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During the period Jan. 2 through Feb. 1, 1989, I traveled to China (PRC) to 
conduct a seminar on at CEPREI (Chinese Electronic Products Ueliability and 
Environnental Testing Research Institute) in Guangzhou. I arrived in Guangzhou 
on Jan. 6 and spent two days with the management of the Institute planning the 
seminar lectures and the follow on support work in their testing laboratory. 

The subject of the seminar was .. The Testing of LSI Integrated Circuits ... During 
the 12 days of lecture, I covered a broad range of topics related to LSI testing. 
As requested, I had collected literature and specifications or. camnercially 
available IC testers and brought it with me for use in the seminar. In addition, 
I brought copies of nunerous technical papers and conmercial specifications to 
illustrate the lectures. 

The lectures occupied 12 days, foll<Ning which I spent 3 days in the CEPREI test 
laboratory assisting them to solve some problems with their IC tester. The 
interpreters during the lectures were engineers from The Institute 

At the begir.r.ing and en.i of the trip, I had a meeting in Beijing with a lJt.: 
representative. Travel to and from China from San Diego was by United Airlines. 
Travel within China between Beijing and Guangzhou was by CAAC. 

The local arrangements in China were made by various agencies associated with the 
program. The Hotel accoamodations were: (1 l Beijing, Friendship Hotel 
(marginal), (2) Guangzhou, Bei Yun Hotel (barely satisfactory), (3) Beijing, 
Kunlun Hotel (excellent). 
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The following pages are a reproduction of the lect1Jre notes given to the 
attendees. 

"lbe primary purpose of my lectures will be to impart to you the concept that the 
testing to be performed. should be keyed to the ~ for ...tlich the tests are 
being perf onaed and the problems "1hich might be encomtered or need to be 
lD'lCOVered. To follow this philosophy, you should not adopt a rigid test scliedule 
but should take a flexible approach. Tests keyed to detect problems which 
experience and the advances in technology show no longer pcse a risk, should be 
dropped or severely reduced, ...tiile tests keyed to newly emerging problems should 
be instituted. 

If this philosophy is followed, there can be several significant benefits: 

(1 ) The available testing resources can be more efficiently utilized and, 8.3 a 
result, more part types can be qualified and monitored with the given resources. 

(2) A more effective job of qualification can be done by obsoleting old tests no 
longer needed and diverting the manpower and facilities to perfonn new tests 
necessitated by more advanced devices and processes. 

Rigid test plans and sample sizes such as are defined in MIL 883 and IECQ can be 
used as useful guides and starting points but should be modified and supplemented 
using experience and engineering judgement. 

I will present my view point of the various purposes for which testing is 
performed and show the tests which might be performed and some of the problems 
which might be addressed by each. 

To effectively follow the flexible philosophy which I advocate, it is necessary 
for your staff to follow closely the advances in the LSI device art and the 
developnents in Reliability F.ngineerirut. This can best be done by having staff 
members attend certain key conf erencL... at which this technology is described such 
as the ISSOC (Feb.), !RPS (April), and I'OC (Sept). In addition, you should 
subscribe to key technical journals such as I~ Transactions on Reliability, 
Components Materials &: Hybrids, and Solid State Devices, and conmer-:~ial journals 
such as Evaluation F.ngineering and Electronic Test. 

In addition, I will address the subject of setting up a component reliability 
database. This will be done by analyz1ng the JXJrpose for which the data base 
will be kept and showing how the various files and records of the data base might 
be oreanized. 

An introduction to the tect.nical English used in discussing the lhlll tiple aspects 
of IC testing was given. This etnphasiz'!d the terminology relating to reliability 
and quality issues. 

The following i.; a copy of the lecture notes used. They were prepared in outl inP. 
form to assist the Chinese speaking audience in following the lectures. 
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Day 1 

1.0 TESTS PERFCR1ED D~NED BY ~E OF TEST 

1.1 QUALIFICATIOO TESTING 

rum:a:;E: 10 ID»ll'IFY FLAWS IN THE DEVICE AND PACl<AGE DESIGN AND 
MANUFAC"ruRING ~.ES WHICH PREVmr THE PART FIDt MEETING THE 
HEnlANICAL, ElJ3C'IRICAL, RELIABILITY I CE QUALITY SPB:;IFICATIG.IS WHEN 
l5ED IN AN APPLICATIOO. 

1. 2 Itc:MING INSPFJ::noo ro ~ SFf£IFICATIOO 

PURia>E; ro ~INE 111AT ANY wr OF PARTS MEETS THE ELEX:"IRICAL AND 
MECHANICAL ASPFJJ"IS OF THE RJRCHASE SPB::IFICATIOO. 

1.3 EVAWATIOO OF WALIFICATIOO R.ES'IRICTI~ 

PURRl)E: ro ASSURE 111AT A lDI' OF PARTS ADHm.ES ro ANY RES'IRICTICJ>lS 
WHICH WERE Pl.ACED 00 THE c:n.IFIGURATIOO OF THE PART AS PART OF THE 
QUALIFICATIOO ~. 

1.4 RELIABILITY EVAWATIOO 

PURRl)E: ro IDENTIFY THE INHERE-ll' RELIABILITY OF A roRJLATIOO OF PARTS 
IN TERMS OF I1S MI'BF AND KI'BE. 

1.5 IN<n1ING QUALITY EVAWATIOO 

PL'RPa>E: ro ID»ll'IFY nm IN<r'1ING lDI' DEFECT LEVEL IN TERMS OF PR1 
DEFECTS USING ALL AVAILABLE DATA. 

1.6 FAIUJRE ANALYSIS 

Day 2 

RJRIU)E: 10 ID»ll'IFY THE ~E OF FAIWRE OF A FAILED PART, AND USING 
THE RESULTS, IDENTIFY THE PHYSICAL l.OCATIOO OF THE FAIWRE FOR USE IS 
SUBSBl.JENT AUI'OPSY 10 ID»ll'IFY THE FAIUJRE MECHANISM. 

