
! NOT MEASUREMENT SENSITIVE 1

MIL-STD-1378E
23 Ap~lL1989
SUPERSEDING
MIL-STO-1378D
16 NAY 1986
(SEE 6.6)

MILITARYSTANDARD

REQUIREMENTSFOR EMPLOYING
STANDARD ELECTRONICMODULES

AMSC NIA
DISTRIBUTION STATEMENT A.

FSC 5963
Approved for publ{c release; distribution is unl{m{ted.

Downloaded from http://www.everyspec.com



MIL-STD-1378E

FOREWORD

I 1. This military standard is approved for use by all Departments and
Agencies of the Department of Oefense.

I
2. Beneficial comments (recommendations, additions, deletions) and any

pertinent data which may be of use in improving this document should be
addressed to: Commander Naval Sea Systems Command, SEA 55Z3, Department of
the Navy, Washington, DC 20362-5101 by using the self-addressed
Standardization Oocument Improvement Proposal (00 Form 1426) appearing at
the end of this document or by 1etter.

I

ii
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1. SCOPE

1.1 g. This standard establishes the requirements for the
implementation of Standard Electronic Modules (SEM) in the desfgn and
construction of selected military electronic systems. The selection of
systems for which this standard will be invoked in a contract should be
based upon the criteria set forth In MIL-HDBK-246.

1.2 Purpose. The purpose of this standard is to provide the
acquisition activity with specific instructions for implementation of the
Standard Electronic Modules (SEM) in order to reduce system ltfe cycle
costs. This standard also provides instructions for the preparation of a
standard electronic module destgn approval request, instructions for
preparing module descriptions, instructions for preparing module
specifications, test requirements for digital modules, and test
requirements for analog modules.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards.
standards form a Dart of this standard to
Unless otherwise specified, the issues of
in the issue of the Department of Defense

I
Standards (DODISS) and supplement thereto
6.2).

SPECIFICATIONS

MILITARY

MIL-E-5400

MIL-E-16400

MIL-P-24423

MIL-M-28787

STANDARDS

MILITARY

MIL-STD-965
MIL-STD-1331

MIL-STD-1389

MIL-STD-1634

The
the

following specifications and
extent specified herein.

these documents are those listed
Index of Specifications and
cited in the solicitation (see

Electronic Equipment, Aerospace, General
Specification for.
Electronic, Interior Communication and
Navigation Equipment, Naval Ship and Shore,
General Specification for.
Basic ClesignRequirements for Propulsion and
Auxiliary Control Consoles and Associated
Control and Instrumentation Equipment, Navy
Shipboard use.
Modules, Standard Electronic General
Specification for.

Parts Control Program.
Parameters to be Controlled for the
Specification of Microcircuits.
Design Requirements for Standard Electronic
Modules.
Module Descriptions for the Standard Electronic
Modules Program.

2
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(Unless otherwtse indicated, copies of federal and flllitaryspecifications
and standards are available from the Naval Publications and Forms Center,
(ATTN: NPOOS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

2.2 Order of precedence. In the event of a conflict between the text
of this document and the references cited herein, the text of this document
takes precedence. Nothing in this document, however, supersedes applicable
laws and regulations unless a specific exemption has been obtained.

3
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I

3. DEFINITIONS

3.1 Terms and definitions. The definitions of terms used in this
standard shall be as specified herein and in MIL-STD-1331.

3.1.1 SHARP. Standard Hardware Acquisition and Reliability.

3.1.2 SEM. Standard Electronic Modules (includes all modules in the
SHARP). —

3.1.3 Equipment contractor (EC~. EC applies to both system developers
and developers of electronic assemblies and subassemblies in which SEM are
to be employed.

3.1.4 SEM quality assurance activity (SEM-QAA~. The SEM-QAA is the
activity responsible for performing SEM qualification testing. (This
function is performed by the Naval Weapons Support Center, Code 603, Crane,
IN 47522-5060.)

3.1.5 SEM destgn review activity (SEM-DRA~. The SEM-ORA is the
activity responsible for the review and approval of SEM designs. (This
function {s performed by the Naval Avionics Center, Code 814, 6000 E 21st
Street, Indianapolis,”IN 46219-2189.)

3.1.6 Government program manager (PM~. The PM is the Government
program manager who is initiating the particular system application.

3.1.7 Desiqn approval request (OAR~. DAR is data item necessary to
justify a new design for a SEM. It is used to describe new SEM functions
in order that they can be classified by the SEM-DRA (see 6.3).

3.1.8 Functional specification. A functional specification is the
documentation which completely describes the form, fit, and function of a
module assembly. This Includes the outer module dimensions including
interfaces and the precise electronic function with inputs and outputs. A
functional specification also includes a complete and exhaustive series of
tests to verify this function.
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3.1.9 Destqn disclosure to SEM-QAA. A destgn disclosure to SEM-QAA is
the documentation needed to manufacture or repair a amdule. Th{s includes
the component lists complete with manufacturer’s part numbers, the
schematic and artwork of the exact circuitry, and the necessary processes
to make the assembly.

3.1.10 SEM standard. A SEM standard is a module for which the SEM-DRA
anticipates multisystem applications (see 5.2). Attributes of SEM standard
are:

(1) The module has potential wltisystem applications.
(2) Complete documentation to SEM-QAA requirements has been prepared.
(3) Documentation is controlled by SEM.
(4) Complete quality assurance is held to SEM requirements.

3.1.11 Candidate SEM standard. A candidate SEM standard module is one
for which the SEM-DRA anticipates multisystem applications but for which
documentation and qualification have been deferred (see 5.3). Attributes
of candidate SEM standard are:

(1) The module has potential multisystem applications.
(2) Complete documentation to SEM requirement unless otherwise

specified by the cognizant PM.
- (3) SEM-DRA is kept updated on configuration control.

(4) Complete quality assurance is held to SEM requirements unless
otherwise specified by the cognizant PM.

3.1.12 SEM special. A SEM special module is one for which the SEM-DRA
anticipates a limited scope of applications (intrasystemuses) (see 5.4).
The attributes of SEM specials are:

(1)
(2)

(3)

(4)

Limited applications.
SEM-DRA is kept updated on configuration control unless otherwise
specified by cognizant PM.
Complete documentation to SEM requirements unless othetwise
specified by the cognizant PM.
Complete quality assurance is held to SEM requirements unless
otherwise specified by cognizant PM.

5
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4. GENERAL REQUIREMENTS

4.1 General. When this standard is invoked, all electronic circuitry
shall be designed in accordance with MIL-STD-1389. Any exceptions to
implementation of SEM requirements must be specified in the contract. For
special and candidate standard modules all documentation and hardware
deliverables shall be as specified in the Contract Data Requirement List
(CDRL) or line item.

4.2 Priority of implementation. The EC shall implement electronic
circuitry requirements in accordance with the priority sequence in 4.2.1
through 4.2.4.

4.2.1 Existing SEM standards. The EC shall initially attempt to
implement system electronic circuitry requirements with existing SEM
standards as listed in MIL-STD-1634.

4.2.2 In-process SEM standards. The EC shall coordinate with the
SEM-DRA to determine whether there are any new SEM being developed within
the SEM which are not as yet included in MIL-STD-1634. In the event that
there is an applicable module design whose completion schedule will not
impose any scheduling incompatibility, the module shall be used in lieu of
proposing the development of another new module function,

4.2.3 Existing SEM specials. The next order of priority in SEM
implementation shall be to employ an existing SEM special module which has
been fully designed to the requirements of MIL-STD-1389. Change control of
SEM specials lies with the PM who originated the special module.
Therefore, use of an existing SEM special will depend on whether or not the
PM can arrange joint change control with the PM who originated the SEM
special module. Information regarding these modules shall be obtained from
the SEM-DRA. If the need and desire exists, SEM specials may be upgraded to
SEM standards.

4.2.4 New SEM desiqns. New SEM designs shall be proposed by the EC
only under one of the exceptions specified in 4.2.4.1 through 4.2.4,4.

6
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4.2.4.1 Circuit functional requirements. New SEM designs shall be

proposed when a system partitioning analysis shows that the required system
function cannot be implemented and the system operating parameters cannot
be achieved by utilizing existing SEM.

4.2.4.2 System packaqinq constraints. When a packaging analysis shows
that the system cannot be implemented in the space available by using
existing SEM, new and functionally complex SEM designs whtch would achteve
the necessary requirements may be proposed.

4.2.4.3 System environmental constraints.
requirements of a system preclude the use of an
suitable SEM which has been developed to a less
class, a new module design shall be proposed to
requirement. Such a new design, however, shall
interchangeable and contact compatible with the
stringent SEM environmental class.

When the environmental
otherwise functionally
stringent SEM environmental
❑eet the more stringent
be functionally .
existing nodule of the less

4.2.4.4 Cost effectiveness requirements. A new module design shall be
proposed in lieu of an applicable existing SEM where substantial cost
savings may result. It shall be demonstrated through a detailed cost
analysis that on a life cycle cost basis the use of a new SEM design is
more cost effective than an existing module. This cost analysis shall
directly compare the cost of implementing &he required system functton with
an existing SEM versus the new SEM design.

4.3 Oesign requirements for new SEM. New SEM designs shall be
developed in accordance with the following requirements.

4.3.1 Design objectives. The developer of a new SEM shall, where
feasible, desfgn the new module with the objective of its being classified
as a SO! stand~rd.

4.3.1.1 Maximum flexibility. Except
the design of SEM shall be such that each
range of system applications.

as otherwfse specified in 5.3,
module can be utilized in a broad

7
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4.3.1.2 Proprietary Parts or processes. It is the intent of this
standard to encourage competition so that those modules which are standard
can be made by more than one vendor. The utilization of proprietary parts,
processes, or techniques is discouraged

4.3.1.3 Repairability. A cost analysis shall be made of the module
design and evaluated by the PM to determine whether or not it would be cost
effective to repair the module if it should fail. If the evaluation shows
that it would be cost effective to repair a failed module, those classified
as SEM standard shall be documented with both design disclosed and
functional specifications in accordance with appendix C. A module

I classified as a repairable SEM special shall be documented with a design
disclosed specification in accordance with appendix C, unless otherwise

I specified by the PM.

8
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5. DETAILED REQUIREMENTS

5.1 Purpose. The requirements herein define and explain the
documentation and quality assurance requirements which make up the
different types of SEM. The steps involved in implementing a new SEM are
also described.

5.2 SEM standard requirements. A SEM standard is a module function
which has the potential for being used in many ❑ilitary electronic systems
and shall ❑eet the following requirements.

5.2.1 SE14standard desiqn requirements. A SEM standard shall be
designed in accordance with the requirements of MIL-STD-1389.

5.2.2 SEM standard quality assurance requirements. A SEt4standard
shall conform to the quality assurance requirements specified in
MIL-M-28787.

5.2.3 SEM standard documentation requirements. A SEM standard shall
be documented in accordance with appendix C, both with a functional
specification (also called a “slash sheet”) and a design disclosed
specification unless otherwise specified by the SEM-DRA and SEM-QAA (see
5.10).

5.2.4 Nonstandard parts waiver. In the event a SEM standard employs
parts other than those specified in MIL-E-16400, MIL-E-5400, or 141L-P-24423
(or other contractually specified documents) as standard parts, the EC
shall submit to the SE14-QAAdocumentation in accordance with MIL-STD-965
explaining the need for such parts and the reason or reasons that the
equipment performance requirements cannot be met using the nearest similar
standard parts (see 5.11).

5.3 Candidate SE14standard requirements. A candidate SEt4standard is
a module which has the potential for being used in multisystem
applications, however, due to program constraints during the system
development phase, the documentation and qualification have been deferred.
A candidate SEM standard shall be developed into a SEM standard when the
initial system application evolves into a production phase or earlier if
another system application enables the development of the standard.

9

Downloaded from http://www.everyspec.com



MIL-sTo-1378E

5.3.1 Candidate SEM standard design requirements. A candidate SEM
standard shall be designed in accordance with the requirements of
MIL-STD-1389.

5.3.2 Candidate SEM standard quality assurance requirements. A
candidate SEM standard shall conform to the quality assurance requirements
of MIL-M-28787 unless otherwise spec~fied by the cognizant PM.

5.3.3 Candidate SEM standard documentation requirements. A candidate
SEM standard shall be documented in accordance with appendix C. The type
of documentation to be prepared shall be as directed by the cognizant PM,
but it is recommended that documentation to the level of a SEM standard be
planned. Upon preparation of the rough draft documentation for a candidate
SEM standard, a copy shall be forwarded to the SEM-DRA for approval,
Thereafter, the EC shall identify to the SEM-DRA within 25 working days of
any changes made to this documentation, design of the module, or selection
of components. The changes shall be identified in writing.

5.3.4 Nonstandard parts approval. In the event a candidate SEM
standard employs parts other than those specified in MIL-E-16400,
MIL-E-5400, or MIL-P-24423 (or other contractually specified documents) as
standard parts, the EC shall submit to the SEM-DRA documentation in
accordance with MIL-STD-965 explaining the need for such parts and the
reason or reasons that equipment performance requirements cannot be met
using the nearest similar standard parts (see 5.11).

5.4 SEM special requirements. A SEM special is a module function
which does not have the potential for broad applicability. These modules
shall be designed to meet the following requirements.

5.4.1 SEM special design requirements. SEM special modules shall meet
the mechanical and electrical design requirements of MIL-STD-1389.

S.4.2 SEM special quality assurance requirements. SEM special modules
shall be in accordance with the quality assurance requirements of
MIL-M-28787 unless otherwise specified by the cognizant PM.

10
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5.4.3 SEM special documentation requirements. SEM special modules
shall be documented in accordance with appendix C. The level of
documentation shall be directed by the cognizant PM. However, if the
module is repairable, it is recommended that both functional and design
disclosed specifications be prepared, and if non-repairable, it is
reconaaendedthat a functional specification only be prepared.

5.4.4 Nonstandard parts a~oroval. In the event that a SE!!special
module employs parts other than those specified in MIL-E-16400 (or other
contractually specified documents) as standard parts, the contractor shall
submit documentation in accordance with MIL-STD-965 explaining the need for
such parts and the reason or reasons that equipment performance
requirements cannot be met using the nearest similar standard parts (see
5,11). Existing SEM special modules using nonstandard parts which have
been fully designed, documented, and qualified to the requirements of
HfL-STO-1389 and MIL-M-28787 do not require reapproval of nonstandard
parts.

5.5 Implementation procedures. The procedure for obtaining approval
of new associated detail specifications is illustrated on figure 1. The
function of the elements depicted on figure 1 are as defined in 5.6 through
5.10.4.

5.6 Submission of desiqn approval requests (Block Il. The EC shall
complete and forward the OAR (in accordance with appendix A) concurrently
to the SEM-ORA and the PM for each new module design proposed (see 5.11
and 6.4.1).

5.6.1 OAR action (Block 2)_. Following receipt of each DAR, the
SEM-DRA will forward the OAR action notification to the EC and the PM. If
the OAR is approved, the following will be indicated on the action
notification:

(a) Module classification (SEM standard or SEM special).

(b) Module key code.
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(c) Module name.

(d) MIL-M-28787 detail specificationnumber for SEM standards.

assigned by the PM (or his
a sp~cial,-the procedure is
disamroved, the action

(e) SEM special module document numbers are
agent). If the module is classified as
concluded at this point. If the DAR is
notification will give a complete explanation”for the disapproving
action. If the PM elects to treat the special as a standard in
documentation and quality assurance, the procedure continues as for
a standard.

5.6.1.1 PM review (Block 3). The PM shall review the DAR, comment,
and approve or disapprove for a particular system application.

5.6.1.2 Status notification. The EC shall notify the SEM-ORA and the
Pkiat periodic intervals of the current design status of modules with
approved DARs (see 5.11 and 6.4.2).

5.7 Submission of module descriptions (Block 4)-. The EC shall prepare
a module description in accordance with appendix B for each module
classified as standard by the SEM-DRA and shall forward the completed
description concurrently to the SEM-DRA and the SEM-QAA (see 5.11 and
6.4.3).

5.8 Preparation of detail specification draft (Block 4). The EC
proposing a new SEM design shall develop the appropriate associated detail
specification for the module in accordance with”appendix C, The EC shall
submit a rough draft detail specification to the PM, the SEM-DRA, and the
SEM-QAA for review and comment (Blocks 5 and 6) prior to the preparation of
the preliminary associated detail specification (see 5.11).

-.
5.9 Preparation of preliminary associated detail specification (Block

7_). Upon approval of the associated detail specification draft by the PM,
the SEM-DRA, and the SEM-QAA, the EC shall prepare the preliminary
associated detail specification in accordance with appendix C. The EC
obtains proof and correlation modules and submits them to SEM-QAA.

