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When two or more organizations com-
bine their technological knowledge to 
create new, innovative products and 
technologies the output is bound to be 
so much stronger. Strategic alliances 
are powerful tools on the way to new 
insights and smarter, better connected 
solutions. As Bill Gates once admitted: 
“Our success has really been based on 
partnership from the very beginning.” 
Motivations behind each alliance ran-
ge from influencing industry standards 
to extending product portfolios and re-
aching into new markets. The globally 
intertwined airline business today provi-
des an excellent example of the impor-
tance of alliances.  

SUSS MicroTec has experience in joint 
research and development with leading 
semiconductor companies and institu-
tes. As a supplier for state-of-the-art 
technologies, these types of exchanges 
have been vital for SUSS MicroTec and 
are key to today’s success. First, being 
approached with individual research 
needs helps to meet general market 
requirements and to design product 
roadmaps. Second, knowledge and 
expertise grow with each technology 
development. The venture pays off as 
the output generates skilled staff for 
process technologies of multiple appli-
cations. Finally, a third benefit lies within 
the economic nature of a joint venture. 
Aligning efforts and pooling resources 
means reducing necessary expenses 
for research and development while 
achieving competitive advantage.  

Our recent technology partnerships 
in the field of 3D integration places us 

as one of the key players in the global 
game. Due to joint development efforts 
with 3M and Thin Materials, SUSS Mi-
croTec so far is the only equipment sup-
plier that can offer various technologies 
for the critical temporary bonding and 
debonding processes. With participa-
tion in ITRI’s AdStack demo line and 
imec’s 3D research program, SUSS 
equipment is being deployed in the 
“Hot Spots” of 3D integration techno-
logy innovation. The outcome is yet to 
be seen as installation is in process. It 
is to be expected that our customers 
will strongly benefit from those experi-
ences. 

The two plasma-based research pro-
jects introduced in the following pages 
are examples of other fruitful alliance. 
The cooperation between SUSS Micro-
Tec and Fraunhofer IST goes back to 
2002 and has resulted in a joint patent 
for selective plasma treatment. This 
process offers a wide range of possibili-
ties for MEMS applications. Furthermo-
re, we have developed a plasma-based 
method for wafer dicing on SUSS litho-
graphy equipment together with Pana-
sonic Factory Solutions which replaces 
conventional dicing methods with a 
cost-efficient alternative. 

With the majority of our efforts focused 
on minimizing production time, increa-
sing yield and throughput and reducing 
overall costs, we share many common 
goals with other companies in the in-
dustry. We are looking forward to wor-
king with partners to develop innovative 
and intelligent solutions.
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ABSTRACT INTRODUCTION
We have developed plasma dicing tech-
nology as an alternative dicing technol-
ogy of conventional mechanical (blade) 
dicing. The main advantages of  plasma 
dicing over the conventional dicing are 
“damage free”, “chipping free”, “parti-
cle free”, “water free” and “heat free”. 
We will introduce the features of plasma 
dicing process and its applications.

PLASMA DICING PROCESS
Currently the most common dicing 
process is mechanical dicing which 
uses diamond blades. However as the 
wafer thickness has been thinner-less 
than 50μm and fragile low-k mate-
rial has been pretty common recently, 
the mechanical dicing is no longer the 
only one solution because it could give 
physical damage to the chip.

We have come up with the plasma dic-
ing technology in order to solve these 
problems. Figure 1 shows the sche-
matic comparison between mechanical 
blade and plasma dicing process. In 
the case of mechanical blade dicing, a 
diamond blade is used to cut the wafer 

so physical damage to the chip can-
not be eliminated. Especially if the chip 
thickness is very thin such as less than 
50um, this physical damage to the chip 
could be the crucial problem.
However plasma dicing would never 
cause any physical damage to the chip 

Kiyoshi Arita, Plasma Process Development Group, Development Center Panasonic Factory Solutions Co., Ltd.

Dr. Kiyoshi Arita

General Manager

Plasma Process Development Group

Develop Center, Panasonic Factory 
Solutions Co., Ltd.

Figure 1: 
Schematic comparison 
between blade and 
plasma dicing

Panasonic’s 
Plasma Dicing Technology

Strong Partners for Technology Leadership

In a joint project Panasonic Factory Solutions and SUSS Mi-
croTec are developing a plasma dicing process that involves 
photolithography and plasma etching. Plasma dicing offers 
cost advantages over other dicing technologies for wafers 
with small dies and yields an exceptional ultra-fine dicing 
result without chipping effects. The lithography process 
has been developed on SUSS MicroTec’s integrated Litho-
Pack300 cluster. The plasma dicing step is performed on a 
PSX800 from Pasasonic Factory Solutions.

Kiyoshi Arita, received his Doctor’s 
degree from Kyushu Institute of Tech-
nology in 1998 and MBA’s degree from 
Kyushu University in 2008. He majored 
in plasma process for semiconductor 
manufacturing. He works for Panasonic 
Factory Solutions Co., Ltd.
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regardless of  the thickness of wafer. 
Of course we know that plasma etch-
ing speed is lower than one of the me-
chanical dicing, but there is no distinc-
tion between the two when the wafer 
thickness becomes thinner and thinner. 
Therefore plasma dicing technology is 
considered as one of the ideal dicing 
technologies in the future.
Figure 2 shows the fundamental plasma 
dicing process flow. First of all, back 
grinding (BG) tape is covered on the top 
surface of the wafer in order to protect 
active devices. 
Secondly, the back grinding process is 
implemented from the back side of the 
wafer to thin the wafer. Since the dam-
aged layer is generated by the back 
grinding process, the plasma stress relief 
process which uses SF6 gas is carried 
out in order to remove the damaged lay-
er. After the plasma stress relief process, 
the spin coating of the photo resist and 
photolithography process are conduct-
ed for the patterning. Then the wafer is  
cut by plasma dicing process which uses  
SF6 and O2 mixed gas. After the plasma  
dicing process, the photo resist is re-
moved by O2 plasma ashing process. 

After the photo resist removal, the dic-
ing tape for chip bonding is placed on 
the back side of the wafer. Finally the 
back grinding tape is removed with test 
element groups (TEG). All three plasma 
processes, which are plasma stress re-
lief, plasma dicing and O2 plasma ash-
ing process, can be carried out by only 
one equipment.

STRONG WORKING  
RELATIONSHIP WITH  
SUSS MICROTEC
Figure 3 shows the process step of 
plasma dicing, the SUSS MicroTec 
and Panasonic systems and the wafer 
surface photographs before and after 
plasma dicing process. SUSS and Pan-
asonic have developed the new photoli-
thography technology for plasma dicing 
process. Spin coating process, baking 
process and exposure process for the 
very thin wafer are difficult, because it 
has warpage. In order to correct the 
warpage of very thin wafer, SUSS Mi-
croTec has developed new wafer trans-
fer systems and new wafer stage in their 
photolithography system.

