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SUMMARY 

A Seminar on the subject of "Certification and Evaluation cf 

Electronic Component Parts" was given at the China Electronic 

Product Reliability and Environmental Testi~g Research Institute 

(CEPREI) in Guangzhou, People's Republic of China, from May 27 

through June 16, 1983. Much of the subject matter of the 

Seminar consisted of answering nineteen (19) questions submitted 

to me by CEPREI Manag~ment one month preceeding the Seminar. 

The format of the Seminar consisted of a lecture of from two and 

one-half (2~) to three (3) hours of le~ture in the morning 

session with a question and answer period lasting from three (3) 

to four (4) hours in the afternoon. The types of questions 

asked and the number of questions indi~ated a great interest and 

significant knowledge of the subject matter. 

A number of MIL type specifications, standards and ~andbooks on 

electronic components, reliability testing and quality systems 

were brought with me under approval and license from the U. S. 

State Department, license number 1S~319. 

Th~re we~e iorty-two (42) regular students that attendad the 

Seminar. In &ddition to the regular students, other students 

(observers) attended a number 

special subjects of interest. 

is attached as Appendix A.) 

of special lectures covering 

(A list of tue regular students 

From the questions asked, it was evident that representatives 

from many different testing areas were present and very active 

in th~ Seminar. Questions on testing passive components 

(capacitors and resisters), active components (diodts, transistors 

and integrated circuits), and electro-mechanical components 

(switches, connectors and relays) were asked and discussed. 
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In a few instances, I did not have answers to the questions 

asked, but promised to research the question and supply answers 

in the near future. These questions concerned specialized 

equipment available for certain tests on electro-mechan:cal 

components such as: 

a. What equipment is used in testing connectors 

for mating and unmating life tests? 

b. What equipment is available for testing relays 

for endurance testing, especially to detect 

contact bounce and contact miss? 

I would like to take the opportunity tc acknowledge the 

friendliness and full cooperation received from Mr. Lu Chung-yu, 

Director of CEPREI, Madam Wang Xiurou, Deputy Director of 

CEPREI, rtr. t1a llua izu, Chief Engineer of CEPREI and 

Mr. Yi Zhiyun, Program Manager of the UNIDO Project at CEPREI. 

I also wish to thank Mr. Li Mengwei, Director of Quality Control 

Department of the ftini~try of Electronics Industry and 

Madam Yf! Lansu, Ueparlment of Foreign Affairs of the Ministry 

of Electronics Industry. 

Special thanks for the efforts and cooperation of the 

translators, Mr. Chiu Tsu-tung, Mr. Jong Ming and Mr. Jiang Yong 

for all of their assistance in making the Seminar a success. 
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SEMINAR AGENDA and SUBJECTS COVERED * 

Subject 

Overview on Testing and Evaluation 
Purpose and Function of Quality Certification 

Origin and Development of Quality Certification 

Requirements and Met.hods of Management of the Standards 
and Specifications Used in Quality Certification 

Briefing on Quality Certification of Electronic 
Components in \he u. s. A. 
Briefing on the Application by the u. s. C~rtif ication 
Organization for Membership in the ICC (Inspectorate 
Coordinating Colhlltittee) of the IECQ (International 
Electrotechnical Commission Quality System) and its 
Approval by ICC/IEQC. 
The Requirements of NAI (National Authorized 
Institution), NSI (National Standards Institute) anG 
National Calibration Institute - taking the u. L. 
(Underwrit~rs Laboratories) as an example. What are 
the requirements of ANSI (American National Standards 
Institute)? 
What are the Procedure& and Methods used in Giving 
Approval to a Component (Product)? 
What are the Procedures and Methods Used After 
Certification is Granted? 
What are the Procedures of Appeal agai ilSt the 
Conclusion Given to a Certified Product? 
The Application, the Procedure of Management and 
the Method of Surveillance Used for Quality 
Certificates and Quality ~ark of Conformity 

What are the Differences Between the Existing 
Marking Systems Used in Various Countries and 
that of the Quality Certification System? 
The Future Development of the Evaluation Techniques 
of Components 
Besides using the .. Component Hours Method", are 
t~re any other methods used in Quality Evaluatior. 
of Components? 
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Subject 

wr.at are the Methods Used in the u. s. A. for the 
Evaluation of the Failure Rates of Components? 

Briefing on the R~liability Evaluation Methods of 
Semiconductor Devices in the u. s. A. 
How Shall We Sample and Evaluate Switches, Connectors, 
Potentio'!IE!ters and Temperature Sensitive Components? 

A. What are the Key Points in The Reliability 
Evaluation Techniques for LSI? 

B. What are the Key Measures Used and their 
Characteristic Features? 

Briefing on the "Climatic Test Sequence" of Different 
Components in the I£C Standards 
What are the Test Records and Test Report Formats 
Used by Uniter! States Laboratories for Evaluation 
Tests of Components? 

- A complete set of notes and slides used are included in 

Appendix B. 

Note• A copy of the complete set of notes was supplied to 

each regular student attending the Seminar. 
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GENERAL OBSERVATIONS and DISCUSSiONS with 

CEPRtI MANAGEMENT 

This trip (my third trip co China) consisted of a full four 

weeks - meeting with the Ministry of Electronics Industry and 

with Mr. A. ~issingh in Beijing on May 24th and 25th, leaving 

for Guangzhou on Hay 26th and meeting with the Management of 

CEPREI or. May 27th, 28th and 29th (Friday, Saturday and Sunday). 

The Seminar be~an on May 30th (Monday) and continued through 

Juna 16, 1983. 

Durh1g my meeting with Mr. A. Sissingh, I was asked to complete 

the Project Evaluation Report, Part I, Part II and Part III. 

This was accomplished and submitted to Mr. Sissingh d1Jring a 

Project Meeting ~n June 17, 1983 at which CEPREI Management, 

UNIDO Representatives, Ministry of Electronics Industry 

Representatives and myself, as CTA, participated. 

I am impressed with the progress made by CEPREI in fulfilling 

the outputs of Project No. DP/CPR/81/028/C/Ol/37. As mentioned 

in the Performance Report, additional assistance by UNIDO and 

my~elf as CTA may be required to maintain the progress and 

complete this program on schedule. 

My discussions with CEPREI Management regarding the usefulness 

of the Barnes Infra Red Scanning t-:icroscope was fruitful. They 

agreed to delete this equipment from the proposed list of 

equipment. 

on June 17, 

Meeting by 

Other changes were made as discussed at the meeting 

1983 at CEPREI and inclu<led in the Report of the 

Mr. A. Sissingh. 

The Phillips SEM (Scanning Electron Microscope) with the Edax 

and Redax options is _n operation, but requires some minor 

adjustments which were in progress of being accomplished by 
Phillips represenatives. 
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Air Condition~rs ~ave been installed in critical areas and 

reco~ding temperature ~nd humidity instruments are being used 

in these ~ritical areas. 

The major weakness in the Project lies in establishing the 

Fellowships as required in the program. Although this was 

anticipated, more time is required to establish the correct 

Fellowships that will be most productive for CEPREI. A 

Fellowship at a well-rP=ognized Failure Analysis Laboratory 

and a Calibration Laboratory are yet to be finalized. 

Recommendations: 

A proposal to establish CEPREI as the service, maintenance and 

calibration organization for new technology equipment being 

procured and to be procured was made. CEPREI is in basic 

agreement and is studying this proposal with the Ministry of 

Electronics Indu3tr:'· The proposal includes a recommendation 

for the Ministry of Electronics Industry to establish a buying 

office for electronic equipment in the U. S. A. If this 

proposal is accept~d and implemented, ad~itional fellowships 

at equipment manufacturers' facilities to study the maintenance, 

5ervice and repair of the varfous equipment could be arranged. 

Some new equipment was also ~ecJmmended to CEPREI for the 

Quqlif ication and Surveillance Laboratory for Consumer Electronic 

Products. 

~l 
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mE LIST 01' TUB NAlm» 01' S'l'UDENTS 

1. Jiang Jilatu ,.~y~ 13. Zheng Xiangta !I .ff-~ 
2. Yi• Yuqiq ot ~{I 11+. Feng !UD%iu(fea.) ;~ j;. ! 
3. Huang Biqqi ., i ,,. 15. C.hen Hui ( f •••) * 4 
'~· PP Lieping Jt :JaJ :f-- 16. Han ChangJ"ing(fea.) ~~' t 
5. Chen Wei ~ 1~ 17. Wang GQllJl3bin s. ~~~ 
6. Huang Xinquan. 1~1 18. Yu Kinghai ~i~4" 
7• ((iu Peihua ~~"Ii~ 19. Shen Guoliang ;t.i aJ ,_ 
8. Zhai YUQiD ~1 ;i. R 20. Jie Yinliang 1~~ ~ 
9. Li Xiangdong ~ ~ f,. 21. Lin Jun 

#$. ' 
10.xu ·.1eiven ~i~ :( 22. Wu Qiongling ~ >~ llf 
11 • tu Liang ft ~ 23. Bian Naipeng ~~~ 
12.Dai Bingq\l&Jl JPj f. 24. Yu Hanglin ;t~~ 

• The 24 atudents liated above are from CEPREI and participating in 

the Seminar .. regu1ar students. The other participant• are a.a follova: 

:;j<.~- 1 • §AJIJ. Zi:b1:1i 
...... • ·i ~ .... i \ 2. Yu ~:ran 

i 'l *- 3. Cao Fuda 

;iaJ 11~ 4. Pan Guo11ing 

1aJ X J:i 5. He Wen.hall 

Jf ~~ jf1. 6. Yan Jingbe 

t~rf ~ ?. ,Yang jinxiu 

~ 1M9. e. z.hang ruzu 
nt ~ 9. Xu Jinghu 

(Shandong Provincia1 Electronio Produot Testing Station) 

GHubei Provinoia1 Electronic Produot Testing ~tation) 

(Shanghai Municipal Electronic Product Testing Station) 

(Beijing Municipal Electronio Component Testing Station) 

(Beijing Electron Tube Manufacturer) 

(Jiangnan Radio Equipment Factcr7) 

(Huafeng Radio Equipment Facto:;:-r) 
(Ji*!lgsu ProT'incia1 Electronic Product Teating Station) 

(Jiangxi Provincia1 Electronie Product Testing Station) 

1.~~.t..10.wang Mingzhi(Zhejiang Provincial Electronic Product Te•ting Station) 

"!!f!1t11.He Zhengquan(Jilin Provfacial Electronio Produot Te•ting Station) 

..fl- fit, t.. "1_2.Piao Fenaun\:Liaor.ing Prorinoial Eleetronio Procluot Teating Station) 

1J.rf,;A 13Ju Dtqiy (NSO) 

.1~;~).f14.Ban Youhai (NSO) 

rt'·J· gJ 15.xu Xiaotian (MEI) 
?tJ 1!f -~ 16. Zhang Zhaoxiang ( M El ) 

ff~ f-17.Xu Huiqin (MEI) 
t~j~~!,18.Deng Zuanqing ( Electronie DerlcH Hanufaotu•, Guangdong Prodnot ) 

4 The n&11•• of female atudenta are underlined. 
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D•Y 1 and 2 

OVERVIEW of TESTING a~d EVALUATIO~ 

(Notes u .. d in Sellinar Daya 1 through 21) 

TESTING ACt:OMPtISHEI. FOR A PURPOSE 

A. Types of Tests 
1. Engineer~ng Tests 

a. Step/Stress 
b. Thermal Analysts 
c. Endurance (Life) Tests - Sometimes test to failure 
d. Environmental Tests 
e. Characterization Tests (See #3 below) 

2. Qualification Tests 
a. ~o prove the design 
b. To determine capability of meeting specifications 

3. Characterization Test - Used by componen~s users 
a. To determine that the·same component from 

different man1Jfacturers will operate as 
required in complex circuitry. 

