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A Study of 3D Integration Based on Reconfigurable Bonding
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A new reconfigurable bonding technologies has been studied for 3D stacked known good
dies with TSV in order to increase throughput and yield. In the reconfigurable bonding, a
large number of KGDs can be precisely and simultaneously self-assembled on wafers by
surface tension of liquid and at the same time temporarily bonded on the wafers. After high
temperature and high-vacuum processes, the KGDs can be removed from the wafers and
transferred to the other corresponding wafers. By using the reconfigurable bonding with
conventional 2D LSI chips, we showed high feasibility of TSV-based 3D and hetero agile
integration.

AR TERR
(AT « 1)
[ERESES GRS R

2010 4EJEE 6, 100, 000 1, 830, 000 7, 930, 000
2011 4EJEE 4, 800, 000 1, 440, 000 6, 240, 000
2012 4 3, 400, 000 1, 020, 000 4, 420, 000

A

I
e &f 14, 300, 000 4, 290, 000 18, 590, 000

WS - T
F—U—NK: /(:/&‘_‘Z*y k- /\O\\//j»—f/@:/xi:‘b\,ﬂ: . }‘_{L;Jﬂ

1. WHFERHAR E W O 5
S nieENTF Yy THZRSH T um
DD TRV TSV z i L THERET 5 =Rt

EREEAR I, & —7 OIERANIHE 5 5K D
PRHIE PR 2 $TRE C & 2 F0 R 2 Bffr & L
TEPNATEAAHIENTEL L TEY | &



3T Chip-to-Wafer FE& (2 I Z @ W B L AMEE &
ST 5D, ZAUE 2009 47 12 A BifE 7 & D
AT A 2EBEEH (IEDM) IZHIRS 1
77 7 3L (Session 14: Process Technology —
Advanced 3D Technology Processing) % /.
THLan5EY ., Fexr OMizEED TSMC,
~L ¥ —D IMEC 78 Chip-to-Wafer & & % %
£L T, 2013 4£BIETH Chip-to-Wafer
FERB TR 2 HIRHEIER TR E W,

2. RO E®

R DOF > T EMEETHIZE, =Ry
k Z v 7= pick-and-place TIiL&E VR %A
W5, eI OMBEE RIS D720, K
KoFHEHNZFHALTEZEDOF v F%H
CALRRIC —ERE T 2L T T T
Bl & S SEBR T THF3E L C & 72, AR
TIE Z O 2 38 & 87 3 CMiki =%
m%ﬁ@%% ZHUY MEe, ZAUETIX Si02
EAHLEEEEAICREI N T8
m@#ﬁ<ﬂ%il%f%otobﬂb i
B Sy TR EN L CTF v T oLy =
— N L T;é/\b TSV JE % ( HBfE
S, % AT A LSI U —NCEEFET A Y o
Y7 A X 2T TNESTIE, BV ETRD
HHEENEW, AFIETIE, 2oV ar 7y
X = T TR O REEBEMFE &5 RTRENE
ZIRAET D,

3. WD L

BHE D53 FEXET 2TV, Z DOKEIK 2 v
TF v 7% MBI ESDbE S, A
DA ETIT- T, FBE LG, HIEEE
R U, FSERHEIL., F v ZITERIT 72N
—=TNE— %k T REAMEETBIEET 5 =
EIZE VAT T, AT, R
= 7R A AV CTIT o 72, HIBEMERR 1R BE

BICRIR L, AR EL 2 O ORI S

FOHBERFE TR L=, Ty A XE 3
mmfA~5mmf, KFEDOWEEIZ0. 5u
L& L7z, BUKMEBKMEOFEIZ 7 + Y Y
7T 7 4 =% RN T T,

4. WAk
$ﬁ22$ﬁ X, Varrz4 ¥y I 7v
B DOBAR & 72 2 T EVE & 5y 1R O 43 F
mﬁ&ﬁ%%ﬁot Felz, ESHICA I N
BT DB, Hom%ﬁ@m“%%m%
BELE, £ RROEDFHMEHEZ, 73
%@ﬁ&ﬁi ié*#%T/w TN
k0, BEITA I REBBEEL, 73 R
ﬁétw FEE DI 5 LTV figrEse
“%ﬁ%ﬁﬁf%é
%an+LVCnH§§L7L E'/\%*j*/l'@S%
EEFADIEEIZA50CLL ETho- (T
—DTA&K&MM@oik\w%®#f
2 kMO RMEIEE A & T K IR E IR R

