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MIL-STD-15478B

FOREWORD

The regquirements of this standard were developed for long
life and/or high reliability space and launch vehicles and
equipment. To ensure successful operations of space equipment,
attention to every detail is reguired 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 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 Systems Division revealed that the nonavailability
of reliable space quality electronic piece parts was a serious
deterrent to achieving space mission success. In responding to
this problem, the USAF Space.Systems Division initiated a program
with the objective of establishing a "space quality baseline" of
parts, materials, and processes that have a proven track record
of high reliability. 1In addition, this standard was developed to
document the technical regquirements for parts, materials, and
processes for space and launch vehicles.

The objective of this parts, materials, and processes
control program standard is to ensure technical baseline in the
selection, application, procurement, control and standardization
of parts (electrical and mechanical), materials, and processes
for space and launch vehicles. The requirements presented herein
should reduce program costs and should improve the reliability of
space and launch vehicles.
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MIL-STD~1547B
SECTION 1

SCOPE

1.1 PURPOS

This standard establishes the minimum technical requirements
for parts, materials, and processes used in the design,
development, and fabrication of space and launch vehicles.
Application information, design and construction information, and
gquality assurance provisions are provided in the standard.

1.2 APPLICATION OF THE STANDARD

This standard is intended for use in acquisition of space
and launch vehicles. The standard should be cited in the
contract statement of work. This standard may be tailored by the
acquisition activity for the specific application or program.

1.3 PMP MANAGEMENT AUTHORITY

Implementation and changes or modifications of the
requirements of this document shall be accomplished in accordance
with the provisions and authority of the PMP management
requirements. In space and launch vehicle programs typically
MIL-STD-1546 will define these provisions.

SECTION 1 1
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2.1 GO

MIL-STD-1547B

SECTION 2

REFERENCED DOCUMENTS

TS

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.

ILITARY SPECIFI

MIL-C-17
MIL-T-27

MIL-C-123

MIL-R-874

MIL-S-3786
MIL-S5-3950
MIL-C-5015

MIL-W-5088
MIL-5-5594

MIL-R-6106

MIL-S-6807

MIL-W-6858

SECTION 2

I0

Cables, Radio Frequency, Flexible and
Semirigid, General Specification for

Transformer and Inductor (Audio, Power, and
High Power Pulse), General Specification for

capacitors, Fixed, Ceramic Dielectric,
(Temperature Stable and General Purpose),
High Reliability, General Specification for

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

Switches, Rotary (Circuit Selector, Low
current Capacity), General Specification for

Switch, Toggle, Environmentally Sealed,
General Specification for

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

Wwiring, Aerospace Vehicle

Switches, Toggle, Electrically Held, Sealed
Relays, Electromagnetic (Including
Established Reliability (ER) Types), General

Specification for

Switch, Rotary, Selector, General
Specification for

Welding, Resistance, Spot and Seam

2
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MIL-STD-1547B

MIL-1-6870 Inspection Program Requirements, Non-
destructive testing for Aircraft and Missile
Materials and Parts

MIL-W~-6873 Welding, Flash, Carbon and Alloy Steel

MIL-H-6875 Heat Treatment of Steels (Aircraft Practice),
Process for

MIL-F-7190 Forging, Steel, For Aircraft and Special
ordnance Applications

MIL-C-7438 Core Material, Aluminum, For Sandwich
Construction

MIL-B~-7883 Brazing of Steels, Copper, Copper Alloys,
Nickel Alloys, Aluminum and Aluminum Alloys

MIL-S-8802 Sealing Compound, Temperature-Resistant,
Integral Fuel Tanks and Fuel Cell Cavities,
High~-Adhesion

MIL-S-8805 Switches and Switch Assemblies, Sensitive and
Push (Snap Action), General Specification for

MIL-S-8834 Switches, Toggle, Positive Break, Aircraft,
General Specification for

MIL-W-8939 Welding, Resistance, Electronic Circuit
Modules

MIL-I-8950 Inspection, Ultrasonic, Wrought Metals,
Process for

DOD-E-8983 Electronic Equipment, Aerospace, Extended
Space Environment, General Specification for

MIL-T-9046 Titanium and Titanium Alloy, Sheet, Strip and
Plate

MIL-T-9047 Titanium and Titanium Alloy Bars, Forging
Stock

MIL-A-9117 Adhesive: Sealing, for Aromatic Fuel Cells
and General Repair

MIL-S-9395 Switches, Pressure, (Absolute, Gage and

MIL-S-13165

Differential), General Specification for

Shot Peening of Metal Parts
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MIL-S-15291

MIL-C-15305

MIL-S-19500

MIL-T-21038

MIL-A-21180

MIL-S-22710

MIL~-W-22759

MIL-A-22771

MIL-S-22885

MIL-C-23269

MIL-F-23419

MIL-T-23648

MIL-S-24236

MIL-C-24308

MIL~-STD-1547B
Switches, Rotary, Snap Action

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

Semiconductor Device, General Specification
for

Transformer, Pulse, Low Power, General
Specification for

Aluminum Castings, High Strength

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

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

Aluminum. Alloy Forgings, Heat Treated

Switch, Push Button, Illuminated, General
Specification for

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

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
Polarized Shell, Rack and Panel, General
Specification for

MIL-S-24317 Switches, Multistation, Pushbutton
(Illuminated and Non-Illuminated), General
Specification for

MIL-C-26482 Connector, Electrical, (Circular, Miniature,
Quick Disconnect, Environment Resisting)
Receptacles and Plugs, General Specification
for
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MIL-C-27500

MIL-F-28861

MIL-M-38510

MIL-H-38534

MIL-I-38535

MIL-M-38780

MIL-C-38999

MIL-C-39003

MIL-R-39005

MIL-C~339006

MIL-R-39007

MIL~-R-39008

MIL-R-39009

MIL-C-39010

MIL-STD-1547B

Cable, Electrical Shielded and Unshielded,
Aerospace

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

Microcircuits, General Specification for

Hybrid Microcircuits, General Specification
for

Integrated Circuits (Microcircuits)
Manufacturing, General Specification for

Manual, Technical Non-destructive Inspection

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

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

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

Coil, Fixed, Radio Frequency, Molded,
Established Reliability, General
Specification for
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MIL-C-39012

MIL-R-39015

MIL-R-39016

MIL-R-39017

MIL-C-39029

MIL-R-39035

MIL-G-45204

MIL-I-46058

MIL-A-46146

MIL~C-49467

MIL-C-49468

MIL-P-50884

MIL-P-55110

MIL-C-55302

MIL-R-55342

MIL-C-55365

MIL~-STD-1547B

Connector, Coaxial, Radio Frequency, General
Specification for

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

Relays, Electromagnetic, Established
Reliability, General Specification for

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

Contact, Electrical Connector, General
Specification for

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

Gold Plating, Electrodeposited

Insulating Compound, Electrical (for Coating
Printed Circuit Assemblies)

Adhesive Sealants, Silicone, RTV, Non-
corrosive (For Use With Sensitive Metals and
Equipment)

Capacitors, Fixed, Ceramic, Multilayer, High
Voltage, (General Purpose), Established
Reliability, General Specification for

Crystal Units, Quartz, Precision, General
Specification for

Printed Wiring, Flexible, and Rigid-Flex

Printed Wiring Boards, General Specification
for

Connector, Printed Circuit Subassembly and
Accessories

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

Capacitor, Chip Fixed Tantalum, Established
Reliability
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MIL-H-81200

MIL-W-81381

MIL-T-81556

MIL-F-83142

MIL-A-83376

MIL-A-83377

MIL-C-83421

MIL-C-83513

MIL-R-83536

MIL-W-83575

MIL-A-83577

MIL-C-83723

MIL-R-83726

MIL-C-83733

MIL~-C-87164

MIL-STD-1547B

Heat Treatment of Titanium and Titanium
Alloys

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

Titanium and Titanium Alloys, Bars, Rods and
Special Shaped Sections, Extruded

Forging, Titanium Alloys, For Aircraft and
Aerospace Applications

Adhesive Bonded Aluminum Sandwich Structures

Adhesive Bonding (Structural) for Aerospace
and Other Systems, Requirements For

Capacitors, Fixed, Supermetallized, Plastic
Film Dielectric, (DC, AC, or DC and AC).
Hermetically Sealed in Metal Cases, ER

Connectors, Electrical, Rectanqular,
Microminiature, Polarized Shell, General
Specification for

Relays, Electromagnetic, Established
Reliability, General Specification for

Wiring Harness, Space Vehicle, Design and
Testing, General Specification for

Assemblies, Moving Mechanical, for Space and
Launch Vehicles, General Specification for

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

Relays, Hybrid and Solid-state Time Delay,
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
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MIL-C-87217

MIL-R-87254

D T

FED-STD-209

QQ-A-367

MIL-STD-1547B

Capacitors, Fixed, Supermetallized Plastic
Film Dielectric, Direct Current for Low
Energy, High Impedance Applications,
Hermetically Sealed in Metal Cases,
Established Reliability, General
Specification for

Resistors, Fixed Film, High Reliability,
General Specification for

s

Clean Room and Work Station Requirements,
Controlled Enviromnment

Aluminum Alloy Forgings

MILITARY STANDARDS

MIL-STD-129

MIL-STD-130

MIL-STD-198
MIL-STD-199

MIL-STD-202

MIL~-STD-275

MIL-STD-401

MIL-STD-403

MIL-STD-750

MIL-STD-866

MIL-STD-883

MIL-STD-889

Marking for Shipping and Storage

Identification Marking of U.S. Military
Property

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

Test Methods for Electronic and Electrical
Component Parts

Printed Wiring for Electronic Equipment

Sandwich Constructions and Core Materials;
General Test Methods

Preparation for and Installation of Rivets
and Screws, Rocket and Missile Structures

Test Methods for Semiconductor Devices

Grinding of Chrome Plated Steel and Steel
Parts Heat Treated to 180,000 psi or Over

Test Methods and Procedures for
Microelectronics

Dissimilar Metals
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MIL~STD-976

MIL-STD-981

MIL-STD-1132

MIL-STD-1331

MIL-STD-1346

MIL-STD-1353

MIL-STD-1523

MIL-STD-1580

MIL~-STD-1595

MIL-STD-1686

MIL-STD-1835

MIL-STD-2000

MIL-STD-2118

MIL-STD-2175

MIL-STD-2219

MIL-STD-1547B

Certification Requirements for 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

Age Controls of Age Sensitive Elastomeric
Materials for Aerospace Applications

Destructive Physical Analysis for Space
Quality Parts

Qualification of Aircraft, Missile and
Aerospace Fusion Welders

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

Microcircuit Case Outlines

Standard Requirements for Soldered Electrical
and Electronic Assemblies

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

Castings, Classification and Inspection of

Fusion Welding for Aerospace Applications

MILITARY HANDBOOKS

MIL-HDBK-5 Metallic Materials and Elements for Aerospace

Vehicle Structures
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MIL~-HDBK-17 Plastics for Aerospace Vehicles

MIL-HDBK=-23 Structural Sandwich Composites

MIL~HDBK-217 Reliability Prediction of Electronic
Equipment

DOD-HDBK-263 Electrostatic Discharge Control Handbook for

Protection of Electrical and Electronic
Parts, Assemblies, and Equipment.

