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Effect of Al-trace design on current and temperature

distributions in flip-chip solder joints

Student : Chien-Chih Kuo Advisor : Chih Chen

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Serious current crowding effect takes place during current stressing
in flip-chip solder joints, which also produces significant Joule heating
effect. Both effects accelerate electromigration damage and then shorten
the lifetime of devices. The line-to-bump structures cause the serious
current crowding and Joule heating effects.

The typical design for the wiring traces in the chip side is slab shape.
Yet, this design is not able to distribute current uniformly. In this thesis,
we design different layouts of Al trace, and simulate the current and
temperature distributions in the solder joints. Multiple connections are
designed to distribute the current uniformly, and thus current crowing can
be relieved to some extend. We use finite-element method in ANSYS
software to carry out the simulation. We found that multiple connections

design can effectively relieve current crowding effect.
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SRS K T e B R ORRIGE
s BRI (-

e 0.8 T2 TN HA (a) ~ (e) T BERK Ly <
Bt o AERLTAY S 80um A #H L > 1% simulation LR H
TOLRR A I A IR AR AR LEL P TR P R TS o
c BEEURIR ()

iz UBM 5 B e ficd] (a)s(b)x(e) = AERK > ¥
te 0.8 % 32 T 7 L et o A UBM & 430 #4547 Wi
SEErE Y L
 HERIE (2) -

WA (a) P THAERNT R BRPERATAFIZH &4
ME TR R SRR B A () BOb o
- BRI ()

Fol e BHCA (o) P ZHERZ TR U MERRTILE o
v 1.2 TEZ T ANMNEFT S B o TR (a) Rt

o -
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ETINS

TRREAS PR e Y TN

W, un- g: v i}@ m%%%ﬁ y frﬂ
5 ANSYS H85 4 4

i+

2z endidy A A @?] * 4 b g B
EEA S e A% s
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3-4 Simulation

ANSYS E’i"'ﬁ:;]’;é/gv\ f—; = f]}‘)‘r},% . 13|J@W ‘f\ﬁq, ~ I J2 o ﬁ@
SEIPH S LAEME SRR KRIEAEREE A dniEE

FfR o SERIEEH TS -

3-4.1 = AJL

WAL R ¢ LR LA e R A H T2
B R B S @ DPRE AR R e e MR S R
oA A EH S 2 on PSRRI AR 50 5P 1148 B (Booleans
operation) ARJZH-E f KM £ RTINS P R4 o it (mesh)
AKE R e AR B S L T R 0 L A 2 BTN
2. (node) > — 4£ 2D fr 3D iR St 6 A~ N e A0 frn B A G A
EAfT AR HRT EIRERGEES S 2D B v #A 5 3
LT A FEE R R 3D BRI A AT 2 B ﬁnﬂ A B
PARDL RS R hEeY 8T - ERE LA

AR B e B PR AT 0 G B R R S he x -

AR o RS AR BT sk A AR &0 117 2D

25



|6 & Ff e F HA bR 360 fim*xjﬁ)j‘wbﬁ VREITIR A R d 4R
AR BF 4o~ MK Pl underfill ~ Si & ~ BT 4 > 3 8
Bk oo - R LEL e R T AR 14 374547 I B (dummy
solder) i % *&4c T n ¥ FH &% k4ed > e E 3 Ak g p
BT U A SRR S e D L RS R % o
BEFVRY - Heg e A 4o~ Pl undetfill ~ Si & ~ BT
AAE o Al bz > = 2 8 4 dummy solder 0 B 3-5 i 2 HE 4 REHC
A e AR o it AR > ARFF DR HEFFIET < 5 R
f- R ERE S F AR g A AT R R SR
Bhz WAL T ERTPRER I AAEF B 2 o
Bgethit 2w APRR R AR ERE M T TERMHE TR

R RS R R R R 3 5 AR & 4 1

3

TIEF (p)~#BE L fic~ 2 %2 TCR ( Temperature Coefficient of
Resistance ) °

FD AR TR E AR KRR S B R R
oy I~z hRhE S~ F%KEf 5 BT RESR
AT I o (e A 4T~ B \_}I’*ﬁéﬂ’fjﬁ@z\ FRLINENEHREL R
FEenT "o REpe i o L AT A FHE DL R S AL R AT
T EREZEEFMARN FERL 2T LR o Fpt g T
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HFRT AP R IR DE ) Ripd A4~ F ko R

