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Abstract: In this paper, mechanical reliability issues of copper through-wafer interconnections are
investigated numerically and experimentally. A hermetic wafer level packaging for MEMS devices is
developed. Au-Sn eutectic bonding technology is used to achieve hermetic sealing, and the vertical
through-hole via filled with electroplated copper for the electrical connection is also used. The MEMS
package has the size of 1 mm X 1 mm X 700 pm. The robustness of the package is confirmed by several
reliability tests. Several factors which could induce via hole cracking failure are investigated such as
thermal expansion mismatch, via etch profile, and copper diffusion phenomenon. Alternative electroplating
process is suggested for preventing Cu diffusion and increasing the adhesion performance of the
electroplating process. After implementing several improvements, reliability tests were performed, and via
hole cracking as well as significant changes in the shear strength were not observed. Helium leak testing
indicated that the leak rate of the package meets the requirements of MIL-STD-883F specification.
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1. Si substrate, 2. Sealing line (Ti-Ni-Au-Sn-Au}, 3. Top pad, 4. Via filled by Cu
5. Seed layer, 6. Signal line (Ti-Ni-Au-Sn-Au)

(a) cap water

1.Sealing line (Ti-Ni-Au}, 2. Signal line (Ti-Ni-Au), 3. Si substrate

(b) bottom wafer

Fig. 1. Schematic cross sectional view of the MEMS
package structure developed in this study, (a) cap
wafer, (b) bottom wafer developed in this study.
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Fig. 2. Schematic view of multilayer Au-Sn composite
structure design.
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Fig. 3. Cap wafer fabrication process flow.
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Fig. 4. Via hole cracking of MEMS package after the
pressure cooker test of 96 hours.
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Fig. 5. Stress distribution around via hole (a) Simulation
result of 3D stress distribution around via hole, (b)
Simulation result of stress value along the via hole
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Fig. 6. Via hole etch profile (a) Via etch profile with a

common PR mask, (b) Via etch profile with Fig. 7. Severe case of void formation in the via hole
aluminum mask. structure.
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Fig. 8. (a) Cross section view of via hole with optical
microscope, which shows the copper diffusion, (b)
EDX spectrum at the region A in Fig. 8(a) and (c)
EDX spectrum at the region B in Fig. 8(a).
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Fig. 9. Altemative cap wafer fabrication process to increase
adhesion performance of the electroplating.

CMP ¥l 93l &5 Adel& 7138 Ants)
(k. CMP &40l &3t 45 713He kAl At
g Fof AR FAE oF 100 umTh. ICP RIE
FH o2 Hlo} E& FAAZ] T Hlo} o &H
2 Hg S TY/Cu A St o 8 S3 3¢ ). o] o
Ti¢} Cu =He] FA= 242 500A3 1 um$ T} ¢
o] thinning®l ¢]3}e] H]o} &2] Zo|= Fig. 39
71 49 st AT wheta Eold
AR A% W7} 7Haste] AHEE o
ol gk A gtrete] Fbo] 7hFetitt L the e
A7) =52 Ti/Cu A St 9ol JPA|Z o}, H]o}
3 9] 21 37} vl o] ,y\] or 2o Oy :&]-/\}_C_?- H}-%]
Al g A Bk ole}, 71w A HE
e WPz AT 78 AE Ao
o] AMAM TS o = FEF 29 EZ Y

NEZ gho 2= 9l %0 e 2o A AL

ﬂ"*ﬁ}o}l Hio} & o] Ti/Cu A Steh2 ?‘4%/\1
71 ol MEMS 37]A-& t}A] zﬂ& 3 PCT A
S T3 7t AP AP S TPt 4
A A8 o 7 A AR 7] Wl gl
™ MEMS 22} =9k 33 =1 %] et} 4124
Al A - HE H71A Y dEE7 Fig. 10
UERY AT AEAA A A 2 Fof] ©hE S

g]
o
Al
I
AT A3 HE AR B Hloh F ol é%“ﬂ

28] 714173 Ao B A7 35

Fig. 10. Cross sectional view of the WLP MEMS package.