4. Inspection Tests 
a. Made by Component Manufacturers to determine that 

lots produced meet specifications. 
1. Some tests are made lOO"t 
2. Some are conducted on samples 
3. Environmental tests conducted on lots periodically 
4. In some special instances, prepackaging tests 

are conducted. 

5, Incoming Inspection Tests 
a. Depends on product 

1. Thoroughness of tests 

2. Number of tests 

3. lOO"t or sample 
4. De1tructi,1e or non-destructive 

5. Sampling plan 
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Day 1 and 2 

6. Burn-In tests - Screening - for elimination of 

early failures 
a. Static:Burn-In 
b. Dynamic: Burn-In 

1. Number of hours 
2. Temperature 
3. Voltage applied - operating (dynamics) 

7. Reliability Tests 
a. Uiu~lly accomp.l;iahed by manufac~urer 

1. Reliability Determination 
2. Reliability Compliance 
3. Requires Planning 
4. Requiren Definition of Failure 
5. Re~uires Description of Environment 

and Measurement Schedules 

B. Use of Results of Tests 

All testing should ~e done for a purposP.. Test 

results should be used. 

1. 

2. 
3. 
4. 

5. 

Simplest use is accept or reject product 
a. Determf.ne acceptability of supplier 
Learn whether product will meet specifications 
Learn weak points of a product Failuce Analysis 
Learn how to improve product 
L~arn capability of product to meet unusual 
and/or very rigorous environment. (One of the 
most hostile environments is th~ automobile.) 
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TOPICS of SEMINAR ON CERTIFICATION and EVALUATION 

THE PURPOSE·and FUNCTIONS of QUALITY CERTIFICATION 

1. To facilitate international trade in electronic component parts. 
a. lly avoiding the necessity for 100% retesting by purchasers. 

b. To ease thr resolution of quality problems if and when 

they arise on an international scale. 
c. To establish i~ternational rule~ for qualification approval 

of conformity, to establish rules for appeals ar.d for 

resolution of any problems dealing with quality between 
buyer and seller of electronic and electrical component 

parts. (Operatiag Characteristic Curve) 

2. io assis~ the pxoduct line committees of the IEC to establish 
parts specifications so that they can be used as procurement 

dor.uments. 
a. The inclusion of the need for Qualification . • 
b. The inclusion of iM:~~ction requirements and 
c, The testing and measurements needed to obtain and maintain 

the Mark (Certificate) of Conformity. 

l 
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Day 4 

THE ORIGIN and DEVELOPMENT OF QUALITY CERTIFICATION 

A. Quality Certification originated many years ago with Certi­

fication of such items as -

1. Plywood 
2. Boiler Tanks 
3. Refrigeration Equipment 
4. Underwriters listing of equipment to prevent fires. 

B. TRIPARTITE - 1967 
1. Franc2, United Kingdom, Germany 

a. Vote as a block (group) 

b. ·work together. 

C. CENEL - Final Draft 
First expanded to European Common Market. Next expanded to 

include the European Free Trade Association - a group of 

thirteen (13) countries. Hidden trade barrier. 

D. IECQ 
In May 1970 at the IEC mee~ing in Washington, D. C., two 

proposals were made by the U. S. Delegation t~ TC-56. 
1. The Coimni'-tee of Action investigate the requirements 

necessary for the IEC to operate an International 

Certification Plan. 
2. RP.quested the Committee of Action to authorize TC-56 to 

establish a Working Group to prepare a proposal of a 
Certification Plan which could be used by any nation and 

lat2r harmonized into an international plan. 

Both proposals ·were accepted and Working Group 7 of TC-56 

was organized to prepare the 'Proposal'. 
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Day 5 

THE REQUIREMENTS and METHODS of MANAGEMENT of the STANDARDS and 
SPECIFICATIONS USED in QUALITY CERTIFICATION 

A. The three areas of Management for the IECQ System in the 

U. S. A. are: 

1. EIA - acting as the National Standards Organization 
2. ECCB - acting as the National Authorized Instituti.on 
3. UL - acting as the National Supervisory Inspectorate 

1. National Standards Organization 

The Electronic Industries Association (EIA) is s 
U. S. Trade Association representing the U. S. Electronic 
Industry. EIA is responsibl~ for preparing and issuing 
national standards and uther documents assoclated with 
the IECQ System. EIA issues voluntary electronic 
standards for the electronics industry. 

• Many standards and specifications issued by the EIA have 
been adopted on a national scale by the American National 

Standards Institute {ANSI). 

ANSI is an organizacion made up of many Trade Associations 

and Professional Organizations, such as, EIA, NEMA, {BEHA, 
AHAM, IEEE, ASQC, ANS, SAE, etc. Membership is also held 
by many large ma~ufacturing companies, such as G.E.,ATT, 

IBM, Westinghouse, General Motors, Ford and many others. 

ANSI has overall cognizance of all national standards and 
specifications in the U. S. A. 

These standards and specifications are written by 
a. Committee~ within ANSI 
b. Committees within member organizations 

(examples) 
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Day 5 

2.~ The U. S. i1ational Comr.1ittee of IEC - USNC of IEC -
is the national organization which manages and has cogl'izanct? 

of all activities of the U. S. in t~e IEC. The USNC is an 

affil~ate of ANSI. 

The USNC has establ!.shed a separate organization, fully 
independent and incorporated within the laws of the U. S. A. 

and having separate financial responsibility. This 

organization, known as the ECCB (Electronic Components 

Certification Board) is responsible for management and 

implementation of all activities pertaining to the 

operation of the IECQ System «ithin the U. S. A. 

ECCB consists of fifteen {15) members -

Six (6) from electronic components manufacturers 

Four (4) from electronic equipment maqufacturers 

Five (5) fro~ general interest members or groups 

representing the electronic industry. 

The Chairman of the ECCB is the member of the CMC. 

3. On the basis of proposals submitted to the ECCB by fou~ 
organizations, the UL was chosen as the U. S. National 

Supervisory Inspectorate. The NSI {UL) is responsible 

forsurveillance of all procedur~s for quality assessment 
necessary for the System, and is also responsible for 

approving m&nufacturers, distributors and independent test 

laboratories and for suspension or withdrawl of such 
approval. Other areas of responsibility include: 

a. Qualification approval of components 

b. SurveilLance of quality conformance inspection 

of components 

c. Audits of Procedures and Tests conducted under 

the system 
d. Proper use of the Certificate (Mark) of Conformity 

e. Issuance of Practices and Operating Procedures for 
approval, surveillance and audits as required 

I 
I 

I 
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Day 6 tS 

BRIEFING nn the ~UALITY CERTIFICATION of ELECTRONIC COMPONENTS IN USA 

A. Electronic Component Certification began in the U. ~. A. with 
the writing of component specification by the combined effots 
of the Military Service (Army and Navy) in 1943. JAN Specificat~ons 

After the formation of the U. S. Air Force from the Army Air 
Force, the specifications became MIL Specifications. 

These specifications required qualification approval and 
included quality requirements for qualification approval and 
inspection. They were used by the military services as 
procurement documents. At present, the Military Department 
has, what is known as, a QPL (Qualified Products Test) and a 
PPL (Preferred Parts List). 

B. Approval was given to the U. S. A. Proposal made at the IEC 
Meeting in 1970 for an International Quality Certification 

System. 

1. The Council established an L:&terim Certification Management 

Committe to establish "aules of Procedure" and "Basic Rules" 

for the operation of IECQ. 

2. Ten (10) years later, the "rules" were finally adopted. 

3. In January 1982 the IECQ System was finally approved ari 1 

laun~hed (became operational). 

4. It is llY per...a1 f•lU.., .... ~ hlAef Of othft•, that 
many attempts were made to delay and/or stop this system 
from progressing by the European Free Trade countries. 
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Day 6 

As of February 1982, there are eleven ~11) countries whose National 

Supervisory Inspectorates have been approved. They are Australia. 

Belgium, Denark, France, Germany, Ireland, Israel, Japan, United 

Kingdom, Switzerland and united States. 

Due to the fact, that there are very few ~eneral, sectional and/or 

detail IEC Specifications available which can be used for quali­

fication testing and on the basis of which approval can be given 
(or the Mark of Conformity applied), the IECQ System is progressing 

very slowly. 

A number of countries are busily writing General, Sectional and 

Detail Specifications which can be used in the IECQ System. 

The U. S. A. National Supervisory InspectoratE with the assistance 

of the ECCB is working on a program to use a quality system 

similar to the IECQ System on a national and domestic basis. 
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Day 7 

BRIEFING on the APPLICATION BY THE U. S. CERTIFICATION ORGANIZATION 

FOR MJ:;MBERSHIP in the ICC OF IECQ SYSTEM and ITS APPROVAL BY ICC/IECQ 

The U. S. A. was one of the first nacional committees that ~orked 

with other national committees to establish the Rules of Procedure 

and "The Basic Rules" of the IEC Quality Assessment Syste!.1 for 

Electronic Components (IECQ). 

U. S. A. members working on these "Rules" were required to be 

particularly careful so that the rules would not be in violation of 

U. S. A. laws and regulations regarding international trade and 

national laws on trade, thereby, preventing U. S. companies from 

accepting agreements. 

The U. S. National Committee of IEC accepted the responsibility for 

establishing the total organization for the IECQ System. The USNC 

established the Electronic Components Certification Board, a group 

of individuals from components manufacturers, component users and 

representatives from trade.and proiessional organizations. 

Slide of membershp (ECCB) as the NAI (National Authorized 

Institution}. The NAI is responsible for management and imple~entation 

of all activities of the IECQ in the U. S. A. Maintain contact 

with CHC. 

After a review of proposals submitted by three organizations to 

contract for the task of NSI, it was agreed that the Underwriters 

Laboratory !UL) be cont~actecl to accomplish ~his task. The NSI is 

responsible for!l..lo:iveillanai.- of all procedures for quality assessment 

necessary for the syste~- Maintain contact with and represent&tion 

with ICC (Inspectorate Coordh&~ting Committee). 

The National Standards Organization (NSO) responsibilities have been 

accepted and undertaken by the Electronic Induscries Associaton - a 

U. S. Trade Association representing the E\ectronic Industries. 

The National Calibration Service for the IECQ System in the U. S. A. 

is provided chrough the U. S. National Bureau of Standards, which is 

part of the U. S. Department of Commerce and its system 0f 

calibration laboratories - which maintain traceability to the 
USNRS. 