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.)

AIR FORCE WRIGHT AERONAUTICAL LABORATORIES (AFWAL)

ADD436124L DOD/NASA Structural Composites Fabrication
Guide Vol I

ADD436125L DOD/NASA Structural Composites Fabrication
Guide Vol II
DOD/NASA Advanced Composite Design Guide, Vol

I-1Iv
NASA MANNED SPACECRAFT CENTER
Standard 125 Cadmium Restriction on Use
NASA PUBLICATIONS
TM X-64755 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
Air Force, Headquarters Air Force Systems Command, Andrews Air
Force Base, DC 20334
MSFC-SPEC-250 Protective Finishes for Space Flight Vehicle
Structures and Equipment, General
Specification for

MSFC-STD-355 Radiographic Inspection of Electronic Parts
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MSFC-SPEC~-469 Titanium and Titanium Alloys, Heat Treatment
of

MSFC-SPEC-522 Design Criteria for Controlling Stress
Corrosion Cracking

NASA-SP-8063 Lubrication, Friction and Wear

NHB 5300.4(3A-2) Requirements for Soldered Electrical
Connections

NHB 8060.1 office of Space Transportation Systems

Flammability, Odor, and offgassing
Requirements and Test Procedures for
Materials in Environments that Support
Combustion

SP-R-0022A General Specifications, Vacuum Stability
Requirements of Polymine Materials for Space
Craft Applications

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
acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

2.2 NONGOVERNMENT DOCUMENTS

The following documents form a part of this standard to the
extent specified herein. Unless otherwise indicated, the issue
in effect on the date of invitation for bids or request for
proposal shall apply.

ERIC ATIONAL S ARD INST

CF~152 Composite Metallic Materials Specification
for Printed Wiring Boards

Application for copies should be addressed to: American National
standard Institute, 11 West 42nd Street, New York, NY 10036
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AMERICAN SOCIETY FOR TESTING MATERIAL

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 19111

ECTRONICS INDUSTRIES ASSOCIATION

RS-469 DPA of Ceramic Capacitors
RS-477 Cultured Quartz
IND-STD-557 Statistical Process Control Systems

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

N E ECHNICAL CO

IEC 302 Standard Definitions and Methods of
Measurement for Piezoelectric Vibrators
Operating Over the Frequency Range Up to 30
Megahert:z

Application for copies should be addressed to: American National
Standards Industries, 1430 Broadway, New York, NY 10018

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.
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SECTION 3

DEFINITIONS

Terms are in accordance with the following definitions:

3.1 C TIO \'S

The acquisition activity is the Government office or
contractor acquiring the equipment, system, or subsystem for
which this standard is being contractually applied.

3.2 CASE TEMPERATURE

The case temperature is the hottest temperature on the
external surface of the device's package. The case temperature
shall be determined in accordance with the applicable military
specification standard.

3.3 CONTRACTING OFFICER

A contracting officer is 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.

3.4 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 limit of the part's capabilities. Maintaining this
derating margin reduces the occurrence of stress-related failures
and helps ensure the part's reliability.

3.5 DESTRUCTIVE PHYSICAL ANALYSIS (DPA)

A Destructive Physical Analysis (DPA) is a systematic,
logical, detailed examination of parts during various stages of
disassembly, conducted on a sample of completed parts from a
given lot, wherein parts are examined for a wide variety of
design, workmanship, and processing problems that may not show up
during normal screening tests. The purpose of these analyses is
to maintain configuration control and determine those lots of
parts, delivered by a vendor, which have anomalies or defects
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such that they could, at some later date, cause a degradation or
catastrophic failure of a systen.

3.6 NIC TS

The term "electronic" is used in a broad sense in this
standard and includes electrical, electromagnetic,
electromechanical, and electro-optical devices. These parts are
associated with electronic assemblies such as computers,
communication equipment, electrical power supplies, guidance,
instrumentation, and space vehicles. Connectors are also
classified as electronic parts.

3.7 D=-OF~LIF SIGN LIMIT

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.

3.8 HOT-WELDED CAN

A Hot-Welded Can is a cap sealed component utilizing
thermocompression attachment of the cap to the base of the
device. The bond is a brazed attachment of the nickel plated cap
to the nickel plated base, with nickel acting as a brazing agent.

3.9 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 manufacturing 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.

3.10 MATERIAL

Material is a metallic or nonmetallic element, alloy,
mixture, or compound used in a manufacturing operation and which
becomes either a permanent portion of a manufactured item or
which can leave a remnant, residue, coating, or other material
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that becomes or affects a permanent portion of a manufactured
itenm.

3.11 MATERJIAL 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.

3.12 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.

3.13 PBARTS TERIALS, AND PROCESSES CONTROL B PCB

The PMPCB is a formal contractor organization established by
contract to manage and control the selection, application,
procurement, and documentation of parts, materials, and processes
used in equipment, systems, or subsystems.

3.14 PERC DEFECTIV LOWABLE (PD

The percent defective allowable (PDA) of a production lot of
parts or material is the maximum allowable percentage of parts or
material specimens that fail to pass one or more tests before the
entire production lot is considered to be unacceptable.

3.15 PROCESS

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

" 3.16 PRODUCTION LOT

Unless otherwise specified in the detail specification, a
production lot of 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, same raw material, the
same manufacturing and guality controls, and to the same baseline
document revisions; and tested within the same period of time.
All parts in the same lot have the same lot date code, batch
number, or equivalent identification.
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3.17 REGISTERED PART, MATERIAIL AND PROCESSES (PMP)

A registered PMP is a part, material, or process which is
registered with the PMPCB to call attention to special
reliability, guality, or other concerns, relating to its
procurement or application. Registered PMP includes, but is not
limited to, reliability suspect PMP, limited application PMP, and
PMP involving restricted or special controlled usage, storage, or
handling due to safety or environmental concerns.
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SECTION 4
GENERAL REQUIREMENTS

4.1 APPLICATION REQUIREMENTS

4.1.1 Electrical 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 (ES,,,).

4.1.2 Mechanical derating. Mechanical design properties
shall have adequate strength margins for the intended application

to sustain long-life performance in associated equipment over the
specified design life. This derating shall include design
properties associated with environments such as shock, vibration,
acceleration, and temperature that produce force-function effects
on flight hardware. Strength margins shall be based on
mechanical property data from MIL-HDBK-S5 where applicable and
shall delimit susceptibility to mechanical failure modes such as
bending, deformation, fracture, rupture, excessive deflection,
and fatigue. Functional margins shall be calculated based on the
recommendation of MIL-A-83577 wherever possible.

4.1.3 End-of-life. Circuits shall be designed such that
reguired 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. The detail
sections of this standard specify the 10 year end-of-life limits.

4.1.4 Aging Sensitivity. Electronic, optical, and
mechanical parts and materials are aging sensitive when they are

subject to gradual shortening of their useful life or progressive
degradation of their performance parameters. 2Aging mechanisms
include the following:

Loss of hermeticity

Stress relaxation
Oxidation and corrosion
Outgassing

Cold flow and creep
Molecular cross-linking
Loss of adhesion
Embrittlement and hardening
Loss of torque

SECTION 4 17

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T09:58Z
Check the source to verify that this is the current version before use.



MIL-5TD-15478B

Loss of spring tension
Moisture absorption

Aging sensitivity shall be considered in the design, selection,
and application of parts and materials. In addition, aging
sensitivity shall be incorporated into mandatory plans for shelf-
life and aging control. These plans shall include requirements
for minimum shelf-life assurance when parts and materials are
procured and for required inspection and/or testing of parts and
materials after procurement. Where technical requirements are
not provided in the appropriate technical requirement sections of
this document or in an application PMP management document, the
minimum shelf-life shall be three years and the maximum period of
time after procurement and before inspection/testing is required
shall be three years, except for mechanical parts or assemblies
and metallic and ceramic materials where both periods of time
shall be five years.

4.1.5 Sealed Packages. Hermetically sealed parts are
preferred for use in space and launch vehicles. 1If
nonhermetically sealed parts.are selected, the in-process
assembly and cleaning operations used shall not be detrimental to
the parts, and the subsegquent outgassing, sublimation, moisture
penetration, or moisture absorption shall not be detrimental to
the part or to the system.

4.1.6 Registered PMP. The detailed sections of this
standard identify known registered PMP including applications and
procurement restrictions.

4.1.7 Handling. Protection against electrostatic damage to
electrostatic sensitive devices shall be provided in accordance
with 4.7.

4.1.8 Marking. Marking will be in accordance with the
" applicable military specification.

4.1.9 Qutgassing. Materials and finishes shall exhibit
total mass loss (TML) of not more than 1.0 percent and shall have
a collected volatile condensable material (CVCM) of not more than
0.1 percent when tested in accordance with ASTM E 595. However,
if the TML is greater than 1.0 percent, but it can be shown that
contributions to the TML in excess of 1.0 percent are due only to
absorbed water vapor, the materials shall be acceptable.