12
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5.9.1 SEM correlation (Block 9). The SEM-QAA performs correlation
testing on the submitted modules and verifies the contents of the
preliminary associated detail specification. The SEM-QAA then submits the
results to the EC, the SEM-QAA, and the PM.

5.10 SEM initial qualification submission (Block 13)-. Upon completion
of the preliminary associated detail specification, the EC shall submit the
appropriate number of module samples and the preliminary detail
specification to the SEM-QAA for initial qualification in accordance with
HIL-14-28787. At the same time, a copy of the associated detail
specification shall be submitted to the SEM-ORA and the PM for review.

I (Elocks 8 and 10)
associated detail

I SEM-OAA.

The SEM-ORA and the PM review the preliminary
specification and submit conanentsto the EC and the

cation for initial Qualification. The EC shall notify5.10.1 Notif
the SEM-OAA mater than 90 days orior to submission of the module. .
samples and associated detail specification for initial qualification

I testing.

I 5.10.2 Completion of initial qualification (Block 141. The time

I
required to complete qualification procedures for SEM will not exceed 120
days after receipt of the module samples at the SEM-QAA. The SEM-QAA

~ su~its the re-$ultsto the EC, the SEM-DRA, and the PM.

I 5.10.3 Retention of module samples. All modules supplied for initial
qualification to the SEM-QAA will be retained by the SEM-QAA unless

~ otherwise agreed to by the PM and the SEM-QAA.

5.10.4. ReDOsitOry for final detail specification (Block 11~. Upon
completion of correlation data and approval of the preliminary detail
specification by the SEM-QAA and the SEM-DRA, the EC shall prepare the
final detail specification. The final detail specification shall include
recotmaendationsmade as a result of design review and correlation data.
The EC shall suhit copies of the final detail specification to the PM, the
SEM-ORA, and the SEM-QM4 for approval. After approval, the detail
specification masters for SEM standards will be forwarded to the SEM-QAA
(Block 12). The SEM-QAA will forward the detail specification to the
MIL-M-28787 preparing activity. The SEM-QAA is responsible for maintaining

13
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configuration management for all SEM standard modules. They review all
proposed revisions and coordinate with common module users to determine
whether module interchangeabilitywould be adversely affected. SEM special
module configuration management remains the responsibility of the developer
(for example, the sponsoring program office or acquisition office). SEM
candidate standard module configuration remains the responsibility of the
developer until the time the module is fully developed as a SEM standard.
However, prior to that time, any changes to the documentation, design of
the module, or selection of components must be identified to the SEM-DRA.

5.10.5 Initial qualification rejection. In the event of module
failure during initial qualification tests, the SEM-QAA will forward a
detailed report of test results and recommendations to the PM and the EC
for corrective action.

5.10.6 Resubmission, The EC shall make all necessary corrections to
the module design and documentation or module construction, or both, and
resubmit new module samples for qualification or revised detail
specification, or both, to the SEM-QAA.

5.11 Contract data requirements. Data required by this standard are
not deliverable unless specified on
Form 1423) or the contract schedule

the Contract Data Requirements List (DD
(see 6<3).
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I
6. NOTES

(This section contains {formation of a general or explanatory nature
that may be helpful, but is not ❑andatory.)

6.1 Intended use. This standard contains requirements for employing
standard electronic modules.

6.2 Issue of 0001SS. Uhen this standard is used in acquisition, the
issue of the 0001SS to be applicable to this solicitation must be cited in
this solicitation (see 2.1.1).

6.3 Data requirements. The following Data Item Descriptions (010’s)
must be listed, as applicable, on the Contract Data Requirements List (DO
Form 1423) when this standard is applied on a contract, in order to obtain
the data, except where DOD FAR Supplement 27.475-1 exempts the requirement
for a 00 Form 1423. The deliverable data includes the following:

Reference
Paraqraph 010 Number 010 Title

5.3.4, 5.4.4 DI-MISC-80071 Parts Approval Request.

3.1.7, 5.6, 01-E-7042 Request, Design Approval for Standard
5.6.1, 5.6.1.1, Electronic Modules Program.

5.7

5.8 DI-E-7043 Specifications, Standard Electronic
Modules Program (SEMP).

5.3.4, 5.4.4 D1-E-7044 Request, Exception, Standard Elec-
tronic Modules Program (SEMP).

T!seabove DID’s were those cleared as of the date of this standard.
The current issue of 000 501O.12-L, Acquisition Management Systems and Oata
Requirements Control List (Ai4SOL),must be researched to ensure that only
current, cleared 010’s are cited on the DO Form 1423.

15
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6.4 Timely submission and approval.

6.4.1 DAR. Submission of the DAR should be made within 120 calendar
days after =rd of contract, but no later than 30 days prior to the
Critical Design Review (CDR). In addition, updated DARs should be
submitted wit~in 14
action notification
DAR receipt.

~
6,4.2 -.

occurs at intervals

days after additional requirements are realized. DAR
sh~uld be forwarded to

EC notification of the
not exceeding 90 days.

the PM within 25 working days

PM as to module design status

I 6.4.3 Module descriptions. Submission of the
should be made no later than 25 working days after
letter approving and classifying the module DAR as

6.5 Subject term (keyword) listinq.

Modules, Standard Electronic
SEM
Standard Electronic Modules

module description

of

receipt of the SEM-CIRA
a standard.

6.6 Chanqes from previous issue. Marginal notations are not used in
this revision to +dentify changes with respect to the previous issue due to
the extensiveness of the changes.

Custodians
Army - ER
Navy - SH
Air Force - 85

I Review activities:
Army - AT, Al
Navy - KS, MC
Air Force - 13,

Preparing activity:
Navy - SH

Agent:
NWSC Crane

(Project 5963-0038)

17. 19

-=5LA-ES“’
16

Downloaded from http://www.everyspec.com



MIL-STD-1378E

I I
A

L I 1

I I
A

I
I I

1
f i

NOTES:
1. See 3.! for definition
2. See 5.6 through 5.10.4

I

GE+lEz3
cl(14) SU4-OAA

of activities.
for function of each block.

FIGURE 1. SEM design approval procedure.
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APPENDIX A

I
SAMPLE STANDARD ELECTRONIC MODULE DESIGN APPROVAL REQUEST

10. SCOPE

I 10.1 *. This appendix is not a mandatory part of the standard.
The information contained herein ts intended for guidance only. This

I appendix provides a sample blank design approval request form. It may be
reproduced as necessary.

20. APPLICABLE DOCUMENTS. This section is not applicable to this
appendix.

19
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DAR NUHSER FoR

DATE RfCEIVEO ORA
STANOARO ELICTRONIC 140LX3LI

CLASSIFICATION USE
OESIGN APPROVAL REQLKST

DETAIL SPECIFICATION ONLY

KEY CODE

t41LITARY PART NO

NANE

INITIATOR INFORt4AT10N:

ACTIVITY NAME

AIIORESS

INITIAL SYSTEM APPLICATION

NAME OF COGNIZANT INDIVIDUAL

In order to unlqmly identify this system, the system Informtlon on the final pages of this OAR
must be completed when the first OAA for this syst.m Is xkaltted.

Will this module be designed In accordance .Ith HIL-STO- 1389?

If net, gtve exceptions.

MOOULE INFORMATION: [dentiflcation number (reference OAR, assembly, and so forth) for th!s

mudu le7 [for correspondence purposes)

NAME SIZE

TYPE : DIGITAL ANALOG OTHER

ORAWING ASSY NO COOE 10ENT FORNAT : ABCOE

NUMBER OF COMPLETE CIRCUITS PER MOOULt. P1TCH

NUHBER OF CONNECTOR CONTACTS

00ES MOOULE CONTAIN PR06RANMA8LE ELEMENTs7 IF SO. sEt PROGRAMMABLE [L[HENT3 SECTION

(EX: PROtl. CONFIGURABLE G4TE ARRAY, PROGWNIA8LC LOGIC ARRAY, ANO SO FORTH]

COMPONENT INFORUATION:

FUNCTION TECHNOLOGY VENOOR ANO PAR7 NUMBLI ALTERNATf PART NUMEER

I I I

20
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WILL PITOPRIETA.QYC.ES16HS. PMTS, C# PROCESSES SS US[07 YES No

IF YES, IOSNTIFY

moue WMTIT7 P[R SYSTEM AHLICATIWI

fsIAWR OF SYSTEMS CC#TRACTCO

fSTINATEO PER-E PMTS COST

WSICHEXISTIHS SESIKM SUtl cffls IOSRID Fm W IWLENZNTATIONOF THIS FWTION?

!STMAT[D CWW11ON MTE:

OEs[w

PROTOTYPE

tmoUE SPECIFICATION

PtWTl@i RfAOIHSSS

iwlcl low. OESCRIPTIM:

(TYPICALLY TM cmmmoti WL INCLUX. AS APPLIUC4E, lHpuT/wTpw Rfw!RfMNTs mRcLATtM-

SHIPS, TRuTHTA&ES, MOCK 01AE4AMS.!40LSAN fWATICflS, CONTRC4REOUIREWITS,

UiO SO FWTH)

PROGWWSJILITY.
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LOGICISCHEMATIC DIAGRAM

(A LOGIC/5 cHEtiA71c 01AGRAM5iiALL 8[ [NCLUOEO, OENOTiNG CONTACT A55tGNt4ENTs (IF KNOWN), pm

NUliBERS. ANO COMPONENT VALUES). IF PROGR,WABLE GATC FUNCTIONS AN USEO, THE GATE WJIVALINT

DIAGRAMS, TRANSF[R FUNCTIONS, OR TRUTH TABLES SNALL BE PROVIDEO.

22
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0161TA.LCw& TERIsTICS: (TIE FMLWII16 SIUIA SE OVIHSO FU D161TALHWIMS AS WPLlmE)

INPUT CHMACTERISTICS minim TYPIUL IsAxllnm CWOITIO!IS

’11

‘IH

I ,1-

l,L

1,~

1,H

I,H

1,”

CAPACITANCE

WTPUT CHARACTERISTICS

h

km

1~

1~

WOPA6ATICUOSLAYTMSS

i4AXMlM LOADWKITAW

-R SUPPLYW. TAIXS ANDTWL?AHUS

A8swJlEWI*

~ WiAGE[S)

I’vMM PoWER DISSIPATION

LIST ANY AMITIONAL PARMSTM KWIREMSNTS
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ANAL06 CHARACTERISTICS: (THE FOLLOWNG stL4LLBf OEFINIO FORANALOGt400uLc5AS ApPLiMELt]

ANALOGINPUTS

INPuT AHPLITuOE TOLCRANCE

t41NIt4uHINPUT IMPEOANCE CONOITIONS

INPUT FREQUENCY RANGE

SIGNAL TYPE ISINE UAV[, SQUARE WAVE, ETC.)

INPUT OFFSET VOLTAGE

INPuT OFFSIT CURRiNT

INPuT BIA$ CURR[NT

ANALOG OUTPUTS

AMPL ITUOI RANGC TO TOLERANCE

SIGNAL TYPE

OUTPUT IMPEDANCE

MAX [HUH oUTPUT CURRENT

FREOUENCY TOLZRANCI

ACCURACY OF FUNCT ION

PIWSC SHIFT

SIGNAL UAVEFORM DISTORTION

VOLTAGE GAIN

POWER GAIN

UPPER 3 d~ POINT (Iiz]

LOUER 3 dE POINT [Hz]

SLE!4RATE

COMMON MODE REJECTION

SETTLING TIME

ACCURACY FOLLOUI NG s[TTL ING TIH[

TURNS RAT IO (FOR TRANSFORMERS]

PWER SUPPLY VOLTAGES ANO TOLERANCES

HoOULE Poh’ER 01SSIPAT ION: TYPICAL PAX 1MUM
LIST AOOITIOMAL. PARAMETER REOUIRLHENTS

OTHER CHARAC7[R ISTICS: (FOR AOOITI ONAL INFOR14ATION OR FOR FUNCTIONS THAT ARE OTHER THAN

oIGITAL OR ANALOG TYPICALLY CONVERTERS. POdER SUPPLIES ANO SO FORTH)
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SYSTEMlHfW44 Ilw S.!clmn

I.lst otlwr n-s ●hlch ●lso Idmtlfy thts systdw!lmont.

Plemo glv* t brlaf descrlptlcaof thla syatdcqulinont.

Is :hts s+wt~n: J pyt of ww!wr qJlpmt, or MIA up of savwtl diffarmt wbawlimmt untts

[cablnata, md WI forth) or IS It ● WACO of m axistlng owlpnt? If m. PISCSC explaln tho

r.l,thymhlp.

Vhit 1s tha cognlzmt &warm: actlvtty?

Aelvlty -

Ac:lvlty address

‘k% !S tha cognlzmt SOvmmmt Indlvldual?

HU8 *nd cd

Address

i. Iqlzxn

Govarmn: cm:rtc: ntir

What ,3 th xhduit ‘or thisays:dewtmnt?

Protot~ r,awst for bids (.QF8) At,.

?mtotyw dol!vcry d4ta.

D,C4CCIIX uFa d+ca.

Firs: ?rcduc:tcm del Ivary elate. I

I
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Who la the prtmn contractor

Company n6me

Dlv13ion

Address

Cognizant individual

Telephone

Name of the subcontractor(a) for major subssstmbl 1ss (lnvolvlng new module daslgns).

Company name

Dlvl$lon

Address

Cogn{zant Individual

Telephone

How mdy equ!pment unlt~ .111 be produced?

Dur{ng prototype phase

During production phase

,4hat●nv ironmental class are these modules designed to meet?

Are special modules in this system designed to be repairable?

where will this equipment be Installed? Oescrlbe each different installation.

How many systems will be installed at each different typeof installation?

!#Ill each {rmtallatlon gf this systm contain the same complement of radules, or WIII each instal-

lation be entirely d-ifferent7 (Please explaln).

26
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1.

FlluiiumiME FLOEm

Wut Cm of progrmmablo tkmt Is imd?

HOW-ny prcqru wrsk+w of thla mdulo will axlat {n tk lyscd~l~nt -t J 91v0n tfmt —

Tmcrlb+ tho typ+ of Informt Ian prc9rumd m thcsa -lcla).

if you nmd ●sslstmca IIIeqlct!ng this form ploisc contact:

Ntvtl Avtcmlcs Center (S/814)
W E 21at Street
[ndltnapolls. IN 46219-2189

TaleF410M: (317) 3S3-3735
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What modules are to be used fn this ●qufpment? (fxact quaintItIes are not expected but be as

accurate as you can, Also please l!st any new modules which will be designed for this equipment).

Key codn and ml Iltary Hodule5 per
part numbar or Deacrtpt Ion equipment C.annlents

reference mnnber

Use additional sheets, if required.
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APPENDIX B

INSTRUCTIONS FOR PREPARING MODULE DESCRIPTIONS

10. SCOPE

10.1 g. This appendix {s’a ❑andatory part of the standard and
shall be used in the preparation of module descriptions for the Standard
Electronic Modules (SEM) Program. The information contained herein is
intended for complfance. This appendix does not attempt to specify how a
module shall be designed, tested, or used, but describes the information
that shall be included in the module description and the format for
presenting the information.

20. APPLICABLE DOCUMENTS

20.1 Non-Government publications. The following documents form a part
of this document to the extent specified herein. Unless otherwise
specified, the issues of the documents which are 000 adopted are those
1isted in the issue of the 0001SS cited in the solicitation. Unless
otherwise specified, the issues of documents not listed in the 0001SS are
the issues of the documents cited in the solicitation.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANS1)

Y 14.15 Electrical and Electronics Diagrams.
STO 91 Standard Graphic Symbols for Logic Functions
Y 32.2 Graphic Symbols for Electrical and Electronics

Oiagrams.

(Application for copies should be addressed to the American National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018.)

(Non-Government standards and other publications are normally available
from the organizations that prepare or distribute the documents. These
documents also may be available in or through 1ibraries or other
informational services.)

29
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30. GENERAL REQUIREMENTS

30.1 General requirements. Module descriptions prepared in accordance
with this appendix will be included in MIL-STD-1634 and used for selection
and application of SEM modules. Information, in addition to that required
by this appendix, may be added to the module description as required so
that selection and amlication of a particular module to a system will be
more easily

30.1.1
format, and
SEM-DRA.

30.1.2
precede the

accomplished.

