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BERNBTFIRABEERR. BHE. BE. BARNTARERE,
BRALEE (Silicon Carbide, SiC) AR W TR 4R[4T IR BFBH
BEREMBAMKHBHE. EILHER, SICHENT-RIDRBHEBA T EZX
EANBR, FEFRAPAKERE. 04, RTMEERS, 0 SiC ThERB[H
NMARBH—ANFTEAFRHRZ 52 LRMHBESEME . BIREEHER
RUKBARIN RS, S SIC HRBAME M RIERITH.

SiC ThER 8814 B0 TR R B A 200°C-300°C, B BRI EHIKEH SiC I
EEMH—RER Si BUNERIIKBEHERN, SBHBLEMNEIFNT
&R — BB 175C. RASIKREEHERN, SHAFENREREET
BT RS MEH, KXEWTHRRNSREENANERRE, RAXSIL
BEHERARMARMNBNEERHEEHMNKELES. ERBRENHAH,
MEEFRE, SiC R HMESH Si BANERE, NTHR T HENMITR A
HpkiR. HFEBEMS SiC BHABK RRCRMOHR. SHEEME. i
BI%R SiC BUHERINXBRR. ERMNAFE, SiC BmAFRMEATLAE
BUETT %4056, T AR B ThER B MR, 8 R sk BT =R 3
gh. EHRBENFEERT, BEHN d/dt 2ERME LA B8 B Ed
&%, ©EEWMBMENTRIFHE. BAHMBER /LK EMIBE. [, £
FH BRI RETIR MG RTE, B REE L R4 B IRARR R
ik, SRFEN SRR PEOSGEM, R ERELRFERATE. €8
HHBRTF, BENDNSHEBRFERFEEZRNRBRTTERZ —, @EE

X FRA R G Z R
AN IR SiC S HE T EAER EE, #7T UT LB HaiERR
BRI

LIRE T —HFHBLMERER (TCV) MFRHELEY, #iTTHFES
. B WERTHHESHT, RHZ TCV HREMAFRETLEBBRUKMLE
RIRERAERE, FEXTZE IR Fy DL R AT S 1 IR AR AT T 05 o A

2, Wit T NEBRNETIR A SiC 28 HERNThRERAERF, HiH
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Abstract

Abstract

With the rapid development of power electronics technology to the direction of
high temperature, high power, high voltage and high frequency, Silicon carbide (SiC)
as one of most popular wide band gap semiconductor devices was gradually considered
to be an substitute for silicon-based power devices. In the past ten years, SiC as the next
generation of power devices has been widely concerned and studied, and its
commercialization progress is rapidly developed. Nowadays, besides high cost problem,
one of the main problems affecting the large scale of application of SiC power devices
is the lack of matching high temperature heat resistant packaging materials, high power
density packaging technology and high frequency drive system, resulting in the
advanced properties of SiC power devices can’t be fully shown.

The optimum operating temperature of SiC power devices is 200C-300°C, but
most of commercially SiC power devices generally apply the traditional wire bonding
packaging structures which were for silicon power devices, resulting in the working
junction temperature of this SiC power devices can’t exceed 175°C. This is because the
heat generated by the chip can only be dissipated in one direction along the bottom
substrate when the module uses wire bonding structure for packaging, thus greatly
limiting the SiC module for the application of high temperature and high power density
occasions. Therefore, wire free bonding packaging with double sided heat dissipation
packaging structure will be an obvious tendency for SiC power device packaging. In
high voltage device applications, the bare die of SiC device is thinner than that of Si
device at the same breakdown voltage, which brings the challenge of packaging
mechanical stability. The selection of suitable substrate, die attach and chip
interconnection materials and encapsulants matching with the thermal expansion
coefficient of SiC bare die is one of the key factors for the reliable SiC device
packaging. In the occasion of high frequency application, SiC devices can work under

higher switching frequency than Si with lower switching loss, which can improve

I



SiC ThHEBHHMNELENOT. HRARBELEHRR

power density and efficiency. However, working under high frequency also brings the
severe challenge of electromagnetic interference. Under of the similar stray parasitic
inductances, higher di/dt will produce higher voltage spikes and oscillation on the
system, which will significantly increase the switching loss, voltage stress and EMI
noise of the device. In addition, It is well known that multi-chip parallel connection is
an effective way to adjust the power level of power module. High switching speed will
bring the current stability problem for parallel connection devices, and resulting in
more difficult to balance dynamic current due to the higher stray parasitic sensitivity.
This can usually be overcome by using symmetric layout structure design. In view of
the above problems existing in packaging of SiC power devices, the following frontier
exploration and research work have been done in this thesis:

1. A new type of packaging structure by using through ceramic via (TCV) as transfer
board is proposed, and the finite element simulation analysis of the packaging’s
parasitic parameters, heat distribution and thermal stress is carried out. The results show
that the TCV package has low parasitic inductance and superior heat dissipation, and
the thermal stress and reliability of the structure are simulated and analyzed.

2. A new type of chip routing layout with dual DC terminals for double-sided
packaging structure of SiC multi-chip parallel connection module is designed. The
parasitic parameter extraction and the simulation analysis of the dynamic performance
of the switching device are carried out, and its superior current sharing characteristics
are verified.

3. The experimental process exploration for chip surface finish and the underfill
infuse are also studied. It was proved that the TCV packaging structure can be done by
the mature packaging process.

Key Words: Silicon carbide, finite element simulation, parasitic parameters,

current sharing, packaging process
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FL T HL T ROR R F B ) BT 2 AR RN B B, X R BB AT IR
FARN, BREBEARN “Hb” SRR AEN KRR BETH
AREREFREZNIHEREAR, frEE —MERXBIENUEKFE, BRRA
RAFERE. SIHRAMRIEZAF B £ H 70 BN K RGBT
B RIHE T, B FHANEAEREMRE . B8R THMEFRATHR
B, REIBTFERZOART S, KEGREEZENER. ARITIRELK
MIThR B2 NRESANTUR, il 1.1 fias, EXE4Mk i E /i FEE
REERBIEA.

B 1.1 ThERESAF N A R

Figurel.1 Applications of Power Devices

FENRBMRBLTEd, BEMRRMERRAT ZHE AR AT,
BERNETHRASEF R, BE. BE. BHRM0FRRELRE, MR
AR EIRE TE S ER EAREA YR RIR M, 7S e
BELIEREAT R B A TR B A R SR R e 2 . FEE TER Th R B30 B A RIRIR, T
FEITANER 70N A FF U T 48 B AR ThE B304 USRI TP i kR ). 4R R
R BRI EH — R TR E MR E R R AR .

A EE (SIC) B—FHT 8L SRR, AR 4kaE (Si) ML 8K (GaAs)
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SiC ThERMFUH F LB HEARBRIEZRER

R —RANE Ak AR 2 B AER B B S0 Bk TAH B
% SHANE. HTHES OOBBREASEA, FEEAIERI B
ThE, TR, B MRS AEA, LM ILER, SIC N Si kA
BRE T —REDEL SHBH AR ERE. 2. DA, KESEHE
JESBHIZESE. BAVS, MERIE SICIHEBMH, 1688 ZANELHH
B b o R R VR, 6 SRRSO R, SIC BB Risb i,
(B33 PR, (R RS T B AR 4 N,

THR AR B Pt SR T R RS0 . B8P R TR B 04
BTS2 —, CHRAM RS AT B . SRR E S
BUE TR SRS IR, IR, MWERARTEY, BRARE
FRET RENNRARS I, Eik, ThERAHESEATOEREN.