4.1.10 Alternate QOCI Test/Sampling Plan. Alternate QCI

test/sampling plan shall be in accordance with appendix C of this
standard.
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PROHIBITED USE

100 |— RATED VALUE

ELECTRICAL STRESS,
percent of rated value

ESwe WORST CASE LIMITATION
E
Snom APPROVED NOMINAL LIMITATION
APPLICATION
0 11 !
¢, TC, ™  Twe [

1
wC NOM

CASE TEMPERATURE, deg C

TC, = CASE TEMPERATURE ABOVE WHICH APPLIED ELECTRICAL
STRESS SHOULD BE REDUCED. UNLESS OTHERWISE
SPECIFIED, TC, (worst case) IS THE SAME AS TC, (nominal)

TC, = MAXIMUM ALLOWABLE CASE TEMPERATURE PER DETAILED SPECIFICATION

Ty = NOMINAL BOUNDARY LIMITATION. TYPICALLY: Ty, EQUALS (Tyyc - 10 deg C).
OTHER TEMPERATURE DELTAS MAY BE GIVEN IN THE DETAILED
REQUIREMENTS

Twg = WORST CASE THERMAL BOUNDARY. TYPICALLY: Ty EQUALS (TC, - 30 deg C)

ESnom = MAXIMUM STEADY STATE OR AVERAGE OPERATING ELECTRICAL STRESS

ESwc = 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

To obtain the specific curve for each part type, numerical values are
applied to the gemeral 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 each part type. The derating factor is to be multiplied
times the part rating to obtain the allowed nominal limitation value for
specific applications.
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4.2 P U S

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.

4.3 DESIG D_CO UCTION

4.3.1 Dpesign. Parts shall be designed and constructed to
meet the program's technical requirements and the requirements
stated herein. Parts shall be designed and constructed of
corrosion resistant materials or treated to resist corrosion.

4.3.2 Material Hazards. Mechanical and electronic parts
shall be constructed of materials that prevent exposure of either
personnel or adjacent components to hazardous conditions.
Hazardous conditions include, but are not limited to the
following: arc generation, flammability, severe outgassing,
toxicity, sublimation, and high vapor pressure.

4.3.3 Tin-Coated Surfaces.
4.3.3.1 Pure Tin Coatings. Mechanical parts, mounting

hardware, optical and electronic parts and their packages shall
have neither internal nor external surfaces coated with a pure
tin or tin alloy layer.

4.3.3.2 Electronic Part Terminals and Leads. Electronic

part terminals and leads may be coated with a tin alloy
containing a minimum of 3 percent of lead (Pb) only when
necessary for solderability.

4.3.3.2.1 Electronic Part Terminals and Leads and Solder
Lugs Subject to Compressive Forces. Where electronic part

" terminals and leads and solder lugs are used in conjunction with
bolts, nuts, or washers that apply a continuous load to the tin
alloy surface and where solderability is a critical factor, these
parts may be coated with a tin alloy layer. Such tin alloys
shall contain a minimum of 37 percent of lead (Pb).

4.3.3.3 Exception. This prohibition does not apply to
drawn wire products, such as cables, shielding and ground straps.

4.3.4 Processes and Controls. The manufacture of parts and

materials shall be accomplished in accordance with processes and
processing 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
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controlled manufacturing baseline for the manufacturer which
ensures that subsequent production items can be manufactured
which 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 each material
enters the manufacturing flow, 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
listed. Processing controls shall have a statistical basis if a
sampling plan is used.

4.3.5 ew Duri anu re o ectronjc Parts.
Except as may be allowed by the detailed requirements section for
each specific electronic part, rework during manufacturing is not
allowed.

4.4 ART ITY CE VISIO
The quallty assurance requlrements for each part type are

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

a. In-process controls

b. Screening (100 percent)

c. Lot conformance tests

d. Qualification tests

e. Other test (DPA, Hardness, etc.)

4.4.1 In-Process Controls. Each production lot shall be
subjected to the in-process production controls specified in the
detailed requirements section of this standard for that part

type.

4.4.2 Screening (100 Percent). Each item in every
production lot shall be subjected to the 100 percent screening
requirements specified in the detailed requirements section of
this standard for that part type. Note that many of the tables
in this standard list the additions and exceptions to the
screening or testing requlrements of the referenced military
specification. When a blank is shown opposite a specific screen
or test, that means that there are no changes to that test
method, or to the criteria, or sample size specified in the
referenced military specification.
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4.4.3 t _Conformance Tes i c
Inspectjon). Lot conformance testing shall be performed as a
basis for final lot acceptance on each 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
production lot. The detailed requirements for these lot
conformance tests for each production lot are specified in the
detailed requirements section of this standard for each part
type. When radiation hardness assurance requirements are
specified, wafer lot conformance test shall be conducted per
Appendix A of this standard. Radiation testing may be conducted
anytime following the completion of wafer fabrication. 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 as acceptable
units.,

4.4.4 Destructive Physical Analysis (DPA). Destructive
Physical Analysis shall be performed in accordance with
MIL-STD-1580 and the detailed section.

4.4.5 Qualjfication Tests. All part and material types
shall be qualified in accordance with the requirements stated

herein. Parts that have undergone destructive tests during
qualification testing shall not be returned to the production lot
for flight use.

4.5 RIAL, QUALITY ASSURANCE PROVISIONS
The quality assurance provisions for specialized materials

are specified in the detailed requirements for that material.
The quality assurance provisions are classified as:

a. In-process controls

b. Screening (100 percent)

c. Lot conformance tests (sampling or periodic)
d. Qualification tests

4.5.1 In-Process Controls. Each production lot or batch or
blend of material shall be subjected to the in-process controls
specified in the detailed requirements section of this standard
for that material.

4.5.2 Screening (100 Percent). Each item, piece, or
container of material shall be subjected to the 100 percent
screening requirements specified in the detailed requirements
section of this standard for that material. Note that many of
the tables in this standard list the additions, changes, and
exceptions to the screening or testing requirements of the
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referenced specification. When a blank is shown opposite a
specified screen or test, that means there are no changes to that
test method, to that crlterla, or sample size specified in the
reference specification and that the test method or criteria are
mandatory as referenced.

4-5-3 Lot conformance Tests (/Quality Conformance
Inspecti Sampling or Periodic Lot conformance testing

shall be performed as a basis for f1na1 lot acceptance on each
production lot or batch or blend of material. After a production
lot or batch or blend of material has passed all in-process
controls and screening requirements, the lot conformance tests
shall be performed on randomly selected samples taken as
specified from the production lot or batch or blend. The
detailed requirements for these lot conformance tests are
specified in the various requirement sections of this standard.
A physical or chemical analysis shall be performed as a portion
of lot conformance testing when specified in the detailed
requirements section of this standard for that material. Test
samples that have undergone destructive tests during lot
conformance testing shall not be returned to the production lot
or batch or blend.

4.5.4 OQualification Tests. All materials and blends or
composites thereof shall be qualified in accordance with the
requirements stated herein. Material samples that have undergone
destructive tests during qualification testing shall not be
returned to the production lot or batch or blend.

4.6 PACKAGING

Packaging of parts and materials during shipment shall be
per the requirements imposed by the associated military
specification for the partlcular item. Electrostatic-sensitive

items shall be packaged in accordance with 4.7.

4.7 ELECTROS C-SENSITIVE S

Electrostatic discharge (ESD) control for the protection of
electrical and electronic parts, components, assemblies, and
equipment (i.e. MOS transistors) shall be in accordance with MIL-
STD-1686 (DOD-HDBK-263 may be used for guidance in establishing
an ESD control plan).
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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 requirements
contained in Section 4.
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SECTION 100
BOARDS, PRINTED WIRING

1. SCOPE

This section sets forth detailed requirements for printed
wiring boards, including:

Type 1 - Single Sided

Type 2 - Double Sided

Type 3 - Multilayer Board without Blind or Buried Vias

Type 4 - Multilayer Board with Blind and/or Buried
Vias

Type 5 - Multilayer Metal Core Board without Blind or

Buried Vias

Type 6 - Multilayer Metal Core Board with Blind and/or
Buried Vias

Type 7 - Double sided printed boards with plated
through holes

Type 8 - Multilayered printed boards with plated
through holes (blind and buried vias
permitted)

2. APPLICATION

2.1 General Requirements. Printed wiring boards shall be
designed and fabricated in accordance with MIL-STD-275, MIL-P-

55110, and this standard. 1In case of conflict, the provisions of
this standard shall apply.

2.1.1 oOQualifications. The manufacturer shall be certified
to MIL-P-55110.

2.1.2 Raw Material Storage

2.1.2.1 Laminate. Laminates shall be stored flat in a cool
dry environment. Laminates shall be supported over their entire
surface area to prevent bow and twist. Also, the corners shall
be protected to prevent crimping.

2.1.2.2 Prepreq. Prepreq material shall be stored in a
protective area, containers, or packaging which minimizes its
exposure to humidity and dust. During handling and storage
adequate packing support shall be provided for both rolled and
sheet material in order to prevent creasing, crazing, or
wrinkling. Prepreg shall be protected in moisture resistant bags
containing desiccant at all times prior to use. For storage
longer than 30 days, prepreqg shall be stored at 5° C + 4° C at
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less than 50% relative humidity. Prepreg shall be stored in the
absence of ultra violet 1light.

3. GN D CONSTRU N
3.1 Rigid 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. Nonfunctiona nds (Internal :
Nonfunctional lands shall be included on internal
layers of multilayer boards whenever clearance
requirements permit.

b. Surface Mount lLands: When a minimum of three
surface mount lands are tested in accordance with
IPC-TM-650 method 2.4.21, after subjection to five
cycles of soldering and four cycles of
desoldering, the land shall withstand 500 psi of
vertical pull 90 degrees to the board surface
(tension).

c. Etchback: Etchback or equivalent processes shall
be used to ensure complete resin smear removal
from the holes of multilayer boards prior to
plating. When etchback is used, the limits shall
be between 0.0005 inch minimum and 0.002 inch
maximum.

d. Flammability: Flame-retardant material shall be
used for the construction of printed wiring

boards.
e. Drill Bit Limjt The board manufacturer shall

design and malntaln a matrix which identifies the
optimum number of drill hits allowed for specific
types of materials, number of layers, and hole
diameter.

f. Drill changes: All drill bit changes shall be
documented. Documentation may be in the form of a
drill tape or any digital storage medium.
Resharpening of drill bits is not permitted.

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

h. Stacking: Stacking of more than two panels is not
permitted when drilling holes that are to be
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plated-through for double sided boards. Stacking
is not permitted for multilayered boards.

Solder Mask: Solder mask shall comply with IPC-
SM-840 class III. In addition, solder mask shall
meet the outgassing requirements specified in
section 4, para 4.1.9, of this standarad.

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, heatsink, 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 with no pitting or pinholes
and show no non-wet areas. Side walls of the
conductors need not be solder coated. Touch-up is
permitted.

Ductilitv: 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 that has been shown on a consistent
basis to yield equivalent results. Sampling
frequency shall be at least once per week.

