. 1.00 163848 24 23103-Y 7. 0.41 10248 24

21003-4 7. 1.00 163848 24 23104-E 7. 0.41 10248 16

21003-K 7. 1.00 163848 24 23104-F 7. 0.41 10248 16

21004-J 7. 1.00 163848 24 23104-Y 7. c.41 10248 24

21004-K 7. 1.00° 163848 24

21G05-4 74 1.00 163848 24 STTL RAM

21005-K 7. 1.00 163848 24

' _ . 23105-E 7. 0.94 10248 16

23105-F 7. 0.94 10248 16
23105-Y 7. 0.94 10248 24
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MICROELECTRONIC PARAMETERS {CONT'D)

M38510/ Ve Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX (v.) (W.) XXXXXXX (v.) (W.)
STTL RAM STTL RAM
23106-E 7. 0.94 10248 16 23201-Y 7. 0.94 5768 28
23106-F 7. 0.94 10248 16 || 23201-1 7. 0.94 5768 28
23106-Y 7. 0.94 1024B 24 e
23107-£ 7. 0.%4 10248 16 NMOS RAM
23107-F 7. 0.94 10248 16
23107-Y 7. 0.94 ° 10248 24 23501-U  20. 1.00 40968 24
" 23108-E 7. 0.94 10248 16 23501-W 20, 1.00. 40968 22
23108-F 7. 0.94 10248 16 23502-U  20. 1.00 40968 24
23108-Y 7. 0.94 10248 24 23502-v  20. 1.00 40968 18
23109-u 7. 0.94 10248 22 23502-U  20. 1.00 40968 24
23109-X 7. 0.94 10248 24 23503-W 20, 1.00 40968 22
23109-Y 7. 0.94 10248 24 23504-U 20, 1.00 40968 24
23110-W 7. 0.94 10248 22 23504-v  20. 1.00 40963 18
23110-% 7. 0.94 10248 24 23505-W  20. 1.00 40968 22
23110-Y 7. 0.%4 10248 24 23506-W  20. 1.00 40968 22
23601-W  20. 1.00 40968 22
LSTTL RAM 23602-E  20. 1.00 40968 16
- 23603-W 20, 1.00 40968 22
23111-W 7. 0.50 10248 22 23604-E 20, 1.00 40968 16
23111-X 7. 0.50 10248 24 23701-X 7. 0.60 40968 22
23111-¥ 7. 0.50 10248 24 23702-X% 7. 0.60 40968 22
23112-u 7. 0.50 10248 22 23703-W 7. 0.69 40968 22
23112-X 7. 8.50 10248 24 23703-X 7. 0.69 40968 22
23112-y 7. 0.50 10248 24 23704-W 7. 0.69 40968 22
23113-E 7. 0.41 10248 16 23704-X 7. 0.69 4096B 22
23113-F 7. 0.41 10248 16 23705-X 7. 0.39 40968 22
23706-X 7. 0.39 40968 22
STTL 23707 -W 7. 0.44 40968 22
23707-X 7. 0.44 40968 22
23114-MW 7. 0.94 10248 22 23708-W 7. 0.44 40968 22
23114-Y 7. 0.94 10248 24 23708-X 7. 0.44 40968 22
23709-X% 7. 0.60 40968 22
LSTTL 23710-X 7. 0.60 40968 22
23711-u 7. 0.69 40968 22
23115-u 7. 0.50 10248 22 23711-X 7. 0.69 40968 22
23115-Y 7. 0.50 10248 24 23712-W 7. 0.69 40968 22
23115-x . 7. 0.50 10248 24 23712-X 7. 0.69 40968 22
23713-X 7. + 0.39 40968 22
STTL RAM 23714-X% 7. 0.39 40968 22
23715-W 7. 0.44 40968 22
23201-X 7. 0.94 5768 28 23715-X 7. 0.44 40968 22
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TABLE 5.1,2.7-18 MICROELECTRONIC PARAMETERS {CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX (v.) (W.) XXXXXxxX  (v.) (W.)
NMOS RAM | CMOS
23716-W 7. 0.44 40968 22 29101-X 7. 1.00 163848 T 32
23716-X 7. 0.44 40968 22 29102-J 7. 1,00 163848 24
23801-V 7. 1.20 40968 18 29102-X 7. 1.00 163848 32
23801-Z 7. 1.20 40968 18 29103-R - 7. 1.00 163848 20
23802-V 7. 1.00 40968 18 29103-Y 7. 1.00 163848 20
23802-7 7. 1.00 40968 18 29104-J 7. 1.00 163848 24
23803-V 7. 1.20 40968 18 29104-X 7. 1.00 163848 32
23804-V 7. 1.00 40968 18 29105-4J 7. 1,00 163848 24 .
23805-V 7. 1.20 40968 18 29105-X 7. 1.00 163848 32
23806-V 7. 1.20 40968 18 29106-R 7. 1.00 163848 20
23807 -¥ 7. 1.20 4096B 18 29106-Y 7. 1.00 163848 20
CMOS RAM LSTTL
23901-E 7. 0.20 10248 16 30001-A 7. 0.02 46 14
23901-F 7. 0.20 10248 16 30001-8 7. 0.02 4G 14
23902-v 7. 0.20 10248 18 30001-C 7. g.02 4G 14 |
30001-D 7. 0.02 4G 14
NMOS RAM 30002-A 7. 0.02 4G 14
3ogoz-8 7. 0.02 4G 14
24001-E  20. 1.00 163848 16 30002-C 7. 0.02 4G 14
24001-F  20. 1,00 163848 16 30002-D 7. n.02 4G 14
24001-Z  20. 1.00 163848 18 30003-A 7. 0.04 6G 14
24002-E  20. 1.00 163848 16 30003-8 7. 0.04 6G 14
24002-F  20. 1,00 163848 16 -30003-C 7. 0.04 6G 14
24002-1 20. 1.00 163848 18 30003-0 7. 0.04 6G 14
24003~ 20. 1.00 163848 16 30004-A 7. 0.04 " bG 14
24003-F  20. 1.00 16384B 16 30004-8 7. 0.04 6G 14
24003-2  20. 1.00 163848 18 30004-C 7. 0.04 6G 14
24401-E 7. 1.00 655368 16 30004-0 7. Q.04 6G 14
24401-7 7 1.00 65536B 18 30005-A 7. 0.02 3G 14
24402-E 7. 1.00 655368 16 30005-8 7. 0.02 36 14
24402-2 7. 1.00 65536B 18 30005-C 7. 0.02 346 14
24403-E 7. 1.00 655368 16 30005-D 7. 0.02 36 14
28403-7 7 1.00 65536B 18 30006-A 7. 0.02 3G 14
: 30006-8 7. n.02 3G 14
CMOS : 30006-C 7.  0.02 3G 14
g X 30006-D 7. 0.02 36 14
24501-y 7. 0.20 40968 18 30007-A 7. 0.01 2G 14
245Q02-y 7. 0.20 40968 18 . 30007 -8 7. 0.01 2G° 1a
29101-J 7 1.00 153848 24 30007-C 7. 0.01 26 14
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MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vec  Pd Complexity Np M38510/ Vee  Pd Complexity Np
XXXXXXX  (V.) (W.) XXXXXXX  (V.) (W.)

LSTTL LSTTL

30007-0 7. 0.0 26 14 30201-C 7.  0.03 26 14
30008-A 7. 0.0 26 14 30201-D 7.  0.03 26 14
30008-8 7.  0.01 26 14 30202-A 7.  0.07 46 14
30008-C 7. 0.0} 26 14 30202-8 7.  0.07 ag 14
30008-0 7.  0.01 26 14 30202-C 7.  0.07 a6 14
30009-A 7. 0.0 16 14 30202-0 7.  0.07 aG 14
30009-8 7. 0.0 16 14 30203-A 7. 0,07 46 14
30009-C 7.  0.01 16 14 30203-8 7.  0.07 4G 14
30009-0 7.  0.01 15 ia 30203-C 7.  0.07 4G 14
30101-A 7.  0.05 166G 14 30203-0 7.  0.07 4G 14
30101-8 7.  0.05 166 14 30208-A 7.  0.07 4G 14
30101-C 7.  0.05 166 14 30204-8 7.  0.07 46 14
30101-0 7.  0.05 166 14 30204-C 7.  0.07 4G 14
30102-A 7.  0.05 126 14 30204-0 7.  0.07 46 14
30102-8 7.  0.05 126 14 30301-A 7.  0.03 4G 14
30102-C 7.  0.05 126 14 30301-8 7.  0.03 4G 14
30102-0 7 0.05 126 14 30301-C 7.  0.03 4G 14
30103-E 7.  0.05 166G 16 10301-0 7.  0.03 4G 14
30103-F 7.  0.05 166 16 30302-A 7.  0.04 36 14
30104-A 7.  0.05 166 14 30302-8 7.  0.04 36 14
30104-8 7.  0.05 166G 14 30302-C 7.  0.04 36 14
30108-C 7.  0.05 166 14 30302-0 7.  0.04 3G 14
30104-0 7.  0.05 166 14 30303-A 7.  0.07 45 14
30105-A 7.  0.05 166G 14 30303-8 7.  0.07 4G 14
30105-8 7.  0.05 166 14 30303-C 7.  0.07 46 14
30105-C 7.  0.05 166G 14 30303-D 7.  0.07 46 14
30105-D0 7.  0.05 166G 14 30401-A 7.  0.02 66 14
30106-€ 7.  0.15 366 16 30401-3 7.  0.02 6G 14
30106-F 7. 0.15 316G 16 30401-C 7.  0.02 66G 14
30107-E 7.  0.10 246 16 30401-D 7.  0.02 6G 14
30107-F 7.  0.10 246G 16 30402-A 7. 0.0 56 14
30108-A 7.  0.05 166 14 30402-8 7. 0.0 56 14
30108-8 7.  0.05 166 14 30402-C 7. 0.0 56 14
30108-C 7.  0.05 166 14 30402-0 7.  0.01 5G 14
30108-D 7 0.05 166 14 30501-A 7.  0.06 4G 14
30109-E 7.  0.05 166 16 30501-8 7.  0.06 4G 14
30109-F 7.  0.05 166 16 30501-C 7.  0.06 46 14
30110-E 7.  0.05 166G 16 30501-0 7.  0.06 4G 14
30110-F 7.  0.05 166G 16 || 30502-A 7.  0.06 AG 14
30201-A 7.  0.03 26 14 30502-8 7.  0.06 aG 1a
30201-8 7.  0.03 26 . 7. 0.08 4G 14

14 30502-C
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TABLE '5.1,2,7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vec Pd Complexity Np M38510/ Vec Pd Complexity Np
AXXXXXX  (V.) (W.) XXXEAXX (v.) (W.)

LSTTL LSTTL

30502-0 7. 0.06 4G 14 30903-E 7. n.09 15G 16
30601-E 7. 0.13 47G 16 30903-F 7. 0.09 15G 16
30601-F 7. 0.13 476G 16 30904-E 7. 0.04 156 16
30602-E 7. 4.12 416G 16 30904-F 7. 0.04 156 16
30602-F 7. 0.12 416 16 30905-E 7. 0.07 176G 16
30603-A 7. 0.12 376G 14 30905-F 7. 0.07 176 - 16
30603-8 7. 0.12 376G 14 30906-E 7. 0.1 15G 16
30603-C 7. 0.12 376G 14 30906-F 7. .11 15G 16
30603-D 7. 0.12 376G 14 30907-t 7. 0.1 156G 16
30604-E 7. 0.1 396 16 30907-F 7. 0.1 15G 16
30604-F 7. 0.1 396G 16 30908-E 7. 0.08 16G 16
30605-A 7. 0.15 366G 14 30908-F 7. 0.08 166G 16
30605-8 7. 0.15 366G 14 30909-E 7. 0.12 158G 16
30605-C 7. 0.15- 366G 14 30909-F 7. 0.12 15G 16
30605-0 7. 0.15 366 14 31001-A 7. 0.08 3G 14
30606-A 7. 0.16 486G 14 31001-8 7. 0.04 3G 14
30606-8 7. 0.16 486 14 31001-C 7. 0.04 3G 14
30606-C 7. 0.16 438G 14 31001-D 7. 0.04 3G 14
30606-D 7. 0.16 486G 14 31002-A 7. n.04 3G 14
30607 -E 7. 0.16 484G 16 31002-8 7. 0.04 36 14
30607 -F 7. 0.16 486 16 31002-C 7. 0.04 36 14
30608-E 7. 0.20 626G 16 31002-D 7. 0.04 36 14
30608-F 7. 0.20 626G 16 31003-A 7. n.02 26 14
30609-E 7. 0.21 684G 16 31003-8 7. 0.02 26 14
30609-F 7. 0.21 686G 16 31003-C 7. 0.02 2G 14
30701-E 7. 0.06 16G 16 31003-0 7. 0.02 26 13
30701-F 7. 0.06 16G 16 31004-A 7. 0.04 4G 14
30702-E 7. 0.06 186G 16 31004-8 7. 0.04 4G 14
30702-F 7. 0.06 186G 16 3t004-C 7, 0.05 4G 14
30703-E 7. 0.07 186G 16 31004-D 7. 0.05 4G 14
30703-F 7. 0.07 186G 16 31005-A 7. 0.04 46 14
30704-E 7. 0.07 444G 16 31005-8 7. 0.04 4G 14
30704-F 7. 0.07 444G 16 {} 31005-C 7. 0.04 4G 14
30801-4 7. 0.19 636G 24 31005-D 7. 0.04 4G 14
30801-K 7. 0.19 . 636G 24 31101-E 7. 0.1 316 16
30801-L 7. 0.19 636 24 - 31101-F 7. 0.1 316 16
30801-2 7. 0.19 © 636 24 31201-t 7. .21 424G 16
30901-£ 7. 0.06 176 16 31201-F 7. 0.21 426G 16
30901-F 7. 0.06 176 . 2 16¢ 31202-E 7. 0.21 426 16
30902-€ 7. 0.06 16G - 16 || 31202-F 7. 0.21 426G 16
30902-F 7. 0.06 166G 16 31301-A 7. 0.04 26 14
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TABLE 5.1.2.7-1& MICROELECTRONIC PARAMETERS {CONT'D)

M38510/ Vec Pd Complexity Np M38510/ Vcc Pd Complexity Np
XAXXXXX (v.) (W.) XXXXXAX (v.) (W.)

LSTTL LSTTL

31301-8 7. 0.04 26 14 31510-A 7. 0.08 264G 14
31301-C 7. 0,04 26 14 31510-8 7. 0.08 266G 14
31301-D 7. 0,04 2G 14 31510-C 7. 0.08 266 14
31302-A 7. 9.12 86 i4 31510-0 7. 0.08 266 14
31302-8 7. 0.12 6G 14 31511-E 7. 0.18 60G 16
31302-C 7. 0,12 6G 14 31511-F 7. 0.18 606 16
31302-D 7. 0.12 6G 14 31512-E 7. 0.18 586 16
31303-A 7. 0,08 4G 14 31512-F 7. 0.18 58G 16
31303-8 7. 0.08 4G 14 31513-E° 7. 0.19 626G 16
31303-C 7. 0.08 46 14 31513-F 7. 0.19 626G 16
31303-D 7. 0.08 4G 14 31601-E 7. 0.07 246G 16
31401-E 7. .1 206 16 31601-F 7. 0.07 244G 16
31401-F 7. g.1n 206 16 31602-E 7. 0.04 86 16
31402-E 7. 0.15 16G 16 31602-F 7. 0.04 86 16
31402-F 7. 0.15 166G 16 31603-E 7. 0.20° 596G 16
31403-A 7. 0.06 106G 14 31603-F 7. 0.20 596G 16
31403-8 7. 0.06 106G 14 31604-E 7. 0.07 246G 16
31403-C 7. 0.06 106 14 |1 1604-F 7. 0.07 246 16
31403-D 7. 0.06 106G 14 31605-E 7. 0.20 596G 16
31501-A 7. 0.08 156 14 31605-F 7. 0.20 594G i
31501-8 7. 0.08 15G 14 31801-E 7. g.21 264 16
31501-C 7. 0.08 15G 14 31801-F 7. 0.21 454G 16
31501-D 7. 0.08 15G i3 371901-E 7. 0.28 305G i6
31502-A 7. 0.08 25G 14 31901-F 7. n.28 305G 16
31502-8 7. 0.08 256 14 31902-E 7. 0.22 100G 16
31502-C 7. .08 25G 14 31902-F 7. 0.22 100G 16
31502-D 7. 0.08 25G 14 32001-A 7. 0.08 436 14
31503-E 7. 0.18 606G 16 32001-8 7. n.08 43G 14
31503-F 7. 0.18 604G 16 32001-C 7. 0.08 436 14
31504-E 7. 0.18 576G 16 32001-D 7. 0.08 436 14
31504-F 7. 0.18 576G 16 32002-A 7. 0.08 424G 14
31505-E 7. 0.19 636G 16 32002-B 7. n0.08 426G 14
31505-F 7. 0.19 636G 16 32002-C 7. 0.08 426G 14
31506-E 7. 0.19 606G 16 32002-D 7. 0.08 426G 14
31506-F 7. 0.19 606G 16 32003-A 7. 0.08 19G 14
31507-E 7. .19 506 16 32003-B 7. 0.08 196G 14
31807-F 7. 0,19 508 15 32003-C 7. 0.08 166 14
31508-E 7. 0.19 486G 16 32003-D 7. 0.08 196 14
31508-F 7. 0.19 486G 16 ' 32004-A 7. 0.08 256G 14
31509-E 7. 0.19 596G 16 32004-8 7. 0.08 256 14
31509-F 7. 0.19 596 16 32004-C 7. 0.08 256 14
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TABLE 5,1.,2.7-18: MICROELECTRONIC PARAMETERS /CONT'D)
M38510/ Vcc Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX (v.)  (W.)} XXXXXXX  (V.,)  (W.)
LSTTL LSTTL
32004-D 7. 0.08 256 14 32702-A 7. 0.14 666G 13
32102-A 7. 0.02 4G 14 32702-B 7. 0.14 664G 14
32102-B 7. 0.02 4G 14 32702-C 7. 0.14 66G 14
32102-C 7. 0.0z 4G i4 32702-D 7. 0.14 666G 14
32102-D 7. 0.02 46 14 32703-E 7. 0.14 826 16
32201-E 7. 0.13 7G 16 32703-F 7. 0.14 826G 16
32201-F 7. 0.13 716G 16 32801-C 7. 0.30 10G 13
32202-E 7. 0.12 7G 16 32801-D 7. 0.30 106 14
32202-F 7. 0.12 76 16 32802-C 7. 0.30 106 14
32203-E 7. 0.13 8G 16 32802-D 7. n.30 10G 14
32203-F 7. 0.13 86 16 32803-R 7. 0.52 186G 20
32204-E 7. 0.12 8G 16 || 32803-S 7. 0.52 186G 20
32204-F 7. 4.12 ag 16 32901-A 7. 0.15 466G 14
32301-C 7. 0.11 46 14 32901-8 7. 0.15 466G 14
32301-D 7. 0.1 4G 14 3z2e01-C 7. 0.15 464G 14
3J2302-C 7. 0.12 4G 14 32901-D 7. 0.15 466G 14
32302-D 7. 0.12 4G 14
32A01-R 7. 0.28 10T 20 ASTTL
32401-S 7. 0.28 10T 20 -
32402-R 7. 0.30 10T 20 33001-A 7. 0.05 4G 14
32402-5 7. 0.30 107 20 33001-8 7. 0.06 4G 14
32403-R 7. 0.30 107 20 33001-¢ 7. 0.06 4G 14
32403-5 7. 0.30 10T 20 33001-D 7. 0.06 4G 14
32404-R 7. 0-.30 12T 20 33001-X 7. 0.06 4G 20
32404-5 7. 0.30 127 20 33001-Y 7. 0.06 AG 20
32405-R 7. 0.30 127 20 33002-A 7. 0.08 6G 14
32405-3 7. .30 127 20 33002-8 7. 0.08 - bG 14
32501-R 7. 0.15 806G 20 33002-C 7. 0.08 66 14
32501-S 7. 0.1% 806 20 33002-D 7. 0.08 6G 14
32502-R 7. 0.22 744G 20 33002-X 7. 0.08 6G 20
32502-5 7. .22 746G 20 33002-Y 7. 0.08 6G 20
32503-R 7. 0.22 806G 20 33003-A 7., 0.04 3G 14
32503-S 7.  0.22 806 20 33003-B8 7. 0.04 36 14
32508-R 7. 0.15 906 20 33003-C 7.  0.04 36 14
32504-s 7.  ©.15 906G 20 33003-D 7.  0.04 3G 14
32601-E 7.  0.06 156G 16 33003-X 7.  0.04 36 20
3%601-F 7.  0.06 156 16 33003-Y 7.  0.04 36 20
32602-E 7. 0.06 15G 16 33004-A 7. 0.03 26 14
32602-F 7. 0.06 156G 16 33004-8 7. 0.03 2G 14
32701-E 7. . 0.14 606 16 33004-C 7. 0.03 26 14
32701-F 7. 0.14 606G 16 33004-0 7. g.03 26 14

5.1.2.7-46




Downloaded from http://www.everyspec.com

MICROELECTRONIC DEVICES

MIL-HDBK-217E

MONOLITHIC

TABLE 5.1,2,7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/

Vec Pd ‘Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX (V,)  (W.) XXXXXXX (V.Y  (W.)
ASTTL ASTTL
33004-% 7. 0.03 26 20 33905-F 7. 0.13 176G 16
33004-Y 7. 0.03 2G 20 33906-E 7. 0.13 156G 16
33006-F 7. 0.13 156G 16
LSTTL 33907-E 7. 0.14 156 16
33907-F 7. 0.14 156G 16
33106-E 7. 0.15 366 16 33908-E 7. 0.12 166G 16
33106-F 7. 0.15 366 16 33908-F 7. 0.12 166G 16
33107-E 7. 0.10 246 16 34001-A 7. 0.07 a6 14
33107-F 7. 0.10 246 16 34001-8 7. 0.07 46 14
34001-C 7. 0.07 46 14
ASTTL 34001-0 7. 0.07 46 14
, 34002-A 7. 0.05 3G 14
33201-R 7. 0.41 106 20 34002-8 7. 0.05 36 14
33201-5 7. 0.4] 106 20 34002-C 7. n.05 3G 14
33202-R 7. 0.50 106G 20 34002-0 7. 0.05 36 14
33202-S 7. 0.50 106 20 34101-A 7. 0.09 126 14
33203-R 7. 0.50 106 20 34101-8B 7. 0.09 126G 14
33203-S 7. 0.50 106 20 34101-C 7. 0.09 126 14
33301-A 7. 0.07 4G 14 34101-D 7. 0.09 126G 14
33301-8 7. 0.07 4G 14 34102-E 7. 0.09 166 16
33301-C 7. 0.07 4G 14 34102-F 7. ¢.09 166 16
33301-0 7. .07 4G 14 34103-E 7. g.N 166G 16
33401-A 7. 0.03 56 14 34103-F 7. o.N 166 16
33401-8 7. 0.03 5G 14 34501-A 7. n.1%5 4G 14
33401-C 7. 0.03 5G 14 34501-8 7. 0.15 4G 14
33401-0 7. 0.03 5G 14 34501-C 7. 0.15 4G 14
33501-A 7, 0.09 4G 14 34501-D 7. 0.15 4G 14
33501-8 7. 0.09 4G 4 34501-X 7. 0.15 4G 20
33501-C 7. 0.09 4G 14 34701-R 7. 0.18 266 20
33501-D 7. 0.09 4G 14 34701-5 7. 0.18 266 20
33601-F 7. 0.25 476G 16
33601-F 7. 0.25 47G 16 LSTTL
33901-E 7. 0.12 176G 16
33901-F 7. 0.12 176 16 36001-E 7. 0.11 296G 16
33902-£ 7. 0.1 166 16 36001-F 7. 0.1 296 16
33902-F 7. 0.11 16G 16 36002-E 7. 0.14 306 16
33903-€ 7. 0.13 196G 16 36002-F 7. 0.14 306 16
33903-F 7. 0.13 196 16
33904-E 7. 0.08 156 16 ALSTTL
33904-F 7. 0.08 156 16
7. 0.13 16 37001-A 7. 0.07 4G 14

33905-E
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TABLE 5.1,2,7-18: MICROELECTRONIC PARAMETERS /CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Vee Pd Complexity Np
XXXXXXX  (V.)  (W.) XXXXXXX (V) (W.)

ALSTTL ALSTTL

37001-8 7. 0.07 4G 14 37302-A 7. 0.07 36 14
37001-C 7. 0.07 4G 14 37302-8 7. 0.07 3G 14
37001-D 7. 0.07 4G 14 37302-C 7. 0.07 3G 14
37002-A 7. 0.04 36 14 37302-D 7. 0.07 36 14
37002-8 7. 0.04 3G 14 37401-A 7. 0.09 4G 14
37002-C 7. 0.04 36 14 37401-3 7. 0.09 4G 14
37002-D 7. 0.04 3G 14 37401-C 7. 0.09 4G 14
37003-A 7. 0.02 26 14 37401-D 7. n.09 4G 14
37003-8 7. 0.02 2G 14 37402-A 7. 0.04 3G 14
37003-C 7. 0.02 26 14 37402-8 7. 0.04 16 14
37003-D 7. 0.02 26 14 37402-C 7. 0.04 3G 14
37004-A 7. 0.00 16 14 37402-D 7. 0.08 3G 14
37004-8 7. 0.00 1G 14 37501-A 7. 0.11 4G 14
37004-C 7. 0.00 16 14 37501-8 7. 0. 4G 14
37004-D 7. 0.00 16 14 37501-C 7. o.Nn 4G 14
37005-E 7. 0.00 1G 16 37501-0 7. g.11 4G 14
37005-F 7. 0.00 1G 16 37701-E 7. 0.06 16G 16
37006-A 7. 0.14 6G 14 37701-F 7. 0.06 16G 16
37006-8 7. 0.14 6G 14 37901-K 7. 0.20 446G 24
37006-C 7. 0.12 6G 14 37901-L 7. 0.20 446G 24
37006-D 7. 0.14 66 14 38301-R 7. 0.14 106 20
37101-A 7. 0.01 6G 14 38301-S 7. 0.14 10G 20
37101-8 7. 0.01 6G 14 38302-R 7. 0.17 106G 20
37101-C 7. 0.01 66 14 38302-5 7. 0.17 106 20
37101-D 7. 0.01 66 14 38303-R 7. 0.7 10G 20
37102-€ 7. 0.01 8G 16 38303-35 7. 0.17 10G 20
_37102-F 7. 0.0 86 16 38401-A 7. 0.03 4G 14
37103-E . 7. 0.01 86 16 38401-8 7. 0.03 4G 14
37103-F 7. 0.01 86 16 38401-C 7. 0.03 4G 14
37104-R 7. 0.02 426 20 38401-D 7. 0.03 4G 14
37104-S 7. 0.02 426 20 38402-A 7. 0.04 4G 14
37105-R 7. 0.02 426G 20 38402-8 7. 0.04 4G 14
37105-5 7. 0.02 426G 20 38402-C 7. 0.04 4G 14
37106-L 7. 0.02 626 24 38402-0 7. 3.04 4G 14
37106-K 7. 0.02 626G 24 38403-A 7. 0,03 4G 14
37107-L 7. 0.02 62G 24 38403-8 7. 0.03 4G 14
37107-K 7. 0.02 62G 24 38403-C 7. 0,03 4G 14
37301-A 7. 0.09 46 . 14 38403-D 7. 0.03 4G 14
37301-8 7. 0.09 4G 14 38404-A 7. 0.04 4G 14
37301-C 7. 0.09 46 14 38404-8 7. 0.04 4G 14
37301-D 7. 0.09 46 14 38404-C 7. 0.04 4G 14
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MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Vcc Pd Complexity Np
XXXXXXX (VL) (W.) XXXXXXX (V) (W.)

ALSTTL ALSTTL

38404-D 7. 0.04 4G 14 38505-R 7. 0.35 186G 20
38405-A 7. 0.03 3G 14 38505-5 7. 0.35 186G 20
38405-B 7. 0.03 3G 14 38506-C 7. 0.18 1NG 14
38405-C 7. 0.03 3G 14 38506-0D 7. 0.18 106 14
38405-D 7. 0.03 3G 14 38507-C 7. 0.18 10G 14
38406-A 7. 0.03 3G 14 38507-D 7. 0.18 106 14
38406-8 7. 0.03 36 14

38406-C 7. 0.03 3G 14 NMOS

38406-D 7. 0.03 3G 14

38407-A 7. 0.02 2G 14 40001-Q 7. 1.00 13006 40
38407-8 7. 0.02 26 14 40201-J 7. 1.00 10246 24
38407-C 7. 0.02 26 14 40301-J 7. 1.00 16384G 24
38407-D 7. 0.02 2G 14 42001-9 20, 1.70 1100G 40
38408-A 7. 0.06 A6 14

38408-B 7. 0.06 4G 14 STTL

38408-C 7. 0.06 4G 14

38408-D 7. 0.06 4G 14 42101-4J 7. 0.80 70G 24
38409-A 7. 0.07 6G 14 42101-K 7. (.80 706 24
38409-B 7. 0.07 6G 14 42101-L 7. 0.80 706G 24
38409-C 7. 0.07 66 14 42201-E 7. 0.79 70G 16
38409-0 7. 0.07 66 14

38410-A 7. g.07 6G 14 NMOS

38410-8 7. 0.07 66 14

38410-C 7. 0.07 66 14 42301-2 7. 1.20 120G 28
38410-0 7. 0.07 66 14

38411-A 7. 0.08 66 14 LSTTL

38411-B 7. 0.08 6G 14

38411-C 7. 0.08 66 12 44001-Q 7. 1.60 537G 40
38411-.D 7. 0.08 66 14 44001-7 7. 1.60 5376 42
38412-A 7. 0.08 66 14 44101-T7 7. 1.00 776G 24
38412-8 7. 0.08 6G 14 44101-7 7. 1.00 776G 24
38412-C 7. 0.08 66 14 44102-4 7. 1.00 856G 24
38412-D 7. 0.08 6G 14 44102-17 7. 1.00 856G 24
38501-R 7. 0.26 18G 20 44103-R 7. 1.00 776G 20
38501-S 7. 0.26 186G 20 44103-5 7. 1.00 77G 20
38502-R 7. 0.25 186 20 44104-J 7. 1.00 776 24
38502-5 7. 0.25 18G 20 44104-7 7. 1.00 776G 24
38503-R 7. 0.15 18G 20 44105-J 7. 1.00 856G 24
38503-S 7. 0.15 186 20 44105-2 7. 1.00 856G 24
38504-R 7. .29 186G 20 44106-R 7. 1.00 77G 20
28504-5 7. 0.29 186G 20 44106-S 7. 1.00 77G 20
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TABLE 5,1.2.7-18: MICROELECTRONIC PARAMETERS (CONT'D)

M38510/ Vcc Pd Complexity Np M38510/ Ve Pd Complexity Np
XXXXXXX  (V.) (W.) XXXXXXX  (V.) (W.)
LSTTL STTL
44201-E 7. 0.83 246 16 50401-R 12, 0.10 986G 20
44201-F 7. 0.83 246 16 50401-Y 12, 0.10 98G 20
: 50407-R 12, 0.10 986G 20
IiL 50407-Y 12. 0.10 984 20
‘ 50501-L 12, 1.20 100G 24
46001-Y 6. 0.75% 31006 64 50501-3 12, 1.20 100G 28
CMOS NMOS
47001-¢ 171, 0.50 13756 40 52001-Q 7. 2.20 58336 40
47201-J 11, 0.50 409606 24 52001-X% 7. 2.20 58334 48
47201-Kk 11, 0.50 40966 24 52002-Q 7. 2.20 5833G 40
47400-E 1. 0.50 276 16 52002-X 7. 2.20 58336 48
47401-F 11, 0.50 276 16 52003-Q 7. 2.20 58336 40
52003-X 7. 2,20 58336G 48
NMOS 52004-Q 7. 2.20 58336 49
52004-X 7. 2.20 58336 48
48001-3 5 1.00 28336 40
48002-Q 5 1.00 28336 49 CMOS
43003-Q 5 1.00 28336 a0
£5001-C 7. 0.30 4G 14
STTL 65001-2 7. 0.30 4G 20
65002-C 7. 0.30 36 14
50301-R 12, 2.00 346G 20 65002-2 7. 0.30 3G 20
50301-Yy 12, 2.00 346 20 65003-C 7. 0.30 26 14
50203-R 12, 2.00 366G 20 65003-2 7. 0.30 26 20
50302-y 12, 2.00 366 20 65004-C 7. 0.30 1G 14
50303-R 12 2.00 346 r{iy 65004-2 7. 0.30 iG 20
50303-¥ 12, 2.00 346G 20 65005-C 7. 0.30 4G 14
50304-R 12, 2.00 346G 20 65005-2 7. 0.30 4G 20
50304-Y 12, 2,00 34G 20
50305-R 12, 2.00 35G 20
50305-Y 12, 2.00 356 20
50306-R 12, 2.00 346G 20
50306-Y 12, 2.00 346G 20
50307 -R 12. 2.00 346G 20
53307-Y 12. 2.00 346G 20
50308-R 12, 2.00 346 20
50208-Y 12, 2.00 346 20
50309-R 12, 2.00 346 20
50309-Y 12. 2.00 346G 20
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5.1.2.8 Example Failure Rate Calculations for Monolithic Devices.

Example One
Description: An 8192 bit N-channel MOS UVEPROM in a Ground, Fixed applica-
tion, junction temperature of 55 C procured to vendor equivalent B-2
quality level, The production line has been in continuous production, The
device is a ceramic/metal DIP, solder seal hermetic package with 24 pins.
From Section 5.1.2.5, the operating failure rate model is:

“Q(Cl“T“V + Can)nL
Section 5.1.2.5 C] for 8192 bits = 0.06
Table 5,1.2.7-1 Quality Level B-2: T = 5.0
Table 5.1,2.7-3 Ground, Fixed Environment: M = 2.5

Table 5.1.,2.7-4 NMOS, Hermetic Package, corresponding to T
Tab]e 5.1.2.7-7: =y =0.59

Table 5.1.2.7-14 wy = 1.0

Table 5.1.2.7-16 24 pin Hermetic DIP solder seal: C2 = 0.009

Table 5.1.2.7-2 ~ m = f

5.0 BOﬂﬁx 0.59 x 1.0) + (0.009 x LSﬂ 1.0

>
I

0.29 fai]ures/106 hours.

e
[]

5.1.2.8-1
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Description: Device type 54170 is being used in an airborne inhabited,
trainer environment, The device is procured as quality level B-2 and has
been in continuous production., The device is in a 16 pin, glass seal
hermetic C-DIP package. The device has a worst case power dissipation of
0.77 watts, ’

The type number shows that the device is included in MIL-M-38510, described
in slash sheet 18, type 01. The device is fabricated using TTL digital
bipolar technology.

Table 5.1.2.7-19 shows a 100 gate complexity for this device. Since the
device complexity is equal to 100 gates, the model in Section 5.1.2.1
applies:

Ap = “Q(C-"ITTTTV:"' CZ“E)“L
Table 5.1.2.7-1 Quality Level B-2: Ty = 5.0

~Table 5.1.2.7-3 Airborne Inhabited, Trainer Environment: T =

(€%

.0

Table 5.1.2.7-4 TTL, Hermetic Package, coBreSponding to ny
Table 5.1.2.7-5: T, = 60 C

[ N
H

= - _ aa®
TC + 8ycP =60 + 59(0.77) = 99°C

Table 5.1.2.7-5 mp o= 2.2

Table 5.1.2.7-14 T = 1.0

Section 5.71.2.1 For 1 to 1,000 gate complexity: C] = 0.02

Table 5.1.2.7-16 16 pin hermetic DIP, glass seal: C, = 0.0059

Table 5.1.2.7-2 = = 1.0
A, = 5.0 [(0.02 x 2.2 x 1.0) + (0.0059 x 3.0}] 1.0
A, = 0.31 failures/108 hours.

5.1.2.8-2




Downloaded from http://www.everyspec.com

MIL -HDBK-217E
MICROELECTRONIC DEVICES
MONOLITHIC

Example Three

Consider a Zilog Z80, 8 bit microprocessor in a 40 pin ceramic DIP with a
metal lid. The device is installed in an airborne %p1nhab1ted trainer
equipment and is operating at a case temperature of 95°C The device has

been screened to full MIL-M-38510 Class B requ1rements g1ss1pates
0.500 watts and has a case to junction thermal resistance n-F 40-C/lwatt,

The microprocessor has heen fabricated using NMOS technology.

From Section 5.1,2.3

Section 5.1.2.3 For 8 bit device: Cy = 0.03

Table 5.1.2.7-1 mq = 1.0

Table 5,1,2.7-2 m = 1.0 since the 780 is a mature part
_ _ 0

Table 5.1.2.7-7  For 115°% mnp = 9.1

Table 5.1.2.7-3 e = 4.0

Table 5.1.2.7-16  C, = 0.015

Table 5,1.2.7-14 Ty for VCC of 5.V = 1.0
Ap = 1.0 {{0.03 x 9.1 x 1.0) + (0.015 x 4.0)] 1.0
A, = 0.33 failures/10% hours

5.1.2.8-3
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Hybrid Microcircuit.

The hybrid failure rate model is:

Ay = {E:NC Ao g+ [Nﬁ Mg * INp AL+ AS] e nE} Ty T

where:

ENCAC“G

(fai]ures/106 hour)

is the sum of the adjusted failure rates for the active
components, packaged resistors, and capacitors in the hybrid
from Section 5.1.2.9.1

is the numher of each particular component

is the component failure rate

is the die correction factor Table 5.1.2.9-1

is the number of (N,) and failure rate contribution (AR)
of the chip or substrate resistors {Section 5.1.2.9.2)

is the sum of the failure rate contributions of the intercon-
nections (AI) from Section 5.1.2.9.3.

is the failure rate contribution of the hybrid package.
{Table 5.1.2.9-4).

is the environmental factor for the film resistors,
interconnections and package from Table 5.1.2.9-5.

is the quality factor from Table 5.1.2.9-6.
is the density factor from Table 5.1.2.9-7.

is the circuit function factor

1.0 for digital hybrids

1.25 for linear or linear-digital combinations
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5.1.2.9.1 Active Components and Capacitors. The sum of the adjusted

failure rates for the active components and capac1tors sha]1 be calculated
as follows: .

NC is the number of each particular component

lc is the failure rate contribution for a particular component
predicted using the correct model from the following sections
in this handbook:

Integrated Circuits - Section 5.1.2
Discrete Semiconductors Section 5.1.3
Packaged Resistors Section 5.1.6
Capacitor Section 5.1.7

When calculating A, for 1ntegrated circuits, use quality factor "B" and
hermetic temperatu&é factor "nr." For discrete semiconductors, use qua-
lity factor "JANTXV." For capacitors and resistors, use quality factor
level "M." Use the environmental factor corresponding to the application
environment of the hybrid, and asSume a component ambient temperature
~equal to the temperature of the hybrid package.

If the maximum rated stress for a die is unknown, it shall be assumed to be
the same as that for "a discretely packaged die of the same type. If the
same die has several ratings based on the discrete package type, the lower
value will be assumed. Power rating used should be based on case tempera-
ture for discrete semiconductors.

1~ adjusts the calculated discrete component failure rate to a transistor
09 diode die or capacitor chip failure. rate. For packaged components, and
IC dice, w Also, for IC dice Tet C2 0 when calculating Ac per the
models in §ect1on 5.1. 2.

TABLE 5.1.2.9-1
DIE AND CAPACITOR CHIP CORRECTION FACTORS

Component TG
Integrated Circuits 1.0
Transistors 4
Diodes 2
Capacitor Chips .8

5.1.2.9-2
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5.1.2.9.2 Chip and Substrate Resistors. The failure rate contribution

of the chip or substrate resistors used in the hybrid (either on chips or
directly on the substrate) is calculated as the product:

Np AR
Where:
NR is the number of chip or substrate resistors
An is the failure rate of the chip or substrate resistors
and is:

TABLE 5.1.2.9-2
BASE FAILURE RATES FOR CHIP OR SUBSTRATE RESISTORS

.00010 for T< 50°C

.00015 for 50 < T < 80°C
.0002 for 80 < T < 100°C
.00025 for 100 < T < 125°C
.0003 for 125 < T < 150°C

Where T is the hybrid package temperature.

5.1.2.9-3
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5.1.2.9.3 Interconnections. The failure contribution of the intercon-
nections is the product:

Ny A
Where:
NI is the number of interconnections
A is the temperature dependent failure rate for

the interconnections from Table 5.1.2.9-3.

Interconnections, as defined for this model are counted as one for every
wire. Each beam lead or solder bump shall also be counted as one intercon-
rection,

Only active (current carrying) interconnections shall be counted

A bond is considered bimetallic if any one of the bond interfaces involves
more than one type of metal

Active die attach bonds (die to substrate bonds) are not counted as inter-
connections .

Redundant interconnections shall be counted as only one interconnection

If an accurate count of the actual interconnections cannot be obtained, the
following approximations may be made:

Component Number of Interconnections

Each IC Chip Bonding Pad
Each Transistor

tach Diode

Each Capacitor

Each External Lead

Each Chip Resistor

™ = N et N

5.1.2.9-4
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TABLE 5.1.2.9-3

INTERCONNECTIONS FAILURE RATE (Ap)

TEMPERATURE A A
(C)* I 12

25, 0.000174 0.000174
30. 0.000230 0.000218
3. 0.000302 0.000271
40. 0.000394 0.000334
a5. 0.000508 0.000410
50. 0.000650 0.000499
55. 0.000826 0.000604
60. 0.00104 0.000727
65. 0.00130 0.000871
70. 0.00162 0.00103
75. 0.00201 0.00123
80. 0.00247 0.00145
85. 0.00302 0.00170
90. 0.00367 0.00199
95. 0.00444 0.00231
100. 0.00534 0.00268
105. 0.00639 0.00310
110. 0.00762 0.00356
115. 0.00904 0.00409
120. 0.0106 0.00467
125. 0.0125 0.00531
130. 0.0147 0.00603
135. 0.0171 0.00682
140. 0.0199 0.00770
145. 0.0231 0.00866
150. 0.0266 0.00971

Hybrid package temperature

M1 is for bimetal bonds {Gold-ATuminum)

112 is for single metal bonds (Aluminum-Aluminum, Gold-Gold, etc)

or solder
(-5075) f—— - 1 \ 0
- .000174el- (T+273 293}J for T < 150°C.

(cont'd on next page)

5.1.2.9-5
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(-4056) ( - L)
A\, = -000174e| ™73 2%8/].
T = package temperature (°C_.)
If metal syste.ﬁ is unknown m

5.1.2.9-6
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TABLE 5.1.2.9-4
PACKAGE FAILURE RATE (Ag)*

S 25C 30C 35C 40C 45C 50C 55C 60C 65C
70C 80C 90C 100C 110C 120C 130C 140C 150C

1.75 0.0011 0.0015 0.0020 0.0026 0.0034 0.0044 0.0056 0.0072 0.0090

N NA112 N N17A ) :
0.0113 0.0174 0.02617 0.0383 0.0551 0.0778 0.1081 0.1478 0.1990

2.00 0.0017 0.0023 0.0030 0.0039 0.0051 0.0065 0.0084 0.0106 0.0134
0.0167 0.0257 0.0385 0.0566 0.0815 0.7151 0.1599 0.2186 0.2944

2.25 0.0024 0.0032 0.0042 0.0055 0.0071 0.0092 0.0118 0.0149 0.0188
N N2 N.NIE? 0N.N0547 A.0798 0.1148 0N.16822 0.2253 0.3079 0.4148

WVl i W oe N Woe W TS eI IS W R T W W imba W ¥ R bW W W e

2.50 0.0032 0.0043 0.0057 0.0075 0.0097 0.0125 0.0160 0.0202 0.0255
0.0319 0.0491 0.0736 0.108! 0.1556 0.2199 0.3054 0.4175 0.5624

2.75 0.0042 0.0057 0.0075 0.0098 0.0127 0.0164 0.0210 0.0266 0.0335
0.0420 0.0645 0.0968 0.1421 0.2045 0.2890 0.4014 0.5487 0.7390
3.00 0.0054 0.0073 0.0096 '0.0126 0.0163 0.0210 0.0268 0.0341 0.0429
0.0537 0.0825 0.1239 0.1819 0.2618 0.3700 0.5138 0.7024 0.9461

3.25 0.0068 0.0091 0.0120 0.0157 0.0204 0.0263 0.0336 0.0427 0.0537
0.0673 0.1034 0.1551 0.2278 0.3279 0.4633 0.6435 0.8797 11,1848
3.50 0.0084 0.0112 0.0747 0.0193 0,0251 0.0323 0.0413 0.0524 0.0660
0.0827 0.1270 0.1906 0.2800 0.4030 0.5694 0.7908 1.0810 1.4560

3.75 0.0101 0.0135 0.0178 0.0233 0.0303 0.0391 0.0499 0.0634 0.0798
0.0999 0.1536 0.2305 0.3384 0.4871 0.6883 0.9559 1.3067 1.7600

4.00 0.0120 0.0161 0.0212 0.0278 0.0361 0.0465 0.0595 0.0755 0.095]
0.1191 0,1830 0.2746 0.4032 0.5804 0.8201 1.1390 1.5569 2.0971

4.50 0.0165 0.0220 0.0291 0.0381 0.0494 0.0637 0.0814 0.1033 0.1301
01629 0.2503 0.3757 0.5517 0.7940 1.1219 1.5687 2.1300  2.8690

5.00 0.0216 0.0289 0.0381 0.0500 0.0649 0.0836 O0.1069 0.13% 0.1708
0.2138 0.3286 0.4932 0.7242 1.0424 1.4728 2.0456 2.7963 3.7663

5.50 0.0275 0.0366 0.0484 0.0634 0.0823 0.1061 0.1356 0.1721 0.2168
0.2713 0.4170 0.6258 0.9191 1.3228 1.8691 2.5959 3.5485 4.7795

~ s, A maEs A s o ~ ATOA A TATS A TAanD Fa T =~ B ] n 23100 n LTA

6.00 0.0339 0.0452 0.0597 0.0782 0O.i016 0.1308 0.106/73 .2122 (.2674
0.3347 0.5143 0.7720 1.1336 1.6317 2.3054 3,2020 4.3770 5.8954

6.50 0.0408 0.0544 0.0719 0.0942 0.1223 0.1575 0.2014 0.2555 (0.3220
0.4030 0.6193 0.9295 1.3650 1.9646 2.7759 3.8554 5.2702 7.0985

.00 0.0481 0.0642 0.0848 0.1111 0.1442 0.1858 0.2375 0.3014 0.3797

v
4
0
5
0
0.4753 0.7304 1.0962 1.6097 2.3170 3.2737 4.5468 6.
0
7
0
8

491 0.4398
.1993  9.6968
.3981 0.5016

093 11.0572

7.50 0.0557 0.0743 0.0982 0.1286 0.1671 0.2152 0.275]

0.5505 0.8460 1.2697 1.8646 2.6838 3.7920 5.2666
00 0.063%5 0.0847 0.1120 0.1467 0.1905 0.2454 0.3137

LR VLY N Wos WL ME e ww el

3
2
2
3
2153 8.3714
3
1
3
0.6277 0.9647 1.4478 2

.1262 3.0603 4.3239 6.0055

2 5203 1 -1
Ag =l£).ons 1-e~(3 /50 |— (T+273 m]
—

T = Package Temperature °C

S = Seal Perimeter (inches)

5.1.2.9-7
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TABLE 5.1,2.9-5: ENVIRONMENTAL FACTOR FOR RESISTORS, INTERCONNECTIONS
AND PACKAGES :

ENVIRON- e ENVIRON- e

MENT MENT

6y 0.20 Arg 2.5
By 0.27 . Aa 2.0
6 0.78 Ase 3.0
By 2.2 Alc 2.5
M, 2.0 Aur 2.5
Neg 1.0 Aug 4.0
Ng L7 : Aua 3.0
Ny 3.2 : Au 4.0
Ny 3.1 | S 0.32
Nyy 3.4 Mer 2.1
Ao 4.5 M 2.9
A 1.5 Ug, 6.1
Ay 1.5 M, 7.0

. 120,

5.1.2.9-8
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5.1.2.9.4 Substrates and Metallization.

5.1.2.9.4.1 Hermetic Packages Enclosing More Than One Substrate. Each
substrate shall be treated as a separate hybrid. Each substrate shall
include its own density and function factor; however, only the largest
substrate (area) or the substrate mounted on or serving as the package
header (if all are of equal size) shall include a package factor. The
hybrid failure rate will be the sum of the failure rates for the individual
sybstrates.

5.1.2.9.4.2 Muitilayered Metallization. The model is valid for up to
seven layers of metallization.

5-1.2.9"9
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TABLE 5.1.2.9-6: T Quality Factors

QUALITY
LEVEL

DESCRIPTION

S

Procured to the Class S reauirements of MIL-STD-883.
Method 5008, and MIL-M-38510 and Appendix G thereto
(or MIL-STD-883, Methods 5004 and 5005 and MIL-M-
38510) and listed in the MIL-M-38510 QML Supplement
for Hybrid Microcircuits.

Procured in full comp11anée with the requirements of
MIL-STD-975 or MIL-STD-1547 and have procuring activity
specification approval,

Procured to the Class B requirements of MIL-STD-883,
Method 5008, and MIL-M-38510 and Appendix G thereto
(or MIL-STD-883, Methods 5004 and 5005 and MIL-M-

38510) and listed in the MIL-M-38510 QML Supplement

for Hvbrid Microcircuyits,

Procured to the Class B requirements of MIL-STD-883,
Method 5008, and MIL-M-38510 and Appendix G thereto
(or MIL-STD-883, Methods 5004 and 5005 and MIL-M-
38510). Includes MIL Drawing, DESC Drawing or other
government approved documentation.

1.0

Hermetically sealed parts with manufacturer's normal
reliability screening and quality assurance practices.

20.0

5.1.2.9-10
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TABLE 5.1.2.9-7: DENSITY FACTOR (nD)

Density = Number ?;SIEt?:E?HnECt10nS

AS area of substrate (sq. inches)

.2 + .15 {"VDensity )

TfD =
Density uh) Density m

i5. 0.78 160. 2.10

20. 0.87 165. 2.13

25. 0.95 170. 2.16

30. - 1.02 175. 2.18

35. 1.09 180. 2.21

40. 1.15 185. 2.24

45, 1.21 190, 2.27

50. 1.26 195. 2.29

55. 1.31 200. 2.32

60. }.36 2?5. 3.35

65. .41 210. .37

A 70. 1.45 215, 2.40
W 75. 1.50 220. 2.42
80, 1.54 225, 2.45

85. 1.58 230. 2.47

90. 1.62 235. 2.50

g5, 1.66 240, 2.52

100. 1.70 245. 2.55

105. 1.74 250. 2.57

110. 1.77 255. 2.60

115. 1.81 260. 2.62

120. 1.84 265. 2.64

125. 1.88 270. 2.66

130. 1.91 275. 2.69

135. 1.94 280. 2.71

140. 1.97 285, 2.73

145. 2.01 290. 2.75

150. 2.04 295. 2.78

155. 2.07 300. 2.80

NOTE : The density term i$ intended as a measure of the mechanical
complexity of the hybrid as a whole.

5.1.2.9-11
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5.1.2.9.5 Prediction Example for Hybrid Microcircuits.

Microcircuit Description - Driver

Package: Hermetic Flatpack 1.15 x .95 in. seal, .75 x .75 in.
substrate

Interconnections: 34 Gold-Aluminum, 4 solder

Active Components: 1 - [MI06

1 - pA741

2 - Si NPN Transistor, 60% stress ratio {power and

voltage), linear application < 1 watt.

2 - Si PNP Transistor, 60% stress ratio {power and
voltage), linear application < 1 watt.

2 - 51 General Purpose Oiode, 60% stress ratio (power
and voltage), small signal, metallurgically
bonded.

Passive Components: 2 -~ Ceramic Chip Capacitors, 60% stress ratio, 1000
pf.
17 - Thick Film Resistors

Environment: Naval Unsheltered, 65°C package temperature

Screened to MIL-STD-883, Method 5008, in accordance with Appendix G to MIL-
M-38510, not listed in QML. From Table 5.1.2.9-6, mn = 1.0

Example Calculation:
A = ENCACTG + E«RAR‘ + INDy + AS] nFnE'}nQnD
Failure Rates for Components (lCnG):
LM106 die, 13 transistors, page 5.1.2.2-1:
mq F]‘!TTTIV + CZ"é] m X g
1.0 f0.01 x 8.3 x 1.0) + (0 x 5.7)] 1x1=0.08
pA741 die, 23 transistors, page 5.1.2.2-1 (same model as LMI06 above):
1.0 [(0.01 x 9.2 x 1.0y +{0 x 5.7)] 1x 1=0.09

5.1.2.9-12
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Si NPN transistor die, 60% stress ratio, page 5.1.3.1-1:
M (MemAMmRTSoTE) Mg

(.0029) 21 {1.5) 0.12 (1.0) 0.88 (1.0) 0.4 = 0.0039
Si PNP transistor die, 60% stress ratio, page 5.1.3.1-1 (same model as NPN
transistor above):

(.0049) 21 {1.5) 0.12 (1.0) 0.88 (1.0} 0.4 = 0.0065
Si general purpose diode die, 60% stress ratio, page 5.1.3.4-1:

Ay, (MEmQmRTATS ) Mg
(.0019) 21 (.15) 1.0 (1.0) 0.7 (1.0) .2 = 0.0008

Ceramic chip capacitor, 60% stress ratio, 1000 pf., page 5.1.7.4-1:
Y (Temgmey) g
(.0063) 12.4 (1.0) 1.0 (.8) = 0.06

Thick film resistor, Table 5,1.2.9-2:
.00015

Interconnection, Table 5,1.2.9-3:
Au-Al:  .00130
Solder: ,000871
e = 3.2, Table 5.1.2.9-5
mq = 1.0, Table 5.17.2.9-6
Density = 38/(.563 + .10) = 57.3
mp = 1.34, Table 5.1.2.9-7
e = 1.25 (for linear application, page 5.1.2.9-1)

Ao ={.08 .09+ 2 (.0039) + 2 (.0065) +2 (.0008) + 2
(.06) + [i7(.00015) + 34 (,00130) + 4 (.00087) +
108 (1.25) 3.2} 1.0 (1.34)

lp = 1,3 faﬂures/]O6 hours,

5.1.2.9-13
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5.1.2.10 Magnetic Bubble Memories*. The magnetic bubble memory

device in its present form is a non-hermetic assembly of two major
structural segments:

a. A basic bubble chip or die consisting of a memory or a storage area
(e.g., an array of minor loops), and required control and detection ele-
ments (e.g., generators, various gates and detectors), and,

b. A magnetic structure to provide controllied magnetic fields con-
sisting of permanent magnets, coils, and a housing.

These two structural segments of the device are interconnected by a mechan-
ical substrate and lead frame. The interconnect substrate in the present
technology is normally a printed circuit board. It should be noted that
this model does not inciude external support microelectronic devices re-
quired for magnetic bubble memory operation. The general form of the
operating failure rate model is:

Ap = A] + Az
where:
Ap = pperating failure rate in failures/106 hrs.
x] = failure rate of the control and detection structure.

12 = fajlure rate of the memory storage area.

*See BibTiography Item No. 60

5.1.2.10-1
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where:

5.1.2.10.2

The expansion

where:
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Failure Rate of the Control and Detection Structure (k]).

of A] is:

M = mo[NcCyrmrymy + (NeCor*Co)ng]mpm

L guality factor, Table 5.1.2.7-1

N~
L

number of bubble chips per packaged device

= device complexity failure rates for the control
VR tion elements, Table 5.1.2.10-1

m - mamliama o o s 2 Termn  wmm A 'r..l_ P o I T R T
v2 T pauRayc Ly ur rave, 1aiE Jel.£.7/=10

Trq1.= temperature acceleration factor. Use the va]ues in
Table 5.1.2.7-12. Use Ty = Tease * 10 (all in 0c.)

m = write duty cycie factor, Table 5.1.2.10-4
e = application environment factor Table 5.1.2.7-3
mn = duty cycle factor, Table 5.1.2.10-3

Lt device learning factor, Table 5.1.2.7-2. Because this
i& a relatively new technology, justification should be
given for use of m o=

Failure Rate of the Memory Storage Area (XZ),

of lz is:

Ay = mgic(Cyomry + Copmedmy

=
>
[

quality factor, Table 5.1.2.7-1

1]

number of bubble chips per packaged device

C]? & 062 = device complexity failure rates Table

T+, = temperature acceleration factor. Use the values in
Tifle 5.1.2.7-8. Use Ty = Tease * 10 (all in °C,)

5.1.2.10-2
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me = application environment factor, Table 5.1.2.7-3

"

i

5 device learning factor, Table 5.1.2.7-2. Because this
i& a relatively new technology, justification should be
given for use of mo= 1.

