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Study on Reliability Evaluation and Physical Model of Electronic Products

ZHI Yue, SUN Dapeng. WANG Zhizhe, LUO Hongwei
(The Fifth Institute of Electronics of Ministry of Industry and Information Technology, Guangzhou 510610, China)
Abstract; In this paper, the failure mechanism characteristics of electronic devices under different service envi-
ronments for package, chip, circuit board, electronic components, systems and multiple systems are discussed. The
analytical methods for failure mechanisms such as FMECA and FMMEA have been studied. The failure physical
models are classified and discussed in combination with failure mechanisms such as low cycle fatigue, high cycle fa-
tigue, crack initiation, reaction theory model, and chip failure. The reliability evaluation of electronic products and

the application of physical models are systematically discussed, which provides a basis for the reliability evaluation of

electronic products and the selection of failure physical models.

Key words: electronic products; reliability; failure mechanism analysis; failure physics

0 F%F

B R T AR G I DR L 2 S AR 1 2R AL
MG T 308 WO e i AT RSB DD R . T
HL IR0 A R R H g A e OR BR L A i
SR B B S A A W AR e . AR ) A e
AJ LA 2 R A R 58 4 AN R 19 2 1 o TR — > AR
WEAEILFA B SME . AR B8 7 2 S R 1
R R AR RSB 2 R I A R A s Rt 2
R ALAE ST L 5 I AR OGB4 B2 A A
BT HEA R ZESE

A5 BEAT L7 i AT FE R DA 5 1 BEARE T )
I o T B T R T R A D A 55 RV AL
AN EPE RSN AN E L . A AT E R R AR AR R
T LZRES N R T B ™ 62 8 sh i R
RIS R, SN R TR R A R — AL 1
7 R I A R T S8 BRI AT 55 A TR L (8

75 B #9:2019-07-25

X 2N ] P O SO [ T A 0™ 5 22 05 1)
BTN ) B AN . AR T A B
KA YIT LT DL AT B i B R L 5 2k
RO RI AT IR

AR S S DA EL 7 i R A i DA B R
- AR S AL AR (R RO L F T
T REMEZRGENAELAR T ARILES A5G T BT
AR LR 25 R G RIS TR T R =
i Kz £ PR 23 A (FMECA) il s A5 =X HL 3 55 5 i)
I3 M (FMMEA ) 25 g [ AL BE 3 By 05 325 s B I » % i i
YRR TSR UEA TR AR O o AT SR TR
TR A0 B VA B AR 1 S BRI T A 4R
1 W F = e sk E AL
1.1 SHEER-HERXHENE

AR I H - 2R AH OC 1 B ML B T OQ U B R
HORH G AR B G % AR A B TR R, TR I

HEeH B :HEHRBEES T A (61804032) ;) M AT BHL 3R 3 4 ¥ B 5 H (201904010457)
PEHE B A (19665 , B VLHBVIN M TR, 4, FZNF B oo a5 RS M s, 231988, B, il 4%
N =T Y S e Y TV 3 G S Y A I S PR @ R e



614 E B 5 & 2019 4F
EANANTRE T RERHFSE . Men IR H T —Fh DI = TN A= S TN S A= 1 0 (AN 2 N )
FH BRI 51) J 25 5 5 B0 55 75 i 1000 110 98 57 4 4 ot 45

PIRBIRL, BRAAES ST T R 5 R AR A =
HEAT PROCAE Y, 38 1o 73 A7 A5 0 77 73 A AT A
PR D7 R L S B A5 7 i ) PR TR A 5

AR R AL 23 LU LK

D) 5l G Bk 2R 57 9y VIR o5
G Jm AL G 1 T kIR BN SDDV B 13 78 T
b 45 IR 7

2) RERILE TN PIR T KA IR
SRR AN N A7/ IN L EBUY/ Ny G

3) YHEPRL 32 E O R L oK A RN L R TR &
BORVERE K o BHERBRIR 2255 .

