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A Study on the Bond Strength of BCB-bonded Wafers

Yongchai Kwon', Jongwon Seok*, Jian-Qiang Lu**, Timothy Cale** and Ronald Gutmann**

Department of Chemical and Environmental Technology, Inha Technical College, 253, Yonghyun-dong, Nam-gu, Incheon 402-752, Korea
*School of Mechanical Engineering, College of Engineering, Chung-Ang University,
221, Heukseok-dong, Dongjak-gu, Seoul 156-756, Korea
**Focus Center - New York, Rensselaer: Interconnections for Hyperintegration, Rensselaer Polytechnic Institute,
Troy NY 12180-3590 USA
(Received 20 May 2007; accepted 2 July 2007)

(@) oF

p=1 =
BCB 545 o] &3] w3t glo]#2] BCB 77, v FZAS] ARgofy: 4l o] Rsh= A5 49 Tl
& B9 APl tieh 43S 43 SRS ol83to] i Eith AP BY A3 BCB Al A% nleE
3=, o= BCBE &3 W& e vt Foel vldlshs Wil BCBY] 3y el G vIX|A| 7] wiw
olch. 2%k BCBY] FAAI7F Z42F 2.6 pm 9 0.4 pmRl 7ol thato] 2 SAIE AR FS o, 21 S
vdE 240 FHoME 3 Aol @4H7] wieel £ ddee] T Akst ‘FIL uto] FaE AP 9
o] ¢} BCB Ato] Aol xe] v deele Zelix dlo]# el BCB Ale]o] Adellx ®rt oF 3ulf A =t} o]

3H
sk 29 A9 Aloli= Z; AMelA] Si-0 0] £y W% 9l B sk oz 9] zlole] 7]QIgkt). PECVD AF
8} s 223 AR glo] 9} BCB Ale] AMe] A%, 7] Z4E 18 Jm? L 22 J/m?9] BT st oux]|S
A7) 98l 217; ©F 12~13 bonds/nm> ¥ 15~16 bonds/nm?>?] Si-O = W=7} e &t whdof, ZFEiA ¢jolH 9}l
BCB Alo] Awo] H9-ofli= 7] Z49 5 I/m?Q] & 3t oUx]Z A7) & 2F 7~8 bonds/nm?] Si-O = UL
7} B sttt

Abstract — Four point bending is used to study the dependences of bond strength of benzocyclobutene(BCB) bonded
wafers and BCB thickness, the use of an adhesion promoter, and the materials being bonded. The bond strength depends
linearly on BCB thickness, due to the thickness-dependent contribution of the plastic dissipation energy of the BCB and
thickness independence of BCB yield strength. The bond strength increases by about a factor of two with an adhesion
promoter for both 2.6 um and 0.4 um thick BCB, because of the formation of covalent bonds between adhesion pro-
moter and the surface of the bonded materials. The bond strength at the interface between a silicon wafer with deposited
oxide and BCB is about a factor of three higher than that at the interface between a glass wafer and BCB. This differ-
ence in bond strength is attributed to the difference in Si-O bond density at the interfaces. At the interfaces between
plasma enhanced chemical vapor deposited (PECVD) oxide coated silicon wafers and BCB, and between thermally
grown oxide on silicon wafers and BCB, 12~13 and 15~16 bonds/nm? need to be broken. This corresponds to the
observed bond energies, Ggs, of 18 and 22 J/m?, respectively. Maximum 7~8 Si-O bonds/nm’ are needed to explain the
5 J/m? at the interfaces between glass wafers and BCB.
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Q= A H (chipyg T38H= %2 3])Z (integrated circuit; 1C)°1A]
7] v ] A& A1 HIE back-end-of-the-line(BEOL) ¥4 7]
%o] T2 /A-A thulil (damascene) T 7142 5343 S
WAE T AARE 1CS] s s fIgtk T3]l s o2 E gt
AZE & O oL, 2], F Adsell et ofg] A Avs
of vjFo] H olfst uxe] AT XA HA] 2211 (2D) ICe]|
A ARESEL Qe 8 k] 71 A7) MiAE SlolH e A5S
&t 32HI(3D)S] > A WEF Al o m ARgo = ThA
A QS B ok, dlols dM(WL)l 3xH FE(3D
architecture)s 8/J 80 24 7]57d (functionality )y A 7131 Al
2] AAE FIskAl & 4 QUEH, 3-5]. 815 3xk 4] 3|2
AZE 8l Qs Q@ av|eEe A 9 39S Algkshe ofezt
2] sl ESAR, A E2HE dold 1 EHS ¢
gk 29 7] (adhesive)® o]-&3h= 2 fo]HE2] 3ak AFE
et vikAet W Fo] shtbE g=iA JlTh3-5].

