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FOREWORD

1. This military handbook is approved for use by the US Army Research

Laboratory, Blectronice and Power Sources Directorate, Department of the Army, and
ie available for use by all Department and Agencies of the Department of Defense.

2. Beneficial comments (rocauamendations, additiona, deletions) and any

pertinent data which may be of use in improving this document ohould be addreseed

to: Director, US Army Research Laboratory, Electronicsand Power S0UrCe8
Directorate, ATTN: AHsAL-EP-RO,FOrt Honmouth, New Jersey 07703-5601, by using the

Standardization Oocument ImprOvemQnt Propaoal (DO Form 1426) appearing at the end of

this docummt or by letter.

3. Commercial /induatr Lal and commercial (consumer)microelectronicdevices,
often having advantages in cost, size, weight, performance and availability, have

attracted widespread attention for government and military applications. This

handbook takes a major deviation from traditional procurement guidelines by.
asaisting ❑ilitary departments and associated contractors in the fielection of

ccuumercial/industrial, commercial (consumer) , and traditional ❑ilitary microcircuits

for military eguipnenta. The document gives greater flexibility and responsibility
in selecting devices based on cost-effective performance, designed-in reliability,

and high guallty for a given application.

4. The handbwk introduce: two “non-military guality syetems, cOfKQezcial/

industrial guality and couunsrcial (conmunar) guality. Although there are nuiny
combinations of comwnent quality syetem and operating temperature ranges in actual

use, these two ‘systems, “ IISdefined in the handbook, represent two very ceumton

@

application situations. counnercial/ industrial guality component are normally
purchased to an industry (e.g. , user) epeciflcation and will nO-llY be @Pcified

for operation over an extended temperature range mch ae -40” to 125”C. Connnercialf
induetri.sl quality components are currently used in many industrial computer,
automotive, telecommunication, avionics and inetrumentatlon applications.

Commercial (consumer) gual ity components are normally purchased to a vendor

specification and will be specified over a more lbnited temperature range such as 0°

to 70”C. commercial (consumer) quality components are used in low-cost driven

markets such as video games, VCRe, etc. For military .spplications, where

comunercial/industrial guality or commercial (consumer) guality devices meet guality,

reliability and operating temperature requirement, a substantial cost savings may

be realized by procuring to these guality syStems.

5. The handbook uses the term ‘SEST 13MHERCXAL PAACTICES” (SCPS) extensively.

The use of this term in connection with microcircuit technology ha8 the potential
for creating some confusion. The casual reader might tend to identify BCP with

ccmumercial (consumer) quality components deocribed in paragraph 4 above. However,

the authore of this handbook believe the term ‘East Commercial Practices, - as used

by the Defense Science Board and others, better fits the connnercial/ industrial
guality system diacuaeed above. Therefore, this handbook uses BCP in association
with those components designed, processed, assembled, screened, tested and packaged

on high volume lines for industrial customers with reguirement8 for high guality,
high reliability and low coet. Although BCP will primarily be associated with
commercial/industrial quality parts in the handbook, it should be noted that the
military, s Qualified Manufacturers’ Liet (QHL) program wae developed to acconnnodate

BCP to reduce cost and accelerate in~ertion of new technology.
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6. A8surance of highest generic guality and reliability of military,

cormnercial/ industrial and commercial (consumer) microcircuits is obtained through ●
the application of BCP systems. The con.mercial/industrial guality devices are

available from mature process lines, which have been qualified by a high volume user

and have demonstrated high guality and reliability. Economy-of-scale is realizable
because validation cost is smortized over the large number of parts procured.
Commercial /industrial BCP parts are predominately plaintic encapsulated and produced

in high volume. Although the high volume users ~f industrial BCP parts reguire a

small variety of part types, the application of “structural similarity” may

significantly increase the number of gualified part t-s regardless of the guality

eystem employed (e.g. commercial/industrial or Qualified l.manufacturers, List ). The

military application of dual use technology is becoming a reality, and plastic
encapsulated microcircuits (PEMs) will be part of that trend.

.

7. Development of this Microcircuit Application Handbook was recommended to the
Off ice of the Under Secretary of Defense by the Department of Defense (DoD ) De fenBe

Science Board (DSB) . The OSB made recommendations for a significant change in

procurement directed towards increasing DoD os “sage of the device man” fact”rars,
best commercial components and practiceB. Following the OSB recOnunendatiOnB, the
Office of the Assistant Secretary of Defense for Production Resources,
Standardization Program Division (OASD-FIHO/SPD) , reguested that the US Army Research

Laboratory prepare this handbook as an aid in the selection of conunercial/military
microcircuit components for military equipments. To accomplish the task a military
and industry working group, consisting of the three military department, the

Defense Logistics Agency (DLA) , system integrator a“d device manufacturers, was

formed. The following organizations played a significant role i“ the development of
this document:

Department of Defense: US Army Research Laboratory /EPSD

US Air Force Rome Laboratory (RL)

US Naval weapons Support Center Crane

Defense Electronics Supply Center

Industry: Texas Instruments
National Semiconductor

GTE Government Systems
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1. IeT2tODU~ION

1.1 Wrw se. This handbook has been prepared as a guide to assiet the various
military department and aaeociated contractors in the eelection of microcircuit

for military eguipmcnte. It providem guidance on how the DoD and its contractor

can coo~ratively eelect deviceo which will result in the lwest total cost of

ownemahip for the DoD. Device selectLon ie to be basmd on cost-effective

performance, designed-in high quality, and reliability for a given application.

1.2 Scooe and and ication. Thio handbook Lo intended for guidance, reference,

and training for all partieo involved in military microcircuit device eelection.

This includee thona involved in the application, Gelection, and handllng of
microcircuit devices. The handbook will aoalat the government and associated

contractors in identifying and communicating specific application requircmente. The

handbook is structured for use by the Syetem Program Office (SPO), syetcm integrator

and device manufacturer. It 10 intended to bo applied on a contract-by-contract

basia. The maximum benefit of this handbook can be achieved if it is ueed early in

contract development and allowed to impact system specifications, etatcments of work
(SOWS), and system design cone ideratlons.

1.3 f6andbook overview.

a. Chapter 1 - Introduction”. This chapter describes the basic purpose of the

handbook, explains how to use tho handbook, and provides an overview of the handbook

on a chapter-by-chapter bamia.

@

b. Chapter 2 - Applicable documento. Thin chapter contains the applicable

documents referenced in the handbook and whera they can be obtained.

c. Chapter 3 - Definitions. This chapter contains definitions of acronyms

and terms used in the handbook.

d. Chapter 4 - Qua Iity eyateme. Thin chapter contains information on the

quality systems that are available, under which military microcircuits are procured.

The chapter also describes the various attributes of each system and its selection

criteria.

e. Chapter 5 - Selection guidance. Thie chapter contains a eelection matrix

that provides the information required in each contract category. The mat rix

identifies acceptable end-use applications for devices from the various quality
systems. Also, included is a selection criteria spread eheet that requiree apprOVal
for commercial (consumer)quality and some connnercial/industrial quality devices.

f. Chapter 6 - DoD procurement procedures. This chapter describes DoD

procurement practices and the basic traditional flow-down of selection requirements.

9. Chapter 7 - Application pr&ctiCeS. This chapter contains infornmtion that

is intended to raise an awareness of potential problems associated with device

application by system integrators and device manufacturers to prevent the
misapplication of integrated circuits.

1
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h. Chapter 8 - Selection process as an element of design. Thi6 chapter ●contains selection criteria for the System Program Office (SPO) /Prograxn Manager

(PM), system integrator and Compnent manufacturer. The criteria is used to
determine the device level requirements of the application as related to the system

design, assembly method(s) , end use and maintenance requirements. Component
manufacturers should make available device capability/limitation data for each

selection criteria. The SPO/PM should consider the part costs, total system life

cycle cost, performance, and reliability tradeoffs associated with ueing devices

from the different systems.

i. Chapter 9 - System guidance. This chapter provides a general 1isting and
brief explanation of some potential reliability problems that should be addressed

early in the development of all electronic hardware. The SPO/PH and eyatem
integrator should discuss these iss”em to insure they are adequately addressed in

the initial syotem design and device selection stage. This information should serve
as a valuable reference tool for the system integrator.

2
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2. APPLICASLSOUXR=B=

f!!!

2.1 Governm ent documonto.

2.1.1 SI=cifi cationa. etandarda . aria The following epecificatione,

standards, and handbooks form a part of this document to the extent epecified

herein. Unless otherwise specified, tho iGtIuee of theoe documentB are those lieted

in the issue of the Dapartmont of Defense Index of Specifications and standards

(DODISS) and supplement thereto, cited in the nolicit.stion.

STANDARDS

MILITARY

HIL-sTO-1OO

MIL-STD-454

HIL-STO-883

MIL-STD-965

)IIL-sTO-1562

HIL-STO-1835
)IIL-sTD-2036

SPECIFICATIONS

flILITARY

MIL-E-5400

HIL-Q-9858
MI L-P-11268

MIL-M-3851O

HIL-H-38534

MIL-I-38535

HIL-I-4520S

MILITARY

MIL-HDBK-402

MIL-HoBK-217

Engineering Drawing PractiCeB.

Standard G=sneral Requirements

for Electronic Equipment.
Test Methods and Procedures for

Microelectronics.

Parts Control Program.

Lists of Standard Microcircuits.

Microcircuit Caue Outlinee.
General Requirements for Electronic

Eguigsnent Specifications.

Electronic Equipment, Aerospace,
General Specif icat ion for.
Quality Program Requirements.

Parts, Matorialo and Proceesem

llmd in Electronic Eguipmenc.

Microcircuit, General Specification for.

Hybrid (Custom) )licrocircuits, General Specification

for.

Integrated Circuits (Microcircuits) Manufacturing,

General Specification for.

Inspection System Requirements.

Guidelines for the Implementation

of the DoO Parts Control Program.
Reliability Prediction of Electronic Equipment.

BULLETIN

uILITARY

3
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MIL-BUL-103 - List of Standardized Military Drawings.

(UnleBB otherwise indicated, copies of federal and military specifications,

standarda, and hsndbooks are availsble from the De fenBe Printing Service Detachment
Off ice, Standardization Oocuments Order Desk, 700 Robbins Avenue, Building 40

(DODSSP) , Philadelphia, PA 19111-5094) .

2.1.2 Other Government documents, drawinqs. and publications. The following

other Government documentB, drawings, and publications form a part of this document
to the extent specified herein. Unless otherwise spscified, the issues are those

cited in the solicitation.

DODISS - Department of Defense Index of Specifications and Standards.

(Copies of the DODISS are available on a yearly subscription basis either from the

Government Printing Office for hard copy, or microfiche copies are available from
the Defense Printing Service Detachment Office, Standardization Documents Order
Desk, 700 Robbins Avenue, Building 4D (DOOSSP) , Philadelphia, PA

.
19111-5094) .

2.2 Non-Government vublicatio”s. The following docunents form a part of this
document to the extent specified herein. unles~ otherwise specified, the issues of
the documents which are DoD adopted ara those listed i“ the issw? of the 00DISS
cited in the solicitation. Unless otherwise ~pecified, the issues of documents not
listed in the DODISS are the issues of the documentB cited in the solicitation.