Flrd e LR g anid > AT ROV AR -

3-42 kjz

e BE AR R0 R ACRT S E B UREHTI R RS e

3% 0 A G R e R R H T B A AR -
3-4.3 15 A2

(6 AL AT S SRR R N H o AT LA T A
(element) *THi 7 DT T R KREPIEMT IR AR AL T DfFR; »

U e 8L (node) F BT EREFTH O EAJEE

At5

LT

&

—\

~ £ &8 B ¥ & (thermal gradient) % -
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Al pad 1.5 pm

— e S
—— UBM opening

oy CuSn.1 um
120 um N

70
Hm Sn96.5Ag

< 140 um =

Ni;Sn, 1um

B 3-1 WHEF sk #TiF 2 4547 ME. BT 25 B

1 nhl
LINES
JUN 2 2009

TYPE NUM 21:16:32

Substrate :
500 um

F132 % ¢ T BHCRATR Y 2385 ST LW



WVOLUMES

TYPE NUM

B33 #% ¢ T~ BHRHEY 28 TREHET LR

AN

VCLUMES
TYPE NUM

HLZENE - 80pm

B 3-4 #°3] (a) Slab trace model s #77 L. Bl » ¥ % & 5 80

um

29



VOLUMES
TYPE NUM

BGHE * 13.5um

B 3-4 #3] (b) six slits modelS5He A @B > £ F ~ FA R Y 5 13.5

um AR

VCLUMES

TYPE NUM

BEEE : 40um

Bl 3-4 #3] (c) two connections model % 171 & B » & %4 L H
EAEY 5 40 um

30



VOLUMES
TYPE NUM

HOHEE : 20pum

B 3-4 3] (d) four connections model i 7+ & Bl » w iF 4 2 #5

3R 5 20 pm

TYFE NUM

HETEE : 9.3um
BUGHE ¢ 12 pm
W © 18.7 um

Bl 3-4 #°3] (e) six connections model %477 & Bl > FHE R J W3]
oA %93~ 12~ 187 um

Bl 3-4 T~ BHETR Y 2T BERKHHT LR

31



(1) 42D 215 B

(2) RS o SRR

(4) 4F @ 4547 5

(5) 4 r FaKe

B 3-5 il (D)~ (5)
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substrate

underfill

(6) #4c » Si~ underfill ~ substrate

varmms
Trn

(8) £RHZ (6)

(10) i

(7) #c » dummy solders
T AN

Trn

() ERHAZ () I= (8)

B 3-5 &R 2R (6) ~ (10)




Thermal . e . Temperature
.. Resistivity )
) conductivity coefficient of
Materials (e - cm) istivity (TCR
(W/m - K) n resistivi X( )
(K™)
Al 238 3.2 42 x 107
Cu 403 1.7 43 %107
electroless Ni 9.3 70.0 6.8 x 107
SnAg3.5 33 12.3 4.6 x 107
CugSns 34.1 17.5 45x10°
Ni;Sny 19.6 28.5 5.5% 107
Si 147.0 - -
BT 0.7 - -
Underfill 0.55 - -
PI 0.34 - -

% 3-1 #H~=

34

PR B 2 HR S




Fri BREFEHEG

4-1 FREXITFR AL FLES

ARCERRS (- ) ¢ 0 AP A B 0.8 F R T INNT AEMK
P TR HORL S B ANSYS BB HCERA 1915 0 A W HB JAR A
UBM Cu & ~IMC CueSns k& ~ 247 B 5w k ¢ cnT iR R A 7 B
ME BRI RA & 4]l T BERKY e BT RS Pk

TaAmREri i wr [ EEAA (A cmY) . Bt AP AT S

CIRTE D
Stressi ¢ i
ressing c.urren = Average current density
UBM opening area
SA
0.8 = 7077 A/em?