THE ETCHING MECHANISM 
OF PLASMA DICING
In the case of plasma dicing technology, 
the anisotropic etching is required to 
cut the wafer and we use SF6 and O2 
mixed gas plasma in order to realize it.
Figure 4 shows the mechanism of ani-
sotropic etching when using SF6 and 
O2 gas. Fluorine including ions such 
as SF5+ move toward the Si bottom 
surface and react with Si and produce 
volatile SiF4. At the same time, fluorine 
radicals and oxygen radicals react with 
Si surface and make the SixOyFz film 
deposition on the sidewall. Then the 
etching to lateral direction stops. That’s 
how the anisotropic etching can be 
achieved.

- Panasonic’s Plasma Dicing Technology - Page 
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Figure 3: Collaboration between SUSS MicroTec and  
Panasonic for plasma dicing process

Figure 2: 
Fundamen-
tal plasma 
dicing pro-

cess flow

Figure 4: Mechanism of anisotropic etching
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Figure 5 shows the actual scanning 
electron microscope (SEM) cross sec-
tion micrograph of the etching profile by 
plasma dicing. The etching rate is about 
10μm/min.

THE ADVANTAGES OF  
PLASMA DICING PROCESS
One of the great advantages of plasma 
dicing is the capability of damage free 
dicing. Since it doesn’t require the me-
chanical blade, it doesn’t cause any 
physical damage to the chip.
Figure 6 shows the comparison of vari-
ous dicing technologies. The laser dic-
ing process may be effective as well in 
terms of mechanical damage free but 
it still could give heat damage to the 
chip resulting in low chip strength. Next 
great advantage of plasma dicing is 

high productivity. Especially the smaller 
the chip size becomes such as RFID 
(radio frequency identification) devices, 
the higher the productivity of plasma 
dicing process can be.

Figure 7 shows the relationship be-
tween the productivity and the chip 
size for both mechanical and plasma 
dicing processes. The productivity of 
mechanical dicing extremely depends 
on chip size while that of plasma dicing 
is always constant regardless of chip 
size. In case of 1mm×1mm chip size, 
the productivity of plasma dicing is 30 
times higher than that of mechanical 
dicing. So we can conclude that the 
plasma dicing process is very effective 
for small chip size devices such as RFID 
in terms of high productivity.

Figure 8 shows the dicing line compari-
son between mechanical blade dicing 
and plasma dicing process. In case 
of plasma dicing, there is no chipping 
observed and the dicing width can be 
reduced as low as 20μm. On the other 

hand in case of mechanical blade dic-
ing, the chipping issue is observed and 
the dicing width is much wider than the 
case of plasma dicing.

Figure 9 shows the cross section views 
of the chip after mechanical blade dic-
ing and plasma dicing. As shown in 
this figure there is a about 500nm thick 
damaged layer after mechanical blade 
dicing but in case of plasma dicing there 
is no damaged layer at all. This damage 
free feature of plasma dicing can lead to 
higher chip strength as well.

The chip strength measurement results 
of both mechanical blade dicing and 
plasma dicing are shown in Figure 10. 
In case of mechanical blade dicing, all 
about 200 measurement data are be-
low 1000MPa on the other hand the 
average chip strength is more than 
3000MPa in case of plasma dicing. This 
high chip strength data is one of the evi-
dence of damage free feature of plasma 
dicing process. The high chip strength 
is especially important when it comes to 

Figure 7: 
Productivities as a 
function of chip size 
for mechanical and 
plasma dicing

Figure 6: 
Comparison of various 
dicing technologies

Figure 8: Dicing line comparison between blade and plasma dicing

Figure 5:  
Cross section SEM 
micrograph of 
etching profile after 
plasma dicing
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very thin wafers because they are ex-
tremely fragile.
Another unique advantage of plasma 
dicing is the flexibility in diced shape. 
Since it doesn’t need mechanical blade, 
you can create free chip shape such as 
circular chip and hexagonal chip. Actual 
circular chips and hexagonal chips we 
have made are shown in Figure 11. We 
are currently looking for the possibility if 
this free shape dicing capability can be 
used for micro electro mechanical sys-
tem (MEMS) manufacturing.

PANASONIC’S PLASMA  
DICING EqUIPMENT
The plasma dicing equipment that Pa-
nasonic has developed is the PSX800. 
This equipment can not only be used 
for the plasma dicing process but also 
for plasma stress relief, O2 plasma re-
sist removal and plasma cleaning for 
wafer. Both 8 inch and 12 inch wafers 
are available and we have developed 
electrostatic chuck (ESC) electrode in 
order to lower the wafer surface tem-
perature and avoid the heat damage to 
protective tape for back grinding. We 
have adopted inductively coupled plas-
ma (ICP) source power to realize high 
density plasma for high speed etching.

CONCLUSION
The plasma dicing process has the ad-
vantages of “damage free”, “chipping 
free”, “particle free”, “water free” and 
“heat free” over the conventional dicing 
processes. Therefore it can not only t be 
applied for hin wafer dicing process but 
also for MEMS manufacturing process 
because MEMS has very fragile struc-
tures in it.
Mechanical blade dicing process has 
been most common and has an advan-
tage in running cost. But it would not be 
the best solution for thin wafer. 
Laser dicing may be a good alterna-
tive process in terms of physical dam-

age free to the low-k material. But it 
still could give heat damage to the chip 
resulting in low chip strength just like 
mechanical blade dicing.
The plasma dicing technology can re-
alize highest chip strength and highest 
productivity especially for small chip. In 
addition it can be applied for thin wafer 
and make the chip shape freely and the 
dicing line width narrower.
The plasma dicing technology would be 
useful for 3D packages, brittle MEMS 
fabrication, the devices which include 
low-k material and RFID.

- Panasonic’s Plasma Dicing Technology - Page 
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Figure 10:
Chip strength measurement results of mechanical dicing 
and plasma dicing

Figure 11:
Various chip shapes 
realized by plasma 
dicing 

Figure 9: 
Cross section transmission electron microscope (TEM) micrographs 
of chip after blade dicing and plasma dicing 
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Marko Eichler, Fraunhofer Institute for Surface Engineering and Thin Films IST

Markus Gabriel, SUSS MicroTec

Local Plasma Treatment in a  
Mask Aligner for Selective 
Wafer Surface Modification

Figure 1: 
Microplasma in a 
microfluidic mixer 
channel structure (by 
courtesy of thinXXS 
Microtechnology AG). 
Channel cross section 
is 640 µm x 640 µm. 
The discharge is seen 
through a transparent 
electrode.

The cooperation between SÜSS Mi-
croTec and the Fraunhofer Institute for 
Surface Engineering and Thin Films 
(IST, located at Braunschweig in Lower 
Saxony, Northern Germany) on atmos-
pheric-pressure plasma processes 
goes back to the end of 2002, when 
the first negotiations about details of fu-
ture collaboration took place. A major 
series of experiments on low-temper-
ature direct bonding of silicon wafers 
which beforehand had received a sur-
face treatment by a so-called dielectric 

barrier discharge (DBD) – i.e. a “cold” 
plasma discharge which can be run at 
atmospheric pressure - was conducted 
in early 2003. This study was so suc-
cessful, that a few months later already 
concepts of an implementation of the 
DBD method into a commercial bonder 
were discussed in the Garching head-
quarter of SÜSS.