INTERNATIONAL ORG~ IZATION FOR STANDARDIZATION

1S0-9000 - Guidelines for Selection and Use -

Quality Management a“d Quality Assurance Standards.

ELECTRONIC INDUSTRIES ASSOCIATION

EIA JESD 22-A101 - Temperature Humidity Bias (THE) Test Method

EIA JESD 22-A11O - Highly Accelerated Stress Test (SAST) Test Method.

(Application for copies should be addressed to Global E“gir,eering Documents,

1990 M Street NW, Suite 400, Washington, DC 20036 or telephone 1-800-854-7179. )

(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 libraries or other information services. )

2.3 Ordsr 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 exempt ion has been obtained.

4
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3. ❑BPIt41TIONS

3.1

a.

b.

c.
d.

e.
f.

9.
h.
i.

~.
k.
1.

m.
n.
0.

e.
q.

r.
s.
t.

u.

v.

w.

x.

Y.
z.

aa

ah

Acronvmq.

ASIC

ASTH

BCP
CAD

CADNP
CDL
cID
C@

CTE

DESC

DLA

DnPc

DHSMS

DoD
DOD I

OODO

DODISS

DSB
EIA
EPITAS

ER

ESD

ESS

GFB
GIDEP

GM

NAST

,. IC

The acronyms used in this handbook are defined as follows:

application specific integrated circuit
American Society for Teoting and Materials

- Sest Commercial Practice
- Cm@uter-Aided-De6 ign

Computer-Aided-Dee ign for 14icroelectronic Packaging
- correlated device liot

- Cwnwrcial Item Description
- capability index

coefficient of thermsl expaneion

- DefenSE Electronic Supply Center

- Defense Logistice AgRnCy

- Department of De fentm3 Microcircuit Planning Group

Diminishing Manufacturing Sources and Material shortages

- Department of Defense

- DepaCtUis3ntof Defense Instruction

- Department of Defense Directive
Departmentof Defense Index of Specifications and

Standards

- De feiocI Science Board

- Electronic Induetriae Amocbstion
Environmentally Protected Tab Automated Sending

- Established Reliability

- ElOctrOstatiC Discharge
- EnvironmentalStress Screening

- Government Purniehed Baseline

- Government-Industry Data Exchange Program

- General tlotore

- Highly Accelerated StreOs Tet3ting

- integrated circuit
ac. IES-ESSEH - Institute of Environmental Science8-Env ironmental Stress

ad. Iso

ae. JAN

af. JEDEC

a9. JIT

ah. JQA

ai. LTPO

aj. MPCAC

ak. ND I

al. NGS

am. OEM

an. PCN

ao . PEM

ae . PIN

aq. PIND

ar. PH
as . PPSL

at. PPt4

Screening of Electronic Hardware

- International Organization for standardization

- Joint Army -NavY

Joint Electronic DoVice Engineering Council
- just-in-time

- Joint Qualification Alliance

- lot tolerance parcent dc.frictive

- Military Parts Control Advi60ry Group

- non-developmental item

- non-government standard

- original Equipment tlanufacturer

- process control monitor

- plastic encapsulated microcircuit

- Parr. or Identifying Number

- Particle Impact Noise Detection

- Program uanager
Program Parts Selection List

- Parts per million

5
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au. Pws

av . QCI

aw . QFD

ax. QIT

ay. QML

az. QPL

ba. sw

bb. RBA

bc . SCD

bd . SEC

be. SID
bf. SHD

bg - SMT

bh. SW
bi. soI
bj . Sos
bk. sow

bl. SPC

bm. SPO

bn. SCD
bo . THE

bp . TRB
bq . TSMD
br. VHDL
bs. VHSIC

- printed wiring board

- Quality Conformance Inspection

- Quality Function Deployment
- quality improvement team

- Qualified Manufacturers List

- Qualified Prod.ct6 List
- relative humidity

- radiation hardness asaurance
- Source Control Drawing

- standard evaluation circuit

- Selected Item Drawing
- Standard Military Drawing
- surface mount technology

- Spun-on glass

- Silicon on Insulator

- Silicon on Sapphire

- Statement of Work

- Statistical Process Control

- System Program Office

- Source Control Drawing

- temperature humidity bias

- Technical Review Board

- Time Stress Measurement Device
- VHSIC Hardware Description Language
- Very High speed Integrated Circuit

3.2 Definition of terms. The terms used in this handbook are defined as

follows :

a. Accm isition. The act of acquiring military equipment, systems,
subsystems, or parts by Government components.

b. Best commercial nractices. This term will be used to address all the

design and manufacturing techniques used during the wafer fabrication and assembly

procesBes, the quality assurance provisions used thro”gho”t the processing flow, and
the e“d item testing methodologies employed by compo”e”t ma”” fact”rers regardless of

the product category or grade. In other words, ,rcommercial practices,, refers to the
best manufacturing and quality assurance provisions that are employed by a

manufacturer regardless of the category of products (e.g. , consumer,
connnercial/i”duetrial or military) they are producing.

c. Commercial (consumer) products . Products that are not exclusively

developed for large volume commercial customers or military applications and are

being produced and sold to the open market and for general public. These products
are typically designed and verified for Operations over the specific electrical

envelope i“ room temperature applications. These products are discontinued very
quickly and the next generation of consumer hardware is introduced. TheSe products
are almost exclusively offered in plastic packaging technology.

d. Commercial linduetrial uroducts. Products that are exclusively developed

for a few high volume users. These products typically are used i“ applicaticmva that

6
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C9 require temperature application environment of -40*c to 125*C, long-term

guality/reliability considerations, and a need for long term availability. These

producte mostly use plastic packaging technology.

e. Bn tract cateaorieq. Specific phaoee of the acquisition procese.

f. ,Ratabliehed reliability. A ~antitative maximum failure rate demonstrated
under controlled teat conditions opocified in a military opacification and usually

expreoaed as pOrc~rIt failure per thouoand hours of test.

9. IWtabliehed reliabf.lltv Dart%. Parta that are identified and/or deecribed
in military epecif lcatione that have mot eotabliohed reliability requirement.

h. ~. dv A Department of Defense
organization which provides advice to the military department and military

contractors on the selection of parts in assigned counnc.dityclaeaes and collects

data on nonstandard parts for developing or updating military specifications and

standards.

i. ~tarv moductq. These products are typically available from the open

market and are sold prbntirily to military customors. These products have electrical
performance characteristics spkcified and vorifiod for operations in harsh

environmental application ,(L.c. , -55° C to +125° C) . These products are verified for
long-term operations and have been offered primarily in hermetic packages.

j- PhvsicBOf FailurQ. A methodology which includee: an analysis of defects
and failures; determination of root cause of problem; and based on these analyses

@

correct design, process, assembly, etc. to eliminate defect or failure.

k. qualification. A process in advance of, and independent of, an

acquisition by which a manufacturers or distributor-s products are examined,

tested, and approved to determine conformance with requirements of a specification.

1. mQg Cturere# LieQ. A lint of manufacturers” facilities that
have been evaluated and determined to be acceptable based on the testing and

aPPrOval Of a sample sPeCiMEn and con fomnance to the applicable specification. The

QHL includes appropriate products, procenses, or technology identification, and teSt

reference with the name and addresa of the manufacturer’s plant.

m. Qualified Products Li8&. A liet of products that have met the

qualification requirements stated in the applicable specification including

aPPrOPr Late Pr~uCt identification and tents or qualification references with the
name and plant addrese of the manufacturer .and distributor, as applicable.

7

Downloaded from http://www.everyspec.com



MIL-M3sK-179(KR)

4. !3-1= SYSTSU5 ●
4.1 Duality avstemm. The quality systems listed herein are candidate systems

for DoD parts procurement. Table I is provided for eystem comparison.

4.1.1 Q!4L (m alified l.!anufacturers, Listina) MIL-I-38535 . This system was
developed in the late 198Ds in response to the increa~ing complexity of digital
integrated circuits and the availability of application epecific integrated circuits
(ASICS) in standard cell, gate array or custom variations. The Qualified Parts List

(QPL), fO~ally DoD’s Prtiary microcircuit procurement document (see 4.2. 1), was
then merged in to the Q14L system. The merger allowed the production of qualified

parts to the QML, expanding the volume and type of products covered by the QML

system. The merging of requirements into one document and the allowance of offshore

assetilyftest reduces the number of process flows that must be used by the

manufacturer. The QUL program was selected as the consolidation point for the

qualification programs because it allows for and encourages the adoption and

implementation of Best Commercial Practices. The US Air Force Rome Laboratory (RL)

is the preparing and validating activity for the document, and the Defense

Electronic Supply Center (DESC) is their agent. DESC is also responsible for

organizing a team of experts who perform a QML validation of the man”f act”rer, s

processing flows. The term “audit-s is no longer used in this quality system. The

flow consists of six main activities:

Design Testing
Fabrication Customer Service

Assembly Management

The following features are included in the QML:

Technical Review Board (TRB ) System Statistical Process Control

Conversion of Customer Requirements Marketing

Quality Management Cent in”o”s Improvement

Design Control

The qualifying activity or its agent validates the man”f act”rers, procees flows.

Once validated, the manufacturer may produce all products m-, that flow as specified

on one part standard military drawings (SMDS ), !4IL-M-3851O detail specifications,

M-1evel SMDS, DESC drawings, and selected MIL-STD-883 compliant data book parts (see
4.1.2) (released prior to 1 Jun 93) as MIL-I-38535 compliant parts. Any new QML
devices (released after 1 J“n 93) to be supplied by a QML man”f act”rer “ill be
released as a one part-one part nutier Sm. Qt4L also allows for plastic encapsu-
lated and Environmentally Protected Tape Automated Bonding (EP/TAB ) parts. Since

the process is considered qualified, individual products do not have to be
specifically and individually gualified to a standard set of tests. Where standard
tests are used by the manufacturer to qualify the procesB, the “se of ASTM, ANSI,

EIA, MIL-STD-S83 or JEDEC specifications is recommended. The manufacturer may also
document and use new tests developed to improve quality and reliability. Formal
military coordination was accomplished with the Army, Air Force, Navy and NASA by

the preparing activity. Revision B of the document dated 1 J“n 93 contains the
QPL/QML merger requirements.

8
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@
Device performance raguiremente (electrical, thermal, and mechanical) are

detailed in the device procurement documant (e.g. SMD) . This document, prepared by

the system design houso or tho device manufacturer, 10 reviewed, controlled, and

coordinated with reghtered usere by DESC. It la the re.sganeibilityof DESC to
assign a 5962 part number and insure that only one part number is used for the same
function. manufacturers are roguirod to identify a Technical Review Board (TRS)

syntem within their company. The TRS evaluatee and approves all major changes in
the process and product and reportG to DBSC on a pariodic bash. Changea in the

process and products are reviewed annually by a team of .eere, the qualifying

activity, and the preparing activity. Progress in moating company established
yield, SPC, and reliability goal G are reported at thio ❑ooting. The ~nufacturer is

also evaluated periodically on ❑eeting Total Quality Managcmant goale using the

Malcolm Baldridgrs criteria or some other eimilar criteria.

