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Abstract 

This paper presents the development of Al-Ge eutectic 
bonding for wafer level chip scale packaging of MEMS 
sensors. Al is sputtered on the MEMS wafer while an 
AUTi/Ge stack is sputtered on the cap wafer. The bonding 
temperature and bonding time are 43UC and 30min, 
respectively. A CMOS compatible Ti/Ni stack was 
deposited as getter on the cap wafer to maintain the vacuum 
level inside the cavity. A silicon pirani gauge was used as 
hermeticity indicator to evaluate the vacuum level of the 
bonding. The operational dynamic range of the pirani gauge 
is 100mTorr-76Torr. The experimental results over three 
wafers show that the achieved vacuum level of the bonding 
is less than 200mTorr with yield more than 90%; 1000 rapid 
thermal cycles from -50°C to 150°C with 1 hour for each 
cycle were conducted, and the related vacuum level were 
recorded at 150th, 400th, 650th, 800th, 1000th cycle. The 
normalized vacuum degradation percentage are about 1.6%, 
2.05%, 2.25%, 2.54%, 2.78%, 2.82%, respectively. The 
results also show the vacuum level trends to be stable from 
the 650th cycle. 

Introduction 

Packaging is a key aspect for the successful development 
of MEMS devices. The reliability and lifetime of 
microsystems can be significantly improved by proper 
packaging which protects them from harmful environmental 
influences. Some devices such as resonators [1-4], micro 
bolometers [5-6], gyroscopes [7-10], etc. require very low 
air damping for proper operation, and are therefore 
packaged under vacuum. Any leakage from the sealing ring 
will result in diffusion of gases into the cavity. The loss of 
vacuum will increase the air damping and will deteriorate 
the performance of the device. One of the vacuum loss 
reasons is due to the loss of hermeticity, which can result in 
leakage of moisture into the package. Furthermore, water 
also acts as a carrier of ionic contaminants, which can 
degrade the performance of the device inside the cavity. 
Therefore, it is important to ensure that the sealing is 
reliable during operation. In addition to loss of hermeticity, 
the cavity pressure level can also change due to outgassing 
within the sealed cavity. Hence, hermetically sealed wafer 
level vacuum packaging is a key technology to the devices 
above. 

There are several kinds of wafer level vacuum packaging 
technologies such as metal-metal eutectic bonding [11, 12], 
fusion bonding [13, 14], anodic bonding and thin-film  

encapsulation [15]. In which, wafer level Al-Ge eutectic 
bonding has been considered as the most promising solution 
thanks to its CMOS compatible feature in view of materials 
and process temperature [4]. However, there are limited 
successful cases reported so far which met industry 
requirement considering yield, vacuum level and lifetime. 

This paper presents the development of Al-Ge eutectic 
vacuum bonding for wafer level chip scale packaging of 
MEMS sensors. A1/Ti/Ge stack is sputtered on the cap wafer 
with the thickness as 0.7µm/0.lµm/0Agm, where Al is 
deposited on the cap wafer as a buffer layer for cushioning 
purpose. A CMOS compatible Ti/Ni thin film stack was 
deposited as getter on the cap wafer to maintain the vacuum 
level inside the cavity. A silicon pirani gauge was used as 
hermeticity indicator to evaluate the vacuum level of this 
bonding. The operational dynamic range of the pirani gauge 
is 100mTorr-76QTorr. The experimental results show that 
the achieved vacuum level of this bonding is better than 
200mTorr with yield more than 90%; 1000 cycles of rapid 
thermal cycling from -50°C to 150°C with 1 hour for each 
cycle were conducted, which shows the normalized vacuum 
trends to be stable from the 650th cycle and the degradation 
percentage is about 2.82% at the 1000th cycle. 

Al-Ge wafer level bonding process description 

Fig. 1 shows the process flow of MEMS wafer. The 
process starts from SOI a wafer and with a two-mask 
process for electrodes and structure definition, following 
VHF process to release the suspended structures. 

a). Deposit and pattern electrodes on SOI wafer 

b). DRIE to form hermeticity indicator structure 

c). VHF to release hermeticity indicator 
Fig. 1 MEMS wafer process flow 

Fig. 2 a) shows the top view of MEMS devices ready for 
Al-Ge eutectic wafer level bonding. The bonding ring is 
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with 100µm in width. The related electrodes are outside the 
bonding ring and the electrical connection and isolation 
were realized by isolation trench. To avoid the potential 
leakage and hermeticity loss, the isolation trench was 
refilled [16] and polished by CMP. 
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a) 	Top view of MEMS devices 
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b) 	Simplified cross-sectional view across A-A 
Fig. 2 The Al-Ge eutectic bonding schematic 