5) W TR AN B 32 BN K 4G TR 55 BT R
1.2 SEMBE-SHEXEEE

A F B R R G 1l B BIL B T B O TR A
A IS B B ) A R AE BIE T TS R R R R
R 25 2 5 JEE Rt 4 T s I A TR R A
Ol R 23 A1 LA Bt e i LB R R . B
Bk R R O B AL AR R BOR T AL TD-
DB.NBTT SRR LI 5% B8 & W AT i
BIRONL VESD w2 2 U 5 AF .l R LB A
1 s

1 Bpcw B R AR K EHLE

HBAL [ R WK HMNA i e A 5
CMOS it i H. 3% 2k HLIE FHL I B LR LI
WU B R BT L R BB 25 N B VPN 45 o 28 o JE B AR
MOS #14 B T L TR AT LR S B {E F R R AS L B S
MOS 2§ 4 55 ()R O A A R o 5 L TR AR o B
PMOS 2§14 B fi i TR B R R B fa M I L I B8 FL AL A o JE S A R R 8
A 5 R 45 4% ST A% TR PN 4 % f
PN 255 Si/SiO, # i ST BT B PN 45 Jid #%
&9l 5 HEL & 5mMEREELEY 1 27 fih v BEL 3% o, T I 2k 3K
SRS A 45 R BRI 35 IR RN =95 233 R RS G % v BEL Bl o T %
PN % TREE LR R PN %555
PN %% ESD i {4 k! PN 45 %7 f
Lk ESD # fiaEE 7 2 4
EATRERN ESD #i /i i o 2F 0L e B
ViR ESD $i /i i i

1.3 ARSI (LK ERIR ) BUFE M2

HEL (B ) 1 S P AL B G 3 B
BB )AL, Chen 559 A 41 7 18 B AR AL | 92 L AT 42
i3 5 0 B0 a2 A5 R T 0 ML IR Y Y 3
T2 RO B E RO SR B A B BR
SFEAMHT T PBGA MRS KR i S O
EER LA RPON SN PSR ST ENE =321 k=3
B 2 P A R T T 1 S5 ) 2R R AL B S ) P
TR BIF TS BUARZEAT B 25 5 LS S 36 # o 9 E A7 T 5
153t FF X T A3 A5 i 2R AT T B0 5 B B E LV
IR AR R 5T T 9 L 4R B RUR R B E
LERZ LGERI a5 RRREZ .
2R AR AR AT AR S e LA AR 2 L SR LA R
2B L B 2 B AR B A1t 0 B LB VAR e A
A . JE I 5 AE RO B 4 T A A B
AR E T AR Sy o AT

SRR AR ik B SR I AL B Y
T B AR AN 22 BB B A BT RS L A

1.4 BFTOHEENE

iR SR A IV | NG 4 S S ot (N SR Y
BHAS LR A8 LR L 2 A P L A VI
BH L8 A A S 25 55 . FEVPAS fL 7 1 AT SRR
ML T OO RO WL AN 245 2. Wang %59 R i 2%
JEAL 3B 3 K F- 11 Steinberg ¥ 2y 9 557 45 B Fi )
JUF BRI A4 . Chen V4R E— oo iR e 2k
REBL T o B B[R] HERS » 32 45 R TPl # &
TCAF B Ik 25 O ROHE 22 0 B RRUR R R s kA
A

SRR T s L R
BELMEL IR Ak T 285 4R v 2 AR Ak L R TR A B i 2
FE Sl 1B AL A B A T A AL L A2 K R BOA DR G L 4R
BT A R A
L5 REMERFEHENE