SIC T 8 H OB 52 1 RERESE AT LS A TR PR DD RS A AE I 2 1 T
FR MR 4 OB SR 5 TF 680 Si T8 . SIC ThERSB M 40 T AR AR, TR
RO B S , SRR (O (S M o A 75 IR R 0
R, S B SIC WEBHNAR BN TEABRRS 52 LENRER
SRR, TSRS MRS RS . (LR R S 3
LRI BREETE AR DA B 5 T SR AN T A AN A R TR
EEMH R,

1.2 SiC hERHREEGHEMA

SiC ThEe 8RR B =R AR BRALRE SIS ) 5270 I S48, B
HEME. BHX. B4, HRTC2RWALe Sic ThERBHEEREHIEE
# 2 T RE SBD. & B BN 5 146 E MOSFET &4 M UK AY & /A & IGBT
FUTHRATCHT 17 GTO &P, SiC IR&BMRE SiC REME ERFAMET
TEMLHETIRL, SiC B @&MEE B FE AR SELER, K+ 4H-SiC B
TR CAIAE A T 8 A = IR 8 R T AE R 5 H S 52 kv, 2 B AT P I 20
FRRAEHNS, 4H-SiC 5 Si KRS Hon bk 1.1 Fs. SiC M RREEA R
Si 3 f%, FUHIREERE &, £/ SiC L SERIERBM4 T URZEZ MAE
MRS, MASKEHESFE. s, SiC MR SR RBTE T Si AR
j?»#n%z& XWAEF T SIC SMM=ETERS. SIC EFRBHAR SifY 10



F1E R

&, XERE SiICURB[HMNITFREE R FFUMER R RaE I 5HE
AESEERIELL, SiC FIANERE R Si FIRAELL L, XEWE SiC hEEG
AT AFEECARERG Si S8R BE i BOAIR T AT I, TR T SRR Al K R ARTT
KIRFE, RARFUE. HF LA, SiCHESMERE. BM. =ENMAKR
iR, BTN T RS GEERRIRZT T . BAT, RICETHRBAE
& LR U 2 RS SEE kAL, IFBP TR B RS, mIERALEETI R

(R L

R 1.1 4H-SIiC M Si #E STt
Tablel.l Comparison of 4H-SiC and Si Material Parameters

24 Bpr Si 4H-SiC
Gl ev 1.12 3.26
HFIEBE Cm2/VS 1400 950
HEF Y Mv/cm 0.23 2.2
RS R Cn/S le7 2.7¢7
N HEH - 11.8 9.7

Frs W/m-K-1 157 380

THE SR AR I R B AN TT B i3, (BN B BT T3 B BT~
K&, K4 SiC BHHEHS Si S HFEMAMBEITEEE, RI\HEERK
A, IR IB[BAEE RS LA EH LA, e384 % R AR
LB REHERA. PUHEREEMNENEZ TO (Transistor Outline) 3, Uik
H IL) TO-220 #H#EM TO-247 2. H U HENEM RERWNE 1.2 i, &
WA R IR b, B SHEIER, RN, AR 5] 24 mL
SIGAESE, ©h LR X S EL S 5 LA T R EARERE, SR E .
XFpE A ZER T SiC SBD LK SiC MOSFET.

SitkiEg:

B 1.2 TO HEZEWHR

Figure 1.2 TO Packaging Structure Layout
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hEERAE 10kW LA ERNA, @HEXARERKZEFHE. ¥ TRAES
TR D) R AR R T K SiC #3451, HAAKHRE A 1.3 frn: T2
BAFEGH . BHPPEIR (DBC A1) FEAR . Bias DA 88 2 i) e B A
RIS M o 85 B TOUER I %l 5] Bt & B RIS 51 AR SR, Tt Fr Y
JRHRZEE R DBC #R I EAEEL E. DBC R BEZEEHEAR (Direct
Bonded Copper, f&i#k DBC) , EEE4ELMER L FRM, FFarFH _EAFAER
IREREZANEG R, SERARRTN. BRANSFRTSEET S, BdRaLE
AT . B PARE AR A R AR, SN IREE A RS e bR, DA
PR gt r LA 2 B 11 PR R A RS BIHRD) . ARG RS TR
REKX, hRBHRER S — R SR B EARER RE S LR,
DA3EE 60 99 & 22 18] OB

e

B 1.3 £EETHERBRPEER LA R

Figurel.3 Typical Power Module Packaging Structure Layout

1.3 SiC IWEFAT RNV RS

SiC THERBAFEEM RS E R WR. CHMEMEL, SR ERM
B BEMEE.

FHGEE B R 4R E R R RS R, RIS R R ERNEE,
R S AR U S 9 B RS A MR E 1 S E BRI EEA M, [
IR 2 B BT 4 R R I B F T SE B0 () A BB AR 4, AR R R
YEF . DBC #1R 21 F S Z AR, B RABEEBIREAR, FIRMAKNSEK
VR BB e M L. E AT F R O AR AR R S AR IR PR -

4



B1E R

R12 WREME AR

Tablel.2 Comparison of ceramic materials and parameters

LR AL FULRE Fes

(ALO3) (AIN) (SisNg) (BeO)
FE (kg/m®) 3970 3280 2400 3000
#SE (Wm-K) 33 170 70 270
CTE (ppm/'C) 7.2 4.3 3.0 7.0
BIREE (GPa) 340 350 250 360
BihRE (MPa) 350 300 750 250

EERMMREMRIERT, SUBEAERENIAR, BREXMIIES
SR AR EHERRIN; FULBRARIK, RBEATFTHERE, Bt
—f; BARRAROEEERE, RHUEEAESRTELRER, EREFHRRER
&, EMERARH: M2 T, BBR—M&eMs, SREUHE, A CTE
ESBUAEMEILEERE, RMBEER, AEANBORERTELEL, £57
ERABERS .

MR, RER, BECA SR E. FHR5EAR 2 & K B SEEA
UREEE T, HEEM LB AR S T/~ AT R R, KM
BEEN RS EEEWB R, SiC #BHE87E 200°C LA ETE, RIEE
FHEMRBCBEMETESEE 80%NEXK, RNMFEHZYRMRHTES

(RoHS) ZILFERAEHERKERRE, AATERTHEEMEZAEE. B
AN AERZ M TEEEMRE8-R-F. &%, &5, |REFEAMEE, gt
b, —MBNERECH BENTEBRESHAKE (TLP) TZ, SR ERNM
MEZESTBIZREE, WARTENIRERE &AM, H5—F
RES R T ERIKBENKREETAR . EETHREBKRZRBRLE 220°C
METHRERRSRN, PRBRRENELERTEER 962°C, B EHFH IR
. FRERMEHE,

BEME RSP THEERA MG L ZHIRS) . B ERNVENHRE,
FIRS IR RAFR AN IREHFEERF A IEM. BREPRERERR
MRS REERIOPE RE, HBILAFE KR AEBI. R B 506X 5ES
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SiC ThEBMHRHRLM R HERHETERER

45 G B 5 B — B T 200C AT, B 20 340 =8 B LR Y
AR EEEEHRERSSRRNANEEL, BiiBE&HaEMEE
REY . REWH BN AFE, RE AL RHERSWINE IR,
FMHEFRMBHRERE, REJL+2/LE kPa, H CTE &, HERKMEMAR
IEH BN SIBRRE S, B ER FHERELS S A hERESS, KTrEAEN
TR A A 2 o 9L BE PR I 7E 250 C AR 1), B Ah—Fh B S R S mIh 8 s 78
MR, BEBEBEKEZANEEGIO)FR A EM BEFTER. SMERLE,
BANFRREHEE SEENE CTE, SEARMKAN (CTE) KEEER,
EARBIR R B 1780 5565 H REAR MRS Bt g &0,

1.4 SiC ThEER[HH RABkEK

SiC ThERSBEMFHE PR S SiC A MEFR R R, BT A48
TN E:

(1) SiC B4 M mIRFFE. SiC - SHMBHEATIR B4R RFAER
FERTIA 700°C, SEFrBcfER TAEREAE 200°C-300°C [A), (HEAIMEHKE
# SiC hEBMH—REM Si BFNERIKBEHERN, FEHELHWNE
TR TELRE BB 175°C. Si S EANEEA R EME BN ER
T SiC #4F, IFHEELFRRRIEN RN RENNH B+ S EE.