IST is a Fraunhofer research institute 
specializing in R&D of thin film deposi-
tion and surface treatment processes 
utilizing plasmas. Generally these proc-
esses have to be performed at low 
pressures, typically 1 Pa, and require 
vacuum equipment. At IST many dif-
ferent kinds of thin films and deposition 
processes are available, together with 
an extensive infrastructure for thin film 
analysis and characterization. For about 
a decade a team of scientists and en-
gineers at IST has also been evaluating 
the opportunities offered by applying 
DBD plasmas at ambient pressure to 
surface-technological processes such 
as coating, functionalization, cleaning, 
and etching - processes which are also 
of interest for MST applications.

One driving force behind these efforts 
is the desire or requirement to reduce 
process costs by making expensive 
vacuum equipment dispensible. In fact 
it was shown in many studies that at-
mospheric-pressure plasmas could be 

applied to surface-technological pur-
poses with similar or even better tech-
nical performance than low-pressure 
plasmas - activation of wafer surfaces 
prior to bonding is a good example. 
For physical reasons there are some 
areas of applications where in the fore-
seeable future atmospheric-pressure 
plasmas will probably not be applica-
ble, such as deposition of hard coatings 
– diamond-like carbon or cubic boron 
nitride - requiring energetic ion bom-
bardment to attain the necessary prop-
erties. On the other hand this handicap 
is largely outweighed by the possibility 
of generating so called microplasmas, 
discharges in very small volumes, ow-
ing to the strongly reduced mean free 
path length; typically only 100 nm at 1 
bar, compared with 1 cm at 1 Pa!  
At IST the chances offered by this spe-
cial property of atmospheric-pressure 
plasmas for several novel surface-tech-
nological processes were recognized 
quite early: Microplasmas open the 
ways to new surface patterning meth-
ods – plasma printing – which may 
be used, e.g., for polymer electronics, 
biochip manufacturing, and medical or 
solar applications. Roll-to-roll micropat-
terned plasma-pretreatment of polymer 
sheets prior to a fully-additive metal-
lization process is presently the topic 
of a government-funded collaboration 
of IST with several industrial partners. 
Microplasmas can also be used for in-

Strong Partners for Technology Leadership
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Plasma pre-treatment for low-tempera-
ture direct wafer bonding is used world-
wide in many different applications. In 
this process the full wafer surface is 
exposed to the plasma. Recently, a new 
process for selective plasma treatment 
has been developed by the Fraunhofer 
IST and SUSS MicroTec. Micrometer-
scale selective area activation and func-
tional layer deposition are the advan-
tages of the process which provide new 
design and manufacturing options for 
MEMS/MST applications. The techni-
cal realisation is solved by a thin planar 
electrode in a mask aligner assembly. 
The plasma process takes less than 
one minute for all wafer sizes and all rel-
evant mechanical precision parameters 
of an aligner appear. SUSS MicroTec is 
about to develop the patented process 
to industrial maturity and to integrate 
»Plasma Tooling« into new and used 
aligners of SUSS as an upgrade kit. The 
process and the equipment are pre-
sented in this paper.

1. Unstructured Plasma Treat-
ment, State of Technology
Plasma treatments are standard appli-
cations that are used in the semicon-
ductor industry in many different ways, 
e.g. for layer deposition, cleaning or 
etching. Just recently, plasma treat-
ments were more and more employed 
for plasma surface activation in vari-
ous MEMS applications. Most of these 
technologies are based on high fre-
quency low-pressure plasma process-
es. As an alternative, the ambient pres-
sure plasma treatment can be used. It 
requires lower investment costs and 
offers shorter processing times [1, 2, 4].  
SUSS MicroTec of-
fers plasma systems 
for both treatments.

Typically silicon or 
other semiconduc-
tor wafers, as well 
as glass wafers are 
treated with plasma 
in order to activate 
the surface. This step 
prepares for the sub-
sequent direct wafer 
bonding, in order to 
accelerate the con-

densation of silanol groups in the bond 
interface during annealing at moderate 
and CMOS compatible temperatures. 
Without plasma pre-treatment bonded 
silicon wafers would typically need to be 
annealed at 1100 °C. When activated 
with plasma the temperature can be 
lowered down to 400 °C, without com-
prising the stability of the bond. 

In commonly known plasma activation 
processes the whole wafer area is ex-
posed to the plasma. That is not always 
necessary. In some cases it can even 
affect or damage the functionality of the 
micro components or the electronics.

Figure 2: 
Local plasma treatment (LPT) of a structured silicon wafer surface. 
The photographs were taken with different distances between the 
Si wafer and a transparent counter electrode (ITO on glass), as 
indicated on the photographs. At low distances, the discharge is 
limited to the recessed areas of the wafer, at large distances it is 
concentrated on the protruding ridges of the structure.

Figure 3: 
Different methods of 
plasma activation 
a) full area, 
b) selective via struc-

tured electrode, c) 
selective on upper 
level of substrate, 

d) selective in cavities / 
trenches of the sub-
strate. 

ITO-Electrode

a)

c)

b)

d)

Dielectric Plasma Si-Wafer

side coating or surface modification of 
microfluidic channels used in labs-on-
chips, see the microplasma in a micro-
fluidic mixer channel in Figure 1 as an 
example. For MST applications, local 
plasma treatment (LPT) utilizing mi-
croplasmas is of special interest – the 
process was patented jointly by SUSS 
MicroTech and Fraunhofer IST and is 
presently being implemented in a novel 
mask aligner. Figure 2 shows localized 
discharges on the surface of a struc-
tured Si wafer.

With its focus on atmospheric-pressure 
plasma-based surface pretreatment for 
bonding of various materials and on 
utilization of microplasmas for surface 
technology the IST group – presently 13 
scientists and engineers – has a unique 
position among R&D groups active on 
plasma technology. This research ca-
pacity is reinforced by several scientists 
at the neighbouring Institut für Ober-
flächentechnik (IOT) of the Technische 
Universität Braunschweig, working on 
fundamental aspects of plasma-based 
microproduction technologies. 

Taken together, the IST and IOT re-
search groups form a very potent R&D 
resource both for application-oriented 
as well as fundamental surface-tech-
nological problems to be solved by 
atmospheric-pressure plasmas and mi-
croplamas.
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2.  Local Plasma Treatment 
for Selective Wafer Surface 
Modification

2.1. Goal of Selective Wafer 
Surface Modification
In order to enable a selective surface 
treatment in addition to the full area  
(unstructured) approach, Fraunhofer 
IST has now developed a new method 
for plasma activation at ambient pres-
sure [3, 4, 5]. It provides new design and 
fabrication possibilities, for example in 
microfluidic applications, where two or 
more substrates are supposed to be 
bonded, in order to develop a function-
ing chip, in a second step. For simul-
taneous realization of hydrophilic bond 
surfaces and hydrophobic channel 
surfaces the bond surfaces are locally 
pre-treated in a different way than the 
micro-channel surfaces.