TABLE 5.1.2.10-1: Crh& CE&’ DEVICE COMPLEXITY FAILURE RATES FOR CQNTROL &
I ET

DETECTION STRUCTURE 'IN MABRETIC BUBBLE DEVICES IN FAILURES PER 10° HOURS.
N C 2 Ny ‘h 21
4 0017 .00014 | 500 011 ~00047
50 .0045  .00024 | 550 012 .00042
100 0060 .00028 | 600 .012 .00042
150 0070 00031 | 650 013 .00043
200 0079  .00033 | 700 .013 .00044
. 250 .0086  .00035 | 750 013 .00045
| 300 .0093 00036 | 800 .014 .00046
350 0099  .00038 | 850 .014 00046
400 .010 .00039 | 900 .014 .00047
450 011 .00040 | 950 015 ,00047
1000 .015 .00048

Tabulated values are determined from the following equations:
C,y = .00095(N;) "0 & €, = .0001 (Ny)-%25
where:

N, = the number of dissipative elements on a chip
(gates, detectors, generators, etc.) and is < 1000.

5.]-2:10-3
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TABLE 5.1.2.10-2: Cip & C DEVICE COMPLEXITY FAILURE RATES FQB MEMORY
STORAGE STRUCTURE FGR%MAGNE%%C BUBBLE DEVICES IN FAILURES PER 10

HOURS.
NO. BITS NO. BITS
IN (10%) o Cso IN (10) o Cyp
66 -0020 .00028 1049 .0045 .00064
92 .0022 .00031 2097 .0055 .00079
131 .0024 .00035 4194 .0068 .00097
262" .0030 .00042 8389 .0084 .0012
524 .0036 .00052

Tabulated values are determined from the following equations:

} .3 ) 3
Cyp = 00007 (N,)*> & Cpy = .00001 (N,)

where:

N, = the number of bits and is < 9 (10)6.'

TABLE 5.1.2.10-3: mn, DUTY CYCLE FACTOR, FOR MAGNETIC BUBBLE DEVICES

o* | .0 .1 .2 .3 4 .5 .6 .7 .8 .9 1.0

Ty |10 .19 .28 .37 .46 .55 .64 .73 .82 .91 1.0

* - The tabulated values are determined from
7y = .90 + 0.1 for 0 <D<1.0

D is the device duty cycle and is application dependent. It is a function
of the usage the bubble device experiences during the time the power is
applied to the equipment using the device,

Average device data rate for the application
0= o<1,

manufacturer's maximum rated data-rate

where: the application data rate is averaged over the time that the power
is applied to the using equipment.

5.1.2.10-4
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TABLE 5.1.2.10-4, EEGIHRITE-DUTY CYCLE FACTOR FOR MAGNETIC BUBBLE

— CES. -

| 10 100 1000 >2154
1.0 10 5.0 2.5 1.3 1
.9 9.1 4.6 2.4 1.2 1
.8 8.2 4.2 2.2 1.2 1
.7 7.3 3.8 2.1 1.2 1
6 6.4 3.4 1.9 1.2 1
.5 5.5 3.0 1.8 1.1 ]
4 4.6 2.6 1.6 1.1 1
3 3.7 2.2 1.5 1.1 1
2 2.8 1.8 1.3 1 1
A 1.9 1.4 1.2 1 1
.05 1.5 1.2 1.1 1 1
<.03 1 1 1 1 1

Tabulated values are determined from the following equations:
my =( 0. ﬂ+ 1 for 1< R/M < 2154
) \(R/N)“‘ /
= 1 for R/W <1 and R/W > 2154
where:
R/W = no. of reads per write

(s e 5.1.2.10-3)
For seed-bubble generator use table value 1, whichever

is greater.
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5.1.2.10.3 Example Failure Rate Calculations.

Example One: Find the opgrating failure rate for a single chip 92K bit
magnetic bubble memory, 40“C. case temperature, ground benign environment.
The device has a 14-pin nonhermetic DIP enclosure with 10 pins connected, 1
major loop, 3 dissipative control elements (generate, replicate and
detector bridge), and 144 transfer gates. Device has been in continuous
production and 1is used at D = 1.0 and R/W = 10,

For control and detection structure, Section 5.1.2.10.1,
M= [?ccll“Tl“w * (NcCyy + Cp)me]mpm

Table 5.1.2.7-1 Quality level D-1, g = 20

Section 5.1.2.10.1 Ne = 1

Table 5.1,2.10-1 Ny = 1 major loop + 3 dissipative elements + 144 gates
= 148,
C-I-I = -007, Cz'l = -0003]

Table 5.1.2.7-12 T, =40 + 10 = 50°C., =

T = 1.1

Table 5.1.2.10-4 D=1, R/W = 10; my = 5
Table 5.1.2.7-16 Nonhermetic, 10 pins, C2 = 0034
Table 5.1.2.7-3 For GB, np = .38

Table 5.1.2.10-3 D=1, my =)

Table 5.1.2.7-2 mo= 1
A = 20@1)(.007)(1.1)(5] + [ (.00031) + .0034]
f QQQI’T\!?\ l
\Q\JUU\I,\I,

= 20 (.0385 + .0014)
.80 fai'Tures/lO6 hours.

5.1.2.10-6
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Ay = mNe(Cypmpp *+ Copmpdmy
Table 5.1.2.7-1 Quality level D-1, my = 20
Section 5.1.2.10.1 Ne =1
Table 5.1.2.10-2  No. of bits = 92,000,

Cqp = 0022, Cpp = 00031
Table 5.1.2.7-8 Ty =40 + 10 = 50°C., my, = .53

Table §.1.

(]

.7-3 For G,, e = .38

s

Table 5.1.2.7-2  m =1
Ay = (20)(1) [(.0022)(.53) + (.00031)(.38)] (1)
= 20 [001166 + .000117]
= .026 faﬂures/lo6 hours.

From Section 5,1.2.10,

Xp = A] + kz
= .80 + .026

= .83 failur‘es/]O6 hours.,

50112010-7
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Example Two: Find the operating failure rate for a single chip 1 megabit
magnetic bubble memory at 40°C. case temperature in a benign ground
environment. The device has 2 generators, 8 detector elements, 512
replicate/swap gates, 4 boot Toop gates and is contained in a nonhermetic
DIP with 19 pins connected. The applicationrequires 10 reads per write and
a data rate equal to the maximum rated value of 100kHz. The device uses a
seed generator and is in early production.
For control and detection structure, Section 5.1,2.10.1,

Moz mg [NeCummima t (ReCay + ) mg| mpm

Table 5.1.2.7-1 Quality level D-1, T - 20
Section 5.1.2.70.1 Ne = 1

Table 5.1.2.10-1

N 2 generators + 8 detector elements + 512 repli-
c;te/swap gates + 4 boot Toop gates = 526

Ciy = 012 Cyp = 00041
Table 5.1.2.7-12 Ty =40 + 10 = 50%C., w; = 1.}
Table 5.1.2.10-4 D = 100kHz./1Q00kHz. = 1, R/W = 10
L 5/4 = 1,25 for seed bubble generator.,
Table 5.1,2.7-16 Nonhermetic, 19 pins, C2 = 0075
Table 5.1.2.7-3 For Gg, g = .38

Table 5.1.2.10-3 D=1, m, = 1

D
Table 5.1.2.7-2 Early production, L 10

Ay = 20{[11)(.012)(1.1)(1.25i|+Kn(.ooozu) + .0075]
(.38} (1 (10)
20 (.0165 + .003) 10

1t

3.9 faﬂures/]O6 hours.

5.1.2.10-8
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For magnetic storage area, section 5.1.2.10.2,

Ay = mN(Cypmpp + Copmplm
Table 5.1.2.7-1 Quality level D-1, T < 20

Section 5.1.2.10.1 N = 1

10)3,

Table 5.1.2.10-2 No. of bits = 1049(

€y, = .0045, sz = .00064

12
Table 5.1.2.7-8 T, =40 + 10 = 50°C., 7y, = .53

Table 5.1.2.7-3 For GB, me = .38
Table 5.1.2.7-2 Early production, m = 10

A, = (20)(1) E}oo45)(.53) + (.00064)(.38? (10)

20 (.002385 + .000243)10

P

= 53 failures/
From Section 5.1.2.10,
A= + A
p A 2
3.9 + .53

4.4 failures/]O6 hours.

5.1.2.10-9
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ace Acoustic Wave (SAW) Devices. The part operating failure

rate model (khffis:

where:

B L. nB
lp = 2']“Q“E failures/10% hours.
e = environmental factor (Table §.1.2.11-1}
L 0.1 for high q8a1ity paBt, subjected to 10 temperature
cycles, (-557C to 125°C) with end point electrical

test
g = 1.0 commercial part

TABLE 5.1.2.11-1: ENVIRONMENTAL MOOE FACTOR

ENVIRON- e ENVIRON- e
MENT MENT
6 1.0 Al 13.0
By 1.4 At 10.0
6 3.9 Ap 15.0
Gy 1.0 Ayc 13.0
My 10.0 Ayt 10.0
Nog 5.0 Aug 20.0
N 8.5 Ay 15.0
NU 6.0 I-\UF 20.0
Ny 16.0 S 1.6
Nyy 17.0 Mce 11.0
Aoy 23.0 Mea 15.0
Arc 7.5 Ug,. 31.0
Arr 7.5 M 35.0
C, 600.0

5.1.2.11-1
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5.1.3 Discrete Semiconductors. The semiconductor transistor and diode
sections present the failure rates on the basis of ambient or case tempera-
ture and includes the effect of various quality grades and adjustment factors
on the failure rate. An analytical model of the failure rate is also
presented.

The applicable MIL specification for transistors and diodes is MIL-S-19500.
The quality levels (JAN, JANTX, JANTXV) are as defined in MIL-5-19500.

The general failure rate model for transistors and diodes is:

xp = A (“E X Mp X g X o X Tgy X wC) fai]ures/106 hours

where the varijous factors are defined in Section 5.1.1.

The various types of semiconductors require different failure rate models
that vary to some degree from the basic model. The semiconductor generic
groups are shown in Table 5.1.3-1. The specific failure rate model and the w
factor values for each group are shown in the section dealing with that
group.

TABLE .5.1.3.-1 DISCRETE SEMICONDUCTOR GENERIC GROUPS
Part Type Group
A. Transistors
Silicon NPN Germanium PNP I
Silicon PNP Germanium NPN
Field Effect 1ransistors I

Unijunction II1

B. Diodes and Rectifiers

Silicon (General) . Germanium {General) IV
Voltage Regulator (Zener, Avalanche} v
Voltage Reference (Temp. Comp., Zener, Avalanche)

Thyristors (Silicon Control Rectifiers) Vi

C. Microwave Semiconductors and Special Devices

Detectors Mixers VII
Varactors, IMPATT, GUNN, Step Recovery, Tunnel, PIN VIII
Microwave Transistors IX
D. Opto-Electronic Devices X
E. Semiconductor Laser Devices XI

5.1.3-1
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The equation for the base failure rate, xb, is:

A, = A
where:
woas(onm o\ (273 Ak (AT)S\P
CEERENTOH Ty /

A s a failure rate-scaling factor.
e is the naturai logarithm base, 2.718.
NT’ M and P are shaping parameters.

T is the operating temperature in degrees C, ambient or case, as
applicable (see Section 5.1.3.11 for instructions)

AT is the difference between typical maximum allowable temperature with
no junction current or power {total derating) and the typical maxi-
mim allawahla tamnaratiuva with f1111 ratad iunctinan curvant Aar nowar
FINRATID WA 1 § WIFT WM 7 A MLIIIPCI VGl W VI W T T W dull\-&lvll wldl § il W1 'IU"\—I -

S is the stress ratio of operating electrical stress to rated elec-
trical stress (see Section 5.1.3.11 for S calculation).

The values for the constant parameters are shown in Table 5.1.3-2. The
resulting base failure rates as functions of temperature and electrical
stress are shown in tables for each part type in Sections 5.1.3.1 through
5.1.3.8. These tables are based on the typical maximum junction temperatures
(fuly derated) of 100 degrees C for germanium (70 degrees C for microwave
types), and 175 degrees C for silticon {150 degrees L for microwave types)
devices as well as a value of 25 degrees C for the maximum temperature at
which full rated operation is permitted. If device temperature ratings are
different from these values, see Section 5.1.3.11 for S and T corrections to

. .
compensate -for these differences. The values of AT for the device types

stated above remain constant regardless of the values of TS and TMAX'

The base failure rate tables contain failure rates up to full rated condi-
tions. If a particular operating condition of S and T is high enough to fall
into a biank portion of the table, the device is over-stressed and should not
be used.

5.1.3-2
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. TABLE 5.1.3-2: DISCRETE SEMICONDUCTOR BASE FAILURE RATE PARAMETERS
AnConstants
Group Part Type A Ny TM P AT
Transistors
Si, NPN 0.0189 -1052 448 10.5 | 150
Si, PNP 0.0648 -1324 448 14.2 }150
I
Ge, PNP 6.5 -2142 373 20.81 75
Ge, NPN 21 -2221 373 18 75
I1 FET 0.52 -1162 448 13.8 1150
111 Unijunction 3.12 -1779 448 13.8 {150
Diodes
Si, Gen. Purp. 0.172 -2138 448 17.7 {150
IV _ _ |
Ge, Gen. Purp. 126 -3568 373 22,5 1 /%
v Zener /Avalanche 0.0068  -800 448 14 150
vl Thyristors 0.82 -2050 448 9.6 |15
Microwave
A Y © an 17 ana 1e £ b oas
. Ge, Detectors 0.33 -477 343 15.6 | 45
Si, Detectors 0.14 -392 423 16.6 |125
VII Si, Schottky Det.| 0.005 -392 423 16.6 |125
Ge, Mixers 0.56 -477 343 15.6 | 45
Si, Mixers 0.19 -394 423 15.6 |125
Varactor, PIN,
VIII Step Recovery & 0.93 -1164 448 13.8 |150
Tunnel
IMPATT, Gunn See Section 5.1.3.8
Transistors Microwave See Section 5.1.3.9
IX
Opto-Electronic | LED's, Isolators See Section 5.1.3.10
X and Displays
A1GaAs DH Stripe
X1 GaAs SH Stripe See Section 5.1.3.11
InGaAs/InGaASP
DH Stripe

5.1.3-3



Downloaded from http://Awww.everyspec.com
MIL-HOBK-217E
DISCRETE SEMICONDUCTORS
CONVENTIONAL TRANSISTORS

5.1.3.1 Transistors, Group I

SPECIFICATION STYLE DESCRIPTION
MIL-S-19500 Si, NPN

Si, PNP

Ge, PNP

Ge, NPN

Part operating failure rate model (kp):

lp =Xy ("E X Ty X ™ X Mp X Mgy X nc) fai]ures/lO6 hours

where the factors are shown in Tables 5.1.3.1-1 through 5.1.3.1-10.

TABLE 5.1.3.1-1: GROUP I TRANSISTORS ENVIRONMENTAL MODE FACTORS

ENV IRONMENT e ENVIRONMENT e
6 1 A 35
By 1.6 ALy 20
Ge 5.8 - 40
My 12 Ayt 25
Nop Aug 60
NS y.8 HUA 3o
N 21 A 65
N 19 S 4
N a0y M 19
I‘UU fAav, 3 |FF 1&
A 27 Mea 17
Arc 9.5 U, 36
A 15 M 4

C, 690

5.1.3.1-1
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TABLE 5.1.3.1-2: m, FOR GROUP [ TRANSISTORS

Application Ta
Linear 1.5
Switch 0.7
Si, low noise 15.0
r.f., <IW.

TABLE 5,1.3.1-3 HQ FOR GROUP T TRANSISTORS
Quality Level nQ
JANT XV 0.12
JANTX 0,24
JAN 1.2
Lower* 6.0
Plastic** 12,0

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.

TABLE 5.1.3.1-4: mp FOR GROUP I TRANSISTORS

Power Rating Mo
(watts)

] i

1 to 5

5 to 20
20 to 50
50 to 200

Vv V vV VA
NN —

[} » -
oo wT

5&].3-]‘2
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TABLE 5.1.3.1-5: LIy FOR GROUP I TRANSISTORS

Voltage Stress, S, . Applied (Ver) | 100

»

S2 (percent)

=S
v
3]

« s s »
wwuw-n-oxoor\)%r\:o

.
(]

OO0 OO O 2 MW

OOoOOoOMm oo o

0_]4(]0)(.0133)5

. Mgy = 0.3 for 52 < 25

TABLE 5.1.3.1-6: e FOR GROUP I TRANSISTORS

2 for 52_3 25

Complexity (1) e

Single Transistor
Dual (Unmatched)
Dual {Matched)
Darlington

Dual Emitter
MultipTe Emitter
Complementary Pair

O —d et O = D =
SN DN O

(1 Each transistor in a case must be treated individually for com-
plexity factor. Its failure rate, A, modified by other w factors
and then multiplied by this complexity factor. If only one tran-

sistor of a pair is used, treat as an independent item with e =
1.0.

5.1.3.1-3
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CONVENTIONAL TRANSISTORS

TABLE 5.1.3.1-7:  MIL-S-19500 TRANSISTORS, GRQUP I, SILICON, NPN BASE FAILURE
RATE, A, IN FAILURES PER 106 HOURS

TEMP POWER STRESS

(°cyt .2 .3 .4 .5 .6 7 .8 .9 1.0

0 .00049 .00060 .00071 .00084 .00099 .0012 .0014 .0017 .0021  .0027

10 |} .00056 .00067 .00079 .00093. ,0011 .0013 .0016 .0019- .0025  .0034

20 | .00063 .00075 .00089 .0010 .0012 .0015 .0018- .0023 .0030 .0043

30 | .00071 .00084 .00099 .0012 .0014 .0017 .0021 .0027 .0038

40 | .00079 .00093 .0011 .0013 .0016 .0019 .0025 .0034  .0049

50 | .00089 .0010 .0012 .0015 .0018 .0023 .0030 .0043

60 | .00099 .0012 .0014 .0017 .0021 .0027 . .0038

70 | .0011 .0013 .0016 .0019 .0025 .0034  .0049

80 | .0012 .0015 .0018 .0023 ,0030 .0043

90 | .0014 .0017 .0021 .0027 .0038

100 | .0016 .0019 .0025 .0034 .0049

110 | .0018 .0023 .0030 .0043

120 | .0021 .0027 .0038

130 | .0025 .0034 .0049

140 1.0030 0043

150 | .0038

160 | .0049

5.1.3.1-4
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MIL-HDBK-217E

MIL-S-19500 TRANSISTORS, GROUP I, SILICON, PNP BASE FAILURE

RATE, A, IN FAILURES PER 100 HOURS
TEMP POWER STRESS
(%) | . .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .00065 .00082 .0010 .0012 .0015 .0018 .0021 .0026 .0033  .0044
10 |.00076 .00095 .0012 .0014 .0017 .0020 .0024 .0030 .0040  .0056
20 |.00088 .0011 .0013 .0016 .0019 .0023 .0028 .0036 .0050  .0077
30 §{.0070 .0012 .0015 .0018 .0021 .0026 .0033 .0044  .0065
40 ].0012 .0014 .0017 .0020 .0024 .0030 .0040 .0056  .0092
s0 ].0013 .0016 .0019 .0023 .0028 .0036 .0050 .0077
60 }.0015 .0018 .0021 .0026 .0033 .0044  .0065
70 }.0077 .0020 .0024 .0030 .0040 .0056  .0092
80 }.0019 .0023 .0028 .0036 .0050 .0077
90 }.0021 .0026 .0033 .0044  .0065
100 }.0024 .0030 .0040 .0056 .0092
110 }.0028 .0036 .0050 .0077
120 {.0033 .0044 .0065
130 |.0040 .0056 .0092
140 |[.0050 .0077
150 | .0065
160 [ .0092

5.1.3.1-5
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TABLE 5.1.3.1-9: MIL-5-19500 TRANSISTORS, GRQUP I, GERMANIUM, PNP BASE FAILURE
RATE, Ay IN FAILURES PER 10° HOURS

TEMP POWER STRESS
(%)l 1 .2 3 .4 .5 .6 .7 .8 .9 1.0
0 .0031 ,0038 .0047 .0056 .0067 .0080 .0096 .011  .014  .017

10 .0041  .0050 .0060 .0071 .0085 .010 012 .015 .019 025
20 | .0053 .0063 .0075 .0090 .011 - .013 .016 021 .028 041
30 .0067 .0080 .0096 .0MN .014 .017 .023 .031 .048

40 .0085 ,010 012 .015 .019 .025 .036 .057

50 0N 013 .016 021 .028 .041

60 014 .017 .023 033 .048

.019 .025 .036 .057

80 .028 .047

90 .048

TABLE 5.1.3.1-10:  MIL-5-19500 TRANSISTORS, GROUP I, GERMANIUM, NPN BASE FAILURE
RATE, A, IN FAILURES PER 106 HOURS

TEMP POWER STRESS

(Ocy i 1 2. 3 4 5 6 7 .8 g 1.0

0 .0077  .0095 .012 .014 .017 .020 .025 .030 .037 .046

10 .00 .01 015 018 022 026 032 040 .051 067

20 |.013 .06 .019  .023  .028 .034  .043  .055  .075 .11
30 |.017 .020 .025 .030 .037 .046  .061  .084 .13

a0 | .022 .026 .032 .040 .051 .067 .095 .15

50 | .028 .03  .083 055  .075 .11

60 |.037 .046 .061 .084 .13

70 |.0s1  .067 .05 .15

g0 |.o7s .m

90 .13

5.1.3.1-6
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C ) FET

5.1.3.2 Transistors, Group II
SPECIFICATION STYLE DESCRIPTION
MIL-5-19500 Silicon Field Effect

Transistors, Gallium
Arsenide FET

Part operating failure rate model (Ap):
F~
Ap = Ay (mp x my X mq X wc) failures/10" hours
where the factors are shown in Tables 5.1.3.2-1 through 5.1.3.2-5.

TABLE 5.1.3.2-1: GROUP II TRANSISTORS ENVIRONMENTAL MODE FACTORS

ENV IRONMENT - ENVIRONMENT me
G 1 , A 35
B 1.4 ALq 30
G 4.0 - 40

. Gy 18 Ay 10
My 12 AT 15
Nsg Aus 55
N 8.6 A 50

s UA

Ny 2 A 65

Ny 19 S 0.6

My 20 Me 12

Aoy 27 Mg 17

Al 7.5 U, 36

Aty 9 M, 41
° 690

5.1.3.2-1
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Application LFY

Silicon
Linear 1.5
Switch 0.7
High Frequency 5.0
(>400 HMz & aver
power <300 mW)

GaAs
Low Noise 0
Driver (<100 mW) { 50.

TABLE 5.1.3.2-3: % FOR GROUP II TRANSISTORS

Complexity e

Single Device 1.0
Dual Unmatched 0.7
Bual Matched 1.2
Dual Complementary ] 0.7
Tetrode 1.1

TABLE 5.1.3.2-4: L) FOR GROUP II TRANSISTORS

Quality Level q
Silicon
JANT XV 0.12
JANT X 0.24
JAN 1.2
Lower* 6.0
Plastic** 12.0
GaAs**+* .24

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.
***Must be burned-in for 168 hours at 125°C case temperature.

5.1.3.2-2
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TABLE 5.1.3.2-5: MIL-S-19500 TRANSISTORS, GROUP II, FET BASE FAILURE RATE, A , IN
FAILURES PER 106 HOURS

TEMP POWER STRESS .
(%) | .1 2.3 .4 .5 .6 .7 .8 .9 1.0
0 .0092 .01l .014  .016  .019  .022  .026  .032  .040  .052

10 0N .013 015 .018 .021 .025 .030 .037 .047 .066
20 012 .014 .017 .020 .024 .028 .034 .043 .059 .089
30 .014 016 .019 .022 .026 .032 .040 .052 .076

40 .015 .018 021 .025 .030 .037 .047 .066 L1

50 017 .020 .024 .028 .034 .043 .059 .089

60 .019 022 .026 .032 .040 052 .076

70 021 .025 .030 .037 .047 .066 .11

80 .024 .028 .034 .043 .059 .089

90 .026 .032 .040 .052 .076

100 .030 .037 .047 .066 .1

110 |.034 .043 .059 .089

120 }.040 .052 .076

130 {.047 066 ny

140 |.059 .089

150 1.076

160 |.11

5.1.3.2-3
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. UNIJUNCTION

5.1.3.3 Transistors, Group III

SPECIFICATION STYLE DESCRIPTION

MIL-S-19500 Unijunction

Part operating failure rate model (Ap):
A= Kb X Mg X q faﬂures/]o6 hours

p
where the factors are shown in Tables 5.1.3.3-1 through 5.1.3.3-3.

TABLE 5.1.3.3-1:

GROUP II TRANSISTORS ENVIRONMENTAL MODE FACTORS

ENVIRONMENT e ENVIRONMENT e

6 ) A 35

By 1.4 Arp 20

6 4 Arp 20

By 18 Ay 15

A Mp 12 Ayt 25
W Nsg 9.3 A 60
Ng 9.3 A 35

Ny 21 Aye 65

Ny 19 ¢ ]

Ny 20 Mep 12

Ary 27 M 17

Arc 9.5 Ug, 36

Arr 15 M, 41

c, 690

5.1.3.3-1
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TABLE 5.1.3.3-2: my FOR GROUP IIT TRANSISTORS

Quality Level L
JANT XV 0.5
JANTY 1.0
JAN 5.0
Lower* 25.0}
Plastic** 50.0

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.

TABLE 5.7.3.3-3:  MIL-5-19500 TRANSISTORS, GRQUP III, UNIJUNCTION BASE FAILURE
RATE, A, IN FAILURES PER 109 HOURS

TEMP POWER STRESS

(%¢) .1 .2 3 4 .5 6 7 .8 .9 1.0

0 .0065 .0088 .012 105  .019 025 0 060  .052  .073

10 | .0080 .01 014 018 023 629 037 048 065 096

20 | .0097 .013 016 021 027 034 043  .058  .083 .13

30 | .02 .015 019 025  .031 040 052  .073 .1

a0 | .014 018 0232 029 037 .048 065  .096 16

50 | .016 .02} 027 034  .043 058 083 3

60 | .019  .025 031 040  .052 073 ik

70 | .023  .029 037 048  .065 096 16

80 | .027  .034 043  .058 083 13

9 | .031  .040 052  .073 1k

100 | .037  .048 065  .096 16

110 | .083  .058  .083 13

120 .052 .073 L1

130 .065 .096 .16

140 | .083 .13

150 | .M

160 | .16

5.1.3.3-2
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DIODES, GENERAL PURPOSE

5.1.3.4 Diodes, Group IV

SPECIFICATION STYLE DESCRIPTION

MIL -S-19500 Silicon, General Purpose
Germanium, General Purpose

Part operating failure rate model (Ap):

kp = X, ("E X Ty X Tp X g X Tey X “C) failures/lo6 hours

where the factors are shown in Tables 5.1.3.4-1 through 5.1.3.4-8.
TABLE 5.1.3.4-1: GROUP IV TRANSISTORS ENVIRONMENTAL MODE FACTORS

ENVIRONMENT e ENVIRONMENT T
6y 1 Alp 30
By 1.4 Ap 25
6 3.9 Alr 35
Gy 18 Alc 25
My 12 Agr 30
Nep 4.8 Aus 50
N 4.8 Aua 40
Ny 21 Aue 50
Ny 19 S 1
Ny 20 Mep 12
Ary 27 M 17
Are 15 Uy, 36
Arr 20 M, 41

c, 690

5.1.3.4-1
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TABLE 5.1.3.4-2: L FOR GROUP IV DIQDES

Quality Level nQ

JANTXV 0.15
JANT X 0.3
JAN 1.5
Lower* 7.5
Plastic** 15.0

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.

TABLE 5.1.3.4-3: L FOR GROUP 1V DIODES

Current Rating L™
(amps)

< ] 1
> 1to3 1.5
>3 to 10 2.0
> 10 to 20 4.0
> 20 to 50 10.0

TABLE 5.1.3.4-4: my FOR GROUP IV DIODES

Application m

A
Analog Circuits (<500 ma) 1.0
Switching (<500 ma) 0.6
Power Rectifier (> 500 ma) 1.5
Power Rectifier (HV stacks) 2.5
V max >600

.5/3unction

5.1.3.4-2
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. DIODES, GENERAL PURPOSE

TABLE 5.1.3.4-5: mc, FOR GROUP TV DIODES

Voltage Stress, S, _ Applied (Vp) x 100

Rated (VR)
VR = diode reverse voltage
S
2 (Percent) sy
0 to 60 0.70
>60 to 70 0.75
>70 to 80 0.80
>80 to 90 0.90
>90 to 100 1.0

TABLE 5.7.3.4-6: e CONSTRUCTION FACTOR

Contact Construction e

Metallurgically Bonded 1
A Non-metallurgically Bonded 2
' (spring loaded contacts)

5.1.3.4-3
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DIODES, GENERAL PURPOSE ‘
TABLE 5.1.3.4-7:  MIL-S-19500 DIODES, GROUP IV, SILICON BASE FAILURE RATE, X, IN
FAILURES PER 100 HOURS
TEMP ‘ CURRENT STRESS
(°c)[ .1 .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .00010 .00015 .00021 .00028 .00037 .00049 .00063 .00082 .0011  .0016

10 .00013 .00019 .00025 .00034 .Q0045 .00058 .00075 .0010 .O0D14  .0021
20 .00017 .00023 .00031 .00041 .00053 .00069 .00090 .0012 .0018 .0031
30 .00021 .00028 .00037 .00049 .00063 .00082 .0011 .0016 .0026

40 .00025 .00034 .00045 .,00058 .00075 .0010 .0014 ,0021 .0040

50 .00031 .00041 .00053 .00069 .00090 .0012 .0D18  .0031

60 .00037 .0004¢ .00063 .00082 .0011 .0016 .0026

70 .00045 .00058 .00075 .0010 .0014 ,0021 .0040

80 .00053 .00069 .00090 .0012 .0018 .0031

90 .00063 .00082 .0011 .0016  .0026

100 § .00075 .0010 .0014 .0021  .0040

110 | .0009%0 ,0012 .0018 .003)

120 | .0011 .0016  .0026

130 § .0014  .00271 .0040

140 | .0018 .0031

150 | .0026

160 | .0040

5.1.3.4-4
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TABLE 5.1.3.4-8: MIL-S-19500 DIODES, GROUP IV, GERMANIUM BASE FAILURE RATE, Aps

IN FAILURES PER 10° HOURS

CURRENT STRESS

TEMP
(°c)t

0 .00038
10 | .00059
20 | .00089
30 | .0013
40 | .0019
50 | .0028
60 | .0040
70 | .0061
80 | .010
9 | .020

.2 3 4 .5 .6 g .8 .9 1.0

.00053 .00072 .00098 .0013 .0017 .0023 .0030 .0040 .0055
.00080 .0011 .0014 .0079 .0025 .0033 .0045 .0061  .0088
.0012 .0016 .0021 .0028 .0037 .0049 .0069 .010 .016
.0017 .0023 .,0030 .0040 .0055 .0077 .012 .020

.0025 .0033 .0045 .0061 .0088 .014 .024

.0037 .0049% ,0069 .010 .016

.0055 .0077 .012 .020

.0088 .014 .024

fat Ny

LUID

5.1.3.4-5
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DISCRETE SEMICONDUCTORS
ZENER AND AVALANCHE DIODES
5.1.3.5 Diodes, Group V

SPECIFICATION STYLE DESCRIPTION
MIL -STD-19500 Voltage Regulator and Voltage
Reference ?Ava1anche and ZENER)

Part operating failure rate model (Ap):

Ap = lb ("E X Ty X wQ) faﬂures/lo6 hours

For kb see pages 5.1.3-2 and 5.1.3-3. The other factors are shown in Tables
5.1.375-1 through 5.1.3.5-4,

TABLE 5.1.3.5-1: GROUP V DIODES ENVIRONMENTAL MODE FACTORS

ENVIRONMENT me ENVIRONMENT M
g 1 Amg 45
By 1.4 Al 25
6 3.9 At 45
Gy 18 Auc 7.5
Mo 12 Ayr 10
Neg 5.8 Aug 70
Ng 8. Ay 40
Ny 21 A 70
N, 19 S¢ 1
Ny 20 Meg 12
Aoy 27 Men 17
AL 4.5 U, 36
At 6 M M

c, 690

5.1.3.5-1
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
ZENER AND AVALANCHE DIODES

TABLE 5.1.3.5-2: T FOR GROUP V DIODES

Application Ly

Voltage Regulator 1.0
Yoltage Reference 1.5
{(Temp Compensated)

TABLE 5.1.3.5-3: M FOR GROUP V DIODES

Quality Level ™

JANT XY 0.3
JANT X 0.6
JAN 3.0
Lowar* 15.0
Plast ic** 30.0

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.

5-]-3-5-2
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MIL-HOBK-217E
DISCRETE SEMICONDUCTORS
ZENER AND AVALANCHE DIODES

TABLE 5.1.3.5-4:  MIL-5-19500 ZENFR DIODES, GROUP V, BASE FAILURE RATE, A,, IN
FAILURES PER 10° HOURS b

TEMP POWER STRESS

oyl .2 .3 A .5 .6 .7 .8 .9 1.0

0 .00042 .00049 .00055 .00063 .00070 .00079 .00090 .0010 .0013 .0016

10 | .00047 .00053 .00060 .00068 .00076 .00086 .00099 .0012 .0015  .0020

20 |.00051 .00058 .00065 .00073 .00082 .00094 .0011 .0013 .0018  .0026

30 |.00055 .00063 .00070 .00079 .00090 .0010 .0013 .0016  .0023

40 | .00060 .00068 .00076 .00086 .00099 .0012 .0015 .0020  .0031

50 |.00065 .00073 .00082 .00094 .0011 .0013 .0018  .0026

60 |.00070 .00079 .00090 .0010 .0013 .0016  .0023

70 |.00076 .00086 .00099 .0012 .0015 .0020 .0031

80 |.00082 .00094 .0011 .0013 .0018 .0026

90 {.00090 .0010 .0013 .0016 .0023

100 |.00099 .0012 .0015 .0020 .0031

170 1.0011  .0013  .0018  .0026

120 |.0013 .0016 .0023

130 |.0015 .0020 .003]

140 1.0018  .0026

150 |.0023

160 |.0031

5.1.3.5-3
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS

THYRISTOR
5.1.3.6 Diodes, Group VI
SPECIFICATION STYLE DESCRIPTION
MIL-5-19500 Thyristors

Silicon Control Rectifier

Part oprating failure rate model (lp):
Ap = Ay X T X TE X TR fai]ures/106 hours
where the factors are shown in Tables 5.1.3.6-1 through 5.1.3.6-4.

TABLE 5.1.3.6-1: GROUP VI DIODES ENVIRONMENTAL MODE FACTORS

ENVIRONMENT g ENVIRONMENT T
GB 1 AIB 35
Gys 1.4 AIA 20
Gp 3.9 AIF 40
Gy 18 Auc 15
Mo 12 Ayt 25
Nep 5.8 AUB 60
Ng 8.7 Aua 35
NU 21 Aue 65
Ny 19 Sk 1
NUU 20 Mer 12
Any 27 Mep 17
AIC 9.5 Ug, 36
Art 15 M 41

C, 690




Downloaded from http://www.everyspec.com

MIL-HDBK-217E
DISCRETE SEMICONDUCTORS

THYRISTOR ‘

TABLE 5.1.3.6-2: i FOR GROUP VI DIODES

Quality Level ™
!
f
/ JANTXV 0.5
JANTX 1.0
f JAN 5.0
j Lower® 25.0
] Plastic** 50.0

*Hermetic packaged devices.
**Devices sealed or encapsulated with organic materials.

TABLE 5.1.3.6-3: my FOR GROUP VI THYRISTORS

Rated Average

Forward Anode Current AR
(amps)

<1 1

>1tobh 3

>5 to 25 10

> 25 to 50 15

- m oa e o
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
THYRISTOR

TABLE 5.1.3.6-4: MIL-5-19500 DIODES, GROUP VI,

THYRISTORS BASE FAILURE RATE, Ay
IN FAILURES PER 106 HOURS

TEMP POWER STRESS
(°c)[ 1 2 3 .4 .5 .6 .7 .8 .9 1.0
0 .00067 .00097 .0013 .0018 .0025 .0033 .0044 .0059 .0081 .01l
10 | .o0086 .0012 .0017 .0022 .0030 .0040 .0054 .0073 .010  .075
20 | .0011 .0015 .0020 .0027 .0036 .0048 .0066 .0091 .013  .020
30 | .0013 .0018 .0025 .0033 .0044 .0059 .0081 .0M1  .017

40 | .0017 .0022 .0030 .0040 .0054 .0073 .010  .015  .023

50 | .0020 .0027 .0036 .0048 .0066 .0091 .013  .020

60 | .0025 .0033 .0044 .0059 .0081 .011  .,017

70 }.0030 .0040 .0054 .0073 .00  .015  .023

80 | .0036 .0048 .0066 .0091 .013  .020

90 | .0044 .0059 .0081 .011  .017

100 |.o054 .0073 .010 .015  .023

110 f.0066 .0091 .013  .020

120 |.0081 .01 .017

130 |.010 .015  .023

140 {.013  .020

150 | .017

160 | .023

5.1.3.6-3
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MIL -HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE DIODES

5.1.3.7 Diodes, Group VII
SPECIFICATION STYLE DESCRIPTION

MIL-S-19500 Microwave Detectors and Mixers,
Silicon and Germanium
Silicon Schottky Detectors

Part operating failure rate model (Ap):
Ay = Ap X T X T failures/10% hours
where the factors are shown in Tables 5.1.3.7-1 through 5.1.3.7-7.

TABLE 5.1.3.7-1: GROUP VII DIODES ENVIRONMENTAL MODE FACTORS

ENVIRONMENT e ENVIRONMENT e
6 1 Arg 65
Byys 1.7 Ara 50
G 6.4 A 70
Gy 31 Al 50
My 35 At 60
Nog 8 Aug 105
Ng 1 Aua 80

33 Aur 110

Ny 54 S¢ 1
Ny 58 Mg 3%
Aoy 78 Mca 50
Arc 30 Ug, 110
Ay 40 M, 120
o 2,000

5.1.3.7-1
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MIL-HOBK-217E

DISCRETE SEMICONDUCTORS

MICROWAVE DIQDES

TABLE 5.1.3.7-2: wo FOR GROWP VII DIODES

Quality Level mq

JANT XV 1.0
JANTX 2.0
JAN 3.5
Lower* 5.0

*Hermetic packaged devices.

5.1.3.7-2
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE DIODES

TABLE 5.1.3.7-3 MIL-S-19500 DIODES, GROUP VII, SILICON MICROWAVE DETECTORS BASE
FAILURE RATE, A, IN FAILURES PER 1 105 HOURS

TEMP POWER STRESS

(°0)f 1 2 .3 .4 .5 .6 .7 .8 .9 1.0

0 .036 .038 .040  .042  .044  .047  .051  .055  .063  .075

10 .037 .039 .042 .044 .047 .050 054 .061 .072 .093
20 .039 .041 .043 .046 .049 .053 .059 .069 .087 .12
20 041 .043 .045 .048 .052 .058 .067 .083 .1

40 .043 .045 .048 .051 .057 .065 .079 .1

50 .044 .047 .051 .055 .063 .375 .099 .15

60 .047 .050 .054 .061 .072 .093 .14

70 - 1 .049 .053 .059 .069 .087 12

80 .052 .058 .067 .083 1

90 .057 .065 .079 L1

100 | .063 .075 .099 .15

100 | .072 .093 .14

120 § .087 .12

130 | .11

TABLE 5.1.3.7-4: MIL-S-19500 DIODES, GROUP VII, GERMANIUM MICROWAVE DETECTORS
BASE FAILURE RATE, A, IN FAILURES PER 108 HOURS

TEMP ' POWER STRESS

ot .2 3 4 .5 .6 .7 .8 .9 1.0

0 .061 .064 .066 .069  .072 .076 .08  .086  .092 .10

10 [.o67 .070 .073 .077 .082  .,087 .0%4 .10 .11 .13

20 |.074 .078 .083 .088  .095 .10 12 .13 15 .18

30 f.084 .090 .097 .M 12 .13 .16 .19

40 1.099 .1 12 .14 .16 .19

50 13 .14 g7 20

60 | .17 .21 _

5.1.3.7-3
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MIL -HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE DIODES

TABLE 5.1,3.7-5: MIL-5-19500 DIODES, .GROUP VII, SILICON MICROWAVE MIXERS BASE
FAILURE RATE, Ay» IN FAILURES PER 10® HOURS

TEMP| POWER STRESS

&9 I .2 .3 .4 .5 .6 .7 .8 .9 1.0

0 . |.048 .051 .05  .057 .060 .064 .069 .076 .08 .10

10 |.050 .053 .056 .060 .063  .068 .074  .084 .10 .13

20 | .053 .05 .059  .063  .067  .073  .082 .09 .12 7

30 |.055 .0s8  .062  .066  .072  .080  .092 .11 .16

40 | .058 .061  .065 .070  .078  .089 .17 .15

50 {.060 .064 .069 .076 .086 .10 .14 .20

60 }.063 .068  .074 .08 .10 .13 .19

70 |.067 ,073 .08  .096 .12 a7

80 }.072 .080 .092 .M .16

90 |.078 .089 .n .15

100 | .08 .10 .14 .20

10 { .10 .13 .19

120 .12 17 "Ii’

130 { .16

TABLE 5.1.3.7-6: MIL-S-19500 DIODES, GROUP VII, GERMANIUM MICROWAVE MIXERS BASE
FAILURE RATE, X, IN FAILURES PER 10° HOURS

TEMP POWER STRESS

(%) [ .2 .3 4 .5 .6 .7 .8 .9 1.0

0 .10 1 1 12 12 .13 .14 .15 .16 17

0 .11, .2 A2 13 14 .15 .16 17 90 22

20 .13 .13 .14 .15 .16 .18 .20 .22 .26 .30

30 {.14 .15 7 .18 .20 .23 .26 .32

40 |.17 .18 .21 .24 .27 .33

50 |.21 .24 .28 .34

60 .30 .36

5-1.3.7-4
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE DIODES

TABLE 5.1.3.7-7:  MIL-5-19500 DIODES, GROUP VII, SILICON SCHOTTKY DIODE DETECTORS
BASE FAILURE RATE, A, IN FAILURES PER 106 HOURS

TEMP POWER STRESS

(°cyt .1 .2 .3 A .5 .6 7 .8 .9 1.0

0 .0013 .0013 .0014 .0015 .0016 ,0017 .0018 .0020 .0022 .0027

0 |.0013 .o014 .0015 .0016 .0017 .0018 .0019 .0022 .0026  .0033

20 |.0014 0015 .00'6 .0076 .0018 .0019 .0021 .0025 .0031 .0044

30 }.o015 .0015 .0016 .0017 .0019 .0021 .0024 .0030  .0041

40 |.0015 .0016 .0017 .0018 .0020 .0023 .0028  .0038

50 |.0016 .0017 .0018 .0020 .0022 .0027 .0035 ° .0054

60 |.0017 .0018 .0019 .0022 .0026 .0033  .0049

70 |.0018 .0019 .0021 .0025 .0031  .0044

80 |.0019 .002) .0024 .0030 .0041

90 J.0020 .0023 .0028 .0038

100 }.0022 .0027 .0035 .0054

110 |.0026 .0033 .0049

120 |.0031  .0044

130 1.0041

5.1.3.7-%
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MIL-HDBK-217E
DISCRETEE SEMICONDUCTORS
VARACTOR, STEP RECOVERY, TUNNEL

5.1.3.8 Diodesg, Group VIII
SPECIFICATION STYLE DESCRIPTION
MIL-5-19500 Varactor, PIN, IMPATT

Step Recovery, Tunnel & Gunn
Part operating failure rate model (Ap):
A, = AL x M X Ty X TR X 1y faﬂures/lO6 hours
P [ ¥} [ n m

where: A, = 0.5 for IMPATT, 0.6 for Gunn, Table 5.1.3.8-5 for others and
remaining factors are in Tables 5.1.3.8-1 through 5.1.3.8-4,

TABLE 5.1.3.8-1: GROUP VIII DIODES ENVIRONMENTAL MODE FACTORS

ENVIRONMENT T ENVIRONMENT -
% 1 Als 45
s 1.4 Al 25
6 3.9 A 45
~ 10 f 70
""M 10 nUC 7.5
My 12 Agt 10
Nsp 5.8 Aug 70
Ng 8.7 Aua 40
Ny 21 A 70
Ny 19 S 1
NI"l 20 MI'L' ]2

uu re
Ao 27 Men 17
Arc 4.5 Ug, 36
Ay 6.5 M, 41
, 690

5.1.3.8-1




Downloaded from http://www.everyspec.com

MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
VARACTOR, STEP RECOVERY, TUNNEL
TABLE 5.1.3.8-2: g FOR GROUP VIII DIGQOES

Quality Level ™

GUNN & IMPATT 1.0
A1l other diodes
JANTXV 0
JANTX 1
JAN 5.
Lower* 25

.

coowm

*Hermetic packaged devices.

TABLE 5.1.3.8-3: my POWER RATING FACTOR

Power Rating o
PIN Diodes

< 10W 0.5
> 10W to 100W *1.3
> 100W to 1000M *2.0
> TO00W to 3000W |*2.4
A1l other Diodes 1.0

*mo = .326(1n P) - .25 for 10 < P < 3000M.

TABLE 5.1.3.8-4: m, APPLICATION FACTOR

APPLICATION T
Varactors
Yoltage Control | 0.5
Multiplier 2.5
A1l other Diodes 1.0

5.1.3.8-2
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
VARACTOR, STEP RECOVERY, TUNNEL

MIL-S-19500 DIODES, GROUP VIII VARACTORS, STEP RECOVERY, PIN &

TABLE 5.1.3.8-5:
TUNNEL BASE FAILURE RATE, A, , IN FAILURES PER 106 HOURS

bs
TEMPY POWER STRESS
(°c)] .2 .3 .4 .5 .6 7 .8 .9 1.0
0 .016 .020 .024  .029 .034  .040  .047  .057  .071  .094
10 | .019 .023 .027 .032 .038  .045  .053  .066  .085 .12
20 | .022  .026  .031  .036  .042  .050  .06T  .077 .10 .16
30 | .024 .029 .034 .040  .047  .057  .071  .094 .14
40 | .027 .032  .038 .045  .053  .066  .085 .12 .19
50 | .031 .036 .042  .050  .061  .077 .10 .16
60 | .034 .040 .047 .057 .071  .094 .14
70 | .038 .045  .053  .066  .085 .12 19
go | .oa2 .050 .01 .077 .10 .16
90 | .047  .057  .071  .094 .14
00 | .053  .066  .085 .12 .19
1o | .061  .077 .10 .16
120 | .o71 002 .14
130 | .085 .12 .19
140 | .10 .16
150 | .14
160 | .19

5.1.3.8-3
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. MICROWAVE TRANSISTORS

5.1.3.9 Microwave Transistors, Group IX

SPECIFICATION DESCRIPTION

MIL-5-19500 Bipolar microwave power transistor
for freguencies above 200 MHz and
average power > 1 watt.

Part operating failure rate model (lp}:

)Lp = AB TTQ TTA TTF "T TTM TTE

where:
Az = 0.10 failure/10° hours
L quality factor, Table 5.1.3.9-1
My = application factor, Table 5.1.3.9-2

M = factor for freguency and peak operating power, Table 5.1.3,9-3
L0 temperature factor, Table 5.1.3.9-4

matching network factor, Table 5.1.3.9-5

=
=
]

M = environmental factor, Table 5.1.3.9-6
See bibliography items 42-46 for the model background.
TABLE 5.1.3.9-1: nQ QUALITY FACTOR FOR MICROWAVE TRANSISTORS

QUALITY LEVEL mo*
W
1

JANTXV with IR scan for die attach
and screen for barrier layer pin-
holes on gold metallized devices

JANTX or Equivalent 2
JAN or Equivalent 4
Lower Quality 10

*These quality values apply to hermetically sealed devices only, and do not
apply to devices sealed or encapsulated with orgranic materials.

LI N Ry



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE TRANSISTORS

TABLE 5.71.3.9-2¢ mp APPLICATION FACTOR
APPLICATION

Pulse Amplifier, Duty Factor < 5%

Pulse Amplifier, Duty Factor > 5%, < 30%
Pulse Amplifier, Duty Factor > 30%
Continuous Wave

Oscillator

o b P B

TABLE 5.1.3.9-3: wr FACTOR FOR OPERATING POWER AND FREQUENCY

PEAK OPERATING POWER (WATTS)

Freq.

(GHz.) Ttob 10 20 30 50 100 200 300
0.1 to 0.4 1 1 1 1 1 1 3 10
> 0.4 to 1.0 1.5 1.5 1.5 1.5 2 5 10
> 1.0 to 1.5 1.5 1.5 1.5 1.5 3 10
> 1.5 to 2.0 2.0 2.0 6.0 10 20
> 2.0 to 3.0 4.0 8.0 20
> 3.0 to 4.0 10.0 30 ;

5.1.3.9-2
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE TRANSISTORS
TABLE 5.1.3.9-4: =y TEMPERATURE FACTOR

(See Note Below)

V./BVcc for Aluminum V./BV..c for Refractory )
CTCES CTCES Metal-gotd

T (OC) [ 0.40 0.45 0.50 0.55 0.40 0.45 0.50 0.55
100 0.38 0.76 1.1 1.5 0.1 0.2 0.3 0.4
110 0.57 1.1 1.7 2.3 14 .28 .42 .56
120 0.83 1.7 2.5 3.3 .18 .36 .54 72
125 1.0 2.0 3.0 4.0 .20 .40 .60 .80
130 1.2 2.4 .3.6 4.8 .22 .44 .66 .88
140 1.7 3.4 5.1 6.8 .26 .52 .78 1.0
150 2.4 4.7 7.1 9.4 .30 .60 .90 1.2
160 3.2 6.5 9.7 13. .34 .68 1.0 1.4
170 4.4 8.7 13. 17. .38 .76 1.1 1.5
180 5.8 12 17. 23. .42 .84 1.3 1.7
190 7.7 15, 23. 31. .46 .92 1.4 1.8
200 10. 20. 30. 40. 0.5 1.0 1.5 2.0
NOTES:
Tabulated values of m; are derived from the following equations:

7 VC -f 5770
For Aluminum, mp = 3.96(10) EVEEE-- .35}e \T+273) for 100<7<200

nr = 7.58[gr— - .35) for T < 100
CES
v
_ C
For Refractory Metal-Gold, w; = Z(FVEEE - .3%) for T < 100
V
mr = 0.08 (T-75) BVEEE for 100<T<200

where:
T is peak junction temperature (OC),

is operating voltage (volts),
aﬁd ?ES is collector-emitter breakdown with base shorted to emitter
(volts

5.1.3.9-3
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
MICROWAVE TRANSISTORS “
TABLE 5.1.3.9-5: my MATCHING NETWORK FACTOR

INTERNAL MATCHING . “M]
Input & Output ' }
Input Only 2
No Matching 4

TABLE 5.1.3.9-6: Tg GROUP IX TRANSISTORS ENVIRONMENTAL MODE FACTORS

—
ENVIRONMENT g ENVIRONMENT me
6g ] Amg 6
Gy 1.1 ALy 3.5
6 | 2 A 6
6 7.8 Auc 5
My 7.4 Ayt 7
Neg 3.6 Aug 10
N 4.7 Aus 7
Ny | 1 Agr 10
N ¢ !
Ny 12 Me 7.5
A 16 Men 1
Al 2.5 Ug, 22
Ar 3.5 M, 25
| I C, 250

5.1.3.9-4
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OPTO-ELECTRONIC DEVICES

5.1.3.10 Opto-electronic Semiconductor Devices, Group X.

e e s 3w et \

SPECIFICATION DESCRIPTION
MIL-5-19500 Light Emitting Diodes (LED)
MIL-~S-19500 Opto-electronic Coupler (Isolator}
None LED Alpha-numeric Display
Phototransistor
Photodiode

The part failure rate model Ap’ is:
Ay = A Ty g Tq failures/10° hours

Y
where:
A, = base failure rate in failures/10° hours, Table 5.1.3.10-3
ny = temperature factor, Table 5.1.3.10-2
T = environmental factor, Table 5.1.3.10-1
g = quality factor, Table 5.1.3.10-4

TABLE 5.1.3.10-1:  GROUP X OPTO-ELECTRONIC SEMICONDUCTOR DEVICES,
ENVIRONMENTAL MODE FACTORS

ENVIRONMENT 1S ENVIRONMENT g

GB ] i AIB 5.5

GMS 1.2 ﬂ AIA

6p 2.4 Arr

GM 7.8 AUC

MP 7.7 AUT 5.5

NSB 3.7 AUB 8

N g5 7 A 5.5

Ng bo AUA bo T

NU 11 AUF 10

NH 12 SF 1

NUU 13 MFF 7.8

Aru 17 Mea 1

AIC 2.5 USL 23

A 1 K M 26

I'\IT oy W UIL i
CL 450

5.1.3.10-1
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OPTO;ELECTRONIC DEVICES ‘
TABLE 5.1.3.10-2: wny OPTO-ELECTRONIC SEMICONDUCTOR DEVICE TEMPERATURE FACTOR

nr = 8.01 x 10'% exp -[__8111
_ . Ty 273
“where TJ is operating junctién temperature in °C.
38 T Ty may be calculated by using the following equations:
0 Ty=Ty (QJC + gCA) P for device with heat sink, or

0 1.0 TJ = TA + OJAP for device without heat sink
5 1.7 _ . . .

10 29 TJ = TC + QJCP with or without heat sink

15 4.7 where:

20 7.6 TA = ambient temperature in 0c.

25 12 84~ = junction to case thermal resistance

30 19 JC

35 29 QCA = case to ambient thermal resistance

40 45 P = power dissipated by device

4 67 QJA = junction to ambient thermal resistance

50 100

55 ]50 TE TmEmemadbismm 24 ;mndk atindTahla Lae i;mm; dba ;maeo:cded mn mbemism “

60 2]0 it IMruriaL ron o UL aval ildbig LU U LIEe egudt 10 dbuve, '

65 300 use the following assumptions (TA = ambient temperature):

70 430

75 600 Discrete LED T,=T, +20°C

80 840 LED Disp] TJ 1. 30°¢

85 1200 ~U Uisplay J°~ A

9 1500 Phototransistor Ty =Ty + 30°%C

95 2100 J A 0

Photodiode TJ = TA + 15°C

100 2900 Single Isolators

105 3800 Photodiode Detector Ty= Ty + 15%

110 5100 Phototransistor Detector T, =T, + 20°C

115 6700 J A 0
Photoresistor Detector TJ = TA + 20°C

Dual Isolators

Photodiode Detector Ty=Tat 20°¢
Phototransistor Detector TJ = TA + 30°C
Photoresistor Detector Ty = T, + 30°¢
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MIL-HDBK-217E
DISCRETE SEMICONDUCTORS
OPTO-ELECTRONIC DEVICES
TABLE 5.1.3.10-3: OPTQ-ELECTRONIC SEMICONDUCTOR DEVICE BASE FAILURE

RATE, A, IN FAILURES PER 106 HOURS
Device l lb Device Xy
J—
Single LED 00065 Alpha-Numeric Oisplays*
Single Isolators 1 character .00050
1 character w/logic .00068
Photodiode Detector .0010 chip
Phototransistor Detector .0055 2 character .00071
Light Sensitive Resistor .0025 2 character w/logic .00089
chip
Dual Isolators
3 character .00088
Photodiode Detector L0015 3 character w/logic L0011
Phototransistor Detector .0074 chip
Light Sensitive Resistor .0040
4 character .0010
Phototransistor L0015 5 character .0011
6 character L0012
Photodiode 00N 7 character L0013
8 character .0014
2 g character 991§
' L J l i0 character L0016

*The number of characters in a display is the number of characters contained
in a single sealed package. For example, a 4 character display comprising
4 separately packaged single characters mounted together would be 4 one-
character displays, not 1 four-character display.

TABLE 5.71.3.10-4: ™ QUALITY FACTOR

N e o
QUALITY LEVEL JANTXV JANTX JAN LOWER* PLASTIC**

0.02 0.1

*Applies to all hermetic packaged alpha-numeric displays and to NON-JAN
hermetic packaged LED's and isolators.
**Applies to all devices encapsulated with organic materials.