(Show Slides of U. S. National Organizations) 
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Day 8 

THE REQUIREMFNTS of NAI, NSI, NATIONAL SiANDARDS INSTITUTE and 

NATIONAL CALIBRATION INSTITUTE - Taking the U. L. as an Example­

What are the REQUIREMENTS of ANSI? 

A. Responsibilities of NAI {US/ECCB) 
1. Responsible for Management an-1 Implementatf_on of all 

activities in connectivn with the operation of the IECQ 

System in the U.S. A. 

a. Operate in the U. S. in accordance with the 
System's Basic Rules and Rules of Procedure. 

b. Shall implement the Basic Rules and Rules of 

Procedure in the U. S. A. by exercising approval 
authority over the practices and procedures as 

they pertain to IECQ of -

1. NSO - { EIA) 

.2. NS! - (UL) 

3. U. S. Calibration Service - {NBS) 

2. Insures full compliance with the Rules of the System. 

3. Review and act on appeals from decisions of the NSI. 

{Show Slide, pa~e 4 of NSSA) 

B. Responsibilities of NS! -

1. Responsible for airveillanc~.ofall procedures of Quality 

Assessment necessary for the System. 

2. Responsible for approval of manufacturers, distributors 

and_ independent test laboratories. 

3. Responsible for suspension or withdrawal of such approval. 

4. Responsible for qualification approval of components. 

5. Responsible for suwveillance of qua!ity conformance 

inspection of components. {Section 6) 

6. Responsible for Audits. {Section 6) 
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Day 8 

C. Responsibilities of NSO CEIA) 

1. Responsible for preparing and issuing n>.tional 
standards and other <locuments associate with the JECQ 

System, such as -

a. Quality Program Requ1rements f~r Electronic 

Component Manufacturers 

b. Procedures and Criteria for Approval of Ele~tronic 

Component Testing Laboratories 

c. Calibration System Requirem~nts 

d. Distribute Quality Bulletins and Info~mation 
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THE PROCED~S and METHODS USED in GIVING APPROVAL to A COMPONENT 
{PRODUCT) (Taking one kind of U. S. Component which has been 

certified as an example.) 

Steps to be Taken in Giving Approval to A Component 

1. The component manufacturer is reviewed to ~etermine whether 

its quality control program is acceptable in accordance 
to the Quality Prograro Requirements contained in the 

National Statement of Surveillance Arrangements {NSSA), 

and has a written notice that he has been inspectetl and 
approved. 

2. An appropriate set of specifications exist that have been 

approved by the relevant !EC ComII"ittee - or in the absence 

of an applicable IEC Standard, a provisional specification 

or other document which has been submitted to the cr~c by a 

NaLior.a1 Authorized Institution {NA!). These documents 

must conform to the requirements of the IECQ System. They 

~ust also be approved by the CMC prior to their use. 

3. The component to be certified is qualified (given quali­
fication approval. 

a. By testing by the manufacturer under supervision 

of the HSI in the approved test laboratory of the 
manufacturer. 

b. Or, by ar. independent test laboratory approved by 

the NSI 

c. Or, by the NSI laboratory. 

4. A test report of the qualification test is reviewed by 

the NSI. 

a. If acceptable, a Certificate of Qualification Approval 

is issued to the manufacturer. (s~e Page 11 of NSSA (USA) 

The manufacturer is given permission to use the Mark of 

Conformity o·L· a Certit'icate of Conformity. 

-1 
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Day 10 

WHAT ARE THE PROCEDURES and METHODS USED AFI'ER CERTIFICATlON 

IS GIL\NTED? 

A. What are the procedures and methods of surveillance used 

for a qualified manufacturer, an independent laboratory 
and an independent distributor? (Illustrate with examples.) 

B. What are the procedures and methods of survecilance used 

for a qualified component? 

1. Surveillance of manufacturers, distributors and independent 

test laboratories is conducted on a periodic basis by the 

NSI. As stated in the US/NSSA, the US/NSI will c~ndut 

an audit of each approved manufacturer, distributor and 

independent test laboratory at least once per year. During 
this audit, the NSI will examine all procedures and records 

for the past year and will review the testing in progr~ss 

on any lots of qualified products undergoing inspection 

tests. The auditor may have prepared check lists or other 

aids so that audits are made in an equivalent manner for 

all manufacturers. 

2. When information on the number of corrective actions 
required to be initiated is brought to the attention of 

the NSI, by either the Chief Inspector or by customers 

of an approved supplier, the NSI may perform unannounced 

special audits of all approved suppiers and conduct a 

rigorous surveillance inspection including the necessity 

of retesting certain lots or even requiring a requali-

f ication test. 

On the basis of the results of this special audit, one 

of three decisions may be made: 

a. Approval of the supplier is maintained. 

b. Approval may bP. suspended pending corrective 
actions required by the NSI. 

c. Approval may be withdrawn. 
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WHAT ARE THE PROCEDURES of ~PPEAL AGAINST the CONCLUSION GIVEN 

to a CERTIFIED PRODUCT? 

What are the procedures of appealing against a qualified product 

and damages for compensation? (Illustrate with examples.) 

a. Appeal against the suspension or withdrawal of qualification 

approval is made in accordance with the National Arrangements 

(NSSA). It should be noted that appeals from decisions of 

the NSI and the NAI are national matters and are established 

by the national bodies of the country involved. 

(See Procedure for App~al Against Decisions of NSI) 

U. S. - Sect. 3 Japan, Page 4 

b. If an appeal is requested between countries or national 

organizations, the appeal is brought to the attention of 

the ICC (~nspectorate Coordinating Committee) by the NSI 

and/or to the CMC by the NAI's of the two countries involved. 

c. Any appeal involving damages for compensation r~ust be clearly 

negotiated arid stated in orders bet':ieen buyer and seller of 

the product concerned. 

d. It should be noted that the Basic Rules discuss the legal 

provisions and the non-existance of liability of the CMC or 

the IEC. (See Section 11, "Legal Provisions of Basic Rules", p. 15) 

e. Since the qualification testing and all inspection testing is 

accomplished on a statistical basis, a manufacturer, a 

distributoc or the National Inspectorates can not be held 

financially responsible for the quality of each part in a 

lot. (See "Operating Characteristic Curve". ) 

I 
' 



Day 12 

THE APPLICATION, the PROCEDURE of MANAGEMENT and the METHOD of 

SURVEILLANCE USED FOR QUALITY CERTIFICATES and QUALITY !1ARKS­

( MARK of CONFORMITY) 

After a review and approval of the Quality System of manufacturer, 

the NSI supervises the Qualification Test of the ccmponent or 
family of nenponents for which approval is desired. ·· 'llie specifi­

cation~ te~t procedure, test equipment, test report of final 

results are all reviewed for conformance with the requirements 

of the specification. The qualification test may be conducted ~JY 

the tes~ laboratory of the manufacturer, an approved independent 

test laboratory or the test laboratory of the NSI. The financial 
arrangements for the qualification test should be compieted and 

agreed upon by all relevant parties. 

During initial qualification test~, the NSI m~y exercise close 
surveillance of the test procedure and the records Diai.ntained. 

When the NSI is convinced that ·the Chief Inspec~or has a complete 

understanGing of the procedures, sequences and records to be 

maintained, he may, during future qualiftcation tests~elect to only 

review the test reports (results) and records to satisfy the 
requirements for approval. 0n the basis of these records, the 

NSI may approve the use of Certificate (or mark) of eonfdrmity. 

The Certificate(or mark) of Conformity also irnplie~ that all lots 

of future manufacture of the component are inspected in accordance 

with the specification. The responsibility for accomplishing this 

inspection rests with the Chief Inspector of the manufacturer. 

The NSI conducts periodic revitwe, of each approved vendor to 

determine that the correct procecures are maintained in accordance 
with the three major Doc\.DDents of the System. 

a. Basic Rules 

b. Rules of Procedure 
c. National Statement of Su~eillance Atrangements 
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Any problems fo~-~ by the NSI during the surveillance trips 

must be corrected as outlined in the NASSA. The NSI will advise 

the Chief Irspector what pro~lems exist anc what corrective 

action is to be completed and whethe~ parts can or can not be 

shipped with the Certificate(mark) of Conformity. 

(See 9.2 Rules of Procedure for ~escription of NSSA.) 
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Day 13 

WHAT ARE THE DIFFERENCES BETWEEN THE EXISTING MARKING SYSTEMS 

USED IN VARIOUS COUNTRIES and THAT OF THE QUALITY CERTIFICATION SYSTEE? 

7here are many marking systems used in various countries of the 

world. However, they are all national systems based on the 

individual country's rules, regulations and laws. For example, 

in the U. S. A. we have tbe U. L. listing for safety or accident 

prevention. This listing is u~ually required by the National 

Elec~ric Code and/or the 'Electrical Code of the Indiv:f.d1Jal States 

of the U. S. A.'. This listing is used by the insu!"ance companies 

for insurance purposes. 

There are rilarking syster.ls fo:- ot~1er fategori~s such. as, p~ywoocJ, 

boilers, ~res sure vessels, refrigeration units, safety glaf.s, etc., 

and certification given to the product being tested and listed as 

meeting certain requirements. 

marking systems. 

Many countries ha\e these dif~rent 

The Quality Certification System or Certificate (or mark) of 

Conformity certifies that the ?roduct has been made by a rnanuf~c~u~e1, 

sold by a distributor or tested by an independent laboratory that 

is a participant in the IECQ SYSTEM. This indicates that the 

oanufacturer has been reviewed by the NSI cf his country (or a 

raeaber country); has qualified his product in a=cordance w:th the 

requirci!lents of the IECQ Basic Rules, the IECQ Rules of Procedure 

and the National Statement of Surveillan.;e Arrangements of hiz 

country. 
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Day 14 

THE FUTURE DEVELOPMENT OF THE EVALUATION TEClUHQUES OF COMPOllENTS 

~ith tl1e increase in comple~ity of electronic components and the 

trend touards nini<sturization, the future of the evaluation 

techniques for these 0 lc~tronic components will davelop toward 

autor:1atic procedures. 

There are many automatic type testors now available an<l considerable 

developgent is being conducted to increase the automatic c&pability 

and speed of all type· of automatic t~stors. 

The future development of active compone~ts touard micro-Diniatur­

ization, higher speec:s, increased mer:iory in such devices as RAM'S 

and ROM'S and microprocessors and lower power dissipation will 

require test equipment and measuring equipment to keep up wtth 

this progress. 

:nviro?~ental test equipment wi~l be developed so that many 

different types of components will be capable of beiug subjected 

to different environ~ents, such as high heat, co~c, humidity, 

(herrniticit~) ~traos~1eric pressure, etc. at the same time. Thia 

cnviro1vaental test ·equipment will be capable of having electric 

power and other electric signals supplied so that the components 

under test wil be dynamically operated under test. Measurements 

will be able to be taken during the test conditioning period. 

New groups of components will be developed thnt may require new 

approaches to testing and measuring. Components for fiber optics 

control and transmission of sienals are presently being developed 

nnrl testing and measurment techniques will be developec for these 

devices~ 

NP:·• techniques are presently used in .:real time" x-ray examination. 