2.2 Local Plasma Treatment
The application described in this pa-
per is based on the principle of dielec-
tric barrier discharges. For a uniform 
plasma discharge two electrodes are 
needed. At least one on them needs 
to be covered by a dielectric of an ad-
equate thickness leaving a small gas 
gap between the insulator surface and 
the counter electrode. The application 
of an AC voltage in the range of 20 kHz 
and 5-10 kV leads to a gas discharge 
which, dependent on the conditions, 
may be uniform or consist of thousands 
of microscopically small filaments. 
One method of barrier discharge that 
has already been used for wafer treat-
ment is characterized by two bar-
shaped electrodes with an electric po-

tential between them. During treatment 
chuck and wafer are positioned on 
ground potential, so that the discharge 
can be ignited between the electrodes 
and on the wafer. During plasma scan-
ning of the wafer with the electrodes, 
the whole wafer area gets exposed to 
the plasma [1, 2].
However, the new treatment employs 
a thin, planar electrode, which covers 
the whole wafer. This new electrode 
is made of a glass wafer coated with 
a transparent, conductive layer on the 
backside. It is now possible to monitor 
the discharge during treatment. When 
the planar electrode is adjusted in a 
small gap opposite to the wafer, it be-
comes possible to ignite the plasma at 
an ambient pressure through applica-
tion of an adequate AC voltage. 

How is it possible to treat the wafer just 
selectively with the plasma?
Therefore, two new treatment meth-
ods were developed and will now be 
described. The first method has been 
developed for local treatment of wafers 
with high topography, which can often 

be found in MEMS/ST applications. 
When the electrode is adjusted above a 
wafer with high topography variations, 
electric fields are generated between 
the wafer surface and the electrode that 
show different strengths in the lower 
and higher areas of the wafer. 
When wafer and electrode are brought 
into contact, the plasma ignites in the 
cavities (Figure 3d) and in larger gaps 
it flashes on the elevated structures 
(Figure 3c). This means that the al-
ready existing structures or topography 
of a wafer, the electrode gap and the  
electrode voltage are crucial factors for 
the final location of the plasma ignition. In 
this set-up a wafer without topography 
would get a full surface (unstructured) 
treatment, as shown in Figure 3a. 

The second variation of the new treat-
ment has been specially designed for 
substrates without topography that still 
need to be treated selectively. Local  
cavities of the structured electrode are 
used to limit the formation of plasma 
to those surface areas that need to be 
treated (Figure 3b). This effect can be 
additionally supported by local metalli-
zation or other structured dielectrics.

Figure 4 shows a snapshot of a process 
detail from top view during a selective 
plasma discharge (light areas). A proc-
ess observation was possible, as for 
the treatment an electrode coated with 
a transparent, conductive ITO layer was 
used. In this application nitrogen was 
used as process gas. 

Figure 5 shows the same wafer detail 
after treatment. The test with DI water 
clearly shows changes in the surface 
tension of the wafer that was made 
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Figure 4:
Selective plasma 
discharge leads to 
local modification  
of the surface pro-
perties.

Figure 5:
Local hydrophilization 
(visualized through 
wetting with DI water).
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Figure 6: 
MA/BA6 Mask 
and Bond Aligner 
from SUSS MicroTec.

hydrophobic by an HF dip 
beforehand. Water adheres to those ar-
eas that had been treated with plasma, 
while those that had not been pre-treat-
ed remain water-repellent.

3. Local Plasma Treatment – 
Integration in Mask Aligner
SUSS MicroTec has already started to 
integrate Local Plasma Treatment into 
its equipment. The first question that 
had to be answered was: Do we need 
to design a completely new system or 
can we adapt it to already existing tech-
nologies?  Between substrate and elec-
trode a process alignment is needed. 
However, the decision was easy - the 
SUSS Aligner (Figure 6) is the systems 
of choice. Besides, the standard UV-
Lithography SUSS MicroTec Aligners 
can be easily upgraded with additional 
functions like bond alignment or nano-
imprinting. 
In order to be able to employ the bond 
aligner for the new treatment the follow-
ing prerequisites need to be fulfilled:

■ A dedicated device to integrate a pla-

nar electrode and wafer in a parallel 

set-up

■ A mechanism to compensate the 

wedge error (WEC) between the elec-

trode and the wafer

■  Lateral, micrometer precise alignment 

between electrode and wafer

■ Reproducible, micrometer precise gap 

setting between electrode and wafer

All of these prerequisites are 
already available in a stand-
ard SUSS Aligner. Process 
relevant modifications refer 
mainly to the newly de-
signed and exchangeable 
device for plasma treatment 
(plasma tooling) and the 
control software, in order to 
guarantee the correct proc-
ess flow. 
The relatively high electrode 
voltage is seen as a critical 
aspect of integration that  
affects operator and ma-
chine safety. Furthermore, 
appropriate design set-up, 
safety inquiries during op-
eration and additional ar-

rangements are concerned. For the 
process itself the reproducible settings 
of the electric field between substrate 
and electrode are crucial and make sure 
that the discharge really ignites on those 
areas that are intended to be treated. 
The process has to be applicable for 
conductive, semi conductive as well as 
for non conductive substrates. In addi-
tion the electrode holder and the wafer 
chuck of the plasma tooling are forming 
a closed process chamber (mini environ-
ment) that enables precise monitoring of 
the gas atmosphere in the discharge 
area. Upon applying two process gases  
at ambient pressure or minor low-pres-
sure, a defined and reproducible proc-
ess atmosphere is created. 

In this process significantly reduced 
process gases are consumed - com-
pared to existing plasma systems - be-
cause of the combination of a relatively 
small gap between substrate and elec-
trode and the formation of a closed 
process chamber. Purging gas cycles 
before and after the plasma process 
make sure that the operator does not 
get in touch with the process gas or 
process gases such as ozone, that can 
be generated during plasma discharge. 
The planar and exchangeable electrode 
is loaded through the loading slide of 
the MA/BA8 Aligner and transferred 
automatically to the electrode holder 
(equivalent to mask holder). The re-
versible electric contacting of the high 
voltage electrode as well the electrical 
isolation of the wafer chuck represents 

a challenge. During the concept phase 
of this serious question SUSS MicroTec 
was supported by Fraunhofer IST with 
its specific process know-how. 

The integration of the new »Plasma 
Tooling« into the SUSS MicroTec aligner 
was designed for new and for used 
machines, that can be retrofitted with 
the plasma toolkit and opens owners 
of used SUSS Aligners an easy and 
cost-efficient way to new plasma treat-
ment. The first system will be installed 
at Fraunhofer IST in Braunschweig, 
Germany by the end of the first quarter 
in 2010. 



