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1. This Military Standard is approved for use by the
Department of the Air Force, and is available for use by all
Departments and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions,
deletions) and any pertinent data which may be of use in
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FOREWORD

The high reliability required of all space equipment is
achieved by the designs, design margins, and by the

Al ¥ s aa a2 e21:l1

manufacturlng process controls 1mposed at each and every level
of assembly. The design and design margins should ensure that
the space eguipment is capable of performing its mission in the
space environment. The manufacturing process controls are
intended to ensure that a known quality product is manufactured
to meet the design requirements and that any changes required
can be made based on a known baseline. To ensure successful
operations of space equipment, attention to every detail is
required at every level of assembly throughout development,
manufacture, gualification, and testing, starting with the
parts, materials, and processes used. For space and launch
vehicles, if the parts, materials, and processes have defects or
lack the required reliability, success may never be achieved.

Analysis of space mission failures and on orbit anomalies by
the USAF Space Division revealed that the nonavallablllty of
reliable space quality electronic piece parts was a serious
deterrent to achieving space mission success. In responding to

this problem, the Space Divisicn Commander :.Z‘;l"""*’“‘q a2 proagram

with the objective of establishing a hlgher "space quality"”
level of piece parts for space borne missions. MIL-STD-1547 is
intended to document these unigque space requirements for
electronic parts, materials, and processes . The requlrements
stated are based upon corrective actions of prior failure
problems and are a composite of those that have been found to be
cost effective for high reliability space applications. The
technical requirements in MIL-STD-1547 are intended to be
consistent with space gquality requirements in military
specifications for specific parts with JAN Class S
designations. To the degree possible, commonality with MX and
NASA requirements is also a goal of the MIL-STD-1547
requirements.

This standard is applicable to all USAF Space Division
contracts for new or modified designs of space and launch
vehicles. These technical requirements for the parts,
materials, and processes are intended to be imposed in the
program peculiar specifications referenced in acquisition
contracts.
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SECTION 1

SCOPE

1.1 PUR E

This standard establishes the minimum technical requirements

for electronic parts, materials, and processes used in the
design, development, and fabrication of space and launch
vehicles. The term “electronic® is used in a broad sense in
this standard and includes electrical, electromagnetic,
electromechanical, and electro-optical parts associated with
electronic assemblies such as computers, communication
equipment, electrical power, guidance, instrumentation, and
space vehicles. The following categories of information are
provided in the standard for use by the circuit designer, part
specialists, material specialists, process specialists, and
reliability engineers:

a. Application information

- Derating

- End-of-life design limit
- Part mounting requiremen
- Aging sensitivity

- Temperature limits

rr
/2]

h, Design and construction information
- Requirements and recommendations
- Reliability suspect items

c. Quality assurance provisions

- In-process controls

- Screening requirements (100 percent testing)
- Lot conformance testing

- Qualification requirements

1.2 APPLICATION OF THE STANDARD
The requirements covered by this standard are intended to:
a. Be the basis for the specification and use of

electronic parts, materials, and processes for
space applications.

SECTION

[

1
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Be the basis for preparing detailed part,
material, and process specifications for the
purchase of parts and materials for use in space
and launch vehicles. These detailed
specifications include the design, construction,
and quality assurance requirements that are
necessary for space or launch applications. 1In
addition, these detailed specifications include
requirements from this standard that supercede or
supplement requirements in existing general
military specifications to ensure the necessary
performance in the space environment and the
necessary quality and reliability for space and
launch vehicle use.




Downloaded from http://www.everyspec.com

MIL-STD~1547A (USAF)
01 DEC 1987

SECTION 2

REFERENCED DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

Unless otherwise specified, the following specifications,
standards, and handbooks of the issue listed in that issue of
the Department of Defense Index of Specifications and Standards
(DoDISS) specified in the solicitation form a part of this
standard to the extent specified herein.

MILI ECIF N

MIL-C-17 Cables, Radio Frequency, Flexible and
Semirigid, General Specification for

MIL-C-20 Capacitors, Fixed, Ceramic Dielectric
(Temperature Compensating), Established and
Non-Established Reliability, General
Specification for

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

MIL-C-123 Capacitors, Fixed, Ceramic Dielectric,
(Temperature Stable and General Purpose),
High Reliability, Genperal Specification for

MIL-C-3098 Crystal Unit, Quartz, General Specification
for

MIL-5-3786 Switches, Rotary {(Circuit Selector, Low
Current Capacity), General Specification for

MIL-5-3950 Switch, Toggle, Environmentally Sealed,
General Specification for

MIL-C-5015 Connector, Electrical, Circular Threaded AN
Type, General Specification for

MIL-R-5757 Relays, Electromagnetic, General
Specification for

MIL-W-5088 Wiring., Aerospace Vehicle

MIL-S5-5594 Switches, Tcggle, Electrically Held, Sealed

SECTION 2



MIL-R-6106

MIL-5-6807

MIL-S5-8805

MIL-5-8834

DOD-E-8983

MIL-S-9395

MIL-S5-15291

MIL-C-15305

MIL-8-19500

MIL-C-19978

MIL-T-21038

MIL-S5-22710

MIL-W-22759

MIL-S-22885

MIL-C-23269

SECTION 2
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Relay, Electromagnetic (Including Established
Reliability (ER) Types), General
Specification for

Switch, Rotary, Selector, General
Specification for

Switches and Switch Assemblies, Sensitive and
Push (Snap Action), General Specification for

Switches, Toggle, Positive Break, Aircraft,
General Specification for

Electronic Equipment, Aerospace, Extended
Space Environment, General Specification for

Switches, Pressure, (Absolute, Gage and
Differential), General Specification for

Switches, Rotary, Snap Action

Coil, Fixed and Variable, Radio Fregquency,
General Specification for

Semiconductor Device, General Specification
for

Capacitors, Fixed, Plastic (or Paper-plastic)
Dielectic, (Hermetically Sealed, in Metal,
Ceramic, or Glass Cases) Established and
Non-established Reliability, General
Specification for

Transformer, Pulse, Low Power, General
Specification for

Switch Code, Indicating Wheel (Printed
Circuit) (Thumb Wheel and Push-Botton),
General Specification for

Wire, Electric, Flucropolymer-Insulated,
Copper or Copper Alloy

Switch, Push Button, Illuminated, General
Specification for

Capacitors, Fixed, Glass Dielectric,
Established Reliability, General
Specification for




MIL-F-23419

MIL-T-23648

MIL-5-24236

MIL-C-24308

MIL-5-24317

MIL-C-~26482

MIL-C-27500

MIL-F-28861

MIL-M-38510

MIL-C-38999

MIL-C-39003

MIL-R-39005

MIL-C-39006

MIL-R-39007
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Fuse, Instrument Type, General Specification
for

Thermistor (Thermally Sensitive Resistor),
Insulated, General Specification for

Switches, Thermostatic, (Metallic And
Bimetallic), General Specification for

Connector, Electric, Rectangular, Miniature

Specification for

Switches, Multistation, Pushbutton
(Il1luminated and Non-Illuminated), General
Specification for

Connector, Electrical, (Circular, Minative,
Quick Disconnect, Environment Resisting)
Receptacles and Plugs, General Specification
for

Cable, Electrical Shielded and Unshielded,
Aerospace

Filters and Capacitors, Radio
Frequency/Electromagnetic Interference
Suppression, General Specification for

Microcircuit, General Specification for

Connector, Electrical, Circular, Miniature,
High Density, Quick Disconnect {(Bayonet,
Threaded, and Breach Coupling), Environment
Resistant, Removable Crimp and Hermetic

Solder Contacts, General Specification for

Capacitors, Fixed, Electrolytic (Solid
Electrolyte), Tantalum, Established
Reliability, General Specification for
Resistor, Fixed, Wirewound, (Accurate),
Established Reliability, General
Specification for

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

Resistor, Fixed, Wirewound (Power Type).,

Established Reliability, General
Specification for

SECTION



MIL-R-39009

MIL-C-39010

MIL-C-35012

MIL-C-39014

MIL-R-39015

MIL-R-39016

MIL-R-39017

MIL-R-39035

MIL-G-45204

MIL-I-46058

MIL-R-55182

MIL-C-55302

MIL-R-55342

SECTION 2
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Resistor, Fixed, Wirewound (Power Type, .
Chassis Mounted), Established Reliability,
General Specification for

Coil, Fixed, Radio Frequency, Molded,
Established Reliability, General

Clumrmma Ea smndamm £ mw
RPHRECWLLL-AOLLWI LWL

Connector, Coaxial, Radio Frequency, General
Specification for

Capacitors, Fixed, Ceramic Dielectric
(General Purpose). Established Reliability,
General Specification for

Resistor, Variable, Wirewound (Lead Screw
Actuated), Established Reliability, General
Specification for

Relay, Electromagnetic, Established

ATTe s A -

Resistor, Fixed Film, (Insulated) Established
Reliability, General Specification for

— a = —-— s e _w -~ o — _ ‘
contact, LieCitlIlcal LonnectoIlr, oueneral '
Specification for

Resistor, Variable, Nonwire Wound (Adjustment
Type), Established Reliability, General
Specification for

Gold Plating, Electrodeposited

Insulating Compound, Electrical (for Coating
Printed Circuit Assemblies)

Printed Wiring, Flexible, and Rigid-Flex

ntEad Wirdin
L¥ 3 -

A8 W ALY

-

rh g

ri
or

Resistor, Fixed, Film, Established
Reliability, General Specification for

Connector, Printed Circuit Subassembly and
Accessories

Resistor, Fixed, Film, Chip, Established
Reliability, General Specification for

h



MIL-C-55365

MIL-C-55681

MIL-W-81381

MIL-R-83401

MIL-C-83421

DOD-W--83575

MIL-C-83723

MIL-C-87164

MIL-C-87217

Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

Capacitor, Chip Fixed Tantalum, Established
Reliability

Capacitors, Chip, Multiple Layer, Fixed,
Encapsulated, Ceramic Dielectric, Established
Reliability, General Specification for

Wire, Electric, Polyimide - Insulated, Copper
or Copper Alloy

Resistor Networks, Fixed, Film, General
Specification for

Capacitors, Fixed, Supermetallized, Plastic
Film Dielectric, (DC, AC, or DC and AC).

ermetically Sezled in Meta
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Wiring Harness, Space Vehicle, Design and
Testing, General Specification for

Connector, Electrical, (Circular, Environment
Resisting), Receptacle and Plugs, General
Specification for

Connector, Electrical, Miniature, Rectangular
Type, Rack to Panel, Environment Resisting,
200 deg C Total Continuous Operating
Temperature, General Specification for

Capacitors, Fixed, Mica Dielectric, High
Reliability, General Specification for

Capacitors, Fixed, Supermetallized Plastic Film
Dlelectrlc, Direct Current for Low Energy, High

[rp—— L o — e e de 2 w1 T a O T
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Metal Cases, Established Reliability, General
Specification for

FEDERAL STANDARDS

FED--STD-209

Clean Room and Work Station Requirements,
Controlled Environment

MILITARY STANDARDS

MIL-STD-15%8
MIL-STD-199

MIL-STD-202

Capacitor, Selection and Use of
Resistor, Selection and Use of

Test Methods for Electronic and Electrical
Component Parts

SECTION 2



MIL-STD-275
MIL-STD-750

MIL~-STD-883

MIL-STD-1132

MIL-STD-1331

MIL-STD-1346

MIL-STD-1353

MIL-STD-1580

DOD-STD-1686

DOD-STD-2000-1

DOD-STD-2000-2

DOD-STD-2000-3

MIL-STD-2118

ILITARY NDB

MIL-HDBK-217

DOD-HDBK-263
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Printed Wiring for Electronic Equipment
Test Metheds for Semiconductor Devices
Test Methods and Procedures for Microelectronics

Cor+ifira+inon R
g s b v de ule Y A e e W L)

b

JAN Microcircuits
Design, Manufacturing, and Quality Standards for
Custom Electromagnetic Devices for Space
Applications

Switches and Associated Hardware, Selection and
Use of

Parameters To Be Controlled for the
Specification of Microcircuits

Relays, Selection and Application

Electrical Connectors and Associated Hardware,
Selection and Use of

Destructive Physical Analysis for Space Quality
Parts

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

Soldering Technology, High Quality/High
Reliability

Part and Component Mounting fo
Quality/High Reliability So¢lde
Electronic Assemblies

r
I

Hi
g~ |
ed

Criteria for High Quality/High Reliability
Soldering Technology

Flexible and Rigid-Flex Wiring for Electronic
Equipment, Design Requirements for

Reliability Prediction of Electronic Equipment

Electrostatic Discharge Control Handbhook for
Protection of Electrical and Electronic Parts,
Assemblies, and Equipment.
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MIL-HDBK-279  Total Dose Hardness Assurance Guidelines For
Semiconductor Devices and Microcircuits,
February 1985.

MIL-HDBK-280 Neutron Hardness Assurance Guidelines For
Semiconductor Devices and Microcircuits.

February 1985. S

MIL-HDBK-339 Custom Large Scale Integrated Circuit
Development and Acquisition For Space Vehicles

(Copies of specifications, standards, drawings, and publications
required by contractors in connection with specific procurement
functions should be obtained from the contracting office or as
directed by the contracting officer.)

OTHER MILITARY

AFSCP 800-27 Part Derating Guidelines; Department of the Air
’ Force, Air Force Systems Command (AFSC) Pamphlet
800-27

Application for copies should be addressed to: Department of the
Alr Force, Headquarters Air Force Systems Command, Andrews Air

----- Noaoe neo N7 A
LULL-G LHRDE ) Aw avoodTs

NASA PUB ATION

T™ X-64755 Guidelines for the Selection and Appl ation of
____ 2 e 'I.l

Tantalum Electrolytic Capacitors in nig
Reliable Equipment

b

Application for copies should be addressed to: National Technical
Information Service, 5285 Port Royal Rd. Springfield, VA 22161

MSFC-STD-355 Radiographic Inspection of Electronic Parts

Application for copies should be addressed to: Marshall Space
Flight Center, Document Repository (AS24D), Huntsville, AL 35812

(Copies of specifications, standards, handbooks, drawings, and
publications required by contractors in connection with specified
acgquisition functions should be obtained from the contracting

:nni--:r‘O-xr ny acg R-; v-ar-i—c:ﬂ I-nr the r-nn'i- :|r-I-1nn F\FF'IF'D" \

2.2 NONGOVERNMENT DOCUMENTS

I T T b — [ e

The following documents form a part of this standard to th
extent specified herein. Unless otherwise indicated, the issu

in effect on the date of invitation for bids or reguest for
proposal shall apply.

o @
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AMERICAN IE R TIN TE

ASTM E 595-84 Standard Test Method for Total Mass Loss and
Collected Volatile Condensable Material From
Outgassing in a Vacuum Environment

Application for copies should be addressed to: American Society
for Testing Materials, 1916 Race Street, Philadelphia, PA 15111

ELECTRONICS INDUSTRIES ASSOCIATION
RS-477 Cultured Quartz

Application for copies should be addressed to: Electronic
Industries Association, 2001 I St., N.W., Washington, D.C. 20006

INTERNATIONAL ELECTROTECHNICAL MM ION

IEC 302 Standard Definitions and Methods of

Measurement For Piezoelectric Vibrators
Operating Over the Frequency Range IUlp to 30

P N e WA e e By A= L |

Megahertz
Application for copies should be addressed to: Central Bureau
of the Internaticnal Electrotechnical Commission 1, rue de
Varembe, Geneve, Suisse

2.3 ORDER OF PRECEDENCE

In the event of a conflict between the text of this standard
and the references cited herein, the text of this standard shall
take precedence. Nothing in this standard, however, shall
supersede applicable laws and regulations unless a specific
exemption has been obtained from the contracting officer.

SECTION 2
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SECTION 3

DEFINITIONS

Terms are in accordance with the following definitions:

3.1 CONTRACTING OFFICER

Contracting officer means a person with the authority to
enter into, administer, or terminate contracts and make related
determinations and findings. The term includes authorized
representatives of the contracting officer acting within the
limits of their authority as delegated by the contracting
officer.

3.2 DERATING

Derating of a part is the intentional reduction of its
applied stress, with respect to its rated stress, for the
purpose of providing a margin between the applied stress and the
demonstrated 1limit of the part’'s capabilities. Maintaining this
derating margin reduces the occurrence of stress-related
failures and helps ensure the part‘s reliability.

3.3 DESTRUCTIVE PHYSICAL ANALYSIS (DPA)

A systematic, detailed examination of a part during physical
disassembly, to verify manufacturing processes, materials, and
workmanship and to detect anomalies that may impact performance
or reliability.

3.4 ELECTRONIC PARTS.
The term "electronic” is used in a broad sense in this
standard and includes electrical, electromagnetic,
electromechanical, and electro-optical., These parts are
associated with electronic assemblies such as computers,
communication equipment, electrical power, guidance,
instrumentation, and space vehicles. Electronic parts also
include connectors. :

3.5 END-OF-LI IMI

The end-of-life design limits for an item are the expected
variations in its electrical parameters over its period of use
in its design environment. The parameter variations are
expressed as a percentage change beyond the specified minimum
and maximum values. Circuit designs should accommodate these
variations over the life of the system.

=
Q
=2
w
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3.6 MANUFACTURING BASELINE.

The manufacturing baseline is a description, normally in the
form of a flow chart, of the sequence of manufacturing
operations necessary to produce a specific item, part, or
material. The manufacturing baseline includes all associated
documentation that is identified or referenced, such as: that
pertaining to the procurement and receiving inspection, storage,
and inventory control of parts and materials used; the
manufacturing processes; the manufacturing facilities, tooling,
and test equipment; the in-process manufacturinag controls; the
operator training and certification; and the inspection and
other quality assurance provisions imposed. Each document is
identified by title, number, date of issue, applicable revision,
and date of revision.

3.7 MATERIAL.

Material is a metallic or nonmetalic element, alloy,
mixture, or compound used in a manufacturing operation which
becomes either a temporary or permanent portion of the
manufactured item.

3.8 MATERIAL LOT.

A lot for material refers to material produced as a single
batch or in a single continuous operation or production cycle
and offered for acceptance at any one time.

3.9 PART.

A part is one piece, or two or more pieces joined together,
which are not normally subjected to disassembly without
destruction or impairment of its designed use.

3.10 PROCESS.

A process is an operation, treatment, or procedure used
during a step in the manufacture of a material, part, or an
assembly.

3.11

A production lot of electronic parts refers to a group of
parts of a single part type; defined by a single design and part
number; produced in a single production run by means of the same
production processes, the same tools and machinery, and the same
manufacturing and quality controls; and tested within the same
pericd of time, All parts in the same lot have the same lot
date code.

SECTION 3
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3.12 RELIABILITY SUSPECT DESIGRS

Reliability‘suspect designs are those specific designs or
constructions that have demonstrated problems which are inherent
to the specific part designs, materials, or processes utilized.

3.13 MANUFACTURER SURVEILLANCE

The monitoring of preestablished criteria by the contractor
or his designated representative, of the manufacturing, quality
control, and test operations of a manufacturer.

SECTION 3
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SECTION 4

GENERAL REQUIREMENTS

4.1 REQUIREMENT CATEGORIES

The regquirements for space quality electronic parts,
materials, and processes specified in this document are
categorized as application requirements, design and construction
requirements, and guality assurance requirements. The
application requirements include derating requirements,
end-of-1life limitations, mounting requirements, and other
requirements intended to ensure the high reliability of the
parts when used in space equipment and launch vehicle
equipment. These application requirements apply to all parts.
The design and construction, and the quality assurance
requirements included provide requirements that supercede or
supplement referenced general military specifications to ensure
the necessary performance in the space environment and the
necessary quality for space and launch vehicle use. These
design, construction, and quality assurance requirements provide
the general requzrements for customer specifications or

£a 'S £
contractor specifications for various space guality part type

when JAN Class S parts are not available. (A JAN Class S part
is an electronic part that is built, tested, gqualified, and
procured in full accordance with the space quality level
requirements as specified in its general and detailed military
specification.)

4.2 APPLICAT I

4.2.1 Derating. Circuits shall be designed with the
parts derated as specified herein. The extent to which
electrical stress (e.g., voltage, current, or power) is derated,
is dependent upon temperature. The general interrelationship
between electrical stress and temperature is shown in Figure
4-1. The approved operating conditions lie within the area
below the nominal limitation line (ESNQM). Operation at
conditions between the nominal limitation line and the worst
case limitation (ESyc) line shall be identified and analyzed
to assure meetzng system requirements since they result in lower
reliability (see MIL-HDBK-217). Operation beyond worst case
iimitations is not acceptable due to the lowering of part
reliability.

To obtain the specific curve for each part type, numerical
values are applied to the general curve based on the specified
maximum rated values being 100 percent. The applicable derating
curve or derating factor is given in the detailed section for

SECTION 4
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ELECTRICAL
STRESS
{percent of
rated value) PROHIBITED USE
100% — rated value
ES Worst Case Limitation
wWC
ESnom
APPROVED
APPLICATION
Nominal Limitation
0% || |
TC1 TCy TN Twe TC»
wWC NOM
CASE TEMPERATURE IN DEG C
Where:

TCy = Case temperature above which applied electrical
stress should be reduced. Unless otherwise specified,
TC; (worst case) is the same as TC; (nominal).

TCy = Maximum allowable case temperature per detailed
specification

TN = Nominal boundary limitation. Typically:
TNy equals (Twc - 10 deg C). Other temperature
deltas may be given in the detailed requirements.

TWC = Worst case thermal boundary. Typically:
Twc equals (TC; - 30 deg C)

ESnoM = Maximum steady state or average operating
electrical stress
ESyc = Worst case electrical stress, including
electrical transient and radiation effects
100% = Maximum rated value per detailed specification

FIGURE 4-1. Typical Electrical Stress vs Temperature
Derating Scheme

SECTION 4
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each part type. The derating factor is to be multiplied times
the part rating to obtain the allowed nominal limitation value
for specific applications.

4.2.2 Eﬁg of-life. Circuits shall be designed such that

; : A
required functional performance at the component level is

maintained even if the performance values of the parts used vary
within the identified end-of-life design limits. Except as
stated otherwise in the detailed requirements section for each
part type, the end-of-life values given are the percentage
changes from initial values to be assumed for that part type,
during, or at the end of a l0-year period, during which time the
parts are in the approved application region {see Fig. 4-1).

The end-of-life design limits to be assumed for time periods
longer than 10 years require approval of the contracting officer,

4.2.3 Aqing Sensitivity. Aging sensitivity for items is
measured by the variation of their useful life or of their

electrical parameters resulting from:
a. The relaxation of internal stresses, or

b. The operation of deterioration mechanisms, such as
oxidation or hydrogen absorption

Aging sensitivity shall be considered in the design and
selection of parts and materials., Items with known mechanisms
causing degradation as a function of time shall be identified,
and monitoring procedures that are approved by the contracting
officer shall be established to avoid usage of over age items.

4.2.4 Sealed Packages. The atmospheric environment

encountered during space missions range from sea level to hard

e Ry T L1 o) TN mrTew harmabki a1l canalad marde eshAatn 1A o
¥ O L LAY AT LTLVLE Viid Y HTLLNCLAVQOLLY STCaicu paL Lo [~ YLSAVIF R Y Iy ¥

selected for use in a space mission environment. When
hermetically sealed parts are not available, nonhermetically
sealed parts may be selected. When nonhermetically sealed parts
are selected, the in-process assembly and cleaning operations
used shall not be detrimental to the parts, and the subsegquent
putgassing, sublimation, moisture penetration, or moisture
absorption shall not be detrimental to the part or to the system.

4.2.5 Reliability Suspect Degigns. All devices
containing desiccants are classified as reliability suspect
designs. Other devices or design features are also identified
as reliability suspect designs in the detailed requirement
sections of this standard. The use of these devices, or other
devices identified in the contract as reliability suspect
designs, requires the approval of the contracting officer.

SECTION 4
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4.2.6 Hﬁnﬁligg. Protection against electrostatic damage

to electrostatic sensitive ﬁn\nﬂg: shall be provided in

L e LT 4 3 W P Y aanls a s A - e as

accordance with Appendlx B. Electrostatic sens1t1ve items shall
be packaged, stored, and transported in sealed packages using
antistatic wrapping material. The antistatic wrapping material
used should not produce nonvolatile residues. The antistatic
wrapping material shall be grounded through a resistor prior to
removal. The grounding resistor shall have a value between
100,000 ohms and 1 megohm.

4.2.7 n l1lation M ing. The mechanical stresses
on parts during environmental changes (e.g., temperature, shock,
and vibration) shall be minimized by design and through
utilization of the appropriate mounting requirements of Appendix
A, as supplemented by mounting requirements for the part type
given in the detailed requirements section. The design shall

mlnlmlze the mechanical stresses on parts arising from different
material properties in joined materials.

4.2.8 ggggggmgl_gggtigga ‘Unless otherwise directed by

4 ) . I A |
ard assemblies shall be

o
D-275 and the following:

a. To prevent stressing solder joints, a technique of
applying conformal cecating shall be used to ensure
coating the underside of components spaced off the
printed wiring board, without bridging between the
printed wiring board surface and the parts or part
leads.

b. The coated assemblies shall exhibit no blisters,
cracking, crazing, peeling, wrinkles, mealing, or
evidence of reversion or corrosion. A pin-hole,
bubble, or combination thereof may not bridge more
than 50 percent of the distance between
nonconnecting conductors, while maintaining the
minimum dielectric spacing. Bridging of greater
than 50 percent shall be reworked to meet this
requirement.

c. If rework of a coated assembly is required, only
mechanical means may be used to remove other than
Type AR (MIL-I-46058) and solvent removable
parylene (paraxylene) coatings.

4.2.9 Reuse of Parts and Materials. Parts and materials
which have been installed in an assembly, and are then removed
from the assembly for any reason, shall not be used again in any
item of flight or space hardware.

SECTION 4
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4.3 PART REQUIREMENTS

The requirements included in this general regquirements
section (Section 4) are applicable to all part types and are
intended to avoid excessive repetition of material in other
sections. The requirements for specific part types are stated
in subsequent detailed requirement sections of this standard.
The applicable military specification requirements are
identified in the detailed requirements section for each part
type. Therefore, each part used in space or launch vehicles
shall comply with the following:

a. The performance and other added requirements
specific to a given application, such as
outgassing limitations, radiation susceptibility,
and corrosion resistance

b. The design, construction, and quality assurance
requirements included in the detailed requirements
section of this standard for the part type

c. The general design, construction, and quality
assurance requirements included in the general
reguirements section of this standard

d. The referenced requirements of the applicable
military specification for the part type

The detailed specifications that are usually prepared for
particular parts should incorporate applicable requirements from
this standard either by referencing or by copying the applicable
requirements to be included.

4.4 PART DE N _AND NETR N

Parts shall be designed and constructed to meet the
requirements stated in the detailed requirements section for
each part type and the requirements stated herein.

4.4.1 Design. Parts shall be designed for high
reliability and long life in storage, in test, and in
operational use during the launch environment for both reuseable
and for expendable launch vehicles, and during on-orbit
operations in the space environment. Where practicable, parts
shall be hermetically sealed. When required by system
environments, the radiation hardness assurance for piece parts
shall be established, implemented, and maintained per the
requirements of Appendix C.

4.4.2 Materia]l Hazards. Parts shall be designed and
constructed of such materials as to prevent hazardous

SECTION 4
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conditions, such as: arc generation, flammability, outgassing,

and toxicity. When hazardous materials are present, they shail

be in hermetically sealed packages. Parts shall be designed and
constructed of corrosion resistant materials.

4.4.3 OQutgassing. The outgassing properties of parts and
materials shall be compliance to the requirements of ASTM-E-595-84.
The volatile condensible materials shall be less than 0.10 percent
and total weight loss shall be less than 1.00 percent, Note that
an evaluation is usually required since outgassing may not be

controlled hv the m111+arv qnnﬂ'l fica¥inng
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4.4.4 Processes and Contrels. The manufacture of parts
shall be accomplished in accordance with processes and controls
that ensure the reliability and quality required. These
manufacturing processes and controls shall be accomplished in
accordance with fully documented procedures. This documentation
shall be in a sufficient detail to provide a controlled
manufacturing baseline for the manufacturer that ensures that
subsequent production items can be manufactured that are
equivalent in performance, quality, dimensions, and reliability
to initial production items used for qualification or for flight
hardware. This documentation shall include the name of each
process, each material required, the point it enters the
manufacturing fliow, and the controlling specification or
drawing. The documentation shall indicate required tooling,
facilities, and test equipment; the manufacturing check points;
the quality assurance verification points; and the verification

procedures corresponding to each applicable process or material
ligtead, The snecifircations, procedures,; Arauwi ngs, and

A AN M R et A e e e A R A WS B S o —_Em e

supporting documentation uhall reflect the spec1f1c revisions in
effect at the time the item(s) used for qualification were
produced. When approved by the contracting officer, these flow
charts and the referenced spec1f1cat10ns, procedures, drawings,
and SU?PG?Llﬁg documentation become the all&i’iﬁLECLﬁflﬁg process
control baseline and shall be retained by the manufacturer for
reference. It is recognized that many factors may warrant
making changes to this documented baseline; however, all changes
to the baseline processes used, or the baseline documents used,
shall be recorded by the manufacturer following the production
of the first lot. These changes provide the basis for flight
accreditation of subsequent production lots, so the changes
should only be made when approved by the contracting officer.

4.4.5 Production Lots. All parts shall be grouped
together in individual production lots during the various stages
of manufacturing (see 3.11).

A A B 1 Car1511—rni-1nn Cari

4.4.5,1 Serialization. Serial numbers or cther unnigue
identification shall be assigned for all items in a production

SECTION 4
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lot at an appropriate point in the manufacturing of the part,
usually prior to completion of final assembly, but in all cases
prior to 100 percent screening.

4.4.5.2 Traceability Control System for Parts. The

manufacturer shall maintain fabrication records capable of
providing two-way traceability from the first stages of assembly
through final acceptance testing, and in the reverse order. The
records shall include traceability of critical materials
{including random sampling test records), processes (including
destructive testing lot records), and pre-acceptance testing
records, and source cf supply. The records shall be identifiable
to the item serial number.

4.4.6 Manufacturing Workmanghip. Workmanship during the
assembly of parts shall ensure compliance with the applicable
sections of this standard and the following requirements:

a. There shall be no cracks, breaks, chips, spalls,
loose or overstressed electrical connections, or
any other defect that would make the item
unsuitable for use in space and launch vehicles,

b. All surfaces shall be free of any defects that may
create adverse effects on reliability, functional
characteristics, or shorten the operating life of
the part such as excessive scratches, dents,

blisters, rough spots, burrs, sharp edges or
nrn-lnr‘{-\nnc: or incinsione .

c. Items with internal cavities shall be free of
particulate contamination.

4.4.7 k ring Manufactur f Parts. Except as may
be allowed by the detailed requirements section for each
specific part, rework during manufacturing is not allowed.

4.5 PART QUALITY ASSURANCE PROVISIONS

The quality assurance requirements for each part type are
specified in the detailed regquirements for that part type. The
guality assurance provisions are classified as:

a. In-process controls
b. Secreening (100 percent)
c Lot conformance tests

d. Qualification tests

SECTION 4
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4.5.1 1__2;gge55_§ggt;gis Each production lot shall be

F o BN L —— o o g -

buu_]t:.'\.ceu to the ili-pProCess PLGUULLLUH controls ap!:t...n..i.!::u in the
detailed requ1rements section of this standard for that part
type. Additional in-process controls shall be imposed as
required to achieve the high guality and reliability goals of
space and launch vehicle parts. The imposition of appropriate
in-process controls is a more cost-effective way of screening
out defects than the imposition of tests and inspections on
completed units. In fact, the high reliability goals for space
guality parts can only be achieved by the imposition of all of
the appropriate in-process controls. Nonconforming material or
items that do not meet the established tolerance limits set for
the in-process production screens shall be removed from the
production lot.

Ve e Z e AN Timsimone b b TVow ;e =
4.5.2 RUICCINIOY § LUV EFCLULIIL) . Ldaivil luen

P E . —
production lot shall be subjected to the 100 percent screening
requirements specified in the detailed requirements section of
this standard for that part type. Nonconforming units that do
not meet the established limits set for the 100 percent screens
shall be removed from the production lot. Note that many of the
tables in this standard list the additions and exceptions to the
screening or testing requirements of the referenced military
specification. When a blank is shown opposite a specific screen
or test, that means that there are n¢ changes to that test
method or to the criteria specified in the referenced military
specification.

4.5.3 Lot Conformance Tests. Lot conformance testing

shall be performed as 2 hasigs for final lot acceptance on each

- e wrwm e e e ww

production lot of parts. After a production lot has passed all
in-process controls and 100 percent screening requirements, the
lot conformance tests shall be performed on a randomly selected
sample taken from the productlon lot. The detailed requirements
for these lot conformance tests for each pxuuucclon 1ot are
specified in the detailed requirements section of this standard
for each part type.

A destructive physical analysis shall be performed as part
of lot conformance testing when specified in the detailed
requirements section of this standard for that part type.
Except as stated otherwise in the detailed requirements for a
specific part type, the destructive physical analysis shall be
performed in accordance with MIL-STD-1580.

If no failures occur during lot conformance tests, the
remaining portion of the production lot is certified as
acceptable., Parts that have undergone destructive tests during
lot conformance testing shall not be returned to the production

lot for flight use; however, other test samples may be shipped

SECTION 4
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as acceptable units. If any of the sample units subjected to
the lot conformance tests fail during the testing, the entire
lot shall be rejected, unless another disposition of the lot is
approved by the contracting officer. 1In addition, a detailed
failure analysis shall be conducted to establish the cause of
failure and the corrective actions that would:

a. Establish the recommended disposition of the lot
containing the failure that would eliminate the
failure (such as 100 percent rescreening for the
failure mode).

b. Establish the recommended disposition of
subsequent production lots that may contain the
identified failure mechanism that would eliminate
the failure.

c. Establish the recommended disposition of prior
production lots that may contain the identified
failure mechanism that would eliminate the failure.

4.5,4 Qualification Tests. All part types shall be
qualified in accordance with the requirements stated herein. In
all cases, the contracting officer is the agent that approves
the satisfactory completion of the part gualification. Part
gqualification testing reguirements in military specifications
are normally based upon the maximum functional and environmental
limits of the specific part type to ensure the widest possible
usage of the part. However, radiation or other environments
associated with specific space applications may not be stated in
the military specifications for parts, or the expected
environments may be more severe than the standard levels
specified for qualification testing of that part type. 1In those
cases, gualification testing shall be based on the actual
environments associated with the specific space applications,
and the qualification test levels shall be raised to levels
above the maximum predicted levels to provide an appropriate
margin for derating. Qualification of a part type may be by any
one of the following methods:

a. alifi ion Testin New Par es). For part
types without any previous space usage,
qualification is established by the satisfactory
completion of the qualification test requirementsg
stated in the detailed requirements section of
this standard for that part type, adjusted to the
requirements of the specific application if they
are more severe.

SECTION 4
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®
b. ifi i i Existin

part types with a previous record of high
reliability performance in space vehicle
applications, separate qualification tests are not
required if the new application is identical or
less severe. Qualification is established by the
completion of the required lot conformance tests
stated in the detailed requirements section of
this standard for that part type. For part types
to be used in more severe applications than in
previous space vehicle applications, additional
gqualification tests are required that are based on
the new requirements of the specific application.
The qualification levels shall be raised to levels
above the maximum predicted levels to provide an
apnronriate rn:\'rn'ln for derating,

A= o R R R L - e ety

. For

c. ifi ion imilarity. Qualification by
similarity is based upon a previous complete
qualification test of a similar part type produced

| o A o wmesr mabawriala milar
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in-process controls, and made by the same

manufacturer on the same production line.

Satisfactory completion of supplemental analysis

and tests shall be reguired to the extent -
necessary to substantiate any differences in -
design, manufacture, screening, or environmental

levels with the previously qualified part.

d. Qualification by Contracting Officer Approval.
Only the contracting officer may waive
qualification requirements. For example, part
qualification may be based upon the gualification
of higher levels of assembly components or units,
or other special qualification procedures may be
used, if approved by the contracting officer.
Also, part types may be qualified to lower
environmental levels than specified in the
military specifications if the lower environmental
levelg £till satisfy the requirements of the

actual intended application..includlng the
required margin for derating, if approved by the
contracting officer.
Parts that have undergone des
qualification testing shall not b
lot for £light use.

ng
oduction

oo
-
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4.6 PART RIALS DAT NTION

All manufacturing, test, and inspection data and records
shall be retained for a minimum of twelve (12) years, or the
life of program plus three (3) years, whichever is longer.