5.1.3.10-3
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5.1.3.11 Semiconductor Laser Qevices, Group XI
SPECIFICATION DESCRIPTION
None Aluminum gallium arsenide (AlGaAs), Double Hetero-
junction (DH), Stripe-geometry, Proton-isolated or
Oxide-isolaEed structure, Optical Flux Density less
than 3MW/CM
None Gallium Arsenide (GaAs), Single Heterojunction
(SH}, Str1pe-geometry, Proton-isolated or Oxide-
1so1at5d structure, Optical Flux Density less than
3MW /CM
None Indium gallium arsenide/Indium galljum arsenide

phosphorus ({InGaAs/InGaAsP}, DH, Stripe-geometry,
Proton-isolated or Oxide-isolated  structures,
Optical Flux Density less than 3MW/CMZ

The part failure rate model A s

where

Ago= Ay TE

p = total device failure rate (F/10% hours)

\y = average failure rate (F/108 hours)

mc = environmental factor (Table 5.1.3.11-1)

The failure r
Step 1
Step 1A

where

rocedure is as follows:
Calculate the average failure rate ()

Calculate the average optical power output degradation rate
using the following equation:

o= MM T AT

T = semic?nductor laser optical power output degradation rate (%/1000
hours

Ty = base

degradation rate (%/1000 hours) (Table 5.1.3.11-2)

5.1.3.11-1
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SEMICONDUCTOR LASER DEVICES

TT = temperature factor = expgf;éééé] , T = Case Temperature {9C) (Table

5.1.3.11-3) and where E = apparent activation energy/Boltzman's
Constant (Table 5.1.3.11-2). wy¢ is valid for +250C < T < +1000°C

]

(g

mp = application factor (Table 5.1.3.11-5)

nF = pulsed duty cycle factor (Table 5.1.3.11-6)

n; = forward peak current factor (Table 5.1.3.11-7}. (For Variable
Current Sources use the initial current value). w1 is valid for 0<
I < 25 amps

Step 1B: Calculate the mean 1life of the device by the following
procedure:

1) Pg = rated optical power output (mw)

2) define the required optical power output (Pr).

3) calculate the allowable degradation (D) as follows:
D(%) ”%;—ﬁ x 100

S
4) Mean life (U) = D(%)/rp

Note: Each laser must be replaced when it reaches P, to make the
calculated mean life (U) valid.

Step 1C: Cailculate the average failure rate using:
Ap = 1/U

Step 2: Calculate the average semiconductor laser failure rate using
the equation:

Ap =Ab TE

5.1.3.11-2
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TABLE 5.1.3.11-1: ENVIRONMENTAL TABLE 5.1.3.11-3: TEMPERATURE
MODE FACTORS, mg FACTOR, 7T
Environment T Te AlGaAs gr GaAs | InGaAs/InGaAsP
(o€) (x10-6) wr (x10-8) w7
Gg 1
Gys 1.2 20 0.14 0.27
GF 2.4 25 0.18 0.37
GM 7.8 30 0.23 0.51
Mp 7.7 35 0.29 0.70
NsB 3.7 40 0.37 0.94
Ng 5.7 45 0.47 1.3
Ny 11 50 0.59 1.7
NH 12 55 0.72 2.2
Nuy 13 60 0.90 2.9
ARw 17 65 1.1 3.7
Arc 2.5 70 1.4 4.7
AT 3.5 75 1.6 6
Aig 5.5 80 2 7.7
A1A 3.5 85 2.4 9.6
: A
A 3 5
e AS% 5.5 100 4 18
Aug 8
Aua 5.5
AyfF 10
Sf 1
MFF 7.8
MFA 11 TABLE 5.1.3.11-4: CONSTRUCTION
Usi 23 FACTOR, m¢
ML 26
CL 450 Construction e
Facet Coat or Hermetic Package 1.0
No Facet Coat or Hermetic Package | 3.3
TABLE 5.1.3.11-2: DEGRADATION
EQUATION PARAMETERS
TABLE 5.1.3.11-5: APPLICATION
Device Type E Th FACTOR, ma
( X109)| A
Appiication ]
AlGaAs 4635 2.21
GaAs 4635 2.81 Variable Current 1.0
InGaAs/InGaAsP 5784 188 Source with optical
feedback
Fixed Current Source 1.5

5.1.3.11-3
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TABLE 5.1.3.11-6: PULSED DUTY
CYCLE FACTOR, mf

Duty Cycle TE*
1.0 1.00
0.9 0.95
0.8 0.90
0.7 0.85
0.6 0.75
0.5 0.70
0.4 0.65
0.3 0.55
0.2 0.45
0.1 - 0.30
*e = 4 duty cycle

TABLE 5.1.3.11-7: FORNARDCURRENTFACTOR,NI

Forward Current, I Tr* _W
(Ma)

25,000 978
20,000 841
15,000 691
10,000 525
9,000 488
8,000 451
7,000 412
6,000 371
5,000 328
4,000 281
3,000 231
2,000 176
1,000 110
900 102
800 94
700 86
600 77
500 68
400 59
300 48
200 37
100 23
50 | 14

*np = 10-68

5.1.3.11-4
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5.1.3.12 Instructions for Use of Semiconductor Models.

5.1.3.12<=7 Device Ratings. Transistors are normally rated at maximum power
dissipation and diodes at maximum current permissible. Usually each device
is given two temperature rating points:

MAX " Maximum permissible junction temperature.

T
2 TS - Maximum ambient or case temperature at which 100 percent
of the rated load can be dissipated without causing the
specified maximum junction temperature to be exceeded.
(Case temperatures are given primarily for power devices

used on heat sinks.)

As the ambient or case temperature rises above the T. vaiue, the
internal temperature rise (i.e., the power load) must be ~ decreased so
that the T,,, is not exceeded. This is illustrated in Figure 5.1.3.11-1.

100 _p\\\\\
a8 |
; Haximum Use Rating

[= 4 [ ]

L e . |

3 oGk

(=1 > |

(:/=—_‘-.\ i

o |

._

= c+ = (

S| =
2 0. oA
e O 1 — -
'S A YR Ic 'MAX
FIGURE 5.1.3.12-1.Conventional Derating Curve
Note:

TS = temperature at which derating begins
Tuay = Maximum rated junction temperature
TA = ambient temperature
TC = case temperature

. 5.1.3.12-1
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= actual power dissipated

, = maximum rated power at TS
Maximum junction temperature (Tyay) is normally 175 or 200°C for

silicon and 100°C for germanium devices. Tg is usually 250C, but it can
be higher.

Some devices have a multipoint derating curve as shown by the solid line
in the example of Figure 5.1,3.12-2.The failure rate of a device with multi-
point derating can be estimated with the present models by assuming the
device to be linearly derated from T to Tiyay as shown by the dashed line.
The use of this assumption will result in a predicted failure rate higher
than that the device might actually experience, with the amount of error
dependent upon the difference between the two rating values where Tg!

intersects the assumed and actual rating plots.

160
140 \\\

120 \

80 .
60 ' \\

20 '
20 \
|

0 25 50 75 100 125 150 175

AVERAGE RECTIFIED
CURRENT, AMPERES
-
| ]

CASE TEMPERATURE, °¢ T

Figure 5.1.3.12-2 Multipoint Derating Curve for
TN3263 Power Diode

Since semiconductors may be rated based upon ambient or case temperatures,
the following guidance is included for calculating base failure rates:

1 No Heat Sink Used and Ambient Rating Known - Calculate stress and
temperature (if necessary) per paragraph 5.1.3. .2 and use base

1
i

Fa<Tliirmn wandn +abTao
ratiure raie tapie.

5.1.3.12-2
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2 No Heat Sink Used and Only Case Rating Known - If device rating
based upon ambient temperature cannot be determined, calculate the
base failure rate as in 1 above and multiply by 10.

3 Heat Sink Used and Case Rating Known - Calculate base failure rate
as in 1 above.

4 Heat Sink Used and Only Ambient Rating Known - If device rating

based upon case temperature cannot be determined, calculate base
failure rate as in 1 above.

5.1.3.12.2 Determining Appropriate Stress Ratio and Temperature.
The base failure rate tables are based upon ambient or case temperature
(T degrees C) and electrical stress ratio (S). The following instructions

b dmbhis rambbade Lmia mnlmiil abdnn O T ommea mmcme +ha Amarmat+rina ambdiant
SMN0OW LNe meLnous Tur Laicudialiny o. 1n 30ne Cases, LI UpcrdaLilyg amviciiu
or case T must be corrected before entering the failure rate tables. These
corrections, where needed, are indicated in (7) below. Operating

junction temperatures do not have to be calculated to use the models.
(1) Groups I, II & III Transistors.

a. Single device in case.

POP = actual power dissipated
p = maximum rated power at TS

P S, £

stress correction factor per (7} below

(o]
|
[}

b. Dual device in single case {equally rated).

S = El— + Py Ps (C.F.)
Ps Pr % Ps
where:
S = stress ratio of side being evaluated
P, = power dissipation in side being evaiuated

]

5.1.3.12-3
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P2 = power dissipation in other side of device

PS = maximum power rating at T. of one side of the dual
device with the other sidé not operating (one side
rating)

Py = maximum rating at T¢ with both sides operating (both
side rating)

NOTE: Specifications for dual devices in one case usually

give a maximum rating for each device and a total power
rating which is significantly less than the sum of individual
ratings.

C.F.

stress correction factor per (7) below for silicon

C.F.

|

1.0 for germanium

Groups IV & VI General Purpose Diodes & Thyristors.

For Silicon, S = —;QE— (C.F.}  For Germanium, S = —;QE—
MAX MAX
where: ‘
IOP = operating average forward current
I”A" = maximum rated average forward current at TS
C.F. = stress correction factor per(7) below

Group V Zener Diodes

Zener diodes are rated for maximum current or power or both.-
Either rating may be used as follows:

fre -\ _.__¢-=IZ(0P)
\L.F.j or 5 =

MAX L7(Max)

~ 1

(C.F.)

POP = actual power dissipated

pMAX = maximum rated power at TS

r = _ A L] N .n ’ t
lz(op) dCtuat operating zZener curren

5.1.3.12-4 0
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[ maximum rated zener current at TS

> uan v
Z{MAX)

C.E. = stress correction factor per (7) below

(4) Group VII Microwave Mixer Diodes

Operating Spike Leakage (ergs)

Rated Burnout Energy at 25 degrees C.

(5} Group VII Microwave Detector Diodes

s = Pop (Operating Power Dissipation)

Puax (Rated Power at 25 degrees C.)}

{6) Group VIII Varactor, Step Recovery, PIN, IMPATT, Gunn and
Tunnel Diodes.

o]
S=__0P (C.F.)

Puax
e where
pOP = actual power dissipated
pMAX = maximum rated power at TS
C.F. = stress correction factor per (7) below
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(7) Stress Correction Factor (C.F.) and temperature corrections for
Silicon Devices.

a. Devices with Tg = 25 degrees C & TMAX = 175 degrees C to 200
degrees C.
C.Fo =1
b. Devices with T¢ >25 degrees C & T = 175 degrees C to 200
S MAX
degrees C.
c.F. =175 - Ts
150

c. Devices with T = 25 degrees C & Tuax <175 degrees C.

C.F. = 'max - &5
150

and enter A table with T = Ty + (175 - Ty,,)

=T, + (176 - T....)
or T [+ (175 'max

d.  Devices with Tq >25 degrees C & Tuax <175 degrees C. |

C.F. = max =~ T
50

and enter X tables with T = Ty + (175 - Tyy,)
or T =T, + (]75 - Tumv_)
v FiRA

5.1.3.12-6
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I 5.1.3. 13. Examples of Use of Semiconductor Models.

5.1.3.13.1. Examples of Stress Ratio Calculations for Dual Transistors.

Example 1.
For a 2N2060
Ratings PS = 0.500 w
PT = 0.600 w

Given operating conditions

0.1 w

i

Side one P

Side two P 0.4 w

For side one

S-_P1_+P2(2PS'PT)
PS PT X PS

0.1 . .,/ 2x0.500 - 0.6 \

‘ S = + (.4
W o5 | T 0sx03
s=0.2+04[%%=0.2+0.4(1.333)
0.3
= 0.2 + 0.5333
S = 0.733

For side two

S=0.4 +0.1/2x0.5-0.6
0.5 0.6 x 0.5

S =0.4 +0.1(1.333) = 0.8 + 0.1333
0.

S = 0.9333

5.1.3.13-1
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Example 2.

For the same transistor as Example 1

Given operating conditions

Cida Ana D = N
< U uiieE T U ow
Side two P = 0.5 w

For side one
S=0+0.5(1.333) = 0.666
For side two

S=0.5 +0(1.333) = 1.0

G.5
Though there is no dissipation in side one, because of the heating

from side two, the stress ratio is still 0.666. .If one side of a dual
is not connected, treat as single transistor.

Examplie 3. . e
For the same transistor as Example 1

Given operatina conditions

1

Side one P 0.300 w

1}

Side two P 0.300 w

For either side

S =0.3+0.3(1.333)
0.5

S =0.6+0.4

S=1.0

5.1.3.13-2
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5.1.3.13.2. Examples of Failure Rate Calculatjons

Given: Silicon NPN general purpose JAN grade transistor in
linear service at 0.4 of its rated maximum power of 1 watt
in fixed ground installation at 30 degrees C. amhient, rated

for 1 watt at 25 degrees C. with Tyay = 175 degrees C., and
operated at 60 percent of maximum vo%tage.

Pop(c.F.) = 0.4 x 1.0
Puax
25 degrees C. and TMAX = 175 degrees C.

Stress ratio, S 0.4

"

C.F. =1 for Ts

Feee Thl & 1T 2 1.7 £ T _ "M dmmeeemm ™ acad £ . N A
FPTOM 11Ul JeluQds1=7 TOr | 5 JU UEYTEES L. dlIU 2 = U.%,
Xp = 0.0012 failures/106 hours

From Tb1 5.1.3.1-1 Fixed Ground, = 5.8

"E
From Tbl 5.1.3.1-2 for Tinear operation, T, G 1.5
From Tb1 5.1.3.1-3 for JAN quality level, = 1.2

From Thi 5.7.3.1-4 for 1 watt rating, Ta = 1.0

From Tb1 5.1.3.1-5 at 60 percent of rated voltage, LI .88
2

Cwnam ThT & 1 7 1-A far cinnla *rancictrnm s =10

LR ARV I wae J owas ) oy RN RS B i WRFTD 1 D el g llC s\

(10) Perform the calculation:

Aa = A (Mo X Ty X Tq X Ty X Me X o)
P A Q R S "

b *'E 2
0.0012 (5.8x1.5 x 1.2 x 1.0 x .88 x 1.0)

o = 0.011 failures/10° hours

5.1.3.13-3
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Step

Step

Staep

Step

Step

Step {

Step

(1)

(4)

Step (8)

Given:

at 60 degrees C
TS = 25 degrees

Stress ratio, S

C.F.

From
A

From Tbhl 5.1.3.2-1

From
From

From

=] for T

Field effect transistor (FET), JANTX grade, operating
at 80 miiliwatts at 500 MHz in airborne inhabited fighter service
(Rated at 200 milliwatts,

Downloaded from http://www.everyspec.com
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x

5 25

C. and TM

0.031 failures/10% hours

Tl 5.7.3.2-2
Tl 5.71.3.2-4
Th1 5.1.3.2-3

JANTX grade, =

Perform the calculation:

A =

]

>
1]

A

(m

5

E

XT.’AX?!’O

X T

¢!

AX
Tbl 5.1.3.2-5 for T = 60 degrees C. and S

ambient temperature.
C. and Ty,y = 175 degrees c.).

op > C.F.
MAX

= 80
00

= 175°C.

Q

single transistor, «

0.0371(40 x 5.0 x 3.24 x 1.0)

1

.5

failures/105

hours

5.1.3.13-4

AIF environment, 7. =

E

= 0.24

C

40

-
=

]

freq. >400 MHz, power <300 mw, =

@

x 1.0

= 0.4,

A

Q.4

= 5.0
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Step (1) Given: Silicon diode, JAN grade, in ground mobile service
operating at 0.4 rated maximum current, and at 30 degrees C.
ambient in logic switching with 20 percent of rated voltage.

Rated 1 amp. at 25 degrees C. with T = 200 degrees C., the
device has a metallurgically bonded cohtact.

Step (2) Stress ratio, S ={1,,/I,,,) C.F. = (.4/1) 1.0 = .4

C.F. = 1.0 for T, = 25 degrees C. and TMAX = 200 degrees C.

w)

Step (3) From
A, =
Ay

Step (4) From Tbl 5.1.3.4-1 ground mobile service, 7 = 18

b

15
0004
WAL T

o —

.3.
f

o —

Step (5) From Tbl 5.1.3.4-2. JAN grade, m, = 1.5

N

Step (6) From Tbl 5.1.3.4-3 for 1 amp, 7 = 1.0

Step (7) From Tbl 5.1.3.4-4 Togic switching, m, = 0.6
Step (8) From Tbl 5.1.3.4-5 20 percent rated voltage, m. = 0.7
2
Step (9) From Tbl 5.1.3.4-6 metallurgically bonded contacts, w. = 1.0

c
Step (10) Perform the calculation:
Ap = Ay (WE X Ty X Tp X Tp X Tg X nc)
X

Ap = 3.00049
P

——

1 1.5 x 1.0 x 0.6 x 0.7 x 1.0)

0.0056 fa: Tures/10° hours

Ap

5.1.3.13-5
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Example 4.

Step (1) Given: Silicon dual transistor (complementary)}, JAN grade,
rated for 0.25 W. at 25 degrees €., one side only, and 0.35 W.
at 25 degrees C., both sides, with Tyay = 200 degrees C.,
operating in linear service at 50 degrees C. ambient in a
sheltered naval environment. Side one, NPN, operating at
0.1 W. and 50 percent of rated voltage and side two, PNP,
operating at 0.05 W. and 30 percent of rated voltage.

Step (2) For side one, stress ratio,

s=|Prep, /2P - Pr Al (cF)
P 2\ 5 %7
S T*Ps

C.F. = 1.0 for TS = 25 degrees C. and TMAX = 200 degrees C.
s ={' 0.1 0_05( 2 x0.25 - 0.35)](]_0)

0.25 0.35 x 0.25
)

0.48

Step (3) From Tbl 5.1.3.1-7 for T = 50 degrees C. and S = 0.48,
A, =0.0018 failures/106 hours

Step (4) From Tbl 5.1.3.1-1 naval sheltered, me = 9.8

Step (5) From Tbl 5.1.3.1-2 linear, = 1.8

A
Step (6) From Tbl 5.1.3.1-3, JAN grade, T " 1.2

Step (7) From Thl 5.1.3.1-4 for .25 watt, = 1.0

-
R
Step (8) From Tbl 5.1.3.1-5 at 50 percent of rated voltage, n. = 0.65
Step (9) From Tbl 5.1.3.1-6 for complementary pair, e = 0.7
Step (10) Perform the calculation for side one:
AP'= Ay (wE X Ty X ™ X ™R X WSZ X ﬂc)
Ap =J.0018 (9.8x1.5 x 1.2 x 1.0 x 0.65 x 0.7)

Ap = 0.014 Faﬂures/TO6 hours for side one

5.1.3.13-6
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Step (11) For side two, stress ratio,

S = _0.05 + 0.1 2 x 0.25 - 0.35
0.25 0.35 x 0.25
S = 0.37

Step (12) From Tbl 5.1.3.1-8 for T = 50 degrees C. and S = 0.37,
A,=0.0021 failures/106 pours

Step (13) Tes Ths WQ’ Tp and T, same as for side one

Step (14) From Tbl 5.1.3.1-5 at 30 percent of rated voltage, mg = 0.35
2
Step (15) Perform the calculation for side two:
Ap = Ab.(xE X Ty X Ty X Tp X WSZ X ﬂc)
Ap = 0.0021 (9.8 x 1.5 x 1.2 x 1.0 x 0.35 x 0.7)

AP 0.0091Fai1ures/106 hours for side two

5.1.3.13-7
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Example 5.

Step (1) Given: Silicon diode, JANTX grade, in fixed ground service
at 0.6 rated maximum current and 40 percent rated voltage in
power rectifier operation at 60 degrees C. case temperature.
Device rated at 5 amps, T¢ = 100 degrees C. case temperature
and TMAX = 150 degrees C."and has a metallurgically bonded contact.

Step (2) Stress ratjo, S = 0.6 (C.F.}

Tvax = Ts = 150 - 100 = 0.333

150 150 .

From Sec. 5.1.3.11.2 C.F. =

S =0.6 x 0.333 = 0.2

Temperature for Ab computation, T = TC + (175 - TMAX)
T =60+ (175 - 150)
T

- ac
= 02

Step (3) From Tbl 5.1.3.4-7 for T = 85 degrees C. and S = 0.2,
A, = 0.00076 failures/106 hours

Step (4) From Tbl 5.1.3.4-1 fixed ground, Te = 3.9
Step (5) From Tbl 5.1.3.4-2 JANTX grade, ™ - 0.3
Step (6) FromTbl 5.1.3.4-3 5 amps, L 2.0

N
—_

Step (7) From Tb1i .3.4-4 power rectifier, L 1.5
Step (8) FromTb) 5.1.3.4-5 at 40 percent of rated voltage, Te = 0.7

V4
Step {9) FromTbl 5.1.3.4-6 for metallurgically bonded contacts,

Ap = Ab (ﬂE X Mo X Mg X Tp X nsz X nc)
0.00076 (3.9 x0.3 x 2,0 x 1.5 x 0.7 x 1.0)

>
]
1}

A =0.0019Fai1ures/]06 hours

5.1.3.13-8
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Step

Step
Step
Step

(1)

(2)
(3)

~—
4=
e

_—
in
b

(6)
(7)
(8)
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Given: Microwave transistor, JANTX Equivalent quality, in
mobile ground environment as a pulse amplifier at 20% duty
factor with a peak power output of 30 watts at 1.5 GHz. The
device package has input and output match1nq networks and uses
refractory metal-gold metallization. = 28 volts and BVCES
56 vaits. The peak junction temperaturg is 140°C.

From Tb1 5.1.3.9-1 JANTX Equivaient, m, = 2.
From Tbl 5.1.3.9-2 pulse amplifier with 20% duty factor,

n
-1
[v]
3
-
o4
—
o]

.1 3. 9.2 1 & GHz., & 30 watts, 7. =1 [
-.l‘lwld L | ] [N - i et v i L ] rlF LI )

e

[vo]

-3
1]

CES 28/56 = 0.5. From Tbi 5.1.3.9-4 VC/BVCES = 0.5,

v
T = 140°C., and with refractory metal-gold metallization,

=N 7a
IIT Vel e

From Th1 5.1.3.9-5 input and output matching networks, my = 1.
From Th1 5.1.3.9-6 mobile ground (Gy,), m¢ = 7.8

Perform the calculation:

lp = AB FQ " TE T ™ T

0.1 (2) 2 (1.5) 0.78 (1) 7.8

3.7 failures/10% nr.

5.1.3.13 -9
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Example 7
Step (1) Given:

Step (2) Table 5.1.3.10

Step (3) Table 5.1.3.10-3
_Step 5) Table 5.1.3.10-}

Step

(
(

Step (4) Table 5.1.3.10-2
(
(6) Table 5.1.3.10-4
(

Step (7) A, = 0.0010 (300)

Example 8
‘Step (1) Given:

Step (2) Table 5.1.3.10

Step (3) Table 5.1.3.10-3
Step (4) Table 5.1.3.10-1
Step (5) Table 5.1.3,10-2

Step (6) Table 5.1.3.10-4

A commercial quality plastic-encapsulated
single optoisolator is used in a Groung, Benign
application, Jjunction temperature 65 C. The
optoisolator uses a photodiode detector.

P
Base Failure Rate lb = .,0010

A =)\b 'lTT TTE T[Q

Temperature Factor = 300
Environmental Factor me = 1.0

Quatity Factor “Q = 1.0

(1.0) (1.0) = 0.30 failures per 10° hours

A discrete, hermetic light emitting diode (LED)
procured in accordance with MIL-5-19500 is used
in an Airborne, Inhabited, Trainer application
environment. The device is a JAN qu%gity part
operating at a case temperature of 60°C. Pack-
age case-to-junction thermal resistance QJC is
500°C/watt. The device dissipates 50 mW.

}tp = lb Tl']- 1TE TTQ
Discrete LED, Base Failure Rate Ab = {.00065
Airborne Inhabited Trainer Environment LI 3.5
Tc = 609C P = .05w 0,5 = 500°C/watt

~ _ - . oc0
TJ = TC + QJC P =60+ 500(.05) = 60 + 25 = 85"C
From Table 2.2.10-3, T = 1200

JAN Quality Level mq < 0.1

Step (7) A = 0.00065 (1200) (3.5) (0.1) = 0.27 failures per 108 hours

p

5.1.3.13-10
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. SEMICONDUCTOR LASER DEVICES
Example 9
Step (1) Given: A 10mW AlGaAs Double Heterostructure (DH)

stripe geometry laser is used in a Ground,
Fixed environment, case temperature is 55°C, it
[y -~ I P - A [y -~ LSl s e A
fild> a facelL Lual, IL Nnas da T 1TAEU CUurrernecu
source, the application 1is continuous wave
(DC), the forward current is 100ma, and the

minimum acceptable optical power output is 5mw.

Step (2) Section 5.1.3.711 Step 1A, calculate the average optical output
degradation rate (Tp)

Tp = Tb TTT TTI ‘"C 1TA “F

Step (3) Table 5.1.3.11-2 1, = 2.21 x 10° (%/1000 hours)
Step (4) Table 5.1.3.11-3 my = 0.73 x 107
Step (5} Table 5.1.3.11-7 my =23
Step (6) Table 5.1.3.11-4 =, = 1.0
A Step (7) Table 5,1.3.11-5 my = 1.5
W Step (8) Table 5.1.3.11-6 m_ = 1.0
Step (9) T = 2.21 x 10° (0.73 x 107) (23) (1.0) (1.5) (1.0) = 5.56 %/1000

Step (10) Section 5.1.3.11 Step 18, calculate the mean life of the device
Step (11) Allowable degradation (D)
(%) ="s = Pr x 100 = 10mw - 5mw x 100 = 50%
P TOmw
Step (12) Mean life (U)
U= D(%)/Tp = 50%/5.56%/1000 hours = 8993 hours

5.1.3.13-1
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Step (13) Section 5.1.3.11 Step 1C, calculate the average failure rate (kb)
Ab = 1/U = 111 failures per 106 hours

Step (14) Section 5.1.3.11 Step 2, calculate the average semiconductor laser
: failure rate (Ap)

Ay = Ay mp = 111 failures 108 hours (2.4) = 266.4 failures per 10° hours

5.1.3.13-12
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. 5.1.4 Tuybes, Electronic Vacuum

5.1.4.1 A1l Tvnes Except Traveling Wave Tubes (TWTs) and Magnetrons.

------- S v

The operat1ng failure rate model ( AJis:

Ap = Ap X WE X T
where
Ap = tube operating failure rate in f i]ures/106 hr.
A = base failure rate in failures/10° hr and is a function of tube
type and operating parameters {see Table 5,1.4.1-1},
TE = environmental factor (see Table 5.1.4.1- 4)
T = learning factor (see Table 5.1.4.1-5).
TABLE 5.1.4.1-1: A p, BASE FAILURE RATE FOR TUBES
( includes both random and wearout failures)
TUBE TYPE Ay (f.7106 hrs.)
RECEIVER
Triode, Tetrode, Pentode 5
Power Rectifier 10
A
W CRT 9.6
THYRATRON 50
CROSSED FIELD AMPLIFIER
QK681 260
SFD261 150
PULSED GRIDDED
2041 140
6952 390
7835 140
TRANSMITTING
Triode Peak Pwr<200 kW, Freq<200 MHz, 75
Tetrode & Pentode Aver Pwr<2kW 100
If any of above limits are exceeded 250
VIDICONS
Antimony trisulfide {SbpS3) photoconductive material 51
Silicon diode array photoconductive material 48

5.1.4,1-1
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Xy, BASE FAILURE RATE FOR TUBES
TUBE TYPE A (£.10° hr.)
THYSTRON
VA1 44 850
VA14SE 450
VA145H 490
VA913A | 230
PULSED KLYSTRON
TYPE NO. A, TYPE NO. Ay
4KXMP100COLF 43 L3403 93
8568 230 SAC42A 100
L3035 66 VAS42 18
L3250 69 Z5010A 150
ZM3038A 190

If the pulsed klystron of interest 1s not
listed above,use Table 5.1.4.1-3.

KLYSTRON
Low Power (e.g., local oscillator) 30

" Continuous Wave Type (CW.)

TYPE NO. Ap TYPE NO. Ay
3K3000L] g JKM50Sd 38,
3KSOO0OLF 54 4XM50SK - 37
3k210000LQ 150 4XM3000LR 140
3KM300LA 64 4KMS0000LQ 79
3KM3000LA 19 4KMS0000LR 57
3KMS0000PA 110 4KM170000LA 15
3KMS0000PAT 120 8824 130
3KMSOO00PA2 150 8825 120
4K3CC 610 8826 280
4X3SK 29 VASOOE 70
4K50000LQ 30 VAB53 220
4XMSOLS 28 VAB568 65
4KMSOLC 15 VASSSE 230

If the QW. klystren of interest is not
listed above, use Table 5.1.4.1-2.

5.1.4.1-2
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TABLE 5.1.4.1-2
Ab, BASE FAILURE RATES FOR CW. KLYSTRONS*

P (kw.) [300 500 800 Iogo(MHzégoo 000 60008000
0.1 | 43 52 66 75 120 210 310 400
1.0 | 48 53 67 76 120 216 310 400
3.0 | 46 55 69 78 120 220 310
5.0 | 48 58 71 81 130 220
8.0 | 52 6 75 8 130

10. 54 63 77 8 130
30. 76 8 99 110

50. 97 1Mo 120 130

80. |130 140 150
100. [150 160

* Ay =1.09P+ .0461 F + 29

where:

p
F

average output power in kW.
operating frequency in MHz.

The following are the Timits that describe the region of validity
Values of P and F must satisfy all three

for the Ay equation.
Timits:

0.1 2P 2100

300 <F <8000

P 8.0(10)6 (F)']'7

5.1.4.1-3
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TABLE 5.1.4.1- 3
BASE FATLURE RATES FOR PULSED K

L .
"R N "

P (M) [T 0.2 m-?gmmfim 7.0 8.0
01 | 66 66 66 66 66 66 66
.30 | 66 6 67 67 67 6 10 N
.80 | 66 67 67 6 68 7 75 80

1.0 67 67 68 68 69 72 78 84
3.0 68 70 n 73 75 84 100

5.0 69 72 75 78 81 95 120

8.0 i 75 80 85 0 110 160
10. 72 78 84 30 95 120
25, 81 9§ 110 120 140 210

* )y =2.94 FP + 66

where: F = operating frequency in GHz.
P = peak output power in MW.

The foﬂomng are the limits that describe the region of
vaiidity for the A, equation. Vaiues of P and F must
satisfy.all three limits: ,

01 2P L25

0.2ZFZ6

P 2 450(F)~2+%

5.1.4.1-4
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TABLE 5.1.4.1-4

Environmental Mode Factors

ENVIRONMENT f Mo ENVIRONMENT T
Bg 0.5
GMs 0.6 A 675
G 1.0 alA 10
G; 9 Aég 2.5
My 18 __Ayr 6.5
TN 7.6 A 9.5
SB U8
N 7.6 A 8
M 13 A 15
nY 28 5 08
. 30 M 18
AUl 0 mEF 25
A%% 575" MEL 61
Alg 7.5 0y 1,000
TABLE 5.1.4.1-5
R, LEARNING FACTOR FOR TUBES®
t (Yrs.) ] 2 3
m, 10 2.3 1
2.1
* 1 = 10(%) for 1 <t <3
= 10 for t < 1
= for t > 3

Where t = number of years since
introduction to military field use.

5.1.4.1-5
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5.1.4.2 Travelina Wave Tubes (TWT). The operating failure rate for TWTs is:

Ap = Aplg in failures/10° nr.
where: :
HE = environmental factor (see Table £.1.4.2-2).
A = 11 (1.00012)7(1.16)7  (see Table 5.1.4.2-1).
where:
P = rated power (peak, if puised mode) in watts for .201<P<20,000
F = operating frequency in GHz. for 0.3<F<18. [f the operating freguenc
is a band or two different values, Use the geometric mean of the
end points aor of the two values for F.
. TABLE 5.1.4.2-1. X, BASE FAILURE RATES FOR TWTS (£.7105 nr
P F (Frequency. GHz)
(Power, watts) g.1 ] 2 4 6 8 10 12 14
0-10 11 13 18 20 27 38 49 62 88
100 11 13 15 20 27 36 49 66 89
500 12 14 16 21 28 28 s2 89 93
1,000 13 14 17 22 30 a1 55 74 99
3,000 16 18 21 29 38 52 70 e3 130
5,000 20 23 27 36 49 66 a8 120 160
8,000 29 33 38 82 70 94 130 170 230
10,000 37 42 49 66 8¢ 120 160 220 290
15,000 67 77 86 120 160 220 290 380 530
20,000 120 140 160 220 30C 400 540 720 970

5.1.4.2-1
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TABPLE 5.1.4.2-2
Environmental Mode Factors for TWTs

ENVIRONMENT T ENVIRONMENT T
F IF
Gy, 10 Auc 6
M 18 A 10
P AUT
UB 18
Neg 6.3 AlA 10
N 6.3 A 25
Ny 6 S 0.2
A
Ny 28
1,
Ny 36 Moo 18
“Fa 25
A 40
A 5 U 53
ALC 9 SL
Alg 1

§.1.4.2-2
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. 5.1.4.3 Magnetrons. The operating failure rate for magnetrons is:

Ap = Ap X Ty X WE X Mg
where
Ap = total device failure rate (failure/106 filament hours)
Ty = utilization factor (see Table 5.1.4.3-1)
mg = environmental factor (see Table 5.1.4.3-2)

Te = construction factor

1, CW magnetrons (rated power < 5 Kw)
1, coaxial pulsed magnetrons
5.4, conventional pulsed magnetrons

[ L T 1]

base failure rate {f/106 filament hrs)

>
o
1]

18, CW magnetrons {rated power < 5 Kw)

0.73 (P)O.ZO

= 19 (f) , pulsed magnetron (see Table 5.1.4.3-3}

frequency (GHz)
rated peak power (Mw)

-—h
nn

TABLE 5.1.4.3-1: UTILIZATION FACTORS

Utilization (radiate Ty
hours/filament hours}

S OO0 00O0OCOCOO0D
OWO WD AWM O
HPFOOOO0OO0OOoOOQOOO
. s s . s s
~J
ny

m, = 0.44 + 0.56(R), R = radiate hours/filament hours

5.1.4.3-1
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TABLE 5.1.4.3-2: ENVIRONMENTAL FACTORS

Environment nE Environment TE .
Gp 1 A1A 13
Gyg 1.1 ArF 20
GF 2 Auc 5
GM 4 Ayt 13
MP 36 Aug 19
Nsg 15 Aun 16
Ng 15 Ayr 30
Ny 26 Sr 1
NH 56 MFE 36
Nyy 60 lMFA 50
ARW 80 s 106
Arc 4 M 160
ALT 1 | L 2000
A1B 15
TABLE 5.1.4.3-3: BASE FAILURE RATE FOR PULSED MAGNETRONS
p ’ F{Frequency, {inl
Power, M«)| 0.1 0.5 1 5 10 20 30 40 50 6 70 B8O 90 100
0.01 1.4l 4.56 7.6 24.5 40.7 67.4 90,6 112 131 150 168 185 201 218
0.05 1.9  6.29 10.4 33.8 8.0 92.9 125 154 181 207 232 256 279 301
0.1 2.23  7.23 12.0 38.8 64.3 107 144 177 208 238 266 294 320 346
0.3 2.78  9.00 14.9 48.4 0.2 133 179 221 260 297 332 366 399 43]
0.5 3.08 9.97 16.5 53,6 88.8 147 198 244 288 328 368 405 442 447
1 3.54 11.4  19.0 1.5 102 169 228 281 330 337 422 466 507 548
3 .41 183 237 78.6 127 211 283 350 412 470 526 580 632 683
5 4.88 158  26.2 84.3 141 234 314 387 456 521 582 642 700 756

Ay = 19”)0.73 (P)O.ZO

5.1.4.3-2
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5.1.5 Lasers. This section presents failure rate models for laser peculiar
items used in the following six major classes of laser equipment (see
Bibliography Item 40):

Helium/Neon & He11um/Cadm1um Section 5.1.5.1
Argon Ion Section 5.1.5.2
COz Sealed Section 5.1.5.3
€02 Flowing Section 5.1.5.4 - =
Solid State, Nd:YAG Rod Section 5.1.5.5
Solid State, Ruby Rod Section 5.1.5.6

The models and failure rates presented in this section appily to the laser
peculiar items only, i.e., those items wherein the lasing action is generated
and controlled. In addition to the laser peculiar items, there are other
assemblies used with lasers that contain electronic parts and mechanical
devices (pumps, valves, hoses, etc.). The failure rates for these parts
should be determined with the same procedures as used for other electronic
and mechanical devices in the equipment or system of which the laser is a
part. The electronic device failure rates are in other parts of this
Handbook and the mechanical device failure rates are in Bibliography Item 47.

The laser failure rate models have been developed at the "functional,"
rather than "piece part" level because the available data were not sufficient
for "piece part" model development. Nevertheless, the laser functional
models are included in this Handbook in the interests of completeness. These
laser models will be revised to include piece part models and other laser
types when the data become available.

Because each laser family can be designed using a variety of approaches,
the failure rate models have been structured on three basic laser functions
which are common to most Taser families, but may differ in the hardware
implementation of a given function. These functions are the lasing media,
the laser pumping mechanism (or pump), and the coupling method.

The general laser failure rate model is:

ALASER = AMEDIA * APUMP *+ ACOUPLING

Examplies of media-related hardware and influence factors are the solid
state rod, gas, gas pressure, vacuum integrity, gas mix, outgassing, and tube
diameter. The electrical discharge, the flashlamp, and energy level are
examples of pump-related hardware and influence factors. The coupling
function contributors are the "Q" switch, mirrors, windows, crystals,
substrates, coatings, and level of dust protection provided.

5.1.5-1
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The Apymp term in the A ASER equation is zera for helium/neon,
helium/cadmium, argon ion, COp sealed and COp flowing lasers because the
pumping mechanisms for these lasers contain no laser peculiar items. Pumping

ammrammliehad *hh Aalamduwmanis~ rmawntc

1 mwAd ~ivan it e Cadliiva watne FAawm Fhaen
l: aL Vil |1 |3||cu WH.II t: IceLi i qu Lo ﬂilu Wi Lulbl]. ral IUI S i4aLTa 1wl LT ST

parts are not included in this section but they should be .included in the
retiability analysis of the system or equipment containing the laser. Also,
some of the terms in the above general ALASER equation have modifying factors

depending upon the 1aser type. -These factors are shown in the following sub-
SECt'IOnS.




Downloaded from http://www.everyspec.com

MIL-HDBK-217E

LASERS
. 5.1.5.1 Helium/Neon and Helium/Cadmium Lasers

Ap = TE AMEDIA * TE ACOUPLING

where

Ap = the laser failure rate in failures/106 operating hours.

TE = the environmental application factor, and its value is
determined from Table 5.1.5.7-1.

AMEDIA = the failure rate contributign of the lasing media, aqd
its value is 84 failures/100 operating hours for helium/
neon lasers, and 228 failures/106 operating hours for
helium/cadmium lasers.

ACOUPLING = is the failure rate contribution of the 1ager coupling

hardware, and its value is 0.1 failures/10° operating

hours.

It should be noted that the laser failure rate prediction model can be
' simplified and rewritten as:

B Ae/Ne
. Mescd

84.1 n¢

228.1 T

5.1.5-3
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5.1.5.2 Argon Ion Lasers

‘1= Te MEpra * "E AcoupLING

where:

At

g

AMEDIA

ACOUPLING

is the argon ion laser failure rate in failures/lo6

operating hours.

is the environmental application factor and its value is
determined from Table 5,1.5,7-1.

is the failure rate contribution of the lasing media, and
its value is 457 failures/10° operating hours for argon ion
lasers,

is the failure rate contribution of ghe laser coupling hard-
ware, and its value is 6 failures/10° operating hours for
argon ion lasers. It should be noted that the predominant
argon laser failure mechanism is related to the gas media
(as reflected in AMEDIA); however, when the tube is refilled
periodically (preventive maintenance) the mirrors (as part
of AcqupLING) can be expected to deteriorate after
approximately 10% hours of operation if in contact with the
discharge region.

It should be noted that the argon ion failure rate prediction model
can be simplified and rewritten as:

Ag1 = 463 Tp

5.1.5-4
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. 5.1.5.3 Carbon Dioxide, Sealed Lasers.

AcO, SEALED = "g "o " MyEDIA © "E Tos  AcoUPLING

where:

AC0, SEALED
g
"
g

Tos

ACOUPLING

iséthe carbon dioxide sealed laser failure rate in failures/
10™ hours.

is the environmerntal application factor, and its value is
determined from Table 5.1.5.7-1.

is the gas overfill {acitor, and its value is determined from
Table 5.1.5.7-Z.

is the ballast factor, and its value is determined from Table
5.1.5.7-3.

is the failure rate contribution of the lasing media, and
its value is determined from Tbl 5.1.5.7-4 which is based on
the empirical expression:

MEDIA = 69 I - 450 failures/10° nr.

Current (ma.) through discharge tube, and > 10 ma.
and < 150 ma.

where: I =

is equal to the number cof active cptical surfaces and is
determined from Figure 5.1.5.7-1.

is the failure rate contribution of the laser coupling hard-
ware; that is, lenses, mirrgrs, prisms, exit windows, etc.
its value is 10 failures/10~ operating hours for carbon
dioxide sealed lasers.

Tne sealed carbon dioxide failure rate model can be rewritten as:

Ao, SeALED = (TG B

AEDIA* 10 05 )g

5.1.5-5
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5.1.5.4 Carbon Dioxide, Flowing Lasers,

A

_m A T T A .
COp FLOWING = "¢ "MgDIaA * E 0S  COUPLING

where:

Ao, FLOWING is yhe carbon dioxide flowing laser failure rate in
failures/10° operating hours.

Tg is the environmental application factor, and its value is
determined from Table 5.1.5.7-1.

AMEDIA is the failure rate contribution of the laging media and its
value approaches zero for carbon dioxide flowing lasers, This
is because this type of laser is much less susceptible to
leaks and long term gas decomposition than a sealed system.
The flowing gas also acis as a purge in removing contamination
and precluding its entrapment. Therefore, except for tube
breakage (which has rarely been observed) optics deteriora-
tion appears the predominant failure mechanism and this is
accounted {or under kCOUPLING-

Tos 1s equal to the number of active optical surfaces and is
determined from Figure 5.1.5.7-1,

ACOUPLING is the failure rate contribution of the laser coupling hard-
ware; that is, lenses, mirrors, prisms, exit windows, etc.
Its value is determined fremTbl 5.1.5.7-% which is pased on
the empirical expression:

\COUPLING = 300 P failures/10° hr.
where P = laser beam average power output in kilowatts.

v shculd be noted that the carben dicxide flowing laser failure rate
prediction medel can be simplified and rewritten as:

Ao, FLOWING = (300P) g Mog

5.1.5-6
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. 5.1.5.5 Solid State Neodymium-Yttrium-Aluminum-Garnet {ND:YAG) Rod Lasers

X
where:

Md:YAG

A
AMEDIA

P UMP

where:

. Ap P /HOURS

e
Tos

ACOUP LING

Nd:

)
E-
5]
=
(ad]
)
<
by

YAG

is the solid state neodymium doped_yttrium-aluminum-garnet rod
laser failure rate in failures 10° operating hours,

is the environmental application factor, and its value is
determined from Table 5.1.5.7-1.

js the failure rate contribution of the lasing media, and its
value is 0.1 failures/10P operating hours for Nd:YAG Tasers.

is the failure rate contribution of the pumping mechanism
which, for solid state Tlasers, 1is highly affected by the
flashlamp or flashtube contribution and can be expressed as:

ApuMP = TE ApUMP/HOURS

is the environmental application factor, and its value is
determined from Table 5.1.5.7-1.

is the failure rate contribution of the flashlamp or flashtube
in failures/106 operating hours, and its value is determined
by converting pump pulses from failures per 106 pulses to
f'aﬂures/TO6 0perat1ng hours. The value for APUMP[HQURS is

- 7 "

determined as indicated in I"IgUY’ES 5.1.5.7-2 or 5.1.5

is the coupling cleanliness factor, and its value is to be
determined from Table 5.1.5,7-8.

is equal to the number of active optical surfaces and is deter-
mined from Figure 5.1.5.7-1.

is the failure rate contribution of the laser coupling hard-

ware: that 1c lenses m1v-v~nv~c nrisms nv1+ unnrlnm atc. Tte
-y LARLY CI]J\—-—?, l\J Jllla’ I A W

value is 16. 3 fa1lures/105 operatlng hours for soT1d state
Nd:YAG lasers.

5.1.5-7
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It should be noted that the solid state Nd:YAG laser failure rate predic- ‘
tion model can be rewritten as:

Ad:vag = TE (0.1 + Apumpswours *+ 16-3 g Tog)

5.1.5-8
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5.1.5.6 Solid State, Ruby RBod lLasers,

. Arusy = " MWEDIA * ‘P * TE "t o3 AcoupLING

6

daugy 18 the solid state ruby reod laser failure rate in failure/10

operating hours.

U i 1 application factor, and its value is
: 4 te 5.1.5.7-1.

AMEDIA is the failure raite contribution of the lasing media in
failures/10° operating hours, and its value is determined by
converting from failures ner 10° pulses to f‘ailures/lo6
operating hours. The value for XMEDIA is 'determined as
indicated in Figure 3,1.5.7-4.

is the failure rate contribution of the pumping mechanism

APU‘M‘P et Al Ve a2 nT 3 A b nto Taamma o Rl Ton OO aw a3 Lo 4l o
WILLCIL Lo Ss0Llu sweave ldoels Lo gDy qgilecuec oy Lhe
flashlamp or flashtube contribution and can be expressed as:
‘e = g Apunp
HOURS
where:
‘ "TE is the environmental application factor, and its
W value is determined from Table 5.1.5.7-1.
APUMP is the failure rate contryibution of flashlamp or
HOURS flashtube in failures/10" operating hours, and its
valjue 1s determined by copvertirg from failures per
10° Rulses to failures/loO operating hours. The value
for “pyyp 1is determined as indicated in Figures 5.1.5.7-2
HOURS i
er 5.1.5.7-3 as applicable.
ﬂC is the coupling cleanliness factor., and its value is to be
determined from Table 5.1.5.7-8.
ﬁOS is equal to the number of active optical surfaces and is

determined from Figure 5.1.5.7-1.

4"" 5.1.5-9
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XCDUPLING is the failure rate contribution of the laser coupling
hardware; that is, lenses, mirrors, prisms, exit
windows, ete. Its value is 16.3 failures/10° operating

hours for solid state ruby lasers.

It should be noted that the sclid state ruby failure rate prediction
model can be rewritten as:

rusy = "E (AuEpra * e * 16-3 T M)
HOURS

5.1.5-10
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5.1.5.7 "Tables and Fiqures for lLaser Model Parameters. This section presants
the tables and 7igures TOr QUaNTITyIng the parameteérs of the laser failure reate

models in Sections 5.1.5.1 througn 5.1.5.6.

TABLE . S.1.5.7-1

TABLE 5.1.5.7-2

Environmental Mode Factors
GAS QVERFILL FACTOR, m.**

0
{E.‘JVIRONME?.’T I, Co, OVERFILL = | 1,
" PERCENT
L‘-B U.¢
0 1.
Ms 0.3 25 0,75
G } 50 0.50
Mp 2.3 * Overfill percent is based on
the percent inc¢rease over the
Meg 1.1 _ .
optimum 0., partiail pressure
N 5 which is nfrmelly in the range
NS 5 of 1.5 to 3 Torr for most
U sealed CD., lasers.
a8 Ny 3. ** THe equation for T, is:
L . 3. Ty =-0.01 (% overffil) + 1.
ARw 5.2
A i
A
A;; 6.5 TABLE 5.1.5.7-3
Ata 5 BALLAST FACTOR, T, *
ArF 7 PERCENT OF SALLAST
Aue 5 VOLUMETRIC INCREASE i
Rt 6 0 1.9
Aup 10 50 0.58
A 8 100 0.33
VA 150 0.1¢
Aur 10 200 0.11 |
S¢ n.2
Mer 2.t *The equation for Ey is
Mea 3.3 m, =/]\% VO]AnlnC'
o =] = (RO
Ugy 7.0 \3)
M, 8
¢, M/ A
{ - 1 $.1.5-11
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TABLE 5.1.5.7-4

MEpa VALUES FOR CO, SEALED LASERS

Current, I* A MEDIA
(in milliamperes) ‘ (failures/10® hours)

10 ;240

20 : - 930

30 1,620

20 2,310

50 3,000

100 6,450

150 9,900

*The current I is tube current, and the values for I must be nqual to or greater
than 10 and equal to or less than 150 milliamperes.

5.1.5-12
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TOTALLY REFLECTIVE

(TR) MIRROR
: One Active Optical Surface
e | Count = 1
LENS /WINDOW Two Active Optical Surfaces

Count = 2

PARTIALLY REFLECTIVE
{PR) MIRROR

*PRISM has only 2 active

SR \ / surfaces, because interior
surfaces are not subject to
— external particulate contamina-

tion

Laser Beam

Only active optical surfaces are counted. An active optical surface is
one witn which the laser energy or beam interacts. Internally reflecting

surfaces are not counted.

FIGURE 5.1.5.7-1. EXAMPLES OF ACTIVE OPTICAL
SURFACES AND COUNT

5.1.5-13
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TABLE 5.1.5.7-5: ACOUPLING VALUES * FOR CO2 FLOWING LASERS
Power lCOUPLINg
(kilowatts) (failures/10%hours)
Q.01 3
0.1 30
1.0 300

The values shown are valid only for power levels up to one kilowatt.
Beyond this range other glass failure mechanisms begin to predomi-

~nate and alter the AcoypLIng values. It should also be noted that

CO, flowing laser optical devices are the primary source of failure
ocCurrence. A preventive maintenance program on optical devices
would greatly extend laser life; however, procedures must be tai-
lored to the individual design of each system. Typical optical
cleaning methods are as follows:

Y. Use optical-quality pressurized gas (DUST-OFF, or equivalent)
and a camel's hair brush to remove dust, nonsoluble particu-
lates and nongreasy deposits.

NOTE: Most pressurized air is contaminated and will degrade
laser optics.

2. Clean remaining deposits, for example fingerprints, and salty
deposits, with an optical-coating compatible cleaning solution
and a high quality lens tissue.

NOTE: DO NOT USE BREATH. It contains acidic compounds and
organisms that may degrade the glass and optic coatings.

3. Wash with a mild, neutral pH, clear detergent (Joy, or equiva-
lent) 3 drops per liter of water, well mixed, and thoroughly
rinse with distilled water.

NOTE: DO NOT USE ammonia containing detergents that may react
with the coating. Test any detergent for ammonia content.

4, Cautions:

a. Use of special gloves for handling recommended.

b Careful use of 20 to 30 percent alcohol solutions with
sterile cotton swabs {change swabs frequently).
NOTE: No not use methyl alcohol in the makeup of this
solution. Specially denatured alcohol, for example type
SD26a, with a strong ethanol (ethyl alcohol base), or equi-
valent can be used. The alcohol solution should be mixed in
distilled water or equivalent to prevent the intoduction of
a soluble salt deposit on the optics. Contact the optics
manufacturer for other recommended cleaning procedures.

5.1.5-14
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TABLE 5.1.5.7-6

REPETITION RATE FACTCRS, Tggp

Repetition or
Pulse* Rate TREP
(puises per second)

1 3,600
5 18,000
10 36,000
15 54,000
20 72,000

*Note: Repetition rates for military solid state lasers are generally in the
1 to 20 pps rarge. Repetition rates other than shovn have not been
observed and corresponding mppp values certified.

TABLE 5.1.5.7-7

FLASHLAMP COOLING FACTCRS, TcooL

Cooling

Media “QOOL
Gas, Air 1.0
Gas, Inert 1.0
Liquid, Deicnized Water 0.1
Liquid, Water-Glycol c.1
Liquid, Fluorocarbon 0.1

5.1.5-15
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TABLE 5.1.5.7-8

CCUPLING CLEANLINESS FACTOR

CLEANLINESS LEVEL* C

Rigorous cleanliness procedures, equipment, 1
and trained maintenance personnel. Flus
bellows provided over optical train.

Minimal precautions during opening, 30
maintenance, repair, and testing. Plus
bellows provided over optical train.

Minimal precautions during opening, mainte- 60
nance, repair, and testing. No bellows
provided over optical train.

*NOTE: Although sealed systems tend to be reliable once compatible
materials have been selected and proven, exireme care must still
be taken to prevent the enirance of particulates during manufactur-
ing, field flashlamp replacement, or routine maintenance/repair,
Contamination is ihe major cause of solid state laser maifunction,
and special provisicns and vigilance must continually bhe provided
to maintain the cleanliness level required. TWp values can vary
from 1 up to 60,

3.1.5-16
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The empirical formula used to determine APUMp for xenon lamps is:

ApUMP
HOURS
XENON

where:

Apyip
HOURS
XENON

TREP

E;

TeooL

*ote:

HOURS

: 8.58
= |"ep| 12000 | ALV ToooL| " failures/10° nr.

is the failure rate gontribution of the xenon flashiamp or flash-
tube* in failures/10” operating hours. The flashlamps evaluated
herein are linear types used for military solid state laser systems.

is theépulse or repetition rate factor used to convert from failures
per 10Y pulses to failures/10° operating hours, and its value is
determined from Table 5.1.5.7-6.

is the flashlamp or flashtube input energy per pulse in joules, and
its value is determined from the actual or design input energy
"parameter except that for input energy levels equal to or less than
30 joules, Ej = 30.

is the flashlamp or flashtube inside diameter in millimeters, and
its value is determined from the actual design parameter of the
flashiamp uiilized,

is the flashiamp or flashtube arc length in incheé, and its value
is determined from the aciual design parameter of the fiashlamp
utilized,

is the truncated pulse width in microseconds, and its value is
determined from the actual design parameter of the pulse forzming
network (PFN) used *o pulse the {lasniamp or flashtube, Pulse
tails' do not affect reliability, ané the maximum value of T is 1GO
microseconds for any truncated pulse width exceeding 100 micro-
seconds, For shorter duration pulses, pulse width is to be:
measured at 10 percent of the meximum current amplitude.

is the cooling factor due ito varicus cooling medlia immediately
surrounding the flashiamp or flashtube, and its value is determined
from Table 5.1.5.7-7.

Typical values for Xenon flashlamps in military Nd:YAG rangefinders
anc designators are £; = 40 joules, d = 4 millimeters, L = 2 inches,
and T = 100 microsezonds. The repetition or pulse rate ranges from
L tc 20 pps, and the lamDs are normally liquic cosled.

Figure 5.1.5.7-2. Determinaticn of Apuup for Xencn Flashiamps




Downloaded from http://www.everyspec.com

MIL-HDBK-217E

LASERS
The empirical formula used to determine APUMP for Xrypton lamp is:
HOURS
P
(0.9 .
APUMP = 625] Eo T) Te00L i‘r:u.lu.res/lo6 hr.
HOURS
KRYPTCN

where:

APUMP is the failure rate contglbution of the krypton flasnlamp or
HOURS flashtube in failures/10- operating hours. The flashlamps
KRYPTON evaluated herein are the continuous wave (CW) type and are most

widely used for commercial solid state applications. They are
approximately 7mm in diameter and 5 to 6 inches long., Average
power is typically 4 KW.

P is the average input power in kilowattis, and its value is
determined from the actual design parameter for the flashlamp
utilized,

L is the flashlamp or flashtube arc length in inches, and its
value is determined from the actual design parameter of the
flashlamp utilized,

TCGOL is the cooling factor due to various cooling media immediately
surrounding the flashlamp or flashtube, and its value is deter-
mined from Table 5.1.5.7-7.

Figure 5.1.5.7-3. Determination of APUMP for Krypton Flashlamps
HOURS

5.1.5-18




Downloaded from http://www.everyspec.com )

MIL-HDBK-217E
LASERS

The empirical formula used to determine Ayppra is:

-

E

T}

is the puISg or repetition rate fagtor used to convert from
failures/10- pulses vo f{ailures/10° operating hours, and its value
is determined from Table 5.1.5.7-6.

is the energy density in Joules per cm.2/pulse over the cross-
sectional area of the laser beam which is nominally equivalent to
the cross-sectional area of the laser rod and its value is deter-

A o - v mmmmmemoah mr md? b lem T hmmae tvmAd kT A

u.LuEu L Ul UH.C.' d.bhud-& uc.‘:..LE;u paeladieucl UL Lilc lasSl 1ud \.I.ULJ.J.Q!:U..

Figure 5.1.5.7-4. Determination of XMEDIA for Solid State Ruby Lasers

5.1.5-19




Downloaded from http://www.everyspec.com |

MIL-HDBK-217E
LASERS

- 5.1.5.8 Examples of Laser Faillure Rate Prediction.