Style, format, and identification. An example of the style,
identificationof module descriptions is available from the

Warnings, cautions, and notes. Warnings and cautions shall
text to which they aDDly. Notes may either Drecede or follow,

or both, the text to which they appjy depending-on the material to be
highlighted. Inserts in the text shall be short and concise and be used to
emphasize important and critical instructions.

30.1.2.1 Warnings. Warnings shal1 be used when an operating procedure
or practice if not followed correctly, could result in personal injury or
loss of life.

30.1.2.2 Cautions. Cautions shal1 be used when an operating procedure
or practice if not strictly observed, could result in damage to, or
destruction of, equipment.

30.1.2.3 -. Notes shall be used when it is necessary to highlight
an operating procedure, practice or condition.

30.1.3 Oiaqrams and graphic symbols.
shall be in accordance with ANSI Y 14.15,

Diagrams and graphic symbols
ANSI Y 32.2, and ANSI STD 91,

30
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40. DETAILED REQUIREMENTS

40.1 Module descriptions. The module descriptions shal1 have the
content and pages in the order specified herein. The parameters and other
information shall be complete and compatible with that which is in or will
be in the detail specification.

40.1.1 Paqe numbers. Each page of the module description shall be
marked at the bottoq center w{th a module key code and a page number.

40.1.2 Parameters and information. The following is a list of the
para~eters and information which shall be included in the module
description and the contents of each item.

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

KEY COOE: (Each page of the module description shall be marked in
the upper right corner wtth the module key code).

NPJ4E: (insert the official module name assigned by the SEH-ORA).

SPEC NUMBER: t41L-M-28787/(Insert detail specification number).

OESCRIPTION: (Insert a brief functional description).

DESIGN DISCLOSED: /FUNCTIONALLY SPECIFIED: (Place an “X” in the
appropriate box).

FAMILY: (Insert appropriate family type, \n other words, digital,
analog, and so forth),

ORIGINAL TECHNOLOGY: (Insert name of technology used in the
original module design, in other words, Schottky TTL, NOS, bipolar,
and so forth)..

CIRCUITS PER NOOULE: (Insert the number of circuits, components,
and so forth, per module).

31
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(i) MECHANICAL SIZE: (Insert mechanical size and a note if the module
extends below the interface plane and a note if holddown screws are
used).

(J) MECHANICAL FORMAT: (Insert the appllcable module format).

(k) PITCH: (Insert the pitch for the module, if applicable).

(1) CONNECTOR CONTACTS: (Insert the number of connector contacts).

(m) ENVIRONMENT: (Insert appropriate environment class)

(n) POWER DISSIPATION (MAX): (Insertworst case power dissipation as
ensured by the detail specification and the applicable power supply
voltages).

(0) POWER SUPPLY REQUIREMENTS: (Insert the power supply voltages
necessary for module operation and the allowable tolerances of
each).

(p) INITIAL DESIGN COG: (Insert the name of the company or activity
which is responsible for the initial module design).

(q) APPLICATION INFORMATION: (Insert applications information which is
necessary and useful for module users, The information should be
concise and for functionally specified modules should be limited to
those parameters which wil1 be directly or indirectly ensured by
the detail specification or other SEM requirements document. As a
minimum the following areas shall be addressed:

(1) Paralleling of outputs, if applicable.

(2) Designation of inputs and outputs exactly as they will appear
in the detail specification.

(3) Generic component types.

32
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(4) User application rules: A space of not less than 20 lines
shall be left for each user to insert or reference application
rules unique to each user application. This should be the
last item under APPLICATION INFORMATION).

(r) INPUT - WTPUT RELATIONSHIP: (Nodule descriptions for dfgital
modules shall contain truth tables and instruction sets if
applicable defining the logical input-output relationship).

(s) CONTACT PROGRAMMING: (If appl~cable, analog module descriptions
shal1 have contact programing tables or other useful tabulated
information.)

(t) SCHEMATIC: (Insert module function diagraisfigure. This figure
shall be a functional block diagram of the module and shall be
prepared in accordance with ANSI Y 14.15, using symbols in
accordance with ANSI Y 32.14 and ANSI STD 91. The module
function diagram figure shall be as it will appear in the detail
specification. The designation of inputs and outputs shall be
exactly as they will appear in the detatl specification. In
addition, a figure shall be included showing the module contacts In
their relative physical locations as viewed from the bottom of the
module and the designation of each including unused contacts.
Power supply fflter capacitance shall be shown as a single bulk
capacitance for each power supply. The value and tolerance as
ensured by the detail specification shall be shown for each).

(u) STATIC CHARACTERISTICS: (Insert applicable operating temperature
range (NOTE: Values are approximate and will not be finalized
until after qualification testing). The static characteristics
table shall list all static parameters of interest to module users
during selection and design, minimum and maximum end-of-1ife 1imits
over the operating temperature range, and the units for the 1imits.
Static characteristics should also show significant absolute
maximum ratings, such as input breakdown 1imits. The parameter
column shall also show significant conditions under which the
limits apply. All limits shall be exactly as they will appear in
the detail specification or derived directly from those limits.
The 1imits shall, in general, reflect worst case conditions.)
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I (v) DYNAMIC CHARACTERISTICS: (Insert applicable operating temperature
range (NOTE: Values are approximate and will not be finalized

I unti1 after qualification testing). The dynamic characteristics
table shall 1ist all dynamic parameters of interest to module users
during selection and design, minimum and maximum end-of-life limits
over the operating temperature range, and the units for the 1imits.
The 1imits and parameters columns should indicate any significant
conditions under which the limits apply. All limits shall be
exactly as they will appear in the detail specification or derived
directly from those limits. The limits shall reflect worst case
conditions.)

(w) WAVEFORMS: (Additional pages may be included for more complex
functions. This page shall consist of useful or clarifying graphic
representation such as waveforms showing timing relationships and
parameter,definitionsor frequency response curves, and so forth.
The title shall be changed to reflect the nature o.fthe information
given.)
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INSTRUCTIONS FOR PREPARING NOOULE SPECIFICATIONS

10. SCOPE

10.1 ~. This appendix is a mandatory part of the standard in the
preparation of detail specifications for the SEM program. The information
contained herein is intended for compliance. This appendix does not
attempt to specify how a module shall be designed or tested, but describes
the information that shall be included In the detail specification in
conjunction with the requirements specified in the standard and the format
for presenting the information.

10.2 Classification. The specificationscovered by this appendix
shal1 be of the following types:

Design disclosed specifications.
Functional specifications.

20. APPLICABLE Ex)CUMENTS.

20.1 Government documents.

20.1.1 Specifications and standards. The following specifications and
standards form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents are those listed
in the issue of the Department of Defense Index of Specifications and
Standards (0001SS) and supplement thereto, cited in the solicitation.

SPECIFICATIONS

MILITARY

HIL-U-28787/269 - Modules, Standard Electronic, Amplifier,
Differential, Analog, Key Code FGii.

MIL-M-28787/305 - Modules, Standard Electronic, Controller,
Interrupt,Digital, Key Code ZJX.

t41L-H-28787/308 - Modules, Standard Electronic, Program
Control Unit, Key Code MJC.
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MIL-M-28787/322 -

MIL-M-28787/352 -

MIL-M-28787/353 -

STANDARDS

MILITARY

DOD-STD-1OO -
MIL-STD-961 -

APPENDIX C

Modules, Standard Electronic, Converter,
D/A, Key Code DBK.
Modules, Standard Electronic, Micro-
processor Control and Maintenance, Key
Code ADP.
Modules, Standard Electronic,
Microprocessor, Key Code NAH.

Engineering Drawing Practices.
Military Specifications and Associated
Documents, Preparation of.

(Unless otherwise indicated, copies of federal and Military specifications
and standards are available from the Naval Publications and “Forms Center,
(ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099).

30. GENERAL REQUIREMENTS

30.1 General requirements. Specifications prepared in accordance with
this appendix shal1 be the documents used for the acquisition and testing
of modules. Information, in addition to that required by this appendix,
may be added to the detail specification as required for the acquisition
and testing of a particular module.

30.1.1 Types of specifications. Al1 military specifications prepared
for SEM in accordance with this appendix shal1 be in accordance with
MIL-STD-961. Military specifications required to be design disclosed shall
also be in accordance with requirements of this appendix (see 40.).
Examples of functional specifications for SEM standard modules (also known
as “slash sheets”) are MIL-M-28787/269, MIL-M-28787/305, MIL-M-29787/308,
PflL-M-28787/352,MIL-M-28787/353, and MIL-M-28787/322. An example of a
design disclosed specification is available from the SEM-QAA.
Specifications for SEM special modules shall be prepared as bookform
drawings on “A” size drawing forms in accordance with DOD-STD-100.
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30.1.2 Style, format, and identification. The
identification of the detail specification shall be
MIL-STD-961 and this appendix.

style, format, and
as specified in

specifications shall30.1.3 Assembly data sheets. Design disclosed
include following the numbered sections, the assembly, note, and parts ist
sheets which depict the complete module assembly instructions (see 40.1 1,
40.1.2, and 40.1.3).

40. DETA1LED REQUIREMENTS

40.1 Detailed requirements. The requirements and
shal1 be in accordance with MIL-M-28787 and appendices
standard.

test procedures
D and E of this

40.1.1 Assembly sheets. The module assembly sheets shal1 depict the
final assembly, specifying component location and identification,printed
wiring boards and module structure.

40.1.2 Note sheets. The note sheets shal1 contain the notes
referenced on the assembly sheets.

40.1.3 Parts list sheets. The parts list sheets shall define the
items applicable to the manufacturer of the module. Items are identified
by quantity, identification number, and nomenclature. Where applicable,
the unit ❑easure, code identificationnumber, reference designation, and
mounting hardware item number shal1 also be spectfied.

40.1.4 Artwork and schematic. Figures included with the documentation
shall include a schematic of the electrical c{rcuit and a pictorial view
covering the artwork.
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TEST REQUIREMENTS FOR DIGITAL MODULES

10. SCOPE

10.1 w. This appendix is a ❑andatory part of the standard in the
preparation of detail specifications for digital modules for the SEM. The
information contained herein is intended for compliance. This appendix
provides a baseline against which new digital module detail specifications
are written and reviewed.

20. APPLICABLE OOCUMENT

20.1 Government documents.

20.1.1 Specification. The following specification forms a part of
this document to the extent specified herein. Unless otherwise specified,
the issue of this document is that listed in the issue
Oefense Index of Specifications and Standards (0001SS)
thereto, cited in the solicitation.

of the Department of
and supplement

SPECIFICATION

MILITARY

MIL-M-3851O - Microcircuits, General Specification
for.

(Unless otherwise indicated, copies of federal and nilitary specifications
are available from the Naval Publications and Forms Center, (ATTN: NPOOS),
5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

30. GENERAL REQUIREMENTS

30.1 General requirements. This appendix shall be used when
determining which tests shall be included in the detail specification and
how these tests shal1 be implemented and performed.
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30.1.1 Types of tests. Two types of tests shall be performed by the
module supplier. These tests are 100 percent (X) tests which are performed
on all modules and sample (S) tests which are performed on 1 percent or a
minimum of two modules from each inspection lot and generally includes
stress and dynamic tests. Three types of tests are performed by the SEM-
QAA. These tests are 100 percent (X) tests, sample (S) tests, and
qualification (Q) tests. Qualification tests are generally tests which
check the module design such as input capacitance and crosstalk.

30.1.2 Test limits. Test limits shall be as specified in MIL-M-3851O
detail specifications or derived from module usage criteria where
applicable. When MIL-M-3851O detail specifications do not exist or do not
address a particular parameter and module usage criteria is not available,
limits shall be as specified in Standard Military Drawings (SMDS) or
Defense Electronic Supply Center (OESC) drawings, or the integrated circuit
(IC) vendor’s specification as available, Limits shall be modified as
necessary for special test configurations. When 1imits are not specified
and module usage criteria is not available, engineering judgement and
experimental data shall be used to determine the applicable limits.

30.1.3 Logic load circuit. The logic load circuit for 5 volt logic
shall be as shown on figure 2. Different loads or modifications of this
load may be used where applicable. Use of this load shall be specified for
particular tests where applicable.

30.1.4 Order of testing. The order of testing paragraph shall specify
that the isolation tests and stress tests shall be performed first in any
sequence of tests. Ouring quality assurance inspection testing, the
performance of isolation and stress tests shall be followed by all 100
percent (X) tests as a minimum.
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30.1.5 Paralleling of outputs. A paragraph shal1 appear {n each
detail specification which states whether or not paralleling of outputs {S
permissible. If paralleling of outputs is permissible, the paragraph shall
specify which outputs can be paralleled and under what conditions they may
be paralleled. Outputs that are able to be paralleled for added output
drive capability shall be tested by physlcally shorting the output pins and
then testing the shorted pfns as a single pin for output voltage low and
high level utilizing a load current that is the sum of the specified load
current for each of the pins.

30.1.6 Overdriving of active outputs. No overdriving of active
outputs shall be allowed during acceptance test{ng, qualification testing
or fault isolation testing.

30.1.7 ESD {dentif{cation. The detail specification for modules shall
contain a paragraph which identifies the classification of ESD for the
module.

30.1.8 Powered socket. The detail specification shall contain caution
notices of susceptibility to damage for modules containing devices which
cannot be protected, by the module design, from removal or Insertion into a
powered socket.

30.1.9 Operating temperature test conditions. The operating
temperature test in NIL-M-28787 shall be performed with the module power
supply(s) set at nominal values plus or minus 10 percent. The module shall
be conditioned, as closely as possible, to simulate actual module
operation. The module outputs shall be loaded as specified in the detail
specification. Before starting this test, all 100 percent and nonstress
sample tests shall be performed as specified in 30.1.4 using the initial
1imits at 25 f5 degrees Celsius (“C) ambient. When electrical testing is
called for at the end of each temperature stabilization period, all 100
percent and nonstress sample tests shall be performed as specified in
30.1.4 using the initial limits for the applicable operating temperature.
At other times during this test, the module shall be operated as shown
the operating temperature test circuit, shown on each S1ash sheet.

on
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Component thermal test. The component thermal test shall be
accordance with MIL-M-28787. The module shal1 be operated as
component thermal test circuit.

Life test conditions. The life test in MIL-M-28787 shall be
performed with the module power supply(s) set at nominal values plus or
minus 10 percent. The module shall be“conditioned,as closely as possible,
to simulate actual module operation. The module outputs shall be loaded as
specified in the detail specification. Following the life test and while
stil1 at the maximum class temperature, al1 100 percent and nonstress
sample tests shall be performed as specified in 30.1.4 using the operating
temperature end-of-1ife requirements. Following the return of the module
to 25-C, all 100 percent and nonstress sample tests shall be performed as
specified in 30.1.4 using the 25 f5°C ambient end-of-1ife requirements.

30.1.12 Vibration test conditions. The vibration test in MIL-M-28787
shall be performed with the module power supply(s) set at nominal values
plus or minus 10 percent. The outputs shal1 be open (no load) and the inputs may be
connected to a low level, high level, or open circuit. Followinu the
vibration tests, all 100 percent
capacitance test, as applicable,
limits at 25 f5°C ambient.

30.1.13 Thermal shock. The
accordance with MIL-M-28787. No

tests and’the power supply filt~r
shall be performed using the initial

thermal shock test shal1 be performed in
power shall be applied during this test.

30.1.14 Detail specification title. Detail specifications for digital
modules shall indicate in the title that the detail specification covers a
digital module.

30.1.15 Test tables. Test tables are used to convey necessary
information. Figures 3 and 4 are examples of test tables used for an input
test and figures 5 and 6 are examples of test tables used for an output
test.

30.1.16 Test figures. Test figures are used to convey test setup
information or to clarify a test. Their use shall be 1imited to these
areas.
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30.1.17 Functional block diaqraes. A block diagram conveys needed
information on the flow of signals. A sample module functional block
diagram is shown on figure 7.-

40. DETAILEO REQUIREMENTS

40.1 Detailed requirements. The following tests, or
module function or application, shall be performed on all
Other tests may be added as necessary to characterize the

a subset based on
digital modules.
module function.

40.1.1 100 percent tests. These tests shall be performed on all
modules during 25-C acceptance testing. All of these tests shall be
performed unless otherwise specified.

40.i.l.1 Used-to-unused contact isolation. If the module has unused
contacts, this test shall be performed to insure that no continuity exists
between used and unused contacts. No power shall be applied to the module
and the isolation shall be checked ustng a ieegohmbridge with the bridge
VOItage set at 30 volts direct current (Vdc) plus or minus 10 percent. The
minimum initial 1imits shall be 10 megohms and the minimum end-of-life
1imits shall be 1 megohm.