These include lot travele:rs, mix or blend chuadn, wafer
processing records, test procedures, test data, DPA reports,
inspection records, screening records, nondestructive inspection

records, and radiographs.

4.7 PACRAGING.

Packaging of individual parts during shipment shall be per
the requirements imposed by the associated military
specification for the particular part type. Electrostatic
sensitive items shall be packaged and sealed using antistatic
wrapping material (see Appendix B). The antistatic wrapping
material used should not produce nonvolatile residues.

25
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SECTION 5

DETAILED REQUIREMENTS

The detailed requirements for parts, materials, and
processes for use in space and launch vehicles are contained in
the following sections of this standard. These detailed
requirements are in addition to the general reguirements
contained in Section 4.

SECTION 5
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SECTION 100
BOARDS, PRINTED WIRING

1. SCOPE

This section sets forth detailed requirements for printed
wiring boards.

2. APPLICATION

Where practicable, rigid printed wiring boards with plated

i-hrnunh holes shall be used to interconnect elacrtronic Pari—:

L e AT wmW AW L W WALASTA W W e o e A iR A

The mountlng of parts shall be in accordance with Appendix A.
Part mounting shall allow visual inspection of all solder joints
on both sides of the board.

3. DESIGN AND CONSTRUCTION
3.1 Rigig Printed Wiring Boards. All rigid printed

wiring boards with plated-through holes shall be in accordance
with MIL-P-55110 and MIL-STD-275 and the following:

a. N i La In n L rs):
Nonfunctional lands shall be included on internal
layers of multi-layer boards whenever clearance
requirements permit.

b. Etchback: Etchback or equivalent processes
approved by the contracting officer shall be used
to ensure complete resin smear removal from the
holes prior to plating. The etchback limits shall
be between 0.0002 inch minimum and 0.003 inch
maximum. The preferred etchback limits are
between 0.0005 and 0.002 inch.

c. Flammability: Where practicable, flame-retardant
material shall be used.

d. Drill Bit Limit: The number of holes to be
plated-thru that are drilled per one drill bit

shall be 500 holes maximum.

e, Drill Chan : All drill bit changes shall be
documented. Resharpening of drill bits is not
permitted.

SECTION 100
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Drilling Roadmap: Drilling of the panel shall be
such that drilling begins and ends in a coupon
associated with each printed wiring board.
Stacking:

when drillir

Stacking of panels is not permitted
ng holeg that are to bha nlated-throu h_

& LR~ B e A AT s

Tin-lead Plating: Tin-lead plating thickness
shall be 0.0003 inch minimum. If the board is to
be processed for surface mounting components by
reflow soldering, the tin-lead plating thickness
on the reflow solderable surface areas shall be
between 0.001 and 0.002 inches before fusing.
There shall be no solder plate on any surface
which is to be laminated to an insulator, metal
frame, or stiffener,

Fusing: After solder plating and other processes,
unless otherwise specified on the master (source
control) drawing, the printed wiring board shall
be fused, and shall be limited to one fusing
operation, whether or not the fusing process heats
one or both sides of the board. The fuse time and
temperature shall be recorded. After fusing, the
solder coating shall be homogeneous and completely

cover the conductors without BIEEIBg or p1nhol1ng
and show no non-wet areas. Side walls of the
conductors need not be sclder coated. Touch-up is

permitted.

Ductility: Elongation of as-plated copper shall
be 12 percent minimum. Pull test samples shall be
prepared by the rotating cylinder method, or by
any process yielding equivalent results.

Process-control Coupong: As many process-control
coupons as are necessary to control the processes
are required for each panel. The number of
in-process coupons is at the manufacturer's
option. These process-control coupons shall be
included in the shipment of the deliverable boards
only if requested by the contracting officer.

Solder Plate Ccupons: Each board that is to be
fused shall require a solder-plate coupon. These
solder plate coupons shall be removed from the
panel before fusing to verify the solder
thickness. These sclder-plate coupons shall be

included in ths snlppent of the daliverable bopards

B AEAr AN o ¥ My A TAAr A e B e wm A
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m. Deliverable Coupons: Double-sided and multilayer

printed wiring boards require two deliverable
coupons per board, or for small board sizes, two
deliverable coupons per 150 square centimeters (24
square inches) of panel area, whichever is less.
These coupons shall be located on the panel in
positions suitable to monitor the processes
involved across the diagonal of each board. A
single coupon located at the center area common to
the inside corners of adjoining boards on a panel

may be used as one of the required coupons for

each of the adjoining boards. For example, for
four large boards on a panel, a coupon at each of
the four outside corners and a common coupon at
the center, for a total of five coupons, are all
that are required. These deliverable coupons are
in addition to the process-control coupons
required for each panel, All coupons shall be
processed with the deliverable boards. The
deliverable coupons shall be included in the
shipment of the deliverable boards.

n, Coupcon Marking: Each coupon shall be suitably
marked to achieve traceability. All deliverable
gcoupons ghall be serialized,

o. Storage and Retrievabiljty: All deliverable
coupons shall be stored and shall be readily
retrievable for a period of twelve (12) years, or

the life of pPIogIaii p.LUD three \.:u years,
whichever is longer.

3.2 Multilayer Printed Wiring Boards. When multilayer

printed wiring boards are used, the surfaces of the copper on
all inner layers to be laminated shall be treated or primed
prior to lamination to increase the laminate bonding. A copper
oxidation technique is an acceptable treatment prior to
lamination. Multilayer printed wiring boards shall be
configured so as to equalize, to the extent practicable, the
distribution of conductive areas in a layer and the distribution
of conductive areas among layers. Large conductive areas such
as ground planes shall be positioned close to the board midpoint
thickness. When more than one ground plane is reguired, they
shall be in layers that are equidistant from the midpoint.

3.3 Flexible and Rigid-flex Wiring. Flexible and
rigid-flex printed wiring shall conform to MIL-P-50884 and shall

be designed in accordance with MIL-STD-2118.

SECTION 100
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L UALITY

Quality assurance provisions shall be in accordance with the
general requirements of Section 4, the reguirements of
MIL-P-55110, and the following:.

4.1 In-process Controls. In—prdcess controls shall be

monitored to assure compliance with the requirements specified.

a. Elongation of as-plated copper shall be monitored
to ensure ductility of 12 percent minimum. An
alternate method is to monitor the copper plating
bath to maintain the level of bath organics
composition within specified limits that are
established on the basis of as-plated copper
ductility.

b. Solder-plate coupons shall be removed from the
panel before fusing, and either sectioned, or a
suitable thickness measuring device used, to
verify the solder thickness.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the general requirements of Section 4
and other reguirements based on guidance provided by MIL-P-55110.
100 percent electrical testing is required at the bare board
level.

4.3 Lot Conformance Tests. Lot conformance tests shall be
in accordance with the general requirements of Section 4 and the
requirements of MIL-P-55110. All deliverable coupons shall be
sectioned, mounted, and inspected to verify that all applicable
requirements have been met. :

4.4 Qualification Tests. Qualification testing is based
on two steps. First, the manufacturer shall be certified as a
qualified manufacturer in accordance with the requirements of
MIL-P-55110. The second step is the qualification testing of
higher assembly levels (subassemblies or components) that contain
the boards. 8Since qualification is based on these two steps,
individual board qua;ification tests are not required.

SECTION 100
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SECTION 200
CAPACITORS, GENERAL

1. SCOPE

This section sets forth common requirements for capacitors.
Table 200-1 lists, by dielectric type, the capacitor styles
included and indicates the applicable section in this standard
where additional detailed requirements are set forth.

TABLE 200-1. Capacitor Styles Included in Section 200,

Section Dielectric Material Ref. Military Capacitor
Number Specification Style
210 Ceramic MIL-C-123 CKS
230 Supermetallized Film MIL-C-83421 CRH
232 Supermetallized Film MIL-C-87217 CHS
{Low Energy Applications
235 Plastic Film; Metallized MIL-C-19978 CQR
and Nonmetallized
240 Glass MIL-C-23269 CYR
250 Mica MIL-C~87164 CMS
260 Tantalum Foil MIL-C-39006 CLR
270 S0lid Tantalum MIL-C-39003 CSR
272 Solid Tantalum MIL-C-39003/10 CSs
{Low Impedance Applications)
275 Solid Tantalum Chip MIL-C-55365 CWR
280 Wet Tantalum-Tantalum Case MIL-C-39006/22 CLR 79

2. APPLI I

Use of capacitors shall be in accordance with MIL-STD-198
and the requirements contained in the detailed requirements
sections of this standard for each capacitor type. For
additional tantalum capacitor information see NASA TM X-64755.

2.1 Derating. The longevity, and@ hence the reliability,
of a capacitor is improved by operating below its rated
temperature limit and below its rated voltage, both ac and dc.
Transient and ripple voltage shall be considered to prevent
dielectric breakdown and excessive self-heat. Capacitors for ac

SECTION 200
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applications require proper heat sinking to prevent excessive .
temperature rises, because, in most cases, the capacitor

dissipation factor (DF) and leakage current increase with

temperature. The use of derating curves found in each section

is described in Paragraph 4.2.1 in Section 4. When capacitors

are used in an ac application, the total of the peak ac voltage

plus dc bias voltage shall not exceed the derating requirements

specified.

2.2 DC Capacitors. Do not subject dc capacitors to ac
applications or to high ripple current applications without
checking to ensure satisfactory part operation in the particular
environment of concern,

3. DESIGN AND CONSTRUCTIOR

See the detailed requirements section for each capacitor
type. Unless otherwise specified, a production lot for
capacitors shall consist of all the capacitors of a single
capacitance and voltage rating of one design, from the same
dielectric material batch, and processed as a single lot through
all manufacturing steps on the same equipment, to the same
baseline documentation, and identified with the same date and
lot code designation. The lot may contain all available
capacitance tolerances for the nominal capacitance value.

[ SR R A =} 7 LR =t= aSSINLI2E L 284

4. QUALITY ASSURANCE

See the detailed requirements section for each capacitor
type.

SECTION 200
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SECTION 210

CERAMIC CAPACITORS (CKS)
(MIL-C~123)

1. SCOPE

This section sets forth detailed requirements for fixed
ceramic capacitors (CKS styles).

2. APPLICATION
2.1 Derating. The voltage-derating factor for these
capacitors shall be as follows:
ESyoM: 0.50 to +85 deg C, decreasing to 0.30 at +125 deg C
ESwc: 0.70 to +85 deqg C, decreasing to 0.50 at +125 deg C
2.2 End-of-life Design Limits.
General Temperature
R “2- {-v—uﬁ-.) HQm_.&..‘aq gﬂ Eb {l‘!Pn\
Capacitance: + 21 percent 1+ 1.25 percent or
* 0.75 pF, whichever is
greater
Insulation
Resistance: 50 percent of 50 percent of

initial limit initial limit

2.3 Mounting. Mounting of ceramic capacitors, especially
in unencapsulated chip form, is critical and is discussed in
Appendix A.

2.3.1 Piezoelectric Concerns. Where avoidance of a
significant piezoelectric output is critical to circuit
performance, BP-type dielectric product shall be used in place
of BX-type dielectric product. Piezoelectric output can also be
minimized by mounting chips on their side or on their end on the
substrate or by using chips with a reduced length to width ratio.

2.3.2 Conductor Contact. In order to minimize part
cracking, do not allow the capacitor termination to directly

contact or come within 0.001 inch of contact to the conductor
pads on the substrate.

SECTION 210
35



Downloaded from http://www.everyspec.com

MIL-~STD-1547A (USAF)
01 DEC 1987

2.3.3 Capacitor Cracking. Ceramic capacitors are easily
cracked when exposed to thermal or mechanical stresses., Extreme
care shall be taken to avoid excessive thermal stresses when
tinning or soldering terminations and leads.or when mounting the
capacitor on a substrate. When equipment containing ceramic
capacitors is to be subjected to a range of temperature, the
stresses resulting from a mismatch of coefficients of thermal
expansion of all elements involved shall be accommodated.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-123 and the
requirements of this standard. Where MIL-C-123 does not provide
an appropriate basis for the detailed specification, the
contractor may substitute MIL-C-20, MIL-C-3%014, or MIL-C-55681
on the following basis:

a. The manufacturer is currently on QPL for MIL-C-123
or currently in the process of qualifying to
MIL-C-123

b. Manufacturer is manufacturing parts according to a
contractor or DESC-approved documentation baseline

c. All chip capacitors shall be from a single chip
production lot per MIL-C-123, and all encapsulated
devices shall be assembled and tested as a single
lot, using chips from a single production lot, per

MIL-C-123
a. The lot‘passes all Group A and B requirement of
MIL-C-123
3.2 Reliability Suspect Designs
3.2.1 Maximum Capacitance. 50-volt dc-rated product in

the CKS 06 style with a capacitance greater than 0.47 microfarad
are reliability suspect. '

3.2.2 Thin Dielectric Product. Capacitors containing
active dielectric thicknesses of less than 0.0009 inch,
absolute, are reliability suspect.

3.2.3 Large Aspect Ratio Product. Capacitors
manufactured with a design length-to-width aspect ratio of
greater than 2 to 1 are reliability suspect; they are difficult
to manufacture without delaminations or distortion.

SECTIOR 210
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3.2.4 Conformal-Coated Capacitorg. Capacitors that ar

are
manufactured with a conformally-coated epoxy case rather than a
thicker, molded case are reliability suspect.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-C-123.

4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the requirements of MIL-C-123.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the requirements of MIL-C-123. A DPA
shall be conducted on a representative sample of each production
lot in accordance with MIL-STD-1580. Additional lot-sample DPA
reguirements should be imposed on lots containing active
dielectric thicknesses of less than 0.0009 inch, absolute.

4.4 OQOualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-123.

SECTION 210
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' SECTION 230

SUPERMETALLIZED FILM CAPACITORS {CRH)
(MIL~-C-83421)

1. SCOPE

This section sets forth detailed requirements for fixed
supermetallized film capacitors for high-energy circuit
applications.

2. APPLICATION

2.1 Low Energy Circuits. Supermetallized £ilm capacitors
meeting the requirements of this section shall not be used in
circuits with less than 500 microjoules of energy available for
clearing and shall not be used in circuits that would be
degraded by voltage transients created by part clearing. For
capacitor circuits with less than 500 microjoules of energy, or
those sensitive to momentary capacitor breakdown, see Section
232,

2.2 Voltage Derating, Polycarbonate Dielectric. The
voltage-derating factor for these capacitors shall be as follows:
ESnoM: 0.50 to +85 deg C.
ESyc: 0.65 to +85 deg C.
2.3 Temperature Deratipg. Polycarbonate dielectric

capacitors may be used to a maximum operating temperature of +85
dea C.

i e oy

2.4 End-of-life Degign Limits.

Capacitance: 2 percent of initial tolerance limits

I lation Resi nce: 70 percent of minimum limit
2.5 E i iderati =h i n ing).

2.5.1 Metallized Film. Because the polymeric film used
is very thin, pin holes exist. A model of self-healing is when

the dielectric strength at a pin hole is not sufficient to
withstand the voltage stress, a short develops (10-10,000 ohms
range). However, high peak currents at the fault site can then
cause a clearing action by vaporizing the metallization from
around the hole, thereby, clearing the short.
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Two factors shall be considered relative to a clearing

arfinn:

a. The energy necessary to accomplish this clearing

b. Short duration transients (voltage drops) during
the clearing

For aluminum electrode materials, the energy required for
nominal clearing may range up to 100 microjoules. For
application purpeoses, a minimum circuit energy of 500
microjoules (five times the nominal) shall be available before
these parts can be used.

2.5.2 Double-Wrap Capacitors. Capacitors made with an

extra laver of non-metallized film have a low percentage of

parts exh1b1t1ng shorting and clearing. Such parts may also
have reduced ac current capabilities.

2.5.3 an;gmigg;ign Shorts. All film types of capacitors

1.411' -~ me vt m s AasebTl A rre £ -~ — -
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b have intermittently when operated under certain conditions.
These effects, believed to be caused by ionic conditions or
contamination within the capacitor enclosure, can cause
spurious, random conduction when the capacitor is operated
during temperature changes and where total circuit energy is
less than 500 microjoules. The resistance level for
polycarbonate capacitors at +125 deg C may vary from 1 to 10,000
megohms for capacitance values below 1.0 microfarad.

2.5.4 AC Applicationg. Any ac-rated capacitor can be
used in an equivalent dc circuit. However, the converse is not
true because of:

/‘\

a. Dielectric heating
b. Pre-corona discharge
c. Resistance heating (Rs)

For high frequency ac applications, the equivalent series
resistance (ESR) of each capacitor should be measured either at
100 Khz or at a frequency approximately that of its intended
use, whichever is higher. If:part ESR readings are greater than
twice the standard deviation above the lot average, even though
within specified limits, those parts shall not be used in space
applications. 1In addition, the capacitors chosen for a lot
acceptance life test shall be those with the highest ESR ratings
and shall be tested under accelerated actual use stress

conditions.

SECTION 230
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3. ESI R

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-83421 and the
requirements of this standard.

3.1.1 Film Cleaning. Film used in all style capacitors
shall be vacuum baked for 48 hours prior to winding to remove
all contaminant residues.

3.1.2 Metallization. Deposited metallization shall be a
minimum of 99.9 percent aluminum. Aluminum alloys and other
materials either have identified problems or unproven
reliability.

3.1.3 Winding Installation. Windings installed in cases
whose diameter is 0.312 inch or larger shall be wrapped or
encapsulated to prevent radial motion during shock or vibration.

3.2 Failure Level., Only failure rate level “S" parts
shall be used.

3.3 Religbility Susgpect Designs.
a. Parts which have a d¢ voltage rating less than 50
volts.

b. Parts with a stiff spiral or pigtail type of lead
design are relatively prone to lead separation
from end metallization. Visual inspection at a
minimum of 5X magnification before assembly
insertion in a case and lot-sample lead-pull
testing shall be used with such part designs.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process contrels shall be in
accordance with the requirements of MIL-C-83421 and the

following:

a. Internal visual examination (5X minimum) of the
lead attachment to capacitor babbitt (end
metallization)
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b. Axial push test to verify tight fit between

alamand 1
element and case {not required for potted parts or

capacitors whose case diameter is less than 0.312
inch)

c. Lot-sample pull test to verify attachment of lead

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the reguirements of Table 230-1.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the requirements listed in Table 230-2. A
DPA shall be conducted on a representative sample of each
production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-B83421.

SECTION 230
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100 Percent Screening Requirements

MIL-C-83421
Screens

Additions and Exceptions to the Metheds and

Criteria of MIL-C-83421

Thermal Shock

DC Burn-In

AC Burn-In

Seal

Dielectric
Withstanding-
Voltage

Insulation
Resistance

Visual and
Mechanical
Examination
{External)

Radiographic
Inspection

N-Ray (For
Potted Parts
Only)

MIL-STD-202, Method 107, Condition B, except:
-55 deg C to +100 deg C (10 cycles)
5 minute maximum between chamber transfers

168 hours minimum at +100 deg C

Test may be waived if for DC applications only
48 hours minimum at +100 deg C

Max AC Current, 120 percent of Ipc rated at

40 kHz

Vac (RMS) shall not exceed 240 Vgmg under

any conditions '

Per MSFC-S5TD-355; 2 views 50 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
"real-time" X-ray systems capable of viewing
through 360 deg rotation is encouraged.

Verify that no detectable potting voids exist

SECTION 230
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Lot Conformance Tests for AC and DC Capacitors

Vibration
{Random)

Vibration
(Sine)

Terminal
Strength

Dielectric
Absorption

Cap, DF, 1R,
and Seal

Subgroup III
Shock

Solderability

Temperature

Coefficient

CaP, DF, IR,
and Seal

MIL-C-83421 Additions and Exceptions to the Methods and
Screens Criteria of MIL-C-83421
Subgroup I
DC Life a, 4 samples
(Accelerated) b. 2,000 hours
AC Life a. 4 samples
(Accelerated) b. Test may be waived if for DC
applications only
Cc. 250 hours
d.

Max AC current, 120 percent of Ia- (RMS):
Minimum current shall be three times that of
system application current, adjusted for

40 kHz operation. Vje shall not exceed

240 Vpms under any conditions.

e, “AC freqdenr‘}r e!\:11 'hn Aﬂ jr_l-!z + 7 ne[cent

a. IR at +25 deg C and +125 deg C

a. MIL-STD-202, Method 214, Test
Condition II, K
b. 2 orthogonal planes, 15 minutes

. 6 samples

MIL-STD-202, Method
q

Condition D, (500

ro

213,

)
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SECTION 232

SUPERMETALLIZED FILM CAPACITORS (CHS)
(MIL-C-87217)

n sets forth detailed requirements for fixed film

io
ad capac1tnr: for ]nu-nnﬁrnv circuits

A A A A T ea A LR A LI S A -

2.1 Low Enerqgy girgg'ts These capacitors require

______ —_— L i

extens:.ve l:esr:l.ng and are 1ncenueu for use 11’1 ClICUltb where th
total energy is less than 500 microjoules but more than 100
microjoules. These parts are still subject to momentary
shorting and clearing during application. 1If clearing pulses
cannot be tolerated, other capacitor types are recommended.

1]

2.2 Derating. Same as Paragraph 2.2 and 2.3 of Section
230 except parts shall not be used above +85 deg C. or tested
above +100 deg C.

2.3 End-of-life Desgign Limits. Same as Paragraph 2.4 of
Section 230,

4 Electrical Considerations Same as Paragraph 2.5 of

230
P

»

3. DESIX ION

3.1 Requirements. Design and construction shall be in

accoraance w1cn the requlrements OI MIL-C-8 7217 and the
requirements of this standard.

3.2 Reliability Suspect Designs. Same as Paragraph 3.2
of Section 230.

4. OQUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-C-87217.
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4.2 §Screening (100 percept). Screening (100 percent)
shall be in accordance with the Group A test requirements of
MIL-C-87217.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the requirements of MIL-C~87217. A DPA
i

ehnl11l ha ~Amedismbsad An A ranraceanbabiva ocamnlas Af aams -
=il a4 S L S AN LA LT WEd LR 4 =) L TR~ ALY S = W ok LS PRSI

lot in accoprdance with MIL-STD-1580.

L aTe b}
L WL WA

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-87217,

46
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SECTION 235

PLASTIC FILM, METALLIZED/RONMETALLIZED (CQR)
(MIL-C-19978)

l. SCOPE

This section sets forth detailed requirements for fixed film
extended foil capacitors.

2. APPLICATION

Due to their nonclearing failure-to-short characteristic and
the general availability of parts of equivalent electrical
performance and size in MIL-C-83421, it is recommended that . the
use of Style CQR capacitors be limited to those applications
where capacitors covered by MIL-C-83421 are not available (See
Section 230).

2.1 Derating. Same as 2.2 and 2.3 of Section 230 except
parts shall not be used or tested above 100 deg C.

2.2 End-of-life Design Limitg. Same as 2.4 of Section

230.
2.3 Electrical Consideration. Same as 2.5 of Section 230.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-19978 and the
requirements of this standard.

3.1.1 Production Lot. A production lot for designated
parts shall consist of all the capacitors of a single nominal
capacitance and voltage rating of one design, from the same
dielectric material batch, and processed as a single let through .
all manufacturing steps on the same equipment, to the same
baseline document revisions, anc¢ identified with the same data
and lot code designation. The lot may contain all available
capacitance tolerances for the nominal capacitance value. In
addition, the lot shall conform to the following:

a. For dielectric material, no more than one vendor
lot or batch number shall be used for each of the
layers of dielectric (f£ilm) material in a
manufacturing lot.

b. All film shall be wound on the same machine.

SECTION 235
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c. Raw material such as capacitor cases. lead
material, end seals, and t.uyc shall be traceable
to the same lot or batch.
da. A lot number shall be assigned after the capacitor

element is wound.

e. All processes such as vacuum bake and screening
shall be done on the same equipment without a
change in setting within a given lot.

3.1.2 Film. PFilm shall be selected and processed to an
approved procedure.

3.1.3 _;nd;ng_lnatillatlgn

whose diameters is . nch or
potted to prevent rad motion du

ndings installed in cases
gg; shall be wrapped orx
ing

Wi
la
ri shock or v1brat10n

0.312
adial

3.2 Reliability Suspect Designs. Parts whose DC voltage
rating is less than 50 volts.
4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the

general reguirements of Scction 4 and the following:
4.1 In-process controls. In-process controls shall be in

accordance with the requirements of MIL-C-19978 and the
following:.

a. Internal visual (5X minimum) of lead attachment to
capacitor winding

b. Push test (not required for potted parts of where
the case diameter is less than 0.312 inch) on
element to verify tight fit between element and

case _
4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements of Table 230-1.

4.3 Lot Copnformance Tests. Lot conformance tests shall
be in accordance with the tests listed in Table 230-2.

4.4 Oualification Tactc Qna'l'lF'lr':i-\nn testin cshall he

in accordance with MIL-C-19978.

SECTION 235
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SECTION 240

GLASS DIELECTRIC CAPACITORS (CYR)
(MIL-C-23269)

1. SCOPE

This section sets forth detailed requirements for fized
glass capacitors.

2. APPLICATION

2.1 Derating. These glass capacitors shall be
voltage—deratedrin accordance with Figure 240-1.

2.2 Temperature. The minimum temperature of use for
these parts shall be -55 deg C.

2.3 Temperature Derating. The glass capacitors shall be

temperature-derated in accordance with Figure 240-1.
2.4 End-of-life Design Limits.

Capacitance: +0.5 percent of initial limits or
0.5 pF, whichever is greater

Insulation Resistance: 500,000 megohms at +25 deg C
10,000 megohms at +125 deg C

Diggi i F r; 0.2 percent maximum

2.5 Electrical Considerations

2.5.1 General. Glass capacitors are relatively
expensive, have poor volumetric efficiency, an@ have a practical
capacitance range limited to 10,000 pF. However, the dielectric
has near-perfect properties (high IR, high Q, ultrastable
capacitance, low dielectric absorption, and fixed TC), and thus
these parts are useful in ultrastable and high-frequency circuit
applications.

3. DESIGN AND CONSTRU ON

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-23269 and the
requirements of this standard.

3.1.1 Recommended Styles. CYR 10, CYR 15, CYR 20, CYR 30.

3.1.2 Failure Level. Failure rate level "S".

SECTION 2490
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3.2 Reliability Suspect Designs. Lead-to-foil welded
devices, radial-leaded capacitors.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process controlg. In-process controls shall be in
accordance with the requirements of MIL-C-23269.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements of MIL-C-23269.

4.3 Lgt_ggnig;mgngg_;gsti. Lot conformance tests shall
be in accordance with the requirements of MIL-C-23269.

4.4 OQualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-23269.

ESNC 1.0 ' <F§i\L
e 08 i“@f\ )
i
o 0.6 —+— \
— i | \\\
< 04 ! \\
N ' | . 0
% 0.3 F--P-cl=d-2 s a0 1P
= 0.25 t‘: r =
o 0.1 t, |
= 0 25 S0 100 125
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AMBIENT TEMPERATURE °C

FIGURE 240-1. Voltage Derating for Glass Capacitors
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SECTION 250

FIXED MICA CAPACITORS (CMS)
(MIL-C-87164)

1. SCOPE

This section sets forth detailed requirements for fixed mica
dielectric capacitors.

2. APPLICATION

2.1 Derating. These capacitors shall be voltage-derated
in accordance with Figure 250-1.

2.2 nd-of-1if ign Limi
Capacitance: *+ 0.5 percent of initial
limits
lati i nce: 70 percent of initial minimum
limit
2.3 Electrical Considerations

This part exhibits electrical characteristics almost
identical to those of the CYR style, except that the part is not
hermetically sealed.

3. DESIGN AND CONSTRUCTION

Des1gn and construction shall be in accordance with the
rements of MIL-C-87164 and the requirements of this

Quality assurance pr
______ [ £
i

ns
general reguirements o n

sha
an

lb
h

cordance with the
t ng

Ch
m [1/]
Fh e
on

ovisi O
o S o 4
Debt QI 4

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-C-87164.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the Group A screening regquirements
of MIL-C-87164.
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o
(o



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests requirements of
MIL-C-87164. A DPA shall be conducted on a representative
sample of each production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-~-B7164.

1.0 350
ESuc \3\
A
ES .8 NI
NOM l
= 0.6 T
SN B (S NAN ST
& 0,255 = |4 — L — 41— Ngso| 10
a 012 l
] |
= 0 5 %0 100 15
= Ta W Twe T2
AMBIENT TEMPERATURE ©C

FIGURE 250-1. Voltage Derating for:Mica Capacitors
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SECTION 260

FIXED TANTALUM FOIL (CLR 25, 27, 35, and 37)
(MIL-C-39006)

1. BSCOPE

This section sets forth detailed requirements for fixed
tantalum-foil capacitors (CLR 25, 27, 35, and 37).

2. APPLICATIOR

The standard MIL-C-39006 part shall not be used in
applications involving shock environments or vibration
environments that exceed the requirements of that specification
unless qualified for the higher level.

2.1 Derating. These capacitors shall be voltage-derated

era dTm Damanira JENMN_T
w LFaAYULT LHUWV -~ .

1.0
0,85
[ ESHC 7 'r).\'\
= 0. .
= Byon ¢ T\\J\&
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FIGURE 260-1. Voltage Derating for Tantalum-Foil Capacitors
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2.2 End-of-life Design Limits.
Capacitance: t 15 percent of initial limits
Leakage Current: 130 percent of initial maximum limit
2.3 Electrical Considerations. The four capacitor styles

listed are constructed with either plain (CLR 35 and 37) or
etched-foil (CLR 25 and 27) tantalum dielectric and are either
polarized (CLR 25 and 35) or nonpolarized (CLR 27 and 37).

These capacitors are recommended for either medium or high
voltage applications where high capacitance is required. The
etched foil provides as much a2s 10 times the capacitance per
unit area as the plain foil for a given size and is the most
widely used. The plain foil is just as reliable as the etched
foil, and, in some cases, it may be more desirable because this
style can withstand approximately 30 percent higher ripple
currents, has better temperature coefficient characteristics,
and has a lower dissipation factor, :

2.3.1 Reverse Voltage. The polarized capacitor styles
can only withstand a maximum of three volts dc reverse voltage
at +85 deg C. Under these conditions, the following changes in
electrical characteristics are possible:

Capacitance: %10 percent of initial value
Leakage Current: 125 percent of initial maximum 1limit

2.3.2 AC Ripple Voltage. The peak ac ripple voltage
shall not exceed the dc voltage applied. The sum of the peak ac
ripple voltage and any applied dc voltage shall not exceed the
maximum dc voltage shown in Figure 260-1. Maximum ripple
currents are given in literature of the various manufacturers.

2.3.3 Tantalum Capacitor Packs. (See NASA TM X-64755)

2.3.4 Potted Modules. The glass end seals are designed
to withstand high internal pressure. When parts are potted, end
seals shall be protected to withstand high external pressures
that can result from curing of the encapsulant,

3. DESIGH
3.1 Requirements. Design and construction shall be in

accordance with the requirements of MIL-C-39006 and the
requirements of this standard.
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3.1.1 PFailure Level. Failure rate level "R" or better.
3.1.2 Vibration Environment. When used in shock or

vibration environments that exceed the requirements of the
military specification, the following additional design

=
requirements shall be met:

a. No internal lead wire welds shall be permitted
between internal and external leads.

b. Vibration spacer{s) shall be used to prevent axial
motion.

c. The capacitive element shall be wrapped to ensure

that it is securely positioned within the case.

3.2 Reliability Suspect Designs. None identified.
4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the regquirements of MIL-C-39006. Verify that

each capacitor element fits snugly within the case and that
vibration spacers are installed.

4.2 Screening (100 percent}. Screening (100 percent)

shall be in accordance with the 100 percent screening
requirements listed in Table 260-1.

4.3 Lot Conformance Tests. Lot conformance tests shall

be in accordance with the test requirements listed in Table

=3
260-2. A DPA shall be conducted on a representative sample of
each production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-39006, Table I,

55
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100 Percent Screening Requirements
for Tantalum Foil Capacitors

MIL-C-39006
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-C-39006

Thermal Shock

Constant
Voltage
Conditioning

DC Leakage
Capacitance
DF

Seal

Radiographic
Inspection

Visual and
Mechanical
Examination

-65 deg C to +125 deg C (5 cycles)
5 minute mazimum between chamber transfers

Maximum series resistance: 33 ohms

. Burn-in time of 168 hours at +85 deg C

Per MSFC-STD-355; 2 views 90 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
*real-time" X-ray systems capable of viewing
through 380 deg rotation is encouraged.
Moderate "telescoping® of roll is
acceptable.

SECTION 260
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Lot Conformance Tests

{page 1 of 2 pages)

MIL-C-35006

Additions and Exceptions to the Methods and

Screens Criteria of MIL-C-39006
ro 1
Thermal Shock a. During last cycle, monitor capacitance
to verify no opens
Surge Voltage a. Maximum series impedance: 33 ohms
Life a. At +85 deg C - for 1000 hours
DC Leakage a. At +25 deg and +85 deg C
Capacitance
DF a. At 40 KHz
BESR a. Test may be waived if for DC applications only
Seal

Visual and
Ml s e omoom 2 s ]
mesliidilivdadl
Examination
{External)

SECTION 260
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-2, Lot Conformance Tests
moamma B ~AEf Y mmaman b
yﬂ\#c L UL L payged)

MIL-C-39006
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-C-39006

Subgaroup II
Thermal Shock

Mechanical
Shock

Vibration

{(Random)

Moisture
Resistance

Reverse
Voltage

DC Leakage

Capacitance
DF

Seal

Visual and

Mechanical

Examination
(External)

»

20 cycles

500g's

3
rr

0

deg

=}
en

deg and +

i

.~
rL
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SECTIORN 270

SOLID TANTALUM CAPACITORS STYLE CSR 13 and STYLE CSR 33
{MIL-C-39003-/1 and -/6)

1. SCOPE

This section sets forth detailed requirements for fixed
solid tantalum capacitors style CSR 13 and CSR 33,

2. APPLICATION

Solid tantalum capacitors covered by this section shall not
be used in mission-significant circuits with an impedance of
less than 1 ohm per volt. For those applications, see Section
272.

2.1 Derating. These capacitors are voltage derated in

accordance with Figure 276-1.
2.2 End-of-1i i imi .
Capacitance: +10 percent of initial limits

Leakage Current: 200 percent of initial maximum limit

2.3 Electrical Considerations. This part is recommended
where high capacitance in a small area is required and where
relatively high temperature coefficients of capacitance can be
tolerated. However, only capacitors with a dc working veltage
rating of 75 volts or less shall be used. This is because
capacitors of this type with a higher voltage rating require
thicker dielectrics (containing more impurities) while the lower
voltage parts utilize a small tantalum slug (higher ESR) which
compensates for external series resistance.

2.4 Mounting. These parts are polarized and care shall
Tm demlrmen o memmiesmsn fteomodmalTabidme svsbh i mAavenmder sl aes o
DY LAdAYII LU EZlioulc lllolgoglilailiuil WL Ll LUG WWLLATWLWY pPUWilial i)Y

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-39003 -/1 and -/6 and
the requirements of this standard.

3.1.1 Recommended Styles. CSR 13 and CSR 33.

3.1.2 _g;;u_gﬁgggg_Lgxgl Failure rate level "C" or
better

SECTION 270
59



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)

01 DEC 1987
Q
1.0 - 125
) 20°
o ESwc .85
e :
< ESNOM : 7'-__|\
= X
o .8 1 l "
4 .5 ' TN
= " f
7 T L
[ b
s r
a o1 1
o ! _
> 0 25 50 85 100 120
Tcy Tn  Twe Tez
Case Temperature, S¢

FIGURE 270-1 Voltage Derating for Solid Tantalum
Capacitors

3.1.3 Voltage Ratings. These s0lid tantalum capacitors
shall be designed with a dc working voltage of 75 volts or less
(Higher voltage ratings require thicker dielectrics, containing

more impurities, while the lower voltage parts utilize a small
tantalum slug).