2.0 PERFOHM QUALIFICATIOO TESTING 

2.1 ELECTRICAL PARAMETRIC & FUNCTIOOAL 

2. 1. 1 FUNCTIOOAL 
TEST WITH RELAXED VOLTAGE AND TIMING 

l.OOIC 
<D1P1.EI'E VFX::roR SET NEEDFJ> 

MHtf)RY 

ADDRESS UNI~S PATI'ERN 

2.1.2 DC PARAME'lnlC 

2. 1. 2. 1 <X>NTINUITV 
WIRE OOND INTEGRITY 
TF.ST SCCJ<Io:T <X>N'1' ACT 
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2.1.2.2 LEAKAGE 
TIST AT 'l»IPERA'l\JRE 

INIUr DEVICE INTEGRl1Y 
O'.l'll'AMINATION FREE POOCESS 
NO ~D IW1AGE 

2.1.2.3 R:Mm SUPPLY OOAIN (Ia;) 
mocESS WI'ntIN CXNl1U.. LIMITS 
~ DEVICE SHIPPED 
- CME and DYNAMIC IOOIC tHS mgJJRE DYNAMIC OPERATION 
-~ CAC>E AT lDi nMPJmA'nJRE 

2. 1. 2. 4 OO'I1Vl' LEVELS (Val & VOL) 
POOCESS WITHIN CXNl1U.. LIMITS 
- SIHPI£ PATI'ERN CR VICim 
- ~ ~ INPlJI' LEVELS 
- ~CASE VCC (VEE) 

2.1.3 FUNCTIONAL 
TEST WITH RELAXED VOLTAGE AND TIMING 

2. t. 3 • 1 1.ro1c 
CD1PLETE VB:"I'CR SRI' NEEDED 

2.1.3.2 MEMm' 
ADDRESS UNI~ PATl'ERN 

2.1.4 AC PARAME'l'aIC 
TEST WITH l«R>T ~VOLTAGE, TIMING, AND nMPJmA'nJRE 

2. 1. 4 • 1 LOGIC 
IDENI'IFY MAXIKM DELAY PATii 
GENERATE VEC"l'ORS ro EXERCISE PATH 
MF.ASURE DELAY 

2.1.4.2 MfM)RY 

ADDRESS UNI~ PATI'ERN 
\iKlRS'I' CASE DISTURB PATI'ERN 

2.2 MECHANICAL DIMENSIONAL 

2.2.1 LF.AD DIMENSIONS 
CRITICAL ON THRaJGH HOLE PARTS 
LESS CRITICAL ON SURFACE PUM1' PARTS 

2. 2. 2 LF..AD PLACEMEN!' 
CRITICAL ON ALL PARTS 
I~ HANUFAC'ruRING ASS™BLY YIELD 

SURFACE "ll>'N'I' - cx:t-J'l'AC'l' Il'll'EGRI1Y AND SOU>ER BRIDGING 
THIDlll HOLE - Lr.AD CRUNCHING 

2.2.2.1 SURFACE tiKXJN1' 
00-Pl.ANARl'r{ 
OONT ACf PATI'ERN 

2 • 2 • 2 • 2 11 ffiaJGH HOI..E 
LF.AJ) ANGLE 
Rf.N ,· l.F.ADS 
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2. 3 LF.AD FRAME HATEUAL A: OOATING 

2. 3. 1 LEAD HA'l'mIAL CJIARACTEUSTICS 
~ cnrmoL RESISTANCE ro BeIDING 

2. 3. 1. 1 ALI.DY 42 HARD &Uni ro RESIST B»IDING 

2.3.1.2 CX>PPm ALI.DY~ DEPENDmr 00 HF.AT 'IRF.ATING 
~ folBI' BE cmncED 

2.3.2 LF.AD OOATTI«; ~ OOU>mABILITY 
folBI' BE CllECKED FCR OOLl>FllABILI'IY 
OFl'fN 'l»IDFJCY ro RH1 smFACE CllmOOIOO WHICH INHIBIT 

SOl.J):mABILITY 
KJST BE CAUfICU> OF l.Ol'S OF OLD HATEUAL, <EF.A'I'm THAN 6 f'Orl1IS OLD 

2.3.2.1 TIN PLA1'ING 
UNIFOOM CX>ATING Bl!I' NaI' CXffDI TODAY 

2.3.2.2 SOLDER 
PL..\TED 

UNIFOOM 'lllICKNESS, KJST cmDC 'lllICKNFSS 
HC7I' DIPPED 

OFI'EN EXCESSIVE BUILD UP, CAUSES moBJ...JHi 
1llla<NESS l'IJST BE CHECKED 

2.3.2.3 LF.AD OOATING 1llICKNESS EF'Ff.CI' INSEll'ABILITY 
EXCESSIVE BUILD UP CAN HAKE DIFFiaJLT ro INSERT 
EXCESSIVE BUILD UP OF SOLDER CAN DAMAGE scx::KFI' 
SHCXJLD NOO' ACXE'I' SOWER DIPPED PARTS KR APPLICATIONS WHICH 

KJST BE SOCKETED. 
THE FIRST INSERTIOO IS OK, scx::KFI' CXJl1TACT BEX:DE> BENT AND NEXT 

INSERTIOO MAY NaI' BE GOOD. 

2.4 PACKAGE INTEGRITY TES'IB 

2.4.1 1HERMAL STRESS 
DETERMINES 1HERMAL fol.\TCJf OF PACKAGE cntroNEN'J'S AND DIE 

2.4.t.1 1HERMAL SlKXl{ (LIQUID ro LIQUID) 

2. 4. 1. 2 ~TURE CYCLE (AIR ro AIR) 

2. 4. 1 • 3 SOLDFR Slro< ( 'l'HOCUJI HOLE) 

2. 4 • 1 • 4 SOI.DER REFl.£M (SURFACE Kl.NI') 

2.4.2 LEAD BP.ND TESTS 
IDENTIFIES BRITn..E LFADS 

2.4.3 T<R;(JE TEST 
FOO CDIP PACKAGE 
MF.ASURF.S STRENGrn OF SEALING GIASS 
CRITICAJ, WITII VI'I'Rl'XXJS GJASSF..S 

APPLY FIXED ~JE, MFASURF. ~IFlH?l'ICITY 
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2.4.4 ~ICITY 
CA Vl'iY PACY.AGE 

FINE LEAK 
He LEAK RATE lQexir 7 

ma3S LEAK 
BUBBLE ns'l' 

2.4.5 AUIUtATIC ~ION 
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~ ABILITY OF PAC<AGE ro WITHSTAND SHOCK OF Alm:l1ATIC 
INSElTION 