.
4.1.1.1 ~vatem advantages Somo advantag.ao of the QUL ayotem are:

a. program focus is on designing and building in quality and reliability and
continual improvement, ao opposed to rel Lance on end-of-line testing;

b. manufacturer in responsible for procosm changes, allowing for timely

~PrOv~entS to the process which should reeult in continual improvement
af quality;

c. e~hasis on the acceptability of product design for military application
allows new military and cmmnarcial product to be introduced at the
same time; this can be dono without additional end-of-line testing or
special reliability testing unique to the ❑ilitary;

d. encourages one system for producing both connnercial and military product.

4.1.1.2 SVstem dioadvantaaeq. Some diaadv.sntageaof the QML system are:

a. the customer muet relinquish direct control of day-to-day process

changes;

b. although visibility is maintained by the qualifying activity, there is

less direct visibility by the customer;

c. since an infrastructure is reguired to support a military program, the

price of the QML part could be greater than that of a high
volume ccmunercial/industrial or commercial (consumer) guality

part.

4.1.1.3 Cost savin.aa.

a. sms 11 volunrs purchaas+s may be delivered without added coet;

b. should allow ship-to-stock (no user teeting required) ;

c. adoption of BCP under QML can result in product cost savings to the user;

d. QuL prOceBs and material qualification reduces the time to market on

individual devices, when ueing exiatlng qualified processes;

4!9 9
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e. the use of SMDe reducee parts proliferation. The one part-one part

number significantly decreases logistics costs. ●
4.1.1.4 w. A variety of parts (e.g., cersmic, plaetic, EP/TA5) will be

availsble from variou!sQ)u manufacturer depsnding upon which processes sre
qualified. The user should evaluate the application and type of part reguired.

4.1. 1.5 Manufacturer location. QUL parts have wafer fSbr icat ion psrf ormed in

the United States, except as allowed by international standardization agreement.
QUL assembly and test may be performed in any country. The QML document also has

provisions for the uae of third party arrangements for any portion of the procema
flow (e.g. assembly, test, packaging, design, etc ).

4.1.2 Class M and MIL-sTD-883 compliant devices. This system evolved from
various manufacturers, in-house versions of MIL-STD-883 test methode 5004 (Screening
Procedures) and 5005 (Qualification and Quality Conformance Procedures ). It was an

informal and inconsistent system in the late 70s and early 80B known as !.lIL

e~ivalent or look- alikes. Manufacturers advertised these parts as equivalent to
JAN parts. However, some critical JAN requirements (e.g. audits, gualif ication, QC1

tests ) were not followed. The Government incorporated a truth-in-advertising
paragraph in MIL-STD-883 which reguires the manufacturer claiming to meet

141L-STD-883 1.2.1 requirements to self-certify that MIL-STD-8S3 requirements were
met. The primary difference between an SMD product and a MIL-STD-883 compliant
product is that DESC manages the procurement document (sMD ) for the Class n and

aPPrOves the =OurceS by accepting their certificate of conformance to the 1.2.1
regu ireme”ts. A 541L-sTD-883 compliant product is produced to vendor controlled data
books , and the government has no control over who claims compliancy, nor is it aware

of all manufacturers claiming compliancy. Recently, DESC started conducting limited

audits on a random basis of self-compliance of manufacturers of MI L-STD-883/SUO ●
1.2.1 compliant product.

4 .1.2.1 Svstem advantages. A few system advantages are:

a. the HIL-sTD-883/sMD Class M parts are generally readily available because

DESC certification and qualification is not required, and most

products of these manufacturers have all or portions manufactured

offshore;

b. these parts generally cost less since more are produced offshore.

4.1.2.2 Svstem disadvanta.aes. A few system disadvantages axe:

a. Government does “ot evaluate the guality systems used to manufacture
the parts, as in the QML program;

b. Government auditors spot check only a few MIL- STD-883/SMD manufacturers;

therefore, there is an increased risk that not all testing has been
adequately accomplished or correctly interpreted by the manufacturer.

4 .1.2.3 Cost savinqs. The cost savings realized when using these parts must be
balanced against the added risk of purchasing devices that may “ot be adequately

characterized or meet the defined requirements.
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4.1.2.4 ~anuf acturer 10C.5tiom. clans M and HIL-STO-883 compliant psrta can be

fabricated, asmcmbled, andior tented anywhere in the mrld, and no operation hae to
be owned by the company selling the parts.

4.1.3 Joint Oualificat ion A1lL ante (JON. JQA ie the alliance of AT&T, Ford

Hotor COUIpany, and Hswlett -Packard to develop a gual ificat ion syetsm standard which

all three compsnieo could accept. Seth plastic and hermetic packages would be

covered by this 6tandard with a single audit of the JQA device suppliero. The cost

of JQA qualification is reduced since Lt 10 amnrtized over many devices. JEDEc

C9mmittee JC14.3, c0n8iating of commercial vendoro and usoro, in proposing to make
the JQA standard an industry qualification eystem standard to which ~ ueers could

procure, and to which all vendors could be gualified.
iesuance,

At tho time of thi.a handbook

tho JQA otandard h not completod. The devices covered by this syntem
. will be required to operate over the temperature range of -40* to 125°C. MIL-sTO-

8S3 teat methods are required. SLnco the standard does not include accelerated

humidity testing (e.g. autoclave, binned humidity 85 °C/850AH, and HAST) , EIA JESD 22

. test methods will be required. It is anticipated that thle document will becano an

industry standard in 1994. Microcircuits procured to this etandard may have
unlimited application. For an application cont+idered critical and reguiring
additional data, the Hicroolectronic Selection Criteria Spread Sheet [Bee figure I)
should be used.

SMOS will be used to procure devices to thi~ Commercial/Industrial Quality

Syetsm. The S14D will opecify device attributes and will reference applicable
induetry apecif ications and standards.

4. 1.3.1 Svstem advantaqeq. A few taystem advantage are:

@ a. provides a qualification eystem supported by large customers from

automotive, ccmnnunication and test eguipamnt marketta;

b. this system hat! the capability of becoming a“ industry wide standard with

exteneive app IicatiOn;

c. all dominant failure mechanisms are addressed using qualification testing
which incIude uIL-sTD-S83 and JEDEC test mothodm;

d. both hermetic and plaet ic encapsulated parts are included.

4.1.3.2 S~. Some system disadvantages are:

a. the number of part types could bo limited;

b. ecreenB or lot sample tests are not included.

4. 1.3.3 ~oet savinae.

a. gualificacion costs will be law ae a result of
volume of parts procured by industrial users;

b. high volume results in lower cost per part;

11
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c. cost savingm include aavingm generated at the next level of amsembly
(surface mo.ntability, subassembly manufacturability, size and weight ).

●
4.1.3.4 u. May have unlimited application.

4.1.3.5 Manufacturer location. *Where in the world covered by the audit
Ey%tem .

4.1.4 Ccmmnercialtindustrial auality Svstl?ms. These products, hermetic or

plastic packaged, are normally produced to meet a particular industry s~cification.

These industrial specif icat ions are restricted to a minimal supplier base, limiting
business to those s“ppliera with the best quality track record. Although these

industrial specifications are controlled by individual customers, it is p-assible to

buy these parts for military use. For instance, the General Notors (GM) Delco 2000 -

specification is used by GM to procure electronic components for a“tomotivs

applications. It uses many HIL-sTO-883 tests (although renumbered to fit the GM
document control system) . Because of the special application environments, the ;

requirements are, in some cases, more severe than some of the military application

requirements. In the case of Ford, the manufacturer must pass a Ford Q1 audit

before delivering any product to Ford.

SUDS will be ueed to procure commercial/industrial quality devices. The S14D

will specify device attributes a“d will reference applicable i“duetry specifications

and standards.

4.1.4.1 System advantages. A few system advantages are:

a. the primary customer (us”ally large volume, i.e. nillions/day) can tailor

specification to meet specific application requirements; ●
b. it provides the most extensive quality and reliability data base.

4 .1.4.2 System disadvantages. A few system disadvantages are:

a. the availability of part types ia driven by high volume customers;

b. the Government cannot “se similar restrictive buying methods due to

procurement regulations;

c. Government customers have limited ability to tailor specifications
because of limited quantity buys.

4. 1.4.3 Cost savinqs.

a. large volumes mean lower unit cost;

b. cost savings include savings generated by part type selection,

availability, surface countability, s“baasembly manufacturability, size
and weight.

4. 1.4.4 w. May have unlimited application.

12
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4.1.4.5 ~anufa rer 1Ctu “ocatio~. Anywhere in the world. Prime cuotomer eelects

manufacturer.

4.1.5 Ccmunercial lconmmner) aualitv ovetem~. Bach oupplier has a set of

commercial specifications which they use for manufacturing product for general sale.

usually the product npecificationo are included on a data sheet which is included

into a catalog of producte for wholesale use. A wide spectrum of performance,

quality and reliability can bo expected depending on tho quality standards applied

by the company. The taprature rango for theoe puce ia typically specified O“ to
lo-c . Carmnercial Item Oeacriptlons (CIDe) will be uoed to procure cauanercial
(conmuner) devices (see 6.4.2).

4.1.5.1 Svetm ad flnf=av s. Some eystem advantagao are:

a. initial unit cost of product in lowaet available;

b. product availability is good;

c. extensive se If-audit test data and customer required teat results are
typically available.

4.1.5.2 &Y8 tern dieadvantaaee. Somo system dLeadvantages are:

a. additional testing may be required to verify performance, quality, and

reliability;

b. part device types may be changed or discontinued without notification,

and specifications ❑ay be changed without notification;

c. eel f-auditing may not be egually rigorous across the commercial
suppliers;

d. parts may not be interchangeable because of incomplete data sheets;

e. without an induetry accepted gual Lty system cortif ication, duplicate user

audits and qualifications may be required for individual cuetomers;

f. device types may have short life cycles,

4. 1.5.3 Cost savinas.

a. part cost should be the lowest of the candidate quality systems;

b. these devices should be available from the largest number of eources.

NDTE : The use of commercial electronic parts in military eysteme must be done with
care. APParent COSt E8Vin9!3 in initial procurement cost nmst be weighed against
possible additional testing, auditing and reliability testing required to meet the

application requirements.

4.1.5.4 ~anufacturer locatioq. Anywhere in the worId,

4/)’

. ..... -.—
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4.2. Unaccentablelobso lete uualitv BvstemB for DoD microcircuit procurements.
The gual ity aymtems 1iated herein are not to be used for parts procurement. ●

4.2.1 JAN (Joint ArmY-Navv) MIL-M-3851O Oualified Part6 List 10PL) ClaBB

B and S- This quality ByStem was developed by the military during the 1960s and
came into widespread usage during the late 1970s. The system used a part by part

qualification approach. As of 1 June 1993 this quality system was superseded by
the QML guality system (see 4.1. 1) by merging MIL-M-3851O (QPL) into HIL-I-3B535

(QML) . The merger allows manufacturers to adapt their system to the QKL approach
with minimal interruption in Bupply. As part of this transition from QPL to the QML
there is part number overlap. The QPL part number format (M38510/SXXSXBSX) is
maintained for all MIL-M-3851O associated detail specifications. For purposes of
this handbook and microcircuit selection, the “eer need only understand that all

part numbers that were available under the QPL eystem are still available under the .