Light emitting diodes (LEDs) are in-
creasingly used in many lighting prod-
ucts covering not only the visible spec-
trum but also ultraviolet and infrared 
applications. To replace conventional 
light bulbs the costs for the produc-
tion of LEDs must be low. Historically, 
the semiconductor industry has relied 
on increasing the diameter of silicon 
wafers in order to push productiv-
ity and lower cost. LEDs, however, are 
made from compound semiconductors 
rather than from silicon. And while red 
LEDs can already be manufactured on 
150mm GaAs wafers other compound 
semiconductor substrates for techni-
cal reasons are still limited to a wafer 
diameter of 2, 3 or 4 inches. Therefore, 
the demand for increased productiv-
ity and lower cost needs to be met by 
dedicated equipment that combines 
highest throughput with the ability to 
meet the particular technological re-
quirements and cost constraints of the 
LED industry.
These requirements can be met by the 
new MA100e Mask Aligner. On the ba-
sis of the well established MA150e, the 
MA100e was optimized for small wafer 
sizes up to 4 inch and is equipped with 
a special high throughput upgrade, in-
cluding a new pre-aligner, especially 
designed for transparent wafers. With 
the high throughput upgrade on the 
MA100e, up to 140 wafers per hour can 

be exposed in auto alignment mode.
For LEDs in the short wavelength range 
(green, blue, ultraviolet) the commonly 
used materials are group III – nitrides. 
As GaN substrates are still very expen-

sive, the GaN layers are grown on less 
expensive sapphire wafers. In contrast 
to conventional silicon IC technology 
sapphire substrates as well as the func-
tional layers of the LED are transparent 
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to visible light. Even electrical contact 
layers such as indium tin oxide (ITO) are 
transparent. Thus the contrast of micro 
structures (e.g. alignment keys) on the 
patterned wafer is typically very poor 
and therefore challenging for the align-
ment system. In order to increase the 
efficiency of LEDs the wafer is often tex-
tured (roughened) before depositing the 
functional layers adding another chal-
lenge to the pattern recognition system. 
The surface roughness causes light 
scattering and diffuses the image of the 
alignment target (see Figure 1). 

The alignment microscope and camera 
system of the MA100e in combination 
with its advanced alignment software, 
however, can cope with this challenge. 
Figure 2 shows the image of the align-
ment target when using the SUSS 
MA100e. Obviously, it offers much bet-
ter contrast than the image obtained 
from a standard optical microscope. 
Generally, pattern recognition and align-
ment is no problem with the MA100e 
and targets are found even if the surface 
background changes on each wafer. 
For these challenging targets, however, 
careful target training is essential. 
Due to the crystal lattice differences 
of sapphire and GaN, these wafers 
often tend to exhibit a dome-like war-
page caused by strain. With the special 

warped-wafer-handling system of the 
MA100e, such wafers can be handled 
efficiently and reliably.

Resolution requirements are still fairly 
relaxed compared to standard IC tech-
nology. Lift-off processes are common 
because the quantum efficiency of 
LEDs is sensitive to the condition of the 
wafer surface. However, new types of 
photoresists such as the DNR-L300 se-
ries from Dongjin Semichem Inc. (South 
Korea) are increasingly used. The DNR-
L300 is a negative acting chemically 
amplified resist. The advantages of this 
material are that it is developed in com-
mon aqueous base developers and is 
easy to strip / lift-off with organic sol-
vents. As a chemically amplified resist 
it delivers straight sidewalls even when 
exposed in larger proximity gaps.

In the following example the DNR-L300 
resist was coated on 2-inch sapphire 
wafers using the manual SUSS Delta80 
Coater. The mean layer thickness was 
2.95μm ± 1.16% (1s). The MA100e was 
equipped with UV400 High Resolution 
Optics and a 1000W mercury lamp. The 
achieved resolution of lines and spaces 
depends slightly on the wafer surface 
and the evenness of the top epitaxial 
layer (Table 1). The surface of a depos-
ited GaN layer is not as even as that of a 

silicon or GaAs wafer (see Figure 3). 
The exposure optics of many low-
cost aligner feature only a resolution 
limit of about 5μm with this resist. The 
MA100e, therefore, features superior 
exposure results than competing equip-
ment and can cope with all lithography 
challenges given by the LED manufac-
turing process.
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Contact mode Lines and spaces resolution

Proximity 20 μm ≤ 3.5 μm

Soft contact ≤ 3.0 μm

Hard contact ≤ 2.5 μm

Vacuum contact ≤ 2.0 μm

Figure 1: 
Microscope image of an alignment 
target on a GaN-Wafer. The contrast 
between the target cross and the back-
ground is very poor.

Figure 2: 
Image of the alignment target on the 
screen of the MA100e. The contrast 
is good enough for training and auto 
alignment.

Table 1: 
Resolution of MA100e in 
3µm thick negative tone 
DNR-L300 resist. The 
given resolution refers to 
the resolution limit on the 
most challenging surface.

Figure 3: 
Electron microscope 
images of 2.5µm and 
3µm lines and spaces 
in a 3µm thick layer of 
Donjin DNR-L300 D1 
negaive tone resist.
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SCOPE OF THE PRACTICE
This BKP (Best Known Practice) de-
scribes the necessary conditions re-
quired to successfully utilize metal 
based wafer bonding techniques, in-
cluding diffusion and eutectic bonding, 
for wafer level packaging.

PROBLEM STATEMENT  
AND GOALS OF THE BEST 
PRACTICE
Wafer level bonding utilizing metal 
based technologies are coming to the 
forefront of manufacturing methods in 
numerous 3D integration schemes and 
advanced MEMS processing. Copper 
to copper bonding of TSVs (through 
silicon vias) is used for 3D IC stack-
ing of individual layers as well as in 3D 
packaging operations. A primary dif-
ferentiator is the via size and therefore 
the placement accuracy needed to ob-
tain production yields. Meanwhile gold 
and aluminum diffusion bonding and 
numerous eutectic alloys are replacing 
traditional MEMS glass based bonding 
methods and allow for higher degrees 
of hermeticity. The increased hermetic-
ity enables device scaling and vertical 
packaging options that dramatically re-
duce production costs. This document 
describes the necessary conditions for 
these metal based bonding processes.

GENERAL DESCRIPTION OF 
APPROACH/STRATEGy

Types of Metal Bonds:
There are two broad categories of wa-
fer level bonds using metals. Diffusion 
bonds using copper to copper are very 
popular for 3D integration using TSV 
fabrication scenarios. In MEMS device 
packaging, gold and aluminum diffusion 
bonding methods are more common. 
The second category of metal bonding 
technologies includes a variety of metal 
alloying methods called eutectics. The 
eutectic is a specific alloy composition 
that changes directly from solid to liquid 

at a unique triple point in the phase dia-
gram. The transition to a liquid phase 
provides a viscous interface that can 
self-planarize over surface topography 
and particles. The metal bonds provide 
several advantages over other bonding 
methods. These include provisions for 
electrical interconnects, higher levels of 
hermeticity, and device scaling.

Alignment Strategies and 
Methods:
Alignment accuracy is affected by the 
quality of the alignment keys, the meth-
od of imaging used during wafer to wa-
fer alignment and the thermal response 
of the wafers during heating and bond-
ing. Alignment with metal bonding tech-
nologies is facilitated by the high levels 
of contrast that can be achieved with 
both optical and IR (infrared) imaging 
of metal fiducials on the semiconduct-
ing substrate materials. There are four 
fundamental types of alignment used 
in wafer bonding. They are TSA, (top 
side alignment), BSA (bottom side 
alignment), IR (infrared alignment), and 
ISA (intersubstrate alignment or face-
to-face). The positioning of the wafers 
with respect to the objectives is shown 
in Figure 1.
The BSA alignment methods have ma-
tured over several decades and are 
used extensively with anodic and glass 
frit bonding techniques. BSA align-
ment works equally well with all types 
of metal bonding assuming that one of 
the wafers includes backside targets 
that are clearly imaged on the polished 
or unpolished surface. Increased levels 
of overlay accuracy often benefit from 
more precise IR and ISA techniques. 