olgfdt B 4x|2] TR EA N U7X AFdA e
(benzocyclobutene(BCB), Flare™, methylsilsesquioxane(MSSQ) X
parylene-N)°| A|RF=|aL, F3 AL 9 25 AFH HAE A
£ vPgO = BCBE o83t T floly £ o] /s lrte].
BCB9] 973 554 wizel, ol& ¥ BEZE o] gsl= A, 7
W RES WE7E sk B 3 (void)o] flE BY AdE o
T o] g% o E3] 200 mm fo]HE2] EelA BCBE
PEEAE ARgSRE A, 719 100%2] #9995 95 7 3
ATH7, 8]. Fig. 1= 32k 32 A& 918 shte] AlY 725
HolFt}, o] Ty e fol¥Es g H (align)d §- BCBE
3 3L, Al f1x5E o] ] oH-g BREsIAIZ] v ¢ljo]¥]
F A7 S BAsRE 3E HolEH3, 5).

T 3 0] MAE= B e w9 PgdS fRskE 2
32k o) slEEs durow JAsh] f1El mhe- Fasitt 9
H dlolg e &5 3 B3 318-7] A4k (chemical mechanical
planarization; CMP), 71414 A4 & &4 =8k(thermal cycle)?} 2
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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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75 DA 71AA FA0] ZFiRITH9). wEbA 259 glo]H =]
A7) 7REERSIA AY QIS AER T =2
3 AgEle 7L Qlojof gt

gk Sojs MWL) 3D IC 3ol B J5-8 s o=
el 571 AR 7] widE vlokvia)e] FHVE A A
317] {18l 7Fsst 3t Skotok sl=dl, o] st g HAe W 2
Q3 At 9 Afk(defect)ell &3t 53] FE =T 5 7 W
ol Z42te] A5 AdS Fs] w2 Y AEE 7ok g
tH7]. 2ol YEE v AAES HEAA do]HE A58t
L Ao R A ¢ Qe SRS Y A4EY =k
7] Sl AR Sl AR 54 e 3 A T
olt}, 7] 2 AR-EE Scotch™ tape, peel ~12]3 stud pull
EIAES} 22 HAZARI AP ES o5 27Fse Bt 89
9] ¢k3}(relaxation)&y wiitoll ¥ SHYHO 2= SHAIE 7K1
3L, A= Al ARe] AQddo] "olRE= #AlEo] slrke-11].

B =M= &4 5 (mixed mode)s 7|0 F 3t 4% 3]
(four point bending) W< 0]4-5}°] BCBZ =43 dlo|HE2] &
3 APEE ST @S 7= 7 flolHE Atelel 14
o] Zujw ik Ajlehs MR 72 Vs $ A7) s
olgshd, o5o] E7Fsd Zejw uiute] ZF-g-Ho] ksl A
& H2st & 5 Qs Aol glrk 9t & =2l (1) BCB
A, (2) ¥ 714 (adhesion promoter)2] ARE- o5, 4! (3) BCB
£ #ohs 240 1 dlojv e w1 Adye sk A

= 8IS ofe|dt A5 E3ll, BCBE w93 vk Al
of|xe] £ A A WY oW A (plastic dissipation energy),
= vtk o= (bond breaking energy) AF01S] A1 AAE
2783 = Qla1, BCBE #9357} AlHolxe] 1 Wes BY 4
T 2 T o]k IAZNE At 5 k.
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2-1. BCB ¥ BCB- 0| £Zl°| IFg

2 =rolMe e HA 32 7] e F572] 200 mm 4
OlHES olgsle] B AT At ol vlEFH<] o]
HES (1) A dold, ) del o)At I3 A7t 4
i or 2z dxleh= FElx dolH (el dlols o] AW AT
: 2.6 ppm/°C, =2 ol 2 I A5 3.78 ppm/°C), (3)
2 um FAY 118 ZZ o) o) YD A3} 142 (thermal oxide
layer)S A5t A2 dold, @) Eet=nt A3t 38k FaH
(plasma enhanced chemical vapor deposition; PECVD)S ©]-£3}
2t 57 1 pme] At aE 25sk A& glo]s{oltt. PECVD
Hell 93] 52 43l 7742 Plasmatherm 73(Plasma-Therm
Inc.y& ol-&3te] 25 Wel RF 3+ 2 300 °C, 0.9 Torr®] =59} oF
2 221 stolld Avk(SiHy) oMitst AAN,0) 7HAE o8-8t
AP dols flof AF33irt.