Process-cont C : As many process-control
coupons as are necessary to control the
manufacturing processes shall be utilized 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 on the
purchase order. The process control coupons shall
be identified and retained by the manufacturer or
contractor for the length of the contract.
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Solder Plate Coupons: 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 solder-plate coupons shall be
included in the shipment of the deliverable
boards.

Deliverable Coupons: Double-sided and multilayer
printed wiring boards shall be produced with two

deliverable A or B coupons per board, or for small
board sizes, two deliverable coupons per 150
square centimeters (24 square inches) of panel
area, whichever is less. Coupons suitable to
monitor the processes involved shall be located on
the panel in positions 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 (See Figure
100-1 for preferred panel layups). These
deliverable coupons are in addition to the
process-control coupons required for each panel.
All coupons shall be completely processed with the
deliverable boards. For each panel, at least one
of these deliverable coupons shall be break away
(partially routed) and shall be delivered attached
to a production board on that panel.

Marking: Each individual board and each set of
guality conformance test circuit strips (as
opposed to each individual coupon) shall be marked
in accordance with the master drawing and MIL-STD-
130 with the date code (as specified below), the
traceability serial number, the part number, and
the manufacturers CAGE code. Coupon marking
shall be the same as board marking and all
deliverable coupons shall be individually
serialized. The date code shall be formatted as
follows:

Year a f vear 0 Januar
90 001

This date shall reflect the date of final copper
plating.
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q. Traceability. The board manufacturer shall
establish and maintain traceability for all
boards. This traceability shall reflect the exact
disposition of each board. Boards which are
rejected shall also be included in the
traceability documentation and the reason for
rejection shall be identified. For traceability,
each quality conformance test circuitry shall be
identifiable with those corresponding production
boards produced on the same panel. All separated
individual coupons shall have their traceability
maintained back to the gquality conformance test
circuitry. Traceability shall include board and
coupon position on the panel.

r. Storage and Retrievability: All deliverable
coupons shall be stored and shall be readily

retrievable the life of the contract.

3.2 Multilaver 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 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
required, they shall be in layers that are eguidistant from the
midpoint.

3.3 Metal Core Boards. Metal core boards shall be
fabricated in accordance with ANSI/IPC-CF-152 and this standard.
When metal core boards are used, the lateral dielectric spacing
between the metal core and adjacent conducting surfaces shall

. pass the dielectric withstanding voltage test in accordance with

IPC-TM-650, method 2.5.7, except the voltage shall be 750 volts
D.C. minimum. There shall be no flashover, arcing, breakdown or
leakage exceeding one microampere.

3.4 Flexible Wiring. Flexible printed wiring shall conform
to MIL-P-50884 and shall be designed in accordance with
MIL-STD-2118. The etchback requirements of 3.1c shall be
applicable to flexible wiring.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4, the requirements of
MIL-P-55110, and the following:
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Figure 100-1 Deliverable Coupon Placement
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4.1 -proce Co . In-process controls shall be
monitored to assure compliance with the requirements specified.

a. Elongation of as-plated copper shall be monitored
to ensure tensileductility of 12 percent minimum.
An alternate method is to monitor the copper
plating bath to maintain the level of bath organic
compound composition within specified limits that
shall be directly correlatable to a 12 percent
minimum tensile ductility.

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

4.2 Screening (100 percent). Screening (100 percent) shall
be in accordance with the general requirements of Section 4 and
the requirements of MIL-P-55110. One hundred percent (100%)
electrical continuity testing of all connections is required on
internal layers both prior to lay up and at the completed bare
board level. Electrical isolation shall be established by hi-pot
testing, minimum 1500 volts.

4.3 Lot Conformance Tests. Lot conformance tests shall be

in accordance with the general regquirements 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 oOQualification 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 gualification testing of
higher assembly levels (subassemblies or components) that contain
the boards. Since qualification is based on these two steps,
individual board qualification tests are not required.

5 REGISTERED PMP

5.1 Reliability Suspect Desians.
a. Rigid-flex wiring board

6 0 TED T

a. Tin plating in printed wiring boards (see section 4,
paragraph 4.3.3)
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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 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
215 Ceramic, High Voltage MIL-C-49467 HVR
230 Metallized Film MIL-C-83421/3 &/4 CRS
2132 Metallized Film MIL-C-87217 CHS

(Low-Energy Applications)
240 Glass MIL-C-23269 CYR
250 Mica MIL-C-87164 CMS
260 Tantalum Foil MIL-C-39006 CLR
270 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-39006/28 & CLS79
MIL-C-39006/29 & CLS81

" 2. APPLICATION

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
applications require proper heat sinking to prevent excessive
temperature rises, because, in most cases, the capacitor
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dissipation factor (DF) and leakage current increase with
temperature. The use of derating curves found in each section is
described in paragraph 4.1.1 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 appllcatlons without
checklng to ensure satisfactory part operation in the particular
environment of concern.

3. DES D CONSTRUCTION

See the detailed requirements section for each capacitor
type.

4. QUALITY ASSURANCE

See the detailed requirements section for each capacitor
type. .

4.1 Production Lot. 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 with other raw materials
coming from one lot number, and processed as a single lot through
all manufacturing steps, to the same baseline, and identified
with the same date and code designation. The lot may contain all
capacitance tolerances for the nominal capacitance value.

4.2 Solder Dip/Retinning. When solder dip/retinning is
performed, the subsequent 100% testing, as specified in the

applicable military specification, shall be performed.

"5 REG D_PMP

5.1 Reljability Suspect Parts. See the detailed

requirements section for each capacitor type not specified below.

a. Tantalum clad

b. Paper

c. Paper/plastic

d. Metallized paper in molded cases
e. Variable capacitors

SECTION 200 33

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T09:58Z
Check the source to verify that this is the current version before use.



MIL-STD-1547B

6 PROHIBITED PARTS LIST

The following parts, part styles, and part types shall not

be used.

SECTION 200

CLR 65 (MIL-C-39006/9) and CLR 69 (MIL-C-39006/21)
silver-cased wet tantalum slug capacitors

Mica capacitors per specifications other than MIL-
C-87164

Glass capacitor styles, CYR 41, 42, 43, 51, 52, 53
Aluminum electrolytic capacitors
CKRO6, 1 microFarad ceramic dielectric capacitors

Single-sealed CLR79 (MIL-C-39006/22) identified by
it's compression seal construction

Capacitors with tin coated leads or packages (see
section 4, paragraph 4.3.3)
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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 perating. The voltage-derating factor for these
capacitors shall be as follows:

ESyou: 0.50 to +85 deg C, decreasing to 0.30 at +125 deg C

ES,.: 0.70 to +85 deg C, decreasing to 0.50 at +125 deg C
2.2 End-of-life Design Limits.
General Temperature
u X7 Compensated BP (NPO)
Capacitance: + 21 percent + 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.
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. 1In 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.

2.3.3 Capacitor Cracking. Ceramic capacitors are easily
cracked when exposed to thermal or mechanical stresses. Extreme
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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. AND C

3.1 Requirements. Design and construction shall be in
accordance with the regquirements of MIL-C-123,.

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-123.

4.2 Group A Requirements. Group A requirements shall
be in accordance with the requirements of MIL-C-123.

4.3 Group B Tests. Group B tests shall be in accordance
with the requirements of MIL-C-123. All Group B tests shall be
done on a production lot by production lot basis.

4.3.1 Supplier DPA. Supplier DPA shall be in accordance
with MIL-C-123.

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

4.5 Incoming Inspection DPA. Incoming Inspection DPA shall
be in accordance with MIL-STD-1580.

5 REGISTERED PMP

5.1 Reliability Suspect-Parts.

a. CKRO6, 50 Volt rating, C > 0.47 microFarad
b. Dielectric thicknesses < 0.0009" (23 Micron)

c. Large length/width ratio (>2:1)
d. Variable devices
6 PRO D P I
a. Units with tin coated leads (see section 4,

paragraph 4.3.3)
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SECTION 215

CERAMIC CAPACITORS, HIGH VOLTAGE (HVR)
(MIL-C-49467)

1. cop

This section sets forth the detailed requirements for high
voltage encapsulated multilayer ceramic chip capacitors (HVR
styles) up to 10,000 volts.

2. APPLICATION

2.1 Derating. Same as paragraph 2.1 of Section 210.
2.2 End-of-Life Design Limits.
General Temperature
Pu e BR Compensated BP
Capacitance: + 21 percent + 1.25 percent or
+ 0.75 PEf,
whichever is
greater
Ingulation
Resistance: 85 percent of 85 percent of
initial limit initial limit

2.3 Mounting. Additional encapsulation is necessary in
applications where the possibility of a voltage breakdown between
the leads of the capacitor, or the capacitor to another
potential, could occur. Heat gsinks on each lead or adequate
preheating is required when these capacitors are installed or

" removed from circuits by soldering.

2.3.1 Piezoelectric Concerns. Same as paragraph 2.3.1 of
Section 210.

2.3.2 Capacitor Cracking. Same as paragraph 2.3.3 of
Section 210.

3. DESIGN AND CONSTRUCTION

3.1 equir nts. Design and construction shall be in
accordance with the requirements of MIL-C-49467 and the
regquirements of this standard.

3.1.1 Baseline Documentation. A manufacturing baseline
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shall be developed and maintained by the capacitor manufacturer
in accordance with the requirements of MIL-C-123.

3.1.2 Production Lot. A production lot shall be as defined
in MIL-C-123.

3.1.3 Lead Attachment. Leads shall be attached to the
ceramic chip body using high temperature solder with a minimum
plastic point of 260° C.

3.1.4 Encapsulation. Encapsulation type shall be carefully
considered by the user regarding specific environmental
requirements and the ceramic chip physical size. Conformally
coated parts using the dip or fluidized bed process provide a
true glue bond to the ceramic body. However, severe thermal
shock or temperature cycling may cause cracking due to thermal
coefficient difference. True molded cases are prone to voids
between the ceramic and the cocating because there is no glue bond
between the encapsulant and the ceramic. This condition may lead
to corona failure on the surface of the ceramic. An epoxy cup
with the capacitor back filled with a resilient material may be
subject to internal solder joint damage during vibration.

4. UALITY 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 inspection shall be in
accordance with the requirements of MIL-~-C-123.

4.2 Group A Regujrements. Group A Requirements shall be in
accordance with the tests in MIL-C-49467 and Table 215~1. The

total percent defective allowable for all the electrical tests of
subgroup 1 shall not exceed 5%.