(2) SiC MR ERE. MHEMEFRE, SiC HHFRETH Si 84
T, AR T SRR . B REEENE SiC & Ak KT
FRHAE . O R R R R BB R R SiC S E BRI R E. [, A
TR EE, SiC BAHETELRFN Si BFHETRNEY, X
FEHMALGBEMER S H.

(3) SiC # 4RI E SR, SiC & IT RARE AT LUSEIURTF R4 4E, AT EL
RERENIREE, BRI FESHIEHHRT PR, Z£HERY
FAEBRT, BEN d/dt SEFRE LFERRNBEDSY, MRRFE, 7=
ARG, S EEWMBIEOTIRBFE. B4R BER UK BT EI. [/
i, 20 R ORI BRI R A BOTE, BT RE N T & X Eh A
R BT BB, (RS TE PP ORI B T CUR R R R4, ook T 38 I BKSY
Tﬁﬁmmﬁoﬁﬁﬁ#ﬁ&ﬁ*,%&ﬂ@%%%ﬁ%%%gﬁﬁm%ﬁﬁﬁ
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EHRZ—, BEELIIRA R LIAS A FF B

1.5 SiC INEFBHHFUF KRB ANARINK

IR, HuBUEREMFRE. EM RIS SR EHkAR,
& EEWA R TREBM T KER A LAE. Flan—L 81 KaT 7N SEMIKRON
A= VMEF ) SKiN HAR B T T 1200V/40A ) SiC ThEEsk, Wi 1.4
i, 1ZAEERAT L3RS (nH MIFFAThE AR, SkiN HARR A R ENH] g bR S
oot FEERKRIEE ERITE. A UUREER S DBC IR (B L EE .
SKiN £ ] L {8 25 4 f R K IR PR 1K, SR M Th 1B I 5 i, (H R AV REIRA B0
TEAIIEN BT —FEEBR AR B PSR ROR, S BAEE SBD Afik
{KEE JFET MEENE 1.5 fin. ZRiH %O BAE T IRE BT PURIREZ
BREEREARNG BE, MEERESRE SN0 EE. 2T
BRI Th R BEHUR B f) f AU EIE B T H T REVE AR U AS R 1% »
FIREIER 7 FHHE LS KRB EHEATE/NETMERKI DI RAE.
CPESTIME H (i A& 3 SiC BIRARHEMINEEE. FRIRAT LR
FARHUBRNE 770 MR EE R0 F Bt RT3, ThER Y AR BRI 2 FeAE P EAE 28
fFF O, BELGERREWIER, BRMEEAEFEEERNLER,
Wl 1.6 fis.

TR

B 1.4 {EH SkiN HFAK SiC ThE Btk

Figurel.4 SiC power module using SkiN technology
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Sic iR
BRIIE s PRRNASIR

BE

HRIRSIE

B 15 BB SiC HEFEE%

Figurel.5 High temperature SiC new planar package

Sisy

B 1.6 ARHREN

Figurel.6 Embedded package structure

3 Hh— T E BT 7T R AE SiC #HEF I TIRIELEME (low temperature
co-fired ceramic, LTCC). H. ZhangPY% \B| T —F=ifE SiC ThE LR 1 X
AEEER R, W 1.7 FinEX Fha s, (ORI R & E(F AL DBC
R Z A B EFS Fr 8k . XA XU DBC &M A LR EAEIRE /), BTk
i P EAR LA R T RTEAR IR R, RIS 9K R B AR 90 kst il
RORYBk/IN T 2 B A A BEL 4 [RI 189 1 98 57 75« A PR o 07 EL AN SEBR B S )
IR 7 X P S e SRR B T T R B . Zhul2V58 A LTCC #%
BEWR M A “fuzz button” EIEI KR, “fuzz button” FiE 1 kb B A AEH T HHKIESE
22, [ER B AEF LTCC Al S as, 7ERUBIE K)/KAE L T Lk bo
ARE T, X3 SiC MOSFET 75 LAFR AL, T XA G iA i, X
Pkt 265 KUAEARIE 2.5D HE, KIHFRSHEEER —HWEL, MA MK
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TP TR 2B AR &AM B IE, ThE bR E £ o &) ke
ERERIIMLR, 0E 1.8 Fim.

RtAn L

DBCTm=

S

LTCC

DBCIESD

WHBE ERME EREER
LS HHt

K 1.7 &F LTCC KXHA HEREH S RE

Figurel.7 Schematic diagram of double-sided cooling module based on LTCC

1.8 LTCC ¥R E N HELEW

Figurel.8 Pressure contact interposer connection

BRIEPE, SiC HERAME T MBTHEERIFER =LK T RKE,
K E - AL TEM F A+ 0 (POETSERC) #H T SiC ThZF it 2 (a7t
RIETTIA, BDSCIE R BT 51 4k B R AR, [# & K% Sayan
Seal PS5 N$R H T —Fiith Fr RIOBIFEE r HEE A, GEAH TR TR 7 #
BoREIRES FEEE, UMET SIiC Bk 3D k. HiihrEEME 1.9 fis. &
RSB IR AR (U FE B s 7 A R AR il F) P T e T A £ 3 5 AR AN VR AR AH
[P . X PR 20K MOSFET B HTHCE A S 2831, {3 H mT L33 BiE
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SiC ThEFSHUH FL BT WERHRITERER

ETHELE, FRRHRER T TR & ERHSE L E R X7 R T
48] DBC #HR-ZEAR AR E LA AUARE, SEANSIL&@ETEM
b, FLZ 14 A7 A BE K @Yk - Atanu Duttal®15 A3 H 7 — s FE K BIRLAY SiC
DIFAEIR 3D BRI . PTG St & K ThFMERAE — A A HR 5 3 S 35T
B AR HR L e M e HEAR I FE B S8 Ak 3D MR E, M 1.10 frm. ShAF
W% 3 B I THR RN 3 A4 R BAR TS A 5 e R

1.9 SiC MOSFET & f 53 5%

Figurel.9 SiC MOSFET chip-scale flip-chip interconnect

®)

1.10 SiC ThE#Lk 3D B3

Figurel.10 SiC power module 3D stacked package
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258 BEREMAMRS %

2.1 RARFLHIER
SR BRI PR B N RERE BRI FE — 2/, HIRERER
TEER, HATUALTAFRERER:

Ein —Eoul =AE (21 )

system

Hev, E, RTEANRZN LR, E, RTBETRENLGRE, oF, KBS

RARANRESIHESREZRINER.

