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FLE Fm
1.1 WD 5=

HAEART NA AD T VA X OEERIMNIT, ZRETY =T a - 2O LEIRIC & 5
[E1BE D S8 FEAGIZ Lo TR S 4L, REUESERLRIE (LSI: Large-scale integration) DVEREM [ &
DK FIckx < BB LTx72 9, Figure LUITF v 7H7= 0 D kT v ¥R X O OLEER 7~
L7777 ThbH, HEEEROEREIL, 184 A T2EDO—ATHIMNT 5 | & B X415 " Moore’s
Law PIZES TR T o2 Z OBBEML, ME, Trv R, i, &inLOMEREOR
BRICE > TEDOBEANFEFA SN TE 2, F v 7 ORMMNEIZ X 2 &mERETIE, 20134 Intel 2
MPU(Micro processing unit) Cixe/NEIEEIE A 14 nmod> T~ 7B EFEIZA Y, Taiwan Semiconductor
Manufacturing2310 nmitt &5 ORI L Z G L T D, L LR D, F-ORH L3 W EERI R
RIS ESoHHZ LITMAT, BNEBESLT + b~ A7 ZMhd ET5 23 2 MEM S bIHME
DIRANHD & EZZ BTN, bk X —H A, BN LORREZ SR LARR S b H
72 DA 1B &3 % "More Moore” & #iat 95— 75, FEEENIC Lo TaE b & Bk T
% More than Moore”|Z & - C e/ v 2 7 A% & His LT\ 55,

Transistors

per die
1010 -

109 -
108 -
107 -
106 -
105 -
104
103
102 -
101

100 L] L} Ll T 1
1960 1970 1980 1990 2000 2010
Year

Fig. 1.1 Plot of CPU (Central processing unit) transistor counts against dates of introduction®?.
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VUTNT y TEENS VT Ty THEEA LT 2RITEENDS SRR~ L, T
DOHEE L R r =D TINRELSEDAH L LTW5D, Figure 1.2133 7T v 7 2 kot £k
DM T, AR EI2TF » T2 LY A YIZ X > TEBERICER SN D, VA YRy
T4 T DEERR T ORI EIZ19904E 1T IR 100pum E > F, 20004512 1X100pum B FLLF D F
BRI B, BUAETII3S pmE Y FOHFHE AR SN, Lal, ka2 ko7
T T TRy =T ORI, UL VAR Ry =0T R E RBONIRIAE N
TELT, 5%y FE v FOMMLIZ20224ETH30 umE EX 6N TNE®, Zhig, UA
YRUT 4 VT ORI LD EBENIIBRATHDL Z L E2ERL WD, Figl3ld~LrFF v
2 WIFHEOWIE X C, AHEN EICEEOT v 7% 7 ) v 7T THIANIC & o TWFN AR
WIZHRE S D, —FDF v 7I1ZAND, OREIERLE N ZMAG LY T U v 7 7 m y T,
v NVF T LT FREIE, Ny 7y —RIESRNGREEE AT O BIEAER I W rY Yy 7 Ty
7'(Logic), & 9 —HDTF v FIFFESE T3 #5458 S 1172-DRAM (Dynamic Random Access Memory)
FyTPREESND, ZHDOF v FRIEEE TRt 2 Z LN ZERIN D, HIZDRAM
F o FIIEAE R L EREE B ML EERT 572018, %ikd 52U 2> EilER(Though Silicon
Via: TSV)IZ L » TEE TR g &b,

; Wire
Chip  bie bonding film /

Solder ball Organic substrate

Fig. 1.2 Schematic cross-section of single-chip 2D package.

Bump Chip
Underfill

Solder ball Organic substrate

Fig. 1.3 Schematic cross-section of multi-chip 2D package.



1.2 WHIF v 7R O mdfn s 5k O & BF9E H 1Y
121 AT F v FEEOBUR

~NVTFF oy TRETIE, Fv R E OB DML, EIIXERRR TEFME
HURIET D MENRH D, Figure LAZICT v 7" & AHEFER O BLAR OWrim =X %, Figure 1.5/Z1C
F v T O r—H VER & IR OFCRRIE OHER &R, B KT LR TGS D T TRD
o — A VEARCE M, Za— VLB T EumTH Y, B R TR TR S D AR
DEMIBE X v v TRHDEZ D, RNy r—U2EOMiEE K& K TS5 HENEE I
ST 5o TR LR & OFRRIED X v v 7 &8 5 2 & & HIIZ, Figure 161273 &
2T, vV arvArZ—R—W&ENLTF v Ih L% EmEE T 5 J715(2.5D package) 3£
MEINTWD, v avA rF—R—PFTERT 7t 2450 L CTHumbL T ORHE R E %
kT 5 Z EMTE, ERAA~OBBMBOF| X H LIZIETSVRAW BN D, REFEHLRTSVOIERT;
B LT, WEEM OMEMEDBLEN B BT 2 FAVFRBREE < Ritsh T s, BRI
kZ VA& & EH4 5 FEOL(Front End of Line) & [F1#%EZ 4R % {E L4~ % BEOL(Back End of Line)
LD, BAWEERMEOA T2y TF 7 (RyvaZmtR) LIV —F—INLE
DIKL T Y a7 &L, iAoy ) 2 BEREEZCVDIZ k- TIERL, ANy X
VoI ko TRO Y — RBER Lo XME FIHT D, Z0%, {BONTT A AT = %
B EM 2N LTH v U T 7 = \C##H L CCMP(Chemical Mechanical Polish) & (N » 5> 7 %
EiT 27, 0L T uE ATERINDTSVR Y = E3 X MR TAE 2HERH 5.
B, VU a R EMECh D, Gkl v ) ay, KO T RIS EER LT
WRWRFTHLHFEFRFNRRAEL, BERFE~DBRENRH D, £ 2T, FEFRFORENIZ
LA ERVHERRIE T D H T AL v 2 — K= ST 522 | L, 50~100 umlc
MLENT=H T AFFFEFICEHNCT KBV FWBRHRETH L Z LINx T, #7 AHEEEM
(Through Glass Via: TGV))JERIRFIZ 7 T v 7 ISR AET H Z LN E > T D, ZOXHIRE
WEMA BT A2TSVRRTGVEINE 7 rE A2 X M CHRIENAE LT TE Y, FrCitFICEE S
NicF v FREL a8 T 54 2 =R —FO LI IC KIS LELRHBICEHAT 22 ENEL
V., Figure 1.70 X 9 72 BR85S A B2 BCHBL AR 23 A B AR CFE 8 S Ao o & — R —
(2.1D package) N EH TE L, TSVRTGVOIERSC, HAEZRFORELE LR,
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Fig. 1.4 Schematic wiring layer of IC chip and organic sustrate.
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Fig. 1.5 Line and space transitions of IC chip and printed wiring board wiring layer.

Underfill

Bump Chip Silicon interposer

Underfill

Solder ball Organic substrate

Fig. 1.6 Schematic cross-section of 2.5D package.



Bump Underfill Chip High density wiring layer

Nod X

Organic interposer

Solder ball Organic substrate

Fig. 1.7 Schematic cross-section of 2.1D package.

1.2.2 A & —R—VFEHIEENIZ I T 2 HHIBCHR BT O RS

A v H — R — YRR EAR AR 2 A B AR HE R S oIS T d D AR DR HR
JE1X, Figure 1.8(@)\Z/R"T 87T 47 4 7 7 1k A (Semi-Additive Process: SAP) 23 E:H S C &
2o SAPL X, BNV KT v 7'M EICIEEMD > X Z L > THEEKR LIZ%IZ, 74 FLTY R M
BHaZ =TT 5, B LTIZ8iZ > — @ e L CEMO XL, 74 LI X MEE LD
RERFAD L — R@ERET 5 2 & TRBBIER SN D, TDH%, B RT v 7 TR & 0
AL FIETH D, LL, BMEEOALERIZAE LD ENL RT v IHMOMMMMBRK T, BV T
v 7 FICH 2R B AR 2 TR C & e N2 L2z, S0 > — N@xFrET 2 TR CEEMZ iR
HZENELNZD, BAFRIGETHE LI AR OLine width & Spacing (L/S) 1X7/7 pmA3 R
TH5H¥, TSVZE AV ZfiJEDRAM & Logic# s #5712 012i3 0 70 < & $2/2 umDLISH
MECH Y, FIZITRS(International Technology Roadmap for Semiconductors) ™ ] T20194 12 1%
LSID 7 v — UEIHR L R U L~ D] pmD LIS LI L S TWABD) 20 19 253D F,
Figure 1.8(b)IC T K 912, HMEEM BN 2K L CRUBRZ T2 Lo F 7 at A3 EH
ENTWD, MLy F7at R THEEICR R L2 MBI 82 FE L, BRI k- CFEH kL
THRRETERT D FIETH D, b F 7t XA0R R, HOALERTHLIIEDENL KT v
TR O — REBRERF OFRRHIEE &S W o 72FRE A R 5 Z S ITNA T, LY A MBS K&
VBrE, F72v— REOBRERNLE R T ot AR TE 28088 F b d, ML —F
—IZE o TSN, EHT S L —F— b LD ERITIE U T, 50~100 um®ELHRIE LA AT
BEZ2CO, L —H—(9.4 umb L < 1£10.6 pm), 30~50 umDELHRIE LA AT RE 22 UV-YAG L — " —(355
nm), E1210~30 umDEARERR A Al E/ R T F o~ — L —H— (248 nm) SRt STV D, LavL
725, UV-YAG L —H —X FHIOSRFLAR~F A — V% 5.2 2 i CRHORIE E L <, Fi-,
TX =L —F—H RV B L ThH D72 OEEEOEIIINZ T, ma A N ThdH Z L MHE
Th D, AHDOBMBOEFREEIC S T, BFES KIEIZHEMT 5720, —fFTMLT 52 &7
LWL —YF = A b & AEMICEICKRE REA A2 Z LN THEEINND, ELVRT
Iz —L—P—ZEHA LT LT 2L, 5/5 imOLUSOEMREER TE S 2



ERFEENTVABEND, L= —C X BRSBTS O N7 ot A Th 5720, L—F—
G R DIRAF B R ET HT2ODT AI T TEPMETH S, FIZ, BARAEEDR S M
MK E W, BB ENEARRR TR RDIBHEDFIC L > TEEMFOBK L REL 2D 2
EDBRIND U LS, L= —% W TR I E ORLHRIE & TR Z2 1G5 Z L L <,
Bice 7 v 2 R OEIUTHE D MBI OBRFE RS MIH & 72> TV D,

Build-up material Cu etching Build-up material Build-up material

Electroless Cu plating Issue: Cu wiring Laser via
delamination

Build-up material

Photoresist i

Electroplatlng Electroplating
Photoresist

Issue: Rough pattern attern

(a) Semi-additive process (SAP) (b) Trench process

Electroless Cu plating

Fig. 1.8 Semi-additive process (a) and trench process (b).

1.2.3 A > & —AR—FRAGHAR OB ECHR BT D B FE+5#

ARFZE T, Bttt 2 W=7+ N Y 797 4 —7 v A2 X > T—H5T5/5 umLL
TOUSERT HMMBEMRE TR L, BWAEESEN - EREENEEZ AT 2 EE & Kk
D2 EEBBME L, a8 2 72120, MO B O G EE & fixfErElc & B L,
HIE &5 22O OMEHRIE 242 2 E BANBETH D, RIS, A ENE 7= BmEL R
[ZHRWTHE, AHEMEI~OE DI X oo ENIRESND, 22T, 3FETICML
CFHRANEH SN TWAICT v 7ORMIERK 7 0 & X ZFigurel. 9iZ w43, £ Uar v
2~_E 1z metal-oxide-semiconductor field-effect transistor(MOS-FET) Z {E#l4 %, # D _BIT/bZ% AL
J9% (Chemical Vapor Deposition: CVD) 12 & - CEUBREI A EMR 2 %, LU MNERE RTA
Ty F U TIZ R TERERL, ANy Z ) o TICE o TRU T AZNVERRT D, £D EIZE
it s > X\ Ko THZ MDA, WEI7Z28H%2 CMPIZ L - ThRE L ChRBREEKT 5, #EH LK



I EIZCVDIZ K » CTHEE SN ABMREFBERIC L > Ty AV L—va VEPISZ ENTE S,
L L s, K7 A fAA 2 —FR—FIC#HH L LS L35 L, CVDIZLASINERD
7'a e AREITIEF 400 CULETH D70 20, HIZ, ERCHESINGE OCTED I A~v >
FICkB 7Ty BB AESNDZLITMR, LYAMNERK, =y F o7, LU NEHBEE VWS 72
JEHE e TRROME LD, 65T, AA v ¥ —AR—WICHEHTX 5, AENELEEECENT:
FCAE DTERM e 7 BB A BT 5 Z L 3@ Bk & h D, —F T, AHEMEZ A7
Bl C O MRS FENEIC BT 2 M BHEIEIZ B 72 o TV 720,

A VB —R—PERIZ L o C, MFEHEENRDEETH Y, EREEMEICE, B E D%
W A FRENIER T EEEZXOND, £z, WREMES 22 M THEMET T2 2 &M
THEIND, RFFETIE, BHEMEIOWRIBIR, 4 JRE L EREEEORRE HRICT L &
HIZ, MTHEOBEITENT, RIBR & SN TrEOBR 2 AR T 5, BAIECRR RV D
BIEA R OB ERE A I DS T 5 & & b1, B - 7 2 2 2AOFHI—RE AT 5, £z,
BB ORERR N T D MBS HEME OIS & LTI b= 2L X — 25 L, gt o Ha T
WOHIe BT, Trt AMEMEZHET 2HEEP LT 22 L E2XR LT 5, BIZ, A7
B O T OB J\ T, L & MRS R 2 T SL T D T2 O DML A MRGET D 2 & A kTR
L5,

Dielectric Barrier metal Cu seed

Cu wiring
(a) Trench formation (b) Barrier metal (c) Cu seed
by sputtering by sputtering
Dielectric
Plated Cu

(d) Cu plating (e) CMP (f) Dielectric formation
by CVD

Fig. 1.9 Wiring assembly process of IC chip .



1.3 FEET v TR O EER A BT OBYE & TR B §Y
131 HE@EEmE AW ZBEREREIC L D mEmEl s N T

FIEFANIC L > TEBEL T 5 F1EIZDRAM(Dynamic Random Access Memory) D> ) = -
> 7 & Figurel. 102" T U A VAR T 4 & T EANIC K o THRAERT D B L - TBRCE & L
TWA, A YRST 4 THIROBEIL, VA YR T 4 0 78y RIZk o TUMUEREEL <,
BRUAYBRHBHIRWI SICRDEFEBEE HWVHREE N THDH, €2 T, /MU L Edb s
LT 2 72 O IZFigurel. 1LZ R 2 U 2 U CEBEMZ K L CTEEO T~ 72 EERT 5
TSV(Through Silicon Via) £ 7f7(3D package)7b>F‘aﬁ B ENT-, TSVIC X 2 DRAMD FEE AL AiE CT5d

WLz avf o —R—F L IR, REMELEL LRNI ENEaA FEMR5 2L
MWTE, KA — D) EAETHESED 5T 57,

BEOF v TI3EBAN T X o THAESERR SN D, N 7Hfie LTEL, ZhETF v 7E
FER I FEH L 7= /L & 7R — L CHEfsi 9~ % C4(Controlled Collapse Chip Connection)£%#5t 14 43— % 1Y
Thd, N T ORBRRYE v TS T, YVEDIFARHLICL DA TROY 3 — ROk
JENBHIE L 720, AN S E5~10 yumE DTG VL X THEET 5 FRBBE ST ) -
CTHINEITHRE y T T D & YN FEET D 2 ERREEC R D 2 LT A T, ERERED
BUED D BNV TRL, b LTSV ES Sy REBBEES T 5 507 ST 5%,

Chip Die attach film

Solder ball Organic substrate

Fig. 1.10 Schematic multi-die stack by wire bonding.



Throughsiliconvia(TSV)

Underfill

Solder ball Organic substrate

Fig. 1.11 Schematic cross-section of 3D package.