3.2 Production Lot. A production lot for solid tantalum
capacitors shall be specified in the baseline documentation. As
a minimum requirement, the lot shall consxst of all the
capacitors of a single nominal capacitance and voltage rating of
one design, shall be processed as a single ot through
manufacturing steps on the same equipment, to the same base line
revision, and shall be identified with the same data and lot
code designation, The lot may contain all available capacitance

tolerances for the nominal capacitance value. In addition, the
lot shall conform to the following.

- D [ -]
a. Raw materials such as tantalum powder, manganese

nitrate, collodial carbon, and case and header
materials shall be traceable to the same lot batch
and be from the same manufacturer.

" SECTION 270
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b, Lot numbers shall be assigned at anode formation
and should provide for traceability to both the
anode pressing batch and the tantalum powder batch
useqd.

es in a lot shall be pressed in a

c us run on the same pressing machine.
Further, the anodes shall be sintered and
temperature processed as a complete batch (batches
cannot be split during sintering or subsequent

temperature conditions).

d. The entire production lot shall be voltage formed
at the same time and in the same tank,
impregnated, and otherwise processed through final
sealing as a complete production lot with all
parts receiving identical processing.

e. Cans, headers, seals, and lead wire shall be from
a single receiving inspection lot. Each
individual item, including solder, shall be from a
single vendor,

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-C-39003 -/1 and -/6.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the 100 percent screening
requirements listed in Table 270-1.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the test requirements listed in Table
270-2. A DPA shall be conducted on a representative sample of
each production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-C-39003 -/1 and -/6.
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TABLE 270-1. 100 Percent Screening Requirements

MIL-C-39003 Additions and Exceptions to the Methods and
-/1 and -/6 Criteria of MIL-C-39003 -/]1 and -/6
Screens (Weibull distribution)

Thermal Shock a. 10 cycles

Surge Current a. 5 cycles at -55 deg C and +85 deg C

b. Maximum impedance in series with each
capacitor: 1.0 ohms including a fast blow
fuse, wiring, fixturing, and cutput
impedance of power supply

¢. Minimum peak current to each capacitor:
25 amperes in 5 microseconds

Voltage Aging a. Maximum series resistance: 1 ohm
b. 250 hours with 1.2 times the rated dc
working voltage applied at +85 deg C

DC Leakage a. +25 deg C and +85 deg C

Capacitance

DF

Seal

Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspection X-ray, or 360 deg. view by Vidicon. Use of

“real-time* X-ray systems capable of viewing
through 360 deg rotation is encouraged.

Visual and
Mechanical
Examination

SECTION 270
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TABLE 270-2. Lot Conformance Tests

MIL-C-39003
-/) and -/6
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-C-39003 -/1 and -/6
(Weibull distribution)

Thermal Shock
Stability at
Low and High
Temperature
Surge Voltage

Life
{(+85 deg C)

Capacitance
DF

Seal

Visual and

Mechanical
Examination

a. 20 cycles

a. Maximum series resistance: 1.0 ohm

a. At +25 deg C an

SECTION 270
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SECTIOR 272

SOLID TANTALUM CAPACITORS (CSS)
(MIL-C-39003/10)

1. SCOPE

This section sets forth detailed requirements for fixed
solid tantalum capacitors, styles CSS13 and CSS33.

2. APPLICATION

These specially screened parts are to be used in those
special applications where circuit impedances of 1 ohm per volt
cannot be achieved. For applications involving 1 ohm per volt
or more, so0lid tantalum capacitors covered in Section 270 may be
used. CSS style capacitors may be directly substituted for CSR

style parts of equal capacitance and voltage.

2.1 Derating. These capacitors shall be voltage-derated
in accordance with Figure 270-1.

2.2 End-of-life Desigqn Limits.
Capacitance: +10 percent of initial limits

Leakage Current: 200 percent of initial maximum limit
2.3 Minimum Source Impedance. A source impedance of at

least 1 ohm shall be used in all circuits containing these parts
to act as a transient suppressor., Source impedance current
11m1t1ng in circuits shall be included to guarantee that the

L L o rmbde s wnm -——-- memandk 10 mabk awvmaasadaAd

effecctive maXimum CUurrenc 18 noc exceedsed.

2.4 Mounting. These parts are polarized and care shall
be taken to ensure installation with the correct polarity. The
parts are marked with a black band on the negative end.

3. DESIGN AND TR 10

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-39003/10 and the
requirements of this standard.

3.1.1 Failure level. Failure rate level "C" or better

3.1.2 Voltage Ratings. These solid tantalum capacitors
shall be designed with a dc working voltage of 75 volts or less
(Higher voltage ratings require thicker dielectrics, containing
more impurities, while the lower voltage parts utilize a small
tantalum slug).
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4. QUALITY ASSURANCE .

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4,1 Lg:g;ggg;s_ﬂg_;;gls In—process controls shall be in
accordance with the requirements of MIL-C-39%003/10.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements of MIL-C-39003/10.
4.3 Lot Conformance Tests. Lot conformance tests not

required. :
4.4 Qnilsﬁmt_m_'xgs.ts. Qualification testing shall be
in accordance with the guirements of MIL-C-39003/10.
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SECTION 275

SOLID TANTALUH CHIP CAPACITORS (CWR)
(MIL-C-55365)

1. SCOPE
This section sets forth detailed requirements for fixed,

unencapsulated solid@ tantalum capacitors with either wrap around
or "T-bar™ terminations.

2. APPLICATION

These parts are designed for use in hybrids or circuit
boards where increased component packaging density is required.

2.1 YVoltage Derating. These capacitors shall be voltage
derated in accordance with Figure 270-1.

2.2 Surge Voltage Derating. The maximum allowable surge
voltage shall be as given in Table 275-1.

TABLE 275-1. Surge Voltage Ratings

Voltage (volts, dc)
Symbol
Steady State Voltage Maximum Surge Voltage
Rated Derated
(+85 deg C) (+85 deg ¢) (-55 deg C to +85 deg C)
B 3 2.1 3
C 4 2.8 4
D 6 4.2 6
F 10 7.0 10
H 15 10.5 15
J 20 14.0 20
K 25 17.5 25
L 30 21.0 30
M 35 24.5 35
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2.3 Minimum Circuit Impedance. A minimum circuit
impedance of 1 ohm per volt or more shall be used in circuits
containing solid tantalum chip capacitors.

2.4 End-of-life Design Limits.
Capacitance: * 10 percent of initial limits
Leakage Current: 200 percent of initial maximum limit

2.5 Electrical Congiderationg. This part type is
recommended where a high capacitance to volume ratio is required
and where relatively high temperature coefficients of
capacitance can be tolerated. Because the unencapsulated

conflguratlon of these parto renders them quite susceptlble to

damage uurlng circuit manufacturing, it is recommended that they
not be used in single-point failure locations or in
mission-critical circuits.

2.6 Mounting. Mounting shall be in accordance with
Appendix A. Due to high susceptibility to surface damage, it is
recommended that these parts be mounted last in the assembly
sequence and given a detailed visual examination for surface
damage before circuit conformal coating or hybrid sealing.
Mounting in a vertical configuratioun may be required for some
capacitance values.

3. DESIGR AND CORSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-55365 and the
requirements of this standard.

3.1.1 Protective Coating. The body of the parts shall be
covered by a thin protective coating to provide improved
resistance to handling damage.

3.1.2 Failure Rate Level. Failure rate level "R or
better. :

3.2 Reliability Suspect Designs.

a. The highest capacitance value in any given case
size is suspect.

b. The extended termination designs are more
susceptible to handling damage than more compact
termination designs.

SECTION 275

h
<o



o

Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

3.3 Production Lot. A production lot for solid tantalum
chip capacitors shall consist of all the capacitors of a single
nominal capacitance and voltage rating of one design, shall be
processed as a single lot through all manufacturing steps on the
same equ1pment to the same baseline document revisions, and

elhall ha s8onbifiad wibklh dha Aakn mnAd 1Ak ~AAA
alla** Lo L = J.UGIILJ.L-L!:L.I wd il hllc DGIGIG uuhl; r.ulu AW L WG

designation. The lot may contain all available capacitance
tolerances for the nominal capacitance value. In addition, the
lot shall conform to the following:

a. Raw materials such as tantalum powder, manganese
nitrate, collodial carbon, and termination
materials shall be traceable to the same lot batch
and be from the same manufacturer.

b. Lot numbers shall be assigned at anode formation
but should provide for traceability to the anode
pressing batch and tantalum powder batch used.

c. The anode shall be pressed in a continuous run on
the same pressing machine. Further, it shall be
sintered and temperature-processed as a complete
batch (batches cannot be split during sintering or
subsequent temperature conditioning).

4. The entire production lot shall be voltage-formed
{(at the same time and in the same tank),
impregnated, and otherwise processed through final
sealing as a complete production lot with all
parts receiving identical processing at the same

time.
e. Termination and lead materials shall each be from
a t:-nnn'ln rnﬂa1u1nn 1n=nor-+1nn 'In-l- 'E':lﬁh
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individual item including solder and solder flux
shall be from a single vendor.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 1__g;g_gsa_ggntxglg In-process controls shall be in
accordance with the requirements of MIL-C-55365.

4.2 Bcreening {100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
275-2.
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Lot conformance tests shall

4.4 Qualification Tests. Qualification testing shall be

TABLE 275-2.

in accordance with the requirements of MIL-C-5%5365.

100 Percent Screening Requirements

MIL-C-55365
Screens

Additions and Exceptions to the Methods and
o Criteria of MIL-C-55365

Thermal Shock

Surge Current

Voltage Aging

DC Leakage
Capacitance
DF

ESR

inspection

visual and
Mechanical
Examination
(External)

lolcycles

5 cycles at -55 deg C and +85 deg C

. Maximum impedance in series with each

capacitor: 1.0 ohm plus 1 to 3
amperes fast blow fuse

. Minimum peak current to each capacitor:

25 amperes in 5 microseconds

Maximum series resistance: 1 ohm

260 hAaure ewiekh 1
-t Al Wl A W bl

2 +imoac t+h
ds wad e @ W Lo T g =

= . -
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working voltage applied at +85 deg *5 deg C
+25 deg C and +85 deg C

Test may be waived if for DC applications only
At 40 kHz If the application involves
frequencies above 1 MHz, measurement at a
minimum frequency of 1 MHz shall be regquired.

Per MSFC-STD-355; 2 views 90 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
"real-time* X-ray systems capable of viewing
through 360 deqg rotation is encouraged.
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SECTIOR 280

FIXED TANTALUM-TANTALUM CAPACITOR (SINTERED WET SLUG, CLR 79)
(MIL-C-39006/22)

1. SCOPE

Thig section sets forth detailed requirements for
tantalum-cased, sintered tantalum, wet slug capacitors.

2. APPLICATION

These parts are low-impedance, polarized capacitors that are
designed for insertion into a circuit with a specific physical
orientation. There is some evidence that in circuits active
during vibration or shock environments the parts can generate
voltage spikes.

2.1 Derating. Parts shall be voltage-derated in
accordance with Figure 280~1.

125°
1.0
20°

ESwc . 85
O
; ESNOM . 7
< .6 1 .
= !
0 5 |
n t
(7] .4
= I
(] .2 ' .
Y !
<
&= 1
J .
Q 0 25 50 BE 110
> Tcy Tn Twe Tcz

AMBIENT Temperature, oC

FIGURE 280-1. Voltage Derating for Tantalum-Tantalum
(Sintered Wet Slug) Capacitor
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2.2 End-of-life Desian Limits.
Capacitance: - * 10 percent of initial limits"

Leakage Current: 130 percent of initial maximum limit
2.3 Electrical Considerations.

2.3.1 Construction. The CLR 79 device type is assembled
into a hermetically sealed, welded metal case and is constructed
of four basic materials: tantalum, polytetrafluoroethylene
(PTFE), glass, and a gelled sulfuri¢ acid.

2.3.2 Esn_xgxsna_zxggngngx Figure 280-2 is a plot of
equlvalent series resistance (ESR) versus frequency for various
case sizes. When capac1tors are to be used in circuits
operating between 10 kHz and 100 kHz, equivalent series
resistance measurements at 40 kHz shall be taken during 100
percent screening.

28r 3.6 uF, 125V — T4
2 10 ufF, S0V - T1
x 24} 25uF, 125V - 13
= 2 .
= 22 uf, 100V - T2
= 82 uF, 50V -T3
E’ 2.0r 1200 uF, 6V - T4
.e."; 100 uF, 25V — T2
= -
5 16 /
(7]
& 1.2k
g
5
o (08F
| = ll:
_‘ xF
8 ——
(V¥
0 L ! J
100 1000 10,000 40,000
FREQUENCY IN Hz

FIGURE 280-2. ESR versus AC Fregquency
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2.3.3 Vibration and Shock. Parts have been tested to 80
g sine vibration (0.06 double amplitude) from 10 to 2000 Hz for
3 hours in each orthogonal axis. Parts have been shocked to 100
g for 6 milliseconds with a saw tooth pulse., The "H"
vibration-screened part option shall be used for all CLR 79s
that are vsed in circuits to be operated in vibration or shock
environments. There are indications, however, that even "H"
screened parts may be prone to voltage spikes in these
environments.

be B U T ruwwrm v s e L ¢ o S Y WMawasmizsrm woarpsarean sraldama =shall kha
AN S A w * Lis LA LR A —¥ Sy 4 —] VS e o WY [~ ¥ L= o
3.0 vdc at +85 deg C or 20 percent of the rated dc voltage,

whichever is less.

2.3.6 Other. Detailed mechanical and electrical

characteristics are found in MIL-C-39006/22,.
3. DESIGN AND TI

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-39006/22 and the
requirements of this standard.

3.2 Rgl.ah;l;tx_suﬁngg;_gea_gns All single-sealed CLR

"Q Amcs ans fmmmarmaratlim=~ 1imnild alorkraluvEsan aro roliahkhi 13 vy

et e el
TS A YUlT ALV ALPVIGL LYy AL ai TaiTwwaVeRFLns Saw aSTaslGaasswg

suspect and constitute a safety hazard.

4. QUALITY ASSURARCE

Quality assurance provisions shs
general requirements of Section 4 a

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-C-39006/22. 1In

addition, each capacitor anode assembly shall be inspected at a
minimum of 10X magnification. All parts not meeting the
following requirements shall be rejected.

De in accorde
the followin

a o

LA + U]
=
el
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[
t:l'
or
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a. The tantalum anode (slug) shall be straight. not

bent or distorted. All anodes in a given lot
shall be of the same size.

b. The anodes shall be of the same uniform color.

c. The anode shall fit snugly and be firmly seated
within the top and bottom PTFE vibration spacers.

4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the requirements of Table 280-1.
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ional screening is
EPP .l.Y »

.

4.2.1.1 Di i Vi ion. The direction of
vibration shall be perpendicular to the cylindrical axis of the
capacitor.

4.2.1.2 Test Potential. The rated voltage of each part
shall be applied.

4.2.1.3 Sinusoidal Vibration. All p
1

per MIL-STD-202, Method 204, Test Conditi

La)
I'I'

a
on

4,2.1.4 Random Vibration. All parts shall be tested per
MIL-STD-202, Method 214, Test Condition II, K (51.1 g rms)

4.2.1.5 Continuous Monitoring. During all vibration
tests the dc leakage current shall be continucusly monitored
across a 10 kilohms resistor connected in series with each part
under test.

4.2.1.6 Post-Vibration Measurements. After completion of
all testing, parts shall be subjected to dc leakage measurements
at +25 deg and +125% deg C and capacitance and dissipation
factor measurements at +25 deg C, all per MIL-C-39%00&/22.

4.2.1.7 Failure Criteria. All parts shall be rejected
whose post-vibration electrical measurements are not within the
11m1ts specified in MIL-C-39006/22 or who exhibit intermittent

P . T Py - Y-y PRy | Pl -3-% 7Y e

vuu;.agc spikes of 0.3 millisecond or greater duration, or

arcing, open, or short circuiting during vibration testing.

4.2.1.8 VYisual and Mechanical Examipations. All parts
shall be visually examined per MIL-C-39006/22 after testing.
Any part showing evidence of mechanical damage or electrolyte
leakage shall be rejected.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the requirements listed in Table 280-2,
4.4 OQualification Tests. Qualification testing shall be

in accordance with the requirements of MIL-C-39006/22.
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100 Percent Screening Requirements

MIL-C-39006/22

e w am

Additions

a
2 d
Lilite

nd E
ri

ia

XCce Methods and
of

Thermal Shock
Constant
Voltage
Conditioning
DC Leakage
Capacitance
DF

Seal

Visual and

Mechanical
Examination

a. 10 cycles

. Maximum series resistance:
b. Burn-in time:

33 chms
168 hours at +85 deg C

75
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TABLE 280-2. Lot Conformance Tests

MIL-C-39006/22
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-C-39006/22

Subgroup 1
Thermal Shock

Surge Voltage

Life

DC Leakage
CAP

DF

Seal

Visual and
Mechanical
Examination
Subgroup IT
Thermal Shock

Mechanical
Shock

Vibration
(Random)

Moisture
Resistance

Reverse Voltage

DC Leakage
CAP

DF

Seal
Visual and

Mechanical
Examination

a.
hl

. During last cycle, monitor capacitor to

verify no opens

At +85 deg C for 240 hours
Maximum series impedance: 33 ochms

At +25 deg C and +85 deg C

100 cycles

500 g, 0.5 sine (1 millisecond duration)

MIL-STD-202, Method 214, Test Condition 11K,
for 15 minutes each axis

At +25 deg C and +85 deg C

SECTION 280
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SECTION 300
CORNECTORS

1. BSCOPE

This section sets forth detailed requirements for
space-qualified connectors which are capable of continuous
operation within a temperature range of -65 deg C to +200 deg
C. Additional information and guidance for the general use of
connectors can be found in MIL-STD-1353.

2. APPLI 10N

The selection and use of connectors shall be in accordance
with MIL-STD-1353 and the requirements contained herein,
Connector selection shall be based on operational requirements
of the equipment and the following considerations:

a. Closed-entry-type socket contacts shall be used
whenever available.

b, Scoop-proof connectors shall be used whenever
there is an awkward or blind installation.

c. Redundant contacts shall be used where critical

signal applications are subjected to vibration
conditions.

d. Guide devices shall be used for proper axial
alignment and orientation. These devices shall
not be used to carry current.

e. Strain relief for wires, harnesses, and cables
shall be provided, particularly where there may be
frequent mating and unmating or where severe shock
and vibration environments are anticipated.

£. Protective covers shall be installed at all times
until connectors are mated.

g. Rear removable contacts shall be used wherever
possible.
h, Connector savers shall be used for those

applications subject to frequent mate and demate
operations such as during testing.
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i. Solder contacts shall be required where
hermeticity is necessary and achieved by
encapsulation. Crimp contacts shall not be
encapsulated.

2.1 Derating. Circular, rectangular rack panel, printed
wiring board, and coaxial RF connectors shall be derated in
accordance with AFSCP-800-27, Section I, with the following
exception: High altitude ratings listed in connector
specifications shall be derated 50 percent. When high altitude
ratings are not listed, the Voltage Derating at Altitude table
in AFSCP-800-27, Section I, shall be used,

2.2 Hot Spot Temperature versus Service Life. No contact
shall carry sufficient current to cause a hot spot temperature

i mmm e mmsmemasbAamt A Al - A
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that required for the application. The service life of a
connector is dependent on the temperature rating of the insert,
the contact resistance of the contacts, the current flowing
through the contacts, and other environmental factors. The
insert shall have a temperature rating which provides twice the
service life of the system requirements (test and operational).
The service life versus hot spot temperatures relationship shall
be in accordance with Figure 300-1.

2.3 MAging Sensitivity. The shelf life of connector
contacts as piece parts or as part of a connector assembly shall
be twelve years minimum. Contacts and connector assemblies in
storage for three years or more shall undergo visual examination
for signs of deterioration prior to release for use. A minimum
of 20 percent, but not less than three contacts of each
connector, shall be examined. Any sign of contact deterioration
which may affect mechanical or electrical performance shall

require 100 percent screening or requalification.
3. DESIGR ARD CONSTRUCTION

3.1 Requirementg. Design and construction shall be in
accordance with the requirements of the applicable
specifications and the requirements of this standard.

3.1.1 Electrical Connectors. The following criteria
shall apply.

a. Electroless nickel plating is preferred in
nonhermetic applications. Passivated stainless
steel is.preferred for hermetic applications.

=
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c. Cadmium or zinc plated connectors shall not be
used.
d. All organic materials used in the manufacture of

connectors, connector accessories, and protective
caps shall have a total maximum loss (TML) of 1.0
percent of the original specimen mass and a
maximum volatile condensable material (VCM)

r content of 0.1 percent of the original specimen

| mass per ASTM E 595-B4,

e. Crimp rear release contacts are preferred for all
multi-contact nonhermetic connectors. Solder
contacts shall be limited to potted and hermetic

applications.

f. Connectors that contain wire wrap contacts shall
not be used unless approved by the contracting
officer.

g. Flat cable headers shall not be used for external
wiring purposes unless approved by the contracting

i officer.
. 3.1.2 Coazial Comnectors. Only SC series, TNC - type,

and SMA - type connectors shall be used. The following criteria
shall apply.

| a. Only captivated contacts shall be used.

b. Right-angle connectors shall require contact
termination ¢of the cable center conductor,

C. Nickel, ferromagnetic, or ferrimagnetic materials
shall not be used where intermodulation of signals
would be a problem,

a. Plating or finish shall be gold or passivated
stainless steel. When stainless steel is used,
verification testing is required to ensure that
any intermodulation of signals is acceptable.

3.2 Recommended Physical Configurations. Connectors on

equipment enclosures to which typical wiring harnesses interface
shall have physical configurations compliant with the physical
configurations of the following:

a. MIL-C-24308 Revision B (rack and panel,
rectangular) '

. b. MIL-C~83733 (rack and panel, rectangular)

c. MIL-C-38999 (circular, high density)
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a. MIL-C~83723 Series III only (circular,
environmental resisting)

e. MIL-C-5015 Series M8345X, Class L (rear release
types)

£. MIL-C-55302 (printed circuit boards)
g. MIL-C-39012 (coaxial connectors)
h. MIL-C-39029 {contacts)

i. MIL-C-26482 (circular, minature, gquick disconect,
environment resisting) '

k. NASA Marshall Space Flight Connectors MSFC 40M38258
4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 Ip-process Contrels. In-process contrels shall be in
accordance with the applicable requ1rements in the applicable

military specifications.

4.2 gScreening (100 percent). Screening (100 percent)
shall be in accordance with the applicable requirements in the
applicable military specifications.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the applicable requirements in the
applicable m111tary specifications. A DPA shall be conducted on
a representative sample of each production lot in accordance
with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the applicable requirements in the applicable
military specifications.
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SECTION 400

CRYSTALS
(MIL-C-3098)

1. SCOPE

This section sets forth detailed requirements for guartz
crystal units.

2. APPLICATION
2.1 Power Derating. The power-derating factor for these

crystals shall be 0.25 of the rated maximum input power (rated
drive level) if the crystal cut permits this without frequency
drift or start up problems. Drive requirements are generally

related to the type of crystals used (cut, mode of operation,

and geometry).

2.2 End-of-life Degign Limits. None identified.
2.3 Electrical Considerations. Operation at high drive

levels may cause degradation of normal aging characteristics, of
spectral purity, and of shert-term stability. Low drive levels
shall be used where these parameters are critical.

2.4 Mounting. Handling and mounting precautions shall be
taken to prevent seal damage or excessive mechanical shock or
vibration to the crystal. Precautions shall be taken when
trimming wire leads to minimize mechanical shock to the
resonator. Plug-in type crystals shall not be used in space
flight hardware.

2.5 Aging Sensitivity. Aging causes frequency shifts
that shall be considered for each application.

3. DESI AND NSTR N

3.1 Requirements. Design and construction shall be in
accordance with the reguirements of MIL-C-3098 and the
requirements of this standard. The design of the crystal shall
be such that the required frequency stability and drift can be
maintained at a 0.25 drive factor (see 2.1 of this section),

3.1.1 Hermetic sealing. Only hermetically sealed
crystals shall be used. Nonhermetically-sealed crystals may be
used when the crystal filter manufacturer also manufacturers the
crystal and provides for controlled transport of the crystal to
the filter manufacturing area. In this instance, the filter
shall be hermetically sealed. For individual crystal units,
either cold-weld or resistance-weld enclosures shall be used,
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3.1.2 Metallization. Metallization shall be selected to
provide the necessary adhesion of the electrode contacts; e.qg.,
the use of an undercoat such as chromium or tungsten prior to a
gold electrode disposition on the quartz is necessary.

3.1.3 Crystal Support. The design and materials employed
on the support mechanism for the crystal shall provide adequate
reliability under the specified operating and environmental
conditions. Crystals shall be supported by a minimum of three
positions located about 120 degrees apart.

3.1.4 Type of Quartz. Use of cultured, premium Q quartz
per EIA Standard RS-477 is recommended. For use in radiation
environments, the quartz shall be electronically swept.

3.1.5 BSolder. Solder sealing shall not be used. Cold or
resistance welding shall be the package closure method used.

3.1.6 Gold. Gold shall be in accordance with MIL-G-45204.

3.2 Reliability Suspect Degigns. Plug-in type crystals
shall not be used in space flight hardware.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-processa Controls. 1In-process controls shall be in
accordance with the requirements of MIL-C-3098 and the following.

4.1.1 VYisual and Mechanical Examinations. A minimum 30X
magnification inspection shall be used with the crystal being
illuminated with a Ilght source of at least 300 foot-candles
intensity and a grazing angle of about 20 degrees. Units

exhlbiting one Or more of the following anomalies shall be
rejected.

a. Cracks or holes in the weld contact area where
CI}'S‘C:I su?ﬂcrt “lﬁnbgrs are mn1ﬂnﬂ l"n 'l-hn hg1ﬂor

base terminal pins

b. Loose or broken terminal pins or crystal mounting

supports

C. Cracks or separations in electrically conductive
bonding cement between quartz crystal and support
member
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a. Fractures of any size and any location in the
crystal guartz resonator; or cracked or flaked
edges; or fractures, cracks, or peeling of the
electrodes

e. Loose weld spatter, bonding cement, or other
particulate matter greater than 0.00l-inch in its
largest dimension

f. Less than 0.005-inch clearance between quartz
crystal and its mounting supports

g. Quartz crystal resonator not parallel or
perpendicular to crystal holder base within 10

degrees

h. Joining of packages by interference, friction,
crimping or similar methods unreinforced by
welding.

i. Any surface, including cover, exhibiting

contamination (adhering particulate, film, flux
residue, or other type of material)

J. Won-uniform gquantities of bonding cement at
mounting points or bonding cement in areas other
than mounting points

k. Adhering weld splatter exceeding 0.03-inch
dimension through any plane. Weld splatter shall
be considered adherent when it cannot be removed
with a 20 psig gas blow of dry, oil-free nitrogen.

1. Base terminal and crystal mounting support
exhibiting nicks, misalignment, cuts, cracks, or
distortion

m. Quartz crystal not centered within * 0.030 inch
in its mounting with respect to the gquartz crystal

holder base

4.1.2 !g;igggl_ggpggi;gggg. The motional capacitance,

Ci, is defined in accordance with IEC-302. The load resonant
frequency (Fr) is measured u51ng two load capacitances
connected successively in series with the crystal unit. The
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results obtained with two load capacitors Cr) and Cpy can be
combined so that:

2 (Delta Cp){(Delta Fj)(Delta Fjy)

C; =
(Fr) (Delta F)
where
C; = motional capacitance
Delta Cp = Cr2-CL1
Delta ¥ = Fp1-Fp2
Delta F; = Fp,)-Fp
Delta F3 = Fp2-Fp
: Fr = load resonant frequency

It is necessary to maintain the current through the crystal
unit constant to within 10 percent and the frequencies shall be
corrected for temperature variations during the test, if
necessary. The two load capacitors Cpj and Cpz shall be
chosen such that Delta F, Delta Fj, and Delta Fj are large
enough with respect to the fregquency resolution of the
measurement system to deliver the required accuracy.

4.1.3 Quality PFactor. The quality factor, Q, is defined

by:
1l
Q = -
2(pi) (FR) (R1)(Cy)
where
C1 = motional capacitance (above)
R = measured value
Fr = load resonant frequency
pi = 3.14159

The quality factor, Q, shall be determined using the largest
value of R} measured in the temperature range specified. Ry,
shall be calculated from Ry using the following equation:

Co
R, =R1( 1+ — )
CL
where
Co = the crystal unit shunt capacitance
C;, = the load capacitor
R] = measured value
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4,.1.4 Contrpls. Necessary control measures shall be
employed to ensure highly polished surfaces (optically
transparent). Additionally, the following tests shall be
conducted as required:

a. rugg;ng test (
rea

m Aemesd smamem  wmmswau o n me o

e tU uevices Leygulllily
1 parts per million).

b. Electrical tests for:
Fo (series and parallel resonant frequency)
Ry

Cl, motional canagltance. Cl testing may be

- i1

waived for oscillator circuits.

4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the requirements listed in Table
400-) and the following. 1In oscillators where overtones are
used, some crystals may exhibit spurious frequencies caused by
mode mixing or combinations of harmonic mixing at specific drive
thresholds. A screen may be needed to locate spurious noise
below a given drive threshold at specific temperatures. The
resistance of any unwanted mode shall be measured in the same
manner as the desired mode. The approximate frequency and
resistance of any unwanted mode shall be determined first using
a sweep transmission system.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the requirements listed in Table 400-2 and

the following:

4.1.1 Lot Conformance Subaroup 1 Tests, Subgroup 1 tests

shall be in accordance with the regquirements of MIL-C-3098 and
the following:

4.3.1.1 §Solderability and Lead Attachments.
a. Wire~lead Terminals: MIL-STD-202, Method 20B

b. Ceramic Package: If parallel-gap welding or
thermocompression bonding is used, gold wires shall
be attached using the specified method. Each wire
or ribbon shall be subjected to Test Condition C,
Method 2011, of MIL-STD-883. If soldering is
specified, 0.25mm diameter (#30 B & 8) copper wire
shall be soldered to each terminal. Each wire
shall be subjected to Test Condition A and Test
Condition B of Method 2005 of MIL-STD-883.

SECTION 400
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Total dose and any other

- - o

specified radiation testing shall be performed to the specified
system level requirements in accordance with appropriate
sections of Method 1019 of MIL-STD-883. The crystal units shall
be subjected to the specified radiation levels and dose rates,
Within 75 minutes following radiation, the fregquency and
resistance shall be measured. When a neutron fluence is
specified, the crystal units shall be subjected to the specified
neutron fluence and the frequency shall be measured during
irradiation. Proper accounting shall be given in the frequency
chanue for other-than-neutron irradiation effects.

4.3.1.3 Terminal Strength. The appropriate method among
those listed below shall be used.

4.3.1.3.1 Fethod A, Terminal Pull. Crystal units shall
be tested in accordance with Method 211 of MIL-STD-202. The
following details shall applx:
a. Test Condition: A
b. Applied force: 4 pounds for pin terminals and 2

pounds for wire terminals, applied to each
terminal separately.

4.3.1.3.2 Method B, Wire-lead Bend. Applicable to
crystal units with wire-lead terminals. Crystal units shall be
tested in accordance with Method 211 of MIL-STD-202. The
following details shall apply:

a. Test Condition: C

b. Applied load: 1 pound

A 2 1 2 1 Moadkhad M Wi vra_1Tand Ters b Arinlimahlao
AR S ARAIAR Nw e VNA RS T ASGN AVA L fapp

~
Eawke Laodaud L R - ¥ O o —

crystal units with wire-lead terminals. <Crystal units shall be
tested in accordance with Method 211, Test Condition D, of
MIL~-STD-202.

4.3.2 DEA A DPA shall be conducted on a representative
sample of each production lot in accordance with MIL-STD-1580.
4.4 Qualifijcation Tests. ©Separate qualification tests

are not required. Completion of lot conformance tests in

accordance with the requirements listed in Table 400-2 also
satisfies the qualification testing requirement.
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TABLE 400-1. 100 Percent Screening Regquirements

for Quartz Crystals (Page 1 of 3)

MIL-C~-3098
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-C-3098

Pre-Seal Visual
Examination
{Internal)

Aging

B omn e

R YT e e |
ALLClTolLalcud
n

Aging

Electrical
Measurements

Resonant
frequency

Resistance
versus
temperature

Frequency
versus static
temperature

Coupled modes
{frequency
versus
temperature
anomalies)

Resistance
nonlinearity

a. Paragraph 4.1.1 of this Section

a. Temperature: +85 deg C; 11000 hours minimum
(Actual time shall be determined by program
requirements; measure fregquency three times
weekly except daily during final 168 hours)

b. Delta £/f equal or less than 10-6

c. Delta R less than 2 ohms or 5 percent

1]

3
Ta]

’.l

a. Series and parallel

a. (Reduced drive level)

SECTION 400
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100 Percent Screening Requirements
for Quartz Crystals (Page 2 of 3)

MIL-C-3098 Additions and Exceptions to the Methods and
Screens Criteria of MIL-C-3098
Shock a. MIL-STD-202, Method 213, Test Condition C.
Vibration a. 50 g peak 200 to 3,200 Hz
b. Sweep rate 0.5 octave per min, one sweep
along an axis in the plane of the resonator
at an angle 45 deg relative to a line normal
to the resonator supports.
c. Delta f/f equal or less than 10-6
d. Delta R less than 2 ohms or 5 percent
Temperature a. -55 deg to +125 deg C
Cycling b. 10 cycles minimum
c. Delta f/f equal or less than 10-6
d. Delta R less than 2 ohms or 5 percent
Temperature a. -30 deg to +75 to +30 deg C
Run b. Minimum drive 250 milliwatts,
continuously monitor freguency and equivalent
resistance (each plot to have a minimum
resolution of 1 percent) .
Insulation a. MIL-STD-202, Method 302
Resistance b. 500 megohms minimum, at 50 wvolts
c. Pin to pin, unground pins to case
Seal a. MIL-STD-202, Method 112, &ross leak per
Test Condition A, B, D, or E. Fine leak per
Test Condition C, Procedure IIla or IIIb.
b. Leak Rate shall be less than 10-8ATM cc/sec
Electrical
Measurements
Resonant a. Series and parallel
frequency ;
Resistance
versus
temperature
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TABLE 400-1, 100 Percent Screening Requirements

for Quartz Crystals (Page 3 of 3)

MIL-C-3098 Additions and Exceptions to the Methods and
Screens Criteria of MIL-C-3098

Freguency

versus static

temperature

Coupled modes
{frequency
versus
temperature
anomalies)

Resistance
nonlinearity

Unwanted Modes
Capacitance

Capacitance,
Shunt

Capacitance,
Motional

Quality
Factor

Low Temperature
Storage or
Application

Radiographic
Inspection

Visual and
Mechanical
Examination

(Reduced drive level)

See 4.2 this section.

MIL-STD-202, Mcthod 206, Measure terminal
to terminal with crystal holder ungrounded

. Measure at frequency at which resonator

shows no response. See 4.1.2 this section.

See 4.1.3 this section.

Per MSFC-STD-355; 2 views 90 degqg. apart by

X-ray., or 360 deg. view by Vidicon. Use of
*real-time" X-ray systems capable of viewing
through 360 deg rotation is encouraged.

No extraneous material greater than

0.001 inch in any dimension

10X magnification, minimum
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TABLE 400-2. Lot Conformance Tests (Page 1 of 2)
MIL-C-3098 Additions and Exceptidns to the Methods and
Screens Criteria of MIL-C-3098
Subgroup 1 In accordance with 4.3 of this section
Particle a. MIL-STD-202, Method 217 Detection
Impact Noise
(PIND)
Terminal a. Two specimens
Pin Pull b. Two opposite supports pulled in tension; no
pin fracture, bending, lifting, or separation
Subgroup 2
Vibration a. 100 g peak 200 to 3,200 Hz
b. Sweep rate 0.5 octave per min, one sweep
along an axis in the plane of the rescnator
at an angle 45 deg relative to a line normal
to the resonator supports.
c. Delta f/f equal or less than 10-6
d. Delta R less than 2 ohme or & percent
Acceleration
Acceleration
Sensitivity
Acoustical Noise
Thermal Shock a. Thermal time constant
b. Frequency overshoot
c. Thermal frequency repeatability
d. Thermal frequency hysteresis
Mechanical a. MIL-STD-202, Method 213, Test Condition C.
Shock F. 1500 g, 0.5 second shooks each direction
i| b. Delta £/f equal or less than 10-6
c. Delta R less than 2 ohms or 5 percent
Temperature a. -55 deg to +125 deg C
Cycling b. 10 cycles minimum
c. Delta f/f equal or less than 10-6
d. Delta R less than 2 ohms or 5 percent

SECTION 400
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Lot Conformance Tests (Page 2 of 2)

MIL-C-3098
Screens

Additions and Exceptions to the Methods and

Criteria of MIL-C-3098

Seal

Frequency and
Equivalent
Resistance
Capacitance

Capacitance,
Shunt

Capacitance,
Motional

Quality Factor
Unwanted Modes

Visual and
Mechanical

- et e o S T

Salt spray

Short-term
Stability

Aging

a.