4.3 Group B Tests. Group B tests shall be in accordance
with the tests in MIL-C-49467 and Table 215-2. All Group B tests
shall be done on a production lot by production lot basis.

4.4 Qualification Tests. Qualification testing shall be in
accordance with MIL-C-49467.

4.5 Sample and Data Retention. Sample and data retention

for all manufacturing lots shall be in accordance with the
requirements of MIL-C-123.

4.6 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.
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Table 215-1 Additions to Group A Requirements of MIL-C-49467

MIL-C-49467 Additions to the Methods
and Criteria of MIL-C-49467

Subgroup 1 2/

Thermal Shock a. 25 cycles
Voltage a. 168 hours minimum
Conditioning

Subgroup 4 1/

Solderability

1/ Sample size shall be in accordance with MIL-C-49467.
2/ Total PDA for electrical tests in Subgroup 1 shall not
exceed 5%.

5. REGISTERED PMP

5.1 Reliability Suspect Parts.

5.1.1 Large Aspect Ratio Product. The length-to-width
aspect ratio for these thicker ceramic capacitors should not
exceed 1.8 to 1.

5.1.2 Thin Dielectric Product. The maximum stress allowed

between plates shall not exceed 100 volts/mil for BX dielectric
. or 200 volts/mil for BP dielectric.
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Table 215-2 Additions to Group B Tests of MIL-C-49467

MIL-C~49467

Additions and Exceptions to the Methods

Su (o] 1

Thermal Shock

Life Test

Partial Discharge

and Criteria of MIL~-C-49467

a. 100 cycles

b. Sample size and accept/reject
criteria shall be per MIL-C-123

a. 1,000 hours

b. Sample size and accept/reject

criteria shall be per MIL-C-123

Subgroup 2 (10 pieces, same samples, reiject on 1) 1/

Voltage-temperature
Limits

Terminal Strength

Moisture
Resistance

Resistance to
Soldering Heat

Resistance to Solvents

1/ Similar tests in MIL-C-49467 Group B inspection shall not be

repeated.
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SECTION 230

METALLIZED FILM CAPACITORS (CRS)
(MIL-C-83421/3 &/4)

1. SCOPE

This section sets forth the detailed requirements for fixed,
metallized film capacitors (CRS style) for high-energy circuit
applications.

2. APPLICATION
2.1 Circuit Requirements. Metallized film 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, Polvcarbonate and Polvpropvlene
Dielectric. The voltage-derating factor for these capacitors

shall be as follows:

Polvcarbonate Polypropylene
ES ou: 0.50 to +85 deg C. 0.50 to +70 deg C
ES,: 0.65 to +85 deg C. 0.65 to +70 deg C

2.3 Temperature Derating. Metallized polycarbonate
capacitors shall be used to a maximum operating temperature of

85°C, and polypropylene capacitors shall be used to a maximum
operating temperature of 70°C.

2.4 End-of-life Desjgn Limits.
Capacitance: * 2 percent of initial tolerance limits

Insulation Resistance: 70 percent of minimum limit

2.5 Electrical Recommendations (Self-healing and Clearing).

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).
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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.

Two factors shall be considered relative to a clearing
action:

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
nomninal clearing may range up to 100 microjoules. For
application purposes, 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 layer of non-metallized film have a low percentage of parts
exhibiting shorting and clearing. Such parts may also have
reduced ac current capabilities.

2.5.3 Contamination Shorts. All film-type capacitors
(metallized film, single or double-wrap, and extended foil) can
behave 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 Applications. Any ac-rated capacitor can be used
" in an equivalent dc circuit. However, the converse is not true
because of:

a. Internal heating due to dielectric and termination
losses

b. AC corona inception

For high frequency ac applications (2400 Hz), 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. Those parts exhibiting
increases in ESR greater than 5% or 5 milliohms, whichever is
larger, shall be removed from the lot.
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3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the reguirements of MIL-C-83421/3 & /4 and the
requirements of this standard.

4. QUALITY ASSURANCE

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

4.1 Fajlure Level. Only failure rate level "S" parts shall
be used.

4.2 In-procesgs Controls. In-process controls shall be in
accordance with the requirements of MIL-C-83421/3 & /4.

4.3 Group A Requirements. Group A requirements shall be in
accordance with the requirements of MIL-C-83421/3 & /4.

4.4 Group B Tests. Each lot offered for inspection under
MIL-C-83421/3 & /4 shall be sampled for the Group B inspection of
MIL-C-83421.

4.5 ualification Tests. Qualification testing shall be in
accordance with the requirements of MIL-C-B3421/3 & /4.
4.6 Incoming Inspection DPA. Incoming Inspection DPA shall

be in accordance with MIL-STD-1580.

5 REGISTERED PMP
5.1 Reliability Suspect Parts.

a. Devices manufactured with 2.0 or less microns
polycarbonate film or 4.0 or less microns
polypropylene film

b. Parts not vacuum baked for 48 hours to remove
contaminant residues

c. Capacitor windings installed in 0.312 inch
diameter or larger, cases not wrapped or
encapsulated to prevent radial motion during shock
or vibration

d. Parts not metallized with 99.9% aluminum
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SECTION 232

METALLIZED FILM CAPACITORS (CHS)
{MIL-C-87217)

1. SCOPE

This section sets forth detailed requirements for fixed film
metallized capacitors for low-energy circuits.

2. AP 0)

2.1 Low-Enerqy Circuits. These capacitors can exhibit
momentary breakdowns in low-energy applications. To insure
clearing of breakdowns, the circuit in which capacitors of 0.1
microfarads and greater capacitance value are intended for use,
shall be capable of providing at least 100 microjoules of energy.
Applications for these capacitors shall be limited to circuits
that can provide the minimum. energy and that are insensitive to
momentary breakdowns/clearing actions.

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 Design Limits. Same as Paragraph 2.4 of
Section 230.

2.4 Electrical Considerations. Same as Paragraph 2.5 of
Section 230 except that the minimum clearing energy requirement
is 100 microjoules.

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

accordance with the requirements of MIL-C-87217 and the
requirements of this standard.

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-87217.
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4.2 Group A Requirements. Group A requirements shall be in
accordance with the Group A test requirements of MIL-C-87217 in
the order shown.

4.3 Group B Tests. Each lot offered for inspection under

MIL-C-87217 shall be sampled for the Group B inspection of MIL-C-
83421.

4.4 Qualification Tests. Qualification testing shall be in

accordance with the requirements of MIL-C-83421, failure rate
level n"g"“,

4.5 Incoming Inspection DPA. Incoming Inspection DPA shall
be in accordance with MIL-STD-1580.

5 REGISTERED PMP
5.1 Reliability Suspect Parts.

Same as paragraph 5 of Section 230.
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SECTION 240

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

1. SCOPE

This section sets forth detailed requirements for fixed
glass capacitors.

2. APPLICATION

2.1 Derating. These glass capacitors shall be
voltage-derated in accordance with Figure 240-1.

2.2 Temperature Derating. The glass capacitors shall be
temperature~derated in accordance with Figure 240-1.

2.3 End-of-life Design Limits.

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

Insulation Resistance: 500,000 megohms at +25 deg C
50,000 megohms at +125 deg C

Dissipation Factor: 0.2 percent maximum
2.4 Electrical Considerations

2.4.1 General. Glass capacitors are relatively expensive,
have poor volumetric efficiency, and 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. S D STRU 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 Recomme da s . CYR 10, CYR 15, CYR 20, CYR 30.
3.1.2 Fajlure lLevel. Failure rate level "S".
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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-23269.

4.2 Group A Requirements. Group A requirements shall be in
accordance with the requirements of MIL-C-23269.

4.3 Group C Tests. Group C tests shall be in accordance
with the requirements of MIL-C-23269. All Group C tests shall be
done on a production lot by production lot basis.

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

4.5 Incoming Inspection DPA. Incoming Inspection shall be
in accordance with MIL-STD-1580.

5 REGISTERED PMP
None
6 PROHIBITED PARTS

a. Radial leaded devices: CYR41, CYR42, CYR43, CYR51,
CYR52, and CYR53 styles

ESwc 1.00

ESyon 0.80
0.60

0.40
0.30
0.25
0.10

VOLTAGE STRESS RATIO

100 125
Tey N Twe
AMBIENT TEMPERATURE, deg C

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

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

1. SCOPE

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

2. APPLICATION

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

2.2 End-of-life Design Limits.

Capacitance: * 0.5 percent of initial limits
Insulation Resjstance: 70 percent of initial minimum
limit

2.3 Electrical Considerations

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

3. DESIGN AND CONSTRUCTION

Design and construction shall be in accordance with the
requirements of MIL-C-87164.

4. UALT SSURANC

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-87164.
4.2 Group A Requirements. Group A requirements shall be in

accordance with the requirements of MIL-C-87164.

4.3 Group B Tests. Group B tests shall be in accordance
with the requirements of MIL-C-87164. All Group B tests shall be
done on a production lot by production lot basis.
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4.4 Qgg;i;igg;ign_ggggg. Qualitication testing shall be in
accordance with the requirements of MIL-C-87164.

4.5 Incomind Inspection DPA. Inconing inspection pPA shall
pe in accordance with MIL-STD-1580.

5 EG RED P
None
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FIGURE 250-1. Voltage perating for Mica Capacitors

SECTION 250 49

Source: https: i

: ps://assist.dl i

Check the .dla.mil -- Downloaded:

source to verify that this is the cﬁ?feﬁ?Ua_rgi%ZSbTofg:SBZ
n before use.



MIL-STD-1547B
SECTION 260

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

1. SCOPE

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

2. APPLICATION

MIL~C-39006 tantalum foil capacitors are not recommended for
incorporation in new designs. Being a single-source item, there
is a likelihood that the supplier will not support users needs
indefinitely.

There have been a number of failures involving
misapplication of tantalum foil capacitors in excessive shock or
vibration environments. Only "H" designated units shall be used
for these application conditions, and only within the design
capability and qualification of the parts.

Additionally, tantalum foil capacitors are not recommended
for use at temperatures above 85°C, due to lack of evidence that
these parts will perform reliably at the higher temperatures even
with the voltage derated.