BCB ¥l FlexiFab™ 23 FE|E o] gafo] Exagion &
g A3ES 7171 Y8l 2 79 el 29 FXAE WA =
Hal3ict. ol 9 XA 2% Dow Chemicalrke] AP3000:S A
31311 BCB 5°A19] FAIE W3t 717] 2180 &-A(1,3,5-trimethy]
benzene)s E3I3ITH12]. Hlols#e] BCBE A% FH $h Fof=,
015 A 3AselA 170 °CY hot plated]] YIXA1F S 24 BCB




BCB AIZ #3 ¢loje]

U2l 3 s AASISIT gk, 242+e] BCB A& 5%
3171 $13l spectroscopic reflectometry®} ellipsometryS AME3151 17,
2 A7 7R gk FFEARE 1% v9E & St

2-2. YojE =24

o7 FE57 e vE] A 2F 29 @A (recipe)ell
2} EVG EV501 $l|o]3 £(EVGroup Inc., Austria)s ©]-83810] 4
Waieirhs). BCB7} 3= T o] (3 9@ s sjo]sye] o}
WA 29 FL Atk $4 ANE 104 mbarrkd] 11T
gketaL, 32 °C/min®] SR V2] A HF HE 252250 °Cyt
A g0l ES sfdait. olelst H% By Lxi BCBS ol
(cure M. {529F 4€10] SIeF. o)) WY 21 o] 12
woll 27] SRS 7] 9s) R Aol 3 AHE )
, O1F ZA] gllolaell 7get o= (200 mm #o1s A 10 kN)
b5k 71Rich BCB 29 3789 qfo] wheo] Byt - 9F
2o, B 9 sJolse A8 Wz,
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2-3. Four point bending 0|E2 ISt AlH ZFH| & =X

E Ao 47 HEAES B8l 29 282 (bond strength
$-2 strain energy release rateyS JHH O 2 HrsI) F 4
Ato] AdelA o] £ A2 AP 7517 H2(pre-crack)©]
TAfBh= B (beam) Al o] ETASHA] s B A Afo]g]
W3 oA (strain energy) & T8 OEM F5E8 5 QITH13]. AH

]/\191 sket A, A Eee &Y WE, AE e &9 5Ol
23 Al &= JFel digh A7 v AT aEINE &
5] Z18= 7 Q)T 11, 14-15].

43 FEA ol AFSEE= AEES —Or/L w1 3o
HES B o R dusta, duds
7 AIE PR TS A It Ola
40 mm2] Zo]} 4 mme 32 7Y 53] 1
bending fixture(Zwick T1-FROOSTN Material Testing Machine)ell 1.

AlEE AR F, 10 pm/min®] WSR3l W9 Alele]
AE FAstar 71535159t} ol 7187 sl (load)y> = 4 (load
cellyS o]&3to] 543130, W9 (displacement)i= Fof|o|E]
(actuator)E ©]-8-51o] S5

Slzo] B Al 7Hslldel whet, 271 A8 eI < (linear elastic
region)0] UERF=H] o]i= >xe]ao] EX|eH= X (beam) A Y
Fdo] EAFHA] o= B A F Al EEellA 9] 5 w3 (pure
bending) Wlito|t}. Z7] Z|T e A3 G o] kst A o
% olgshA A kink)7t A=Y oFE AH-E we} Ao] 1
3HHA HE 3k (load plateau)o] WERHE o] EAsitt. 22k
AE B 998 JE s gho] e = oJo] o]5 go] &)
SHA] 9= B APHOIM G =5 18 wstol] WAy Sk, o]gA
ol FE shaeahkd w9 WAY o|¢hE WY ouA A A

olof] Fik W] ok=th. K AJHoA A S HolF= A
A o]

329 skt W91 YA Fig. 200 F=ASISIT

oﬂ

i)

