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Abstract

A reliability evaluation system for PCB management is developed and tested. Structure of PCB
is analyzed and the basic failure rate of each type of PCB is estimated by using part failure rates in
MIL-HDBK-217F. The basic failure rates estimated under some environment is then used in
estimating the gamma prior distri bution. Failure data of PCB is to be inputed in this system, and
reliability of each PCB is computed b)} Bayesian method through the posterior distribution.

This reliability evaluation system is implemented in C programming language, CA-Clipper
program for database management and Clipper graphic libraries for Korean and is being tested on
80486-based IBM PC.
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A2 L U BEAA Vs m oo THo] AW

HIE WA FEL IV A2 Do NS ARof BB Fho] DES D G AAAA
Hol g A2 o2&y e g MIL-HDBK-217, Bellcore RPP, NTT Procedure, British telecom
HRD4, CNET procedure, Simens procedure5- ) 67}2) F =2} go] ALL5] 1 i} (Bowles (1992 )) o]
EASPYUSS U E AFo] 9lof Brte] b2y, design] AZul, FANA AFYE 2o 7
. FEF7] R4S HEVI2AES B2 £EoA ool FAE UisEn 93, o7
VFEAM ARV = J 52 A AV HEL REY F U002 uj$ F 2310

ol Y 7Y EE AR EES Aol A thF2 YA T F3] micoelectronics 32| of 4 &
FRUAG 2 B3 244 Y99 o, B nde] Tl 2o a e wiA, e B A3
2], Al Zbed w2 2 E A 3hE BskA] ek 5o FHYL 7HRI 2 gltt (Blanks (1988))

T ATAMET ALY WV EE E4of U 7H3 go] ASS T g1+ MIL-HDBK217F
(DoD (1991))9] FFAE = A8 o]-§-ste] PCBY 418 £8 Brbshs A|29E T2} PCB7}
ARSE R Qi Al £¥9 28 ¥43ta, PCBE 74 74 £ 32 M¥2ste] MIL-HDBK-217F¢)
AR E ol 45t 7| 2R E ST NS ]S 4 VAR QIZ ER U F UolAbE BT 2
A ARG Ut ol & WoIX U 7Y & Fote] AFYELEE FE8 U AET JAY A2
o BEE T, ol 8 vtFoZ AR 9 A ol i AR ETE FEH dr} o] PYS 9
A HEE A AP MARX2FF MelcoAtS] Melcom 350-60/5008] PCBAIE| = #4489 ¢
AWM 2" 758 Bl

2. Mil-Hdbk-217 F " Reliability Prediction of Electronic Equipment "

4714 dFeh PCBE ZHE WAFE S o] Fo1 3 bourd & Y ETh WA, PCBE A% of
2.2 H8M AAREY AHA LY 4279 E AA goinsle oo
Mil-Hdbc-2178 $3% Batol steha] o 4] At 22 19600k A5l Fope) ze
Y22 AlRslo] 94 BE 7)ol o she] Ago] £215]e] Itk T o] .2 RADC (Rome Air
Development Center) of 2|8} 71, 2bs|of gieh. €A AxA 29 o} NS = A27|HE FohM 7hg
Bl AHS =12 3105, o)f& MILHDBK-217& A28} th-ol tisi A 714 gho] Tk 9l
o} | ch MIL-HDBK217& o} 2] 2HE-Ef thste] 2382 A& A st Qe B AEE
A4 2HA AL T Yok $UF< MIL-HDBK217E ZAPH) $E2E B¢ 2 ol o
VoM 4 YU VT 42F chrshd 2-§5|o] Stk (George (1992) MIL-HDBK217€
MR AUHE AR7IYEL YA 7 Ydawol TAst] A S u] Lok 715 AL st R, of
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B7bx] swess 934 OHE 20 F9) ¥ P2 ¥ o2 el $-480. 22 U8 FG
ARRCHE A £ M2, VLS F42) FYolM 8310, o] ASE A&7 YL T f2E A
B9 Zt2 A e BEAFZ ALY 4 9t

2.1 MIL-HDBK-2179] 7| &7} %

MIL-HDBK217¢] US|E A4& Thad & 38 4742 7A4el 2AE $2 3} (OComnor
(1983))
1) @ 8ho] THE DAL 29} FUH Arhenius Model of o] 8 ¥ F .