132 7 U X —7 4 Wi EFEE R OBUR &S

TUE=T 4N EE, IC Fy T THDLYY 3 IR O & OB IRIRE I sk
T DIGHBN TG EFT LWL, F oy T F v T EOMELITT v 7 L AHEIEHK
EDORNCTHE T D120 DBETH D, TNETT o F—7 4 b & LTIE, S TR LTI,
WROF X BT V=T v =T 4 MM e BMERRICL > THEATLIXF Y ET Y =T ¥ —7
A NVHFAPREH SN TE T, LL, N7 o/, ey FctlEo TeE/ v 7 o228
DL 2D, WM ZEAT L2OICERMAZEL, BiZlowk MIZHX A=V % 52 57 X O#HR
T, RHEMRREIZ/20 025D, DX RREERRT D720, T2 Z—7 4 V3 T O BA
ENTF v T HMBEFIC X - THEET 2 A7 v 2 — 7 4 LR g Eh T3,
Xy TV =T X =T g VHEROEGEIL, T T4 AL bOTOOEEHZICY 7r—TRIZE -
T TNV TR SYE, TORIIT U H—T7 A VEFEAT D, BNl AEEE AT 5, —
FC, AT o —T7 4 VEROGEX, T X —T7 4 VEHRL, YVXERMSE 57
D2 OF v 7 a @R TMEERS L TRt ST 5, O, EEEICHRENS DDA T,
FREBFREEZRE D KT 720 IC F v T ~DOEK A —UnNEaEh5b, BiZ, X7 oke v Tk
(ST, B LT YV E WA TN TR 2 #HET 2 5A0, MBVEERICT
UE—T A ABPRTE, SRUTRINCT U F— T 4 DA, BERARRICR D 2 EBNERASH
B —HT, TUH—=T 4 MIL DB IR LAWK S ICHREASND 2D, T X —7
A IVIIIRNN U T BHGE I E MR T ORI R X

iR L LT, Tablel. Lo "3 % 912 = i - & FiJE 3 % Wafer on Wafer (Wow) 7,
W =N[R2 T 7% FEE T 5 Chip on Wafer (Cow) 2™, - 7[a] - % #5895 Chip on Chip
(CoC) BV %1 51 5, WoWIZDRAMDFEBIAD L 5 IZA UFHA v 0w = ~EFEET 554
i, FEEICAEPEMICEN T HETH D, WOWTITEHIEIC X 21552 i+ 5 721280 & Sio2%
ERRERT 21 7Y » RRUT 4 VIR R EN T D0, BB MFEIE L 22V BER 7
KT & 2 ML > THAETE 2L 225%, Fiz, #AEMEERD L I3@mpm L



BB EING, 300mmY = ARE TR T 4 2 7Y — LV OSNATE MRS D 2 LI3IERFICHE L
WV B RELZMEIXY = ZOLDODHBEEY Th D, TSVERT LU = 2O TROBHM
SPOHBEREVITEL L, ZOV =2 EBEET 5L Rine LTHELNALEET v 713
DR 72D, WS T, WoOWDEA{LIX, TSV =T L OOBEE VA, 7V — U8
B DEAg B OV MERER v & — OBRFE &\ o T BRBE N X (XA e filifg L 72 B, —JF, CoC
TENENDOT =2 EFX T LTELONTET v P2l &SR TINEESE T 5, /65T, B
i F v 7°(Known good die(KGD)) #3562 LA E 0 M EIdifFcx 2 0D, EFEMNE
WD D D, T2, COW S [AIERICKGDZ 45 Z &N TE 2720 E 0 M LA T,
RN LT T Ok L FIRB MRN8 CoC L W b AFEM IR BT 5 LD d, CoCk[FEEIZIC
F o TASNOES A= L 7 2N EIZER ST D8Ny ROBILNEEEND, Ul End, &
FEVEL BT A — VB RIRTE DB T m B AR OT v & —7 4 MM OB, JERICHE L 2o
TW5,

Chip Capillary underfill

Substrate

Wafer singulation Chip bonding Underfill Curing
(a) Capillary underfill method
Pre-applied underfill

@ {:E & —
Wafer with bumps

Underfill lamination  Wafer singulation Chip bonding Curing

(b) Pre-applied underfill method

Fig. 1.12 Schematic multi-die stack by TSV.
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Table 1.1 Stacking method: Chip on chip, chip on wafer and wafer on wafer.

Chip on Chip Chip on Wafer Wafer on Wafer
(CoC) (CoW) (WoW)
Stacking method Stacking Dicing Dicing
Sz A &
=S s 8-S
Productivity Low Middle High
Yield High (KGD) High (KGD) Middle
-Bonder
improvement
required
- Thermal - Thermal ° _Excellen’f wafer
Remarks yield required
damage damage .
- Alignment
issue
-Same wafer
design

1.3.3 M/ ¥ — = FRIRER T v 24— 7 4 )L e AAFEMEICE N 7 u v 2 DR ES

BT =T 4 VT, N Ty FRRWTF y T EiEE T A ks L CRBREAL TR
D, B - BRE Y T LT v TORBIC L o TR T ORI R R B EETH D,

AR TIE, WHADRR L e X T EOT =T 4 N T4 ") VT 57 4 —IZ Lo TR
ETEDRAMNT v A —T7 4 VEFHRICHRE L, T0ar v 2FEET D2 2 AME LT,
MELORBRGHES & LTI, BT v X — 7 4 VORRSY TH DR Y A 2 FRHIEOMEE &4y &I
HHLU, fRGME, N2 — IR ORI, Bk ON T AEBILE (T~ DB L N+ 5 &
EBIT, B LToEORIE T 2 —7 4 V& T, BREAD RS T HEG &, A FENE & RIE LS
M ECE LT nt A& ML 5 2 L ARG LT 5,
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134 74 NLT U E—=T 4 Ve ENEHWTZLEBRE T 1t X D5 EE

P - B FAL LT BBOBHRICE > T, 774 A2 N EFERIREN K LEETHY, 77
A A NIRRT O FBIAYE, BEGEEEME S IR B O RS & BRI aR IR 5k S Bl IR 7 & 48
IND, KFRTIE, TANLDT X =T 4 MIEFEEND T 4 7 OEHE - R OGEIME, Rtk
L ARIZIRARE & OBIMRZBIEIC T D, £7o, B OEAMEE T T4 A b, KON & 1A &
DRI AE BIREIC L, 0 - B ey 0 L7 RO BERE I O 2 BB B OB E R #H 2 BT & i
HELEHIT, ZEME O AOHHRER L RIAEEIT O,

1.4 POHECKREL AT & 7 TR HAN 2 L ok RSB Ry —

AR L7 K 512, BEOTF v 7 RMHEICHR S RIS B Sy r— Y 0 DiiE, FiE
03 T8 e (3 P LS B 3 A OO AR AT &, TRELT IS TSV > 7 2 859 2 Bl il 2 & b 1o
NIAEPEMECRBT 208N H 5, RIEEE /Ny r—2 & LTIE, Logic & DRAMFEE (473,
EEERRE T T D HEREA X — A — W EICE#E S -Figure L3I RT3y r— U RE AR
ELTWD, RFETIE, WIHREBE v 7 — 28 5 7o oI e e 7 e 2
DIEEERET D,

Throughsiliconvia(TSV)

High density wiring layer

Organic interposer

Solder ball Organic substrate

Table 1.13 Schematic package structure using high density wiring layer and TSV multi-die stack.
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1.5 #FFEDORERL & AL

AW DOTNE 7R T, FLE CIIHFIROY R & 72 2 8RB 7 ORHI L ORI & FHEHIRIZ &
D EBEASDBAT, Y INTF y TEENS VT Ty TREIESOREEDO BRI OV TR,
WA, WHNTF v T O @R E S B BLAR IR &, BT v 7O @ dmk IS % B g S
T AN OBy & ERE Z TR Lo, AFSEOBIER &, IRIRE B ER Ny r— VI
WHND BRI R L T m e 2 & L, HIRCER 2 A9 D R AR 30 1T 2 ke & fokin Ak
NS DREMELE Tt R &, BRROMM - Ry FALDTODT o F—T 4 VR EL &
TukvAL$5HZ L EFER L, Figure 1142 2K DORZEDFNZ 7~ LT,

F2EETIX, A ¥ —A—VBIRERIZ & > TR b BERAGREFEMEICERL, BIEHEOR
R, A4 RE CHEEEEORBRREZIMRICT 5 & &b, MIHOBRIZBWT, RiRR L
WO TIEORBIRZ BAMEIZ 95 2 & & HAY & Uz, SOHIECRREE RIS O D IR A B O S E FR S &
ST 5 & &b, MMELGHERE - 7ot AOFBIRE A RIE L=, £, BB O
AT DHEREEEORIE . U U (b= f v F—2 " LT, EREOHFG TR DL 5T,
Tat ZAEEMEEZHET SHEEICR D T E A BN LT,

HIETIL, T ¥ —T7 4 VDN TR~ OWRA & AZPEVEDRREIZEIR L, /2 7t
DOWHADIRR TN T EDT B =T 4N % T3 NV VT T 7 4 —IZ L > TRETE D
BIENET v H— 7 ¢ JL(PWLUF: Photodefinable wafer level underfill) AT EH3 2 B & L=,
BTG D VI RGN & R B EMEOFRIE 2 2RI, MRl ®E L, BEMBIOERy THHRY
A X FEIEOHE L F&ICER LT, 720 7 ECTOB R Oz Ofiftgtt, BVEERFOD /N
VT HEG & FIRRIC T DN F — VTR O REYE, IRV ERIEZRGREL(CTE: Coefficient of thermal
expansion) & EHL 92 720 DBV 14 D AT T AFRFEIREE (TQ) ~D R Z it L7,

FATETIE, HIWTHRE LIPWLUFOMEL 27 N, FEERHMEIC L > THRIET 52 & %
A& Ui, /35— U TR DR 572 2 PWLUF % AN T, /N0 T EEGE ~ D B2 FH ~ 72,
B LICPWLUFZ WS &, B, BURIC Ko TN T LT v ¥ —T7 g VERET L2 Z RN
T&, NUTHHEICHEAN RN & B RGEE LTz, IS, EEEE KIBICKET AEE T vk A
&LT,%m?@ﬁ@?yf%MﬂEﬁﬁé%gﬁ&M*%U7mw7m?X%ﬁﬁbto

FEHECIE, MMl - RE >y FHAU Lo B ORI & > THERT T4 A b L HEFHIRIEICEIR
L, BIEMENCE END 7 4 T OGHE - RN EWME, RiME & BRI IELR % (CTE: Coefficient of
thermal expansion)IZ 5- x5 82 WREIC LTz, F7z, FHATETH O IVMMEOBIE 2 Ik 2

BEL, HEpiOEHINMEL T T A A, RO & IA & ORISR A BIREZ L, B0 - ke Y T
b LT= B OB AW DB B OB ERH A O T2 & & bIC, ZERE Y 0 208
BHER A MEEL T2,
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Chapter1 Background and objective

Chapter 2
Fine and highly insulation reliable
circuitry for organic interposer

» Material criteria for fine resolution
and insulation reliability

+ Structure proposal for highly reliable
fine circuitry

+ Analysis and simulation of insulation
reliability with fine circuitry

Material
design

—

Fine circuitry J

Ty

Chapter 3
Material development of fine
patternable Underfill

* Influence of polyimide structure and
length on material property

‘l, Material concept

Chapter4

Evaluation and process development
using patternable Underfill

+ Validation of material concept

+ Highly productive process development

I—iiscosity criteria
Chapter5

Material and process development of
film Underfill

* Influence of filler on material property

« Material criteria for alignment and
bump soldering

* Process proposal for multi-die stacks

WV Fine bump

Chapter6 Conclusion

Fig. 1.14 Reseach flowchart of this study.
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T F U R OBEREIEE L B A HLDIAT BV KT v MO X - T, LIS25/5 pumbl F %
FEHT L ENELVIEDN D D, MBS A TR D HiE L LT, Bk EHC L—PIT &
S TIEZETEKR L TR ETER T 2 FIERM G TWD S OO, b 238 Ly Z &2l 2 TRl
OREED MMM R E L, AFEMEICRERD D, A v F —R—V RN & > T, HEEED
ROLEETHY, MxEEMEE, BIEMEORIESE - 4 AU RENIRIN LB 605, £
72, MIMEEZEZD L, BEFEMELS 22 EMIHEMETI2 B THEINE, LML,
BRI 31 D AR B HEE ARG ML SR D D I DR RHEZ I & 2272 o TV 7R,

ARWIETIL, BIEM B OUESR « A A L RIE L AGREFEEOBREZ AT 5 & L big, L
PEDOBLRIZE W T, WOR S & PN Lo BILR 2 BRI U 7o, MOIACARIEAR I F VO 2 BB
BEFRS AW DT D & & b, MHIELRR 2 A3 2 RO ER T IEOFR R 21T o 72, £ 72,
BB ORERR 3 D Hulg A FEME OFRIE & L TR b= L ¥ — 2B L C, #axib o FHam v
WDHIR BT, Tt AMEHEEAHET HIEEICR L 2 26T LT,

2.2 BRI B DB E

Figure 2.1 fi#M4 M AMER VB B 2 AWV TR Z — VB LT B E 207, RN ZE <
FAELTEY, Z0k ) 2efiEEmIZLSH5/5 umbl F O T BB 5, B o F RIS
DEFEARRTH Y, BUGHK & B & OBFERGIEICET 5 E X T, 22T, BEaT 28
I & BUGIR D TRy T 27K & OB ZFHN L 7o, SIS B DK & OB %2 RBLT 5 /37 2
— X L LT, o rNOBUIKM & BLMEOFEIE % 7~ HLB(Hydrophile-Lipophile Balance)fi (27
H L, BiER OB L Gt & OBRZ I ~7-, HLBEIL, /s o Pz HnT
SHEL, R B DL VIIHAICE 2 BTV D AHMEEOV) L OEEEHEMEAVIE, MR 89
5 Lz, ROHLBZ AT 2 EHIABME S m O 208t Th v, mOHLBE A 54k
IXIEREPE R B WD BUKETH D Z L2 ERT 5,

HLB=8# 5 MEAV)/A M OV) X10 -« « (1)

Figure 2.21%, BOEMEMEHZRBWTT 27V L— M EOMOEL AR KOG EEZFHE L, 20%
Ble L7z AR ¥ VIR OHLBfE & 7B & & OGRE R L TW\Wb, £72, Figure 2.3 (a)IXHLBfE
IR29DM B EFLE LT — B LT B R LR OWE T IEZ R L TR, RiEEIT Y
— BED S OFRIE O IHEE L EFE LTz, OIZHLBENT.8DOM B 2B A L CT/X — VB LTIZE
HZRLTW5, HLBE & ¥ — B OFRIERIZITMBER H Y, & OHLBEAZ AT 568
BT D& TRGER L5 2 b hots, £ 2T, BRI DM EHEEE 2 5 )
292 2 a2 AT, WO 7R 2 O EGAE & Y U TR & D BIR & R~ 72,
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Figure 2.1 Pattern using photosensitive material with poor resolution.
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Figure 2.2 Influence of HLB value of epoxide on resolution.
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Figure 2.3 Pattern residues using photosensitive material with low HLB (a) and high HLB value (b).
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F72, 5/5 umLL T O EHR T O M S LB 2R A BHRFE B & 23272 5 TR W, Figure 2.4
(%, Biased-HASTREAM O (a), SAOVE L « A7 HH ORI (b) K OV, Rk Je OVt o ¢
DRIGHEZ R LTV 5, BB CIIBIIEICEE LI KOBLINMRICE > T, BARAETLE LB
SRR T 5, HIC, ZPOpHAMEW L FIOHITIE S D, WHI L7801 4 12 BIEN
DA A LB LI E, FA 4 ALE YR LR O IR & Rl ~BE(~ 1 7 L
—va )T b, $AA IR OEFEZITIRD Z L THE LTITHT 2, ZofREE, B
FIR RO BLIESMEOIE TG S 2 S5 2 &3 s STV, it~ T, Bz
BhE LCiE, RN L > THERAESE LRI & 722 2 8RO RIER &, B OfOBE %
REET D2 A A REDMREBIEICRE REEL 525 LB X 0, AFRTIE, 5/5umll T T
DHEFMEC BT DM EHREZ A ST 5 2 L 2 B, #HiER, WiRE, B 4V REDRR
2 S CHEMRRAT L 2 i L TS ME & O BIRZ R~ 7z,

Ol
g
)l

Cu wiring 'l
! 1

ver ] O

Cu

+ _ Resin -E

Cu,B, Cu

(a) Schematic biased-HAST structure (b) Schematic Cu migration flow

2H,0 = O, + 4H* + 4e-

Cathode
Cu = Cu?*+2e

mCu?* + 2B~ =>» Cu,B,
Resin
Cu,B, =» mCu?+2Bm-

Anode Cu*+2e- =» Cu

(c) Reaction scheme on cathode, anode and resin

Figure 2.4 Copper migration mechanism.

Table 2.11%, ¥:fifi L 728FIHDEOCMARZA B OBIIE R, WIRE, A AV RELZE LD
DTh %, Material A~CK EILT = / —/L 5%, Material D, F~HIZAR U 1 I FHIIER TH %,
Material A~ElE, F2A A L REDRIRRE CRIBRNER D720, WIRRIZ K Dtz ~DR %
T2 Z L3 TE S, Material E~HIZ, IR FRRRE CTlaAf & IREN R D120, A
VIREIZ L DMk~ OB E T H 2 LN TE S, HIZ, Material CEDI, IR L [EA
T PR DRI THUIE R RR D720, BIIERICK DB LZHIET 52 LN TE S, WIRRD
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BEFEETLEHT D, VU ar v k230 umDJE S TR L 7-Material A~HO L5 2 HAST
FCH 5130 °C, 85%RHIZ200 hikiE L7z, =Dk, THIRIEWF2340 Cic/esd £ THRGHL
YU T R M U7, WA 3 mgRREEE] D B, 2R FE 23400 mL/min, FIREEA310 °C
ImindD4eEC, BVEERNEREE 2 AV CHIE L, 100 ‘CE TOERERERDRE2WIER L L=, Figure
251%, Material AOWIRHRZHE L7-FER TH 5, WIRLFLDOFTZ IV TI00C LY & =D

TCORERENIRNZ EDND, BIROKRERGMENIRNT & EMER LTz, RIT, 448
E %:pH@{E'Jﬂijﬂfé”uE%iﬁ‘é Material A~HOE(LIEL g&, #BHIK10 g% 7 7 v ViHEVELRIC
A, 130 CTSRERIMEMML L7k a Al L, %E6 . 7 A 4% 27 28I1SC-2000, #Hitigs : EX
REFEERINER, 77 A0 AS20 (4 mmex200 mm) , #7 AR 30 C, ¥ : 1.0 ml/min, JEA
25, 7TV FEREIZ0S T mMMOKOH, 545 T5 mM®KOH, 154 T30 mM®KOH,
2047 CE55 MMOKOHD G4 THIE L, 0~3050 It S — 7 bfaa A REEZFE N LT,
Wz, ERROMMHAKDpHE B T AEBAIKFEA A4 L REHRFHCHIE L7z, Material A~HD[H
TIERE RAFBH S 2 h 2Tz,

Table 2.1 Moisture absorption rate and Anion concentration of Material A~H.