-

318kt four-point

w3 A¥Y G Ko wideE V2R v 22 dEE
T 5 T 14].
G, = 3(1-v3)p.L [ —k/( 33+ 30, NNz Zﬂ (1
2E,b°h° Ln) n;+an

2 Al A5t A 481
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204" P,
—_ Linear elastic
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s ! Load plateau
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Fig. 2. A typical load-displacement curve for measuring saturation

load value.
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Fig. 3. Beam specimen geometry for the experiments using four-point
bending method.

oA71A Ej 3 vz A7 Ze]ago] Q= flo]H 9] E(Young's
modulus)?} FFol5H] (Poisson’s ratio)0] 1, B2t vz 22 o]
Sl glolHel] vist JEt FoliulE vhebdith, B8k A= Ey(1-v)
/E,(1-vH)= EHE = -8 ¥4 Al (effective modulus)©]aL, Pi=
BE sksat, L W53t 95 A Aele] 71d, bﬂ— hi= 22} 1

Al F3}k F7oltt, olw hi= hyt+hy A UERd 4= 9lor, o]
W h> Z]A o] Q= folHe] A, hy 5'-3—1“01 = ol
o] FAE YERNAL, hi= h=h/(h,+hy)(=1,2)%2 EAEE= A F
AE eJnjgitt. Fig. 300 AlE 25 YeRS]h.

2T o3k 9 slea B Aol Zhebd BOAJHE ZEA
o] Jglel ' o= $lojxit. BCBSF e &2 2w
Aol 3wl whirell - skl olsk W9 oy vhell
gt vg] wEolxl e Hduk g2lo] qlAIgkel] dahd,
A8 HHE Aol UAE BEsh Ao okt Ads w

g} Jdsitt, o]glA] o]¢kel MY ouR= Ak 7 okst Aol
A2l 2t 537 BCBY & W3S $l8l An)Ea, vpxjute
okt A E"i—% e} BES0] dieks o]E vlE]E AAYA|ZITY. Fig. 4
of o]ef st wgel ot Al L] Wis) 2 Ade] gt AA| ARE vf
ERAGITE o]t A& g R BY A%E G T oE i
g = QITH15, 16].

G.=Gy+ Grgiguar ™ G @

71A, Gz Aol RE5S Thadslr] $lsl] Bast ouxjo]a,
Gosiuarc A 245 58] <]t WS $16H 2 23t ofUJo|H[15,
16], G 9 4] 24 W3S oot} 17].
2 Oﬂ?bl AYNE-L Aol 57)9) AlHES
WHAIFHE olgste] FAe v AfE e E%—%i% ﬂéi%kﬁl
10% °JUIZ o|F 5 S53] A 4 Srkar shekect.
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Pre-crack spot
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Fig. 4. Schematics of four point bending test procedure and the picture
of test rig.
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3-1.BCB S| Hj0f| mE 2Y A=l el Fat
BCB “#7I= (1) 33H A A3 % 2ol slo)# b 2] WU
o] ui A FAdE Slsh vlofe] F3nigl, (2) ¥ ﬁ]ﬂu Aol o
S |zl 1;]. ol o 7 3x1Y HAI 8 T2 QA E gk
BCB #1 &50] nig]sA]ulk o= ofst %"4 Agres st
= Aow 4Rl UHTOH o A88S BCB $9 7 3
ak:q}o}oq ®3eh= 71L& Z 231}, Fig. 59 Table 1 Al7F< 2] vk
£ BCBZ ¥33t %‘% ﬁlfﬂcﬂ] st BCB Aol W& 2 A%
E'u W32 Bl 1 Ql=d) A (@)= PECVD A3} 1#420] 1 mm
AR S Al fJo]F Alolel| §li= BCB(Table 104 AlA
1, 2, 3012, AH ()= L2 Akl 74| 2 mm FAE AP
glo)s Alolel] S2E]o} Q)= BCB(Table 1914 Al 4, 50w, A
ey AT ol el FEiA dlolH Alelef 2= BCB(Table 1
oA Al 6, 7, 8, 95 YERATE EE EdE So]HEelA vk
i BCBS} BCBe oxsh= B3] Adollx] @Asic}. Fig. 50114
o} Fo] 21 At BCBS AT SVl ule) o] St
t}. o8 sk BCBS] F719t 1 AT AfololA veht= st
A8 WA= Ak be 89 24 ol 8% A7EAREY #
Ax|3h= S BojFTH15, 18], o= 59, SILK™ Zgv o) &
7| S7Yell W Ee|u ek Ak} qiaeke] AlelA 9] B A
AEH o7 Frksh oledt HE Fig. 5ol 2 3= o] AUH18].
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48 .. ¥ BCBWPECVDSIO,
4 ® BCB\thermal SiO,
42 < A BCB\glass
d O SILK\PECVD SiO,
36