0.006 cm x 0.006 cm x 3.14

R AN P A 5 e F R ERE 2 HRAEE G f 0
A FIC TR Y S 80 um s g Gk e AR R R e
oo Bla-137 BERRAFERINL DT ARAELGE BP T
SRR G E D e R L RS RBRAY TR AA
IR o KBl 4-1 NP E o %ﬁﬁ‘u% A (b) B R R A
¥4 (a) *F > H A Z R EEK 3 (two, four, six connections model ) gk

XERBAEBETHE o i (a) ¢ o FRnd R 2 BRA



B R R AAE L RRE Y BERE e A 5D e TR A
UBM » 3%k~ R in % B 5 F 870000 Alem” - Tinsifine ti:4 4
BERR ARH T 2 PR A - B AT R sk o 3] (b)
2HT (a) FREF T NE D e @ A EERRAY 0 R T F S 0F
pAETIE N PR ERRE Y R R AL TRIEEES T
oY S v G RE Ao B 4-1 (b)) FaEEEERE Y (two, four,
six connections model ) =+ T B R B X hF 2 AERE L ¥ T

el MR EE BB P T AL 53w R A RE

AtS
=

TARERR AT R PO AR o B 4-1 (¢)~(d)~(e) ¥

PEER o hiE s BRK PRI ESA G E F 41 (a)~ (D) %

i3 > AR L F 41 (o) AEEEREEDPT TR SER- B
BAchhmon 2R E A - BRI RTaBAEE(Y S 3XI0CA
Jem?) 4 3 E 41 (a) P Rnk? R (95 87x10°A/em?) o
Bl 4-2 544 (a) ~(e) T B ERX I THBZBH LB T
BR A Bl A RBLE TIRBHEN TS T ARATAR AT M K A
AT BB BB HERG TR R0 A Y RN
PRB A R B e H 5B B MK AP AN B B 4-2(a)>
(b) ¢ »&HFLEFLTNEY I FREEEF 2 EFRP T
B9 PR AR o P R AT RE s > P N R A H
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- %8 X7 B 4-2 (b) 75 six slits model = #F F 4 & j a3k 3t o
B ILEY B A TR AE R G 35946A/cm’ P TR A 4 G v b
ik % o B 4-2 (¢)~(d)~(e) T two ~ four ~ six connections model
2B LB FIER SRR 2LE - S o IR N R LKL 5
TRBBEGAGY AUERT AR e BRIV DT NEY BB

Two, four, six connections trace model e % L7 ® @ g i B ¢ %
Bd H- RS L3BRB -2 BEHE I3 ks d
F 41 AP VHFIRAESFLEY A ST R (e L EAP
ARMEP R ANTHRE )y T FRBLE R G P RET AR
o £ H A HA (e) six connections model e794% 45 LB ¢ E < TR
B (18479 A/em®) # 22 3| @ %] (a) slab trace model - X o
2042 283 (a) ~(e) " BB, T B P 22 TFF 54 o 4p
P HCA] (a) ¢ B E 619 ehT i B P R F]F 0 03] (e) P EEE R

£ BN TR R T o
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Solder

Al trace UBM Cu | IMC CugSn; bumps
2 2 2
Model (A/cm”) | (A/cm”) (A/cm?) (A/ em?)

(a) Slab trace 870728 423784 58181 43834
(b) Six slits 799162 343619 47042 35946
(c) Two connections | 1.64x10° 270670 36130 27720
(d) Four connections | 1.81x10° 190140 25735 19851
(e) Six connections 1.21x10° 176155 23419 18479
% 4-1 I A 08 £} TURT 0 E R BT k<R

38




5202 218072 435624 653176 870728

[ | I — |

109296 326848 544400 761952

slab A / CITIz

(a) & +4c 0.8 %3 70T rslabtrace model 45| 5 T /B B & 1

(b) AN

735.6 200342 399949 599556 799161

| S s |

100539 300146 499752 699359

mw

f=1it-13.3 A/ cm?

(b) 4 0.8 3T inT sixslitsmodel 45T /% R A F

39



e

996.7 410805 820614 1.23 x10° 1.64 x10°
205901 615710 1.03 x10° 1.44 x10°

160x2 AI (:l'l'l2

(c) % +4c 0.8 % F /n ™ o twoconnections model 454 T 7 % A

AT

(d) AN

e

908.2 452685 904462 1.36 x10° 1,81 x10°
226797 678474 1.13x10° 1.58 x10°

90x4 A]’ cm?

(d) *54c 0.8 % 7 /T »four connections model 48 E R T in % B

AT
40



5921.4 302535 604149 905763 1.21 x10°¢
151728 453342 754956 1.06 x10°

2-2-2 A/ cm?