40.1.1.2 Unused to unused contact isolation. If the module has unused
contacts, this test shal1 be performed to insure that no continuity exists
between individual unused contacts. No power shall be applied to the
module and the isolation shall be checked using a megoha bridge with the
bridge voltage set at 30 Vdc plus or minus 10 percent. The minimum initial
limits shall be 10 megohms and the minimum end-of-life limits shall be 1
megohm.

40.1.1.3 Continuity. The following continuity tests shall be
performed when applicable.
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Ground (zero-volt reference) contact. If the module has multiple
ground contacts which are internally tied together, this test shal1
be performed to insure that the connections exist. No power shal1
be applied to the module and the continuity shall be checked using
an ohmmeter. The limits shall be zero-ohm minimum and 1 ohm
maximum.

Power supply contact. If the module has multiple power supply
contacts which are internally tied together, this test shall be
performed to insure that the connections exist. No power shall be
applied to the module and the continuity shall be checked using an
ohmmeter. The limits shall be zero-ohm minimum and 1 ohm maximum.

40.1.1.4 Input current. The following input current tests shall be
performed when applicable.

(a) Input current (high level~. Power supply voltage shall be maximum.
The input test voltage shall be equal to that specified in the
MIL-M-38510 detail specification or equivalent for the particular
device family. The other inputs to the module under test shall be
conditioned to force maximum 1eakage current into the input under
test with ail other Inputs connected to zero-volt in order to check
for module input contact to input contact shorts where feasible.
The conditioning voltages shall be typical low level and high level
values. For 5-volt logic these values are zero-volt and 3-volt,
respectively. Every module input shall be tested individually.
The purpose of this test is to ensure worse case high level input
current loading. The 1imits shall be determined from the
MIL-M-38510 detail specification, the SMDS or DESC drawings, or the
IC vendor’s specification, or from module usage. Device parameters
may be grouped for simi1ar device families.
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(b) Input current (low level~. Power supply voltage shall be maximum.
The input test voltage shall be equal to that spec{fied in the
MIL-M-3851O detatl specification or equivalent for the particular
device family. The other inputs to the module under test shall be
conditioned to force maximum current out of the input under test.
The conditioning voltages shall be typical 5-volt logfc values.
Every module input shal1 be tested individually. The purpose of
this test is to ensure worst case low level input current loading.
The 1\mits shall be determined from the MIL.M-3851O detail
specification, the SMOS or OESC drawing, or the IC vendor’s
specification or from module usage. Oevice parameters may be
grouped for similar devfce famllies.

40.1.1.5 Output Ieakaqe current. The following output leakage current
tests shall be performed on three-state and open-collector outputs when
applicable.

(a) Three-state outputs, high impedance leakage current (hfgh level~.
Power supply voltage shall be maximum. The inputs shall be
conditioned so that the output under test is at a high impedance.
The conditioning voltages shall be typical 5-volt logic values. A
voltage shal1 be applied to the output and the current shall then be
❑easured. The voltage applied to the output shal1 be equal to-that
specified in the MIL-M-3851O detail specification or IC vendor
specification for the particular device family. The purpose of this
test is to ensure worst case high impedance high level output
loading. The limits shall be determined from the MIL-M-3851O detail
specification, the SMOS or OESC drawings, or the IC vendor’s
specification, or from module usage. Oevice parameters may be
grouped for simiIar device families.
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(b) Three-state outputs, high impedance leakage current (low level~.
Power supply voltage shall be maximum. The inputs shall be
conditioned so that the output is at a high impedance state. The
conditioning voltages shall be typical 5-volt logic values. A
voltage shall be applied to the output and the current shall then be
measured. The VOItage applied to the output shal1 be equal to that
specified in the MIL-M-3851O detail specification or IC vendor
specification for the particular device family. The purpose of thi:
test is to ensure worst case high impedance low level output
loading. The 1imits shall be determined from the MIL-M-3851O detai’
specification, the SMDS or DESC drawings, or the IC vendor’s
specification, or from module usage. Device parameters may be
grouped for similar device families.

(c) Open-’col1ector outputs. Power supply voltage shall be maximum. The
inputs shall be conditioned so that the output is in the off state.
The conditioning voltages shall by typical 5-volt logic values. The
maximum power supply voltage shall be applied to the output and the
current into the output shall then be measured. The voltage applied
to the output may be greater than the maximum power supply voltage
depending on the module application. The purpose of this test is to
ensure worst case open-collector leakage current. The limits for
open-collector leakage current shal1 be determined from the
MIL-M-38510 detail specification, the SMDS or DESC drawings, or the
IC vendor’s specification, or from module usage. Device Parameters
may be grouped for simi1ar device families.

40.1.1.6 Output voltage. The following output voltage tests shal’
performed when applicable.

be

(a) Output voltage (high level~. Power supply voltage shall be minimum.
The inputs shall be conditioned to force a high level at the output.
The conditioning voltages shall be threshold values for the Particular
device family. (For example, for TTL, V(r,) - 0.8V and V(,u) = 2.0V.)

I -..
The output under test shall be loaded with the applicable’i~gic load

I
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c rcutt for the particular output. In
node (multiple device outputs brought out to a conanonmodule

the event of a conauonoutput

contact), all outputs connected to-the node shal1 be tested for
output voltage high level. The 1im{ts shall be determined from the
MIL-M-38510 detail specification, the SKOs or OESC drawings, or the
lC vendor’s specification, or from module usage. Oevice parameters
may be grouped for similar device families.

(b) Output voltage (low level~. Power supply voltage shal1 be minimum.
The inputs shal1 be conditioned to force a low level at the output.
The conditioning voltages shall be threshold values for the
particular device family. (For example, for TTL, V([L) - 0.8V and
V(lH) - 2.OV.) The output under test shall be loaded with the
applicable logic load circuit for the particular output. In the
event of a conenonoutput node (multiple device outputs brought out
to a coaawn module contact), all outputs connected to the node
shall be tested for output voltage low level. The 1imits shal1 be
determined from the MI1-M-3851O detail specification, the SMOS or
OESC drawings, or the IC vendor’s specification, or from module
usage. Oevice parameters may ‘be grouped for simiIar device
families.

40.1.1.7 Power supply current. Power supply voltage shal1 be maximum.
The tests shai1 be performed with the outputs not loaded. The power supply
current shal1 be tested as follows:

(a)

(b)

Quiescent power supply current. All inputs shall be conditioned
such that the module draws maximum power supply current. The
conditioning voltages shall be typical 5 volt logic levels. The
inputs shall be static values when the current level is measured.

Operatinq power supply current. The operating power supply current
shall be measured while the module is functioning at the maximum
clock frequency using the functional vector set or a portion
thereof such that the module draws maximum power supply current.
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(c) Power down power SUPPlY current. If the module has a powered down
state where the quiescent power supply current is reduced when the
module is disabled, the power supply current shall be measured for
this condition also. The inputs shall be at static levels when the
current is measured.

40.1.1.8 Functional tests. The functional tests shall depend on the
type of circuit to be tested. All small and medium function modules shall
be tested as specified in 40.1.l.8(a) while all large function modules
shall be tested as specified in 40.1.l.8(b). The decision of whether a
module is a small, medium or a large function module shall be made by the

I SEM-QAA and implemented in the det~il specification.

If a clock pulse is necessary to perform the functional tests, the logic
levels of the clock pulse shall be at threshold values.” The clock pulse
dynamic parameters shall be specified to allow functional tests to be
performed on automatic testing equipment. Verification of the output
patterns shal1 be accomplished by monitoring the outputs and comparing the
results with the guaranteed output low and high levels. The tests in the
detail specification shall be written using this method; however,
equivalent methods may also be employed when performing the actual tests.

(a) Functional test for small and medium function modules. Functional
tests shall achieve minimum fault detection levels as required in
table I. The vectors shall be derived from the actual gate
implementation of the circuits used in the module. Power supply
voltage shall be minimum. Input conditioning voltages shall be
threshold values. Al1 vectors necessary to perform the functional
tests shall be included in the detail specification test table and
the test table shall contain both the input and output patterns for
each vector.
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(b) Functional test for Iarqe function modules (capacitive load only~.
The module shall be tested at both minimum and maximum power supply
1evels. The functional vector set shall achieve min{mum fault
detection levels as required In table 1. The vectors shall be
executed at the maximum module clock frequency and, where
applicable (dynamic devices), at the minimum clock frequency, with
a def{ned capacitive load per output. The input voltages shall be
input threshold levels for the particular device family (for
example, for TTL, VIH - 2.OV and VIL - 0.8V) and the output compare
levels shall be VOL maximum and VOH minimum for the particular
device family (for example, for TTL, the VOL maximum = 0.4V and VOH
minimum - 2.4V). Modules, or portions of modules, which contain
ordered structures such as memories, may be functionally tested
using appropriate algorithms such as walking ones-and-zeroes. Some
modules, or individual components withtn modules, may be of a very
high complexity and it may be considered impossible or
prohtbitively expensive to perform gate level smdeling simulation,
or fault grading. Uith prior approval of the SEM-QAA only, a
functional approach to test generation may be used. Ustng
functional modeling and simulation techniques, an in-depth
functional test shall be generated to exercise the individual
components or the module function {n each of its operating modes.
This test approach shall be based on functional and timing
requirements of the system application. The tests shall include,
but shall not be lfmited to, exercising each instruction of its
instruction set, if applicable, wrfting and reading from each
register, verifying all addressing, and so forth. A proposed test
plan shall be submitted to the SEM-@lA for review prior to starting
test pattern development. Documentation of the final pattern set
shall include a detailed description of the operations or modes
being exercised throughout the test pattern set. Final acceptance
of the test pattern set shall require revtew and approval by the
SEM-QAA.
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TABLE 1. Functional test pattern coveraqe.

Minimum required fault detection lf

Fault Universe Smal1 and med. Large function
:ondition considered function

(40.1.l,8(a)) (40.1.l.8(b))
(percent) (percent)

SA1/O Internal primitive ~ 100 95
outputs

SA1/O internal primitive ~ 100 95
inputs

SA1/O IC output contacts 100 99
SA1/O IC input contacts 100 99

SA1/O Module output contacts 100 100
SA1/O Module itsputcontacts 100 100

Shorts Module contact-to-contact 100 100
physically adjacent

1 ~ The minimum required fault detection is specified for the total module
composite of al1 detectable faults for each type of universe considered.

~ Primitive for small and medium function modules is defined as the gate.
Primitive for large function modules is defined as a simulation primitive
such as a logic gate, exclusive OR/NOR, memory or data latch, or other
primitive of similar complexity, but not greater in complexity than a J-K or
D-type flip-flop.
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40.1.2 Samole tests. These tests shall be performed on 1 percent or a
minimum of two modules from each inspection lot during 25°C acceptance
testing. All of the following tests shall be performed unless otherwise
specified.

40.1.2.1 Frame isolation. Frame isolation shall be the first test
performed. This test is performed to ensure that isolation exists between
the module frame and al1 module contacts. No power shal1 be applfed.
Isolation shall be checked using a megohm bridge with a test voltage of 100
Vdc plus or minus 10 percent. The minimum initial limit shall be 10
megohms and the minimum end-of-life limit shall be 1 megohm.

40.i.2.2 Power surely stress check. This is a maximum stress test and
is performed to ensure that the module is not damaged by overvoltage.
Power supply voltage shall be absolute maximum. The module shall be in a
known state. There shal1 be no measurement taken. The module shal1 pass
all remaining tests.

40.1.2.3 Input breakdown current. This test is a maximum stress test
and is performed to ensure that the.inputs to the module are not damaged or
destroyed when the absolute maximum input voltage is applied. Power supply
voltage shal1 be maximum. The absolute maximum input voltage shal1 be
applied to each input individually and the input leakage current shal1 then
be measured. The minimum 1imit shall be zero m{l1iamperes and the maximum
limit shall be as specified in the M1L-M-3851O detail specification, the
SMOs or OESC drawings, or the IC vendor’s specification. Device parameters
may be grouped for similar device families.

40.1.2.4 Output short circuit current. This test is a maximum stress
test and is performed to ensure that the module outputs are not damaged
when shorted to the zero-volt reference. Power supply voltage shall be
maximum. The inputs of the ~dule under test shall be conditioned to force
a high level voltage at the output. The conditioning voltages shall be
typical 5-volt logic values. One output at a time shall be tested by
shorting to the zero-volt reference and then measuring the current. A
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maximum al1owable shorting time shall be specified to prevent damage to the
output. The 1imits shall be as specified in the MIL-M-3851O detail
specification, the SMDS or the DESC drawings, or the IC vendor’s
specification. In the event of a common node, al1 outputs connected to the
node shall be tested for output short circuit current.

40.1.2.5 Input clamp diode voltaqe. The purpose of this test is to
ensure the existence of clamp diodes on the inputs of the module. The
power supply voltage shall be minimum. The test shal1 be performed by
forcing maximum current through the clamp diode and measuring the voltage
across the diode. CAUTION: This test should not be performed on modules
which do not have clamp diodes. Device parameters may be grouped for
similar device families.

40.1.2.6 Functional tests for larqe function modules (current and
capacitive load). The functional vector set shall achieve minimum faul’
detection levels as reauired intable I. Alternate methods shall be
approved in advance. The vectors shal1 be executed with the outputs fullY
1oaded with current and capacitance. The patterns and test program used
for dynamic functional tests shall guarantee the dynamic parameters
required by the module specification by verification or measurement
techniques. The patterns shall apply and propagate signals in all module
or component operating modes, through all bus, data, and control paths, in
each logic state, and for all specified inputs and outputs necessary to
guarantee that all of the dynamic parameters are met under all possible
logic conditions. Testing can be 1imited to worst-case situations (for
example, operating modes and propagation paths) if they can be identified.
The conditions tested shall guarantee module specification values for all
other untested situations. The verification method of testing is preferred
over the one-time measurement method, except where data.is required. When
verification is used, parameters shall be verified as often, and under.as
many different logic conditions throughout the pattern as possible. In
other words, it will not be acceptable to verify a parameter at only one
olace in a oattern if it could reasonably have been verified throughout. or

1 In several places in the pattern. The f~nctionai test shall test ~or the
following items, with items (a) through (d) being tested simultaneously.
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(a)

(b)

(c)

(d)

(e)

(f)

(9)

Input voltage levels. The input voltage levels shall be VOL
maximum and VOH minimum for the particular device family. (For
example, for TTL, VOL maximum = 0.4V and VOH minimum - 2.4V.)

Output voltac!echeck. The output compare levels shall be the
minimum output high voltage level and the maximum output low
voltage level.

Power supoly marqins. The modules shall be tested using the
minimum and maxfmum power supply levels.

Clock frequency. The functional vector set shall be tested using
the maximum clock frequency, and where applicable (dynamic
devices), with the minimum clock frequency. The maximum and
minimum clock frequencies are the maximum and minimum possible
frequencies of operation in any application.

Minimum setup and hold times. Setup and hold times shall be tested
on all applicable module contacts to guarantee module operation.
The setup and hold times shall be derived from the IC vendor’s
specification or module usage criteria.

Maximum propagation delay time check. The propagation delay time
check verifies that the module outputs are ~n valid states within
the maximum propagation delay tfme. The propagation delay times
‘shall be derived from the IC vendor’s specification or module
usage.

Enable and disable delay time check. The enable and disable delay
tiMe check (tpZL, tpZH, tpLZ, tpHZ) VerifieS that the module’s

three-state outputs are in their proper states within the max~mum
enable or disable delay time. The enable and disable delay time’s
shall be derived from the IC vendor’s specification or module usage
criteria.

53

Downloaded from http://www.everyspec.com



.

MIL-STD-1378E

APPENDIX D

Items (e) and (f) may be tested during the functional test or as a separate
test. When testing items (d), (e), or (f), items (a), (b), and (c) shall
also be performed. The waveforms (input and output) necessary to perform
the tests shall be included on a figure. All measurement points (voltage
and tolerance) shal1 be shown on the waveforms along with the necessary
tolerances. The waveforms shal1 be drawn to a reasonable seale. Any
information that clarifies the waveforms or the test shall be included as
notes on the figure. Examples of input and output waveforms are shown on
figures 8 and 9. The input pulses shall have the following parameters
specified: pulse repetition period (PRP) in time units; pulse width (PW)
in tiIIIeunits; tran5itiIJntiIIIeS (tT~l+ and tTHL) in time units; PUISe

amplitude (PA) in voltage units; pulse low level in voltage units; voltage
reference points (VREF) in voltage units; overshoot and undershoot in
voltage units; and time relationships between input pulses.