. Moisture absorption Anion .
Item Resin type concentration
rate (%)

(ppm)
Material A Phenol 2.0 1000
Material B Phenol 1.6 980
Material C Phenol 14 930
Material D Polyimide 1.0 950
Material E Phenol <03 970
Material F Polyimide <0.3 530
Material G Polyimide <0.3 330
Material H Polyimide <0.3 71
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Figure 2.5 Weight loss curve of Material A before and after HAST.

2.3 FOCHERGRRA B O RGN E DT

firtg vk DR/ 5 1% & Figure 2.6127" 3, U 22w = 25 um/E O BB B2 TR L,
BEKIAT T T A4 F—@deE 2 TRt Lz, Pk L72(). TD%, ®iZ3 pm/E
DIESCHERERRI B 2 TERK L (D), AT v @ EEZ W T 7 + b~ A7 24 LTEL, 3%
L7-1t%, #iH{t L7-(c), Figure2.71%, Material A% V> CHGMEZFEM LZfRThH Y, Emk
O\ % B 1 PAMEE(SEM: Scanning electron microscope) & FV N C, L/S735/5 um(a), 3/3 pum
(), 2/2 um ()P ¥ — v BB LR AR LTS, WP/ — TN T b IR
B — VR ORBER EORESITA LN TWRNWE & 2R LT, Ak J57{E TMaterial A~HD
Pl A 4T > 72, Figure 2.81%, Material A~HOWIR AR & fif ek & OB AR L7ZKTH Y, RiEHE
730.3%LL T Td - 7=Material E~HIZ0.3% & LT 1 v b L7z, BOEHEHBM B ORI & < /e

DI TRWEHE DS DI, IR HED30.3%LL T OESEHEAERM B Clafggrticz LS, %
TR A3 L.A% LA _E ORI B CLIS/35/5 pmPL F O IE 2R Uiz, 512, WIRHE)2.0%D
Material AZSLIS/N2/2 umDFIGNEE H 35 Z L BNbhnoTz, LLEOTERNG, BB ORIE
FRAGIEIZFEBE L, LISHS/5 pmPh T OG22 T 2 72 D OMEHEIRE 2B & i Lz,

Cured Material A~H Materlal A~H
(a) Material A~H coat'“g (b) Material A~H coatlng (c) Material A~H
and curing

patterning and curing

Figure 2.6 Evaluation flow of photolithography property.
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Bird’s eye view Cross sectional view
(@) L/S=5/5um

Bird’s eye view Cross sectional view

(b) L/S=3/3 pm

Bird’s eye view Cross sectional view
(c) L/S=2/2 pm

Figure 2.7 Bird’s eye and cross sectional view after patterning using Material A.
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Figure 2.8 Influence of moisture absorption rate on the resolution.

2.4 FOEMERERRA B O AR S MR AT

oA HEE 2 FEAG 3 2 72 OTEGZ B BLICERFT L, Biased-HASTIZ & - Tkl 4 Fhi L 7=,
Biased-HASTIX, BT /A RZIE, WE, BELX —EDQENFTITH>RBRTHY, &BED
BREE T CEMESH, 754 ADEHEMZFHME T2 F1ETH 5, Figure 2.91%, 10/10, 5/5, 3/3,2/2 um
DOLISOMIGE M E AT HTEGT VA Th Y, Dy REIIITHT A ¥ & e LEIE %2 )
J 5 Z LA ko THEBME DRI 24T 5, RIEDS 22 WA, RSB EHC X > THEBt S T
WHIZHEWERTIPIEZ R L, SORHSE CHRENE U GA ICITERIENME T 5,
Figure 2.10/3%% 7" % Material AZ V7= b Lo FRMRIC L > THERL U 7= e i (S s i 30 ) o
TEG®D5/5 um(a) & O82/2 umPR#RER oy (0) DML & 7k LT 5, 7=, Figure 2. 11130 k(5 #8142 7 F
i3 272 DTEGO K ik WA X ToH v, WEROFBLIR & BOLYEMEZA B C & 2 Material
AL ORI, ~A 7 b—ya ViEDO BT ¥ B FET DG L fe o TW D, — T, BlfRo k
YRS L7 RIETH Y, Figure 2120 A A7 Lz & 912, 3T 2 BOLMEigsrk 4
Bl FICBAI 5 2 & CHREEEZFMN T2 Z N TE D, YL FICE - TNy ROEICER
UAYaRERL, 130 C, 85 %RH, 3.3 VOZ{:TBiased-HASTAEAM % 5fi L 72, Biased-HAST
FFA 12 10° QUL EOBESIEBUE 2 R L TV A 5A 13RI A TR TE TR Y, 10°0% THZE
SIEHUEZ R LIS BIIAREENEL TS Ll L7z, $£72, FFHMBALAH 5200 hEl Loz
PEZMEFF T L2 HIEEE LT,
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Figure 2.9 TEG structure with L/S=10/10, 5/5, 3/3, 2/2 um for insulation reliability evaluation.

Cu wiring

20 ym

—

(a) 5/5 um (b) 2/2 pym

Material A

Figure 2.10 TEG surface views with 5/5 um (a) and 2/2 pum (b) for insulation reliability

Material A
\ Ti Plated Cu

(/) |

(a) Overview (b) Cross-sectional structure

Figure 2.11 Schematic TEG structures for insulation reliability evaluation.
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Material A

e

Material A~H Ti Plated Cu Material A~H

N

.\

Material A

|

Cu wiring Cu pad

(a) Overview (b) Cross-sectional structure

Figure 2.12 Schematic structures to evaluate insulation reliability of Material A~H.

Table 2.21%, Material A~H®D4f¥%10/10, 5/5, 3/3, 22 ymDLIS%Z H$ S EHRIZIB VT,
Biased-HAST #Fifi 11210° QLA E DO FBEXHGUE % #ERF L 72 HFH CTH D MEHZ Ko TRERENR,
oL, Material A23 4 TOL/STL0 hEAWN TAREA 24 U7 D%t L, Material BIZ10/10 um™C90 h,
Material E{Z10/10 um 200 hL4 k=, Material C, D, Fi%5/5 pm™200 hLA_E, Material GiZ3/3 um™C200
h, Material H{32/2 pmT200 hZL Lot 2 #fEHF L 7=, Figure 2.13(XMaterial A% IV 725/5 pm®
BARIZ 3T, Biased-HASTRHMIREfH] & S XHRHUE & OBIREZ R L7 D TH Y, FHlBIMH 5
10 hfEfE CESIESIEIZI0° Q% FH->TW5 Z &M%, Figure 2.141XMaterial A% A\ 72
Biased-HASTRFAMi AT D ¥ > 7L (a) &£ 200 hE TEHM L 7= V> 7 /v (b) IR FEA il U 7= B SE 5 5
ThV, BIZEE L COEHiSERRA RS EAL, BEORK LY bM< 722> TwWa, Figure
2.150FL/SA32/2 umD ELARIZ I T, Biased-HAST A 2200 hE THEfE L 7= > 7L O Wi O
STEM(Scanning Transmission Electron Microscope)-EDX(Energy Dispersive X-ray spectrometry)ifi 5
ZRLTOWDH, BBOSHANEH L Tnd 2 ERbnsd, —J7 T, Figure 2.16(%Material H%
72212 pmDELAFIZ I T, Biased-HASTRHMREH] & BEAIRHUE & ORRZ R LI HDOTH Y, 300
hLd b O#bigdE 2 #ekE LT %, Figure 2.171%Biased-HAST %300 h% T4 5 fifk T O BAfKEE
BEZRLTEY, FOEHIC XK 2 KE REE L GITBIH S Lo 72, B, Figure 2.18
I3Biased-HAST# i 2300 hE THHi L 7-H > 7 /L OWiE DSTEM-EDXfE F 2Rk L T\ 5, A3
v BV T ENTTF Z 2 DR S DRIy THARO —E OFNEH L T D b DD, Mk
I < EHUT R 5 d, Material HDS RIF 7 (BERMEZ A 32 2 L hbroTe,
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Table 2.2 Biased-HAST reliability with L/S=10/10, 5/5, 3/3, 2/2 um using Material A~H.

L/S (um) 10/10 5/5 3/3 2/2
Material A <10h <10h <10h <10h
Material B 90 h 20 h <10h <10h
Material C >200h >200h 50 h 20 h
Material D >200h >200h 70h 30 h
Material E >200h 100h 20 h 20 h
Material F >200h >200h 150 h 70 h
Material G >200h >200h 200 h 120 h
Material H >200h >200h >200h >200h
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Figure 2.13 Resistance value during biased-HAST evaluation using Material A.
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Cu connected with anode

R

SITE N et W A

DT AR { M AR

o -

crees | —
Cu connected with cathode
(a) Before biased-HAST (b) After biased-HAST

Figure 2.14 Surface view of L/S 5/5 um before and after biased-HAST using Material A.

Cathode wiring  Anode wiring

2.0 pm CK

(a) Cross-sectional STEM view (b) Carbon mapping

——— 2.0 pm TiK c——— 2.0 pm Cu K

(c) Titanium mapping (d) Copper mapping

Figure 2.15 Elemental mapping of C, Ti and Cu by STEM-EDX after biased-HAST using Material A.
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Figure 2.16 Resistance value during biased-HAST evaluation using Material H.

(a) Before biased-HAST (b) After biased-HAST

Figure 2.17 Surface view of 2/2 um wiring before and after biased-HAST for 300 h using Material H.

(a) Cross-sectional STEM view (b) Carbon mapping
- -
(c) Titanium mapping (d) Copper mapping

Figure 2.18 Elemental mapping of C, Ti and Cu by STEM-EDX after biased-HAST for 300 h using
Material H.
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5/5 umBL T T OMEZAGHENE DM EHEIE 2 B & 0 IC T 5 2 & & BIIZ, 15 -k R o it & 5
it 7=, Material C&DI%, WigRL[aA ﬁyﬁ%fﬁﬁllﬁﬁfﬁf“ﬁﬂﬁ%ﬁ\ﬂﬁ%)7”:275, IR R &
LWBENBTHZENTE L, DTHOLSIZEBW TS FRBREOHRZRMEZ R L TNDHZ LD,
MEFOMEGETMEL, WIRR LB A VREDOFE NN TH Y, BIERICK 2RI
LBz,

Material A~ElE, [2A A4 JRENRFEE CURRN R 57280, WERIC L Dkt ~0 g
T 5 Z LN TE D, Figure 2.191%, Material A~NEDWRIEER &, 5/5 um & U2/2 umDFEEHR 123
T Dk S ENE & OBMRZ R LT D, RIESR230.3%LL T T - 7=Material EiZ0.3% & LT 1
> b U7z, 5/5 pmDBELHRIZ B U TITRIBE AR IEIC R & 22 B84 5 2, TR % 1L.4%LL T O
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é:kf%%‘i&§?5%®@k%ﬁ%@iﬁ6ﬂ&ﬂotZZE:m%wHAN¢@ﬁW%
WA R LDy, BIEOUARRIMENIGEITIE, Bt DT 281 4 1307 5720, i
BEBELRE 2D EEZXOND, LU, W LA A 38BN DORRA 4 L ah LT
kL, A4 AbZED IR L0 G~ BB 5728, Material A~ED L 9 IZfa 1 A
N L G ENDMEICTIIERA A DBEI LT VIREETH 5, FRIT, 2/2 um® K 9 22l e Bl
T, ZOVEOHA T OBIHZL > THEBIEIUEDKR T A5 ST B2 615,

Material E~HIE, WIS FFEE CTRaA A U REN R D720, [BA 4 R X DMk~

WA Y5 Z L N TE B, Figure 2.201%, Material E~HO A 4 LB L 5/5 pm & TU2/2 pm
DOEART I T DAEFHENE & OB E R L TV D, 5/5 umDEHRIZEI LTI, Material E~HIZW%
EREMENZ &5, WITHNOMEHZIW T H 2008E/ LA _E O M 2 Feft L7z, 2/2 ym®D
FARICBE LTI, BaA A REDHEZRIEICKRE REEL 525 2 Lbnole, iz, HEEL
(2 & 2 FHBIFR%2730.9968 T &> W ZHEMED L WIEATHE R 235 H 7z, Material E~HIZ, WIEHEANME
WZ & TR DI T 284 4o B2 BICRRA A REICK 2861 4 oB#o LT
INXFMN I ol & B Z TN D,

YU EDOFERNG, 5/5 pumDEFRZBE L T, BA FUVRENZVDHESIZE W THIIREREZET
EHDHZETHIRBMEEZIERT D2 LN TE D, TOMEHEIE & LT, FaA A4 2 %1000 ppm
LLF oW 2 14% L FIZT 52 & Th D, 22 umDEFRIZE LT, WiBREZK T IETHE

ZBaA A ARE AR 25 2 & THERMEA TR T2 2 L3 TE 2, TOMEHEIE L LTI, g
T PEEEATO ppmEL T OWIERAZ03%LL FICT 52 & ThbH, £7-, ABFZETIZFMHL TW
RS, WORENE < A A RED/NSODMERSRICE L TH, DEDOHIA A OB L > TE
SHEPUEDOR T 25| & 29722 umDEHR TlE, HREEMIIRE TSRV EEZ TN D,
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Figure 2.19 Influence of moisture absorption rate on insulation reliability. The anion concentrations are

1000 ppm approximately.
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Figure 2.20 Influence of anion concentration on insulation reliability. The rates of moisture absorption are
below 0.3%.
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20 ym

(a) After patterning and curing (b) After desmear

Figure 2.21 Trench pattern after patterning and curing (a), and after desmear (b).

Plated Cu

) Material A

(a) Overview after plating (b) cross-sectional SEM
image after plating

Figure 2.22 Overview (a) and cross-sectional SEM image (b) after Cu plating.

Cu wiring

Material A

Figure 2.23 Overview after surface planarization.
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Cu wiring

Material A
(a) 5/5 um (b) 2/2 ym

Figure 2.24 Cross-sectional SEM images of 5/5 pm (a) and 2/2 pm (b) patterns using Material A.

Cu wiring Material A
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(b) Surface roughness

Figure 2.25 Surface roughness of copper trace and Material A.
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MakxtEZ MR 2B CH D 2 E Mo Tz,

Wiring

g " W .
. 4 s 3 e |
Material H s . f‘k‘ Wi ol

Material A

(a) Schematic cross-section (b) Cross-sectional SEM image of 2/2 ym

Figure 2.26 Schematic cross-section (a) and cross-sectional SEM image (b) of trench wiring layer using

material A and Material H.
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Figure 2.27 Resistance value during biased-HAST reliability of material H with 1.5/1.5 um (a) and 1/1
pum (b).
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Photoresist

Ti Plated Cu iTi or Cr layer I I
(a) Trench wiring (b) Barrier metal formation (c) Photoresist patterning

(d)Barrier metal etching (e) Photoresist removal

Figure 2.28 Process flow for Cu wiring covered with sputtered Ti or Cr.
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Ti Plated Cu Electroless plated metal

/|

Material A

(a) Trench wiring (b) Electroless plating

Figure 2.29 Process flow for Cu wiring covered with electroless plated metal.

Figure 2.301%, 2/2 um®D 5y OSRARLHR (a) k EERE = » 7 VALERIZ (D) DBAMEE T E 2~ L Tk
O, BEARRIC =y T VD ENRIRNT & R LTz, BB = v 7 VIR X > CTHIBCH & 48
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DO ELSIRPUE A #E5F L 7=, Figure 2.321%Biased-HAST#FAM %200 hk T2Hi L 722/2 umo B f 0§
WEERETHY, HFOBEHIZ XL D RE2REBEEESCEAITBIN S o7z, F£7=, Figure 2.33
IZBiased-HASTHIAI 2300 hE CTHEfi L7z > 7 /L OWri OSTEM-EDXfE F 27 LTV 528, (d)
D=y TN~y B Thb, BHLEENR= Y 7L > TR EDILTEY, (6D~
Y BT 0D, SOPEBITE RoNTICIHERFICRREGEZ IR TE TWD Z Lbnd,
ZOFERND, BRMEIOMEEMEICED ST, MEMF= > Lo TNY T A XV ETERL
THHEICRBNT, BNHEREEEELSETED 2 L2 FEIEL,

10 um
—

(a) Trench wiring of 2/2 um (b) After Ni electroless plating

15

Figure 2.30 Surface inspections before (a) and after (b) Ni electroless plating.
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Figure 2.31 Electrical resistance changes during biased-HAST with 5/5 pm (a), 2/2 pm (b), and 1.5/1.5

um (c) covered by electroless plated Ni using Material A.

