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Abstract

Due to its complicity in geometry,
material properties and manufacturing
process, plastic ball grid array (PBGA)
packages have suffered many mechanical
problems, such as warpage, delamination
and die cracks, during the manufacturing
and surface mounting process. In the first
year, we developed a nondestructive
detection technology, designated as the

laser scanning method (LSM). It consisted
of a laser displacement meter (LDM),
precision XYZ table and a computer
controlled software to measure PBGA
warpage step by step. In the second year,
we developed a whole field, non-contact,
nondestructive  detection  technology,
namely Electronic  Speckle Pattern
Interferometer (ESPI). By using the ESPI
technology we could accurately measure
the coefficient of thermal expansion (CTE)
of PBGA package material.

In the third year, the shadow moiré
with phase stepping and the whole field
image processing method was developed
to measure the PBGA warpage behavior
under the baking and/or reflow conditions.
On the other hand, from the experiment
results, a new warpage model, by using the
finite element method (FEM), was
employed to predict the PBGA warpage
behavior at different temperatures. This
numerical predication and experimental
methods can improve the production yield
and reduce the cycle time and cost during
the package development stage.

sy

EMEESTEAMBHRAEY -
BERENBEIRSENARE LR
HPERLHER  BEBHELZT
RRERS  LAKMGBERMAN R
B A A EmERaE gL -

GEREHESBBRERSOTE
Fik o BT RARAK SRR AT
Ao BARITRER AR DH
ok X b ol JE AL~ R AR M
EHERE  BHARPAZINLS A



B Asy SHEMBEFEILE
P EHEFHELEBELNOTAY
& -
BRAXEFXAEREFHEL LT
NEFHFBHHREBEAS > o Ume FA
AR YR ER AL TEHESEITR
e R E ¥R (PCB, PWB) A BB U 2 &
BRI BETARI[L] 1998 F Y.
Guo #£ S. Liu £ ¢ A B KF S 4 & 3R
CSP ¢y @m WA # > 3| ANABHB L HHE
FRIAME[2] 1999 FHBE L UAHL
Ry A ER A5 TR PBGA 822 MCP-
BGA i iigfd R T diTAh
i EUFAAAB RN BOABEE
ICREHRFRRPDFFEHERBBERR
2 E[3] -
RAFRAEF:XRAETFHREZS
oMl MM RES 0 1996 FHAY
BREFTUARAFTIFBEAURE 4
KYARINETFTHEESNALTZIRAN
[4]° 1997 £ £ W E AUA RAFETH
BARANOAHEKMEIMELESTRETH
S BIL[S] - AXExEHBHERLA
BELRTPHETRALAL  BZRALA
PHEAMEIBE A DB TR L
BHEAERABEXRTHITASI
tRARAFHUERELYE  E£MHT
manskmBEBRAHaRIHs -

HBEVERERNAS:

A AMEBENA SR AG L
FoBH—RPFAARBHAKBL M
BAYBEADEU RIEKEY &M
HBOER FXERBEMERIRGE
o PR R RS E T HA
@B 1T EMBERXLT

___
tana +tan f

HY w @S E - N A
BLAER p AAMBABOAECNEE
aBAH ARE LM B EZRZ R
A A CCD 48 # 7% é & & 2% 35

EBRZRA BERREGEKVROK
B TURA —BEuapEaXF i

T -

I(x,y)= B(x, )+ Acos(4(x, y))

R y)AE B TE—BREHAE
Bolxyk~Ra BB %H Bxy
AFAFFAR AR THRER®E oXy)
AAE—MEROEmE  EARFE=
miaimE 2n/3 %R MHEKLT
PR -

I, (x,}’) = B(x, y) + Acos(¢(x’y))
1,(x,y)=B(x,y)+ 4 cos(¢(x, y)- ZT” ]

Y4

I,(x,y) = B(x.y)+ Acos[¢(x, ¥)- T)

KM TUARF AN A
«/§(12 "13)