RGN Z Z G0 LB K 3 22 i s pL 3
5e 4 RN AL R ARG R . XTI SR AL
PR AL T VR Z R TR AN TR 4 A R



5% 43

32 MR R AT AR PR RN 5 W B AR R W AR O 615

Chen 51 7 1 Rl 2k R A SRR BLAE L [R] s
WA T — B i T2 R ot R B A MS-
PMS W] S Pk 88 5 40 87 7 i o DA B — Bl elc i i — o0
PR B N 200k 2 2 H o 3k B (MMDD) #5854 45 &
(97 15 s T 2R3 2 G0 RS ME S DAk ] 4 4y
Mro Cao 21 A SHLEE (4 45 o5 & BF 58 T R RUHL
FEAH M 32 M 5 T 45 B0 — R BRCHL B A S 1k 1) mf
SEVERCF B 9T T LT AT S AE T Y 2 R AR RUbL
FEAH S M i R G T S O . Yu
AT KA R SRR A A A AT I AT
Al 5P PEAL A0 79 . Chen 20 57— Fh % £ T BE K]
K TCAF IR AT Ry 1 AT SE R A 7.
2 HEALE T &

B ALEEL S B 7 2 FF FMECA il FMMEA,
B N Ah X Rl 4 B Ok JF R T K BF%E. Chen
SRR B I e A X R P R AT T 2R RS
PR T — ol 5 R A A B v DA XS
A R T A 2R A s 3R T FMECA BRR 5 T
T2 o7 BRCR: o [) B 52 o1 T — ol A A S R
P24 FMECA J53k, Zhang S0 48 7 —Fh 35
{7 B 4 B FMEA J5 ik, 3R 45t T Bk 45 B8,
Chen 25| A FMMEA 3 15 31 26 250k =X | 2 2l
BRI 2R A0 ) B AR, ] R ] FE 1 S Bk il e 32
MTBF) ., T & 58 % %f 7= 5 i 7 FMMEA, 15 %
JOTAT TS A T8 A P e s A5 X WL B 5 0% 7 1) 4 B A
LU DSt b S A N AN I T | G
i O 05 B R AR 3 TR AT I 1 43 A s 1) AR %6 i s
YL (PPoF) A5 8 HE A7 41495 43 AT » 15 31 45 V8 76 I B 11
F A o3 A 5 I S A IS 0 52 4 A D 6 e 1 A 4k s
FlG A B 7 SRR 2R ST S4B ] (MTBF)
SERREVEAR bR . BRSO AR i 45 B BE N ) IR
BE S E X R 58 KA A 7 FMMEA 4347, 1
TE R GLAS O R AE 25 B B A 5 AL P R A 2%
FKF s A, #2446 — Fl 35 T SBDD #8581 % % % &
el AT A Ry s Oy Ah BRI T — B L DL M
INA) £ 1 5 2 2] B3k 1 s e AL B B 0 BT O ik

FMMEA J&:—Fh 2 58 1 5 #7 )7 % . & S FME-
CA ] 5 s AL B )2 B4 42E A1, 38 28 40 A7 3 8 11 P 1K1
HNDR L B A T S R L B O R KU A Bk
FMMEA 437 3 F 8 F 0 i 7 i B HL 21 X 07 A9 %0
T PO R I T A2 B 06 R LN L ST MR BN SR
1 AR 2RI G R TR A T L AT L
PR SR M 20 3% L I06 A A 9 B 5] KL DL T 0T I 4% 4
FI o Foe 2 4y e L 1) 4 B A PR 4G

3 MEHETHA

IR REATL B A 45 A HE K X BRI L 22 LB A G
PR AT SE PR R R AT 20 28 W BRI T
3.1 RAEFRE
3.1 JRER/IEAE /SIS FoRG 2 2 S5 PR O

Net = (52 (1)
A N S RRER/AREE /51 /88 R 42 2 1 2R 8K
I IR E Ay, R AR SR N AR TS Bl se BT C A
RNGE
3.1.2 &G AETF

NP = A (AT (2)
A N S-S RO IR IR B AT
B ARG 5 Ay = 7. 354 8X10° Ry B 5 g NI
A8 K0 B TR IR 1~3, B RE Sl 2.
3.2 SRAEFRE

IR IR 7 /AT /B AR B Y

1

14 - -
V) = i (3)