40.1.2.7 Output pulse characteristics. These are dynamic tests
(transition times, propagation delay times, setup and hold times, and so
forth) which are generally performed on small and medium function modules.
Output pulse characteristics shall be tested as required to ensure proper
module operation. The following input pulse parameters shall be specified,
where applicable, when performing the dynamic tests: pulse repetition
period (PRP) in time units; PW in time.units; tTLH and tTHL in time units;
PA in voltage units; pulse low level in voltage units; VREF in voltage
units; overshoot and undershoot in voltage uni-ts;and time relationship
between multiple input pulses when more than one input pulse is necessary
to perform a test. The waveforms (input and output) necessary to perform
the tests shall be included on a figure. All measurement points (voltage
and tolerance) shall be shown on the waveforms along with the necessary
tolerances. The waveforms shall be drawn to a reasonable scale. Any
information that clarifies the waveforms or the tests shall be included as
notes on the figure.
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(a) output transition times (tT~mTHL~. power supply voltages
shal1 be typical. These tests shal1 be performed using the logic
load circuit with a defined load capacitance. These tests shall be
performed a minimum of one time on each output. The reference
measurement points can be either voltage points or percentage
points. In the event of a coaenonoutput node, al1 outputs
connected to the node shal1 be tested. Maximum 1imits shal1 be
derived from engineering judgement, experimental data or module
usage. Minimum 1imits shal1 be determined by engineering judgement
and experimental data considering system wiring rules and noise
susceptibility of the logic devices.

(b) Output propagation delay times (tpLM and tpHL~. power supply
voltages shall be typical. These tests shall be performed using
the logic load circuit with a defined load capacitance. Unused
inputs to the circuit under test shall not be left open, but shall
be connected to an applicable high or low voltage level. The
prOp.Wj?itiOISdelay tiMeS (tpLH and tp~L) shall be measured frOm each
input to every output which is controlled by that input. The tests
shall be written from the gate level representation of the device
under test and each internal gate shall be exercised a minimum of
one time. The output under test.and any output which affects the
output under test shall be loaded. Maximum limits shall be as
specified in MIL-M-3851O, the SMDS or DESC drawings,.or the lC
vendor’s specification, or module usage with corrections for test
configuration and load. Minimum limits shall be determined by
engineering judgement and experimental data considering system
wiring rules and noise susceptibility of the logic devices.

(c) Maximum clock frequency and minimum clock PU1se width. Power
supply voltage shall be typical. These tests shall be performed
simultaneously with the maximum input repetition rate and the
minimum pulse width being applied to the clock input and the output
repetition period or pulse width being measured to verify the
setup. These tests shall be performed using the logic load circuit
with a defined load capacitance. Clock input requirements shall be
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obtained from the detailed slash sheet of MIL-M-3851O, the SMDS or
DESC drawings, or the IC vendor’s specification, or module usage
where applicable. Test limits shall be based on the input setup
when measuring the output pulse period or pulse width.

(d) Setup and hold times. Definition of setup and hold times shall be
as follows:

(1) Setup time: The minimum time before the triggering edge of the
clock pulse that data must be present on an input to be
recognized as valid data.

(2) Hold time: The minimum time after the triggering edge of the
clock pulse that data must be present on an input to be
recognized as valid data.

The minimum input setup and hold time requirements shall be obtained from
MIL-M-38510, the SMDS or DESC drawings, or the IC vendor’s specification,
or module usage. Power supply voltage shall be typical. The logic load
circuit shal1 be used with a defined load capacitance. The minimum setup
and hold times shall be verified by adjusting”the time relationship between
the data input and the clock input and measuring the output period or PU1se
width.

(e) Minimum pulse width and recovery time for asynchronous inputs.
These tests may be performed simultaneously, if possible, and may
be incorporated in the propagation delay time tests. Recovery time
is defined as the minimum time required between the trailing edge
of an asynchronous PU1se and the triggering edge of the clock pulse
for data to be recognized and transferred to the output.

Power supply voltage shall be typical. The output under test shal1 be
loaded with the logic load circuit using a defined load capacitance. If
these tests are {incorporatedin the propagation delay time tests, the
measurement of the propagation delay time shall verify the minimum pulse
width or recovery time. If these tests cannot be incorporated in the delay
time tests, verification can be made by measuring the output period or
pulse width. Limits shall be obtained from MIL-M-3851O, the SMDS or DESC
drawings, or the IC vendor’s specification, or module usage.

56

Downloaded from http://www.everyspec.com



MIL-STD-1378E

APPENOIX O

40.1.2.8 Power supply filter capacitance.

value of the bulk power supply capacitor. This

Thfs test verifies the
test shall be performed

using a capacitance bridge”at a frequency of 1 kilohertz (kHz) and a
voltage of 0.3 volt peak maximum. The limits shall be plus or m{nus 30
percent of the nominal capacitance value.

40.1.3 (jualificatton tests. These tests shall be performed during
qualification testing only.

40.1.3.1 Input capacitance. No power shal1 be applfed. The
capacitance from each input to the zero-volt reference shall be measured on
each input individually. The minimum limit for a single input shall be 1
picofarad (pf) and the maximum 1imits shall be derived from engineering
judgement, experimental data, and module usage.

40.i.3.2 Output capacitance. No power shal1 be applfed. The
capacitance from each outout to the zero-volt reference contact shall be
measured on each output individually. The minimum ltmtt for a single
output shall be 2 pF and the maximum limits shall be derfved from
engineering judgement, experimental data, and module usage.

40.1.3.3 Power supply transient amplitude. The purpose of this tes’
is to verif~ the abilit~ of the module to ooerate under and sumress hiql
frequency t~ansients in~uced during module operation. Power suPply vol~age
shall be typical. The module shall be conditioned for maximum power supply
current switching on the module. The power supply contact shal1 be
monitored and the amplitude of the smt negative or positive spike (as
applicable) shal1 be measured from the steady state power supply baselinc.
The test shall be performed with no outputs loaded. The minimum limit
shall be zero-volt and the maximum 1imit shal1 be determined from
engineering judgement and experimental data.

40.1.3.4 Output crosstalk tests. These tests check the circuits and
the circuit board layout for noise generated by the circuits switching.
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(a)

(b)

(c)

Output crosstalk (hiqh level~. Power supply voltage shal1 be
typical. All outputs shall be loaded with the logic load circuit
and a defined load capacitance. The inputs shall be conditioned so
that the output under test is at a stable high level and as many
other outputs as possible are switching. Input conditioning
voltages shall be typical 5-volt logic values. The input pulse
amplitudes shall be typical 5-volt logic values. The amplitude of
the most negative spike on the output under test shall be measured
from the high level voltage baseline to the most negative peak.
Power supply noise may be filtered with external capacitors to
assure that the measurement is output crosstalk. Minimum limits
shall be zero-volt. Maximum limits shall be determined from
engineering judgement and experimental data. Noise margins shall
be a prime consideration when specifying maximum limits.

Output crosstalk (low level)-. Power supply voltage shall be
typical. All outputs shall be loaded with the logic load circuit
and a defined load capacitance. The inputs shal1 be conditioned so
that the output under test is at a stable low level and as many
other outputs as possible are switching. Input conditioning
voltages shall be typical 5-volt logic values. The input pulse
amplitudes shall be typical 5-volt logic values. The amplitude of
the most positive spike on the output under test shall be measured
from the low level voltage baseline to the most positive peak.
Power supply noise may be filtered with external capacitors.
Minimum limits shall be zero-volt. Maximum limits shall be
determined from engineering judgement and experimental data. Noise
margins shall be a prime consideration when specifying maximum
limits.

Output crosstalk for maximum noise marqin (low level and hiqh

m. When experimental data on crosstalk for a module is below
500 mi11ivolts (mV) for Schottky TTL or below 400 mV for TTL, low
power Schottky TTL, and low power TTL, the maximum 1imit shall be
appropriately 500 mV or 4o0 mv. If a module exceeds the 400 mV or
500 mV 1imit and it is determined to have the best possible design
for factors affecting crosstalk, one of the following methods.will
be used to guarantee maximum noise margin.
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(1) Nonclocked functions. For nonclocked functions, the crosstalk
is attributed to outputs switching wtthin an IC package. The
test for these functions wil1 have fewer outputs switching.
This is usually accomplished by having all the outputs of one
IC quiet with all others switching. Nonclocked function test
is in addition to those of 40.1.3.4(a) and 40.1.3.4(b), and
shall be employed only when the module design is determined to
be the best possible.

(2) Clocked functions. For clocked functions, the data on any
output is not valid until after the maximum propagation delay
time from the clock. These modules are tested with all outputs
switching. Measurements are taken after the maximum
propagation delay time. Clocked function test is in addition
to those of 40.1.3.4(a) and 40.1.3.4(b), and shall be employed
only when the module design is determined to be the best
possible.
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R2 CR1
ITEM P07 + ~ Al POINT L

* (TO OUTPUT)

DC
POWER SUPPLY RI : CL

2.5V dc
1

* GND

n

O V REF

NOTES:
1. CR] = IN or equivalent.— J
2. R1 u plus or minus 1 percent (insert power rating). The value

of Rl=d be selected to give maximum high-level drive current with
point L held at (insert the minimum high-level voltage) volts.

3. R2 - Select value for a current flow of (insert maximum low-level drive
current) plus or minus 5 percent out of point L with point L held at
(insert maximum low-level output voltage) volts.

4. CL - 50 plus or minus 5 pF (including probe and parasitic capacitance,
as specified in individual detail specifications.

5. CL = 150 plus or minus 15 pF (including
capacitance) as specified in individual

6. CL = 300 plus or minus 30 pF (including
capacitance) as specified in individual

7. CL is not required in performing direct

probe and parasitic
detail specifications.
probe and parasitic
detail specifications,
current (de) electrical tests.

FIGURE 2. Logic load circuit.
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TABLE ( ). Input current (low-level) test.

Signal
name

Contact
number

25 t5°C
Initial limits

Min Max
Units Notes

FIGURE 3. Example of an input test condition test table.
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TABLE ( ]. input current (low-level) test tolerance table.

Condition

lower supply

‘OrCifSg VOltW? (VIL)
‘Orcing voltage (vIL]

~attern voltage
HIGH (VH)
LOW (VL)

Input current
measurement

Input current
measurement

Input current
measurement

Input current
measurement

Input current
measurement

Value Accuracy Current
1imit

Test condition

FIGURE 4. Example of an input test condition test tolerance table.
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TABLE ( ). Output voltage (high-level) test.

Signal
name

Contact
number

25 *5°C
Initial limits

Min Max
Units Notes

FIGURE 5. Example of an output test condition test table.
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TABLE ( ). Output voltaqe (high-level) test tolerance table.

Condition Value Accuracy Current Test condition
limit

Power supply

Forcing current (IOH)
Forcing current (IOH)

Pattern voltage
HIGH (VH)
LOW (VL)

Dutput voltage
measurement

FIGURE 6. Example of an outout test condition test tolerance table.
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q
8,

1 ALWt7ESS * MS ORAMS
5.

Mux A (25t3K8 +

A + EDC) 5

?
A23-A19

A.23===$. ,~ - ==’”’~

8.

: ~~::

COC LS/
De15-

TIMING

16. CONTROLS TBAU4G XACK

CCR%3L 4, UCRE
- EACI(
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FIGURE 7. Examole of a module functional block diagram.
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FIGURE 8. Example of input waveforms.

66

Downloaded from http://www.everyspec.com



MIL-STD-1378E

APPENDIX D

l—-- k--j
w -
Wm.

t- h+f ‘L-
w.
%-r-

% -

1-‘“’ ~ ‘“-

w-
W.Ef -

% -

FIGURE 8. Examole of inout waveforms - Continued.
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vREF -
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<
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FIGURE 9. Examole of output waveforms.
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TEST REQUIREMENTS FOR ANALOG MODULES

I 10. SCOPE

10.1 *. This appendix Is a
I rsreparationof detail specifications

mandatory part of the standard in the
for analog modules for the SEM. The

information contained here{n is intended for COIIIP1{ante. This appendix
I

provides a baseline against which new analog module detail specifications
I are written and reviewed.

20. APPLICABLE DOCUMENTS

I 20.1 Government documents.

20.1.1 Standards. The following standard forms a part of this
appendix to the extent specified herein. Unless otherwise specified, the
issue of this document is that 1isted in the issue of the Department of

Oefense Index of Specifications and Standards (0001SS) and supplement
thereto, cited in the solicitation.

STANDARD

MILITARY

MIL-STO-202 - Test Methods for Electronic and Electrical
Component Parts.

(Unless otherwise indicated, copies of federal and Mil
available from the Naval Publications and Forms Center
5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

30. GENERAL REQUIREMENTS

tary standards are
(ATTN: NPOOS),

30.1 General requirements. This appendix shall be used when
determining which tests shall be included in the detail specification and
how these tests shall be implemented and performed.
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30.1.1 Types of tests. There are two types of tests performed by the
module supplier. These tests are 100 percent (X) tests which are performed
on all modules and are generally static tests and sample (S) tests which
are performed on 1 percent or a minimum of two modules from each inspection
lot and generally include stress and dynamic tests. There are three types
of tests performed by the SEM-QAA. These tests are 100 percent (X) tests,
sample (S) tests, and qualification (Q) tests. Q tests are generally tests
which check the module design such as input capacitance and crosstalk.

30.1.2 Test limits. Test limits shall be as specified in the
component’s Military specification such as MIL-M-38510 detail
specification, SMOS or OESC drawings. When component Military
specifications do not exist or do not address a particular parameter,
limits shall be as specified in the component vendor’s specifications.
These 1imits shall be modified as necessary for special test
configurations. When 1imits are not specified in the Military
spec”ification or the vendor’s specification, engineering judgement and
experimental data shall be used to determine the applicable limits. All
tests shall have minimum and maximum limits specified.

30.1.3 Order of testinq. The order of testing paragraph shal1 specify
that the isolation tests and stress tests shall be performed first in any
sequence of tests. Ouring quality assurance inspection testing, the
performance of isolation and stress tests shall be followed by all 100
percent (X) tests as a minimum.

30.1.4 Oetail specification title. Oetail specifications for analog
modules shall indicate in the title that the detail specification covers an
analog module.

40. OETAILEO REQUIREMENTS

40,1 Oetailed requirements. Unless otherwise specified, the following
tests shall be performed on all analog modules, Other tests not listed may
be added if they are necessary to characterize the module function.
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40.1.1 Unused contact and circuit isolation. If the module has unused
contacts, this test shall be performed to ensure isolation between used and
unused contacts and between individual unused contacts. It shall also be
performed to ensure isolation between circuits which have no conanon
connections. No supply voltage shall be applied to the module. Isolatton
shal1 be checked using a megohm bridge with the voltage set accordtng to
the module working voltage (see table 11).

TABLE 11. Working voltage versus test voltaqe.

I f40duleworking voltage I Test voltage I

oto25v 100 Vdc tlo%
25 to 50 V 200 Vdc tlo%
50 to 100 v 500 Vdc f10%

The minimum initial 1imit shall be 10 megohms and the minimum end-of-life
1imit shall be 1 megohm. This is a stress test but shall be 100 percent
tested and one of the first tests run.

40.1.2 Contact-to-contact continuity. If the module has multiple
ground contacts or other contacts which are internaliy tied together, this
test shal1 be performed to ensure that the connections exist. No supply
voltage shall be applied to the module. The centinuity shal1 be checked
using
limit
limit
test,

an ohnaneter. The mintmum limits shall be zero-ohm and the maximum
shall be } ohm, This test shall be a 100 percent test. If a tighter
of 0.1 ohm is required, it may be specified either as a 100 percent
sample test, or as a qualification test depending on the application.
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40.1.3 Frame isolation. This test shal1 be performed to ensure that
the proper isolation exists between the module frame and all the module
contacts except the frame ground contact. No supply voltage shal1 be
applied to the module. The isolation shal1 be checked using a megohm
bridge with the bridge voltage set according to table II. The minimum
initial limit shall be 10 megohms and the minimum end-of-life limit shall
be 1 megohm. This test is a stress test and shall be the first test
performed. This shall be a sample test.

40.1.4 Frame continuity. If the module has a frame ground contact,
the continuity shal1 be checked between this contact and the module frame.
No supply voltage shall be applied to the module. The continuity shall be
checked using an ohmmeter. The minimum limit shall be zero-ohm and the
maximum limit shall be 1 ohm, This shall be a sample test.

40.1.5 Power supply current. This test shall be a 100 percent test
for modules with a maximum power dissipation g“reaterthan 1 watt and a
sample test for modules with a maximum power of 1 watt or less. This test
shal1 be performed with no load on the module and the module conditioned to
draw maximum supply current. The supply voltage shall be at the maximum
value.