QKL system. The actual quality system used in the manufacture of these parts haa
changed, b“t form, fit, and function are identical. Some QPL manufacturers may not
transition to QML or may take time to trarmition to QML. These manufacturers will
continue to meet QPL requirements as outlined in Appendix A of MIL-I-38535. The

.

administration of these QPL requirements will be handled by the Defense Electronics

Supply Center (DESC) . The listing for sources of these parts will be section II of
QML-38535 . The transition is intended to make better “Be of Sest Commercial
Practices in the man”f acture of military quality microcircuits.

4.2.2 International uualit.f svstems. The 1S0-9000 series documents are gaining
acceptance as international guality system ass”ra”ce criteria. The 1S0-9000 quality

system assurance criteria are applicable to any type of organization. Consequently,
these docmnents are very general a“d m“at be interpreted by the applicable

assessment body which is typically a third party organization. These third party
assessment organizations typically charge fees for their initial and periodic ●
registration services. N“mero”s orga”izatio”s will audit and issue 1S0-9000
registration to U.S. manufacturers. Several U.S. industry trade associations are
studying establishing accreditation schemes for third party auditing organizations

as well as determining a mechanism for proper .applicatio” of these standards within

the U.S. conmwnity. Direct reciprocity between countries using 1s0-9000 documents
has not yet been established. This system is not considered adequate for OC.O
microcircuit procurements, but may be provided as an element of data in the
selection spread sheet (figure 1) .

4.2 .2.1 Svstem advantages. Some system advantages are:

a. this system is internationally recognized;

b. it provides a basic quality system which ca” become the building block

for future enhancements;

c. independent third party auditors ca” periodically evaluate the system.

4 .2.2.2 Svstem disadvantages. Some system disadvantages are:

a. it is a generic guality system designed for any industry, therefore, it
may not be specific enough for complex technologies;

14
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b. inconsistent applications and auditn are poesible due to the generic

nature of the document (e.g. not opecif ic to microcircuits) .

c. thicd party auditing costm may make thle fcyotem expansive;

d. thh generic guality oya’cem may not directly Lnfluence outgoing product

quality.

4.2.2.3 wet Oavinccn. Potential oavingn are ponoiblo an international

acceptance grows because only ono audit ssy’stemmay bo needed to verify compliance.
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5. S=C’HOW GUIDAK!S

5.1 Selection auidance. Devices mhould be eelected according to the guidance

provided in table III and applicable guidance provided herein.

5.2 Selection criteria for commercial fconsumer) and connnerciallindustrial
uualitv Product (fiaure Il.. Figure 1 and its companion guide, the Selection
Criteria Guide (Bee 5.2.1 ), is to be used in equipment procurement solicitations.

Use of commercial (consumer) devices or commercial/industrial devices requires

completion, submission and approval of the spread eheet depicted in figure 1. The

spread sheet is to be used to aase8B the acceptability of proposed microcircuits for

system application and to rate equipnent manufacturer on their knowledge of the
technology proposed. It is the equipment manufacturer, s statement of assurance of
microcircuit reliability in the proposed system application.

5.2.1 Selection criteria spread sheet auide. The informat ion required in each
data item of the spread sheet is explained in a. through j . The descriptions are

typical inputs which could meet the data item requirements.
.

Additional inputs which
will meet the intent of the data item should be included.

a. Part tvu e and number: Description of device: microprocessor, memory;
controller, amplifier, etc. Identification of part through catalog nmnber, Standard
Military Drawing (SH!J), Source Control Drawing (SCD ), etc, with accompanying drawing

containing package outline, temperature range, power capability, etc.

b. End item aPD lications: What equipment has this device (part number) been
used in, preferably equipment man” fact”red by the equipment manufacturer? If this
is not available, then verifiable data from other government or commercial equipment
applications. Applicable infO~atiOn would include number of parts used and use o
history in these systems.

c. Volume sold per vear: An approximate number per year sold by the supplier
over the past five years. This will provide a“ indication of the maturity of the

device.

d. Experience factor: This would support category b. above if the equipment
manufacturer had used this device in another application. Data could include types
of devices used (SMT, DIP, etc) , experience at board assembly, and field

reliability.

e. Reiect rate: If this part has bee” used before, what has been the
incoming or assembly first test experience? Has cause of reject been determined and
is it device design or process related? Vendor outgoing final test data will be
acceptable.

f. 17eliabilitv assurance: How will the equipment man” fact”rer assure the
microcircuit will meet the end item use (reliability) requirement? An approach
which implements diagnostics of stress tested parts and field failure returns with

feedback to correct problems in design or processing is a technique to aesure

product reliability. Correct device selection for the circuit design implemented is

mandatory. A QML methodology at each assembly operati.a” will assure the greatest
quality, highest yield and lowest defect rate. Assessment could be based on
possible failure mechanisms and how the supplier and user will assure any impact is
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@

eliminated. PCHS (prOCeSS control monitors=) and SECS (mtandard evaluation circuits)
are test devices used as process control monitore and process validation circuits

respectively. CAOHP (ccmnputer aided design of microelectronic packages) ie a

software program to assure reliability of a packaged aseambly at initial design.

9. use enviro~em: What ie the specific end item thie device will be used

in? What will be the environmental extremeo the device will be subjected to and the

freguency of these ntresaes (cyclem psr year) if applicable. Hdw have them
conditions been addressed in category f. above?

h. ~{ Haa the equipment manufacturer’s circuit design~r provided
adequate msrgin (safety factor j bet ween worst caee circuit design and device

specification performance limits7 Provide comparison of design factors and
specification limits.

i. Purch ased to which au~ evatem: Provide the qualification eyetem
Ldentif ication to which the microcircuit will be procured. If an accepted military

&
or industry standard, indication of system is the only requirement. If not standard
or changes to a standard propasod then detail documentation is required.

j. ~: ed add ThLt3 category will be for the
identification of added value screening or eampled tooting required to assure

meeting system reguirementm. Further aeeurancee from the supplier such as
certificate of compliance and warranty.

5.3 PlaStic encapsulated micr ci~)0 rem irementkl. PEMs selected for
use in mil Ltary eysteme should, at a minimum, bo capable of passing electrical

e

following testing identified in table II. Additionally, issues discussed in
paragraph 7.4 should be considered when uoing PE)40 in military eguipament. The LTPD

(lot tolerance percent defective) with zero acceptance number will be 3 for

industrial and 5 for commercial.

Table II. Hi im m cce ta co tes Bn u a n n t for industrial /conunercial au vsalitv s terms ~1

QuaIity system Tii8~j HAsr II TEUP CYCLE ~1

Commercial/Industrial 1000 hre 250 hrs 500 cycles
Quality

Commercial (Consumer) 250 hrs 96 hrs 100 cycles
Quality

~/The tast data supplied will be data generated from in-house qualification or

customer reguired testing. These are typical number of houre and cycle6.
~T~perature Humidity BiaEI (THB) Test Method EIA JESO 22-A101 .

~/Highly Accele.ljtrjd St,e.. Te,t (mST) Te,t Ht?thod EIA JESO 22-A11O, tindition c.
SIMIL-STO-8S3 , TeOt MethOd 1o1o, cOnditiOn a.
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FIGW+S I. Microelectronic eelection criteria spread sheet .,, vendo< ~/
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if UBed with the MicrOelectro”ic selection criteria Guide (see 5.2.1 )
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TMLE Ill. ~. “
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6. DoD ~ PMEEWJRSS

●
6.1 Policies aovernina defense acau isition. DoDD 5000.1 and 5000.2 are the

directives ueed for the acquisition of defense systems. As stated in DoDD 5000.1,

the directives are intended to provide for the following:

a. translating operational needs into stable, affordable progrsms;

b. acguiring guality products;

c. organizing for efficiency and effectiveness.

In the section addressing acquisition of guality producte, the directive emphasizes
the need for the utilization of a systems engineering approach to achieve a proper .

balance among all system design reguirementa including performance, producibility,

reliability, and standardization. It also directs that maximum practical use shall
be made of commercial items am well as the use of non-Government standarda in
describing these items. 6

Theee policies set the general tone for the more detailed procedures discussed

in DoDD 5000.2 Of particular importance for the selection and application of

microcircuit technology components are two sections of the systems Engineering
chapter of the Directive: Reliability and Maintainability and DoO Parts Control
Program. The Reliability and flaintainability section reguires the development of a

Design Reference Mission Profile which defines the performance a“d environmental

envelopes for the system to be acguired. This information is critical for enabling
the tailoring of microelectronic component requirements to meet the system

reguiremente. A second reguireme”t which ripples down to the component level is

evaluation of system design based on predicted a“d demonstrated failure rates.

TheSe predictions are to be based on the Oesign Reference Miasio” Profile and prior ●
reliability data. With the exception of the porticms of the system designed “sing

non-developmental items (NDI), this predicted or demonstrated reliability data must
be based on component a“d assembly data. MIL-STD-785 is established as the basic
reference for further guidance for defining system reliability requirements.

The DoD Parts Control Program section of DoDD 5000.2 emphasizes that the focus

of an effective parts control program should be on reducing the variety of parts and
associated documentation used i“ the system. This is to be accomplished through the

application of MIL-STD-965. Thus the principle focus of the parts control program
is effective logistics support over the system life cycle.

These top-level policies and procedures describe a co”ti””ed concern for as-

delivered guality, operational reliability a“d life cycle support of DoD systems.

However, they eignal a new emphasis o“ affordable ,acguisitio” a“d a shift toward

increased responsibility and freedom given to the industrial community for
delivering systems with these desirable characteristics. The intent of this
handbook is to provide practical guidelines for implementing these policies in the

specific area of acquisition of microelectronic technology.

6.2 Contractual rem irements. In order to implement DoO policies and
procedures, most contracts for major systems include the following requirements

related to microelectronics technology:
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a. 141L-E-5400, 141L-sTo-2036 (NAVY ) or MIL-P-11268 (ARMY) - General

Equipmsnt Specifications

b. UIL-STO-785 - Reliability Program for Syetsms and Equipment

c. HIL-STD-965 - Parts Control Program

d. HIL-STO-454 - Standard General Requirement for Electronic Equipnsnt.

HIL-STD-785 and MIL-STD-965 are appropriately doeigned to be tailored to the

application and requir.smsnts of the eyatsm being procured. Tamk 207 (Parts

selectien/application criteria) of MIL-sTD-7S5 which calls out a parts control
program in accordance with HIL-sTD-965 and a partn standardization program is
selected for moat contracts. HIL-STO-965 in turn apecifieo requirements for the uEe

of the Military Parts Control Advisory Group (KXJ!G) , the Government Purniehed
.

Baeeline (GFSj parts list, and the maintenance of the Program Parts Selection Li8t
(PPSL), an applicable. same services alm reference !61L-STD-1562, Lists of Standard

)!icrocircuits, contractually.

d

llIL-sTD-454 is typically invoked through the General Equipment Specification.

