
1. Introduction

There are strong demands for making cell phones,
PDAs and Digital Still Cameras (DSCs) that are more
handy and light. Hence, the semiconductor IC chips
used in the above products should be smaller and
thinner than before.

At the same time, high performance electronic
gears are now developed that are equipped with
MEMS devices such as pressure sensors and
accelerometers, and CCD or CMOS image sensors.

Owing to their fine mechanically moving structures
and fine optically sensitive areas, these devices are
prone to be deteriorated even by very small foreign
particles.

In general, a finished device wafer is sawn to each
die carefully so as not to add foreign particles and
mounted onto a package, and then a cover is attached
to it.

Even if best care is taken in the assembling
process, the loss yielded by foreign particle deposi-
tion is not avoidable and the downsizing of package is
limited even when device chips become smaller.

Looking at these situations and utilizing the wafer
level package (WLP), which is sometimes called “ulti-
mate compact package for semiconductor ICs”, we
have developed the next generation WLP suitable for
image sensors and MEMS devices by integrating
wafer bonding technologies and through-hole Vias in
a silicon substrate formed by the MEMS
processing1). 

We have named this package “Wafer level MEMS
package (WLMP)” in the sense that it makes use of
MEMS processing technology and at the same time it

has been developed for MEMS devices.
This new package enables further miniaturization

of the packages avoiding the contaminations by for-
eign particles.

In this report, we will introduce the design concept
for the image sensors and the three major process
technologies, which are the glass-Si wafer bonding,
lowering the process temperature, and the formation
of through-hole Vias in a silicon substrate.

Also, some evaluation results of the package will be
reported.

2. Design concept of WLMP

The process outline of WLMP is shown in Fig. 1.
All the processes are done by wafer level and the

packaging is completed by singulation in the final
step.

By bonding a wafer and a cover glass at the very
first stage of the processes, the fine optically sensitive
areas and fine mechanically moving structures on a
wafer are protected completely.

In the following steps, through-hole Vias in a sili-
con substrate from the backside of a wafer toward
I/O pads, rerouting of Vias and bumps on the back-
side of a wafer are formed. Then the testing and dic-
ing are followed.

For a couple of specific applications, MEMS
devices, image sensors, and multi -chip module
(MCM) are shown in Fig.2.

The MEMS devices such as pressure sensors,
accelerometers, and micro relays require a cavity
structures due to moving parts on their surfaces.
With the image sensors devices like CCD and CMOS,
they also need a cavity not to put an adhesive resin
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onto microlenses.
Generally, the cavities are hermetically shielded by

filling inert gases inside to avoid water condensation. 
Also, the image sensor device, which has an imag-

ing area on a chip surface, cannot be mounted when
flipped onto a printed circuit board.

Bonding a glass onto a wafer and forming through-
hole Vias in a silicon substrate solve the issue, and
the device can be surface mounted like any other reg-
ular components.

Beside these, through-hole Vias have much better
high - frequency characteristics than wire bonding, so
the MCM for a front- end circuitry in a cell phone
and/or a high- frequency module such as Bluetooth
can use the structure to make their characteristics
better.

As described above, the beauty of these technolo-
gies is not only to miniaturize the package but also to
improve their characteristics without losing their
original performances.

But of course, there are several things to overcome
to realize the new structures.

As the processes described above are all back end
processes after finishing necessary the process onto a
silicon wafer, the key objective should be not to dete-
riorate the performance of the original devices by
processes themselves or/and their environments.

In the case of image sensor package, for example,
there are many microlenses on imaging area, which
are easily damaged by excess temperature.

Also, Si wafer warpage after bonding onto glass
wafer should be carefully studied not only from the
view point of the process temperature but also from
the thermal coefficient differences between Si and
glass. 

Moreover, the process design that takes into
account the material endurance of wafer cleaning
process and MEMS process such as the formation of
through-hole Vias is essential.

The bonding of Si and glass, which is known as an

anodic bonding, and that of using metal alloy – such
as Au-Sn are also commercially used for years 2).