5.1.5.8.1 Example of Failure Rate Calculation for He/Ne lasers.

.Given. A helium neon laser device to be used in a military ground mobile
application.

Step 1 =~ The failure rate model of Section 5.7.5.1 applies:

AHE/NE = 84.1 TrE
Step 2 - From Table 5.1.5.7-17¢ = gy = 5.0.
Step 3 - Calculate AHE/NG:

"Heme 84.1 Tp

84.1 (5}

421, failures/loé hours in a ground mobile application. ‘
5.1.5.8.2 Example of Failure Rate Calculation and Beliabilitv Prediction for a

Solid State, Nd:YAG Rod Laser,

Given. Nd: YAG laser designator using a xenon flashlamp which is cooled by
an eutectic water-giycol solution. The laser is being used in the
AUF environment. Design parameters are:

Pulse or Repetition Rate = 10-pps
Flashlamp input energy (per pulse) = 30 joules
Flashlamp inside diameter = 4 millimeters
Flashlamp arc length = 2 inches

Pulse width (including both tails) 120 microseconds

Optical train enclosed in bellows

In addition, strict field maintenance, repair, and test procedures
will be written, validated, and provided for use by trained .
specialists in appropriately clean and controlled facilities.

5.1.5- 20
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Find: Airborne failure rate @ nyg:vag)

The failure rate model of Section 5.1.5.5 applies:

T (0.1 + dopp + 16.3 Tg Tog)
HOURS

Step 1

"

ANd:YAG

Step 2 Frem Tbl 5.1.5.7-1, Tg = 10 for A,

solid state NA:YAG lasers.

Step 3 Calculate Apypp for Xenon flashlamps from

HOURS

= 30 joules

4 mm
2 in

100 us (refer to Figure 5.1.5.7-2

(VS ]
)
i
=

[
I

L Nl
nonoH

3 - From Table5.1.5.7-7% "coor = 0.1 for Liquid, Water-Glycol
cooling media.

10 8.58
3 - dopp = (36,000) 2ooo(m> (0.1)
HCURS L\ / d

XENON

=1,600 failures/10° operating hours

Step & =~ Frem Table 5.1.5.7-87c = 1 for the most stringent cleanliiness level
(as is speeified).
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Step 5 - From Fig 5.1.5.7-1, determine Tog*
5a - Make parts list and count of optical train:
(1) One totally reflective (TR) mirror
(2) One Prismatic "Q" Switch
(3) One partially reflective (PR) m.rror
(4) One exit lens or window

5b - Determine active optical surfaces:

(L) One TR mirror = 1
(2) One "Q" Switeh = 2
{(3) One PR mirror = 2
(4) One exit lens = 2

Tos, Active Optical Surfaces = 7 total
Step 6 - Caleulate Ayg.yag:

Ad:yag = Tz (0.1 * dppp * 16.3 mg mog)
HOURS ‘

= 10 [o.1+1,600 + (16.3) (1) (7)]

= 17,000 failure5/106 operating hours.

5.1.5-22
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5.1.6 Resistors. This section includes the active resistor specifications
and, in addition, some older/inactive specifications are included because of
the large number of equipments still in field use which contain these parts.
For each specification, the analytical model for the part failure rate, A,,
is given followed by the quantitative values of the model elements. Tﬁe
following resistors are included:

Composition, Fixed
MIL-R-T1 Resistors, Fixed, Composition (Insulated)
MIL-R-39008 Resistors, Fixed, Composition {Insulated)
Established Reliability

Film, Fixed
MIL-R-10509 Resistors, Fixed, Film (High Stability)
MIL-R-11804 Resistors, Fixed, Film (Power Type)
MIL-R-22684 Resistors, Fixed, Film, Insulated
MIL-R-39017 Resistors, Fixed, Film, Insulated,
Established Reliability
MIL-R-55182 Resistors, Fixed, Film, Established Reliability

Network, Film, Fixed
MIL-R-83401 Resistor Network, Fixed, Film

Wirewound, Fixed
MIL-R-26 Resistors, Fixed, Wirewound
MIL-R-93 Resistors, Fixed, Wirewound
MIL-R-18546 Resistors, Fixed, Wirewound
Chassis Mounted)

(Power Type)
%
MIL-R-39005 Resistors, Fixed, Wirewound (Accurate),
(
(

Accurate)
Power Type,

Established Reliability
MIL-R-39007 Resistors, Fixed, Wirewound

Established Reliability
MIL-R-39009 Resistors, Fixed, Wirewound (Power Type,

Chassis Mounted) Established Reliability

Power Type),

Thermistor
MIL-T-23648 Thermistor (Thermally Sensitive Resistor} Insulated

Non-wirewound, Variable

MIL-R-94 - Resistors, Variable, Composition

MIL-R-22097 Resistors, Variable, Non-wirewound
(Lead Screw Actuated)

MIL-R-23285 Resistors, Variable, Film

MIL-R-39023 Resistors, Variable, Non-wirewound, Precision

MIL-R-39035 Resistors, Variable, Cermet or Carbon Film
(Lead Screw Actuated) Established Reliability

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

5‘]-6-]
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MIL-R-22 Resistors, Variable, Wirewound (Power Type)
MIL-R-12934 Resistors, Variable, Wirewound, Precision
MIL-R-27208 Resistors, Variable, Wirewound (Lead Screw
Actuated) |
MIL-R-39002 Resistors, Variable, Wirewound, Semi-Precision

MIL-R-39015 Resistors, Variable, Wirewound, (Lead Screw
Actuated), Established Reliability

The general model for resistors is as follows:
- : 6
= Ab ("E X M X "Q) failures/10" hours
or the variable resistors is as follows:
Ap = Ab (ﬂTAPS X MR X ﬂv X me X Mg X ﬂq) fai1ures/105 hours

The factors shown are defined in Section 5.1.1 and the following sections
provide guantitative values related to specific types or classes of resis-
tors. The general model used to quantify the lb term is as follows:

+ 273\ & |7§\ fT + 273\ 4

‘)\b=Ae- K ) l_\N 7273 J

A is an adjustment factor for each type of resistor to adjust the model
to the appropriate failure rate level.

e Is the natural logarithm base, 2.718
T is the ambient operating temperature (degrees C)
T [s a temperature constant
B is a shaping parameter
G, H, J are acceleration constants
N. is a stress constant

S is the electrical stress and is the ratio of operating power to rated

power.
The quantitative values for the base failure rate model factors are given in
Tables 5.1.6-1 and 5.1.6-2 for the different resistor types. The last column
of these tables shows the table number that lists the resulting base failure

rate values.

5.1.6-2
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TABLE 5.71.6-1
FIXED RESISTOR BASE FAILURE RATE (A ) FACTORS

Style ?;EER A B | N, | o | N, I IS ;2?1e
RB 93l s.1am™ | 1 298 | 10 1 1.5 11 5.1.6.4-4
rer | 39005| 3.10007° | 1 398 10 {1 1.5 |1 5.1.6.4-4
RC 1| asan™® | 12 343 1 lo.s |1 1 5.1.6.1-4
rcR | 39008 | 4.500007° | 12 343 1 1 Jo. 1 1 5.1.6.1-4
RD 11804 | 7.33000073 | o0.202] 208 | 2.6 |1.45 |1.3 |o.89 |5.1.5.2-9
Re | 18546 1.5(1007% | 2.64 |208 | 1 Jo.466 (1 1 5.1.6.4-12
rer | 39009 | 1.5010)7% 2.64 | 298 1 0.466 11 1 5.1.6.4-12
RL 22684 | 3.25(00)7% | 1 343 3 1 1 1 5.1.6.2-4
Rir | 39017 | 3.250)74| 1 %3 {3 |1 1 1 5.1.6.2-4
re | 10s09f s.oad | oa.s laee |1 |a 1 1 5.1.6.2-5
R | 55182 s.00)7° | 3.5 | 398 1 |1 1 1 5.1.6.2-5
RTH s b Model Sed Sec. 5.1.6.5
ri | 26 1.48010)72 | 1 208 | 2 do.s |1 1 5.1.6.4-8
ar | 39007 | 1.e80)73 ] 1 208 | 2 Jo.s |1 1 5.1.6.4-8
RZ 83401 See| Sec. 5.l1 .6.3

TABLE 5.1.6-2

VARIABLE RESISTOR BASE FAILURE RATE ()‘b) FACTORS

L MIL-R ) - . ~ e s . A, Table
Stvle Spec a B NT & NS H N o No.
RA 19 3.98(10) 2| 0.514] 313 5.28) 1.44 |1 4,66 15.1.6.6-16
RK 39002 | 3.98c10)7%| 1.050] 358 | s.2ef 1.4a |2 4.46 |5.1.6.6-16
RJ 22097 1.90(10)'2 0.4450 358 | 7.3 | 2.69]1 2.46 1|5.1.6.7-5
ror | 39035 1.90010)7%| o0.445| 358 | 7.3 | 2.69 1 2.46 |[5.1.6.7-5
RP 22 4800021 0.334) 208 | 4.e6} 1.47 |2 2.83 [5.1.6.6-22
RQ 39023 1.80)72 | 1 343 | 7.4 § 2.55 |1 1.6 |5.1.6.7-16
RR 12936 | 7.35a0)”2| 1.03{ 358 | 4.a5] 2.74 |1 3.51 [5.1.5.6-11
RT 27208 6.2(10)"3 1 358 5 1 1 1 5.1.6.6-5
rrr | 39015 6.2(0007 | 1 358 | s |1 11 1 5.1.6.6-5
RV 94 2.46010) "2 o0.a59] 363 | 9.3 | 2.32 1 5.3 I5.1.6.7-10
RYC 23285] 2.571)7%] 1 398 7.9 | 2.45 |1 4.3 [5.1.6.7-15

5.1.6-3
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The ER resistor family generally has four qualification failure rate levels
when tested per the requirements of the applicable ER specification. These
qualification failure rate levels differ by a factor of ten. However, field
data has shown that these failure rate levels differ by a factor about three,
hence the Iq values have been set accordingly.

The use of the resistor models requires the calculation of the electrical
power stress ratio, S = operating power/rated power, or per Section 5.1.6.8
for variable resistors. The models have been structured such that

derating curves de not have to be used to find the base failure rate. The
rated power for the S ratio is equal to the full nominal rated power of the
resistor. For example, MIL-R-39008 has the following derating curve:

70
100
3
~ 80
&
< 60 -\
& 40 A
\
20
: 1%
0

0 40 80 120

AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE

If a 1 watt resistor were being used in an ambient temperature of 90°C., the
rated power for the S calculation would still be 1 watt, not 67% of 1 watt.

0f course, while the derating curve is not needed to determine the base failure
rate, it must still be observed as the maximum operating condition. To aid in
determining if a resistor is being used within rated conditioms, the base failure
rate tables show entries up to certain combinations of stress and temperature.

If a given operating stress and temperature point falls in the blank portion of
the bas: failure rate table, the resistor is overstressed. Such misapplication
would require an analysis of the circuit and operating conditions to bring the
resistor within rated conditions.

5.1.6-4
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. MIL-R-39008, RCR: MIL-R-11 RC
5.1.6.1 Compoesition Resistors
SPECIFICATION STYLE DESCRIPTION
MIL-R-39008 RCR Insulated Fixed Composition
Est. Rel.
MIL-R-11 RC Insulated Fixed Composition

Part operating failure rate mode] (Kp):

BAP = Ay X ( Me X Mo X HO) (Fa11ures/105 hours)

where the factors are shown in Tables 5.1.6.1-1 through -4.
TABLE 5.1.6.1-1

ENVIRONMENTAL MODE FACTORS

EMVIROMMENT HE EMVIROMMENT HE
°8 ‘ Aut "
GMS 1.2 AUB 0
GF 2.9 AUA 7
GM 8.3 AUF 15
MP 8.5 SF 1
M 4.0 3| 8.6
S8 EF
M 5.2 M 13
Ng FA
JU 12 USL 25
NH 13 ML 29
M 14 C 490
uu L
AR 19
P 3
IC
AIT 3.5 TABLE 5.1.6.1-2
AIB 5 M, Resistance Factor
AIA 3.5 \
Atk 6.5 Resistance Ranae 1
al 5 R
ue {ohms )
Up to 100 K 1.0
>0N.1Me to 1 MQ 1.1
> 1.0MQ to 10 MQ 1.6
> 1NMQ 2.5

5.1.6.1-1
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MIL-R-39008, RCR; MIL-R-11, RC

5.1.6.1 Composition Resistors (cont'd)

TABLE 5.1.6.1-3

HO, Quality Factor

Failure Rate Level 11PN
S 0.03
R 0.1
p 0.3
M 1.0
MIL-R-11 5.0
LOWER 15.

5.1.6.1-2
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MIL-R-39008, RCR: MIL-R-11, RC

TABLE 5.1.6.1-4:

URE- RATES, A,

MIL-R-39008 & MIL-R-11 RESISTORS, FIXED, COMPOSITION, BASE FAIL-

TEMP S, RATIO OF OPERATING TG RATED WATTAGE

(°c)] .2 .3 .4 .5 .6 .7 .8 .9 1.0

0 .00007 .00009 .00010 ,00012 .00015 .00017 .00020 .00024 .00028 .00033
10 { .00011 .00013 .00015 .00018 .00021 .00025 .00030 .00036 .00043 .0005)
20 | .00015 .00018 .00022 .00026 .00031 .00037 .00045 .00053 .00064 .00076
30 | .00022 .00026 .00031 .00038 .00046 00055 00066 .00079 .00096 .0011
40 | .00031 .00038 .00045 .00055 .00067 .00081 .00098 .0012 .0014 .0017
50 | .00044 .00054 .00066 .00080 .00098 .0012 .0014 .0018 .0021 .0026
60 | .00063 .00078 .00095 .0012 .00  .0017 .0021 .0026 .0032 .0039
70 | .00090 .0011 .0014 .0017 .0021 .0026 .0032 .0039 .0048 .0059
go | .0013 .0016 .0020 .0025 .0031 .0038 .0047 .0058

90 | .0018 .0023 .0029 .0036 .0045 .0056

00 | .0026 .0033 .0041 .0052 .0065

170 | .0038 .0047 0060

120 | .0054
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. MIL-R-39017, RLR: MIL-R-55182, RNR
MIL-R-22684, RL: MIL-R-10509, RN

5.1.6.2 Film Resistors

SPECIFICATION STYLE DESCRIPTION
MIL-R-39017 RLR Fixed Film, Insulated, Est. Rel.
MIL-R-22684 RL Fixed Film, Insulated
MIL-R-55182 RN (R, C, or N) Fixed Film, Est. Rel.
MIL-R-10509 RN Fixed Film, Insulated
Part operating failure rate mode?l (Rp}f
lp = kb(wE X g X WQ) failures/10% hours

where the factors are shown in Tables 5.1.6.2-1 through 5.1.6.2-5.
TABLE 5.1.6.2-1: ENVIRONMENTAL MODE FACTORS

ENVIRONMENT e ENVIRONMENT e
Gg 1 Arp 6.5
Gys 1.2 Aa 6

. o 2.4 A 9
Gy 7.8 Ayc 7
My 8.8 Ay 6.5
Nep 4.2 Aug 15
Ng 4.7 Aua 15
Ny 14 Ay 20
N, 14 S 0.4
Ny 15 Mer 8.9
Aru 19 M 12
Ale 2.5 U, 26
Arr M 30

¢ 510

5.1.6.2-1
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MIL-R-39017, RLR: MIL-R-55182, RNR
MIL-R-22684, RL: MIL~R-10509, RN

TABLE 5.1.6.2-2: My RESISTANCE FACTOR

Resistance Range L
{ohms)

Up to 100K 1.0

>0.1M to M 1.1

>T1.0M to 10M 1.6

>10M 2.5

TABLE 5.1.6.2-3: i QUALITY FACTOR

Failure Rate Level "Q
S 0.03

R 0.1

p 0.3

M 1.0
MIL-R-10509 5.0
MIL-R-22684 5.0
Lower 15.0

5.1.6.2-2
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. MIL-R-39017, RLR: MIL-R-55182, RNR
| MIL-R-22684. RL: MIL-R-10509, RN
TABLE 5.1.6.2-4:  MIL-R-22684 & MIL-R-39017 RESISTORS, FIXED, FILM (INSULATED)
BASE FAILURE RATES, A_
TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°c) 1.1 .2 .3 A .5 .6 .7 .8 .9 1.0
o |.000s9 .00066 .00073 .00080 .00089 .00098 .0011 .0012 .0013  .0015

10 .00063 .00070 .00078 .00086 .00096 .0011 .0012 .0013 .0014 .00T6
20 .00067 .00075 .00084 .00093 .00%10 .0072 ,0013 .0014 .0016 .0018
30 .00072 .00081 .00090 .0010 .0011 .0013 .0014 .0016 .0018 .0020
40 .00078 .00087 .00098 .0011 .0012 .0014 .0016 .0017 .0019 .0022
50 .00084 .00095 .0011 .0012 .0014 .0015 .0017 .0019 .0022 .0024
60 .00092 .0010 .0012 .0013 .0015 .0017 .0019 .0022 .0024  .0027
70 .0010 ,00117 .0013 .0015 .0017 .0019 ,0021 .0024 .0027 .003)
80 .0011 ,0013 .00 .0076 .0018 .0021 .0024  .0027

90 .0012 .0074 .0076 .0018 .0021 .0024  .0027

100 }.0013 .0015 .0018 .0020 .0023 .0027

110 }.0015 .0017 .0020 .0023 .0026

120 . |.0017 .0020 .0023

130 §.0019 .0022

140 }.0022

5.1.6.2-3
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MIL-R-39017, RLR: MIL-R-55182, RNR

MIL-R-22684, RL: MIL-R-10509, RN
TABLE 5.1.6.2-5:  MIL-R-10509 & MIL-R-55182 RESISTORS, FIXED, FILM, BASE FAILURE

RATES,

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°0)] . .2 .3 A .5 .6 .7 .8 .9 1.0
0 .00061 .00067 .00074 .00082 .00091 .0010 .0011 .0012 .00 .001%

10 .00067 .00074 .00082 .00091 .0010 .0011 .0012 .0014 .0015 .0017
20 .00073 .00082 .00091 .0010 .0011 0013 .0014 .0016 .0017 .0019
30 .00080 .000S0 .0010 .0011 .0013 .0014 .0016 .0017 .0019 - .0022
40 .000g8 .00099 .0011 .00'2 .0004 .00 .0017 .0020 .0022 .0025
50 .00096 .0011  .0012 .00  .0015 .0017 .0020 .0022 .0025 .0028
60 .0011  .0012 ,0013 .0015 .0017 .0019 .0022 .0025 .0028 .0032
70 .0012 .0013 .0015 ,0017 ,0019 .0022 .0025 .0028 .0032 .0036
80 .0013 .00714 .0016 .0019 .0021 .0024 .0028 .0031 .0036 .0041*
90 .00714  .0016 .0018 .0021 .0024 .0027 .0031 .0035 .0040 .0046
100 § .0015 .0017 .0020 .0023 .0026 .0030 .0035 .0040 .0045  .0052
110 § .0017 .0019 .0022 .0025 .0029 .0034 .0039 .0045 .0051 ,0059
120 } .0018 .0021 .0024 .0028 .0033 .0038 .0043 .0050 .0058  .0067
130 § .0020 .0023 .0027 .0031 .0036 .0042 .0049 .0056 ,0065

140 | .0022 .0026 .0030 .0035 .0040 .0047 .0054

150 | .0024 .0028 .0033 .0038 .0045

160 | .0026 .0031 .0036

170 7 .0029
*Jo not use MIL-R-10509 (Characteristic B) below this iine. Points below are
overstressed.

5.1.6.2-4
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MIL-R-11804, RD
Power Film
SPECIFICATION STYLE DESCRIPTION
MIL-R-11804 RD Power Film

Part operating failure rate model (Ap):
lp = Ny (M x Mo % nQ) faﬂures/]O6 hours
where the factors are shown in Tables 5.1.6.2-6 through 5.1.6.2-9.
TABLE 5.1.6.2-6: ENVIRONMENTAL MODE FACTORS

ENVIRONMENT - ENVIRONMENT -

Gp 1 Arg
By 1.2 AL 5.
6 2.4 Ase 10
Gy 8.8 Ay 8
My n AyT 15
Neg 5.1 A 20
N 5.1 Ay 10
Ny 15 Agr 25
Ny 18 S¢ 1
Ny 19 Mer 12
Aoy 25 M 16
Arc 3.5 Ug, 34
At 6 M, 39
C, 660

5.1.6.2-5
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TABLE 5.1.6.2-7:

™ QUALITY FACTOR

Failure Rate Level

"0

MIL-SPEC
Lower

1.0
3.0

TABLE 5.1.6.2-8:

Tp RESISTANCE FACTOR

Resistance Range

T
H

{ohms)
10 to 100 1.0
>100 to 100K 1.2
>100K to 1.3
>IM 3.5

5.1.6.2-6
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TABLE 5.1.6.2-9:
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MIL-HDBK-217E

MIL-R-11804 POWER FILM, RESISTOR BASE FAILURE RATES, Ay

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
ol .2 .3 .4 .5 .6 7 .8 .9 1.0
0 .0089 .0093 .0098 .00 .011 .012  ,013 .04  ,015 .016
10 |.oos0 .0095 .010 .011 .01l  .012  .013 .014  .015  .017
20 |.0092 .0097 .010 .011 .0l2 .013 .014 .015 .0%6  .017
30 |.o094 .0099 .00 .011 .012 .013  .014  .015  .017

40 {.0096 .010 .011 .01 .012 .013 .015 .016 .07

50 }.0098 .010 .011 .012  .013 .01  .015  .016

60 | .00 .011  .011  .012 .03 .04  .016 .017

70 .00 .01 .012 .013  .014  .015  .0%6

g0 |.010 .01 .012 .013 .01  .015  .017

90 }.0omm .01 .012  .013 .015  .0%6

100 |.011 .01z .013  .014 .015  .017

1m0 |.011  .012  .013  .014 .06

120 |.012 .012 .014 .015  .016

130 |.012 .013 .014 .015  .017

140 f.0o12  .013  .014  .0%6

150 }.013 .014  .015  .017

160 |.013 .0M  .0M6

170 |.014  .015  .0%6

180 {.014  .015

190 |.015  .076

200 {.015

210 .06

5.1.6.2-7
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MIL-R-83401, RZ
5.1.6.3 Resistor Network.
SPECIFICATION STYLE DESCRIPTTION
MIL-R-83401 RZ Resistor Networks, Fixed, Film
Dot mammwa e LoadMeicma wmoadn madat F£7 %
F-Y9™ U!JGI-HI-J.H.S LAdiA4ULES LdLE IUUE.L \l\p}

NR_fs the number of film resistors in use (do not include resistors
that are not uysed)

- m = o o=

HE is the environmentai factor, Table 5.1.6.3-2

HQ is the quality factor, Tabie 5.1.6.3-3

- 5.1.6.3-1
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TEMPERATURE FACTOR, I_*

T
0 0 0
Tp (7C.) HT TP (“c.) HT TP (“c.) HT
25 1.0 60 4.2 85 13.3
30 1.25 65 5.0 100 15.4
35 1.56 70 5.9 108 17.8
40 1.92 75 7.1 170 20.
45 2.4 80 8.3 115 24.
50 2.9 85 9.8 120 27.
55 3.5 90 11.4 125 31.
* - I = Exp [ -4056 (__1 . ] )J
TP + 273 298
where T, is package temperature in OC. If Tp 1S unknown, it can be estimated

using Ty = T, + 555, T, is ambient temperature (°C.) and S is the ratio of

total operating power/package rated power. Any device operating at TP >1250C.
is over-stressed.

TABLE 5.1.6.3-2
ENVIRONMENTAL MODE FACTORS

ENVIRONMENT Tg ENVIRONMENT e
g 1 A 15
Gl 1.2 Ada 15
GF 2.4 AUF 20 !
(;‘4 7.8 SF 1
M! 8.8 Mee 8.9
; Ngs 4.2 Meq 12
LN 4.7 Ug, 26
Y 14 M) 30
SN 14 C 510
NSU 15 L
Aoy 19
ATe 2.5 © TABLE 5.1.6.3-3. QUALITY FACTOR, my
A 3
Alg 6.5 | QUALITY LEVEL Ty |
A 6 ]
A%'; 9 MIL-SPEC 1
ﬁUC % 5 Lower 3
T .

5.1.6.3-2
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MIL-R-39005, RBR; MIL-R-93, RB
5.1.6.4 Wirewound Resistors.

SPECIFICATICON STYLE DESCRIPTION
MIL-R-39005 RBR Accurate Fixed Wirewound, ER
MIL-R-93 RB Accurate Fixed Wirewound
Part operating failure rate model (Ap):
= H 6
kp Ay (HE x Mo X HQ) (failures/10° hours)
where the factors are shown in Tables 5.1.6.4-1 through -4.

TABLE 5.1.6.4-1 TABLE 5.1.6.4-2
Environmental Mode Factors HR’ Resistance Factor
ENVIRON- HE Resistance Range Tg
MENT {ohms)

GB 1
GMs 1.2 Up to 10K 1.0
GF 2.4
G 9.8 >10 K to 100 K 1.7
! 12
p
>100 K to 1T M 3.0
N 5.2
NgB 3.2 51 M 5.0
' NU 16 )
NH 18
NUU 20
ARw 27 TABLE 5.1.6.4-3
A 9 T, Quality Fictor
alC 15 Q
AIT 20 Failure Rate Level I
alB 15 Q
A%? 20 S 0.03
A 20
uc
AUT 25 R 0.1
A 40
UB
A 25 P 0.3
UA
A 45
UF
Se 1.5 M 1.0
12.0
mFF 17.0 MIL-R-93 5.0
FA ,
USL 36.0
M 41.0 LOWER 15.
oy 610.0

5.1.6.4-1
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MIL-R-39005, RBR: MIL-R-93, RB

TABLE 5.1.6.4-4: MIL-R-93 & MIL-R-39005 RESISTORS, FIXED, WIRE-WOUND (ACCURATE)}
BASE FAILURE RATES, A

b
TEMP S, RATIO OF OPERATING TO RATED WATTAGE

(°0)} . 2 .3 4 .5 .6 .7 .8 .9 1.0
0 .0033  .0035 .0037 .0041 .0045 .0050 .0057 .0065 .0075 .0086

10 .0033 .0035 .0038 .0042 .0047 .0052 .0059 .0068 .0079  .0092
20 .0034 .0036 .0039 .0043 .Q043 ,0054 .0062 .0072 .0084  .0099
30 .0034  .0037 .0040 .0044 .0050 .0057 .0066 .0076 .0090 .01

40 .0035 .0038 .0042 .0046 .0052 .0060 .0070 .0082 .0097 .0%2

50 -0037  .0039 .0043 .0049 .0055 .0064 .0075 .0088 .011  .013

60 .0038 .0041 .0046 .0052 .0059 .0069 .0081 .0096 .012 .04

70 .0041  ,0044 .0049 .0055 .0064 .0075 .0089 .0M .013 .016

80 .0044  .0048 .0053 .0061 .0070 .0083 .0099 .012 .015 .018

90 .0048 .0053 .0059 .0068 .0079 .0094 .01 .014 .017 .021

100 | .0055 .0060 .0068  .0078 .0092 .017 .013 .016 .020 .026

110 |.0065 .0071 ,0080 .0093 .0M 013 .016 .020 .025 .032

126 |1.0079 .0087 .0099 .012 .014 .017 .021 .026 .033 .042

136 {.010 0N 013 .015 .018 .022 .028

140 {.014 .016

5.1.6.4-2
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l WIL-R-39007, RWR; MIL-R-26, RW

SPECIFICATION STYLE DESCRIPTION
MIL-R-39007 RWR Power Type, Fixed Wirewound, ER
MIL-R-26 RW Power Type, Fixed Wirewound
Part operating failure rate model (Ap):
AP = kb (TTE X T X er) Eailures/106 hours
where the factors are shown in Tables §5.1.6.4-5 throuah -&.
TABLE 5.1.6.4«3
Environmental Mode Factors
Y ENVIRON~ xg ENVIRON=- e
\ 4 MENT MENT
Gg ! Sg 0.6
G 11 MeF 11
aﬂs 1.5 MEa 15
Ga 8.3 UsL 31
M: 11 My, 36
Nsp 2.9 cr 510
Ns 4.9
Ng 14
K| 16
:q?m 17 TABLE 5.1.6.4-8
-.rQ, Qualizy Factor
A 2
‘ak-,}:!_-‘ér 13_5 Failure Rate Level .-rQ
A L
AEE 73 qs S J.G3
i1 7.5
ATA 7 R 0.1
A1z 10
Anc 5.6 P 0.3
AuT 7 M 1.0
208 b , MIL-2-26 5.0
Ang 15
. Ay 20 LOWER 18.

5.1.6.4-3
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MIL-R-39007, RWR: MIL-R-26, RW
TABLE 5.1.6.4-7: RESISTANCE FACTOR o

~ Resistance Range (ohms)

MIL-R-
39007 - Up >500 >1K >5K >7.5K | >10K >15K
Sty'le to to to - to to to to >20K

500 1K 5K 7.5K T0K 15K 20K
RWR 71 1.0 1.0 1.2 1.2 1.6 1.6 1.6 "~ NA
RWR 74 1.0 1.0 1.0 1.2 1.6 1.6 NA NA
RWR 78 1.0 1.0 1.0 1.0 1.2 1.2 1.2 1.6
RWR 80 1.0 1.2 1.6 1.6 NA NA NA NA
RWR 81 1.0 1.6 NA NA NA A NA NA
RWR 82 1.0 1.6 1.6 NA NA NA NA NA
RWR 84 1.0 1.0 1.1 1.2 z 1.6 NA NA
RWR 8% 1.0 1.0 1.4 NA NA NA NA NA

5.1.6.4-4
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RWR: MIL-R-26, RW
g. .6.4—1

1
OR, T CONT'D)

MIL -R-

Resistance Ra.ge (ohms)
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MIL-R-39007, RWR: MIL-R-26, RW | - ‘

TABLE 5.1.6.4-8: MIL-R-26 & MIL-R-39007 RESISTORS, FIXED, WIRE-WQUND, (POWER
TYPE) BASE FAILURE RATES, Ay

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°c)] .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .0042  ,0051 .0062 -.0076 .0093 .011 .04  .017  .021  .025

10 .0045 .0055 .0068 .0084 .010 .013 .016 .019 .024 .029
20 .0048 .0060 .0074 .0092 .0 .014 .017 .022 .027 .033,
30 .0052 .0065 .0081 .010 .013 .016 .020 .025 .031

40 L0056 .0071 .0089 .01 .014 .018 .022
50 0061 .0077 .0097 .012 .016 .020 .025
60 .0066 .0084 .0M1 .014 .017 .022 .028
70 .0072 .0092 .012 .015 .020 .025 032 .
80 .0078  .010 .013 .017 022 .028 037 | 048
90 .0085 .0l .014 .019 .025 .032 .042 .055
100 | .0093 .012 .016 .021 .028 .037 048
110 { .010 .014 .018 .024 031 .042 .055
120 1 .0 .015 .020 .027 .036 ;047 | .063
130 1 .012 017 .022 .030 .040 .054

140 | .014 .019 .025 .034 .046 .062

150 | .015 .021 .028 .038 _.052 071

160 | .017 .023 .032 .043 .060

170 ] .019 .026 .068

180 1 .021 .029 .078

190 1 .023 .033
200 { .026 .037

210 { o290 o2 [
220 | .033 _047{ .068  .097
230 | .037 [T053 .07

240 | .042 } .061  .088
250 | 047 | .069 .10
260 |05 .079
270 { .061 .09
280 ] .069 .10

290 | .079
300 | .091
310 §.70

*Do not use MIL-R-39007 Resistors below this line. .Points below are overstressed.

5.1.6.4-6
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SPECIFICATION STYLE DESCRIPTION

MIL-R=39009 RER Power Types, Chassis Mounted,
Fixed Wirewound, ER

MIL-R-18546 .RE Power Type, Chassis Mounted,

Fixed Wirewound

. L]
A =i x (wE x T X ﬂQ) failures/10" hours

where the factors are shown in Tables 5.1.6.4-9 through -1Z2.

TABLE 5.1.6.4=9

Environmental Mode Factors

1
ENVIRON- e | ENVIRON- T

MENT MENT
Gg 1 Sp 1
GMS 1.2 Mep 11
Gr 2.4 Mra 15
Gy 8.3 ! Usp kR

4 Yo 1 My, 36
Nsg 4.9 Ci, 510
Ng 4.9
Ny 4 TABLZ 5.1.6.4-10
Ng 16 * ., Qiality Factor
Nug 17 Q
ARw 23 Failure Rate Level A
Arc 2.5
AgT 3.5
A1y 7 3 0.1
Aro 10
Ange .5 P 0.3
Agr TZ M L.0
AUE iJ AL c .
Aus 15 MIL-R-18546 5.0
Aur 20 LONER 15.

5.1.6.4-7
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MIL-R-39009, RER: MIL-R-18546, RE

Table 5.1.6.4-11

TR Factor
Resistance Factor, "B' for Chararteristiz G of MIL-R-18546
and Inductively Wound Styles of MIL-R-3500S
) Resigtance Range Lohms)
7 Rated [ Up >I00 [ >500 | >1K [ »>5K | >10¥
Style Power to to to -1 to To 20K
(W) 10Q 500 1x SK 10K 20K
RE &0 5 - 1.0 1.0 1.2 1.2 1.6 NA NA
RER 60
RE 65 10 1.0 1.0 1.0 1.2 l.6 NA NA
RER 65
RE 70 20 1.0 1.0 1.0 1.2 1.2 1.6 NA
RER 70
RE 75 30 1.0 1.0 1.0 1.0 1.1 1.2 1L.6
RER 75 '
RE 77 75 1.0 1.0 1.0 1.0 1.0 1.2 1.8 ‘
W
RE 80 120 1.0 1.0 L.0 1.Q 1.0 1.2 1.6

Resistance Factor, 7_, for Characteristic N of MIL-R-18546
and Noninductively WiOund Styles of MIL-R=-39009

Resistance Range {ohms)

Rated up >100 >3Q00 >1X >SK | »l0oK

Style |Power to T2 to to to to >20K
(W) 100 SQ0 1K SK 10K 20K

RE 80 5 1.0 1.0 1.2 1.6 NA NA NA
PER 40
RE 65 10 1.0 1.0 1.3 1.6 NA NA NA
RER 45 -
RE 70 20 l.0 1.0 1.0 1.2 1.8 Na Na
RER 50
RER b5
RE 77 75 1.0 1.0 1.0 1.0 l.2 1.6 NA
RE 80 120 1.0 1.0 1.0 1.0 1.1 1.4 NA
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TABLE 5.1.6.4-12: MIL-R-18546 & MIL-R-39009 RESISTOR, FIXED, WIREWOUND (POWER
TYPE, CHASSIS MOUNTED) BASE FAILURE RATES, X

TEMP S, RATIO OF OPERATING TO RATED WATTAGE

(°c) | .1 .2 .3 A .5 .6 .7 .8 .9 1.0

0 .0021 .0026 .0032 .0040 .0049 .0061 .0076 .0094 .012 .04

10 |.0023 .0029 .0036 .0045 .0056 .0070 .0087 .011  .014  .017

20 1.0025 .0032 .0040 .0051 .0064 .0080 .010  .013  .016  .020

30 |.o028 .0035 .0045 .0057 .0072 .0092 .012  .015  .019

40 |.0031 .0039 .0050 .0064 .0082 .011  .013  .017  .022

50 |.0034 .0044 .0056 .0072 .0093 .012  .016  .020  .026

60 |.0037 .o048 .0063 .0082 .01}  .014 018 .023

70 0041 .0054 .0070 .0092 .012 016  .021 027

g0 |.o045 .0060 .0079 .00  .014  .018  .024

90 |.0050 .0066 .0088 .012  .016  .021  .028

00 |.0055 .0073 .0098 .013 018  .024  .032

1o l.o060 .0081 .011  .015  .020  .027

120 |.0066 0090 .012  .017  .023  .031

130 |.0073 .00 .04  .019  .026

140 |.0081 .011  .015  .021  .030

150 |.0089 .02  .017  .024  .034

160 }.0098 .014  .019  .027

170 |.011  .015  .022  .031

180 {.012  .017  .024

190 |.013  .019  .027

200 }.014  .021  .030

210 |.016  .023

220 }.017  .026

230 |.019

240 |}.021

250 |.023

5.1.6.4-9
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MIL-T-23648, RTH
5.1.6.5 Thermistors
SPECIFICATION STYLE DESCRIPTION
MIL-T-23648 RTH Bead, Disk and Rod Type

The predicted failure rate is given as follows:

Ap = XA, TE L0
where
Ab = ,021 for bead type, style 24, 26, 28, 30, 32, 34, 36, 38, 40
= .065 for disk type, style 6, 8, 10
= ,105 for rod type, style 12, 14, 16, 18, 20 22, 42
T = values in Table 5.1.6.5-1
L 1 for MIL-SPEC parts;

15 for lower quality parts.
TABLE 5.1.6.5-1: ENVIRONMENTAL MODE FACTORS

ENVIRONMENT e ENVIRONMENT me
Gy 1 Arp 21
s 1.5 Ata 17
6 4.8 At 42
Gy 25 Aue 6.4
Mp 17 AT 12
Neg 7.9 Aug 29
N 14 Aua 24
N, 19 Aur 59
N, 25 S 1
Nyy 27 Mcp 17
Ay 37 Mea 23
Arc 4.8 Ug, 49
Arr 8.6 M, 57

c, 950

5.1.6.5-1
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MIL-HDBK-217E
RESISTORS
MIL-R-39015, RTR: MIL-R-27208, RT

5.1.6.6 Variable Resistor, Wirewound

SPECIFICATION STYLE DESCRIPTION

MIL-R-39015 RTR Variable Lead Screw Activated
Wirewound, Established Reliability

MIL-R-27208 RT Variable Lead Screw Activated
Wirewound

Part operating failure rate model (ln):

lp = Ay X TTAPS ("E X g X Mg X "V) failures/lo6 hours

where the factors are shown in Tables 5,1.6.6-1 through 5.1.6.6-5 and 5.1.6.8-
5.

TABLE 5.1.6.6-1: ENVIRONMENTAL MODE FACTORS

ENVIRONMENT Lf3 ENVIRONMENT TE
GB Alg 8
GMS 1.2 AIA 6
GF [ AIF ]0
Gy . AUC 3
MP 15 AUT 8
Neg 5.7 AUB 15
NS 5.7 AUA 10
NU 13 AUF 20
N, 23 S 1

n r
NUU 25 MFF 15
ARW 33 MFA 21
AIC 2.5 USL 45
CL 870

5.1.6.6-1
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MIL-HDBK-217E

RESISTORS

MIL-R-39015, RTR: MIL-R-27208, RT

TABLE 5.1.6.6-2: Tp RESISTANCE FACTOR

Resistance Range T
(ohms)
10 to 2K 1.0
>2K to 5K 1.4
>8K to 20K 2.0
TABLE 5,1.6.6-3: T QUALITY FACTOR
Failure Rate Level g
S .02
R . 06
P .2
M .6
MIL-R-27208 3.
Lower 10.

TABLE 5.1.6.6-4:

my VOLTAGE FACTOR

Ratio of Applied* Ty
Voltage to Rated Voltage
0 to 0.1 1.10
>0.1 to 0.2 1.05
>0.2 to 0.6 1.00
>0.6 to 0.7 1.10
>0.7 to 0.8 1.22
>0.8 to 0.9 1.40
>0.9 to 1.0 2.00
*VApp1ied =-'Viip-ﬂ\pph'ed
R = total pot, resistance
VRated = 40v for RT 26 and 27
Vo . . = 90v for RTR 12, 22 and 24; RT 12 and 22
Hated ? ?

5.1.6.6-2
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MIL-HDBK-217E
RESISTORS
MIL-R-39015, RTR: MIL-R-27208, RT

TABLE 5.1.6.6-5: MIL-R-39015 & MIL-R-27208 RESISTORS, VARIABLE, WIREWOUND (LEAD
SCREW ACTUATED) BASE FAILURE RATES, Ay

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE

oyl .2 .3 4 .5 .6 7 .8 .9 1.0
0 .0089  .0098 .011 012 .013  .015 016 018 .020  .022
10 |.0094 .010 .012 .013 .014 .06 017 019  .021 024
20 |.010 .om .012 014 015  .017 019  .021 024 026
3 1.on 012 .03 015 017  .019  .021  .023 026 029
30 |.012. .013 .015 016 018 021 .023 026 029. .033
50 |.013 014 .06 018 020 023  .026 029 033 037
60 014 016 .018 020 023 026 .029 033 037 042

.06 .018 .020 .023  .026  .030  .033  .038  .043  .049
80 |.018 .020 .023 .026 .030 .03  .039  .044  .050  .057
90 |.021 .024 .027 .031 .035 .00  .046  .052  .060

100 {.024 .028 .032 .037 .042  .048  .055

mo J.029 - .033 .038 .044  .051  .058

120 }.035 .081  .047  .054

130 |.084  .051  .059

140 | .056

5.1.6.6-3



Downloaded from http://www.everyspec.com

MIL-HDBK-217E

| RESISTORS
MIL-R-12934, RR
Wirewound, Precision .
SPECIFICATION ~ STYLE ~ DESCRIPTION
MIL-R-12934 RR Precision Wirewound

Part operating failure rate model (Ap):

Ap Ay X Trapg X M (ﬁR X My X e x M) fai]ur‘es/lo6 hours
ghere the factors are shown in Tables 5.1.6.6-6 through 5.1.6.6-11 and 5.1.6.8-
TABLE 5.1.6.6-6: ENVIRONMENTAL MODE FACTORS
ENVIRONMENT g ENVIRONMENT e
‘Gb 1 AIB 10
Gy 1.2 Al , 9.5
GF 2.4 Arg .15
B n Auc 10
MP 24 AUT 10
Neg 8.4 Aug 20
NS 8.4 AUA 15
NU 14 AUF 20
N, 37 S )
NUU 39 MFF 24
Aru 53 Mea 3
AIC 6.5 USL 71
AIT 5 ML 81
CL 1400

TABLE 5.1.6.6-7: o QUALITY FACTOR

Failure Rate Level ﬂq
MIL-SPEC 2.5
Lower 5.0

5.1.6.6-4
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MIL-HDBK-217E
RESISTORS

. MIL-R-12934, RR x

TABLE 5.1.6.6-8: e CONSTRUCTION CLASS FACTOR

Construction Class* Te
RRO9A2A9J103 2.0
2 1T N
4 3.0
5 1.5

*Sample type designation to show how construction ¢lass can be found.

TABLE 5.1.6.6-9: mp RESISTANCE FACTOR

Resistance Range o
{ohms)
100 to 10K 1.0
>10K to 20K 1.1
>20K to 50K 1.4
>50K to 100K 2.0
>100K to 200K 2.5
>200K to 500K 3.5
A
TABLE 5.1.6.6-10: my VOLTAGE FACTOR
Ratio of Applied Voltage Ty
to Rated Voltage*
0 to 0.1 1.10
>0.1 to 0.2 1.05
>0.2 to 0.6 1.00
>0.6 to 0.7 1.10
>0.7 to 0.8 1.22
>0.8 to 0.9 1.40
>0.9 to 1.0 2.00
°'f"',;ﬂ\pp11'ed“=-JRP App lied R = total pot, resistance
Veated = 250v_for RRO900, RRI100, "RR1300, RR2000, RR3000, RR3100,
RR3200, RR3300, RR3400, RR3500
VRated = 423y for RR3600, RR3700
VRated = 500v for RR1000, RR1400, RR2100, RR3800, RR3900

W

—
o
o
én



MIL-R-12934, RR

TABLE 5.1.6.6-11:

(See Section 5.1.6.8 for stress ratio calculation)

RESISTORS

MIL-R-12934 POTENTIOMETERS,
RATES, Ap

Downloaded from http://www.everyspec.com

MIL-HDBK-217E

WIREWOUND PRECISION BASE FAILURE

5.1.6.6-6

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°c)f .1 .2 3 .4 .5 .6 .7 .8 .9 1.0
Q .10 N B} 2 12 2 .13 13 .14 14
10w | .n Rh 2 RY. 13 14 4 15 15 .16
20 | .12 12 3 14 14 .15 .16 .16 7 .18
30 1 .13 13 14 .15 .16 J6 17 .18 .19 20
0 | .4 15 .15 .16 17 18 .20 .21 .22 .23
50 .15 .16 7 .18 .20 .21 .22 .24 .26 .27
60 | .17 18 .19 21 .22 .24 .26 .28 .30 .32
70 1 .19 .20 .22 .24 .26 .28 .30 .33 .36 .39
80 | .21 .23 .25 .28 .30 .33 .36 .40 .43 .48
90 | .24 .27 .30 .33 .36 .40 .44 .49 .54
100 | .28 .31 .35 .39 .44 .49 .54
1o | .33 .38 .42 .48 .54 .61
120 | .40 .45 .52 .59
130 | .49 .56 .65
140 | .60
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MIL-HDBK-217E

RESISTORS

. MIL-R-19, RA & MIL-R-39002, RK

WIREWQUND, SEMIPRECISION

SPECIFICATION STYLZ DESCRIZTION
MIL-R-19 RA Semiprecision
MIL-R-39002 RX Semiprecision

(Note: MIL-R-3%002 is not an established reliabiliry potentiometer.)
Part operating failure rate model (ip):

A= lb X wIAPS(“R X T X T.X nE) (failures/lO6 hours)

Fol - K D P m o e 1T 2~ n P~
+1.Q.0=ic TArougn -1&6 and Y- 1.0.0=2

TABLE 5.1.6.6-12

Environmentzl Mode Factors

ENVIRON- | Wz ENVIRON- "t
MENT MENT
Gy 1 Se K
GMS 1.2 Mer N/A
G 2.4 Mea N/A
Gm 16 UsL N/A
My 17 My N/4
Ngp 7 Co N/&
Ng 7
Ny N/A *N/A: Hot normally used.
N 27
Nyu 29

TARL?Z £.71.6.6~13

ARW 38 7., Quailizy Facter

Arc 6.5 Q

ArT 7.5

AT3 it

Ata a.g Failure Fzze level ™
AIF 15

Ayc /A MTL-SPEC 2.0
AgT N/A

AUB /A LOWER 4.0
AgA N/A

AgF N/A




MIL-R-19, RA:

Vo
** App 11 ed

VRated

Yy

1

It
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MIL-HDBK-217E

RESISTORS
MIL-R-39002, RK

TABLE 5.1.6.6-14: w, RESISTANCE FACTOR

Resistance Range R
( ohms)
10 to 2K 1.0
>2K to 5K 1.4
>5K to 10K 2.0
TABLE 5.1.6.6-15 my VOLTAGE FACTOR
Ratio of Applied Voltage Ty
to Rated Voltage*
0 to 0.1 1.10
>0.1 to 0.2 1.05
>0,2 to 0.6 1.00
>0.6 to 0.7 1.10
>0.7 to 0.8 1,22
>0.8 to 0.9 1.40
>0.9 to 1.0 2.00
P . .. U i
Applied R = total pot, resistance

50v for RAID
75v for RA20X-XC, F
130v for RA30X-XC, F
175v for RAZ20X-XA

275v for RKO9

320v for RA30X-XA
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RESISTORS
MIL-R-19, RA: MIL-R-39002, RK

TABLE 5.1.6.6-16: MIL-R-19 & MIL-R-39002 VARIABLE SEMIPRECISION WIREWOUND
RESISTORS, BASE FAILURE RATES, Ay

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE

°o)f 2 .3 .4 .5 .6 7 .8 .9 1.0
0 .055  .059  .063  .067 .07z  .077  .083  .089  .095 .10
0 | .o58 .063  .069  .075  .081  .088  .095 .10 L 12
20 | .063 .069 .076  .084  .092 .10 RN 12 13 15
30 | .069 .077  .086  .095 .11 12 13 .15 7 .19
a0 | .076 .08 .098 .11 13 .18 .16 .18 21 .24
50 | 085 .98 .11 .13 .5 .18 .20 .26 .27 [.32
60 | .096 .11 13 .16 .19 .22 .26 .31 .37 .44
70 1.1 13 .16 .20 .24 .29 .35 .43 .52 .63
g0 | .13 .16 .20 .25 .31 .39 .48 .60 .75 .93
9% | .76 .20 .26 .33 .42 .54 .69 .89 1.1

00 | .19 .25 .34 .45 .59 .78 1.0

1o | .22 .33 .45 .62 .85

120 | .31 45

130 { .42

5.1.6.6-9
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MIL-HDBK-217E

RESISTORS
MIL-R-22, RP
WIREWOUND, POWER
SPECITICATION STYLE DESCRIPTION
MIL-R-22 RP

High Power

Part operating failure rate model (Ap):

A=) T T X7 1lur 1 '
5 5 x TADS X WQ(“R x T, X Ta e wE) (fallures/;o6 hours)

where the factors are shown in Tab]es 5.]5.6'17 throuch ‘22 and 5.1 6 8

-
-
-

TAELE 5.1.6.6-17

Environmental Mode Factors

ENVIRON- 72, ENVIRON- TE

MENT MENT *

Gg i S 1

Gs 1.3 MeF N/A

Gr 3.0 MP4 N/A

S 16 Ust a

Mo 17 M N/A

NSB 7 CL N/A

Ng 7

Ny N/A *N/A: Not normally used.

Ny 27

Ny 23 TABLI 5.1.5.5-18

T 121 B

. 8 o’ Qu ty factor

Are 6.5

ArT _3-5 Tzilure Fzze Level T
AT ‘

ATa 9.5 -
ATz 15 MIL-SPEC 2.0
Anc N/A

Ay N/A Lower 4.0
AU N/A

A N/A

AYF N/A

5.1.6.6-10
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MIL-HDBK-217E
RESISTORS

MIL-R-22, RP

TABLE 5.1.6.6-19: m, RESISTANCE FACTOR

Resistance Range TR
(ohms)
1 to 2K 1.0
>2K to 5K 1.4
>5K to 10K 2.0
TABLE 5.1.6.6-20: m, VOLTAGE FACTOR
Ratio of Applied Voltage | my
to Rated Voltage*
0 to 0.1 1.10
>0.1 to 0.2 1.05
>0.2 to 0.6 1.00
>0.6 to 0.7 1.10
>0.7 to 0.8 1.20
>0.8 to 0.9 1.40
>(.9 to 1.0 2.00
=V“P Applied R = total pot, resistance

= 250v for RPO6, RPIO

500v for others

TABLE 5.1.6.6-21: e CONSTRUCTION CLASS FACTOR
CONSTRUCTION STYLE T
CLASS v
Enclosed RPO7, RPT1, RP16 2.0
A1l other styles
Unenc losed are unenclosed. 1.0

5.1.6.6~11



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
RESISTORS

MIL-R-22, RP ‘

TABLE 5.1.6.6-22: MIL-R-22 POWER WIREWOUND RESISTORS, BASE FAILURE RATES, Ab

(See Section 5.1.6.8 for stress ratio calcuﬁation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE

(°c) .1 2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .064 069 .074  .079  .084  .090  .097 .10 l .12
6§ .067 073 .078  .085 .09}  .098 .17 1 Y. .13
20 } .0717 .077 .08  .091 .099 .11 .12 .13 .14 15
30 | .076  .083  .091  .099 .11 12 .13 .14 .16

40 1 081 nge 099 1 12 13 15 16

50 | .087  .097 .M 12 .14 .15 17

60 } .095 .M .12 .14 .15 17

70 | .10 12 .14 .15 .18

80 | .12 .13 .15 .18

90 | .13 15 .18

1901 .15 .17

1o} .7

120 | .20

5.1,6.6-12
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MIL-HDBK-217E

RESISTORS

MIL-R-22097, RJ: MIL-R-39035, RJR

5.1.6.7 varizble Nonwirewound Resistors
Nonwirewound Trimmer Resistors

.--nv-n-rv--rﬂ A PPV MY QT = MDY T T AL
orfiulllUAL LUV SilLi ULOUWRLE 1 LUN
MIL-R-22097 RJ _ Trimzer
MIL-R-39035 RJR Trimmer , ER

Part operating failure rate model (Ap):

AT A x

o Mo ¥ Traps(Tp X 7

X T, %X WE) (failures/10% hours)

v Q

wnhere the factors are shown in Tables 5,)1,6.7-1 through -5 a2nd 5.1.6.8-5.

TABLE 5-106-7-1
Environmental Mode Factors

ENVIRON- To ENVIRON- o
MENT MENT
Ggp 1 SF 3
Gy 1.2 Mpr 18
Gp 2.9 Mpa 25
G 11 Usp 53
Mo 18 Mr, 51
Nsp 5.7 Ci, 1,000
Ng 5.7
Ny 15
Ny 27 TABLE 5.1.6.7-2
Ny 29
Tns Quality Pacioer
3

Apw 39
Ate 3 Failure Rate Level il
Arm 6
AIE 7
Ata .5 S .02
Ay 10
Anp 7.5 R .06
Age 15 b4 .2
AUB 15 w
AUA 10 - 15
Aygp 25 MIL-R~22097 3.

LOWER 10.