Al.00-INSERT PARI'S, 'lllm ~ IEl'El'ICITY 

2.4.6 DIE ATrACH INI".B1RITY 
DETECT VOIIl> IN DIE ATI'ACH 
CAlSE LOC.AL HICJI mE»IAL RE.SISTAICE AND JUI' SPC1l'S 
UNEVm STRl'.SS CAN C.\1.SE DIE CRACKING 

2.4.6.1 1llEll1AL SIGNA'l\JRE 
2.4.6.2 XRAY 
2.4.6.3 DIE SHEAR 

2. 5 ENVIRCN1ENI'AL STP.ESS TESTS 

2.5.1 HIGH TEMP DYNAMIC OPmATING LIFE UITOOL) 

2.5.2 HIGH TfMP STEADY STATE LIFE (lfl'SSL) 

2.5.3 HIGH TfMP S'1".EAGE (m'S) 

2.5.4 PRESSURE CXQCffi (PC) 

2.5.5 BIASED ~ruRE HLMIDIT'i (B'J1t) 

2.5.5.1 85/85 
2.5.5.2 BPC 
2.5.5.3 HAST 
2.5.5.4 PCTH 

2.6 DIE RELATED TESTS 

2.6.1 L'llX)L, l.CM ~n.JRE DYNAMIC OPERATING LIFE 
TFST FOR JUI' CARRIER INJF.CTION 

~.6.2 ALPHA PARTICLE S»lSITIVITY TESTS 
EVAWATES HfM.1RY SUSCEPl'IBILITY TO SOFI' ERROOS 

2.6.3 PASSIVATION I~ITY TESTS 
INDir..An:s FUIDrl'IAL K:>IS'ruRE ~ION PROBL»IS 

ACID E'10l TFnlNIQUE 
SODIU1 OONTAMINATION TECHNIQUE FOR MEM>RY 

2.6.4 ESD 

2 • 6 • 5 CllARGEi.> tn.JMAN l"t)[JF.L 
SI MlJLATES HLt1AN HANOI.ING ~I.»1S 

MIL R83 STANDARD TF.sT MP.1lk){) 
1500 ~. JOO pF 
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2.6.6 CHARGED DEVICE ~ 

SIMJLATES MACHINE HANDLING ~UMS 
tel' STANDARDIZED 
0 GM, 30 pF 

2.7 ~OF VARIClE TESTS 
&\CH TEST KEYE> TO lNXJVm SPECIFIC DEVICE CE PlU::ESS FLAWS 

HroL 
LTOOL 
HI'S 
8'111 
PC 
'l'm»tAL ~ 
HfHUTICITY 
'OCKIJE 
ESD 

3.0 TEST TO ~ SPECIFICATIOO 
ID9.!IFY DAMAGED PARTS 
TEST CIERELATIOO ~UMS 
TEST ESCAPES 
F.AP.LY LIFE FAIWRES 
LTPD SAMPLE TEST PREFmABLE TO 10~ TEST 

3. 1 ELECTRICAL FUNCTICNAL &: PARAHE.9I'RIC 
IF IU>SIBLE, TEST AT ~ CASE TFMPERAruRE 
BIN R&.lEC1'S FCR ~KDE 
USE TFMPERAWRE ADJUSTED TO CDiPE'lSATE FCR OPERATIOOAL JUNCTIOO HEATING 

3.1.1 DC PARAMETRIC 

3.1.1.1 CX)NTINUITY 
RETEST <XNI'INUITY REJF.C'1'S 

3.1.1.2 LEAKAGE 
lUiER st.JPPL y CURR9rI' 

USE nMPERAWRE CXllRELATED TEST LIMIT 

3 • 1 • 1 • 3 CX!l'Pl!I' LEVELS , \'Cll , VOL 
TEST WITH SPECIFICATIOO LOAD 

3.1.2 FtJNCTIOOAL 

3. 1 . 2. 1 ~, Aliml'lll1IC PATI'ERN TEST 
DIS'llJRB REFRESH TEST 

3.1.2.2 LOOIC, ~STREAM CE SCAN LOOIC REGISTER 

3.1.3 AC, PARAMETRIC 

3. 1 • 3 • 1 MeDlY, DI S1\JRB PA'M'ERN 

3. J • 3. 2 1m1c' FtJLI, VECroR ~'ET PLUS MAXIMl.11 PATH DELAY 
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3.1.4 MECHANICAL DIMENSIONAL 

3.1.4.1 BODY DIMENSION 
CHECK ONLY <XX;ASic.wLY 

3.1.4.2 LEAD DIMENSION & PLACE1ENT 
SAMPLE nsJ' EVERY l.OI' RE BEl'll' LEAnS 

4.0 EVAWATE ID QUALIFICATION RFS'IRICTIOOS 
ro INSURE THAT HANUFAcruRm IS SHIPPING PART CXIWIGURATION CRIGINAU.Y 

AGREm> ro 
NJr APPLICABLE 1'0 MANY PARTS, CDKDITY PARTS 
APPLY 1'0 ~.HI~, GATE ARRAYS, CRITICAL PARTS 

4 .1 PACl<AGE ~D&S 
VERIFY THAT MARKING CXJmB:r AND CD1PLETE 
MAINTAIN lnJ{ OF ~ AND APPROVED MARKINGS 

4.2 DEVICE CDlFIGURATION 

4.3 DIE REVISION LEVEL 
CHECK PACKAGE MARKING 
OCCASIONAi.LY OPEN PACKAGE AND CHECK DIE REVISION 

4.4 PACKAGE MATERIALS AND DESIGN REVISION 

Day 6 

4.4.1 LEAD FRAME MATERIAL 
USE MAGNET TEST FOR A-42 

4.4.2 LEAD CX>ATING 
USE VISUAL OBfilRVATION AND BETA-SOOPE 

4.4.3 r-DLDING CXMEUJND 
CHF.CK PACKAGE MARKING 

4.4.4 DIE ATIACH MATERIAL & ~S 
OCCASIONAL DESTRUCTIVE PHYSICAL ANALYSIS (DPA) TO CHF.CK 
ONLY FOR PARTS WHERE CRITICAL 

5.0 EVALUATE RELIABILITY 
RELIABILITY IS STATISTICAL POOPERTY OF A ffiRJLATION OF PARTS 
RELIABILITY WHICH IS VERIFIED IS DEPENDENT ON DATA AVAii.ABLE 
USER AND MANUFAC"ruRER CXM'RIBl!l'E DATA 