. MIL-STD-202, Method 306.

MIL-STD-202, Method 112. Gross leak per
Test Condition A, B, D, or E. Fine leak per
Test Condition C, Procedure II1Ia or IIIb.
Leak rate shall be less than 10-8ATM

) = 4=
cubic centimeters per second

Measure terminal
to terminal with crystal holder ungrounded

. Measure at frequency at which resonator

shows no response. See 4.1.2 this section.

Szz 4.1.2 thig section.
See 4.2 this section.

10X magnification, minimum

Temperature: +85 deg C; 2000 hours minimum
(Actual time shall be determined by program
requirements; measure frequency three times
weekly except daily during final 168 hours)
Delta f£/f equal or less than 10-6

Delta R less than 2 ohms or 5 percent

SECTION 400
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SECTION 500

DIODES

This section sets forth detailed requirements for the

(a) Light Emitting,

{b) Rectifier,

(c) Schottky Barrier, (d) Bwitching, (e) Varactor, (f) Voltage

Reference, (g) Voltage Regulator, and (h) Photo.
2. APPLICATIOR
2.1 Derating. The derating of diodes shall be in accordance

with AFSC Pamphlet 800-27, Level I, except as noted in Table 500-1.

TABLE 500-1.

800-27 for Diodes

Derating Exceptions to AFSC Pamphlet

DIODE PARAMETERS DERATED * DERATING
TYPE FACTOR
Axial Lead Reverse Voltage (factor times rated value) 0.75
{all) Surge Current (factor times rated value) 0.50
Rectifiers Reverse Voltage (factor times rated value) 0.75
Average Forward Current (factor times 0.75
rated value)
Surge Current (factor times rated value) 0.75
Power (factor times rated value) 0.65
Transient Transient Current{factor times rated value) 0.75
Suppressor Power dissipation(factor_times rated value) 0.75
Varactor Power (factor times rated value) 0.50
PIV (factor times rated value) 0.75
Forward Current {(factor times rated value) 0.75
Photo Current (factor times rated value) 0.50

* The maximum junction temperature shall be +105 deg C nominal,

+125 deg C worst case,

for all diodes.

SECTION 500
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2.2 Tunnel, Gunn, or Impact Diodes. Adequate heat
gsinking shall bhe provided. Adiacent materials shall be analvzed
to ensure thermal stability.
3. E R N )]

3.1 Regquirements. Design and construction shall be in
acctordance with the requirements of the applicable
specifications and the requirements of this standard. Devices
shall be metallurgically bonded in solid glass encapsulation,
where practicable. All plastic encapsulation shall not be
used. Monometallic bonding shall be used. Unglassified
semiconductors in which leads cross scribe lines with clearance
of less than 0.002 inch shall not be used.

2.2 Reliabilitv Suspect Desians. The following designs
are reliability suspect:

Diodes in hot-welded cans
Nonglassivated semiconductor devices
Timers surmm erd b meaT1A =T shasvn P sl e
MoVALUD Wikl YWikd™ O 4,AWINLIWIM WWiWO

Point contact (whisker) diodes

aOow

3.3 Di n —W . A protective coating of
internal elements shall be used, provided that adequate
thermomechanical evaluation and qualification testing at the
part level is performed to ensure that no potential failure
mechanisms of a more undesirable type have been introduced into
the device for that application.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the JAN § regquirements of MIL-S-19500, and the
following special in-process screens, tests, or precautions to
be used when the identified construction or materials are used.

4.1.1 Glass Die Attach:

a. 100 percent mechanical shock

b. Sample: post shock die shear

SECTION 500
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4.1.2 Orqanic Materials. When organic materials are used
on the surface of die:
a. 1000 hour burn-in
| o TINN narmandt "mAantibkAarad® kbammarsbnra cwwaan FaAr hanAd
At » .LUU yGt\-«Gllb AW LA L Wi A Tl L.UIIIEGI-U\-HLG 0"9@:’ e W A S AAGE
intermittency
4.1.3 Mesa Construction:
a. Review process controls for assurance of clean
surfaces
b. Verify at least 6000 angstroms of glass or oxide

passivation over junctions

c. Perform HTRB in accordance with Method 1038,
MIL-STD-750, Condition B. Measure IR at 80
percent of Vgr before HTRB and within 16 hours
of removal of voltage after HTRB, If the Ip
* 10 percent of the maximum specified or * 100
percent of the initial Ip value, whichever is
larger, the device is a reject.

[C}

4.2 pScreening {100 percent). Screening (100 percent)
shall be in accordance with the JAN S requirements of

MIL-S-19500, and the following:

4.2.1 Burn-in Test. The electrical tests and reject
criteria in Figure 500-1 and Table 500-2 shall be used for the
burn-in tests.

4.2.2 Diodes in Hot-Welded Cans.

a. Perform 100 percent mechanical shock test (such as
MIL-STD-202, Method 213A, Condition F)} of each lot
followed by particle impact noise detection (PIND)
screening per MIL-STD-750, Methed 2052.

b. Conduct radiographic (X-ray or vidicon) inspection
of each part after completion of screening
requirements.

ng iv m Or DeviCes.

)
N
W
24

a. Perform 100 percent mechanical shock test (such as
MIL-STD-202, Method 213A, Conditicn F) of each lot
followed by particle impact noise detection (PIND)
screening per MIL-STD-750, Method 2052. Subject
devices to PIND tests until no failures are found
. on two successive sequences.

JJ
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b. Conduct radiographic (X-ray or vidicon) inspection
of each part after completion of screening
requirements.

4.2.4 Nommetallurgically Bonded Devices. 100 percent
screening in accordance with the requitements for instability

shock tests (FIST and BIST) per JAN S screeznng 1n MIL-5-195%00.
4.2.5 Ppoint Contact (Whisker/Schottky) Diode Reguirements.

a. Perform 100 percent forward instability shock test
(FIST) in accordance with MIL-STD-750, Method
2081. Subject each whisker-type diode to five
shock pulses in each of two perpendicular planes
at 15009 minimum (approximately 0.5 ms rise

[T PN awsrea ohaml kaock mamibhar dhoa Farrenr =
\.J-l“cl . uua. il 2MVLA LCOoWLy l“Ull.I. [ SV Y LH.!: LULWwWaGLu

voltage continuously on an oscillescope. Any
discontinuity, ringing, or shifting of the
oscilloscope trace shall be cause for rejection.

A
L

b. Perform 100 percent backward instability vibration
test (BIST) in accordance with Method 2082,
MIL-STD-750. Subject each whisker-type diode to a
vibration of 60 * 3 Hz with 0.1 inch minimum
displacement for a minimum period of 30 seconds i
the X; and X; orientation planes. During
vibration, monitor the reverse current vs voltage
characteristics at the maximum reverse voltage on
an oscilloscope swept at 60 Hz. Any
discontinuity, ringing, flutter, drift, frame
instabilities, or shifting of the oscilloscope
trace shall be cause for rejection.

4.3 _g;_gggﬁg;_gngg_:ga;s Lot conformance tests shall
De 1n aCCOIGE' nce wn:n tne uroup B quallty c:onl: ormance
JAN S5 per MIL-5-19500, and the following:

0
m
!
®
vl
4
v
[}
Q
o]

4.3.1 Nonglassivated Semiconductor Devices.

b. Conduct radiographic (X-ray or vidicon) inspection
of each part after completion of screening
requirements.

c. Conduct DPA sampling of passed devices, inspect
for particles.
4.3.2 Radiation Hardness Assurance. When radiation

hardness is specified, wafer lot testing shall be accomplished
in accordance with the Group D tests for JANS per MIL-S-19500,
and Appendix C of this standard.
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4.3.3 DPA. A DPA shall be conducted on a representative
sample of each production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the JAN S requirements of MIL-S5-~19500.

TABLE 500-2. Required Electrical Tests
{page 1 of 2)

RECTIFIERS

1. Forward voltage, Vg at rated Ip

2. Reverse current, I at +25 deg C and maximum rated
operating temperature

3. Breakdown voltage, Vggr at specified Ip

4. Delta limits, Delta Vg and Delta IR, after burn-in
and after high temperature reverse bias (when applicable)

WITCHI

1. Forward voltage, Vyp at rated Ip

2. Reverse current, I at +25 deg C and maximum rated
operating temperature

3 Breakdown voltage, Vpr at specified Ig

4., Capacitance C at specified voltage and frequency per
MIL-STD-750, Method 4301

5. Delta limits, Delta Vp and Delta Ig, after burn~-in

and after high temperature reverse bias (when ann]irahIQS

Rasha AR & Nyaas REf et e O b e =X T LR V= 34 aatses nw @l LT

VARACTOR

-------------- T - i AE A N wAl e % vwvsa e

Reverse current, Ip a8t +40 deg ¢ and maximum ra
operating temperature

3. Breakdown voltage, Vggr at specified Ig

4. Quality factor Q at specified voltage and frequency per
MIL-STD-750, Method 4301

5. Delta limits, Delta Vg and Delta Ig, after burn-in
and after high temperature reverse bias (when applicable)

| 1. Forward voltage, Vg at rated Iy
2
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(page 2 of 2)
HOT CARRIER

1. Forward voltage, Vy at rated Iy and 1 mA dc

2. Reverse current, Ix at +25 deg C and maximum rated
operating temperature

3. Reverse recovery time, tyy per MIL-STD-750, Method 4031
at specified VR, IR load resistance, load capacitance

4. Capacitance C at specified voltage and frequency per
MIL-5TD-750, Method 4301 ‘

5. Delta limits, Delta Vy and Delta Ip

=

gnﬂ n'FQ-nv h1ﬂh rommnaraturae raversg
igo nreLa Iavels

after burn-in
ias (w!

han a[_:n1 irahl n\

- A

REF N

1. Vz at Iz, and Delta Vg after burn-in and after

high temperature reverse bias {(when applicable)
2- zz

3. Ir at 80 percent of V; at 25 percent C
4. Vyz over temperature range to determine a V

LIGHT EMITTING

1. Vg at Ip, and Delta Vg after burn-in and after
high temperature reverse bias (when applicable)

2. Pg. and Delta Py, after burn-in and after high
temperature reverse bias {(when applicable)

SECTION 500
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SECTION 600
EMI AND RF FILTERS (FS)
{MIL-F-28861)
1. SCOPES

This section sets forth detailed requirement for low-pass RF
and EMI filters.

2. APPLICATIONS

2.1 Mﬂm.

2.1.1 V¥Voltage Derating. Filters shall not be used at more
than 50 percent of their rated voltage at the specified
temperature (derating factor of 0.50).

2.1.2 Current bDerating. The dc current shall be limited

to 75 percent of the maximum rated current at the specified
temperature (derating factor of 0.75).

2.2 End-of Life Design Limits.
a. Capacitance: {(ceramic capacitor designs) * 20

percent of specification limits for
BX dielectric

b insulation: 50 percent of specification limit
Resistance:
2.3 Electrical Considerations. Under certain conditions,

the current parameters of the filter are governed by the
transient surge current (Ig). In order to determine whether a
filter can withstand a known surge current, the following
analysis shall be used. A filter shall not be exposed to a
transient current that could damage the device.

a. ien rent. With no load current flowing:
Surge current (amperes)

Rated DC current (amperes)
Duration of Ig (microseconds)

=1
thx
oo

Then, if tg multiplied by Ig is less than
1.4 Ip, the filter should not be damaged.

SECTION 600
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@
b. Rated Load current. With rated load current Iy
flowing:

Then, if tg multiplied by Ig is less than
0.4 Ix, the filter should not be damaged.

2.4 Mounting.

2.4.1 Installation and Soldering. Installation and
soldering shall be in accordance with Appendix A.

2.4.2 Stud Mounting. Stud mounted devices shall not have
the mounting nut torgqued more than the specified limit. Never
hold the filter body (to keep it from turning when the nut is
being tightened or loosened ) unless the filter is expressly
designed for this purpose. Only internal-style tooth lockwasher
shall be used to cut through any mounting surface contamination
and the lockwasher shall only be inserted between the filter and
mounting surface and not between the nut and mounting surface.

2.4.3 Connecting Wires. When connecting wires to the
device, always heat sink the filter stud lead.

2.5 Aging Sensitivity. Filters with ceramic dis
capacitors using BX or X7R dielectrics can ezhibit ca
decreases of 2.0 to 4.0 percent per decade hour.

3. DESIGN AND CONSTRUCTION

c
pacitance

Filters used for EMI are usually L, C, Pi, or T sections
made up of toroidal wound inductors and capacitors or of simple
feedthrough capacitors. Ceramic capacitors are used in most
smaller EMI filters requiring low RF currents.

3.1 Requirements. Design and construction shall be in
accordance with the Class 8 requirements of MIL-F-28861 and the
requirements of this standard. Piece parts that are utilized in
manufacturing the filters, such as magnetic devices, resistors
and capacitors, shall .also meet the applicable requirements of
their sections in this document.

3.2 Bgliﬁhili;z_Snspggt_ggaigns

3.2.1 Parts. Filters using reliability suspect parts are
reliability suspect.

3.2.2 Nonhermetically Sealed Filterg. Filters without
glass end seals are not hermetically sealed and are both subject
to corrosion and may cutgas significantly. Gold-plated parts
with polymeric end seals are especially subject to moisture
penetration and outgassing. .
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4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the Class S requirements of MIL-F-28861.
4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the Group A screening requirements
of MIL-F-28861, Class S.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests of MIL-F-28861, Class S
requirements. A DPA shall be conducted on a representative.
sample of each production lot in accordance with MIL-STD-1580.

4.4 Qualifjcation Tests. Qualification testing shall be
in accordance with the Class § requirements of MIL-F-28861.

SECTION 600
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SECTION 700

FUSES

1. SCOPE

This section sets forth detailed requirements for fixed,
high reliability sealed fuses.

2. APPLICATION

Electrical overload protection, when required, is usually
considered part of the electrical power control subsystem. When
fuses are required, the current ratings of the fuses shall be
determined at specified operating conditions. These conditions
typically vary for each application and include:

a. Ambient temperature

b. Connections to the circuit
c. Ventilation

d. Vacuum

2.1 Derating. The current ratings of fuses shall be
derated depending on the part type and usage. The following
derating criteria shall be used:

a. Atmospheric. For atmospheric or nonvacuum
conditions, for link type or similar fuses at +25
deqg C, use a derating factor of 0.70.

b. Vacuum. For vacuum conditions, for fuses at +25
deg C, derate per Table 700-1. Smaller fuses
require greater derating to compensate for loss of
cooling due to long term leakage of air from
hermetic devices (See Paragraph 3.1 below).

c. Tepperature. Above +25 deg C, the derating factor
decreases an additional 0.5 percent for each deg C
above +25 deg C.

2.2 Electrical Considerations
2.2.1 Fuse_Characteristics. Factors to be considered

shall include the likely variation of fuse element resistance
from fuse to fuse, deterioration of fuse rating resulting from
repeated turn-on and turn-off of the fuse, other current surge
characteristics, and maximum open circuit voltage tolerance.

SECTION 700
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TABLE 700-1 Fuse Derating in Vacuum at +25 deg C

Derating Factor
(Amps)
2 0.50
1 0.45
172 0.40
3/8 0.35
1/4 0.30
1/8 6.25

2.2.2 Yoltage. Fuses shall not be used in circuit
applications when the ¢pen circuit voltage exceeds the maximum
specified voltage rating for the fuse.

2.3 Mounting. Mounting environments including heat
sinking shall be considered. For some miniature fuses, heat
sinking is required during the soldering operation when the fuse
is installed. '

3. DESIGN AND CONSTRUCTION
3.1 Requirements. Design and construction shall be in

specifications and the requirements of this standard. Designs
shall be considered for space use only if they can be
demonstrated to not alter current ratings more than 10 percent
when used under vacuum {i.e., loss of pressure within fuses) or
if hermeticity can be demonstrated to provide the above
stability over a 10-year period in vacuum. (Extrapolstions from
leak rate measurements may be used.)

3.2 Reliability Suspect Design. Fuses requiring fuse
holders.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-F-23419. Fuse element

magnification minimum.
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4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the regquirements listed in Table
700—2I

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the quality conformance tests, Subgroups

1, 2, and 5 of Group C inspections, of MIL-F-2341%.

4.3.1 DPA. A destructive physical analysis shall be
conducted on a representative sample of each production lot
na

scoordance with MIT_€TD_ 1gan The Rnel—rnfﬂ—lua nh\ra-lr-a'l 1 '_l_

samples may be from the Group IV qualification tests.

4.3.2 Vibration and Shock Test. For critical
applications or where more predictable results in alien
environments are required, a vibration and shock test shall also
be performed as part of the lot conformance tests. The shock
level shall be 500 * 50 g for one-half second sinewave input,
and the vibration level shall be per MIL-STD-202, Method 214,
Condition IIK (monitor continuity during shock and vibration).

in
s

ic
- uF

a. Measure resistance by current plots in excess of
monitored display for elimination of unusual
characteristics

b. Record parameters over various temperatures

c. Thermal vacuum testing

e mT L2 L mmdioaem MPaoaaka MAurali &l mnabidnan baskima aoahall ha
'l-"l MWMUGLAL LG IV AT OLED. WHOALILLIWOLLIVI LOoRWLihilY RiUAlLd g
in accordance with the requirements of MIL-F-23419
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Percent Screening Requirements for Fuses

MIL-F-23419
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-F-23419

Thermal Shock

Seal, Hermetic

Terminal

Chranmi-h and
I P Gllg il A AALA

DC Resistance

Burn-in

DC Resistance

Voltage Drop

Visual and
Mechanical
Examination
(External)

Radiographic
Inspection

Qoo

ow

. MIL-STD-202, Method 112,

MIL-STD-202, Method 107, Condition B;
during last cycle, monitor for continuity

Gross leak per
Test Condition A, or equivalent
Test may be waived if not applicable

Simultaneous dc resistance measurement

Tact rMrrrant nead chall ha 111 narrant nf
- - g P Tt e o e AR R o e N Gl (=R 1 L= ¢ ok Nt el B e Nt B o

rated value during strength measurement
+25 deg C

Resistance data within spec at all times
during strength measurement

At +85 deg +0 deg - 3 deg C for 168 hours
Rated DC voltage
50 percent rated DC current

+25 deg C

Test current used shall be 10 percent of
rated value

Resistance data within spec at all times
Resistance data within * 8 percent of
initial reading at all times

Measurement taken with rated current
Measurement taken after 5 minutes
Accept fuses within * 2 standard deviation

of lot average

. Marking and identification

Defects and damage; i.e., body finish, lead

- _ % L. P S [ A PO [
I1nisn, misdlilynment, CrIdChAd

Per MSFC-8TD-355; 2 views 90 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
"real-time” X-ray systems capable of viewing
through 360 deg rotation is encouraged.

. Test may be waived except for ceramic and

molded body devices

SECTION 700
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SECTION 800

MAGNETIC DEVICES (TRANSFORMERS, INDUCTORS, AND COILS)
(MIL-STD-981)

1. SCOPE

This section sets forth detailed fequirements for
transformers, inductors, and coils.

Z, JCAT 1)

2.1.1 Temperature Derating. The maxzximum operating
temperature of the device shall be a minimum of +30 deg C lower
than the insulation class temperature of the lowest temperature
insulation material used in the device. The maximum operating
temperature is the same as the allowable hot-spot temperature
which is defined as the sum of the ambient temperature and the
device temperature rise.

2.1.2 Voltage Derating. Maximum winding-to-winding and

- --.—...-L-.n-_

ed wire insulation voultage.

[P T -

e III..LII.J.HIUHI Ia

w1nd1ng -to-case vo ltages shall be derated to a factor of 0.50 of
‘ .

2.2 End-of-life Design Limits. The operational life of a
magnetic device is limited by the various temperatures to which

the insulation may be exposed. For organic insulating
materials, the design service life shall be reduced 50 percent
for each 10 deg C increase in hot-spot temperature.

3. DESIGN N

3.1 Requirements. Design and construction shall be in
accordance with the requirements of the applicable
specifications and the requirements of this standard.

2.1.1 Anplicable Specifications. The applicable

i~ N Y

specifications are:

a. MIL-T-27 for Audio, Power, and High-Power Pulse
Transformers and Inductors

b. MIL-T-21038 for Low-Power Pulse Transformers

c. MIL-C-15305 and MIL-C-39010 for Fixed and
Variable, Radio Frequency Coils

d. MIL-STD-981 for all Custom Magnetic Devices:

SECTION 8¢
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um magnetic wire size shall be as

3 imum
Aafin in Table I of MIL-STD-981 excepnt that
0

oL Lk

.1.2 Wire Size. Mi
ed for Class S paris of MIL 981, except t

lts or higher the minimum wire size
shall be AWG size #36. -

3.2 Reliability Suspect Desiqn. Variable inductors or
variable coils. :

4. QUALITY ASSURARCE.

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 I1In-process Controls. In-process controls shall be in
accordance with the Class S requirements of MIL-STD-981.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the Class S requirements of
MIL-STD-981.

4.3 Tk CPAanfarmannas Tacko 1.+ m~anfAarmancs agtes chall
AL S i SR PSR e D Yo b © ance tests

a.n-ﬁi- Uv..-.vq.n- an esit e -

be in accordance with the Class S requirements of MIL-STD-981.
A DPA shall be conducted on a representative sample of each
production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. BSeparate gualification tests
are not requ1red Completion of lot conformance tests as
specified in Paragraph 4.3 of this section satisfies the
qualification testing requirement.

SECTION 800
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SECTIOR 900

MICROCIRCUITS

SCOPE

microcircuits (integrated circuits).

2,

TABLE 900-1.

APPLICATION

2.1 Derating.
900-1, Table 900-2,

This section sets forth detailed requirements for monolithic

Derating shall be in accordance with Table
and Table %00-3,

as applicable.

Derating Guidelines for Digital Microcircuits

Parameter Derating Factor
Nominal Worgt Case
Output load current 0.80 0.90
{total) (1)
Vee Specified nominal 1.1 Veg 1.1 Ve
supply voltage
Transients (2) 1.2 Ve 1.2 Voo

______ Finn Aalas
Propagation delay

Fanout
Power dissipation, Pp

Junction or “hot-spot"
temperature, maximum

Supply voltage for CMOS

0.80

+105 deg C

0.70

(3)
0.90

+125 deg C

0.80

NOTES:

(1) Not applicable to single fanout devices.

(2) Transient peaks shall not exceed the specified

value.

{3) Derate by one 1lo0ad or to 80 percent of maximum
rating (whichever is greater), except where
fanout is rated as one.

=

=
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TABLE 900-2. Derating Guidelines for Linear Microcircuits
Parameter Derating Factor
min Worst Case
Input signal voltage 0.70 0.80
Output current 0.75 0.85
*Operating frequency 0.75 0.85
(application)
Transients (2) ' 1.20vg 1.40Vg
*Gain (application) 0.75 0.85
Power dissipation, Pp 0.75 0.85
Junction or “hot-spot” +105 deg C +125 deg C
temperature, maximum
NOTES: A
(2) Transient peaks shall not exceed the specified
value.
TABLE 900-3. Derating Guidelines for Voltage Regulator
Microcircuits
Parameter

. ;
:

Input current 0.80 0.950
Input voltage 0.80 0.85
Output current 0.75 0.85
Power dissipation, Pp .75 0.85
Junction or "hot-spot”® +105 deg C +125 deg C

temperature, maximum

SECTION 300
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2.2 Power Dissipation. Power dissipation shall be
calculated as follows:

For digital logic device application

IccL

IccH

Vee
IoL

VoL

I I 2
- —CCL + CCH x V., + I xV + CV°F

- 2 CC OL oL

is the load capacitance.

is the voltage swing on load capacitance.

is output frequency.

is the actual power dissipated in the circuit
application and is the product of the actual measured

or calculated voltage and current.

is the actual supply current drain with inputs in logic
*L" state.

is the actual supply current drain with inputs in logic
"H" state.

is the actual power supply voltage.
is the actual output logiec "L" state sink current.

is the actual logic "L" state output voltage.

If (Igy x Vou) = (Ipr x Vpor) in the equation for Pp,
substitute (Igy x Voy) for (Ipr x Vor).

Iony

Vou

where:

Vg
Igs

is the actual logic "H"™ stated sink current.

is the actual leogic "H" stated output voltage.

For linear device application

+ + - -
= VS x ISS + VS x ISS

is the actual supply voltage (1)}.

is the actual supply current ().

SECTION %00
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2.3 Electrical Considerations. The circuit design shall
make allowances for the worst case variations in output voltage
or current, and propagation delays.

3. DE RSTRUCTIO

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-M-38510, Class S, and
the requirements of this standard. The manufacture of
microcircuits on a JAN Class S certified line is encouraged.
The guidance provided in MIL-HDBK-339 for custom LSICs should be
used to the extent applicable in establishing the requirements
for the upgrading process of a specific microcircuit to meet
space system requirements. In general, additional screens
should be provided as part of the upgrading process based on
requirements and test features. Test chips and internal test
nodes shall be used where practicable, Independent monitoring
of the manufacturing process shall be imposed to help assure
product quality.

3.2 Marking. Each microcircuit package shall be marked,
where space permits, to include:

a. Orientation mark (NOTE: Device orientation may be
designated by a tab or nectch in lieu of marking.)

b. Manufacturer's identification
c. Manufacturer's (generic) part number

4. Inspection lot identification code (NOTE: See
Paragraph 3.6.3 of MIL-M-38510)

e. Serial number
£. Radiation hardness assurance designator
g. Electrostatic discharge sensitivity per MIL-M-38510

h. Contractors part number

i. Country of origin
3.3 Reliability Suspect Designs. Reliability suspect
designs are:
a. Hot welded cases
b. Nonglassivated devices

c. Packages that do not conform to those specified in .
Appendix C of MIL-M-38510

SECTION 800
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4. OQUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the Class S requirements of MIL-M-38510.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the Class S requirements of

w_AnETA . : " +
MIL-M-38510. The interim and post burn-in screening electrical

test and reject criteria shall be in accordance with Table 900-4.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group A, Group B, and Group D test
requirements for Class § in MIL-M-38510, The Group D tests
shall be performed on the initial production lot and on
six~month intervals during production of the product.

4.3.1 Radiation Hardness Assurance. When radiation
hardness is specified, wafer lot testing shall be accomplished
in accordance with the Group E tests for Class S per

MIL~-M-38510, and Appendix C of this standard.

4,3.2 DPA. A DPA shall be conducted on a representative
sample of each production lot in accordance with MIL-STD-1580.

SECTION 500
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TABLE 900-4. Interim Pre Burn-In and Post Burn-In Screening '
Electrical Test and Reject Criteria

A C D

M o) I

P M G

L P 1

I A T

F R A

I A L

E T

R 0

R

X X I1B. It * 10 percent

X X 110/ Ito * 10 percent

X Vio: Vip * 20 percent
X VoH- VoH + 5§ percent
X VoL VoL + 10 percent
X ITtH, Ity * 10 percent
X I1L, Itz Y 10 percent

X Pp

X CMR

X PSRR

X Gain

X Gain

SECTION 900
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SECTION 910

CUSTOM LARGE SCALE INTEGRATED CIRCUITS

l. SCOPE

This section sets forth detailed requirements for custom
large scale integrated circuits (LSICs) which have complexities
greater than 100 gates. A custom LSIC is one that is designed
and fabricated for a specific application.

2. APPLICATION

The “custom™ in custom LSICs means that at least some
features may be unique and lack successful production or usage
experience. This lack of maturity is normally the major problem
to be evaluated with regard to the use of a custom LSIC. The

celactinn and evaluation of custom LSICs for gpace ann11ﬂn+1nn¢

shall be in accordance with the guidance prov1ded in
MIL-HDBK-339.

2.1 Derating Same as in S

-~ . v e :hnl\ ~ PR
¥UU-L, dIl0 ldbie 2VVU-o, ad appirl

2.2 Electrical Considerations. The circuit design shall
make allowances for the worst case variations in output voltage
or current, and propagation delays.

on 900 (Table 900-1, Table

n--o-

ec
ca

\-
.

3. D N N

Design and construction shall be in accordance with the
baseline requirements of MIL-HDBK-339, Appendix C. In addition,
the guidance provided by MIL-HDBK-339 shall be used in
establishing other requirements and procedures that may be
applicable to a specific device. These include such items as
the testability requirements, applicat:on of test chips and test

el—rnr-{-nrne radiation hardness reouiramants. and degian and

[N S LR Y S A — -1 A ATl e A R e W R AL e R A AR b L L A R TEAATE R s W A4 A AR

process controls applicable to a specific custom LSIC.

Each custom device wafer shall contain two or more test
chips located in positions on the wafer in lieu of active
circuits. The test chips shall be iocated approximately
two-thirds of the distance from the center to the edge of the
wafer on opposite sides of the center. The test chips shall
contain, as a minimum, test structures for evaluating the
following:

a. Basic electrical parameters
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b. Dielectric strength of each dielectric layer

c. Stability of each dielectric layer under
bias-temperature stress

d. Junction and device breakdown voltages
e. Pinholes

£. Step coverage of metal and other conductors over

BV e wm et AR | ema ey

g. Resistance of diffusions or implants (after
activation)
n. Contact integrity

i, Standard cell and other circuit features

j. Control of etched line widths, gaps, and contact
openings

k. Metallization and dielectric thicknesses
1. Thermal stability {(CV plotls)
m. Radiation hardness

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requlrements of Section 4, the baseline quality
assurance provisions of MIL- HDBK-339 Appendlx C, and the
following:

Other detailed quality assurance requirement and procedures
applicable to a specific custom LSIC shall be established based
on the documentation resulting from the designer capability
audit, from the manufacturer capability audit, and from the
product evaluations. The audits and product evaluations shall
be in accordance with the descriptions and baseline requirements
of MIL-HDBK-339.

4.1 Tnenroress Controls.

4.1.1 Parts, Materials. and Process Controls. Parts,
materials, and process controls shall be in accordance with the
baseline requirements of MIL-HDBK-339, Appendix C.

SECTION 910
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4,1.2 Test Chips. Specific tests and limits shall be
specified for the test chips from each wafer to assure process
control and reliability.

4.1.3 Nichrome PROMS. The following requirements are
applicable to Nichrome PROMs:

a. Nichrome PROMs shall have less than 500 parts per
million water content at 100 deg C as a condition
for Group B testing in Table IIa, Method 5005,
MIL-STD-B83. This is required for packages with
or without desiccants.

b. Burn-in shall be conducted after programming. The
burn-in PDA shall be five percent.
c. One pulse per fuse is used.
4.1.4 EPROMS and EAROM. EPROMs and EAROMs shall be
burned in after initial programming.
4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the baseline requirements of
. MIL-HDBK-339, Appendix C.
4.3 Lot Conformance Tests. Lot conformance tests shall

be in accordance with the baseline lot conformance test
requirements of MIL-HDBK-339%, Appendix C.

4.4 Qualification Tests. Qualification testing shall be

in accordance with the baseline qualification testing
requirements of MIL-HDBK-339, Appendix C.

SECTICN 910
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SECTIOR 940

MICROCIRCUIT CHIPS FOR HYBRIDS

1. SCOPE

This section sets forth the detailed requirements for
microcircuit chips to be employed as an integral part of hybrid
microcircuits.

2. APPLICATION

2.1 Derating. Same as in Section 900 (Table 9%00-1, Table
900~-2, and Tahle 900-3, as applicable).

2.2 Alterpative Derating. When system performance
requirements cannot be satisfied with the derating criteria in
Section 900 (Table 900-1, Table 900-2, and Table 900-3, as
applicable), alternative derating shall be employed using the
following constraints:

a. Alternative deratings shall apply to power
dissipation, output current, fanout, and
propagation delay.

b. Control of junction temperatures below the limits
stated in Section 900 (Table 900-1, Table 900-2,
and MTahla 0AN_1 ac snnlimrahlalt! ehall Wa rarnd rad
Qiig FR*T " r 33 o W -~y B uyrd—&\-uu&w’ FEACR A B Al Nk LG‘MLLUHI

c., Verification of 635, during fabrication,
inspection, or by DPA for each microcircuit lot
shall be required.

d, Control of case temperatures in the printed
circuit board assemblies shall be reguired.

Use of alternative derating criteria requires the approval of
the contracting officer.

2.3 Electrical Considerations. The circuit design shall
make allowances for the worst case variation of the Igp,
Iou., propagation delay, gain, offset voltage, and bias current.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-M-38510, Class S, and
the requirements of this standard. The manufacture of
microcircuit chips on a JAN Class S certified line is
encouraged. The guidance provided in MIL-HDBK-339 for custom

SECTION 5940
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LSICs should be used to the extent applicable in establishing .
the requirements for the upgrading process of a specific

microcircuit chips to meet space system requirements. 1In

general, additional screens should be provided as part of the

upgrading process based on requirements and test features. Test

chips and internal test nodes shall be used where practicable.

Independent monitoring of the manufacturing process shall be

imposed to help assure product quality.

3.2 Reliability Suspect Designs. None identified,
4. QUALITY ASSURARCE

" Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of Appendix A of MIL-M-38510,
Class B. -

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements of MIL-M-38510,
Appendix G, Class S for hybrid elements. The electrical tests
and reject criteria are given in Table 900-4. Parameters to be
tested shall be in accordance with MIL-STD-1331.

4.3 Lot Conformpance Tests. Lot conformance tests shall
be in accordance with the Group A, Group B, and Group D test
requirements of MIL-M-38510, Class S. A DPA shall be conducted
on a representative sample of each production lot in accordance
with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-M-38510, Class S.

SECTION 940
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SECTION 960

HYBRIDS

1. SCOPE

This section sets forth detailed requirements for hybrid
microcircuits.

2, P ION

2.1 Derating. Derating shall be in accordance with the
derating requirements for each element of the hybrid
microcircuit. See Section 900 (Table 900-1, Table 9%00-2, and
Table 900-3, as applicable).

2.2 End-of-life Degign Limits. Per program requireﬁents
2.3 Electrical Considerations. None identified

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-M-38510, Appendix G,
Class S, and the requirements of this standard. Particle
getters may be used only when approved by the contracting
officer. Electronic parts that are utilized in manufacturing
the hybrids, such as diodes, transistors, and capacitors, shall
also meet the applicable requirements stated in their sections
of this document. Cerdip or Cerpack packages shall not be used.

3.2 Reliability Suspect Designs. All.
4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-proceps Controls. In-process controls shall be in

accordance with the Class § requirements of Appendix G of
MIL-M-38510.

4.2 Screening (100 Percent). Screening requirements
shall be in accordance with MIL-M-38510, Appendix G, Class S,

4.3 Lot Conformance Tests. Lot conformance tests shall

be in accordance with the Group A, Group B, and Group D test
requirements for Class S in Appendix G of MIL-M-38510. The
Group D tests shall be performed on the initial production lot
and on six-month intervals during production of the product. A

SECTION 960
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DPA shall be conducted on a representative sample of each
production lot in accordance with MIL-STD-1580,

4.4 Qualification Tests. Qualification testing

requirements are incorporated in the lot conformance tests so
separate qualification tests are not required.

SECTION 960
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SECTION 1000

RELAYS (CURRENT RATING OF 25 AMPERES OR LESS)

1. SCOPE

This section sets forth detailed requirements for
electromechanical relays with current rating of 25 amperes or
less.

2. APPLICATION

Selection and application of relays shall be in accordance
with MIL-STD-1346 and the requirements contained herein.

2.1 Capacitive Load. Series resistance shall be used
with any capacitive load to ensure that currents do not exceed
derated levels for resistive loadéds.

2.2 Suppression Diodes. Internal diodes are recommended

for coil suppression. If coil suppression is used, a double
dicde configuration is preferred, wherein one diode suppresses
reverse transients to two times the nominal coil veltage and the
second diode provides reverse polarlty protection for the
primary diode.