SHDLZENARETH -T2, Z DORIEDEE
5ERI 3wt%, T v b MO A K
Awt%., KEKI9 3wt% THHL L 7= KK D
FREEAIZ. $96 5mN/m L EVMEEZ R L

(A&7 L — rEHWET 2 L~ LI EIC
FVHEIE) ., 77, ZOROREIZ. K10
cP ThHhot-, A a—ECZEYY 3
Uz —FICBATHZ ENARETHY . 2
70C/ 30 THIETHZ LB TET,

i# ZOMERS A SRR T > TR AL

by d 52 ERARENE D BT
étw Pefi A A 2 O CEREREICRT 5
Fﬂi%&ﬁbto T 7 7 R D BRI
2 Z OKREEME G >+ 2 T35 &1
0 0 FELL b @il 2315 6 U B iR
BTz, —H. T AD LD 72 BKIEDR
FIZHET T2 L Z20HMMAILISELLTTH
ST, TO L DITHEAKME, BUKMER R IZXH L
TEWENWEDa L T A FERLE, R
T, BUKMEOHEA IR & 2 OJEH %2 BkbE L
AR L) ar =B HE
L7, BUKMEDOEEE IR E~Z O 2 T
#ék JERD R I THER TS, R R

EEEERICHBICIEEL TR SN S =
&ﬁﬁﬂotobtﬁof\93y74¥k
T T NERICHE I —im RS Al & L CR]
TR EmN T k#%%bto

YRR 23 AREEICIE, 22 AEEICERE LT-EEE
TR J1IEAA G 60mN/N) THAHRY 7 2 KA
I RPAD BIHAEZ HWT, 3mm DT A h Y
avFyvTORLTTRTYEY LT
4 XY T T NEEEREITH T,

TA YY) arF oy AL R mE ISR
AR L. L7 TR 7Y OREE % Bl
L7z, DD, 1 %7 viEg G 70mN/N)
EARF IR SRR K 40mN/N) THDH R Y A
I FPOEHEZEH W, 774 A2 MEEIX,
7w lE. PAL. PI DJEHIZIET L. FNENE
¥1em DI, 1- I TdH -7z, PAT
X7 v X VIR ENMENE OO, PTIZHA
DEFEFIEENELS 2D ENDhoT,

FNT, B 7T BT U HBOBEARES
ME LTz, EIHIERER & > = TR 21700,
R7 U ay, BLOFERICEERIIEZ K
L7Z=3mADT A NFy T2, L7
TR TV RBRICEARN CTHES I LTV
Var T v 7 TIHEREEMN 0. lkg LT 208
L7, B b2k Lz ) arF v
Tix, RISEMHT3kg UL, JENICHET S &
3MPa LA ED @R Z R LTz, —J, 320C
T 10 5. B 77 TV BICELERT
BEE LT v Tk, "7V ar, By
(B & HITHK AMPa DSRFE %= LT~

LU s, 20 PAT BHEEEEREI.
320°C TAM LT 5 & 7 2 %O HBERI %
L CamWitE 24 2 ENHIH L, & 2T,
PaE LTcTF o 72 A #I3 2 L il



“o BARMICIIHESE DR A% R DRI
Lo TEZ, ZORERZL>TTF v 7T OHA
TEEHIET D 2 EERE Lz, MIEEE 1
um FREETHLST5Z LIk - T, wifd
Bz —/NIRETEAH I LM TET,
ZOF, BIIO T =—EF v T ORFEIIN
VTR EREL T, mRFTFHRD NCF (Non
Conductive Film) #HW\ 7=, B/ 777
VE®7eTF v exxy VT UV 2— ORI
DL TREE 4 1-3MPa ORFIZHIET 5 = & T
B OFWVIRENER T, BIE, #h
IO SR EM S, BAREOME
HEEZTCELIZZOWRGEHINZEmElLT 5
T2ODERT—X ERELTWS,