5.1,6.7-1
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MIL-R-22097, RJ: MIL-R-39035, RJR

TABLE 5.1.6.7-3: mp RESISTANCE FACTOR

Resistance Range o
{ ohms)

10 to 50K 1.0

>50K to 100K 1.1

>100K to 200K 1.2

>200K to 500K 1.4

>500K to 1M 1.8

TABLE 5.1.6.7-4: VOLTAGE FACTOR

R
Ratio of Applied Voltage | =,
to Rated Voitage*

0 to 0.8 1.00
to 0.9 1.05
to 1.0 1.20

*VAppIied R = total pot, resistance

H 1]
[ )
[ o
Lae']
< =
=
-+ o
() —
- -t A¥4
{ o é
X3 (=N - L)
L=} W 0
]

YRated

1]

300v for all others

S

. 5..6.7-2
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MIL-HDBK-217E
RESISTORS

. MIL-R-22097, RJ: MIL-R-39035, RJR

TABLE 5.1.6.7-5: MIL-R-22097 & MIL-R-39035 NONWIREWOUND TRIMMER RESISTORS, BASE
FAILURE RATES, Ab

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
ol .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 021 022 023 .023  .024 .025 . .026  .027 .028  .029

10 | .021 .02z  .023 .024  .025 .026  .027  .028  .030  .031

20 |.022 .023 .024 .025 .026  .027  .02%  .030  .031  .033

30 |.023 .024 .025 .026 .028 .029  .030 .032  .033  .035

a0 | .024 .025 .026 .028 .029 .031  .032 .034  .036  .038

50 | .025  .026  .028  .029  .031  .033  .035  .037  .039  .041

60 | .026 .028 .030 .037 .033 .03  .038  .040  .043  .045

70 |.028 .030 .032 .034  .036  .039  .042  .044  .047  .050

so |.030 .033 .035 .038  .040  .043  .046  .050  .053  .057
. 90 | .034  .036  .039  .042  .045  .049  .053  .057  .06)

100 {.038 .041  .044  .048  .052  .056 .06

110 | .043  .047  .051  .055  .060  .066

120 | .050  .055  .060  .066

130 | .060  .066  .073

140 | .074

5.1.6.7-3
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RESISTORS
MIL-R-94, RV

Variable Ccmposition Resistors

SPECIFICATION STYL DESCRIPTION
M1L-R-94 . RV Low Preciszion

tn

Part operating failure rate model (lp):

(7, x 7 x 7. x 7.) fzilures/10%® hours

= < T
AP Ay X Toaps(Tg X Ty X Ty x T

o
]
o

-

where the f{actors are shown in Tables 5.1.6.7-8 throygh -10 and 5.1.58

TABLZ 5.1.6.7-6

Envirsonmentzl Mecde Fzcotors

INVIRON- e INVIRON=- FE
MENT MENT

G i Se i

Gms 1.1 MEr 2t

Ge 7.3 ME 29

G 7 U.'. 5z
! SL Sc

M 2l My 71

N3 S < 1,270

Ng 3

Ny 21

Hu gy

Ny 24

TABLZ 5.1.6.7-7

ARW L

AR ; NO’ Qualizy Tacrer

ayt > -

Arm 5 T

ATT 22 Tallure Pace Level T

Atz z> Q

AT 52 i

LA 22 MIL-82T(C 2.3
Iz -

1 ) - v —

inc 20 LCWER 5.6

Ay 10

ADE =5

AUA 22

AT S0

5.1.6.7-4
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MIL-HDBK-217E

RESISTORS

MIL-R-94, RV

*Vppp 1ied

VRated

TABLE 5.1.6.7-8: T

RESISTANCE FACTOR

Resistance Range
{ohms}

TR

50to 50K

>50K to 100K
>100K to 200K
>200K to 500K
>500K to IM

PR QN R S —
PN O

TABLE 5.1.6.7-9:

Ty

VOLTAGE FACTOR

to Rated Voltage*

‘Ratio of Applied Voltage Ty

.8

0t
> 0
0

0o
o o O

0. 0.9
>0. 1.0

ake Applied

= B00v for RVAX--XA&XB

=" " 2RV7X--XA&XB

= 350v for RV2X--XA&XB

RVAX--XA&XB

RV5X--XA&XB

] n

RV6X--XA&XB

= 250v for RVIX--XA&XB

= 200v for all other types

R = total pot, resistance

5.1.6.7-5
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MIL~-HDBK-217E
RESISTORS
MIL-R-94, RV

TABLE 5.1.6.7-10:  MIL-R-94 VARIABLE COMPOSITION RESISTOR, BASE FAILURE RATES, Ay

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°c)1 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .027 .028 .030 .031 .032 .034 .035 .037 .038 .040

10 .028 .029 .031 .033 .034 .036 .038 .040 .042 .045
20 .029 .031 .033 .035 .037 .040 .042 .045 .048 051
30 .031 .033 .036 .038 041 .045 .048 .052 .056 .060
40 .033 .036 .039 .043 .047 051 .056 061 .067 .073
50 .036 .039 .044 .049 .054 .060 .067 .074 .082 .091

60 .039 .045 .050 .057 .065 .073 .083 .094 'y .12
70 .045 .052 .060 .069 .080 .093 L1 .12 .14 A7
80 .053 .063 .Q74 .088 .10 .12 .15 .17

90 .065 .079 . 096 12 .14 A7

100 | .084 .1 .13 .16

10 .11 .15

5.1.6.7-6



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
RESISTORS

MIL-R-23285, RVC: MIL-R-39023, RQ

Variable Film and Precision Resistors

SPECIZICATION STYLE DESCRITTION
MIL-R-39023 RQ Nonwirewound, Precision
MIL-R-23285 RVC Film

Part operating failure rate model (Rp):

= o ] T bl 6
Ap Ab x ”TAPS(“R X T, X 1Q x ﬂE) (failures/10° hours)

where the factors are shown in Tables 5.1.6.7-11 through -16 and 5.1.6.8-5.

| : TABLE 5.1.6.7-11
. ) Environmental Mode rzcotors
ENVIRON- TE ENVIRON- o
MENT MENT
Gg i Sk ‘é
GM 1.2 Mrw 1
GFS 2.9 MEA 25
G 11 UsL =3
Mp 18 Mr, 61
Nsa 7.2 CL 1,000
Ng 7.2
Ny 15 )
Ny 27 51.6. 7.
Nyy 29 TABLE 5.1.6.7-12
Ary 39 TQ Quality Factor
Atc 3.5
ATT 6.5 .
AT 5.5 Failure Rate Level Bs
Ats 6.5
Air = MIL-SPEC 2
Ange 10
Aut e Lover 4
AUz 3V
Apa 20 P
Ayr 40

5.1.6.7-7
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RESISTORS
MIL-R-23285, RVC: MIL-R-39023, RQ

TABLE . 5.1.6,7-13: T RESISTANCE FACTOR

Resistance Range - ™R

{ohms)
to 10K 1.0
>10K to 50K 1.1
. : >50K to 200K 1.2
T >200K to ™ 1.4
>1M 1.8

TABLE 5.1.6.7-14: my VOLTAGE FACTOR -

Ratio of Applied Voltage Ty
to Rated Voltage*

e

0 to 0.8 1.00
>0.8 to 0.9 1.05
>0.9 to 1.0 1.20
&V . ]JRP . _ .
Applied = AppTied R = total pot, resistance
VRated = 250V for RQO90, 110, 150, 200, 300 g

1}

500V for RQ100, 160, 210

350V for RVCS, 6

5.1.6.7-8
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MIL-R-23285, RVC
TABLE 5.1.6.7-15:  MIL-R-23285 VARIABLE FILM RESISTORS, BASE FAILURE RATES, X,

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(°cy| .1 2 3 A 5 6 7 8 9 1.0
0 .028 .029 .031 .032 .033 .035 .036 .037 .039 041

10 .029 .030 .032 .033 .035 .037 .038 .040 .042 .044
20 .030 031 .033 035 .037 .039 041 .044 .046 .049
30 031 .033 .035 .037 .040 .042 .045 .048 .051 .055
40 .032 .035 .037 040 .043 .046 .050 .054 .058 .062
50 .034 .037 .040 .044 .047 .052 .056 .061 . 066 072
60 .036 .040 044 .048 .053 .058 .064 071 .078 .086
70 .039 .044 .049 .054 .060 .067 .075 .084 .093 .10

80 .043 .048 .055 .062 .070 .079 .090 .10 N .13
90 .048 .055 .063 073 .083 .096 L1 .13 .15 N7
00 | .055 .064 .075 .087 .10 12 .14 .16 .19 .22
110 } .064 .076 .091 ay 13 .15 .18 .22 .26 .31
120 | .077 .094 L1 .14 7 21 .25 .30 .37 .45
130 | .096 .12 .15 .19 .23 .29 .36 .44 .55

140 | .12 .16 .20 .26 .33 .42 .53

150 {.17 22 .29 .38 .50

160 | .24 .33 .44

170 ] .37
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MIL-R-39023, RQ

TABLE 5.1.6.7-16: MIL-R-39023 VARIABLE NONWIREWOUND PRECISION RESISTORS, BASE
FAILURE RATES, A,

(See Section 5.1.6.8 for stress ratio calculation)

TEMP S, RATIO OF OPERATING TO RATED WATTAGE
(%) | . .2 .3 Y. .5 .6 .7 .8 .9 1.0
0 .023  .023  .024  .025  .026  .027 .028  .030  .031  .032

10 .024 .025 .026 .027 .029 .030 031 033 .034 .036
20 026 .027 .029 .030 .032 .033 .035 .037 .039 .041

A NAY nac na-y
30 028 030 .032 .034 .036 .038 .040 042 L0485 L047

40 .032 .034 .036 .039 041 044 .047 .050 .053 .057
50 .037 .039 .042 .046 .049 .053 .057 .061 .065 .070
60 .044 .047 051 .055 .060 .065 .070 .076 .083 .090

70 .053 .058 .064 .070 .076 .084 .091 .10 1N .12
80 .068 .076 .083 .092 .10 L1 .12 .14

90 092 .10 11 13 14 16

100 ¢.13 .15 A7 .19

110 | .20 .23

5.1.6.7-10
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5.1.6.8 Calculation for S, Taps and Ganaina.

For potentiometers connected as rheostats, use Table 5.1.6.8-1.

For potentiometers connected conventionally, use Table 5.1.6.8-2.

TABLE 5.1.6.8-1

Calculation of § for Rheostats

The stress ratio (S) is definedzas:
(1 }
g = op max
2
I 3
Trganged ¢ max rated’
where:

I is the maximum current which will be passed
opmax . . -

through the rheostat in the circuit.
I is the current rating of the potentiometer.
max rated

. If current rating not given, use:
I = P
max rated rated/RP
where:
Prated is power rating of potentiometer.
RP is potentiometer resistance.

nganged is factor to correct power rating to account

for multiple potentiometers ganged on a common

shaft, as obtained from Table 5.1.6.8-4

5.1.6.8-~1
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TABLE 5.7.6.8-2

Calculation of Stress Ratio for Potentiometers
Connected Conventionally

The stress vatio (S} is defined by the equation:

§ = Papplied

eff Trganged P rated

where:

is the equivalent power input to the
potentiometer when it is not loaded

(i.e., wiper lead disconnected). Its

value is computed as the square of the
input voltage, divided by the potentiometer
total resistance,

Papplied

P = (V 2, \
applied in 'R,
\

Prated is the power rating of the potentiometer.
is a correction factor to correct for the
reduction in effective rating of the poten-
tiometer due to the close proximity of two
or more potentiometers when they are ganged
together on a common shaft. The values of

are obtained from Table 5.1.6.8-4.

TTganged

Trganged

is a correction factor for the electrical
loading effect on the wiper contact of the
potentiometer. Its value is a function of the
type of potentiometer, its resistance, and the
load resistance.

eff

5.1.6.8-2
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TABLE 5.1.6.8-2 {Cont'd)
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Calculation of Stress Ratio for Potentiometers

The value of 7

can be obtained

directly from %ggle 5.1.6.8-3 or
calculated as follows:

2

AL

eff

whare:

R = load resistance (IF R_
value).

R+ Ky (R?z ")

is variable, use lowest

] is the total resistancz between the
wiper arm dnd one end of the potentiometer.

R = potentiometer resistance.

P
KH ii1iznstant dependent upon the style shown
POTENTICMETER TYPE KH
MIL-SPEC STYLE
MIL-R-19 RA 0.5
MIL-R-22 RP 1.0
MIL-R-94 RV 0.5
MIL~R-12934 RR1000, 1001, 1003, | 0.3
1400, 2100, 2101,
2102, 2103
MIL-R-12934 all other types | 0.2
MIL-R-22097 RJ11, RJ12 0.3
MIL-R-220%7 all other types | 0.2
MIL-R-23285 RVC 0.5
MIL-R-27208 RT22, 24, 26, 27 0.2
MIL-R-27208 all other types | 0.3
MIL-R-39002 RK 0.5
MIL-R-39015 RTR 22, 24 0.17
MIL-R-39015 RTR12 0.3
MIL-R-39023 RQ 0.
MIL-R-39035 RJR 0.3

5.1.6.8-3
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TABLE 5.1.6.8-3

Loaded Potentiometer Derating Factor, w

eff.
%
RT"/

R, 0.5 1.0 0.167 0.2 0.3
0.1 .02 .008 .05 .04 .03
0.2 .05 .03 .15 .13 .07
0.3 .10 .05 .25 .22 .16
0.4 .15 .08 .35 .31 .23
0.5 .20 .11 .43 .38 .29
0.6 .25 .14 .49 .65 .35
0.7 .29 .17 .55 .51 .40
0.8 .33 .20 .60 .55 .45
0.9 .37 .22 .63 .59 .49
1.0 .40 .25 .67 .63 .53
1.5 .53 .36 .77 . .74 .65
2.0 .62 .44 .83 .80 .72
3.0 .72 .56 .89 .87 .81
4.0 .78 .64 .91 .90 .86
5.0 .82 .69 .93 .92 .88

10.0 .90 .83 .96 .96 .94
100.0 .99 .98 1.00 1.00 .99

5.1.6.8-4
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TABLE 5.1.6.8-4

Ganged-Potentiometer Factor, T

ganged
First
Number of Potentiometer Second Third ourth Fifth |[Sixth
Sections Next to Mount in Gang |in Gang |in Gang | in Gang {in Gang
Single 1.0 Not Applicable
Two 0.75 0.60 Not Applicable
Three 0.75 0.50 0.60 Not Applicable
Four 0.75 0.50 0.50 0.60 Not Applicable
Five 0.75 0.50 0.40 0.50 0.60 Not
Appli=-
cable
Six 0.75 0.50 0.40 0.40 0.50 0.60
TABLE 5.1.6.8-5
Potentiometer Taps Factor, = (1
taps
(2 (2 (2

taps 1Ttaps Ntaps 1Ttaps Ntaps TTtaps

3 1.00 13’ 2.67 23 5.20

4 1.11 14 2.88 24 5.49

5 1.24 15 3.12 25 5.79

6 1.38 16 3.35 26 6.09

7 1.53 17 3.59 27 6,40

8 1.69 i8 3.85 28 6.72

9 1.87 19 4.10 29 7.04

10 2.06 20 4,37 30 7.36

11 2,25 21 4.64 31 7.69

12 2.45 22 4,92 32 8.03

N 3/2
(1 Model: ﬂtaps = taps + 0.792
25
(2 Nta s is the number of potentiometer taps, including the wiper
P and end terminations.

5.1.6.8-5
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. :1.6.9 Example Failure Rate Calculationms.

Example 1

Given: Type RCR fixed composition 12,000 olm resistor per
MIL-R-39008, level M rated at 0.5 watts is being used in &irborne inhabited
carqo énvironment. The registor ambient temperature is
60° C. and is dissipating 0.2 watts.

Step 1 - The failure rate informatiom for this resistor is in

Section 5.1.6.1 fhe part failure rate {is:
Ap = lb X Tp X T X o (failures/10 hrs.)
Step 2 - Stress ratig, § = PAPPLIED/PRATED
= (0.2/0.5
a 0.4
Step 3 - From Table 5.1.5.1-4, entering with T = 60°¢.
and § = 0.4, P
kb = 0012 £./10° hrs.

NOTE: If T & § were at valdues showing no A, value (such as
T = 90°C. & S = 0.8), the resistor would be operating above
rated conditions. Re=design would be necessary to bring the
resistor within rating.

- - = 3 for A,
Step 4 - From Tbl 5.1.6.1-] s r e
Step 5 =« From Tb? 5.1.6.1-2 LA 1 for 12,000 chms.
Step 6 - From Tbl S5.1.6.7-3 " 1 for level M.
Scep 7 - Ap = Ab X 7o X T ﬁo
= 0.0012 {3) (1) ()
Ap = (0.0036 £./106 hrs.

o
'_.l
m
[0

Given: Type RE77 fixed noninductive wirewound chassis mounced
5,900 ohm resistor per MIL-R-18546 rated at 75 watts is being used in
a fixed ground envirommenc. The resistor ambient temperature is 53°C.
and is dissipating 40 watts.

Step 1 - The failure rate information for this resistor is in
Section 5.1.6.4 under MIL-R-18546 & MIL-R-39009.

The part failure rate is:

AP = Ab ( T, X T X wo)

5.1.6.9-1



Downloaded from http://www.everyspec.com

MIL-HDBK~217E

RESISTORS

Example Failure Rate Calculations (Con't)

Step 2 - Stress ratio, S = PAPPLIED/PRATED
= 40/75
= (.53
Note thatc P is the full 75 watts and not a lower level

as indicate y the derating curve in MIL-R-18546. Derating
is accounted for in the base failure rate model and table.

Step 3 - From Tbl 5.1.6.4-12 entering with T = 55°C. and
S = 0.53,
Ay = 0.0108

Step 4 -~ From Tbl 5.1.6.4-9 L 2.4 fixed ground.

Step 5 - From Tbl 5.1.6.4-10 "Q = 5.0 for MIL-R-18546.

Step 6 -— From Tbl 5.1.6.4=11 =#_ = 1.2 for RE7?7 non-
. R
inductive wound.

Step 7 - lp = lb X T opX T2 X Ty

0.0108 (2.4) (1.2) (5)
0.16 ./106 hrs.

Example 3

Given: Type RV1SAYSASQOS5A variable 500K olm resistor procured
per MIL-R-94, rated at 0.2 watts is being used in a fixed ground .
environment. The resistor ambient temperature is 40°C. and is '
dissipating 0.06 watts. The resistance connected to the wiper contact
varies between 1 megohm and 3 megohms.

Step 1 - The failure rate information for this resistor is in
Section 5.1.6.7 under MIL-R-94. The part failure rate

is: Ap = Ab X “TAPS X wR x wv X WQ b4 WE

Step 2. - Base failure rate, Ah, requires the calculation of
stress ratio, S, per Table 5 1.6.8-2 where:

5 = POP

w

eff * 1'rgamgtad X PRATED

LT 0.62 fgnm Thl 5.1.6.8-3 (K, = 0.5 for MIL-R:%94
asd /R; = 10°/500,000 from Tbl 5.1.6.8-¢ R, 1is 10" ohms,
the lowest wiper load resistance).

5.1.6.5-2
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l Example Failure Rate Calculations (Con't)

ﬂganged = 1.0, only 1 element used - no ganging.
Then
§ = 0.06
0.62 (1.0) (0.2)

= .48
Step 3 - Base failure rate, ), , is determined frgm
Tbl 65.1.6.7-1Centering with S8 = .48 and T = 40°C.
Ab = 0.046

Step 4 - Entering Table 5.1.6.8-5 with N = 3 for this part
(no additional taps used),

Trapg = 10

Step 5 - m, is determined from Table 5.1.6.7-9

This part type RV1ISAYSAS505A has a 250 volt maximum
rating (see Table 5.1.6.7-9

= v RP
VAPPLIED APPLIED
———
= V5 (10)° (0.06) = 173 volts
VAPPLIED
= =LB- e
v 250 ’
RATED
my = 1.0 from Table 65.1.6.7-10
Step 6 - From Tbl 5.1.6.7-8 me = 1.4 for 500K ohms.

Step 7 - From Tb] 5.1.6.7-6 e 1.8 for fixed around
environment.,

Step 8 - From Th1 5.1.6.7-7 2.5 for part procured per

MIL~R-G4.

G
1l

Step 9 - Ap = Ab X Moypg X Tp X Ty X WQ X Tp

0.046 (1.0),(1.4) (1.0) (2.5) (1.8)
0.29 £./10° hours.

5.1.6.9-3
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5.1.7 Capacitors. The following capacitors are included in this section:
Paper/Plastic Film
MIL-C-25 Capacitors, Fixed, Paper

Fiwad Panar
flxeq, raper, M

Non-Established Reliability

MIL-C-12889 Capacitors, Fixed, Paper, RFI Bypass
MIL-C-14157 Capacitors, Fixed, Paper-Plagtic,Established Reliability
MIL-C-18312 Capacitors, Metallized Paper, Paper-Plastic, Plastic
MIL-C-19978 Capacitors, Fixed, Plastic (or Paper-Flastic),

Established and Non-Established Reliability
MIL-C-39022 Capacitors, Fixed, Metallized, Paper-Plastic Film or Plastic

Film Dielectric, Established Reliability

MIL-C-55514

Capacitors,

Plastic, Metallized Plastic, Established Reliability

MIL-C-83421 Capacitors, Super-Metallized Plastic, Established Reliability
Mica

MIL-C=-5 Capacitors, Fixed, Mica

MIL~-C-10950 Capacitors, Fixed, Mica, Button Style

MIL-C-39001 Capacitors, Fixed, Mica, Established

Reliability

Glass

MIL-C-11272 Capaciters, Glass

MIL-C-23269 Capacitors, Fixed, Glass, Established Reliability

5.1.7-1
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Ceramie
MIL-C-20 Capacitors, Fixed, Ceramic (Temperature Compensating}
MIL-C-11015 Capacitors, Fixed, Ceramic (General Purpose)
MIL-C~-39014 Capacitors, Fixed, Ceramic (General Purpose),
Established Reliability
MIL-C-55681 Capacitors, Fixed, Ceramic, Chip, Style CDR-21
Electrelytic
MIL-C~62 Capacitors, Fixed, Electrolytic (DC, Aluminum, Dry
Electrolyte, Polarized)
. iE
MIL-C-3965 Capacitors, Fixed, Electrolytic (Non—solid Electrolyte),
Tantalum
MIL-C-39003 Capacitors, Fixed, Electrolytic, Tantalum, Solid Electrolyte,
- Established Reliability
MIL-C-39006 Capacitors, Fixed, Electrolytic, Tantalum, Non-solid
Electrolyte, Established Reliability
MIL-C-38018 Capacitors, Fixed, Electrolytic, Aluminum Oxide -
HIL-C-83500 Capacitors, Fixed, Zlectrolytic, Tantalum, Hon-hermeiic

Variable Capacitors

MIL-C~-81 Capacitors, Variable, Ceramic
MIL-C-92 Capacitors, Air, Trimmer
MIL-C-14409 Capacitors, Variable, Piston Type,

Tubular Trimmer
MIL-C-23183 Capacitors, Vacuum or Gas, Fixed and Variable
The general model for capacitors is as follows:
Ap = dp (g ® TCV x mgp x mQ X nc) fai1ures/106 hours

where these factors are as defined in Sec¢. 5.1.7 The applicability of specific =

factors is shown with each subsequent part type The general model for capacitor
base failure rates (%) is as follows:

5.1.7-2 . 0



Ay

where,

B
G

Downloaded from http://www.everyspec.com

MIL-HDBK-217t

CAPACITORS
,rlqﬂH _[ B(T+273 G
= A - + 1] e N
) f e N

is an adjustment factor for each different type of capacitor,
to adjust the model to the proper failure rate.

represents the ratio of operating to rated voltage. Operati
voltage is the sum of the applied D.C. voltage and the

peak A.C. voltage.

is the stress constant.

is the natura] logarithm base, 2.718.

is the operating ambient temperature iﬁ degrees Centigrade.
is a temperature constant.

is a shaping parameter.

and H are acceleration constants,.

Values of these constants for the various capacitor styles are Shown in
Tables 5.1.7-1 and -2.

5.1.7-3
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TABLE 5.1.7-1
FIXED CAPACITOR BASE FAILURE RATE (Ay) CONSTANTS

” A
b

STYLE | MIL-C-SPEC A B N G Ng o TABLE NOS
"CA 12889 8.6 x 1074 2.5 358 18.0 0.4 5 | 5.1.7.1-5
CB 10950

Max Rated ' )

T=85°C 5.3 x 10”3 1.2 358 6.3 0.4 3 | 5.1.7.2-12

Max Rated

T=150°C 5.3 x 1073 1.2 423 6.3 0.4 31 5.1.7.2-74
CC &
CCR 20

Max Rated -

T=85°C 2.6 x 1077 | 14.3 358 1.0 0.3 3 15.1.7.4-11

Max Rated

T=125°C 2.6 x 1079 | 14.3 398 1.0 |0.3 3| 5.1.7.4-12
CE 62 2.8 x 1073 | 4.09 | 358 5.9 [0.55]| 3 | 8.1.7.6-8

CFR 55514

Max Rated

T=85°C 9.9 x 1074 2.5 358 18.0 0.4 515.1.7.1-32

Max Rated

T=125°C 9.9 x 104 2.5 398 18.0 0.4 5 | 5.1.7.1-33
CH 18312

Max Rated

T=85°C 6.9 x 1074 | 2.5 358 18.0 0.4 5 | 5.1.7.1-26

Max Rated

T=125°C 6.9 x 1074 | 2.5 398 18.0 0.4 5 | 5.1.7.1-27
CHR 39022 See Style

CH

CK 11015

Max Rated

T=85°C 3.0 x 1074 | 1.0 358 1.0 (0.3 | 3 |5.1.7.4-4

Max Rated

T=125°C 3.0 x 1074 | 1.0 398 1.0 0.3 3 15.1.7.4-5

Max Rated 4

T=150°C 3.0 x 107% | 1.0 423 1.0 0.3 3 15.1.7.4-6

5.1.7-4
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TABLE 5.1.7-1 {(Cont'd) .
FIXED CAPACITOR BASE FAILURE RATE (A;) CONSTANTS

' 3
STYLE| MIL-C-SPEC A B No G Ns | u | TRBLE wos
CKR 39014
Max Rated -4
T=85°C 3.0 x 10 1.0 358 1.0 0.3 315.1.7.4-4
Max Rated
T=125°C | 3.0 x 1074 1.0 398 1.0 | 0.3l 31]5.1.7.4-5
CL 3965
Max Rated
T=85°C 1.65 x 10-3 |2.6 358 9.0 0.4 3 |5.1.7.5-11
Max Rated }
T=125°C 1.65 x 1073 2.6 398 9.0 0.4 315.1.7.5-12
Max Rated
T=175°C 1.65 x 10~3 }2.6 448 9.0 0.4 315.1.7.5-13
CLR 39006
Max Rated
T=125°C 1.65 x 1073 | 2.6 398 9.0 | 0.4 3|5.1.7.5-12
Max Rated
T=175°C | 1.65 x 1073 |2.6 448 9.0 | 0.4 315.1.7.5-13
™ 5
Max Rated
T=70°C 8.60 x 10~10 f1s.0 343 1.0 0.4 315.1.7.2-5
Max Rated 10
T=85°C 8.60 x 10 he.o 358 1.0 0.4 315.1.7.2-6
Max Rated
T=125°C 8.60 x 10-10hg.0 398 1.0 0.4 315.1.7.2-7
Max Rated
T=150°c | 8.60 x 10710}16.0 423 1.0 | 0.41 3[5.1.7.2-8
CMR 389001
Max Rated
T=125°C 8.60 x 10°10]16.0 398 1.0 0.4 315.1.7.2-7
Max Rated
T=150°C 8.60 x 10710|16.0 423 1.0 0.4 3| 5.1.7.2-8
CP 25
Max Rated
T=85°C 8.6 x 1074 2.5 358 18.0 0.4 515.1.7.1-5
Max Rated
T=125°C 8.6 x 10-4 2.5 398 18.0 0.4 51 5.1.7.1-6

5.1.7-5
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TABLE 5.1.7-1 (Cont'd)
FIXED CAPACITOR BASE FAILURE RATE (Anl CONSTANTS

A

STYLE|MIL-C-SPEC A B Ny G Ng H TRBLE NOS
CPV 14157

Max Rated

T=65°C 5.0 x 10™% 2.5 338 18.0 0.4 5 E.1.7.1-18

Max Rated

T=85°C 5.0 x 10~% 2,5 358 18.0 0.4 5 6.1.7.1-19

Max Rated

T=125°C 5.0 x 1074 | 2.5 | 398 | 18.0 | 0.4 5 5.1.7-1-20
cq &| 19978
CQR Max Rated

T=65°C 5.0 x 10™% 2.5 338 18.0 0.4 5 b.1.7.1-18

Max Rated

T=85°C 5.0 x 1074 2.5 | 358 18.0 0.4 55.1.7.1~19

Max Rated

T=125°C . 5.0 x 107¢ 2.5 398 18.0 0.4 56.1.7.1-20

Max Rated

T=170°C 5.0 x 1074 2.5 443 1 18.0 0.4 5 B.1.7.1-21
CRH 83421 5.5 x 10~4 2.5 398 18.0 0.4 56.1.7.1-37
CSR 39003

Max Rated

T=125°C 3.75 x 1073} 2.6 398 9.0 0.4 3 F.1.7.5-5
CU 39018 2.54 x 1073 | 5.09 | 398 5.0 0.5 3 B.1.7.6-4
cY 11272

Max Rated

T=125°C 8.25 x 10710 16.0 | 398 1.0 0.5 4 6.1.7.3=5

Max Rated '

T=200°C 8.25 x 10710 16.01 473 1.0 0.5 4 b.1.7.3-6
CYR 23269 8.25 x 10710} 16.0 | 398 1.0 0.5 4 Bb.1,7.3-5
cz 11693

Max Rated

T=85°C 1.15 x 10-3 2.5 | 338 18.0 0.4 5b.1,7.1-11

Max Rated

T=125°C 1.15 x 1073 2.5 ] 398 18.0 0.4 5Bb.1.7.1-12

Max Rated

T=150°C 1.15 x 10-3 2.5 423 18.0 0.4 5p.1.7.1-13

5.1.7-6



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
CAPACITORS

TABLE 5.1.7-2. VARIABLE CAPACITOR BASE FAILURE RATE (lb) CONSTANTS
Ap
STYLE| MIL-C-SPEC A B Ny G Ng TABLE NOS

cG 23183

Max Rated

Ta85°C 1.12 x 10723 1.59| 358 | 10.1 0.171 3 15.1.710-5

Max Rated 1

ﬁﬂ.og‘C 1.12 x 1074 1.59 | 373 10.1 0.17 3%.1.7.10-¢

Max edl 1.12x 109 1.59 | 398- 10.1 | 0.17] 3 .1.210-7
CcT 92 1.92 x 1078 10.8 | 358 1.0 } 0.33| 3B.1.7.93
cV 81

Max Rated

T=85°C 2.24 x 10-3] 1.59| 358 { 10.1 | 0.27f 3Pp.1.7.7-4

Max Rated -3l i

T=125°C 2.24 x 10 1.59 | 398 10.1 0.17 3b.1.7.7-5
PC 14409 1

Max Rated B

T=125°C 7.3 x 10-7 | 12.1 398 1.0 0.33 3 p.1.7.8-4

Max Rated 7 A

T=150°C 7.3 x 107 12.1 423 1.0 0.33 3b.1.7.8-5

5.1.7-7
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MIL-C-25, CP;
MIL-C-12889, CcA
5.1.7.1 Paper and Plastic Film Capacitors.

SPECIFICATION STYLE . DESCRIPTION
MIL-C-25 CP Paper
MIL-C-12889 CA Paper, RFI Bypass

Part operating failure rate model (Ap):

. 6
= h
Ap lb(wE x “Q x “CV) failures/10" hrs

where the factors are shown in Tables 5.1.7.1-1 through -6

TABLE 5.1.7.1=1
Environmental Mode Factors

ENVIRON- Ta ENVIRON=- e
MENT MENT
Gg 1 Sp 1
Gys 1.1 MPF 10
Ge 1.9 Mpa 14
GM 8.3 UsL 30
Mp 10 My, 34
Nsgm 4.3 Cr, 570 -
Ns 5.7 TABLE 5.1.7.1-2
Ng 14 Base Failure Rate Tables for Capacitor
Ny 15 Spec and Style
Nug 16
Spec Ay
ARW 22 MIL-C Style Table Yo.
A .5
Ao : 12889 | AL 5.1.7.1-5
A1B 8
ATL 6.5 25 cro4, 5, 8, 9, 5.1.7.1-€
ALR 10 10, 11, 12, 13;
AUC 10 Char K
Agr 15
AUB 25 cr25, 26, 27, 28, 5.1.7.1-5
Aga 30 29, 40, 41, 67,
AQF 35 69, 70, 72, 75,
76, 77, 78, 80,
81, 82; Char E, F

5.1.7.1-1
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MIL-HDBK-217E
CAPACITORS

MIL-C-25, CP: MIL-C-12889, CA

TABLEZ 5.1.7.1-3
Q. Quality Paczor

Failurs Rata 'Q
Lavel

MIl-SPEC 3

Lowar 7

5.1.7.1-2

TABLE §5,1,7.1-4
Tey, Capacitance Faceor
Capacitance X Tey
MIL=C-25 *;
+0034yF. 0.7
2.35 . 1.0
3 0" 1.3
6. = | 1.6
MIL-C-12889
All 1.0
* my = 1.7
where: ¢ {s uF,
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MIL-HDBK-217E
CAPACITORS

. MIL-C-25, CP: MIL-C-12889, CA

*TABLE 5.1.7.1-5:  CAPACITQRS, FIXED, PAPER, DIRECT CURRENT, BASE FAILURE RATE, A,
(T = 85”C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(QC) 5 .

[04]
-
i«

.2 .3 4 .5 .6 .7

-
et

P N AT ANnTA ARNL ANTT N1 naQ NnE» naog
u JULUBY  JUUUYsL JUUI IUIS LUU30 SIS LUID VLT U3l R ete]

20 .00092 .00095 .0011 .0018 .0037 .0079 .016 .030 .054 .091
30 .00097 .0010 .0012 .0019 .0039 .0084 .017 .032 .057 .096

AL AN An11 nAN12 nns1 NNAA nna? nla N3k Nq2 11
S +UU T PRV UV T sUJL ] . SUTT ST TL o PRl e, . P

50 .0013 .0013 .0016 .0025 .0052 .0M1 .022 .042 075 .13

60 .0017  .0017 .0021 .0034 ,0069 .015 .030 .056 .10 07
70 0n27 nn28 nnaa 0058 0N .024 .048 .090 .16 .27

L4 LA Ay WL s T DRT LRV - e LR s A = ¥ 2 L

80 .0060 .0062 .0074 .012 .024 .051 .10 .20 .35 .59

0 .00088 .00090 .0011 .0018 .0036 .0075 .015 .029 .051 .086
i

*See Tahle 5.1.7.1-2 for applicability to spec. and style,

5.1.7.1-3
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MIL-HDBK-217E
CAPACITORS
MIL-C-25, CP: MIL-C-12889, CA : ‘

*TABLE 5.1.7.1-6: CAPACITO%S, FIXED, PAPER, DIRECT CURRENT, BASE FAILURE RATE, X
(T = 1257°C MAX RATED)

b

TEMP ' S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) | .1 .2 .3 A .5 .6 7 .8 .9 1.0
0 .00086 .00089 .0011 ,0017 .0035 .0074 .015 .028  .051  .085

10 .00087 .00086 .0011 .0017 .0035 .0074 .015 .029 .051 .085
20 .00087 .00090 .00'T .0017 .0035 .0Q075 .015 .029 .051 .086
30 .00088 .00090 .0017 .0018 .0035 .0075 .015 .029 051 .086
40 .00089 .00092 .0011 .0018 .0036 .0076 .015 .029 .052 .088
50 .00091 .00094 .00711 .0018 .0037 .0078 .06 .030 .053 .090
60 .00095 .00098 .0012 .0019 .0039 .0082 .017 .031 .056 .094
70 .0010 .0011 .0013 .0020 .0041 .0088 .018 .034 .060 .10
80 .0011  .0072 .00 .0023 .0046 .0099 .020 .038 .067 11
90 .0014  .0014 .0017 .0028 .0056  .012 .024 .046 .081 .14

100 |.0019 .0019 .DD23 ,0037 .0076 .016 .033 .062 N .18
110 |.0030 .0031 .0037 .0060 .012 .026 .052 .099 .18 .30
120 }.0063 .0065 .0078 .013 .026 .054 .11 21 .37 .62

*See Table 5.1.7.1-2 for applicability to spec. and style.

5.1.7.1-4
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MIL-HDBK-217E

CAPACITORS
CAPACITORS
. MIL-C-11693 CZ
SPECIFICATION STYLE DESCRIPTION
MIL-C~-11693 cZ Paper, Metallized Paper

Merallized Plastic, RFT
Feed=Thru, ER and Non-ER

Part operating failure r2ze wmodzl (Ap):

A (wE X T, X 7_) failures/lO6 hours

p = My QX Ty
where the factors are shown in Tables 5.1.7.1-7 througn -13.
TABLE 5,1.7.1-7

Environmental Mode Factors

ENVIRON- T
MENT
Gg 1 Table 5.1.7.1-8
Gys 1.2 Base Failure Rate Tables
@ 2.4 for Capacitor Spec. and Style
G 8.3 Spec. *p
e 10 MIL-C Style Table o
. NsB 4.8
Ns 8.8 115893 Characceriscic £, W 3.1.7.1-1
Ny 14
N 15
Ngu 16 Characteriscic ¥ 51,7114
Characreristic P 3.1.7.1-13
ARy 22
Arc 3.5
i K Table 5.1.7.1-9
AT, 5.5 Qe Quality ractor
iIF 10 failure Rate’
ac 10 tavel 9 Table 5.1.7.1-10
Agr 15 We:, Capacitance Facicrs
Aup 25 u 1.0 | - _
:UA 20 Non-£Z32 3.0 Capacitance " I ey
UF 35 LOWER 19. -
3p 1 0.0031 pr. 0.7
MFP 10
Mpy 14 0.061 uf. 1.0
Ust, 30 .
My 34 1.8 uf. | L.S
L C 570 0.12
L 7 k3 "CV:] '4c

where C is uF.

5.1.7.1-5
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MIL-HDBK-217E
CAPACITORS

MIL-C-11693, CZ ‘

*TABLE 5.1.7.1-1T: CAPACITORS, FIXED, PAPER OR PLASTIC, DIRECT CURRENT, BASE
FAILURE RATE, Xy {T = 85”C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°0) | 2 .3 A .5 .6 .7 .8 .9 1.0
0 .0012  .0012 .0015 .0023 .0047 .010  .020  .039  ,069 .12

10 .0012 .0012 .0015 .0024 .0048 .010 .021 .039 070 A2
20 .0012 .0013 .0015 ,0025 .0050 .01 021 .041 .072 12
30 0013 .0013 .0016 .0026 .0053 .01 .023 .043 .076 .13
40 .0014 ,0015 .0018 ,0029 .0058 .012 .025 .047 .084 .14

50 .0017 .0018 .0021 .0034 .0069 .015 .030 .056 .10 A7
60 .0023 .0023 .0028 .0045 .0092 .019 .039 .075 .13 .22
70 .0037  .0038 .0045 .0073 015 .031 .064 12 21 .36
80 .0080 .0083 .0099 .016 032 .069 .14 .26 .47 .79

*See Table 5.1.7.1-8 for applicability to spec. and style.

5.1.7.1-6
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MIL-HDBK-217E
CAPACITORS

. MIL-C-11693, CZ

*TABLE 5.1.7.1-12: CAPACITCRS, FIXED, PAPE% OR PLASTIC, DIRECT CURRENT, BASE
FAILURE RATE, Xy (T = 125"C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

f0py 1 " 9 A K P 7 a Q 1N
Yy i 4 . d ot xe + O X o - PRy
0 0012 0012 .0014 ,0023 .0047 .0099 .020 .038 .068 R

10 .0012 .0012 .0014 .0023 .0047 .0099 .020 .038 .068 LA
20 .0012 .0012 .0014 ,0023 .0047 .010 .020 .038 .068 L1

30 .0012 .0012 .0014 ,0023 .0047 .010 .020 .039 .069 A2
40 .0012  .0012 .0015 .0024 .0048 .010 .021 .039 .070 .12

50 .0012 .0013 .0015 .0024 .0049 .070 .021 .040 .072 .12
60 .0013 .0013 .0016 .0025 .0052 .Otl .022 .042 .075 .13
70 .0014 .0014 .0017 .0027 .0055 .012 .024 045 .080 .13
80 .0015 .0016 .0019 .0031 .0062 .013 .027 051 .090 .15

90 .0019 .0019 .0023 ,0037 .0075 .016 .032 .061 1 .18

- 100 |.0025 .0026 .0031 .0050 .010 .022 .044 .083 .15 .25
W 110 .0040 .0041 .0050 .008C .016 .035 .070 13 .24 .40
120 1.0084 .0087 .010 017 .034 .072 .15 .28 .49 .83

*See Table 5.1.7.1-8 for applicability to spec. and style.

5.].?-]"7
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MIL-HDBK-217E

CAPACITORS

MIL-C-11693, CZ ‘
*TABLE 5.1.7.1-13: Eﬁfﬁﬁ£10§§;r FIXED P&EE%, R a *'T\C DIRECT CURRENT, BASE

FRILURLEL RAIL, Ab \l = 19U MAA KA }
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) 1.1 .2 .3 4 .5 .6 7 .8 .9 1.0
0 .0012  .0012 .0014 .0023 .0047 .0099 .020 .038 068 11
10 0012 .0012  .0014 0023 0047  .0099 .020 .038 .068 1
20 .0012 .0012 .0014 .0023 .0047 0099 .020 .038 068 11
30 0012 .0012 .0014 .0023 0047 0099 .020 .038 068 1
40 .0012 ,0012 .0014  .0023  .0047 010 .020 .038 068 1
50 .00712 .0012 .0015 .0023 .0048 .010 .020 .039 069 12
60 .0072 .,0012 .0015 .0024 .0048 .010 .021 .039 070 12
70 .0012 .0013 .0015 .0024 .0049 .00 .021 .040 071 12
80 .0013  .0013 .0016 .0025 .005Y .01 .022 .042 074 12
90 0013 .0014 ,0017 .0027 .0055 .02 023 .045 079 13
100 {.0015 .0015 .0078 .0030 .0060 .013 .026 .049 .087 15
1Mo | .0017 .0018 .0022 .0035 .0071 .075 .030 .058 .10 17
120 |.0022 .0023 .0028 .0045 .0091 .019 .039 .074 13 .22
130 |.0033 .0034 .0040 .0065 .D13 .028 .057 .1 19 .32
140 | .0058 .0060 .0072 .012 .024 .050 .10 .19 34 58
150 |.014 .014 017 .028 .057 .12 .24 .46 .82 1.4
*See Table 5.1.7.1-8 for applicability to spec. and style.

5.1.7.1-8
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MIL-HDBK-217E

CAPACITORS
MIL-C~14157, CPV;
MIT—~(-19978, ‘CQ AND COR
SPECIFICATION STYLE DESCRIPTION
MIL-C-14157 CPv Paper and Plastic Film, Est. Rel.
MIL-C-19978 CQ and COR Paper and Plastic Film, ER and

Non-ER
part operating failure rate model (lp):
Ap - Ab(

6
g X Ty X “CV) failures/10 hours

where the factors are shown in Tables 5.1.7.1-14 throuah -21.

TABLE 5.1.7.1=14

Environmental Mode Factors

ENVIRON- g | ENVIRON- g
MENT MENT
Gg 1 Sp 1
Gys 1.2 MFF 9.3
Gy 2.% My 13
Gy 7.8 UsL 27
Mp 9.2 My 31
Nsp by CL 530
NS 5-7
Ny 13 Tabte 5.1.7.1-15
Ny 14 Base Fallure Rate Tables
Nyg 15 for Capacitor Spec.and Style
Apw 20 Spec %
ATc 2.5 MIL-C Style Table No.
A 3
ATy z.5 14157  CPVO7 §.1.7.1-18
ATp 3 CFVo9 5.1.7.1-20
Ate 8 CevLy | ls.1.7.119
A 3
Ao 55 19978  Char. P, L 5.1.7.1-18
Ayp 20 Char. E, F, G, M 5.1.7.1-19
Ayga 10 Char. K, Q, S 5.1.7.1-20
AyF 30 Char. T 5.1.7.1-21

5.1.7.1-9
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MIL-HDBK-217E
CAPACITORS

MIL-C-14157, CPV: MIL-~C-19978, CQ and CQR

Ta_-b;eS-]e?e 1.-.!5
Tqs» Quality Factor

'Failureﬁxaca
Level

o9
O

.
[=]
W

LT X
OO 0Ly

MIL-C~19973 Non-ER
LOKER

O00WEFHEROOO
L ]

[ 7% N

Table 5.1.7.1-17
Tcy» Capacitance Faetor

* mey=1.660-13

where C js uF, 1
|
MIL-C-19978 ;= ‘

.00032 0.7
.033 l.o
1.0 1.3
15,0 1.6

5.1.7.1-10
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MIL-HDBK-217E
CAPACITORS
. MIL-C-14157, CPV: MIL-C-19978, CQ and CQR

*TABLE 5.1.7.1-18: CAPACITORS, FIXED, PAP%R OR PLASTIC, DIRECT CURRENT, BASE
FAILURE RATE, A, (T = 65°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) | .1 .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .00053 .00054 .00065 .0011 .0021 .0045 .0092 .017  .031  .052

10 .00055 .00057 .00069 .0011 .0022 .0048 .0096 .018 .032 .055
20 .00061 .00062 .00075 .0012 .0025 .0052 .OTI .020 .036 .060
30 .00071 .00073 .00088 .0014 .0029 .0061 .012 .023 .042 .070

40 00694 .00097 .0012 .0079 ,0038 .008D0 .06 .031 .055 .097
© 50 .0015 .0016 .0019 .0030 .0061 .013 .026 .050 .088 1
60 .0034 .0035 ,0042 .0068 .014 .029 .059 0 .20 .33

*See Table 5.1.7.1-15 for applicability to spec. and style,

5.1.7.1-1
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MIL-HDBK-217E
CAPACITORS
MIL-C-14157, CPV: MIL-C-19978, CQ and CQR - ‘ ' “
*TABLE 5.1.7.1-19:- CAPACITORS, FIXED, "PAPER OR PLASTIC, DIRECT CURRENT, BASE -

- o om e o on -

FAILURE RATE, A {T = 85°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE .
(°c) | .1 2.3 4. 5 .6 .7 .8 .9 1.0
0 .00051 .00053 .00063 .0010 .0021 .0044 .0089 .017  .030  .050
10 |.00052 .00053 .00064 .0010 .002) .0045 .0090 .017  .030  .051

20. | .00054 .00055 .00066 .0O11 ,0022 .0046 .0093 .018 .031 .053
30 .00057 .00058 .00070 .0011  .0023 .0049  .0D9% .019 .033 .056
40 .00063 .00064 .00077 .0012 .0025 ,0054 .01 .021 .037 .062
50 .00074 .00076 .00092 .0015 .0030 .0064 .013 .024 .043 .073

60 .00099 .0010 .0012 .0020 .0040 .0085 017 .033 .058 .097
70 0016  .0016 .0020  .0032 0064 .04 028 052 093 16

ERVLV N RS W o T e R xS LRV pe g .

80, L0035 .0036 .0043 .0070 .014 .030 .061 N .20 .34

*See Table 5.1.7.1-15 for applicability to spec. and style.

5.1.7.1-12
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. MIL-C~14157, CPv: MIL-C-19978, CQ and CQR

*TABLE 5.1.7.1-20: CAPACITORS, FIXED, PAPER OR PLASTIC, DIRECT CURRENT, BASE
FAILURE RATE, Xy (T = 1257C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) 1.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .00050 .00052 .00062 .0010 .0020 .0043  .0087 .017 .029 .049
10 .00050 .00052 .00062 .00%0  .0020 .0043  .0088 .017 .029 050

20 .00051 .00052 .0p062 .0010 .0020 .0043 .0088  .017 .030 .050
30 .00051 .00053 .00063 .0010 .0021 .0044 .0089 .017 .030 .050
40 .00052 .00053 .00064 .0010 .0021 .0044 .0090 .017 .030 .051
50 .00053 .00055 .00066 0011 .002]1 .0046 .0092 .017 .031 .052
60 .00055 .00057 .00068 .0011 .0022 .0048 .0096 .018 .032 .055

n NnNNeQ nnNNe nnn7a nnl1e nnz4a .005'! 0mn .09ﬂ _0?5 NRQ

LAY [RVAVLY RN Jur ) CRSANAEAY ] CRAS AT S LRV LY A « UWLTT a W oW

80 .00067 .00069 .00083 .0013 .0027 .0057 .012 022 .039 . 066
90 .00081 .00083 .0010 .0076 .0033 .0069 .014 .027 047 .079

. 100 1.0011  .0011 .0013 .0022 .0044 .0094 .019  .036  .064 .11
110 }.0018  .0018 .0022 .0035 .0071 .015  .030  .058 .10 .17
120 |.0037 .0038 .0045 .0073 .05  .031 .064 .12 .21 .36

*See Table 5.1.7.1-15 for applicability to spec. and style.

5.1.7.1-13
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MIL-HDBK-217E
CAPACITORS

MIL-C-14157, CPV: MIL-C-19978, CQ and CQR

*TABLE 5.1.7.1-21:  CAPACIT®RS, FIXED, PAPER OR PLASTIC, DIRECT CURRENT, BASE
VALLURE RATL, Ay \l = ijv FAA RAILV)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

oyt 2 .3 4 .5 .6 .7 .8 .9 1.0
0 |.00050 .00052 .00062 .0010 .0020 .0043 .0087 .017  .029  .049
10 }.00050 .00052 .00062 .0010 .0020 .0043 .0087 .017  .029  .049
20 |.00050 .00052 .00062 .0010 0020 .0043 .0087 .017  .029  .049
30 |.00050 .00052 .00062 .0010 0020 .0043 .0087 .017  .029  .049
40 | .00050 .00052 .00062 .0010 .0020 .0043 .0087 .017  .029  .050
50 {.00050 .00052 .00062 .0010 .0020 .0043 .0088 .017  .030  .050
60 |.00051 .00052 .00063 .0010 .0021 .0044 0088 .017  .030  .050
70 {.00051 .00053 .00063 .0010 .0021 .0044 .0089 .017  .030  .051
80 |.00052 .00054 .00065 .0010 .0021 .0045 .0091 .017  .031  .051
90 |.00054 .00055 .00066 .0011 0022 .0046 .0093 .018  .031  .053
100 |.00056 .00058 .00069 .0011! .0023 .0048 .0097 .018  .033  .055
110 | .00060 .00062 .00074 .0012 .0024 .0052 .010  .020  .035  .059
120 |.00067 ,00069 .00083 .0013 .0027 .0057 .012  .022  .039  .066
130 {.00079 .00081 .00098 .0016 .0032 .0068 .014  .026  .046  .078
140 [.0070 .0010 .0013 .0020 .0041 .0087 .08 . .033  .060 .10
150 |.0015 .0015 .0018 .0030 .0060 .03  .026  .049  .087 .15
160 |.0026 .0027 .0032 .0052 .03}  .023  .046  .087 .15 .26
170 | .0061 .0063 .0075 .012  .025 .052 .11 .20 .36 .60

*See Table 5.1.7.1-15 for applicability to spec. and style.

5.1.7.1-14




CAPACITORS

MIL-C-18312, H;
MIL-C-3%9022, CHR

SPECIFICATION

MIL-C~18312
MIL-C-39022

Part operating failure rate model. (11;):

A = ]
P b

p 4

Q

3R

MIL-HDBK-217E

STYLE

Downloaded from http://www.everyspec.com

‘DESCRIPTION

Metallized Paper, Paper-Plastic, Plastic

failures/ ].O6 hrs.

where the factors are showm in Tables §5.71.7.1-22 throuah -27.

»
T Onoun

™
TS o wVwWwwUNn VO
on

w —
(@}

TABLE 5.1.7.

1=22

Environmental Mode ractors

Metallized Paper, Est. Rel

ENVIRON- TE
MENT
Sg 1
Mrw 9.3
¥ra 13
UsL 27
HL 21
CL 230
Table 5.7.7.1-23
Base Failure Rate Tables
for Capacitor Spec and SZyle
Spec Ay
MIL-C Strle Table ¥o.
39022 | CARO9 and CHR12 (5QV :a:ed)-15_1,7_1_75
CHR4LY
CER09,12 (above 50 volt §.1.7.1-27
rated), CHROLl, 10, 19,
29, 59
18312 | Char R 5, 1.7.1-26
Char ¥ 5.1.7.1.27

5.1.7.1-15
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MIL-HDBK-~217E
CAPACITORS

MIL-C-39022, CHR

Table 5.1.7.1-24
7Q, Quality Factor

Failure Rate
Level TQ
S 0.03
R G.1
P 0.3
M 1.0
L. 3.0
ML-C-18312
Noa-ER 7.0
LOWER 20.

Table 5.1.7.3-25
Tcy, Capacitance Factor

Capacitance *

ey
0.0029 uF. 0.7
g.14 " 1.0
2.4 " 1.3

2 0.092
* Tey 1.2C
where C {s yF,

5.1.7.1-16
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MIL-C-18312, CH: MIL-C-39022, CHR

*TABLE 5.1.7.1-26: CAPACITORS, FIXED, PAPER OR PLASTIC, DIRECT CURRENT, BASE
FAILURE RATE, X (T = 85°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) 1.0 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 00070 .00073 .00087 .0014 .0028 .0060 .02  .023  .041  .069

10 .00072 .00074 - .00089 .0014 .0029 .0061 .012 .024 .042 071
20 .00074 .00076 .00091 .0015 .0030 .0063 .013 .024 .043 .073
30 .00078 .00081 .00097 .0016 .0032 .0067 .014 .026 .046 .G77
40 .00086 .00089 .0011 0017 .0035 .0074 .015 .028 .051 .085
50 .6o10  .0011 ,0013 .0020 .0041 0088 .018 .034 .060 .10
60 .0014 ,0014 .Q017 .0027 .0055 .012 .024 .045 .080 13
70 .0022 .0023 .0027 .0044 ,0089 .019 .038 .072 .13 .22
80 .0048 .0050 .0059 .0096 .019 041 .084 .16 .28 47

*See Table 5.1.7.1-23 for applicability to spec. and style.

5.1,7.1-17
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CAPACITORS
MIL—C-18312,’CH: MIL-C-39022, CHR

*TABLE 5.1.7.1-27: CAPACITORS, FIXED, PAPER OR PLASTIC, DIRECT CURRENT, BASE
FATLURE: RATE, Ay (T = 125°C MAX RATED) -

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°¢y 1.3 .2 .3 .4 .5 .6 7 8 .9 1.0
0 . |.00069 .00071 .00086 .0014 .0028 .0059 .012  .023  .041  .068
10 |.00069 .00072 .00086 .0014 .0028 .0060 .012  .023  .041. .068

20 .00070 .00072 .00086 .0014 ,0028 .0060 .012 .023 .041 .069
30 .00070 .00072 .00087 .0014 .0028 .0060 .012 .023 041 .069

71 nnnNTA NnnNnae NnNI1A falabrls] nneg 1 N1 NDA AAD falr ZaY
40 00071 .00074 .00088 .0014 .002¢ 0061 012 024 042 .07¢

50 .00073 .00075 .00090 .0015 .0030 .0063 .013 .024 .043 .072

60 .00076 .00079 .00094 .0015 .0031 ,0066 .013 .025 .045 075
70 .00082 .00085 .0010 ,00%6 0033  .007C0 .04 .027 048 .081
80 .00092 .00095 .0011 .0018 .0037 .0079 .016 .030 .054. .091
90 .0011  .0011  .00%4 .0022 .0045 .0096 .019 .037 .065 1
100 |.0015 .0015 .0019 .0030 .0061 .013 .026 .050 .088 .15
110 |.0024 ,0025 .0030 .0048 .0098 .021 .042 .080 .14 .24

120 |.0051 .0052 .0063 .010 .020 .043 .088 W17 .30 .50

*See Table 5.1.7.1-23 for applicability to spec., and style.

5.1.7.1-18
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MIL-HDBK-217E

CAPACITORS
SPECIFICATION STYLE DESCRIPTION
MIL-C-55514 CFR Plastic, Metallized Plastic, ER

Part operating failure rate model (lp):

Ap T Ay

(wE X

Q

xn

6
CV) failures/10 hrs.

where the factors are shown in Tables 5.1.7.1-28 through -33.

ENVIRON=~ TE
MENT
o 1
G .
i 1.9
GH 9.3
Mp 1
Nsp 5
Ng 5.7
Ny 16
NH 16
Nuyug 17
ARy 23
A1c 3.5
ATT 6.5
Atp 9.5
Aty 6.5
AP 15
Ayc 10
AgT 20
Ayp 25
Ayga 20
Agr 40

Environmental Mode Factors

ENVIRON- g
MENT
3F 1
MrF 1
Mpra 15
UsL Y
Mt 36
CL 610

Table 5.1.7.71-29
Base Failure Race Tables
for Capacitor Spec and Style

Spec lb Tabla
MIL-C Style Number
55514 Char. M, N 15.1.7.1=32

Char. Q, R, S £.1.7.1-33

5.1.7.1-19
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MIL-HDBK-217E

CAPACITORS
MIL-C~55514, CFR
~ Table 5.1.7.1-30 Table 5.1.7.1-31
"Q, Quality Factor : ' ey, Capacitance Factor
Failure Rate level| I -
Q Capacitanca™ Ty
S G.G" 00049 uF. .7
R 0.1 0.33 urF. 1.0
P 0.3 7.1 yF, 1.3
- M 1.0 38. uf. 1.5
LOWER 10.0
- = ] JCO.OBS

Ty
where C i{s ufF.

Y

un
.
<
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MIL-HDBK-217E
CAPACITORS

. MIL-C-55514, CFR

*TABLE 5.1.7.1-32: CAPACITORS, DIRECT CURRENT, BASE FAILURE RATE,
(T =

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°cy | .0 .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .0010 .0010 .0012 .0020 .0041 .0087 .018 .033 .059 .10

10 0010 .0011  .0013 .0021 ,0042 ,0088 .018 .034 .060 .10
20 001 L0011 .0013  ,0021 .0043 .0091 ,018 .035 .062 .10
30 0011 0012 .0014 .0022 .0045 ,0096 .020 .037 .066 Ml
40 .0012 .0013 .0015 .0025 .0050 .OT1 .022 .041 .073 .12
50 .0015 .0015 .0018 .0029 .005% .013 .026 .048 .086 .14

60 .0020 .0020 .0024 .0039 .0079 .01/ .034 .064 .11 .19
70 .0032 .0032 .0039 .0063 .013 .027 .055 .10 .18 31
80 .0069 .0071 .0085 .014 .028 .059 .12 .23 .40 .68

. *See Table 5.1.7.1-29 for applicability to spec. and style.

5.1.7.1-21
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MIL-HDBK -2 17E
CAPACITORS
MIL-C-55514, CFR

*TABLE 5.1.7.1-33: CAPACITORS, FIXED, PLASTIC, DIRECT CURRENT, BASE FAILURE RATE,
Ay (T = 125%C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°cy 1.1 2 .3 .4 .5 .6 7 .8 .9 1.0
0 .00099 .0010 .0012 .0020 .0040 .0085 .07 .033  .058  .098
6 {.0010 .00%0 .0012 .0020 .0040 .0086 .07 .033  .058  .098

20 .0010 .0010 .0012 .0020 .0041 .0086 .01/ .033 .059 .099
30 .0010 .0010 .0012 .0020 .0041 .0087 .018 .033 .059 .099

n1a N2A Mnen m
40 0010 .0011  .0013  ,0020 .0041 .0088 .018 .034 .060 .10

50 o1t .0011 0013 0021 .0043 ,0090 .018 .035 .062 .10

60 .00117  .0011 .0074 .0022 .0044 .0094 .019 .036 .064 .11
70 .0012 0012 .0015 0024 0048 010 020 .039 .069 12

WD s VLT LRVA o WA e VLW

80 .0013 .0014 .0016 .0026 .0054 .0 .023. .044 .077 .13
80 .00t6 .0016 .0020 .0032 .00e5 .014 .028 .053 .094 .16

100 §.0022 .0022 ,0027 .0043 .0087 .019 =038 0N .13 21
110 |[.0035 .0036 .0043 .0069 .014 .030 .060 1 .20 .34
120 1.0073 .0075 .00%0 .015 .029 .062 .13 .24 .43 .72

*See Table 5.1.7.1-29 for applicability to spec. and style.