(e) 4 0.8 %3 T iF »sixconnections model 48R T 2 A
AT
W41 54 08 %5 LIAT LRI S/(0) 2 pERTAR AL

41



(a)

(b)

¥ 4e 0.8 % #2 7 i o slabtrace model 4%4%F (L HL T R R A

i BB

%4 0.8 % 33 T T o osix slits model 4% 47 (LB T O % R A TF

i

(a)

3044 13241 23439 33636 43834

I 4@ 1 —
8142 18340 28537 38735

slab A / CITIJ

(t’) AN
3185 11375 19566 27756 35946
—— —
7280 15470 23661 31851
621it-13.3 A,cmz

42



(c)

3266 9379 15493 21606 27720

— — —
6323 12436 18550 24663
180%2 A/ cm?

(c) *F4c 0.8 % ¥ 7/ Foo twoconnections model 4% 45 (L. T i

% AT
AN
(d)
3432 7537 11641 15746 19851
| I I
v 5484 9589 13694 17798
Afem?

(d) 4 0.8 %% 3 nT > four connections model 4%4F hH. T it
) AT

43



(e)

5326 9084

2-2-2

3447 7205 10963 14721 18479

16600
A/ cm?

(e) &4 0.8 %1 7 /it Forsixconnections model 4545 (LB 7 ik B

)i AT

Bl 42 64 0812 3T o403 (a) ~ (e) 2 B WHTin %A

AT

TS Y R

Slab trace model 6.2
six slits model 5.1

two connections model 3.9
four connections model 2.8
six connections model 2.6

3042 w4 08 TR AT 1A (a) ~ (&) 4547 B |

P F)F 7 &

44




4-2 5 EBLERZFIIWENR S B UBM 673 * 4

Bl o APGER S REREAGR R T G ok T Mg

P

BN TR g WA 2 A A T E R AL A
?%%.E} e B UBM kg g P »og [19)[20) 34t B8 F
ke e UBM ER 7 Vit &4 B> ok e b A5 7 & )
FERE A TF R E P {F T BB RE N ? L T AR B
AR H B EL R M PR BRRR () REREZ - &
B F &P AP PER 337 #3) (a) slab trace model ~ 7] (b)
six slits model ~ #-73] (e ) six connections model = & F 4K 3+ > Fhe
T2k ERSDUBMCu % (1l ums 2ums~ 4 um~ 6 um ~10 pm )>

ARIFASF LEE R S T0um enfERT > 254 0.8 F B R o LR
PRIERA AN EUBM ¥ thi o E* iz R ERE
s FIEHCE] (a) o3 (b) 2F A 3mg A% > a #3] (e) A
S T USRS LY LT SN PERSIICONCI)
(e) &4F B p Tk f ¥ 22 F]+ &2 UBM thickness B (2§ - 5 5
- M AP F R F A 4 UBM B R AR § ' 44T
P TR R TS 0 24 F UBM BB i 4 > TR P s
Fl+ T AR B e ¥ ok R SRR TR k- UBM

45



ERT A (e) ZHMAKFRERL MNP in g ¥ st g7+ E o
4ot 2 5 6um A UBMCu T o #3] (a) 2 H#7] (e) cha i g ¥
S FF A EE 2740135 A 1lum hUBM Cu ™ > B~ & 5 9.8 4
4od Mt FZHVEA > UBM B A d 1 um H 4 D) 10 um /2§ 7 "% %
Tk P oy mdek R A (e) ERKT O T ET IR

PO F) S L E M- LU b oo gtoeb s 2\ IR six connections AR
3 fe 1 um & UBM £ slab trace #4332 452 4 um & UBM 7 ¥
AT P AR F] S o e 'fﬁ" re g 75 990 UBM = & 5 &

g EERE 4 o
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1 ' I L T T T T T
10 - —=&— slab trace
®— six slits
—a&— siX connections|-
QO 8- i
-
[1%)
o
= e -
c
©
3 4 -
(@]
Pl
O
2 —-—hm -
—-__\_‘____\_\“
0 T T T T T I
0 2 4 6 8 10

UBM thickness  unit - pm

Bl 4-3 #3 (a)~(b)>(e) &&H LB N T g ¥ > F]F &2 UBM

thickness B % B
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4-3 slab trace model =% iF v

#i-%] (a) Slab trace model “ERFZFE P P ER L Hp® * oo
Bt o LA (e) six connections model ki B F 5 o w433k
b R RS R R 0 1S i R MR P TR B Y
f o FIt ARG (2 ) ¢ o AR ¥ H73] (a) slab trace model