5. 1 USE ACXE..ERATED TFSI' ME'llK>OO 
PERFOPM FAIUJRE A.'IALYSIS OF AlL FAIWRrn 
DETERMINE FAIUJRE MECHANISM 

5.2 ~TURE A<XELERATION (AOCELERATION TARLF.) 
ARRHENIUS f'DDEL 
RATE Of' OXURRENCE OF cmMlCAL RF.ACTIONS 
DEPENDENT ON EXP. OF 1/'1»1PEMTURE AND ACTIVATION ENF.RGY 



5.3 VOLTAGE ACCELERATION 
CHtXl\S l.ll)l)EL 
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TIME DEPENDENI' VOLTAGE BRF.AKIXMl 
FtlNCTION OF VOLTAGE STRESS ON DIELEC'llUC (HV /On) 
DEPflIDE1111' ON EXP. OF VOLTAGH IN EXCESS OF NCH1AL OPmATIOO VOLTAGE 

5.4 rou..ECT DATA AT VARIOOS TIMES OORIOO TEST 

5. 4. 1 EARLY RF.AD R>INT, 168 ID.R> 
DETERHINE INFANT KRl'ALI1Y 

5.4.2 LATER READ POINTS, 500 1 1000, 2000, 5000 BOORS 
~ AIXIl..T LIFE FAIURE RATE 

5. 5 SET UP RELIABILI1Y ~ PROGRAM 

5.5.1 wmcLY SAMPLES ra:M ~ION, TEST ro 168 IDJRS 

5. 5. 2 CXM'INUE RRTION OF PARTS ro 1000 J:DJRS ( 1/6) 

5.5.3 CXWI'INUE R:RI'IOO TO 2000 IDJRS (1/3) 

5.5.4 CXNl'INUE R:RI'J:ON TO 5000 ID.lRS ( 1/3) 

5.6 USE STATISTICAL TECHNIQJES ro EVAllJATE DATA ('lRlRNDYKE CHART) 

5.6.1 USE CHI ~ARED STATISTICAL TABLF.S (EVENT TIMEMI'BF RATIO TABLE) 

5.6.2 DETER'1INE OONFIDENCE LE\iEL DESIRED 
60% Ml> 90% CXMt:::tJLY USED 

5.6.3 RELIABILI1Y VFBIFIID NCR'ALLY LIMITID BY DATA AVAILABLE 

5.6.4 CALCULATE EFFa""!'IVE TEST HCX.JRS 
CUXl< HOORS TIMF.S AOCELERATION FAC'OOR 

5.6.5 ACXELERATION FACTOR DEPENDENI' 00 FAILURE MECHANISM(S) 
ACTIVATION ENERGY 

5.6.6 IF NO FAIUJRES, MUST ASSlME FAIWRE MECHANISM AND ACTIVATION ENmGY 
(Ea) 

Lai Ea K8J' PESSIMISTIC 
RF.SULTS IN LOVER AOCELERATIOO FACOOR 
•?.EDUCED EFFECJ'IVE TEST IDJRS 

5.6. 7 IF ONE FAIWRE MECHANISM, CD1BINE DATA AND CALCULA1E FAILURE RATE 

5.6.8 IF p.fJLTJPLE FAIWRE HF.CHANISMS, CALCULATE FAIUJRE RATE FOR INDIVIDUAL 
MECHANISMS AND SlM RESUJ .. TS 

5.6.9 CANNOT USE AVERAGE ACTIVATIOO ENmGY 
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5. 7 REVIEW VENJ:al'S RELIABILIIT ~ITOR DATA 

5. 7 .1 CHECK TEST DATA 

5.7.1.1 SA.~ SIZE 
5.7.1.2 TEST TIME 
5.7.1.3 NlMBfR OF FAIUJRES 
5.7.1.4 FAIWRE ANALYSIS RESULTS 
5. 7. 1. 5 LCXJC Fm alANGED SAMPLE SIZE WITH 00 EXPLANATIOO 
5. 7 .1.6 CHECK PRE-OJIDITIOOING OF TEST lDI' 
5. 7. 1. 7 cmDC RELIABILITY CAI.CUU.TI~ 
5.7.1.8 ~ ACTIVATIOO ENFB;Y 
5.7.1.9 ~TION FAc:r<ll(S) 

5. 7 .1 .10 P£lllOD OF Acc:nK>DATING til.JLTIPLE FAIUJRE MECHANISMS 
5. 7. 1. 11 mw:m»CE F.AC"J'CE ~ 
5.7.1.12 TEMPERA'IlJRE FCJ( RELIABILITY CALCULATION 
5. 7 .1.13 WERE CAI.ilJLATIOOS CXJ-1P91SATED RE JUNcrION TEMPERA'IlJRE RISE 

5.8 REVIEW MANUFAcn.JRmS ~:JRN-IN EFFEL--i'~ PDl::'!m ~ 

5.8.l t'ERIOOICALLY SUBJECT LOr TO SEC:nID B-I CYCLE 

5.8.2 IF ADDITTONAL FAIUJRES DETECTED, B-I CTCLi 001' EFFEL"'TIVE 

5.8.3 Pl.DI' FAILURES ON FAIWRE DISTRIBlTI'ION PAPER 
ux; NOOMAL 
WEIKn..L 

5. 8. 4 IDENTIFY SEPARATE FAIU.'RF: roPULATIONS 

5.9 BURN IN &: INFM'T r-t:>RTALITY 

5.S.1 CALCULA'J'FD FRG1 FIRST READ DATA ronrr ( 168 HRS) 

5.9.2 STATED AS PEHCENTAGE OF FQPULATION 

5.9.3 SHOOID BE LESS nfAN 0.1% FOR ~IN PARTS 

5.9.4 DETERMINED BY Bl..'R."J-IN FALL CU!' FOR RAW PARTS 

5.9.5 BURN-IN FALL 001' GRFATER nfAN 0.5% INDICATES PIDBUM WITH PROCEC35 

5.10 ADULT LIFE RELIABILITY 
CAIL'ULATE VERIFIED FAILURE RATE FOR ( 1) 'IUffJ, TEST TIME A."JD ( 2) FOR 

TEST 'nME l\F1'ER FIRST READ rourr. 

