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ABSTRACT

Wafer bonding methods such as fusion and anodic bonding suffer from high temperature treatment, long processing time,
and possible damages to the micro-scale sensor or actuators. In the localized bonding process, heating was conducted locally
while the whole wafer is maintained at a relatively low temperature. But previous research of localized heating has some
problems, such as non-uniform soldering due to non-uniform heating and micro crack formation on the glass capsule by
thermal stress effect. To address this non-uniformity problem, a new heater configuration is being proposed. By keeping
several points on the heater strip at calculated and constant potential, more uniform heating, hence more reliable wafer
bonding could be achieved. The proposed scheme has been successfully demonstrated, and the result shows that it will be
very useful in hermetic packaging.

Less than 0.2 MPa contact pressure were used for bonding with 150 mA current input for 50 im width, 2 ym height and
8mm x 8mm,5 mm X 5 mm, 3mm x 3mm sized phosphorus-doped poly-silicon micro heater. The temperature can be raised at
the bonding region to 800 C, and it was enough to achieve a strong and reliable bonding in 3minutes. The IR camera test
results show improved uniformity in heat distribution compared with conventional micro heaters. For gross leak check, IPA
(Isopropanol Alcohel) was used. Since IPA has better wetability than water, it can easily penetrate small openings, and is
more suitable for gross leak check. The pass ratio of bonded dies was 70%, for conventional localized heating, and 85% for
newly developed FP scheme. The bonding strength was more than 30MPa for FP scheme packaging, which shows that FP
scheme can be a good candidate for micro scale hermetic packaging.
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2.1 Principle of Localized Heating and Bonding
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Fig 1. (a) Principle of the localized bonding experiments
cross-sectional view.
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Fig 1. (b) Isothermals around a micro heater capped with a
Pyrex glass substrate.
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Fig 2. SEM mlcrography of unbonded region at
conventional scheme micro heater[7].

2.3 FP Scheme Fabrication and Experimental
Results
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Fig 3. Experimental set up of the forced potential (FP)
scheme micro heater on a silicon wafer.

a9 3 9 4YE Yo | AHLINE AR
F4E 39 4 o Lo Uehd & ek Purael
P-type 2] A2 Holnle] #7F, €39 HASF
(insulation layer)cl Si0, & 2 m ZTHI F,
LPCVD & ¢} &3t &g Hd8&& 2m 5%, w3
(doping)& 3l Ee] A H7|HQ *37 &
HAE & F4E5E AABSIT AFso)z o] 4
7td 7] el 7| qAzoz *‘r%“l
Si0x/Si;NySiO, TZ2E Faete] digsia, HE
2 AlgHeld 4FuEAang F4do IS
uh-2] Rt

Azro] Az wlA sHEr]e] Hae ¥
5 & gon, Az#solz y)&e] nl4 7HE7IY FP
scheme o] w14 7}E719) 7tE §ke] zpolE Yol

)

H7] 918l IR camera & ol&, B3I Hurst o
F 60]ch IR camera ¥ &4 47} 2 cm x 2 cm ©)
D= J)F $30 583 AHE A, A
ol AlLE mA 7tE7]E Zo] 100 m, FAL 2
m A SHEINE AL

Corttact pressue

- =

Pyiex glass 7740

Al solder layer ——
SI0,/SiN, / S0,
Poly-Si micro heater ling

Fig 4. (a) Cross section view of the localized bonding with
FP scheme micro heater
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Fig 4. (b) Fabrication process of FP scheme micro heater
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Fig 5. Fabrication result of FP scheme micro heater
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Fig 6. (a) IR camera test results of conventional scheme
micro heater
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Fig 6. (b) IR camera test results of FP scheme micro heater
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Fig 7. Results of IPA test
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