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Application to the Thermal Deformation of PBGA Package
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Abstract

A description of the basic principles of moire interferometry leads to the design of a eight-mirror,

four-beam interferometer for obtaining fringe

patterns  representing contour-maps of in-plane

displacements. The technique is implemented by the optical system using an environmental chamber for
submicro-displacement mesurement. In order to estimate the reliability and applicability of the system
developed, the measurement of coefficient of thermal expansion (CTE) for a aluminium block is
performed. Consequently, the system is applied to the measurement of thermal deformation of a
WB-PBGA package assembly. Temperature dependent analyses of global and local deformations are
presented to study the effect of the mismatch of CTE between materials composed of the package
assemblies. Bending displacements of the packages and average strains of solder balls are documented.
Thermal induced displacements calculated by FEM agree quantitatively with experimental results.

.M E

BT A sj7)A 9 MEMS #7134 F "lix AR
BAE A2 Oe @BFASS edAFE 2E
o 71Ae AEge FAH Ao =R H
Yol FFHAAY 27)AF TN 2% A
7b A7 A Ase o2 uEE dYsi
gol a9 w2} zk ARE AtoldlM A dF
of ¥AsA Hcth dFu VEA L FrHA

d3tzg v J2z J3E 9s8de AlojZ

v AGA, 4, FEAtR ) ATES
E-mail: jinwon@chungbuk.ac.kr
TEL : (043)261-2456 FAX : (043)263-2441
* 34, LA

£& RUES AAn $897 2

ol AYBFF s 2
2} whEA 7)Ao ﬂwg—g AZstn
HAzAE dusr] AfME &x9 st o
2 74 A5 AFAEL Hetshe Aol
L3tk

nladge st FEA Pyoze o
g 3y 1 olgHa AT, A2 o]
B T BAA S0 ALH ol

Foted -3t

HEE HPFoE AR ¥Y FuiE Iy
o 548 4 g ¥ okl ge FRHA A
@il w3l ey AR Fe R
olg Ggol u AT YAFHE @% 9]
the 3RE AT U oY FHoz Fo}
A AYe BPAs FRAYAYS g3
A @) o]z A g A 9] uizsa7|5<67> Zo AfRBO

e
X



2 $&Ho gv. 53], HIZde AR A7 AY
uld AARE T Gugsy 0 gutsls)
og50 gt

B =FdAE ulo]laEnlE olste nmad W
AE SA3Y] 93t g7l ALEE ARt F
ol 7HdAl AXE AL FHQA M2RE
T35, 25 %3 %X (environmental chamber)
g FoA L dAstY 2% W3le] wE n
2 d¥¥EL SAY F UZE Y SFFA
o NS AFTs7] Hsld, EggAst *
& w Add oA A= PCBI
g ERFAF SAENEE FY3At =3
FA"E Fotdl A ESAHAFAZE ol4Ed
WB-PBGA(wire bond plastic ball grid array) 7]
Ao rwigel wE Wy AL 55l
AAA] g FEZH WYL s an,
ol AT}E Hrtassiy Axpe} vimegic

—

2. ot Al Hal % HEsHA

Fotell 7+ (Moiré  interferometry method)2
Fig. 1914 Vel vle} Zo] e} 3@z 744 0]

S % M 448 32 olgsted, BT U
A A FF (x, y)ol dE #H9 AR il
AFMog vehle FeHQd d¥gdyolnt F
ofzl AWM E olF He TARE 1200
lines/mm)<} 3] A & A}(diffraction grating)Z A|Hoj]
Harsle AjH g AYsinE g} o9 7
2 AR o] PAHE JAE L2 3)F
Hol f3tile =2 AYPsA =Ho, o] e
5|8 A7 F7)9 dlolAe] ol st AA
"Hoh g dolA Yo gl i F o

Yol Az zatol7b A7IH o]AEL IR
DEA Bt

1o da tob

e

Diffraction

) Interference

Undeformed fs — = & b Deformed
specimen

specimen

Fig. 1 Moiré fringe of deformed specimen

AZNA Nfx, & Nx, e SX0) wet 22X
e GAETHY Agoldt. BEY AL f =
1200 lines'mm¢]E=Z A3 HHFEYH Alojes
0.417 pmo WY zo]E UebT]

HAvle] My EL AMstoior ¥ foE O
A& o] &% ¢ o).