Acoustic&l Scanning Microscopes arc being developed to examine 

traces or ~arts that have been covered by other materials, (Olympus 

and Leitz). Therfllal bCanning devices or "hot spot" locato!"s are 

!>~ing developed so that temperature on r,iicron size and sub-micron 

size traces or spots can be observed and the temperature measured. 
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Devices and combinations o: devices are being discussed ~it~ 

one-hundred, two-hundred and more pin arrangEments. This will 

require r:iew and advanced thinking of test and measurenent 

equipment. 

It is difficult to predict in which direction future development 

of electronic components and thereiore, test and measurement 

techniques uill go in the future. Ho~ever, ~t is my pre~iction 

that the next ten (10J years will show a great change in electronic 

devices and tbe techniques of measureoent. 

:-..-z ft 
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Day 15 

BC:SIDES USING THE "Crn~PORENT HOU~' METEOf, A~E THI:Rf. . ..:~Y CTK!~R 

METHODS USE.!) IN TH!:: QUALI!Y EV.-.LUATIOH ~F COl-i?otlEtl'IS? 

Tl-1e "Cor.ipon<'.?nt Hour" met~od is used for evaluation and cetenn:trd.ng 

failure rates for coLlponents that have no mechanical type operatioP­

sud1 as fixed resistors, fixed capacitors, fixed inc!uctor~, tliodes, 

transistors, integrated circuits and similar compon~nts. 

For components wit~ a rnechan:csl type operation, mea~ures, other 

'tb.n hOue •. --.y~be.u!IM. In . .,at: iaat:anma, tllia -.~llt 
is ma&e in "cycle~". ?otentiometers and variable capacitors may 

be r.1easured in number of rotations or cycles. Swtiches and relays 

may be rneasm:ed in number of "on/off" cycles. Connectors may be 

measured in number of raa~ing/dereating cycles. 

The method used in evaluating a component depends a great deal on 

its type of operation. 

In many instancea when cycles or number of events are used as an 

evc.luation method, other factors arise, such as speed with which 
1J1c operation is conductec\, atmosphere and temperature in which 

the opero.tion is conducted \1ill also have a great effec;t oc t!te 

evaluation. 

What must be considered in evaluating a coiilponent is "the way it 

is to be used.". The basic application of the component \.lill 

determine its reliability/failure rate consider3bly. 

oy appli<:atior1 we mean -

a. Environment/Protectlon 

b. Type of 01'.Jerator {Knowledge and ExperiencP.) 

c. Strengt~ of Operator 

----------·------ - ------___ _._.._ ______ k _____ ~-------------



Day 16 

FAILURE J,.t.T'ES ri:r '.:!CBPOHENTS? -------

HD~ &r~ ti!":" f-'!.il~tr:? -:·c.,t..e d:'Jt.'5 listed :ln the U. S. Component rata 

Hendhook o~tained? 

How "re th£ car~·ectim: fact~r:: determined? 

F·a.t l:Jre Rate DaCa are obtaine1 in tl;,ree ways -

a B) pri.?dic.tii~g in a.ccqrd~nce w~ tt. modeis established, 

suc~1 cs MIL-HDBK - 21?. 

b. By testin~ cf operation of component ~a~~s ~n test 

labo.rat.ori~s under knovn corn1.~t:t.on::; ~ 

c. Sy field experience artd maintaining accurate records. 

') 
L. • 

Accon.plished by ~ilitary Servi.~es. 

Accornplish~d hy Ccr.cnunicat :.ons Organi~ations, 

s\lch as te:ephone cc~~muni.c:ation~ natellite 

comr.n.mlcati on 

Rom·~ Air D~-veloprnent Center and a c<mtractor to nADG, lllinoi~ 
Ins ti tut:c of ·;~ctmology, l;lre ::he two-.p-rime sourc~s for determining 

fai ll!re rate::, Tl~~ work, o~ C0\,1rse, is acccmpl;.shed prir.iar:!.ly 

on military equ~.pnent. 

The Anerican Telephm1e ana T<.:legrapl1 Company also has a considerable 

~ffort in de~ermining f3ilurP ~ates. This ls enne to improve t~P 
reJiab.L~.J.ty o: its comr.iunicattons equipr.1ent, and there!:>y, lower 

the life cycle cost. 

t1any of the t11rge cor.iponent manufacturers naintain test prograr..s 

to <let:,~rmine fa:!.lure rat~s of comp•:>nents they manufacture. This ls 

a~...:or:tpU.shed to irnpT·rJve the quality an<! reliability of their parts, 

as ~ell ns improv~ their market position. 
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System canufacturers, such as satellite producers, also maintain 

records of failure rates and use these failure rates in design of 

future systems. Redundancy and type of redundancy is determined 

on the basis of experienced failure rate. 

In many cases, contracts for satellites are based on active life, 

and incentive paytaents may be made when the equipernent operates 

to acreed upon performance longer than given periods. 
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BRIEFING ON THE RELIABILITY EVALUATIOtl METHODS OF SEMICONDUCTOR 
DEVICES IU THE U. S. A. 

Most evaluation methods of semiconductor devices are contained in 

military specifications, but are utilized by many users in 
ordering/purchasing semiconductor devices and other electronic 

components. Electronic parts used for domestic, commercial and 
industrial equipment, when purchased in large quantities, usually 

have specifications written to describe the part being purchased. 

These specifications may refer to tests included in the mentioned 

t1IL specifications or have special tests specified which require 

special requirements for specific applications. 

Frequently used ~UL Test Specifications are: 

A. MIL-STD-2G2 Test Methvc1s for Electronic and Electrical 

Components - (Page 3 of 202) 

This specification includes: 

1. Environmental Tests 

2. Physical-Characteristic Tests 
3. Electrical Characteristic Tests 

B. ttIL-STD-883 Test Methods and Procedures for Microelectronics 

This specification is referenced in both 

MIL-S-19500 - Semiconductor Devices, General 
Requirements For and MIL_M-38510 - Microcircuits, 

General Specification For. 

C. MIL-STD-750 Test Methods for Semiconductor Devices and is 
referenced in the general specification for 

Se~iconductor Devices - MIL-S-19500 

D. tHL-STD-810 Testing Electronic Equipment 
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Reliability Desi.gn Qualification and Proc!uction 

Acceptance Tests: Exponential Distribution 

This standard gLves testing plans for various 

types of milit~ry equipmenc. However, similar 

plans are applicable to consumer, commercial 

and industrial type equipment. The tests may 

be altered (changed) to make them less rigorous 

depending on the end use. 

Also shown in this standard are a number of 

sequential test plans and O.C. curves for 

various MTBF's and Qo and Ql 

In no case can this standard be called out 

as an applicable document. It should be used 

as a reference docUf!lent from which each 

requirement is assessed in terms of need 

(ShoY definition, Page 3 and 4 and 

Page 85 O.C. and Page 66.) 
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HOU SHALL WE SAMPLE AND EVALUATE SWITCEES, CONNECTORS, POT~NTIOMETERS, 

and TEMPEP.ATURE SENSITIVE COt-iPONENTS? 

~hat are the methods used in evaluating the failure rate of these 

components? 

A. Sampling Plans are oependent on the percent defective that 

the purchaser or the manufacturer is willing to accept and 

the confidence factor desired in the decision of acceptance 

.:>r rejection. 

IUL-STD-lOSD is the standard used in the U. S. A. to determine 

sampling plans. This document has been accepted by the IEC and 
'\ 

has been published as Document 410 :. 

For the IECQ SYSTEM, Generic, Sectiondl and Detail Specifications 

are being proposed. Copies of the proposed specifications for 

Electrornecha~ical Switches are·to be Ehown. 

The tests for Qualification Approval and Lot Testing are given 

in the Sectional Specification. 

B. Evaluating the failure rate of electromechanical components, 

~uch as switches, connectors, potentiometers and relays is a 

difficult problem. Tht difficulty arises from the lack of 

knowledge on how the component is to be used in its application. 

For example, questions, such as -

1. How often will the switch be operated or how often 

will the connector be mated and unmated? 

2. In what type of environment will the components be used? 

3. At what temperature range will these components be 

subjected? 
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The r11anufacturcr of switches rarely has the knowledge of the 

application and environment in which his product will be used. 

Therefore, he must design his proc~ct :o those applications he is 

raost familiar with or the application specified by his customers. 

Qualification tests which evaluate the design cay have require­

raents for Endurance (number of operations capable without 
mechanical failure), Electrical Failure (failure to open or close), 

or Contact Resistance Change and Contact Bounce Requirements. 

For cxacple, a manufacturer may announce that his switches are 

designe<l to withstand an average of SOK, lOOK or 1 million 

operations · ~thout a mechanical failure or a change in contact 

resistance of X% (or maximum value) at a given temperature. 

~ith statements(or requirements of this type), a basis for testing 

and evaluating switches (or other electromechanical devices) 

is established. 

In predicting reliability (or failure rate) of electromechanical 

devices, a failure rate per hour is established so that one can co~bine 

the failure rates of components to obtain a Mean Tirae Be~ueen 

Failure (t1TBF). 
(Show slides of Reliability Prediction of Switches) 
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A. \HIAT AI\.E THE KEY POIUTS II! THE ~ELIABILI7Y ~VALUATION 

7ECHNIQUE USEC FOR LSI? 

B. UHA':' A!tE THE KEY MEASURES USED AND THEIR CHARACTE!US'!'IC 

A. 

FEA1URES? 

(Shou Slide! Page 7 of 

In my opinion, the key 

38510) 
poln~ in Reliability Evaluation 

'i'echnique for LSI are life tests at rated voltage anC: 

naximum tenperaturc. (See Test 1016 - Life/Re:iability 

Characte~ization Tests and Test lClS.2 Burn-In Test and 

1005 o~ 883B.) Burn-In is used as an additional screen 

0y users of components requiring high reliability. 

It nust be real~zed that the methods an<l specification 

(iiscussed considera'hly enhas~es the cost of che i tens and 

shoul~ be used only where _required. The econoriics of l~fe 

testing and burn-in must be lhoroughly studied. (Show 

slides of cost/savings.) 

Burn-In is a techni~ue of e:iminating early failure or 

renoving those units that have been possii:>ly damaged during 

thu processing steps or have small defects caused by basic 

material deficiences. 

B. The term LSI (Large Scale Integration) refers to any micro­

electronic device having more than 100 gates (400 transistors). 

VLSI (V2ry Large Scale Integration) refers to any nicro­

electronic C:evice having more than 1000 gates (4,000 transistors) 

using the figure or transii:<:or, count as 4 per fate. 
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B. (continued) 

Since there are many different types of microelectronic 

devices, try ing tc categorize the kety points in evaluating 

or testing as a class is practically impossible. 

To give you some idea of the operating conditions and 

characteristics of TTL (TRANSISTOR-TRANSISTOR LOGIC), I have 

a listing of these. (Show SlidL~ of IV and V of 833B) 

Each general specification, such as MIL-S-19500, tUL-M-39510 

gives the general specifications for the components covered. 