5. 11 MIH)RY SOFI' F.RR:>R RATE 
DETERMINE ~IRfMFNl'S FOR OPFRATING VOLTAGE AND ~ 

5.11.1 ~IRES RF.AL TIME~ DATA WTTH PARTS OPERATED WITHIN 
Sl'F.CIFICATION LIMITS 

s.11.2 A~ELERATE SLIGITTLY BY OPERATING AT MINil"U1 SPEC. vex; 

5.11.3 ACCELffiATE BY OPERATING AT HIGHF.Sr FU>SIBLE ~SY 

5. 12 MF.ASURE MFM>RY DEVICE ALPHA PARTICT.E SF.NSITIVJTY 
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5. 12. 1 ~RES llMXl.6.TED PARTS 

5.12.2 AOCELERATED ALFHA PARI'ICLE ~AND SPEC 

5.12.3 001.Y NECESSARY IF RF.AL TIME sm DATA INDICATES~ 

5.12.4 ~ ~IALIZED nm' JQJIHEn' 

5.13 ~nm FIELD FAIIllm DATA 

5.13.1 ATI»tPI' 10 OOLLK:l' FIELD FAill.m: PARTS 

5.13.2 GKI' DATA ~ ~TING aJIDITIOOS, TIME OF FAIUJRE, SIZE OF FIELD 
IORn..ATION 

6.0 EVAllJATE QUALITY LEVEL 
DEFECT LEVEL 
UNIFCH1ITY 
ID»II'IFY NEEDS OF 1.EER FAC"IOUfS 

6 .1 ESTABLISH DEFECT LEVEL l'DlITCE ~ 
SEPARATE MECHANICAL AND ELECTRICAL DATA 

6.1.1 REVIEW SUPPLIER'S QUALITY M:>NITCE DATA 
LTPD 00 AQL SAMPLE PLAN 

6.1.2 DE'l'ffiMINE :rumum FOO PROORAM 

13.1.3 REVIEW DATA RE SIGNIFICANCE 

6.2 mx;ESS UNIFCH111Y TEST PROORAM (SPC TEST SPECIFICATION) 
TF.sT mrxESS VARIABLE PARAMETERS 
RF.AD AND RBXJID VARIAB~ DATA 

6.2.1 LEAKAGE 

6.2.2 ICC 

6.2.3 ~ INPUT BV 

6.2.4 TIME DELAY 

6.3 PERFm1 INCDflNG LOI' SAMPLE INSPF.cTION 

6. 3. t LTPD SAMPLE PLAN 

6.3.2 LEAD ~ITION 

6.3.3 EIEI'RICAL TFSl' 

6. 4 ANAL \'ZE RE.rn:TS 
IDENTIFY POOBLEM 

6.4.1 TEST FBCAPES 

6.4.2 TEST OORRELATION PROBLEM 

6.4.3 ESD Oft.MAGE 
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6.4.4 INFANT Kln'ALITY 

6. 4. 5 LF.Am mNI' FID1 PW'-JUAL HANL'....ING 

6. 4 • 6 MACJIINE HANDLING Plr)8l.JH) 

6. 5 IOH'lm USERS nm' REJECT DATA 

6. 5. 1 CX>LIB:r FAC'lalY REJECT DATA 

6. 5. 2 FIEIJ> FAIUlm DATA 

6.5.3 ANAL'YZE FIELD DATA 

IBy 7 

7.0 FAII.lJRE ANALYSIS nsl'ING 

7. 1 DE'lm'IINE FAIUJRE KDE 
LF.AKAGE 
DF.AD IC 
UJ;l ICC 
HIGH ICC 
CXJl'Pl1I' LEVEL 

CRITICAL RE ECL 

7. 1 • 1 RR MmOlY: :OOW, CX>llffi, CEIL CR l.ARGm G1UJP 

7 .1.2 RR 1.00IC: S'rucK AT, CXXJPLED, CR OPEN FAULT 

7.1.3 RR ANALOG: GAIN, OFFSFI', CR CJI1IER 

7. 2 ISOLATE PHYSICAL l.OCATION OF FAULT 
CEl..L MAP &: BIT MAPPED GRAPHICS ( MEM>RY') 
FAULT VF.CTOO ANALYSIS (1.00IC) 
?? (ANALOOi 

7.3 IDEITTIFY FAIUJRE MECHANISM 

7 • 3. 1 cnn'AMINATION 

7.3.1.1 LEAY.AGE 
7.3.1.2 '11fRESHOLD SHIFI' 

7.3.2 JUNCTION FAULT CR BRF..AKIXMN 

7. 3. 3 OXIDE BRF.AKinm 

7.3.4 METAL MIGRATIOO 

7.3.5 CHARGE TRAPPING 
THRESHOLD SHIFI' 

7.3.6 ~l(}.J 
7. 3. 6. 1 ELF..cTOOLYTIC 
7.3.6.2 CHF.MICAL 

7 • 3. 7 PACKAGE AND INTIXX:>NNF..CT FA I UJRE 
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7.4 IDl'NrIFY CAUSE OF FAIUJRE 

Day 8 

7.4.1 ESD 

7.4.1.1 R!JPI\llED OXIDE 

7. 4. 1 • 2 DES'mOYED MF.TAI.. 

7.4.1.3 ~ ~00 

7.4.2 BB 

7. 4. 2 .1 ~ 00 JOiER nBfiNALS 
7.4.2.2 IllI'FRW. AVALANCHE BRF.AKIXM-l 

7. 4. 3 'r&IPmAnlm ACXE.mATED ARRllmIUS FAIUJRE 

7. 4. 3. 1 CXNl'AHIN.\TION 
7.4.3.2 METAL MIGRATION 
7.4.3.3 CHARGE LF.AKAGE (EPIDI) 
7.4.3.4 OXIDE BREAKIXMN 
7.4.3.5 Au/Si I~ALIC ~ 

7.4.4 VOLTAGE AOCEl.mATED 
TIME DEPEND:Et.'T DIELECTRIC BRF.AKinJN 

7.4.5 MFl'AL CXJ'R:SION 

7 .4.5.1 CHEMICAL 
7.4.5.2 ~LYTIC 

8.0 FUNCTIONALITY TESTING 
BECn1ING I~INGLY DIFFICULT AS DEVICE SIZES INCREASE. 
PROBUMS WITII FAULT CX>VERAGE AND TEST TIME 

8.1 MlH:l?Y DEVICES (JEDEC 21-B TEST llDDE) (H9DlY TEST J\.RTICLE) 
TEST TIME PRIMARY PROBUM 
SI1UATION IMPOOVED BY USE OF BUILT IN TEST llDDE CIRCUITRY 
CXNI'OOLLED AS DEFINED IN JEDEC STD. 21-B, BUILT IN TEST f'OOE <XNl'ROL. 