Sl P TA v
av 1 (AN,
£ oy ZfS[ Ay @
_ 4V 48U _ 1 AN, AN,
Yo = G Ty T ol ax tTay )

YNLE AT weBeA GArFelel @t

T ARG B =FoME Fg 29 ol ¥
(parabolic mirror)™ 8702 AEE Alg

W o
g e
X

o



3.0 HEEx ¢ 25 Sy AR

Fig. 25 W= 97]X9 4898 £4& 94
T % 3}%}'] 2 2293 FAE zAFo=
mWo He-Ne #o]AdA] 24
4 42 FHAHFE Bt IAPsta, FHERY E
A HAA Ao FHY HA¥E Xm HAd
e 9] LB A-&(parabolic mirror)oll A WA}
¥ & 333 F(collimated beam)2. 2 ¥ 3o 3
ot AP HPFe] uppREL 548 AT
H Folel A9 IF 4719 ALNA wkALE
of H2ZE AgLE AP, vp2EH AL vk
Atgl zbzhe] FYFL sF AR Rard AlHY
ERo] A 4 WolA 49409 AATGE
A3 QALEHA k. AHA FHAHo] 7H4
2 dol AHFY G4Le FFWZR(collecting
lens)S 53l CCD Zrletze ZstA |t

- | He-Ne Laser

« tirror : — Beam expander
Environmental % (Optical Fiber)
Chamber / c
Specimenfl \} ! l
| ]
3 \; ¢ o en |
HE N
'\\ Y Al
N ]
i N\
y S {
graing r\ Parabolic
miror
image plane
Moire Interferometer (6D camers)

Fig. 2 Schematic illustration of experimental setup with
eight-mirror, four-beam moiré interferometer

" Environmenta!
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ANHo 2xHsE F7] Astod g 7t
: 2+ ¥} (chamber)E

R!
[e] A
A5E 28 ¢ ﬁlo‘j
=

%

| )

g FIe FAd 2 228 ¥R ¥=F Ay
o] =& HFE Za2afd st AoEA
. AU Y IR Ho| pyrexE @ L A3

%
o
= o
[
;
o
i
fiu
_9{_'
2
T

AEg By °P°ﬂ/\1 IAAND ¥ ALEE A
Patn AA A FAIAL Fo] A#Ey
A BEFE FEHoE B AR
o} olg8 A 3t FAFTHZ AT oD 27
A (null fieldyg 3 o] @iy 2% ¥HEE
Fol 2 eEuAdA BHRHE Lojdc
CeD FAvletst FARUAFAES ol gatel YT
9% /1S5HRn FAZE o4t IBE o
st 712aT. Bg 3& TAE FHFAE B
qFn

3.2 Pojell ZMdAl LA 2 XA

A A7 Bag Aol WG 4 HHEEjAl Y
ANA M€ Bo7Eg e Foiy AT
Fig. 49} #o] & A= **74]6}"’\:} 2A9
AAE ANEFY Alold FEF AYE E F
o 3y ’“Z] 5 28FA & AFg A
== € 712 A

:—S_E.ED:' 7130111‘1 A" AR 69 HYFLS
7hed BEE AT FA94st g FEo=z
ol W] A a5ov] ol 479
(Z AgolA wEZ2z ghabEY HAE
FFL thA] a7l w2 E Agol o3 wALE ]
ANHoz YAalsEA Aok o] W, ARoZ YAkt
t AT AT 494°8 2] st uig