¢(x’y)=arcmn(211 -1, _13)

FARMLETREPTREGEYEXAGEN
Bohkiasniiaig - 8 20)-0)A54
#itl 2z PBGA ¥ 8$ TR FT/LBRTE
B - B 2)-c)Z %% PBGA = @A E48
Mz BEHg BV ETRIBRTAEE
BB 28 (B 2(a)-(c) ¥ A~ PBGA
ARFBZESHER) B 20)-OALEEA
MEAREBHRZYE HEEBREAALAF
BT RAFH B 20d)-(Driagtziade, g — %
o7 K43 48 $} 2 484 @ (phase map) * & 2(g)HE
A EXtEmEzA0E  RAALGY
BEIERBER S mRIL - EHEREFR £
B4 aRERRABBUSAREN
BB 2hAB—4ANEBaREAZ 4%
HHRE AT ERBRERARRMS
ZHBE -8 2058 Rz 4 raER
B BT AP PBGA A% f2d Ekehin
B o Him 2 BT 58 XEK(3.6,7] -

BHEME I R RS -

AXREAHAEKRKA o BT %



REBEAHAERNG(E 3 A7) 27
§REABAEA 25100150~ 180200
B 225CH et - ¥R PRELM
FHE TN =@k

¥—%4 BT £4&@ B) 8ABRE L
ffERRAaBB Rt THEMAHERY
mEBR % -

¥ -4 BT Ak+&BA(X+=hH) B
HABREBAABSERYMBEGBRIL TH
HHanhERL AU RN
{,?f.‘o

¥=4 BT AR+S A+ KR +EHEES
(+tEZR)  BHIABREAFRRRERN A
Bt TRAHARYHERZEN
BRELGMA -

Ewzthas:

KB eLaiiR -CCD otk - £
8Ok M & B R (AME A
2mils/pitch) - E#-FH & ~ T REHE
X -BhF RESLBR BVERE
RN HEIEEA EAASE 4 A
E

mihE X B ERE R

$—8@ BT &

At AAFRAMEBEZILER
@ ST EBE A 100C—>180°CHF »
HmdawrHg R THRAXKREGEE
ERBEABRILCIE(THEM  §&
B A 180°C—200Ces - Hmeh A4
e LB E A 180CHE —EAHE > X
BETHE BT AR HBAEBRFERL
EREA MEHHETHALBRARE
4%t AL EBBILREG - 2mdhfd
BILRAKRBLBE REMH HRBATHSA
BT e tam A#lEAETAEM L
B  AARBRESNHHEI R
BRUBRSBIEHMALE -

f-—@ BT Aix+& h
2SCEBTFT2ZERMER dERBE

AEEMAYW LR ETEEHHMHR
WA HRA R RAE  BRIRE 150C
S HEM BT AREAHERGTA &
RAwzE R dmn BT AROEW
BRABEAN SR c Bk g 426 BT %k
zuHEdh BEIFRATRERE 6
B 0 25 C—150°C 8% - H 4 b 1 45 % %
g — it EREAA BT &K
AP RERGAKEIEAR S ERA
A 150C—>225Ces > A& FHR¥F
Ao ABES 150CHF —B_iT -
AERTHE—afXRERREE B
BT # Rk EZARGEL B EFRAANK
FadaikEHFRLIgdR 8% -

¥=-@ BTAR+E A+ +EB R E
M BT RigKABMATH 25CE
BET2ZERERE 7 /T BRBY
HHREA 1350 HRELBmEAT A
BERARE BEBREBELT » ZHHK BT
AN Mey kR ABHER  £5F BT X
R BN S mBER -
25CEBT2ZERLER HERE
BEBMMAL £ BT Ao HABK
HEBEANLE &8 e Bk BT X
BRUEEEXRALAUBEHRAERE AR
FHRERAR - ARBATHEHERA
HREMMBEARAE BREBBEL
B b2y FALANMRE  BARA
& W 45 0 % A M 4 (Mold Shrinkage)
B MBERLT
BEAR=-TLR LB R +RREHR