Detail requirements and specific character:stics are given in 

detail device specifications referred to as slash sheets. 

Each slash sheet covers only one device type. 
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BRI::FUIG ON THE "CLIHATIC TEST SEQUENCE11 OF DIFFERElIT Cot~PONEN'!'S 

IN THE IEC STANDA!lDS 

If we change the test sequenc~, will there be any difference 

i.n the test results? 

The climatic test sequence is usually specified in the Generic 

Standard of the part in question. This sequence may be altered 

by the detail specification. 

To rae, the test sequence is an important element for qual:!.fication 

testing which is basically a test for the design of a product. 

The test se1uence should really be arranged to determine· the 

capability of the design to withstanG some of the worst case 

applications of the part being tested. 

For example, a test se~uence of -

A. Vibratio~ 

Huraidity Encurance 

Low Ter.iperature 

High Temperature 
would be more severe than -

B. Low Temperature 
High Temperature 

Humicity Endurance 

Vibration 

In sequence A -

The vibration test may cause small cracks, break hermeticity seals 

or open areas around leads emerging from encapsulating material. 

Then, during ti1e huoidity conditioning, moisture could enter these 

cracks which wou~d freeze during the lo~ tePpcraturc conditioning 
which would further open the small cracks. The high temperature 
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r.iay then expand the metal leads or other material near or in the 

region of the.original crack. Measurem~nts after this serie& would 

show this - especially, after a life test or endurance test. 

In series B, the cracks would not be opened since the vibrati01-. 

~s accomplished at the end. 

I am nJt particularly pleased with some of the test sequences 

shown since I ~elieve they were not particularly weil thoughL-out. 

This is nore apparent on the electromech~nical parts. As nentioned 

at the beginning, testing must be accomplished for a purpose and 

for the basic application of the part or the eouipment in question. 

Parts used in television sets in homes or of fices may not require 

the severity of tests that parts us2d in railroad signalin6 and 

communication equipment requlr~. Parts used in medlcnl electronic 

equipment may not need the severity of tests that parts used in 

electronic equipment in aircraft require. 

Here we hav€ t0 distinguish bet~een severity of testing and 

ieliability. Reliability of medical equipment.or electronic 

equipment used in aircraft must be very high since the safety of 

equipment used in aircraft must be very high since the safety of 

people's lives may Je endangered. 

ftl9_app1imtion ot the_part• ••t.,. cmnaidend in detenining 
test severity and reliability - two different type requirements. 
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TfPICAL romts USID to UCOID TESTIRC 

\1HAT ARE THE J:'EST RECORDS and TEST REPORT FORMATS USED BY UNITED 
~7ATES L<\BORATORIES FOR EVALUATION TESTS OF C~PONENT~? 

The test records maintained by test laboratories depend on the 

type of test being conducted, and the customer to whom the 

product and test reports are being supplied. In most instances, 

the test record is a copy of t:he test report which includes the 

test results. 

The test record format can and does vary from a very simple one 

to a very complex format. 

In all ~ases, all the pertinent infornation of the test must be 

included. This information includes: 

1. Type of component being tested with all ratings and 

tolerances. 

t) ... 

3. 

4. 

Specification or requirements to \1hich the component is 

being tested. 

Date (or dates of test). 

Measuring equipment and other special equ!.pment being.used. 

Model number, serial number, manufacturer, calibration dat~ 

(if required) and mode (manual or automatic) being used. 

5. Name of equipment operator. 

6. Number of units being tested. 

7. Other pertinent information needed to fully describe the test. 

8. Disposition of the units tested. 

Some test customers require serialization of the parts being 

tested so that sample readings may be audited. 

(Sone samples of test records are to be shown.) 
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TEST DATA 
-- ------· - -D.-'!'( STARTED CUSTOMER TECHNICIAN tSIGNATUREI 

---
DATE COMPLETED SPECIMEN DESCRIPTION ENGINUR ISIGNATUREI 

HMrEllATURE TYPE OF TEST ENGINEER 

HUMIDITY MANUFACTURER JOB NUMBER 

SHCIMEN NUMBER TEST SPECIFICATION 

SPECIMEN TEMPE RA TUR( 1° I 

NUMIER DATE TIME TC 1 TC 2 TC 3 TC• TC 5 TC 6 I I REMARKS 

-
' --

-

-

VLI 411~1 
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TEST DATA 
DAT( STA"TlD CUSTOMER TtCHNICIAN ISICNATU"l 

DATl COMf'LtTED SHCIMtN DllCIUPTION tNGINll" ISICNATURtl 

TU.,.fllATU"l TYPE Of TUT tNGINH" 

VISUAL EXAMINATION 
HUMIDITY MANUFACTURER J09NUMal" 

$PlCIMEN NUMll(" TEST SPECIFICATION 

S'lCIUlN SERIAL 'ART OA LOT REMARKS NVMllA NUMllEA MODEL NUM•EA NO . 

... 



'. 
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TEST DATA 

DA.TS. aTA•TKD CUSTOMaR 1--TIMCI 

DA.Ta COMPL.aTS.D aNCIMSN DaSCRIPTIOM -·-TU.al 
TS.MPS.llATUlla Tl:STOP' Tl:ST SNGtMa&• 

ACCELERATION 
MUlllOITY MA .. UPAC,.U•llR JOa NUM•a• 

8P&CIMCN NUM.all TS.ST SP&CIP'ICATION 

SPaCIMCN TIM'& TIM& •ADIUS LSV&L 
NUMaaR DATI: AXIS STA•T STOP ..... , ..... r ' REMARKS 

. 

. 

I ---r 

••• 



'. 
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TEST DATA 
DATC STA•TCD CU9TOllC• ~IAN l .... ATUltCI 

DATC COlllPL.Cl"CD .... ClMCN DCac••PTIOM 
·--·· •--T\Mtll 

TCMPC•ATU•C T'YPll OP TCST CNOINaE• 

SHOCK 
MUllllOITT MA .. UPACTU•c• 10• Mull••• 

~Pr.c1t1CN 1u11111•1r:" TC8T PCCIPICATIOll 

SPCCfllClll Lavc1. f'ULSC NO O' 

NUll•CR DAT& AXIS 
111 

DURATION 
aMOCKS REMARKS , .... 

... 
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TEST DATA 
t'ATI STARTED CUSTOMlR ITICHNICIAN ISIGNATU: 

DATE COMl'LETIED SHCIMlN DHCRIPTION INGINllR ISIGNATURIEI 

- ·-TIEMf'IE"ATURIE TYPE OF TEST lNGINH" 

SALT SPRAY ·--------- '---· 
HUMIDITY MANUFACTURER J09N~R 

SPIECIMlN NUM9lR TEST SPECIFICATION 

SA\. T SOLUTION COLI.. llAT( CMl./Hll.I 
Tl"""· 5"EC• ... lN 

VIES 2 c•Fl REMARKS NU ... l(A OAT( TIM( SP GR. 'II. N•C• pH VES.1 

-

.. 
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TEST DATA 
DATE STARTED CUITOMIR TECHNICIAN ISIGNATURI 

DATE CCM'\.ITID ll'IC!MIN Dl9CRIPTION iNGINUR ISIGNATURll 

TfWIRATURI TYPIDfTUT INGINHR 

EXPLOSIVE ATMOSPHERE 
HUMIDITY MANUFACTURER J09NUMUR 

IPICIMIN N~R TUT IPEClflCATION 

SPECIMEN TEMPEl!ATUl!E 1°f'J ALTITUDE EX,. MIX. 
NUMIEI! DATE TIME All! SPEC. IX 1000 f'T.I Vlfllf'IEDl../J REMARKS 

-

-

-

"' 
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TEST DATA 
DATE STARTED CUSTOMER TECHNICIAN ISIGNATUREI 

-------------DATE COMPUTED SPECIMEN DESCRIPTION l NGINUFi IS!GNATU .. ll 

TEMPERATURE TYPE OF TEST ENGIP•UR 

TEMPERATURE- HUMIDITY 
HUMIDITY MANUFACTURER JOB NUMaEll 

SPECIMEN NUMBER TEST SPECIFICATION I 
SPECIMEN TEMP. HUMIDITY CYCLE 

REMARKS NUMllER DATE TIME (°FJ I'll. RHJ NO 

-

407 
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TEST DATA 
DAT&.-T-.-.-T-.-,-,·~----~c="u""'.,.~,o~ .. ~.~.-----------------------------------------------------.-T-.. -C-H00N_l_C_l_A_N_l~.-.G-N __ A_T_U ___ .~.-i 

P'NGIN&&R (SIGNATuR&J 

T&M ... 1'ATUR& TYP& OP'T&8T 

HUMIDITY 

95•c .......... 

3s•c 
25•c 

MOISTURE RE:SIST ANCE 
MANUP'ACTUR&R 

T&•T •P&CIP'ICATION 

. 
I 

-

. 

' 

. 
t. HvT1ic5ty • i.. ~RH l!litl. u..,i duriflt 

__ - : _- _ 1 Sul1 Cyd•. 
-----:-f. -·SU'> Cydn, when requlnd, mutt lie lt8rtld 

• : : 
1
! : _ - -

1 
- bl·:wttn the 17th 8lld 20th hour of the Cycle. 

I: \, '! - t. Tempemure •bl t2•c. 
- •· All Dwell time• at tlmpera.,,. Ptrlft':.11 ihall 

I -- r · 111 3 houn mlnkr.um. 

I : - --. -~· Tr1111peret11rH within lhedecl -·· eiaplellle. 

' . - . - - - ........ ·-·-············-·· 
i i I I ! ; I ~~ 

_,ooc1 1 :
1 I 1 :I r t~F-

~ - • I I 

CYCLE NO. 

VL.1 407-02 

: ' ; i _j_ ' I I· I : 
0 _L 3 • : 2.ti I : _J_ I I ...i 
1-2.5 • .0--r- -:-2.5 . 3.0~2.5-.,-1*- 3-¥-- 3 -------

~ : ' ' ~h.Cyd.' . : . . . . .... ' 

DAT& 
TIMt: 

SfAllT STOP 

•U~-CYCLK 

PK•,o•MS:D 

MANUP'ACTUll&R 

R&MAllKI 

MOD•L AH&T HO. CAL DAT& CAL r&111oc 
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TEST DATA 
-OAT£ STA"TED CUSTDME" TECHNICIAN 1$1G:llATURll 

DATE COM,UTID SPECIMlN OESC"IPTION ENGINU" ISIQNATUIUI 

TEMPERA TU .. £ TYPE Of TEST ENGINUR 

VIBRATION 
HUMIDITY MANUFACTURER JOaN..-ER 

SPECIMEN NUMaER TEST Sf'ECIFICATION 

-
S"fiCIMEN TIME TIME Vl ... ATION F"EOUENCIES 
NU .... UI DATE AXIS ST.A"T STOP AND LEVELS REMARKS -

. -

. 