40.1.6 Power supply filter capacitor. This test ensures the presence
of a decoupling capacitor in the module. It is performed using a
capacitance bridge at 1 kHz, 0.3 volt peak maximum, and in the parallel
mode. A test frequency of 120 hertz (Hz) shall be used for tantalum
capacitors unless other module circuitry is adversely affected. The limit
for both shall.be plus or minus 30 percent of the nominal capacitance value
across all temperatures and through 1ife. This shall be a 100 percent
test.

40.1.7 Operating temperature and 1ife ~est. The module shall be
subjected to operating temperature and 1ife tests as soecified in

I MIL-M-28787. The module shal1 be operated so that maximum allowed power is
dissipated by the module. The power supply voltages shall be maximum. The
input signal and module loads shall be specified to obtain the maximum
allowed power dissipation. The detail specification shall include the
necessary test figures.
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40.1.8 ‘f{bration test. The module shall be subjected to vibration
testing as specified in MIL-M-28787. The required power supplies shall be
at nominal voltage plus or minus 10 percent and no s{gnal shall be appl{ed
except when necessary to ensure validity of the test. Passive modules
shall be operated in the same configuration as for operating temperature.
The detail specification shall include the necessary test figure.

40.1.9 Power socket caution. The detail specifications shall contain
caution notices of susceptibility to damage for modules containing devfces
which cannot be protected, by the module design, from removal or insertion
into a powered socket.

40.1.10 Output short circuit. Each output shall withstand a short
circuit to zero volt potential for not less than I second. A caution shall
be included {n the detail specification for all outputs which are not short
circuit protected.

40.2 Parametric tests. Each module shall
possible functional level. All tests for each
be performed to the maximum extent possible.

be tested to the lowest
type of analog module shall

40.2.1 Operational amplifiers. The followtng tests shal’
on operational amplifier modules when applicable.

be performed

40.2.1.1 Input offset voltaqe (V1~. The supply voltage shall be
maximum. The module shall be operated in a circuit similar to that shown
on figure 10 (the resistor values may change depending on the
characteristics of the operational amplifier) and the output voltage level
shall be measured. This shall be a 100 percent test.

40.2.1.2 Average offset voltage temperature sensitivity. This
parameter is obtained by calculation from offset voltage readings at the
temperature extremes of the module (O and 60”C for class I modules). The
equation is as follows:

Offset voltage temperature sens
AVIO

tivity - —
AT
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This shall be a qualification test. It should be noted that the actual
offset voltage temperature sensitivity over short temperature ranges within
the range of temperature extremes could vary considerably from the average
sensitivity obtained with.this test. However, due to the difficulty of
testing short range sensitivity, it is not recommended as a test unless
absolutely necessary.

40.2.1.3 Input offset current (I1o~. This parameter is a measure of
the difference in bias current required between each input of the
operational amplifier. This parameter gives an indication of the effect of
different source resistances on the offset voltage. Since this parameter
is calculated from the offset voltage readings, the test setup shall be as
specified in 40.2.1.1. Input offset current shal1 be calculated as
fol1Ows:

This shall be a 100 percent test.

40.2.1.4 Input bias current (11~, This current is the direct current
biasing current required at either input to provide zero output voltage. A
typical test circuit is shown on figure 11. The supply voltage shall be
maximum. This shall be a 100 percent test.

40.2.1.5 Distortion. This test is a measurement of the output
distortion at the maximum output voltage and current which can be supplied.
A low frequency sine wave is applied to the input of the.operational
amplifier of the amplitude which will result in an output equal to the
minimum acceptable output voltage swing. The maximum load (minimum
resistance) is connected to the output together with a distortion meter.
The power supply voltage shall be minimum. This shall be a sample test.
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40.2.1.6 Gain accuracy. The purpose of this test is to check the
closed loop gain of the operational amplifier which is a function of the
source and feedback resistance tolerances. Gross errors such as low
operational amplitude gain, open loop gain, low input resistance, or
parasitic capacitance would also be discovered with this test. Supply
voltage shall be nominal. The operational amplifier shal1 be progrananed
for a certain gain using internal resistors. Apply a normal signal at
midband frequency and measure the gain. This shall be a 100 percent test.

40.2.1.7 Small siqnal bandwidth. This test verifies the bandwidth of
the operational amplifier. The supply voltage shal1 be nominal. The
operational amplifier shall be prograuanedfor noninverting unity gain. A
low level sine wave (100 millivolts root mean square (mVrms)) shall be
applied to the input, unless restricted by slew rate, in which case 20
mVrms input may be tolerated. The sine wave frequency shal1 be set at the
minimum bandwidth 1imit and the module output shall be within 3 decibels
(dB) of the input voltage. This shall be a sample test.

40.2.1.8 Phase ❑arqin (stability~. This test verifies stable
operation (no oscillations). Phase margin is the difference in degrees
between actual phase shift and the critical phase shift at which
oscillations will occur. Therefore, a large phase margin (a 2.5 dB gain
equals 45 degrees plvasemargin) is desirable. This test is performed with
the supply voltage set at the normal value. The operational amplifier
shall be programed for a unity gain and a small amplitude sine wave shall
be applied to the inputs. While monitoring the gain, increase the
frequency and find the maximum gain peaking point. The increase in gain is
a function of phase margin. This test could be combined with the bandwidth
test. This shall be a sample test. An alternate test method for
determining phase margin is to operate the operational amplifier as shown
on figure 12 and apply a step function to the input. The overshoot of the
output response is also a function of phase margin.

40.2.1.9 Coamw)nmode rejection ratio (Ct4RR~. CMRR is the ratio of the
differential voltage gain to the common mode voltage gain. The test shall be
performed with the supply voltage set at maximum. The operational amplifier
shall be operated as shown on figure 13. The C)4RRis calculated as follows:
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[.

‘m 100.1 Kfl
—x

CMRR = 20 log e. 0.1 kn

It should be noted that CMRR degrades with frequency. This shall be a
sample test.

40.2.1.10 w. Two types of noise which can cause problems in
operational amp]ifiers are broadband or “white” noise and per cycle or
“spectral” noise. Within broadband noise, a Phenomenon known as “c)oocorn”
noise is associated with operational amplifiers. Popcorn noise consists of
spikes occurring”randomly and often at long intervals on the output. White
noise, on the other hand, appears as random but continuous spikes with only
gradual amplitude changes in different frequency bands. Noise generated
and observed at a single frequency is per cycle or spectral noise. For all
types of noise measurements, the module shall be operated with the supply
voltage maximum, the operational amplifiers programmed for maximum gain,
and the inputs grounded. The test equipment and environment shall be
relatively noise free. These tests shall be either 100 percent tests or
sample tests depending on the application.

(a)

(b)

I (c)

Broadband. A true root mean square (rms) voltmeter is adequate to
measure broadband noise if the bandwidth response need not be
limited. If the bandwidth response must be 1imited, a low noise
filter may be inserted before the voltmeter. Special precaution
may have to be taken to ensure that the environment and test
equipment are as free from noise as possible.

Spectral. An instrument with a narrow band response is required to
measure spectral noise. Readings shall be taken at several
frequencies in the applicable band.

-. Popcorn noise can be measured on a fast response storage
oscilloscope. A maximum voltage peak is specified and the
operational amplifier is observed for some specified length of time
(for example, 10 seconds).
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40.2.1.11 Life test. In addition to the requirements of MIL-M-28787
for life test, the operational amplifier offset voltage shall be monitored
at temperature to ensure that the operational amplifier does not experience
out-put latching. Latching is a gradual drifting of the offset voltage
toward the positive or negative supply voltage during long operating
periods and elevated temperatures. The output voltage shal1 be measured
prior to disconnecting power or reducing the test temperature. This shall
be a qualification test.

40.2.1.12 Power supply stress check. This is a maximum stress test
and is performed to insure that the module is not damaged by overvoltage.
The power supply voltage (for modules operating from plus or minus 15
volts) shall be plus or minus 18 volts or rated absolute maximum minus 2
volts (whichever is higher), The operational amplifier shall be operated
in a circuit which measures input offset voltage. The limits shall be 1.5
times the maximum normal offset voltaqe 1imits. This shall be a
qualification test,

40.2.2 Filters. The
modules when applicable.
apply for passive as well

following tests shall be performed on filter
Unless otherwise specified, these tests shall
as active filters.

40.2.2.1 Passband ripple. This test measures the gain variation
around a nominal value throughout the passband. The nominal gain value
should be measured in the middle of the passband and al1 other points
measured with respect to this reference. Supply voltage shall be nominal
(active filters only). The filter output shall be loaded with the nominal
load and a nominal sine wave applied to the input. Midband gain shall be
measured and a slow sweep of the other frequencies shall be made recording
the gain. These gain measurements shall be compared to the midband gain
and shall be within an applicable tolerance. This may be a 100 percent
test or a sample test.

77

Downloaded from http://www.everyspec.com



MIL-STD-1378E

APPENDIX E

40.2.2.2 Minus 3 dB point. This test defines the beginning of the
stopband region. The supply voltage shall be nominal. The filter shall be
loaded with a nominal value load and a sine wave of nominal amplitude shall
be applied to the input. The frequency shal1 be adjusted so that the gain
is minus 3 dB referenced to the midband gain. The gain will be 0.707 of
the midband gain at this frequency. This frequency shal1 be within the
specified tolerances. This shall be a 100 percent test.

40.2.2.3 Stopband’attenuation. This test verifies a minimum roll-off
slope. Apply nominal supply voltage, load, and input signal to the filter.
Pick two points on the roll-off slope and spectfy minimum attenuation
required at these frequencies. This may be a 100 percent test or a sample
test.

40.2.2.4 Stopband ripple. This test verifies that the stopband does
not contain unacceptable increases in gain. Nominal supply voltage, load,
and input signal shall be applied to the filter. Sweep the stopband up to
a sufficiently high frequency to ensure attenuation is controlled and
specify either a continually decreasing gain or a maximum attenuation
figure that all readings must fall below. This test may be a 100 percent
test or a sample test.

40.2.2.5 Noise. Noise tests shall only be performed on active
filters. Since active filters are basically operational amplifier
cfrcuits, the tests shall be performed as specified in 40.2.1.10.

40.2.2.6 Undistorted output voltaqe. Undistorted output voltage test
shall only be performed on active filters. Since active filters are
basically operational amplifier circuits, the test shall be performed as
specified in 40.2.1.5.

40.2.2.7 Phase shift. Supply voltage, load, and input signals shall
be set at nominal values. “Using a phase ‘meter,measure the input to output
phase shift at mid passband frequency, This shall be a sample test.

40.2.3 Field effect transistor (fET) switches. The following tests
shall be performed on FET switch modules. It is assumed that all new FET
switches will have built in drives, therefore, driver tests shall also be
included in these tests.
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40.2.3.1 Switch ‘ON” resistance. This test measures the direct
current (de] resistance of al1 paths through the switch. Use a dc power
supply to drive current through each channel into an applicable load
resistor. The current shall be the maximum rating of the switch. Measure
the voltage drop across the load resistor. The difference between thts
VOItage and the input voltage is the voltage drop across the channel. From
this voltage and the known current, the resistance can be calculated.
Nominal supply voltages shall be used. This shall be a 100 percent test.

40.2.3.2 Switch leakage current. This test measures the leakage
through the analog channel when the switch is turned off. With the
channels turned off, apply maximum voltage across the channel and measure
the leakage current to ground. Supply voltages shall be nominal. This
shal1 be a 100 percent test.

40.2.3.3 Driver loqic threshold voltage. Ustng a dc power supply and
load resistor, set up the circuit as described in 40,2.3,1. Apply minimum
logic voltage to the drtver to turn on the switch. As each channel is
enabled, measure the “ON” resistance as specified in 40.2.3.1. This shall
be a 100 percent test.

40.2.3.4 Driver logic input current. Using the maximum supply
voltages, measure the current into and out of the logic inputs. Specify a
zero minimum limit and an applicable maximum limit for h{gh level current
and specify both an applicable minimum and maximum 1imit for low level
current. This shall be a 100 percent test.

40.2.3.5 Turn on delay. Set up a direct current power supply and
nominal output load on the analog channels. Using a pulse generator with a
rise time much faster than the expected delay, pulse each logic input.
Observing the input pulse and the switch output simultaneously, measure the
turn on time required for the analog output to settle to the required
level. This shall be a sample test.

40.2.3.6 Turn off delay. The turn off delay is measured using the
same setup as specifted in 40.2.3.5 except the turn off is measured. This
shall be a sample test.
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40.2.3.7 “OFF” analog crosstalk. This test measures the COUPIing to
“OFF” analog channels. Condition the switches so that one channel is “ON”
and the remaining channels are “OFF”. Load al1 the “OFFn channel outputs
with the minimum load to ground. Load the “ON” channel output with the
maximum load. Apply a maximum peak-to-peak voltage square wave to the “ON”
channel. Measure the induced voltage on the remaining “OFF” channels.
This shall be a qualification test.

40.2.3.8 “ON” analog crosstalk. This test measures COUPIing.to an
“ON” analog channel. Tie each end of one channel through a high resistor
to ground. Turn this channel “ON”. Apply a square wave to the remaining
channels and turn them “ON”. Measure the induced VOItage on the single
quiet channel. This shall be a qualification test..

40.2.3.9 Diqital crosstalk. This test shal1 be performed on each
address. Connect one bit on the address under test to its “ON” channel
logic state. Apply a dc voltage and an applicable load resistor to this
analog channel. Connect a binary counter to the other bits. Pulse the
counter so that it cycles through all possible address combinations.
Monitor the analog output under test and measure the amplitude of any
voltage spike which may be present. Repeat for all bits. This shall be a
qualification test.

40.2.3.10 Break before make. Step the switch through all possible
address combinations using a PU1se generator or a binary counter. Apply an
input signal of nominal voltage and frequency to the analog channel under
nominal load. Observe, using a dual trace oscilloscope, the switching of
the output and verify the break before make action. This shal1 be a
qualification test.

40.2.3.11 “OFF” channel impedance. This test checks capacitive
coupling through an “OFF” channel. With the channel “OFF”, apply a sine
wave of maximum VOl tage and frequency to the analog input, Under minimum
load, measure the output voltage. Specify a maximum amplitude. This shall
be a 100 percent test.
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“ON” channel impedance. This test checks parasitic
the channel. Apply maximum voltage and a maximum frequency
channel which is “ON”. Measure the attenuation through the
the maximum load. This shall be a 100 percent test.

Power off switch resistance. This test checks whether the
(low channel resistance) or “OFF’ (high channel resistance)

when power is removed from the module.” Use a dc power supply to drive
current through each channel into an applicable load resistor. Measure the
voltage across the load to determine if the switch is “ON” or “OFF”. The
above procedure should be followed wtth each module supply voltage contact
connected either to ground or nominal supply voltage. Initially only one
module supply voltage contact at a time shall be grounded, and all
combinations shall be checked until finally all supply voltage contacts are
grounded. The input voltage to the switch channel shall be chosen so that
the combinations of supply voltages will not damage the module. This shall
be a qualification test. Note that some field effect transistor (FET)
switches have overvoltage protection. If the input voltage exceeds the
direct current power supply voltage, a short appears between the input and
the power 1ine thus when the power 1ines are at zero volt the input signal
1ine may be shorted to zero volt.

40.2.3.14 Input clamp diode voltage. The purpose of this test is to
ensure the existence of clamp diodes on the inputs of th- module. The
power supply voltage shal1 be minimum. The test shall be performed by
forcing maximum current through the clamp diode and measuring the voltage
across the diode. CAUTION: this test should not be performed on modules
which do not have clamp diodes. This shall be a sample test.

40.2.4 Relays. The following tests shall be performed on relays when
appl{cable.

40.2.4.1 Open contact resistance. The open contact resistance of a
relay shal1 be measured using a megohm bridge. The bridge voltage shall be
set at 100 Vdc plus or ❑inus 10 percent. For normally open contacts, apply
the minimum dropout voltage to the relay coils and make the measurement.
For normally closed contacts, energize the relay coil with the maximum pick-
up voltage and make the measurement. The minimum limit shall be 10 megohms.
The maximum limit shall be infinity. This shall be a 100-percent test.
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40.2.4.2 Closed contact resistance. For normally closed contacts,
apply the minimum dropout voltage to the coi1 and force an applicable
current through the contacts. The test current shal1 be the maximum rated
contact current for ratings above 100 mi11iamperes (mA) and a test current
of 10 mA maximum for all contacts rated 100 mA or less. Specify the
contact resistance and measure the voltage across the contact at the known
current to verify the contact resistance. For normally open contacts, the
relay shall be energized with a coil voltage equal to the maximum pickup
voltage and then the same procedure as for measuring the normal1y closed
contacts shall be followed to verify the contact resistance. These tests
shall be 100 percent tests.