= A2ES 2502 AANY + Y& vHA2T
A7} 22 Basolsl,

ZRAN BA FAE F F IEF 8] s
o A AAS X, Y, Z 3409 Fo2 AN
Al A g shetol] RaAT o} A=A
FaA Y Aol AuiB ez Ag3
o, o] ZHFH (camier

Pand .
F de &

§2 32 AL o



Fobd A 2L WY 2P HA & PBGA #H7)A] E¥E A9 &4 1649

Fig. 4 A drawing of cross sectional view of eight-

mirror interferometer and detail beam pass

YL A A HES BA A0l F
e $lom, 448 A9de 2% 51 mmo)
2 U gt

EELE-CERE

Polel BAANNE BT UEd] B A
9% 71587 BEo) FgAEe 3E A
Fo| olFolAel @k oledd RAL A
JN2RH AEzRent e oo, B

BE e AdEd g4As xAste A5AE
(self-alignment) & o] §sich, Fold| ZHdAAM =
A FHAT By F4dol dAstdot 3
o, BAAZ JAEE Hol s Folojop g}
w3 FAAAR YA EE Yol AHe Hxuek
A2E 2+ (1200 lines/mmd] 3] E AR} A=
49.4°)& olFolo} vy, AH AL HY
gjof ghc}, :
A9 2AEL BE

o

P
A
R
O}t ..‘_4
N
)
ol
2
fie
(o
o
2

(1) FAft Azol 3 3 Lol £3E A
2 FHoz FUW PEE ANES A
¥% 2o A9 4EE 2g @

@ E£29 AL 9% zHs dDE
Pgo] HEF 571 fstel, TBA AgolA
2 gl Yl $402 P AL ¥, 1
Agol M watslo] TBW AgolA RobA thal
FH BEg 29 AT)o2 =gete Fo| Y
) HES £BY ALY 948 2453, 1

Hol wol WAy Ae W YAHEE T
d g9 AEg 2AVG.
3) BAARA T Wgold TYse el 7

S A v AEE 2RI
4 22 dygoz v S YERE F /Y
AE 93 Eobd HEF dAANE FHHEA R

=98 4 39 JAge 42 428 A
1 HRAA) EFFL ool

(5) CCD seleke M€ $3W BAFHL
Gehdeh o Wyd) o ol ohjm Ame
i ZANA @ Rolmz BHFHI o]
AR 247 AAY 33F 93 FES W3
oz z4w

4. AM2He] p2lYd "It

TG BT A2 I 2 zx
7yt st B4Rt
A2 pCcBol 3k GBAA

(> Mo
=2
ro

O
=
)

38 it
r mo

&l
N o
r_LrH
il
82 X
ot gl

M uS o

Ao
o
=)

41 URD[E Mo LdYEAS =5

AR ASF v 33 gEd SYFASF
#EQ] Aoj7t ME HL LFEP|F(Al 6061) AW
< vuggoR HEEYY. AR 2xE W
A 715 oo gt P FHE s ate] 2xo
w2 @AFATE ST dF9E AHS
25x10x15 mm® ASHA FPoz 75t
A & We Avid 3 A2oT)NA 3
dAAE EASAY. BAES Yitd F2oA
AEAND £ 93, L SENT)NHME ALE
& = ¥ Tra-conAle] BA Fl14 F&AE A&
SHATE AlHo 2 A & W Ry
EHNE ol gt A5

Fote] TAA JEAXE 338 HBF I
A5 met F FE3te] 27 AHFE AU
Y. REE FoUbe F2oAM 100TAR &
10C A9 zk 2% dAdA uld #gel v
WEF WS JEME AFEE ot

dold g FHzRE g Yo oo AH



1650 27 &

o 433A+E 24T + Aok

CTE = £ 3777 A8 X10° (pm/ C) 3)

A7, ALE THLE (x mvsok),; R 2o
olil ANE ALANAMY HAFY Jgroln], 4T= &
Z=Wiglol3, fi= virtual reference frequency® 7]
A1 2400 lines/mmo] .