~ -I 
.. ,3 
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TEST DATA 
DA TE IT ARTED CWTOllllR TKHNIQAN CllONATURl 

DA TE C~LlTlD P'EC .. 111 DUClllPTION llNGIMlR ISIGNATURll 

TEMPIE RA TURl TYNOFTDT lNGINllR 

HUMIDITY MMUPM:TUlllR JOe...rR 

SPECIMEN N\11191ER HIT ftCl'iCA'!loN 

DfflNITION OF AXES 

V\.l_.1~ 
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ELECTRONIC COMPONENT TESTING -

SCWE DEFINITIONS 

BY 

ALAN D. ALBERT 

It has recently been discovered that everyone is not an 

expert on electronic component testing. The following material has 

»een prepared to help remedy this apallinq situation. 

Definition 

To Screen: 

ELECTRONIC COMPONENT SCREENING 

(Webster's New World Dictionary, 2nd College Edition) 

(a) to sift through .a coarse mesh so as to separate 
finer from coarser parts. 

(b) to interview or test so as to seFarate according 
to skills, personality, aptitudes, etc. 

Electronic ~omponent screening is basically a Quality 

Assurance activity. Its purpose is to separate those components 

with ~~nufacturing defects from the total population. The defects 

may ~ eith~r ac~ual or latent. To the degree that components 

with latent defects are r~moved from the population, screening 

becanes a Reliability activity, ·since Reliability is concerned 

with performance over time. 

The screenin~ pr~cess consists of sequences of failure 

mechanism activators followed by failure detectors for latent 
defects or detectors only for actual defects. Some examples of 

these for I.C.'s are as follows: 

Actual Defects 

Defect 

Poor die attach, bad bonds 
Loose particle inside a 

cavity package. 
Bad seal on hennetic packages 
Broken packages, leads, etc. 
Non-functional parts. 

Detector 

X-Ray 
PINO 

Hermeticity (fine and gross leak) 
visual inspection. 
Electrical test. 



Defect 

Microcracks 
Su~face impurities 
Poor die attach 
Mismatched thermal 

coefficients of 
expansion in pack­
age seal region. 

Weak bonds 
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Latent Defects 

Activator 

Temperature cycling 
Burn-jn · 
Centrifuge 
Thermal shock 

Shock and/or vibra­
tion 

Detector 

Electrical Test 
Electrical Test 
Electrical Test 
Hermiticity 

Electrical Test 

Screening is, of course, applied to all the parts in a 
given population. Screens may consist of as little as a single 

detector or may consist of a number of sequences of activators and 

detectori:;. These must be chosen to detect and activate/detect the 

most common actual failures and latent failure mechanisms for the 

given type of part. Rote application of some screening procedure 

can be quite wasteful. Screens for rare or r.on-~xistent failure 

types can be performed, and worse, some common failure types may 

not be detected. Performing a hermeticity test on an encapsulated 

part is a waste, and not performing tamperature cycling followed 

by electrjcal testing at high temperatures on parts known to suffer 

from micro-cracks is criminal. 

The government generally specifies standard screens as 

in MIL-S~D-8838, Method 5004.4, and many large companies have their 

own standard screens. For any given part type, these may or may 

not be optimum screens. Typically, the government tends to overkill 

just to make •sure•, but still there may be some particular screen 

sequence indicated for some particular part that is not a part of 

the standard procedure. 

The principal business of test laboratories is electronic 

component screening. Very few people anywhere, and this includes 

component engineers, know as.much about this type of testing as 
bonafide test engineers. Canponent users have •real• screening 

needs. They have component problems which result 1/1 poor board/ 

system/yields and consequent reduction of profitability. The test 
engineer's job is to solve these real canponent ~roblems in a cost 

l 
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effective manner. The actual screening procedures are a necessary 

part of the service, but knowing how to use them is also a vital 
part of expert service. 

ELECTRONIC COMPONENT QUALIFICATION 

Definition (Webster's New world Dictionary, 2nd College Edition) 

qualification: A condition that must be met in order to exercise 
certain rights. 

Electronic component qualification is a Quality ;\Ssurance 

activity. Its purpose is to determine if a particular product, 

batch or lot meets established quality requirements. 

The qualification process consists of a number of tests 

and/or examinations performed on a small sample taken from a larger 

population of parts. ~hese tests and/or examinations are usually 

evaluated by some statistical samf~ing plan (eg: Lot Tolerance 

Percent Defective (LTPD) or Acceptable Quality Level (AOL)). Many 

of these tests and/or examinations are destructive to the parts 

and none of the parts used in a qualification are intended for any 

eventual use. Some examples of these for I. c.'s are as follows: 

Electrical te~ts; static, dynamic switching, 
functional, at various temperatures. 

Bond strength test. 

Die shear test. 

Solderability. 

1000 hour operating life test. 

Internal visual inspection (microscope and SEM) 

Qualifications may consist of as little as a DPA (des-

tructive parts analysis) on a sample of only 3 parts or may consist 

of a large battery of tests and examinations. The government gen­

erally specifies a standard qualification procedure as in MIL-STD-

883B, Method 5005.5. Many canpanies have their own stai1dard pro­

cedures for component qualification. 

cace must be ta~en in costing these jobs~ as they can 

become quite canplex and very expensive. They should be carefully 

l 
I 
I 
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viewed as to how much resource is tied up in their performance, 

and whether or not the qual is an adjunct to screening activities. 

ELECTRONIC COMPONENT CHARACTERIZATION 

Definition (webster's New World Dictionary, 2nd College Edition) 

To Characterize: To describe or portray the particular qualities, 
features or traits of 

Electronic canponent characterization is essentially an 

Engineering study activity. Its purpose is to determine the actual 

operating characteristics of some part type. These data are intended 

to be used by design engineers \1hen they use that part type. Char­

acterizations are engineering intensive and require that any test 

system being used be fully operational and well calibrated. 

The characterization process is not standard at all, and 
each time such a study is requested, a thorough engineering analysis 

of the custaner's needs must be performed with the customer. Improper 

bidding on characterization jobs has often been quite costly to 

testing laboratories. 
Some examples of characterizations for I. C.'s are as 

follows: 

1) Simple electrical characterization, consisting of 

electrical testing to a spec with read and record data, often used 

as a tool in vendor selection. 

2) Electrical characterization, consisting of many tP.sts 

with one or more varying parameters with read and record data and 

usually some statistical treatment of the data. 

The most canmon forms for statistical presentations are: 

a) distributions of parameters with mean, standard 
deviation(&), high/low values, etc. 

b) histograms, and 

c) shmoo plots. 

These electrical characterizations are used in vendor selection, 

spec development, process evaluation, systems design, etc. 

3) Thermal characterizations, which may be performed 

concurrently with electrical characterizations, consisting of 
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repeated electrical tests at various ~emperature~. 

These are especially needed by users with very high and/or 

low temperature applications, such as automobiles, outdoor equipment 

in general, oil well drilling, etc. 

4) Reliability evaluations are also charactgrizations, 

consisting of one or more accelerrced life tests. 

The purpose of a reliabiljty characterization is to help 

determine the expected life of a p~~t type under sane operating 

condition(s). The techniques used are various and generally use 

all or most of the test capabilities present in testing laboratories. 

Characterizations, being engineering intensive, tie up 

a considerable amount of manpower for limited r turn. Properly 

selected, however, characterizations can have considerable value. 

They often lead to large screening opportunities; ~hey allow the 

development of screening test programs early-on in the product life 

cycle; they help create a climate of technical excellence; and 

they actually support a small and highly competent engineering 

staff that is above and beyond what is normally found at independent 

test labs. Properly utilized, characterization testing can help to 

develop and maintain a leading edge in testing technology. 
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THE JOYS OF COMPONENT SCREENING 

By 

ALAN D. ALBERT 

The consumption of •uncooked• electronic components can 

produce quite a case of financial •indigestion•. With rising 

costs and falling productivity these days, it is imperative that 

we find simple and effective means for continued viability. One 

such means, all too often overlooked, is component screening. 

Although component screening has been around for many years, the 

principal users have been DOD and NASA as a means to achieve the 

highest possibile reliability within a given technological area. 

Component screening has been viewed by many as •too 

expensive" in this highly competitive marketplace. The truth of 

the matter is that ~omponent screening, done correctly, results 

in significant cost savings as"ell as all those nice thin~s that 

result from producing quality products. One of these nice things 

that immediately increases profit is the decreased cost of sales. 

This occurs when your well satisfied customers become a free 

sales force. 

Component screening procedures, at their simplest, detect 

defective parts as ~hey come from the manufacturer. More elaborate 

screening procedures involve activation of various failure mechanisms 

through the use of mechanical, thermal and/or voltage stresses, 

followed by teat• to detect those parts that have gone bad. These 
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types of screening procedures are designed to accelerate the latent 

defects inherent in some parts, while not causing any damaqe to a 

•normal• part. 

The costs of screeninq vary from as little as ten cents 

per part for the simple screens to as much a~ two or three dollars 

per part for a high reliability screen. Any of these screens will 

cull defective parts from the original populations and thereby 

increase the yield of the equipment usinq these parts. ~ypical 

yields for circuit boards as they are built today are startlingly 

low when using unscreened parts (see Table 1). 

If only 3% of the population of parts is bad, a small 

board of 50 ~arts has a mere 21.8% yield. Using that same part 

population, if a board has only 200 parts, the yield has 

dropped to 0.26% with an average of 6 bad parts per board (see Tables 

2-6 for detailed bad part distr4,bution data). This would be a total 

disaster in any manufacturinq activity, and the cost of finding all 

6 bad parts on one board is prohibitive. Fortunately, for most 

manufacturing operations, these failures are not usually all 

present at the same moment, but rather occur one at a time over 

the early operatinq period of the equipment. 

I~ general, the difficulty of finding more than one bad 

par;t on a board at the same time can ca.use quite a jump in rework 

costs. The actual coats will vary con•iderably with individual 

equipments, available teat ayate .. , experience of the per.Onnel, 
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It should also be noted that rework or repair costs 

increase by another factor of from ten to one hundred when one 

of these defects shows up in a system that has already 90ne out 

into the field. As if that isn't enough, there is also the cost 

(to someone) of loss of production (system downtime) plus the 

loss of prestige and credibility, and in some cases, direct 

financial penalties. 

By using the Tables as above, it is not difficult to get 

some idea of the relative costs of screening versus using •uncooked• 

parts. The good part probability of 0.999 is relatively easy to 

achieve using inexpensiv~ screens. The high good part probability 

of 0.9999 is what can be achieved through one of the more complex 

screening procedures, Even though the cost for sucn screening may 

be of the order of two to three dollars per part, it is still cost 

effective when the total number of parts on the board is high and/or 

the rework costs are high. 

Historically, only the high. reliability government users 

have been willing to pay for that level of screen, but it can 

easily be seen to be quite cost effective in many situations. 

The good part probabilities of 0.97, 0.98 and 0.99 are illustrat.ive 

of the range of ten found in semiconductors as they come from the 

factory. 

In actual practice, since many different part types are 

usually found ~n any one circuit board, the probabiliti•~ of good 
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Farts will vary from part type to part type and from manufacturer 

to manufacturer. The cost savings calculations become a little 

more complicated, but the end result is about the same. 

