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Research on the Influence of Chip Encapsulation Structure
on Solder Point Temperature Cycling Reliability
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In this paper, the tensile specimens of lead-free solder SAC305 were firstly fabricated, and
the uniaxial tensile tests were carried out under different temperature and strain rates to
study the mechanical properties. The Anand constitutive model was studied and the
parameters were fitted. The nine parameters of Anand model were obtained by nonlinear
fitting method, based on the Anand model parameters obtained from the above test and data
fitting, a quarter-symmetric three-dimensional model of BGA component is established and
applied Ansys Mechanical to simulate. The strain energy variation of the model under the

thermal cycling load (-40°C~ 125° C) was analyzed. According to the analysis result, the

Darveaux model was used to predict the solder point life. The impact of chip encapsulation
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structure changes on chip welding ball stress was compared and analyzed, which provides

an improvement direction for improving chip temperature-based reliability.

Keyword] Communication industry, Temperature cycling reliability ,Ansys Mechanical

=

1)

][l

T2 TEIR SN . RIGE AT A EE N A S B, Fo R AE EA T R #CR RS I 5 8
PR AR S50 57 2R 0 FEL T e R AU B R R R 2 — Rl FE P IE R & R R R, Yt A%
1 BIRAE PTEEEREAT VRAL B A0 RAUKRFEIR G 752 AT VP AL, 75 EAER K S R
A= TR R, AT RER B IR B, X2 S8 i E Wi s AE gk, o
R SR A KRG 0. IR ar 8, BREC AR RENLBE T B A0S A iR A vl 58
PEVPAl, B AT IR AR AR R RO, $RAEEE M BT RIS R RLRE S, MR E
MRREA, 4wt R, RIEEEE .

AN H: BGA HHETLHIERE (SAC305) 157 sl /g T ST THEFT, H5X TR IR
Kl SAC305 #E4T T R, 14T Anand KRS E, @A T HF BRI 42— 6K
AR, N Ansys AT R, SR ASTE-40°C~ 125°CRAE %k far T (1) BE P B AR D) AR
th, RIE L ATEE R, FIF Darveaux FEAGHE S5 aridb 4T 7 F0, X EEARRDR ~f 2 4%
FIRRAE 6, ASRETHE F iR T S St 1 etk Jr 1l

MR R S HIRER

2.1 Anand Z&f9t&E5Y
Anand & fFEA T FE N«
o=cs; c<1 1)

Ce: 5 AR AR AR FEAH 5 ) b 4L

L] 2 e Ly
c_egsmh {(AeXp(RT)) } 2

T Bkl AT ARy -

» l/m
b _g . o
P =& = Aexp( o ){smh(é S*)} (3)
4 Frep )|
s = s{ A exp(RT )} 4)

MRAE N %€ 3, Anand AR 82 7] AR 7R -

o= G* _ [( 6* _ Cso)l—a + (a —1)(Ch0)(0*)7ag p ]l/(l—a)

®)

ATION 2020 ANSYS INNOVATION CONFERENCE
R ENCE



\nsys

VATION 2020 ANSYS INNOVATION CONFERENCE
E R EWNUCE

Hop, SONRIReT, P NARTibE AR A, ARTTIREUN T, QREMBITRE, RESA
WL TR, miENARRGURRE, RS E AN R R sHMAE, ho M
AR AT HL, e NASHE AU R H, S )7l 2 1 AR B AT 8 50 7 A8 AR AU R 2

2.2 MRS HRITRE

MR SR IRLAE 2 A T B R AU A 5 A8 55 (K52 ELAT s R R 2k 1 B 3 5 B2
NA AR WAL . IX A2 ROV 5 I U, AR AR h & R A AT RS %A, 12
BATHBR T AT, 2555 REAR AR RN, 7 UPPRLIE R G — BRSSP E A R oK
FIRFARFREAT . G BRI A B B ARR R K2 Anand #2784 . Anand A4 Al LA
SR IR AR 5 AR AR IR AR R I ARAT N, PAR IR g S8t AR REAL AN
A el B AEHFAL

AT BGA B3N 1) SAC305 JRRHEAT 1 B ik, W 2 A2 A AT BE X
SAC305 AL A MERE M2 R, XHIRE SRBEAT A #1593 Anand L2 4L, JFH]
TR SLRG AT T 1A IRoT i = A

Z W& BIOENIARHEASTM E8/EBM, AW Ftid i N L2l & 6 hE, 19 3 WEE B R
W, PREEBCON55 mm, ] LATE I S A RLA B (AR 14T . AR LT, #4754
AL E RS, HRTHASS A RN 5EE . SAC305 B AR I E 1P o