2.1 Derating. These capacitors shall be voltage-derated in
accordance with Figure 260-1.

2.2 End-of-life Desjgn Limits.

Capacitance: + 15 percent of initial limits
Leakage Current: 130 percent of initial maximum limit

2.3 Electrica] cConsideratjons. The four capacitor styles
listed are constructed with either plain (CLR 35 and 37) or

etched-foil (CLR 25 and 27) tantalum dielectric and are either
polarized (CLR 25 and 35) or nonpolarized (CLR 27 and 37). These
capacitors are recommended for either medium or high voltage
applications where high capacitance is required. The etched foil
provides as much as 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
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dissipation factor. Parts shall not be used at temperatures
above 85°C.

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 limit

2.3.2 ACRi e 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)
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FIGURE 260-1. Voltage Derating for Tantalum-Foil Capacitors
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2.4 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.

2.5 Vibration Environment. Only "H" designated tantalum
foil capacitors shall be used in high shock or vibration
environments, and only to within the design capability and
qualification of the parts.

3. SIGN c CTION

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

3.1.1 Failure Level. Failure rate level "R" or better.

4. QUALTITY 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-39006.

4.2 Group A Requirements. Group A requirements shall be in
accordance with the 100 percent screening regquirements of MIL-C-
39006 and Table 260-1.

4.3 Group B Tests. Group B tests shall be in accordance
with the test requirements in MIL-C-39006 and Table 260-2. All

Group B tests shall be done on a production lot by production lot
basis.

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

4.5 Incoming Inspection DPA. Incoming Inspection DPA shall
be in accordance with MIL-STD-1580.

5. REGISTERED PMP

None.
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TABLE 260-1. Additions to Group A Requirements
for Tantalum Foil Capacitors

MIL-C-39006 Additions to Group A

Inspection of MIL-C=-39006
Constant a. Maximum series resistance: 33 ohms
Voltage b. Burn-in time of 168 hours at +85 degqg C
Conditioning
Seal a. Test conditions A and C

Radiographic a. Per MSFC-STD-355; 2 views 90 deg. apart by
Inspection X-ray, or 360 deg. view by using real-time
X-ray systems capable of viewing through
360 deg rotation.

b. Case Max Width
Size Incl. Telescoping
Gl : 0.350"
G2 0.4375"
G3 0.7175"
G4 1.4219"
G5 2.00"
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TABLE 260-2. Additions to Group B Tests of MIL-C-39006

MIL-C-39006

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

Su u

Life
DC Leakage

ESR

Seal

Subgroup II

Vibration
(Random)

Seal

Surge Voltage a. Maximum series impedance: 33 ohms

a. At +85 deg C - for 1000 hours

a. At +25 deg and +85 deg C

a. At 40 Khz or greater

b. Test may be waived if for DC applications
only

a. Test conditions A and C

a. MIL-STD-202, Method 214, Test Condition II,
K for 15 minutes each axis.

a. Test conditions A and C
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SECTION 270

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

1. SCOPE

This section sets forth detailed requirements for fixed solid
tantalum capacitors, styles CSS 13 and CSS 33.

2. APPLIC 0]

Solid tantalum capacitors, styles CSS 13 and CSS 33 are
specially screened parts to be used in those special applications
where circuit impedances of 1 ohm per volt cannot be achieved.

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

10— 125 deg

VOLTAGE STRESS RATIO

] | I
0 25 50 8 100 120

Tes Tn Twe Te2
CASE TEMPERATURE, deg C

FIGURE 270-1 Voltage Derating for Solid Tantalum
Capacitors
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2.2 End-of-life Design 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.

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 CONSTRUCTION

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. Use failure rate level "C" when
available. If not available, use failure rate level "B".

3.1.2 Voltage Ratings. These solid tantalum capacitors
shall be designed with a dc working voltage of 75 volts or less,
because parts with higher voltage ratings require thicker
dielectrics which contain more impurities, hence, more breakdown
sites.

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~39003/10.

4.2 Group A Reguirements. Group A Requirements shall be in
accordance with the requirements of MIL-C-39003/10.

4.3 Group B Tests. Group B tests not required.

4.4 Qualification Tests. Qualification testing shall be in
accordance with the requirements of MIL-C-39003/10.

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.
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SECTION 275

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

1. SCOPE

This section sets forth detailed requirements for fixed,
solid tantalum chip capacitors.

2. APPLICATION

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

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

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.

TABLE 275-1. Surge Voltage Ratings

Voltage (volts, dc)
Symbol
Steady State Voltage Maximum Surge Voltage
Rated Derated
(+85 deg C) (+85 deg C) (-55 deg C to +85 deg C)
B 3 2.1 3
C 4 2.8 4
D 6 4.2 6
F 10 7.0 10
H 15 10.5 15
J 20 14.0 20
K 25 17.5 25
L 30 21.0 30
M 35 24.5 35
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2.4 Epd-of-life Design Limits.
Capacitance: +10 percent of initial limits
aka u nt: 200 percent of initial maximum limit

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

3. DESIGN AND CONSTRUCTION

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 "C",
or better.

3.2 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 equipment and shall be identified with the same date 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. Raw materials such as tantalum powder, manganese
nitrate, colloidal 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).

d. The entire production lot shall be voltage-formed
(at the same time and in the same tank),
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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 single receiving inspection lot. Each
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 In-process Controls. . In-process controls shall be in
accordance with the requirements of MIL-C-55365.

4.2 Group A Requirements. Group A requirements shall be in
accordance with the requirements listed in MIL-C-55365 and Table
275-2. .

4.3 Group B Tests. Group B tests shall be in accordance

with the requirements of MIL-C-55365. All Group B tests shall be
done on a production lot by production lot basis.

4.4 Qualification Tests. Qualification testing shall be in
accordance with the requirements of MIL-C-55365.

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.
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TABLE 275-2.

MIL-STD-1547B

Additions to Group A Requirements of

MIL-C-55365

MIL-C-55365

Additions to Group A

Inspection, (Weibull distribution)

of MIL-C-55365

Thermal Shock

Surge Current

Voltage Aging

DC Leakage

ESR

10 cycles

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

Weibull aging conditions of MIL-C-55365
to achieve a minimum of "C" failure rate

+25 deg C and +85 deg C

Test may be waived if for DC
applications only

At 40 Khz or greater. If the application
involves fregquencies above 1 MHz,
measurement at a minimum frequency of 1
MHz shall be required.
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SECTION 280

FIXED TANTALUM-TANTALUM CAPACITOR (SINTERED WET SLUG, CLS79, & CLS81)
(MIL-C-39006/28 &/29)

1. SCOPE

This section sets forth detailed requirements for Class S wet
sintered tantalum slug capacitors in tantalum cases.

2. APPLICATION

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

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

2.2 End-of-life Design Limits.

Capacitance: '$10 percent of initial limits
aka Cu : 130 percent of initial maximum limit
10— 125 deg
ESwc .85 20deg

Q
—
< ESyom 7
@ S :
i 5
= ~r !
7] |
R I
= 3 !
— |
Q 2= %

I

! |

0 25 50 85 110
Tes Tn Twe Te

AMBIENT TEMPERATURE, deg C

FIGURE 280-1. Voltage Derating for Tantalum-Tantalum
(Sintered Wet Slug) Capacitor
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2.3 Electrical Congsiderations.
2.3.1 ESR versus Frequency. Figure 280-2 is a plot of

equivalent series resistance (ESR) versus frequency for various
case sizes. When capacitors are to be used in circuits operating
between 10 KHz and 100 KHz, equivalent series resistance
measurements shall be read and recorded during Group A testing on
a 100% basis for data collection.

2.3.2 Vib i ock. Parts have been tested to 80 g
sine vibration (0.06 double amplitude) from 10 to 2000 Hz for 1%
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 79
capacitors that are used 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.

3.6 uF,125V - T1
10uF, 50V - T1
281~ 25 uF,125V - T3
e 22 uF, 100V - T2

82 uF, 50V - T3
1200pF, 6V -T4
100 uF, 25V -T2

16

1.2

08

EQUIVALENT SERIES
RESISTANCE (ESR), ohms

e
——

0.4

0.0 ! | _
100 1000 10,000 40,000
FREQUENCY, Hz

FIGURE 280-2. ESR versus AC Frequency

SECTION 280 62

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T09:58Z
Check the source to verify that this is the current version before use.



MIL-STD-1547B
2.3.3 Reverse Voltage. Maximum reverse voltage shall be 3.0
Vdc at +85 deg C or 20 percent of the rated dc voltage, whichever
is less.

2.3.4 Other. Detailed mechanical and electrical
characteristics shall be as stated in MIL-C-39006/28 and /29.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with MIL-C-39006/28 & /29.

4. UALITY ASS CE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and MIL-C-39006/28 & /29.

4.1 In-process Control. In-process control shall be in
accordance with MIL-C-39006/28 & /29.

4.2 Group A Requirements. Group A requirements shall be in
accordance with MIL-C-39006/28 & /29.

4.3 Group B Tests. Group B tests shall be in accordance
with MIL-C-39006/28 & /29.

4.4 Qualification. Qualification shall be in accordance
with MIL-C-39006/28 & /29.

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.

5. REGISTERED PMP
None.
6 PROHIBITED PARTS LIST
a. Single-sealed CLR79 design (identified with its
compression seal construction) incorporating

liquid electrolytes

b. Silver cased, CLR wet slug types
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1. SCOPE

MIL-STD-1547B

SECTION 300

CONNECTORS

This section sets forth detailed requirements for
space~qualified connectors. Additional information and guidance
for the general use of connectors can be found in MIL-STD-1353.

2. APPLICATION

‘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.

b.

SECTION 300

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

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

Redundant contacts shall be used where critical
signal applications are subjected to vibration
conditions.

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

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

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

Rear removable contacts shall be used wherever
possible.

Connector savers shall be used for those
applications subject to frequent mate and demate
operations such as during testing. Non-flight
connector savers shall be brightly colored so as
to be easily identified. Protective covers on the
connectors shall be ESD design compatible.

64

Source: https://assist.dla.mil -- Downloaded: 2017-02-28T09:58Z
Check the source to verify that this is the current version before use.



MIL-STD-1547B

i. Solder contacts shall be required where
hermeticity is necessary and achieved by
encapsulation. Crimp contacts shall not be
encapsulated.

2.1 Derating. Connectors shall be derated as follows: The
current shall be derated such that the temperature of any
connector will be less than the maximum rated temperature minus
50°C.

2.2 t Spot Temperature versus Se e . No contact
shall carry sufficient current to cause a hot spot temperature
which reduces the connector's expected service life less than
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.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. 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.

b. Silver shall not be used as a contact overplate
finish or as an underplate.

c. All organic materials used in the manufacture of
connectors, connector accessories, and protective
caps shall have a total maximum loss (TML) in
accordance with section 4, paragraph 4.1.9 of this
standard.