DIRBMHEOREBEE R B TIHERBJARRTENERRS YN, £E
RAF AR RN RSN A RSRNRET R, AES WX &R KRR
FAARAGE X 8, BRI AR RREN RS, BREXSERAK
HRESHEXERENREMRE.

fEfeE D, FREEREZNR MR ZERE K EBAL B E SOER. R
XM Z R E A EN LRSS SR 5 1L RS, R0 A
ZMEANTTENE, BERMET. MR RRAEN R

(1) #f£8

HEN— MR EE MR ERE W, S BTN N ML %
E B — MM RRRBEIRE AL SRR BB THREMERIR, T s T3
FUEMERREEERR . AEBY ARRAE. ULREABEHEI T

AN BREAERNERHBITF.
#EFHEEERMHR, JUAUTAREKR:
dT
Q= _kﬁ (2.2)

KM ORTRRERE, BARW /m®, k BRRAMBSHRRYERTE,

BALRW /m-K™, ar / dx RoNRET ANRESE, ASEFRRERESEE

BET AR M EEME 2.1 fiR,



SiC Dy SR AT, TARMETERER

PORTT 18]

8 KRS

B21 #feSrEE
Figure2.1 Schematic diagram of heat conduction
(2) XA
X HARTE—ERE S H A EEMEETRE CURSGRED ZF
R AR R Z T4 MR E . MRBHST AWM, —R BRI
Bk, FH TR EHIXT RS BAXRBAREA AR EEZEITIERK
i, mRMAERENSEREKESRETETTAZ TR, Wi
R BRSPS — P E AT 3, 2 B R 3 R A TR AL
BB R B85 4 B T ohRE K RS SR mm = AR, B4
XFRTCIE BRI K, MR IR X R R E
SR AAE B AR A A RS UR L, —RAXERTA:
0=hA(T,-Ty) (2.3)
A n PRRAEXH AR REL, AT DARTRIRBIRGE S HORA, AL
Wi(m'K), ARSHREEMODENRER, T 2OEREORE, T2
A RRR, XRBHRERE-INE 2.2 Frx.



%25 BRI

2.2 FXHAEE

Figure2.2 Schematic diagram of heat convection
(3) fmat ik
B BRI R Z WP Z B A7 A J5 T8 5 ' 7 B R ip gt
T REAER IR RS AR AE TR MR Z NP Z B s Ho At
e RIFPANHT R R R 5, RE LB U BURE TR
HH R R R R A
Q=co4F (T*-T,) (2.4)
A e RAAMBRE RSN R, NEHRARE, LRV RIIRN1EEE
WIOYEE, o WHEBURZEREI, 4FRFBHTE 1 IR, FOARRERE,

HEAPMRFEEHNEORRER, 7. LAKRWERREIGERZ. K 2.3 iast

BHTREH.

K23 fENTEE

Figure2.3 Schematic diagram of heat radiation
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SiC ThEBMAFUH KL TARHETZHRE

2.2 A-GHIFRE TIEEIR
2.2.1 TR

HRL g SR 77, RFEIAA BB BE AR A0 7= 2 B R B AR AL 32 B 40 SR B
PRGN ) . B AHFEE X BERE =B, B—HE BRIk EE
AR E S KR ERA = E NPT R SRS R AR = RS S R
—WERER, IREBEEDOANEG, WEEYEE A4 A R R 48T
HEFMARLRER >, ATIEE ARF=LE AR S); BB=FhRAFMEHARMAER, B
EZFMREIRRERN, BTFEMM R RN AR, RRMELZ [
HflZy, WTIF=A % B F SRS ThRBHHEEIANIEREETEZ
MAE=FrEN. HERHZEAEKABARMMARR, BENZL—FE
AR E T REF RAIIEUT BN R AR NER, H—FE
DRSS R IE# TAER P2 A ) ShER 4R AR 5 R AT A B R S| BN H E A FER
BEHERER .

222 RN HERICEM

IR B R BNTIRB, SATMER, E—MEREBENMHES
ML F ] — SRR E A, AT LAAS MR B REARR, AR R B
fik REURE KT FAR R EARS RN HMERE B4 ES TN ERE
SHERELMMEE, FARLE MRS U R SRS REAEARR,
[RIRE 42 5| 2 IR B 4 A S [ 37 AR B R 77 o

NTHRRTE, B EWER B S EE— M FAT N EEEUT),

AN TS IRHEE, SUKEAHRS. D 4, mE 4.
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Td(Pz+dz

I do,

dpyay , do,

R T

e :
dz / // FEPEAPIE [SPTTRPN
dysx /,/! T dx
1
x

dyl

do,

2.4 TR
Figure2.4 Thermal balance analysis of micro-element
BB S B R ] 500
dg, +dQ=dg,, +dU (2.5)
d¢, Mdg,, 7HHRFANBICN T HMTH SRIE; 40 ZHoTH =4
HE, U RMITHRF G E.
Her, dg, ATRRN:
dg, =dg +dg +dg, (2.6)
dg,, TR A:
dg,, =dp.., +dp,., +dp.. (2.7
B B E A, SABTTHIRAE:

d¢, =q dydz = —lgdydz
Ox
ot

d¢, = q.dxdz = -1 —dxdz
o

dg, =qxdxdy=—/1ﬂdxdy (2.8)
Oz
G, RN RIETT 9

B 0q, 62(11 dx?
qux—‘]ﬁ’a—dxﬁL?T*“ (2.9)

X



SiC HEBAFUH RSN FARAETIERE

M ABL AT AR B PRI AT 45«

q,+d,=qx+?;];dx (2.10)

GIECH

d8,,,,=q,, wdydz = g dvdz+ e dxydz = dg, +i( P )d dedx  (2.11)
Ox ox ox

Bl A 8 B HOT PR B A
0 ot
d¢x+b=d¢x+a( la]ddedx
0 ot
d¢y+dy=d¢y+a( laJdXdZdy
dg,.,=d¢, +£(—lszxdydz (2.12)
0z 0
WK ZHERTA:
dU=pc§dxdydz (2.13)
or
T HIRAE BT RN A:
dQ = pdxdydz (2.14)
KU EEXTNGRETFEIENEI SRS FE:
pc ﬁ —( —)+—(/'L—) —(/1 ) ) (2.15)

arxaxéyé‘ya
ERFH) p RIMEEE, c RHENLR, t RAEE, ¢ RTAR

M.

SRARAE S WA T RIOH = AT M AR A, B— R0 RA I T
REMREE, BELOEIRREER— MM, BoRARFHMETLR
ERRERBER RN SR AR AIE T AR AR U RS
Pk 57 GO0 T 2 R

FERPE AR, TR BB, SR AR AR S b
HTFWEAS, QE—AERN (o) MEAMIEA (0), BEEHAF0E
i MMM ESERTE:, =1, 7, =1, 1, =7, . REARESESIA
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H2E BIREMAM R

2B PRBTRE: RN e MANZK y o BIEKR IR R ERAE S
A u ve wRERRE X\ y z FRKME.

% Oz
$ J—’sz
P Ty
Ty
J > oy
z
Tyx
dZ X [
4 TKI
&Ay d
a
&
y /a Txy X
/i Oy
X vl

dy
2.5 PRTCHRRL I IR AT

Figure2.5 Stress-strain analysis of micro-element

KNS EESUB S BZEK RN T T ERRA:

ou ov Ou
x ¥ yxv:_+_
oox Y ox oy

ov ow Ou
E =— =—+—
Ty T Y &
g 2% o 08 0w (2.16)
S0z © 0z oOx
RN R RXFRAT LA ER, AYMETERRA:
o _E0-4) {‘w “ oy K 52}
(1+ p)(1-2u) l-u 7 1-u
. E(1- ) {gﬁ B b 52}
(14 p)(1-2p) l-u " 1-u

o, = E(l_ﬂ) I:é‘__+ g gt = EA} (2.17)
(1+ p)(1-24) l-pu 1-u

E=2(1+u)z,y,,



SiC hEBAFUH RGN HARHETERE

E=2(1+p)r,7, (2.18)

AP EABURE, 4 AR,

2.3 XXMRFG*

231 BRTAEEELRE

HEEMBIEFANTL A REES, 2EZHABETEE. SRISTE
URARITTHIEE#HTHASTA RS RARETTHEFERRETEEF
ARBRBFEOYEER, BFEREERAES, FERRRITARFEREN
EwEal, BFAFOSEETHHEERK, RERS, £RTREHANRITEN
B, RALTRENEEFERTRERRNGERORTT, BARAR. SRAEAKH
K. BOMEREGR A . T ERNYE BRI EE T2 E S RIELEN
BRI A, EERBESIBROBITBRR+2ERN. FRTHWE (Finite
Element Method, FEM) ETBRLEARE, KEENREBBERINMN A
HEERROA RN RITAR, AR BT HEREET T ANMLBAR TS
HBRT, AERKBRORIRBERRENLTMRELI T, FEAFROR&
HRPEF AR R uEE, RLBEIRATERBER. ARTTERE
BREERBTFIUHEEHFERFAUSHENAR AR, EEETENH
AW CERE, BRITHTHERBRREEE, 22 BA%E 7 iEH A5
MEEFR.