Al is sputtered on the MEMS wafer while an Al/Ti/Ge 
stack is sputtered on the cap wafer. Al is deposited on the 
cap wafer as a buffer layer for cushioning purpose. This is 
because Ge is a hard metal and as a result, it cannot take 
surface topography, and Al is relatively soft metal material. 
A thin film Ti was deposited between Al and Ge as a barrier 
layer to prevent their eutectic diffusion during bonding. The 
AM/Ge metal stack was deposited by sputtering instead of 
evaporation for better thickness uniformity and surface 
roughness, hence better bonding yield and quality. In 
addition, the adhesion of sputtered Ge is superior to 
evaporated Ge. Hence, shorter bonding time is feasible for 
sputtered A]/Ge wafers, while longer bonding time is 
required for evaporated wafers in order to secure void-free 
hermetically sealed wafer level bonding. Fig.3 shows the 
fabricated MEMS wafer and cap wafer top view. 

Fig. 3 Fabricated MEMS wafer and cap wafer top view 

The degassing process prior to Al-Ge eutectic bonding 
was conducted at 400 C to push out the trapped gas during 
the wafer fabrication to ensure ultrahigh vacuum 
environment inside the bonding chamber and extend the 
vacuum lifetime of the bonded sensor. Solid-state aging was 
also conducted to allow the adequate thermal conduction 
between MEMS and cap wafers, and therefore minimize the 
misalignment of the bonding and the warpage of the bonded 
wafer. In addition, solid-state aging also helps to remove the 
voids in the interface of Al-Ge, hence ensure the bonding 
hermeticity and avoid the outside gas penetrating the sealing 
ring and deteriorate the vacuum level. The optimized 
bonding profile shows the bonding temperature and bonding 
time are 430C and 30min, respectively, as shown in Fig.4. 
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Fig.4 Al-Ge bonding temperature profile 

Getter process 

MEMS fabrication uses many gases during processing, 
and these gases can get trapped inside the device structures. 
These devices can then be packaged under vacuum. With 

time, the trapped gases can escape gradually and lead to a 
deterioration of the vacuum level inside the package. To 
avoid this phenomenon, a getter material is usually included 
inside the package which is used to adsorb the outgoing 

gases, and maintains the pressure level inside the package. 

A CMOS compatible Ti/Ni stack was deposited as getter 
on the cap wafer to maintain the vacuum level of the 
bonding. To enhance the gas adsorption capability, the 
highly porous Ti getter is preferred which can be achieved 
by optimizing the sputtering process parameters including 
substrate temperature [17], Ar gas flow rate, DC sputtering 
power. Generally, low power and slow Ar gas flow will help 
to obtain a porous Ti getter. This was confirmed by 
analyzing the Ti surface under atomic force microscopy 
(AFM). The AFM micrographs of the Ti surface subjected 
to different getter deposition process parameters are 
illustrated in Fig. 5. It has been determined that the getter 
process deposition parameters, influence the roughness of 
the Ti surface, which indeed has an impact on the overall 
adsorption characteristics. 

Pure Ti [17] has been demonstrated to have good getter 
properties. However, its getter capacity will rapidly 
deteriorate with the oxidation of the surfaces. It has been 
proven that covering the Ti with a sacrificial layer could 
prevent the oxidation of Ti getter surface and improve the 
adsorption capability. The candidate sacrificial layers 
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usually are noble metal such as Au, Pt, Cu and Ni; among 
which Ni was confirmed the best option and also the only 
one compatible to CMOS process. Ni thin film of 3001 
thickness has been demonstrated to be the optimum 
sacrificial layer thickness for Ti thin film of 1µm thickness. 
It was determined that further increasing the thickness of Ni 
would result in the sacrificial layer serving as a diffusion 
barrier and thereby, would deter the adsorption 
characteristics of Ti. 
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Fig.S AFM micrographs of Ti surface subjected to different getter process 

parameters (a) power: 3KW, Ar gas flow: 300 SCCM (b) power: I KW, Ar gas 
flow: 300 SCCM (c) power: 1 KW, Ar gas flow: 100 SCCM. 

Hermeticity Indicator 

A kind of in-plane Pirani gauge was used as a hermiticity 
indicator to in-situ monitor the vacuum level of Al-Ge wafer 
level bonded package. According to the simulation, the 
pressure resolution of this Pirani gauge is around 100mTorr 
with dynamic range 100mTorr-76Torr. The fabricated Pirani 
gauge was shown in Fig.6, which mainly consists of a 
serpentine resistor with releasing holes, and the resistor was 
suspended by two mechanical anchors. When applying a 
voltage on the resistor, the heat will be generated and 
dissipated to the gas as its molecules collide with the resistor. 
If the gas pressure is reduced, the number of molecules 
present will fall proportionally and the resistor will dissipate 
the heat more slowly. Hence, the resistance value will be 
dependent on pressure level inside the package. 