A(Ty) = A(TRexplA(T Ty D), A=E/K

A,: part failurerate

T, : operating (junction) temperature
Tg: reference temp;zrarure

E, : activation energy for the main failure generating process

K : Boltzmann's constant

R FES AN B3 =7 o] FAH k. (Airbomne, Space Flight, Ground Mobile £)
3) g2 5-31d(Complexity) of 27 H t}.(Gate count, Package complexity)
4) DFFL Albe] 2} @A odeth &, Q¥ ¢ 2 YEL g
S AL AA AEE RO =exp(-A) (A: TF) o o] EYSTho|= RERE o 3
A AIZe] HE S0 D FYT A4BTE BBk h¥o] hgg E20]ch o]zl @ 7Pgshol
M Zzte) $E 80| Y2 AF VT o1 A9 leveld) A2 2) DAEL 7 she] B THE
o gtoz= FHHATLL
MIL-HDBK 2172 23§ R@-g AL3l1 9ln YA st FFH stress level (L5, HYS)of 2
T oL 1S FUE 5 Ut YA overstress, stress cycling 3} 1 4e] of 7] 2] 24 S

PERERECR LU E SIS

2.2 MIL-HDBK-217 &} 223§ 24
MIL-HDBK-217o} & §£71x] 8] Alg] = o2& 913 24-E 2o 9lt}.( Klion (1992))

2.2.1 Parts count method

Parts count method<= part type(%;, Resistor, Capacitor, Transistor, IC $)%f & ¥ of 375} Al

EE A0S o1 1YL ASE 2o THHA 477 32 g ZH AT T 2249
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Pedi Hs ot A4 RS £0 ABo] AV Z4, 222 AR YAHAL B4TAFE
gt
microelecronics 3+3] (ICs) of Hshe] B3} 42 238 HAE AA Ut

A= g MM

AR RE
T : quality factor
7, : learning factor

Ag : complexity, environment$-& 312 ¥t base(generic) 1 3-F

TAEE field data T FH A2 testo] o ¢ datac] ZAH YTt Parts count 71§ 9] 7MY & RE F-F
So| NP2 AP Uk 7y Pt 1AL 39 ¥FE F il o] M Bul 1RE
Q)0 7) & oln) #ic}. 12|22 Au(equipment )| $FF, A, £ 39 FEFE) ZHEY Yo
xygHqd.

N
Xa = 2 filpinQ
i=1

A FEclassi g nYF

£ gule) BE classi of &3H= RESY 5
Ty : quality factor

N: & Fdshe 38 class9]

2.2.2 Parts stress model

Parts stress model 2t 2559 8493 245 AXEof A o & ApA 8] g3tz gl stress,
ARS8, EFYSE LK, Conplexity, 459 Gof it 982 UYehlE 23 & AN AT
#it}. microelectronics ZFRJ(ICs)of th 3} o}-2 3 & 2 A4E 2 - A X gict

A= my[Cymmy + g T,

Tp : tempertature acceleration factor

Ty : voliage stress factor(not used in MIL-HDBK-217F)
7 : environment factor

7 : learning factor

C,. C, : device/package complexity factor
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3. o]z 2} 7] Yol < ¥ PCBS ASE A%

Pecht, Kang(1988) 2 PCB A1 £ of &g §|3}o] yolM AT pans count method 2} parts stress
mathod & o} &8 PCB THSE S| DHEE A2V OHE 374K B2 PoAX AR 2E 22
oM PCBS] A3 At& 8513, Pecht, Palmer,Schanke(1987) $-& PCB 7/4 ¥-¥2] ZMA|7) A7
E H¥ A2 el TR P e ARl

7129 A2 E RS systemol A 27] 239 U] DAL AL, D AR FAE
AT AT A bof 2 3 A E DAE L) Aslol B stA] 3 T EAYL X

B AT E Hol x| 71 Y& AR o 24 PCBY A E 452 ¥ B2 2] HFHA
B 23] 28 st ¥ AR Y A E 45§ 7He A Uk Mo AL YA &
PCBo] 4§ o th¥} uncertainy & SFEX 2 BA|go 24 A8 48 APt

3.1 A& o] FR3je}

AojA| 2% ZHA] (racking, EF 33) U modeling controlg FEH 31t Melcom 350-60/
5008 v 24 47| MoA| L2 58TH) cabina 0.2 TS0 9130, Z}cabinet 4174 8] PCB
2 356} glth. 2] T Melcom 350-60/5002 3 ¥ Tl of of2{ 7t #4 i 2] =l ef it

ol2 agez Vel <1 1> oo, 34 Aol 7o) Alado] wixlse] Qe 2 F
Sol7h $-8-& 8t 913, 20 backup§-0 2 AR5 SITt