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

3.1.2 Coaxial Connectors. Only SC series, TNC - type, and
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SMA - type connectors shall be used. The following criteria
shall apply.

a. Only captivated contacts shall be useqd.

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.

d. 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 Confiqurations. 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)

d. MIL-C-83723 Series III only (circular,
environmental resisting)

e. MIL-C-5015 Series MS345X, Class L (rear release
types)

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

i. MIL-C-26482 (circular, miniature, quick
disconnect, environment resisting)

j. NASA Marshall Space Flight Connectors MSFC
40M38277 .

K. NASA Marshall Space Flight Connectors MSFC
40M38298
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1. NASA Marshall Space Flight Center Connectors and
hardware MSFC 40M39569

m. MIL-C-85049 Backshells and hardware

n. MIL-C-83513 (rectangular microminiature)

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 applicable requirements in the applicable
military specifications.

4.2 Group A Requirements. Group A reguirements shall be in
accordance with the applicable requirements in the applicable
military specifications.

4.3 Group B Tests. Group B tests shall be in accordance
with the applicable Group B requirements in the applicable
military specifications.

4.4 Qualificatjon Tests. Qualification testing shall be in
accordance with the applicable regquirements in the applicable
military specifications. As a minimum, separation connectors
-shall be tested mating/demating a minimum of 10 times, with the
mate/demate force measured each time. No increase in insertion
or removal force will be allowed.

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.

5 REGIS ED PMP
5.1 Reliability Suspect Parts.

a. Silver contact overplate or underplate

b. Inserts of nonapproved organic materials

c. Noncaptivated contact coaxials

d. Nickel, Ferromagnetic, or Ferrimagnetic materials
on RF connectors

e. Filter pins

f. Dissimilar metal mates

g. External flat cable connectors
6 PROHIBITED PARTS.

a. Cadmium plating

b. Zinc plating
c. Wire wrap contacts
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d. Tin coated shells or contacts (see section 4,
paragraph 4.3.3)
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SECTION 400

QUARTZ CRYSTALS
(MIL-C-49468)

1. SCOP

This section sets forth detailed requirements for precision
quartz crystal units.

2. APPLICATION

2.1 End-of-life Design Limits. None identified.
2.2 Electrical Consjderatjons. Operation at high drive

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

2.3 Insta jio ndling. Precautions shall be taken
to prevent seal damage and 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.

2.4 Aging. Aging is the drift of resonant frequency with
time. It may alternatively be specified as drift rate vs time.
Aging shall be considered for each application.

3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of MIL-C-49468 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 drive current of 1.0 * 0.2 Ma through the
crystal.

3.1.1 Hermetic sealing. Only hermetically sealed crystals
shall be used. If a crystal filter or oscillator manufacturer
also manufacturers the quartz crystal units, nonhermetically-
sealed crystal units may be used provided the manufacturer
arranges for transportation of the crystal to his manufacturing
area in a manner that precludes them from being contaminated.
Individual crystal units shall be sealed in a package by cold-
welding, resistance-welding, or an alternate form of sealing that
shall ensure a leak rate or less than 10 atm-cc/sec).
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3.1.2 Metallization. Crystal metallization materials and
application techniques shall be selected to provide adhesion of
the electrode contacts. If gold electrodes are used, an
undercoat, such as chromium or tungsten, shall be used.

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. MIL-H-10056/21/23/27/29/30/31/32/33/34/39 are not
conducive to a minimum 3 point mount with the supports 120°
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 prepared by the
electrodiffusion process (swept quartz). Quartz prepared by the
electrodiffusion process is recommended for all applications
because of the resulting low levels of Al and Na ions.

3.1.5 Gold. Gold plating on package surfaces shall be in
accordance with MIL-G-45204.. Type, grade, and class shall be
specified for each finish system. Examples are: Type 1, Grade
C, Class 2 (0.000100 inch minimum) over copper underplate
(0.000010 inch minimum). As an alternative gold (0.000050 inch
minimum) over nickel (0.000100 inch) with gold thickness maximum
equal to 0.000200 inch.

4. QUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of MIL-C-49468 and the following:

4.1 In-process Controls. In-process controls shall be in
accordance with the Class S requirements of MIL-C-49468 and the
following:

4.1.1 Pre-cap Visual and Mechanical Examination. Visual

and mechanical examination shall be performed in accordance with
MIL-C-49468, except that the magnification shall be a minimum 30X
magnification. Units exhibiting one or more of the following
anomalies shall be rejected.

a. Cracks or holes in the weld contact area where
crystal support members are welded to the holder
base terminal pins

b. Loose or broken terminal pins or crystal mounting
supports

c. Cracks or separations in electrically conductive
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bonding cement between quartz crystal and support
member

Fractures of any size and any location in the

crystal quartz resonator; or cracked or flaked
edges; or fractures, cracks, or peeling of the
electrodes

Loose weld spatter, bonding cement, or other
particulate matter

Less than 0.005-inch clearance between gquart:z
crystal and the package wall

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

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

Any surface, including cover, exhibiting
contamination/ corrosion (adhering particulate,
film, flux residue, finger print, or other type of
material)

Non-uniform quantities of bonding cement at
mounting points; bonding cement in areas other
than mounting points is acceptable if deliberately
applied to the resonator surface to suppress
harmonic responses

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.

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

Quartz crystal not centered within + 0.030 inch in
its mounting with respect to the quartz crystal
holder base

Dimensions out of tolerance

Controls. Necessary control measures shall be

employed to ensure highly polished surfaces (optically

SECTION 400
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transparent). Additionally, the following tests shall be
conducted as required:

a. Fogging test per MIL-C-49468 (applicable to
devices requiring stability greater than 1 part
per million).

b. Electrical tests for mounted crystal:
F, (series and parallel resonant frequency)
R,

C,, motional capacitance. C, testing may be
waived for crystals used in oscillator circuits.

4.2 Screenin 100 percent). Screening (100 percent) shall
be in accordance with the requirements listed in Table 400-1.

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

4.3.1 Sampling Plans. Sampling plans shall be in
accordance with the requirements of MIL-C-49468.

4.3.2 Lot Conformance Subgroup 1l Tests. Subgroup 1 tests

shall be in accordance with the requirements of MIL-C-49468 and
the following:

4.3.2.1 Selderability and Lead Attachments.
a. Wire-lead Terminals: MIL-STD-202, Method 208
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. 1If
soldering is specified, 0.25mm diameter (#30 B &
S) 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.

4.3.2.2 Terminal Strength. . Terminal strength shall be
determined in accordance with MIL-C-49468.
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4.3.3 DPA. A Destructive Physical Analysis (DPA) shall be
conducted on a random sample of each manufacturing lot in
accordance with MIL-STD-1580.

4.4 Qualification Tests. Qualification tests per MIL-C-
49468 are not required for manufacturers listed on the QPL.
Otherwise, qualification tests shall be in accordance with MIL-C-
49468.

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL-STD-1580.

5 REGISTERED PMP
5.1 Reliabjlity Suspect Parts.

a. Solder sealed packages

b. Gold metallization without barrier metal

c. Two point mount internal construction

d. Quartz other than EIA STD RS-477 premium Q type

e. Non swept quartz in radiation (space) environments

f. Plug-in packages
6 PROHIBITED PARTS LIST

a. Tin coated packages and leads (see section 4,
paragraph 4.3.3)
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TABLE 400-1. 100 Percent Screening Requirements
for Quartz Crystals

MIL-C~-49468

Additions to the Methods and
Criteria of MIL-C-49468

Pre-Seal Visual
Examination

Subgroup 1
Visual (External)
and Mechanical
Examination

Mechanical Shock

Frequency
Resistance vs Temp

Frequency vs Temp (static)

Coupled Modes
Unwanted Modes

Capacitance
Shunt
Motional

Quality Factor

Seal

Subgroup 2
Accelerated Aging

Drive Sensitivity
(frequency, resistance)

Subgroup 3
Vibration

Temperature Cycling

Temperature Run
Insulation Res.stance
Electrical Measurements
Resonant Fregquency

Seal

o

b.

Para 4.1.1 of this Section

When specified
When specified

When specified

Random vibration per MIL-STD-
202, Method 214, Condition F
Delta f/f < 1 x 10

-65°C to +125°C to +65°C
50 cycles -6
Delta f/f < 1 x 10
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TABLE 400-2. Lot Conformance Tests

MIL-C-49468

Additions to the Methods and
Criteria of MIL-C-49468

Subdaroup 1
Particle

Impact Noise

(PIND)

Moisture Resistance
Salt Spray

Terminal Strength
Bond Strength

Subgroup 2

Solderability or
Lead Attachment

Resistance to Solvents
Vibration, Acceleration
| and Acoustic Noise

| Thermal Shock

{ Mechanical Shock
Thermal Time Constant

Thermal Frequency
Repeatability

_Jeal

When specified

Vibration shall be random, per MIL-STD-202,
Method 214, Condit%pn K

Delta f/f < 1 x 10

When specified

When specified

SECTION 400
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1. SCOPE

This section sets forth detailed requirements for the

MIL-STD-1547B

SECTION 500

DIODES

following types of diodes: (a) Light Emitting, (b) Rectifier, (c)
Schottky Barrier, (d) Switching, (e) Varactor, (f) Voltage

Reference,

(g) Voltage Regulator, and (h) Photo.

2. APPLICATION

2.1 perating.

with Table 500-1.

TABLE 500-1. Derating Guidelines for Diodes

The derating of diodes shall be in accordance

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

* The maximum junction temperature shall be +105 deg C nominal,
+125 deg C worst case, for all diodes.
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2.2 End-of-Life Design Limits.
Leakage Current: 100 percent of initial maximum limit

2.3 Power Diodes. Adequate heat sinking shall be provided.
Adjacent materials shall be analyzed to ensure thermal stability.

3. D_CON

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

4. UALITY ASS N

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

4.1 In-process Controls. In-process controls shall be in
accordance with the JAN S requirements of MIL-S-19500, and the

following special in-process screens, tests, or precautions to be
used when the identified construction or materials are used.

4.1.1 Mesa Construction:

a. Verify at least 6000 angstroms of glass or oxide
passivation over junctions

4.2 Screening (100 percent). Screening (100 percent) shall
be in accordance with the JAN S requirements of MIL-S-19500. The

" recommended electrical test are listed in Table 500~2. Unless

otherwise specified the reject criteria shall be per the detail
specification limit.