Fig. 5 3 71A dAY &6 w& U ¥
g Yehile FHFHE Bo9Fa o &7}
L2 E HAgFHe HHo) FopAA Bl
d &

AlHel A ol AMI*M TAFH s
2A(2)g ol &dtd 7T FYAATE 74 2xEE
Fg. 6] Yepgid. g4 Ases A3 2=
oA Atolg] ¥std HAAFH i 74]'&8}9&9_
o, £ 2E9 F3F 22X AsE IR A S
EAEAT. SFUE 60619 AAFASFE 236
ppm/CE A glon B dddrEs 2327
2372 AAEolA, 28 d9gAs) 48 @
o] & dA A} c)2RE B Ao+
Fola]l A FTFA 2 a9 FEH 2 X
A, HEE A4 5 9wy =3 A xH
D Ayl AFAo] Jd5L ¢ F Yk

42 PCBS LY EAT 5H

PBGA #7]x ZYAE FA3E PCBY ¥
ZATE &R59 PCBE AXNHe= »A F
HolPAE 717l AEolER ZF Wik ERAA
F7F & AAolE e
Zo] 209 mm, 4 1.65 mm, & %
AA Pgoln EFvE AU FE WyoE
A220C)dAM FAR F=g EAEUT. F
oz A FAAANE AHHslu Pule 2 E
10C 222 120C7HA E’i A71HA, 2zt
2% g@AA EFHE S

Fig. 72 80TA U W43 v ¥ARS
gl E PCBY] MAIFHE RodFa ivh
< A FRET A FH HlE
G HAEHY Ao B FA e AS
g& £ gt} Fig. 82 2xo] wE Z B
EAZASF EHBLE HAF3 &D} 33
(PCBY @ wa) EAFATY =

FAug (PCBY WYY E
A ‘éifak% 47.7 pp/ CE A4 T

1

"~ Null field (20°C )

ML

60°C 80°C

i et 4

Fig. 5 Representative fringe patterns of the Al6061
block dipicting U displacement

25

D4 e
o — =W |
ao [ ] [] [] .

[ ]

23 oo e
H
a
o
— 22 .............................................................
w
=
° L _____________________________ ® Measurement

—— Material database
20
20 40 60 80 100

Temperature (°C)

Fig. 6 CTE values of the Al6061 block

v CEVINTI T O RN

Fig. 7 Fringe pattems of the PCB dipicting
displacement fields at T=80C

&0

g{
{

(-]
—

CTE (ppm/ C)
w

b L e EAREEEEE
o o 4 o b
40 | ~8— Longitudinal direction
-8 Transversal direction
0 - ——
20 40 60 80 100

Temperature (C)

Fig. 8 CTE values of the PCB



Foldl 7h4A 23Y A9 233X MA 2 PBGA #3A ¥ FF9 &8 1651

5. PBGA W7IX|e] @HE =X

5.1 WB-PBGA H{7|X|o} du¥is Exdhy

Bz sf7)x 9 pCBYt £HER APE 5 1
A AgA) 2= Wt 479, H71 A% pC
o R AF Aol Astd JH?] 4 %‘3 ‘?‘;
'slo] tﬂ»}\ﬂd.tq a2 o]og !n];_]io“ z‘g

o] wAEA B} o3 WYL HIx 4 A4
A Mg & 4%s FRE H7)A Ay
Mg Al oo digk HAG o] Fasirt

B 290 A1gd = g7 Fig 994
o} o] 388709 po& ZFX @ ¥ 35 mmd
WB-PBGA(Wire bond-plastic ball grid array) 37|
Aole}, o] WL AR aPFH Zo] A
A, Te<Y Y E3E(molding compound) F
7] 712 (organic substrate)® FAAHO 9o,
o] A A2 B§ FHET] B(eutectic solder
ball)Z PCRol @S] 9t} of #H7Ae £y
Bol Mg 422 e 3, Hol of
gl BEA 6x69) £uEol FAUE
perimeter PBGA 71| }‘3}