Requirswnt 64, Microelectronic Oevices, eetablishos the criteria for the Eelection

and application of microelectronic devices. This r.squlrement eatabliahes the order

of precedence for the application of microelectronic devices based on their quality

system, the requirements for electrostatic discharge (ESD) susceptibility
assessment, and the need for device design and teet documentation. Thi6 order of

precedence, in conjunction with HIL-16DBK-402, Guidelines for Implementation of the
DaO Parts Control Program, and MIL-STD-96S, The Parte Control Program, defines the

lowest quality level microcircuits which are recommended for use by the Military
Parts Control Advisory Group (nPCAC) (thoee which comply with the requirements of

@
paragraph 1.2.1 of flIL-STD-883 ).

—
In the past, 14XL-STD-454, Requirement 64, hae been interpreted as a rigid order

of precedence which mandated the ueage of ‘military- parts with little regard for
the system applicat ion or requirements. Although thie practice has resulted in the
fielding of systems with consistent parts quality and reliability, it has not

necessarily resulted in the most coec-effective acquisition or the insertion of the
most advanced technology. With the pervasive availability of high quality
microelectronic technology in the commercial and industrial marketplace, many feel
that the time has come to modify eyetem acquisition procedures to include such high

quality parts. The intent of this handbook in to ‘open the door- to the usage of

high quality parts manufactured to ‘best commercial practices- by replacing the

order of precedence in MI L-STD-d54, Requirement 64, with a selection mstrix which
includes both military and best commercial practice parts.

6.3 oualitv 13vstemq. In order to provide conaiotent surveillance of suppliers

to quality eystems requirements specifications, such ae MIL-I-4S20S and MIL-Q-98SS,

and to eliminate the need for each OEM to perform audits individually, a third party

surveillance team was formed. Thie team hae the eole purpose of consolidating OEM
HIL-I-4S20S and HIL-Q-9S5S audits. Thin eystem dose not in any way verify
compliance to HIL-STD-8S3, paragraph 1.2.1. The program is under the management of

the Electronic Quality Registry which aleo administers certification of US capanies

to the 1s0-9000 standard.
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6.4 Procurement documents. Military microcircuits are purchaeed using three

procurement documents: Standard Military Drawings (SMOs) , Commercial Item

Deecriptione (CIDS ), and Source Control Drawings (SCDS ). ●
6.4.1 Standard f.lilitarvDrawina iS14D)one part-one part number svstem. The one

part-one part number system deecribed below has been developed to allow for

transit ions between identical generic devicee covered by the three major
microcircuit requirements documents (MIL-I-38535, MIL-H-38534, and 1.2.1 of

MIL-STD-883 ) without the necessity for the generation of unique Part or Identifying

Numbers (PING) . The three military requirements documents represent different class

levels. Previously, when a device manufacturer upgraded military product from one

claes level to another, the benefits of the upgraded product were unavailable to the

Original Equipment Manufacturer (OEM) , who was contractually locked into the
original unique PIN. By establishing a one part number .ayetem covering all three
documents, the OEM can acquire to the highest claes level available for a given
generic device to meet system needs without modifying the original contract parts

selection criteria.

Example PIN Manufacturing G

fiilitarv documentation format under new svstem source listinq Document

New MIL-I-38535 Standardized 5962 -XXXXXZZ(Q or V)YY QML-38535 MIL-BUL-103

Military drawings

New MIL-H-38534 Standardized 5962 -XXXXXZZ(H or K)YY QML-38534 MIL-BUL-1D3
Military Drawings

New 1.2.1 of MIL-STD-883 5962 -XXXXXZZ(M)YY MIL-BUL-1D3 I4IL-SUL-103
Standardized Military Drawings

The one part SMD (and all SMOS ) are controlled by DESC and describe the

performance characteristics of a specific device (e.g. , 1 megabyte memory) . For

each quality system the SMD represents that quality system, s specific requirements.

Under the QML system, the QML device is described by the SMD, written and verified

by the manufacturer, but controlled by DESC. The QML quality system assures that

tha SMD is complete, because the process for generating the SMD has bee” validated

during certification. The manufacturer is held responsible for the quality of the
sMD . Under the f41L-sTD-883, 1.2.1 compliant syBtem, the manufacturer (or OEM)
prepares the SMD and DESC is responsible for ins”ri”g that the SMD is complete.
There is less assurance under the 141L-sTD-883 system that the part actually meets
the requirements of the specification. It is only recently (1990) that DESC has
begun spot check verification audits of the Claes M/MIL-sTD-883 compliant
manufacturers. The SMD system is currently being expanded to cover industrial
quality devices. The SMD will specify device attributes and will reference the

applicable industry specifications and sta”dads.

6.4.2 Commercial Item Descriptions [CIDSL. CIDS are short, simple product
descriptions or specifications that describe available commercial products that will

meet the Government, s needs by salient functional or performance characteristics.

If a suitable NGS is not available or ccmld not be revised or developed in time to

satisfy an acquisition need for a commercial product, then develop a CID. A useful

apPrOach is tO use an NGS aS the basis for the CID, .snd the” make additio”n O=
modifications to the NGS in the CIO. In the case of microcircuits, CIDS should be

used for documenting those commercial (c.answr,er)devices considered acceptable for
military “se.
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5.4.3 ~. SCD is a catch-all name coutnmly used to
refer to any contractor-prepared procurement document. These predcainantly occur in
three forum: the Source Control Drawing (sCD), the Selected Item Drawing (SID), and
the vendor item drawing ( formerly Specification Control Drawing (SCD) ). source

Control Drawinge are used when it Le neceaoary to limit procurement to one or more
sources which exclusively meet critical appLic8ti6ne. Selected Item Drawings are
used when it im neceaaary to further lLmit an existing item by eelecting for a

characteristic not previously identified. 5P9c1 flcat ion Cent rol Drawingo are

typically used when the vendor-s ‘off-the-shelf- item in suitable for use.

Thie document is written by the cuntamer and the contract regulation are
controlled in accordance with )IIL-STD-lDO. Theoe document= M8y V85Y widely ae to
completeneae. A epace system Eupplier may have a very high quality SCD. A loosely
mnnitored subcontractor may have little or no control over the SCD and be subject to

parte performance nurpriees (i.e. , poor reliability, missing teet requirements,
etc) . The use of SCDL! should be carefully worked fnto the totel gualLty eystem and
be replaced by an SFID if possible.
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7. APPLICATION ~ImS

7.1 General Proper application of microcircuits is crucial to the overall—.
effectiveneea, functionality, performance, and availability of the system. Thie

chapter will discuss the issues which need to be addressed to assure optimum system

performance.

7.2 gualitv and reliability concerns. The overall system performance is highly
dependent on the guality and reliability of itB components. The reguired

performance objectives and environmental operating conditions should be ccnnnunicated

to the component suppliers at the initial meeting. The establishment of this line

of communication between the system deeigner and the device designer and vendor is
crucial to the overall program s“ccese as devices get more and more complex. Most

standard commercial parts are designed and assembled based on the supplier,s
intexnal specifications for a specific environmental window. Customer designed
components, a“ch ae ASIC.q and gate arrays, give the syetern designer the option to

optimize device performance and functionality based O“ the system environmental

condition. Therefore, different approaches need to be taken in each case during

the system design and part selection process. The following are some issues which

need to be taken into account:

7 .2.1 Environmental envelope. Knowing whether the syetem will experience

adverse or extreme conditions in temperature, temperature cycles, vibration,

moisture (humidity) , radiation, or stress (G-force) has an impact on the features
one look- for during the part selection process. However, the process of
determining the environmental window in difficult. In roost cases, one relies on
data from eimilar systems. Today, there are devices, such as the Time Stress
Measurement Device (TSFiD), which can be placed i“ the equipment bay or cm the board

to give an accurate representation of the operating environment of the system.

Table 111 outlines several environmental conditions and identifies some of the
issues that need to be addressed.

7.2.2 Reliability cons iderat ion at package desiq”. A software tool has been
developed to assure a particular part will provide the reliability necessary to meet

application requirements. Computer-Aided-Design for Microelectronic Packaging

(CADMP) has been developed at the University of Maryland for this purpose. At

package design the software tool has inputs to nmnuB which address materials, form

factor, failure mechanisms, use environment, stresses, etc. A reliability

assessment is calculated to determine if the proposed design meets the reliability

requirements. If not, the parts can be varied, within reaBcm, until the desired

reliability is achieved. A system designer can determine if the device supplier has

performed Etuch an analysis.

●

●

7.2.3 Assemblv level reliability aoals. As device density growo, so does the

silicon chip size. Thus , the choice of packaging style needs to address weight,

solderability, heat dissipation, mechanical and thermal integrity, and

manufacturability.
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7.2.4 Storaaq. Many s=yetemn, such aa weapon oynteme, are placed in etorage for

@

long periods of time before they are needed. ThiB in beccmlng more the norm for

-Y Other syotemn aISO. Therefore, the conditions under which the sy6t.sm ie to be

stored in needs to be considered and taken into account before parts are selected

for the system. Ieeuee of concern are whether the syetem ie stored in a controlled
environment or not.

7.3 Deeian ~. The moat cozmnon eyotem, functional and performmnco

related, failuree are caused by careleso design practices. A required design

practice ia to identify all critical limitm of the nystem. This ie necemmry so

that these requiremk?nts can be translated into appllcablo part reguircmentn. once
the part requiramanta have been defined, a deoigner muet carefully review and

evaluate the davice vendor” o data ehoet. Thin data oheet defineo the critical

OPsratian and reliability parameter of a device. Caution needs to be exercised
d“rLng thin proceee Bince not all applicable part data mheete define all critical

parameters that one needs to know. Therefore, the device vendor Bhould be kept in
the part selection loop. AISIO, the same device functionality and type manufactured
by different vendors are not necsmearily the Game device. Seemingly insignificant

● differences between the devices can result in cataatrophlc system failure. This iS

particularly critical in the Iogiotic support aspecto of the system where part
interchangeabLllty needo to be carefully evaluated. The following discussion

identifies other design npecifice which need to be conaiderad.

7.3.1 Da t,a sh eet/verfOrm ante levfi~. Data sheet limits are meaeured under
specific conditions. System designers should allow for some variations due to

absolute temperature tolerance and test setups. In addition, there ❑ay be cam
lifetime speed/parametric degradation which can cauee marginal performance C0UJparr3d
to tho specified limits in the data sheet. One should bo cautious and understand

@

what the vendor means by ‘guaranteed but not tested. - Also, one absolute rule which
should always be folloved is never to design to the maximum rated limits of the

part.

7.3.2 -one ~ od diati n tolerances, aeometrvl.

There is generally a trade-off between mpeed and power. Thie choice may limit the
technology selection. Slower parts are nocesnarily replaceable with faster ones.

Faster devices tend to have smaller geometries which can impact certain reliability

factors while enhancing others. Iiew technologies may have inherent reliability
sensitivities which must be determined and evaluated for the field environment prior

to part eelection. In regard to radiation tolerance, understand the implications of
the various tolerance levels and whether or “ot the actual device has been tested to

that ~eVQ1.