Rk 24 FREEIZIE, Z OBATREOKIE A
MEtL, BEOD = — N~ ERIICHR G35
728 O i 7p B G R B & CHIBEVERE &2 5
55 ORI Z R ATz, WD, B LR
W7 vBESERWT, RO 4HOD5%
BEEZTy=TRELZRE L, 1 DI
FHOHETH D, Ra 0.2nm LA F TIiL 20MPa
PLE. Ra 0.3-0.8nm O] TlX 2-5MPa 2%
Ra 1.0nm LA ETIXIF L A LA L o7,
2 SHIIEAERE THD, 3m HOF v T
FA AT Imm2 Tl > v 7 5 2-5MPa,
BEE T 2-bmm2 TlX s v 7 #E 5-20MPa,
AEFE 9mm2 TILT ¥ 7HEE 20MPa UL ETH
o772, 3 OB vBORETHD, 0% &
NI0%XIT E A EBEE L7z, 0.01%TlX
BeA IR 2-5MPa Ao L. 0. 1-2% TlIHEAm
JE 10MPa LA EZIR L7z, 4 DB IXBR LI OFE
HThb, B bIEDSA. As depo DIRHE
THIEFITE WM (Ra 0. 18nm) & @& \VWE
JE A R T DR IR b =V (20-40MPa) , —
J7. 350°CCHERL LT=7"7 X~ TEOS FRfbIED
B4 . As depo TiZ Ra 0. 4nm F2ETH Y | CMP
12X Y Ra 0. 05nm F& (2 SEF{LALER L7 &
ENEESEREE (10-30MPa) 242 S 7o 7=,
T T CUI BRI LT B R RE 728 B A HE A R
EABRL TV D, EBICHRE R AR T
LA, Ty T ORBERREIL 2-5MPa R
NEZYBRMETHD VI FERE2HZ, ULED
FERAISH LT, KEEMED PAT BIE 2 e
AT TECTVICEVIREAS LEF S
ZHBOD 2= — ZHEET 5 Z LITRTIL
72o F#IZ PAT BHIEOWREE & PAT BHIE S HAE
HEBCIE DM E N IEFICEE IR /NT A —H
ThdZLrBR LI, ZoEHNE2HNTH
DT =—NZTF v T HERER . TSV BT
HTLETERTHIENTET,

5. F/RFEERIMCE

(WF7ERFE . WFFE 3 e ONEEERFZE 1T

1L THR)

(HEESamsC) (RH4 1)

1. Takafumi Fukushima, Eiji Iwata, Yuki
Ohara, Mariappan Murugesan, Jichoel

Bea, Kangwook Lee, Tetsu Tanaka, and
Mitsumasa Koyanagi “Multichip
Self-Assembly Technology for Advanced
Die-to—Wafer 3-D Integration to
Precisely Align Known Good Dies in
Batch Processing” , IEEE TRANSACTIONS
ON COMPONENTS, PACKAGING AND
MANUFACTURING TECHNOLOGY, Vol. 1,
1873-1884 (2011)

2. Takafumi Fukushima, Takayuki Konno,
Eiji Iwata, Risato Kobayashi, Toshiya
Kojima, Mariappan Murugesan, Ji—Chel
Bea, Kang-Wook Lee, Tetsu Tanaka, and
Mitsumasa Koyanagi, “Self-Assembly
of Chip—-Size Components with Cavity
Structures: High-Precision Alignment
and Direct Bonding without Thermal
Compression for Hetero Integration” ,
Micromachins, vol.2, 49-68 (2011)

3. HHKFE], EER, KEEA, A,
M, AIDEIE,  “=WRocFEE IR
B D700 H ikt F v FhiEs b
WHAN”  EHEHBEETS F3GEC
J93-C, 493-502 (2010)

4. T. Fukushima, E. Iwata, T. Konno, J.-C.
Bea, K.-W. Lee, T. Tanaka, and M.
Koyanagi, “Surface—tension—driven
chip self-assembly with load—free
hydrogen fluoride—assisted direct
bonding at room temperature for
three—dimensional integrated
circuits” , APL, vol.96, 154105
(2010).

(EayR) GH171F)
1) JHEAE, mEEN, M, RAEFE,
H R, /0 YEIE,  “BERetERIRZ WA
ARk LT v 7IIERART , 2T =LY
hu =7 REEPREAHEE AR, A,
2013/3/14
2) Takafumi Fukushima, Kang—Wook Lee,
Tetsu Tanaka, and Mitsumasa Koyanagi,
“Development of 3D Integration
Technologies and Recent Challenges” ,
ADMETA Plus 2012 Advanced Metallization
Conference 2012, i, 2012/10/23
3) Yuka Ito, Takafumi Fukushima, Kang—Wook
Lee, Koji Choki, Tetsu Tanaka, and
“Optoelectronic
Heterogeneous Integration Technology,
Using Reductant—Assisited Self—-Assembly
with Cu/Sn Microbump” , 2012
International Conference on Solid State
Devices and Materials (SSDM 2012), HUET,
2012/9/26
4) fEREES, e onEERL LST o
firEhe & REE” |, SEMI Forum Japan 2012, K

Mitsumasa Koyanagi,



B, 2012/6/13

5) T. Fukushima, J. Bea, M. Murugesan, K.-W.