Figure 2.32 Surface inspection of 2/2 pm after biased-HAST for 300 h.
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athode wiring  Anode wiring

——— 20 pm CK

(a) Cross-sectional STEM view (b) Carbon mapping

———2.0 pm TiK ———2.0 ym Ni K

(c) Titanium mapping (d) Nickel mapping

e A

c—— 2.0 pm Cu K

(e) Copper mapping

Figure 2.33 C, Ti, Ni and Cu elemental mapping by STEM-EDX after biased-HAST with 2/2 um wiring

covered with Ni on Cu line using Material A.
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(a) Material A~C, Gand H (b) With and without Ni barrier

Figure 2.34 Relationship between In E and In t of Material A~C, G and H (a), and with or without Ni

barrier metal on Cu line using Material A (b).

Table 2.3 Calculated Ea value of Material A~C, G, H and Cu line with Ni barrier.

With Ni barrier

Material Material A | Material B | Material C Material G Material H . .
using Material A

Ea (eV) 0.33 0.36 0.40 0.47 0.49 0.49

BBl INE XS & Vb BEHEND 2D, V OMEZEE L7Z84 Figure 2.35@)I2~7 & 912
EMREIMET D2 LICE>TInt 23135 277 In EDfEND, ZHENOET Biased-HAST
TOHETH S 200 h OHEix(EHEMEZHERCTEX 5 LS 2 THIT 25 Z LN TE 5, £/, Figure 2.35
(b)IZRT X 91T, InEAY13.75, 1356, 135, 13.35, 132 & L= L D In t DIEN D, ThZH LIS
28 1.5/1.5,1.2/1.2, 1/1,0.7/0.7, 0.5/0.5 um @ & & Offafx AR 2 T3 2% 2 LN T&E 5, Table 2.4
I, 130 °C, 85%RH, 3.3 V D 4:f4:C Biased-HAST &5 L 7= BEIZ, #afxfhRERERI A3 200 h & 72 % LIS
FRHILEMERTHY, Table 251%, ZNEND LIS TOMIKEEFREE 2 FHI LFERTH 5,
L/S 75 2/2~10/10 pm D#EF75, Material H (% L/S 2% 0.9/0.9 um T O #afxAREFE T 200 h & &
HENTEY, 25 HITBWT LS A 1/1 pm T 200 h L EO#EEEEE 2 A L TV -fER s —%
LTW%, 7z, #ifd#iz =y A "0 7 T L7Re#iE, LS 23 1/1 pm T Ok REFRFH]
T200h EHHEN TS, 2.6 THIZEWT LIS A3 1.5/1.5 um T 200 h LA Eo#aixiEiEr: 424 L C
WS R IR LTS, — T, LIS 2N 1.2/1.2 pm LA F T Biased-HAST FFAfh L 7248 5, #akx
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Figure 2.35 Calculation method for insulation reliable L/S using Material B, C, G and H (a), and with Ni

barrier metal on Cu line using Material A (b).

Table 2.4 Calculated insulation reliable L/S for 200 h.

Material Material A | Material B | Material C | Material G | Material H \‘t')\g:?ieer
L/S (um) > 20/20 16/16 77 3/3 0.9/0.9 11

Table 2.5 Calculated insulation retention time using Material H and Ni barrier metal on Cu line.

Us@um) | 1515 1.211.2 111 0.7/0.7 0.5/0.5

MaterialH | 260h 220 h 200 h 170h 150 h
With Ni 230 h 220 h 200 h 170h 140 h
barrier
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Solder

Photodefinable underfill

a&&@

Cu bump

(a) Lamination (b) Patterning (c) Bonding

Figure 3.1 Schematic concept of PWLUF, lamination on bumps (a), underfill removal over bumps by

photolithography process (b) and bonding without any underfill entrapment (c).
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Figure 3.2 Scheme of polyimide synthesis
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Figure 3.3 Schematic polyimide structure having carboxyl unit.
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Figure 3.4 Schematic polyimide structure having phenol unit.
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Figure 3.5 Schematic polyimide structure with end capping.
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Table 3.1 Tg of polyimide and Mn by changing carboxylic diamine unit ratio

Polyimide PI-A PI-B PI-C PI-D PI-E PI-F
Carboxylic diamine unit
ratio to all diamine (mol%) 0 21 42 53 63 84
Tg of Polyimide (°C) 30 55 75 90 105 140
Mn 34,000 33,000 31,000 32,000 32,000 32,000
160
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Figure 3.6 Relationship between carboxylic diamine ratio and Tg of polyimide.

Carboxylic diamine unit ratio to all diamine (%)
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Table 3.2 Aspect ratio, the lowest viscosity and Tg after curing using PWLUF A~F.

Figure 3.7 Relationship between carboxylic diamine ratio and patterning aspect ratio.

Carboxylic diamine unit ratio to all diamine (%)
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PWLUF PWLUFA | PWLUFB | PWLUFC | PWLUFD | PWLUFE | PWLUFF
(Polyimide) (PI1-A) (P1-B) (PI-C) (PI-D) (PI-E) (PI-F)
Aspectratio 0.7 0.7 0.5 0.3 0.25 0.1

Lowest viscosity (Pa-s) 150 3,000 10,000 22,000 50,000 -
Tg after curing (°C) 30 75 85 100 140 170
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Figure 3.8 Viscosity curves after patterning of PWLUF B~E.
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Figure 3.9 Elastic modulus curves (a) and tan 6 (b) of cured PWLUF B~E.
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Silicon PWLUF pattern

(a) PWLUF B (b) PWLUF D

Figure 3.10 Microscope observation after patterning using PWLUF B (a) and PWLUF D (b).
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Figure 3.11 Acid value (a) and insoluble ratio to NMP (b) before and after thermal treatment.
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Table 3.3 Tg of polyimide and Mn by changing phenol diamine unit ratio.

Polyimide PI-A PI-G PI-H PI-l PI-J
Phenol diamine unit ratio
to all diamine (mol%) 0 21 42 63 84
Tg of Polyimide (°C) 30 60 80 110 150
Mn 34,000 31,000 32,000 32,000 32,000

Table 3.4 Aspect ratio, the lowest viscosity and Tg after curing using PWLUF A and G~J.

PWLUF PWLUFA | PWLUFG | PWLUFH | PWLUFI PWLUF J
(Polyimide) (PI-A) (PI-G) (PI-H) (PI-1) (PI-J)
Aspectratio 0.7 0.7 0.5 0.5 0.5

Lowest viscosity (Pa's) 150 2,000 6,000 18,000 —
Tg after curing (°C) 30 70 90 140 170
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Figure 3.12 Insoluble ratio to NMP before and after thermal treatment.

Figure 3.13 Microscope inspection after patterning using PWLUF H.
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BHORY A X FHIEEZART S & 2Rit Uiz, Table351X7 ) 7= /) — /LD I LR ik
AWK T HENRE, HBONTERI A I REIEOTgE 0 FEEELEH TRLTWS, 7
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Table 3.5 Tg of polyimide and Mn by changing amino phenol contents.

Polyimide PI-1 PI-K PI-L PI-M PI-N
Phenol diamine unit ratio
to all diamine (mol%) 63 63 63 63 63
Amino phenol unit to
dianhydride (mol%) 0 13 20 29 40
Tg of Polyimide (°C) 110 110 110 120 120
Mn 32,000 25,000 15,000 11,000 6,700
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2 20000
& 15000 O
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= 5000 ®
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Figure 3.14 Influence of phenol amine ratio on polyimide molecular weight.
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RA~DOVEFRIEN B E L7 2 L1k D &EF 2T b, Figure 3.161XZPWLUF LZ W TR L 72 BAR
15 um®D BT ¥ — 2 OWiH OSEMEEZ /R L TR, FBENLWRIRNRY—ThH I L%
fes® L 7=, Figure 3.171ZPWLUF |} O"K~ND /3% — U IRkt D VARLKS FE iR 2k LCE 0, Figure
3.181%, RV A I FEIIEDSFE(Mn) & 78 — VTR D BARIREREE & ORRE 71 v F LT
bDOTHD, NI A I NIRRT EACIT > TRPEDY KRIFIZIR T L, Mn7332,00000P1-1 % jié

51



F U72PWLUF 10D R VARLKS £ 2318,000 Pa-sTdh - 7= DIZxt LT, MnA36,70000PI-N% 3 ff L 7=
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Table 3.6 Aspect ratio, the lowest viscosity and Tg after curing using PWLUF | and K~N.

PWLUF PWLUF I PWLUFK | PWLUFL | PWLUFM | PWLUFN
(Polyimide) (PI-1) (PI-K) (PI-L) (PI1-M) (PI-N)
Aspectratio 0.5 0.5 1.3 1.3 2.0

Lowest viscosity (Pa's) 18,000 8,200 1,000 440 150
Tg after curing (°C) 140 130 135 140 140
o 2.5
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Figure 3.15 Influence of molecular weight on aspect ratio of patterning.
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Figure 3.16 Cross-sectional SEM image of 15 um diameter via using PWLUF L.
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Figure 3.17 Viscosity curves after patterning using PWLUF I, K~N, respectively.
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Figure 3.18 Influence of molecular weight on the viscosity after patterning.
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BT =T A NMEHZ L > T2 OMENFRT 5 & TREND MADJRK & 72 5 T
FEOTE=T UMM ETHF NI VT T T 4= R o TRETE DR VX —7 1 v
(PWLUF: Photodefinable wafer level underfill) 522 L, #H3FETHRY A I REHIEO B & o1&l
FEHL, @SOAHEE, N2 — B ORI, B O @ T A 72 TR & BRET LTz,
AAFFETIL, N TR S NTZTEGE FW T FifE il 2 i35 2 & Tl & —=2 77]
REZeBIIEAEL 2 Wz a e 7 R ERRGET 5 & & bIC, A2 SaE T 558 7 1 v 2 0 Fillie
RuATole, £, YV ORBUT LD v 3 — FRERFMEOUE L L THIfF STV 5 Cu-Cu
N T DY A FERE LT,

4.2 BT v & —7 4 V% V= Chip on ChipfdJeE R

421 BT X —7 4 VOEE LFHEHT 7

H3E CTR% Al L7 4411:4318,000 Pa-s T HPWLUF 1&, 1,000 Pa-s T 5PWLUF L% &)@ 3T fff
ICBE L T & 1T o 72, 72, Table 4.11XCoCHiJE & O'CoWHEE DR IZ i L 7-TEGHE & ©
&V, Figure 4LIENENDOF v T OMBl@R)E N> 7 F v T O T OWHEFEEXK (D)% 7~ LT
WD, NUFIEENENSO umE y F O 7 = F L E300 umE y FO T AT LA ICEE ST
B, 1F 7T HIO NN THITIBE L ThHDH, My T FyTONCTORESI38umATH
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D3y RORE SIS umATH Y, 73 RIINI-AUD6 pmDJE S THERL STV 5,

Table 4.1 TEG structures for CoC and CoW evaluation using PWLUF.

ltem Tpp chip Botltom chip
with bump with pad
Die size (mm?2) 7.3x7.3 10x10
Bump array Peripheral and full area
Number of bumps 728
Bump/pad size (um?) 38 x 38 58 x 58
Bump/pad pitch (um) 80 (peripheral), 300 (area)
Bump/pad height (um) 45 6
Bump/pad composition (um) Sn-Ag/Cu (15/30) Ni-Au (6)
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Figure 4.1 Overview of top and bottom chips (a), and schematic top and side view of top chip’s bump (b).
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F\7z, Figure 42132 E D 7 ORI (a) & MEYES LY 7 L ONEl ()&=~ L
TWb, PTCMLUIMEEEOBED by 7 F > 7L LT, PTCNLIAR hAF v 7 E L THERIR
b, NUTEENZENSO ymE y FTI AT LA ICEE SN TEY, 1F v 7 Hieh U785
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FWDPTCNIO AR 7 OERIT2S yumTH Y, Cud 0 ymDESTH D, [EFRKOT T4 A b
WBEZEZBLT, RELAF v TORVTENF v TF v 7LD HERELSEFEATND,

Table 4.2 PTCM1 and PTCN1 design for underfill evaluation

ltem PTCM1 PTCN1
Use Top wafer Bottom wafer
Die size (mm2) 5x5 8x8
Bump array Full area
Number of bumps 8250
Bump diameter (um) 15 25
Bump pitch (um) 50
Bump height (um) 9.5 10
Bump composition (um) Sn/Ni/Cu (3.5/1/5) Cu (10)
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Pitch: 50 ym *Number: 8250 pin
(a) Schematic bump structure (b) Overview of stacked sample

Figure 4.2 Schematic bump structure of PTCM1 and PTCNL1 (a), and the overview of PTCM1/PTCN1
stacked sample (b)
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Table 4.3 PTCM1-Cu and PTCN1 design for Cu-Cu bonding evaluation.

ltem PTCM1-Cu PTCN1
Use Top wafer Bottom wafer
Die size (mm2) 5x5 8x8
Bump array Full area
Number of bumps 8250
Bump diameter (um) 15 25
Bump pitch (um) 50
Bump height (um) 5 10
Bump composition (um) Cu (5) Cu (10)
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Figure 4.3 Schematic bump structures of PTCM1-Cu and PTCNL1.
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(a) Schematic cross-sectional view
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(b) Bird’s eye view (c) Cross-sectional view

Figure 4.4 Schematic cross-sectional view (a), bird’s eye (b) and cross-sectional view (c) of bumps after
PWLUF L patterning.

58



IBVEER DT v Z—7 4 L OZEE L LTE, AMARMBIC L 57 7 b A RERORA R4
FEDOFEENC Lo TF o THAPEBR LA 6, Bl b3 ETe Z LA FE LV, PWLUF X, KR
A4 X FRHIEZ FERksr & L, Kbk & LTT7 27U b— b, Bilifbpkio s L ToARF
BHIE R ONZ OMBIMMICE > THERERLTWS, FAZu~ T 7 4 —DfERNS, X
H— TR L Te % D PWLUF Z BV L CHRAET 7 7 b A ARRDIE, FICZRFUEIETHD 2
MWDoz, MBEERDORA FEFEZMET 57201, BERET 077 A & - T, 7
7~ H A LB K OB A RIS D 2 ENEETH D, Figure 317 IR LIZ K DI, RF—
VIR D PWLUF L O¥5FE AR 1E 150~180 ‘C CTIECKEE A R L, 180 ‘CLLECIXEE LIZ X -
THEEN ERT 5, HI, KEE COB LML, e AEENEDSC)% Hu 7z Kamal
Sourour &7 /LB L 7= %% 150, 180, 200 K& 1) 210 °C T E{L# % % Figure 4.5 (2773,
200 CLL ECTORIGERIT 5 BPLANIC 50%LL EIZET 5 Z L bnoTz, @ik ToRE R BSUGR
IARA REFBESE LN H 572,200 CLLT CTERBEICHIRT 2 EERE T2 7 7 A4 V4
FIE LTz, 135 CAT v 7 (Profile 1), 150 CA7 ~ 7 (Profile 2), 180 ‘C A7 v 7' (Profile 3) &2

, BEF—H L LTAT v 7722 L (Profile 4)D 4 £k DJEH%E 7107 7 A /L% Figure 4.6 12, J£
%Lt&@tﬁﬁﬁﬁﬁwsmwﬁ Sht % Figure 4.7 |2, JEEREOF v SO FERIZ, T
> THNCEVER Z AT D 2 LI K o THEANIHE Lz, EERMIZ 78, MEEA TS0
20 MPa & L7=, Profile 4 TIZJAWVEIPH T, Profile 3 TIZ—¥BICAA FABMI S NTZ, = DFEFE
O, MR TORT v TRAT v 77 LOFMTIE, BERBSIZE > T, PWLUF 22607 ¥
hH AR TE RN LI XD EHEER LTz, Profile 1 2 Profile 2 2 L 72341, LR
$4FiﬁwéﬁﬁwVﬂanmﬁthMﬂFﬂlﬂ&%y%ﬁ@t:iﬁﬁﬁtht%%+AC
BUREN L CTDH 2 L AR LT\ 5, Profile 2 A3 A L T B L7z ¥ o 77 L Wi o A A 76 1-5H
85 (SEM) EE % Figure 4.8 |Zo~d, @Y 7 /013 100%DE @IV R EZ R L, S 7icT &
— 7 A IVDBIAIS IR BAF 728 TR 3 MG b7,
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Figure 4.5 Simulated thermal curing kinetics using Kamal Sourour model at 150, 180, 200 and 210 °C.
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Figure 4.6 Four types of bonding temperature profiles including 135 °C step, 150 °C step, 180 °C step and
non-step, respectively. Soldering temperature is 280 °C (a). Bonding pressure per bump is 20 MPa (b).