=]

v , !
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<ag 1> HJAZHASE

webA] 24 8 PCB2) AHE oA 3-E HMAE o] system?] FZof THE 7} PCB o] H 27t ¥
2.3
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32 ¥E5EW

Moi7]7] FFUM AFohs PCB B9 £ Pan lin 6 5% PCBE 4B Y= 2
£& ve} ¢ 4 Itk MIL-HDBK217FolA] HAISlo]T of2] ¥E oM 718 238 s 7
PCB) part listo} 3 28}gic}. £ &7 o4 IC(bipolar), I((MOS), ROM, SRAM, DRAM, Diode,
OPTO-Electronics, Transistors, Resistors, Capadtors, Inductive devices, Crystal, Lamp, Electronic-filter,
Relays, Switches, Connectors, Fuses, Rotating Devices S 197}X| 2 2-F-31 gt . PCB =32 49 ®
FE2 Pl

33 7122 3E AL

2|7} 2L PCB) Pant i F8] A& 4 Qs AR E 2 FE 279} ALY ALSO 2 AAY 3
HE A 4 T OeA FEES suessol FU FU o] ARG SI7] o] 1 AlAH ] 27) oA
- Parts count method7} §}o] AHE-Sich PCBE] 7| & T 4F A2 Part list2 2 & -2 PCBS] 3E
F7E 23 7 552 type, AR 27 ( Ground Benign, Ground fixed, Airborne Inhabited Cargo...), 2} 5
2] 445 o} input data?} ¥} o] MIL-HDBK-217F2] part count method & o]-£-3] A+&#c}. = PCB7}
22t 3012 AHE- V7o T} 7|2 o] AT

N
Apce = 9 fikgimg;

i=1

Apcp : PCB ) 32.3VF(failures/10° hr)

Ay FEZEF 19 Generic failure rate (failures/10° hr)
- i9] quality factor

G VERRS PES

N REER HATIAEN-19)

o:l
‘:{;I

¥ PCBef t3t] AL 7| 22382 b3 <¥E 1>3 7} ARS-§73& MIL-HDBK-217F0] 14 25
7kl o§7] 4 &= Gb(Ground benign), Gf(Ground fixed), Gm(Ground mobile), Ns(Naval sheltered),
Nu(Naval unsheltered)of Z-8t38}e] Th-git}. mooff ¥t H 271 Q1E Ffells T4 1 2 359t
Parts count method § AHS- 2 24 PCB2] 2} ¥-F& 7+e] B4, $12. 715, 2714 435+ A8
£ Aol %98 71217 ghec,
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<¥ 1> PCBS} 7| 28 1 of
PCB™ : NPX01864

Part Qunity G Gf Gm Ns  Nu
Capacitor 155 || 000078 00022 0013 00056 0.023
Diode(LED) 5 |[0.00047 00012 00035 00025 0.0077
IC (bipolar) 244 0.0038 0.012 0.024 0.024 0.035
SRAM(mos) 16 || 00079 002 0038 003 005
ROM(mos) 9 || ooosr 0018 0036 0035 0053

module Resistor 2 0.0023 0.0066 0.031 0.013 0.055

film Resistor 3 0.0014 0.0031 0.013 0.0061 0.023
Switch 2 006 012 09 0.48 1.6
Dclay Line 14 00034 0013 0052 0021 0.087

| Failure rate (faiturcs / 10* ) || 130025 4.0579 10.7425 8.6078 168315

3.4 PCB 3 gof dP AHHYIEE
YN QI 712 TPESSPCB LPEA U AVYFLEE Topy) AV AR B&
Hc} PCBE) YT AIZHE TAE A7 Foi e w the-3 o] X4 LE (Exponential distribution)

gzt oz by
x; | A ~ Exp(})

=3, APA YE - F (prior distribution) = tF-5-3} 7to] Z}oHE-¥(Gamma distribution) 2. 2 7} ’ﬂ'l:}'

A ~ Gammalfo, B)

Be—[}l (B)")a -1
o

p(A) =

A71MH apE AP HERES BeA Poin YA oot 2 $739 PCBS 7|2 nYEE L ER

o2 3o, REFFL RYFOLZFERAL RREACE SA s RAEWA] (Method of

Momenisyg AHS-#] +¥ 0 %, 8730l B2 7|20 3ge B FFL N, ERENE SPol @
o T3 e o 2RH BAE FEH U
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- _ « o
A= —,8 = —
B i

3.5PCB 1 3qo P AMFGREE
sjol x|t 7P 2] ¥ YL A2 holErt B5E of vic} 71E8) FET A FA 57 (updating)