LA R A ekt

s RF MEMS 3717 & 7 #7] A 2] 2%
Al (hermeticity)= "f-%- = Q.3+ 1 Q1x}o|t}, 7}
W WAl SEEA FE A MEMS 7] A
W2 F7] 2 2¥o] I F 3] MEMS 4A}ol| A
o] gl El= ] ZL(Stlctlon) =0 _11:3_ Al _E_;q]ﬁ HkAY
AN ok A ZE 97)A Y] dRAge FAH
(leakage rate) S =74 3t B7lsidh & A+
A AFEE A =4 7] Alcatel DGC-1001A}<]
helium leak detector2 41 2x 107! atm-cc/secd] =
4 AS 23 Ak 2 £ AN A2
71 A] o] HF AH, F &5 AL 600x600
x30 um’ (= 108><105 cc)ZA] helium leak
detector®= =74 37| = |5 2ok D aepr dAF
ARSI FEE AR T8 BE
712 & HEZ A 2esinh A 24E 71+ 9] 2
713 0.5%0.5%0.05 cm® (1.25x 1072 co)ZA] 271
g A9 BE 242 712 AXHUH H71A
o} T3St & An-Su 99 Y F2 70 um
olm] A A L FAo| 71EH FUHHE FAHE F
Ao 1.58x10™ atm-cc/sec =4 MIL-STD-883F
T2 oA AA g 2 7153k, F 5.0 10°° mbarl/
sec (5= 4.94% 107 atm-cc/sec) BT} ol % 2 3 T}
whelA] A zZHE 7)Ao e ol FHEHASS

& 4 glek.
1.2 B

B =R M= MEMS 34 7l 2 A2 FJe
FAL E3le A ZE RF MEMS £AHE 913 9

olH #H¥l H7|HE LA 2= AR

Microelectronics & Packaging Society Vol. 15, No. 2 (2008)



36 HAEE

5k Au-Sn UHE WS SASEA T 417] A
o] A7 E FolL &4 L& 3 /“ﬁl &17] $jsteq A 7]
& o] 52 o} £ At &
dez AR} 714 424 A
Hlo} Zof] Ze o o3¢ 3
2 22Y 5 ANk 0BG A& AT 7
¢1$t mismatch®} 72
i 71918k Ao 72 ¥t}
£ A g A3t Ho}
Hol 22 AFHT AL 2
& Atk o 29 Al g A23tsl] 918
e 39 A0S FYHUT AA, 220
3 Ph23E o) §5)e] RIE A% T4S F3FC
M Hlop £ chipping:+ g Has g F
QAT A, A7 =Fe TAH AL HA s
al /“‘471_Lu Zol Hlot & o LEEAS AA
0, Eekznt o 4L o] Ael 23
2bed 8- SFAFA| A T) /j;sq] AN =F FA
o W2 FN7) 93 DA 33 AY
g F e FEH 2
A

A 717] $l8te H

r 2

_OI_IL
8
A
AN
1,
e
=
;Cl,
fllo tIN‘
o, —{m

883F 1A= TE3IU T F=7 7}_4_ ’\1?4"4 A
NM=E H71A) 9] 3= DA ke,

=) Wk gl
= i

1. R. Gooch and T. Schimert, “Low-cost Wafer Level

upo| A2 A4 2 9719 88]x) #1158 A235. (2008)

Vacuum Packaging for MEMS”, MRS Bulletin, 28,
55-59 (2003). |

2. B. Li, T.D. Sullivan, T.C. Lee and D. Badami, “Reli-
ability Challenges for Copper Interconnects”, Micro-
electronics Reliability, 44, 365-380 (2004).

3. C. Wang and C. Lee, “An Eutectic Bonding Technol-
ogy at a Temperature below the Eutectic Point”, Pro-
ceedings in 42™ ECTC Conference, 502-507 (1992).

4. G. S. Matijasevic, C. C. Lee and C. Y. Wang, “Au-
Sn Alloy Phase Diagram and Properties Related to Its
Use as a Bonding Medium”, Thin Solid Films, 223,
276-287(1993).

5. S. L. Burkett, X. Qiao, D. Temple, B. Stoner and G.
Mcguire, “Advanced Processing Techniques for
Through-Wafer Iinterconnects”, J. Vac. Sci. Technol.,,
B22, 248-256(2004).

6. M. Bracht, “Copper Related Diffusion Phenomena in
Germanium and Silicon”, Material Science in Semi-
conductor Processing, 113-124 (2004).

7. M. Seibt et al., “Structural and Electrical Properties
of Metal Silicide Precipitates in Silicon”, Phys. Stat.
Sol.(a)., 171, 301-310 (1999).

8. D.S. Gardner, J. Onuki, K. Kudoo, Y. Misawa and
Q.T. Vu, “Encapsulated Copper Interconnection Devices
using Sidewall Barriers”, Thin Solid Films, 262, 104-
119 (1995).

9. R.K. Aithal, S. Yenamandra, R.A. Gunasekaran, P.
Coane and K. Varahramyan, “Electroless Copper
Deposition on Silicon with Titantum Seed Layer”,
Materials Chemistry and Physics, 98, 95-102 (2006).

10. S.W. Russel et al., “Enhanced Adhesion of Copper to
Dielectrics via Titanium and Chromium Additions
and Sacrificial Reactions”, Thin Solid Films, 262,
154-167 (1993).

11. M. Nese, R. W. Bernstein, L. R. Johansen and R. Spooren,
“New Method for Testing Hermeticity of Silicon Sen-
sor Structures”, Sensors and Actuators, A53, 349
(1996).