5.1.7.1-22
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CAPACITORS

STYLE
CRd

Part operating failure rate model (iy):

A

P

= 3 {r

b E

xr

Q

x wcv) failute/lo6 hrs.

MIL-HDBK-217E

DESCRIPTION

where the factors are shown in Tables 5.]1.7.1-34 throuah -37.

TABLE 5.1.7-1"3“
Environmental Mode Factor

ENVIRON-

MENT

TE

L) . . L] L] .
~NEMNOw

- B b
C YT PRV, X Y PURENN

n
»
i

.
wun

W =Ny —

W0 COoOOQOQWwWwEr Ui O
1

(98]

Lo Ny —
=~y

530

Super-Metallized Plastic; ER

Table §5.71.7.1-35%
HQ' Quality Factor
Tailure Race Level KQ'_
S 0.03
R 0.1
P 0.3
M 1.0
LOWER 10.0
Table 5.1.7.1-36
ntv.Capaci:ance Factor
Capacitance * n
" g ap.2c0+092 <%
ey e
where C 1s uF. .0029 uf. 7
J14 yF. 1.0
2-4 uF. 1.3
23-0 uF. l‘é

5.1.7.1-23
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CAPACITORS

MIL-C-83421, CRH | 0

TABLE 5.1.7.1-37: CAPACITORS, FIXED, PLASTIC, DIRECT CURRENT, BASE FAILURE RATE,
A (T = 125°C MAX RATED)

TEMP | S, RATIO OF OPERATING TQ RATEQ VOLTAGE
(%)} .1 .2 .3 4 .5 .6 o .8 .9 1.0

-0 .00055 .00057 .00068 .0011 ,0022 .0047 .0096 .018 .032 .054
10 .00055 .00057 .00068 .0011 .0022 .0048 .0096 .018 .032 .055
20 .00056 .00057 .00069 .0011 - .0023 .0048 .0097 .018 .033 .055
30 | .00056 .00058 .00069 .0011 .0023 .0048 .0098 .018 .033 .055
40 .00057 .00059 .00070 .0011 .0023 .00G49 ,0099 .019 .033 .056
50 .00058 .00060 .00072 .0012 .0024 .0050 .010 .019 .034 .058
€0 00061 .00063 .00075 .00Y2 .0025 .00G2 .OM .020 036 .060
70 .00065 .00067 .00081 .0013 .0026 .0056 .0M1 .022 .038 .064
80 .00073. .00076 .00091 .,0015 .0030 .0063 .013 .024 043 .072
90 .00089 .00091 .0011 .0018 .0036 .0076 .015 .029 .052 .087
100  .0012 .0012 ,0015 .0024 .0049 .010 021 .040 070 .12

110 | .00719 .0020 .0024 ,0038 .0078 .01/ 033 063 .1 .19

120 | .0040 .0042 .0050 .0081 .016 .035 070 .13 .24 .40

5.1.7.1-24




Downloaded from http://www.everyspec.com

MIL-HDBK-217E

MIL-C-~5, CM,
MIL-C-39001, QMR

5.1.7.2 MICA Capacitors.

CAPACITORS
SPECIFICATION STYLE DESCRIPTICN
MIL-C~5 0 MICA ‘
MIL-C-39001 CMR MICA (Dipped), Est. Rel.

Part operating failure rate model (}p):

P

where the factors are

A = lb (m

EX TTQ

TABLE

T 6

_ Y -~ - - .y T _
x 7T raiLures/s Lo nr3i.
cv’ s

shown in Tables 5.1.7.2-1 through -8.

5.- 1 n702-1

Environmental Mode Factors

ENVIRON- Mg ENVIRON= N
MENT ~ MENT

Gg 1 Sp 1
Gms 1.2 Mep 11

F 2.4 Mpa 15
Gy 8.8 UsL 31
Mp 11 My, 36
NsB 5 Ci. 610
NS 602
Ny 15
Ny 16 Table 5.1.7.2-2
Nuy 17 Base Failure Rate Tables for Capacitor

Sperc and Style

iﬁﬁ 23 5 Spec Ab Table
AII:-CI:n 4' MI1-C Style Number
ATR 8 5 Temp.range X 5.1.7.2-5
AT 4 Temp.Range N 5.1.7.2-6
AF 10 lemp.Range O 5.1.7.2-7
Agc 1o Temp.Range P 5.1.7.2-8
AgT 15

AUB 35 39001 Temp.Range O $.1.7.2-7
Ay 15 Temp.Range P 5.1.7.2-8
Ayr 40

5.1.7.2-1
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CAPACITORS
MIL-C-5, CM:; MIL-C-39001, CMR

Tabie- §5.1.7.2-3

Eq.. Quality Factor

Failure Ratme Level nQ'
T 0.01
3 9.03
- g.1
P 0.3
) 1.0
L 1.5

Non—-ER Dipped 3

Non=ER Molded -3

LOWER 15.

Table 5:1,7.2-4
I v Capacitance Factor
’

Capacitance * Icy

2.1 pF,
38 pfF.

300 pF. 1
.002 uf, 1
.0086 uF. 1
.029 yufF. 1
.084 uF. 2

‘ .14
* Ty * 0.45C where C.

1s';F.

5.1.7.2-2
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CAPACITORS
MIL-C-5, CM: MIL-C-39001, CMR
*TABLE 5.1.7.2-5:  CAPACITORS, FIXED, MICA, BASE FAILURE RATE, A, (T = 70°C-MAX

RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) | .1 2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .00030 .00033 .00041 .00058 .00086 .0013 .0019 .0026 .0036  .0049

10 .00047 .00052 .00066 .00093 .0014 .0020 .0030 .0042 ,0058 .0077
20 .00075 .00083 .0011 .0015 .0022 .0032 .0047 .0067 .0092 .012
30 .0012 ,0073 .0017 .0024 .0035 .0052 .0075 .ON .015 .020
40 .0019  .0021 .0027 ,0038 .0056 .0082 .012 017 .023 .031

50 .0031 .0034 .0043 .0060 .0089 .013 .019 .027 .037 .050
60 .0049  .0054 .0068 .0096 .04 .021 .030 .043 .059 .080
70 .0078 .008 .01 .015 .023 033 .049 .069 .095 .13

*See Table 5.1.7.2-2 for applicability to spec. and style.
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MIL-HDBK-217E

CAPACITORS

MIL-C-5, CM: MIL-C-39001, CMR
*TABLE 5.1.7.2-6:  CAPACIT(RS, FIXED, MICA, BASE FAILURE RATE, A (T = 85°¢ MAX

RATED) '
TEMP S, RATIO OF -QPERATING TO RATED VOLTAGE
(%) | .1 .2 .3 Y .5 .6 .7 .8 .9 1.0
0 |.00017 .00019 .00024 .0003% .00051 .00075 .0011 .0015  .0021 .0028
10° 1.00027 .00030 .00038 .00054 .00079 .0012 .0017 .0024 .0033 .0044
20 }.00042 .00047 .00059 .00084 .0012 .0018 .0027 .0038 .0052 .0070
30 |.00066 .00074 .00093 .0013 .0019 .0029 .0042 .0059 .0081 .0M
40 |.0010 .0012 .0015 .0020 .0030 .0045 .0065 .0092 .013  .017
50 |.0016 .0018 .0023 .0032 .0047 .0070 .00 .04  .020  .027
60 1.0025 .0028 .0036 .0050 .0074 .0 016 .023  .031  .042
70 |.0040 .0044 .0056 .0078 - .012  .017  .025 035  .048 .065
80 |.0062 .0069 .0087 .012 .018  .027 .039 .055  .076 .10

*See Table 5.1.7.2-2 for applicability to spec. and style.

5.1.7.2-4
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MIL-HDBK -217E

CAPACITORS
MIL-C-5, CM: MIL-C-39001, CMR
*TABLE 5.1.7.2-7:  CAPACITORS, FIXED, MICA, BASE FAILURE RATE, A (T = 125°C MAX
RATED) -
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) | .1 2 3 4 .5 .6 7 .8 .9 1.0
0 .00005 .00006 .00007 .00010 .00015 .00022 .00032 .00045 .00062 .00083
10 | .00008 .00008 .00011 .00015 .00022 .00033 .00048 .00068 .00093 .0012
20 {.00011 .00013 .00016 .00022 .00033 .00049 .00071 .0010 .0014 .0019
30 | .00017 .00019 .00024 .00034 .00050 .00073 .0011 .0015 .0021 0028
40 | .00025 .00028 .00036 .00050 .00074 .0011 .0016 .0023 .0031 .0042
50 | .00038 .00042 .00053 .00075 .0011 .0016 .0024 .0034 .0046 .0062
60 | .00057 .00063 .00080 .0011 .0017 .0025 .0036 .0050 .0069 .0093
70 | .00085 .00094 .0012 .0017 .0025 .0037 .0053 .0075 .010 .04
g0 {.0013 .0014 .0018 .0025 .0037 .0055 .0080 .011  .016  .021
90 | .0019 .0021 .0027 .0037 .0055 .0082 .012 .07  .023  .031
100 | .0028 .0031 .0040 .0056 .0083 .012  .018  .025  .035  .047
110 { .004z .0047 .0059 .0084 .012 .08  .027  .038  .052 070
120 | .0063 .0070 .0089 .013  .018  .027  .040  .056  .077 .10

*See Table 5.1.7.2-2 for applicability to spec. and style.
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CAPACITORS

MIL~C-5, CM: MIL-C-39007, CMR 0
*TABLE 5.1.7.2-8:  CAPACITORS, FIXED, MICA, BASE FAILURE RATE, %, (T = 150°C MAX

RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
f0py 1 ‘ 9 2 P c c > Q a 1N
(LYY ' oL o o «J « U o - v LY
o |.00003 .00003 .00004 .00005 .00008 .00G11 .00017 .00024 .00033 .00044
10 00004 NNNna NONNS NNNNR nnnl NNN17 nnNN24 NNN34 anna7z NNOARA

- LR . . N W o WA " N e e LI st W b W W W Y

20 .00006 ,00006 .00008 .00011 .00017 .00024 .00036 .00050 .00069 .00093
30 .00008 ,0000¢ .00012 .00016 .00024 .00036 .00D052 .00073 .0010 .0074
40 .00012 .00013 .00017 .00024 .00035 .00052 .00076 .0011 .0015  .0020
50 .00018 .00020 .00025 .00035 .00051 .00076 .0011 .0016 .0022 .0029
60 .00026 .00029 .00036 .00051 .00O75 .0011 .0016 .0023 .0031 .0042
70 .00038 .00042 .00053 .00O74 .0011 .0016 .0024 .0033 .0046  .0062
80 .00055 .00061 .00077 .00l .0016 .0024 .0034 .0049 .0067 .0090
90 .00080 .00089 .001Y .0016 .0023 .0035 .0050 .0071 .0098 .013
100 |.0012 .0013 .0016 .0023 ,0034 .0050 .0073 .010 .014 019
1o §.0017  .0019 ,0024 .0034 .0050 .0074 .OM1 .015 .021 .028
120 |} .0025 .0028 .0035 .0049 .0073 .011 .016 .022 .030 041
130 [.0036 .0040 .0051 0072 .01 Q16 .023 032 .044 .060
140 |.0053 .0059 .0074 .010 .015 .023 .033 .047 .065 .087

150 1.0078 .0086 .OMY .015 .023 .033 .049 .069 .095 .13

*See Table 5.1.7.2-2 for applicability to spec. and style.
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CAPACITORS
MIL-C-10950, CB
SPECIFICATION STYLE DESCRIPTICN
MIL-C-10950 c3 Button Mica

Part operating failure rate model (ip):

X T..X failures/106 hrs

kp = Ab (wE Q CV)

where the factors are shown in Tables 5.1.7.2-9 through -14.

TABLE 50 1 0702"9
Environmental Mode Factors

5.1.7.2-7

ENVIRON=- e
MENT
gs ; , _ Table 5.1.7.2-10
rNS 9’u Base Failure Rate Tables
;F g-é‘ for Capacitor Spec & Style
M . .
Mp 1 Spec A Table
Nsg S MIL-C Stvle Number
Ng €.2
N 15 10950 C350 5.1.7.2-13
Ng 16 .
NUU 17 Other 5.1-7.2‘14
Ay 23
Arc 3.5 Table 5.1.7.2-11
ArT 4 HCV’ Capacitance ractor
ir3 8
Ata 4 Capacitance Ty
Arr 10
A 15
Agg 15 8.0 oFf. .5
AUm 35 47. " .15
et A -4y TN
A 15 1B . 1.0
Agé 40 509. " 1.3
S, ] 1260. " 1.6
M;: ih 2650. 1.9
Mea 15 5010, 2.2
U 31
ok 36 . . 11023
L Ty .
oy 610 o
where C is pF.
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CAPACITORS

Table 5,1.7.2-12
T o’ Quality Faector

Failure Rate Level H'Q
MIL~-SREC 5.8
fLower 15.0

5.1.7.2-8
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CAPACITORS

. MIL-C-10950, CB

*TABLE 5.1.7.2-13: CAPACITORS, MICA, BUTTON, BASE FAILURE RATE, Ag (T = 85°C MAX

RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°cy | .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 ,0067 .0074 .0094 .013 .019 .029 .042 .059 .082 .1

10 .0071 ,0078 .0099 .014 021 .030 .044 .063 .086 .12
20 .0076  .0084 .0T1 .015 .022 .033 .047 .067 .092 A2

30 .0082 .0091 .01 .016 .024 .035 051 .073 .10 .13

40 .0090 .010 013 .018 .026 .039 .056 .080 L1 .15

50 .010 0N 014 .020 .029 .043 .063 .089 .12 7

60 012 .013 .016 .023 .033 .050 072 .10 .14 .19

70 .013 015 019 .027 .039 .058 .084 .12 .16 .22

80 .016 .018 .023 .032 .047 .070 .10 .14 .20 .26
e *See Table 5.1.7.2-10 for applicability to spec. and style.
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MIL-HDBK-217E
CAPACITORS

MIL-C-~10950, CB 0

*TABLE 5.1.7.2-14: CAPACITORS, MICA, BUTTON, BASE FAILURE RATE, i (T = 150%C MAX

RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) .1 2 3 A4 .5 .6 7 .8 .9 1.0

0 ..0058  ,0064 .0081 .01 017 .025 .036 .051 071 .095
10 .0059 .0066 .0083 .012 01 .026 .037 .052 072 .097
20 .0061 .0067 .0085 .012 .018 .026 .038 .054 .074 .099
30 .0062 .0069 .0087 .012 018 .027 .039 .055 .076 .10
40 1.0064 .0071 .009%0 .0713 .019 .028 .040 .057 .079 .1
50 .0067 .0074 .0094 .013 .019 .029 .042 .059 .082 .
60 .0070. .0078 .0098 .014 .020 .030 .044 .062 .086 L1

70 |.0074 .0082 .010 .0%5 .02z .032  .046  .066  .090 .12
80 {.0079 .0088 .011  .016  .023  .034  .049  .070 .096 .13
90 |.0085 .0094 .012 .017  .025 .037 .053 .075 .10 .14
100 |.0093 .00 .013 .08 .027 .04  .058 .082 .11 ..15
10 }.010 .01 .014  .020 .030 .044  .064  .091 .12 7
120 (.00 .013 .016 .023  .033  .043  .072 .10 14 .19
130 {.013 .014 .018 .026 .038 .056 .082 .12 .16 .21
190 1.0 .07 .02  .030  .044  .065 .095 .13 .18 .25
150 {.018 .020 .025  .035  .052  .077 .11 .16 .22 .29

*See Table 5.1.7.2-10 for applicability to spec. and style.
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CAPACITORS
MIL-C-11272, CY;
MIL-C~-2326%, CYR
5.1.7.3 Slass Capacitors
SPECIFICATION STYLE DESCRIPTION
MIL-C-11272 (094 Glass Capacitors
MIL-C-2326%9 IR Glass (apacitors, Est. Rel

Part operating failure rate model (lp):

)
= ' i ¢} .
Ap Xb (nE x “Q < “cv) failures/10” hrs

where the factors are shown in Tables 5.1.7.3-1 throuah -4,

TABLE 5010703—1
Environmental Mode Factors

ENVIRON=- Te
MENT
38 ! Table 5.1.7.3-2
MS 1.1 Base Failure Race Tables for
Gg 1.4 Capacitor Spec and style
gﬁ 8.8 spgg T A, Table
qP 1 ; MIL-C Style Nimber
&
N:E §.2 23269 All 5.1.7.3-5
gg 12 11272 Temp. Range C 5.1,7.3-5
Nug 17
11272 Temp. Range D 5.1.7.3-6
Agw 23
A 3.5
_ég 2 L Table 5§.1.7.3-3
P 3 Q’ Qualility Factor Table 5.1.7.3-4
ATa 4 2ilure Racé Level IIO ﬂcv, Capacitance Factar
AIF 10 S 0.43 - . - ‘ i v
Adc 15 R 0.1 ~apacitance
AgT 15 P 0.3
ATB 35 M 1.0 ;2 pF. 52
L 3 . )
n | wia || 37 ¥
B B d LOWER 10. 200. " 1.6
- MF ']1 8“0. " 109
MEo 15 a0 2.2
FA .
pSL 31 .0.14
M 36 * o Ty * Q0.62¢
c- 610 {
L where C is of.

5.1.7.3-1
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MIL-HDBK-217E
CAPACITORS
MIL-C-11272, CY: MIL-C-23269, CYR

*TABLE 5.1.7.3-5:  CAPACITORS, FIXED, GLASS, BASE FAILURE RATE, lb (T = 125°C MAX

RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%cy | .1 .2 .3 4 .5 .6 7 .8 .9 1.0
0 .00005 .00005 .00005 .00007 .00010 .00015 .00023 .00036 .00055 .00082

10 .00007 .00007 .00008 .00010 .00014 .00022 .00035 .00054 .00083 .0012
20 00011 .00011 .00012 .00015 .00022 .00033 .00052 .00081 .0012 .0018
30 .00076 .00017 .00018 .00023 .00032 .00049 .00078 .0012 .0018 .0027
40 .00024 .00025 .00027 .00034 .00048 .00074 .0012 .0018 .0028  .0041
50 .00036 .00037 .00041 .00051 .00072 .0011 .0017 .0027 .0041 .0061
60 .00054 .00055 .00061 .00076 .0011 .0017 .0026 .0041 .0062 .0091
70 .00080 .00082 .00091 .0011 .0036 .0025 .0039 .0061 .0092 .014
80 .0012 .0012 .0014 ,0017 .0024 .0037 .0058 .0091 .0V .020
30 .0018 .0018 .0020 .0025 .,0036 .0055 .0087 .014 021 .031

100 [.0027 .0028 .0030 .0038 .0054 .0082 .013 020  .031 .046

110 1.0040 .0041 .0045 .0057 .0080 .012 019 .030 .046 .068
120 [.0060 .0061 .0068 .0085 .012 .018 .029 .045 .069 .10

*See Table 5.1.7.3-2 for applicability to spec. and style.
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MIL-HDBK-217E
CAPACITORS

MIL-C-11272, CY: MIL-C-23269, CYR

*TABLE 5.1.7.3-6:  CAPACIT(RS, FIXED, GLASS, BASE FAILURE RATE, X (T = 200°C MAX

RATED)
TEMP ‘S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) {.1 .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .00001 .00007 .00001 .00001 .00002 .00003 .00004 .00006 .00010 .00014
10 |.00001 .00001 .00001 .00002 .00002 .00004 .00006 .0000S .00014 .00020
20 1.00002 .00002 .00002 .00002 .00003 .00005 .00008 .00013 .00019 .00028
30 |.00002 .00002 .00003 .00003 .00005 .00007 .00011 .00018 .00027 .00040
40 |.00003 .00003 .00004 .00005 .00007 .00010 .00016 .00025 .00038 .00056
50 1.00005 .00005 .00005 .00006 .0000S .00014 .00022 .00035 .00053 .00078
60 |.00006 .00007 .00007 .00009 .00013 .00020 .00031 .00049 .00074 .001T
70 1.00009 .0000% .00010 .00013 .00018 .00028 .00044 00068 .0010  .0015
80 |.00013 .00013 .00014 .00018 ,00025 .00039 .00061 .00096 .0015 .0022
90  |.00018 .00018 .00020 .00025 .00035 .00055 .00086 .0013 .0020 .0030
100 |.00025 .00026 .00028 .00035 .00050 .00077 .0012 .0079 .0029 .0042
110 |.00035 .00036 .00039 .00049 .00070 .0011 .0017 .0026 .0040  .0059
120 |.00049 .00050 .00055 .00069 .00098 .0015 .0024 .0037  .0056  .0083
130 |.00069 .00070 .00078 .00097 .0014 .0021 .0033 .0052 .0679 .012
140 |.00096 .00099 .0011 .0014 .0019 .0030 .0047 .0073 .011  .016
150 |.0014 .0014 .0015 .0019 .0027 .0042 .0065 .010  .016  .023
160 {.0019 .0019 .0021 .0027 .0038 .0058 .0092 .04  .022  .032
170 |.0027 .0027 .0030 .0037 .0053 .0082 .013  .020  .031  .045
180 {.0037 .0038 .0042 .0053 .0075 .01  .018  .028  .043  .063
190 {.0052 .0054 .0059 .0074 .G10  .016  .025  .039  .060 .89
200 |.0073 .0075 .0083 .070  .015  .023  .035  .055  .084 .12

*See Table 5.1.7.3-2 for applicability to spec. and style.

5.1.7.3-3
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MIL-HDBK-217E

CAPACITORS
MIL-C-11015, CX;
. MIL-C-39014, CKR
1 5.1.7.4 Ceramic Capacitnrs.
‘ SPECIFICATION STYLE DESCRIPTION
MIL-C-11015 cX Ceramic, General Purpose
MIL-C-39014 R Ceramic, General Purpose, Est. Rel.

Part operating failure rate model (lp):

A = (m fad.?!.urw:s/l()6 hrs.

P b E x 1Q x wCV)
where the factors are showa in Tables 5 1.7 4.1 throuah. -4.

TABLE s- T .Tou"T
Environmental Mode Factors

SNVIRCN=- T
MENT
Table 5.1.7.4-2
licy Zaczor
. ca : &Qua Y facto
GMS 1.1 [7 Fallure Rate Lavel Tq y
Ge 1.6 B s 9.93
Gm 7.8 2 0.1
Mo 11 4 9.3
b 3 4 1.0
.@B 5.5 L ]
NG 12.4 Non-2R 3
Ny 16 LOWER 10.
Ny 18 Table 5.1.7.4-3
o o7 Capacitance Factor
Arw 24
Are % Capacitancs * Ter
AT
> . 6-1 F- '5
A1 5 2, * .73
Aty 3 3300, * 1.0
ATF 6 .036 uF. 1.3
Age 7.5 24 ° 1.6
AuT 8 1.1 1.3
AnB 10 4.3 2.2
Ana 8
AuF 15 6.1
SF 0.3 * o x Q0
Mer ik CY
Ul 32
U 36
Cl 16] 0

5.1.7.4-1
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MIL-HDBK-217E
CAPACITORS
MIL-C-11015, CK: MIL-C-39014, CKR O

*TABLE 5.1.7.4-4:  CAPACITORS, FIXED, CERAMIC (GENERAL PURPOSE), BASE FAILURE RATE,
A, (T = 85°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c)y i .2 .3 .4 .5 .6 i .8 .9 1.0
0 .00067 .00083 .0013 .0022 .0036 .0058 .0088 .013  .018  .024

10 .00069 .00086 .0013 .0022 .0037 .0060 .0091 .013 .019 .025
20 .00071 .00088 .00'4 .0023 .0038 .0061 .0093 .04 .019 .026
30 .00073 .00091 .0014 .0024 .0039 .0063 .0096 .014 .020 .Q27
40 .00075 .00093 .0074 .0024 .0040 .0065 .0099 .014 .020 .027
50 .00077 .00096 .0015 .0025 .0042 .0067 .00 .015 .021 .gz8
60 .00079 .00099 .0015 .0026 .0043 .0068 .010 015 021 .029
70 .00081 .0010 .0016 .0026 .0044 .0070 .0} .016 .022 .030
80 .00083 .0010 .0016 .0027 .0045 .0072 .011 .016 .023 .031

*Applicable to styles CKR 13, 48, 64, 72 of MIL-C-39014. 0
Applicable to "A" rated temperature of MIL-C-11015 as shown in type designation,
e.q., CK61AW222M.

5.1.7.4-2
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MIL-HDBK-217E
CAPACITORS
MIL-C-11015, CK: MIL-C-39014, CKR
*TABLE 5.1.7.4-5: CAPACITORS, FIXED, CERAMIC (GENERAL PURPOSE), BASE FAILURE RATE,

A, (T = 125°C MAX RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) }.1 .2 .3 .4 .5 .6 .7 8 .9 1.0
0. |.00062 .00077 .0012 .0020 .0034 .0054 .0082 .012  .017  .023
10 00063 .00079 .0017 0021 .0034 0055  .0084 .012 .017 .023

LRVAVAVLS LV PRVLVAY ) PRV LV ¥ A PUWE T RWWW T WM W W

20 .00065 .00081 .0013 .002! .0035 .0056 .0086 .013 .018 .024
30 .00067 .00083 .0013 .0022 .0036 .0058 ,0088 -.013 .018 .024
40 .00068 .00085 .0013 .0022 .0037 .0059 .0090 .013 .018 .025

50 .00070 .00088 .0014 .0023 .0038 .0061 .0093 .013 .019 .026
60 .00072 .00090 .0014 .0023 .0039 .0062 .0095 .014 .019 .026
70 .00074 .00092 .0014 .0024 .0040 .0064 .0097 .014 .020 .027
80 .00076 .00094 .0015 .0025 .0041 .0066 .010 .015 .020 .028
90 .00077 ,00097 .0015 .0025 .0042 .0067 .010 .015 .021 .028
100 |.00079 .00099 .0015 .0026 .0043 .0069 .010 015 .021 .029
100 |{.00081 .0010¢ .0016 .0026 .0044 .0071 .0M .016 .022 .030
120 }.00084 .0010 .0016 .0027 .0045 .0072 .01 016 .023 .031

*Applicable to styles CKR05-12, 14-16, 17-19, 73, 74 of MIL-C-39014.
Applicable to "B" rated temperature of MIL-C-11015 as shown in type designation,
e.g., CK61BX68 1M,

5.1.7.4-3
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MIL-HDBK-217E
CAPACITORS
MIL-C-11015, CK: MIL-C-39014, CKR : ‘
*TABLE 5.1.7.4~6:  CAPACITORS 0FIXED CERAMIC (GENERAL PURPOSE), BASE FAILURE RATE,

1 !T = ]:n C MAY DATED)

ny I\l'\ll-U’

TEMP S, RATIQ OF OPERATING TO RATED VOLTAGE
(%) ! . .2 .3 A4 .5 6 7 g - .0 1.0

=L & =77 o™ - .3 L LR

0 .00059 .00074 .0071 .0019 .0032 .0051 .0078 .0T1 .016 .022
10 .00061 .00076 .0012 .0020 .0033 .0053 .0080 .012 016 022
20 .00062 .00078 .0012 .0020 - .0034 .0054 .0082 .012 .017 .023
30 .00064 .00080 .0072 .0021 .0035 .0055 .0084 .012 077 .023
40 .00065 .00082 .0013 .0021 .0035 .0057 .008 .013 .018 .024
50 .00067 .00083 .0013 .0022 .0036 .0058 .0088 .013 .018 .024
60 .00068 .00085 .0013 .0022 .0037 .0059 .0090 .073 .018 .025
70 .00070 ,00087 .0013 .0023 .0038 .0061 .0092 .013 019 .026
80 .00072 .000%0 .00%4 ,0023 ,0D39 .0062 .0095 .014 .019 .026
90 .00073 .00092 .0014 .0024 .0040 .0064 .0097 .04 .020 .027
100 § .00075 .00094 .0014 .0024 .0041 ..0065 .0099 .014 .020 .028
110 | .00077 .00096 .0015 .0025 .0042 .0067 .010 .015 021 .028
120 | .00079 .00098 .0015 .0026 .0043 .0068 .010 015 .021 .029
130 | .0081 .0010 .0016 .0026 .0044 .0070 .0 .016 .022 .030
140 | .00083 .0010 .0016 .0D27 .0045 .,0072 .0M .016 .022 .030
150 | .00085 .0011 .00 .0027 .0046 .0073 .OW .016 023 .031

*Applicable to "C" rated temperature of MIL-C-11015 as shown in type designation,
e.g., CK61Cz471M.

o« L

5.1.7.4-4
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MIL-HDBK-217E

CAPACITORS

MIL-C-20, CC/CCR
SPECIFICATION STYLE DESCRIPTION
MIL-C-20 CC/CCR Ceramic, Temperature Compensating
MIL-C-55681 CDR-21 Ceramic, Chip

Part operating failure rate model ( Ap):

- . 6
Ap = Ay X (HE X HO X HCV) failures/10° hours

where the factors are shown in Tables 5.1.7.4-7 through -12.

TABLE 5.1.7.4-7
Environmental Mode Factors

ENVIRONMENT Te

G HE. Table 5.1.7.4-8

(;‘,Fg 1.2 l Base Failure Race Tables

GMS 2 4 for Capacitor Spec and Styls

G;; 3.8 Spec Ay Table

MP 1 MIL-C Style Number

[ 20 | cc :0,25,30,32,35,45, 5.1.7.4-1

N 5
. N8 5 85,95-37

o 17 cc 5-9,13-19,21,22,26

Ny 16 | 27,131,33,36,37,647,
L Ny B 50-57,75-79,81-33 [5-1.7.4-12
™ “oa | CCR 05-99,13-19,54-57, |
| A?@ 2.5 75-79,81-33,90
AT 3-2‘ Table 5.1.7.4-10
| AlB 7 Table 5.1.7.4-3 Mgy, Cagacitor Factsr
| A%é 10 | Tq, Qualizy Faczor Tavaciiance * | Aoy
A | a5 c
| AU-[I:- ! 15 l"ailure Rate level) TN, .28 pF. .5

g | 30 7.4 " .75
L AuA 25 | ' S 5.03 a1, " 1.0
l AUF 45 ! 1 R 0.1 ?;20. " ;.g

S 1 | ? 0.3 4100. " .
M 1 | v e 017 wF. | 1.9

FF | 053 2.2
| i 5  Non-aR ] ) )
1 -
= 36 __ LoHeR 19 S T
.k 610 |
| L where C {s pF.

5.1.7.4-5%
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MIL-HDBK-217E
CAPACITORS
MIL-C-20, CC/CCR

*TABLE 5.1.7.4-11: CAPACITORS, CERAMIC, TEMPERATURE COMPENSATING, BASE FAILURE

- oa -

RATE, Ay (T = 85°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) |- 2 3 .8 9 1.0

A | =g =4 rl
ol Y4 .ot e «d 0 o f

.00015 .00018 .00028 .00048 .00080 .0013 .0019 .0028 ..0040  .0054

nnn2? nnn27 nNnaA2 aTe o nnNn12 nnNl1a nNaa nNAD NNRco nnon
PUVVLL S UUULY VUL PRVLV. VYA UV L UV T LD IURL UV « JUOV

0
10

20 }.00033 .00041 .00063 .00M1  .0018 .0028 .0043 0063 .0088 .012
30 |.00049 .00061 .00094 .0016 .0026 .0042 ‘' .0064 .0094 .013  .018
40

LRVATLEY BN

00073 .00091 .0012 o024 0039 0083 0096 .04 020 027

NIV - T NS T LR A A a\NINF S

50 .0011 .0014 .0021 .0035 .0059 .0094 .014 .021 .029 .040

60 .0016 .0020 .0031 .0052 .0088 .014 .021 031 .044 .059

70 .0024  ,0030 .0046 .0078 .013 .021 .032 .046 .065 .088
]

80 .0036. .0045 .0069 .012 .019 .031 .047 .069 .097

*See Table 5.1.7.4-8 for applicability to spec. and style.

5.1.7.4-6
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MIL-HDBK-217E
CAPACITORS
MIL-C-20, CC/CCR
*TABLE 5.1.7.4-12: CAPACITORS, CERAMIC, TEMPERATURE COMPENSATING, BASE FAILURE

RATE, A, (T = 125°C MAX RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) | .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .00005 .00006 .00009 .00016 .00027 .00043 .00065 .00094 .0013 .0018

10 .00007 .00009 .00074 .00023 .00038 .00061 .00093 .0014 .0019 .0026
20 .00010 .00013 .00019 .00033 .00055 .00087 .0013 .0019 .0027  .0037
30 .00014 .00018 .00028 .00047 .00078 .0013 .0019 .0028 .0039  .0053
40 .00021 .00026 .00040 .00067 .0011 .00'8 .0027 .0040 .0OS6  .0O/6
50 .00030 .00037 .00057 .00096 .0016 .0026 .0039 .0057 .0080 .OH
60 .00042 .00053 .00082 .0014 .0023 .0037 .0056 .0082 .OT1 .016
70 .00061 .00076 .0012 .0020 .0033 .0053 .008O .0i2 .Gi6 .022
80 .00087 .0011 ,0017 .0028 .0047 .0075 .OT1 017 .023 .032
90 .0012  .0016 ,0024 .0040 .0068 .01 016 024 .034 .046

11N nA 1o nnnan nAaA NNE O nnn nic nna NnIA NAD nee
[L¥IV) LUJ 10 SUULL « UU D% JUUD0 TS S ID JULE JUI% LU0 SO

110 |}.0026 .0032 .0049 .0083 .014 .022 .034 .049 .069 .094
120 |.0037 .0046 .0071 .02 .020 .032 .048 .070 .099 .13

*See Table 5.1.7.4-8 for applicability to spec. and style.

5.1.7.4-7
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MIL-HDBK-217E

CAPACITORS

MIL-C-39003, CSR
5.1.7.5 Tantalum Electrolytic Capacitors

SPECIFICATION STYLE DESCRIPTION

MIL-C-39003 CSR

Est. Rel.

Part operating failure rate model (Ap):

- , 6
Ap = Ay (HE X Mep X HQ X HCV) failures/10° hours
TABLE 5.1.7.5-1

Environmental Mode Factors

Tantalum Electolytic (solid),

5.1.7.5-1

EMVIRONMENT Te
Table 5.1 .7.5-2 Table 5.1.7.5=3
GR 1 Series Assistancs,
GMS 1.2 gy for MIL-C-33003 Ty, Capacitance FacseT
G 2.4 ult Resti ) ™
MG‘I; 7.8 cxr:(‘a:m/i‘,:ircg SR Capacitanca T
P 9.2 >0.8 to 1.0 .066 .003 uF. 0.5
>0,6 to 0.8 a0 - .
NSB 3'4 >0.4 to 0.6 .13 0N 0,738
Ns -9 >0.2 to 0.4 120 1.0 * 1.0
NG 13 0.1 to 0.2 .27 ag - L3
NH 14 0 to 0.1 .33 : |
- NUU 15 5Q. " 1.6
A ” 210, " 1.9
A?g 2.5 ‘T, 2.2
A
- Al g3 . s+ = .c0-12
—A, 3 Table 5.1.7.5-4 o
AIF 1.5 i *q, Quality Faetor vhere C is uf.
.5
AUC 6 | Failure Raca Level ¥
- AUT 28 Q
U8 10 - D 0.001
—aUA 30 c 0.01
SUF 0.8 S 0.03
F * R 0.1,
" Mee 9-31 B 0.1
—MFA 13 P 0.3
aSL 27 M 1.0
L 31 L 1.5
CL 530 LOWER 0.



MIL-C-39003, CSR
TABLE 5.1.7.5-5:
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MIL-HDBK-217E
. CAPACITORS

CAPACITORS, FIXED, ELECTROLYTIC (SOLID) TANTALUM, BASE FAILURE
RATE, A
*7b

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

(°c) .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .0042 .0046 .0058 .0082 .012  .018  .026  .037  .051  .068
0 |.0043 .0048 .0060 .0085 .012  .079  ,027 .038  .052  .070
20 |.0045 .0050 .0063 .0088 .013 .01  .028  .080  .055  .074
30 |.0048 .0053 .0067 .0094 .014  .021  .030  .042 .058  .078
80 |.0051 .0057 .0072 .010 .015  .022 .032 .046  .063  .084
50 {.0057 0063 .0079 .011 .0l  .024 .03  .050 .06  .093
60 [.0064 .00717 .0090 .013 .019  .028 .040  .057  .078 .11
70 }.0075 .0083 .01 .0ls  .022  .032 047 067  .092 .12
g0 f.0092 .00 .013 .018 .027 .040  .058  .082 .M .15
90 [.072 .013 .07 .023 .03 .051 .074 .M .14

100 |.0%¢ .08 .023 .032 .047 .070 .10 .14 ’
no |[.024 027 .03 .047 .070 .10 .15

120 |.039 .043  .054 .076 .11 7 .24

5.1.7.5-2
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MIL-HDBK-217E

CAPACITORS
MIL-C-3965, CL;
MIL-C-39006, CLR
SPECIFICATION STYLE DESCRIPTION
MIL-C-3965 cL Tantalum, Electrolytic (Non-so'ljd‘}
MIL-C-39006 CLR Tantalum, Elactrolytic (Non-solid)
Est. Rel.
Part operating failure rate mcdel (Ap):
]
= i 1 hours.
Ap Ap (HE'X Mo X HQ X HC‘I) failures/10 u
where the factors are shown in Tables §.1.7.5-6 through -13.
TABLE 5.1.7.5-6
ENVIRONMENTAL MODE FACTORS
ENVIRONMENT KE
Gy 1
1.1
G':.S 1.4
G 10 TABLE 5.1.7.5-7
— M‘ S I ) p— 3ASE-TAILURE 2ATT TABLIS TOR CAPACITOR
m < SPECITICATION AND STYLZ
SB
s &7 — ‘ .
U ]2 HiL-C Style Table Yo,
*IH 17 1965 L34, 25, 218, 27, 15.1.7.5-11
uu 14, 315, 1%, 37
A 23 cu20, 21,
?\é 2.5 22, 23, 0, 1, 32,
- 4 33, 40, 41, &2, 43,
T 6.5 L6, 47, 48, 49, 51,5 77512
Al 6 $2, $3. S4, 55, %6,
A:’:. TU 54, 45, %6, 57, 10,
A 8.5 o 72, 73
At 15 S 1810 1Ky 75003
AUB 20 R £1.7.5-12
AUA 20 ‘
AUF 40
S 1
11
Fr
MFA 15
USL 31
M) 36
CE 610
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MIL-HDBK-217E .

CAPACITORS
CAPACTTORS
MIL-C-3965, CL;
MIL~-C~-39006, CLR
TABLE 5.71.7.5-8
r qQ* QUALITY FACTIOR -
TABLEZ 5.1.7.5-9
Failure Rate Laval 'IQ T i CAPACITANCE FACIOR
S 0.03 Capacitaneca * v
R .1 .
P 0.3 : .09 uF. 9.7
.
n 1.0 , 2. .9
L l.s 1100- ]"3
Non=ER 3 LA SO .82!:0'066 where C is pF.
LUWER 10. cY

5..].7.5-4



MIL-C-3365, CL
MIL-C-39006, CLR
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CAPACITORS

Table 5.1.7.5-10
MIL~C-3965/MIL-C-39006 Construction Factor, I
Construction Type HC
Slug, All Tantalum 0.3
Foil, Hermetic* 1.0
Slug, Hermetic*® 2.0
Foil, Non-Hermetic* 2.5
Slug, Non-Hermetic¥® 3.0

*Type of seal identified as follows:
1 MIL-C-3965 (CL) - Note last letter
in part number:
G - Hermetic

E - Non-Hermetic

Example: CL10OBC700TPG is hermetic

2 MIL-C-39006 (CLR) - Consult individual

part specification sheet (slash sheet)

NOTE:

Foil Types - CL 20, 21, 22, 23, 30, 31, 32
33, 51, 52, 53, 54, 70, 71, 72, 73

CLR 25, 27,35, 37, 53,71, 73

Slug Types - CL 10, 13, 14, 16, 17, 18, 55, 56,
66, 67
CLR 10, 14, 17, 65, 69, 89
All Tantalum - CLR 79
5.1.7.5-5
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MIL-HDBK~217E
CAPACITORS

MIL-C-3965, CL: MIL-C-39006, CLR

*TABLE 5.1.7.5-11: CAPACITORS, TANTALUM (NONSOLID), BASE FAILURE RATE, Ay (T = 85°¢

MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED' VOLTAGE

(%) | .1 2 3 4 .5 .6 7 .8 .9 1.0
0 .0021 .0023 .0029 .0041 .0061 .0091 .013  .019  .026  .034
10 |.0023 .0025 .0032 .0045 .0067 .0099 .014  ,020  .028  .038
20 |.0026 .0028 .0036 .0051 .0075 .01 06 - .023  .031  .042
30 |.0030 .,0033 ,0042 .0059 .0087 - .013 019  .027  .036  .049
40 |.0036 .0040 .0051 .0072 .011  .0l6  .023  .032  .044  .060
50 |.0047 .0052 ,0066 .0092 .04  .020  .029  .042  .057  .077
60 |.0065 .0072 .0091 .013  .019  .028  .041  .058  .079 .11
70 ].0098 .01 .014 .019 .029 .042  .062  .087 .12 .16
80 |{.017 .018 .023 .033 .048  .071 .10 .15 .20 .27

*See Table 5.1.7.5-7 for applicability to spec. and style.

5.1.7.5-6
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MIL-C-3965, CL: MIL-C-39006, CLR

*TABLE 5.1.7.5-12: CAPéCITORS, TANTALUM (NONSOLID), BASE FAILURE RATE, Ay (T =
1257°C MAX RATED)

TEMD < BATTN AL NDECDATTMR TN DATENRN sINT.MAGE

[ Ayl J, A YAl BF LYY ] Wi RV LT 1V WAL VNS bl e & AT A

0

(%) | .1 .2 3 .4 .5 6 .7 .8 9 1.0
N nnlg nn2n NN2& N2A NNK2 nn7Q N1l Nn1a na2? Nl
~ LA AV ] [ R AV S AV, WS LW CRTAVEV LY o Nk o S -NT ~ o o i N W

10 .0019  ,0021 .0026 .0037 .0055 .0081 .012 .017 .023 .031
20 .0020 .0022 .0028 .0039 .0057 .0085 .012 .018 .024 .032
30 .0021  .0023  .0029  .0041 00T 0090 (013 .019 .026 .034

- LRV VLA B O e LRV FRT L0 oo a i s S s LU

40 .0023 .0025 .0032 .0045 .0066 .0097 .014 .020 .028 .037
50 .0025 .0028 .0035 .0049 .,0072 .01 016 .022 .030 .041
60 .0028 .0031 .0040 .0056 .0082 .012 .018 .025 .034 .046
70 .0033 .0037 .0046 .0065 .0096 .014 021 .029 .040 .054
80 .0041 .0045 .0057 ,0080 .012 017 .025 .036 .049 .066
90 .0052 .0058 .0073 .010 .015 .022 .033 .046 .064

100 [.0071 .0079 .010 .014 021 .031 .045 .063

110 | .01 .012 .015 .021 .031 .045 .066

120 {.077 .019 .024 .034 .050 .073 AL

*See Table 5.1.7.5-7 for applicability to spec. and style.
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MIL-HDBK-217E
CAPACITORS
MIL-C-3965, CL: MIL-C-39006, CLR ‘

*TABLE 5.1.7.5-13: CAPéCITORS, TANTALUM (NONSOLID}, BASE FAILURE RATE, Ay (T =
175°C MAX RATED)

TEMP S, RATIO OF OPERATING TQ RATED VOLTAGE
(°cy |.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .00177 .0019 .0024 .0034 .0050 .0074 .O011  .015  .021  .028

10 .0017 .0019 .0024 .0034 .0051 .0075 .011 .015 021 .029
20 .0018 ,0020 .0025 .0035 .0052 .0076 .OM .016 .022 .029
30 .0018 .0020 .0025 .0036 .0053 .0078 .O11 .016 .022 .030
40 .0019 .0021 .0026 .0037 .0054 .0080 .012 .016 .023 .030
50 .0019  .0021 .0027 .0038 .0056 .0083 .012 .017 .023 .031
60 .0020 .0022 .0028 .0040 .0058 .0086 .013 .018 024 .033
70 .0021 .0023 .0030 .0042 .0062 .0091 .013 .019 .026 .035
30 .0023 .0025 .0032 .0045 .0066 .0098 .074 .020 .028 .037
90 .0025 .0027 .0035 .0049 .0072 .ON .016 .022 .030

100 ].0028 .0031 .0039 .0054 .0080 .012 017 .024 .034

1o {.0032 ,0035 .0044 .0062 .0092 .04 .020 .028 .039

120 |.0037 .0041 .0052 .0073 .01 .076 .023 .033

130 }.0046 .0051 .0064 .0090 .013 .020 .029 .040

140 1.0059 .0065 .0082 .012 017 .025 .037 .052

150 |.0079 .0088 .0M .016 .023 .034 .049 .070

160 1.011 .013 .016 .022 .033 .049 .071

170 |.018 .019 .025 .035 .051 .076

*See Table 5.1.7.5-7 for applicability to spec. and style.

5.1.7.5-8
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CAPACITORS

5.1.7.6 Aluminum Electrolytic Capacitors.

SPECIFICATION  STYLE DESCRIPTIUN
MIL-G-33018 CUR  Aluminum Oxide Electrolytic, ER
MIL-C-39018 CU Aluminum Oxide Electrolytic

Part aoperating failure rate model (Ap):

- . )
Ap = Ab X HE X nQ X ncv failures/70° hours.

where the factors are shown in Tables 5.1.7.6-1 through -4.

TABLE 5.1.7.6-1 TABLE 5.1.7.6-2
HQ’ QUALITY FACTOR
ENVIRONMENTAL MODE FACTORS

| FAJLURE RATE LEVEL T !
ENVIRONMENT e S 3.03
R 0.1
GB 1 p 0.3
Gys 1.2 1.0
o 2'4 M '

. 2 Non-ER 3.
gg _ 12 Lower 10
NSB 5.8
NS 6.7
NU 13
N 19
N 20
uy vABLZ S5.1.7.6-3
ARH 27 ﬁc,‘:. CAP“-C&J-MCE :ACsOR
AY 9.5 '

AIT 10 Capacitanca™ Tey
At 10
al8 10 : F

—"1A L2 ' 2.5 -l 0.4
Av 13 ' c= " 7
Al 25 ; 3. d.

uc : 500. " 1.2
A 30
AUT 30 ]700. " 1'3
ug :

A 30 ¢ §200. " 1.5
Auﬁ 40 14,000, " L3

sg 1 12,000, ¢ 2.2
MFF 12 65,030. " 2.3

M 17 120,000. " 2.8
UEE 36 0.18 E
M 41 * e, = L3407 where C 1S uF.
cr 690 ! v

5.1.7.5-1
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MIL-C-39018, CU, CUR ‘

TABLE 5.1.7.6-4: CAPACITORS, FIXEDU ELECTROLYTIC, ALUMINUM OXIDE, BASE FAILURE
RATE, A, (T = 1257C 'MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

(°) | .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 .0055  .005% .0067 .0083 .01 015 021 .028  .038  .050

10 .0065 .0068 .0078 .0097 .013 .017 .024 .033 .044 .058
20 .0077 .0081 .0093 .012 015 .021 .029 .039 .052 .069
30 0094 .0099 .OWN .014 .019 .025 .035 .048 .064 .084
40 .012 .012 .014 .018 .023 .032 .044 .060 .080 L1

50 |.015 .016 .019  .023  .030 .042  .057 .078 .10 .14
60 |.021 .02z .025  .031 .04} .05  .077 .10 14 .18
70 |.029 .030° .035  .043  .057  .078 .11 .15 .20 .26
80 |.042  .044  .050 .063  .083 .M .16 .21 .28 .37
907 [064 T T.067 ~ .077 T 05 T TWIT T T T AT T T TRT TR
100 |.10 N 12 15 .20 .27 .38 .51

110 | .17 .18 .21 .26 .34 .46 .63 .86

120 | .30 .32 .37 .46 .60 .82 11

*Do not use styles CU 16, 17 and 71 below this Tine.

5.1.7.6-2
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MIL-C-62, CE

SPECIFICATIONM STYLE DESCRIPTION

MIL-C-62 CE ; Aluminum, Dry Electrolyte
Part operating failure rate model (Ap):

- . &

Ap = Ab X HE X HQ X HCV failures/10  hours

where the factors are shown in Tables 5.1.7.6-5 through -8.
TABLE 5.1.7.6-5
ENVIRONMENTAL MQDE FACTORS

£.1.7.6-3

ENVIRONMENT | ¢
G 1
3
G 1.2
1S 2.4
e{j 12
M 12
P
N 5.8
NgB 5.7
Ny 13
N 19
NH 20 _
uy TAZLZ 5.1.7.5-5
T, QUALITY PACTOR
w7, :
IC ne
QIT 2% Qualizy Laval RQ
3 1A T3
AIF | MIL-Spec 3
2UC 25 |
AH; %ﬂ) Lover 10
AUA 30
A 30
UF -
aF 1;
MEF 17
I AT BT
sL
M ¢
c 690
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i
, TABLE 5.1.7.6-7
Tov! CAPACIT#NCB FACTOR
Caﬁacitmce- ‘ Tev
b2
3.2 yF. 0.4
i 62. n 0.7
400, * 1.0
1600, = 1.3
4800. * 1.6
12,000, = 1.9
26,000, = 2.2
50,000. * 2.5
{ 91,000, »* 2.8
. 013 |
Tey ™ .32C where C i{s uF. |

5§.1.7.6-4 |
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TABLE 5.1.7.6-8:  CAPACITORS, ALUMINUM, DRY ELECTROLYTE, BASE FAILURE RATE, X, (T

= 125°C MAX RATED)

TEMP S, RATIO OF QPERATING TO RATED VOLTAGE
(°c) | .1 .2 .3 .4 5 .6 7 8 .9 1.0
0 .0064 .0067 .0074 .0089 .0 015 .020  .026 .034  .045
10 |.0078 .0082 .0090 .01 .014 .,018 .024 .032  .042  .055
20 |.0099 .010 .ON 014 .017 .023 .030 .040  .053  .069
30 |.013 .014 .05 .018  .023 .030 .040 .03  .070 .09
3 |.018 .019  .021 .025  .031 .041 .055 073 .09 .13
50 .026 .027  .030 .036 .046 .060 .080 .M 14 .18
60 |.047 .042 .047 .05  .071  .093 .12 .16 .22 .28
70 |.068 .070 .078  .093 .12 .15 .21 .27 .36 .47
80 .12 13 .14 L7 .21 .28 .37 .49 .65 .85

5.1.7.6-5
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. MIL-C-81, CV

5.1.7.7 Variable Ceramic Capacitors.

SPECIFICATION “ STYLE DESCPIPTION
MIL-C-81 Cv VYariable Ceramic

Part operating failure rate model (Ap):
- : 6
Ay = Ap X (HE X HQ) failures/10" hours
where the factors are covered by Tables 5.1.7.7-1 throuah -5.
TABLE 5.1.7.7-1

Environmental Mode Factors

Environment NE
Gp 1 TABLE 5.1.7.7-2
GMS 1-2 BASE FAILURE RATE TABLES FOR
gF g -8 CAPACITO® SPECIFICATION AND STYLE
! MM ]7. Spec LD
. e 7.9 MIL~C Style Table No.
N 7.7 .
NU ot 32,34,40,41
MH 27
W cv3s, 36 5.1.7.7-5
R
nlC rh TABLE  5.1.7.7-3
AIT 1 TIQ, QUALITY FACTOR
A1B ]b
———— IA P,
AIF 10 Quality Level n
A 15 Q
put 25
AUT 70 MIL-Spec 4
Aur 75
S 0.8
i 17
FF
M 23
FA
Uey 49
ME 56
CL 950

5.1.7.7-1
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MIL-C-81, CV

*TABLE 5.1.7.7-4:  CAPACITORS, VARIABLE, CERAMIC, BASE FAILURE RATE, A, (T = 85°¢
MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

(°cy | .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

0 .0030 .0065 .016  .035 066 .11 .18 .26 .37 .51

10 |.0031 .0068 .017  .036  .069 .12 .18 .27 .39 .53

20 |.0033 .0073 .018  .039  .073 .12 .20 .29 .41 .57

30 |.0036 .0079 .020 .042 .080 .14 .21 .32 .45 .62

40 |.o081 .0089 .022  .047 089 .15 .24 .35 .50 .69

50 |.0047 .00 .026 .055 .10 .18 .28 A1 .59 .80

0 |.0058 .013  .031 .068 .13 .22 .34 .51 .72 .98

70 |.0076 .017  .041 .088 .17 .28 .45 .66 .94 1.3

80 |.011 023 .058 .12 .24 .40 .63 .94 1.3 1.8

*See Table 5.1.7.7-2 for applicability to spec. and style.

5.1.7.7-2
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*TABLE 5.1.7.7-5:  CAPACITORS, VARIABLE, CERAMIC, BASE FAILURE RATE, A, (T = 125°%C
MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) |.1 .2 .3 4 .5 6 7 .8 9 1.0
0 .0028 L0061  .015  .033  .061 .10 .16 .24 .35 .47
10 ].0028 .0062 .015 .033  .062 .11 7 .25 .35 .48
20 |.0029 .0063 .016  .034  .064 .M 7 .25 .36 .49
30 |.0030 .0065 .016  .035  .066 .11 .18 .26 .37 .51
40 }.0031 .0068 .017 .03  .068 .12 .18 .27 .39 .53
50 [.0033 .0071 .018  .038  .072 .12 .19 .29 A1 .56
60 |.0035 .0077 .019  .041  .077 .13 21 .31 .44 .60
70 |.o038 .o0s84 .021  .045  .084 .14 .23 .34 .48 .65
80 {.0043 .0095 .023  .050  .095 .16 .25 .38 .54 .74
90 [.0050 .011  .027 .059 .M .19 .30 .44 .63 .86
100 |.0062 .013  .033 .072 .14 .23 .36 .54 .76 1.0
Mo {.0079 .017  .043  .092 .17 .30 .47 .69 .98 1.3
120 |.0%t  .024  .059 .13 .24 .41 .64 .96 1.4 1.9

*See Table 5.1.7.7-2 for applicability to spec. and style.

5.1.7.7-3
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MIL-C-14409, PC

5.1.7.8 Variable Piston Type Capacitors.

SPECIFICATICN STYLE DESCRIPTION
MIL-C-14409 PC Variable, Piston Type Tubular
Trimmer

Part operating failure rate model (Ap):

- . A
Ap = Ay X (HE X HU) failures/10" hours

where the factors are shown in Tables 5.1.7.8-1 throuah -5.

TABLE 5.1.7.8-1
Environmental Mode Factors

Environment HF
GB 1
Gras 1.2 TABLE 5.1.7.8-2
N 2.9 BASE FAILURE RATE TABLES FOR
: 9.3 CAPACITOR SPECIFICATION AND STYLE
p 14 -
\SB 6.9 Spec b
s 7.2 MIL-C Style Table No.
ty 8.4
e Si 14409 | G. H, 3, L, T B.1.7.8-4
uu
Char. Q 5.1.7.8-5
A 32
RU
A 3
AIC 3
all 3.5 TABLE §.1.7.8-3
AlB 3 Ty QUALITY FACTOR
|
AUC 1 Quality Level w Q
A 20
uT
Alg 30
AUA 20 MIL-Spec 3
ﬁUF 4? Lower 10
e 15
M 20
FA
Ust 43
ML 49
CL 830

5.1.7.8-1
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MIL-C-14409, PC
*TABLE 5.1.7.8-4:  CAPACITORS, VARIABLE, PISTON TYPE, BASE FAILURE RATE, A (T

25°C MAX RATED)
TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(%) . .2 3 4 .5 .6 7 .8 9 10
0 * [.0030 .003 .0051 .0082 .013  .021  .031  .045  .063  .085
10 |.0041 .0049 .0070 .011  .018 .028 .042 .061 .085 .M
20 |.0055 .0066 .00%4 .015 024  .038 .057 .082 .11 .16
30 |.0075 .0089 .013 .020 .033 .051 .077 .11 .16 .21
4 |.010 .012 .07 .028 .044 069 .10 .15 .21 .29
50 |.014 .0l .024 .037 .060 .094 .4 .20 .29 .39
60 |.019 .022 .03 .051 .082 .13 .19 .28 .39 .52
70 |.025 .03 .043 .069 .M .17 .26 .38 .53 .71
g0 |.034 .041 .059 .093 .15 .23 .35 .51 .71 .9
% |.047 085 .079 .13 .20 .32 .48 .69 .9 1.3
10 (.063 .075 .11 .17 .27 .43 .65 .94 L3 1.8
1o f.086 .10 .15 .23 .37 .58 .8 L3 L8 2.4
120 .72 4 200 31 81 .79 L2 L7 2.4 3.3

*See Table 5.1.7.8-2 for applicability to spec. and style.