T4 ks Aot} ool £ FX B AME BF ¥ X (posterior distribution)e| 2} e}, Yyt
o2 AN BF EXE A3 AL vlo] 2 P A(Bayesule)o] & 3te] T to]E] xof wpe} @4

Aol ¥ ANE S8 £EE Th23 o] AT

Pl | x) = p(x | A) - p(d)
p(x)

AT Z 4 DAL AR xE AT YckT Yol AR GE LEE e Ut

A| x ~ Gamma(x + B + x)

RN o=o+ 1, =p+x et ot A2 e 2 AEE BANYL Wit a ol o BB T4 B

£ A fi9) el A4 HoE B4E £HY 4 Utk
<E 2> AME <E1>8 7|22 FES P OE of BAE F Yok 2 daac] o A AMERES)

she}o] E17} updates] & & ¥of Zc},

<E 2> AHFYE-F X 9| n2io|§ Update
PCB7 : NPX01864

i* Failure Alpha Beta
0 1.864735 0.2193236
1(79) 2.364735 0.2199368
2(59) 3.864735 0.2203748
3(4d) 4.864735 0.2207252
4(5d) 5.864735 0.2211632

(B2 2R o] AL PAN T2 YAl o] F 3 A7)

3.6 2P 4FEX
AT xS FE2 R T b2 24X 9] A7} y of O] 3 of 2 2 X Predictivedistribution) & #&
o] 87F5 ¢ AT ¥ L7U22HN TS} 3ho] closed form 2 2 743 7Y 4 Tk (AA Y 9

(1993) =)
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P& | x)
=jp(yn)-p(x|x)dx

_ ( Bt a’ o’
B+ x B’ + x
3748 = AL

THE DA A AR IS HAYE BEE G0 Yo m2 A\ AR Lge] Yapstx]
A& YEAASER(1Ix )= 23 7t}

RE | x) =py >t x = [py | x)y

()
B+t

mebA, AR E 44 94 N2 ngatest FAYd oig S4E pa of & Helzle] ALg-3}
of update ¥ 73]t} :

4429 FE A UYA

HAM AT o] E& v 22 MeloAL) Melcom 35060 / 500 Mo{A] 2§ 2] PCB AlS| of & A]
292 FUH M3k ALY LS HH CAol9} to]E] Mo] AE CAClippess.2 &AM},
A ARG BFE U 22 U2 2y o) B § A stk MR KAy 2w

=<3 2>8} 7}

o)
1 Mil-Hdbk-217F
classify pasts

v
basic failure
e .
: o
PCB

l: Posterior

v

Inference :
distribution
relisbility -

<2y 2> AU A|AY s
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4.1 JAFA) 2 ¥ 9] Database =

Database 72+ 3A Data 2] 283} Hierarchy 52 2 g 4 ¢th Data A2] S22
Hierarchy 1} o}u|g} Parts list, #78 7| 223 . 9etv| 8, 23 3 R.FE J1 Ut} Hiearchy %
2.8 DaaData B9 259 TTelS 98 3.1 He) F2E @i et Databasesis PCB Xp29}
YRR A ZUs U AL AN AAY Slo] M2 VA T2 Dasbase 3
228 <O 3><a2Y 4><3Y 5>9 Ut

4.2 PCB A= e 4§

PCBol 3} Parts count lists § 3 Yo 24 7|2 23-§& Pt oA sk Fdole. o]
o} Part9] 5+ MIL-HDBK-217F& o] £3}9] 1 R-EEF+= 32 HofA] AT thute} o] 19714 = 8}
e

7122 F o AE HY ParnslistE 31 GbGEGmNuNs ] 2} B g2 7] 23§l A
gk =84S AAH T2 E S ASH o2 ZYsH Y PCB IDA ¥ 4 9] Fr1A]
Wy d o e ¥ 43 PAe] Jhssttt. <1 6> PCBALR S 27] IS BHF
2<TY T>E B A ALY, © AL PCBEY $F TR A BF Y IHYEHR S
Z 2§ vepdt. 122, <29 8>2 PCB ID'Y X3 & viepdct

43313 Aw AL FE

2 PCB 92 2AHCIEHE st SAIo] Wol |2 71 ol-&3te] steto|El7} Updates]m, 2
PCBo thste] Zabo] 2 ¥ Y024 ol A ol A2 o] Au| A o] A3 A
shex).2ee] 23 WAL Folo] LML o WP EA S YFYUTH YA F41S PCB Do}
o ¢ 73403 ;A gAbo] o8 4 S7hx 7k sl
<12 9>2 273 Dans] 3% A B YEhiR 3o m,.<1Y 10> PCB IDUE DY A2 23§
vpehiz glet