4.3 ualit ance Inspect . QCI shall be in
accordance with the quality conformance tests for JAN S per
MIL-S-19500.

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

4.5 Incoming Inspection DPA. Incoming inspection DPA shall
be in accordance with MIL~STD-1580.
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TABLE 500-2. Recommended Electrical Tests
(page 1 of 2)

RECTIFIERS

1. Forward voltage, V, at rated I,

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

3. Breakdown voltage, V, at specified I,

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

SWITCHING ODES

1. Forward voltage, V, at rated I,

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

3. Breakdown voltage, Vg, at specified I,

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

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

v CTOR
1. Forward voltage, V, at rated I,
2. Reverse current, I, at +25 deg C and maximum rated

operating temperature
. Breakdown voltage, V, at specified I,
Qualit+v factor Q at specified voltage and frequency
Delt: ‘imits, Delta V., and Delta I,, after burn-in
and after high temperature reverse bias (when applicable)

[S 73 - %)
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TABLE 500-2. Recommended Electrical Tests
(page 2 of 2)

HOT CARRIER

1. Forward voltage, V, at rated I,

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

3. Reverse recovery time at specified V,, I, load resistance,
load capacitance

4. Capacitance C at specified voltage and frequency

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

REF CE

1. VvV, at I,, and Delta V, after burn-in and after

high temperature reverse bias (when applicable)
2. Z .

4
3. I, at 80 percent of V, at 25 percent C
4. V, over temperature range to determine a V,

LIGHT EMITTING

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

2. P, and Delta P, after burn-in and after high
temperature reverse bias (when applicable)
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5. REGISTERED PMP

5.1

Reljabjlity Suspect Parts. The following designs are

reliability suspect:

a.
b.
c.
d.

Hot welded cans

Nonpassivated dice

Bimetallic bonds at die

Point contact (whisker) devices

Silver bump, ramrod construction

Nonmetallurgically bonded construction (except schottky
devices), unless supported by operational thermal cycle
data.

Germanium devices

Gallium Arsenide devices

Flip chip units

Glass die attach

Parts containing organic materials

6. PROHIBITED PARTS LIST

The following parts, part styles, and part types shall not be
used unless in accordance with contractor's approved PMP Control

Plan.

a.
b.

All plastic encapsulated types
Coated tin packages and leads (see section 4, paragraph
4.3.3)
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SECTION 600

EMI AND RF FILTERS (FS)
(MIL-F-28861)

1. SCOPE

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

2. APPLICATION

2.1 Derating.

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

2.1.2 current Derating. The dc current shall be limited to

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

2.2 End-of Life Design Limits.

a. Capacitance: (ceramic capacitor designs) * 20 percent
of specification limits for BR
dielectric

b. Insulation: 50 percent of specification limit

Resistance:

2.3 Electrical Considerations. Under certain conditions,
the current parameters of the filter are governed by the
" transient surge current (I,). In order to determine whether a
filter can withstand a known surge current, the following
analysis shall be used. A filter shall not be exposed to a
transient current that could damage the device.

a. Transient Current. With no load current flowing:
I, = Surge current (amperes)
I, = Rated DC current (amperes)

t, Duration of I (microseconds)
Then, if t, multiplied by I is less than 1.4 I;, the
filter should not be damaged.
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b. Rated Load Current. With rated load current I,
flowing:
Then, if tg multiplied by I is less than 0.4 I,, the
filter should not be damaged.

2.4 Mounting.

2.4.1 ]Installation and Soldering. Installation and
soldering shall be in accordance with Section 3500.

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

2.4.3 Connecting Wires. When connecting wires to the
device, always heat sink the filter stud lead. Caution, rework
involving solder removal by wicking may damage high temperature
solder seals in stud leads.

2.5 Aging Sensitivity. Filters with ceramic discoidal
capacitors using BR or X7R dielectrics can exhibit capacitance
decreases of 2.0 to 4.0 percent per decade hour.

3. ES D _CONSTRUCTIO

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

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

4. OQUALITY ASSURANCE

Quality assurance provisions shall be in accordance with the
general requirements of Section 4 and the following:
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4.1 In-process Controls. In-process controls shall be in
accordance with the Class S reguirements of MIL-F-28861.

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

4.3 Group B Tests. Group B tests shall be in accordance
with the Group B tests of MIL-F-28861, Class S reguirements.

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

4.5 Incoming Inspection DPA. Incoming inspection shall be
in accordance with MIL-STD-1580.

4.6 Solder Dip/Retinning. When solder dip/retinning is
performed, the subsequent 100% testing, as specified in the
applicable military specification, shall be performed.

5. REGISTERED PMP

5.1 Reliability Suspect Parts.

a. Devices with suspect constituents (see specific
capacitor, etc. sections)

b. Nonhermetic devices (polymeric seals)
c. External tooth locking hardware

5.1.1 Nonhermetically Sealed Filters. Filters without glass
end seals are not hermetically sealed and are both subject to

corrosion and may outgas significantly. Gold-plated parts with
polymeric end seals are especially subject to moisture
" penetration and outgassing.

6. 0 IST

The following parts, part styles, and part types shall not be
used unless in accordance with contractor's approved PMP Control
Plan.

a. EMI or RF filters with tubular ceramic elements

b. EMI or RF filters with coated tin packages or terminals
(see section 4, paragraph 4.3.3)
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SECTION 700

FUSES

1. SCOPE

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

2. APPLICATION

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

a. Ambient temperature

b. Connections to the circuit

c. Ventilation

d. Vacuum

e. Maximum current delivered by the power source. The

fuse selected shall be matched to the maximum current
of the power source, such that the current shall not be
so low as to fail to blow the fuse nor so high as to
destroy the fuse completely.

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

a. Atmospheric. For atmospheric or non-vacuum operating
conditions, at 25°C use a derating factor of 0.70 rated
current to compensate for individual tolerances and
provide a safety factor.

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

c. Temperature. Above 25°C, additional derating is
necessary for operation under either atmospheric or
vacuum conditions. The derating factor should decrease
by either 0.2% or the manufacturer's suggested derating
factor, whichever is higher, for each degree C above
the rated temperature, up to the maximum allowed
temperature.
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"TABLE 700-1 Fuse Derating in Vacuum at +25 deg C

Derating Factor
(Amps)
2 0.50
1 0.45
1/2 0.40
3/8 0.35
1/4 0.30
1/8 0.25

2.1.1 Solid, Molded Fuses. For solid, molded fuses with no
internal air cavity:

a. Atmospheric and vacuum. At 25°C use a derating factor
of 0.70 rated current.

b. Temperature. Above 25°C additional derating is
necessary. The derating factor should decrease by
either 0.2% or the manufacturer's suggested derating
factor, whichever is higher, for each degree C above
the rated temperature, up to the maximum allowed
temperature.

2.2 Electrical Considerations

2.2.1 Fuse Characteristijcs. Factors to be considered in the
selection of fuses and in their derating shall include the 1likely
variation of fuse element resistance from fuse to fuse,
deterioration of fuse rating resulting from repeated turn-on and
~ turn-off of the fuse, other current surge characteristics, and

maximum open circuit voltage tolerance.

2.2.2 Voltage. Fuses shall not be used in circuit
applications when the open circuit voltage exceeds the maximum
specified voltage rating for the fuse.

2.3 Mounting. Mounting environments including heat sinking
shall be considered. For most miniature fuses, heat sinking is
required during the soldering operation when the fuse is
installed.
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3. DESIGN AND CONSTRUCTION

3.1 Requirements. Design and construction shall be in
accordance with the requirements of the applicable specifications
and the requirements of this standard. Designs shall be
considered for space use without derating per Table 700-1 only if
they can be demonstrated to not alter current ratings more than
10 percent when used under vacuum (i.e., loss of pressure within
fuses) or if hermeticity can be demonstrated to provide the above
stability over a 10-year period in vacuum. (Extrapolations from
leak rate measurements may be used.)

4. ASS

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

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

attachment shall be visually inspected on all items at 10X
magnification minimum, except that for fuses with opaque bodies,
radiographic inspection viewed at 7X minimum shall be acceptable
at a minimum of 2 orthogonal views or 360° turn.

4.2 Screening (100 percent). Screening (100 percent) shall
be in accordance with the requirements listed in Table 700-2.

4.3 Lot Conformance Tests. Lot conformance tests shall be
in accordance with the quality conformance tests, Subgroups 1, 2,
and 5 of Group C inspections, of MIL-F-23419.

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

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

characteristics
b. Record parameters over various temperatures
c. Thermal vacuum testing

4.4 Qualification Tests. Qualification testing shall be in
accordance with the requirements of MIL-F-23419.
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5. REGISTERED PMP
5.1 Reliability Suspect Parts The following fuse types are

reliability suspect:
a. Fuses requiring spring clip-type fuse holders
b. Fuses comprised of low-melting-point alloys
6. PROHIBITED PARTS LIST
The following parts, part styles, and part types shall not be
used unless in accordance with contractor's approved PMP Control
Plan. :
a. All fuses requiring fuse holders

b. Fuses with coated tin package or leads (see section 4,
paragraph 4.3.3)
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MIL-STD-1547B

100 Percent Screening Requirements for Fuses

MIL~-F-23419
Screens

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

Thermal Shock

Seal, Hermetic

Terminal
Strength and
DC Resistance

-
Burn-in

DC Resistance

Voltage Drop

Visual and
Mechanical
Examination
(External)

Radiographic
Inspection

b.

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

MIL-STD-202, Method 112. Gross leak per
Test Condition A, or equivalent
Test may be waived if not applicable

Simultaneous dc resistance measurenent
Test current used shall be 10 percent of
rated value during strength measurement
+25 deg C

Resistance data within spec at all times
during strength measurement

At +85 deg +0 deg - 3 deg C for 168 hours
Rated DC voltage

50 percent rated DC current

Test may be waived, except for ceramic and
molded-body fuses, if the manufacturer can
present written, detailed records to
indicate that there have been no anomalies
or failures detected in previous tests of
similar fuses for the last 3 years

+25 deg C

Test current used shall be 10 percent of
rated value

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

Measurement taken with 50% rated current
Measurement taken after 5 minutes

Accept fuses within + 2 standard deviation
of lot average

Marking and identification
Defects and damage; i.e., body finish, lead
finish, misalignment, cracks

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

Test may be waived except for ceramic and
molded body devices

w

Burn-in not required for pico fuses
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