8.2 LOOIC DEVICES (IEEE Pl 149 MI~' 'SCAN REGISTm ARTICLE) 
FAULT COVERAGE PRIMARY ~UM 
SI1UATION IMmOVE> BY BUILT IN SCAN RmISTFRS AND IHPL»IENTATT()N OF 

IEEE Pl 14J TE..""TABILITY STANDARD 

9.0 TESTING FOO VARIABLES OR ATJ'RIBl1J'P.S 

9. 1 VARIABLES TESTING, 'lJALIFICATION TESTING 
TEST USING FMJ, 'MJ, OR ITmATIVE SFARCH IUTl'INE 

9. 1 • 1 LF.AKAGE 

9. 1 • 2 cumrr LEVEL 

s. 1. J.1 cumrr TIME DELAY 
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9.1.1.2 CRITICAL INRTI' TIME 

9. 1. 1 • 3 STATISTICAL AU::ESS CXNraOL nsTING 

9.2 A~ nsTING, t«HtAL INSPB:fIQJ 

9.2.1 IOOIC 'lmJE/FALSE AT TIME 
9.2.2 LEAKAGE CR cmRJM' aJl'SIDE DEFINID LIHIT(S) 

9.2.3 VOLTAGE <m'SIDE DEFINED LIMIT(S) 

10.0 TESraR CALIBRATIOO 
BUILT IN nsf STANDARDS, VOLTAGE AND TIME 
SOFTWARE CALIBRATIOO -mooRAHS 
CALIBRATIOO NCRIAILY FUILY A1JIU1ATIC 

10.1 ~OF CALIBP.ATIOO 

10.1.1 PERIODIC FliU. CALimATION 
WEm<LY CR AS NEEDE:> 

10.1.2 FUlL CALIBRATION AFl'ER ~ 
A1...11M Flil.L WAIHJP BEFORE CALIBRATION 

10.1.3 DAILY 'JJICK CHECK OF CALIBRATIOO 

10.2 IffJ 
10.2.1 VOLTAGE 
10.2.2 a.JRRml' 

10.3 'MJ 
10.3.1 TIME DELAY 
10.3.2 ~ 

10.4 PIN ~ICS 

10.4.1 nm.rr VOLTAGE 
STABLE SIGNAL LEVEL 

10.4.2 INIUI' TIME 
TIME Fm CRa3SING SPECIFIC VOLTAGE LEVEL 

10.4.3 TRANSITIOO TIME 

10.4.4 ~ VOLTAGE 
REFERENCE VOLTAGE INTO HIGH SPEED CXMPARA'Jm 

10.4.5 SENSOR TIME 

10.4.5.1 EDGE ~E 
10.4.5.2 WINIX:M ~~E 

10.5 PROBJB1S WITH CALIBRATI~ 

10. 5. 1 T NATT SIGNAL c:x::elER WA VF.FOHM 
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0vmsa:x>T AND Ol1IER SIC'?W.. DIS'lml'ICM> 

10.5.2 VOLTAGE LEVEL RR TIME DEFINITION 
001' !\I.WAYS HATCH DhVICE Sl'f.£IFICATION 

10.!i.4 IXJr CAPACITY LOADS I1UVFR 
~ 'IRANSITION TIME 

10.5.5 TRANSMISSION Llms HAVE l'EFlEl'!ONS 
REgJIRE CAREFlJL ~ HATCHit«; 
~ t«HW..LY SEUES TmfINATED 

10. 5. 6 IXJr CANNJr llUVE TRANSMISSION LINE 
SERI<ll> REFllrl'ION ~ 
NEED SENSOO AT wr wrnnrr TRANSHISSION LINE 

10.5.7 wr cxmvr UW> LOADS rmvm IHPm>At£E 
CAUSES LEVEL ATI'mUATION 

10.5.8 SFNSCE CAPACI1Y LOADS IX1I' WI'PL1 
ALTERS arrFUI' TRANSITION TIME 

Day 10 

en this day, we revi~, in detail, the specifications of a nunber of IC testers 
which are currently available on the marker. These specifications and other 
literature were left with CEPREI for their reference. 

Day 11 

11.0 CXl1POOENT RELIABILITY &: QUALITY DATA BASE 
USING RELATIONAL DATA BASE SYSTEM, ESTABLISH RECUIDS FOO VARIOOS ASPECI'S 
OF DEVICE INF<RiATIOO. 

11.1 DEVICE RF.ooRD Wl1ll KEY DEVICE ATIR!BUI'ES 

PART NttmER 
MANUFAcnJRm 
REVISION LEV.EL 
INIXJSTRY PART DESIGNATOR 
PART CLASS DESIGNATOR 
~ DESIGNATOR 

11.2 INCXMING I.Or RE(X)RD wrm KEY LOI' ATI'RIBUI'ES 

LOI' DESIGNA'n:R 
DEVICE DESIGNA'OOR 
PART Nttmm 
MANUF AC'llJRER 
TIME OF MA.i.nJFAC'ruRE 
1.0'J' SIZE 
IDT VIEU> OR SAMPLE TEST Rm1LTS 



11 . 3 MANUFAC'I\JRING I.m YIELD 

11.4 FIELD FAIURE RHXJm 

FAIURE ~I~'lal 
PART NlHlER 
~AC'!Ulm 

Am.Ic.ATIOO CXl>E 
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CJUGINAL ~ IDr Dl!SI~Tm 
TIME OF FAILmE 
FAill.RE ANALYSIS RESULT 

11. 5 RELIABILITY TEST REDID W11H KEY TEST INFOOMATION 

TEST IDr IDENI'IFIER 
wr NlttBER 
PART NlMBER 
MANUFAC'l\JRER 
REVISION LEVEL 
TFST I.m SIZE 
TEST HClJRS 
TEST ~l>ITIONS 
nMPERA1tlRE 
VOLTAGE 
TFST TYPE 
NUMBER OF FAIWRES 

11.6 FAIWRE INRD1ATION REOORD 

11.6.1 TFST I.m IDENTIFIER 
101" Nl.MBER 
PART Nlff3Fll 
MANUFAC'I\IRER 
REVISION LEVEL 

11.6.2 FAIUJRE (lo()l)E 

11.6.3 FAIWRE MF.CHANISM 
11.6.4 TIME OF FAILURE 
11.6.5 Dl!SIGNATED ACXE.ERATION <XlNSTANTS 
11. 6 • 5. 1 TEMPERATIJRE 
11.6.5.2 VOLTAGE 
11.6.5.3 HU'fIDITY 
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Day 12 

~ the last day, I described the broad aspects of C-Olnponent Engineering as it is 
practiced in the USA. 