40.2.4.3 Pickup voltage. Adjust the applied coil voltage to the
maximum allowable operating voltage for a period of 1 to 3 seconds.
Gradually reduce the coil voltage to zero. Then gradually increase the
coil voltage until the normally open contacts have a resistance of 1 ohm or
less. Measure the coil voltage. This shall be a 100 percent test.

40.2.4.4 Dropout voltaqe. Adjust the applied coil voltage to the
maximum al1owable operating VOItage. Gradual1y reduce the coi1 voltage
until the normally closed contact resistance is 1 ohm or less. Measure the
coil voltage. This shall be a 100 percent test.

40.2.4.5 Diode forward resistance. Using an ohmmeter, measure the
forward resistance of the transient suppression diode on the relay. The
range of the ohmmeter shall be specified to establish the current through
the diode. This shall be a 100.percent test.

40.2.4.6 Coil resistance. Perform test in accordance with MIL-STD-
202, method 303. Connect the bridge or other suitable equipment across the
coil of the relay so that the suppression diode is reverse biased. Then
measure the resistance of the coil. The test current through the coil
shall be applied for only a short period of time and shall be as small as
practical to prevent coil heating. This shall be a sample test.
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40.2.4.7 Dielectric strength. Perform test in accordance with
MIL-STD-202, method 301. Voltage shall be 1000 plus or minus SO volts root
mean square (Vrms) applied across the following po{nts of the relay. When
the test is performed, the leakage current shal1 not exceed 1 IRAnor shal1
there be any f1ashover or evidence of other breakdown.

(a) Between case,
energized and

(b) Between case,

(c) Between all

(d) Between coi’

frame, or enclosure and open contacts in the
unenergized posit{ens.

frame, or enclosure and coil.

contacts and cot’.

s (for dual coil relays only).

(e) Between contact poles.

This shall be a sample test.

40.2.4.8 Insulation resistance. Perform test in accordance with MIL-
STD-202, method 302, test condition A. The insulation resistance shall be
measured at the same points specified in 40.2.4.7. The minimum limits
shall be 1000 megohms between coil and case and 5000 megohms at al1 other
points before the life test. After the 1ife test, the 1imits shal1 be
minimums of 750 and 1000 megohms, respectively. This shall be a sample
test.

40.2.4.9 Operate time. Operate time is measured from the rising edge
of the coil energizing voltage to the first point of relay switching as
seen by monitoring the closing of the normally open contacts. The relay
shall be operated at a ❑inimum of 10 Hz unless the maximum operating speed
is less than 10 Hz. The coil voltage shal1 be a square wave with an
amplitude equal to the minimum rated voltage. The operate time measurement
does not include contact bounce as shown on figure 14. This shall be a
qualification test.
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40.2.4.10 Release time. The release time is measured from the falling
edge of the coil voltage waveform to the first point of the relay switching
as can been seen by monitoring the opening of the normally closed contacts.
The setup for release time shall be as specified in 40.2.4.9 (except that
the amplitude shal1 be equal to the maximum rated voltage) and the
measurement shall be taken as shown on figure 14. This shall be a
qua]ification test.

40.2.4.11 Contact bounce. Contact bounce is measured at the closure
of each set of contacts as can be seen on figure 14. The setup for contact
bounce shall be as specified in 40.2.4.9 for operate contact bounce and
40.2.4.10 for release contact bounce. This shall be a qualification test.

40.2.4.12 Overvoltage. The relay shall be energized with maximum coil
voltage and the closed contacts shall carry the maximum rated current at
the maximum rated voltage. The relay shall remain energized for 72 hours
at maximum class temperature. Upon removal of the coil voltage at the end
of the 72 hour period, the relay shal1 meet the c1ass temperature end-of-
life limits for release time as performed in 40.2.4.10. This shall be a
qualification test.

40.2.4.13 Overload. The overload test shal1 be performed with the
relay at maximum c1ass temperature. The current through the relay contact
shal1 be double the rated current at rated voltage. The relay shal 1 be

operated for 100 cycles at ther ate of 20 cycles per minute. The coil

voltage shall be the maximum rated voltage. Monitor the closed contacts
for at least 50 percent of the closure to detect the actual mechanical and
electrical switching. Contact resistance tests as specified in 40.2.4.1
and 40.2.4.2 shall be performed following the 100 cycles to verify the
test. This shall be a qualification test.

40.2.4.14 Break before make. This test shall be performed only on
double throw relays. The relay shall be subjected to 50 cycles at a rate
of 20 cycles per minute, switching a current of 0.050 ampere at the rated
voltage at maximum class temperature. The coil voltage shall be equal to
the maximum pickup voltage. The contacts shall be monitored to ensure that
the normally closed contact breaks before the normally open contact makes.
This shall be a qualification test.
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40.2.4.15 Contact life. Each relay shall be subjected to a minimum of
100,000 cycles at 20 cycles per minute at maximum class temperature. For a
general purpose relay, the contact voltage and current shal1 be at low
level for half the relays tested and at rated level for the remainder. The
coil voltage shall be the maximum pickup voltage. The contacts shall be
monitored for at least 50 percent of each closure. At rated current, a
module failure is defined as four failures in any one relay to meet the
specified contact resistance requirements during the 1ife test. Following
the life test, the following tests shall be performed:

(a) Dielectric strength.

(b) Insulation resistance.

(c) Pickup voltage.

(d) Dropout voltage.

(e) Operate and release times.

(f) Contact bounce.

(g) Coil resistance.

(h) Contact resistance. (Use approximately the same current as used
during 1ife test, for example: Do not use a low level test current
to measure contact exposed to a high current life test.)

This test shall be a qualification test.

40.2.4.16 Diode inverse current. The diode inverse current test shal1
be performed as the last test on one module which has not been subjected to
the life test. The transient suppression diodes shall be removed from the
module and the inverse current measured with the rated voltage applied.
This shall be a qualification test.

40.2.5 Power supplies and regulators. The following tests shall be
performed on power supplies and regulators when applicable.

85

Downloaded from http://www.everyspec.com



MIL-STD-1378E

APPENDIX E

40.2.5.1 Load regulation. This test is a measure of the output
voltage variance under different load conditions. The load shall be
changed from no load (or minimum load) to ful1 1oad while measuring the
output voltage. If there are multiple outputs, all shall be measured as
above as well as verifying that a load change on one output has a minimal
effect on another output (cross regulation). The input voltage shall be
set at a nominal value. This shall be a 100 percent test.

40.2.5.2 Line regulation. This test is a measure of the output
voltage variance with a change in input voltage. The input test voltages
shal1 be the worst case minimum and maximum for the source being used. The
source may vary as much as plus or minus 20 percent from nominal. The
loads shall be set at minimum and at maximum for each input test voltage.
At least a portion of these tests shall be 100 percent with the remainder
sample tests.

40.2.5.3 Output ripple voltaqe. This test is a measure of the
alternating current (at) signal which is present in the dc output, Output
ripple voltage may be measured over several different frequency ranges.
Total ripple would be a wideband (5 to 100 megahertz (MHz)) measurement.
Line ripple would be measured with a 10 kHz bandwidth. Converter frequency
ripple (if applicable) would be measured over a passband of 10 kHz to 1
MHz. Ripple shall be measured at full load. The total ripple test shall
be a 100 percent test. Line and converter ripple tests shall be sample
tests.

40.2.5.4 Input power. This test is intended to measure the efficiency
of the power supply or regulator. Using a wattmeter which is not 1imited
.by nonsinusoidal waveforms, measure the input power at nominal input
voltage and maximum load current. This shall be a 100 percent test.

40.2.5.5 Overvoltage threshold. The power supply shal1 be checked for
shut down under output overvoltage conditions. With nominal input voltage
and frequency applied to the power supply, apply an overvoltage to the
power supply output and check to see that the power supply will shut down.
This shall be a sample test.
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40.2.5.6 Current 1imiting and output short circuit current. These
tests are a measure of the output current limiting feature. For current
limiting, increase the output loading while monitoring the output voltage
for a specified drop (or overcurrent BIT for a change in state). Measure
the output current at the 1imiting point. For output short circuit
current, measure the output current with the output terminals shorted
together. The input voltage shall be nominal. Current 1imiting shall be a
100 percent test and output short circuit current shall be a sample test.

40.2.5.7 Dynamic regulation. This test is a measure of the ability
of a power supply or regulator to return to regulation with rapid changes
in output loading. The output loading shall be switched from no load (or a
typical load) to full load and the resultant voltage spike and time to
regain output regulation shall be measured. The test shall be repeated
with a load switching from full load to no load (or a typical load). The
maximum rate of the load current (dIo/dt) shall be specified. The input
voltage shall be nominal. This regulation of dynamic response is shown on
figure 15. This shall be a sample test.

40.2.5.8 Power turn on/turn off response. This test is a measure of
the characteristics of the power supply or regulator during application or
removal of input power. The time from turn on until the output voltage
rises to within regulation 1imits shall be measured. Output hold up time
after power is turned off could also be measured. If there are multiple
outputs, it may be required to measure that the outputs come up and go down
in a specified sequence or simultaneously. The output shall be measured
for the presence of a voltage transient during either turn on or turn off.
Adequate time between the on/off sequence shall be provided to allow al1
transients and turn-on or shut-down sequences to be completed. These tests
shall be sample tests.

40.2.6 Capacitors. The following tests shall be performed on
capacitor modules when applicable.
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40.2.6.1 Dc leakage current. With a current limiting resistor in
series with the capacitor, apply maximum rated voltage and measure the
leakage current through the capacitor. This test checks the dielectric
losses in the capacitor and verifies the rated voltage. This shall be a
100 percent test.

40.2.6.2 Capacitance and dissipation factor. Using a capacitance
bridge with the output set at the applicable voltage and frequency, measure
the capacitance and dissipation factor of the capacitor. This shall be a
100 percent test.

40.2.6.3 Dielectric strenqth. Unless otherwise specified by the
particular capacitor detail specification, apply 225 percent of the maximum
rated voltage for.a period of 60 seconds and check the dc 1eakage current.
This current shall not exceed 1 mA. This shall be a sample test.

40.2.7 Transformers. The following tests shall be performed on
transformer modules when applicable. Since there is a variety of types of
transformers, there may be additional tests which should be performed to
characterize the transformer.

40.2.7.1 Transformer ratio. With the input voltage and frequency set
at nominal values, measure the ratio of output voltage to input voltage
under full load and no load conditions. Two measurement methods could be
used. If the test 1imits are greater than or equal to 1 percent, the
output voltage for a given input voltage could be measured with an ac
voltmeter, however, if the test limits are less than 1 percent, then a
ratio transformer and phase angle VOItmeter would have to be used to obtain
the required accuracy. This shall be a 100 percent test.

40.2.7.2 Tap accuracy. Using the same setup and measurement
conditions specified in 40.2.7.1, measure the ratio of the output voltage
across the tap to the input voltage. This shall be a 100 percent test.

40.2.7.3 Phase shift. With the input voltage and output load at
nominal values and the input frequency set at midband, measure the phase
shift from primary to secondary using a phasemeter. This shal1 be a 100
percent test.
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40.2.7.4 Dc resistance. Using an ohnaneter,measure the resistance of
the primary and secondary. Thts shall be a 100 percent test.

40.2.7.5 Primary magnetizing inductance. Hith the transformer
secondary open, measure the inductance of the primary using an inductance
bridge. This shall be a sample test.

40.2.7.6 Leakaqe inductance reflected to primary. With the
transformer secondary shorted, measure the inductance of the primary with
an inductance bridge. The ac voltage across the primary should be very
small in order that the secondary current wil1 not exceed the transformer
rating. This shall be a sample test.

40.2.7.7 Leakage inductance reflected to secondary. This test shall
be performed as specified in 40.2.7.6 except that the primary shall be
shorted and the inductance of the secondary measured. This shall be a
sample test.

40.2.7.8 Primary to secondary capacitance. with the primary winding
shorted and the secondary windings shorted, measure the capacitance from
primary to secondary using a capacitance bridge set at an applicable
frequency. This shall be a sample test.

40.2.7.9 Frequency response. With maximum load on the secondary,
apply a sine wave of nominal voltage to the primary. Monitor the secondary
and find the upper and lower minus 3 dB frequencies. Measure these
frequencies, then, sweep from the 1ower frequency to the higher frequency
and verify that the response is flat plus or minus so many dB. This shall
be a sample test..

40.2.7.10 Total harmonic distortion. With maximum input voltage at
midband frequency applied to the primary and maximum load across the
secondary, measure the harmonic distortion at the secondary with a
distortion analyzer. This shall be a sample test.
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40.2.7.11 Electromagnetic couPlinq. This test applies only to modules
which have two or more transformers. Apply maximum input signal to one
transformer. PIace an applicable resistor across the primary of the other
transformers. With an ac voltmeter, measure the voltage on the secondary
of the other transformers. This shall be a sample test.

40.2.7.12 Core loss. With the secondary open, apply normal operating
voltage and frequency to the primary. Using a wattmeter, measure the power
consumed in the primary. For signal transformers, an alternate method
would be to measure the voltage across the primary, the current through the
primary (by measuring the voltage across a series resistor), and compute
the wattage from these quantities. This is core loss. This shall be a
sample test.

40.2.8 Synchro to digital (S/D) and resolver to diqital (R/D~
convertors. The following tests shall be performed on S/D and R/D
convertor modules when applicable.

40.2.8.1 100 percent (X) tests, The following tests shall be
performed on all modules during 25°C acceptance testing. The 100 percent
tests shall include the tests specified in 40.1.

(a) Static angular accuracY.- The purpose of this test is to determine
the accuracy of the conversion under nonrotating conditions. Angle
information is input into the converter by a synchro or resolver
standard and the output bits are checked. The 1imits shall be
specified by the number of least significant bits (LSB)
corresponding to the accuracy required. The tests shal1 be
performed at the frequencies of interest (60 Hz, 400 Hz, and so
forth) and at the nominal input voltage level.

(b) Diqital output voltaqe. The digital outputs shall be tested for
high and low levels under load. The load shall be as specified by
30.1,3 of appendix D.
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Three-state leakaqe current. The leakage current when the outputs
are disabled shal1 be measured when the outputs are held at high
and low levels by external sources. These levels shall be

I determined by the technology.

(d)

(e)

Converter busy. The converter busy outputs shall be tested for
high and low voltage levels and pulse width.

Secondary outputs. Secondary outputs such as error voltage or
velocity voltage shall be functionally tested only if required by
system criteria.

(f) Monotonicity. Honotonicity is inherent in a type II converter
using the up down counter method. If other methods are used,
monotonicity shall be tested.

40.2.8.2 Sample (S) tests. The following tests shall be performed on
a sample basis as specified in 30.1.1.

(a)

(b)

(c)

~

(d)

Static anqular accuracy. These tests shal1 be performed as
specified in 40.2.8.l(a) except that the input signal voltage
levels shall be at the minimum and maximum levels respectively.

Diqital input currents. These tests shall be performed as
specified in 40.1.1.4 and 40.1.2.3 of appendix O.

Sensitivity. The purpose of.this test is to measure the magnitude
of angle change required to cause one LSB change in the digital
output.

Zero deqree crossover. The purpose of this test is’to measure the
smal1 s{gnal tracking capability of the converter at an angle of
zero degrees. An ac modulator shal1 be applied to the resolver
input signals at zero degrees to cause a minimum of plus or minus
10 LSBS about zero degrees. The frequency of the modulation shal1
be specified. The digitized output signal shall show no
oscillation or non-monotonic behavior. This test shall be
performed when zero degree crossover is not tested within the
settling time test.
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I 40.2.8,3 Qualification (Q) tests. The following tests shall be

I performed only during qualification testing.

(a)

(b)

(c)

(d)

Insulation resistance. The input signal contacts and reference
input contacts shall be connected to the positive terminal of a
megohm bridge and the remaining contacts tied to the negative
terminal. A minimum voltage of 300 Vdc shall be applied. The
resistance measured by the megohm bridge shall be greater than 10
megohms initial and greater than 1 megohm end-of-1ife. This is a
stress test (see 30.1.3).

Power supply sequencing. The purpose of this test is to ensure
that there is no degradation of the device due to the sequence of
power up or loss of a power supply. The device shall be operated
at maximum reference voltage and al1 outputs loaded
combinations of power supply turn on sequences shal”
The module shall be considered to pass this test if
passes the remainder of the tests in the sequence.
stress test (see 30.1.3).