2.3.2 ANSYS Workbench {43

ANSYS HRRT{i RRARERIEARN T ZRIHEN#BREZ—, ER
BHEAGSRMENEBIRE ANSYS MFH—R= R RERTFE ANSYS
Workbench R4, PIEERMRAKNERFRERE, BEENAEDENEE, B
EHRE N R, FEERTBEGH. £, BB WESASHHTER, T
HTE—MES AT ERERE TS MBS RSHEIT

il ANSYS Workbench %#F it (T ARTHAENEES AL, WHE 2.6 A

Sl
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'
REA

|
P14

I
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=R ez

B 2. 6 ANSYS Workbench {fE B
Figure2.6 Simulation steps of ANSYS Workbench

(1) B ARG, RA4A S B HRRIIEEEER (Design Modeler,
DM), Ff BRI/ BB AF3E1T T4%%EH, W0 SolidWorks. UG+ Pro/E
%, RABEEEREPEFERE, RFRFHERKHHE, BTSN ANSYS
SR . ANSYS BEAl AT ZEMEM A A BT Z A E, 4
RO R AR I 2 LR i B, BSRABEEBIR, BREBRTATHEN
R DL =R EHON B, ERTREEAREAVTEEZAELEEN
R,

(2) B XBEMESH . ARNHRHMTREZEAROMEISH. W
RTERFBREMHNFHARY, MEMTETESE. BUEE. AR LEH
B 24 ANSYS HEBKMHEE, AEE LMK EMSE, CARE ST
FEEHEBERIN, AN XFEREMEZHE, BCRAFESEICHEITEA.
ANSYS 1T B &M T IE LM T 10 & Fpbh LR MR B 3 3T HF SR U0 S8 1) i 2%
ME.

(3) X4k, PRI R EEEL WG EREE, 05 EFHREH.
ANSYS HFEIER BN E MRS EET), ERAEHREANTEE, XKAHE3)
PI#% R4 ThEE FT e 2 5 B E S8 00 45 RN IR SN HE W B 3 R EE 1 38 40 K1l 43
% S 40 S B B ] (TR 3% . ANSY'S SRR T MRS PIAR £ 43 3 S %1 43
LIRS« TRAPIAEE PG R 500, RARYE JUATHERL ) SRR 1 BLREAT A% &)
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SiC ThERMHHH R LB TARMNETZHRE

4%, FERIR N AT i B B AL AT VAR 4y . PR RIS VIR IR AT LS 54
ROECAPIE BTG, HESHFELRLBIRER.

(4) FEMMBAT 5L RN FARYE 07 5 78 ) AR S R 0 b in 07 #0 1%
BARFM

(5) G . BB GHERIENT S SN MBEELZNRE. K.
NAERESEHHITHEHGESES M BN,

2.3.3 Ansoft Q3D Extractor ZF4+BR{HENE

FEREAT T AR R, B EAR R A R R kK D R B & 4
R, FFIRTE S R ol &R R AT R TR 5 & 4 B R AR A R Bt 4
HHEFEBRRXANGEREN T EREAARITGERMEI Ansoft Q3D
Extractor Xf THFMERITH LA HE 4 B R BT I B 1R

A Ansoft Q3D Extractor M4 34T F £ ARMTE M —BAZ R T

(1 BYATHFESERIJUABE.

(2) WEERKM R, TUAERE Y G, EXRA S &Mkl
TRE, W, BRI, NHRE RN BE S (Relative
Permittivity )+ AHXTHL S % (Relative Permeability) . 1A 8, 5 % (Bulk Conductivity)
/B3R FE (Dielectric Loss).

FEO7 EAR N RI BR A &7 A 4, 38 8 T DL HR R 2R A (T R SR E DR
MRL W HARTF R BB AEG MR . RE THRMEE LS, WTRMERBRAE
FHT RHITHEE, BEMTHERSELENBAHAEEE N TR (net),

(3) FEINBBHR. 2 AEBANT RIRB BB (source) FERHIEH
Hi¥g (sink).

(4) HERMBRE ., BEBCHTRRATESHNTEETERMAALR. A
PUK i ELIR BAZRBURD T B & A RS HNEF 4 IS H5 .

(5) HrMH, KFHE., U ERERHRUETUEIRERESRERS
HiR, WETEEHITEEL. KETE.

(6) HHRER. HHTHRELMETFESHNERSER.
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$3E FHSICHREEDRTRAS. SHFRTHA

£ 3 W HYsic HREWTRAR. SGHARTHR

3.1 518
ERETFHERATR, HHNTZEHREWRE, ATEHERAAR
SR, ERUNEERRBRATFHNRE-RAVAURER, TEAE5THENE
FVHRKBERN MR ERN > HER. BRITHERE T AR #HH.
REWFTA R, BHBRARRTENTRAFE.
FEETHEARATZHE R RKMS ANSYS Workbench #E1T4 X 43R
BAR I —FHE SiC DRFJAHBREMRET RS A EOR-EHHTR.

3.2 $iB SiC ThRBU-HTEE

BN RBEHE—RRASIRREER, SIRBENELESTRFER
PR R R AR . — R R A 5| 8 & B R M TR T 1EH 5| LR B E AR/
PAR SR ME SR FARIEFEE, WERETDBATTLLREE. EMmSHIEE TE
B B T RBFEE AR RFEBER A TR — B XRHBREAN
FRIEFE SiC YRERXIHERBHIENRBUTREMHEERFRK
R, BREELEEHHEER. —RILBEFERRANERTEBRR,
St F BRI SiC ThERELR, S| RBEH BT BB FEBBARETE
BEMEE. BN, BRKRFE. AETREESTREREC). BRFR
ERTFRDREE SIC KRN ENREARS . RFESHENHERAR—TE
EHRE.

FWICRH T —FF R SiC hEBEHER RN, KGOV ER TR TR

(DBC ##) £##%5| AT TCV (Through Ceramic Via) AR, HELEHREE

WA 3.1 fin. SZEHMHRRIRBRERE T ERN S| RiEEH REY, F8
RRW/NG| RIEHROBIFEBR, s, EERTE, PR T ERS
SREREH RGBT 5| RE B IR/ B A R O8R4 B IBET AR
kR, T i@ TCV Mk, R T8 5 ERE BIRALRN RN,
BT ERSARENFESBEHGEY, FHTFHELEHTRENRE.
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SiC WS H MR AR, ARBETEHER

}, DBCA K

Bl 31 TCV PR Bm 341
Figure3.1 Packaging structure of TCV ceramic interposer
BEAPE B EE M T 4T X SiC 34l BT AR AT B B R R Rk 3
B 3.2, B 3.3 73R T HTH TR R U AR SR s B v 4 S M i
Ut TCV PR H BT M E R 3 0. R, WAt
RT SiC . AR EREUR M TR SR R AR, HBEEREE 2T
RESRM B,

3.2 FHFRBEEH

Figure3.2 Topological structure of half-bridge circuit

{
\

3.3 OVl R BAR AR SR

Figure3.3 Packaging structure of TCV ceramic interposer half-bridge module
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F3E B SIC HREW R R SHAERTHA

3.3 TCV ZH9Fn5| %8 & Shta Zaf s R BUXT e

A TUEH TCV B %% 45 M 7E Uk /N A4 H e R 7 T AR ERe e e, [ B 5 R 14 2K
RAAERYE, 23 A B TR R F 5EIR RE BERBE A TR,
FH Ansoft Q3D Extractor {52 HL T AEAR 1L T, 4r A 51 ke & 4k Al
TCV Zit i RABEIR . (7 AR T ThEE A ik 5 800 AR st A
ERT A (net), 25K ThES RSN 5 BREEN “Source” Al
“Sink” , BEATHRN. PTEESLHTI LSS BT TCV G515 0 I 2 HK
HUBRIUISE R AN 3.4 A1 3.5 fon. WITEZRRE, RATI&RREH
TCEHRIZREERER 1.501nH, TIEMRELERRT, KA TCV HELH
B EBAE LN 0.97H, /N T 41 35.4%.

