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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, 1 and construction information

- Requirements and recommendations
Reliability suspect items

- - x ey - -

s
assurance provisigciis

- 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

1
4
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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.
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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-K757 Relays, Electromagnetic, General

LA Sl 29 £ g ==y

Spec1f1cat o for

MIL-W-5088 Wiring., Aerospace Vehicle
MIL-S5-5594 Switches, Tcggle, Electrically Held, Sealed
SECTION 2
3

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.



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
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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
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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
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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
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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
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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
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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
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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
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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
17

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.




MIL-STD-1547A (USAF)
01 DEC 19587

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

A -1 hall W
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

ot
co

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.




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

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?LLug 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 E V1 N
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. Screening (100 percent)

P P Y T ol -] ~ -~
LOLUUIILL VLA E

0
[
Q

d. Qualification tests
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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
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-
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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.
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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 pitting 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 snlp;nent 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
31

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.



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

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.
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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)

SECTION 230
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b. Axial push test to verify tight fit between

alaman 3
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
42

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.




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

TABLE 230-1. 100 Percent Screening Requirements

MIL-C-83421 Additions and Exceptions to the Metheds and
Screens Criteria of MIL-C-83421

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

DC Burn-In a. 168 hours minimum at +100 deg C

a. Test may be waived if for DC applications only
b. 48 hours minimum at +10C deg C
c. Max AC Current, 120 percent of Ipc rated at
40 kHz
d. Vac (RMS) shall not exceed 240 VgMg under
any conditions '

AC Burn-In

Seal

Dielectric
Withstanding-

b & P Y S -
UULLﬂg!;

Insulation
Resistance

Visual and

Mechanical

Examination

{External)

Radiographic a. Per MSFC-S8TD-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.

N-Ray (For a. Verify that no detectable potting voids exist

Potted Parts

Only)

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.

- YVam £ roer 12nCcvy eh:11 'hn Aﬂ ¥Hy + 7 nnrr-nni-
. AL ﬁ&w\‘uv - F [~ & A  TEW  TeAldd T e P e e e AR W

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 capacitors for ]nu-nnﬁrnv circuies
pacict

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.

SECTION 232
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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,
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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. DESIGR 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 Quglification Tests. Qualification testing shall bhe
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.
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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
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cordance with the
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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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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
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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

L S L TP P L Lt P ) = wear

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. DESIGN AND CONSTRUCTION

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

SECTION 260
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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,
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TABLE 260-1. 100 Percent Screening Requirements
for Tantalum Foil Capacitors

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

Thermal Shock a. —-65 deg C to +125 deg C (5 cycles)
b. 5 minute maximum between chamber transfers

Constant a. Maximum series resistance: 33 ohms

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

DC Leakage
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 380 deg rotation is encouraged.

b. Moderate “telescoping® of roll is

acceptable.
Visual and
Mechanical
Examination
SECTION 260
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TABLE 260-2. Lot Conformance Tests

{page 1 of 2 pages)

MIL-C-35006

Additions and Exceptions to the Methods and

Screens Criteria of MIL-C-39006
Io 1
Mharmal CQhoaslr - Tmivrinmm lasd me~la mAand kEAar Aananitanca
LA LINA L WiV a LAVLL LN AUDL WY l.dley RRLARL L LS L st EA R LA N L e €2 A AR
to verify no opens
Surge Voltage a. Maximum series impedance: 33 ohms

Life

DC Leakage
Capacitance

DF

i3

25R
Seal

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

. At +25 deg and +85 deg C
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TABLE 260-2. Lot Conformance Tests
{page 2 of 2 pages)

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)

a. 20 cycles

a. 500g's

»

0

deg

=}
en

deg and +

i

a., At +2
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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
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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).

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z SECTION 272
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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-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 Qualification Tests. Qualification testing shall be
[

- i i -
cordance with the requirements of MIL-C-39003/10.

SECTION 272
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SOLID TANTALUM CHIYP 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 Deratindg. Th
voltage shall be as given in Table 2

e ma
75-1.

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

SECTION 275
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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

-a e ad Saw wipw ==

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
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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 1ot '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)

1. SCOPE

(MIL-C-39006/22)

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
There is some evidence that in circuits active
during vibration or shock environments the parts can generate
voltage spikes.

orientation.

2.1 Derating.

accordance with Figure 280~1.

Parts shall be voltage-derated in

ES
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FIGURE 280-1.

(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 — T1
2 10 uF, 50V -T1
L 2.4 — 25 uF, 125V - 13
2 22 uf, 100V - T2
—_ 82 uF, 50V - T3
E’ 2.0r 1200 uF, 6V - T4
] 100 uF, 25V — T2
2 16k
E -
(7]
& 1.2k
g
[«
@ 0.8F
| = ll:
—
= ——
o
0 L ! J
100 1000 10,000 40,000
FREQUENCY N 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 \ln-;m raavoan ssalbamasa =hall o
LeDead DEVSTDE vyOLLAGET. SaxR 1M ISVeIsSe VOLiTage shnadais I8
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

78 desgians incorporating lisuid electrolviasn zare roliahilide

et e el
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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
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el
(4]
ii
[
t:l'
or
:
(1]

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.
SECTION 280
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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

vu;uagc 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.

SECTION 280
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100 Percent Screening Requirements

MIL-C-39006/22 Additions and Exceptions to the Methods and
Screens Criterias of MIL-C-35006/22
Thermal Shock 10 cycles

Constant
Voltage
Conditioning
DC Leakage
Capacitance
DF

Seal

Visual and

Mechanical
Examination

Burn-in time:

. Maximum series resistance: 33 chms

168 hours at +85 deg C
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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.

SECTION 300
77

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.



MIL~STD-1547A (USAF)
© 01 DEC 1987

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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j . .
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 In-process Controle, In-process controls ghsll be in
accordance with the applicable requirements in the applicable

military specifications.

4.2 §Screening (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 military 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,

SECTION 400
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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 ﬂg'lﬂ‘-. CATAmr» aon

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

3.2 Reliability Suspect Designs. 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

SECTION 400
84

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T10:00Z
Check the source to verify that this is the current version before use.




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

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.
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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
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crystal units with wire-le