But in general, the process temperature of an anod-
ic bonding is around 400 °C and that of a metal alloy
bonding is more than 300 °C, both of which cannot
be applied to the image sensor process because of
high process temperatures.

Even the process making through-hole Vias that
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we have developed previously has the high- tempera-
ture process that is not applicable to the image
sensor3).

So we set the goal to lower the process tempera-
ture down to 150 °C, which is the baking temperature
in regular photolithography process and thought to
be the lowest limit we can go.

The concepts of the WLMP are as follows:
• Lowering the process temperatures (target: less

than 150 °C except solder reflow process) 
• Developing the glass-Si wafer bonding with a cav-

ity between glass and Si.
The details of each development will be described

in Sections 4 and 5.

3. Process flow

The process flow of WLMP is shown in Fig.3.

3.1. Glass-Si wafer bonding

First photosensitive adhesive is coated onto a glass
wafer and the cavity pattern is delineated by using
regular photolithography process. Then the glass
wafer is aligned and bonded onto a Si wafer device.

There is no adhesive in the imaging area, so the
cavity height becomes identical to the adhesive thick-
ness.

The key of this process is to find a reliable photo-
sensitive adhesive whose cure temperature is less
than 150°C. Also, the thickness of the adhesive
should be adequate to form the cavity. We have care-
fully selected the photosensitive adhesive that meets
the above requirements for 8 in. wafer.

3.2. Si wafer thinning

After the glass-Si wafer bonding, a bonded wafer is
put into Si wafer grinding for the purpose of reducing
the etch depth of through-hole Vias. 

The wafer grinding is followed by Chemical
Mechanical Polish (CMP) to remove the damaged
surface caused by the grinding.

The glass wafer bonded onto the Si wafer acts as a
mechanical support not only in the back
grinding/polishing process but also in the rest of the
processes. 

3.3. Through-hole etching

Through-holes from the backside of the device
wafer towards I/O pads on the surface are etched
using Si Deep-Reactive Ion Etching (DRIE) machine.

In this process I/O pads acts as an etch stop
layer.

We have successfully made about 19,000 through-
holes into an 8 in. wafer, the size of which is 80 µm in
diameter and 200 µm in depth.

3.4. Deposition and removal of insulating layer 

SiO2 layer is deposited using Plasma-Enhanced
Chemical Vapor Deposition (PE-CVD) onto the whole
area of a backside of wafer including inside walls of
through-holes. 

After that the SiO2 layer at the bottom of through-
holes are selectively removed by using Reactive Ion
Etching (RIE).

Generally, the process temperatures of both PE-
CVD and RIE are more than 200 °C, which are still
too high for our purpose. So we have developed a
low- temperature process.

3.5. Through-hole Vias and rerouting

In this process a seed layer is sputtered onto a
whole wafer and then Cu interconnecting layer is
electrolytically plated on a wafer surface and the walls
of through-holes simultaneously.

Cu is plated in a conformal way onto the walls of
through-holes instead of burying through-holes.

We set Cu thickness to about 10 µm. 
We decided to use Cu conformal plating for the

reasons mentioned below. Burying through-holes
completely not only is time- consuming but also has
the tendency to have voids or seams in plating layer,
which are tough to detect non destructively.

3.6. Bump formation

The photosensitive resin acting as an overcoating
layer on the backside of a wafer is patterned by litho-
graphy.

There are two things that should be done in this
process. One is to fill the through-holes with the resin
and the other is to remove the resin from the Cu pads
surface for the subsequent processes.

Lead-free solder patterns are formed on a wafer
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using the screen- printing method and then the bump
shape is formed by the reflow heat treatment.

4. Glass-Si wafer bonding forming a cavity

We have selected the photosensitive adhesive that
can be patterned in lines and spaces of about 30 µm
in width when it is applied to 20 ~ 30 µm thickness.

The adhesive should be cured at 150 °C for 1 h and
the chemicals used stand the subsequent processes
too.