KLV P= B Vo i B 38 5 iR s n=
3. 25 M Ry bR G 1 .
3.3 HyEFHER

M 5 97 B8, 9% 97 75 i w1 LAIA S S 9% 95 8L
TE 177 i 9% 55 28 8UL 75 5 A 1 Fl . Darveaux #5
RUZ— A5 4 S50 1 R 406 2R B
B YR AT 1 R B8 1 - 359 17 A BB B T 2 R) 6 R I AR
Darveaux A< ¥ 85 B — & FH F #4 kL@ 4 8 B 8] 7 ¢
SR 1 R B () R G 55 AR AR D0 BT LA e 28 3 AR TR
R T AR AP 57 A 4 o

Darveaux 57 0] 5 s 41~ B 2 .

o a
Ay — No + da/dN

K caw RS AT s a AR 6 B AR (R B 28 B0
K s No O i BRSO 1 96 20 K8 da/dN O 2
DU R . 5 2R TR AT OC Y B AL

€Y)

HEHE

N, = K, AWE; €))

ROY .

% — K, AWK, (6)
ﬁ*:AW;.VeﬁBFi@FIQQE%‘TE;K] Ky K5 K %:l 4
e ¢

3.4 RSB
Arrhenius 15 78 J& 55 35 B FH 56 1) 75 g 4 AR, —
B FREAl Sy B EENNEE. %



616 E B 5

= 2019 4F

TR ) Jz o7 K R R

L(T) = Pexr 7
KL V5 P AR BRI S G E, i
e K NI IR 252 %50 T 4 Xl AR,
3.5 BRBEEFRAMERR

BB A O o 28 B AN, % B R GE O T R A 1R
TDDB J2 3 2 B A Jot A i J5 350 it B T8 B A Ha BH A
AR a0 MOS 23 78 H 18 #404E KA A P s At = Ak
Yo BTN TA R SR Y A KA Y5 R i
RAETEEACYZ 55 4L

E,
= Qexp(—yE ) exp(

KT) (8)
o H oy TDDB 0 ) 75 iy B[] 5 Q Ay Bb 4] 5 855 7

L IGE TN T Eo o A= L7 i

4 it
AR SCFR GE O HL 7 b i) SE R DA ) B Y

AT TRV O W 7 i A SR PR A K R )
FRPP A LA Y P BB AL T ARYE . HEZ TAET .

D) DLHL 7 i RO O S K s DA G HR -
B AR RUHL B8 AR (B RO L T T
. ZEMEZREMMAERAR T AFESAETHE
TR I P LB AR

2) A5tk T FMECA 1 FMMEA 2 fif & 41,
ﬂ%ﬁﬁﬁ%

) B RJEE 5T v R 5 RSO A RN 8

fﬂﬂ%%ﬂ#%ﬂﬂ@ﬁﬂh%@m&mﬁﬁ
T B AR .

S E 3k

[1] MENWY, CHEN Y, KANG R. Thermal fatigue li-
fetime prediction of BGA solder joint via a novel fa-
tigue crack propagation model [ C]//Norway: IEEE
Proceedings of the 28th International European Safety
and Reliability Conference, 2018, 2269-2275.

(2] WA, BB BRI 2] db 2 O A0 55 A 000 19 25 6 O ik
[J]. B34 4% . 2009,30(11) : 105-108.

(3] BRSPS B, &5, 005 F kG B2 T ) T 38 48 14 B
e g2 [T, 2 SR H AR . 2007(10) : 859-862.

[4] CHENY, XIE L M, HOU Z B, et al. Reliability en-
hancement test of a single board computer[ C]// Bei-
jing: IEEE Proceedings of the 2012 Prognostics and
System Health Management Conference, 2012; 1-5.