2.3 Coi) Voltage. The following caution is spec1f;ed by
both MIL-R-6106 and MIL-R-3%9016:

CAUTION: The use of any coil voltage less than the rated
voltage compromises the operation of the relay.

Therefore, normal coil operating voltage should be 100 £ 5
percent of nominal rated value and should not exceed (worst
case) 90 percent of the maximum rated coil voltage at +125 deg C.

2.4 Loads. If relay usage is at low or intermediate
loads relative to the rated load for the relay, the relay shall
also be qualified at the reduced (usage) load.

2.5 Derating.
2.5.1 Contact Current Derating. Contact current derating

shall be based on the contact load type in accordance with Table
1000-1, and the operating life of relay. Inrush currents in

SECTION 1000
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[

ermitted with a
liowing criteria are

excess of the rated resistive load may be
corresponding reduction in life when the
met:

P
fo

a. The relay has been qualified to withstand an
inrush of "X" times the rated resistive load for
*"Y" number of cycles.

b. Lot-by-lot conformance tests are performed to
verify continued compliance.

c. The actual application shall not require more than

an inrush of "X" times the rated resistive load
for 50 percent the specified "Y" number of cycles.

TABLE 1000-1 Contact Current Derating.

Contact Load Type Derating Factor
from Rated Resistive Load

Resistive 0.75
Inductive 0.40
Motor 0.20
Filament 0.10
Capacitive (See 2.1)

2.5.2 PSpecification Provided Rated Values. When the
detail specification provides "rated values™ not only for
resistive loads, but also for inductive, motor, and lamp loads,
the derating factor shall be 0.75. For example, the inductive
load@ shall be derated to 0.75 times the "rated inductive load"
provided in the detail specification.

3. DESIGN AND CONSTRUCTIOR

3.1 Requirements. Design and construction shall be in
accordance with the requirements of the applicable
specifications and the requirements of this standard.
Applicable specifications typically are MIL-R-5757, MIL-R-6106,
and MIL-R-39016.

SECTION 1000
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3.1.1 Electronic Parts. Electronic parts that are
utilized in manufacturing the relays, such as dicdes,
transistors, capacitors, and hybrids, shall also meet the
applicable requirements stated in their sections of this
document.

3.1.2 Critical Processes. The manufacturer shall

document the manufacturing flow including the processes and
procedures that have critical effect on the fabrication,
function, reliability, or service life of the article. As a
minimum, these shall include raw material certification and
property sample tests, coil assembly, carrier assembly, contact
assembly, armature assembly, coil core and pole piece assembly,
motor assembly, relay subassembly prior to closure, and final
assembly and closure. Inspections and tests associated with
each process and assembly operation shall be included in the
processes. As a minimum, the following items are considered
critical materials: coil assembly, carrier assembly, contact
assembly (contacts), armature assembly, coil core, pole piece
assembly, motor assembly, wires, and header.

3.1.3 Magnet Wire. Coil wire shall be 44 AWG or larger
and use a polyimide (or equivalent) insulation. Wire sizes
smaller than 44 AWG require approval of the contracting officer.

3.1.4 Final Assembly. Relays shall be assembled in a
Class 100 or cleaner area. After pre-can visual inspections
have been completed, the relay can shall be placed con the relay,
and the relay sealed {canned) while in the Class 100 or cleaner
area. If after pre-can visual inspections have been completed,
but prior to sealing, the covers are removed for any reason,
pre-can visual inspections shall be repeated. If subassemblies
or unsealed relays are removed from the Class 100 clean area for
any reason, covers or other provisions shall used to maintain
cleanliness. The relays may be remagnetized and stabilized, if
applicabie.

3.2 Reliability Suspect Designs,

a. Materials that outgas or cause contamination
b, External suppression diodes (instead of internal)

c. Use of silicone, adjunct sealants, or dielectric
improvement processes on any external portion of
the relay, unless approved by the contracting
officer

SECTION 1000
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4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 Lg:p;gggss_ggg;;gls. In-process controls shall be in
P | ..

------------ T4 bhaoa wnrsvirs scmemoavdes e B e % BN T 124 e
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specification, and the following:

4.1.1 V¥Vacuum Bake. Relay coil assemblies shall be vacuum
baked to ensure no coil outgassing that could cause a film
buildup on the contacts that would increase contact resistance.

4.1.2 General Method of Inspection

4.1.2.1 Visual and Mechanical Examinations. A visual
examination shall be performed in a Class 100 environment per
FED-STD-209 on 100 percent of the relays prior to final cleaning
and assembly in the can. The examination shall be performed
using a 10-power microscope (or as otherwise specified) except
when an ubuu.mqla*y is suggested in a area where greater
magnification is required to verify product integrity (20X
maximum), or as specified in this procedure. All parts not
under immediate inspection shall be stored in covered trays and
returned to covered trays immediately after inspection.

4.1.2.2 Ipitial Inspection. Visually examine the

fpllowing areas:

a. Contact assembly, contact surfaces, stationary and
movable contacts, springs

b. Coil, pole piece, armature, header

4.1.2.3 PFinal Examination for Contamination. Upon
completion of the initial inspection, the entire relay assembly
shall be inspected. Any particulate contamination visible at
20X magnification is cause for rejection., During this
inspection, the relay shall be rotated in various orientations

bn ubkiliza all svailzhlas 11nh+1nn
LR LR A L =R oY A A A LR - ELR R Lt )

4.1.3 Detailed Explanation of Inspection
4.1.3.1 Moving Contact Assembly and Springs. Inspect the

moving contact assembly for proper instaliation and position.
The springs shall clear all adjacent parts for both positions of
the armature. Inspect support brackets for the moving contact
assembly for cracks and loose fractures (20X).

SECTION 1000
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4.1.3.2 Contact Surfaces (Fixed and Movable). Inspect
surfaces for scratches or burrs in contact mating area and
cracked or peeling plating. Inspect mating contact surfaces for
proper alignment for both positions of the armature.

a. Contact area for fibrous and other contaminants
(20X)

b. Underside of contact supports for tool marks (20X)

c. Contact terminals for weld splatter {(20X)

4.1.3.3 Coil Ingpection. Inspect coil for the following:
a. Poor coil lead welds; inspect for evidence of weld

on each coil lead wire, followed by probing weld
area to verify that each coil lead wire is
attached to the terminal

58 Wald enltabkbéar at ,A3l rarminnle £20YY
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c. Proper lead coil dress; ensure clearance to all

moving and conductive surfaces (Coil leads shall
not be kinked and shall not be stretched tight
. from c0il to coil lead post (10X).)

d. Nicks in the coil wire due to the stripping of the
insulation (20X)

e. Coil assembly for loose or frayed teflon insulation

4.1.3.4 Armature and Pole Piece. Inspect armature and
pole piece gap for weld splatter and contamination (20X).

4.1.3.5 Header. Inspect header (10X) for the following:
a. Unacceptable tool marks
b. Glass seals
c. Weld splatter
a. Cracked or peeling plating

e. Proper alignment of header and frame

4.1.3.6 ] n ] ri
4.1.3.6.1 Weld Splatter. Weld splatter or weld expulsion
. balls observed under 20X magnification shall be acceptable if

SECTION 1000
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capable of withstanding a probing force of 150 grams applied .
using an approved force gage calibrated for a range of 125 to

150 grams pressure force. User may apply a maximum force of 125
grams during pre-cap. Each suspect weld may be probed one time
only by the user during pre-cap.

4.1.3.6.2 §Scratches. Scratches or tool marks wholly
below the surface of the metal are acceptable. Burrs protruding
above the surface are not acceptable.

4.1.3.6.3 Cracks. Cracks in the header pin glass seals
are not acceptable, if the crack extends from the pin or outer
edge more than one-~-third the radius of the seal. This criterion
is not applicable to glass seals less than 0.1 inch diameter.
4 Maflan, Teflon strands th

4.1.3.5." A ot e e WS 6““ .a are an ip
part and extension of the teflon coil wrap or coil le
insulation are acceptable, unless they are of sufficient length
or location that they can interfere with the normal actuation
and operation of the relay.

t

4,1.4 Cleaning. Cleaning shall be performed in a Class
100 environment per FED-STD-209. Relays with permanent magnets
shall be demagnetized, if they can be remagnetized and
stabilized a2fter canning. The relays shall bhe demagnetized
using a Thomas and Skinner Model DM 35 or egquivalent equipment.

4,1.4.1 Ultrasonic Cleaning. Ultrasonically clean relay
trays and covers. Clean a sufficient quantity of trays and
covers for storage and transport of relays. cans, and other
parts for the remalnder of requlred cleaning., Store in Class
100 environment per FED-STD-209. Ultrasonically clean relays,
cans, and any other parts and subassemblies that constitute the
final assembly. Immediately after cleaning, store the parts in

—————————————————— amn_3n0
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4.1.4.2 Vacuum Cleaning. Vacuum parts at the laminar
flow bench. Using a pressure gun and filtered air flowing
through a static eliminator, blow filtered air on the parts,
holding the parts in front of a vacuum inlet to trap loosened
particles. Immediately store cleaned parts in clean covered
trays.

4.1.4.3 Cleaning and Smgl__2g_L;nle_aze_ssil_lnszectsgnl
Test relays, cans, anéd any other parts or subassemblies that
constitute the final assaembly using the following procedure, or
a procedure approved by the contracting officer. First obtain
freon from a pre~-filtered supply. Assembly pre-cleaned 1000
milliliter flask, vacuum pump, filter holder, pre-cleaned (.80
micrometer filter, and pre-cleaned funnel, Fill funnel with

SECTION 1000
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pre-filtered freon and turn vacuum pump on. Repeat until flask
is filled. Fill a pressurized container with cleaned freon.
Clean filter by blowing both surfaces with ionized air. Using
the pressurized container, wash both sides of the filter with
clean filtered freon. Observe filter under 30X magnification;
if any particles 2.5 micrometers (0.001 inches) or larger, or
visable particles under 2.5 micrometers (0.001 inches) are
observed, repeat the cleaning process until satisfactory results
are obtained. Place the filter holder and cleaned filter on a
clean empty 1000 milliliter flask under funnel., Air blow all
parts to be millipore-cleaned using ionized air. Place parts in
funnel. Using 1000 milliliter flask of filtered freon, pour the
freon into the funnel, covering the parts to be cleaned. Cover
funnel. Turn on vacuum pump. When all the freon has passed
through the filter, turn off vacuum pumps. Remove filter and
examine under 30X magnification. If one or more particles 2.5
micrometers (0.001 inches) or larger are present, or three or
more visable particles under 2.5 micrometers (0.001 inches) are
present on the filter, repeat the process until this condition
is corrected. Place cleaned parts in cleaned covered trays in
preparation for canning the relays.

4.2 Screening (100 percent). Screening (100 percent) of
MIL-R-39016 type relays shall be in accordance with the "M"
level of the Group A inspections in MIL-R-39016, with the
addition and exceptions in Table 1000-2, Screening (100
percent) of MIL-R-6106 type relays shall be in accordance with
the ER requirements of the Group A inspections in MIL-R-6106
with the additions and exceptions in Table 1000-2. Screening
(100 percent) of other type relays shall be in accordance with

Table 1000-2.

4.2.1 Vibration Miss Test. For those relays in which the
noise signature is high, and the Particle Impact Noise Detection
(PIND) test may not detect particles, a Vibration Miss Test
shall be used in place of the PIND test. The Vibration Miss
Test requirements are:

a. Vibrate relay with a 10 g peak sine wave at a
fixed frequency of 10 Hz for 3 minutes.

b. Axis of vibration shall be perpendicular to the
motion of the contacts.

c. Relay shall be operated at 9.9 Hz
a. All contacts shall be monitored for any misses.
e. Relays with misses shall be rejected and removed

from the production lot

SECTION 1000
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4.2.2 Electrical Characteristics. The following
electrical characteristics shall be determined in accordance
with the requirements in MIL-R-39016:
a. Contact Resistance | '
b. Operate Voltage
c. Release Voltage
d. Hold Voltége
e. Operate and Release Times
£. Contact Bounce
. Coil Resistance
h. Transient Suppression
i. Reverse Polarity Protection

4.3

Lot conformance tests

shall

Lot Conformance Tests
be in accordance with the Group B tests in MIL-R-39016 with the

fnl

lowing addi

a.

b.

C.

4.4

SECTION 1000

Qualification Tests.

tions:

Random vibration and shock shall conform to the
requirements of the specific application.

Resistance to solder heat shall be per MIL-R-39016.

A DPA shall be conducted on a representative
sample of each production lot in accordance with
MIL-STD-1580. During DPA, verify no contamination

Taraar Fhan 1 mil and +hat crarroct matoarial and
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workmanship to the manufacturer's detail
requirements were used to fabricate the relays.

Life testing shall be performed to system level
regquirements.

Internal moisture shall be determined per
MIL-R-6106.

Not required.

[
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100 Percent Screening Requirements
(Page 1 of 2)

MIL-R-39016

Screens

Additi eptions to the Methods and

Exce
a of MIL-R-39016

)
c

Vibration
(Sine)

Vibration
{Random)

Particle
Impact Noise
(PIND)

u

MIL-STD-202, Method 214, Test Condition II, K
(to the requirements of the application)

3 orthogonal planes, 3 minutes

Mounting fixture shall not add or remove
energy from relay under test

Monitored for contact chatter, 10
microseconds maximum per MIL-STD-202,

Method 310, Circuit B

No contact transfer (monitor equipment shall
be capable of detecting closures greater

than 1l microsecond)

Energize nonlatch relays during half test
time and de-energize during other half
Latching relays shall be latched in one
position for half the test and latched in

the other position for the other half

(coils de-energized)

Per MIL-R-6106, Group A, ope
reliability requirements
Five thermal shocks

Record pickup and dropout voltage

For relays with coil gauge wire of AWG 44 or

.

L & __

smaller, contlnually monitor coil continuity
with 350 microamperes {(maximum current)
during last temperature cycle

Miss Test during fifth cycle of thermal shock

See requirement in paragraph 4.2.1 of this
standard for the Vibration Miss Test

. MIL-STD-202, Method 217 Detection

If 2 percent of the lot fails, PIND testing
may cease; if more than 2 percent fails, the
lot shall be retested.

SECTION 1000
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TABLE 1000-2. 100 Percent Screening Requirements
{(Continued, Page 2 of 2)
MIL-R-39016 Additions and Exceptions to the Methods and
Screens ~  Criteria of MIL-R-39016
Electrical a. See requirements in paragraph 4.2.2 of this
Characteristics standard
Neutral
Screen
Insulation
Resistance
Dielectric a. Sea Level Only
Withstanding-
Voltage
Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspection X-ray, or 360 deg. view by Vidicon. Use of
*real-time" X-ray systems capable of viewing
through 260 deg rotation is encouraged.
Seal a. Per MIL-R-6106
Visual and a. Per MIL-R-6106 or MIL-R-39016 (as applicable)
Mechanical
Examination
{External)

SECTION 1000
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SECTION 1100
RESISTORS

1. SCOPE

This section sets forth detailed requirements for resistors
and thermistors. Table 1100-1 lists the types covered and
indicates the applicable section in this standard where detailed
requirements are set forth.

TABLE 1100-1. Resistor Types

Section Resistor Type Specification Style

Number

1120 Fixed Film MIL-R-39017 RLR

1125 Fixed Film Resistor Chips MIL-R-55342 RM

1130 Fixed Film MIL-R-55182 RNC

1140 Variable, Nonwire-wound MIL-R-390G35 RJR
(Adjustment Type) ’

1150 Variable Wire-Wound MIL-R-39015 RTR
{Lead Screw-actuated)

1160 Fixed, Wire-wound MIL-R~39005 RBR
(Accurate)

1170 Fixed, Wire-Wound MIL-R-39007 RWR
({Power Type)

1180 Fixed, Wire-Wound MIL-R-39009 RER

(Power Type,
Chassis-mounted)

1190 Resistance Network MIL-R-83401 R2Z

1195 Thermistor MIL-T-23648 RTH

SECTION 1100
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2. APP TI

Use of resistors shall be in accordance with MIL-STD-199 and
with the requirements contained in this standard.

2.1 Derating. Power derating requirements are based on
conditions of temperature and stress that are used for testing
to establish failure rate levels. Improved part failure rates
result when reduced part stress ratios or reduced temperatures
are used. Derating requirements given are based on operation in
vacuum. The use of derating curves found in each section is
described in Paragraph 4.3.1 in Section 4.

2.2 End-of Life Design Limits. End-of-life design limits
do not include item tolerances and are therefore additive to
values specified in each amnlicabhle gection
T L e LA pruwod—-ﬁwu LE 1] Tt Tl Yt B A urr--.w-u-.w P N ek e

2.3 Electrica) Considerations.

2.3.1 Power Ratings. Selection of resistor types and
power ratings shall be based on the intended application and
allowable failure rate.

2.3.2 Pulse Applications. 1In applications where pulse
voltages are present. the maximum pulse amplitude (including any
steady-state voltage) shall not exceed the value established by
derating, regardless of resistance value. For repetitive
pulses, the average power shall not exceed the established
derated value, Average power is defined by

P (avg) = P (t/T)
where P = pulse power, calculated from the equation (P = E2/R)
t = pulse width, and T = cycle width.

T nranaki e
LR Y

.,
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ive pulses, the thermal time constant of the
resistor in the particular application shall be determined and
the pulse power limited to a value that does not result in a
temperature rise at the resistor surface which is greater than
the temperature rise that would result from the applied derated
dc power level. When actual test pulse power data exist, the
data shall be listed in the appropriate section.

2.4 Mounting. Mounting shall be in accordance with
MIL-STD-199 as modified by Appendix A and requirements provided
in the detailed section for each resistor type.

2.5 Aqing Sensitivity. See applicable section.

SECTION 1100
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3. ESI AND N

3.1 Requirements. See the detailed@ requirements section
for each resistor type.

3.2 Reliability Suspect Designs. The following resistor
types have failure modes that are not able to be completely
removed by existing controls and screens. These types are not
approved for mission-significant or critical space applications.

a. Carbon film resistors
b. All types of variable resistors
4. OQUALITY ASSURANCE

See the detailed requirements section for each resistor type.

SECTION 1100
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SECTIOR 1120

FIXED FILM RESISTORS (RLR)
(MIL-R-39017)

1. SCOPE

This section sets forth detailed requirements for fixed film

{thick) resistors.

2. APPLICATION
2.1 Dperating.

2.1.1__Power Derating.

in accordance with Figure 1120-1.

POWER STRESS RATIO

{.0
ESWC . 7 s
ESyom -+ 5
.2
o 20 60 70 100 125 150
Tcs Tn Twe Tc2

AMBIENT TEMPERATURE,®C

FIGURE 1120-1. Power Derating for Film Resistors

2.1.2 Voltage Derating. Voltage applied to these
resistors shall be limited to 0.80 of the maximum continuous
working voltages as shown in Table 1120-1.

SECTION 1120
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TABLE 1120-1 Maximum Continuous DC Working Voltage.

Part Type RLRO5 RLRO7 RLR20 RLR32
Maximum 200v 250V 350V 500V
Continuous

W VvV DC

2.2 End-of-life Desiqn Limits. (Resistance)
a. * 2 percent for approved application

b. * 3 percent for worst case application

2.3 Electrical Considerations. The peak power shall be
limited as follows:
Iype Peak Power
{Watt-seconds)
RLR 05 1
RLR 07 3
RLR 20 15
RLR 32 40

2.4 OQutgassging. Due to resistor encapsulation in organic
materials, circuit and system sensitivity to moisture and
outgassing shall be considered in part application.

3. DESIGN AND CORSTRUCTION

3.1 Recommended. Nichrome film parts on solid ceramic
cores are recommended.

3.2 Failure Level. Failure rate level "S" parts shall be
used.

3.3 Reliability Suspect Design. Devices constructed with
a deposited thin metal film over a solid core that 4o not have a
protective undercoating completely over the metal film shall not
be utilized,

SECTION 1120
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4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controlgs. In-process controls shall be in

accordance with the requirements of MIL-R-39017.

4.2 gScreening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
1120-2.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-39017. A DPA
shall be conducted on a representative sample of each production
Tmb dwm ammardanssa wri th yTL,gTh_'I:iRﬂ
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4.4 oOualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-R-39017.

SECTICN 1120
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MIL-R-35017
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-R-39017

Thermal Shock

DC Resistance

Power
Conditioning

Overload

DC Resistance

Visual and
Mechanical

Examination

fTovkrarnal)
\H“ ik di48F & F

a. MIL-STD-202, Method 107, Condition B;
in lieu of Method 102

a. Read and record

a. 96 hours minimum at temperature with full
rated power; however, either the ambient
temperature or the power may be reduced if
needed to ensure that the resistor
temperature does not exceed +125 deg C.

a. Minimum 24 hours with 1.5 times rated power
———12 3 o . e . g ~ & | -4 - P ]
dPP.l.LEU- aL TLD UTY v —~— I Uty .

. Paragraph 3.9 and 4.7.3 of MIL-R-39017

. Measurements made at end of overlcad test
may be used if the measurement can, without
conversion, be directly related to nominal
resistance value and tolerance.
Compute delta resistance prior to power
conditioning. Delta shall not exceed +0.5
percent +0.05 ohm.

oo

a., Marking
b. Defects
finish,

and identification
and damage; i.e., body finish,
misalignment, cracks

lead

SECTION 1120
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SECTION 1125

FIXED FILM RESISTOR CHIPS (RM)
(MIL-R~-55342)

1. SCOPE

This section sets forth detailed requirements for film
resistor chips.

2. PLICAT
2.1 Derating

2.1.1 PpPower Derating. Steady-state power applied to these
resistors shall be limited at temperatures below +70 deg C. to
0.50 of the power rating values shown in Table 1125-1 for
approved applications. Power applied to these resistors shall
be limited at temperatures below +70 deg C. to 0.75 of the power
rating values shown in Table 1125-1 for worst case applications.

2.1.2 Temperature Derating. Both the steady-state and
the worst case power applied to these resistors shall be
linearly r reduced at temperatures above +70 deg C. to zero power
at +125 deg C. For example, steady-state power app11ed to these
resistors at temperatures above +70 deg C. shall be linearly
reduced from the value at +70 deg C. (0.50 of the power rating

values shown in Table 1125-1) to zero power at +125 deg C.

2.1.3 Voltage Derating. Steady-state voltage applied to
these resistors shall be limited to 0.80 of the maximum voltage

values shown in Table 1125-1.

2.2 End-of-life Design Limits. (Registance)
a. * 4 percent for approved application
b. + 7 percent for worst case application
2.4 Electrical Considerations. These resistors are

suited for high frequency operations. Above 200 MHz, however,
effective resistance is reduced as a result of shunt capacity

hetween resistance elements and controlliing circuits,

Manufacturer's impedance characteristics curves may be used to
determine maximum usable frequency for each device style.

2.5 Mounting. The terminations of these chips (usually
platinum or gold) are subjected to leaching when exposed to
solder at high temperatures. Reflow scldering techniques are
recommended in lieu of soldering with a soldering iron. To

SECTION 1125
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achieve maxzimum long term stability, mounting should result in a .
minimum of compressive or: tensile stresses being applied to the
parts.

2.6 Electrostatic Discharge Sensitivity. Under
relatively low humidity conditions film chip resistors,
particularly those of smaller case size with high sheet
resistance films, are subject to electrostatic discharge (ESD)
and sudden shifts in resistance and the temperature coefficient
of resistance. Precautions against ESD are necessary in
packaging and handling. _ )

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-R-55342 and the
requirements of this standard.

3.2 Reliability Suspect Desiqns

3.2.1 Silver Terminations. Chip resistors with silver or
silver and palladium terminations have, in general, greatly
reduced resistance to solder leaching and shall not be utilized
unless leach resistance barriers such as nickel or copper are
utilized between the termination and the solder.

3.2.2 Thip Film Resistors. DPesigns requiring film
thickness of 350 angstroms or less are reliability suspect due
to increased susceptibility of these parts to a) mechanical
handling damage b) opens resulting from "hot spots™ at surface

Anfanrnkre andAd ~\ Athar amAamallaoae
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3.2.3 Noige. Excess noise has been reported in resistors
made using copper conductor films.

= - - P —

q. QUALLIITY ALOUKANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controlg. In-process controls shall be in
accordance with the requirements of MIL-R-55342.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
1120'1.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-55342, A DPA
shall be conducted on & rTepresentative sample of each product

lot in accordance with MIL-STD-1580.

<
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4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-R-55342,

TABLE 1125-1. Maximum Allowable Power and Voltage Ratings
for Each Characteristic Chip Style

Resistor Power Maximum Voltage
Chip Style Characteristics Rating DC or AC (RMS)
(Milliwatts)

RM 0502 ' K &M 20 ' 40
(M55342/1) H 10 40

RM 0505 H&Y 25 40
{(M55342/2) K &M 50 40

RM 1005 H 50 40
(Mb5342/3) M & K 100 40

RM 1505 H&Y 100 40
(M55342/4) M & K 150 40

RM 2208 H 200 40
({M55342/5) K & M 225 40

RM 0705 K &M 100 50
(M55342/6) H 50 50

SECTION 1125
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100 Percent Screening Requirements for Fixed Film

Resistor Chips -

\dditions and Exceptions to the Methods and
Criteria of MIL-R-55342

Thermal Shock

High
Temperature
Expcsure

DC Resistance

Visual and
Mechanical
Examination
(External)

100 hours at +125 deg C

Marking and identification
Defects and damage; i.e., body finish, lead
finish, misalignment., cracks
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SECTION 1130

FIXED METAL FILM RESISTORS (RNC)
(MIL-R-55182)

SCOPE

This section sets forth detailed requirements for fixed
metal f£ilm resistors.

2. APPLICATION
2.1 perating.
2.1.1 pPower Derating. Power derating shall be in

At temperatures above +70 deg C

accordance with Figure 1130-1.

parts shall be linearly derated to zero power at +120 deg C in

accordance with Figure 1130-1.
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FIGURE 1130-1. ©Power Derating for Metal Film Resistors
2.1.2 Voltage Derating. Steady-state voltage applied to

RNC resistors shall be limited to 0.80 of the maximum allowable
voltage ratings shown in Table 1130-1 for applications at 71 deg

SECTION 1130
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TABLE 1130-~1. Maximum Allowable Voltage Ratings for MIL-R-55182
Fixed Metal Film Resistor Styles at 71 deg C to
125 deg C. Volts DC or AC (RMS)

MIL-R-55182 PART CHARACTERISTIC

Resistor

Style

C H E J b'4

RNC 50 200 v 200 v 200 v 200 v N/A
RNC 55 200 v 200 v 200 v 200 v N/A
RNC 60 250 v 250 v 250 v 250 v N/A
RNC 65 300 v 300 v 300 v 300 v R/A
RNC 70 350 v 350 v 350 v 350 v N/a
RNC 75 R/A N/A 750 v 750 v N/A
RNC SO N/A N/A N/7A N/A 300 v

C to 125 deg C. Steady-state voltage applied shall be limited
to 0.80 of the voltage ratings shown in Table 1130-2 for
applications at 70 deg C and below. (N/A means not available.)
2.2 End-of-life Design Limits. (Resistance)
a. *+ 1.0 percent for approved application

b. t+ 1.5 percent for worst case application

2.3 Electrical Considerations
2.3.1 Temperature Coefficient. MIL-R-55182 specifies the

maximum change (with respect to +25 deg C) as being * 50 or

* 100 parts per million per deg C depending on part number

specified. The temperature in this rating is the temperature of

the resistors, not of their environment. This coefficient (TC)

is nonlinear but can be approximated by a straight line for

small temperature changes. Due to variations in the film

thickness, the TC may be either positive or negative and can be

ordered with requirements of * S parts per million per deg C

when required (RNRC 90Y only). ‘

SECTION 1130
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TABLE 1130-2, Maximum Allowable Voltage Ratings for MIL-R-55182
Fixed Metal Film Resistor Styles at 70 deg C and
Below. Volts DC or AC (RMS)
MIL-R-55182 PART CHARACTERISTIC
Resistor
Style
C H E J Y
RRC 50 200 v 200 v 200 v 200 v N/A
RNC 55 200 v 200 v 200 v 200 v R/A
RNC 60 300 v 300 v 300 v 300 v N/A
RNC 65 350 v 350 v 350 v 350 v N/A
RNC 70 500 v 500 v 500 v 500 v N/A
RNC 75 N/A N/A 750 v 750 v R/A
RNC 90 N/A N/E NA N/A 300 v

2.3.2 High Frequency Characteristics. In general, these
resistors are the best suited of all types for high frequency
operation. This characteristic is not controlled by the
military specification, but the curves shown in Figure 1130-2
may be used as a guide.

2.3.3 Circuit NRoise. For reduced circuit noise and
reduced resistance drift parts shall be thermally stabilized in
vacuum during production and voltage conditioned 100 hours at
+125 deg C at full rated power.

2.3.4 Electrostatic Discharge. Designs that are subject
to degradation by electrostatic discharge of 4000 volts or less
shall be subject to the requirements of Appendix B.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-R-55182 and the
requirements of this standard. When appropriately processed,
all polymeric materials used shall have a total weight loss of
not more than 1 percent and a total volatile condensable
material of not more than 0.1 percent.

SECTION 1130
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3.2 Recommended. Hermetically-sealed types shall be
used. The molded body case is the preferred style, because
hollow-core construction has a potential for corrosion due to
moisture. .

3.3 Reliability Suspect Designs.

a. Resistors not protected from electrostatic charge
during shipping and handling may experience
permanent damage.

b. Hollow-core types (susceptible to cracking).

c. Resistors using aluminum terminations are very
susceptible to moisture penetration; these parts
should be used only in a hermetically-sealed
configuration.

da. Resistors using a thin film metal construction
without a corrosion-resistant organic coating over
the metal film (susceptible to corrosion).

4. OQUALITY AGSSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 Ipn-process Controls. In-process controls shall be in
accordance with the requirements of MIL-R-55182 plus precap
visual inspections. The precap visual inspections shall be done
on representative samples of each lot at 20X minimum
magnification using direct and back-1lit illumination. If any of
the samples exhibit any of the following defects, the entire lot
shall be 100 percent screened.

a. Pinholes on the precoat.

b. Precoat not extending into at least cne-half of
the skirt of the end caps.

c. Misaligned, bent, or cracked end caps.
da. Cracks on the lead weld.

e, Holes on the end caps from welding operations.

f. Contaminants on or trapped under the precoat.
g. Pa?ticles on the spiral.
h. Any discoloration on the precoat.

SECTION 1130
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4.2 Screening (100 percent). Screening (100 percent
shall be in accordance with the requirements listed in Ta
1130-3.

O~

T
i€

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-55182. A DPA
shall be conducted on a representative sample of each production
lot in accordance with MIL-STD-1580.

. Qualification testing shall be
rements of MIL-R-5R182, with the

1 o
A A ARl W as Asmmd  aw - weate

11 polymeric materials used when
appropriately processed shall pass the outgassing test of ASTM E
595-84.

TABLE 1130-3. 100 Percent Screening Requirements for
Metal Film Resistors

MIL-R-55182 Additions and Exceptions to the Methods and
Screens Criteria of MIL-R-55182
DC Resistance a. Uniquely identify, read and record

Thermal Shock

. . Towcon ok o mm e - -
No arcing, burning, or charring at 10X

magnification

a

oSS P )
UVEL 10dQ

. MIL-STD-~202, Method 108

DC Resistance a
b. 0.20 percent maximum change from first

reading
Power a. 96 hours minimum at +125 deg C and full-rated
Conditioning power

b. No visual evidence of damage

DC Resistance a. 0.20 percent maximum change from post
overload value

Hermetic Seal

Visual and a. Marking and identification

Mechanical b. Defects and damage; i.e., body finish, lead
Examination finish, misalignment, cracks

(External)

SECTION 1130
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SECTIOR 1140

VARIABLE, NONWIRE-WOURD RESISTORS (RJR)
(MIL-R-39035)

1. SCOPE

This section sets forth detailed requirements for variable,
nonwire-wound resistors.

2. APPLICATION

Variable resistors shall be avoided whenever possible. They
are not recommended for space use. These resistors are not
hermetically sealed and are susceptible to degraded performance
due to ingestion of scldering flux, cleaning solvents, and
conformal coatings during equipment fabrication. These parts

are also subject to resistance change during shock and vibration.

2.1 Derating -

2.1.1 Power Derating. Power shall be derated in
accordance with Figure 1140-1.
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FIGURE 1140-1. Power Derating for Variable, Nonwire-wound
Resistors,
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2.1.2 Voltage Derating. Steady-state voltage applied to
these resistors shall be limited to 0.80 of the values shown in
Paragraph 3.3 of Section 402 of MIL-STD-199.

2.2 End-of-life Design Limits. (Resistance)
a. + 22 percent for approved applications
b. + 30 percent for worst case application
2.3 Mounting. Mounting brackets shall be used.
3. DE N

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL R-39035 and the
requirements of this standard.

3.2 Recommended. HNone identified.

3.3 Reliability Suspect Designs. All variable resistors
are reliability suspect.

4. QUALITY ASSURARCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 ;n;g;gggsg_ggnggglﬁ. In—process controls shall be in
accordance with the regquirements of MIL-R-3%035 and the
following: An internal visual inspection is required for all
parts. A binocular microscope with minimum 30X magnification
and an integral light source or fiber optic light ring shall be
used. Any resistor exhibiting one or more of the following
defects shall be marked and rejected.

a. Foreign material

b. Chips, spalls, cracks, or scratches in the
resistor element

c. Element misalignment or improper seating

4. Incorrect or missing element stops
e. Incorrect seating or damage to wiper arm
£. Faulty termination of element or pins

SECTION 1140
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4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
1140-1.

4.3 Lo nformance T . Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-39035., A DPA
shall be conducted on a representative sample of each production

lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be

in accordance with the requzrement:s of MIL-R-395035.

TABLE 1140-1. 100 Percent Screening Requirements for
Variable, Nonwire-wound Resistors

MIL-R-39035 Additions and Exceptions to tﬁéVMethods'ahd
Screens Criteria of MIL-R-39035

hermal Shock
Conditioning a. 168 hours minimum

Contact
Resistance
Variation

Immersion

Vibration a. MIL-STD~202, Method 214, Test Condition II, K
{Random) (to the requirements of the application)
b. Two cycles of 10 minutes each in two
orthogonal planes

c. Vihration mode shall bhe random
DC Resistance
Visual and a. Marking and identification
N - | . T £ ommbnsn Amwnsdl A e 4 .- ht\ -r ‘-: -||-|'h ToanA
.l'let.lldl.u.\,ﬂ.l. e UcLl:l..L.a cluu. uuulagc; LeT.p MUUY L1 fiisa, icad
Examination finish, misalignment, cracks

{External)
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SECTIOR 1150

VARIABLE, WIRE-WOURD RESISTORS (RTR)
(MIL-R-39015)

- Pl aTal oh -]

4. RLAIEE

This section sets forth detailed requirements for variable,
wire-wound resistors.

2. APPLICATION

Variable resistors shall be avoided whenever possible. They

are not recommended for space use. These resistors are not
hermetical lv sealed and are suscepntible to degraded performance

AR e ARE W e e A o e A e T es RARANA WA A e R LA P s L BT T A - e

due to ingestion of soldering flux, cleaning solvents, and
conformal coatings during egquipment fabrication. These parts
are also subject to resistance changes during shock and
vibration cor aging.

2.1 Derating

2.1.1 pPower Derating. These resistors shall be
power-derated in accordance with Figure 1150-1.

2.1.2 Vopltage Derating. Steady-state voltage applied to

these resistors shall be limited to 0.80 of the values shown in
Table 1150-1.

TABLE 1150-1. MIL-STD-199 Rated Voltages

Nominal Resistance Maximum Rated Voltage
Chms Volts AC (rms) or DC
10 2.7
20 3.8
590 6.1
100 8.7
200 12.3
500 19.4
1000 27.4
2000 ag.7
5000 61.3
10000 86.7

SECTION 1150
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FIGURE 1150-1. Power Derating Requirements for Variable,
Wire-wound Resistors

2.2 EnQ-of-life Design Limits. (Resistance)
a. + 10 percent for approved applications
b. it 20 percent for worst case application

2.2.1 Pulse Power. Same requirements as described in
Paragraph 2.3.5 of Section 1170, if the wiper positiom is not
less than 70 percent of the maximum setting.