DR. SHARI FARRENS
As chief scientist for the SUSS Micro-
Tec Bonder Division Dr. Farrens has 
authored and co-authored over 100 
publications ion SOI, wafer bonding 
and nanotechnology. With over 15 
years of hands-on experience in aca-
demia and industry she is worldwide 
considered an expert on MEMS and 
wafer-to-wafer bonding technologies.

Her most recent paper Metal Based 
Wafer Bonding Techniques for Wafer-
Level Packaging was awarded Best 
Practises Paper by MIG (MEMS In-
dustry Group) as part of the effort to 
provide varied perspectives on the 
successful practices of fellow MIG 
members.
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Figure 1: 
Four basic alignment 
methods used in wafer 
level bonding.

Bottom Side 
Alignment with 
Transparent Wafer

IR Alignment 

Bottom Side 
Alignment with 
Digitzed Image

Inter-Substrate
Alignment

Metal Based Wafer  
Bonding Techniques for 
Wafer Level Packaging
Shari Farrens, Ph.D., SUSS MicroTec, Waterbury Center, VT, USA
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The IR or the ISA alignment methods 
both use alignment marks at the bond 
interface and therefore eliminate differ-
ences in focal plane depth and front to 
backside registration.
The advantage of IR imaging lies in the 
ability to observe both sets of alignment 
marks simultaneously and in principle 
maintain image information via live ac-
quisition during the process of bringing 
the wafers into contact. Figure 2 shows 
the basic IR imaging concept. Limits to 
the IR method include double side pol-
ishing requirements on at least one of 
the wafers, limited dopant range, and 
metal free windows surrounding the fi-
ducial locations. The backside polishing 
requirement is because light scattering 
from the backside roughness on stand-
ard wafers reduces the brightness and 
image quality of the alignment key at 
the camera. 

IR absorption also limits the light reach-
ing the imaging system. For silicon sub-
strates, the substrate resistivity must 
be >0.01 Ohm-cm unless the wafers 
are sufficiently thin to ensure sufficient 
brightness. Naturally the area around the  
alignment keys must be metal free since 
the metal layers are 100% absorbing.
For samples in which the substrates are 
not transparent to IR radiation or back-
side polishing is not an option, face-
to-face alignment is needed. Figure 3 
shows an example in which the front 
side marks on both wafers are aligned 
using ISA mode by inserting a thin cam-
era between the substrates and imag-
ing the alignment keys. Once aligned, 
the camera is retracted and the wafers 
are contacted. This technique is popu-
lar with compound semiconductor sub-
strates that are opaque to IR radiation, 
power devices built on highly doped 
substrates, or device wafers with ex-
tensive layers of metal that occlude IR 
transmission. Most 3D applications use 
intersubstrate alignment because metal 
layer obstruction is extensive in sub-
strates with several thousands to mil-
lions of copper vias and multiple metal 
interconnect layers.
The selection of the alignment keys is 
equally important and recommenda-
tions exist for each of the types of bonds 
and alignment methods discussed here. 
These are further subdivided depend-

ing upon if a human will be doing the 
alignment on manual systems or if an 
automated system is used with pattern 
recognition. Please refer to reference 1 
for additional details.

Alignment Requirements:
Overlay/alignment accuracy is deter-
mined by several requirements. Most 
specifications arise from architectural 
design rules that will determine how ac-
curately the upper wafers must align to 
the circuits or components on the lower 
wafer. Next are the requirements for 
dequate sealing and electrical connec-
tions. For a sealing ring surrounding the 
device it is often required that the width 
of the sealing ring align to within 80% of 
the opposing feature. This means only 
20% of the width may misalign on either 
side. Thus, for a 100 micron wide seal-
ing ring the offset on each side could be 
as much as 10 microns and the device 
and hermeticity needs would be satis-
fied.

Equipment:
The sensitivity of the metal bonds to 
uniform temperature and force has led 
to improvements in wafer level bonding 
equipment. Improvements in materials 
and design for bonders such as the 

SUSS MicroTec CB8 (or CB200 and 
CB300 in 200mm and 300mm clus-
ter tools) and have led to temperature 
uniformity levels with < 1% difference 
within wafer or between upper and 
lower heaters. The force uniformity in 
advanced bonders is now 5% and re-
sults from the fact that in these bonders 
the upper and lower pressure plates 
establish parallelism by a WEC (wedge 
error compensation) operation before 
bonding.

DETAILED STEPS /  
ACTIVITIES FOR PRACTICE  
IMPLEMENTATION 

Diffusion Bonding:
Diffusion bonding is when two met-
als are pressed together under ap-
plied force and heat causing atoms to 
migrate from lattice site to lattice site 
“stitching” the interface together. Diffu-
sion processes require intimate contact 
between the surfaces since the atomic 
motion is driven by lattice vibration. 
Copper, gold, and aluminum are the 
most commonly used metals in 3D in-
tegration and MEMS packaging.

Table 1 compares the recommended 
processing ranges for the three lead-
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Upper wafer
(double side polished)

IR illumination

IR microscope

Lower wafer

Alignment 
stage

Alignment gap 
20-100µ

Upper wafer

Alignment stage Lower wafer

Figure 2:
Schematic illustration 
of IR (Infrared align-
ment) process with 
bottom-side illumi-
nation.

Figure 3:
Schematic illustration 
of the ISA (inter-
substrate alignment) 
configuration. ISA Ali-
gnment utilizes dual 
imaging objectives on 
both the left and right 
alignment optics.
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ing metal diffusion bonding techniques. 
Aluminum bonding is generally not pure 
aluminum but rather the metallization 
alloys used in the fab which includes up 
to 4% Cu or other binary additions. Both 
aluminum and copper bonding require 
temperatures above 400°C to achieve 
a good hermetically sealed interface. 
Aluminum also requires a large ap-
plied force which is apparently needed  
to crack the surface oxide which spon-
taneously forms on any aluminum sur-
face. The surface oxide of aluminum is 
not soluble in the matrix (< 2e-8 wt %) 
and tracer studies have proven that 
aluminum does not penetrate the ox-
ide.[2-3]

Gold diffusion is the lowest tempera-
ture process of the three metal diffusion 
choices and is successfully managed 
at temperatures as low as 300°C. Un-
like copper and aluminum, gold does 

not readily form an oxide and under 
normal processing conditions it is not 
necessary to use surface cleaning prior 
to bonding. It is recommended that all 
metal bonds use either a vacuum bond-
ing atmosphere or forming gas (H2/N2 
for example) environment during the 
thermal cycles.

Copper on the other hand, readily forms 
a surface oxide. The oxide can be suc-
cessfully removed and the surface pas-
sivated by the use of formic acid vapor 
cleaning. Vapor cleaning with formic 
acid is used in 3D vertical integration 
to ensure high conductivity of intercon-
nects.[4]

Eutectic Bonding:
The other major category of metal based 
bonding used in wafer level packaging 
is the eutectic bond. A eutectic alloy is 
sometimes called a “solder” however, 

this is not precisely the correct metal-
lurgical term. A eutectic alloy is a two 
component alloy that undergoes a di-
rect solid to liquid phase transition at a 
specific composition and temperature.
The composition and temperature de-
fine the reaction and this type of phase 
change is unique to only a few materi-
als systems. Table 2 shows the eutectic 
alloys most often used for wafer level 
bonding. The choices are alloys of gold, 
aluminum, or copper since these mate-
rials are already used in semiconductor 
fabrication labs and in most cases have 
established processing and deposition 
methods. The most common choice is 
the gold/tin system with interest in other 
alloys fairly evenly distributed.