7.4 plaetic encapsulated microcircuit [PEu8i. A plastic encapsulated package .
is an encloeure which uses organic material, usually transfer molded for

environmental protection. This material La in direct contact with the active
element or with an inorganic barrier layer. since there 18 no cavity, traditional

hermeticity measurement are meaningless. PEnB eelocted for uee in military systems
should, at a minimum, be capable of paasing electrical following testing identified
in table II.

Historically, plastic-encapsulated microcircuit (PEt4s) have been primarily used

in ccmunercial, industrial, automotive, and telecommunicate ion electronics.

Coneeguentl y, they have a large manufacturing baee (97% of t.arid production) . With

their major advantages in co8t, size, weight, and availability (30% more part
functions than hermetic ), they hnve attracted widespread attention for gOverNUent

and military applications. Although this 10 a ❑ajor opportunity for PEMs, there

2s

Downloaded from http://www.everyspec.com



UIL-EOSK-179(E2t)

have been formidable challenges in adapting plastic packages to the high-reliability

dsmanding environment, cOst-cOnsciOuB government, and ❑ilitsry markets. while the
major impediment to their application ham been the perception of lower reliability o

ae a result of ❑oisture related failure mechank.ms, the chalLenges asise as a result
of small procurement/production volumes, a conservative approach by SPOB in the uBe

of these devices, and the defense ind”atry, B lack of standards and handbooks for

these types of devices.

some of the first semiconductor devices were encapsulated Ln plastic. These
ear Ly encapsulated devices, which employed plaat ic molding compounds, were plagued

by thermal intermittence problems. Because of the coefficient of thermal expansion
(CTE) difference between the bond wires and the encapsulant, such devices and

circuits produced open circuit failures at elevated temperatures. Returning to a

lower temperature, compressive forces restored contact of wire to bond pad.

Moisture-induced failures, like corroeion, cracking, fracture and interracial

delamination, were also significant. Early e5° C/856 relative humidity (P.H) testing

in 1974 produced 25% cumulative failures at 1,000 hours, compared with 0.1% in 1990.
Today>s nearly exclusive continued use of hermetically sealed microcircuits in

military, aerospace, and other high-reliability, highly critical applications is a
6

direct result of the problems associated with early plastic packaging.

The last decade has brought revolutionary changes i“ electronics technology in
general and in plastic packaging in particular. Earlier plastic encapsulation of
tranBietors and diodes was done by dispensing a small amount of material over the

die and bond wires (glob topping) . subsequently, various molding techniques were

attempted including transfer, injection and potting. Hundreds of molding material

variations (epoxies, silicones and phenol ics) were evaluated for cost, performance,

implementation, shelf life, repeatability, flammability and reliability impact.
Included in these evaluations were variouB additives for heat removal, adhesion,

viscosity, mold release, flame retardant, and appearance. Very popular was the
protection of the die surface prior to molding by coatings which include silicone

elastomers, varnish, and sp””-on glass (SOG) . To reduce voiding occurring between
encapsulant and lead wires, silicone resin was forced, under a vac”wn, into these
voids using a process known as CCbackfilling. ,,

The progressive improvement in plastic packaging integrity has been affected by

improved materials, increased plastic purity, high-quality device pass ivation,

improved leadf rame designs, and device man”f act”rer, s quality programs. In general,

the failure rate of plastic packages has decreased from about 100 failures per

million device hours in 197e to about 0.05 per million device hours in 1990.

Furthermore, hermetic packaging does not appear to have kept “p with these advanced

requirements in either performance or cost. It has become clear that performance
must not be compromised by packaging: high-volume controlled processes and

materials will be required for quality and reliability; most or all devices must be

available in reliable cost-effective packaging; and evaluaticm, screening,
qualificati~n, and test procedures must be developed and nwmaged.

Today the most popular molding compound is epoxy novolac. The basic composition
contains, by weight, the following: 15-30% epoxy resin and hardenera, 60-80%

fillers, 1-7% pigment, mold release, coupling agent and stress absorber, 1-5% flame
retardant, and 1-2$ catalyst. Major stridem have been made on the corrosive effects

of aluminum chip metal libation. Reduction of chloride and other halides in the

basic epoxy cOmpoBition, stable flame retardants and ion scave”gere have essentially
eliminated corrosion problems. Some questions remain regarding toxic fumee

liberated from packages exposed to exceseive temperatures (>200”c) emanating from
flame retardant additives. A serious failure mecha”imm in memory devicee, data loss ●
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due to alpha particle tipact caus~ by thorium and uraniu el~nte cOntained in

‘@

filler material, has bean greatly reduced.
Single bit lees and soft errors have

bee. redUc~ t~ough reduction Of thOSe alpha @ittin9 ‘lmnts and by barr ‘E=

coating af the integrated circuit (Ic) die-

the

odmimtion or -Popcorning. aoBocLated with thin package leadleam chip c~riera

which ue eurface mounted ueing varioue eoldering techni~en i13undezst~ and cm
be controlled. Techniguen ueed include baking tho fLniehd Part and eealln9 in ~

~ifiight plaetlC ba9. parts removed from this enclosure muet be used in a fJPcific

At the part level, delamination effoctn can be reducd by having

>~c~a~~dd~eadfr~ die pad, decrease in filler pa*iCle Oize, and st-i~ ‘f

leadframes which eliminate burr formation sites for etrees concentration.

plastic encapsulated microcircuits have bean uead in tmnY DoD eYBt~s, in lar9e
In O- ~pplicat Lone, ~ilitacy epecific mterialsf prOcef+singf and

yantities.
I testing was believed neCES~arY.

secause of these requirmnts, cogt of parts neared

that of hermetically sealed vereions.
cost benefito, high quality and rnli*ilitY,

of plastic encapsulated microcircuits can be achieved by realization Of the

* -economic B Of scale- associated with procurement driven by high vOlume users.

~L.Setic prtaICt reliability hae improved dramatically Over the Paet 15 Years.

Today they are used in harsh enviromente, such an autmtive under-h-

applications and counnercial avionics eyetems.
The mechanical ruggedness Of Plastic

packages makes them superior in high
shock and vibration application= that can

damage. ceramic packages.
The user ❑ust carefully review tha manufacturing PrOcessr

reliability test results, and customer base of each prospective Plaetic Ic suPPlier.

sae itam ueeful in evaluating the integrity of a supplier of elastic Parts include
but are not limited tO:

6’.= a.

b.

c.

d.

e.

f.

9.

h.

i.

reduced phosphorus levele in passivation;

dual layer passivation in critical caaes;

perforated frames;

benign (non-ionic) cleaning of frames after mOlding J

use of copper frame S;

reduced stress trim and form;

corrosion resistant mold compounds:

nitride passivatiOn;

ionic contamination;

j . comprehensive reliability progrm.
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8.7 Suitability evaluationluu alification. Durability depende upon selection of
parts that will perform properly for the service life of the eguipment. A formal
process for determining technology family s“itabilitv shodd be established snd e. .
applied tO all P~ts regardless of which guality system parts are purchased to. The
highest guality part or technology family can be misapplied d“e to incompatibility

with design tools and methods and become .sreoccurring failure and logistic support

problem.

Top level initial suitability analysis of technology families can be done with

reepect to bias leve18, external tsmper.ature, loading conditions, power cycles, and

family specific sensitivities and limitations immediately after an estimate of the

intended usage, uee environment, and assembly level block diagrams is developed. As
a design becomes more defined, the effects of specific component power dissipation,
internal and external temperature, specific loading condition~, operating signal

frequencies, vibration, input signal condition~, etc at spscific assembly locations ,

can be evaluated and suitability reaffirmed. Suitability analysis should be carried
out as an iterative part of the design procetm.

Formal eguipment designer/manufacturer procedures for qualifying technology

families from particular vendors is highly desirable. Such procedures should
establish suitability for each design task (desired end fu”cti.an, performance, and

use/stress environment ) in light of p.aBBible vendor to vendor variabilities. This
supports a closed-loop design process and will assure highest probability of
designing with parts having the necessary characteristics from the very beginning.

In addition, the qualification procedure should evaluate the level of supplier

technical support and control over key variabilities available aB a result of

compliance to the applicable guality system(s) .

Each vendor technology family should also be evaluated for compatibility with

design tools and methods as a part of suitability qualification. Incompatibilities
with computer-aided design (CAD ) tOOIB for deBign, analysis and sinmlation can lead

to the misapplication of high guality parts or technology family.

A final element of tech”~logy family gualificaticm is evaluating compatibility
with eguipment ma”ufact”ring procesees and procedures. The various stress expo8ures
inherent in each manufacturing process should be evaluated in terms of type and

duration against technology family sensitivities to assure excessive degradation

will not occur. A component should be capable of lasting the service life of the

eguipment, AFTER exposure to man” fact”ri”g and in~pectionftest stresses [including

rework) and environmental stress screening (when applicable) .

8.8 Closed-1oop desiqn vrocess. A controlled design process with variability
reduction is essential to designing high- cmnplexity systems in a timely economic

fashion. Variability reduction, as applied to a design process, would drive toward

a design environment capable of producing designs with a high probability of first

pass success (fewer re-design iterations) . An example of such a process would
involve the use of a computer-based design and simulation environment to develop and
verify a desired assembly functicm and performance. The design would then be
fabricated and electrically tested under various environmental condition for proper

function and performance. Differences in Sinmlation and electrical test wc,”ld fa~
the basis for analyeis and corrective actio”~ to bring the designed and simulated

function and performance into agreerr,e”t“ith actual test results. Corrective
actions might involve refining CAD tool component models with new and for more

precise parametric limits or central tendency values, or adding cAD routines to
accept and utilize data representing such things as parametric drift of specific

technology familieB induced by high or low temperatures. @d
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A disciplined design proceee would aloo include a deGign process suitability

@

verification. The purpose of euch a verification iG a=auring the toole, methods,
and procedure used have no inherent limitations or aeeumptione which will force a

less than =atiefactory result (assembly dooign) with respxt to short and long term

function, performance, and durability for the kind of asm2mbly/functLon being

sutxnitted to the proceee.

A typical item to be chocked in ouch a verification would be ccanpatibility

(e.g. , verify that embedded design ruleo account for tranamiGeion line properties

and proper impedance matching of component and interconnecting msdium (printed

wiring board (PWSI, coax) ) when aos~iiem operate at ve~ high f-wenci~n. If the

design procesn conslsta of an angineer drawing schematics by hand while referring to

component data manuale, a suitability verification ❑ight consist of anouring the

designer is well trained in the proper demign application of all proposed component

technologies in each new/different typo of aeoambly to be designed. E~rt Loe with
.

the type of function and concepte key to proper functionality and. performance (ouch
ae, tran6misnion line properties of PWEO for high frequency asaembliee) ie also a

possible consideration.
.

In both cases, a capabilities demonstration (designing a small assembly

requiring the same kind of component technology and same level of o~rational
performance) is an excellent verification tool and provides information about

process capabilities and need for corrective actionn. Small scale capability
demonstration results provido a way of rating potential contractors with respect to

a proposed design and develomont effort providing a criteria appropriate to the
desired item of supply. ThiG approach provides more lneight into current
capabilities as opposed to results of previoue design efforts with lower eguipment

performance levele and different component technologies.