34 FRREETEHMBRBRNKLER

Figure3.4 Extraction and result of stray inductance in wire bonding unit structure

B 3.5 TCV SR8 BRI R 4R

Figure3.5 Extraction and result of stray inductance in TCV structure
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SiC i BT ME RSB, TAMBRETERE

3.4 . HHMBERTHE
34.1 RESHRHE

BN B TR R T BRAERE S B TR T, BT R RRAThESEK
SN IR Re SR HOT AR . ERERSI, 1P E— IR R RE IR EE AR
W, MHE&LFIEERE. RERMTHERFEHEA:

[K]{T}={0}

bR [k RBME IR, A5 AR MARRARE. REH RN
RY, (M) RATAKEENE, (o) MR ANARRREMAERAE.

F ANSYS BAFRIFRA-MERIEIT RS0 H, W 3.6 fin. i ER R
B SO R AL R /S TR G M I = SEAR T Solid70, % tH 8 M A, HRA
REBHE, FTLEREATAREES, E&RETREIBSH =48 %
F4HT. ANSYS B HISREREFIF T US4 AORESBORT I 32 57 4R
T SRR ATR M [ K )RR {0} %6 RE, SR EARYE B nT LI R ()
NIEIDEEE % i

v D

i@ | Steady-State Thermal

2 g Engineering Data v i
3 () Geometry v
4 @ Model v 4
5 a Setup iy
6 Solution vV 4
7 @ Results vV 4

Steady-State Thermal
& 3.6 ANSYS faA-# i FBR
Figure3.6 Steady-state thermal simulation module of ANSYS
Vi RME— PR A ENA R AR, 5o 8 L D) R BR sk
IR+ R, BT RS RAER, DA M BEAT R4k, B
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FIE BN SIC HREMTT RN, ZHATRTHR

BHSBARY, AFHER, AR ENKENERRE, TERRKEN
WHEBEE. AT AN G R EH HRTERRE, BT HXESER -
WEHRPITTEHNBEICER, FER2IRMIKS %, EREIES, AAEES
HaAns, BEREEM, BEmz mEE . BN UTR RS
Wk 3.1 PFike.

£31 BEMNLARSRRE

Table 3.1 The geometry size and material property of model

% L (mm) W (mm) H (mm) #FEW/m-°C)
BRALEES Fr(SiC) 3 3 0.4 420
ZRESH (S0 2 2 0.4 420
BLRSHRE

3 3 0.1 240
(Nanosilver)
ZRESHER
2 2 0.1 240
(Nanosilver)
FREER(AIN) 7 4 0.3 170
&&Z (Copper) 6 3 0.3 380

MR TR GRSERERED, B R RN FEEENRRETRA,
£ ANSYS fi B, hRFFEURERE He BEMBEEH L, BEHE
RN

Hg=P/V

ER, PAEMESMG ERTIRIEE, VIRIEER.

S8, ¥ SiCHXREHRERERRA 3.0099W/m?, RBLER-BEENR
PR, EARFENRE D, FBIRA LR TS HBAFER, Mg
BOTE R, WU ETFERMEM 5000w/m?- CHIAITH, B EHIERIFE
£ EFFRUTRIERAE, A MR T E Sw/m?- °CHI T I USRI S K H11E L.

XM B R =R R AN RS BRGEITE R ], BRINEE
o 3.7 fin. NERTTLUEH, BRERSTIELES, HFFREN
PR ASEEHARERERES A, EROBREEHREFESH L
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SiC TR B E MR TARBRTERE

R PR S S O AL B, HAPPRHE I Bl Y B S B R iR )
B, RS AEEEERTEE. X ToIRBEHEEMRE, BT 514
A MR AT DL 2N, FibHEEEHITRE R TRRT AR Bk
FERIE 154.51°C; WEH LW TCV HELHHITHT L TRATHHRE
ik, TR IR L P DK R ARG, XU 38 3 Y B e L BE A 88.695°C, TCV 4t
HTEENAERE L3AT T HEEL, FNSRERTELBHAIE, BHAXK
REMR, FTAOTEBER R TRSERERD, HRBRMRIAEE, BRkR
J59 88.69°C, TS BR LA FOBFL AT SR M I b 2R 2 R BE AR I B BR

SlE R RE R

TevETEE

A 3.7 =R RARR

Figure3.7 Steady-state heat dissipation of three packaging structures
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F3E H SIC HEEWRI AN, SHARTHE

342 TREIMERIA TCV R LM AR R AN HHS R

AN EEERTHE TCV 3554 v 5 S [F] 12 et 5 4 B S BB 77 £
. EACAE ANSYS B IIRR A RAEER, 43R B RN &R R R SAC305
Nanosilver K] F#RH, WK 3.2 fim, NENMEHBERBITERITHE, #
AAERIME 38 fin. HTENERRAK, HERRASMIEERE, EH
Nanosilver FIB KA 88.69°C, HUER SAC305 fFEHAB AR 89.725°CH#
KT 4 1°C, EINBRBIRRE, #H SAC305 BB AKEE R HIAEFLE
&, TifEA Nanosilver KB KR HIE THRE . EEUEM DBC #Hi L,
AJ ) {5 ] Nanosilver X 884N 25 #4) (B HCR EBCR EL B B B .

& 3.2 BEAESH

Table 3.2 Solder material property

o FHREH/ (W/m-°C)
SAC305 57
Nanosilver 240

| SAC303 Nanosilver
=

B 3.8 A RRURH G5 iRy R A3 A
Figure3.8 Heat dissipation distribution of structures with different solders
FEEHTHRSA T ANEM L, SRS AERBARSEWIERF, #17
RSB E IR, Wl 3.9 Fin, UEEHEESHHER ERFHFARRE
R BT AE KRR R RIS A R 0. eSSBS AN, BT RER
BEMBE SRR, ERBESME S SO ITE R RS Hnl KIEE .
HRALE. AMERKRM (CTE) %, Wik 3.3 fin. EERA T B4R, JEREH
BSHR BRI T Anand FEEEPEAMEA . Anand B ZH T FHERT
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SiC THRBARMMBREHI. IREHETERE

FHREL AW T P B S AR B R R IEAT R SRR E RN
FAFME, B ATWEMB/HRIRME, CXEFARNERFH: B
RZEREAZ—E—HBRIEANERER, URR BRI T EREMEES.
Anand BT LU AL T REI AR =ANRU R