(a) Profile 1 o ) roe 2
(135°C step) (150 °C step)

-

(c) Profile 3 (d) Profile 4
(180 °C step) (Non step)

Figure 4.7 C-SAM images after bonding at four kind of bonding profiles.
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Solder
Pad

Figure 4.8 Cross-sectional SEM image of the sample stacked by Profile 2.

k5PE7AY 18,000 Pa-s Td %5 PWLUF | &, 1,000Pa-s T 2% PWLUFL % CoC fi/g9 % Z LIk
ST, KEIC L D BE WG L=, Tabledd X, X7 LOT =7 4 VEHBIZE-T
B L, MBVERS L CELNTT TN TEEGSY, M OBGRENC L > TF v 7o~ L
HMEne7 =740 (74 by M) #oOBETEZRLTWD, PWLUF | Z W i-fiE
YT NTIE, NIy RICBEEL TELTIEFIA W7 s Ly RETH-T, —F T,
IRB— UG AR RS & 72 D K5 I B L7 PWLUF L Tl, RAFRBHRREEN S O,
T4y bELEL hoTm, U EOREND, PWLUF O/8F — U OIRBIREE L, BT
EPEIC KR EREELE 2, R A I FEIEORS FE(LIC L > TREFLZZ PWLUFL X, 74
— 7 A VDA IR TG A FEEBL LT,
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Table 4.4 Cross-sectional SEM images of the stacked sample using PWLUF | and PWLUF L.

Bump soldering Underfill fillet

Observed
position

PWLUF |

PWLUF L

423 [RIEAMEIC X 5 CoC FiJE AT

NR=RA NAT =T 4 NRT g VLT =T f MITRREND BT 7 —T 1
NEBEATDEE, ST EOT =T 4 VERLOT D0 T BT 20 MPa BL D
MEBBEE 725 O UL AaRD, SR TOESIE, W oM EHI R TEATE OfLA
b vk, RE Yy T LT T ~OmEHITE L., 22T, PWLUFL Z# W T A7 ED
BEZbRET 5 2 & CIRMTEIC L 286 & ATREIC 3~ 5 &2 FRGE L 7=, Figure 4.9 IR X 912,
N T BT OINED 20 MPa (Profile 2) ZEHESM: L LT, 7 MPa (Profile 5) , 3 MPa (Profile 6)
TRl L7z, A7 > 7 IREIL 150 °C, AR 7 #CHEM L7z, Table 45 I2FNENDOFfEE
FUETH LNV T OB, Wik SEM TN C-SAM BB A F L TRy, EHELRMT
5 20 MPa K OMEINESMETH 5 7 MPa TiE, 100%DE @I TR FRICT V4 —7 4 )V
DUHARLRA RV EFRIRIE TH o 72, —F7C, 3MPa DM CIIEERICHIER S 5 2 L 0vb
o7, Figure 4.10 1X, 7MPa OIETEZ L=V T D7 4 Ly MREEZRLTEY, +59
IZEGREE) LT D Z &b D, Table 4.6 13, MESRMGEE 7 4 Ly FEIOBREZTR L TOD,
3 MPa DIERWINETIEZ 4 Ly PEIVBELSRoTBY 7 U ¥ —7 4 V3508 E) LT
BN Lo Tz, U EOREEND, PWLUF LIS 7 H120 7 MPa(F v 7 7= 25 N)D
IEINE T OB & FIHEIC LTz,
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Figure 4.9 Bonding temperature profile (a) and three types of bonding pressure profiles including 20 MPa,
7 MPa and 3 MPa, respectively (b).

Table 4.5 Electrical yield, SAM images of stacked samples and cross-sectional SEM images of soldering

bumps obtained by bonding at 20 MPa, 7 MPa and 3 MPa using PWLUF L.

Bonding force

20 MPa

7 MPa

3 MPa

Electrical yield

100%

100%

35%

Cross-
sectional SEM

SAM
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PWLUF

Fillet length

(a) Overview (b) Cross-section

Figure 4.10 PWLUF fillet overview (a) and cross-sectional SEM image (b) of stacked sample by Profile 5
(7 MPa) using PWLUF L.

Table 4.6 Fillet lengths by different bonding pressures using PWLUF L.

Bonding pressure 20 MPa 7 MPa 3 MPa

Fillet length 220 pm 82 um 30 um

424 BRY  F N T HAT D CoCHeft

80 um £ F DN T EHTDH TEGIZHE W T, PWLUF L % AWV TNy 7T HEA A 22 B AT
RERCREN T OND 2 L B2 HRE LTz, KIS, PRE y FACT~OmEM A HIZ, IMECIZL -

THEFSN7- Table 4.2, Figure 42 (2R L7250 ym &y F O T2 H 45 TEG % AV CHiJERTE
fili 2 %206 L7z, PWLUF L & PTCN1 U =\ZHEZET I X — MI Ko TR T EMDIAT, N
TEOT =T g VBB, BUBIC Lo TRELE, oy ot Z A7 L TCHEERT
flif > PTCN1 OF v 7% 157-, PWLUF & /3% —=> 7 L=t DO FEH D SEM T-H % Figure 4.11
W, NUT EOT =T g VIFBREST, NUTREHL TS, £, NF—=0 T
B LI T EDT~ o AT RV AJIE LT PWLUF IZERT 2 E— 7 23 S h s
Mol &b, /N7 EIZ PWLUF ZRIEN 2T & 2R L7z, Figure 4.12 1%, ¥ — 9
fif L7z PWLUF f} & PTCN1 5 v 7% PTCM1 F v 7 L i@ L 7= ¥ 7" /L DO Wil SEM G H & SAM
BIEREREZ TR LT O THY, N7 I3ERE) L7z PWLUF TE b, AU 7 RICIHEEAN 720N
VTR R LT,
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Top of Cu bump

PWLUF

Figure 4.11 Surface SEM image of PTCN1 after PWLUF L patterning.

PWLUF

(a) Cross-section (b) SAM

Figure 4.12 Cross-sectional SEM (a) and SAM (b) images of stacked PTCM1-PTCN1 using PWLUF L.

BJohifbEy 7% 85 C, 60%RH OfEIREIEIC 168 h #iE L, FO®ICKk&IEE S
260 CIZRRELTZ Y 7o —FIZ 3 A LTz, BIC, gV 7V E-55 C~125 COMREY A
27 JW(TCT)% 1000 H1 7 V3fi L, HEWAMSEEMEZFHE L7z, Table 4.7 1%, 154 7 L 23k
L7 DH v TNV OEGENE L NS TR OT A U —F = — OBKIRIUEOEHE, KO
SAM BEE %R LTV 5, [FREMERBRATR ISRV T, EHlIeR & ERIEPUEIC R E 228 bn8 72 <,
SAM FERMN D H RERARA RORFBEIBE SN2 o722 LD, PWLUF L & W= fE ¥
TAL BRI E A A L TS Z ENbroT,
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Table 4.7 Electrical yields, resistances and SAM inspections after bonding and mechanical reliability
evaluation of stacked PTCM1-PTCN1 using PWLUF L.

Process After bonding After reflow and TCT
Electrical yield - 100%
Electrical resistance 317 315

SAM

SBABLT VX —T 4 VL, AH XU TR Cu N T ORBUIRERET S 2 L& BIIC
WH 7T v ARy EEA LTS, —J7, PWLUF TliX, A% v XU ZRIlC 7 EORHEE
BRET D727 =T AN KD 7 Ty 7 ZAMERNHIRF TERY, DT, BN T
DEERHREEZTER TE 20N EFHTH S, Figure 4.13 1%, EE%(@E 260 ‘CU 7 1 —7i%(b)
DR TR Sy DWTE SEM Z7R LT\ D, JEFR O/ THEHHICIE, PTCML N7 L
PTCNL N> 7 L ORNCREPFET D Z LN nmnoTz, —HT, UV 7a—tho v 7Rk
T, NUTREOREAHEEL, IMCHEELTWD Z EARIBREND, Figure 4.141%, 724
— 7 4 V& AWVTIC 260 ‘CT 60 O TIMEVESE Li-fElEY v 7 /L OlrE SEM Z 77 LT
%, PWLUF Z i L72BRIC 15 Do BEReRRE & [FIRR, /> 7O S N FE L\ BAT 72 B
BIF BTz, N E T 2 OERTFER, @, N7l L, VYR MERELREIC
CuZ V—=v7%3FEMT5, CuzV—=27k& LTIL TR EROKRERPANSI,
Bl ZNEARY TNV TIR T = VR KRIR A EH LT, 7 U BRITSA L 5T 2 2 &3S
NTEY, ZOXD AN Cu N TOREZHREL TRILZIHI L T2 ENT T v 7 R
72 LT B R BERRIRIEN S S - ATREE D — 2 L LTEZ TS, LLEDOREREND, PWLUF
XY 7 =7t R Lo TR TR E D WV R REEFREN G LN D Z &b olz,
— 7T, BRI L DR~ DO FET, BLIROE SR EMIIC L > TEkT 52 L
PREINDT=D, SBRBEEL TV LERD L,
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(a) After bonding

(b) After reflow

Figure 4.13 Bump’s soldering observation after bonding (a) and after reflow (b) using PWLUF L.

Without underfill

Figure 4.14 Bump’s soldering observation after bonding without underfill and flux.
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4.2.5 Cu-CusN > 7t

WNUTORRE y FACIZEED, SN 7 BICO Y VA REIZ L Dy a — N ERET D720, Y H
JERHEET D2 A THREND, ERISMZ T, i3 7o EER LB OB AN D
HAENTHL, LR, HEOYLFR Cu-Cu Ny THHRIZE W TIE Y VX OB 23 #
FECEXRWED, T A —T 4 VOEIHABOBEIT L W IRA L 725, = 2 TR T v 24—
A NERWTZANT EORIEERET D Z L2k D Cu-Cu #Efi~0iH et 2 st L=,
Figure 4.15 | Cu-Cu B8t OFHl 7' v A &2 md, BB X —7 4 L& LT_—X M7
X —7 ¢ JL(NUF: Non-flow type underfill) Z #Hfi 9~ 235561, A AT v FITH&ED NUF Z i
HLUTNUF & F v 72ER L7, £7-, PWLUF Z2#HT 285461, v 7 EoT7 o 4—7
A NEGN, BURBIZ L > THREL TPWLUF & OF v 72 AR LT, BAF R Z 1G5 7280
E%WEHNV7%tDSOM% E%ﬁﬁiSWstLtoit,E%mW7u774w
AT TIREZE 150 C, fHmBIERE% 300 'CL Lz, Figure 4.161%, 74 7—HED 2 @*ﬁ
@ NUF % i LT}—% L 7= Cu-Cu ##5i /N> 7 OWriki SEM Z7/r L TR Y, BARNSS 7RI
FRANTERREIZ 2D Z L NbinoTe, SN T RICHRRED Y VI BB SN TN 5Y;
%&ﬁhﬁ?yﬁw74wiywﬁ®ﬁ%k&%:%é&ﬁﬂyf@ﬁmﬂmﬁbméné
Cu-Cu N> 7 CTlk, YV Z DX D ICERBOWMEN N EIF TE oo, PN £ < I
FANTRRE L 12D L EBEZ T D, £, ZOBIRIIEEOMWE, REH K ONRE DL E Tl
6:kﬁ&ﬂotyﬁﬁF@m4ﬂ&PWHFL%Lmbfr%LtCMMEﬁA/7®ﬁﬁ
SEM Z /R L CH Y, N7 IS O 72\ BAF R BOIREEDG BTz, UL EDORER )G, PWLUF
D Cu-Cu 7~ 7 Hefgi~DE H o Al gEdE 4 SE3E L 72,

NUF coating Bonding
(@) NUF
PWLUF lamination Patterning Bonding
(b) PWLUF

Figure 4.15 Cu-Cu bonding assembly flow using NUF (a) and PWLUF (b).
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(a) Without filler (b) With filler

Figure 4.16 Cross-sectional SEM of bumps obtained by Cu-Cu direct bonding using NUF without filler
(a) and with filler (b).

Figure 4.17 Cross-sectional SEM of bumps obtained by Cu-Cu direct bonding using PWLUF L.

43 BT o =T 4 N E AW —1EY 7 v —HEk

TBART =T 4 X, T HE =T 4 OF T % 260 CLLEO SR THEEREIESET
DMEND DT, AFEMEICREZ I TV D, ZHITEEY — LV OFREBIRICE2EWTA
TNHEA LN, TN BT 7 EFEET 2 J520(Chip on Wafen) lIZ381F 5 7 = ~N~DOEE 2 — D%
/% ROBLSIRE L 725, A TIE, PWLUF L #HWC, Figure 418 1Z/Rr T Xk I =
FCF v TET TAL AL FDOEDITEHF LIE, U x L TO Y 71— ko TR 7
T 507 = LoUL—FE U 7 v —#E5E(Collective reflow soldering)-~ i F o A EME 2 5F4f L 7=, JR
HERE LT AR MNAT =2 nEX A T LTHELNE T IO by 7 F o a8 L
TR L7z, VU 7 o —5f1% Figure 4191275 L7-, Table 481X7 A4 A MNEBDEEL, V
Ta—thOF v TEEK NEBENEORERE R LT, Ty T OT T4 A MNEFEDIRES 25 C
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HL<IE80 CELEHAE, V7 —RICETOF v IRPE L, —FT, 774 A2 bE
EHEOIRE A 120 C, 150 CL LSBT Y 7 —% b 7 = B S -2 R L T
BD,150 CTT TA A > MEHK LIV 7 OEEILER T 100% % 7~ L 7=, Figure 4.20 1 120 °C
()&% X 150 CO)YDFRMIETT T4 A MNEZF LTI 70— L= % oW SEM GEA27RT,
120 CTT T4 A2 MEEHICT 260 CU 7o — L7=¥ 2 7k PWLUF OEGREIRE & A8E S
NBHRA RPEGF L TCWe, — 5T, 150 CTTY IFA4 A MNEBE LY ML, T X —7 4
IV DWHAR IR W BAF I N THRE RS DTz, T RY — B O 150 C T O VRS
(1000 Pa * s)2%, 7 > & —7 4 VOFENfES TNV T RE T 2 DI R GEEF STV
L ERELTWS, Figure 4.21 (X 150 ‘CTT 74 A ¥ MNEF®KICY 7a—LizHh 7 Lo
SAM ZRLTHED, AL RBBEIND b OORERHBELRN 2R LT, Uk
DFERDE, PWLUF LIZY = LLTO—FEFY 7 v —85 7 & A A R 7e s L 215
Too R7TE AL 260 CHOERSEY —/VBMLERNTZD, FZF v 7 2FET 5 52 (Chip on
Wafer)|ZB W\ Cix, JBBAMT v 4 —7 4 VOEFENEE KIBIChETE 5,

Alignment bonding Collective reflow soldering
at low temperature

Figure 4.18 Schematic chip on wafer assembly process of collective reflow soldering.
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Figure 4.19 Temperature profile for collective reflow soldering.
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Table 4.8 Influence of alignment bonding temperature for collective reflow soldering using PWLUF L.

Alignment 25°C 80 °C 120°C 150 °C
temperature

After reflow Delamination | Delamination Voids No void

Electrical yield 0% 0% 0% 100%

(a) Alignment bonding at 120 °C (b) Alignment bonding at 150 °C

Figure 4.20 Cross-sectional SEM images of bumps after alignment bonding and reflow using PWLUF L.
Alignment bonding temperatures are 120 °C (a) and 150 °C (b). Alignment bonding force is 20 MPa per

bump and its bonding time is 7 s.

Figure 4.21 SAM inspection of stacked sample by collective reflow soldering after alignment bonding at
150 °C.
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4.4 FENET v & —7 4 /L% F 7= Chip on Substratef& & AT-Aff
441 BIMET o H—T 4 VOFHRZ AN TF v 7 R OJER
Chip on substratefi & i1 (%, Table 4.9127R% L&D T~ 7'(a) & H:Mi(b) & 5 H L7z, Figure
4221%, F v F DAL TESS OWi(a) & HALDOAME(D) 2R LTV B, FARICIZ20 pmE o /L
F—L VA RBEINTND,

Table 4.9 Chip (a) and substrate (b) design for chip on substrate bonding evaluation.