~ EN:;INEERING is a series of engineering disciplines related to the use, 
selection, evaluation, specification, vendor selection, qualification, 
reliability, and quality of electronic caaponents 

Te aelect tn -•t c•st effecti•• c•llP••••t• t• satisfy t•• aeeds of :r••r s:rste• desiC•· 

COMPONENT SPECIFICATIO~S 

T• write specificatioas ~c• ade•u· l:r ,.,i_ to EDCiaeeri•C• ParcllHiDC, aad tH Yeadors tH electrical 
aad •c•a•i cal properties of ,._ co•o•eats .,..c• J'OD ••ed. 

COMPONENT QUALIFICATION 

To deyelop aad i11Pl•-•t t•• criteria t• H ased to approYe a•J' Yeador as a &applier of parts tor ase iD 
J'O•r s:rst••· 

COMPONENT QUALITY 

To establisll criteria for acceptability aad iacollli•C defect leYel• wlaicll "411 iasau .ac11 prodactioa :rield 
M tll retard to parcllased compoaeats. 

COMPONENT TEST AND INSPECTION 

To deYelop .. tllods for test aad iaspectio• to iasure tllat tile parts wtaic• J'O• parcllase •itt tlN 
specificatioas aad Will satiSfJ' )'Our SJ'Stit• re•uire••ts aad wlaicll ;i;re coasisteat Witll J'O•r resources. 

VENDOR SELECTION 

To ••alaate tlllf cllaracteristics, reliability, aad qaalitJ' of a veador as a potitatial sapplier of purchased 
compoaitats. 

VENDOR QUAL!FICATION 

To deYelop aad imple .. at staadards aad criteria for appro•i•C a specific yeador as a ••PPlier of a part or 
falllilJ' or parts relJ"i•C heavily on •eador aapplied data. 

VENDOR INTERFACE 

To i •terrace da rec ti y M tll Yeador Sal rs aad E•Ci aeeri DC represeaiati Yes to assist Desi C• E•Ci aeeri ac is 
•Iliac t•• llest possible c•oice of co-.oaeau f~r a specific desiC• reqaire•Dt. 

SYSTEM WORST CASE DESIGN 

To assist tlle S:rste• Desac• r:aciaeers ia deYelopiaC satasfactor1 desic• roles to iasure tllat all co..,oaeats 
Will falfill tlleir requiro••t i• tile s1st•• to ~•:I or life. 

SYSTEM DESIGN REVIEW 

To I ead a Ua• of E11Ci aeers i • perforllli •C aa •••austi •• desi C• revi ow 01 al I prodoctl lleforo rol eau to 
las.re tbt t•• &J'st•• lllill ••t t•• perfor•ace aad roliabllllJ' coals llefore tlle IJ'st•• is roloaaod to 
prodactioa. 

RELIABILITY PREDICTION 

To perfor• a r•liabllit1 a1alysi1 of a •:rst•• to predict its faolore rat•s band oa llaowa or pr•dictable 
failure rat• cllaract•ristics of tll• COllPO•eats. 
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FAILURE ANALYSIS 

Te "~fora tests to dtterllin tH -•of fail.re of failed parts aad to -rll: toiit• a fail ore aaalrais 
laboratorr to ideatifr t•• -c•a•i•• of tll1e fall are. 

COMPONENT DATABASE DESIGN AND IMPLEMENTATION 

To -rll: ,..,. IGS aad otHr iaterested parties to deslra aad i .. l•-•t a co .. aterized relatioaal data baa• 
•c• allo• ro• to aaiataia co .. lete aad acceasillle record• of all co ... aeata aaed la J'O•r a:rat•- aad tM 
•••lilied aappliers for eac• oae. 

COMPONENT DOCUMENTATION SYSTEMS 

To ;aasi st i a denl opi ar a doc•-•tati oa sratea '41 c• aati all es J'O•r aeeu for reaerati at aad coatrol 11 at 
tM doc•-••• • c• are aeeded to •scri lie ••• coatrol J'O•r co ... aeats. 

MANUFACTURER RELATED COHPONBNT BNGINBERING CONSULTATION TASKS 

DEVICE FUNCTIONAL CHARACTERISTICS 

To aHi st i a proclaci ar •rll:etabl e de•i c•• bJ' prowi di ar tai daace rerardi ar tM faacti oaal c•aracteri •ti cs 
,....; c• are aeedecl bl' wari o•• cl asses of casto•r· To perfora a desi r• rewi ev of 7oar faacti oaal 
specificatioas to iasare t•at aeecled featares •awe aot bee• owerlooll:ed. 

DEVICE SPECIFICATIONS 

To t•ide ia prepari•t dewice perforiuace specificatioas to iasare t•at all para-ters "'9aic• are esseatial to 
t M coauol of t be dewi ce are properl l' speci fl ed. 

DEVICE QUALIFICATION TESTING 

To aHi st i a dewel opi at a •••Ii fi cali oa test pl aa viii ell Mi: I coafi r• t laat t •e de Yi ces prodaced -.a t Ille 
doli Hd rel i abi Ii t >- roal s, aad to pnseat t bis i aforiuti oa to casto-rs i a a var t•at 1'11 II all ov t Ille• to 
de•elop coafifface ia 10• as a Yeador. 

ONGOING RELIABILITY MONITORING PROGRAMS 

To aHi st , • de we I opi •I aa oatoi •I rel i abi 11 t l' ••i tor test prorra• viii ell ""11 ••i tor r••r prodact aad 
prowide reliability backap data for roor costo-rs. 