(]
g

B=1-<
s

o] 22 |exp[ 2 )
§ =S [A]CXP(kTJ

FELFIARS, ¢ RABEUNEE, ARWHEEET, EMRER, o

RESCRA), s RARME, RABIER, BRBRESEY, Hh BT,

SRR BHEAMRBENATBERMAS Anand FHRBAXGANELR,
REOTRYERE. EETHRFABNENSHEDR 34 FrRb2,

R33 LGHHIRSH
Table 3.3 Solder material property
B KRR(GPa) =l /N4 CTE (ppm/K)
Copper 110 0.34 17
AIN 350 0.22 43
SiC 420 0.14 4
SAC305 40 0.3 23

Nanosilver 49 0.37 19.6

28



FIE  HH SIC HELWBOT AR SHARTIRE

£ 3.4 BEMESH
Table 3.4 Solder material property
& %5 LI SAC305 ¥  Nanosilver %k
B S AR So MPa 45.9 2.768
WS R QR °C 7460 47442
TRET REE T A s 5.87¢e6 9.81
MELEH g 2 11
8L 77 B 2 2 2 Uk e 4 m 0.0942 0.6572
LARREAL F A ho MPa 58.3 15800
B PUEME R L S MPa 9.35 67.389
BREFEMERNERFRER o 0.015 0.00326
J92 AR T4 f 4 a 1.5 1

BRZEFS RS B R 3.10. B 3.11 Fim. WERER
BRI A IETRE , 5 Bl R B B 2 R BB 7 43 A SR R AE IR
BLEH R E A E, SAC305 ERHERS i KM (19.647Mpa) i K THRBIEE
IR 1B KB (5.265Mpa),  [R] B B R AL FR) 43 A7 ¥ia B 3452 K T8 F 9K 4R AR
BRE. B, STERTER RN R KES R, SEBERERZE, B
BRI T, &4 LIRR A BB DA B . BAE A 9RREF i
RN AERNT U E, RE 36.232Mpa.

v D
I8 I Steady-State Thermal

,——m2 & EngneeringData v

12 & Engineering Data v
13 @} Geometry v
4 @@ Mode v
5 @ Setwp =
6 @ Solution v
7 @ Resuts v

Steady-State Thermal

4 a

3 () Geometry

s——84% @ Model

e

4

5 a Setup
6 Solution
7 @ Results
Static Structural

& 3.9 ANSYS #-ZEHEE

Figure3.9 ANSYS Thermal-Structural Module Coupling

v E
W 77  Static Structural

v
v
v
v
v
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SiC iR BB A MBI, IARBRTERE

SAC305
c: stat

nnnnnnnnnnnnn

3.10 fERIRRIRRH R B SRR RLITXT EL

Figure3.10 Equivalent stress comparison of solder layer with different solders

SAC303 Nanosilver

A 3.11 fERARIEEIN G B3R N S0 H
Figure3.11 Equivalent stress comparison of chips with different solders
M CA b of 8 o 2 5L BT A8 B BT L DA B R R B RS S5 RN T Bl o4y
T AR 248 F AR AR AR B MBUR AN B B RGE 2 308 77 1/ BB R B B
.

3.4.3 BHUIEFR T R (Underfil)g T3 L& AR H e E0m

FEA/NTH, RAKGENESZ AR, BERITHRAMIE, BiliTi-4
MR . AL T HLRAN THMA R oREET R, UERFN
BN FSXT TCV 555 450 FEeh & AR JT IR . Underfill #6H S 405 B o
R 3.5 i

# 3.5 Underfill #R2%
Table 3.5 Underfill material property
BIRIERE (GPa)  AMEE  CTE (ppm/K) FHREH(W/mK)
Underfill 6 0.35 35 0.3
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F3E B SIiC HEEHRI AR SHAERTIE

PIERIBALE R, EEERUES R RS /85 8 4 Al 3.12, B 3.13 Fior.
MBRRAERRE, BTFHEAN TN FARBIER TR, HARSSHERZH
#E, FHERZ FNEWBAERTRERSHN. NEEZEHRMN IIRE, H
RGBS SIfE (4.9054MPa) /NFRIBFRII B KM J1E (5.265MPa), Mt
FIIRRIIRE, ERZEHRAMNME (21.994MPa) /N FRIATE AR S
& (36.232MPa), HE KM AERE S NAGA BT BB, T, B
HAN A7 R BIZ ARSI HER .

n . ' Alndertill & Sieady State Thermal fiUnderfill
Temperaty ure ke
;vyl:f.’ emperature

87.549 Max
86203
84857

| 8151

g s
80318
79472
78126

678
75423 Min

3.12 TCV HELM K #46(E I Underfill)

Figure3.12 Thermal distribution of TCV packaging structure with or without Underfill

KUnderfill fiUnderfill
TyperEa Stres

B 3.13 TCV B EHIREL R RIFBL 446 (B T Underfill)

Figure3.13 Thermal stress of TCV packaging structural solder with or without

Underfill
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SiC DhE B MR TAMBETERE

Rlnderfill I Hunderfill

C: static Structural
chip

21.994 Max
19.669
17.343
15.018
12.692
10.367
8.0409
57153
3.3897
1.0642 Min

B 3.14 TCV BELEHE KM F1404i(FH T Underfill)

Figure3.14 Thermal stress of TCV packaging structural chip with or without Underfill

3.4.4 Underfill NEI#Y CTE XHERE R IS
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Figure3.15 Equivalent stress distribution of solder at different CTE values of Underfill
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Figure3.17 Distribution of equivalent stress of solder layer with temperature
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Figure3.18 Curve of equivalent stress of solder layer with temperature
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Figure3.22 Equivalent Plastic Strain distribution of temperature cyclic solder layer
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Figure3.23 Chart of cumulative plastic strain of solder layer with time in temperature
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Figure3.24 Equivalent Plastic Strain distribution of temperature cyclic solder layer
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Figure3.25 Chart of cumulative plastic strain of solder layer with time in temperature
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Figure3.26 Curve of power cyclic load
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Figure3.27 Equivalent Plastic Strain distribution of power cyclic solder layer (Without

Underfill)
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Figure3.29 Equivalent Plastic Strain distribution of power cyclic solder layer (With
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Figure3.25 Chart of cumulative plastic strain of solder layer with time in power cycle
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ENEPIG REAB T ZFETWLUSA=ZNPR: LFER. LFEENL
ZREM. Hep, AFERORNAERDT:

H,PO,” + H,0 » HPO,* + H* +2H
Ni* +2H — Nid +2H*

2H,PO,” + H — HPO,” +H,0+P+H, T

EEFr bR UKBEREAE T R B BALEAE IR R ML, 2 ib2 4R,
EREIURT —BANRERR-BRE.

WAL RRMYLIE R AT B U ENE R R, ER-BE EERITR
—EEAMERR-LE, TTUAMPIEREHHI, REFERMT:

H,PO,” +H,0 - HPO,” + H" +2H
Pd* +2H — Pd +2H*
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2H,PO, +H — HPO,” +H,0+P+H, T

WERENRNE T BRI, RNAERMNT:

2Au” + Ni —24u+ Ni** 8 2Au™ + Pd — 2 Au+ Pd*

AT AT, ESEREHE T —A ENEPIG LZFE, WA 5.1 fir.
LUK T REKF AT M ENEPIG T2, % ENEPIG LZEERA AR, M,
TE. & JBIR. R, (40, ¥ RE%S ) N EADR. SR
KAMNZEL LR LREN T ZSHREWE 5.1 Fin.