The picture shown in Fig.4 is of an 8 in. Si wafer
bonded onto the glass wafer of the same size. In this
case, the cavity dimension is 5 × 7 mm.

The integrity of the bonding and the cavity her-
meticity is critical from the viewpoint of protecting
the imaging area.

So, we performed the pull test by using the test
pieces diced from the glass-Si bonded wafer exclud-
ing the cavity area to get the strength of the adhesive.
Also, we did the He leak test according to MIL-STD-
883C by using the test pieces diced from the glass-Si
bonded wafer including the cavity area this time.

The adhesive strength and He leak rate are 10~15
MPa and below 5 × 10 −9 (Pa · m3/s), respectively,
both of which are adequate for our application.

Besides, we put the test samples into the heat cycle
(− 40 to 125 °C for 1 h/1cycle) for 500 cycles to find
no anomalies.

All the results are summarized in Table.1.

5. Lowering the process temperatures

As previously discussed, lowering the process tem-
perature is essential for the image sensor application.

Figure 5 summarizes the process temperatures to
show the differences between before and after lower-
ing the process temperatures.

Among the processes, the process temperatures of
glass-Si wafer bonding and overcoating layer forma-
tion are dependent on the cure temperatures of the
resins used in each process.

We have successfully lowered the process tempera-
ture down to 150 °C by carefully selecting the resin
and keeping the cure temperature in mind.

The other processes we have thought about are
SiO2 deposition using PE-CVD and SiO2 removal
using RIE, both the processes are used in vacuum
environment.

In these processes, the wafer is exposed to RF plas-
ma, which heats up the wafer in process period.

We have adjusted the RF power and gas flow rate
to lower the process temperature down to 150 °C.

In the final stage of the processes the wafer should
go through the reflow process. Also, the finished
package should be soldered onto a PCB in its assem-
bling process.

When a lead- free solder is used for a bump, the
maximum temperature may become about 260 °C.
But the duration of such high temperature is only
several tens of seconds, which does not affect the per-
formance of the package as long as we carefully
select the soldering conditions.

To summarize, we have successfully lowered the
process temperature to less than 150 °C with the
exception of solder reflow process.
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Fig. 5.  Reduction of each process temperature.

Table 1. Evaluations of adhesion resin.

Item Evaluation Result

Adhesive Pull test
10~15
(MPa)

Hermetic
He leak test <5 × 10 −9

(MIL-STD-883C) (Pa · m3/sec)

Reliability
Heat cycle test

No anomalies
(−40~125°C, 500cycles)



We have developed the WLMP by using 8 in. wafer
using the process conditions described above.

Figure 6 shows the cross- sectional view of the
sample we made.

The dimensions of each portion are as follows:
Glass thickness 500 µm, Si thickness 200 µm, cavity
height 20 µm, diameter of through-hole 80 µm, Cu
reroute thickness 10 µm, and diameter, height, and
pitch of lead free bumps 350 µm, 170 µm and 650 µm,
respectively.

6. Reliability test

The package samples we made were put into the
heat cycle test defined by JEITA standard “EIAJ ED-
4701/100 test method 105.”

As shown in Fig.7, the resistance including two
through-hole Vias were measured before and after
applying − 40 to 125 °C (1 h/cycle), 500 cycles. 

After starting the test, the resistance increased a lit-
tle, but after that the values were stable within the
range of ±5% changes up to 500 cycles.

The appearances of the package were not changed
either. From this we can conclude that this package
is having the excellent reliability.

7. Conclusion

We have developed the WLMP that can be applica-
ble to the image sensors and the MEMS devices.

What we have done here is the development of
glass-Si wafer bonding with a cavity structure, forma-
tion of through-hole Vias and lowering of the process
temperatures using the WLP technology as a plat-
form.

We have obtained excellent results in the heat
cycle test that we performed as a reliability test.

This suggests that the WLP technology we have
developed can be applicable to the packages for a
variety of MEMS devices.

From now on, we are scheduled to apply the tech-
nology to real device wafers to establish the manufac-
turing technology for commercial production and
confirm the long-term reliability. 
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