(a) 	 (b) 

Fig. 6 Fabricated Pirani gauge SEM image. (a) Pirani gauge consists of a 
serpentine resistor with releasing holes, and the resistor was suspended by two 
mechanical anchors, (b) zoom-in image of one terminal. 

Fig. 7 shows the C-SAM analysis image of wafer level 
Al-Ge vacuum bonding with Ti/Ni getter. The different color 
inside and outside the sealing ring shows the wafer was bonded 
successfully, i.e. water did not penetrate the sealing ring. No 
leakage was detected. As a comparison, the testing structure 
with slot was penetrated by water. The bonded wafer was also 
grinded to 500µm and then was diced. No wafer delamination 
and de-bonding were observed during these steps. 

(a)  

(b)  

( Fig. 7 (a) C-SAM image of Al-Ge bonding with a soft metal as cushion 
layer, which shows the color inside the sealed cavity and outside is different, 
means the sealing ring was hermeticity sealed, (b) zoom in image of one reticle, 
which clearly shows the wafer was bonded successfully, i.e. the pirani gauge 
was not penetrated by water, as a comparison, the testing structure with slot 
was penetrated by water, (c) diced chips. 

Experimental results 
Fig.8 is the measured results of Pirani gauge. The black 

solid line curve with triangle shows the behavior between the 
resistance of an unsealed Pirani gauge and the pressure level 

which was characterized in a vacuum chamber, this curve will 
be used as a baseline to calibrate the sealed Pirani gauge. As 

shown in Fig.8, the critical pressure of this Pirani gauge is 
around 100mTorr: lower this pressure, the resistance will 
saturate at about 700092; higher this pressure, the resistance 
will decrease rapidly. 12 sealed/bonded identical Pirani gauges 
with the same design as the unsealed device were measured and 
all the resistances are larger than 670052. Referring to the 
baseline curve, these measurement results explained two facts: 
1) initial pressure inside the sealed cavity after bonding is 
different from one device to another slightly, i.e. pressure 
inside the cavity is not precisely uniform and 2) initial pressure 
of all sealed device is less than 200mTorr. 
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Fig.8 the resistance measurement of Pirani gauge, the resistance behavior of 

unbonded Pirani gauge was characterized first in a vacuum chamber as a 
baseline to calibrate the vacuum level of bonded devices. 

1000 rapid thermal cycles from -50°C to 150"C with 1 
hour for each cycle were conducted to verify the long term 
stability and robustness of this Al-Ge wafer level vacuum 
bonding, and the related vacuum level were recorded at 
150th, 400th, 650th, 800th, 1000th cycle. Fig.9 shows the 
normalized resistance variation vs RTC cycle number, 
which shows the vacuum degradation percentage are about 
1.6%, 2.05%, 2.25%, 2.54%, 2.78%, 2.82%, respectively. 
The results also show the vacuum level trends to be stable 
from the 650th cycle. 
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Fig.9 Normalized resistance variation vs RTC cycle number. 12 samples were 
measured at the same time, and the normalized resistance behavior vs RTC 
numbers basically follow up the same trend. The vacuum degradation is about 
2.82% after 1000 RTC. 

Summary & Conclusion 

Al-Ge eutectic vacuum bonding for wafer level chip 
scale packaging of MEMS sensors are developed. Al is 
sputtered on the MEMS wafer while an A]/Ti/Ge stack is 
sputtered on the cap wafer. Here Al is deposited on the cap 
wafer as a buffer layer for cushioning purpose. The bonding 
temperature and bonding time are 439CC and 30min, 
respectively. A CMOS compatible Ti/Ni stack was 
deposited as getter on the cap wafer to maintain the vacuum 
level inside the cavity, which was activated during the 
eutectic bonding. A silicon Pirani gauge was used as 
hermeticity indicator to evaluate the vacuum level of the 
bonding. The Pirani gauge can be fabricated by only two 

masks and is with dynamic range 100mTorr to 76Torr. The 
C-SAM analysis results show the Al-Ge eutectic bonding 
was conducted successfully and the measurement results of 
Pirani gauge demonstrated that the achieved vacuum level 
of the bonding is less than 200mTorr with yield more than  

90%; 1000 rapid thermal cycles from -50"C to 150"C with 1 
hour for each cycle were conducted, and the related vacuum 
level were recorded at 150th, 400th, 650th, 800th, 1000th 
cycle. The normalized vacuum degradation percentage are 
about 1.6%, 2.05%, 2.25%, 2.54%, 2.78%, 2.82%, 
respectively. The results also show the vacuum level trends 
to be stable from the 650th cycle. 
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