2.3 Mounting. Mounting shall be in accordance with
Appendix A. Mounting brackets may be necessary for part typical
shock and vibration environments.

3. DESIGR ARD CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-R-3%015 and the
requirements of this standard.

SECTION 1150
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3.2 Recommended

3.1.1 Wire_Size. A minimum wire size of 2.5 micrometers
(0.001 inches) absclute shall be used.

3.1.2 Internal Connections. All internal connections
shall be welded.

3.3 Reliabjlity Suspect Designs. All variable resistors
are reliability suspect.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-R-39015 and the following:

An internal visual inspection is required for all parts. A
binocular microscope with minimum 30X magnification and an
integral light source or fiber optic light ring shall be used.
Any resistor exhibiting one or more of the following defects
shall be marked and rejected. The entire lot shall be rejected
if the percentage of its rejected parts exceeds 7.0 percent.

a. Damage to resistance wire reducing its diameter by
one-third or more

b. "Cold, " loose, incomplete, or corroded solder joints
c. Loose windings on active portion of resistor

d. Loose wire ends or wraps capable of touching other
conductive parts or each other

e. Any lubricant on resistance element

£. Resistance element not secure to resistor body

g. Body and wiper stops cracked, damaged, or distorted
h. Loose welds

i. Burning at weld greater than one-half of tab width
j. Cracks or fractures in welds |

k. Loose terminals

1. Foreign material such as weld splatter, solder
splatter, flux residue, or metallic particles.

SECTION 1150
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4.2 Screening (100 percent). Screening (100 percent)
shall be in acceordance with the requirements listed in Table
1150-2,

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-3901%, A DPA

shall be conducted on. a8 representative sample of each production
lot in accordance with MIL-STD-1580.

4.4 QOualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-R-39015.

SECTION 1150
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. A

Thermal Shock
Conditioning
Peak Noise
Immersion

Vibration
(Random)

Total
Resistance

Continuity
Tests

Absolute
Minimum
Resistance

End Resistance
Actual
Effective
Electric
Travel

DWV

IR

Torque
Visual and
Mechanical

Examination
{External)

a. 168 hours minimum

a. MIL~-STD-202, Method 214, Test Condition I, K
{(to the requirements of the application)
b. Two cycles of 10 minutes each in two

nrFhamAanal mnlanac
LV \-lav\,wnnu-& r‘-ull\-h’

C. Vibration mode shall be random

a. Both output leads shall be connected
together

a. Marking and identification
b. Defects and damage; i.e., body finish, lead
finish, misalignment, cracks
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SECTIOR 1160
WIRE WOURD, ACCURATE, RESISTORS (RBR)
(MIL-R-39005)
1. SCOPE

This section sets forth detailed requirements for fixed
wire-wound (accurate) resistors.

2. APPLICATIONS
2.1 Derating

2.1.1 Power Derating. Power shall be derated with
temperature in accordance with Figure 1160-1.

WIREWOUND {(accurate)
MIL-R-35005 RESISTORS (all sizes)

END-OF-LIFE i 125°C

It

1]
un v d
0 | ! ! ! T s ! | ‘

20 30 40 50 60 70O 80 90 100 110 130
AMBIENT TEMPERATURE, °C

N

PERCENTAGE OF RATED POWER
&
|

FIGURE 1160-1. High Temperature Derating Curves for Accurate
Wire-wound Resistors

2.1.2 Voltage Derating. Steady-state voltages applied to
these resistors shall be limited to 0.80 of the values shown as
. maximum voltages in Table 303-II of MIL-STD-199.

Pl rTaliihdat s s
SECILIUN LiDU
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2.1.3 RPacgictanre Tonlaranrae and Watrbans Tnouk Maximum

steady-state wattages shall be further derated according to the
resistance tolerance of the resister as listed in Table 1160-1.

TABLE 1160-1 Resistance Tolerance and Required Derating.
Resistance Additional Derating Factor
Tolerance of Nominal Wattage

0.0]1 percent 0.40
0.05 percent 0.40
0.1 percent 0.40
1.0 percent 0.80
2.2 End-of-life Design Limits., (Resistance). Power

derating is for all sizes in MIL-R-39005. The end-of-life (EOL)
stabilities are based on power-derating curves of Figure 1160-1.

I. EOL = X 1.00 percent (plus initial tolerance)

II. EOL = X 0.5} percent (plus initial tolerance)
III. EOL = * 0.30 percent (plus initial tolerance)

Iv. EOL = % 0.03 percent (plus initial tolerance)

2.3 Rlectrical Considerations

2.3.1 Moisture. These resistors are susceptible to
absorption of water vapor and can exhibit a positive or negative
(usually 9051t1ve) sh1rt of re31stance of 30 to 70 parts per
million. The shift in resistance is influenced by the relative
humidity, temperature, and the time exposed. The process is
completely reversible by baking at a moderate temperature.
{Consult with manufacturer for temperature and duration.)

3. DESIGN AND CONSTRUCTIOR
3.1 Requirements. Design and construction shall be in

accordance with the requirements of MIL-R-39005 and the
requirements of this standard.
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3.2 Recommended
3.2.1 Wire Size. A minimum wire size of 2.5 micrometers
{(0.001 inches) absolute shall be used.
3.2.2 Internal Connectiong. All internal connections
shall be welded.
3.3 Reliability Suspect Designs. Designs using soldered

or crimped internal connections are reliability suspect.
Designs using a wire size of less than 2.5 micrometers (0.001
inches) absolute is reliability suspect.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the regquirements of MIL-R-39005 and the
following: All exposed inner surfaces of each resistor shall be
examined at a minimum of 10X magnification. Any part exhibiting
one or more of the following anomalies shall be rejected.

a. Less than 0.025-inch gap between leads

b. Absence of a soft cushion coating over wire winding
c. Burning at weld greater than one-half tab width

a. Lack of indication weld tip indention at welds

e. Cracks, breaks, or partial fracture at welds

4.2 §Screening (100 percent). ©Screening (100 percent)

shall be in accordance with the requirements listed in Table
11602,

4.3 Lot Conformance Tests. ‘Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-39005. A DPA

shall be conducted on a representative sample of each production
lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-R-39005.

SECTION 1160
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TABLE 1160-2 100 Percent Screening Requirements for Fixed,
Wirewound, Accurate Resistors

MIL-R-39005 Additions and Exceptions to the Methods and
Screens Criteria of MIL-R-39005

Thermal Shock
DC Resistance
Conditioning a, 168 hours minimum

Short Time
Overload

Peak Noise

Immersion
Vibration a. MIL-STD-202, Method 214, Test Condition II, K
{Random} {(to the requirements of the application)
b. Two cycles of 10 minutes each in two
orthogonal planes
¢. Vibration mode shall be random
Delta DC a. R £{0.01 percent +0.01 ohm)
Resistance
Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspecticon X-ray, or 360 deg. view by Vidicon. Use of

*real-time" X-ray systems capable of viewing
through 360 deg rotation is encouraged.

b. Test may be waived if in-process inspection
is performed

Visval and a. Marking and identification

Mechanical b. Defects and damage; i.e., body finish, lead
Examination finish, misalignment, cracks

(External)
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WIRE-WOUND, POWER-TYPE RESISTORS (RWR)
(MIL-R-39007)

1. SCOPE

This section sets forth detailed requirements for wire-wound
{power-type) resistors.

2. APPLICATION
2.1 Derating
2.1.1 Power Derating. Power shall be derated in

accordance with Figure 1170-1.

o 1.0} i
g 0.8 :
% ESwe ,,0;?, .
oo o U. &/
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& 0.2~ |
; I
E3 |
0 50 100 140 175 200 250 275
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FIGURE 1170-1. Power Derating Requirements for Wire-wound
(Power-type) Resistors

2.1.2 Voltage Derating. RWR resistors are relatively low

ohmic devices, and voltage derating is normally not reguired.
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2.2 End-of-life Design Limits. (Resistance)
a. * 1 percent for approved application
b. *+ 5 percent for worst case application
2.3 Electrical Considerations

2.3.1 Temperature Coefficient. The temperature
coefficient of resistance (due to wire variations) may be either
negative or positive, and the values for each style are listed
in the applicable MIL-R-39007 slash sheet,

2.3.2 High Frequency Operation. These resistors are not
designed for high-frequency circuits where their ac
characteristics are important.

2.3.3 Noige. The only source of noise is thermal
agitation which can be neglected in most circuit applications.

2.3.4 Yoltage Coefficient of Resistance. This parameter
is not specified for wire-wound resistors.

2.3.% Pulse Pogwer. Steady-state power and voltage
ratings for wire-wound resistors may not apply to short time
constant pulses. Figures 1170-2 through 1170-4 show the maximum
power which the resistors are typically capable of enduring for
relatively short periods of time without significant changes in
resistance or other parameters. Specific curves should be
obtained from the manufacturer for each resistor type. The uses
and limitations of these curves are. as follows:

2.3.5.1 Maximum Pulse Power. Determine the maximum-pulse
power rating for:

a. Non repetitive Pulses.
1. Calculate the pulse power: P = (EZ/R)
2. The maximum pulse-power rating is not
exceeded if the intersection of the
pulse-power line and pulse width line is on

or below the pulse-power curve for the
appropriate part.

SECTION 1170
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b. Repetitive Pulses.

1, Calculate the pulse-power and determine the
maximum pulse power rating as in (a) above.

2, If the maximum pulse power rating is not
exceeded, determine the average pulse power:

The average pulse power shall not exceed 50
percent of the steady-state power rating.
2.3.5.2 Maximym Pulse Voltage. The maximum pulse voltage
shall be:
Style VYoltage
RWR 81 175 v
RWR B0 450 Vv
RWR 84 750 V
2.3.5.3 Limitations.
a. Under reduced pressure conditions, the voltage

shall not exceed the values shown due to reduced
dielectric strength of the air,

b. When the resistors are operated at temperatures
above +25 deg £, the pulse power rating shall be
derated (see Fig. 1170-1).

c. When the resistors are operating under
steady-state conditions and a pulse is applied in
addition, the pulse power rating shall be derated
so0 that the sum of the steady-state power plus the
pulse power does not exceed the derating
requirements of Figure 1170-1.

3. DESIGN AND CONSTRUCTION

3.1 Regquirements. Design and construction shall be in
accordance with the requirements of MIL-R-3%007 and the
requirements of this standard. Coating material shall be per
MIL-STD-199.

3.1.1 Wire Size. A minimum wire size of 2.5 micrometers
A NN o wimbh ) ahenTwdbzna chall o voas
AVUUL LIIVIUITO ) GLDODVLULE DIIdll UT WUOGWs

3.1.2 1In n i . All internal connections

shall be welded.
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172



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

3.2 Reliability Suspect Designs. Designs using soldered

or crimped internal connections are reliability suspect.
Designs using a wire size of less than 2.5 micrometers (0.001
inches) absolute is reliability suspect.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controlg. In-process controls shall be in
accordance with the requirements of MIL-R-39007 and the

following: All exposed inner surfaces of each resistor shall be
examined at a minimum of 10X magnification. Any part exhibiting
one or more of the following anomalies shall be rejected.

a, End cap misalignment greater than 10 degrees

b. Cracks, excessive bends, incomplete wire weld, or
loose wire at end cap

c. Split, distorted, or cracked end caps

Space between wire turng more than five times the

- —aras - 22 ==Y

w1re diameter, except for vaiues less than 1.0
ohms or for fusible resistors (High resistance
values require insulated wire and the wire turns
may touch.)

:1

e. Cracks or surface holes in core which exceed 0,025
inch in greatest dimension
4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the requirements listed in Table
1170-1.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-3%007 plus the
resistance temperature characteristics and moisture resistance
tests specified herein.

ng shall be

icatio
£ MI

2a

on
=R~

i testi
T. Q[ann?
A = BT Tl PN T
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PR
K

100 Percent Screening Requirements for
Wire-wound (Power Type) Resistors

MIL-R-39007
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-R-39007

Thermal Shock
Conditioning

Short Time
Overload

Dielectric
Withstanding-
Voltage

DC Resistance

Radiographic
Inspection

Visual and
Mechanical
Examination
(External)

a. Per MSFC-STD-355; 2 views 90 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
"real-time® X-ray systems capable of viewing
through 360 Geg rotation is encouraged.

b. Test may be waived if in-process inspection
is performed

Marking and identification
Defects and damage; i.e., body finish, lead
finish, misalignment, cracks

o

SECTION 1170
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SECTION 1180

WIRE-WOUND, CHASSIS-MOURTED RESISTORS (RER)
(MIL-R-39009)

1. SCOPE

This section sets forth detailed requirements for fixeq,
wire-wound, power-type, chassis-mounted resistors.

2. APPLICATION
2.1 Derating
2.1.1 Power Derating. See Paragraph 2.1.1 of Section

2.1.2 Y¥Yoliage Derating. See Paragraph 2.1.2 of Section

2.2 End-of-life Design Limits. See Paragraph 2.2 of
Section 1170.
2.3 Electrical Considerations. See Paragraph 2.3 of

Section 1170.

3. DESIGN ARD CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-R-39009 and the
requirements of this standard.

3.2 Recommended

3.2.1 Wire Size. A minimum wire size of 0.001 inch
absolute shall be used.

3.2.2 Internal Conmections. All internal connections
shall be welded.
3.3 Reliabjlity Suspect Designs. Designs using soldered

or crimped internal connections are reliability suspect.
Designs using a wire size of less than 0.001 inch absolute is
reliability suspect.

SECTION 1180
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4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-R-39009 and the
following: All exposed inner surfaces of each resistor shall be
examined at a minimum of 10X magnification. Any part exhibiting
one or more of the following anomalies shall be rejected.

a. End cap misalignment greater than 10 degrees

b. Cracks, excessive bends, incomplete wire weld, or
loose wire at end cap

c. Split, distorted, or cracked end caps

4q. Space between wire turns more than five times the
wire diameter, except for values less than 1.0
ohms or for fusible resistors (High resistance
values regquire insulated wire and the wire turns
may touch.) :

e. Cracks or surface holes in core which exceed 0.025
inch in greatest dimension

4.2 §Screening (100 perxrcent). Screening (100 percent)
shall be in accordance with the requirements listed in Table

80-1.

=
P

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-39009.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of MIL-R-39009.
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100 Percent Screening Requirements for
Wire-wound, Power-type, Chassis-mounted
Resistors.

MIL-R-39009
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-R-393009

Thermal Shock
Conditioning

Short Time
Overload

Dielectric
Withstanding-
Voltage

DC Resistance

Radiographic
Inspection

Visual and
Mechanical
Examination
(External)

a. Per MSFC-STD-355; 2 views 90 deg. apart by
X-ray. or 360 deg. view by Vidicon. ©Use of
"real-time™ X-ray systems capable of viewing
through 360 deg rotation is encouraged.

b. Test may be waived if in-process inspection
is performed

a. Marking and identification

b. Defects and damage; i.e., body finish, lead
finish, misalignment, cracks

c. Minimum of 10X magnification

SECTION 1180
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FIXED FILM RESISTANCE NETWORK (RZ)
(MIL-R-83401)

1. SCOPE

This section sets forth detailed requirements for a
fixed-£film resistor network installed in flat pack or
dual-in-line packages.

2. APPLICATION
2.1 Derating.

2.1.1 Power Derating. Steady-state power applied to
these resistors shall be limited at temperatures below +70 deg
C. to 0.50 of the power rating values shown in Table 1190-1 for
approved applications. Power applied to these resistors shall
be limited at temperatures below +70 deg C. to 0.75 of the power
rating values given in Table 1190-1 for worst case applications.

2.1.2 Temperature Derating. Both the steady-state and
the worst case power appiied to these resistors shall be
linearly reduced at temperatures above +70 deg C. to zero power
at +125 deg C. For example, steady-state power applied to these
resistors at temperatures above +70 deg C. shall be linearly
reduced from the value at +70 deg C. (0.50 of the power rating
values shown in Table 1190-1) to zerp power at +125 deg C.

2.1.3 Voltage Derating. Steady-state voltage applied to
these resistors shall be limited to 0.80 of the maximum voltage
values shown in Table 11%0-1.

2.2 End-of-life Design Limits. (Resistance)
a. * 1 percent for approved application
b. % 2 percent for worst case application
2.3 Electrical Considerations. The resistance

temperature coefficient (TC) can be either characteristic H (=
50 parts per million per deg C) or characteristic K (% 100
parts per million per deg C). Since all resistors in a network
are manufactured from the same batch at the same time, the TCs
should be matched within 5 parts per million.

SECTION 1190
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and Voltage Ratings

Element Network

Resistor Schematic Power Power Maximum
Style Type* Rating at Rating at Voltage
+70 deg C +70 deg C DC or AC {(RMS)
in watts in watts
RZ 010 A 0.2 1.4 100
RZ 010 B 0.1 1.3 100
RZ 020 A 6.2 1.6 100
RZ 020 B 0.1 1.5 100
RZ 030 A 0.05 0.35 50
RZ 030 B 0.025 0.325 50
RZ 030%*» A 0.2 1.0 50
RZ 030%= B 0.1 1.0 50

Schematics are shown in detail specification of
MIL-R-83401,

RZ 030 ratings are based on case temperature (heat
sinked) up to +50 deg C for total network and up to

+90 deg C per element. Rating shown here is for
thick £ilm.

3. DES]JGN AND CORSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MILTR-83401 and the
requirements of this standard. The resistance temperature

coefficient (TC) shall be either characteristic H (X 50 parts

per million per deg C) or characteristic K (£ 100 parts per
million per deg C). All resistors in a network shall be
manufactured from the same batch at the same time.

3.2 Reconmended

a. Tantalum nitride, deposited onto substrate,
protected by tantalum pentoxide passivation,

b. The surface should be anocdized for moisture
protection or laser-~trimmed and subsequently

glassivated.
c. Welded internal connections

d. Hermetically sealed units

SECTION 1190
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3.3 Reliability Suspect Designsg

3.3.1 Thick Film Desigqns. Resistor networks manufactured
by thick film technology are reliability suspect due to the
internal solder connections required.

3.3.2 Richrome. Thin £ilm resistors manufactured with
nichrome as the resistive element are reliability suspect due to
the potential opening of nichrome traces in the presence of
moisture and bias, even in hermetically sealed packages.

3.3.3 Excessively Thin Tantalum Nitrijde. Designs

requiring tantalum nitride thicknesses below 350 Angstroms are
reliability suspect due to the increased susceptibility of these

; . . .
parts to’ (a) mechanical handling damage, (b) opens resulting

from "hot spots™ at surface defects and (c¢) nonohmic behavior at
low voltages.

3.3.4 QNonhermetically Sealed Packagegs. Parts in

nonhermetically sealed packages are reliability suspect.

4. QUALJITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4,1 In-process Controls. In-process controls shall be in

accordance with the requirements of MIL-R-83401 and the
following:

4.1.1 Precap Visual Ingpection. Precap visual inspection

is required for all parts. A binocular microscope with minimum
100X magnification and an integral light source or fiber optic

& e s e oma T = wmmem

light ring shall be used. The resistor side visual J.uayectiﬁn
shall be performed at 100X minimum magnification, perpendicular
to the die surface, with illumination normal to the die
surface. Any die exhibiting one or more of the following

defects shall be marked and rejected.

4.1.1.1 Metallic Particles.

a. Unattached. There shall be no more than 3
unattached metallic particles. Unattached
particlies shall be less than 0.005 inch or the
width of the width of the spiral cut in dimension,
whichever is less. Particles shall not be joined.

SECTION 1190
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Attached. Attached metallic particles shall not
exceed 0.005 inch in the major dimension.
Particles shall not touch nor extend over the
metal film. Particles shall be considered
attached when they cannot be removed with a 20
psig gas blow of dry nitrogen or dry, oil-free,
air. :

Residue. There shall be no visible spiral
residue at 50X magnification within the enclosure.

4.1.1.2 RQNonmetallic Particles. Glass,rfibers, and other
nonmetallic materials within the enclosure shall not exceed
0.005 inch in their major dimension.

4.1.1.3 Metallization Defects. Any of the following
anomalies in the active circuit metallization shall be cause for

rejection.

C.

d.

SECTION 1190

Metallization Scratches. Any scratch in
metallization through which the underlying
resistor material also appears to be scratched.
Any scratch in the interconnecting metallization
which exposes resistive material or oxide anywhere
along its length and reduces the width of the
scratch-free metallization strip to less than 50
percent of its original width. (see Figure
1130-2). A scratch is defined as any tearing
defect that disturbs the original surface of the
metallization.

Metallization Voids. Any void in the
interconnecting metallization which leaves less
than 50 percent of the original width
undisturbed. A void is defined as any region in
the interconnecting metallization where the
underlying resistive material or oxide is visible
which is not caused by a scratch.

Metallization Adherence. Any evidence of
metallization lifting, peeling or blistering.

Metallization Probing. Probe marks on the
interconnecting metallization other than the
bonding pads that violate the scratch or void
criteria.
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izati Bri . Bridged metallization
defect that reduces the distance between any two
metallization areas to less than 0.0003 inch.
Bridging between metallization and resistor

pattern not intended by design that reduces the
Aietranra hatwoon +tho twn to leses than 0.0001

e B W MR SA T W AW W TTY WA ASAA WAL el P  WASMAES W W W WA  AEEaie

M ization i . Any misalignment
between the resistor pattern and the metallization
such that more than 00,0005 inch of resistor on a
side is exposed.

Metallization Corrosion. Any evidence of

localized heavy stains, metalliization corrosion,
discoloration or mottle metallization.

4.1.1.4 Resistor Defects. Any of the following anomalies
within the active resistor area shall be cause for rejection.
The active area of resistor is that part of the resistance
pattern which remains in series connection between resistor

terminals and is not shorted by metallization.

b.

Resistor Scratches. Any scratch within the
active resistor area.
Resistor Vpids. Any void or neckdown in the

active resistor path which reduces the width of
the stripe by more than 50 percent of the original
width. Any void or necking down in the active
resistor path for a line width design of less than
0.0002 inch which reduces its original width by 25
percent or more. Any void or chain of voids in
the resistor element at the gold termination.

Resistor Adherence. Any evidence of resistor
film lifting, peeling or blistering.

Probe Marks. Any probe mark on the resistor
material.

Resistor Material Corrogion. Any evidence of
localized heavy stains or corrosion of resistor
material in the active resistor path; however,

Aicranlarakrian nf tantalumohaecad raewefﬂre ﬁnn N
Sk e P Yt Tl o Nl e A Y e W AR o de e U B e Tl o WAAER Bl il af S ik e Nt b e bF W e W Nl B Nt T S

thermal stabilization is not a cause for rejection.
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Resistor Bridging Defects. Any conductive
continuous bridging between active resistance
stripes. Partial bridging defect that reduces the
distance between adjacent active resistance
stripes to less than 0.1 mil or 50 percent of the
design separation, whichever is less, when caused
by smears, photolithographic defects or other
causes. For a partial bridge within lines and
spacing of 0.0001 inch design width, visual
separation (evident at 400X) is sufficient for

ammand '
accepuance.

LEEQE_IEiELIﬁnlh&

A part1a1 cut or bridged ‘coarse or mid- -range trim
iink.

The remaining width in fine-trim top hat area
after laser cut is less than the width of the
narrowest line within the same resistor pattern.
Uncut material is remaining after a laser scribe
due to “"skipping” of laser beam. If laser cut is
not straight lines, the narrowest remaining width
shall be equal to or greater than the width of the
narrowest lines within the same resistor pattern.

Laser cut scribed to indicate a reject chip when
the scribe does not meet the requirements of the
individual mask model lists.

Oxide voids, cracking or similar damage caused to
the 8i0; underlayer by laser beam where such

damage touches active interconnects or resistor
path.

Laser trim cut where edge of cut touches the
active resistor path,

Any dlscolor1zat10n or change in surface finish of
a LGQLQLUL strzpa h}r tha d-lrnni- laser hsam or h\.r
spurious reflections caused by optics of the
system. Discoloration of tantalum-based resistors
in and around laser kerf is not a cause for
rejection,

Any chip intended to be laser-trimmed that is not
laser-trimmed.
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Resistor Bonding Pad Defects. Any resistor

containing one or more bonding pads with one or more of the
following anomalies shall be rejected.

a.

Globhules A globule is defined@ as any material with
a smooth perimeter extending out from the bonding
pad onto the resistor or substrate material. Such
globules are usually featureless and of low
reflectivity and therefore difficult to focus upon.

Missing Metallization. Any indications of missing
metallization whether at the perimeter or totally
within the bonding pad. Resistor material may be
visible in the areas of missing metallization.

Metallization Corrosion. Any evidence of localized
heavy, diffuse stains, discolored material, or
low-density material either on the pad's perimeter -
or totally within the bonding pad. Any evidence of
stains or discoloration extending out ontoc the
resistor or substrate material.

4.1.1.7 Oxide Defects. Any resistor having excessive oxide

defects or voids shall be rejected. An oxide void is a fault in

-

the oxide evidenced by localized double or triple colored fringes

at the edges of the defect visible at 100X. The following shall
be cause for rejection:

a. Any oxide void that bridges any two resistor or
metal areas not intended by design.

b. Any oxide void under metallization or resistor
geometry.

c. Less than 0.0005 inch oxide visible between active
metallization and edge of a die. Excluded from this
are any inactive metallization lines.

4.1.1.8 Scribing and Die Defects. Any resistor having the
following scribing or die anomalies shall be rejected:

a. Any chipout or crack in the active resistor or metal
area.

b. Any crack that exceeds 0.005 inch in length or comes
closer than 1.0 mil to an active area on the die.

c. Any crack in a die that exceeds 0.001 inch in length

and points towards the active circuit area. (See
Fig. 11).

SECTION 1150
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a. A die having an attached portion of an adJacent
die which contains metallization or resistor
material.

e, A crack or chip in the backside of & dxe that

leaves less than 75 percent of area-intact or a
crack or chip under a bonding pad.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
1190-2 and the followinag:

4.2.1 Fail Criteria. Resistor networks that are out of
resistance tolerance, or which experience a change in resistance
greater than that permitted, shall be removed from the lot.

Lots having more than 5 percent total rejects due to resistance
tolerance or resistance change shall be rejected.

4.2.2 power Conditioning.

a. The network shall be mounted to attain the test
temperature condition noted below. Leads shall be
mounted by means other than soldering or welding
to avoid stress or damage to the leads. Networks
shall be so arranged that the temperature of one P
network can not appreciably affect the temperature w
‘of any other network.

b. Operating conditions shall be accordance with
MIL-R~-83401. The supply voltage shall be

- - o - -

regulated and controlled to maintain * 5 percent
of the maximum voltage specified.

c. With the de voltage applied, the ambient

cEmpe;&tuxe shall be ouubceu to obtain & ca

temperature of +70 deg C, +5 deqg C, -0 deg C . o

m

a. Initial and final resistance shall be at room
ambient temperature

e. Test duration shall be 168 hours, minimum

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-R-83401,

4.4 ng;iﬁiggtigg_lgsxs.' Qualification testing shall be
in accordance with the requirements of MIL-R-83401.

SECTION 1190

-
[+ 4]
[+ 4}



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

o e

olleens

N an

tions to the Methods and
IL-R-83401

Precap Visual
Inspection

Thermal Shock

Power
Conditioning

Short Time
Overload

Nintarntrir~
wrigiLLLlie

Withstanding-
Voltage

DC Resistance

Particle
Impact Noise
{PIND)

Visual and
Mechanical
Examination
(External)

a. Paragraph 4.1 of this section

a, Paragraph 4.2.2 of this section

. MIL-STD-202, Method 217 Detection

If 2 percent of the lot fails, PIND testing
may cease; if more than 2 percent fails, the
lot shall be retested.

oo

a. Marking and identification

b. Defects and damage; i.e., body finish, lead

finish, misalignment, cracks

SECTION 1190
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SECTION 1195

Thermistors (RTH)
(MIL-T-23648)

1. SCOPE

This section sets forth detailed requirements for
thermistors, i.e., temperature-sensitive resistors. There are
two cilasses of thermistors, one with positive temperature
coefficients of resistance (PTC) and one with negative
coefficients (NTC).

2. APPLICATION

2.1 Derating
2.1.1 Pogitive TYemperature Coefficient (PTC). Positive

the self-heat mode (heated as a result of current passing
through). Such parts should be derated to 50 percent of their
rated power at any given temperature as provided in the thermal
derating curve of a given slash sheet.

2.1.2 Neqgatjve Temperature Coefficient (NIC). Negative
coefficient types operated in the self-heat mode shall be
derated in accordance with Figure 1195-1 to prevent thermal
runaway. Such parts should be derated to a power level causing
a maximum increase of 50 times the dissipation constant or a
maximum part temperature of 100 deqg C, whichever is less.
Operation in a heat sunk mode allows greater power levels.

ol To Lt 100°C
TEMnum RIsE WY
mr 10 LICIED mArtmUm
CAL TRRATED TEMPRATURL
iz p

© 4 3 Ty (0.6.)

N VA L. >

[ n w0 yo0
ARJINT TOWIRATURL (“C) OF MAZIsum CALEMATED
TUPLMATWRL M8 A {LintAa SCALL)

x Dissipation Constant {D.C.)
588

FIGURE 1195-1. Derating Curve for Negative Coefficient Thermistors
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2.2 End-of-life (EOL) Desian Limits, (for Five Years).
Regist :
a. Glass Bead (Negative TC) = % 1.3 percent +
initial tolerance*
b. Bead Encapsulated (Positive TC) = + 1.8 percent
+ initial tolerance®
c. Disc (Positive or Negative TC) = * 5 percent +

initial tolerancet®

* EOL resistance factor is the total RSS (root sum square)
design tolerance:

Total

tolerance

( —™
design = l-(Aging + initial tolerance)? + (environments)sz

N e

2.3 Electrical Congiderations. The following circuit
design cautions shall be observed:

SECTION 1185

Use a current 11m1t1ng resistor or a series
circuit geg;un when u81nu a fixed VULthu sourc

to prevent the negative coeff1c1ent type
thermistor from going into thermal runaway.

[ {

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

Never move a thermistor (used in the self-heat
mode) into a medium of lower thermal conductivity
without careful analysis in order to prevent
thermal runaway conditions.

Accurate thermistors (+ 1 percent) are
calibrated for specific temperature test points;
operation beyond the test points could result in
permanent tolerance changes greater than those
allowed for in the calibration.

2.4 Mounting. The following shall be considered when
o .

The dissipation constant is specified in still air
with the thermistor suspended by its leads. Any
thermal or mechanical contact with an item acting
as & heat sink, or change in surrounding media,
changes the resistance of the thermistor.
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b. Heat sinks -should be used when soldering to
thermistor leads.

3. DESICHN AND CORSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-T-23648 and the
requirements of this standard.

3.2 Recommended.
a. Glass bead style.

a. Hermetically sealed thermistor where appropriate.
(The only hermetically sealed thermistor available
in MIL-T-23648 is the -/19, a PTC device type.)

3.3 Reliabili Degi . The use of some

disc-type thermistors should be avoided because they can absorb
water. Other thermistors are mechanical fragile and can easily
be broken.

4. ALITY

Quality assurance provisions shsll be in acco
i

dance with the
general requirements of Section 4 and the following:

T
n

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-T-23648.

4.2 §Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table

1195-1.
4.3 Lot Conformance Tests. Lot conformance tests shall

be in accordance with the requirement listed in Table 1195-2. A
DPA shall be conducted on a representative sample of each
production lot in accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification testing shall be

in accordance with the requirements of MIL-T-23648.

SECTION 1195
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Percent Screening Requirements for Thermistors

MIL-T-23648
Screens

Criteria of MIL-T-23648

Additions and Exceptions to the Methods and

Zero Power
Resistance
(Initial)

Thermal Shock
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ure

Bake {(Hi
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exposure)

Burn-in

Zero Power
Resistance

Resistance
Ratio
Characteristic

Insulation
Resistance

Visual and

Py Ny S

Mechanical
Examination
{External)
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At +25 deg C

-For negative TC devices only

Maximum oi 1,0 percent change
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For positive
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TC devices only
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Lot Conformance Tests for Thermistors

MIL-T-23648 Additions and Exceptions to the Methods and
Screens Criteria of MIL-T-23548

Short Time a. Maximum delta Zero Power Resistance:
Load 1 percent

Dielectric

Withstanding-

Voltage

Low a. Maximum delts Zero Power Resistance:

Temperature 1 percent

Storage

Dissipation

Constant

Terminal a. Minimum 1.0 pound strength

Strength b, Maximum delta Zero Power Resistance:

0.5 percent

SECTION 1195
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SECTION 1200
SWITCHES

1. COPE

This section sets forth common requirements for
switches. Table 1200-1 lists the military specifications for
the general switch types and indicates the applicable section in
this standard where detailed requirements are set forth.

TABLE 1200-1. Switch Types

Section Switch Specification
Number Type Number
1210 Sensitive and push MIL-5-8805
(snap action)
1220 Thermostatic MIL-5-24236
1230 Pressure MIL-5-9395

1. PPLICATION

The selection and use of switches and associated
hardware shall be in accordance with MIL-STD-1132 and the
requirements contained herein. Contact data such as loads,
protection, arc suppression, and noise suppression are similar

to those for relay contacts of the equivalent type. See Section
INN0 nf thie srandard for the :nnn'l'lr-at'ﬂn information.

2.1 Derating. Use the derating requirements for relay
contacts in Section 1000 to derate switch contacts for operation
at ambient temperatures.

2.2 Electrical Congiderationg. Each switch is rated for

a specified number of operations at rated current and voltage
parameters over a specific temperature range.

2.2.1 Contact Current. Current during make, break, and
continuous duty shall be carefully considered. Ratings of
contacts are usually given for room temperature. As the ambient
temperature increases, switching current ratings are reduced.
Typical switch current versus temperature are shown in Figure
1200~1 for a typical switch.

SECTION 1200
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PERCENT OF RATED LDAD

] J 1 | | | ] ] d
~60 —40 —20 0 20 40 60 80 100

AMBIENT TEMPERATURE, °C

FIGURE 1200-1. Switch Current Rating versus Temperature
for a Typical Switch

2.2.2 Caytions

a. Manualily Operated Switch. HManually operated
switches that are not toggle or snap action can
have the contacts damaged or seriously reduce its
load handling capabilities can be seriously
reduced when the switch is deliberately operated
in slow motion.

b. Load Considerations. For inductive loads, low
level loads, intermediate range loads, parallel
contacts, series contacts, dry circuit switching,
transformer switching, transient suppression, and
dynamic contact resistance, the requirements of
MIL-STD-1132 and MIL~STD-1346 (as applicable)
shall apply.

c. Enviropmental Condjtions. The environmental
conditions shall be considered when using the leaf
type actuator. Uncontrolled forces. due to shock,
vibration, and acceleration can result in
inadvertent plunger actuation.

3. DESIGN AND CORSTRUCTION
3.1 Requirementg. Design and construction shall be in

accordance with the requirements of the applicable
specifications and the requirements of this standard.

SECTION 1200
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3.2 Construction Controls. The following controls shall
apply:

a. Each switch not being assembled or inspected shall
be kept in a clean dust-free enclosure.

b. Subsequent to final cleaning and assembly, all
open switches shall be worked on under a Class 100
environment per FED-~-STD-209.

c. Pre-closure wash (millipore) shall be accomplished
per Section 1000.

3.3 Recommended. Recommended designs and constructions
are:
a. Switch shaft and housing of corrosion-resistant
material
b. High contact pressures in cold environments
c. Hermetically sealed
da. Snap-action style
e. Positive break
£. Panel seal
3.4 Reliability Suspect Designs, None identified.

4. QUALITY ASSURANCE

The guality assurance regquirements for snap action switches,
thermal switches, and pressure switches are stated in subsequent
sections of the standard. Quality assurance provisions for
other switches shall be in accordance with the general

requirements of Section 4 and the following:

4.1 In-process Comtrols. In-process contreols shall be in
accordance with the requirements of the applicable

specifications, and the following:

4.1.1 Internal Vigsual Inspection. Inspect 100 percent at
10X minimum for:

a. No contamination particle greater than 0.001 inch
in diameter

b. Solder and weld joints
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c. Proper alignment
d. Clean feedthroughs
e, Normal contacts

4,1.2 ApAdditionsl Controls. The following controls shall
apply:

a. Inspect seals and encapsulation 100 percent at 10X
minimum for cracks

b. Leads and terminals are clean and straight

PR W R A T |

c. Each switch shall have its contact closure force
bECEJ.Hg CIISUCAELU - .

d. Each switch shall have its critical internal
dimensions checked for correctness.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements in the applicable
specifications. Unless otherwise specified, the screening shall
include 500 cycles of run-in testing with contacts monitored for
misses at 6 Volts dc, 100 miiliamperes maximum.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B, or equivalent, tests in the
applicable specifications.