8.9 Characteristics variabw. Another consideration in proper design

application of a COMpOnent technology family in an evaluation of the allowed
variabilities to determine if any of them will affect proper component function,

performance, or durability in a specific circuit insertion. An example of this iS

the lead dimension limits found in 141L-sTD-1835. Mechanical analysis of these

dimensions with respect to typical vibration induced bending stresses indicates that

life expectations of leade with dimensions at the extremee can vary by as ❑uch as
70,000 to 1. With this in mind, the deeigner ❑ust consider the effect on the
assembly of woret case lead dimenslono.

If analysis shows, for example, that the expected vibration environment is

likely to stimulate an early lead failure, doeign adjustment, euch as repositioning

the part or adding board stiffener, can be used to ❑ake the design tolerant to lead

dimension variations. If service life regulrcments cannot be met through
adjustments, source or specification control may bo neceosary to assure that
installed component have robust leadn.

8.10 $Pecifications and uualitv Svstem. Variabilities affecting 10ng terM

function, performance, and reliability are present in every guality system and each

technology family. Each application has a unique set of otresses which can turn a

particular variability into a source of early failure in the deployed eguipment.
The specification and quality systems control only a subnet of device character-

istics. In a specific application, one or more uncontrolled characteristic may be

critical to satisfactory component function, perform.snce, or durability. By their

nature, these uncontrolled characteristics are likely to vary from vendor to vendor.
Identifying these characteristics is not a trivial task and the contractor should

Q

have a disciplined ‘variability affecte asseeement - procedure to pinpoint them.
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Again, the eguipnent designer should strive to make adjuatmente so the aeaembly is

tolerant of these characteristics. If this is not possible/ practical then

specification, source, or item control, or even use of an application specific ●
device may be neceeeary when safety or mieeian readiness demsnd it. It must be

recognized that, mince these characteristics are uncontrolled by the specification

or quality syetem, it is necessary to document both the characteristics and

acceptable limits for each application of the part as identified in the design

process. This enables the disciplined procurement of acceptable parts for
production and ❑eeting deliverable data item requirements.

The design process must be iterative to assure that, as parametera/properties of
the end item become more defined, change6 which might render a previously acceptable

part less than suitable are identified and addres6ed. The objective is to have a

high probability of firet pass success as a design transitions from development to

gualif ication and then to production and deployment. A controlled, closed-loop,
iterative design procese will minimize the failure events in qualification testing

reducing time and cost impacts of design modifications made after assemblies are in

production.
#

8.11 ADPlicatiOn Boecif ic integrated circuits (AS ICE}. The primary purpose of

application sPecific devices in evipment design is to achieve a unigue function or
set of functions at a necessary level of performance in a single device or set of

devices. The influences which typically drive use of ASIC devicee are “nigue
functionality, apace and power constraints, expansion of practical performance

limits, and improving reliability. This last point warrants additional
consideration. Typically, discussions of improving reliability through the

application Of AsIc devices revolve around reducing the statistical probability of a
Component level failure by replacing eeveral components with a single ASIC. This
same consideration applies to a reduction in the number of device/PWB
interconnections. The fewer devices or solder joints present in an assembly, the
fewer possible failures per unit time. This is a valid method of improving ●
reliability assuming the ASIC is robust enough to withstand the “se environment
stresses.

Application sPecific devices should be designed for function, performance, a“d
long-term reliability under end item use environment conditions. Reliability

physics-based analysis of proposed ASIC designs should be used to evaluate

suitability during the equipment service life. Verification of suitability should
be done via testing which imposes amcm”ts and types of stress equivalent to the

actual use environment and service life.

Another potential avenue of assembly level reliability improvement is the “se of
an ASIC device designed to provide service life durability (minimize probability of

both open/short and parametric degradation) . If durability analysis indicates no
existing device having the desired f“”ction and performance can meet reliability

requirements, a durability enhanced ASIC may be necessary to assure safety of flight

or mission criticality criteria are met. The use of reliability physics-based

design, suitability analysis and verification testing is essential to be successful
with this kind of ASIC development. The QML guality system is particularly well
suited to meeting equipment designer needs for this type of device. The conversion
of customer requirements process must include the use environment in great detail.

In selecting a supplier of an ASIC device, consideration ehould be given to whether

or not the device

tools up front in

manufacturer is “sing VSSIC Hardware Description Language (VHDL)

behavioral level device design VHDL description of the device

●
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interaction at the oyetem level. Thim providee a myotem deoigner with the

@

OPW~unitY to r~eai9n or reselect a device baaed on the int.aractiona before the
design is committed to fabrication and/or eyotem insertion. Failuro to ume theee
standard design tools can result in high co~t, OO1O c!ource oituatlona both in first

time buye and during the remainder of the ayetem life cycle.

8.12 ~ummaa. The design and part oolectioa procedures auggeated here are

inseparable end much more rigorous than might otherwioe be neceeoary when following

traditional methods described in military /industrial/counrmrclal epecificationo and

atand=da. They are aimed at making the doaign procono (including Belection of

aPWOPriate cqnantO) raOPOnOivO on a real ti=a bnolo to the very rapid changea in
design tools and component technology. Being rooted in reliability phyeics, theee

methode are determinist lc and guant itative. ?r@m th~o a more realistic demign
solution can be reached then with methorh applied acrona the entire vendor bam

without regard to dl fferencao in component reliability, aourcea and types of
variability, and limitations and seneitivitios of technology familiee from different

vendors. The quality systems discussed In Chapter 2 are established to allow a

designer to select a manufacturer with a defined met of guality etandards and

%
practices which should ❑inimize variability of the various technology families

produced/chipped, thue minimizing the riuk of using their devices in the respective

syetem application. Furthermore, the proceos discumsed in thin section requiree
military eguipnent deeignerc to conaldar all aspects of component selection that

impact the DoD mismion needs, moving beyond queetionn of compliance to

specification and etandards into guestions about reliability in specific

applications. The reliability phyeics umd in the design of components can be
brought to bear on the application of those components. The design rules,
tradeoffs, and application aseumptione made/used by the device designer can be ueed
to establish design rules for the eguipabant designer and contribute to reducing

misapplications which can eeverely reduce the uoaful life of even the highest

@

quality component. The objective of this effort in military eguipment that meets
all specification requirements and has a very low cost of ownership.
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9. SYSTSJI GmD3mcs

9.1 Introduction. The competitive nature of today, s electronic industry has

created an environment sUit AIR to prOMOte, demand, and apply the beBt manufacturing

practices. A manufacturing system capable of producing high guality products muet

comprehend the baoic elemente of design, manufacturing, marketing and customer

services. Th.S success of this system is based on communication of customer needs
and requiremente to supplier.s. The customer-supplier communication ia the key to
manufacturing and marketing high quality producte.

9.2 Manufacturing and cycle time. The term manufacturability is used to define
manufacturers, ability to produce products with an acceptable quality/cost and it is

a function of product maturity for both the supplier and the customer. For nsw

products utilizing new technologies, a yield of 200 may be acceptable in order to

supply products ahead of competition. Time-to-market or manufacturing cycle time
for introducing new products has become the driving force of many manufacturers. r

Thi B concept has forced manufacturers to study their cycle time for each operation.

In some caBes production flows have been streamlined to implement Just-In-Time
(JIT). Contracts should require a comprehensive yield improvement progran for the

new technologies as well as cycle time analysis to reduce coat and obtain continuous

improvement.

9.3 Statistical Process Control (sPC).. High yield and high quality
consistently at the lowest cost is any manufacturers, goal. Statistical process

control techniques are tools to achieve this goal. The publication, JEDEc-19,
outlines requirements for an SPC program. This specification requires study of all
process nodes, selection of critical nodes, proper use of SPC data, corrective

actions based on SPC data, piece parts SPC program, etc. SPC and low yield are not ●
necessarily mutually exclueive. For example, a tester may be under SPC and produce
low yield. The low yield is due to incoming material characteristics, not the
tester. Contracts should require “se of SPC; however, they should avoid selection
of critical nodes, CpK, etc. Contracts reguiring SPC should provide for some type

of detailed review by SPC trained personnel to ensure adequate a“d effeccive “se of

SPC. Under the Q14L and QPL quality syetems SPC is required and is evaluated

periodically by the Government for its ef festiveness.

9.4 Screeninq. Recent published data by the Inetitute of Environmental
Sciences-Environmental Stress Screening of Electronic Hardware (IES-ESSEH) i“ 1988

and 1990 has shown that the majority of military grade components are defect free.

Industrial systems manufacturers have helped drive the increase in quality and

reliability by demanding guality levels similar to those imposed by the military.
These commercial users consume the largest guantity of IC products and thus have

significant impact on the rate of quality improvement. Defects found are typically
due to miscorrelation of test hardware/software or smbiguity of specifications. In

addition, the above publications show that an active customer-supplier guality

improvement tesm (QIT) can systematically eliminate all defects. A proposed
correlated device list (CDL) for the industry to be hosted by the Government-
Industry Data Exchange Program (GIDEP) will list components that have reached defect

free status based on the correlation effort among specific supplier-user teams.

contracts ahou ld reference the above proposed CDL. Mandatory 100% rescreening of
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@
c~nente mum. be avOided. Rescreening may be allowed for a short period of time

to give tima for guality Mprovement program to work or to locate another source.
Each progrsm should have as one of its major goale the taak of reducing or
eliminating coetly KV5 ocroening.

9.5 ncieabilitvle ubeti tut~. One of the meet frustrating problsmn in

the field im interchangeability of compnnento. In many caaee, a atandsrd coatpOnent

fram another manufacturer cannot be ueed to replace a failed component. Thio

problem ha- aloo been found in the lint of allowod oubotitutiono. In both caneo,

demignerm and the original equipment manufacturerti have not fully defined all
critical parameters in their application. COnt racto ehould regu ire proper

documentation of critical parameters. It ie aleo rec-nded that OSKE verify the

validity of the substitution list.

.,
9.6 ~. d RHA Lo a series of radiation

sf.mulatbans which aesists the syetem builder in determining the amount of radiation

= a device will withstand during a nuclear event or during normsl operation within a

natural generated radiat ion field (i.e. , eolar f Iair, radiation belts, and

atmospheric anomslieo) . The general specification and detailed davice

SPCificatiOnS 8uCh as HIL-I-38535 and the S!tOG have been developed and structured
to provide the user with aa much infornk+tion about device capability ae possible.

All RHA SMOS reguire devicoe to be characterized to the device capability (nOt

“to systsm survivability) using the following FIIL-sTO-883 and ASTM test ❑ethods:

Method 1017 - Neutron irradiation.

Hethod 1019 - Tot81 ionizing done (gamma) .

Method 1020 - Radiation induced latchup (X-ray) .

Method 1021 - DoBe rate UpSot.

ASTM method 1192 - Single event phenomena (heavy ions) .