B 5.1 ENEPIG TZ V&

Figure5.1 ENEPIG process platform

54



s

%55 WEEHESEFRTLELEINTUERTE

% 5.1 ENEPIG £X$H

Table5.1 Active steps of ENEPIG

LB TZEEK b ZK 7 BE O A (s)
1 Rk it Xenolyte Conditioner ACA 25 30
2 Tk Xenolyte Al Etch MA 50 90
3 TR Xenolyte Zincate CFA 25 60
4 T HNO; 25 30
5 R Xenolyte Zincate CFA 25 180
6 WG Xenolyte Ni C 85 720
7 AR Xenolyte Pd LL 55 480
8 WER & Xenolyte Au CF 50 720

fEFRE RS A (dummy wafer) BEAT 7 ACSAERAORINALEE, P A AOFE A it
FE5EESHEERRNESBLERE, 23 EAENERERROES
&, IR A AT fE 0 i 5.2 Fizs . &2 & ENEPIG iR S oy B 2 AR 1
HH MR ECE R R WA R AR . S8R RSB E T R TH AR )
REMFERATSES. ARG TEME (SEM) X &R REHHAT 17U
2447, SEM BWE 5.3 s, SRER, €REE. WABENZLRAR
REEFIEH, TR RIMRLL

& 5.2 ENEPIG TE R G FEESixt b

Figure5.2 Comparison of chip appearance before and after ENEPIG process
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Figure5.3 SEM images of gold surface microscopic

HTIGEERE, 2 BIFH SnAg3Cu0.5, Au80Sn20 FIGKRIEE =Fhif
B 2131k S AE AR AR RS R T B H (DBC) #11R . X1 SnAg3Cu0.5
1 Au80Sn20 #84# T 2., {# i FINETECH 40 26 & & AT 4k f 8 4% . 4 A 7E 265°C
AN 325°CTFRHE 20 404, BEFEABRIKKEEIYA 60°C/ min, TS EKNE
THFHFAE 05N W FAKREERE T2, BRIMEARFEGIMAGET Pt
IFRERES:, L 300°C/ h RIERINHAE 280°CHRFF 30 /40, REEZ[FH
SR

RSB RMEROE 5.4 FiR. NERF R Au80Sn20 17 IR
BEMOR BT, (BEESEFRAE 1L, SnAgdCu0.5 SR Z FERBRME,
BEERBARZIL K RETRAEL A RENEEE, 2ELIELSR,
BE T

54 BEEKEEEHE
Figure5.4 C-SAM images of solder layers

ZJEE SR T ARAR I B s Bk, B BTk A .
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ZRWE S5 iR, RBIRGEESEEE, 5 ENEPIG & F 3R H A3 EFER
L Cu BRRIFHES

Bl 5.5 GUREIETE ps R ATE B

Figures.5 Cross-section picture of Nanosilver paste sintering layer

BIY)s& M A = XYZ TEC #ili&#) Condor 150 £ ThfgHeh Ml { R
MARFEAR AR R M4 G0 . B )58 5 % TR _E SR BT V) ) R DR SR T AR
(2mmx2mm) . 2R, SnAg3Cu0.5 18 5 1 F £ BI )58 A F| 14.324MPa,
Au80Sn20 #5% ZE T BIVIGRAEIAE] 20.226MPa, Y KARIE B Heds B 1 F148]
PIaaBEIkE] 32.117MPa. 4% b, BAYPUKBREE KPSk Bon R ITH R
=

PLERFARTAEERERY, JKREEHELZE Cu 54K (DBC)
ENEPIG KH b f Z B B A R ERMERE. 2T/ RDFEFEmEAE
R T IN TR RS T 2R FERME T RIFNS%.
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Erxt B ETIR B ESERI F M, AN FURR KA RMBIEALZ. %
B TAER, RFESTARERL, BT MnMRES SBUR TS TR
B, FHREMFPIEMESSKEARRBEMR T2, B TEMRSTNERE
KAMSHE AR R CTE, CTE MZE RS iR ETEIN R 5] 2 82 1) #
N77, FFAIREFEUE RSN, KSBERNEEZERZER MG,
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FERH AR (8] T AR RECN LR A AR AT, R UL 77 RS A (X
A 2 TR 55 4 (0 DX 3500, (R B JER AR EE X SR AT SE MR R KIS, AR A
RLERHEFEARTIFEEN D,

JREBIRTE T2 A LA AR I B E BUR AR R . TR B AR H A AEA
RIRHIATE . HANKBRRLZ EZERIEAEFRRE FHESMPR, HRE
RANBERN FABHEERT BRRANG R MERZ BAEE, X TZ2%0
B 5.6 firn, BTZRIRVEELFG, BFCHFMERER ERERBIER, H
B B HEAT I IS BEATIRYE, SR EE HUR T/ Bl 6 FLIE A FFEEBAE(E
FA BN A AR Z AR . 5, @ik E A FLE TR R

& 5.6 EAEMIERBERTZRER
Figure5.6 Flow chart of capillary underfill process

EHERINARTIER BT EMERNEEENE EAR S, B HEEAN 5
FEAETREA, XREREWAHENIEE, BHit, SR %RKTEA
FREAR AR,

HAl, BAEMERNLRTEAAR FEZNWRBETEOR, EEHIE
HrZHkdk. Flan, FEES R R MMEEER &ERD, HE R
TE K ARG, FFRS R FER i R BR AR Aok e . B, £
EHEH BRI T, BHIERN TR 2 HRHEANRE AR, SBERTHR
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AT RREEEHBHE RS M RARANMAKRAE, OER/ TEMTZEE
o, MERRBER LZEmE 5.7 fios, AHSE TS FUE R AR AR
AN BTEMEMINR A TEANEE S . HARY, SESKRRIZME,
ERMEBER T ZEERN B EH TIRARE. B 5.8 Eox 7 KT HE AR
BRIZVNAER ZLZEA T BT EM 23R E DU R R R a0
AT, AZMNAEBTFATESRAOERERER, UimaiEtt. KT
EAMATHEBIZ A, AHIATA A S K E S o] BT 5 B R AR R (s -
WA 5.9 FR A BIAER EE 78 T 20, S AR 00— v DARE 44 52 A TRt
M, EmAmETIESR, EARALH AT LA A BR FR B (e HLETE A B A

B 57 MEREHFEA T ZrEE

Figure5.7 Schematic of pressurized underfill process
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Figure5.8 Schematic of vacuum-assisted underfill process
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Figure5.9 Schematic of raised-die underfill process
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Figure5.10 Preliminary underfill sample a) Filled object b)SAM test
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6.1 EXRE

EER, SICHERHHTAERNEEE. BiR. M. SREMRRERE
SR T ERENRAHDE THERRE. ESHERPER B FN FEEH
RERERBHME, RZ 5 SiC ThRFJAMLENFH I REAR RHEMB RS
T SiC R A R — A £ EREES.

3t SiC THEBHRE. BE. BANSEREK, ZXFETRTUTHA
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T4i:

(D REH TCV MEHRBERMFBENRE R ANFERRSH; £ TCV
AL I GUORRIE B 1R IR R BRI AR 77 I 8 B SR Ui R B N R AR 5
BHERANA Underfill FIBETAE BT EBIEE BRI HEF FREFEE
HRIBINF AR ERIA T4 BEZAN Underfill HIEN R ZE KIS 0R%
P~ =1:0) VR

(2) REMNEARNE RIS EEWRRRB/AMER BB RIRH R R T
TRMZABRR, R AEYRR REFHF RIS FEMRMERE, TAKRR
Hig et e s,

(3) TRHETNFERELSREMLESS, 7 SnAg3Cu0.5. Au80Sn20 FHy
ARBRERETZY, PAREFEEELEREBENEERE.

(4) et REH LN, RATAERER T ZHITENERNRER
B, RS EEERMRAOME. RENGEESH T AT RENTW.

6.2 iREE
A RN SiC RBHFHBNELEMR T ULFAETRTHGES
FEHAIT RS IR, RO ESTHERKESEMESE X, W FREK
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