(a) Chip structure

Chip Silicon, SiO, surface
Chip size (mm?2) 73x 73
Bump array peripheral & area

Number of bump 728

Bump size (um2) 38 x 38

Bump pitch (um) 80 (peripheral), 300 (area)

Bump height (um) 45
Bumt?wigsrlps?(iﬂ;r)] and Sn-Ag/Cu (15/30)

(b) Substrate structure

Substrate E679FG(R)
Substrate thickness (mm) 0.4
Solder resist thickness (um) 20
Cu line/space (um) 40/40
Cu thickness (um) 9

‘Chip Cupillar
i SnAg s

(a) Cross-section of chip (b) Overview of substrate

Figure 4.22 Cross-sectional image of chip (a) and overview of substrate (b) for chip on substrate bonding

evaluation.
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4.4.2 Chip on substratef# & FFfh

532 Rk L7 X 912, PWLUF L23Chip on chipfif@ (23T T v & — 7 4 L DREIIA TR 72
WS TR A EBLT A Z L AR R Lz, Ty 7 L EREIE T > TR o$ER & i L Ok e >
F TRV OO, AFEENEETIULF ¥ ©F7 U —HRA0 BB XA~ 5 2 &L EE
SND, —HT, BT YNV — VDR FREBRDIELBRE N, T F—7 4 VITIEE
(Z R WEAEEN M 23k H A1 5, PWLUF L% 3 H L CChip on Substratef & #Fiffi & 50 L 7=, Figure
A23IZ R LT k9L, NP —=2 T FTH L TAUTEHBFRITE WL &R L, B6h
72PWLUF Lf}& F v 7% HMICHE L7=, Figure 4.2413F5& L7=V > 7D R0 T ES O Wik
SEMBE(a) L SAMBEL(D) & 7R L TV B, AU FICHME S 7z Y L F T » 7 OIMU T I ~ETH
LTy FIZEELTEDLT, A FHEAFELTWND Z ENba o7z, Figure 4.25/7 fHEE
K &R L TWDR, EBROIEESIAAET D3 FORANCIE20 pum/ED YV L2 — L P A R R
RSN TERY, BVEERFZIEZT X —7 4 METF y T ORRNSIMUANE T 2 —T 4 V3K
Z BT 5, PWLUF LIZBRENRFORIER @ ToD, YA E & T TAMIO S~ LH L
el EiZ i pEHEELE,

Figure 4.23 Bird’s eye view of bumps after PWLUF L patterning.

PWLUF Solder resist

Substrate

Solder Cu
(a) Cross-section (b) SAM

Figure 4.24 Cross-section (a) and SAM (b) images of chip/substrate stack using PWLUF L.
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Solder resist

{ i Chip

Solder

Fe=

Solder

Figure 4.25 Supposed schematic cross-section of solder deformation using PWLUF L.

PWLUFDREME DB Z IR D720, /3% — Utk O Fi231,000 Pa - sTd HPWLUF LE Y
by, FIIRWIARILKSE © & 5150 Pa - sZ 7k 9" PWLUF N% FAV CREE RTAI 2 9266 L 7=, Figure 4.26
WHEE Lt v TN Ty OWHISEM B L (a) £ SAMB E (b)) 2 /R L TV 5, 232 7R
I IAR B 72 BAFCTH Y, KERAA FROREEL B SN o7z, HilIHE S 100% %
IRLT=Z EDvD, PWLUF NZ 3 4% 2 & CChip on Substrate D & fEAf 2 35\ C b L 7= N

T A FERE LT,

(a) Cross-section (b) SAM

Figure 4.26 Cross-sectional SEM image of bump (a) and SAM image (b) of the chip stack on substrate
obtained by thermal compression bonding using PWLUF N.
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4.4.3 Chip on substrate—#& U 7 & — 4§t

Chip on substrate OFEE W T Y, —FE Y 7 v —EFIIKEICAEEE 2 M ESw 5, £ 2T,
PWLUF N & T, EREEAERIZ 150 CTT 74 A v MNEFRIZY 7r—3 25 2 LT X D8
P A5 U 7=, Figure 4.27 (X SEM G E.(a) & SAM BIZER ()2~ L TEBY, RA REdmil
LR BE THAARA RS RN TGN DT, 72, BN EEINEIT 100% Th 7= 2
&b, PWLUF IZF v 7 L EROBEICH N T —FE Y 7 o —#f 7 v 2@ Re/e 2 &
IR LTz,

(a) Cross-section (b) SAM

Figure 4.27 Cross-sectional SEM image of bump (a) and SAM image (b) of the chip on substrate stack
obtained by reflow soldering process using PWLUF N.

55 fti &

NV TR OWEIA NG| X Z g L AEEE O SEE B, B 3 mICTRELE
PWLUF ® =27 M &RRGE LT, PWLUF 234 —= 7352 L TN T EOT X —7 4
JITERICERE SN, B o 7 IR BANR IR WS U TG A B L T2, Y — VB RE D
BRENEIC L D REE LRSS 572, RiMEAS 18,000 Pa-s TéH H PWLUF I &, 1,000 Pa:'s Th 5
PWLUF L % @3 U725 5%, PWLUF | 2 W fE 5 o 7L TIRBNREIMPE D AR IC L - T
NIy FIZEIERET, PWLUF L TIXBAFRERIREN S ONIZZ LD, KU A I FiEE
DIy FBAIC & D PWLUF 8GO A Z0MEZ FERE LTz, 15 D Lo ZHERIIGR Y 7 v — <0l
BV A 7 VT & OBMBEENMETHE®% b BRI AHER: LT, £, Ty 7L REIRE OB
Cu-Cu /> 7l 2% LC o PWLUF Ol O Al REME & MRGE L 72, HICIE, ey v 4 —7
A IVOREToH D EFEMEZ RIBICSET 2HE L LT, vV biZF v TE2T7FA4 A bD
TOWEZF LR, VoL TOY 7 —ZLo TRV THERT LY 7o —#k
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(Collective reflow soldering)~i#H T& 5 Z & Z# %Gk L7,

AHFZETIL, BT o F—7 4 L OWHA & AFEMEOFBEICER L, /S ¥ —=> 7 alfE
RT B =T 4 MR FRICEG L TED a7 N ERWREE LT, BT A I L7 R, A
TEEIZ G S0 e AR A RIIBIEINT, AR R ONRNoT 2 &0 n, mWiMEE L &
HITHAEA L S+ IRVEE AR LT D MERERE 2 2 7 R R SEGE LTz, 5% O3 T
it LTI, Z2EAMIC K EMETOHEER S, #ED Y L ZS° Cu-Cu /N 7 TOHREN
WEBEL 2D, £, BBAMNT X —T7 4 VBTG TIN5 72D, VoL ~L—fF) 7
o — g L W o T AEEMEDBEN VA TH 5 L EHITEZ TV D, AFuCTRidlt L 7oL 7'm
TR, BIZE VU ALISND N T & AFEMEOT S RS 5 — DD HIELEBE X TWD, F
7o, B LIEMEIOT AT MR 2 THLZ Emb, N Ty FEF v THOX v v 7D
FNLLERET D E,10um By FOMHN T ETHHISTEDLZEEREBEL TS, —FHT,
BT =T 4 WITB, BUR L W o ek D T v X —T 4 TN T m e ARKETH
0, N7 EOBIEOB N R Z — IRV A X RET D0 H %L Ofi 2 ES 5, #to
T, 7’ak AOM@MEbE B, BETETT 4 VAT V4 —7 4 )V TOMERRGE & 8T 2
O,
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W5 T4 NAT U E—T 4 VMR ZEBREE Y vt R DB
51 5

REHTLT v =T 4 L, N Ty FRRNTF T EEET L @ E L CHENEA TR
0, T U =T 4 METF oy FERINBES LT 7 EORE &2 ERT 5 2 & TR T 2B TH
Do PSHE - B TAL LT EBROERIZE 5T, 774 AV M EHERRENEETHY, 774
AV NIRRT B O 13 1, HEft (ST I XRAR B O REHE & R AR B SRR 1 & PR S
b, £z, ZEFERET 2RI, x0F v 7% Y VE BT D iR CMBVESE T 5 2N
BB, EFEMICHEEZRNZ TS, TANVAT B =T 4 VEANTIHRE v F O TE2A
T HTSVT » 7% ZBeRblE L CRVE Z fii L 72 2efli3 b 7e v, B4 CTHRE% %1000 Par sEL T I
AT D Z L CREAREHEENGOND Z E b olz, — T, TTA A hv— 7 @O
DOBBREL, T v B =T 4 VDS THHGERO WA BT D RAEOFRE SR 72 > T 7R
(AN

Kﬁ%f@,%wﬂ&%:yﬁ%ﬁgkLﬁw74wA7yﬁ%74w%mwf T =T
ANVBHCE END 7 4 7 OEAE - RIROFBAME, HE L BIEIRRE & OBIRE BRI LT,
Flo, R OFZINEL T T A4 A b, RUREE LA & OBIRAZBAfMEIZ L, B/ - e > F1k

L 7= AR OEEG O DR RO R ERRE 2 LM T 5 & & BT, ZEFE Y ' A0 HH
REEITo T,

52 747 OREEGARIT I DFMEA~ORZEE & M B0 8 E
521 T AINAT B —T 4 VIREDOEIRS
SEBAI T =T 4 W, N T RIS ND T X — T 4 v E INEEERHCHERR T 2 24
BERD DT, MBAREOBEORMENEERN T L70D, Flo, TV =T 4 NVENLTT v
PR ENIT TA Ay h~—0 BB T D720, B — IR ST D SR O 0
R Td %555 nm T O @& Wi R, BAEEEOB AN HIRWCTEL ML 2D, EHIL, 7
VHE—=T g ZEEND T 4 T ORRRE A ENERE, MR OCTEICRE BT L LB X,
BIER D 2/ — LT Y AT 4 7 ORERLEARDORIR DT ¥ —7 4 % ¥l L THEHRFIE
EDOBRER NI, F, FAETHONTEHERREZ KL, 74V LT =7 4 VOMEE
10000 Pa- sLA F IRk L CRiJE MM L 7=.

5.2.2 FHiEmRE~DEE
Figure 51137 4 72 5B LR WEE L, BIIERICH LTI D7 4 TOEHEZA0EER L L,
ﬁ@%”ﬁbt&%® WA EZ R LTS, ZOMENS, 50nmEL FORRETIEIT 4 7%
BH LRV WERARR & K& RERIR 5T, 350 nmll LD E TOBERICKE 2
%@%ﬁz&w EWNorolm, —5T, 250 nmLh ORI TIEE R ik%<ﬁ?bto_
iE, BEE T 47 OREMEIERFEE &2 O BELOFENRL ooz L EZ TN D,
Figure 5.2 (@)I%, 7 4 7O EAFREI0EERE L= L &0, KR E555 nmTOFEmREE OREGRE
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ARLTWD, 50nmEL T Y DRk Z#H T 5 Z & To55 nmik & TOE R4 & Mk T %
Z b odz, Figure 5.2 (b)i%, 50 nmb L <1500 nmO¥ifRDO 7 4 ZE#EH L&D, £
NZENOEAHE E555 nmTOFEBR & ORRZ R LTS, 50 ORI TIEEARIZE > TE
EIXR B> 7223, 500 nm ORIRTIXDEORA THEWRBRKEAKTT L2 &3 bh

277,

100
——without filler
-~ 80 —10 nm
% 50 ——50 nm
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= 20 =]
0 4
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Figure 5.1 UV spectrums using several kinds of filler size with 40 weight % filler amount to resin.
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Figure 5.2 Influence of filler sizes with 40 wt% filler amount to resin (a) and filler contents (b) on 555 nm
transmittance.
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52.3 Hitk~npE

Figure 5.31%, 50 nm& 500 nmOKIED 7 4 T HWA LIz 2D, GHRL T 4 NVAT V4 —7
1 VOB D FARIRBIREE & OBRZ R L TWDH, WTIORRIZENTY, 7 4 7 O EICfE
S THERIENRKRELS EF LT 2R bnd, — 5T, 74 7 ORBEPHMEICE 2 28X
KE<, FERALTH50nME Y £500nmD 7 1 5 D FH MR HE T, ik, 7
4 TDLEREEERELTDHZETT 4 ZHOBENNNEL rofcled EBEZTWD, ZOfE
Bnb, 74 70GFBEVRLTHIE, FLERAILGEARETHLREBRE VT 4 T72EHT S
LT, MMEERIERSHIITE D Z ERbnol,
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Figure 5.3 Influence of filler contents on the lowest melt viscosity of film underfill using 50 nm and 500

nm diameter fillers.

5.24 HRIZIRGREA~ D

Figure 5.4 (a)i%, BIIERICHTHL I N7 4 TOEHEEEZ0EENRE LIz ED, 7147 DF
PIRIFR L CTEL OBMRZ R L T 5D, 10 nmOKiEE TIX80 ppm/C & BV ME % 7~k L7243, 50 nmk
L ORIBETIE45~55 ppm/CTH Y, 50 nmLl EDRIFRIZ LD K& BT R LN hoT-, Zh
1%, R HIRH NS W T ¢ 7 2B TR CTIXEECERIE OZLE T b2 ol L, —EL
FOREEDT 4 T TEHZOREN NS ol tEXTWDH, 7=, Figure 5.4 (b)ITHiEE1350
nmo7 4 TEBEHLIZEED, 74 T7OEHEFRELCTEL DEFEEZRLTWD, 747 DHE&EIC
o CCTEIHME T+ 5 b 00, 40EEWLL ETIXZEORFIT/NEL< Y, 50 nmLl EokiED 7
4 TR AEEWL, AT 5 LT, CTEZIRSAHETE D Z b oT,
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Figure 5.4 Influence of average filler sizes on CTE with 60 wt% filler amount to resin (a) and influence of

filler amount on CTE using 50 nm diameter filler (b)
PLEICAE ST R & AR TR O BEM R4 5T, Table 5.1IZ7R 3% & KiPEDN 72

BAFED 7 4 )V T 2 —7 4 vUnderfill A~DZ YL, 77 A A2 b~— 7, N 7B
BRI A~D T A — T 4 VDA D BB 5 FH

Table 5.1 Four kinds of underfill for stacking evaluation

Underfill Underfill A | Underfill B | Underfill C | Underfill D
Transmittance at 555 nm (%) 25 3 20 7
Lowest melt viscosity (Pa-s) 3000 1500 700 300

5.3 F v 7/ T v I EEHE
5.3.1 FEEEAHIC VD F v 7 OREE

IMECIZ X » Tkt & 7= Table 4.2, Figure 4212 7T TEGE W7z, by 7T U= ThD
PTCMLIZZE N ENRIE20 ymDATEID 7 4 NV LT VB —T 4 VBT IF— kL, XA 7
Ko TF v 7L LTT v & —7 4 WFOPTCMLF » 7 % Hfjii L 7=,
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532 774 A h~— 7 GBikiE & N TR O IEIA

F o THEIIEL, T I7A4 Ay b~—2 % BEREEEHR L TN EET 2 HETHL 7Y v T F v
R —"HWD, TIA4 A =2 3F v 7 EIZEEINTWDTED, 74 NVET VH—7
4 NVEN L CHRBTILEND D, Table 52137V v 7 F v 7R F—ZHH ST 28R
(LED(RGB), Axial/Ring Light)yz I\ C~— 27 ZBILE L FHTHY, TNENDT »F—T 4 )b
D555 NMTOBHF & R TORL TS, 555nm (Z7 U v 7FF v 7R — s Tnd
HILTH D DO LEOR R TH D, HEFEI20%LL | TH - 7=Underfill AL Underfill CT
IT7 T4 A h~—2 OHBRBENATHETH 72 H DD, 10%% T[] % Underfill B & Underfill D

TG C& oz, ZOFERND, 7V v 7 F v TR X —TOHBRESEOT-DIZE, 7
S —7 4 /L D555 nm T DI A 20%LL EMETH D Z Mwbznoto MEREREEE LTIE, Y
BiEE23500 N T U B % 30%LL EETe T VX — 7 4 L TILEBRICHERH D Z L nbhoiz,

Table 5.2 Alignment mark visibility through film underfill with different transmittances at 555 nm using

flip chip bonder.