FACTORY QUALITY A RELIABILITY PROGRAM REVIEW 

T• rewiev tile oatoi•C ractorl' reliabili\r aad •••litJ protr•- aad lite iatorfaco 'Wltlll tiles'? prorra• 
pro•ided to casto•rs witlll tile iclo:1 of aaki•I nco-adatioas vlliclll "411 i .. rowo tile Yoador/Custo•r 
rel ati OHllli p. 

CUSTOMER MARKETING INTERFACE 

To assist ia prese1ti•I 7oar prodacts aad IHir clllaracteristics to 7oar casto .. rs is• coawiaci•I var. 

CUSTOMER APPLICATION SUPPORT 

To auist i• iaurpulial tb• casto•rs Hods aad probl•• so tllat 700 caa -11 orrectiHl'1satislr11111 
,., •• r•••ts. 
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'1be Cl\inese ~ineers seem to be technically isolated. They do not seem to have 
access to the current literature on ICs and their reliability and quality. I 
could never iddentify as member of the IEEE which is the primary channel of 
~ication on these subjects. Their isolation has prevented then. fraa having 
a good grasp of current technical ~lish. This caused sane problems in 
cc-mication during the lectures. 

I received a strong illpression that they do not mderstand the full seriousness 
of the problems associated with :mm. They profess to \Slderstand, brt. their 
actions belie this. I saw no positive steps to control :mm. 'lbere "8S an 
occasional grmnl strap, brt. I never saw an operator or engineer connect to it. 
It IBY be that the devices with which they have t.«>rked to date are mgged and are 
i-.me to ~. This will not be so as they go to LSI devices. They are bol8'd to 
have trouble in the future if no changes are made. 

Following the lectures, I spent several days in the CEPREI test laboratory 
assisting them with several problems relating to their Gen Rad 1732 IC tester. 
The problems proved to be related to calibration. Calibration is done on a 6 
month s..'"!hedule by another depertment. When it was checked, the machine proved to 
be out of calibration on one parameter which is not adjustable. The only 
solution is to repBir the board in question. This sort of problem presents them 
with significant difficulty as they do not seem to have adequate COllllllmication 
with the manufacturer. Another problem was that they had experienced failures 
while following calibration procedures. In addition, it is possible that they do 
not have an adequate budget for proper maintenance of the equipnent. I received 
the impression that they do not fully tnierstand the specifications and subtle 
characteristics of the testers. This problem will be exacerbated when they 
acquire testers which are capable of testing LSI devices. Dramatic changes in 
training and in calibration and maintenance organization and procedures will be 
required if they are to be successful in using the new testers. 
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As a result of my tour of the facilities and the time spent lecturing and in the 
test laboratory, I have llBCie several ~tions for enhance9ents and changes 
which I believe can improve their operations. 1bey are: 

(1) 1be Institute seesas to be technically isolated fraa the rest of the world. 
'lb.is system could be greatly improved by giving them an IEEE membership. 
The technical journals provided by that organization could greatly enhance 
there knowledge of the current state of the electronic art. 

In addition, there are three technical conferences sponsored by the IEEE to 
which they should send a representative. 'Ibey are: (1) International Solid 
State Circuits Conference (ISSOC) Feb., (2) International Reliability 
Physics Symposiun (IRPS) April, (3) International Test Conference (11C) 
August or September. If a representative can not be sent to the 
conferences, copies of the proceedings should be obtained. 

(2) An attempt should be made to obtain subscription to several of the 
canercial technical magazines p.Jblished in America. 

(3) 'lbe Institute needs a regular Consulting technical contact in America. 'Ibis 
would l:· ~""'leone who can obtain literature, contact manufacturers, and act 
as a ger l contact and coamunication link for them with the electror.frs 
industry. .nis would not be ex--pensive or time consuning but would requil..! a 
minor budget to support ccmnunication costs. 

(4) Perform calibration of all IC t.esters on a monthly schedule and keep written 
records of the state of calibration of the 11BCbine at each calibration. 
'Ibis can be used to exterxl or shorten the calibration interval as needed. 
In addition, the operations personnel should obtain a copy of the 
calibration tapes and perform weekly checks of the calibration to improve 
their confidence that the machine is satisfactory. 

(5) 'lbe testers should be allowed to wann up for 30 minutes at the beginning of 
each test session to allow it to stabilize. 'lbe testers should not bf> 
tw-ned of during their extended lunch hour of 2.5 hours. 

(6) 'lbeir program of maintainance and calibration of the Autc4natic Test 
Equippnent should be reviewed with the goal of insuring that an adequate 
budget is provided a11d that the organizational structure meets the needs of 
the equipnent. In addi lion, the training of the operational and 
maintainance staff should be reviewed and possibily supplemented. 

(7) A strict ESD program should be instituted at CEPREI. 'lbe people did not 
seem to have much of an appreciation of the seriousness of the ESD problem. 
I observed operators wearing robber. soled aandals testing ICs with no 
arounding strap<>. They should institute strict F.sD control in all 
operations of the Institute i.ihere ICs or other F.sD sensitive devices are 
handled. This is not just in the test laboratory but in the area where life 
test boards are loaded and unloaded. 

(8) They use distilled water in their temperature/hl.lllidity test chambers. Thia 
is transferred RAnually in plastic buckets from the sti 11 to the equipnent.. 
There is a substantial chance for h\..11\Bll error in this system. A load of 
tap water could invalidate a test run and contaminate the equipnent. Thr.y 
should switch over to a piped system using appropriate plastic pipe. 
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Appendix A 

1be attendees to the seminar are as follows: 
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~ itJl ~ 
3E ± .)_ 

J 0 

1,Jo t:_ 

JJl ~ ~f. 

-){ ,..__ ·~ 11 5- ...L. 

~1~'~ 
~1 ~11- ~ 

'Jf~ 

-22-

~; '/iufuf 

'j ev1 ~ ~ +-c\ • .,_ 

Zh eug,- H Ai I ifl>4J 

f 1'n0 ./1,~h h ~vc" 
y.e vi..t j~ 

:J;. I~ j rt. W~ r:rut 9-Wg 
1 If ~ Xi'n_J ftfi] 21.e.. 

. 
~J ~ 1-ftA F~ 

Li Rul. 

C'E:SJ 

,o 5-" WtAX i 

C Ff~~! 

cEf~EI 

:~(\El 

C&SJ 

CF.p~~I 

Cf/>,RcL 

~OWA Ttl. 
FfJcrORY,. 

f'r U ~fr ?_f:/t:Jt (_, 