B A% 45 24 B 4 M A2 A LR 8 AF
T BREARBEHO TR TS
WEEHHBMMKY 006% e HME
AABWERABET > o TFAT:

0.06 1

3 _ o
mexlo (ppm)=4(ppm/°C)  (6)

Mgz LB B 2B KKK
(14ppm/C) > £t Y @ SR &M
ERMBERAXBEAHAEAL 18(ppm/
CT)- EBAEd 115CAHHETRE &
BEBOEBRABEANSA & BT X



R ALSGHRESEUSBEEREAAOHY
& o

@WEiBR 25C—>225C rEAT
mMEARBdTARIL LB THEKAR
AR —RESHBOESTAHERER B
ERAF+EZEAEXRAFEREIRNAR
E-AXBRERwE 8 /v §BEA
25C—>180°Ced > Hameh ¥4 2 KB o}
— M1 RE A BT XK HBK
hBEANSGRASGHERE L OB Y
th o EBEA 180C—225Cef r Lty
ARG RS — S &
REAAGHEGARERMHEN &
BB ILBE(80C)E > 2R AHE
# l4ppm/TC#H B A S2ppm/CH ¥ u B
WA R B e 16Gpa B % A
0.8Gpa YRV A—+nz— > R
BEWREIAXALUBS S > PERE
'J‘#J&ﬁﬁ’%‘db °

HABETHER

f-—@ BT ER+& K

A 1SOCTFRAEEBH M ERN
BT A4 L > BEALHBRIHEREE
B (A4 Imi) BBREEA 150CH
EHHEBARNAEAAR G A BGTE
BBEAGHNEEIQRSC) LA LH A
RABE-125C 27 h - AXBEREH
o ® O TS AUBES > Har
dah 82 BT X% WAk 1h ey £ E (BT
AR>BR)FALE B dEAKRNEE
“h 60% HEREBATRMLBAES 150C
BEMHMERNALAR B LA NGBITA
ZBEZAM -

ERBMBHKAEABRBOERFE— 5
ool uAgERmLEhs 150CeHE2
FERIFHYE HRo8 10 F5E £%
B HER-20~30% REATEAEEZH R
TEAM THERTHEGSEYE-
30~50%8 £ & T 40 - @ 150~225°C 43 b
BAXHEHLER  FREBBLER % &
BRTXHRERF R H ik -

2= BT RR+& K +iT 5 +s5 808 &

£ 1T5CTF > B ABEHNARS
& # % (Transfer-Molded) % & B & & &
EHA#MMEY BEBEA 175CH S
HMHBAERNAEAARELBSBITA  #
BAHNEFTBREQSC) e ALHER
B-150Czmth 748 > HERoE 11 A
E

aHETHEMLESEL 25CE
BTEAFTRERILELHLERBB ZIAR
Fh o RRBRAERBANERE XM
B AR EREZLPRERRZES
Mo BRZAHATHBRAE T T EEH
BEZCRPUELR UABREEHESLE S
BERGHERAKR D RBEBEERE £ 4
X 12 A7 AIKELRATRE
XA LA T4 (LHEdS) B
BB ALETYLE 5% 25~180CEBB
ERGBHUZLHLER @l 12475
B BT AR BAERAEANSER A
SGHREBERR FALTAHNLHY
h b EEEAELYSHEN-
6~14% - 12 180~225C @B &2 & dh &
HZUHER wE 12 AT BdHE
FILZARAHBER  BRERLTXRERE
XA AE EFRHHTHEERE
FILZHBEAAEXSHEERABRARK
BIERBEEHRPDRBAXBRICE R
BB RS R@B 13 AT AR
EEREOABKRGAEANS A A BT %K
FRE SAABLEE S Badi
EFLBYTHEN-T~5% -

g%

A F o MO EIEBERE A
K2 ER ARG EHBAKBBEL BRAL
ETHEZRRAT -  BETRERRT
TUEEBEASABREXNR THHES
A BFATRIENRTARBEEAREH
HESEBETHAASLENG IR - RME
39+ 3KAM R 7] 4% K (PBGA) 2 41 4 48 o 47
AHAERREBEHXRTZITARIL  AK
EREALHEBARALAGEZRE -
BERERABE & R PBGA 24