4.4 Qualification Tests. Qualification testing shall be
in accordance with the requirements of the applicable
specifications.

SECTION 1200
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SECTIOR 1210
SENSITIVE AND PUSH (SNAP ACTION) SWITCHES
(MIL-S-8805)
1. SCOPE

This section sets forth detailed requirements for
hermetically sealed snap-action switches.

2. APPLICATION. See Section 1200.
3. DESIGN AND CORSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-S-8805 and the

requirements of this standard.

3.2 Recommended. See Section 1200.
ALT A

-9

Quality assurance provisions shall be in accordance with the

general regquirements cof Secticn 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-S-8805. Internal visual
inspection shall also be in accordance with the requirements of
Paragraph 4.1 in Section 1200. In addition, devices shall be
inspected at 10X minimum for the following defects:

a. Adhering conductive or nonconductive particles
(metal burrs or case flashing)

b. Incomplete swagging or staking of assembly
components {(not 360 degrees)

c. Scratches or nicks in contact interface surface
areas
4.2 Screening (100 percent). Screening (100 percent)

shall be in accordance with the requirements listed in Table
1210-1.

4.3 Lot Conformgnce Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-S-8805.

4.4 Qualification Tests. Qualification testing shall be

in accordance with the requirements of MIL-S-8805.

SECTION 1210
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100 Percent Screening Requirements
(Page 1 of 2)

MIL-S-8805
Screens

Additions and Exceptions to the Methods and
Criteria of MIL-S5-8805

Operating

Characteristics

Dielectric
Withstanding-
Voltage

Contact
Resistance

Vibration
{Random)

Thermal Shock

Particle
Impact Noise
{PIND)

Insulation
Resistance

Mechanical
Run—in

MIL-STD-202, Method 214, Test Condition II, K
(switch in critical system position and test
to the requirements of the application)

3 orthogonal planes, 1 minute each

Mounting fixture shall not add or remove
energy from switch under test

‘Monitored for contact chatter, 10
microseconds maximum per MIL-STD-202,

Method 310, Circuit B

No contact transfer (monitor equipment shall
be capable of detecting closures greater
than 1 microsecond)

If more than one critical system position
exists, repeat steps a, b, ¢, d, and e, with
the switch in each critical position.

During last cycle (5th), measure contact
resistance at temperature extremes

MIL-STD-202, Method 217 Detection

If 2 percent of the lot fails, PIND testing
may cease; if more than 2 percent fails, the
lot shall be retested.

500 cycles at 10 cycles per minute
at +25 deg C

. Monitor all make and break contacts at 6 VDC

100 mA max.

SECTION 1210
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TABLE 1210-1. 100 Percent Screening Requirements

(Page 2 of 2)

Additions and Ex the Methods and
Critaria n

Seal

Dielectric
Withstanding-
voltage

Insulation
Resistance

Operating
Characteristics

Radiographic
Inspection

Visual and
Mechanical
Examination
(External)

a. Per MSFC-STD-355; 2 views 90 deg. apart by
X-ray, or 360 deg. view by Vidicon. Use of
"real-time” X-ray systems capable of viewing
through 360 deg rotation is encouraged.

a. Marking and identification
b. Defects and damage; i.e., body finish, lead
finish, misalignment, cracks

SECTION 1210
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SECTION 1220

THERMAL SWITCHES
(MIL-5-24236)

1. SCOPE

This section sets forth detailed requirements for thermal
switches.

2. APPLICATION

2.1 Derating. The derating requirements given in Section
1000 for relay contacts shall be used to derate switch contacts.

2.2 Electrical Considerations. Bimetallic disc (BMD)
thermal switches have been used for temperature sensing and
heater control. They have the advantage of being lightweight,
sturdy (withstand high shocks of 750 g and vibration of 60 g rms
random), and require no external power.

Some of the anomalous switch behaviors exhibited are drift
in both upper and lower switching temperatures. These anomalies
are known as "creepage™ or "dithering” and hsve been used
interchangeably to describe either of the following two
conditions:

a. The failure of an assembled unit to respond to
temperature changes with immediate positive snap action
of the disc

b. A deviation of the switching temperatures of a unit in
service from its original set-temperatures, resulting
in a very narrow switching band

The former condition usually results in high rejection rates
during acceptance tests. The latter case can be far more
consequential, since such events are usually characterized by
either a hesitant contact or a series of frequent openings and
cleosings of the contacts and thus may induce excessive arcing or
stress cycling; these effects often result in switch malfunction
or shortened service life.

To alleviate the possibility of dither, increase the
deadband (temperature separation between the thermal switch “"on"
position and the switch "off" position) to +4 deg C minimum and
require 2 temperature rate-of-change greater than 0.11 deg C per
minute. The in-process controls and screens described herein
are intended to improve switch reliability.

SECTION 1220
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Thermal switches shall not be used for applications where

Fha +Famrnaratnrs rato Af s~hanea 10 Taces
wne Tepelaiule Iace Of Caanye 15 1855 than 0.11 deg C per

minute, or the thermal deadband is less than +4 deg C. In such
applications, solid-state temperature sensing and control is
preferred. ' :

3. DESIGN ARD CONSTRUCTION

3.1 Requirements. Design and construction shall be in
ccordance with the requirements of MIL~-S-24236 and the
equirements of this standard.

a
r

[ 3]

.2 Recommended. Snap-action.
a. Contact current rating, 5 amperes maximum
b. Deadband +4 deg C minimum

C. Temperature rate-of-change accommodated, 0.1l deg
C per minute.

3.2 Reliability Suspect Designs. See Paragraph 2.2 in
this section.

4 . vrm T Im [l s ‘-i
Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in

accordance with the requirements of MIL-S-24236 and the
following:

4.1.1 Switch Assembly

a. Each switch shall have its contact closure or
opening force setting checked.

b. Each switch shall have its critical internal
dimensions checked for correctness.

c. Each switch not being assembled or inspected shall
be kept in a clean dust-free enclosure.

d. Subsequent to final cleaning and assembly, all
open switches shall be.worked on under a Class 100
environment per FED-8TD-209 or as approved by the
contracting officer.

SECTION 1220
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e. All switches that utilize different materials for
movable and stationary contacts shall have the
contacts identified as + and - and the life
verified by tests with voltage applied in the
polarity specified.

4.1.2 Precap Visual Inspection (100 percent). 10X

magnification minimum under laminar flow benches for:

a. No p

b. No plating defects such as flaking or blistering.
c. No loose oxide film on surface of bimetallic disc

d. No organic compounds or films on contacts or
header base

e. Actuator tips free of sharp peaks, cracks, chips,
and flakes

£. No radial cracks in the glass seal extending
greater than one-half the distance from the center
post to cutside edge

4,1.3 legani Pre— n 1 rticl n ion.
Clean thermostatic switches, cans, and any other parts or
subassemblies that constitute the final assembly, using the

following procedure or a procedure approved by the contracting

officer. First obtain freon from pre- flltered supply. Assembly
pre-cleaned 1000 milliliter flask, vacuum pump, filter holder,
pre-cleaned 0.80 micrometer filter, and pre-cleaned funnel.
Fill funnel with pre- filtered freon and turn vacuum pump on.
Repeat until flask is filled. Fill a pressurized container with
¢leaned freon. Clean filter by blowing both surfaces with
ionized air. Using the pressurized container, wash both sides
of the filter with clean filtered freon. Observe filter under
30X magnification; if any particles 2.5 micrometers (0.001
inches) or larger, or visable particles under 2.5 micrometers
{(0.001 inches) are observed, repeat the cleaning process until
satisfactory results are obtained. Place the filter holder and
cleaned filter on a clean empty 1000 milliliter f£lask under
funnel. Air blow all parts to be millipore-cleaned using
ionized air. Place parts in funnel, Using 1000 milliliter
flask of filtered freon, pour the freon into the funnel,
covering the parts to be cleaned. Cover funnel. Turn on vacuum
pump. When all the freon has passed through the filter, turn
off vacuum pumps. Remove filter and examine under 30X

SECTION 1220
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magnification. If one or more particles 2.5 micrometers (0.001
inches) or larger are present, or three or more visable
particles under 2.5 micrometers (0.001 incheg) are present on
the filter, repeat the process until this condition is
corrected. Place cleaned parts in cleaned covered trays in
preparation for canning the relays.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the Group B tests in MIL-S5-24236 with the
following exceptions: »

W

Solderahilit

-
[N ]
8

per MIL-S5-24236 ar DOD-STD-2000

b. DPA per MIL-STD-1580

c. MIL-5-24236, Group B tests not required on each
lot are as follows:

Subgroup 1 -- Moisture Resistance
Flame Response
Short Circuit

Subgroup 3 -~ All

Subgroup 4 -~ Sensitivity Response
Temperature Anticipation

4.4 OQualification Tests.- Qualification testing shall be
in accordance with the requirements of MIL-5-24236 with the
addition of a test for resistance to soldering heat per
Condition B of Method 210 of MIL-STD-202.

SECTION 1220
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Vibration a. MIL-STD-202, Method 204, at 30 g, 10-2000 Hz

{Sine) (switch in critical system position)

b. Electrical load of 110 mA maximum at 6 Vdc

c. Monitored for contact chatter, 10
microseconds maximum per MIL-STD-202,
Method 310, Circuit B

d. No contact transfer (monitor equipment s
be capable of detecting closures greater
than 1 microsecond)

e, Duration of 1 frequency sweep per contact
position

hall

Vibration a. MIL-STD-202, Method 214, except use the
(Random) following spectrum:
20 HZ...........0.01 g2 per Hz
20-90 Hz........ +94B per Octave
50-350 Hz.......0.5 g< per Hz
350-2000 Hz.....-6db per Octave
b. 3 orthogonal planes
¢. Puration shall be 1 minute per axis per
contact position
d. Monitored for contact chatter, 10
microseconds maximum per MIL-STD-202,
Method 310, with 110 mA maximum at & Vdc
e. No contact transfer (monitor equipment shall
be capable of detecting closures greater
than 1 microsecond)

Calibration

. 500 cvcles

. Monitor all make and break contacts at 6 VDC
100 mA max.

c. Miss test monitoring equipment to measure

contact resistance required.

=}
ow

Calibration
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t Screening Requirements for
es (Page 2 of 2)

MIL-S-24236 Additions and Exceptions to the Methods and
Screens Criteria of MIL-5-24236
Particle a. MIL-STD-202, Method 217 Detection
Impact Noise b. If 2 percent of the lot fails, PIND testing
(PIND) may cease; if more than 2 percent fails, the
lot shall be retested.
Creepage a. Temperature rate of change shall be
0.11 deg C per minute
b. Three runs
c. Arc duration of 5 millisecond maximum at
500-600 Vdc with current limited to
1 mA maximum
Seal Per MIL~-5-24236 f£or hermetic switches
Dielectric
Withstanding-
Voltage
Insulation
Resistance
Contact
Resistance
Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspection X-ray, or 360 deg. view by Vidicon. Use of
"real-time" X-ray systems capable of viewing
through 360 deg rotation is encouraged.
Visual and a. Marking and identification
Mechanical b. bDefects and damage; i.e., body finish, lead
Examination finish, misalignment, cracks
(External) .

SECTION 1220
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SECTION 1230

PRESSURE SWITCHES
(MIL-5-9395)

1. SCOPE

This section sets forth detailed requirements for
hermetically sealed pressure switches.

2. APPLICATION
See Section 1200.
3. DESIGN AND CORSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-8-93%95 and the
requirements of this standard. (See the requirements of Section

1200 and Section 300, as appllcable )
4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-8-9395 and Paragraph 4.1
in Section 1200,

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the requirements listed in Table
1230-1.

4.3 Lot Conformance Tests. Lot conformance tests shall
be in accordance with the reguirements in Table 1230-2.
4.4 QOupalification Tests. Qualification testing shall be

in accordance with the requirements of MIL-S5-9395.

SECTION 1230
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100 Percent Screening Requirements
sure Switches {(Page 1 of 2)

N 2

High Temperature
Low Temperature
Particle

Impact Noise
- (PIND)

Mechanical

Proof Pressure
Calibration

Coincidence
of Operation

Contact
Resistance

”% oo

MIL-S8~9395 Additions and Exceptions to the Methods and
Screens Criteria of MIL-5-93%5

Vibration a. MIL-STD-202, Method 214, Test Condition II, K
(Random) (switch in critical system position and test

to the requirements of the application)
3 orthogonal planes, 1 minute each
Mounting fixture shall not add or remove
energy from switch under test

. Monitored for contact chatter, 10

microseconds maximum per MIL-STD-202,

Method 310, Circuit B

No contact transfer (monitor equipment shall
be capable of detecting closures greater

thanm 1 mimrAacamsAanAdl
wilGill & WALLIVDOWWIIW g

If more than one critical system position
exists, repeat steps a, b, ¢, 4, and e, with
the switch in each critical position.

. MIL-STD-202, Method 217 Detection
.If 2 percent of the lot fails, PIND testing

may cease; if more than 2 percent fails, the
lot shall be retested.

500 cycles at 10 cycles per minute
at +25 deg C

Mconitor all make and break contacts at 6 VDC
100 mA max.

. Miss test monltorlng equlpment to measure

M amb o obkarnsaa ragcu 5 re
\..Ullt.ul.-l- LTQLOLAMHLT LOTWual '.7

. Multi-pole only
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TABLE 1230-1. 100 Percent Screening Requirements
for Pressure Switches (Page 2 of 2)
MIL-5-9395 Additions and Exceptions to the Methods and
Screens Criteria of MIL-5-9395
Dielectric
Withstanding-~
Voltage
Seal
Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspection X-ray, or 360 deg. view by Vvidicon. Use of

Visual angd
Mechanical
Examination
(External)

"real-time” X-ray systems capable of viewing
through 360 deg rotation is encouraged.

. Marking and identification
Defects and damage; i.e., body finish, lead
finish, misalignment, cracks

ow
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TABLE 1230-2. Lot Conformance Tests

for Pressure Switches

Additions
Criteria of MIL-5-9355

nd Exceptions to the Methods and
i

Solderability

Shock

Resistance

Overload
Cycling

Seal

Group II

Mechanical
Endurance

Electrical
Endurance

Contact
Resistance

Seal
Dielectric
Withstanding-
Voltage
Group II1

Burst Pressure

Explosion

a. 3 Samples

a. If applicable

a. 3 Samples

a. 2 Samples

a. If applicable

SECTION 1230
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SECTION 1400

TRANSISTORS
{MIL-S-19500)

This section sets forth detailed requirements for

transistors.

The transistor types covered in this section are:

Field Effect (FET)
General Purpose
Microwave

Power

Switching
Unijunction

2. APPLICATION

2.1 Derating. The derating factors for transistors shall
be in accordance with AFSC Pamphlet B800-27 except as follows:

® N

For bipolar silicon transistors that are low power
devices, derate breakdown voltage to 0.75 of rated
value.

For bipolar silicon transistors that are high
power devices, derate safe operating area to 0.75
of rated Vpogp value and to 0.75 of rated I¢

value.

For field effect transistors, derate breakdown
voltage to 0.75 of rated value.

For all transistors, transient peaks shall not
exceed the supply voltage by more than the
derating factor.

For all transistors, voltage deratings apply to
Vceor VEBor and Vopx ratings. Precautions
against secondary breakdown shall be taken.

For all transistors, the maximum junction
temperature shall be +105 deg C nominal and +125
deg C worst case.

2.2 Electrical Considerations. To ensure a safe

operating range, applications in line or relay drivers, power
. inverters, converters, or amplifiers, and other circuits

SECTION 1400
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involving reactive loads, shall be restricted to devices for
which the pertinent secondary breakdown characteristics are
defined. The locus of the I-V operating point shall fall within
the safe operating (including secondary breakdown) area with a
safety margin not less than 20 percent for worst-case circuit
operating condition.

3. DESIGN AND CONSTRUCTION

3.1 Reguirements. Design and construction shall be in
accordance with the requirements of MIL-8-19500 and the
requirements of this standard. Plastic encapsulation shall not
be used. Monometallic bonding shall be used. Unglassivated
semiconductors in which leads cross scribe lines with clearance
of less than 0.002 inch shall not be used.

3.2 Transistorg in Hot-welded Cans. If transistors in
hot-welded cans are designed, the header design shall include an
effective weld-splash barrier ring. In addition, a protective
coatlng of the internal elements shall be used, prov1ded
adequate chemical and thermomechanical evaluation and testing st
the part level is performed to ensure that no potential failure
mechanisms of a more undesirable type have been introduced into
the device for that application.

3.3 Reliability Suspect Desjgpns. The following designs
are reliability suspect:
a. Hot-welded cases (see Paragraph 4.2.1)
b, Nonglassivated devices {see Paragraph 4.2.2)
c. Gold aluminum bonds

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance witin the
general requirements of Section 4 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the requirements of MIL-5-19500, JAN S, and the
following:

4,1.1 SEM. SEM inspections per Method 2018, MIL-STD-BB3,

shall be used on those devices which have metall1zat10n over
oxide steps.

4.1.2 Die-shear. Die-shear strength tests shall be in
accordance with Table 1400-1.
SECTION 1400
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TABLE 1400-1. Die Shear Strength Criteria
(Minimum Force Versus Die Attach Area)

Die Area Equivalent Maximum Applied Suspect Shear
(mils?) Square Die | Force (grams) Limit (grams)
Side (Mils)

625 25 200 250
900 30 300 360
1600 40 900 640
2500 50 1200 1000
3600 60 1600 1440
4900 70 2500 1960
6400 80 3000 2500
8100 90 3000 2500
10000 100 3000 2500
10000 100 3000 2500

4.1.5 Bpecial Conceins. The special screens, t&sts, or

precautions stated below shall be used when the identified
construction or materials are used in semiconductors.

4.1.5.1 §gilver Glags Die Attach

a. 100 percent mechanical shock

b. Sample: post-shock die shear
4.1.5.2 Epoxy Materials or Desiccants. Devices

containing desiccants, internal epoxy materials, or epoxy
materials used for sealing shall have a sample baked at +200 deg
C followed by a gas analysis. A maximum of 1000 parts per
million of water at +100 deg C shall be allowed.

4.1.5.3 ) o i : ial i
a. 1000 hour burn-in
b. 100 percent "monitored” temperature sweep for bond
intermittency
c. Residual gas analysis
4.1.5.4 113 T i ransi
a. Adequate heat sinking

b. 100 percent "monitored®™ temperature
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4.1.5.5 MOS Transistors. MOS Transistors shall be
electrostatically protected. ‘

4.1.5.6 Optically Coupled Isolators
a. High Temperature Reverse Bias at +125 deg C, Vcp
= 20 V, 96 hours minimum
b. Monitored temperature sweep from -55 deg C to +125
deg C for bond integrity

4.1.5.7 Mesa Construction

a. Review process controls for assurances of clean
surfaces.

b. Require at least 6000 angstroms of glass or oxide
passivation over junctions,.

c. Perform High Temperature Reverse Bias (HTRB) in
accordance with Method 1039, MIL-STD-750,
Condition A. Measure Iy at 80 percent of Vpgp
before HTRB and within 16 hours of removal from
HTRB. After removal from HTRB, power shall be
maintained until the testing is performed. If the
variation in Ir is * 10 percent of the maximum
Ir specified or £ 100 percent of the initial

value, whichever is larger, the device is 2 reject.

4.2 Screening (100 percent). Screening (100 percent)
shall be in accordance with the JAN § Screening requirements of
MIL-S5-19500. The electrical tests shall be in accordance with
the items listed in Table 1400-2. Unless otherwise specified
the reject criteria shall be per the detail spec limit.

4.2.1 Transistors in Hot-welded Cans. If tramnsistors are
in hot-welded cans, perform the following additional tests and
inspections:

a. Perform 100 percent mechanical shock test (such as
MIL-STD-202, Method 213A, Condition F) of each lot
followed by particle impact noise detection
screening per MIL-STD-750, Method 2052, Condition

AI

b. Conduct radiographic (X-ray or vidicon) inspection
of each part after completion of screening
requirements

SECTION 1400
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4.1.2 Nonglassivated Transistors. If transistors are

nonglassivated, perform the following additional tests and
inspections:

a. Perform 100 percent mechanical shock test (such as
MIL-STD-202, Method 213A, Condition F)} of each lot
followed by particle impact ncise detection
screening per MIL-STD-750, Method 2052, Subject
devices to PIND tests until no failures are found

on two successive sequences.

b. Conduct radiographic (X-ray or vidicon) inspection
of each part after completion of screening

requirements.
c. DPA-sample passed devices, inspect for particles.
4.3 Lot Conformance Tests. Lot conformance tests shall

be in accordance with the Group B tests of MIL-S-19500 for JAR
S. When radiation hardness is specified, wafer lot testing
shall be accomplished in accordance with the Group D tests for
JAN S per MIL-S-19500, and Appendix C of this standard.

4.4 Qualification Tests. Qualification testing shall be
2w memrmmmannea eyt e bl et rmssnmbkas Af WMTY_ O 1QEAN
Fe) QL LWV ALUUAGlWT Wi Ll Ll I.B\!u.l.l.c WGl Lo A ATS A Al (™) e w8
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TABLE 1400-2. Electrical Test and Reject Criteria

\rcgl: 1 of 3;

-t
=]
NOoCcCroZtiaom

S’

bt
)

OWOHIO

R Tests and Criteria

H e

r_Types
| U

N

I

NOTE: Unless otherwise specified
reject criteria shall be per detail
spec limit

th WHEHEOW
amOHHE®N

(1)

~

(3)|(4) | (

Sonst
~~
A

(7

X Igss., Delta Iggg greater than
* 100 percent of initial value or

greater than * 10 percent of spec.
limit, whichever is greater

n)- Delta Vgs (th)

nnl—-nr Fhan

ﬂ'"1
[
[+ )]
|_a
<
-]
H
=
®

gr reater than * 10 ?éfCéﬁc of
limit, whichever is greater

X1 X X X | X Icpo. Delta Icpp greater than

+ 100 percent of initial value or
greater than % 10 percent of spec.
limit, whichever is greater

X X X X X Irgo

X X X Ices

X X X | X Ver (sat), Delta Vog (sat) greater
' than £ 50 mVdc

X X| X | X hpg, Delta hpg greater than * 15
percent of initial value.

[+

X ‘hpg, Delta hygp greater than 20

?nrnnni- of initial value

T Aol W - o VA

X Ipp20. Delta Igp2p greater than

+ 100 percent of initial value or

greater than * 10 percent of spec.
ever

limit, whichever is greater.

SECTION 1400
218



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

Electrical Test and Reject Criteria

(Continued, Page 2 of 3)

Transistor Typ

F
E
T

SN el e - o

U
N
I

(o X--No Nl

(3) [ ()

WCHEIO'UP’

(5)

M OHHEWN

(7)

Tests and Criteria

NOTE: Unless otherwise specified
reject criteria shall be per detail
spec limit

fg» Delta ygg greater than
10 percent

e

Lon: Delta ryn greater than
%+ 10 percent

P

>

£

elta Igpp grea

% 100 percent of initial value or
greater than * 10 percent of spec.
limit, whichever is greater.

Cobor Delta Cgpp greater than
%+ 25 percent

rgpor Delta rppp greater than
+ 20 percent :

Each application shall be tested for
100,000 turn-on and turn-off cycles
at a rate not to exceed 1000 cycles
per second with no power degradation
in output.

V(BR)CBO+ V(BR) CEQ- V(BR) EBO

e

P

>

5

1

VBE (sat)

Po

n, Delta n greater than * 5 percent
of the initial value

NF

SECTION 1400
219




Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

TABLE 1400-2 Electrical Test and Reject Criteria

F I o Py Ty Sy 1 owme 3 . 2%
(Continued, Page 3 O0rf 3)

NOTES:

1. EET

Drain to source current, source shorted to gate, Ipgg

Small signal forward transadmittance, yrg

On resistance, rgp , ,

Gate-to-source threshold voltage, Vgg (th). ©OF

gate-to-source cutoff voltage, Vgg (off), s applicable
Gate-to-source leakage current, source shorted to drain, Iggg
Drain-to-source voltage {(on-state), Vps (on)

Q0O 00

c o

Collector cutoff current, base shorted to emitter, Icgg
Collector cutoff current, emitter open, Icpo

Emitter cutoff current, collector open, Igpo

Base-to-emitter saturation voltage, Vpg (sat) .

Static value of the forward current transfer ratio (common
emitter), hpg

Breakdown voltage, collector to base, emitter open, V(ggr)ceo
Breakdown voltage, emitter to base, collector open, Vipn)y EBO

Qo0 QCO0O

o0

3. Microwave -
Same as General Purposes (except for breakdown voltages) with
the following additions:

o Power output, Pg (or NF for small signal devicgs) )
o Output capacitance (common base), input open circuited, Cgphe
o Noise figure, NF
4, Uniijunction
I

bar #n haco Fwun ravarca rurroant .
Wl LRBVEISTE LRiliRean

0 Dmi\.b‘:& i/ IS
o Interbase resistance., rggpo
o Intrinsic standoff ratio, n

whan
’ -1-FAY

5. Power :
Same as General Purposes (s5ee

(o]
ﬂ!
4]
[\&
Tagt®

6. Switching
Same as General Purposes (see Note 2)

7. RE
Same as General Purposes (See Note 2)
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SECTIOR 1500

WIRE AND CABLE

1. SCOPE

This section sets forth requirements for wire and cable for
use in space vehicles.

2, APPLI I0R

2.1 External. Wiring external to electronic enclosures
shall be in accordance with DOD-W-83575.

2.2 ]Internal. Wiring internal to electronic enclosures
should use DOD-W-83575 as guidance; however, the selection and

use of wire, cables, and RF coaxial cables is not as
roactrictive. Wirina internal to electronic enclosures shall be

PR O A =N ] Tk asiy acdpvwaiziis LW SaPwwavWioietr LA SW222S2 22382 S A%

in accordance with MIL—W-22759 MIL-W-81381, MIL-C-27500,
MIL-C-17, and the regquirements contained herein. Teflon (TFE,
FEP, and PFA) shall not be used as the primary insulation on
wires. Teflon may be used in combination with other insulation
materials that provide suitable cut through resistance for the
composite insulation system. Polyvinyl chloride (PVC) insulated
conductors and jacketing materials shall not be utilized.

2.3 Derating. Derating factors and wire current ratings
shall be based on the wire size, on the insulation used, and on
whether it is a single wire or in a bundle. The wire current
ratings and deratings listed in MIL-W-5088 shall be used.

2.4 Electrical and Handling Considerations. The
characteristics of the insulation used on wire shall be used as
an aid in selecting the proper wire type for each application.

Carbon flashover should be considered if applicable. Carbon

£ 1 1Y 1
flashover is a catastrophic failure mechanism brought about by

the more vigorous propagation of electrical arcing in a falled
wire bundle via carbonization of the insulation. Carbonization
of the insulation is a thermal degradation process due to high
temperature discharges, particularly in a vacuum, that yields a
conducting carbon char residue as contrasted to gaseous
products. Wire bundles exposed both to low oxygen environments
(vacuum) and to salt spray, electrolytes, surface discharge
scintillations, excessive oxidation, repeated maintenance, or
ballistic impact have a greater risk of flashover. Some
insulation materials, such as Kapton, are at more risk to carbon
flashover than are other materials, such as Teflon.
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2.4.1 Thermoplastics.

2.4.1.1 Tefzel (ETFE). Tefzel, a Du Pont trade name, is
a copolymer of ethylene and tetrafluoroethylene, has a maximum
surface temperature of 150 deg C, and an embrittlement
temperature below -100 deg C, with very good electrical
characteristics. It is resistant to physical abuse, has good
thermal properties and is inert to chemicals. It is slightly
stiffer than Teflon, but is quite flexible,.

2.4.1.2 Eynar. Kynar, a Pennwalt Corporation trade name,
is a crystalline, high molecular weight polymer of vinylidene
fluoride with excellent mechanical strength, and higher
resistance to abrasion, cut-through, and cold flow than Teflon
(TFE, FEP, and PFA) with an operating temperature of -65 deg C
to +135 degq C. Kynar is typically used as a jacket over a soft
insulation, such as polyalkene, rather than as a primary
insulation. The high dielectric constant makes it undesirable
as a primary insulation.

This material should be considered especially where wiring
is exposed to gamma radiations of up to 108 roentgens in
vacuum environments. Because of the temperatures at which Kynar
is processed, tin coated conductors should not be used with
Kynar insulation. However, tin may be suitable under another
primary insulation (such as polyalkene) with a Kynar jacket.
Nickel can withstand the Kynar processing temperature.

Kynar insulated wires shall not be utilized where it can be
exposed to sulfonating agents at high temperatures. This
insulation is slightly stiffer than Tefzel and sharp bends,
tight installations, and other assembly features may be more of
a problem.

2.4.2 Thermosets

2.4.2.1 Kapton. Kapton, a Du Pont trade name, is an
aromatic polyimide with excellent thermal and electrical
resistance and good cut-through and sclvent resistance (except
concentrated acids and alkalies) properties. It has an
extrapolated life of 10 years at +250 deg C.

Kapton is stiff, hydroscopic, and shall not be exposed to
high-moisture environments. It is recommended for harnessing
when straight runs or generous bend radii can be achieved. This
material can carbonize under some conditions.

2.4.2.2 Crogslinked Polvalkene. Polyalkenes are a
thermoplastic copolymer of ethylene and propylene.
Crosslinking, either chemically or by irradiation, greatly
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improves the properties and changes the material to a thermoset
plastic. This is a lightweight, tough material that is
flexible, has a high dielectric strength with a high resistance
to stress cracking, ozone, solvents, cut-through, and solder
iron heat. The operating temperature is up to +150 deg C.

2.5 Stripping. Thermal stripping of insulation is
recommended for MIL-W-22759 wire and for most wire types and
gauges. Thermal stripping shall be in accordance with good
workmanship practices. Mechanical stripping is acceptable
provided adequate workmanship precautions are taken to avoid
quality problems such as nicks due to the use of improper tools.

3. DESI AND NSTR ION

3.1 General Purpose Wire General purpose internal wiring

shall be in accordance with MIL-W-22759. Detail specifications
-/16, -/17, -/18, and -/19 are the recommended types. When
better insulation characteristics are required, detail
specifications -/32, -/35, -/41, ~-/42, and -/43 are acceptable.
Teflon insulated conductors and jacketing materials shall not be
| utilized. Polyvinyl chloride (PVC) insulated conductors and
I jacketing materials shall not be utilized.

. 3.1.1 Condu 8. Conductors shall be copper or copper
alloy in accordance with the controlling specifications. The
choice depends on the user application. Conductor finish shall
be selected based on the following:

| a. Nickel finish. Solder does not wick under the

: insulation beyond the joint, leaving a good
flexible area. Also, the finish is good for
temperatures up to +260 deg C. It is acceptable
for crimp applications, provided the crimp values
in MIL-C-39029 are used.

b. ilv finish. Temperature range is above +150
deg C to about +200 deg C, and is good for
applications where high frequencies are used due
to its higher conductivity.

Silver-coated copper wire shall not be exposed to
a moist or high humidity environment, as it is
susceptible to oxidation, corrosion, whisker
growth, and to silver migration through the
insulator material.

c. Tin Tin A . This finish is the least
expensive, but is susceptible to oxide filming and
. corrosion if exposed to traces of chlorine, oxides
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of nitrogen, or humidity. Tin is also prone to
formation of whiskers. Tin or tin alloy finish
may be used with solder terminations, but they are
not recommended with crimp terminations. They
shall not be used with wrapped wired terminations.

3.2 Cables. Cables containing shielded and unshielded
wires shall be in accordarnce with MIL-C-27500., Inner and outer
jacketing materials of polyvinyl chloride (PVC) is prohibited.

3.3 RF Coaxial Cables

3.3.1 Flexible Coaxial Cables. Flexible coaxial cables
shall be in accordance with MIL-C-17. Preferred cables are -/95
for 95 ohm cable, -/94 and -/110 for 75 ohm cable, and -/60,
-/93, -/3111, -/112, -/127, and -/128 for 50 ohm cable
applications.

3.3.2 Semi-rigid Coaxial Cables. Semi-rigid cables shall
be in accordance with MIL-C-17. Where RG-402/U or RG-405/U
cables (0.141 or 0.086 diameters) are used with SMA connectors,
the crimp termination shall be used in lieu of solder
terminations where frequency range does not exceed 18 GHz.

4 OUALITY ASSURARCE

Quality assurance provisions‘shall be in accordance with the
general requirements of Section 4 and the requirements in the
applicable military specifications.

Custodians Preparing Activity

Air Force - 19 Air Ferce - 19
(Project Na. 1820-¥008)

Documents 1337b Arch 1207b
1338b Arch 1208b
1339 Arch 1209k
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APPENDIX A. PART MOUNTIRG AND INSTALLATION

This Appendix is a mandatory part of the standard.

10. SCOPE

This appendix sets forth the general requirements for
mounting and installation of parts.

20. GENERAL

Mounting and installation of parts shall be in accordance
with the requirements of DOD-STD-2000-2, "Part and Component
Mounting for High Quality/High Reliability Soldered Electrical
and Electronic Assemblies® as applicable, and the requirements
contained herein.

20.1 Sleeving. Fragile parts shall be fitted with
sleeving or buffer coat to prevent damage.

20.2 Hermetic Segls. All hermetically sealed devices with
glass-to-metal seals shall be subjected to a hermetic seal test
following machine fourmation of the leads.

30. TERMINALS

When terminals are used as an electrical interface to printed
circuitry, a "redundant” wire shall be used for circuit
attachment to an adjacent plated through hole {see Fig. A-1).

An alternate to redundant wiring is step soldering of the
terminal to the printed wiring to preclude solder reflow during

subsequent soldering operations.
40. DEVI IN

All metal power packages requiring electrical connection to
the case shall be mounted with stressed hardware appropriately
torqued that will assure electrical contact during expansion and
contraction of the printed wiring board during thermal
excursion. An alternate is a metallurgical correction to the
cases. ‘

50. TTED DUL

Potted modules are not recommended for new designs. All use
of potted modules shall require contracting officer approval.
APPENDIX A-1
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Extreme care shall be taken to conform to the preservation,
packing, handling, and storage requirements that protect against
damage from electrostatic discharge (see Appendix B).

70. SOLDERING

Soldering shall be per DOD-STD-2000-1, *Soldering
Technology, High Quality/High Reliability," and inspection per
DOD-STD-2000-3, *"Criteria for High Quality/High Reliability
Soldering Technology."” '

— TERMINAL PART

REDUNDANT WIRE i /

TO P.TH. oo of
@ -
SHOULDER— L ~ -
_/ “—TERMINAL
FLANGE BOARD
R = 2 LEAD dia

(b

’///,F—PAHT

e

FIGURE A-1. Part Atachment to Terminal

APPENDIX A-2
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APPENDIX B. PROTECTION AGAINST ELECTROSTATIC DISCHARGE
This Appendix is a'mandatory part of the standard.

10. SCOPE

10.1 History. Electrostatic charge (static electricity)
can be generated and stored on a multitude of commonly used
nonconductive surfaces. Unless grounding provisions are
incorporated, an electrostatic discharge could result that may
damage adjoining equipment. The impact of possible
electrostatic discharge shall be addressed at all levels of
design from the electronic parts to the spacecraft and launch
vehicle itself. Electrostatics are known to have caused arc
breakdowns and voltage offsets in spacecraft circuits in gdigital
logic, quidance computers, solar arrays, optical sensors,
communication subaystems, and electro-explosive devices. The

Tm= T s h ] - r ek o [ ] 3 A 3 + o= 3
launch vehicle itself is not immune and, in ratce, EIG'V'IS;GHS

shall be incorporated to neutralize the impact of
precipitation-produced electricity during liftoff and to
neutralize charging of spacecraft orbit.

i0.Z Purpoge. This appendixz astablishes the criteria and
minimum requirements for protecting electronic parts,
assemblies, and equipment that are susceptible to destruction or
degradation from static discharge.

