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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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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. A typical load-displacement curve for measuring saturation
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Fig. 3. Beam specimen geometry for the experiments using four-point
bending method.
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Fig. 4. Schematics of four point bending test procedure and the picture
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2SR o= ok 2] AgheS st
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eslato] Fdeh= S FQ3It) Fig. 59 Table 12 4714 2] t}
B Aol gk BCB Al w2 2y Agh

29 Mgks KojF=al Q1w AW ()= PECVD Ak} 7142] 1 mm
FAR S Al fo]F] Alelell 3li= BCB(Table 1014 AlH
1, 2, 3], A”(b)yE T2 A8} o] 2 mm TR AEE
glo)s Alolel] S21E]o] 9li= BCB(Table 1914 Al 4, 50w, A
ey AgE golH 9 FalA do)H Alelel 21= BCB(Table 1
ol i Al 6, 7, 8, 9)Z UEhiIth X E B9 go]H SN By
£ BCBS} BCBel| o]%-3h= E319] AlHollx st Fig, 564
o} o] 21 A2 BCBY T} 71kl wet 2ol Sket
t}. o]t BCBS 7719} w9 AfE AloollA] v st
A AT Ak O e B2 o83t AT EREY &
Ax|3h= S BojFTH15, 18], o2 59, SILK™ Zgu o) &
7 S7Vell i ZE e} Ak} FAue] Aol B Aghe
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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.
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AP E o] gsle] WMy UAE ARXFSISILE AAR 2] AelE
gloj= e} BCB F7152] 3= Ale] dole] n]s)| S8 gho ==
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BCB 7719} GAlole] A% #7li= BCB 24 WE 999] =
©](plastic zone height) R 7} BCBS] F7|RT ¥ 7742 w4291,
PR @ 223 (large scale yielding)) EAYEITH19]. ©]2{8h R =
S AU )% Alolell R A 5498 R Bk &
Aol oJEsint, 470 vlake] & (Young’s modulus)©] ©]2-8H= 4]
T 249 JERT o) v, A4 vieke] 3HE 3-8 (vield 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 pm (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
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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 pm (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 pm (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
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