5.1.7.8-2
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*TABLE 5.1.7.8-5: CAPACITORS, VARIABLE, ‘PISTON TYPE, BASE FAILURE RATE, X, (T =
1509C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°c) | .1 2 .3 .4 .5 .6 7 .8 .9 1.0
0 0018 .0022 .0031 .0050 .0081 .013  .0%9  .027  .038  .052

10 .0025 .0029 .0042 .0067 .01 .017 .025 .036 .051 .068
20 .0033 .0039 .0056 .0089 .014 .022 .034 .049 .068 .092
30 .0044 0052 .0074 .012 .019 .030 .045 .065 .090 .12

40 .0058 .0069 .0099 .016 .025 .040 .060 .086 .12 .16
50 .0077 .0092 .013 021 .034 .053 079 L .16 .22
60 .010 .012 .018 .028 .045 .070 L .15 21 .29
70 .014 .016 .023 .037 .060 .093 .14 .20 .28 .38
80 .018 .022 .031 .049 .079 .12 .19 .27 .38 .51
90 .024 .029 .041 .066 1 7 .25 .36 .50 .68
100 1} .032 .038 .055 .087 .14 .22 .33 .48 .67 .91
110 | .043 .051 .073 2 .19 .29 .44 .64 .89 1.2
120 | .057 .068 .097 .15 .25 .39 .59 .85 1.2 1.6
130 | .076 .091 .13 31 .33 .52 .78 1.1 1.6 2.1
140 | .10 .12 17 27 .44 .69 1.0 1.5 2.1 2.8
150 1 .13 .16 .23 .37 .59 .92 1.4 2.0 2.8 3.8

*See Table 5.1.7.8-2 for applicability to spec. and style.

5.1.7.8-3
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MIL-C-92, CT

5.1.7.9 Variable Air Trimmer Capacitors

SPECIFICATION STYLE DESCRIPTION
MIL-C-92 CT Variable, Air, Trimmer

Part aperatina failure rate model (Ap):

6

Ay = Ap X (IIE X HO) failures/10° hours:

p
where the factors are shown in Tables 5.1.7.9-1 throuah -3.
TABLE 5.1.7.9-1

Environmental Mode Factors

Environment HE
G ]
gﬁs 1.3
af g'g
Mﬁ 17
N 7.9 Table 5.1.7.9-2
NSB 7.7 Tw Qualiey Fact
NS 20 9’ ity Tactor
NU 25
H Failure Rate Lavel |7
Ny 27 0
MIL-Spec 5
AR 5
1C : Lower 20
AT 4
A 10
I8
ALA 9
;i
AUC 15
AUT 25
2U8 70
WUA 65
UF 75
aF 1;
mEF 23
FA
Ug) 49
o 56
oy 950

5.1.7.9-1
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TABLE 5.1.7.9-3 CAPACITORS, VARIABLE, AIR, TRIMMER, BASE FAILURE RATE, A, (T =

85°C MAX RATED)

TEMP S: RATIO OF OPERATING TO RATED VOLTAGE
(°c) 1.1 .2 .3 4 .5 .6 .7 .8 .9 1.0
0 .0074 .0089 .013 .020 .032 .051 076 .11 .15 .21
10 [.010 .01z .017 .027 .044  .069 .10 .15 21 .28
20 .0 .06 .023 ,037 .059 .093 .14 .20 .28 .38
30 .08 .022 .031 .050 .080 .13 .19 .27 .38 .52
a0 }.025  .030 .02  .067 .11 7 .26 .37 - .52 .70
50 |.03¢ .040 .057 .091 .15 .23 .35 .50 .70 .94
60 |.046 .054 .078 .12 .20 .31 .47 .68 .94 1.3
70 [.062 .073 .10 7 .27 42 .63 .91 1.3 1.7
80 |.083 .099 .14 .23 .36 .57 .85 1.2 1.7 2.3

5.1.7.9-2
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MIL-C-23183, CG

5.1.7.10 Vacuum or Gas Capacitors

SPECIFICATION STYLE DESCRIPTION
MIL-C-23183 CG Vacuum or Gas, Fixed and
VYariable

Part operating failure rate model (kp):

Ay = Ay X (I. x M, x HCF) faﬂures/m6 hours :

p E 0
where the factors are shown in Tables 5.1.7.10-1 through -7.
TABLE 5.1.7.10-1

Environmental Mode Factors

Environment Me Table 5.1.7.10-2
- ]- Base Failure Rate Tables for MIL-C-23183
Ggs 1.3 Capacitor Styles
GF 3.4
G 10 *b
nﬁ 13 , Style Table No.
SB )
NS 7.7 CG 20,21,30,31,32,40,41,42,(3.1.7.70-5]
II::U Sg 43,44,51,60,61,62,63,64,67
H
NUU 30 CG 65,66 5.1.7.10-6
ARN 40 CG 50 5.1.7.10-7
AIC 6.5
AT i
AIB 10
AlA 25
AIF 40 Table 5.1.7.10-3
AU.Cr €5 H"! Quality Factor
AHB 105 M
A A 65 Failure Rate Level ]
ABF 150 Q
SF 1 MIL-Spec 3
MFF N/A
MFA M/A Lower 20
USL N/A
ML M/A
CL 1,000

5.1.7.10-1
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Table 5.1.7.10-4

- ™ men B oawie. 54 mun T st dw e
" c?' UH““““-‘U“ - Sy iyl

Configuraction ' TCF
Fixed 0.1
Variable 1.0

5.1.7.10-2
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*TABLE 5.1.7.10-5: CAPACITORS, VACUUM OR GAS, AND VARIABLE, BASE FAILURE
RATE, A (T = 85°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE

(%) | .1 2 .3 4 .5 .6 .7 .8 .9 1.0
0 .015  ,033  .081 .17 .33 .56 .88 1.3 1.9 2.5
0 |.016 .03¢ .08 .18 .34 .58 .92 1.4 1.9 2.7
20 }.017 .03 .090 .19 .37 .62 .98 1.5 2.1 2.8
30 |.018 .040 .098 .21 .40 .68 1.1 1.6 2.2 3.1
a0 |.020 .04 .M .24 .45 .76 1.2 1.8 2.5 3.4
50 |.024 .052 .13 .28 .52 .88 1.4 2.1 2.9 4.0
60 |.029 .063 .16 .34 .64 1.1 1.7 2.5 3.6 4.9
70 |.038  .083 .20 .44 .83 1.4 2.2 3.3 4.7 6.4
80 |.054 .12 .29 .62 1.2 2.0 3.2 4.7 6.6 9.1

*See Table 5.1.7.10-2 for applicability to spec. and style.

5.1.7.10-3
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*TABLE 5.1.7.10-6: CAPACITORS, VACqu OR GAS, FIXED AND VARIABLE, BASE FAILURE
RATE, Ay (T = 100°C MAX RATED)

TEMP S, RATIO OF OPERATING: TO RATED VOLTAGE

(%) |.1 .2 3 4 .5 .6 .7 .8 .9 1.0
0.« [.014 .032 .078 .17 .32 .54 .85 1.3 1.8 2.5
10 (.05 .032 .080 .17 .33 .56 .87 1.3 1.8 2.5
20 1.0  .03¢ .08 .18 .34 .58 .91 1.4 1.9 2.6
30 |.016  .036 .088 .19 .36 .61 .96 1.4 2.0 2.8
40 |.018- .039 ,095 .21 .39 .66 1.0 1.5 2.2 3.0
5 {.020 .043 .M .23 .43 .73 1.2 1.7 2.4 3.3
60 |.022  .049 .12 .26 .49 .83 1.3 2.0 2.8 3.8
70 |.027 058 .V .31 .59 1.0 1.6 2.3 3.3 4.5
80 |.034 .073 .18 .39 .74 1.3 2.0 2.9 4.2 5.7
90 {.045  .099 .24 .53 .99 1.7 2.7 3.9 5.6 7.7
100 [.066 .14 .36 77 1.5 2.5 3.9 5.8 8.2 1.

*See Table 5.1.7.10-3 for applicability to spec. and style.

5.1.7.10-4
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. MIL-C-23183, (G

TABLE 5.1.7.10-7:  CAPACITORS, VACUUM OR GAS, FIXED AND VARIABLE, BASE FAILURE
RATE, A, (T = 125°C MAX RATED)

TEMP S, RATIO OF OPERATING TO RATED VOLTAGE
(°cy 1.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
0 014,030 075 16 .31 .52 .82 1.2 1.7 2.4
0 |.014 031 .077 .7 31 .53 .83 1.2 1.8 2.4
20 [.014 032 .078 .17 .32 .54 .85 1.3 1.8 2.5
30 }.015 .033  .080 .17 .33 .56 .88 1.3 1.9 2.5
4 |.016 .03¢ .084 .18 .34 .58 .91 1.4 1.9 2.6
50 |.016 .03  .088 .19 .36 .61 .96 1.4 2.0 2.8
60 |.018 .038  .095 .20 .39 .65 1.0 1.5 2.2 3.0
70 |.019  .042 .10 .22 42 72 1.1 1.7 2.4 3.3
80 {.022 .047 .12 .25 .48 .81 1.3 1.9 2.7 3.7
. 90 .025 .055 .4 .29 .55 .94 1.5 2.2 3.1 4.3
o0 [.031  .067 .17 .36 .68 1.2 1.8 2.7 3.8 5.2
110 |.040  .087 .21 .46 .87 1.5 2.3 3.5 4.9 6.7
120 |.055 .12 .29 .64 1.2 2.0 3.2 4.8 6.8 9.3

5.1.7.10-5
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5.1.7.11 E;gggié Failure Rate Calculations,

Example 1
Given: A 4Q0 V,.D.C. rated capacitor type CQU9AIKELS3K3 is being used im a

fixed ground eavircament, 55°C ambient temperature, and 200 Vdc applied with 350

Vrmg @ 60 Hz. The capacitor is being procured in full accordance with the appli-
cable specificacion.

Step 1 - The letters "CQ" in the type designation indicate that the
spec is MIL-C-19978 (from 1Dl 3.1./~1) and that it is a Non-ER quality level.
Also, the lst "R" in the designacion indicates characteristic X.

Step 2 - The failure rate expression for this capacitor (see sec. 5.1.7.1)

Step 3 — Voltage stress ratio must account for both the applied DC volts
and the peak AC voltage, hence,

$ = 200 + Y2 (50)
400

= 200 + 71
400

= 568
Step 4 - Since this capacitor 13 style CQO9, characteristic K, use Table
5.1.7.1-20 for A, (as directed by Tbl 5.1.7.1-15). Wich voltage sctress of Q.58

and 55YC temperfature,

&
lb = ,0Q94f./10  hnrs.

5.1.7.11-1
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Step 5 = From Tables 5,1.7.1-14 and-5. and -16:

L 2.4 Ty = 1.0
T = 10
2

Skep § = kp - Ah 1E wq Tev

= L0084 (2.4) (10) (1)
. .23 £./10% nrs.
Example 2
Givem: 6.8 uf CSR solid zantalum capaciltor per MIL-C-BQOOB rated ac
75 Vde and level R reliability is being used at 40 Vdc, 75°C ambient temperature
ia am airborne uninnabited fighter environment. The effective resistance between
the capacitor and the power supply is 80 ochms.
Step 1 = The failure race from section 5.7 7.5. is

A -
> '\b ‘!'I'E ‘H’SR ‘HQ "C‘? ‘

Step 2 - The voliige scress ratio is

S = applied ¥

Rated V
- 4

75
= .53

Step 3 - From Th] §.1.7.5-5 with § = .53, T = 75°%,

xb = 28 f.f106 hr.

Step 4 - L is determined from Th] 5.1.7.5-:first caiculacing ohms/
applied volts.

80 = 2.0 ohms/volc.
4Q

T

s - 091

5.1.7.11-2
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Step 5 - From Tables §5.1.7.5-1, -3, and -4
T » 30 ‘For‘ A T = 1.3
e uF v
nq = 0.1 for R level quality.

St 6 - A = A
ep . b RE ﬂSR ﬂ'Q RCV

= 028 (30y (0.7) (Q.1) (1.3)

Ap = 011 f./106 hr.

5,1.7.11-3
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. 5.1.8 Inductive Devices. This section describes the method of ce}lculatjng the
failure rates of certain inductive devices. The following inductive devices are

included:
Transformers
MIL-T-27 Transformers and Inductors

(augio, Power, and High Power Pulse)

MIL-T-21038 Transformers, Low Power Pulse
MIL-T-55631 Transformers, IF, RF, and Discriminator
Coils
MIL~C~15305 Coils, Fixed and Variable, RF
MIL-C-39010 Coils, Molded, RF, ER

5.1.8-1
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MIL-T-27, MIL-T-21038,

MIL-T-55631
5.1.8.1 Transformers.
SPECIFICATION STYLE DESCRIPTION
MIL-T-27 TF Audio, Power, and High Power Pulse
MIL-T-21033 TP Low Power Pulse
MIL-T-55631 - IF, RF, and Discriminator

The general model for these devices is as follows:

A= A (nE x )

p b Q
failures/lO6 hours

>
n

e
n

b base failure rate

E |
I

E envirommental factor
. = quality factor
The general model for the base failure rate:

X G
% THS + 273
Ae” where x = ""T?'_—"

T

¥
1]

HS = Hot spot temperature in degrees C and e is natural logarithm
base, 2.718.

N, = Temperature constant

(3]
n

Acceleration constant
A = Adjustment factor for different insulation classes

See Tables 5.1.8.1-1 thru 5.1.8.1-4 for enuation canstants. The mpdels 2ro

v?lid only if'THs_is not above the temperature rating for a given insulatinn
class.

5.1.8.1-1
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MIL-T-27, MIL-T-21038,
MIL-T-55631

TABLE 5,1.8.7-1
Transformer Base Failure Rate Model Constants versus Insulation Class

SPECIFICATION . Insulation Class
MIL-T-27 Q R s v T u
MIL-T-21038 Q R s T u v
MIL-T~55631 0 A B_ c_ - 1 _-
Model Maximum Rated Operating T mperatyre |
Constants 85°C 105°C 130°C 155°¢ 170°C >170°C
A 0.00159 | 0.0018 |0.00152 |0.00458 |0.00508 [ 0.0065
NT 329 352 364 409 398 4717
G 15.6 14.0 8.7 10.0 3.8 8.4

TABLE 5.1.8.1-2
Quality Factor, ﬂQ

FTamily Type Mil-Spec. lLower
Pulse Transformers ’ 1.5 5.0
Audio Transformers 3.0 7.5
Power Transformers and Filters - 8.0 . 30.0

_ _RF Transformers 12.0 30.0

5.1.8.1-2
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MIL-T-27, MIL-T-21038, MIL-T-55631
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MIL-T-27, MIL-T-21038, MIL-T-55631

Devices in accordance with the three gpecifications included in this
section are identified by the classification scheme used in each specification.
The following information will help in determining the Insulation Class and the
Family Type if only the specification and type designation are known:

a. MIL-T-27. An example Ctype designation per this specification is

TF 4 R 01 ~Sp 576
e —_— -y
MIL-T-27 Insulation Family Case
Class Symbol

The Insulation Class symbols are the same as used in Tables 5.1.8.1-1.The
codes used for Family Type are

Power transformer + filter: Ol thru 09, 37 thru 41
Audic transformer: 10 thru 21, 50 chru 53

Pulse transformer: 22 thru 36, 54

b. MIL-T-21038. Al]l parts in this specification are pulse transformers.
An example type designation is

TP 4 Q___ X 1100BCOQ1
MIL-T- Insulation
21038 Class

The Insulation Class symbols are the same as used in Table 5.1.8.1-1.

c. MIL-T-55631. The transformers are designated with the following types,
grades, and classes ‘

Type I - Intermediate frequency transformer.
Type 11 -~ Radioc frequency transformer.
Type III - Discriminator transformer.

Grade 1 - For use when immersion and moisture resistance tests are required.
Grade 2 - For use when moisture resistance test is required
Grade 3 - For use in sealed assemblies,

Class 0 = 85° maximum operating temperature.
Class A - 105° C maximum operating temperature.
Class B =~ 125°C maximum operating temperature.

C > 125°C maximum operating temperature.

NOTE: The class denotes the maximum operating temperature (temperature rise
plus maximum ambient temperature).

5.1.8.1-4
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TABLE 5.1.8.1-4

TRANSFORMER BASE FAILURE RATES, Ay, in £./10% HRs.

MAXIMUM RATED OPERATING TEMPERATURE
THS 85°C 105°C 130°C 155°¢C 170°C >170°¢C
0 Nn,0017 0.9019 0.0016 0.0047 0.1064 0.0066
5 0.0017 0.2019 0.0017 0.0047 0.0066 0.0066
10 0.0017 0.001¢2 0.0017 0.0047 0.0067 0.0066
15 0.0018 G.5019 30.0017 0.5047 G.00Ge8 0.0066
20 0.0019 0.0019 0.0018 0.0047 0.2069 0.0066
25 0.0020 06.N020 0.0018 0.0048 0.2071 0.0066
30 0.0021 0.n020 0.0019 0.0048 0.0072 0.0066
35 0.0023 0.0021 0.0019 0.0049 0.0074 0.0067
40 0.0025 0.2022 0.0020 0.1049 0.2076 0.0067
45 0.0029 0.0023 0.n021 0.1050 0.0078 0.0067
50 0.0034 0.2024 0.0022 0.0050 0.0080 0.0068
55 0.0041 0.9026 0.0023 0.7051 0.0082 0.0068
60 0.0053 0.0029 0.0024 0.0052 0.0084 0.0068
65 0.0073 0.0032 0.0026 (.0053 0.0087 0.0069
70 0.0108 0.7036 0.0028 0.0054 0.9090 0.0065
75 0.0175 0.0042 0.0030 0.1056 0.0093 0.0070
80 0.0319 0.0051 0.0033 0.0058 0.0096 0.0070
85 0.0666 0.2064 0.9036 0.0060 0.N09¢9 0.0071
90 0.0084 0.0040 0.0062 0.0103 $6.0072
95 0.0116 0.0046 0.N065 N0.0107 0.0073
100 0.0171 0.0052 0.0068 0.0111 0.0074
105 0.0271 0.006] 0.0072 0.0116 0.0075
110 0.0072 0.9077 0.0121 0.7076
115 0.N087 0.7083 0.0126 0.0078
120 0.2107 0.0090 0.0132 0.0079
125 0.0134 0.0098 0.0138 0.0081
130 0.9172 0.0109 1.9145 0.50383
135 0.0122 0.n152 0.0085
140 0.0138 0.0161 0.0088
145 0.0159 0.0169 0.7090
150 0.0186 ¢.0179 0.10%4
155 0.0221 0.0190 0.7097
160 0.0201 0.0101
165 0.0214 0.2106
170 0.0228 0.0111
175 0.0117
180 0.0124
185 0.0132

5.1.8.1-5
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MIL-C-15305
. MIL-C-39010

5.1.8.2 Coils.

SPECIFICATION STYLE " LESCRIPTION
MIL-C-15305 - Fixed and Variable, RF
MIL-C-39010 - Molded, RF, ER

The general operating model for these devices is as follows:
- )
3 A (g x "o * ﬂc)
where: lp = Total failure rate in failures/106 hours

Base failure rate

>
|

Environmental factor

=
L]

=3
u

Quality factor
n_ = Construction factor (fixed or variable).

The general model for the base failure rate:

“II' T.,. + 273 \ G
A, = Aex where x = \/"""}L--)

N, = Temperature Constant
G = heceleration Constant

A = Adjustment factor for different insulation classes.

£

e e s s | e - T

See Tables 5.1.8.2-1 thru 5.1.8.2-5 for equation constants, Tha models are

v?1id only if Thyg is not above the temperature ratina for a aiven insulation
class.,

1‘II' 5.1.8.2-1
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MIL-C-15305
MIL-C-39010

TABLE 5.1.8.2-1

Coil Base Failure Rate Model Constants

versus Insulation Class

Specificatcion

Insulation Class

MIL~-C-15305

MIL-C=39010

0 A B

A ™
= [2) =

c

k-]

M

Model Maximum Rated Operating Temperature
Constants
85°(C 105°C 125°C 150°C
- - A .
A 3.35 x 1074} 3.79 x 107%| 3.19 x 107% | 9.63 x 10™°
NT 329 352 364 409
G 15.6 14.0 8.7 10.0

TABLE 3.1.8.2-2
Quality Factor, =

Q
Failure Rate T, Factor
Level -t
S 0.03
R 0.1
P 0.3
M 1.0
MIL-C-153G5 4.0
Lower 20,0

5.1.8.2-¢
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TABLE 5- 1 -802-3
Environmental Mode Factars

ENVIRON=-
MENT

3
=1

—

L Nw— —
i
on e

—r o

o WU
. .
-} —

n
=
-

U1 Ny

-

QN N B U
G Y Oy

—

11
15
32

610

5.1.8.2-3

TABLE 5.1.8.2-4

Coustruction Factor,

®

C
Construction “C
Fixed
Variable 2
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MIL-C-15305
MIL-C-39010

TABLE 5.1.8.2-5

COIL BASE FAILURE RATES, ., in £.710° HRs.

MAXIMUM RATED OPERATING TEMPERATURE

HS 85°C 105°C '125°¢C 150°C
0 0.0004 0.0004 0.9003 0.0010
5 0.0004 0.0004 0.0004 0.0010
10 0.0004 0.0004 0.0004 0.2010
15 0.0004 0.0004 0.0004 0.0010
20 0.0004 0.0004 0.0004 0.0010
25 0.0004 0.0004 0.0004 0.0010
30 0.N004 0.0004 0.0004 0.0010
35 0.0005 0.0004 0.N004 0.0010
40 0.0005 0.0005 0.0004 0.0010
45 0.0006 0.0005 0.0004 0.0010
50 0.0007 0.0005 0.0005 0.0011
55 0.0009 0.0005 0.0005 0.0011
60 0.0011 0.0006 0.0005 0.0011
65 0.0015 0.0007 0.0005 0.0011
70 0.0023 0.0008 G.0006 0.0011
75 0.0037 0.0009 0.0006 0.0012
80 0.0067 0.0011 0.9007 0.0013
85 0.0140 0.0013 0.0008 0.0013
90 0.0018 0.0008 0.0013
95 0.0024 0.0010 0.0014
100 0.0036 0.0011 0.0014
105 0.0057 0.7013 0.0015
110 0.0015 "0.0016
115 0.0018 10.0017
120 0.0022 0.0019
125 0.0028 0.0021
130 0.0023
135 0.0026
140 0.0029
145 0.0033
150 0.0039

5.1.8.2-4
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a. MIL-C-15305. All parts in this specification are r.f. coils. An
example type designation is

LT __ﬁ;__ K 001
MIL-C- Insulation
15305 Class

The codes used for the Imnsulation Class are
Class B: 4, 5, 6
Class 0: 7, 8, 9
Class A: 10, 11, , 12

b. MIL-C-39010. An example type designation per this specification is

M 39010/01 T 1RO T T_
Military Document  Tlass Inductance  Inductance Failure
designator sheet tolerance rate level
number

The insulation class symbols are the same as used in Table 5.1.8.2-1.

5.1.8.2-5



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
INDUCTIVE DEVICES

5.1.8.3 Determination of Hot Spot Temperature. The failure rate X,, of the
inductive device 1S a function 0f the hot Spot temperature of the inguctive device.
This hot spot temperature can be obtained by direct measurement or by approximation.

Although the latter method is normally used, there may be times when the
direct measurement technigue would be advisable.

5.1.8.3.1 Direct Measurement. .

a) Average Temperature Rise, Change in Resistance Method
as described in MIL-T-27 (4.8.14) or MIL-T-21038
(4.7.14)

R~-r1

AT = (t + 234.5) - (T - t)

where

AT = Temperature rise in degrees (elsius
specified maximum ambient temperature

R = resistance of winding in ohms at temperature
(T + AT)

r = resistance of winding in ohms at temperature

(t)

t = specified initial ambient temperature in
degreecs Celsius

T = maximum ambient temperature in degrees

Celsius (at time of power shutoff);
T shall not differ from t by more than
3°C.

For transformers, rated voltage shall be applied to the primary
with the specified loads across the secondaries. For inductors,
rated d-c and a-c¢, current shall be applied to the windings.

b) Hot Spot Temperature Rise
Approximate value by assuming temperature-rise of hot spot
is 10 percent greater than highest average temperature-rise

as measured or as estimated by approximate methods. See

para 5.1.8.3.2.

5.1.8.3-1
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Actual measurement requires burying of thermocouples or
thermistors in coils:; hence is not feasible to measure ' '
on completed part. However for developmental devices,

this step should be seriously considered where temperature
is significant.

r'+

On era ad. re can [P

5.1.8.3.2 Approximation Approxima ' of the hot s perature can oe
determined by referring to Figures 5.1.8.3-1 throuch 5.1.8.3-4 which qives the
average temperature rise, Use the figure which best correlates to the known

input data. If Figure 5.1.8.3-2 is usad to determine the temperature, use of

a MIL-T-21038 transformer, case AF will give the most practical result. The ho
spot temperature is then pa1r”]ated as -follows:

— -k

T..=T, + 1.1 (AT)

a
Ty = Hot spot temperature (C°)
T, = ambient temperature (C°)

AT = temperature rise (C°)

hen using Figures 5.1.8.3-1 through 5.1.8.3-4 it is advisable to follow the
‘yrder of precedence established via Table 5.1.8.3«1.

5.1.8.3-2

hot
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600

470
300

200

150

RADIATING AREA (SQ IN)
8

100 BO 60 40 3p

AT, AVERAGE TIMPERATURE-RISE (9C)

NOTE: Equatiom for curves is AT = 125 W /A
L
Wiere: W - power loss (watis), AT is ©C.
B - raiiating area (i.%).

Fiaure 5.1.8.3-1 Power Loss ana Radiating Ares Known:
Istimate Average Temperatur--zise (Siep 1A)

5.1.8.3-4
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QA
NA

MA NS
LA.M8
LB KA
KB, JA

48

HA
H8,Ga

GB
Fa
Fry
EA
EB

CASE SYMBOL (MIL-T-2T)

AMH

AF

H i 1 i oL
100 80 #&O 40 25 20 1% 1o a & 4 2

AVERAGE TEMPERATURE-RISE(°C), AT

Power Loss and Case Symbol Known:
Estimate Average Temperature-Rise
(Step 18)

Fientre R,1.R.3-7

5.1.8.3-5



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
INDUCTIVE DEVICES

" «a//////////

AT

AVERAGE TEMPERMTURE-RISE,

5 1
00 80 60 40 30 2% 20 %5 o a8 6 8 L 322 2 = i
WEIGHT (LB}

NOTE: Eauation for curves is AT - 11.5 l*JL/(MT.)'ﬁ?66

where: AT is ©C,
W,

.

WT.

1

power loss {watts)
weight (1bs, )

It

Figure 5.1.8.3-3 Power Loss ang Weight Known: Estimate Average
Temperature-Rise (Step 1C) '

5.1.8.3-6
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AT
5 88 88

3

13

AVERAGE TEMPERATURE-RISE(°C),

,_
[ ]

g 80 60 40 20 13 o 8 6 S 4 3 2 13 l
WEIGHT (L8)

NOTZ: Equation for curves is 4" = 2.7 Nij(wT.)'676°

where AT is ©C,

i

W; = input power (watts)
WT.= weight (1bs.)

1t

Fiqure 5.1.8.3-4 POWer’Input and Weight Known: Estimate Average Temperature-
Rise (Based on 80 Percent Efficiency) (Step 1D)

5.1.8.3-7
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. 5.1.8.4 Prediction Methodology,

UH From Tht 5.1.8.1-3 for transformers or Table 5.1.8.2-3 for coils.
wQ;A From Tb1l 5,1.8.1-2 for transformers or Table 5.1.8.2-2 for coils.
L For coils only - from Table 5.1.8.2-4.

Ab; 1) Determine Temperature rise by approximation method, see
Tbl 5.1.8.3-1 or by measurement. See para 5.1.8.3.1 or
5.1.8.3.2.

2} Calculate THS by para §5,1.8.3.2.

3) Enter Tablej.1.8.1-4 or 5.1.8.2-5.
to determine A, as a function of Tgg transformer class,

and part type.
Ap; Calculate kp from equation

A=) x 7w ) for transformers or

P b (HE

A=A (7w

. b g ¥ WQ X ﬁc) for coils.

5.1.8.4-1
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. 5.1.8.5 Example Failure Rate Calculation .

Given: Power transformer with type designation TF53SX03GA203 procured per
the requirements of MIL-T-27. The transformer has a 6 watt power loss
and will be used in a fixed ground enviromment with 40°C ambient temperature.

Step 1 ~ Determine average temperature rise, AT, using Figure §.71.8.3-2
by entering with 6 watts loss and symbol GA (frei: type designation)

AT = 14°C
Step 2 - Netermine hot spot temperature, THS’ per para. 5.1.8.3.7.
= + 1.
THS TA 1.1 AT

il

40° + 1.1 (14°)

[

40° + 15.4°

[

55.4°C

Step 3 - Determine base failure rate, )y, using Table 5.7.8.1-4
entering with Tgg = 535.4°C and Class S insulation (from type
designation). C(Class S has 130°C. wax. rated operating temperature per
Tabie 5.1.8.1-1.

Ay = 0.0023

Step 4 - Determine I from Tableg 71.8.7-2
. = 8.0 for power transformer procured per Mil-Spec.

Q
Step 5 - Determine mp from Table § 1,8,1-3
" =5 7 for fixed ground environment.

Step 6 - Determine device failure rate using equation in para. 5 1,81
kp = Ay (mp x HQ)

0.0023 (5.7 x 8)

0.10 £/10° hr.

5.1.8.5-1
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5.1.9 Rotating Devices

5.1.9.1 Motors. This section describes the method to be used for calculating
failure rates of motors with power ratings below one horsepower. The types of
motors that the predictive techniques were developed from include polyphase,
capacitor start and run and shaded pole. Its application may be extended to
other types of fractional horsepower motors utilizing rolling element grease
packed bearings. The model is dictated by two failure modes, i.e., bearing
failures and winding failures. Application of the model to D.C. brush motors
assumes that brushes are inspected and replaced and are not a failure meode.
Motors included using these models cover applications of electronic cooling
using fans and blowers as well as other motor applications. Reference (44)
contains a more comprehensive treatment of motor 1ife prediction for motor
applications where continuous operation at extremes of temperature, speed or
load are anticipated. The reference should be reviewed when bearing loads
exceed 10 percent of rated load, speeds exceed 24,000 rpm or motor loads
include motor speed slip of greater than 25 percent.

The instantaneous failure rates, or hazard rates, experienced by motors
are not constant but increase with time. The failure rate model for motors
presented in this section is the average failure rate for the motor operating
time period, t. The average failure rate, Ap, has been obtained by dividing
the cumulative hazard rate by t, and can be treated as a constant failure

rate and added to other part failure rates of this Handbook.

5.1.9.1-1



Downloaded from http://www.everyspec.com

MIL-HDBK-217E
MOTORS

The failure rate model is:

1 6 6 '
A =[—= 4+ —1x 10 (failures/10 hours)
p 3 «a '
o W
B
where

Ap = the average failure rate (failures/lO6 hours)

t = motor operating time period, selected by the user, for which
average failure rate is calculated (hours).. Each motor must
be replaced when it reaches the end of this operatlng period
to make the calculated Ap valid.

aB = Bearing Weibull Characteristic Life as determined from Table
3.1.9.1-1 for constant ambient temperature operation or
Section 5.1.9,1.1for cycled temperature.
W = Winding Weibull Characteristic Life as determined from Table
' 5 1.9.1-1for constant ambient temperature operation or

Section 5.1.9.1.Xor cycled temperature.

$.1.9.1-2
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bt
W o

BEARING & WINDING CHARACTERISTIC
LIFE, ag & A VS AMBIENT TEMPERATURE, T.

*

TO op * oy aB.* o

(°C.}  (HR.) (HR.) (°c.) (FR.) (HR.)
-40 305 1.9¢10)° 55 43800 2.3(10)°
-35 312 1.2 " 60 34600 1.8
-30 330 7.4(10)7 65 27300 1.4 "
-25 372 4,7 " 70 21700 1.1 "
-20 463 3.1 " 75 17300 8.8(10)%
-15 661 2.0 " 80 13900 7.0 ®
-10 1080 1.4 " gs 11200 5.7 "
-5 1920 9.2(10)6 90 9100 4.6 "
0 3570 6.4 " 95 7430 3.8
5 6750 4,5 " 100 6100 3.1 "
10 12600 3.2 " 105 5030 2.5 "
15 22800 2.3 " 110 4170 2.1 "
20 38300 1.6 " 115 3470 1.8
25 59600 1.2 120 2910 1.5 ®
30 78300 8.9(10)° 125 2440 1.2 v
35 85600 6.6 " 130 2060 1.0 "
40 80200 5.0 " 135 1750 8.9(10)3
45 68200 3.8 140 1490 7.5 ©
50 55200 2.9

f _ 2357 20~ 3500 -1
2357
g Trs B
o =

. . .0
where T is ambient temperature in C.

5.1.9.1-3
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5.1.9.1.1 Bearing Characteristic Life Resulting from Thermal Cycling

(h +h +h 4 -—-eua- h )
m
% hhH.h
] + 2 + ___3_' + - - - h
o o o _n
By "B, "By o
m

where: (See Figure 5.1.9.1-1)

o0
"

1 time at temperature T]

=
i

time to cycle from temperature T] to T3

2
h3 = time at temperature T3
hm = time at temperature Tm
aB = bearing life at T] from Table 5.1.9.1-1
-I e .
ag = bearing 1ife at T2 from Table 5.1.9.1-1
5 ;
6]
Bm = bearing life at Tm from Table 5.1.9.1-1
. T} + T3
2 2

from example of Figure 5.1.9.1-1,

T, + T
T =T =_3 1_and h_=h
m 4 ° m 4

5.1.9.1-4
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FIGURE

Hours (h)

5.1.9.1-1 THERMAL CYCLE
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5.1.9.1.2 Winding Characteristic Life Resulting from Thermal Cycling

(h, +h_+h_ +- - - = -h)
a‘] m
! El_+ EEQ* t-- - - _JEE

8.4
" 0'WZ i

- where: (See Figure 5.1.9.1-1)

hy = time at temperature T1

h2 = time to cycle from temperature T] to T3
h3 = time at temperature T3

h = time at temperature T

m m

w. = winding 1ife at T1 from Table 5.1.9.1-1

to T, from Table 5.1.9.1-1

Wy = winding life at T] 3
0‘wm = winding 1ife at Tm from Table 5.1.9.1-1
. T
2 2
) T +T
from example of F1g 5.1.9.1-1,Tm = T4 = _3 1 and hm = h4
2

5.1.9.1-6
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. 5.1.9.2 Synchros & Resolvers. The part failure rate model (kp) is:

Ag = &, (Mg x'Ty x Tg) faiTures/10% hours

p
where the factors are shown in Tables 5.1.9.2-1 thru 5.1.9.2-4
3ynchircs and resolvers are predominatly used in service requiring
only slow and infrequent motion. Mechanical wearout problems are
not serious so that the electrical failure mode dominates, and no
wechanical mode failure rate is required in the model above.

TABLE 5.1.9.2-1 Ay FOR RESOLVERS & SYNCHROS VS. FRAME TEMPERATURE*

T(°C) - *(£/106 hrs) T(°C) Ap(£/105 hrs)
30 .0083 85 .0325
35 ,0088 90 .0807
40 .0095 -5 .0523
45 .0103 100 .0680
50 .0114 105 .0937
55 .0126 - 110 Rk}
P Y 60 . 0142 115 .19
4 65 .0162 120 .288
70 .0187 125 ' .453
75 .0221 130 ‘ .744
80 .0265 135 1.28

rl

(T+273‘3-5
* . 2y = 00535 e \33
where T = frame temperature { °C)} and e = natural legarithm

base, 2.718., If frame temperature is unknown, assume T =40+
ambient temperature.

5.1.9.2-1
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TABLE 5.1.9.2-2 TIg FOR SYNCHROS AND RESOLVERS, BASED ON TYPE AND SIZE

Ig
DEVICE TYPE .
Size 8 or Size 10-16 Size 18 or
Smaller Larger
Synchro 2 1.5 1
Resolver 3 2.25 1.5

TABLE 5.1.9.2-3 iy FOR SYNCHROS AND RESOLVERS, BASED ON
NUMBER OF BRUSHES

Number of Brushes nN 7
1

2 1.4

3 2.5

4 3.2

5.1.9.2-2
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TABLE 5.1.9.2-4
ENVIRORMENTAL MODE FACTORS

ENVIRON- Te
MENT
Gg 1.2
Gms 1.3
Ge 2.3
Gm 12
Mp 12
NsB 5.6
Ng 8.1
Ny 16
Ny 18
Ny 19
ARyw 26
Arc 2.5
Aty 4
AIB )
ATy 4
ATP 8.5
Augc 9.5
AnT 15
Ay 25
Aya 15
Agr 35
Se 1
M 12
Mea 17
U 35
MEL 40
CL 680

5.1.9.2-3
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. 5.1.9.3 Elapsed Time Meters. The part operating failure rate model (Ap) is:

. . B,

= fail ours

Ap Ay (HT X HE) ai ure/n\\\n ur
where the factors are shown in Tables 5.1.9.3-1 thru §.1.9.3-3.
TABLE 5.1.9,3~3

Environmental Mode Factors

ENVIRON- no
MENT
Gy 3
G 1.2
FS 205
TABLE 5.7.9.3-T \, FOR EZ. T. METERS Gy 12
. b : Mp 12 -
TYPE Ay (F.710% nr.) Ng 8.8
@ w |
Ny 18
A.C. 20 = 19
inverter Driven 30 Ary 26
Commutator 9.C. 80 AsS :
Azp 7.5
At 5
- - - ATF 10
TABLE 3.1.9.3-2 HT FOR £. T. METERS A 3.5
AgT 15
. Ayp 25
Qperating T (°C.) I Ana 15
RATzD T (°C.) ' Ayr 15
Sk 1
Q0 to .5 .5 MEF 12
Mra 17
6 6 Ust 35
Mr, 40
.8 .8 CL. N/A

|‘II' 1.0 1.0

n
.
—

.3.3-1
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5.1.9.4 Example Failure Data Calculations

Example 1.

Given: Fractional horsepower motor operating in an ambient temperature
of 120°C. Find failure rate for replacement of motors in 1000 hours.

Step 1. From Table 5.1.9.1-1 at 120YC.

o 2910 hours

B

a, 15000 hours

W
Step 2. From Section 5.1.9.1,

2

= t 1 6

Ap ( T + )X 10
O‘.B aw

2
- ( 1000 + ! x 10% = 110. failures/10% hours
2910° 15000

Example 2.

Given: Fractiqna1 Horsepower Motor operating at a thermal duty cycle of:
2 hours at 100%C ambient
8 hours at 209C ambient
0.5 hours to change temperature

Find average failure rate for 4000 hours operating time,.

Step 1. Tabulate operating temperatures:

T, = 1009¢; h, = 2 hours
T = 100+20 =g00C; h. =1 hour
2 2
2
T =20°; h_ =8 hours
3 3
5.1.9.4-1
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Step 2. Determine bearing and winding Tife from Table 5,1.9.1-1

T = 100°C; % = 6100 hours; aw =.31000 hours
T, = 60°C; oy = 34600 hours: a = 180000 hours
T3 = 20°C; o = 38800 hours; o = 1600000 hours

Step 3. Calculate bearing life and winding Tife from Sections 5.1.9.1.1

and ; 5.1.9.1.2.
o = 2+1+8 = 19500 hours
B
2, 1 . 8
6700 34600 38800
@ = 2+1+38 = 146000 hours

2, ] + 8
31000 ~ 180000 T600000

Step 4. Calculate average failure rate.

A= [t 1 6
D =3 * - | 10

B W
A oof(a000)8 1 Y, g
P 1 (19500) 146000
Ay = 9.0 failures/10% hrs

5.1.9.4-2
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Example 3.

G1ven A size 18 synchro with 2 brushes and operat1ng in a Ground Fixed
service environment, with a frame temperature of 70°C.

Step 1. Approximate the frame temperature, if not known or cannot be
measured, in the following manner:

Frame temperature = ambient + 40°C.
In this example the frame temperature is given as 70°C.

Step 2. Derive the base failure rate, Ap, by inserting the frame
temperature into Tbl 5.71.9.2-1 for a value of 0.0187
failures/106 hours.

Step 3. From Tbil 5.1.9.,2-2 IS for a size 18 synchro is 1.0.
Step 4., From Tbl 5,1.9.2-3, Ty for 2 brushes is 1.4.

Step 5. From Tbl 5.1.9,2-4 Mg for Ground Fixed service
environment is 2.3.

Step 6. The total failure rate, A,, is obtained by multiplying the
A, term and T terms, as shown in the model:

Ap = Ay (ﬁs X My X WE)
G.0187 (1 G x 1.4 x2. 3) G.060 faT]ures/IOG hours.

5.1.9.4-3
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5.1.10 Relays.
5.1.710.1 Mechanical Relayvs

TABLE 5.1.10.1-1: Prediction Procedure for Relays

Part Specifications Covered

Military Specifications

1. MIL-R-5757 3. MIL-R-19523 5. MIL-R-19648
2. MIL-R-3106 4. MIL-R-39016 MIL-R-83725
MIL-R-83726*

~i O

Part failure rate model (2
0y)

(AP) = Ay, ("F Xxmox T X Tp X NQ> (failures/108 hours)

vC
Y

where the factors are shown in these tables:

e - Table '5.1.10.1-4 & 5
me - Table 5,1.10.1-6
e - Table 5.1.10.1-8
- -7
"cyc Table 5.1.10
':rQ - Table 5.1.10.1-9

Note - Valuyes of Teye for cycling rates beyond the basic

design limitations of the relay are not valid.
Design Specifications should be consulted prior
to evaluation of Teye

* - Prediction procedure does not apply to Class € (solid
state) relays of this specification,

5.1.10.1-1
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TABLE 5.1.10.1-1: Prediction Procedure for Relays (Cont'd)

Base failure rate model (Ab)

Ab = AT m

Y

_ (; + 223) G
= [ Ni“ :

Ambient operating temperature in SC _
Operating load current/rated resistive load current

e = 2.718, natural logarithm base. )

Constants AT(85°C) AT(125°C) TTL(L@rnp) HL(Inductive) l(Resigtive)

A 5.55 x 1070 | 5.4 x 107" - - -

NT 352.0 377.0 - - -

NS - - 0.2 0.4 0.8

G 15.7 10.4 - - -

H - - 2.0 2.0 2.0
NOTE: Table 5.1.10.1-2 contains A

I

Table 5.1.10.1-3 contains ™

5.1.10.1-2
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TABLE 5.1.10.1-2 Relay Failure
Rate (Ap) vs Ambient

Temperature
Relay Temperature Rating
T {°C) 35°C 125°C
25 0. 0060 0.005%
30 0.0061 0.0060
40 0. 0065 0.0063
50 0.0072 0.0066
60 0.0085 0.0071
70 0.0110 0.0079
75 0.0130 0.0084
80 0.0160 0.0090
85 0.0210 0.0097
90 0.0110
95 0.0120
100 0.0130
105 0.0150
110 0.0180
115 0.0210
120 0.0250
125 0.0310

TABLE 5.1.10.1-3 wm;, - Stress Factor
vs Load Type

Load Type
S Resistive Inductive Lamp

0.05 1.00 1.02 1.06
g.10 1.02 1.06 1.28
0.20 1.06 1.28 2.72
0.30 1.15 1.76 9.49
0.40 1.28 2.72 54.6
0.50 1.48 4.77
0.60 1.76 9.49
0.70 2.15 21.4
0.80 2.72
0.90 3.55
1.00 4.77

S = Operating Load Current
Rated Resistive Load Current

5.1.18.1-3
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- A - - - o

TABLE 5.1.10 .1-4
MIL SPEC

Environmental Mode Factors

TABLE 5.1.10.1-5
LOWER QUALITY
Environmental Mode Factors

ENVIRON- Tp ENVIRON- g
MENT MENT
Gp 1 Gg 2
Gy 1.3 Gpg 2.3
Gg 2.3 Gg 4.6
Gu 8.2 Gm 25
Mp 21 Mp 63
Nsp 8 Nsp 24
Ng 8 Ng 24
Ny 14 Ng 38
Ny 32 Ny 96
Nuyg 34 Nug 100
ARy Ug ARpw 140
Arc 5.5 A1C 9.5
ArT 6 ATT 15
A1p 10 ATp 20
Ara 7.5 ATa 15
Arr 10 At 25
Ayc 8 Auc eu
Ayt 9 Ayt 25
Ay 15 Anp 40
Aga 10 Aga 30
Agp 15 AUF 45
Sp 1 Sg 2
MpF 21 MEF 63
Mpa 29 Mpa 82
UsL 62 UsL, 190
My, 71 M, 210
cL N/A cL N/&

5.1.10.1-4
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TABLE 5.1.10.1-6: . Factor
For Contact Form

Contact
Form Te
SPST 1.00
DPST 1.50
SPOT 1.75
3PST 2.00
4PST 2.50
OPOT 3.00
IPOT 4,25
4P0T 5.50
6PDT 8.00

This table applies to ac-
tive conducting contacts.

TABLE 5.1.10.1-7: Teve Factor

For Cycling Rate§

Cycle Rate TTc:yc
(Cycles per Hour} (MIL-SPEC)
Cycles per Hour
21.0 10
< 1.0 0.1
Cycle Rate "cyc .
(Cycles per Hour) (Lower Quality)

{Cycles per Hour ¥

> 1000 \ 100
Cycles per Hour

10-1000 10

< 10 1.0

5.1.10.1-5
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RELAYS

Application and Construction Type

r) For Relay

Construction

Contact Application
Rating Type Type MIL-SPEC | Lower Quality
Signal Dry circuit Armature (long) 4 8
current Dry reed 6 18
(Tow mv Mercury wetted 1 3
and ma) Magnetic latching 4 8
Balanced armature 7 14
Salenoid 7 14
0-5 amp General purpose Armature (long) 3 6
Balanced armature 5 10
Solenoid 6 12
Sensitive Armature (long 5 10
{0-100 mw) and short}
Mercury wetted 2 6
Magnetic latching 6 12
Meter movement 100 100
Balanced armature 10 20
Polarized Armature (short) 10 20
‘ Meter movement 100 100
Vibrating reed Ory reed 6 12
Mercury wetted 1 3
High speed Armature (balanced) 25 NA
and short)
Ory reed 6 NA
Thermal time delay | Bimetal 10 20
Electronic time 9 12
delay, non-
thermal
Latching, magnetic | Dry reed 10 20
Mercury wetted 5 10
Balanced armature 5 10
5-20 amp | High voltage Vacuum (glass) 20 40
Vacuum (ceramic) 5 10
Medium power Armature (long 3 6
and short)
Mercury wetted 1 3
Magnetic latching 2 6
TO ADD: “"Mechanical
latching” 3 )
Balanced armature 2 6
Solenoid 2 6
25-600 Contractors (high| Armature (short) 7 14
anip current) l Mechanical latchirg 12 24
| Balanced armature| 1N 2N
t Sglenoid 5 10

5.1.10.1-¢
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TABLE 5.1.10.1-9: Quality Factor (WQ)
For Relay Application

Fajlure Rate Level nQ
R
P
M a
L 1.0

For relays other than ER, use Ty = 1.5

5.1.10.1-7
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EXAMPLE O

Given: A relay rated at 125 O¢ s ooerated in a ground fixed environment with
_an ambient temperature of 30°C. The re]ay is double-pole, double-

throw with a resistive load of 50 percent of rated load. The relay

is expected to be cycled at an average of 5 cycles per hour. The

relay is a balanced armature, general purpose relay with MIL-SPEC

mmeea Tad..,
Yaa iity.

Find: The failure rate of the relay.

Step 1: From Table 5.1.10.7-2 Ay js 0.006 fa11ures/106 hours, based on the
ambient temperature of 30°C for 125°C rated relay.

Step 2: From Table 5.1.10.1-3 L 1.48 for a resistive load at 50 percent

rating.
Step 3: g;gg Table 5.1.10.1-5 me = 2.3 for ground fixed environment, MIL-
Step 4: From Table 5.1,10.1-6 T.o= 3.0 for double-pole, double-throw
contacts.
Step 5: From Table 5.1.10.0-7 %, = 0.5 for 5 cycles (5 cyeles per "0“‘)

Step 6: From Table 5.1.10.1-8 e = 5.0 for a balanced armature, general

, g ™Y
purpose relay. \ 4

Step 7. From Table 5,1,10.1-9 “Q = 1.0.

Step 8. The *_..ure r ig rmi ned bu suhstitutin
fai1ure el

=+

lb = RT m. = 0.006 x 1.48 = 0.0089 fai Iures/'IO“ hours

A =0.0M3 (2.3 x 3.0 x 0.5 x 5.0 x 1.0) = 0.154 faﬂures/]O6 hours,

5.1.10.1-8
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5.1.10.2 Solid State Relays (SSR)

Specification

MIL-R-28750

Description
Relay, Solid State

The part failure rate prediction procedure is as follows:

Step 1:
Step 1A:

Step 1B:

where

Step 2:

Step 2A:

If a Parts List and/or Schematic Diagram are available.

Calculate a failure rate for each particular component in the
SSR assembly using the correct model from the following
sections:

Integrated Circuits Section 5.1.2
Discrete Semiconductors Section 5.1.3
Resistors Section 5.1.6
Capacitors Section 5.1.7
Inductive Devices Section 5.1.8
Relays Section 5.1.10
Interconnection Assemblies Section 5.1.13

Sum the failure rate contribution for each component. The SSR
failure rate (Ap) then is:

[{] e =

Ap = Ad

L

Ap = SSR failure rate (F/106 hours)

Ai = failure rate of each individual component (F/108 hours)

If a parts Tist but no schematic diagram is available, or if

disection).
Calculate a failure rate for each -component type and for the

SSR as an assembly using the procedure discussed in Section
5.2.

5.1.10.2-1
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[f no parts 1ist or schematic diagram are available, calculate
the SSR failure rate using the following model:

An = Ap X ™ X TE

Ap = SSR failure rate (F/106 hours)
Ap = base failure rate = 0.4 F/100 hours
TE = environmental factor (Table 5.1.10.2-1)

mQ = quality factor

1, MIL-SPEC quality
3, lower quatlity

un

TABLE 5.1.10.2-1: ENVIRONMENTAL FACTOR

Environment TE Environment e
Gg 1 ATA 13
Gms 1.3 ATF , 25
GF 3.3 Auc 10
Gy 13 Ayt 16
Mp 10 Aug 37
NsB 5.2 Aya 23
Ng 7.1 AurF 42
Ny 17 Sg 0.85
By 16 MEE 10
Nyu 17 Men 14
ARW 23 | UsL 31
Alc 6.5 ML 35
AT 9.5 CL 590
Atg 21

5.1.10.2-2
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. 5.1.10.3 Hybrid and Solid State Time Delay Relays (TDR)

Specification Description
MIL-R-83726 Relay, Time Delay, Hybrid and Solid State

The part failure rate prediction procedure is as follows:
Step 1: If a Parts List and/or Schematic Diagram are available.

Step 1A: Calculate a failure rate for each particular component in the
TOR assembly wusing the correct model from the following

sections:

Integrated Circuits Section 5.1.2
Discrete Semiconductors Section 5.1.3
Resistors Section 5.1.6
Capacitors Section 5.1.7
Inductive Devices Section 5.1.8
Relays Section 5.1.10
Interconnection Asseiblies Section 5.1.13

Step 1B: Sum the failure rate contribution for each component. The TDR
failure rate (ip) then is:

n
"II' o Tih M

where
Ap = TDR failure rate (F/106 hours)

failure rate of each individual component (F/106 nhours)

Aj

Step 2: If a parts 1ist but no schematic diagram is available, or if
the part complement can be determined by other means (e.g.
disection).

Step 2A: Calculate a failure rate for each component type and for the
TDR as an assembly using the procedure discussed in Section
5.2.

Step 3: If no parts list or schematic diagram are available and the TDR
is a hybrid electronic TDR, calculate the TDR failure rate
using the current model for electronic time delay relays
(Section 5.1.10). ‘

5.1.10.3-1
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Step 48:

Step 4C:

Ap
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If no parts list or schematic diagram are available and the TOR
is an all solid state TDR, calculate the TDR failure rate using

- the model:
XD=XD+)\R
lp = TOR failure rate (F/100 hours)

delay circuit failure rate (F/106 hours)

o
[}
]

relay circuit failure rate (F/105 hours)

P
i)
It

Calculate the delay circuit failure rate (%p).

=)\bel'ExTTQ
\p = base failure rate = 0.5 F/106 hours
Te = environmental factor (Table 5.1.10.3-1)
™ quality factor

1, MIL-SPEC quality
4, lower quality

Calculate the relay circuit failure rate (%p) using the
procedure given in Section 5.1.10.2.

Calculate the iota] TOR failure rate (lp).

Xp = AD ¥ AR

5.1.10.3-2
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TABLE 5.1.10,3-1: ENVIRONMENTAL FACTORS
Environment TE Environment TE
Gg 1 ATA 18
Gms 1.5 AIF 35
G 4.8 Ayc 14
GM 16 Ayt 23
Mp 12 AUB 52
NSB 8.4 Aua 38
Ns 8.8 AuF 59
Ny 20 SF 0.58
NH 18 MeF 12
Nyu 20 MFA 17
Apy 26 UsiL 35
Arc 8.2 ML 40
AT 13 CL 680
AlB 30

5.1.10.3-3
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. 5.1.11 Switches.
5.1.11.1

Toggle or pushbutton (single body)

Part Specifications Covered Description

MIL-5-3950

MIL-5-8805 Snap-action toggle or pushbutton
MIL-S-8834

MIL-S-22885

MIL-5-8373}

Part operating failure rate model (lp):

Ay = Ay (mg X Mo X W X ™) fai'lur‘eS/TO6 hours

p Y
where factors are shown in:

e Table 5.1.11.4-1

e Table 5,1,11.,4-2

m Table 5.1.11.4-3

‘ Raecana Failura watoe madal 3 V.

' (S T L 2 F Tl W AL UL ‘J\b l -
Description MIL-SPEC Lower (Quality
Snap action 0.00045 0.034
Non-snap action 0.0027 0.04

I 5.1.11.1-1
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5.1.11.2 Basic Sensitive

Part Specifications Covered Description

MIL-5-8805 Basic Sensitive
Part operating failure rate model (lp):

xp = lb (“E X Meye X “L) fai]ures/106 hours
where factors are shown in:

e Table 5.1.171.4-1

Teye Table 5.1.11.4-3

u Table 5.1.11.4-4

Base failure rate model (Ab):

A, = A, +tn A . (if actuation differential is >0.002 inches)
b bE "~ 5 “bC

X Aoe + n A0 (if actuation differential is <0.002 inches)
b bE i b

n = the number of active contacts

Description MIL-SPEC Lower Quality

ApE 0.1 0.1

A 0.0009 0.45

DL

AbO 0.0018 1.25

5.1.11.2-1
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. 5.1.11.3: Rotary (wafer)
Part Sgecif{cations Covered Description
MIL-S-3786 Rotary, ceramic or glass wafer,

silver alloy contacts

Part operating failure rate model (Ap):

A failures/10% hours

p ° Ay (Mg x Teye X "L)
where factors are shown in:

Table 5.1.11.4-1

e
"cyc Table 5.1.11.4-3
™ Table 5.1.11.4-4

Base failure rate model (Ab):

Ay = Mg + 0 Age (for ceramic RF wafers)

Ab = AbE +n AbG (for rotary switch medium power wafers)
. n = the number of active contacts

Description MIL-SPEC Lower Quality

AbE 0.0067 0.1

Aos 0.00003 0.02

Mg 0.00003 0.06

5.1.11.3-1
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. 5.1.11.4 Thumbwheel
Part Specifications Covered Description
MIL-S-22710 Switches, Rotary (Printed Circuit),
{Thumbwheel, In-Line, and Pushbutton)
Part operating failure rate model (_p):
= : 6

Ap = (X} + nkz) X Mg X Weye XM failures/10° hours

where A, and AZ are base failure rate constants (unique values for MIL-SPEC

CAUTION:

o
EL
(gl
<
=
ﬁ
-
O
-
n:

1 quality grades)

0.0067 failures/10® hours, MIL-SPEC quality

it

= 0.086 fai]ures/]O6 hours, lower quality
= 0.062 failures/100 hours, MIL-SPEC quality

= 0.089 failures/ 106 hours, lower guality

LAV ) LR v

= number of active contacts

= environmental factors (see Table 5.1,11.4-1)
= cycling rate factor (see Table 5.1.11.4-3})

= Joad type factor (see Table 5.1.11.4-4)

This model applies to the switching function only. The model does
not consider the contribution of any discrete components (e.g.,
resistors, diodes, lamp) which may be mounted on the switch., The
failure rate of these devices must be calculated using the appro-

nv-'l:l-n cnr'i' irmn Af thic = -Irlnrl +n tha F:nT- v
M ida (SRR S A I ataded o Tnc v ure rawc i

the switch,

b
3
(=%

This model applies to a single switch section. This type of switch
is frequently ganged to provide the required function. The model
must be appiied to each section individuaiiy.