(5] BRI, HEBL. PBGA 38 25 & A s il IR 3 19 A R T 43
BrlJJ. 2f S A 2008(7) :563-566

(61 B WS, FL 4 3C. 5 i L i 3 2 8 P 2R 30 3
SR B SR 2007(6) :4-7.

[7] CHEN Y, TANG N, YUAN Z H. Prognostic and re-
maining life prediction of electronic device under vibra-
tion condition based on CPSD of MPI[J]. Shock and
Vibration, 2016(2650569) . 1-11.

(8] BRAi. @ KA 2 ba . 55, BRI LR AR B3 2 500 4 58
LT FEE 9 2w [ 1. b 5 A 2 il K K 2% 2% 3. 2007
(8):954-958.

[9] WANG Z, CHEN Y, MEN W Y, et al. Failure be-
havior analysis of hot standby system based on BDD
method[ C]//Shanghai: IEEE Proceedings of the 12th
International Conference on Reliability, Maintainabili-
ty. and Safety, 2018 2441-2448.

[10] CHEN Y, LI Y Y, KANG R. Reliability analysis of
MS-PM systems based on failure mechanism accumula-
tion method [ J]. IEEE Access, 2018 (6): 45707-
45714.

[11] CHEN Y, YE C, ZHANG X Q. et al. Reliability
modeling method of electronic products considering
failure mechanism dependence[ C]//Hongkong: IEEE
Proceedings of the 4th Annual International Conference
on Cyber Technology in Automation, Control and In-
telligent Systems, 2014 . 419-423.

[12] CAO R, CHEN Y, KANG R. Storage reliability eval-
uation of engine control circuit module[ C]//Thailand:
IEEE Proceedings of the 2011 International Conference
on Quality & Reliability, 2011 473-476.

[13] YU XY, CHEN Y, KANG R. Failure mechanism be-
havior and reliability of non-repairable system with
functional dependence[ C]//Milan, Italy: IEEE Pro-
ceedings of the 2nd International Conference on System
Reliability and Safety, 2017 175-179.

[14] CHEN Y, YE C, LI G Q. Failure mode databases and
their knowledge-based management[ C]//Guangzhou:
IEEE Proceedings of the 10th International Conference
on Reliability, Maintainability and Safety, 2015:
732-736.

[15] CHEN Y, YE C, KANG R. Status of FMECA re-
search and engineering application[ C]//Beijing: IEEE
Proceedings of 2012 Prognostics and System Health
Management Conference, 2012 1-9.

[16] lﬁf%ﬁ SKRIEZR B 5. — OB R A T
#Zi4 FMECA J7 . J [, 103760886A [P, 2014-
04-30.

[17] ZHANG X Q, CHEN Y, MA X, et al. Simulation as-
sisted FMEA of electronic product[ C]//Beijing: IEEE
Proceedings of 2012 Prognostics and System Health
Management Conference, 2012 1-5.

[18] CHEN Y, XIE L M, KANG R. Reliability prediction
of single-board computer based on physics of failure
method[ C]//Beijing: IEEE Proceedings of 6th IEEE
Conference on Industrial Electronics and Applications.
2011 1454-1458.

(19] 4% 555, E W, BR, 6. 5T 5B 9 30 B ™ ah ]
FEPE DT E R W O s E L, 104462700A [P, 2015-
03-25.

[20] BRA. 2B R, £9, 5. —MEET Petri MY £ B B AT
FRGMEAT N EBIr P E, 106599454A [P
2017-04-26.

[21] BRgi. £7,. 58 %, FH. —Fi T SBDD £ 8 )%
5 RGENBEAT R A i P, 107766658 AP

2018-03-06.
[22] B, TP G, — 3L T DU 307 9 45 R 5
TR Y R LR B %ﬁﬁ%*#lmw%%uA

[P]. 2018-12-21.