PR AT R d SOumEHH 4P 120 um 2 & BEE E SRR

Ehi

BEREFARE AT 0 RS H A (e) six connections model ( 41
R 193-12-187um) farti s FHREAF T E 12 %8 - &
4-3 5 WHRF L FRmiE B o
24454 B ERKF AR EHBHDER S TR R S 44
¥ 2 I > slab trace model m%‘r‘sﬁl\}ﬁ’ FET L EFAE G HA
FER R R EEFANL T Y oy RIE BRI E
ERAEFTERE B T E LR B 44 (1)~ (2)
(3) 4 %] % 41 slab trace model #4 % & 50 pm ~ 80 um ~ 120 pm
FRTITHRL TR ZRBY TG LEERRE Y R
T T RATHARE i g o WG RAMETR SF EREE
EHRBEEAE L AR DR G 2 P HERRT F A b

%%zﬁ%}i '#ﬂb -ér::/fmtl)é‘ ‘% ER 711 «91 ¢ I)f% U 170: ’ﬁ%ﬁ% $ }%%)%]

48



o 3 F 173 : » % six connections model
FE(I20um) & in g ¥ »c g7+ m 52 5.8

i 12 o

49



s 5 L
xF b T

1.2A

Slab trace model 4 & &

50~60~70~80~90-100 -~ 110 ~
120 pm

Six connections model # & &

9.3-12-18.7 um

43 AR G ERTAEIIZE S 2 200

Al trace | UBM Cu | IMC Cu¢Sns | Solder bump

(1x10°4F (%10 (1x10* (1x10*A/

A/em’) | Adem?®) | A/cmd) cm’)
Slab trace - 50 um 1.9 71 9.6 7.5
Slab trace - 60 um 1.6 6.9 9.2 7.2
Slab trace - 70 um 1.4 6.6 9.0 7.0
Slab trace - 80 um I3 6.4 8.8 6.8
Slab trace - 90 um 1.2 6.1 8.3 6.5
Slab trace - 100 um 1.2 5.9 8.0 6.2
Slab trace - 110 um 1.1 5.6 7.6 6.0
Slab trace - 120 um 1.1 54 7.4 5.8
Six connections 1.5 2.6 3.5 2.8

44 Hh 12BN L BERRF LR BB TR

50




(1)

(2)

(1)

AN

MAY Z7 Z009
13:07:232

M

| BGRE ¢ 50um

1.14x10° 4.82x10°  9.62x10° 1.44x10° 1,92x10°
A @ I [ ]
2.41x10° 7.22x10° 1.20x10°8 1.68x10°
; A/ cm?

A 1.2 X R

».slab trace =50 um 45 H AT LR R A 0F

AN
(2) s
EHGEE : 80um
1.29x10° 3,27x10°  6.52x10° 9,77x10°  1.30x10°
1 | [ |
1.64x10° 4.89x10° g8 14x10° 1.14x10%
) A/ cm?

%4r 1.2 3§ 0 oslabtrace - 80 um 4EER T R B R A G
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AN
( 3 ) MAY Z3 Z009

14:18:335

EEEE 120 um

1.69x103 2.69x10° 5.37x105 8.05x10° 1.07x10°

— — —
1.36x10° 4.03x10° 6.71x10° 9.39x10°
Afcm?

(3) *4r 12 %1 T T oslabtrace-120.um 45HMT B R A ©

Bl 4-4 *54c 1.2 % 3 798 T > slab trace model 50 ~ 80 ~ 120 um 4% &

R BRRAD

52



44 SEEHE P HEF LHGER A G 2B

4-4.1 Six connections model % & v 3K 3+

Six connections trace model sH# M A d = $H &R F b P ER AT
o WHREARD N A A BE 93 um s 12pum > 18.7 pm o F A7 K T

IR A KRR 80um » F HHERDFT R REERE R T

=

GEPERTR A L AHEF HEROT B LG Py

P i % 2V I Six connections model &5t F PR E T oL R ¢ AR

e

RS E RS = L NS S N E R R
e T A PR R GBS R RER > S - R
B4 A R T R A R L S CER G i

B L TROERATE o AEE S AN

PEa#d T 5Rm RAETIE  FUATIg | - &2 afii s

Yl oo WATE B T gk [20] i @A ER G 2 R DERR O e

\»\0

5 ¥ l%@%ﬁmﬂdfﬂ)}%“;};& DA 4 s R U S
(Thermomigration) F *k erphf o
Brgtimls (=) ¢ 202 blh TR0 (o) ehz s & i