44 ANHE AL EE

PCB o] 27] ¥ Aash 13 AR 2 26 ol 71 & $4 Updae® HheoleiE o148
AFUELETAL FFTFEASNE THL 09 N E, DA o LT 2
A BHEFRAAIZ S A S o] B eleirhx HEE ehdeh USE A4 A3k B 28R T
oh <Y1 AAEYE FEe) THTE el 2 Y002 Y1>E A E 2 Te S5
o A EE ehilD Ytk 29 2.<0W 135 ST NS ADEES] 2 Te BF A A
7re vehde.
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<% 3> Hierarchy 2] Codef}

Part lists Hicrachy  4—
Hierachy
IC(Bipolar) 1C(MOS) work
work system
system ROM SRAM FAILDATADBF
i BASEDATA.DBF . cabinet
cabinet DRAM Diode , Failures
peb_id O-El ics Toansi peb..id - h
insdate L - Hicrachy OPTO-Electroni ransistor Hierachy P
Panliss  — Resistor Capacitor Pa comments
. | Enviro Inductive Device  Relay Failures —]
p Switch Connector Panametes  —d
. Fuses Rotating Devices
Ge alpha
Gu Crysual Lamps
N Electronic-Filter beta
Ny
meanfail

<1%Y 4> Database 3}¢J o} W&
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BasENTX ) il Ceamnrx) AT
peb_id work
sysiem work system work
abinet system cabinet system
peb_id abinet peb_id cabinet
Index of faikdate peb_id
BASEDAT.
-DBF Index of
FAILDATA
.DBF
FALL3NTX
cabinet peb_id faildate
work work work
' sysiem sysiem
system K sem
pcb_id cabinet cal

<.'_:'§ 5> Database 2}2) 2] Index

apepq} - 2019 pcu_10
SYSTER : MELCON 354-481
CABINET :

PCB 1D
ARl

IC¢Bipatar) :
1€eH05) ¢
ROI

SHAN :

DRAY :

izeabetedasazaec iy
I

DIODE
OFTO~Electronies
Transitor :
Resistor HMELCOR 358-6B/388
Capacitor HIDIC ¥ /58
- Inductive Device SYSTEN €608

Lagp FILTER
N

Eotating Device
arystal -
Lanp ¢
Electronic Filtee :

<19 6> PCB 2ta9] 27 Y

PCR_ID

NPXB1864

MELCON 358-560 l NPXB1864

' NPZ13288

.94.88.18

2o}z YR

TRANS

AR S
FUSES

<2% 8> PCBID ¥ 3 =3 <3 9> mAgriolete) o)}

—348—



HMELCON 350-589 NPX82251
nELCOn 350-508 NPX02251
HELCO 358-5088 NPXB2251
HELCON 356-5HA

NELCON 358-580 WPX02251

ALPHA BETNA DESCRITFTIONS

4.965688 2.516668 3G U VLINES] NOISEY T

D <o B 44

<39 10> PCRID ¥ 2 3kap g o] =3 <AH 1> A $E EX

0.8 " 34,20

Bex], : AT TEE AR [RErEE]

: <Y 12> A= <3P 13> AR 9] A 7HE X
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5. A8 R F¥AT

9} 4L FTE Bote] Aol AW PCBAUSE ¢ o] B2E 4T WA A LWL RGO
24 PCBel i 23 AZRY, £9048, A5 Y 2 Ee) AFS AANo] 1 2] 22 PCB B
27t shssteh 2Rl 2 REEe) 24 2 A5 AR (o : swess, AH-LE complexity) 5 A1 ¢
PCB 0|2 25| 712 0Y$L UEo2A vlg FYYP B4 2yo] o] Rolxo} ¢ Holw, 2
PCB | A1S| =& ordering 8o} Y32} tjabo] 5| PCBE T8 sfof ot Y322 ohare] PCB
o) SHREF o2, XA AAA P 7104 A7 2 A BT YUY AU ESL AL B
Yo zM DI alish £ DRl FuIADE BANA FITHo =AY 2L
2P 4 e VST A2 2] FRo] o] Rolel Yot

wiel &

EYAY AGAA 93B196] 23 A Usiglen] 93
HAYF ERCY A5 253 ATAEof 3] FEH o2 AU UI

WY, N5 A% 305 d T, " o)At 7ol 2P YR VST AR ", 8T o 3ty
Z], 18 @ 13%,1993, pp. 71-78
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