Because all devices fir inherently hard to come level of gamma radiation (method

1019), four RHA designator were developed to allw for the cate90rizati0n Of all

the different capability levels obeerved, ae followo:

2( = 3 X 103 rade(Si)

O = 1 X 104 rads(Si)

R n 1 X 106 rads(Si)

H =. 1 X 105 rads(Si)

For example, if a part is characterized to 5 X 104 rada(si) the part would be listed

as a D level part, but 18 that same part fran a different manufacturer show a

capability to 5 X 105 rads(si) the part would be listed as a R level on the Eame
SKD .
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The other test methods are handled within the Group E paragraphs in each
detailed specif icat ion as required by design or by the purchase order. By putt Lng

●
these methods into paragraphs, e.srihardened devices such as Silicon on Sapphire

(SOS) and Silicon on Insulator (S01 ) nay not need to be tested for a particular

ef feet and csn ❑O be stated without changing the requirements.

The electrical test limits after irradiation can be found in table I of the SMD

for the level -qxacif ied by the ~ designator. These limits are derived from the
characterization data with a mean plus 3 sigms applied to that data.

BY erOviding a fully characterized detailed device specification the user knows
the device capability and can make a better judgement on which part best suitB his

particular application.

9.7 Obsolescence. Obsolescence or non-availability of items required to eup-
port DoD systems has become an increasingly prevalent problem in recent years. This
situation may occur among all cla~aes of items and materials, hut most commonly .:

affects solid state microelectronics. Various DoD and industry-driven factors may
combine to make continued manufacture of selected components uneconomical or

otherwise unattractive. Reasons manufacturers cite for ceasing production include
rapid technological advances, foreign source competition, federal e“virmunental and
safety regulation=, and limited availability of items and raw materials. Department
of De ferme procurement practices further compound the problem. Long design-to-
acquiaition lead times, uneconomical production requirements, and service life
extension programm may all impact profitability and/or availability of specific

product lines and thus decreaee manuf acturere, desire or ability to provide life
cycle support for obsolete parts and components. Diminishing Manufacturing Sources
and Material Shortages (DMSMS) are defined as the loss or impending 10ss. Of
manufacturers or suppliers of items or shortages of raw materials. DMSMS casee may ●
occur at any time during the acquisition cycle, from design a“d development through

post production, and have the potential to adversely impact the military. s ability

to outfit and support critical equipment, components, and parts.

9.8 Testability. 1 Integrated circuit designere continue to design circuite
that can be made smaller and faster, sometimes using design practices that produce
untestable circuits. For the systenm of the past this probably was a cost-effective
way of bringing systems to the field. However, with continuing decrease in the
hardware costs and increase in the field engineering coeta, this practice is far

from being cost-effective in today -s very competitive industry. Today it is
necessary to detect, diagnoee, and correct problems quickly, accurately, and

economically in a mass production environment.

The notion of design and teat as two separate activities cammt continue in the

future becauBe it will adversely affect the overall cost of integrated circuits and
systems. This has been realized by system manufacturers who introduced deBign for

testability techniques in order to essentially minimize the cost for test pattern
generation, test pattern validation, and test application. Self-testing techniques
are also increasingly being used for functional verification of high performance

‘ Hakim,EdwardB., llicroeieccrcmicReliability,Volune! Reliability,Testard Diagnostics(Norumd, IU:
ArtechHouse,1989),Chapter3 - TestabiIity for Fuwtiana( Verificacionand Diagnosticsarm Chapter6 -
Aut.araticTesting.
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circuits capitalizing on their advantage of at-aped teGtin9.

Finally, when dasi9n

Ud teat are considered as an integral aCtiVLtY at tho C~@nent level. ‘Yatm

teeti”g can be greatly affected by
adopting a eystem design meth~olWY that t*ee

advantage Of -testable- component to create syotem BIT mtmctures at all levels Of

def@n hierarchy so that 13ySt_ are eaOily ‘oot&le -

M important consideration in testing digital microcircuit La the definition of
B- kind of maeure of teat ‘WnlitY. -

Traditionally, thin @$3a8Ure waa called

fault coverage and ie the fraction of detocttilo faulto that are detected ufJin9 a

di.mn test Set..—

The number of faultn detected is relatively ea13y to determine.

A faUlt

t+imulator 1s able to count them.
‘fhe probl~ ie with determining the n-er Of all

~ssible faultG. With a structural model, we can define it as the n~er of

~nterconnectkms doubled (assuming that we do not all~ fOr bridging ‘auLte) - ‘t

the functional level this measure is relative-
The Game functional Unit Can be

built Ln UUMIY different ways, each using a different number of 9ates and, thue,

having a different number of interconnections.
This means, if we try tO use the

definition above, we Can actuallY
-~ni~hte- the result, and by adding lwicallY

transparent component, such ao a noninverter to our functional primitives, we can

report a higher percentage of fault coverage without improving the c~rehensiveness

of the teSt. An example of cost reduction through the u8e of increased fault

coverage testing is given belw:

i

Ex~p10:

ASsUMe that the fault coverage of untested ICS it!98%.
AOSUmW further that

thr.augh testing we can improve the fault c0vera9e Of the 10t tO 99.SS.

In the

intended operation, 50 Ica are used Ln accordance with PWB, and 10 PWBEIare needed
‘fh.a workload is uniform et 1000 6Yst=s Per ~nth.

The

tO construct a syetem.

company has found that eliminating a fault at the IC level Costs SO.75; S7 .50 at the
PCB level; and S75. 00 at the ByStem level.

what 1s the cost savings by hL9h fault

COver.gqe aaciurance?

Let q = fault cOVerage Of Ice,

n - number of Ice on the PWB,
pB . probability that the PWB ie freo Of bad Ice,

❑ = number of PWBS in the. system, and

es = probability that the system is free of bad ICEI.

‘rhen, if we do not test ICe, the probability
that a PWB ie free of bad ICEI is

pB 0 (Q1)n - (.98)50 - 36.a28

At the system level, we hBve an unacceptably low probability that the sYst~ is

free of bad ICS:

PS - (pB)m - (.3642)10 * .004$

Not+, if through testing we bring the fault coverage of the IC to 99.8%, we will

have
PB - (Ql)n - (.998)50 - 90.47}, and
p~ - (pB)m o 36.75%
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The cost differential at the board level (COB) can be predicted by subtracting
the difference in board fault coverage and multiplying it by the guantity and cast ●
of repairing each PWB:

CDB = $7.50 ● (.9047 - .3642) ● 10,000
= $40,537.50

Similarly, a cost differential (CDS) exists at the system level:

CoS = $75.00 ● (.36750 - .00004) * 1,000

= $27,559.50

In this example, it was shown that if the fault coverage of the ICS is only 98%,
the probability that the system con’atr”cted will be free of IC failures is only i
0.004%. If, however, we increase the fault coverage of the ICS to 99.80, a mere

1.8% increase in IC fault coverage, the probability that the system will be free of

IC failures increases to 36.75%. This is nearly a 10, 000-fold increase i“ the

probability that the system will work.
r

It is clear that higher-quality ICFI will produce higher-guality systems and,
from an economic perspective, will also result in lower costs. Ideally, we would
like to have Ice with 100% fault coverage, b“t we m“et work within both technical

and economic limitations. In order to detect all possible failures that ccmld

befall an XC, a very comprehensive test program must be produced. The amount of
effort needed to produce euch a test program grows exponentially as higher

percentage of fault coverage are reguired. Figure 2 shows how time, cost, and test
engineering effort grow with respect to percent fault detection or test

effectiveness. An additional substantial cost is that of purchasing, operating, and

maintaining an automatic test system.

1001

9sz

1

---------------------------
901 ---------------

1 FAULT

1(

,/

DC, ECIIO”

50,ITts,

ifrtt TIvE.f5sI

TCmE Cost Test Engineering Eff.a,t

FIGURE 2. Fault coveraue as a function of test rxoaram develo!ament cost.
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9.9 &oyirO~ental E rene a reenina :BSs 1.t c Environmental etress screening (ESS )

is a procese smployed by DoD for discoloring defective parto and materials at
incoming inspect ion. Effective application of ESS b designed to reduce in-plant

ravork coots by disclosing defecte due to psrto, workmsnehip, and manufacturing

process deficiencies. Furthermore, it in deaignad to decroaoe msint.snance and

su~rt coete attributable to early life failuroo of fielded ayotema and improvee
availability during initial deplo~nt. A closed loop corrective action process,
dedicatsd to determining defect cauoe and Lnotituting corrective action to prevent

recurrence La encouraged no an integral part of ESS to aonure maximum benefit of

instituting this progrsm.

ESS is used at the coqanent, mbaossmbly and system levels to remove guality
related defects. Strese screening zeguired of camponent ouppliere, via the quality

6 systems cited, ia usually sufficient enough to rsmove aescmbly and packaging and

workmanship problsms. Hawever, ❑any DoD progr.s.umspscify 100* ESS at receiving
inspection. At the component level the mast used ESSQ are temperature cycle, burn-

in, hermeticity and Particle Impact Noise Detection (PIND) . An ESS program at the;
board or higher assembly level ehould be designed to eliminate workmanship defects

resulting from the board or higher assembly processing (colder, contamination, etc)

and not due to companent defects. Them ecreene include temperature cycle, shock
and vibration.

@

In order to minimize the cost and possible schedule impact when 100% ESS ie
“required, the implementation of government contractor receiving inspection an”d test

is changing to reflect a process for augmenting the component/board eupplier control
system which in turn will reduce the level of nonconforming product entering the

assembly process. The decision to perform electrical and machanlcal verification at
receiving in based on several factors. Thetm factoro may include, but are not

restricted to the following: The lack of camponent/board characterization data, the
criticality and/or relative risk of the camponent/board in ita application,
demonstrated performance of the component/board, or application specific teeting.

Oecisions regarding receiving inspection and test of components/boarde should be

made on a eupplier and part/board basis. Through implementation of a well thought
out receiving inspection program, ESS would be limited to those products ❑eeting the

factors cited above. Also, any ESS program ehould reflect the end uee system
requirements.

9.10 QUalitv function denlo wnent (OFO ).. QFO in a structured ayetem for
designing prrxluct or service baeed on customer demando and involving all members of

the producer or supplier organization that assures product characteristics equate to

customer requirements. QFD can be used to clarify an identifiable supplier/customer

interface. It should be used in any new eystemo contract to assure that the final
system meets or exceede all the customer expectations.

Sriefly, in a matrix format, it lists the cuetcm!er”s “wants- with priority
ratings on one eide of the matrix and the ‘how to- across the top of the matrix. In
a system design this procese is reiterated through a Requirements Matrix, a Design

Matrix, a Product Characterietica Matrix, a Manufacturing/Purchasing Matrix, a
Control/Verification Hatrix, and a Control/Verification of Product Matrix.
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In the context of this handbook, QPO should be used by the parts supplier with ●
the systems builder to assure that all the customer application and performance

requirement are properly communicated to the part B supplier so that the capability

of the part may be matched to the symtems environment (electrical, thermal,

mechanical) . For inatsnce, it would be inappropriate to use plastic parte in an

e-eed win9 tiP avLOnics pod, but unfortunately, it was done on one system at a
considerable retrofit/redesign coBt. QPD would have established the structured
communications link between the supplier and the customer.

CONCLUOING MATSRIAL

Custodian:

Army - ER

Preparing activity:
J

Army - ER

Agent:
DLA - ES

(Project 5962-1338)
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