Al1
be tested.
the module
This is a

Common mode voltage. A common ac voltage is applied to all signal
inputs and the reference inputs. This voltage shall be the maximum
voltage allowed. The module shall be considered to pass this test-
if the module passes the remainder of the tests in the sequence.
This is a stress test (see 30.1.3).

Tracking rate. The purpose of this test is to determine the
maximum revelutions per second that the converter can accurately
track. This test shall be performed at the minimum and maximum
reference signal frequencies. The test can be performed by
increasing the revolutions per second of the input angle until the
converter busy pulse train of the converter is no longer uniform.
The module has then reached its maximum tracking rate.

l––—_
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(e)

(f)

(9)

(h)

(i)

Settling time. The purpose of this test is to measure the ability
of the converter to respond to 1arge step changes in angle
position. The step is normally from zero to 179 degrees (output
al1 zeros to all ones except for 180-degree bit). The LS8 shall be
monitored to determine settling time.

Continuous conversion. The purpose of this test is to verify that
the converter continues to track the input even while the output is
inhibited. The converter busy pulse train will continue if the
converter is tracking.

Noise sensitivity. The purpose of this test is to determine the
effect of random noise on the stability of the converter. Inject
random noise onto the reference low (RL) 1ine and monitor the LS8.
The module shall pass this test’if the LS8 does not toggle.

Power supply rejection. The purpose of this test is to verify the
stability of the output with the presence of ripple on the power
supplies. A 1 Vnns sine wave at 1 kHz is injected through a 20
microfarad (AF) blocking capacitor. A 100 ohm series resistor
shal1 be inserted between the power supply and the module. The
module shall pass the test if the LSB does not toggle.

Power supply transient amplitude. Monitor the power supply 1ines
while the module is tracking. The positive and negative peaks seen
on the power supply 1ines shall be less than 700 asV.

40.2.9 Analoq to digital (A/D) and digital to analog (D/A) converters.
The following tests shal1 be performed on A/O converters and D/A
converters. For these tests, one LSB shall be defined as voltage range/2n
where n is the number of digital logic inputs (for D/A) or outputs (for
A/D) .

40.2.9.1 Oiq{tal input current. These tests shall be performed on al1
digital inputs on converter modules as 100 percent (X) tests.
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Digital input current (hiqh level)-. Supply voltages shall be at
the maximum value. The input under test shall be at the maximum
high level voltage. All other digital inputs shall be connected to
zero volt where feasible in order to check for module shorts.
Every digital input shall be tested individually.

Digital input current (low level)-. Supply voltages shall be at the
maximum value. The input under test shal1 be at zero volts. Every

I digital input shall be tested individually.

40.2.9.2 Input clamp diode voltage. The purpose of this test is to
ensure the existence of clamp diodes where applicable on the digital inputs
of the module. Supply voltages shall be minimum. The test shall be
performed by forcing maximum current through the c1amp diode and measuring
the voltage across the diode. This shall be a sample test. CAUTION: This
test shall not be performed on modules which do not have clamp diodes.

40.2.9.3 Digital input capacitance. No voltage shall be applied. The
capacitance from each digital input to the logic ground contact shal1 be
measured on each input individually. The minimum limit shall be 1 pF and
the maximum 1imit determined by engineering judgement and experimental
data. This shall be a qualification test.

40.2.9.4 input impedance. The input impedance of the analog input of
the A/D converter or the reference input of a multiplying D/A converter
shal1 be determined by applying the maximum expected voltage to the input
and measuring the input current. This shall be a sample test.

40.2.9.5 D/A converter tests. The fol1owing tests shal1 be performed
on O/A converters.

(a) Zero offset error. This test is a measure of the output offset
voltage of the module. The digital inputs shall be conditioned for
an ideal output of zero volt and the actual output voltage shal1 be
measured. The zero offset error can be expressed in LS8 by
dividing the output voltage by one LS8. This test shall be
performed for each voltage range as a 100 percent test..
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(b) Differential linearity. This test determines the step in analog
output for a single digital count. The module shal1 be configured
for a voltage output. Testing shall be performed as a minimum at
all major carries (digital steps involving a change of state of at
least two-thirds of tisedigital inputs) of one voltage range. The
conditioning voltages shall be specified such that any controller
with compatible logic can be used to generate the digital patterns.
The output voltage shall be measured using a voltmeter. The
difference in voltage output at two adjacent digital inputs shall
meet the specified 1imits (where it is not feasible to use a
voltmeter, a reference D/A converter output may be compared to the
output of the unit under test for the adjacent codes. The step is
then one LSB plus the difference of the error voltages). The
nominal result for this test is one LSB. Monotonicity is verified
(for the tested codes only) by constraining the step to be no less
than zero volt. This shall be a 100 percent test.

(c) Absolute accuracy. This test determines the total error of the D/A
converter output. The end points for all ranges shall be tested
with at least one range tested using digital threshold voltages.
The output shall be measured directly with a voltmeter or, where
greater accuracy is required, compared to a calibrated reference
D/A converter. The absolute accuracy error for any given digital
code is the difference between measured output and the ideal output
at that code expressed in LSB. If absolute accuracy is specified
at plus or minus one-half LSB for all codes, tests for integral
1inearity error and/or differential error may be deleted, if no
further accuracy is lost by the deletion of these tests. This test
is a 100 percent test.
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Linearity. This test determines the deviation of the output
voltage at a particular digital code from the expected voltaqe at
that code based on the end-point levels. This expected volt~ge is
obtained by dividing the voltage range between the end points into
2n -1 equal steps (n is the resolution of the D/A converter). End
point errors (gain and offset) can be eliminated from the output
voltage either mathematically or by adjustment circuitry capable of
reducing end point errors to not more than 0.1 times the linearity
limits. Minimum testing shall be for the codes and conditions
specified for differential linearity using similar measurement
techniques. This shall be a 100 oercent test. NOTE: If

(e)

(f)

mathematical methods are used, 1inearity, differential 1inearity,
zero offset, and absolute accuracy errors may al1 be determined
from a single set of data points.

Settling time. This test determines the time for the analog output
to settle within a specified window around the final output
following a change in the digital coding. Programming shall be for
a full scale change in output or half scale where desirable for
bipolar modes. Circuitry to avoid excessive scope recovery time
shall be employed. The particular circuit will depend on the speed
of the module under test. This shall be a sample test.

Feed through error. This test determines the ac feed through from
the reference voltage input to the output of a multiplying O/A
converter. A sine wave shall be applied
input with the digital inputs programmed
An ac voltmeter shal1 be used to measure
a samole test.

to the reference voltage
for a zero-volt output.
the output. This shall be

40.2.9.6 A/O converters. The following tests shall be performed on
A/O converters. Where a logic load circuit is required, a standard 5 volt
load as specified in appendix O shall be specified. Oifferent loads may be
used for other output logic. All codes integral 1inearity errors of
differential 1inearity errors shall be tested 100 percent for 10-bit or
less data converters and al1 code combinations of the first four MSBS
together with the major carries shall be tested for 12-bit or greater
converters.
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(a) Zero offset error. An A/D converter module specification may define
the ideal output for a zero-volt input In four dffferent ways. For
unipolar devices, the first transition occurs one half or one LSB
from zero-volt. For bipolar devices, either a specific digital
transition occurs at zero-volt or zero-volt corresponds to a point
midway between two transitions. This test determines the actual
voltage required to obtain the fdeal digital output for zero-volt.
For unipolar devices, the voltage level of the first transition
shall be measured. The zero offset error is the difference between
that level and the ideal level (one-half or one LSB). For bipolar
devices, the offset is either the voltage required to cause the
transition specified for zero-volt to occur or the average of the
voltages at the transition points which ideally lie plus or minus
one-half LSB from zero-volt. Clock frequency shal1 be maximum
where not internally controlled. This shall be a 100 percent test.

(b) Absolute accuracy. This test measures the end point accuracy of
the A/D converter. The voltage for which the last transition (and
the first transition for bipolar modules) occurs shall be measured.
The accuracy error is found by comparing the measured voltage to
the ideal voltage and can be expressed in LSBS. Clock frequency
shall be ❑aximum where not internally controlled. All digital
inputs shall be at threshold levels. This shall be a 100 percent
test and shall check all ranges.

(c) Linearity. This test determines the deviation of the input voltage
for a particular digital transition from the expected voltage based
on the end point transitions. The expected voltage is obtained by
dividing the voltage difference between the first and last
transitions by 2n -2 (n is the resolution of the A/D converter),
yielding the increment size, and addtng the appropriate number of
increments for the digital code of interest to the first transition
voltage. Since worst case 1inearity errors do not always occur at
the major carries (as is usual for D/A converters) only a test of
all codes will fully ensure 1inearity. When abbreviated testing is
performed, a note shall be included that linearity is only ensured
for the tested codes. Clock frequency shall be maximum where
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externally controlled. Linearity-errors can be calculated. Refer
ttithe ideal transition voltages or to the code midpoint voltage
between the two transition voltages. The method chosen to
calculate the module errors shall be specified in the detailed
module specification. This shall be a 100 percent test.

(d) Differential 1inearity. This test determines the range of analog
inputs which will result tn a given digital output (width of step).
This range shall be determined by measuring two adjacent transition
levels and finding the difference between them. Nominal step width
is one LSB and a minimum 1imit greater than zero-volt ensures no
missing codes (for the tested steps only). Testing shall be
performed at all major carries as a minimum. Clock frequency shall
be maximum where externally controlled. This shall be a 100
percent test.

(e) Output voltage (hiqh level and low level)-. The power supply
voltage shall be minimum. The analog input to the module under
test shall be chosen to force all outputs high for the high level
output voltage test and low for the low level output voltage test.
The output under test shall be connected to a logic load circuit.
This shall be a 100 percent test.

(f) Propagation delay times. This test applies only to A/D converters
which have an external clock and do not have a 1atch on the output
contacts. Ail digital outputs shall be tested. A logic load
circuit shall be connected to the output under test. The
propagation delay from the clock pulse edge triggering output logic
into a valid data state or the output pulse shall be measured using
reference timing points based on voltage or percentage values. The
reference timing points shall be specified in the detail module
specification. This shall be a sample test. Appropriate waveforms
to show measurement points shall be included as a separate figure
following the test circuit figure.

(9) Three-state output
state outputs shal
containing three-s
tests.

The tests described in appendix D for three-
be specified for A/D converter modules
ate buffers. These tests shal1 be 100 percent
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Transition uncertainty. Where appl{cable, the voltage range of
uncertainty between output states shall be measured. This
uncertainty is caused by noise and may be measured by finding the
range of uncertainty of the LS8 at the major carry (change in al1
bits). This shall be a qualification test.

No missing codes. This test determines the presence of all output
codes as the input voltage is varied over its full scale range.
This test determines only the presence or absence of a code ~nd
does not determine value or accuracy. This shal1 be a 100 percent
test.

40.2.10 Oiqital to synchro (D/S) and diqital to resolver (0/R~
converters.

40.2.10.1 Ratios. The concept of D/S and D/R converters is based upon
ratios of the appropriate line to 1ine voltages. Absolute voltage values
of any one 1ine-to-line voltage is of secondary importance. This must be
kept in mind when specifying a module. The individual line amplitudes are
only important in applications using the outputs individually.

40.2.10.2 Similarity to O/A. The D/S and D/R functions are similar to
O/A converters; a digital representation of a signal is converted to its
analog equivalent. This leads to the fact that some of the tests for D/A
converters are also valid for D/S and O/R converters except that the
outputs of interest are ratios rather than a single absolute voltage or
current.

40.2.10.3 100 percent (X) tests. The following tests shall be
performed on all modules during 25°C acceptance testinq. The 100 oercent
tests

(a

shall include the test specified in”40.!.

Maximum output volta~. The purpose of this test is to verify the
output voltage to be near a specified level. Examples are 11.8,
26, 6.8, and 90 Vrms line-to-line. For D/S converters, the maximum
voltage wil1 appear when the digital inputs represent the following
angles:
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90 degrees; S1-S3 = maximum.

150 degrees; S2-S3 = maximum.

210 degrees; S2-S1 = maximum.

For D/R converters the maximum voltage wI1l appear when the digital
inputs represent the following angles:

@ - 90 degrees; sin # = maximum.

@ = O degrees; cos @ = maximum.

The modules shall be at full load. The 1imits shall reflect
tolerances not better than the reference signal supplied.

Output zero noise. The purpose of this test is to maintain module
accuracy when the angle data inputs require outputs such that the
ratio is a low value over a high value as occurs at 90 degrees for
a D/R module. The voltage should be less than minus 50 dB at the
carrier frequency.

Static anqular accuracy. This test is performed by inputting the
digital angle data by some suitable means and then measuring the
output using a synchro/resolver bridge. The test shall be
performed at all carrier frequencies of interest.

Digital inDut current. The digital input currents, high level and
low level, shall be performed as specified in 40.1.1.4 and 40.1.2.3
of appendix D.

Reference input impedance. The purpose of this test is to
determine and control the reference input. The test shall be
performed using a series impedance and measuring the resulting
voltage division.
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,. The following tests shall be performed on
a sample basis as specified in 30.1.1.

(a) .Power supply ripple rejection. This test shall be performed by
injecting a ripple with an amplitude of 1 Vrms at the carrier
frequency. Input angles of O and 90 degrees shal1 be used for D/R
and 90, 60, and 30 degrees for D/S modules. The modules shall be
considered to pass the test if the angular accuracy is as specified
at these angles.

(b) Dc offset voltaqe. The purpose of this test is to ensure minimum
dc voltage on the output 1ines. The test shall be performed with
the outputs unloaded.

(c) Scale factor variation. The purpose of this test is to measure the .
variation of the output amplitude with the digital input angle.
Smal1 scale factor variation allows independent use of the outputs.
To perform the test, a highly stable reference is required.
Perform the test by measuring the 1{ne-to-line voltage of each
output for each angle being tested. Compute the value for each
angle being tested.

‘measured “ ‘nominal
- ‘DEV

‘nominal

The average deviation from

‘DEVMAX + ‘DEVMIN
.

2

Scale factor variation AV%

nominal is

‘AVG“

‘DEVMAX - ‘AVG ~ ,00
.

‘AVG

AVX shall be less than the scale factor variation specified.
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40.2.10.5 ~ualification (Q) tests. The following tests shall be
performed only during qualification testing.

(a) Power supply transient amplitude, The purpose of this test is to
verify the ability of the module to operate under and suppress the
high frequency transients induced during module operation. Monitor
the power supply lines while the module is trackina the inout

digital angle”changes. The positive and negative ~eaks seen on the
power supply 1ines shall be less than 700 mV.

(b) Power supply sequencing. Perform in accordance with 40.2.8.3(b).

40.3 Networks. Network modules shall be specified so that, if
possible, each individual component is tested. if the network consists of
groups of components interconnected to perform a function, the performance
of the function shall be tested.

40.4 [nterface. An interface module is defined as any module that
provides the necessary 1ink between two or more other circuits. Examples
of such circuitry include bus interface and sample/hold modules. These
modules shall be specified so that the performance of the function is
ensured.

I
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V@4
5K0

Soff

‘WT

T

‘OUT ‘OUT
’10= ~ = T

NOTES:
1. Th{s test shall be performed w{th S1 open (VOUT1) for measurin9 inPut

offset current and with S1 closed (VOUT2) for measuring input offset
voltage.

2. The resistors from each input to ground shall be matched as closely as
possible.

3. For FET input operational amplifiers R greater than or equal 100 kfl.
4. For bipolar operational amplifiers R equal 10 kil.

FIGURE 10. Typical operational amplifier test circuit.
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tiOTES: ‘RI
1. Average I~B . — (The value of R1 should be large enough to produce

2R1 an easily measurable voltage with the expected IIB).

2. This test in conjunction with \lfJ verifies a maximum

11101
lIB . IIB(AVG) + —.

2

FIGURE 11. Typical IIR test circuit.

w
10Ktl

OP-AMP o

0

1:1
+ 1

10KCI

‘1

j “ ~’oop’

100PF

A
I Note: RI value depends on the current “drive capabilities of the Op Amp.

FIGURE 12. Typical phase margin test circuits.
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I Vvv
100Kfl I

!
1ooo (3P-AMP o

1ooo
+

WAVE
K30Kfl

T T

‘o

NOTES:
1. The resistors shal1 be matched to plus or minus 0.1 percent

verify minus 60 dB CMRR.
2. Pick an applicable frequency for em.

FIGURE 13. Typfcal CMRR test circuit.

z4l-ll-

+ + CONTACT
BOUNCE

to

FIGURE 14. Contact sw{tchinq characteristics.
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