Al (a) b fii o Ak 4-5 ¢ 7| AP ET4e 2 £0% % siX connections
53



model » & B Z ERFT AR D wPlde 12-16-24 um fo 15 - 20 - 34 pm
g% 3+ o Ju A eh six connections model 9.3 - 12 - 18.7 um §r slab trace

model Bl * K Grt fo o & 4-5 ¢ & 0 0T I L B ALY IO S

B2 BT BRI ERMBL T LR Y AR T
RUEENLRRELFAFTIDLE  HRP HRF 2 TN 5

12 %35 -4 46 4 W ERAFY LE SRS TIERE A
PG g AL ¥ six connections model ¥ = ¥R E R e
Ao A RERERFOT R AEN AT 0 H T M3 slab trace
model - 2 six connectionsimodel HE-4 E U B 4e BT B R4 (LB

T B0 sk S gring XA S A I b 2.68~2.70 ] 4-5
A e R S EE BB IR R R U RS
FrEEa T EREOERB IR AR DRIAREELTT 0§
BEBRILBAE P R E T % o Six connections model (1)~(2)~(3) =
EAFRATORFFEIERANL DT IARAEAFTLLE 0@ UBM
B~ IMC B rgs F WA o <« T R EE2 T H A A BT 5r-

th > 2 A F] 5 SR = ¥ six connections model PF G 5B A P AP

i (5 AR L) MG PR AR R Y R

MG s F o A T o~ 454 LB > F)p EHoa b ;Hﬁ_m’éj R
- I AT | g P eE o

54



LR R D) T
Six connections model (1) | 9.3-12-18.7 um 0.273 Q
Six connections model (2) 12-16-24 pm 0.208 Q
Six connections model (3) 15-20-34 pm 0.164 Q
Slab trace model 80 um 0.196 Q
%45 v B ERKFERTAINAERILE
Altrace | UBM Cu | M€ Solder .
6 5 CugSns bump Crowding
(1x10 (1x10 4 4 .
Alem?) | A/emd) (1x10 (1x10 ratio
A/cm®) | A/cmd)
SiX
connections 1.5 2.6 3.5 2.8 2.7
model (1)
SiX
connections 1.3 2.7 3.5 2.9 2.7
model (2)
SiX
connections 1.1 2.7 3.5 2.9 2.7
model (3)
Slabtrace | 5 6.4 8.8 6.8 6.4
model
24-6 A 12XBTNT e BERARFER SR AT T

PERATE S Y R

55




Maximum current density

Bl 4-5

A/ cm?

: al —o—12-16-24
1400000 —A—15-20-34
| ¥ slab trace
1200000 S
1000000
800000 -
600000
400000
200000 \
0 T T T T T T T
4 Al trace UBM Cu IMC CuB5n5 solder

W 12 %R TINT w EERR Y Lk e

B4 TR R WG
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4-4.2 SFERRPHEHBF N R BT

W 4-4.1 FBCERIE 2 > A4~ B EE K BLIP) six connections
#A (1)~(2)~(3) 4o slab trace model = e F 5K 3¢ B R A i en
Frmoe Ak %R L 25°C ¥ #-substrate #3% 75 100 C g & o
Rig»e4e 1.2 X2 F 7% 4-7 % 4! six connections model( 1)~(2 )~
(3) frslab trace model = ‘e F K- & B SHE? Pk g ER - SF
six connections model = ¥ E R F R e & 0 E R BT PR ER

3 P AT o R4 4540 4-7 F 4 IR six connections model
(1) 03 Fe @ P & % ¢ slab trace model » 7 » & B # 2 gL h ¢
RIEAR > AL B g5 FRR RS B N E S oosix

connections model (2) % FE¥2 slabtrace model E 53T » #7748 B 4P &

#:1T ° six connections model (3) & g EARH I + slab trace
model ¥ ¥ & > FIZ H BT L EHRM o Flpt ARy FRT

FEARE B 0§ AR BT S Ap R RS o A AR E P slab trace
model 4548 MB. P T Y R F]F X ‘F‘.'K < %% §iX connections
model 1% & > F » MTTF 28 ° ¥ 49 53> A% T e e
T > six connections model 74 & ¥ #P 5 slab trace model e B2 b oo

B 4-6 (a) ~(d) &5 % ! six connections model (1)~(2)~(3)