10.3 Application. This appendix provides. guidelines for
everyone involved in handling electrostatic discharge-sensitive
devices and assemblies intended for use in space systems. The
requirements for an electrostatic discharge program shall be as
specified herein and in accordance with DOD-STD-1686 and
DOD-HDBK-263. In the event ¢of any conflicts, this appendix
takes precedence,

20, GENERAL REQUIREMENTS

20.1 Electrostatic-sengsitive Devices. As the use of
electronic devices that are sensitive to electrostatic discharge
increases, it is essential that these parts be identified and
controlled to protect them during manufacturing, incoming
inspection, test, storage, handling, assembly, and delivery.

20.2.2 Devices. Electronic parts and assemblies have all
degrees of electrostatic discharge sensitivity. No attempt need

be made to classify these degrees of sensitivity as those listed
as Class I, II, and III in DOD-HDBK-263.

APPENDIX B-1
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yE

Requirements in DOD-HDBK-263 and DOD-STD-1686 shall be the
controlling requirements regarding static-generating devices,
identification requirements, work stations, facilities,
equipment, handling, operator procedures, and training.

30.1 Supplemental Data. The following general data also
form a necessary part of the work procedures:

a.

b.

APPENDIX B-2

All multi-sheet manufacturing instructions, visual
aids, work orders, or other paperwork used in a
protected area shall be contained in an approved
carrier. Drawings may be present in a protected
area providing the operator is properly grounded
and the drawing does not electrically isolate the
part or assembly from the approved, protected
worksurface.

Only natural bristle brushes shall be used.

Nonconductive areas (such as vapor degreasing,
vacuum packing, and wave soldering) shall have the
equipment grounded, provisions made for operator
grounding, and shall be provided with conductive

carriers or baskets to provide part and assembly
protection from electrostatic discharge damage.

Any tool or material that is not antistatic
approved shall not be allowed in work areas.

Electrostatic discharge-sensitive items shall
never be inserted into unapproved conductive
antistatic plastics during part or assembly
storage periods.

A rework area shall be equipped with the same
static protection equipment as that provided in
the assembly cycle.

Periodic inspection of the protected work areas
for assembly, rework, and test stations shall be
made to ensure that the work areas are
electrically connected to ground.

The operator's wrist straps shall be periodically
checked between strap, skin, and ground wire to
verify continuity. The reading shall be 250k ohms
minimum to a maximum of 2.5 megohms.

o
W
m
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Operators in antistatic areas shall avoid
friction-producing activity such as rubbing hands,
wiping feet, putting on a smock, or taking off a
smock.

The operators shall avoid touching device leads
and shall only handle parts by the device bodies,
whenever possible.

Nonconductive plastics (e.q., the common "bubble”
type) found in some electrostatic
discharge-sensitive item packing shall be replaced
with an approved antistatic cushioning material.

Cold chambers using CO, gas or nitrogen for
cooling ESDS parts or assemblies shall have the
baffles and shelves grounded, and the shelves
shall be conductive. The parts or assemblies
shall be . contained in or on conductive material.

The same precautions that are used for good
electrostatic discharge-sensitive parts and
assemblies shall be used for parts and assemblies
thought to be defective.

Cleaning with Q-tips (or the equivalent) soaked in
an approved solvent is permissible.

Shunt (shorting) clips attached to electrostatic
discharge-sensitive parts or assemblies shall
remain in place during all in-plant transport,
handling, and storage. They are to be removed
only when the device has been, or is about to be,
installed in a wired circuit or receptacle, or be
subjected to piece part electrical testing.

Bare multilayer boards shall have power and ground
circuits grounded prior to assembly. Internal
layers can retain static charges during handling
that can degrade or destroy electrostatic
discharge-sensitive devices at assembly.

ibility.
Sunlight and ultraviclet light gradually fade the
pink color of polyethylene and the orange color of

nylon but has no detrimental effect on the
antistatic material.

APPENDIX B-3

229



Downloaded from http://www.everyspec.com

MIL-STD-1547A (USAF)
01 DEC 1987

b. Solvents such as alcohol, ketones, and
hydrocarbons shall not be used to clean or come in
contact with any antistatic material.

c. Water has a detrimental effect on antistatic
materials as they are usually water solubleée in
order to function properly. Therefore, the
antistatic-impregnated plastic should not be
washed or immersed in water for long periods.

30.3 (Cleaning and Cooling Agents
30.3.1 Cleaning Agents. Serious static electricity

problems (up to 5000 V) can develop from cleaning solutions such
as trichlorethylene. Low resistivity cleaners shall be used.

e 1Y

available, is the following:

A Butyl Acetate . .33 percent
Trichlorethylene 33 percent é
Methyl Chloroform © 17 percent
Isopropyl Alcohol 17 percent

100 percent
Volume resistivity: 90 kchms per meter

30.3.2 Conling Agents. Cryogenic cooling agents such as
freon, used to cool parts during testing, often cause static
potentials up to 3500 V. Great care should be taken in
selecting a cooling agent. One possible propellant is
EPMS-240X-A Quick Freeze, recently developed by the Miller
Stevenson Chemical Co., Los Angeles, California.

APPENDIX B-4
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APPENDIX C. RADIATION HARDRESS ASSURANCE REQUIREMENTS

This Appendix is a mandatory part of the standard.

10. SCOPE

This Appendix establishes the general requirements
pertaining to piece part radiation hardness assurance during the
design, and construction and production of the space vehicle or
other systems with radiation hardness requirements.

The Appendix provides methodology for part selection based
on characterization and categorization procedures. It also

establishes the lot acceptance criteria in order to meet
specific hardness assurance requirements based on system

application and environments.

20. REFERERCED DOCUMENTS

MIL-HDBK-279 Total Dose Hardness Assurance Guidelines For
Semiconductor Devices and Microcircuits,
February 1585.

MIL-HDBK-280 Neutron Hardness Assurance Guidelines For
Semiconductor Devices and Microcircuits,
February 1985.

MIL-HDBK-339 Custom Large Scale Integrated Circuit

Development and Acquisition for Space
Vehicles.

30. SYMBOLS
Rgpec is the specified radiation environment level
Rpar, is the radiation environment failure level of a
test device.
In(Rpa1r) is the mean of the logarithms of the sample
failure levels.
Krr, is the one-sided tolerance limit for a normal
distribution. It is a function of the confidence
level, sample size, and survival probability (see Table
C-I1 and Table C-III).

APPENRDIX C-1
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Sp is the standard deviation of the logarithms

of the sample failure levels; SR = Sln(R

.

FAIL

PARpa1L 15 the parameter or functional failure value
for the device.

PARgRap is the radiation-induced parameter value for a
given device.

In(PARRap) is the mean of the logarithms
of the values PARppp for the tested devices.

Sp is the standard deviation in the sample
values of ln(PARRAD)' Sp = Sln(P!R y

n is the sample size.
C is the confidence level.
P is the survival probability.
RDM is the radiation design margin.
RMF is the geometric mean radistion failure value.
PDM is the parameter design maigin.
Pyp is the parameter mean value degradation.
40. ERVIRONMENTES ARD PART CATEGORIES

40.1 Radiation Envi . The various types of
radiation environments and the design levels are specified in
bl Amdkns 1Tad oeoama £33 - A

™ . . x
the detailed specification. These ragdiation environments are

derived from the free field environments as transported through
the materials surrounding the part for the worst case location

and application. The types of radiation environments may
include:

a. Neutron fluence (1 Mev eguivalent) specified in
neutrons per square centimeter, and the number of
bursts

b. Total radiation dose specified in Gray(Si) and the

dose rate specified in Gray{(Si) per second

c. Transient ionization that may cause upset,
latch-up, or burnout. The peak dose rate should

be specified in Gray(Si) per second and the
transient pulse duration in seconds.
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Particles that could cause a single event upset or
latch-up. The particle type, flux (particles per
square centimeter per second), and energy spectra
should be specified. (Note that there may be an
acceptable number of upsets per gate, or per
device, per day.)

Current and voltage transient waveforms at each
external pin during exposure to EMP and system
generated EMP (SGEMP). Each transient waveform
can be specified by an equivalent open circuit
voltage pulse of specified magnitude, width, rise
and fall time, and source impedance.

40.2 Radiation Hardness Categorization. For each type of
radiation environment, there are several radiation hardness
categories of interest:

a.

Hardness Critical Category 1M (HCC-1M). These
part types are of marginal hardness and require
radiation testing during lot acceptance tests and
electrical screens.

Hardness Critical Category 1H (HCC-1H). These
part types 4o not require radiation testing during
lot acceptance tests, but are included in the
HCC~1 classification because they are hardness
dedicated parts.

Hardnegs Critical Category 15 (HCC-15). These
part types do not require radiation testing during
lot acceptance tests, but are included in the
HCC-1 classification because each is a sole-source
part type that can only be obtained from a
specific manufacturer due to its process-related
radiation characteristics. HCC-1S parts may
require occasional sample testing similar to that
done for HCC-2 part types.

Hardness Critical Cateqory 2 (HCC-2) These part
types do not require lot acceptance tests, but
they may require occasional sample testing because
of possible changes in design process or material
effecting hardness.

Noncriti r HNC) These part
types have such large design margins that they
require no testing even on an occasional basis
(RDM greater than 100).
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Devices that are in Hardness Critical Category 1M for a
particular radiation environment have a lower radiation design
margin in that environment than devices that are in Hardness
Critical Category 1H, 1S, or 2. Devices that are in the
Hardness Noncritical Category for a particular radiation
environment have the highest radiation design margin in that

n £ = 1 #en Ad akd 3 ]
environment. péCcause Oorf tne il0w ragdilatiodn de}Slgﬁ margin,

radiation hardness lot conformance testing is required on every
production lot for each environment where the devices are in
Hardness Critical Category 1IM. To assure that the Hardness
Critical Category 2 devices are in the correct category,
radiation hardness testing may be required for device
characterization for each applicable environment. Because of
the even higher radiation design margins for the Hardness
Noncritical Category, typically 100 or higher, no radiation
hardness lot conformance testing is required for those
environments, except as might be requzred for device
characterization.

In each application, one would like to select devices in the
Hardness Noncritical Category and, if they are not available,
then in the Hardness Critical Category 2. This is not only
because of their higher radiation design margins and therefore
lower failure risk in the operational environment, but because
the radiation hardness lot conformance testing costs are usually
less than for Hardness Critical Category 1 devices. Of course,
devices may not be available in either of these categories for
the specified levels of all of the various types of radiation
environments. For those radiation environments where the
Hardness Critical Category 2 criteria cannot be met, devices
would be specified in Hardness Critical Category 1M or 1S8. Of
course, Hardness Critical Category 1M or 1S devices may be used
whenever Hardness Noncritical Category devices or Hardness

Critical Category 2 devices would not be practicable or
cost-effective or would not be available when needed.

5 - 28% L2 asT WIITir 25T

The radiation hardness categorization criteria are based on
the radiation design margin. The radiation design margin
depends upon the specified radiation environments as well as the
radjation hardness characterization results for the part. The
categorization criteria in this document are based on a log
normal failure distribution. 1In general, the categorization
criteria should be based on a failure distribution that best
fits the radiation test data. The standard deviation used in
the categorization, Sp, must represent the variation between
lots hased on data or estimation of worst case value.
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The radiation hardness categorization is typically an
interative process for the parts because the location, and
therefore the transported environment for the application, may
change during the development. 1In addition, the
characterization for the actual parts used may vary from that
for the production units used in the initial characterization.

40.3 Radiation Design Margin (RDM). The radiation design
margin, RDM, is defined as the ratio of the mean radiation
failure value, Ryp, for a test sample to the device radiation
specification level.

= (1)
RspEC
where Ryp = exp[in(RFAIL) ] (2)
n
and In{R,,..) = 1n(R ) (3)
FAIL FAIL
i=1 -
where RFAIL. is the radiation failure level for
the ith sample in the test group.
40.4 iation. The standard deviation, Sg,
is defined for n greater than 1 as:
n 2 1/2
1 Y Y
Sg ={ n-1 [1n(RFAILi) - 1n(RFAIL}] (4)
i=1
40.5 I ri i . HCC-1M and HCC-2 piece

parts shall be categor1zed in each radiation environment. The
categorization method options are:

a. The breakp01nt method, (BM). The break901nt
method is usually appl1ed to parts in systems with
moderate radiation requirements

b. The part categorlzatlon criterion method, {(PCC).

The PCC method is usually specified for systems
with stringent radiation requirements.
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c. A combination of the methods may be applied (e.qg.,
the breakpoint method may be applied to most of
the parts and the PCC method to a selected number
of parts).

Both categorization methods shall be based on radiation
characterization data. The categorization is based on comparing
the RDM of the part to a numerical value. In the breakpoint
method, the same numerical value is applied to all parts in the
system. In the part categorization method, the RDM is compared
to a number determined separately for each part. This number
depends upon the standard deviation, sample size, required
confidence level, and survival probability.

40.5.1 Breakpoint Part Categoxirzation Method. The
uxcanpu;ut method may be applied to systems with moderate

radiation requirements. In this methed, a 51ng1e spec1f1ed
radiation design margin is applied tco all piece parts in the
system. Unless otherwise specified, the breakpoint between
Category 1M and Category 2 shall be at an RDM of 10. Therefore,
parts with an RDM greater than 10 are Category 2. Parts with an
RDM of 10 or less, but greater than 2, are Category 1lM. This
method is limited to those cases where the test data for the
specific piece parts and radiation environment show a standard
deviation less than 0.5 with 90 percent ceonfidence level . 1In
some special cases, the categorization of the part may be based
on the parameter design margin at the specified radiation

level, For example, in the case of bipolar tramsistors,
considerable amounts of dsta may exist on the damage constants
in neutrons and total dose environment which may be sufficient
to establish the categorization of the part.

40.5.2 Part Categorization Criterion Method. 1In this
method, the categorization criterion of the part is determined
by comparing the radiation dGSigﬁ margin, RDM, to a number which
depends on the standard deviation, Sr, and the one-sided
tolerance limit factor, Kgpp (n, C, P). The value of Krpy, is
a function of the sample size n, required confidence level, C,
and survival probability P. Parts with an RDM greater than
exp (K71, SgR) are Category 2. Parts with an RDM of
exp(KrySr) or less, but greater than 2, are Category 1M.

Unless otherwise specified, the survival probability shall
be 99.9 percent and the confidence level shall be taken as 95
percent.
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50. LOT CONFORMANCE TESTS

50.1 Test Requirements. Radiation lot conformance tests
are specified in the detailed specification based upon the
radiation hardness category classification of the parts for each
type of radiation environment.

a. No radiation hardness lot conformance testing is
required for parts that do not have a radiation
environment specified.

b. Parts in Hardness Critical Category 1M for a
particular type of radiation environment require
radiation hardness lot conformance testing of
every production lot for that radiation type. For
those solid state parts where the radiation
response to the specified radiation environment is
largely variable from one wafer to the next within
a diffusion lot, the radiation hardness lot
conformance testing is required for the devices
fabricated from each wafer.

c. Parts in Hardness Critical Category 2 for a
‘particular type of radiation environment may
require radiation hardness lot conformance testing
for that radiation type on the first production
lot if existing characterization data is
inadequate to justify the Hardness Critical
Category 2. Radiation hardness lot conformance
testing may also be required periodically to track
any variations in the characterization data, if so
specified in the detailed specification.

d. Parts that are in a Hardness Noncritical Category
for particular types of radiation environments do
not require radiation hardness lot conformance
testing for those radiation types.

Note that t parts may have different radiation hardnes

AT W cne r--. e 2= ¥ * AN aTLaWas

category classifications for each type of radiation. For
example, a part could be in Hardness Critical Category 1M for
one type of radiation, in Hardness Critical Category 2 for
another type of radiation, in a Hardness Noncritical Category
for another type of radiation, and it is possible that for
another type of radiation no category could be identified
because the actual radiation design margin might be less than
the minimum specified for Hardness Critical Category 1M.

m
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50.2 nf n i M . For each radiation .
environment where radiation hardness lot conformance testing is
required, a sample of the parts is tested as a basis for

acceptance of the production lot or as a basis for acceptance of
devices from a single wafer. The radiation hardness of the
sample is determined by testing parameter degradation to failure
{the radiation to failure test of 50.3), or by testing at a
single radiation level (50.4). Prior to testing at a single
radiation level, it should be demonstrated that the specified
parameter(s) degradation is a well-behaved function (monotonic)
of the radiation environment over the specified range.

The lot acceptance criterion assumes a log normal failure
distribution. In those cases where the distribution is shown to
be other than log normal, the lot acceptance criterion should be
determined by the appropriate type of distribution,

50.3 Radjation to Failure Tegt. This lot conformance
test consists of exposing the sample of parts to increasing
radiation levels until the radiation-induced parameter value,
PARR}'\'D' for each part axceeds the gnnr"l fied end nnlnf
electrical failure limit, PARpp7YL- Follow;ng each radiation
test level, the data are recorded (see Figure C-1).

From the data, the value* of RraIL 2t PARppIl 2re
obtained. {The annealing effect should be considered when
applicable.)

The lot is accepted when

RDM(Lot) 2 exp(KrLSgr(lot)}) (5)

The values for RDM and SR are obtained from Equations (1),
(2), (3), and (4).

Note that Equation (5) is similar in form to the eguation
used for categorization of Category 2 parts, except in that
case, Sp is the standard deviation for several lots and is
therefore larger than the Sp (lot) value used here.

If, in the course of categorization, the critical parameter
does not reach the failure criterion at 10 times the specified
radiation level, the categorization should be based on the

parameter design margin at the specified radiation level (see
Section 50.4).
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50.4 Single Radiation Level Tegtina. When previous data
have shown that radiation degradation of the electrical
parameters over the specified range of radiation levels is well
behaved (monotonic), then the lot conformance test can be

conducted at a single radiation level, the specified level
RspEC-

The lot acceptance is based on the parameter design margin,
PDM, which is the ratio of the end point electrical parameter
failure limit PARppyr and the parametric mean value
degradation Pyp following the radiation exposure (see Figure
C-1).

The parameter mean value degradation Pyp is calculated
from the radiation-induced parameter value PARpap as follows:

n
To7oee Y o &
In(PARp, ) =14 E ln(PARRADi) (6)
i=1
where PARRAD is the radiation-induced parameter value
i for the ith device
PMD = exp [lnPARRAD] {(7)

The lot is acceptable if the design margin, DM, is greater than
the exponential of the product K, and the sample standard
deviation, Sp, for the lot.

MY AR W aWwat

(a) For parameter value increasing with radiation:

_ FAIL
PDM = - PMD 2> exp(KTL SP) (8)

where PARppyp is the parameter or function failure value for
the lot.
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(b) For parameter value decreasing with radiation:

P
— MDD
PDM = 2 exp(KT S.) (9)
PARFAIL L P
where

n , 1/2
Sp = -n—h E [ln(PARmi) - 1n(pum)] (10)

i=1
60.

60.1 Sampling Plans. All test samples shall have passed

hna ennha Fiad aloarkrinal emraaning Foete nrinr Fn radia+inn
L% T ) = DKGU ke Tl G‘GHB“UG‘ o S e i N A A AA Ny i Y AP A AP F o R - e T Nh e B b WA

testing. Except for total dose radiation testing, all test
samples shall be randomly selected from a single wafer lot, or
if unavailable, from a single production lot. For total dose
testing, &8 test sample shall be selected from each wafer.

60.2 Lot Traceability. Lot traceability shall be
maintained to the wafer lot for all radiation environments

_except for total dose where traceability is maintained to a

single wafer.

60.3 Test Plans and Test Procedures. Radiation testing
shall be based on documented radiation test plans and
procedures. The test plan shall defines the details of the
testing to be performed for each radiation environment for each
part type. The test plans and procedures shall include as a
minimum:

a. Method of test and sample selection.

b. Radiation test facility to be used.

c. Dosimetry procedure.

a. Equipment required and calibration procedures.

e, Step-by-step procedures including test circuit
diagrams, pre and post-electrical tests, bias and
test conditions dQuring irradiation and worst case
temperature environment, the time between total
dose irradiation and electrical tests, and the

bias during transport from irradiation source to
the electrical test facilities.
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£. Irradiation test levels, dose rate and post

irradiation measurements for total dose testing;
identification of latchup windows, if any, during
latchup testing.

qg. Documentation of test results.

h. Data processing and analysis.
60.4 Radiation Test Methods. The radiation test methods

shall be conducted in accordance with the applicable test
methods specified in MIL-STD-883 and MIL-STD-750, as listed in
Table C-I. The test conditions shall be based on
characterization data including post-irradiation effects, dose
rate effects in total dose testlng, and latchup windows in
latchup testing. When specified in the detailed specification,
the same devices may be used for testing in more than cne
environment. Unless otherwise specified in the detailed
specification, the confidence level and survival probability
shall be 95 percent and 99.9 percent, respectively.

60.5 Radiation Facilities and Dogimetry. The radiation
test facilities used for radiation tests, the dosimetry methods,
and the test procedures used shall be approved by the
contracting officex. :or Co-60 1rradlat;on, the Uchbe under
test should be placed in Lead-Aluminum containers (0.06-0.09
inch Pb-outside wall; 0.015-0.03 inch Al-inside wall). For
Flash X-ray irradiation, the device under test should be placed
in lead-tantalum containers (0.06 inch Pb-outside wall; 0.01
inch Ta-inside wall).

60.6 Radiation 100 Percent Screening Tests. 100 percent
radiation screening tests may be required for some piece parts
for certain radiation environments. Common examples are dose
rate latchup screening or dose rate upset screening of
microcircuits. 1In those cases where a 100 percent radiation
screen is required by the detailed specification, the test
method and procedures shall be as stated in the detailed
specification.

70. RADI N FA ANALYST

A radiation failure analysis is required on devices that
fail the radiation hardness lot conformance tests. Details of

the failure analysis requirements and procedures shall be as

stated in the detailed specification.
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TABLE C-I. Radiation Test Methods

TEST : TEST METHOD SAMPLE
‘ SIZE 1/
Neutrons MIL-STD-883/750 10
Irradiation METHOD 1017
Total Dose MIL-STD-883/750 10
Irradiation METHOD 1019
Transient For microcircuits only
Ionization MIL-STD-883 METHOD
Upset 102171023 10
Latchup 1020 100 percent
Burnout detailed 10
specification
Single Event
Error detailed 5
specification
Latchup detailed 5
specification

1/ For device types with greater than 4000 equivalent
transistors per chip, the minimum sample size shall be
five for each environment.
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TABLE C-II. Ky, Factors for One-sided Tolerance Limits
for Normal Distributions
C=0.75 C = 0.90
p P P P P P P P P P
n | 0.75} 0.%0] 0.95| 0.99]|0.999{] 0.75] 0.90| 0.95{ 0.99/0.99%
311.464[2.501{3.152{4.396}5.805||2.602}4.258{5.310|7.340)9.651
411.256({2.134{2.680(3.726(4.910(1.972]3.187]3.957|5.437}|7.128
5{1.152|1.961{2.463|3.421|4.507||1.698)2.742}3.400{4.666|6.112
6/1.087|1.860|2.336[3.243]4.2731|1.540[2.494]|3.091(4.242[5.556
7{1.043[1.791(2.250(3.126}4.118(({1.435{2.333]2.894/3.972]5.201
811.010/1.74012.190(3.0424,008||1.36012.219}2.755({3.783[4.955
9l0.984(1.70212,141)2.977{3.924[{1.302(2.133[2.6493.641{4.772
10/0.964/1.671{2.103|2.927(3.858||1.257|2.065|2.568|3.532]4.629
11/0.947]|1.646/2.073}2.885]|3.804}[1.219[2.01272.503}3.444[4.515
1210.93311.62412.04812.851{3.760112.18811,96612.44813.37114.420
13/0.919]1.606)2.026|2.822)3,722||1.162{1.928{2.403|3.310]4.341
1410.90911.591{2.007}2.796|3.690]|1.13971.895{2.363|3.257[4.274
15{0.899]1.577}1,99112.776|3.661}|1.119|1.866}2.329|3.212(4.215
16/0.891]1.566/1.977]|2.75603.637]]1.101}1.842{2.299]|3.172}4.164
17]/0.883|1.554{1.964(2.739[3.615]]1.085{1.820|2.272|3.136{4.118
18{0.876]1.544(1.951/2.723]3.595}|1.071}1.800}2.249|3.106/4.078
19/0.870]1.536(1.942|2.710|3.577{|1.058]|1.781}2.228}3.078|4.041
20{0.865(1.528}2.933/2.697}3.561]|]1.046]|1.765|2.208|3.052}4,009
21(0.859{1.520]1.923]|2.686]3.545]|{1.035/1,750}2.190}3.028(3.979
2210.854|1.514|1.916|2.675|3.532|[1.025|1.736{2.174|3.007|3.952
23/0.849{1.508({1.907(2.665]3.520}/1.016(1.724)2.159)2.987|3.927
24|0.845]/1.502[1.901|2.656(3.509]|1.007|1.712}2.145}2.969|3.904
25{0.842([1.496(1.895(2.647(3.497![0.999{1.702]2,132/2.952}3.882
30|0.825|1.47501.869[2.613(3.454({0.966(2.657/2.080]2.8843.794
35/0.812|1.458|1.849|2.5883.421|/0,942{1.623}2.041|2.83313,730
40{0.803|1.445{1.834(2.568{3.395((0.923{1.598(2.010(2.793{3.679
45/0.795]1.435{1.821{2:552|3.375||0.908|1.577|1,986|2.762{3.638
50/0.788(1.426{1.811]2.538|3.358{{0.894|1.560{1.965{2.735|3.604
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for Normal Distributions

Kyr, Factors for One-sided Tolerance Limits

C=10.95 C=0.99

P P 2 P P P P 3 P P
n| 0.75| 0.90] 0.95 0.99] 0.999 0.75] 0.90} 0.95] 0.99}0.999

3|13.804}6.158|7.655|10.,552|13.857 - - - - -

412.61914.162315.145! 7.042] 9.215 - - -- - -

512.149(3.407|4.202] 5.741} 7.501 —— - - - -~
6/1.895(3.006|3.707f{ 5.062| 6.612}|2.849|4.408|5.409}7.334}19.550
711.73212.755]|3.399§ 4.641| 6.0611|2.490|3.85614.730]|6.4112}8.348
8(1.61772.582;3.188| 4.353| 5.686j12.25213,45614.287;5.8117.566
911.532|2.454(3.031| 4.143| 5.414||2.085|3[242|3.971|5.389|7.014
10§1.465|2,355}2.911) 3.981] 5.203]11.954)3.048]3.739]|5.075|6.603
11|1.411|2|275|2.815| 3.852] 5.036}|1.85412.897[3.557|4.828|6.284
12|1.36612.210|2.736] 3.747] 4.900}|1.771{2.773}3.410}4.633|6.032
1311.329|2.15512.670| 3.659| 4.787(}1.702|2.677]3.29014.472]|5.826
1411.296}2.108)2.614| 3.585| 4.690|}1.645}2.59213.189|4.336|5.6512
1511.268|2.068j2.566| 3.520f{ 4.607111.596}2.521|3.102(4.224[5.507
16|1.242|2.032]2.523| 3.463| 4.534}1]1.553|2.45813.028)4.124|5.374
1711.22012.001|2.486| 3.415| 4.471]311.514|2.405(2.962|4.038}15.268
1811.200|1.97412.453} 3.370| 4.415(]1.481}2.357]2.906]3.961{5.167
19(1.18311.949§2.423} 3.331; 4.364[[1.450(|2.315(2.855]3.893|5.078
2011.16711.92612.3961 3.2951 4.,319:11.42412.27512.80713.83215.003
2111.152}1.905(2.371] 3.262| 4.276|{1.397]2.241|2.76B3.776)4.932
22]1.138]1.887(2.350| 3.233| 4.238}1.376|2.208(2.729|3.727|4.866
2311.12611.869(2.329| 3.206( 4.204{{1.355(|2.179{2.693(3.680|4.806
2411.114)1.85312.305) 3.181) 4.17111.33612.15412.6633.638(4.755
2511.103]1.83812.292| 3.158| 4.143|1.319}2.129|2.632|3.601}4.706
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APPENDIX D. PROHIBITED PARTS

This Appendix is a mandatory part of the standard.

The following parts, part styles, and part types shall not he
used in space and launch vehicles, even in heritage hardware.

a itor

o] CLR 65 (MIL-C-39006/9) silver-cased wet tantalum slug

| capacitors
o Mica capacitors per specifications other than MIL-~-C-87164
0 Glass capacitor styles, CYR 41, 42, 43, 51, 52, 53
o Aluminum electrolytic capacitors
o Ceramic capacitors without lot-sample DPA and lot-sample
low-voltage moisture testing
Diodes
A~ o All plastic encapsulated types
‘l' ! Filters
0 EMI or RF filters with tubular ceramic elements
Fuses |
i o 2ll fuses requiring fuse holders

o] Plug-in types

o Solder-sealed relays
Resistors
o All hollow glass or hollow ceramic core devices
Thyristors
| o All plastic encapsulated types
Transistors
. (o] All plastic encapsulated types
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'APPENDIX E.

ROTES

The contents of this Appendix are noncompliant
and are intended for gquidance and information only.

10. JINTERDED USE

This standard should be cited in the program peculiar
specifications for space or launch vehicles to specify the
requirements for various space guality electronic part types
when JAN Class 5 parts are not available. (A JAN Class S part
is an electronic part that is built, tested, qualified, and
procured in full accordance with the space quality level
requirements as specified in its general and detailed military
specification.) This standard is intended for use in all USAF
Space Division acquisition contracts for new or modified
designs of space vehicles, upper stage vehicles, payloads,
launch vehicles, and for their subtier equipments.

The reguirements in the text of this standard state the
application requirements for all electronic parts for space
and launch vehicles. These application regquirements inclugde
derating reguirements, end-of-life limitations, mounting
requirements, and other regquirements intended to ensure the
high reliability of the parts when used in space equipment and
critical launch equipment.

The requirements in the text of this standard are also
intended to be the basis for preparing detailed part,
material, and process specifications for the purchase of parts
and materials for use in space and launch vehicles. These
requirements include the design, construction, and gquality
assurance requirements that are necessary for space and launch
vehicle parts. The reguirements included supercede or
supplement requirements in existing general military
specifications to ensure the necessary performance in the
space environment and the necessary quality and reliability
for space and launch vehicle use.

For the convenience of everyone using this standard, and
also using either MIL-STD-965 or MIL-STD-1546, the definition

of key terms that are common are the same in this standard as
in those documents.
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Contracts for ground equipment (e.g., control segments and
user segments of space systems) would usually apply other part
specifications for equipment in those segments unless it is
determined that a tailored application of this standard would be
more appropriate for the reliability or standardization
objectives of the program, Note that many space and launch
vehicle acquisition contracts include both space and ground
equipment, so care should be taken to ensure that the
applicability of this standard is clearly stated in the program
specifications.

There may be acquisition contracts for other types of
equipment requiring high reliability where the srecial
requirements stated in this standard should be applied. For
those acquisition ccntracts, this standard may be cited to
specify the applicable requirements. However, a statement
should be included in the contract or the program specifications
indicating that the words "space and launch vehicle” in this
standard are to be interpreted as the applicable equipment. The
requirements in this standard would then be interpreted as
applying to the parts requirements for the acquisition of the
applicable equipment. The use of such wording could avoid any
possible misinterpretation or misapplication.

20. TAILORIN
20.1 TAILORED APPLICATION

The parts requirements in each acquisition should be
tailored to the needs of that particular program. Military
specifications and standards need not be applied in their
entirety. Only the minimum requirements needed to provide the
basis for achieving the required performance should be imposed.
The cost of imposing each requirement cof this standard should be
evaluated by the program office and by the contractors against
the benefits that should be realized. Provisions not required
for the specific application should be excluded. The surviving
provisions should be tailored to impose only the minimum
requirements necessary to support the system.

20.2 TAILORING TO CONTRACT PHASE

This standard contains comprehensive reguirements for
electronic parts that primarily apply during the design and
production phases of a program. When this standard is made
compliant in a contract for a concept development phase or for a
validation and demonstration phases, it does not imply that
space quality parts requirements apply to anything other than
gqualification and flight hardware (e.g. they do not apply to
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ground demonstration models). Contracts for the demonstration
and valiidation phase are usually encouraged to require the
development of a parts, materials, and processes control
program plan and at least a first draft of a parts selection
list. The contractor should, therefore, have a complete
understanding of the parts requirements to successfully
transition into subsequent phases of the contract. The
standard is intended to be "self tailoring® in this respect so
that specific tailoring to each phase of the contract should
not be required.

20.3 TAILORIN

The intent of the design and construction requirements,
and quality assurance requirements, specified in this standarg
is to assure that accepable space quality parts are acqguired.
The part qualification is intended to verify the design. The
in-process production controls specified in the detailed
requirements section of this standard for each part type are
intended to assist in maintaining the quality of each
production lot, Additional in-process controls should be
imposed as required to achieve the high quality and
reliability goals of space and launch vehicle parts. The
imposition of appropriate in-process controls is a more
cost-effective way of screening out defects than the
imposition of tests and inspections on completed units. 1In
fact, the high reliability goals for space quality parts can
only be achieved by the imposition of all of the appropriate
in-process controls. Nonconforming material or items that do
not meet the established tolerance limits set for the
in-process production screens should be removed from the
production lot.

The 100 percent screening requirements specified in the
detailed requirements section of this standard for each part
type are intended to be the last step in assuring the quality
of each production lot. Nonconforming units that do not meet
the established limits set for the 100 percent screens are
removed from the production lot. When it has been thoroughly
demonstrated that the purpose of a 100 percent screening
requirement specified for a particular part type has been met
by the in-process controls imposed by the manufacturer,
consideration should be given to deleting that screening
requirement. For most contracts, this tailoring of the
requirements would require approval by the contracting officer.

The lot conformance testing requirements specified in the
detailed requirements section of this standard for each part
type are intended to be a sample check of the achieved quality
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of each production lot. If no failures occur during lot
conformance tests, the remaining portion of the production 1lot
is certified as acceptable. If any of the sample units
subjected to the lot conformance tests fail during the
testing, a detailed failure analysis should be conducted to
establish the cause of failure and the corrective actions that
would eliminate subsequent failures of a similar type.
Failures not affecting the part reliability or performance,
such as due to test equipment or procedural errors, should not
be counted as a part failure, and another randomly selected
sample taken from the production lot may be substituted.
However, any part failure during lot conformance testing must
be taken as a very serious matter. Each part failure should
be identified as either screenable from the completed
production items, screenable from new production items by
implementing corrective actions that would eliminate
subsequent failures of a similar type, or not screenable.
Appropriate corrective actions may require approval by the
contracting officer.

When it has been thoroughly demonstrated that the purpose
of a lot conformance test requirement specified for a
particular part type has been met by the in-process controls
and the 100 percent screening requirements imposed by the
manufacturer, considecration should be given to deleting that
lot conformance test requirement. For most contracts, this
tailoring of the requirements would require approval by the
contracting officer.

30. DATA ITEMS

This document does not require the delivery of any data.
Data requirements are not to be considered deliverable unless
specifically identified as deliverable data in the contract or
purchase order and the sppropriate Data Item Description (DID)

is referenced.

40, MILITARY

The function of the Military Parts Control Advisory Group
is to act as an advisor to the acquisition activities and
contractors in its assigned commodity classes. The Military
Parts Control Adviscory Group recommends standard parts or
inventory parts that meet the design requirements of the
equipment or system in which the part is to be used.

Moreover, the Military Parts Control Advisory Group accepts
technical information about specification changes necessary to
make a specification usable, and request action with the
military activity responsible for that specification to
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expedite appropriate changes. NOTE: For a complete listing
of the commodity classes for which the Military Parts Control
Advisory Group is responsible as well as a listing of contact
points with addresses and telephone numbers, see MIL-S5TD-965.

50. JAR _CLA ERATIN

A JAN Class S Operating Stock has been initiated by the
Defense Logistics Agency to allow contractors to procure JAN
Class S parts that are readily available from stock. This
reduces procurement lead times, and allows small guantity
ordering., Standard contract clauses which authorize
contractors to use the stock should be inserted in a separate
section of the contract.

60. C'IBTEM T‘E‘D\l fvrov I'.,n“ll\bl"\\ LIC'FI'H‘(!
applications
derating
electrical
electronic
electromagnetic
electromechanical
electro-optical.
in-process controls
JAN Class S
lot
lot conformance tests
parts
qualification.
space
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