Underfill Underfill A Underfill B

Transmittance at 555 nm 25% 3%

Alignment mark visibility

Underfill Underfill C Underfill D
Transmittance at 555 nm 20% 7%

Alignment mark visibility
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ENENDT =T 4 VB ENTZPTCMIO T > 7%, 71U v 7 F v TR =N
TPTCNIDF v FITINEES L7z, Figure 5.5I3MMEVEE DT 7 7 A L TH Y, JEERM L E
HRE@), MOEERE L N TF~OMED)E OBBEERL TS, JEEREZ, RZ—0
FRETRIE & EBEOWE & ORNCENH D728, PTCMLEPTCNIO T v 7 ORIIEE % & 7% LiA
L ECTHE LZEROBRE, R X —0 bl e THOREIREZ T TRLTWS, RKEE
BRI X Y VX OVERIRIE Td 5260 CLLE, MEILZ 4 VAT X —T 4 LT i#’iﬁﬁﬁﬁf;*@
TH 55120 MPalZ#% E L 7=, PTCMLPTCNLIZZNEND N T35 Z & TF A ¥V —F =
— U NERENDH%ETH Y, Figure 5.60OPTCNIOE A & FEIRT L O, ThEh
4,125 T O = 9 52> U 7 CF A ¥ —F = —2/(Chain 1, Chain 2)DEiE4 F = v 7§
HZENTED, PTCMLEPTCNIOA125H DN 7T SN D LiE@E L, BEXIHUEN
FHITE S, 2F 0, @WERPUEAFRIND &N TEERT RT3 d 5 2 & (Open) % &bk
T 5, HIZ, [%%?%ﬁ“éA"/7"@35753%%énéKEA(Short)%ﬁ%Wé EMWMTED, AHEOT
VE—=T 4 NVEHACTNEES LT Va2 EnASEER L, SRR e e Lo, 77
> 7 AP LIZPTCMLEPTCNLD T v 7%, 7 v ¥ —7 4 V7 L CIEVES LI ERIRPLOE
5HEIZ, 100 MVOBIESEMAT, v a— he<500 QU FOBEBSIEFUEN G LT
Z7Good”, BEEET 5N TR OB S 7o L& Short”, 500 Q% 1[A] 5 AT
EABH S /=¥ 7L %"0pen” & L7z,

—+— Top bonding tool
—m= Bottom bonding tool
= Actual inteface temperature
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Figure 5.5 Stacking profile, setting and actual temperature (a) and bonding force (b).
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Pads forelectrical measurement  Pads for electrical measurement
(Chain 1) (Chain 2)

PTCNA1 chip

4150 pins bump area 4150 pins bump area

(a) Schematic overview of electrical measurement

Pad for electrical measurement

(b) Chain 1 (c) Chain 2

(d) Chain 1-2

Figure 5.6 PTCN1 schematic overview for electrical measurement (a) and measurement method of chain
1 (b), chain 2 (c) and chain 1-2 (d).
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Table 5.3/%, Underfill A~D% AW\ CHbfE L7z > 7 v osE@aafi R Tch v, 300MIELIXT
9" %”Good” , “Open”, “Short”DZLE DL & BRI Z R LT D, BRE O B (RIS 3
3,000 Pa: sT& - 7=Underfill AiZ93%DEFEIE TH D 71%DREEII R T O AR Th -7z,
— 5T, BARVERLESEE 531,500 Pa- sSEL T T&H - 7zUnderfill B, CEUDIF T4 1 100% 0 @Y R
o L7z, Figure 5.713f8/@ L7727V OBRISEMBEETH Y, WTHOMEZHWHE b
N T DERERIZT o H =T 4 VOWHANBIEL S, FFRITILERA93% T b > 7=Underfill ATIEZ
 DWHANBER S NIz, N T %D KOJBMINTZT o F—7 4 Wi, IEBVEERHIZ Y VA
EEBIZHLENDG, L Laens, —Ho7 X —7 4 AR LTSN WnWE £V T EE
RS LD & 2D X 9 RIHAFE AT %199 Figure 5.813Underfill A & Underfill CZ% fHu 7= %
JEV TN TG A i LT b O T D, Underfill CTIE, PTCMLUIZHE#H S ve VY vy
EPTCNLD /N> 7T 48 & O C&RF{EAE(IMC: Intermetallic compound) 23k S 41T
DKL, Underfill Az W24 0 7L TlE, S 7B eI R i 23 FE L Cu 7=, Figure 5.9
I, Underfill CZ VT, fifEE %19 MPat 38 MPaCRlJE L 7= > 77 /L D /3 o 7 e i 00 Wr T 5
ThHY, T FNI206EFE2RELTT V& —7 4 VOIHAZBIEL L=, Figure 5.101Z% 41 E D
ARSI EE &L 7 o =T 4 VOHAR L DFRREZ R L TV D, KV IRWERLE DT v 2 —7
A NVEANVD EHARENMET L, HICfEA19 MPan» 538 MPalZ L 5 2 & CRICHASRIHK
TT %, LOLARs, WIFROME, JMHICBWTHANBIE S, £72, 38 MPall L
DFFETIIBEEST 27O Y V2R3 LTy a— MO REER R 6T,

Table 5.3 Electrical yield using Underfill A, B, C and D.

Undefrfill Underfill A | Underfill B | Underfill C | Underfill D
Lowest melt viscosity (Pa-s) 3000 1500 700 300
Good(x) / measured(30) 28/30 30/30 30/30 30/30
Open(x) /sample number(30) 2/30 0/30 0/30 0/30
Short(x)/ sample number(30) 0/30 0/30 0/30 0/30
Yield 93% 100% 100% 100%
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(b) Underfill B

(¢) Underfill C (d) Underfill D

Figure 5.7 Cross-sectional SEM images of stacked samples using Underfill A, B, C and D.

(a) (b)

Figure 5.8 Underfill entrapment and IMC formation of stacked sample using Underfill A (a) and Underfill
C (b).
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(b) 38 MPa
Figure 5.9 Underfill entrapment of stacked samples obtained by 19 MPa (a) and 38 MPa (b) bonding
force using Underfill C.
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Lowest viscosity (Pa-s)

Figure 5.10 Relationship of the lowest viscosity and entrapment ratio between bumps.
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5.3.3 /N2 FEEGEER O AF FE MR

N THERRERD T o H—7 4 )V OBHAPETIEIC G 2 25 B2~ 2572, Underfill AL
Underfill C& HW=RifEY > 7V oWiR Y 7 v —ififtk & 58 E YA 7 Vil (TCT: Thermal cycling
test)Z HLig L7z, IR Y 7 o —iftE &1, TEDORMETRIR S B2 T vE Y 7 e — I A
LTT A ADOREGEFHMET 2 H1ETH D, £7-, IREY A 7 VMttE L 1L, FrEORE#RE T
FIREFERZME Y I L TT A, ZAOREGZHI 2 H1ETH 5, Aiw L TIE, WIR Y 7 v —iit
PEDZA: L LT85 C, 60%RHMDIEIRIEIRE CT168 hikiE X W7=4 > 7 /L%, KEiREN260 Clz
BIE SN Y 7 u—F 231 A HIEDEC Moisture sensitivity level 2(MSL2) D #4 CREA L 7=,
72, TCTOSZMEE LTk, -55 CT15 min, 125 ‘C T15mind ¥ 1 7 /L T % IESD22-A104
condition B Hi#% % 1000[1# ¥ K9~ 5e14 & L7z, Table 5.4/ 3F /& % D154 > 7 /L. Chain 1 & Chain
20W|PIEEZZNENHEL, WiRY 7o —% LK NRES A 7 A % OEBESIEPUEZ i L= b 0
ThD, TUH—T L VORRAN V727 - F=Underfill CTIX, MSL2K& ONTCT# & HUPUE S K &
BT 2 Z LidlehoTe, —T, WHANZ < BRAFIR/N U THREH UL S M 72 75> 7z Underfill
ATIE, TCTHRICEPUEN K E < LA L7, PUED LA Lo ERZ T 572012, TCTHO
SAM K Wi SEM 2 8142 L 7=, Table 5.51%, FifEth, MSL2F AN K& OTCTRFAMi % O SAMBIZE D
FERTH D, Underfill ATIE, EEFRICRA RBROND HDODOMSL2POTCTIZE » TRELE
b9 2 Z Lidehoiz, £72, Underfill CTIX, WTFNOEMTH K& 2R A FIZBZRI N
- 72, Figure 5.1LITCTiHEit% OWiaI G- E CTH Y, Underfill CTIZRAFRBERIREETH 72 b D
@, Underfill ATIE AN T HEGERIZ 7 T v 7 BMBLEL S 7=, Underfill A & Underfill COTCTREAT
IEMIE COCTEIXIZIERI U THD Z 0D, NUTEHRED 7 T v 7137 v X —7 4 VDA
IR DERARPEREBZ HILD,

Table 5.4 Electrical resistance changes after bonding, after MSL2 and after TCT using Underfill A and C.

Process After bonding After MSL2 After TCT
Underfill A 336Q 337Q 2500 Q
Underfill C 323Q 325Q 323Q
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Table 5.5 SAM images after bonding, after MSL2 and after TCT using Underfill A and C.

Process After bonding After MSL2 After TCT

Underfill A

Underfill C

(a) Underfill A (b) Underfill C

Figure 5.11 Cross-sectional SEM images after TCT using Underfill A (a) and Underfill C (b).
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Table 5.6/%. Underfill A~DDAFED T > & —7 4 L& FAWZT 74 A > Fadaktt, Figure 550
SRAETIMENERE U T BRINGR &N TR, OGO RE L L O LD TH D,
Underfill CIlZ7 > 4 —7 4 VDOBHABR R 5N H OO, WTNOIEAR /e 7 2 72%, Underfill C
ZIRIE L Co8y o — DS HEME & BT L 72, Figure 5.12 (a)1%/X » &7 — VIS HEME & 54l 3 5 1 1E o
XX TH Y, Figure 5.5DKMETIMEAES L CEONT-HEKRE, Y8 ERRAEEM 2N LT
WAL, VA YR T 4 7 THEWRET v 7 HBRICHERE Lk, BEREIEAZ HWT
F v 7 EEIE L7z, Figure 512 (b)IZEIERONBIGETH L, Ny r—UEEEOFNL, &’
JEY A 7 VIPE(TCT), SR SNERBR (PCT: Pressure cooker test) & OV IR A-AF 7 BR(HTS: High
temperature storage test) & L, ElIR L ELKEHUEOZE LA FEIEE & L7z, TCTI, -55 CT
15 min, 125 CT15min® ¥ 7 /L-Z1000[=1#k ¥ i 5k, PCTIX121 °C, 100%RH, 2 atmT240
h#fE 9~ % 2, HTSIZ150 CT1000 hifiE 55k & L7-, Table 5.71%, TCT, PCTX OHTSHK
BRIz D EEIR L BRIEPUEOHE Z R LI b O TH D, TN OFHMEEE (B8 T b EiE
IR VBRI LR R SN2 0> 72 2 &5, Underfill CldEN - EHEMEZH L T 5D
ZEMbholz, £, S0umONC Ty FERTLHREY T IZBNT, AN T
DT 2 Z—=T 4 VISR TR BE T ORISR E BN e 2 E 2 HRE LT, DL EORR
25, Underfill CZ WS Z LT, 774 AL FRIRO T2 O @ G & FiE O 72 0 O #kF D
IRWERRICREEE A2 72 U, BIEMEICEN TR o TV 2T E 5 2 L Rbino Tz,

Table 5.6 Alignment mark recognition, electrical yield, bump junction without underfill entrapment and

mechanical reliability using Underfill A, B, C and D.

Underfill Underfill A | Underfill B | Underfill C | Underfill D
Transmittance at 555 nm (%) 25 3 20 7
Lowest melt viscosity (Pa-s) 3000 1500 700 300
Alignment mark recognition 100% 13% 100% 0%
Electrical yield 93% 100% 100% 100%
Bump jqnct|on without 0% 0% 50% 0%
underfill entrapment
Yield after reliability* 0% 100% 100% 100%
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(a) Schematic structure for package reliaiblity

i — |

(b) Overview after molding

Figure 5.12 Schematic cross-sectional images of package reliability structure (a) and overview after

molding (b).

Table 5.7 Electrical yield and resistance changes of package using Underfill C.

Reliability test

Electrical yield change

Electrical resistance change
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Figure 5.13 (a)(b)i%, =A% & HTSAHEit2 D/ o T el 7y De @ik &2, —F /L% — o #X
#5761 (EDX: Energy dispersive X-ray spectrometry)iZ & - CTHEAT L7=fE R TH %, Figure 5505
PECREE L= o T @IicB W Th E AT & BICCut S UG LTV D b DD, By
ORI, DR T 3B EIZCUsSN, CugSns CusSN T W JAVERSY TCugSNs 23 FfF L TN 5,
— 5T, HTSaHlitk D) TIiX, WTFHDRA > b TH LB TRE 23 E VO CusSn~ & FHZSRE LT
L ENER SN, 2O XKD RBIRIE, TCTHROPCTHER Th RERICBIZE S, FEMERBRTIC
N THHE S DFOENRHEA TND Z & R dz, MiF5iE T 5 CugSns B EAE%ITE < FFET
BTGB B RAFRERIENE SRR, IERBRT OIMCOKERE XL 6N S,

CutCuySa CutCuySn

Kirdendall voids CutCu,So

(a) After bonding (b) After HTS for 1000 h

Figure 5.13 IMC measurements of bump junctions after bonding (a) and after HTS for 1000 h (b) using
Underfill C.
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5.4 TSVZ BefdE 7 o & 2 OB
5.4.120 umt’ v F 30 7 TOREE AR

50 umtE Y FONR T EAET LT v TRBICEB W TR RAE D= Underfill A& E L
T, 20umt Yy F O T[T 5T v 7 TORERIL % i L 72, Table 5.8/ZIMECIZ & - Tik
FHEITZ20 umE  F O TG A R B 7D OTEGO{EER TH W, Figure 5.141X 1 Z
DF v F OWrERAIX (@) & MBVEE L-H > 705 8l(b) &2 7= LT\ 5, PTCOIXTSVAA LT
BOBEOEO Ny 7F v 7, ZERMBOBIZIZI NLVF 7L LT, PTCPIZAR hAaF v 7L
LTSN, N AEENEN2 pmEy FTRY 72 ZVIRREINLTEY, 17y 7
720 DR THIE3,828(H T D, PTCOIXME N T NEE SN TRY, —HON T OEE
1275 um, 9 —HIX125 yumTH D, EENTS pmD /2 T ORERRIT T ~ 75 5 Cu’s pm,
S35 umDESITH Y, EHEDI2.5 umD N\ T OFEKIICUDS ymDEXTH DL, N E LT v
7L LTHWAPTCPO N 7 OERIFI2.5umTH Y, Culs umDEXTH S, 12 umDfEED
TANLT E—=T 4 4UnderfillCE 7 I X —FL, AL 7IZLoTF vy ARk L TT
UH—T 4 VAFDPTCOT v 7 &Y Liz, T X —7 4 VOPTCOF v 7%, 7V v T TF v
TR H—% AWVTCPTCPF » IZFigure 5.5(2 "7 0 7 7 A )L CHEE L, $2keth % 340 L 7=,
Figure 5.151Z/RT X7 VX —7 4 VDA TR 55 H D@D, PTCOLPTCPD2E:FE)E (KD
ERILRIZ98% TH - 7,

Table 5.8 PTCO and PTCP design for underfill evaluation.

ltem PTCO with TSV PTCP without TSV
Use Top/ Middle chip Bottom chip
Die size (mm?2) 5x5 10x 10
Die thickness (um) 50 200
Bump array Peripheral
Number of bumps 3828
Bump diameter (um) 7.5M12.5 12.5
Bump pitch (um) 20
Bump height (um) 8.5/5 5
Bump composition (um) Sn!(él: ((:5")5'(5) Cu (5)
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12.5 pm

Cu TSV:5 um

50 pym Si

Cu:5/Sn:3.5 pm
7.5 pm

12.5 pm Cu:5 pm

*Bump array: Peripheral

P j
Pitch: 20 pm *Number: 3828 pin
(a) Schematic bump structure (b) Overview of stacked sample

Figure 5.14 Schematic bump structure of PTCO and PTCP (a), and the overview of PTCO/PTCP stacked
sample (b).

(a) Cross-sectional overview (b) Cross-section of bumps

Figure 5.15 Cross-sectional SEM images of PTCO/PTCP stacked sample using Underfill C.

5.4.2 TSVZ B fi g a i

Figure 5.161%, BEAf7285@ILR 23 5 721" PTCO/PTCPD2EEFEE V- 7 L (a)lc, [RIEED Jik
TT v ¥ —7 4 MFOPTCOF v 7 % Figure 5,512 7% 7 10 7 7 A /L THNEVE S L C3EFEE(b), 4
ExfEE (c), SEXfEME(d)T 27 me R0 TH S, Figure 5.17OHAX K RT L O 12, KD
TATV—=F 2=V DHR LT vy T Oy RIZHRESILTWD T2, ZEGERE ) 7B LT
XZENZNORE COEBENREZWEST D LN TEDH, PTCPEIMPTCOM DA L1, 1"PTCO
L2V PTCOMIm#Eki# L2 , 2"PTCO L 3PTCOR i & L3, 3PTCO & 4" PTCOM Dkt 4 L4
& L7-, Figure 5.18/ZPTCPF v 7 [IC1% PTCO & 2" PTCO% Z 1L FFUIMENE % L 7= 3ELFl g o o
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TNADLLELR2OEBIETH Y, WTHH0%LL EOEBNECH T2, T F4—7 4 V5
WCHEE L= 7 ux, T v T OREOBLED L ADOESH, BURENC X > TF v 7o~ L
M7 =740 (74 by N TEDLILVDZ EMN4FE LV, Figure 5.191X3BF8 /@
TLNDT 4Ly FOREEZBELEZEETHY, @QIEIREEY 7 VvoEREAXX, (b)iXEmH)
BB LM TR, )W, (d) I oOBEMETEE AR LTS, 74 Ly b
2" PTCODEEETEWVLENY, ZORIF v 7O L FHRETHIRNZ N2 ERbhoT-,

Figure 5.20 (a)IZ# (23" PTCO%BlfE L 7=V PNV OREFE AR LTV 570, 3RFERICEE
FTEVWERSET 4 Ly MTE > T3PTCOF v 7MHA L, HIZR LT 4 > 7Y — L % Y
L7, —F T, Figure5.20 (O)IZ~d L 912, 4@ oF v 7Fa—F—HnlE, 74
Y FENDIRNZ LD, T HE =T 4 VO EL T 2 LIS K D RITEE LV &k LT,

>260°C
>260°C
>260°C

>260°C

Bonder

(@) 15t PTCO bonding (b) 2" PTCO bonding (c) 3™ PTCO bonding (d) 4™ PTCO bonding

Figure 5.16 Schematic sequential multi-die stacking method, 1% PTCO bonding over 260 °C (a), 2™
PTCO bonding over 260 °C (b), 3" PTCO bonding over 260 °C (c) and 4" PTCO bonding over 260 °C
(d).