30 :::;

Critical adhesion energy, G_ (Jlmz)

Polymer thickness (um)

Fig. 5. CAEs for different BCB thicknesses and material stacks (this
work) and at the interface between SiLK and PECVD SiO,
[18]: (a) BCB layer is sandwiched by PECVD SiO, deposited
on Si wafers, (b) BCB layer is sandwiched by thermally grown
oxide on Si wafers, (¢) BCB is sandwiched by one Si wafer and
one glass wafer, and (d) SiLK is sandwiched by PECVD oxide
deposited on Si wafers.

B AL FE T 840l 98l A A AAE Al
Hell F¥ LEES wdalr] flal] dash ouA], = A=k (work
of adhesion) G,°1™, th& st sl A/dE4 (¢1714= BCB)<]
273 Wl ofsf 4nlE= oluA] GelvH18, 19]. 3, the @
21K Oﬂﬁﬂ AE 59 2t SEe] MES sl Festh ovxQl
Grosiz T8 G & 73R 8271 4 5 QUTH17). & =2olxle=
Grosuna®] G2l HIAI= Oéﬁ— 7¥et7] f1sl Fhe] Ael fllo]
HE 2.6 um 719 BCBE 293+ 720lA 554 33 (pure bending)
A E o]g3le] ¥iY Oﬂbﬂxl% ARFIITE AAR T A=l
dlo]s 2} BCB FAIES &> Al dole uja)] 23] gfor s
e AJHES gk H(thin beam)® 7P 4= L, whebA oF
< B gdEE 288 7 gk

BCB 779} GAlele] & ¥z BCBY] 24 WE 999 =
©](plastic zone height) R 7} BCBS] F7RTF ¥ 742 w491,
thf . G5 23 (large scale yielding)) BATHH(19]. o]2% R =

ol

S AYE 713 Aleolel] Foizl & S-S 7= Bkl &
Aol &3ttt} 44 vleke] 9E(Young’s modulus)©] 0123k &

= B9 JEHY Wol vy, 4] vlulke] g S (yield stress)

Table 1. Four point bending results for different chemcal and geometrical parameters

Sample # Geometric configuration of beam specimen AP BCB thickness n Mean G, (J/m?)  S.D. (J/m?)
1 Si/PECVD SiO,/BCB/PECVD SiO,/Si Yes 2.6 pm (double layer) 6 31 1.7
2 Si/PECVD SiO,/BCB/PECVD SiO,/Si Yes 0.4 um (single layer) 7 19 0.7
3 Si/PECVD SiO,/BCB/PECVD SiO,/Si Yes 0.6 pm (double layer) 5 24 1.7
4 Si/Thermal SiO,/BCB/Thermal SiO,/Si Yes 2.6 um (double layer) 6 34 22
5 Si/Thermal SiO,/BCB/Thermal SiO,/Si Yes 0.6 um (double layer) 6 25 23
6 Glass/BCB/Si Yes 7 um (double layer) 7 17 0.6
7 Glass/BCB/Si Yes 4.8 um (double layer) 7 14 1.2
8 Glass/BCB/Si Yes 2.6 um (double layer) 7 0.9
9 Glass/BCB/Si Yes 1.3 um (single layer) 7 7 0.1
10 Si/PECVD SiO,/BCB/PECVD SiO,/Si No 2.6 pm (double layer) 6 13 0.5
11 Si/PECVD SiO,/BCB/PECVD SiO,/Si No 0.4 um (single layer) 6 10 0.4
12 Si/Native SiO,/BCB/AP/Native SiO,/Si Yes 2.6 um (double layer) 6 30 1.4