[L[-0]] >

i) N .
< (&
L A/ b Loy
: = [LEom | -

ol
—

3,73 | 13,77 55 13,77 | w73 M
T T
160

2

B 1 SAC305 .4k 54t X A
Pz ah LN IRIR B (°C) ¢ -55, -10. 10. 50. 90. 125;
ANNARFR (X10-4s-1) : 1. 10, 50. 100;
52H 5 575G 5
MR 12004

MRYEAEA FIRAR R L AR L (8] (S Kl T LS BlAnand AU AT R 24, &1
o

& 1 Anand#E A A 4E

24 HfE YL
so (MPa) 5.7 WIS L I BT
A (UUs) 36205 JilER SN
& 6.13 INVIE S



\nsys

m 0.35 IV ES U SV
ho (MPa) 9631 S AR AL, 4
§ (MPa) 80 IS

n 0.023 [ AR ZR AR AL

a 1.72 N AR B K BB FR 5K
QR (UKD 8213 Bomae

3 mEEIMMEFEHEG A

AEAF) 2R F Darveaux 53 EAT R R0 57 75 e I Tt « Darveaux 95 57 152842 —Fh LA
AR RENFEA I . TEF TR, 15 cia A IR e/ vt e SR I R v BT AR 2 1)
IVENASRERE R, ARJE RIS B I R B8 5 FE R AR RS0 4 I 1R SR A R
TEIRIREL

Darveaux 5 HiBES B0 RSN, TS 210 N AR A 25 BERS8 n,  DR el R AR AR ST 2
(1 7 VD FEF A R/ NI U o BITHEAR AR T2 AR R 2 AW, , ATRIRN:

> AWV,
AW, =+ (6)

ave i Vi
i=1

Hrb, AW, ST AT BRI AR D)L, VNS AN TR
4h4r Paris /A 2\1 Darveaux F7H , 4G IG A A K m] 4379 H (7) 01 (8) it A7 R R :

N, = K, AW ("
3—; = K, AW (8)

Hot, AW, WEEERE RTINS K. K. Koo K, 5520
SISO HG N, 2 AL TR A
LB A K R RS0, TR T8 AL O 55 i T 1 A 2R (9) 2%
a

N =N, +
da/dN

©)
Hrp, a iR RS R R R 1 EAR

4 Ansys {FESZI]

\nsys
INNOCVATION 2020 ANSYS INNOVATION CONFERENCE
C ONFEREHMNTCE



\nsys

4.1 BIRTIRBAETAL IR

FIF ML AE Ansys Mechanical #E4T T AR e &, 8 TG ET 0 48 S8 77/
N ARAT N AR 55 5 T o AEAR SRR (1 7 AT oy, S LR FE AR L EE AR o 42 55 . Substrate.
uBump. Top Die LA} StiffenerRing Z5 4544, T & 2R E A, 1 HAEA = HliE g2
IS T REAATE DS, TUNRSUE IR, IRAMEREE H 5 SEBr = fh 58 A AH R (0 Y, oy
AREG AT TA], SRR, TEERRAUERETALAREE, R R RO AR B LRI 25 4
e, R U4 BEBIAT A, XE R A S IR s S VR A BT A%, LR IR Rk AL
AbEE, i BTN 2,

R StiffenerRing W 2) ' w
SN oNEg .

#7m “““““““““ '!:?‘ﬁ;é?é§z
Substrate "N Die . @ @ @ E

\
Solder Ball

(a) 1/4 fEAY (b) JE AR
42 BGAT #4974 TR LA A
PRI P BRI RS AR R AR e I R AL, B H R AR RN A A
IS AT AT, FERIEE T Ty, AR IR AT R, SRR AR
KEZRHATFIH (1) Anand AAETIFEIA . LR BRI IR MR 1, MBS

MR 2,
K2 MAtBH
P} 1 BB (GPa) VA b CTE(ppm/°C)
Cu 108 0.3 175
PCB 24 0.28 18
Al 70 0.33 22.3
SAC305 54.9 0.4 21

N7 ARUER RIS, B TR I T, RIS AURIE &5 B 8 5y, Bk
FIAVFIO N JI AR, TR — BN (1) KBS ik e AR R R 1 0 4,
HAE X Y. Z 7B ER A EE,  (2) WRIEFREE, BRI e AR (EESes
BERRTL D AE A RRIA A (F3) o EEL S NIRRT 00T, IBEESE
fur th 4 an & 4.