BEEst AR ERMHATBBRAR
z2EEM A sty
R A BREEzZHE, AL ETHER
R s RS Z A%
g THEALZ e AR M FRBBE
PBGA #AmEB2THEGEAHRIL  FTR
HELYETUBSLHZALX URSGEA
g%

%A R

[1] I.C. Ume and M.R. Stieler, "System for
real-time measurement of thermally
induced PWB/PWA warpage”, Journal of
Electronic Packaging, Vol.119/1, March
1997.

[2] Y. Guo and S. Liu, "Development in optical
methods for reliability analysis in electronic

packaging  applications”, Journal of
electronic packaging, Vol.120, pp.180-120,
June 1998.

BlERY, AR EKERNALLF SR
BT FHEZAA", AXLEBRAERAN
2R RAALRX, 1999.

(41 & P, "EFHE BGA h#ETH",
IRHRBLIBHBRARLAALRX,
1997.

[5S] Ho. T, J. Lee, R. Lee, and A. Lin, "Linear
finite element stress simulation of solder
joint on 255 I/O plastic BGA package under
thermal cycling”, Proceeding of IEEE

Electronic on Components & Technology
Conference, pp.930-936, May 1995.

[l ER, "RAARNHNBLEETFHREZIER
a¥, B EBRERANERTAAL
# X, 2000.

[71346 5, "2 RUEMNEVEREIRNL
TFHEZRA" BILEBAERANE
B} 7% PR 58 % X, 2000.

Light Source

Shadow ' :
ti
Grating Objective

B— EYRALETEE

B 2(a)-(0)

{ i ;//\‘.

s FEEEE N BN

VO NN Y
VL '« \ L N

1. '\ . N ’ '/v ‘, ' . -
N ) = N

\‘ ‘.‘ \/ \ ,\y

N\ \\\ —=

2(h)

2 fHEEE

A

®re

2(1)
ROEH BRI RIE



; 5o ‘;-O—Exp.2-1
{ i |3 Exp.2-2
i 300
b2 ‘
=

1.00
1 i O
E

Moalding ,.
Compound ¢

B6 F_aRXRr BB FRER

3 PBGA M EHE —

2.00
=
g -100
N’
= 20
=
® 0
4050
Bxp.1.1{6xp. | -2{Exy 1-3] 14} 1.3 2.1 aal 2 ’E',‘l—" S| 31 32 [Exp 3-3 [y 34} 3.5
Light Source E“‘”"" 257 (25 s [ 27 (2= [2n (26| 2m [2% 3% (29 EIIED ,zsq
iy T T
[Sists) | SR KT ) 226 2% [ 10 (10 [ist [ouee 1197 o8 T [oim [ T e |

WBacking M BBacking & ;
J

Oven ™ ] Getang i Computer

l Step Motor

B 4 HihERERES T EE o

M7 FaX A ENEAZIRER

S (mil)

St (mih)

-
3
g
@
g
B

BE(CC) ,

B8 ARy @RBEZFRNLER

BS F—aRXHese228R42



A2 (ul)

| 800 ‘ - Exp.2-1 1

) o —®-Exp22 |
. e — | 3

1 00 - | g BE A (Modify) f

i 200 ;

|

o
400

‘ 600 N\\'—*T !

e |

\ 0 0 100 10 xm =
i

i AECC) i

1

i

|
|
0 ‘
|
0.00 !

N NP

-800

i
’1

B 1l EZ@aXA EBERRZ N W

!

{ 000 :
] !
1 i
.-

| &

] ;

, §

! HEE(T)

o

B3 RRERTgHRZS

#



