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B Bl A% E7E, (2) Wi (razor blade) ARl 23 P glolHEe] A B A H7t, (3) 44
HAIE (four point bending test)ell st HJE o|HE2] FFAA £ Aee H7t 2 AFE 3l 47149 A
2 o2 Af-HAA 7152191 benzocyclobutene(BCB), Flare, methylsilsesquioxane(MSSQ) 12|31 parylene-NS X173}
o] fJo]¥ BYL Aol thst M-S AL, 7] B7F HHE A BCBS} FlareE: 12H4Q) #98 FAZ
/A7g3k3dt}. ¥ BCBS} Flares W] el % A3, Flares ©]-8sl0] ¥ 9lo]#50] BCBE o]&ato] #HH ¢o]
HEO 6 22 29 Z2FEE HoFA|ul BCBE o]83)] 234 9o+ ©1%3] 3 back-end-of-the-line (BEOL)
SRz F3tEE Y AT 7= B Fo] A9 Gl 100%0] 77k Y Y99S YU BolF
7] el & Aol BCB7L 3-8 AR v Agsirharl Adsisict.

Abstract — A technology platform for wafer-level three-dimensional integration circuits (3D-ICs) is presented, and
that uses wafer bonding with low-k polymeric adhesives and Cu damascene inter-wafer interconnects. In this work, one
of such technical platforms is explained and characterized using a test vehicle of inter-wafer 3D via-chain structures.
Electrical and mechanical characterizations of the structure are performed using continuously connected 3D via-chains.
Evaluation results of the wafer bonding, which is a necessary process for stacking the wafers and uses low-k dielectrics
as polymeric adhesive, are also presented through the wafer bonding between a glass wafer and a silicon wafer. After
wafer bonding, three evaluations are conducted; (1) the fraction of bonded area is measured through the optical inspec-
tion, (2) the qualitative bond strength test to inspect the separation of the bonded wafers is taken by a razor blade, and (3)
the quantitative bond strength is measured by a four point bending. To date, benzocyclobutene (BCB), Flare™, meth-
ylsilsesquioxane (MSSQ) and parylene-N were considered as bonding adhesives. Of the candidates, BCB and Flare™
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were determined as adhesives after screening tests. By comparing BCB and Flare™, it was deduced that BCB is better
as a baseline adhesive. It was because although wafer pairs bonded using Flare™ has a higher bond strength than those
using BCB, wafer pairs bonded using BCB is still higher than that at the interface between Cu and porous low-k inter-
level dielectrics (ILD), indicating almost 100% of bonded area routinely.

Key words: Three-dimensional Integration Circuits, Cu Damascene, Wafer Bonding, Low-k Polymeric Adhesive, Bond Strength
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ol 50 AlAEL2F (system-on-a-chip; SoC) AlE5¢] 454
A1) FE52E8HE WEE A (complementary metal oxide semiconductor;
CMOS) 22K 714 322D ICs)E 7IHFe. 2 3jo] 7aks]ar Qlo},
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Fig. 1. 3D integration concept using wafer-bonding, showing dielectric
adhesive bonding interface, vertical vias (plug- and bridge-type),
and bonding approaches of “face-to-face” and “face-to-back”.
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Fig. 2. 200 mm wafer-to-wafer alignment accuracy with via-chain test
structures, indicating 1~2 pm alignment can be achieved.
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Fig. 2= nloke] A7} 34 Fafal] Aol thekst Hl= 4l Ee
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(siloxane, Si-O-Si) 3-FA5CZ viTE Sk e 7
oA 73t g8k B 25 s S8l A5 28-ET15].
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Ae)g AXA "]
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B AAS 92 A7 F, 2= A(load cellyS o]-g-310] Aol 71l
Stz (load)S =7 35FaL, dF=ol|o]E](actuator)S ©]-§35Fo] W9
(displacementyS Z7J3I3ch. 352 MY Alol2] #Al= 10 mm/min]
HL1E TR 71533ink sko] KAl TRl el whet, e
Ao WP 79 RHEE SUsh, A8 JHEL B
AlAeA F2e] JH-e Wgsks AFZQL skt Wele] dAE
Fig. 3bell =ATEISATE olw (1) &L 7 w3l &gk A3 v
QA (Fig. 369 I 1), (2) o] Fw3] H2 skl &l oFst
AH o= st WAsk= 7 A (kink) T (Fig. 368 99 2),
(3) 7L okt Al ujet o] FAPGEIE FAolHA A=
& Sl (load plateau) < (Fig. 3b2] G4 3), (4) BE sl I
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Fig. 3. Four-point bending tests: (a) beam specimen geometry for the
experiments (b) a typical load-displacement curve for measur-
ing saturation load value.
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2 A}, Zgo] gli= 719kl el o8l WAsH= 20 A4 w
3 3o (Fig. 3b9] o} 4). 2.9 FRALE 7% AN, 21
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2. 22
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© 2 ¥ = & SAASG (effective modulus)®] 3, P = 33 3}
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= =4

3. Zdu} 2 E9|
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S5 o] g3lo] AFSISILE. Fig. 45 B3RS nlo} 18] F%2| 3
HARRLS: HOJEL) Fig. 5= g do|@lof ), vlot 27] 17
L H]jof HE FHef mE BEIX] § nlo} q12] 7-22] A3gke] W
32 HoFEth HlE -5 uQ-em??) Hlo} 1E]59) HjHE A
(specific contact resistance)ato] AIAE *FEISHA|RE, v]o} 2]
Z90] A3kt q18] Zo] Ao]e] ME A= YFst 33k Blof 1L
g 727} FAE = dFEh

3-2. fojz] 2Ye| =7| AFe|dl Ay}

Fig. 6a%} 6b= 2}Z} MSSQ9} parylene-NS o]&3}o] HiJS- 4=
3t glolHEe] ®ey AulE Kol Aot} oy Eggt 7]
A|E (substrates)<> corning 7740 =22 9] 2} P-type(100) A
232 glo] otk A7) TR At $AE o] g3t et 4
7 29E 999 Aot mlg- w2 RS 3 AxE Bal B
stelar, 4371 Mg AlgelMe 8 A 50| oA A
ole] A 2 aEAF A Ate]o] Aol Al vk w it
SHH, MSSQE o]§dte] £H3 ol EolM s B2 53E0]
TG o] 3 3] JRATY o] H= Rt wAgst

kgl gl AR 557] WEl A

fllo

RN
iTest v v
v oRad v 0 s
RN | M2
(NN g
EEEEEER

Fig. 4. Top view of the via-chain structure for inter-wafer via sizes of
nominal 8 pm (left) and 2 pm (right), showing wafer-to-wafer
misalignment of ~1 pm. Metal-1 (M1) is on bottom wafer; metal-2
(M2) is on top wafer. Via and bridge (M3) connect the M1 and
M2 to form a via-chain.
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Fig. 6. Wafer bonding results using: (a) MSSQ, (b) Parylene-N, (c)
Flare™, (d) BCB. Bonded wafer pair (200 mm) consists of P
(100) prime wafer and Corning 7740 glass wafer.
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Fig. 7. Experiments for bond strength measurements: (a) geometrical
configuration of bonded wafer pair using BCB and Flare™
(b) bond strengths of bonded wafer pairs using BCB and Flare™
(bond strength of bonded wafers using BCB is 9 J/m? with S.D. of
0.9 J/m? and that using Flare™ is 18 J/m? with S.D. of 2.2 J/m?).
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