INNOCVATION 2020 ANSYS INNOVATION CONFERENCE
C ONF ERENMNTCE



B34 AAFFMFRE

B4 45 AR 69 IR R AR IR W

42 RS

fEAnsys Mechanical ', SCRFA P & SCRAFAZ ENLPLWK, 1] DR J7 {5 1) 7150 H Bl %
TR S AR LR S N AR Ty, A B AR AR 55 o A, R Darveauxdst
B, EBNIREUE s YRR TR B, TR REIRAE AR T R 5T A

PAF A H T IR IES AR R 202 D0 A Jepigd:, w5, EI6ATR . JE T Darveauxfbifiy
S R Rt 98 55 e A T SRR R 5

BSEHIBERA RS E=E-5RREITE (22145s)

2020 ANSYS INNOVATION CONFERENCE




B 6 SRAFEEBEREXEIEFERITL (24845s)

HI AR AT AT R, AR fe K R L Tt Frad - HAZR R e IR i AR B K
T-Darveaux 5 B AR S0 57 A7 i 70 AT, DA P 32 A R4 D9 7 i TR SR2EAT 73 i Tl o HL R

73 AR IR i (R A a0 P 7 B o

Stress/Pa

Strain

BT SR AT LR S TR E

MEH R i &SRR NASE TR e, S ROBYE N AR A m A, RS
TR R B N AR REAR AR, ARFEDarveaux B, THEUE IR 2 A5 A 905 M .

NIE— B 5T A R SRR FTFEE, TN B G AT AL, AR Iy B e,
W i StiffenerRing M E . L/, MR JEEE, Top DieffJEIA S R 2 X 48
RRAE AT i AR S, 2B R TT R AT SEELE, e FEStiffenerRing )5 B L IR s AR AR

=

TR IO AR SR A i (SR A . B e A M R K HK P IR 3R
&3 HELHMBERILAKF

BRI ER 7KFImm
05
StiffenerRing [11J& & 0.7
0.9
0.55
R EAR 0.60
0.65
MIRFEDT A R LT A Y, FEkE R85 kgh, Bi% StiffenerRing JE 52 B, M7 A

=7

IRAEAan G Pk, WKl 8 fron. 7 HrHJEA, StiffenerRing JZ EERIEAR, FEmL Fr 44

\nsys
NNCVATICN 2020 ANSYS INNOVATION CONFERENCE
N F E E C E



\nsys

S ER AR CTE MUIERCTE, 4 StiffenerRing 1S LRI, — & BA A (IERCTE, K
LTS 2R AR R AT A A 1 T

1150

1100
1050
1000

950

900

i foycles

850

800
0.4 0.5 06 0.7 0.8 0.9 1

StiffenerRing 1 /5215 /mm
[ 8 StiffenerRing /& & 3t T % R 1% B8 F 409 % v

R+ StiffenerRing 1)E AL, BURIE R EAR, HATIRIG0T H T, 132 H00E sl0E
Fram AR B Z N 9 B, ARG 0T B A5 RATEERTDLA t, fERbE A b, BEE IR M E
RN, AR SR AT BT

et

1040
1020
1000

8BO

0.54 0.56 0.58 0.62 0.64 0.66

0.6
BB BiE/mm

A9 R EAAENTERATEEBEETNY A

5 &5ip
R BTG 07 BB Ansys Mechanical BT DA 77 (38 ) SCBILS F 265 6 0 0B 3R T (0
AT, BGA BIBEIRIEOT LRI, 155 RIAS BT 05 F S 1 1 S L R T

FEA B E KT, B4 StiffenerRing 2 AR, 1R A4 fr A it s, 20 iriloy
AW T REE RN, B TR AR S R F AR ) CTE & RC ik, O 8 riR i 77
i BEE R R EARKIIEN, I8 RURIEAT fr A PR .

AW FAR BN RS HL (7 F7 0] T RS AR RORIE A e T, R8s
JEHE BB AT RO R A EAT R IR 55 A a5, 3 D4R Sl R e ik A .
[Z3CHR]

[1] Darveaux R . Effect of simulation methodology on solder joint crack growth correlation[C]// 2000 Proceedings.
50th Electronic Components and Technology Conference (Cat. No.0OCH37070). IEEE, 2002.

[2] Zane Johnson. Implementation of and extensions to Darveaux's approach to finite-element simulation of BGA
solder joint reliability[J]. Psychological Reports, 1999, 100(1):167-70.

\nsys
INNOVATICN 2020 ANSYS INNOVATION CONFERENCE
C ONFERENTC ECE



\nsys

[8] ZEEME, R4, VB MEERIMRE 54t 25 TOET R o FAE 55 I b e 5 dn TN [CI TR B F1 25 e R K
'2009 18 SCHHEELE. 2009.

5

Ofv",«"\TIQ_N 2020 ANSYS INNOVATION CONFERENCE