The joys of component screening are manifest. They are 

a real cure for financial •indigestion•. 
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NUttBER OF r•n • A IOMD 

BOMD* 
YIELD 

so 100 200 }00 400 
AVERAGE 
No. of Bad 
Pa .. t:s on • 
Bo.;d 

-

21.8% 4.8t 0. 23% o.ot~ 0.005% 
. 91 

I. s 3 6 ' 12 

3o.4t 13.3% I. 8% Cl.23% a.on 
.98 

1.0 l.O '·o 6.0 8.o 

60.5% }6.6t 13_,, lt.9t 1.si 
.99 

0.5 1.0 2.0 3.0 ... 0 

. 
95. 1% 90.St 81.9% ]It. It ,, .0% 

.999 
0.05 0. I 0.2 O.} 0. Ji 

99. S1; 99.0t "'·°' 97.0t "·°' ·"" 0.005 0.01 0.01 O.OJ o.oAt 

TABLE I 

*If p •th• prob•blllty th•t •part Is good and If•• the total 
nUllber of parts on• board, then the probabl11ty that the entire 
board Is good• P • pM •nd board yield• 100 Pi. The pr~lllty 
that 1 boerd has exactly B bad ~rt1 • P (t) • f-a ,•-•(1-p)I 

I!( )! . 



% OF 
BOARDS 
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. NU!1BER 1 

OF 
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BAD 

PARTS 3 
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BOARD 
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6 
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GOOO PART P•OM11un 

• 

-97 .98 ·" .999 

21.St }6. ltt; 60.St 95. It 

n.n }7.zt J0.6t It. St; 

25.6% 18.6% J.6t 0.1% 

12.6i 6. It I. 2t 

4.6t I. St 0. ,, 

I. 3% 0. 2t; 

• 
0.3% 

FAILED PART DISTRIBUTIONS FOR A 
·50 PART IOARD 

TMU I 

-1 

.9999 

99.si 

0.51; 
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GOOD PMf ftUMltUR 
~ 

i Of 
BCARDS .97 .,a ·" ·"' -~m 

0 It.Si IJ.1' 1'.'l 9G.5t 9~-°' 

1 I\. 7' 11.1, )7.°' 9. It Lot 

NUHBER 2 21.si 27.Jt 18.51; o.tat 
,_ 

OF 
3 22. 7% 18.2% 6.1% 

BAD 

PARTS 
4 17. 1% 9.oi 1. 5% 

ON A 5 10. ,, J.5t O.}t 

BOARD 

' s.ot .. ,, 
7 2. ,, G.)t 

8 0.7% 0.1, 

9 o.n I 
fAI LED PAkT DI STAI IUTI OMS FOi' A 

100 PART IOMD 

TAIU J 



t OF .. 
BOARDS 

0 

I 

NUHBER 2 

OF 3 

BAD It 

PARTS s 

ON A 6 

BOARD 7 

8 

9 

10 

" 
12 

13 

tit 

15 
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GOOD PAAT PIOIAllLITY 

.97 .,e ·" .CJ,, 

0.23% 1.et I). ltt 81 . <jt; 

I. 4% 7.21; 27. It 

4.n llt.6' 27. 2% 

8.8% .,.6, 18. tt 

13. '4% 19.]t 9.ot 

16.Zt IS.8% J.6t 

16. 3't 10.5% 1.2% 

14.0t 5.9% 0.3% 

I0.4% 2.9% 0.1% 
. 

6.9t I. Jt 

4. 1% o.st 

2.2% 0.2'. 

I. 1% 

a.st 

0.2% 

O. Ii 

fAILED PART OISTRllUTICllS FOA A 
200 PAAT IOAAD 

TAIU It 

16. '4t 

l. 6% 

O. It 

·"" 
91.ot 

2.ot 

; 

. 
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OVERVIEW PLATES USED IN SF.rlINAR ~ -----------~ -- \ 

· COMfUT_ER KA~mFACTUR I ~G TEST 

PHILOSOPHY 

e LOCATE & ISOLATE FAULTY COMPONENTS 
EARLY lN MANUFACTURING PROCESS 

a SIRUCTURE TEST FLOW TO ASSURE 
MINIMUM COST ro ISOLATE FAULTS 

AVOID FAULT ISOLATION.TO THE 
•COMPONENT LEVEL DURING FJNAL 

TEST . 

AT SPEED TESTS ARE A MUST AS 
•EARLY IN -THE MANUFACTURING PROCESS 

AS ?OSSIBLE 
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'ELECTRONIC TEST· HIERARCHY/FAULT COST . . . 

~s 
~~ 
g~ 

i[ 
U1 c: 
~(") 
9(ii 
~C 
c~: 
..... C/I 
ct> -· 

~ TfPI CM. fllLID DU ll'A 11 
· CYCLE 
·r-----~-----~-----1 
. . ~ llHl>10 TtsT' I 

I 

FAULT ISCUT£ I 

llNll 
l(P\.AC( 

FAll.n PAIT 

1L---~----~---

Ull'Ul.IT 
TUT 

tmT TO 
n• FAll.T a.a 12.50 

&I( Ala..~ rrtl I AUTO· TEST 11 
Ol IMIMIC.JPAM c I acun l'llawoo .. · _ .. " 

* OYEN 111• • HRI 

** DYEN 40• ~ HRI 

125.00 

FlJICTIOll 
TEST 
lllSTR-IOX 

MQ,00 
I , 

"" IOI Fl IST I COllU1H ASSDlllts 
Lntl IMIMIC FINAL TEST 

-· o I 

~~ 11------------------------------------------------------------­~~ --....._~~~----------------------------------------------

SYSTOI 
TEST 

u..o.oo 
llOX tm II 
CClfl£TE SYS 

CUST. 
FAILUllJE 

I 
I ., 

FIEUI TUT 
Liii 

m.oo 
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0-
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,,-
rOMPnN~NT ~rR~~NINr. PDl'\Pn~61 "'\ - -· - -·-··. --·-··· .......... ...,,. _,,.,, ....... 

RIFLE VS. SHOTGll 

1. AS A GENERAL RLR..E ALL PURCHASED PARTS <DIOIES1 IC'S1 POWER 
SUPPLIES1 ETC.> WILL BE SECOND SOURCED. . 

2. All DIGITAL IC'S WILL BE PROGRAltED AHD TESTED ON THE'HP 
5046B l/C TESTER. THOSE PARTS WITH ~.05% FAILURE PATE WILL 
BE CANDIDATES FOR SA11PL£ TESTING. 

3. MTERIAL WILL BE RECOROCD AND Sll?iARIZED FOR EACH COMPONENT'S 
fAILURE1 IEFECL FAILURE RATE. 

If. ANY DIGITAL PART WITH >ll FAILURE RATE WILL BE F~GGED IMD-
IATELY FOR CORRECTION OR INVESTIGATION. 

s. A CRITIC.AL PARTS LIST WILL BE CREATED TO REVEAL: 
SINGlf SOURCE fARTS 
HIGH FAILURE RATE PARTS 
CLASSIFICATION OF COMPOfENTS A1 B1 C 
VENOOR PfllBWIS IE IELIVERY; OUALITY1 Ere. 

6. ALL PUl. TI LAYER PC BOARDS WILL BE TESTED. 

7. ALL MECHAN.ICAL PARTS SPECIFIED W_I_Ll BE EXAMINED FOR TOLERANCE i . I 

VARIANCE <USING GO-NO~GO GUAGES>. 

18. 64K ~ Will BE 1001 PRETESTED & BURNED-IN PRIOR TO USE. 

9. ALL PASSIVE COMPONENT$ IE: RESISTORS1 CAPACITORS ETC ARE 
I 

SAMPLE TESTED CAQ2) o q1, ..... :,... 
I 

10. ALL ELECTRONIC ASSEMBLIES <PWR SUP DISKS) ARE 100% ELECTRICALLY 
TESTED UPOM RECEIPT.· 

-
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llRi- IN - fU.fR Q'Q.trl'i 

• ~lN =>EiCr lMW11C TEST RR A SPECIFIED PERICI> 
CE TU£ ~35 ~ ~200 tftS 

• !LR+-IN IS APPL.I ED TO CO'flJEHTS AN> ASSetl..IES 

• 1£AT-1Ut AUU:T UVEL TEST AT RXft TDf. 
TYPICALLY F - ~·c 

• PCMER-CVQ.£- lNTERRl.J>TlOO OF TIE K:. INPUT PO'l'ER & 
RESll1PTIOO AT LEAST 5 TUES IN 24 t-RS 

._.. .. .. -·- - ... 
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TABLE 5.1.11-3. Prediction Procedure for Rotary Switches 

Part specification covered 

Mll-S-3786 

Description 

Rot1ry, ceramic or glass wafer, 
silver alloy contacts 

Part operating failure rate model (Ap) ,,. 

where factors are shown in: 

"E Talile 5.1.11-4 

w fable 5.1.11-6 eye 

11l TJble 5.1.11-7 

Base failure rate model (Ab) 

Ab " AbE + n Abf (for ceran ..... RF wafers) 

Ab • ~bE + n AbG (for rotary switch medium power wafers) 

where n 1s the number of active contacts 
• 

Description MIL-SPEC lower Quality 

AbE 0.0067 0.1 

AbF 0.00003 0.02 

AbG ~.00003 0.06 

5.1.11-3 
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TAIL£ 5.1.11-4 

ln•lronmeatal 111»4• factor• 
EnvlroDMnt .! 

c, l 
Sp 1 
c, 2.9 
1151 7.9 
Ms 7.9 
AIT s 
Kp 21 
Mrr 2l 
MFA 29 
CK 14 
NH 32 
Nuu 34 
AlJT so 
Nu 20 
AJF 10 
ARW 46 
UsL 63 
Aur 100 
HL 71 
Ct 1200 

5.1.11-4 

MIL-HDBK-2170 
1 S January 1982 
SWITCHES 



HIL-HDIK-2170 
15 January 1982 
SWITCHES TABLE 5.1.11-5. •c Factor for Contact 

Pora and Quantity 

Contact Form •c 
SPST 1.0 
DPST 1.5 
SPOT 1.75 
JPST 2.0 
4PST 2.5 
DPDT 3.0 
lPOT 4.25 
4POT 5.5 
6PDT 8.0 

TABLE 5.1.11-6. • Factor eye 
for Cycling Rates 

Switching Cycles 
•eye per Hour 

~1 cycle/hour 1.0 
> 1 cycle/hour number of 

cycles/hour 

5.1.11-5 
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TABLE 5.1.11-7. wL Stress Factor 
for Switch Contacts 

--------------------------------~-
Stress 

s 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0. 7 
0.8 
0.9 
1.0 

Load Type 

Resistive Inductive 
1.00 1.02 
1.02 1.06 
1 .06 1.28 
1.15 1. 76 
1.28 2.72 
i .49 4. 77 
1.76 9.49 
2.15 21.4 
2. 72 
3.55 
4.77 

where S • operating load current 
rattd resistive load 

nl • e(St.9>
2 

for resistive. 
2 

• .cst.4
> for inductive. 

(S/.2) 2 
• • for lamp. 