Lee, T. Tanaka, and M. Koyanagi,
“Self-Assembly—-Based 3D Integration
Technologies” , 2012 3rd IEEE
International Workshop on Low Temperature
Bonding for 3D Integration, KX,
2012/5/22
6) Takafumi Fukushima, Kang-Wook Lee
Tetsu Tanaka, and Mitsumasa Koyanagi,
“Wafer—Level 3D Integration Technology
Using Self-Assembly” , MSPNEX
(International Micro System Packaging
Forum) 2012, ®#[E, 2012/4/12
7) Takafumi Fukushima, Yuki Ohara, Jicheol
Bea, Mariappan Murugesan, Kang—Wook Lee
Tetsu Tanaka, and Mitsumasa Koyanagi,
“Temporary Bonding Strength Control for
Self-Assembly-Based 3D Integration” |,
IEEE International 3D System Integration
Conference (3DIC) 2011, KBk, 2012/2/1
8) @S,  “3D Chip Stacking
Technologies and Hetero System
Integration” , SEMI 77 /a3 — Ry
7 A (STS) 2011, F#E, 2011/12/8
9)T. Fukushima, K.-W. Lee, T. Tanaka, and
M. Koyanagi, “Development of Wafer-Level
3D System Integration Technologies” |,
International Union of Materials Research
Societies—International Conference in
Asia (IUMRS-ICA) , 3%, 2011/9/20
10) T. Fukushima, Y. Ohara, M. Murugesan,
J.-C. Bea, K.-W. Lee, T. Tanaka, and M.
Koyanagi, “Self-Assembly Technologies
with High—Precision Chip Alignment and
Fine—Pitch Microbump Bonding for Advanced
Die-to-Wafer 3D Integration” , Electronic
Components and Technology Conference
(ECTC), USA, 2011/6/2
11) T. Fukushima, K. -W. Lee, T. Tanaka, and
M. Kovanagi, “3D and Hetero Integration
Based on Chip—to—Wafer Bonding Using
Self-Assembly Technologies” , Workshop
ICRA (IEEE Int. Conf. on Robotics and
Automation), H[E, 2011/5/9
12) HHKF], fREEE, M, PR,
IIETE,  “ERGTEBED O D EREET >
THAEG DY & EIRESEEA N, 2011 4
A 68 [N RARE G R s, A
£, 2011/3/24
13) fREEN, AHKE], 2, HHHE,
IMIEIE, PRy FaER~A 7 unr T
BT HF v 7OH MBI SEERN , &#
25 [ =L 7 hm =7 RFEEEPIRIRGRH K
£, B, 2011/03/08
14) T. Fukushima, E. Iwata, J. Bea, M.
Murugesan, K.-W. Lee, T. Tanaka, and M.

Koyanagi, “Evaluation of Alignment
Accuracy on Chip—to—Wafer Self-Assembly
and Mechanism on the Direct Chip Bonding
at Room Temperature” , TEEE International
3D System Integration Conference (3DIC),
KA, 2010/11/17
15) RS, /IMIDEIE,  “Heettss 7%
AW 7= R EFE B O ERE T & A T
JE~DIEH” , % 55 [ElEaFEZERE, Al
&, 2010/7/14
16) ZAHEME, fREES, HPHL IMIDEE,
“HRALKRFICEB T D = ockEE il &~
aA 77 L — 3, JPCA Show 2010 7
AT Iy FTY, H, 2010/6/4
17) T. Fukushima, E. Iwata, K.-W. Lee, T.
Tanaka, and M. Koyanagi, “Self-Assembly
Technology for Reconfigured
Wafer—to-Wafer 3D Integration” , 60th
Electronic Components and Technology
Conference (ECTC), USA, 2010/6/3

(H#E) G111

wEESR, R, B RL MIDEIE,” 3
o g AR FE R S (2 ) ) 72 B SRRk T
v TR, AL Vol. 49, 17-24
(2010).

(PEZESPEME)

(Zofh) =H
20124 3 H #525 El=LY hu=2 2%
AR S ATTERER H R
AEEE  DRE y FRB~ A T u TR
A2 F v 7 OH CARRRIE IR

6. WFITHHRK

(D) WFgeARESE -

@ ZW (Takafumi Fukushima)
HALKT: - AR FHIN SR e o & — -
WA

e 5+ 10374969