3lskast ;453 H|5S 20074 10



BCB A= ¢t dojwe] w2 dale] st o 483

Table 2. Plastic zone height in different beam specimen geometries

Geometric configuration of beam specimen BCB thickness BCB plastic zone height (um)
Si/ PECVD SiO,/AP/BCB/AP/PECVD SiO,/Si 2.6 um (double layer) 69
Si/ PECVD SiO,/AP/BCB/AP/PECVD SiO,/Si 0.4 pum (single layer) 42
Si/ PECVD SiO,/AP/BCB/AP/PECVD SiO,/Si 0.6 um (double layer) 53
Si/ Thermal SiO,/AP/BCB/AP/Thermal SiO, /Si 2.6 um (double layer) 75
Si/ Thermal SiO,/AP/BCB/AP/Thermal SiO, /Si 0.6 um (double layer) 55
Glass/AP/BCB/AP/Si 7 um (double layer) 16
Glass/AP/BCB/AP/Si 4.8 um (double layer) 13
Glass/AP/BCB/AP/Si 2.6 um (double layer) 9
Glass/AP/BCB/AP/Si 1.3 pum (single layer) 7
Si/ Native SiO,/AP/BCB/AP/Native SiO,/Si 2.6 um (double layer) 66

o v} Aol Y= WA b= W, R= the A= Sl AR
9ItH20]
R, = (A2+B2+cz) G,
"oy 4n o
_ 1 [ >, E 2
A= (1-v—2v )——(l—vS—ZVS)}
1—V2 Ex
B=_1 [(1—v—zv2)—5v(1—vs—2v§)J
1-v? E,
c=—1_Eqv 2 3)

(1+V)E,

o2

oA71A ES} vie 2 7198 9E 9 ok v, Es} vie 47
BCBS] & 4 ol Hlo]H, 5= BCBS 345 528 et}
BCB$} o]%ah= A %c =2 glo]s] Afo]o] &2
2] Arry el 9E: <131 GPa, Z8l~ ~63 GPa, BCB
9% %3 GPa), BCBY l—% 2 (=48 GPay& BCB 7|2 9
RS W2 ko H 1], 21], ¥ AFelMe A4 WEe] EolE A
7] 98l A (3)yS olgsIsith
Table 2= 2] (3) ol&3lo] AXleE BCBY| R, #h5-5 BofErt.
RE Z-FelM, BCBY R = BCB] “F7Htt ELI’_, wheba] AL
e g8 248 Z%B_b—l— Z= 9lt}. BCBY} B A= A= &
A Atel9] B9 Aol7t A= 21 BCBS] 2 R, #k& Z#lsk=
HRJOTHH19]. 2 =ollA AR e 29 AlHelM R= 4
BCB *F/I5}t A9 %, BCB 7715 Eol& 21 RS A3l
2F opletal o= AklE G2 GO s Z:EH?‘?}D}. 37) o]&
< ol Ayshs A Ays Bl A5
A AFSE Al a, b, coll T3, Table 14 TS Aol e
7} A2 G .8 BCB 77, to] ¥AE 433} b vk o] &
Hec).
G,~18+55t=18(1 +03t)(J/m?>) 04um<t<26 um  (4)

G,~22+6.6t=22(1+03t)J/m?) 0.6 um<t<2.6 um  (5)
G,~ 5+ 1.7t=5(1 + 0.3t)(J/m?) 13 um<t<7 um (6)

lo,

olo

>’o

2 (4~6)2] 7% a, b, coll thall, 32 Gy vk 2] AL

A aclld, G,=18 (J/m?) )
A bollA, Gy=22 (J/m?) ®)
A M, Gy=35 (I/m?) ©)

2 (@2F (7 247} Table 12] A3 1~3] visfl 7+ A|H2] G oF
BCB |, t25E dojzl A 211} y Hgko] 2ol a1, Al (5)31r ®)
<& Table 1°] Al 49} 5o ojsl] 2} AJ<] G2t BCB 7,
] dofxl AT y gere] Ao, 4 (6)7F (9= Table 19]
Al 7~100l Tl 7k AlEe] G .ok BCB 7, =5 E ojxl 3
At y W] deoly.

2 @612 B3l & 4 = A A7, BCBY o)k 39
71 LI 22781 BOB 0] oI G2l el A A
o] B & AT YR o] F vio R, A @)F 4 (4~6)
o} 1AL ﬁa , G8F BCB 77 t919] A% ¥l=
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Fig. 6. Beam specimen configurations and CAEs of bonded wafer pairs
including those formed using BCB on one or both surfaces,
with and without AP.
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Fig. 7. Anticipated bond structure: (a) between glass wafer and AP and
(b) between oxide deposited on a Si wafer and AP.
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