5.1.11.4-1
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TABLE 5.1.11.4-1: ENVIRONMENTAL MODE FACTORS

| ENVIRONMENT e
6, 1
Gus 1.2
G 2.9
Gy 14
My 21
Neg 7.9
7 7.9
N 20
N 32
By 34
Any 46
Arc 8
Arr 8
AIB 15
AIA 15
AIF 2N
AUC l "

| Ay 10
Alg 20
Aua 20
AUF 25
S 1
M 21
MFF 29

FA
Ug, 63
M, 7
C, 1,200

5.1.11.4.2
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TABLE 5.1.17,4-2: m, FACTOR FOR CONTACT FORM AND QUANTITY

3
o

Contact Form

SPST
DPST
SPOT
3PST
4PST
DPDT
3PDT
4PDT
6PDT

(8]

(8]

OO & LI — = —
UMM OoOUnNoO~-NTooOo

TABLE 5.1.,11.4-3: m,. FACTOR FOR CYCLING RATES

Y

Switching Cycles

m

per Hour cyc
< 1 cycle/hour 1.0
> 1 cycle/hour number of

cycles/hour

5.1.11.4-3
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Stress Load Type
S Resistive Inductive Lamp
0.05 1.00 1,02 1.06
0.1 1.02 1.06 1.28
0.2 1.06 1.28 2.72
0.3 1.15 1.76 9.49
0.4 1.28 2.72 54.6
0.5 1.48 4.77
0.6 1.76 9.49
0.7 2.15 21.4
0.8 2.72
0.9 3.55
1.0 4.77
where S = operating load current
rated resistive load
2
HL = e(s/'B) for resistive.
2
4
= e(S/ ) for inductive.
(5/.2)°
= e for lamp.
HOTE :

When the switch is rated by inductive load, then use

resistive T .

5.1.11.4-4
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. 5.1.11.5 Circuit Breakers
Specification Description
MIL-C-55629 Circuit Breakers, Magnetic, Unsealed, Trip-Free
MIL-C-83383 Circuit Breakers, Remote Control, Thermal,
Trip-Free
MIL-C-39019 Circuit Breakers, Magnetic, Low Power, Sealed,

Trip-Free Service

W-C-375 Circuit Breakers, Molded Case, Branch Circuit

The part operating failure rate model (A

It

I

1]

and Service
p) is:
}\bXTTCxAQX?TEXTTu

circuit breaker failure rate (faﬂures/lo6 hours)
base failure rate

0.020 failures/10®

hours, magnetic circuit breakers

0.038 failures/106 hours, thermal circuit breakers

0.038 fai]ures/]06 hours, thermal-magnetic circuit breakers
configuration factor (see Table 5.1.11.5-1)

quality factor

1.0, MIL-SPEC quality

8.4, lower quality

environmental factor (see Table 5.1.11.5-2)

a factor to account for a higher failure rate when the circuit
hvaalbar 1¢ alen necad ac a nnwar mnontf cwitrh far tho oniinment
M COCUnC 12 Loy woTu A [*} PU"C' v i =1L LR WY ) LI v]] Wil \oqulylll\-llbo

1.0, not used as a switch

10.0, used as a switch

5.1.11.5-1
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TABLE 5.1.11.5-1: CONFIGURATION FACTOR

Configuration LT
SPST : 1.00
DPST : 2.00
3PST 3.00
4PST 4,00

TABLE 5.1.11,5-2: ENVIRONMENTAL FACTOR

ENVIRONMENT e ENVIRONMENT e
Gy 1 Al 10
s 1.2 Al 7.5
6 2.3 Atp 10
Gy 8.2 Ay 8
My 21 Ayt 9
Neg 8 Aug 15
N 8 Aua 10
N 14 Ay 15
N 32 S 1
Ny 34 Mee 21
Ao 46 Mey 29
A 5.5 Ug, 62
Arr 6 M 71

c, N/A

5.1.11.5-2
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5.1.11.6 Examples

Example 1

Given:

A MIL-SPEC toggle switch is used in a ground fixed environment. The
switch is a snap action switch and is single-pole, double-throw. It
is Operated on the average of one cyc]e per hour, and load current is
50 percent of rated and is resistive.

The fajlure rate of the switch.

The base failure rate (XAp) is found in section 5.1.11.1 and is deter-
mined to be 0.00045 failures/106 hours.

The environmental factor (wg) for ground fixed environment is deter-
mined from Table 5.1,11.4-1 to be 2.9.

The contact form factor (wc) is determined from Table 5.1.11.4-2.
For a single-pole, double-throw switch, e is 1.75.

The cycling factor (=n is determined from Table 5.1.11.4-3 to be

)
equal to 1.0. cyc

The stress factor (w ) from Table 5.1.11.4-4 for 50 percent stress
factor and a resistive load is determined to be 1.48.

The failure rate mathematical model for toggle switches is:
Ap = Xy (ﬂE X T X Teye
Substituting for these factors:

X “L)

A
p

A
p

0.00045 (2.9 x 1.75 x 1.0 x 1.48)

0.0034 faiIures/lO6 hours.

n

.

.

Ch
f
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Example 2

Given: A MIL-SPEC rotary switch is installed in an airborne inhabited,
trainer environment. It has a medium power wafer, one deck, and six
contacts, The switch is cycled an average of 5 cycles per hour, and
the load current is 50 percent of rated current and is resistive.

Find: The failure rate of the switch.

Step 1: The base failure rate (kb) is determined from section 5.1.11.3.

Ay T MpE M A

Substituting the values from section 5.1.11.3

Ab 0.0067 + 6 (0.00003) -
A

b 0.00688 failures/]OG hours

Step 2: The environmental factor (mg) for airborne irhabited, trainer is
determined from Table 5.1.11.4-1 to be 8.0.

Step ?: g?g-cyc11ng factor ("cyc) is determined from Table 5.1.11.4-3 to be

Step 4: ﬁhzgstress factor (m ) is determined from Table 5.1.11.4-4 to be

Step 5: The failure rate mathematical model for rotary switches is:
Xp = X ("E X Teye X m )
Substituting values determined in the formula:

A
P

A
Y

0.00688 (8.0 x 5.0 x 1,48)
0.41 failures/]O6 hours.

5.1.11.6-2
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. Example 3

Given:

Step 2:

A MIL-SPEC 2AMP resistive rated thumbwheel switch is installed in an
airborne inhabited, cargo environment at a 40°C ambient temperature.
The switch has five active contacts. It is cycled an average of 2
cycles per hour, and the load current is 5 percent of rated current
and is resistive, The switch has four 1/4watt, 10 ohm class M carbon
composition (RCR) resistors mounted on the switch printed circuit
card. The resistors are an integral part of the switch and cannot be
removed and replaced if they fail.

The failure rate of the switch as an assembly.

: Calculate switch failure rate

A = 0.0067 fai]ures/106 hours

AZ = 0.062 fai]ures/]O6 hours

n = 5

i = 8§

Teye - 2

m = 1.0

Ap = (A ¥ nlz) X T X Woye X W

Ap = (0.0067 + (5 x 0.062)) x 8 x 2 x 1,00

Ap = 5.067 failures/10° hours.

Calculate resistors failure rate from section 5.1.6.1.
Ap = Kb X Mg X g X W fai1ures/106 hours

A, = 0.00055 failures/10® nours (40°, 0.4 stress)
e = 3

T =

L) =

kp = .00055 x 3 x 1 x1

A, = 0.0016 failures/10° hours.

5.1.11.6-3
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Step 3: Calculate total switch assembly failure rate

X =

A

A

X +4 x A

switch resistors

5.067 failures/106 hours + 0.006 failures/10% hours
5.073 failures/10% hours,

5.1.11.6-4
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. 5.1.12 Connectors
5.1.12.1 Connector, General (except printed circuit board types}
TABLE 5.1.2.1-1: PREDICTION PROCEDURE FOR CONNECTORS

Part Specifications Covered (Table 5.1.12.71-2 shows connector configurations)

Specification Description Specification Description
MIL-C-24308 Rack & Panel MIL-C-3607 Coaxial, RF
MIL-C-28748 MIL-C-3643
MIL-C-28804 MIL-C-3650
MIL-C-83513 MIL~C~3655
MIL-C-83733 MIL-C-25516
MIL-C-39012
MIL-C-5015 Circular MIL-C-55235
MIL-C-26482 MIL-C-55339
MIl.-C-28840
MIL-C-38999 MIL-C-3767 Power
MIL-C-81511 MIL-C-22992
MIL-C-83723
MIL-C-49142 Triaxial, RF

. Part failure rate model (Xp)

The failure rate model (Xp) is for a mated pair.of connectors. For a single
connector, divide Aprby two. 2

kp = Ay ("E X T, X “K) fai]ures/106 hours
where

e Table 5.1.12.1-6 and Table 5.1.12.1-7

m Table 5.1.12.1-8

T Table 5.1.12.1-9

5.1.12.1-1
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TABLE 5.1.12.1-1. " Base Failure Rate

Base Failure Rate Model (Ab)

_oaLX
Ab = Ae
N p
_ T T+273
where x = 17773 + ( To )
e = 2.718, natural logarithm base
T = operating temperature (°C)
= ambient + temperature rise{Tbl 5.1.12.1-4)
Insert Material
Constants A B C D
A 0.02 0.431 0.19 0.77
T, 473 423 373 358
NT ~1592 -2073.6 -1298 -1528.8
+ P 5.36 ~4.66 4.,2% 4,72

Calculated values of i, for selected operating
. temperatures are shown in Table 5.1.12.1-5.

5.1.12.1-2




TABLE 5.1.12.1-2: CONFIGURATION,
MATERIAL FOR CONNECTORS
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APPLICABLE SPECIFICATION,

AND

Configuration

Specification

Insert Material

(Table 5.1.12.1-3)

A B

C

)]

Rack and Panel

Circular

Triaxial

MIL-C-28748
MIL-C-83733
MIL-C-24308
MIL-C-28804
MIL-C-83513

MIL-C-5015

MIL-C-26482
MIL-C-28840
MIL-C-38999
MIL-C-81511
MIL-C-83723
MI 767

L-C-3
MIL-C-22992

MIL-C-3607
MIL-C-3643
MIL-C-3650
MIL-C-3655
MIL-C-25516
MIL-C-39012
MIL-C-55235
MIL-C-55339

MIL-C-49142

> <
i e

D D
Dl g D G

P e

DR D D D K D

>

> >

> =

5.1.12.1-3

INSERT
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TABLE 5.1.12.1-3. Temperature Ranges of Insert Materials

' Temperature
Type Common Insert Materials Range (°C)*
A Vitreous glass, alumina ceramic, -55 to 250
polyimide
B Diallyl phthalate, melamine, -55 to 125
fluorosilicone, silicone rubber,
polysulfone, epoxy resin
C Polytetrafluoroethylene (teflon) -55 to 200
chlorotrifluoroethylene (kel-f)
D Polyamide (nylon), polychloroprene| -55 to 125
(neoprene), polyethylene

*These temperature ranges indicate maximum capability of
the insert material only. Connectors using these mate-
rials generally have a reduced temperature range caused
by other considerations of connector design. Applicable
connector specifications contain connector operating
temperature range.

5.1.12.1-4
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TABLE 5.1.12.1-4. Insert Temperature Rise (°C)
versus Contact Current

Amperes | ‘ Contact Size
Per Contact 22 GA 20 GA 16 GA 12 GA
2 3.6 2.3 1.0 .36
3 7.5 4.9 2.1 .76
4 12.9 8.3 3.6 1.3
5 19.4 12.6 5.4 2.0
6 27.2 17.6 7.5 2.8
7 36.2 23.4 10.0 3.7
8 46.3 30.0 12.8 4,7
q 57.6 37.3 16.0 5.8
10 70.0 45.3 19.4 7.1
15 g5.9 41.1 15.0
20 69.9 25.5
25 105.7 54,0
30 71.9
35 92.0
40
_ .1 1.85
aT = 0.989 (i) for 22 gauge contacts

AT = 0.64 (1’)1‘85 for 20 gauge contacts
AT = 0.274 (1')]'85 for 16 gauge contacts
AT = 0.1 (1‘)]’85 for 12 gauge contacts
AT = °C insert temperature rise

1]

i = amperes per contact

NOTE: Operating temperature of the connector is
usually assumed to be the sum of the ambient
temperature surrounding the connector plus the
temperature rise generated in the contact. If
the connector is mounted on a suitable heat sink,
the heat sink temperature is usually taken as
ambient. For those circuit design conditions
which generate a contact hot spot, this hot spot
temperature rise is added to the ambient to
obtain the operating temperature.

For RF coaxial connectors, assume AT = 5°C
except for high power RF application then use AT =

5.1.12.1-5

50°¢.
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TABLE 5.1.12.1-5. Operating Temperature versus Base
Failure Rate (i) (Failures/106 Hours)

A% |
Temperature Insert Material

(°C) A B C D
0 0.00006 0.00025 ¢.0020 0.0038
10 0.00008 0.00031 0.0027 0.0048
20 0.00009 0.00044 0.0033 0.0061
30. - 0.00012 0.00056 0.0041 0.0078
40 0.00014 0.00075 0.0049 0.0099
50 0.00017 0.00094 0.0059 0.0125
60 0.00020 0.0012 0.0073 0.0159
70 0.00023 0.0015 ¢.0087 0.0202

- 80 0.00028 0.00188 0.0106 0.0258
90 v 0.00032 0.00231 0.0131 0.033
100 - 0.00038 0.00288 0.0161 0.043

110 0.00044 0.00362 0.0197 0.056
120 0.00051 0.00450 0.0246 0.074
130 0.00059 0.00556

140 0.0006¢% 0.00694

‘150 0.00081 (.00869

160 0.00096 0.01093

170 0.00110 0.01381

180 0.00133 0.01756

190 0.0015¢9 0.02243

200 0.00190 0.02894

210 0.0022%

220 0.00279

230 0.00343

240 0.00426

250 0.00536

*1f a mating pair of connectors uses two types of
insert materials, use the average of the base
failure rates for the two insert types.

5.1.12.1-6
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. TABLE 5.1.12.1-6

MIL-SPEC
Environmental Mode Factors

TABLE 5.1.12.1~7

Lower Quality
Environmental Mode Factors

5.1.12.1-7

ENVIRONMENT | g |ENVIRONMENT g
Gg 1 G 1.5
Gys 1.1 Gys 1.9
G 1.2 6, 4.7
Gy 8.3 Gy 25
My 8.5 Mo 17
Neg 8.1 Neg 8.1
g 5.3 Ng 1
N 13 My 27
N, 13 f 26
Ny 14 Mg 28

. Aoy 19 Amy 37
A 2 Are 10
A 3 A 10
Arg 4.5 Arg 15
A 4 Al 15
Arp 6.5 Arr 20
Aye 5 Aue 15
Ay 8 Ayt 15
Mg 10 Aya 20
Ay 9.5 Aua 20
Ay 18 Ay 30
S 1 5 1.5
Mer 8.5 Mep 17
M 12 Men 24
U, 25 Ug, 50
ML 28 ML 58
c, 490 c, 970
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TABLE 5.1.12.1-8. Values of Failure Rate Multiplier,
Tps for Number of Active Contacts
in a Connector

Number Of Number Uf |
Active Contacts Tp Active Contacts Tp

1 1.00 65 13.20
2 1.36 70 14.60
3 1.55 75 16.10
4 1.72 80 17.69
5 1.87 85 19.39
6 2.02 90 21.19
7 2.16 95 23.10
8 2.30 100 25.13
9 2.44 105 27.28
10 2.58 110 29.56
N 2.72 115 31.98
12 2.86 120 34.53
13 3.00 125 37.22
14 3.14 130 40.07
15 3.28 135 43.08
16 3.42 140 46.25
17 3.57 145 49,60
18 3.7 150 53.12
19 3.86 155 56,83
20 4.00 160 60.74
25 4.78 165 64.85
30 5.860 170 69.17
35 6.46 175 73.70
40 7.42 180 78.47
45 8.42 185 B3.47
50 9.50 190 88.72
55 10.65 195 94.23
60 11.89 200 100.00

For coaxial and triaxial connectors, the shield
contact is counted as an active contact.

To is a function of the number of active contacts:

N-1)9 A contact is the conductive
N element in a connector which
. =a 0 mates with another element
P for the purpose of transferring
electrical ay.
where No = 10 € al eneray ‘
q = (.51064
N = number of active contacts

5.1.12.1-8
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TABLE 5.1.12.1-9.  my Mating/

Unmating Factor

Mating/Unmating
Cycles

(per 1000 hours) K
0-0.05 1.0
>0.05-0.5 1.5
>0.5-5 2.0
>5-50 3.0
>50 4.0

One cycle includes both
connect-and disconnect.

5.1.12.1-9
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5.1.12.2 Printed Circuit Board Connector.
Table 5.1.12.2-12rediction Procedure for PCB Connectors

Specification Description

MIL-C-21097 One-Piece Connector
MIL-C=55302 Two=Plece Connector

Part Faillure Race Model (AP)

The failure rate, A is for a mating pailr of connectors and is:

P’

Ap = Ab (HE x HP x-nK) failures/lo6 hours

where the factors are:

HE Table 5,1.12.2-4 or §

HP Table 5,1.12.2-6

. II.K Table 5.1.12.2-7

Base Failure Rate (Ap)
Ab = Aex

P
where x =(NT )+ (T+273}
[+273
0

2.718, natural logarithm base
operating temperature (9C)
ambient + temperature rise (Table 5.1.12.2-2)

-4

Ab values are shown in Table 5.7.12.2-3.

5.1.12.2-1
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TABLE 5.1.12.2-2, Connector Temperature Rise (°c) Versus
Contact Current and Contact Size

Amperes/Contact | 26 GA | 22 GA | 20 GA

1 2.1 0.99 0.64
2 7.6 3.6 | 2.3
3 16.0 7.5 4.9
4 27.3 | 12.9 8.3
5 41.2 | 19.4 12.6
AT = 2.1 (1)l°85 for 26 GA
AT = 0.989 (1)1%° for 22 ca

AT = 0.64 (1% for 20 ca ' .

Q .
Note 1l: AT = C temperature rise
i = amperes per contact

Note 2: The operating temperature of the comnector is usually assumed to be

the sum of the ambient temperature surrounding the comnector plus the
temperature rise generated in the contact.

5.1.12.2-2
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TABLE 5.1.12.2-3. Operating Temperature Versus Base
Failure Rate ()\y) in Failures/Million Hours

Temperature (OC) Ay
0 0.00013
10 0.00016
20 0.00021
30 0.00028
40 0.00037
50 0.00047
60 0.0006
70 0.0008
80 0.0009
. 90 0.0011
100 0.0014
110 0.0018
120 0.0022
130 0.0028
140 0.0035
150 0.0043
160 0.0055
170 0.007
180 0.0088
199 0.011
200 0.014

5.1.12.2-3
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TABLE 5.1.12.2-4 TABLE 5.1.12.2-5

MIL SPEC Lower Quality
Environmental Mode Factors Environmental Mode Factors
ENVIROMMENT Te EMVIRONMENT Mg

G 1 Gg © 1.5
Gys 1.3 By 2.2
Ge 3.4 Ge 6.8
Gy 8.3 6, 17
Mp 8.5 Mo 17
NSB 4.1 Neg 8.2
NS 5.7 NS 12
Ny 13 Ny 27
NH 13 My 26
NUU 13 NUU 26
Aru 19 Aru 37
AIC 3.5 AIC 7.5
AIT 6.5 AIT 18
AIB 9.5 AIB 20
AIA 6.5 AIA 15
AMr 15 Atp 30
AUC 3.5 AUC 7.5
AUT 6.8 AUT 18
AUB 9.5 AUB 20
AUA 6.5 AUA 15
Aye 15 Aur 30
SF 1 SF 1.5
MFF 8.5 MFF 17
MFA 12 Mea 24
USL B 25 USL 50
" 29 M 58
C, 490 ¢, 970

5.1.12.2-4
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TABLE 5.1.12.2-6 Values of Failure Rate Modifier, mp,
for Number of Active Pins in a Connector

N "p N "p
1 1.00 65 13.20
2 1.36 70 14.60
3 1.55 75 16,10
4 1.72 80 17.69
5 1.87 85 19.39
6 2.02 90 21.19
7 2.16. | . 95 23.10
8 2.30 | 100 25.13
9 2.44 | 105 27.28
10 2.58 | 110 29.56
11 2.72 | 115 31.98
12 2.86 | 120 34,53
13 3.00 | 125 37.22
14 3.16 | 130 40.07
15 3.28 | 135 43.08
16 3.42 | 140 46.25
17 3.57 | 145 49.60
18 3.71 | 150 53.12
19 3.86 | 155 56.83
20 4.00 | 160 60.74
25 4,78 | 165 64.85
30 5.60 | 170 69.17
35 6.46 | 175 73.70
40 7.42 | 180 78.47
45 8.42 | 185 83.47
50 9.50 | 190 88.72
55 1 10.65 | 195 94.23
60 [ 11.89 | 200 | 100.00

M is a function of the number of active pins

P q
_ _,N-1
T = el
o
where N = 10
o}
q = 0.51064
N = number of active pins

5.1.12.2-5
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TABLE 5.7.72.2-7. . Cycling Rate Factor T
Cycling Frequency
(Marings/10M0 Hours) WK
Q0 - 0.05 1.0
>0.,05 - 0.5 1.5
>0.5 - 5.0 2.0
>5.0 - 50.0 3.0
>50.0 4.0

A cycle is defined as the mating and unmating of a connector.

5.1.712.2-6
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. 5.1.12.3 Integrated Circuit (IC) Socket Prediction Prccedure.

SPECIFICATION .DESCRIPTION
MIL-S-83734 Sockets, Plug-in Electronic Components

The part 7ailure rate modei is:

Anp = Ay X TE X TP
where .
Ap = total failure rate (£/108 hours)
Ay = base fajlure rate = 0.00042 £/100 hours
TE = environmental factor (Table 5.1.12.3-1)
mp = contact factor (Table 5.1.12.3-2)
TABLE 5.1.12.3-1: ENVIRONMENTAL FACTORS
Environment T Environment TE
68 1.0 ArA 10*
. s 1.3 ALF 13+
G 3.1 Auc 10*
GM 17* AyT 10+
Mp 1i* AuB 13*
Nsg 5.4 Aya 13*
Ng 7.3*% AUE 20*
Ny 18* Sg 1.0
NR 17+ MrE 11+
| Nyy 19* MF A 16*
: Apu 25% UsL 33*
Arc 6.7* ML 39%
AT 6.7* CL 650*
A1B 10*

* [t is recommended that [.C. sockets should
only be used in this environment if socketed
device is restrained.

5.1.12.3-1
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TABLE 5.1.12.3-2: CONTACT FACTOR

! Number of Tp !
Active Contacts
6 2.02
8 2.30

10 2.58
14 3.14
16 ‘ 3.42
18 3.71
20 4.00
22 4.31
24 4.62
28 5.26
36 6.66
40 7.42
48 9.06
50 9.50
64 12.93

mp = exp(ﬂﬁi )q

where )

Ng = 10

q = 0.51064

N = number of active contacts (active indicates electrical current

current flow through the contact)

5.1.12.3-2
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5.1.12.4 Example Failure Rate Calculations
Example 1.
Given: A MIL-SPEC connector, with 20 GA pins, uses insert materia], type

Find:

Step 1.

B. The connector has 20 active pins and is 1nsta11eg in a ground
fixed environment with an ambient temperature of 20°C. The load
current is expected to be 5 amperes, and the connector 1s expected
to be connected and disconnected once every 200 operating hours.

The failure rate of the connector.

The insert temperature rise js determined to be 13°C derived from
Table 5.1.12.1-4 for size 20 GA pins at 5 amperes,

The operating temperature is determined from:

Operating temperature = ambient temperature + insert femperature
rise.

25%c + 13% = 38°¢C.

!

Operating temperature

The insert material is type B. Utilizing Table 5. 1 12.1-5, the
base fa1lur§ rate for type B insert material at 38 °C is o. 00073
failures/10° hours.

b
I.

S

I'\J

T facto ( ) for ground fixed is as shown in
TabTe 5. T 2 i in 5ens1ty factor (my) is 4.0 as shown in
Table 5.1.12.1-8 for 20 active pins. The w factor is 2.0 as
determined from Table 5.1.12.1-9 for mating/unmating cycles of
5/1000 hours.

The failure rate of the connector is found by substituting the
values of lb, Tes Moo and Tk into the part failure rate model.

A=A {wo oy ow ow. )

P b ‘&7 p 7K/

Ap = 0.00073 (1.2 x 4.0 x 2.0)

Ap = 0.0070 faﬂures/]o6 hours for a mated pair.

For a single connector, per Table 5.1.12.1-1.

Ay = .007/2 = 0.0035 failures/10% hours.

5,1.12.4-1
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Example 2.
Given: A lower quality connector, with 16 GA pins, uses insert material,

Step 2.

Step 3,

Step 4.

type D. The connector has 10 active pins and is installed in an
airborne 1yhab1ted, fighter environment with an ambient tempera-
ture of 40°C. The Toad current is expected to be 5.0 amperes, and
the connector is expected to be connected and disconnected once

every 20 hours,

The failure rate of the connector.
The 1insert temperature rise is determined to b °

e 5.5 derived
from Table §.1.12.1-4, for size 16 GA pins at 5.0 amper

C,
3 es,

The operating temperature is determined from:

il

Operating temperature
rise.
Operating temperature

ambient temperature + insert temperature

40° + 5.5% = 45,59,

The insert material is type D. Utilizing Table 251.12.1-5 the base
failure.rate for type D insert material at 45.5°C is 0.0113 fail-
ures/10° hours.

The environmental factor (mg) for airborne inhabited, fighter
lower quality is 20 as shown in Table 5.1.12.1-7, The pin density
factor (w,) is 2.58 as shown in Table 5.1.12.1-8 for 10 active
pins. ThéJnK factor is 3.0 as determined from Table 5.1.12.1-9 for
50 mating/unmating cycles per 1000 hours.

The failure rate of the connector is determined by substituting
the values of Ab, T, np, and T into the part failure rate model:

A= Ay (nE X M, X "K)

0.0113 (20 x 2.58 x 3.0)

e
[}

-
u

1.75 fai]ures/los hours for a mated pair.
For a single connector, per Table 5.1.12.1-1:

lp = 1.75/2 = .88 faﬂures/'lo6 hours. .

5.1.12.4-2
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EXAMPLE 3.

e

Given: A two-~piece printed circuit board connector (MIL-C-55302) with 50
active pins will be utilized in a ground fixed environment in which the con-
nector is expected to be connected and disconnected once every 300 hours of
operation. Pin size is 22 gage. Ambient temperature will be 25°C, and the
expected load current will be 2.0 amperes.

Find: The failure rate of the connector.

Step 1. Calculate the operating temperature by adding the temperature rise
in the connector to the ambient temperature, 25YC,

From Table 5.1,12.2-ZAT for 22 gage when 2.0 amperes are flowing =
3.6°C.

Operating temperature = ambient + heat rise.
Operating temperature = 25°C + 3.6°C = 28.6°C.

Step 2. From Tbl 5.1.12.2-3 A, is determined to be 0.00027 for 28.6°.

Step 3. From Thl 5.1.12.2-4, T for ground enviromment and MIL-SPEC quality is
3.4.

Step 4. From Thl 5.1.12.2-6 L for 50 pins is determined to be 9.5.

Step 5. From Tbl 5.1.12.2-7 e for 3.33 matings/1000 hours is determined to
be 2.0.

Step 6. The failure rate of the connector is determined by substituting the
values determined into the failure rate equation:

AP = Ab (nE x m, X nK)

0.00027 (3.4 x 9.5 x 2)

>
[}

0.0174 failures/106 hours.

>
]

5.1.12.4-3
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5.1.13 Interconnection Assemblies with Plated Through Holes (PTH).

For other assemblies not using PTH's use Section 5.1.14,
Connections,

The failure rate model for plated through hole {PTH) assemblies is:

X = A Tia T f; {n) +n, (5. + 1,{1 failures’]@s hours/assembly
p b IIQ IIE I_I'I \IIC} IIZ \IIC U ! nuu I Wy
where
A, = base failure rate, Table 5.1,13-1
g = quality factor, Table 5.1.13-2
Mg = environmental factor, Table 5.1.13-4

ny= quantity of wave soldered functional PTH's

=
1}

quantity of hand soldered PTH's

A4 k1 £ 1 12_£
auie o, 1. 15=0

o e 1o € oand e ha
Tc = COmpigxity vacior, |

TABLE 5.1.13-1: BASE FAILURE RATE Ay

Techno logy Ap Fai1ures/105 hours
Printed Wiring Assemblies .000041
Discrete Wiring w/Electroless Deposited PTH* .00026

*Applies to two or less levels of circuitry

TABLE 5.1.13-2: QUALITY FACTOR Ty
Quality Grade g
Manufactured to MIL-SPEC or comparable IPC Standards 1
Lower Quality 2

5.1.13-1
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TABLE 5.1.13-3
SOLDER APPLICATION FACTOR

DAl.aGrl,
Process Percent;ge % | **q TABLE 5,1,13-4
ENVIRONMENTAL MODE FACTORS
Wave Solder 0-6 0 -
7 0.1 Environment TE
i0 0.5
15 1.2 GB 1
20 ].9 G ].3
25 2.6 MS
30 3.3 GF 2.3
35 4.0
10 17 GM 7.7
over 40 6.0 MP 6.9
unknown 6.0 N g.1
IISB L]
* % = no. of reworked connections x 100 N 5.3
total no. of soldered connections for most NS 12
recent month. NU i
**HS = .14 (%) - .88 NUU 14
TABLE 5.1.13-5 ARH 19
COMPLEXITY FACTOR Ly ATC 2.5
Number of Circuit Planes e Arr
<2 1 Al
3 1.3 AIA 5.5
5 1.8 IF :
6 2.0 AUC 7.5
7 2.2 A 15
8 g,g ur
10 2.7 U8 .
2. A 20
Ih 2.9 AUA - 3
12 3.1 UF
13 3.2 S 1
14 3.4 F :
15 3.5 MFF 8.7
16 3.7 M 12
Discrete Wiring w/PTH 1 “FA 25
For greather than 16 circuit planes, _ MSL 29
63 L
1TC = 55 L C 500
¥ = quantity of circuit planes L~ .

5.1.13-2
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Example 1

Given: A plated through hole printed wiring assembly having 6 circuit
planes and 700 PTHs is to be used in an uninhabited trainer airborne
environment. 560 of the PTHs are filled by wave soldering and 140 by hand
soldering. 8 percent of the wave solder connections require rework. All

M wwslw el

elements of the assembly are in accordance with military specifications.

Step 1 - The general failure rate expression is:

by

A D

+
tm—
[#)

(1]
o
o
]
-
4
o
3
=
—
-
(9]
+
wh
[a—
+
=z
(V]
——
)
——
{ N— }

Steg 2 - From Table 5.1.13.-1 the base failure rate for printed
wiring assemblies is:

>~
i

000041 failuyres/106 hr.

Step 3 - From Tables 5.1.13.-2 and 5.1.13.-4:

15 for AyT.

m
"

Step 4 ~ From Table 5.1.13 .-5 for 6 circuit planes:

Step 5 - From Table 5.1.13.-3 the application factor for wave solder
with 8% rework is:

Te = 0.2

5.1.13-3
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Step 6 - From the example statement:

NI = 560

No = 140

Sam 7 M+ adem +ha £33 wma watas = et e~ O ate e

SLER /7 = uoldln tne valiure rdie€ oYy SubSTituLlIng vaiues invd wne
model:

3 ANNNAa FEEERY ooy P s~y -~ o A F 4wy

A5 =.00UU4 1 L) LLa) LhoUtlsd + U.Z) + laules + L3)]

= 2.0 failures/106 haurs.

Example 2

Given: A discrete wiring with electroless deposited PTHs assembly having 2
levels of circuitry and 600 PTHs is to be used in a fixed ground
environment. A1l PTHs are filled by wave soldering, 18 percent of which
require rework. A}l elements of the assembly are in accordance with [PC
specifications.-

Step 1 - The general failure rate expression, all connections formed
by wave solder (See Section 5.1.13.1) is:

Ap A\p ™ TE [N](HC + HS)] because NZ =0

Sten 2 - From Tables 5.1.13.-1, 5.1.13.-2, and 5.1.13.-4:

My = .00026 failures/108 hours
er = 1
Tz = 2.3 for Gf.

5.1.13-4
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Step 3 - From Tables 5.1.13.-3 and 5.1.13.-5:

1.6 {18% rework)

1
-

=
(W31
1]

)
o
"

Step 4 -~ Given in the example statement:

N = 600.

Step 5 - Obtain the failure rate Dy substituting the values into the
model:

.00026 (1) (2.3) (600} (L + 1.6)
.93  failures/106 hours.

Ap

u

5.1.13-5
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5.1.14 Connections. The failure rate model in this section appiies to
connections used on all assemblies except those using plated through holes.
The failure rate of the structure which supports the connections and parts,
e.g., non-plated-through hole boards and terminal strips, is considered to
be zero.

n
Ay T I :EEi Api (Tpy X Mgi)
i=]

where:

M. = environmental factor {Table 5.1.14-2)

N, = number of connections of the ith type

Abi = base failure rate of the ith type connection (Table 5.1.14-1)
Tyg = tool type factor of the ith type connection (Table 5.1.14-3

for crimp type)
= 1 for all types except crimp
HQi = qualit ctorof the ith type connection (Table 5.1.14-4 for

y fa
crimp type)
/

1 for all types except crimp

TABLE 5.1.14-1
A ;» BASE FAILURE RATE

CONNECTION TYPE Mo (F/10% hrs)
Hand Solder, w/o wrapping .0026
Crimp .00026
Weld . 00005
Solderless Wrap .0000035
Hand Sotdered, w/wrapping .00014
Clip Termination .00012
Reflow Solder .000069

5.1.14-1
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TABLE 5.1,18-2
ENVIRONMENTAL MODE FACTORS

Environment T TABLE 5.1.14-3
TOOL TYPE FACTORS *nT) FOR CRIMP CONNECTIONS
G 1
B
GMS 1 Tool Type Ty
GF 2.1 Automated 1
Manual 2
GM 7.3
M, 7.3 Notes: 1. Automated encompasses all powered
tools not handheld,
NSB 3.5 .
NS 4.4 2. Manual includes all handheld
tools.
NU 9.9
Ny 11
" 1 TABLE 5.1.14-4
u z QUALLTY FACTORS (o) FOR CRIMP CONNECTIONS
A 16
RW Quality Grade T Comments
Arc 2. Ql
AIT 4.5 Automated 1.0 Daily pull tests recom-
A 5.5 mended.
18 ’
AIA 5 Manual Tools:
A 7.5 Upper 0.5 Only MIL-SPEC or equiva-
IF . lent tools and terminals,
AUC 3 pull test at beginning and
A end of each shift, color
uT 6 coded tools and termina-
A 7.5 tions.
UB
Aua 7 Standard 1.0 | Only MIL-SPEC tools, pull
AUF 9.5 test at beginning of each
shift
SF 1
Mer 7.3 Lower 10.0 Anything less than stand-
M 10 ard criteria. '
FA
USL 22
ML 25
CL 420

5.1.14-2
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Example Failure Rate Calculations

Example 1
Given: A soiderless wrap wiring asseabiy is to ve used in an inhabited carge

airborne environment. The assembly consists of 1560 wraps and 156 of the posts

are connected to either the ground or voltage planes with reflow solder.

Step 1 - The general failure rate expression is:

Ap = Mg [(”1 M1 T Tgp) + (N Ao gy “oz)}

where:

Ab] = s0lderiess wrap base failure rate

N1 = quantity of solderless wraps

HT1 = tool type factor for solderliess wrap
HQ] = quality factor for solderless wrap
Apo = reflow soldered base failure rate

N2 = quantity of solder connections

HTZ = tool type factor for reflow solder

HQZ = quality factor for reflow solder

5.1.14-3
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Step 2 - From Tables 5.1.14-1, 5.1.14-4, and the example statement:
HE = 2.5 for AIC

Apy = -0000035 failures/10% hours Ny = 1560
App = -000069 failures/10% hours N, = 156
Iy = Oy = Mgy = Mgp = 1

Step 3 - Obtain the failure rate by substituting values into the model:

Ay = 2.5 {(.0000035) (1560)(1)(1) + (.000068) (156) (1)(1]]
= .041 failures/10% hours.
Example 2 A
Given: A wrapped and soldered wiring assembly is to be used in a fixed ground ‘

environment. The assembly consists of 4000 wrapped and soldered connections.
Step 1 - The general failure rate expression is:

Ap = HE lb N HT HQ

Step 2 -~ From Tables 5.1.14-1, 5.1.14-2, and the example statement:

HE = 2.1 for fixed ground
A, = -0001¢ failures/10% hours.
N = 4000

5.1.14-4
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Step 3 ~ Obtain the failure rate by substituting the values into

the modal:
Ap = (2.1)(.00014) (4000)(1)(1)
= 1.176 failures/10° hours.
Examg]e 3

Given: A clip termination wiring assembly is to be used in a sheltered naval
environment. The assembly consists of 2400 clip terminations and 100 of the
posts are connected to either the ground or voltage planes by reflow solder connections.

Step 1 -~ The general failure rate expression (See Section 5.1.13.2)

is:
Ap = HEE(”1*b1HT1“Q1) ¥ (NszznTznqz?]
where:
le = ¢lip términation base failure rate
N1 = quantity of clip terminations
HT1 = tool type factor for clip terminations
HQ] = quality factor for clip terminations
AbZ = reflow solder base failure rate

N2 = quantity of reflow solder connections

I tool type factor for reflow solder

T2
Q2

I quality factor for reflow solder

Step 2 - From Tables 5.1.74-1 and 5.1.14-2 and the problem statement:

HE = 4.4 for NS

AET = 00012 Fai?ures/TOs hours N] = 2400

5.1.14-5
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Ap = -000069 failures/10° hours. N, = 100

I, =1

T1 Mgy = 1

12 = Iy1 "Mz
Step 3 - Obtain the failure rate by substituting values into the mddel:

Ay = 4.4 [(.00012) (2600)(1)(1) +(.000069) (100) (1) (1]]
= 1.298 failures/10° hours.

Example 4

Given: A reflow solder printed wiring assembly (no PTHs) is to be used in
a space flight environment. The assembly consists of theprinted wiring

board and 300 reflow solder connections.

Step 1 - The general failure rate expression (See Section 5.1.13.2) is: ‘

A= Do A NHT_II

p © Te e Ml

Step 2 - From Tables 5.1.14-1, 5.1.14-2 and the example statement:

HE = 1 for SF
Ab = .000069 failures/10% hours.
Ty = Ty = 1

5.1.14-6
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Step 3 - Obtain the failure rate by substituting the values into

the model:
Ap = (1)(.000069) (300) (1)(1)
= 021 faﬂures/w6 hours.
Example 5

Given: An assembly to be used in a fixed ground environment contains
200 c¢rimp connections. The connections are applied with a handheld
power tool of a standard quality grade.

Step 1 - The general failure rate expression is:

Ap = HE (N Ab HT HQ)

Step 2 - From Tables 5.1.14-1 through 5.1.14-4 and the problem

statement:
HE = 2.1
N = 200
. . .. B .

'\b = Quade f./10° nr
HT = 2

. = 1

Y

EoawTiivea
rairiure

Ap = (2.1)(200)(.00026)(2)(1)

= .22 £.710° hr.

5.1.14-7
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5.1.15 Meters
5.1.15.1 Panel Meters
Specification Description
MIL-M-10304 Meter, Electrical Indicating, Panel Type, Ruggedized.
The part operating failure rate model (Ap) is:
Ap = Aplma x ©F x ®g X TE )
where
Ap = meter failure rate in failures/106 hours
Ap = base failure rate
= 0.090 F/106 hours
wa = application factor
= 1,0, Direct Current
= 1,7, Alternating Current
ng = function factor
= 1.0, Ammeter
= 1,0, Voltmeter _
= 2.8, Other (meters whose basic meter movement construction is an
ammeter with associated internal conversion elements)
mQ = quality factor
= 1.0, MIL-SPEC gquality
= 3.4, lower quality
7f = environmental factor {see Table 5.1.15-1)

5.1.15-1
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TABLE 5.1.15-1 :

ENVIRONMENTAL FACTOR

Environment TE Environment TE
Gg 1.0 AlA 42
Gms 1.4 AlF 42
G 3.8 Auc 50
GMm 24 AuT 50
Mp 26 Aus 73
Nsg 11 ApA 73
Ng 14 AUF 73
Ny 36 SF 2.1
NH 41 MFF 13
Nyu 29 MEA N/A
ARW 60 Usp N/A
Arc 21 ML 94
AlT 21 CL N/A
AlB 42

* N/A - Not normally applied

5.1.15-2
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5.1,15.2 Example Fajlure Rate Calculations

Example 1.

Given: A MIL-M-10304 panel AC ammeter used in an airborne cargo inhabited
environment.

Step 1.

The failurea rata af tha metar ic found by cuhetdituting the values of An. TA.
L L = 11Ul o F ELT W) LI G LG LI} LR "L I RA ] UJ’ d ol f iAW I|3 il b s W ("R ] ™3
nF, mQ and wg into the part failure rate model

Ap = Ap{mA x nF x mQ x 7€) failures/108 hours

0.09(1.7 x 1.0 x 1.0 x 21) failures/106 hours
3.2 F/106 hours

P
L~
n

| P, | ks ]
Cxanmple <.

Given: A commercial panel type frequency meter with a construction similar
to MIL-M-10304 panel meters. The meter operates the same as a OC ammeter.
It is used in a ground, mobile application.

Step 1.

The failure rate of the meter is found by substituting the values of XAp, T4,
7F, mQ and mg into the part failure rate model:

Ap = Ap{mA x TF X mQ X TE) failures/106 hours
Ap = 0.09(1.0 x 2.8 x 3.4 x 24) failures/10% hours
Ap = 21 F/10% hours

5.1.15.1-1
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5.1.16 Quartz Crystals

Specification Oescription
MIL-C-3098 Crystal Units, Quartz

The part operating failure rate model (Ap) is:

lp = Ap x TQ x TE
where
Ap = quartz crystal failure rate (F/lO6 hours)
Ay = base failure rate
Ap = 0.013 (f)o‘23 failures/10® hours (f = frequency (MHz))
mq = quality factor
= 1.0, MIL-SPEC gquality
= 2.1, lower quality
Tg = environmental factor (see Table 5.1.16-1)

TABLE 5.1.16-1: ENVIRONMENTAL FACTOR

Environment TE Environment TE
Gg 1 Ara 17
Gys 1.2 ATF 17
Gf 2.6 Ayc 19
Gm 10 Ayt 19
Mp 11 Ayg 28
Nsg 5.4 Aya 28
Ns 6.5 AyF 28
Ny 14 SF 1
NH 16 MFF 11
Nyy 17 MFA 15
ARW 23 UsL 30
Arc 9 ML 35
AT 9 CL 500
Ais 17

5.1.16-1
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5.71.17 Lamps
5.1.17.1 Lamps, Incandescent
SPECIFICATION DESCRIPTION
MIL-L-6363 Lamps, Incandescent, Aviation Service

W-L-111

The part

lp""

P
=}
1]

=
=
"

=3
>
\

i

TE

Lamp, Incandescent, {Electric, Miniature, Tungsten-

operating failure rate model (Ap) is:

Ah X my X WA X TE

incandescent lamp failure rate (F/108 hours)

base failure rate

0.074(Vr)1'29 £/106 hrs. (V. = rated voltage (volts)) (see Table

5.1.17-1

utilization factor {see Table 5.1.17-2

= application factor

3.3, OC a

l 0 AC applica
pplic
environmental factor {see Table 5.1.17-3

TABLE 5.1.17-1 : BASE FAILURE RATE

Ve

-
(=2

-

5

6
12
14
24
28
37.5

o O

WO P~

~ BN OO
H ORWN LW

5.1.17-1
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TABLE 5.1.17-2: UTILIZATION FACTORS

Utilization oMy
{I1luminate hours/

equipment operate hours)

< 0.19 G.1C
0.10 to 0.90 0.72
> 0.90 1.0
TABLE 5.1.17-3: ENVIRONMENTAL FACTORS
Environment TE Environment TE
Gg i ArA 4.4
GMS 1.1 ArF 4.4
GF 1.6 Auc ' 4.8
GM - 3.4 CAyT 4.8 |.
Mp 3.5 Aug 5.8
Nsg 2.4 AUA 5.8
Ng 2.7 AuF 5.8
Ny 4.1 S¢ 1.4
NH 4.4 MFE 3.5
Nyy 4.5 MFa 4.2
ARw 5.3 - UsL 6.1
Atc 3.2 ML 6.5
AT 3.2 o) 27
Alg 4.4

5.1.17-2
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5.1.17 .2 Examples For Use of Lamp Models

Example 1:

Given:

Step 1:

Step 2:
Step 3:
Step 4:

Step 5:

Step 1:

Step 2:
Step 3:

Step 4:

A 6.3 volt incandescent lamp, used as a tail warning radar
indicator in the inhabited portion of a fighter aircraft. The
voltage source is AC. The ratio of iliuminate nours to
equipment operate hours is less than 5%.

Calculate the base failure rate (Ap)

Ap = 0.074 (6.3)1-2% = 0.795 F/106 hours

From Table 5.1.17-2 ., my = 0.10

From Table 5.1.17-3 A1F service, ng = 4.4

Application factor AC service, np = 1.0

Calculate the total Tamp failure rate (ip)

Ap = Ab X Wy X WE X WA

(G.795 x 0.10 x 4.4 x 1.0) F/106 hours

Ap
Ap

0.350 F/106 nhours

A 12 volt incandescent lamp, used as a power indicator in a
ground, fixed environment, The voltage source is DC. The
ratio of illuminate hours to equipment operate hours is 1.0.
Calculate the base failure rate (Ap)

1.29 . 1.83 F/106 hours

Ap = 0.074 (12)
From Table 5.1.17-2 , My = 1.0
From Table 5.1.17-3 GfF service, mg = 1.6

Application factor DC service, mg = 3.3

5.1.17-3
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Step 5: Calculate the total Tamp-failure rate (xp)

Ap = Ap X Wy X TE X WA
Ap = (1.83 x 1.0 x 1.6 x 3.3) F/106 hours |
Ap = 9.66 F/106 hours '

5.1.17-4
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5.1.18 Electronic Filters (Non-tunable) Prediction Procedure

Specification

MIL-F-1
MIL-F-1

T

Description

Filters, Radio Freguency Interference

Filters; High Pass, Low Pass, Band Pass,

Suppression, and Dual Functioning (Non~-tunable)

Band

The part failure rate prediction procedure is as follows:

Step 1:
Step 1A:

Step 18:

where

Step 2:

Step 2A:

If a Parts List and/or Schematic Diagram are available.

Calculate a failure rate for each particular component in the
filter assembly using the correct model from the following

secLions.

Integrated Circuits - Section 5.1.2
Discrete Semiconductors Section 5.1.3
Resistors Section 5.1.6
Capacitors Section 5.1.7
Inductive Devices Section 5.1.8
Printed Wiring Assemblies Section 5.1.13
Crystals Section 5.1.16

Sum the failure rate contribution for each component. The

filter failure rate (kp) then is:

Ap =B Aj

Pz M

Ap = filter failure rate (F/106 hours)

Aj = failure rate of each individual component (F/108 hours)
If a parts 1ist but no schematic diagram is available, or if

the part complement can be determined by other means (e.g.
disectionj.

Caiculate a failure rate for each component type and for the

filter as an assembly using the procedure discussed in Section
5.2.

5.1.18-1
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Step 3: If no parts list or schematic diagram are available, calculate
the filter failure rate using the following model:

Ap = A x My x T
where

Ap = filter failure rate (F/100 hours)

Ay = base failure rate
= 0.0219 F/106 hours for MIL-F-15733, ceramic-ferrite
construction {styles FL 10-16, 22, 24, 30-32, 34, 35, 38,
41-43, 45, 47-50, 61-65, 70, 81-93, 95, 96)
=-0.120 F/106 hours for MIL-F-15733, d1screte LC components
{styles FL 37, 53, 74)
= 0.120 F/106 hours for MIL-F-18327, discrete LC components
(composition 1)
= 0.265 F/108 hours for MIL-F-18327, discrete LC and crystal
components {composition 2) O
e = environmental factor (Table 5.1.18-1)
T < quality factor

1, MIL-SPEC quality
2.9, lower guality

5.1.18~2
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Environment e Environment TE
Gg 1 Ala 8.8
Gms 1.1 AlF 8.8
Gf 2.1 Auc 10
Gy 6 AuT 10
Mp 6.4 Aug 13
Nsg 3.7 AUA 13
Ng 4.3 Apye 13
Ny 7.9 SF 1.7
NH 8.7 MFE 6.4
Nyu 8.2 MFA 8.2
ARw 11 UsL 14
ALC 5.5 M 16
ALT 5.8 CL 120
Arg 8.8

5.1.18-3
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5.1.18.1 Examples

Step 3:

Step 1:

Step 2:

Given: A MIL-F-18327, Composition 1 band pass filter that is
used in a ground, fixed environment. A parts list is provided
with the following part complement:

RF Coil, MIL-SPEC ‘ - 4 each
Plastic Capacitor, MIL-SPEC - 5 each
Paper/Plastic Capacitor, MIL-SPEC - 2 each
Mica Capacitor, MIL-SPEC - 1 each
Printed Wiring Board, 2-Sided - 1 each
Solder Connections - 24 each

*#inm E 9 a las
¥ o

~ rales n a
RV 3] . LW ilLwuigeT Qa |

Am a1 liiwna w
L=2 ] alriur< i

type.

Plastic {CRH) .0085 f/106 hours
Paper/Plastic (CH) .049 /100 hours
Mica (CM) .01l f/100 hours

RF Coil .01l £/106 hours

PW baard .0029 /100 hours
Connections .00017 f/108® hours

From Section 5.2 calculate a failure rate for the filter
assembly.

Ag = (4 x .011) + (5 x .0085) + (2 x .049) + (1 x .011)
+ (1 x .0029) + (24 x .00017)
Ap = 0.2025 /108 hours

Given: A MIL-F-18327, Composition 1 band pass filter that is
used in a ground, fixed environment. No parts 1list or
schematic diagrams are available and the part complement can
not be determined.

From Section 5.1.18 Step 3 Calculate a failure rate for the
filter assembly.

?\p =iy xTq XTE

Step 2A: Ay = 0.120 £/108 hours

5.1.18-4
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Step 2B: mg =1

Step 2C: Table 5.1.18-1 m¢ = 2.1, GF

Step 20: Ag = 0.120 /100 hours x 1 x 2.1
Ap = 0.252 F/106 hours

5.1.18-5
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5.1.19 Fuses
SPECIFICATION DESCRIPTION
W-F-1726 Fuse, Cartridge Class H
W-F-1814 Fuse, Cartridge, High Interrupting Capacity
MIL-r-537¢ Fuse, Current Limiter Type, Aircraft
MIL-F-23419 Fuses, Instrument Type
MIL-F-15160 Fuses; Instrument, Power and Telephone

(nonindicating), style FOl

The part operating failure rate model is:

Ap X TE

total device operating failure rate (f/lO6 hours)
base failure rate = 0.010 /106 hours

environmental factor (see Table 5.1.19-1)

TABLE 5.1.19-1: ENVIRONMENTAL FACTORS

Environment TE Environment TE
Gg 1.0 A1a 12
Gys 1.2 ATF 12
G 2.3 Ayc 13
G 7.5 AuT 13
Mp 8.1 AuB 18
NsB 4.4 Aua 18
Ng 5.2 AUF 18
Ny 10 SF 1.8
NH 12 MFF 8.1
Ny 12 MF A 11
Apw 16 UsL 20
A1C 6.8 ML 22
AtT 6.8 CL 230
A1B 12

5.1.19-1
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. 5.1.20 Miscellaneous Par‘ts.
TABLE 5.1.20-1

4
FAILUAS RATES FOR MISCELLAMECUS PARTS (FAILDRES/10° HOURS)

Part Type Spceifieation Failure Rate
Vibrators MIL-V=55
60-cycle 15.0
i20=-cvele 20.0
4G0-aycle ) 40.0
Lamps
Neon Lamps 0.20

Fiber Optic Cebles 0.1 (per fiber-km)

(single Cidber typas cnly)

Fiher Cptic Ccnnectors? 0.1

Microwave elements (coaxizl &
waveguide)

Attenvators ({ixsd aad variable)
Fixed Clements (directicnal ccou- see resistors, type
plers, fixed stukbs & cavities) RD
see coaxial connectors
Variabie zZlements (tuned stubs & 0.1

tuned cavities)

1Csution: ZIxocssive mating-demating cycles may sericusly demrzdce reliabi-
lity

5.1.20-1
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TABLE 5.1.20-1 (Cont'd) “

FAILURE RATES FOR MISCELLANEOUS PARTS (FAILURES/'IO6 HOURS)

PART TYPE ' FAILURE RATE
Microwave Ferrite Devices
Isotators & Circulators (< 100W.) 0.1 x Hgy*w*
Isolators & Circulators (> 100K.) 0.2 x Mgy
Phase Shifter (latching) 7 0.1 x Mgy
Dummy Loads
< 100W. 0.01x HEZ***
100W. to <I000W. 0.03 x Ty
> 1000W. 0.1 x Tps
Terminations (thin or thick film loads 0.03 x mg,
used in stripline and thin film circuits

*** . See Table 5.1.20-2 for HE values.

5.1.20-2




Downloaded from http://www.everyspec.com
MIL-HDBK-217E
MISCELLANEOUS

ENVIRONMENTAL MODE FACTORS FOR MICROWAVE

FERRITE DEVICES AND DUMMY LOADS

ENVIRON-- el "e2

MENT

G | !

GS;:, 1.2 1.2
Gp 2.4 2.4
GH 8.8 8.8
NsB 3.7 3.]
Ng 6.2 5.1
Ng 12 12
ol 2 19
L‘U_U' i
Apw 17 23
Az 3.5 2 5
ArT 4.5 g'
A 7
AE 6.5 5.5
AIF 10 10
AUC 1&.5 12
AUT‘ 605 '
Agp 9.5 20
Aga 7.5 15

30
Agr 15
S 1 !
n&- 7.8 12
Mpa 11 16
UsL 23 3%
My, 26 39
L us0. 660

5.1.20-3
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5.2 Parts Count Reliability Prediction. This prediction method is
applicabTe during bid proposal and early design phases. The information
needed to apply the method is (1) generic part types (including complexity
for microelectronics) and quantities, (2) part quality Tevels, and (3)
equipment environment. The general expression for equipment failure rate
with this method is:

i=n
£
i=1 .

for a given equipment environment where:

Ogngdy ()

AequIp i

total equipment failure rate (faiTures/106 hr.)

*equrp
RG = geperic failure rate for the i th generic part (failures/
6
10° hr.)
WQ = quality factor for the i th generic part
N = quantity of i th generic part

3
i

number of different generic part categories.

The above expression (1) applies if the entire equipment is being used in one
environment. If the equipment comprises several units operat1ng 1n d1fferent
environments (such as avionics with units in airborne inhabited and
uninhabited ) environments), then equation (1) shou]d be app11e& to the
portions of thg equipment in each environment. These "environment-equipment"
failure rates should be added to determine total equipment failure rate.
Environmental symbols are as defined in Table 5.1.1-3, page 5.1.1-3.

The quality factors to be used with each part type are shown with the
applicable A tables and are not necessarily the same values that are used
in Section : 1, Part Stress Analysis. Multi-quality levels are presented
for m1croe1ectronics, discrete semiconductors, and for estabiished relia-
bility (ER) resistors and capacitors. The A, values for the remaining

parts apply providing that the parts are progurred in accordance with the
applicabie parts specifications and, for these parts, mg=1. Microelectronic
devices have an additional multiplying factor, m (learning factor) as
defined in Table §,2-9. '

It should be noted that no generic failure rates are shown for hybrid
microcircuits. Each hybrid is a fairly unique device. Since none of these
devices have been standardized, their complexity cannot be determined from
their name or function. Identically or similarly named hybrids can have a
wide range of complexity that thwarts categorization for purposes of this
prediction method. If hybrids are anticipated for a design, their use and
construction should be thoroughly investigated on an individual basis with
application of the prediction model in Section §5.1,2.9.

5.2-1
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The failure rates for this procedure were calculated using the failure rate
models of Section 5.1 The values used for the model parameters are shown in
Tables 5.2-20 through 5.2-25. For the discrete parts a stress ratio of 0.5 was

used.

5.2-2
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