57



fr slab trace model w ‘o 4K 4R LB L T35 B o six
connections model (1)~(2)~(3) s 4F MB A 7 ¢ & RID ] h¥
Jk 4 i 5 slab trace model 4547 LB P FURE B AT ERE N2
BRVUERL? wnw B BARER A G o NP AR BRI H P B2
BLe > B RYR - RALLTERY L1 BHNHY L 2%
L2:gdp My L3, & 32 A £ 4-8 ¢ o fp >t six connections model
(1) ? @B h= 28 B $ A& - six connections model (2)~(3) 447
Yz B R RFEFIG ERT LN M P ROTE Y
R PR 3R dR3T o 48§47 slab tracemodel ¢ = w0 R R 4p £ A
X5 L1 g R H R (204.55C/kem’) & i# 13 (103.03°C/em?) h
@ 2 o i3 = slab trace model ¥ L1 3B ABR R Fl2 & § %15 L1
o F iTHER (PR TE R ) FPREER TR g 3 Tt A
local joule heating > J§ e4c 3k (£ % 2. F ’L%TI&? Ll g B R R -
AFEICBTIRARRIIIEY T beiE 1 T EBBIRK DAL o
six connections model (2) £ slab trace model 7 FE4piT » i iﬂ”
PP REDT I P B TS B R P35 g B R R BN

% six connections model (2) 2 &iFE o
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Al trace UBM Cu | IMC CugSns Solder
(C) (C) (C) (C)
S1X
connections 169.2 166.6 166.5 166.5
model (1)
S1X
connections 152.6 150.7 150.7 150.7
model (2)
S1X
connections 141.16 139.8 139.8 139.8
model (3)
Slab trace 150.86 148.5 148.4 148.3
model

2047 e 2% BT 0w BRRAG LK ST BB EA A
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(a)

(b)

(1)

1 166.039
165.319 165.799

166.28

¥ 4e 1.2 % 8 T n T o six connections model (1) 2 4% 4% /LB

B T

AN

MAY 7 ZOO®
14:385:38

166.52

(2)

150.347
150.185

149.536 149.861

AN

MAY 24 2009
16:40:3%

150.672

¥ 4e 1.2 % 8 T n T o six connections model (2) 2 4% 47 (LB
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(c)

(d)

Rl 4-6

( 3 ) JuN 1 zoog
20357153

139.579 139.795

139.04 139.256 139.471 139.687

T

BRA G35 B

AN
(4) MAY 7 2009

17:52:2¢

147,910 148,325

146.871 147.287 147.702 148,117
T

¥ 4e 1.2 % 82 T on o slab trace model 4% 45 /L B8

23 glab trace model 2 4% 4F 'L BLE B A 5 2 o B
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¥ 4e 1.2 % 8 T n T o six connections model (3) 2 4% 47 (LB

A2 F B

¥ 4e 1.2 % 8 T n T o six connections model (1)~(2)~(3)



L1 (C/cm) L2 (C/cm) L3 (C/cm)
6 connections 246.9 246.9 196.9
trace model (1)
6 connections
trace model (2) 169.7 165.1 139.4
6 connections
trace model (3) 113.6 107.5 90.9
Slab trace 204.5 150 103.0
model
% 4-8 *4c 1.2 %8 T T o six connections model (1)~(2)~(3)

27 glab trace model %P R BR 7|4
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d
%%

=3
e

by
s

G A HRBISR RS APT RN T SR

5 FBEE 41202 (six connections model ) {rﬁ—‘*‘ ERASET s B
o el BT INECELEBRE > VBV Gk RER IR K
Befo@ B4 hE > B2 A bkl o

T dn 0 R EEE MK (six connections model ) & # 2 35

s}

—

fie lum 2 10pm 5 H UBM /¥ § »2eh's ML & ¢ 0 H ok
25§ % UBM 4 at A 48 F 50 b M UBM #5fie six connections
PR I HN R E S BN U B¢ s ok 2 B UBM
$&5 fie slab trace H4K AP o e Jﬂz ™3 X UBM & & » 3%

ﬂé&,ﬁi’% o

‘¢ § slab trace model E 4 E B 5 MARF LB PN T B¢ o

ﬂ\

E%

4.4

7] 55 ' T Hoan ks e f BREEE MK (six connections

model ) k&% o

%L ()4 § six connections model (AT R > V' M AR T
PR CERFA S FESFEERY TR R 0§ osix

connections model £7 slab trace model ¥ %% 7 FE4p P BF > six

connections model #H AL 3H3 T ~ ML TG gF i R
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