Choosing the correct eutectic alloy for 
an application is most often determined 
by the processing temperature and 
compatibility of the materials with the 
existing manufacturing flow. In addition 
to alloy selection, it is equally important 
to determine the method of eutectic al-
loy formation.

The eutectic bond can be achieved by 
melting the alloy or by a combination of 
diffusing pure materials together in the 
solid state to reach the eutectic compo-
sition and then melting the alloy.

When the alloy can be deposited as a 
compound layer on both sides of the 
interface, the wafers are simply aligned, 
brought into contact and pressed to-
gether. After contact is established the 
wafers are heated slightly above the 
eutectic temperature, melted, and re-
solidified. Alloys can be deposited by 
sputtering of alloy targets and some-
times by dual component electroplat-
ing. The advantage of the direct melting 
of alloy layers is speed because the dif-
fusion step can be avoided.

Alternatively, the pure materials that 
constitute the alloy can be deposited 
separately on each substrate. Then the 
wafers are pressed together and heat-
ed below the eutectic temperature until 
the interface mixes to form a solid solu-
tion layer via diffusion. Note that limited 
solid solubility means that the diffusion 
is typically only a few percent and grain 
boundary reactions will play a major role 
in the success or failure of the bonds 
when completed with this strategy. Af-
ter mixing the material, the wafers are 
heated above the eutectic melting tem-
perature under reduced force, reflowed, 
and cooled. 

Table 2: 
Eutectic alloys com-
monly used in Wafer 
level packaging. 
(WLP)

Table 3: 
IR aligned fusion 
bond overlay 
accuracy.

Eutectic Alloy Eutectic Composotion Eutectic Temp.

Al-Ge 49/51 wt% 419°C

Alu-Ge 28/72 wt% 361°C

Au-In 0.6 / 99.4 wt% 156°C

Au-Si 97.1 / 2.9 wt% 363°C

Au-Sn 80 / 20 wt% 280°C

Cu-Sn 5 / 95 wt% 231°C

Metal Temperature Applied Force Range* Time Atmosphere

Al 400 - 450° C > 70 KN 20 - 45 min Vac or H2 /N2

Au 300 - 450° C > 40 KN 20 - 45 min Vac or H2 /N2

Cu 380 - 450° C > 30 KN 20 - 60 min Vac or H2 /N2

Wafer # Alignment in µm Wafer #
Alignment in 

µm

1 0.1701 13 0.0484

2 0.0736 14 0.1008

3 0.1648 15 0.1326

4 0.0967 16 0.1898

5 0.1586 17 0.0793

6 0.0353 18 0.1195

7 0.1139 19 0.1088

8 0.0730 20 0.0725

9 0.0941 21 0.1280

10 0.0899 22 0.0951

11 0.1264 23 0.1258

12 0.0649 24 0.1165

Average 0.1088 Max 0.4385

St Dev 0.0428 Min 0.0190

Table 1: 
Typical processing 
parameters for metal 
diffusion bonding.

* Applied force depends 
on wafer diameter and 
pattern density. Table 
values are representa-
tive of 200mm blanket 
layer wafers.
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Results:
The three leading wafer level bonding 
techniques used in 3D integration are 
the fusion bond, copper to copper dif-
fusion bonding and to a lesser extent 
the BCB bond. The fusion bond affords 
the highest potential for submicron 
alignment because the initial bonds 
are performed at room temperature in 
an aligner and tend to experience less 
thermal induced shifts when annealed 
in batch to create the permanent bonds. 
Table 3 shows an example of a fusion 
bond using IR alignment techniques 
that achieve deep submicron alignment 
accuracy.
Metal diffusion processes can make it 
more difficult to control thermal expan-
sion differences between upper and 
lower wafers. Using precision align-
ment, quality fixtures, and state of the 
art bonding equipment, excellent align-
ment results can be obtained for 3D 
devices utilizing Cu-Cu TSV technology 
and also for Au-Au bonding of hermeti-
cally sealed MEMS devices. Tables 4 
and 5 show recent results of both types 
of metal diffusion bonds. 

The newest technique to emerge from 
R&D to manufacturing are the alumi-
num based bonding methods for her-
metic packaging. Shown in Figure 4 are 
examples of a 150mm MEMS wafer 
bonded with the aluminum diffusion 
process. Also shown is a 200mm wa-
fer bonded with a blanket layer of alu-
minum resulting in a void free interface. 
Both bonds were done on the SUSS 
MicroTec CB8 advanced bonder.

CONCLUSION AND  
RECOMMENDATIONS
Wafer level bonding has a long history 
in the production MEMS devices such 
as accelerometers, pressure sensors, 
and gyroscopes. As these products 
have matured, their scaled down cous-
ins are entering consumer markets for 
gaming and mobile communications. 
Wafer level bonding with metal based 
technologies is meeting the demands of 
these products while presenting attrac-
tive cost models. The utilization of metal 
bonds to realize vertically integrated 
devices and facilitate wafer level pack-
aging with smaller form factors appears 
to be coming to market in 2009. Image 
sensors and stacked memory will test 
the manufacturability of these methods 
in production in the coming years. Suc-
cessful implementation will drive further 
advancements in CPU and logic inte-
gration as well as heterogeneous inte-
gration. New state of the art alignment 
and bonding production equipment will 
be key to the success of these evolu-
tionary advances in semiconductor 
processing.

Additional process are already evolving 
which combine techniques of advanced 
CMP (chemical, mechanical polishing) 
and bonding to realize Cu/Oxide, Cu/
BCB and other hybridized bonding 
techniques. Like the microprocessor 
roadmaps, wafer bonding roadmaps 
continually seek to increase throughput 
and alignment accuracy while reducing 
production costs. This requires opti-
mization of equipment, process flows, 
and materials science.
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Table 4: 
Post bond alignment accuracy. Average alignment shift ~1µm.

Table 5: 
Copper to copper 
200mm post bond 
alignment results 
using ISA alignment 
methods.