HE 283 g4 499§ SR8 Hsth
of, 371A AFZA=A ﬂlﬂ H+& O E+PCR)E
Hol vgs 9dg ueld ddstn, €6
o] AR Y A HEE ZBE Avldte] of
F wingA st d84a E=E 42(207)
A AWe}) E-A e 1200 linessmme FI1E
2t S HARE QS

ABE A <ol AN F 338N A
g AL )l FYPANEL FLstn EA
Aol Hge ZFa FAE Fo HIFHI R
AR x7] d9FE dojuiddch 27 EAFE
P F, Algo] 1 Alo]29 259 Wige F
(2o“c~+50°c~+75"c~»100c:*»125 T—100T—75C
—50C—20C) Z} 25 gAdA BEFHE o

Chip

Molding
Compound
Organic
W Substrate

PCB
-12-1110-8 9101112

-3-2-1123
Solder Ball Number

Fig. 9 Schematic diagram of a sectioned WB-
PBGA package assembly

o] Wity ccp stelersd o
gted HEFHE 7@6}9&1

g ol g3t d4< st 7153

52 dgof ofsr ZRIRY

Fig. 102} ¥% 13- 50T 100Te] 2=¢
AGA 718 U B3 v EA3S VEdE
aFHYe BodFn rt s0Te U Y 4
BHE 2E 2x Frb AT EqFel oy
x Hko gl oMy o] w4 AL B P$
Aok FAAFs e vud F FEAE &

AA

& bﬂﬁé%ﬂ dAHAT YFAFs & B9
4 pCB R & WY so RIS L ¢ +
AUt} o2 st AMHoR FY wigoel ¥4
Rk 100CAHAA e HEEHE % "ol UE
B & oz Jeiged, J 8 £ U
HY A FHY BFEo] A Fold AE B F

ok ol RE v WY HATHAA e v} 2
o] FRAoT VR 39 WPl Qo)
weolth olzlg WAL 125C7 HW He 4
A49c Aoz e,

AT ¢ FPH R, FRILE 427
22k g 94E AlREg @M 58
&% AHESIAY, 08

o 3194 4L nAHF7) Hato] &4 B

¥ A& -—’rb’}‘”
t}. AEQ0C)YE VIEoR ¥ 2ENMHE Bz

o8 FH4. £HEY Hae AL &§ F3
'—:arfﬂ (eutectic solder, 63Sn/37Pb)Z A Fig. 128}
2o} utg}t wiste ©aA Ao nwaddgs
g 2989 on YA jee 48 4=
2 7R sl AMEE ZF AR BAA
T Table 28 2t BHA F BEY EYEs
pcBel EHAAFE Fold ZHGAEZ ol &8l
AR A9 ARE S

#

b 2



1652 97 8.2

e

Moire Interferometry FEM
(a)

Temperature= 50 °C

(AT=30°C) (AU=0.417um)

Wi 2

N=13

N=10

(AT=80°C) (AU=0.417um)

i,

Fig. 10 Displacement contours of the WB-PBGA package assembly due to temperature change by
moiré interferometry and finite element analysis
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Table 1 Material properties for the finite element

analysis of WB-PBGA package assembly
Young's Poisson's CTE

Modulus (GPa){  Ratio (ppm/C)
Si Die 131 0.30 4.0

. 26 (x) 14.8 (x)
Substrate 11 () 0.39 477 ()

Molding
compound 16 0.25 12.3

Eutectic 32 0.40 21

Solder
149 (x)
PCB 477 ()

Material
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Fig. 13 Bending displacement distributions along
the package by temperature change
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