41 PTCO

39PTCO e pTCq

2nd PTCO br PTCO Dnd PTCQ

1t PTCO StPTCC 1 stPTCQ 1 stPTCQ
PTCP PTCP |$ PTCP PTCP

(a) PTCP/1t PTCO(L1) (b) 15tPTCO/2MPTCO(L2) (c) 2" PTCO/3PTCO(L3) (d) 3" PTCO/4th PTCO(L4)

Figure 5.17 Electrical measurements of stacked sample, 1% PTCO/PTCP (L1) (a), 2" PTCO/1* PTCO
(L2) (b), 3 PTCO/2" PTCO (L3) (c) and 4™ PTCO/3™ PTCO (L4) (d).
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Electrical yield: 94% m Good

- |=short

Electrical yield: 98% m Open

0% 20%  40% 60% 80%  100%

Figure 5.18 Electrical yield of three die stacked samples by sequential stacking using Underfill C.

2 PTCO

PTCP Overflowed underfill to
2nd PTCO surface

(a) Schematic surface view

2nd PTCO > Overflowed underfill

1St PTCO

PTCP

(c) Schematic cross-sectional view (d) Cross-section

Figure 5.19 Underfill fillets of three die stack, schematic surface view (a), surface observation (b),
schematic cross-sectional view (c) and cross-sectional observation (d) by sequential stacking using
Underfill C.
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34PTCO
PTCP
Crack part 34 PTCO 34 PTCO
(a) Schematic surface (b) Chip crack part (c) Chip corner

Figure 5.20 Schematic surface view (a), chip crack (b) and underfill fillet of chip corner (c) of four die

stack by sequential stacking using Underfill C.

F v TOMNBIZLSTT o E—T 4 VDT 4 Ly BN DB % L7-, Figure 5.21(a)
3B TV O EBEF v 7D R0 ZELTEAERTHY, (0)IEPTCOF v 7 OERMET
PA L ERLTVWD, 74 by ERENoTF v 7O ETFHEEI, Moy L0 H10 pmfeE
DWSTTF v TP LIAENTZREL 25 TEY, OIIRLET Yy 7 EFICEEIS LTV AD AN
VTONEEIE LTINS, (o T, Ty 7O ETFHRELTT 4 Ly EBZWVEHITKRO K5I
E#L7T-, Figure 5221277 K918, FyF IR F—lclESn-RETHESN S, 50 um
JEDOF v 3B LT, NUTNELAHET 28T TITDOIIR & 72 D720, Rz
TINELAFET H ETHERETTF v 7B LUIAEN, 74 Ly bBREL D, o, ROV
TRLIRNF Yy TROT 4 by MIDRWIREBE 5, BIZF v TEATOT 4 Ly hEDZE,
RUL—DVATEOARENRL yumfEETHHZ LICFR B2 bND, FRRO X D R ARE—72
VITTHA URR A —DIATEIZL D RE 727 ¢ Ly ME, EBEOT A ABETHAHE X
NoH7, il SN E R T D88 7 m B AOBRENLE L E X T,

(a) Top chip undulation (b) Bump design of PTCO surface

Figure 5.21 Top chip undulation measurement of three die stack (a) and bump design of PTCO chip

surface (b).
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AR

| | [ 1 |
Chip
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Underfill
(a) Chip with underfill (b) Stacking

Figure 5.22 Assumed factor of underfill overflow.

5.43 TSVZ B —fifiE 7' v & 2 DGt

Figure 51612/~ K 5 2EH OB 7 A Tlk, ZEMENNECTHDL Z L2 FEEL, &
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(Chip to Wafen)iZd W TIE T = "A~DOEYE A — TR0y ROERTREE 725, T~ I HifEhs
DT =T 4 VOBGREN AT L, 2o ENAUGET S rE AL LT, Figure 5.2312777
LT, KR CTHEB L CF v 7 OT 74 A2 N ERIEHEZITV, ZORIT Y IVEPERREY
HEIRTEE L TN T 2T 2a L0 7 4 THBFRERGF L, £z, RIEEOREILT
VH—=T 4 NVOFIEIZ L S T NI WERT DO 5T D728, T2 X —"7 4 VORENMEL 72
%100 CIZRE LTz, A L7 T 4 7HET RO AL, &EICHIET—E#ER T 5729, ML
BRFOXZETOFRIRIZT =7 4 VOREMEL N T OEFIREICKRE R EL 52 D,
Figure 52413 FIROWPE FH1EEZ R L TE Y, BAEXTC-LIZPTCP LIZEWRETT v 4 —7 1
JLAFPTCO% 100 ‘CTHA L, [AARIC L TEEXITC-L3 & TC-LA A IA F 7= 5 BEFE i (K 4 (Y
L7z, Figure5.251%, ZDO X 5L THELNIREEY 7 VA IEVER L THAEORRE A NE L
TAER AR LCERY, Table 5.912521E 43100, 150, 180, 260 “CAHIT & 72 2% FERH] T O 8 DR K O
ZOMREREEZE LD LD THD, N THRIE~DORED KR E 260 CHIUTTORE2IT5%
LUFD15 CRETHY, BEHEthlCiiEE L 7 DR TRV &l LT,

97



>260°C
100 °C

100 °C

Bonder

(@) 15t PTCO bonding (b) 2" PTCO bonding (c) 3™ PTCO bonding (d) 4™ PTCO bonding

Figure 5.23 Schematic collective multi-die stacking method, 1** PTCO bonding at 100 °C (a),
2" PTCO bonding at 100 °C (b), 3" PTCO bonding at 100 °C (c) and 4" PTCO bonding over 260 °C (d).

Bonder
T anpTco 1 Thermocouple
75 (TC-L4)
39 PTCO Thermocouple
— owprco || T
~ Bl Thermocouple
PTCP
(a) Schematic cross-section (b) overview

Figure 5.24 Schematic cross-section (a) and overview (b) of actual interface temperature measurement.

~—+—Top bonding tool

- ® Bottom bonding tool
== | 1 actual temperature
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Figure 5.25 L1, L3 and L4 actual interface temperature during five die stacking.

Temperature (°C)
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Table 5.9 L1, L3 and L4 actual interface temperature difference during five die stacking.

L1 actual 103°C 1520C 203 °C 261°C
temperature

L3 actual 1180C 166 °C 217°C 275°C
temperature

L4 actual 12300 167 °C 218°C 275°C
temperature
Temperature o o 0 0
gap (La-L1) | FEOTC | MISTC | MSTC ] HlATC

Underfill CZ W T, & F v /%100 CTJEE L7=#%IZFigure 5,250 7' 1 7 7 A )L CIEET
HalrT 4 7RI X - TABEE Y- 7V 2 ERL L 7=, Figure 5.261%, 7 1 L v FOIk
BABELIZEETHY, @IFEEY v 7 v oRmAM, (b)ERmE) HE5E LMt 5E,
()1 Wrm A, ()XW OBMEEEEZ R L CWD, MEHZL 74 Ly MR F v T7RBEET
BEWENRGT, RoT v 7Y — VEeiBRT 5 b7 o7z, Figure 5.27 @IZ&F v 7%
260 CULEDOEIRCIEETLEROREE X, b)xav sy 7EFAcHEonizyd 7
DM Z /R L TEY, BEHIEC L > TEEO N T OHERIRIBIC R E RENR SR o T,
Figure 5.28 ()| X5EXRE Y+ 7 L O WK 2R LTH Y, G212 T 4 TREH R L -
THER L7258 3 o 7 VIS D LI~ LAD K JE TOBBNEEZ R LD TH S, LIT—H
Open & Short7)s /7, 5 71195% DIE @I R Tdh > 7= b DD, L2~L41Z100% T Y N 7= E@m R 2 A4
T LMY ARG LN, Fin, Hil S EORGNER RN D, LITHIE S N725%
DPRETIIRDLER TH Y, N TERENIC L D b O TIIRNW I & 2R LT,
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34PTCO

(a) Schematic surface view

3YPTCO
2 PTICO

1stPTCO

PTCP

(c) Schematic cross-sectional view (d) Cross-section

Figure 5.26 Underfill fillet of four die stack by vertical collective bonding using Underfill C, schematic
surface view (a), surface observation (b), schematic cross-sectional view (c) and cross-sectional

observation (d).

.vi;vnvgspmr

(a) Sequential stacking (b) Collective stacking
Figure 5.27 Cross-sectional SEM images of four die stack by sequential bonding method (a) and

by vertical collective bonding method (b) using Underfill C.
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(a) Schematic cross-section

Electrical yield: 100%
m Good

Electrical yield: 100%
- .| | || "Short

Electrical yield: 100%

E Open

Electrical yield: 95%

| 1

1 1

0% 20% 40% 60% 80% 100%

(b) Electrical yield
Figure 5.28 Schematic cross-sectional image (a) and electrical yield (b) of five die stacked samples.

Figure 5.29(X5B: Al ¥ > 7 L DI BLE B, Figure 5.30 (%1% it AU 8 5 % BH 4 8% (T-SAM:

Transmission mode scanning acoustic microscope) = HWCTHIE L7ZfERTHY, 77 v 7 EDF v

TORAEEGRORE RREIBILE SN o7, HIZ, Figure 5.3LFHWIHSEMEE L & gD/~

DEERHRIEZ R LT D, 1ITPTCODTSVAFTEH L T2 D3 — T EE TE TWARWZH T

BB, FEONC T OERGARBITIIRELETLONS, YV BATOIMU~HLHERT
WD ZERDND,

Figure 5.29 Overviews of five die stacked sample by vertical collective bonding using Underfill C.
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Tsy  Underfill L

I REREREREREERERERRE R

Figure 5.31 Cross-sectional SEM image of five die stack using Underfill C by vertical collective bonding.

5.5 CoWf)g 7' & 2 DR
5.5.1 CoW{lE 5I[#5¢ /7 2D IR FIE

CoWiEg X, BT v 72 AT N TE 0B E M ENHFETE, RhAF v
T Ok L AIRPMEEIRN T2 CoC R Y b AFENEA M =95, Figure 5.3212779 K 912, CoWFH
JEIZIX, flxDF v 7%V IVEOERIRE T 5260 CLLEIC B S T4 & 5 CoWfiE 7l
BE TR E, ETT U =T A ADREMT HIRETEFE L CT v 72 RKEEL, ZOHY =/ R
VHE—IZ R 5 T260 CLLETHES L THfi A & 2 CoW—FEHER F AR RE SN T D, ThE
NOKF#Z Table 511K L TWD K918, — ke 7 XoFR L LTE, SR TORERENE
D Z L TCUNY T DRBLDREN LRI, EEENREESIND Z ENETONS, L
ML, ZHIUCHEAT 272000 = R 2 —[THEEA —DBEPRFEEZZN TR THY,
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HECTORIE, R T 4 v 7Y — VO, R T OmEIELOXDOFBEMOHTRIERE 72
WEN B D, AL TIE, CoWfER e L, BEFFLEE TCoW s & i L7z & =
O U7z, Figure 5.331%, Underfill CAMEf & 4L72PTCML1F v 7 & R IR /N 7 Bzt
S % CoWfE R EERE 5 AT, 300 mmDPTCNLY = NZEE LIAMBIEETH D, EE T v T 7
A JVIXFigure 55(Z7R L7=CoCf@ L [RMIU 7' m 7 7 A /L & L7z, Table 5.12{Z, CoW{E5!#zkt /7=
LCOCHEBICBWT, @R LT A V—F = —  DBKIEHUE DO F) % il U=, CoWfE Bl
foe 7 AT IV T H CoCRifE & RIRRIC BAF R EERCIRREN G B D Z L idbinoTz,

Bonding over 260 °C
(a) CoW local bonding

Wafer Bonder

Bonding below 150 °C Bonding over 260 °C
(b) CoW collective bonding

Figure 5.32 Schematic process flow of CoW local bonding method (a) and CoW collective bonding
method (b).

Table 5.11 CoW stacking methods and the features.

Stacking method CoW local bonding CoW collective bonding
Productivity Middle Middle high
Compatible to _—
Advantage bump height variation Slow Cu pad oxidation
Challenge Cu pad oxidation Bonder improvement required

103



Figure 5.33 Overview of stacked sample by CoW local bonding method.

Table 5.12 Electrical yield and resistance of stacked sample by CoC bonding and CoW local bonding
using Underfill C.

Bonding method CoC bonding CoW local bonding
Electrical yield 100% 100%
Electrical resistance 518Q 521Q

5.5.2 CoW— 5 4%#5¢ /7 s D KRR

CoW—FE#eft FUTIHBNWT, U= /R T o VRTOREETRE T/ F OIS & 4
FEVED W ED7=, KR TH D Z & 03MFE LV, Figure 5.341%, {EHREZ70~150 C, EH&
R Z 10 & L CHREEZIRY 0, Ty 7% U o N CHEE LTz & & OWimSEM A Bl42 L7-fs
RTH Y, Figure 5.351TREFRE &0 7 IR E OBIRE R LT 5D, REEIRED E5-&
EBIIAUTEOEETEL 720, 130 CULETZOEREIXI ymll FiZ/ed 2 EN0ho Tz,
RIZ, 110, 130, 150 COREEIRE TF v 72 REHE L THLNZCoWREE Y > 7V %, fick
IREEA300 C, MEZ Y=/ "RH—DRRMETHSH10 MPADRAET Y =R T 17 L
72, Figure5.36l%, R AT =L by TF T DT T A A2 b~—7 Z IR CHIZ LTk
RETHY, 110 COWEBFRNTIET 74 A b~—7 BTN TEY, V=R T 4 v 7HIC
METNNAE LT, —J5T, 130 CK U150 COREFHIRE CIIMETIULHEE L RD o172,
Figure 5.371X Y = R T 4 U T RHRIZH/E LN U TN ONR U TERREETH D, (a)l%130 C,
(0)iX150 CTIRIEE LT b D TH D, N TRITHAE DA ATEREETH D, WTFinoi
TIAZBWT BRI bR o Tz, BREZMNTT 5720, EERFOME LN T & OB
1R CoCRifEIZ L » CHURET 5 Z &iT L7z,
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(b) Bonding at 90 °C (c) Bonding at 110°C

(d) Bonding at 130 °C (e) Bonding at 150 °C

Figure 5.34 Cross-sectional SEM images after temporary bonding at each temperature for 10 s using

Underfill C.
g 6
b 5 L 2
o
£ 4
3a
c 3 L 4
[}
§ 2
3 1 —>
5 ) g
8 0 [l I [l
50 75 100 125 150

Bonding temperature (°C)

Figure 5.35 Relationship of temporary bonding temperature and bump gap distance.

(a) Temporary bonding at 110°C (b) Temporary bonding at 130°C (c) Temporary bonding at 150 °C

Figure 5.36 Alignment mark observation of bottom wafer and top chip after temporary bonding followed

by wafer bonding by IR microscope.
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(a) Temporary bonding at 130 °C (b) Temporary bonding at 150 °C

Figure 5.37 Cross-sectional SEM images of bumps after temporary bonding at 130 °C (a) and temporary

bonding at 150 °C (b) followed by wafer bonding.

Figure 5.381%, ffHEIZ K D\ T~ DHEZ N T 2720 DCoCHED 7T 1 7 7 A L Th
D, JEERR S EESRGZ @IS, JEEREE AN T A~OMESREZOUTR LTS, /N7~
DNNE % EHELLETH 519 MPa» B, 8 MPa, 4 MPak EXBEIOICIE T SU-RIBY » 7 L% Zh
ZHOEER L C, 1207 A ¥ —F = — > OERINE Z 34l L 7=, Table 5.1313ANE S & Hid@
V=R & DER, Figure 5391319 MPa}; (88 MPad etk THEIE L 7= o F /L D8 o PR O Wi
BEHEAZRLTWD, MENSMPaLL FTOLRMTIE, Ty X —7 4 NE U THNLHERT 5 2 &
AT ETEIBPCEN20%LL T & o7, ZORERID, CoW—FEHE 7 U1 T RAF B o3
BoneromBRIIWMERARICL DI ERbhoTz, TOMEND, SWEENEEZEBT S
CoW—#fHakt FRUZIE, KV EWWETESETED Y 2/ AR H —RMAZ IH TE 28 L
SATDTAEARDET o H—=T 4 VOREBLELEZTND,

—+— Top bonding tool — 19 MPa
— = Bottom bonding tool +e+++8MPa
- Actual inteface temperature = =4MPa
400 20
O 350 ® ] /
© 300 — T 1° /
200 - g /
£ 150 5 8 / =
L) o
2 100 o L
50 Z,
0 M " " M ’_ 0 " " " "
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Time (s) Time (s)
(a) Bonding temperature (b) Bonding force

Figure 5.38 Stacking profile, setting and actual temperature (a) and bonding force (b)
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Table 5.13 Electrical yield by lower bonding forces using Underfill C.

Bonding force 19 MPa 8 MPa 4 MPa
Good(x) / measured(12) 12/12 112 212
Open(x) /sample number(12) 0/30 11/12 10/12
Short(x)/ sample number(12) 0/30 0/12 0/12
Yield 100% 8% 17%

(@) 19 Ma (b) 8 MPa

Figure 5.39 Cross-sectional microscope images, bonding force of 19 MPa (a) and bonding force of 8 MPa
(b) by CoC bonding using Underfill C.
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