5.1.11-6 

Lamp 
l.06 
1.28 
2.72 
9.49 

54.6 

MIL-HDBK-2170 
1 S January 191\2 
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Given: A MIL-SPEC toggle switch i• used in a ground fixed environment. 'lbe 
switch is a snap-action switch and is single-pole, double-throw. It is 
operated on the average of one cycle per hour, and load current is 50 percent 
of rated and is resijtive. 

Find: 

Step 1. 

Step 2. 

'lbe failure rate of the avitch. 

'nle base failure rate Ab i• found in Tbl 5.1.11-1 and is determined 
to be 0. 0004 5 f ai11J ret i 106 hours. 

The environmental factor ifF. for ~round fixed environment is deter­
mined fro!ft Table 15. 1.11-4 to be 2. 9. 

Step 3. The contact fot111 factor nc is determined from Tbl 5.1.11-5 
sin1le-pol•. double-throw switch, ifc is 1. 75. 

For a 

Step 4. The cycling facto~c 11'cyc is determined from Tbl 5. l .11-6 to be equal 
to 1.0. 

Step 5. The stres1 factor nL froa 5.1.11-7 · for 50 percent stress factor 
and a resistive load 1a detendned to be 1.48. 

Step 6. The failure rate matheaatical model for toggle switches is: 

Substitutina for th••• factor•: 

AP• 0.00045 (2.9 x 1.75 x 1.0 x 1.48) 

AP. • 0.0034 failur .. /106 hours. 

5.1.11-7 
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Example 2 

MIL-HDBK-2170 
15 January 198' 
SWITCHES 

Given: A MIL-SPEC rotary switch i• installed in an airborne inhabited. trans­
port environment. It has a medium power wafer. one deck. and six contacts. 
Tile switch is cycled an average of S cycles per hour, and the load current 
is 50 percent of rated ·current and i• resistive. 

Find: The feilure rate of the switch. 

Step 1. The base fail1Jre rate ).b is determined from Table 5. 1. 11-3. 

Substituting the valu•a from Table 5.1.11-3 

).b • 0.006/ + 6 (0.00003) 

Ab • 0.00688 failures/10
6 

hour•. 

Step 2. The environmental factor for •irborne inhabited, transport (wE) is 
detenined froa Table 5.1.11-4 to bt 5.0. 

Step 3. The cycling factor Wcyc is ~etermined from Tbl 5.1.11-6 to be s.n. 

Step 4. The stress factor 'ITL is determined from Tbl 5.1.11-7 to be 1.48. 

Step 5. The failure rAte n.athematical model for rotary switches is: 

Substituting values deterained in the foraula: 

AP • 0.00688 (5.0 x 5.0 x 1.48) 

A. • O. 255 faUuru/106 ·houra. p 

5.1.11-8 
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3. DEFINITIONS 

).1 General. Meanings or ter~ not defined herein are In 1ecordance with the definitions 
tn Mll-STD:J2Y:--

3.1.1 Contractor. Contractor includes Goverlllleflt or tndustrt1l 1ctlwtties develoPing/ 
producing •ll1tar7 syste11s and equipment~. 

3.1.2 Decision risks. 

3.1.2.1 Consumer's risk (I). ConsU111er's risk (I) is the problilfllt7 or accepting equipment(s) 
with a true HIBF equal lo lfie""lOWer test HTBF (OJ). (The probabilit7 of 1ecepting equipment(s) 
with true MTBF less than the lever test MTBf (gl wilt be less than I.) 

3.1.2.2 Producer's risk (a). Producer's risk (a) is t~ probabiltt1 of rejecting equtp­
ment(s) with 1 true MIBF eqUiT"tO the upper test HTBf (g0 ). (The probability of rejecting 
equlpment(s) with true MTBF greater than the upper test nTBF will be less than a.) 

l.1.2.3 Discrimination rat!o (d). The discrimination ratio ts.one of the standard lest 
plan ~ara::-.eters which ~stabi1shes the test plan envelope. Thts ratio discriminates between o1 
and 0

0
. 00 

d • 0:-
1 

3.1.3 Failure. Details involving fattu.·e criteria, to inclv.de required functions and 
perfonnance parameter li•its, must be stated In the equip.11ent specification and test procedures 
1s approved by the procuring activity. For test purposes, the fJllowing gener1l definitions 
shill 1pply: 

a. Fat lure is an event tn which a previously a ·:eptolb le Item does not perfoni one or 
.,re of Its required functions within the s~ · ified li•ih under specified 
conditions. •· 

b. Failure Is also· the condition in which a 11eehantcal or structural p1rt or COlllPOnent 
of an tte11 is found to be broken, fractured, or d .. 1ged .ihich would cause failure 
under operattonat conditions. 

l.1.4 Fatlure types. 

3.1.4.1 Oeeendenl failure. A fatlure caused by the hflure of 111 associated tte11 (dependent 
failures are not necessarily pr~sent when st-.lt1neous failures occur). 

3.1.4.2 1 0~e~ndent fa~lurt. A failure which occur! without being caused bJ the failure 
of other parts e equipment undtr test. test equ1~nt;, 1nst~tatfon, or the tut fac1llt,y. 

3.1.4.) lntenilttent failure. The llCllltfltary cessation of equtPlltflt operation. 

( 
3.1.4.4 ~ltlele f1tlures. The simultaneous occurrtftte of t.o or .,,.e Independent failures 

-.. t.o or .ore hi ltd puts are found durtllg trouble shooting .tatch cannot be shown to be 
taU..deptftdent, multiple failures •• pres-.d to uve occurred). 
I 

• J.1.4.5 Pattern failures. The occurrence of t.o or .,,.e failures of the s- p.-t ta 
tdlattcal ar eCutvitirit appl1catton .tatch are cau~ b1 the s- basic failure 111Ch&nt•. 

J.1.5 Fat1urt classtftcatlOft. All fatlures ... releva.t llMI dtar91able Uftless llMI uattl 
•~tned to &e llOM'lltvaftt or 11011Char91able or both by the procurt119 acttvtty. 

c J.1.1.1 lalevant fttlure. All fatlures tMt can be tlll*ted to occur h1 si*11qut11t fteld 
-~ AU:n1tnAt tat1ures ~11111 be ulM t• ~tt• of ._.strated NTlf. . 

J 

0 
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3.1.5.2 Konreleva•t f1tlure. A f1tlure caused by 1 condttton external to the ectufp111tnt 
under test which 1s not a test nqutfffent and not expected to be encountered tn fteld service. 

3.1.5.3 Charge1ble fatlure. A rtlev1nt, independent f1tlure of Conlr1ctor furnished 
Cqutpment (CFE) under test, plus 1ny dependent htlures caused thereby, classified as one failure 
and used to deterwtne contractua 1 c.J11pltance wt th accept/reject cri terta. 

3.1.5.4 Nonch1rgs1bls fttlure. A relev1nt fatlurs of CFE, caused oy 1nd dependent upon 
1n independent failure o~Gl>vern111nt Furnished Equipment (GFE) or CFE of another contr1ctor, 
and thersfort not used to r.iete11!1ine contractual c011plhnce with acct:pt/reject criteria. 

3.1.5.5 Equipment destgn (ED). failure in this area places the cause directly upon the 
design of the equipir.ent; that u, the des1gn of the eq.,lpi.ient caused the part tn question to 
degrade o.r fail, resulting In 1n equipment failure; for exuple, 1 circuit design which over­
stress~s a p1rt or other improper appltc1tion of p1rts. 

3.1.5.6 EgutPf!1tnt manuf1cturtng (EM). These fatlures ire caused by poor workmanship durtng 
the equipment conHruct1on, .,.;.ting, lr rep~ir prior to sllrt of test. Thh would 11so 
Include possible overstreuin11 of p1rts by the assClllbly proceu during the construction of the 
~qutpnent. 

3.1.5.7 ~art ~estgn (PD). Thts category of f1llures cor-ststs of p1rts whose ftllures 
resul lid directly fr.>m the ln<tdequat1 design of the p1rt. This would Include such areas 1s the 
luo...-•lty ilf tt1c par·t ari.11ts it.i1it1 tu ,.1tt1>ti111.1,vr1tlriw"s tetipeuturc .:ycllri°'. 

3.1.5.8 Part l''anuhcturtng (PM). These ftllures ire the result of poor workmanship durtn'J 
assltllbly of tiii""Pi'rt, tn1diquate 1nspectton or testing. 

3.1.5.9 ~111re errors (SE). These errors ca11se equfpment failures when a coqiuter wu 
part of the O?qu1ri:Mnt 11nlier test. NOTE: If software errors are corrected ind verified d11ring 
the test, such trron shill Mt be chargeable u equtpment failures. 

3.1.6 Me1n-tt1111-between-f1t1ures (MTBF). 

3.1.6.1 Demonstrated Mflf 'Jl· The ptobab1e range of true MfBF 11nder test conditton·s; 
observed MTIF within a slated con dance interval. 

3.1.6.2 Observed V· Observed Mflf c'G) ts equ1l to tile toh1 operating tt1111 of the 
eq11lpment dtvfdad 61 tfii r of relennt fat111res. 

3.1.6.3 lower test MTIF (8 l. •.a.er test MTIF (8 ) ts that n1ue which ts un1ccept1bl1 
and the standard tHl plans .-nt1rejt;Ct, with high problbtHty, equiPlllfnl wtth • true. MTBF that 
approa~hes a

1 
(91_ ts oqulY111nt to nonccmpllanct with re11Atllllty requirements and will be Included 

tn Section 4 of tlle oq11lpmtftt speciflcattons). 

3.1.6.4 Upptr test MTlf (8J.· Upper tnt MTIF (8
0

) ts an acceptable Vllue of Mllf equal 

to the dhcrt•lnatton ratto tt•s th• lower test MTlf (81). The sttndard test plans wt 11 accept, 
with lltgh pr°'abt Hty, equl,..nt wtt~ a true MTlf that approaches 8

0 
(both 8

0 
and a1 sllou 1d be 

t~ttfted ta Section l of Ute tqul~ .. nt speclflc1ttons). 

J.1.6.S Predicted MTlf lV.!p!.. Prtdtcttd MTlf (8p) h th•t value of MTBf dete ... ined by 

rtltlltt1it1 predtcttoa •thodf. and ti llased on the equipment design and the use envtro,..nt 
(9

0 
should 19proach O tn ulue to lftsure with high pr°'abt 1tty that the equipment wt 11 be 

a«11>t1d ''"''"' the rlt 111tn1t1 qua1tflcatton test). 

3.1.J Minto"£°'"•· A •tssfaA proftlo ts a thoroul)h deKrtptton of all of the Mjor 
planned evenU iiii 1t11id 111octatff with one spectftc •iHIClft. As such, a &hston prof11o 
ts OM Mfllllllt of • Hf1 proft\1 (for exa••1•, a •tsrH1 uptt .. "'"' ph1Se, or • •tune 
free fH,_t ,a.11). n.. ''Nft11 wnl depict the tt• •P• of tM event, the expecte4 
eawt,_.c.a, couttt111,. _,,,_.Md no.-enertt•4 ptrtMI, IMM forth. 
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