Figure 4:
Optical image (left) 
and IR image of BCB 
bonded image sensor 
wafer. No voids visible.
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-0.5
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0.0
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0.0
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X1

Alignment Shift X-axis and Y-axis in Three Locations
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(µm)
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(µm)Y3

Average

0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.02
0.02

0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.07
0.07
0.07

-0.08
-0.08
-0.08
-0.08
-0.08
-0.08
-0.08
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-0.08
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-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

1.25
0.80
0.50
0.96
1.70
1.85
1.60
-1.20
0.56
0.89

1.85
0.90
-1.75
-1.05
-2.15
-2.40
2.25
0.30
-1.75
-1.03

-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
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Avg
St Dev

Sample
# LX LY RX RY ACC

POST

POST BOND ALIGNMENT DATA

-3.0
-0.5
-3.5
0.0

-1.0
-0.5
0.0

-0.5
0.0
0.0
0.0

-3.5
-0.9
1.3

0.0
-2.0
-0.5
0.5

-1.0
0.0

-2.0
-2.0
0.0

-1.5
0.5

-2.0
-0.9
1.0

-1.5
0.0
1.5
0.0

-0.5
0.0

-0.5
-0.5
-0.5
-0.5
1.5

-1.5
-0.3
0.8

0.0
2.0
0.0
0.5

-1.0
0.0
0.0
2.0

-2.0
0.0
2.0

-2.0
0.2
1.2

2.3
2.0
1.1
0.5
1.3
0.3
2.0
2.1
2.0
1.5
2.3
0.3
1.5
0.7

X1

Alignment Shift X-axis and Y-axis in Three Locations

Y1 X2 Y2 X3 X misalign
(µm)

Ymisalign
(µm)Y3

Average

0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.02
0.02

0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.07
0.07
0.07

-0.08
-0.08
-0.08
-0.08
-0.08
-0.08
-0.08
-0.07
-0.08
-0.08

-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10
-0.10

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

1.25
0.80
0.50
0.96
1.70
1.85
1.60
-1.20
0.56
0.89

1.85
0.90
-1.75
-1.05
-2.15
-2.40
2.25
0.30
-1.75
-1.03
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INTRODUCTION 
Glass  has continuously been attrac-
tive to MEMS and medical device ap-
plications because of its high insulation, 
easy workability and excellent transpar-
ent behavior. In the last few years, glass 
as a wafer bonding substrate has also 
made it to the CMOS Image sensor  
market. However most of existing meth-
ods for glass bonding (anodic, adhesive) 
are not suitable for packaging advanced 
MEMS devices. For example, anodic  
bonding is a popular bonding(1) meth-
od often utilized for MEMS packaging 

in which the glass 
wafers are heated 
to a temperature 
of 300 - 500° C un-
der high electric 

field. The use of high electric field during 
bonding limits the use of anodic bond-
ing. The issue of electrical compatibility 
of anodic bonding is especially critical 
if anodic bonding is to be applicable to 
monolithically integrated MEMS (struc-
ture and active devices on Si wafer) de-
vices whose characteristics could con-
siderably deteriorate following the bond 
process. Anodic wafer bonding process 
typically takes about 20 - 40 minutes 
per bond. For the integration of multi-
functional MEMS devices especially in 

advanced micro 
fluidic MEMS 
applications, it 
is necessary 
to reduce the 
process ing 

temperature for wafer level packag-
ing. Another driving factor towards a 
low temperature process for Si to glass 
bonding is the CTE mismatch between 
Si and glass substrates. Even though 
glass substrates that closely match 
the Si CTE have been developed, high 
temperature bonding (> 350° C) can 
still induce some thermo-mechanical 
stresses between the two substrates 
leading to bow/warp in the bonded pair. 
In addition, high throughput production 
of such devices requires a fast bond 
process. Plasma assisted direct bond-
ing of Silicon to glass provides a low 
temperature (< 300° C), high through-
put alternative to anodic bonding. The 
two wafers are plasma activated and 
bonded at room temperature followed 
by batch anneal. 

The feasibility of silicon to glass direct 
bonding is mainly determined by the 
cleanness, waviness and smoothness 
of the wafer surfaces. Some of the im-
portant wafer surface parameters that 
need to be considered for direct bond-
ing of wafers include roughness (usually 
RMS roughness or mean roughness), 
TTV, TIR, bow and warp. Wafer surface 
micro-roughness values are critical for 
direct bonding in which near atomic 
registration of the surfaces is neces-
sary. Surface micro-roughness meas-
urements performed on an area of a 
wafer that is typically a 1μm  x  1μm to  
5μm  x  5μm area using atomic force 
microscopy (AFM) can provide informa-
tion on whether the surface is suited for 
direct bonding. The RMS roughness 
value for wafers to be direct bonded 
should be ≤ 2nm.
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Plasma Assisted Low Temperature Silicon to Glass 
Direct Bonding as an Alternative to Anodic Bonding

Table 1: Comparison of Bond Propaga-
tion speeds for various Silicon to glass 
bond combinations with and without O2 
plasma treatment

Figure 1:
SUSS PL300 vacuum 
plasma activation 
system and SUSS CL8 
cleaner/ bonder was 
used for Si-glass ac-
tivation and bonding
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MATERIALS & METHODS
A series of experiments were conduct-
ed to demonstrate Si to glass bonding 
using the following SUSS equipment: 
SUSS PL300 vacuum plasma activation 
system and SUSS CL8 cleaner bonder. 
The purpose of these experiments was 
to establish a low temperature produc-
tion friendly process for Si-glass bonding 
using vacuum plasma treated wafers. 

Different types of alkali and alkali-free 
glass wafers commonly used in MEMS 
applications from two different glass 
manufacturers (Corning and Schott) 
were tested as part of these experi-
ments. For all experimental runs, 6” Si 
wafers with and without 100nm thermal 
oxide were used to bond to 6” glass 
substrates. For bonding to 8” Schott 
AF32 glass, bare Si wafers were used. 
All incoming wafers were first inspected 
under shallow angle monochromatic 
illumination to check for any artifacts 
on the bonding surface of both Si and 
glass wafers. The glass and silicon sub-
strates were used AS-IS out of the cas-
sette without any kind of cleaning. Both 
Si and glass wafers were then plasma 
activated using SUSS PL300 plasma 
system using O2 / N2 plasma (150W, 
300-385mTorr, 30 - 60 seconds). The 
total process time from loading to un-
loading the wafers in PL300 was less 
than 4 minutes.
The wafers were then immediately sub-
jected to a short megasonic DIW clean 
(2 scans) and IR assisted dry cycle (70 
seconds) followed by edge-initiated 
bonding in the CL200. The bond propa-
gation speed for each run was measured 

for non-plasma treated as well as plas-
ma treated pairs as shown in Table 1.  
Following bonding, all bonded pairs 
were subjected to a 250°C, 4 hour an-
neal in an oven. The bonded pairs were 
inspected for any voids before and after 
the anneal cycle via visual inspection. 
Razor blade and acoustic inspection 
(Figure 3) was conducted on selected 
annealed pairs.

RESULTS & CONCLUSION
Spontaneous bonding for all Silicon to 
glass pairs was achieved for both non- 
plasma treated and plasma treated 
wafers even though the bond propa-
gation speeds varied greatly between 
different glass substrates (Table 1). All 
plasma treated substrates showed a 
bond propagation time of less than 15 
seconds demonstrating the marked ef-
fect of surface activation. None of the 
plasma treated Si to glass pairs devel-
oped post anneal voids after 250°C 
anneal as shown by SAM results (Fig-
ure 3). The bond strength of plasma 
treated Glass-Si pairs was higher than 
the fracture strength of glass demon-
strating good bond quality using PL300 
activation compared to non-plasma 
treated wafers which demonstrated 
bond strengths of < 0.8 J/m2. In conclu-
sion, void-free Glass to Si and SiO2 was 
demonstrated using the following com-
mercially available glass wafers

■ Schott AF32
■ Schott Borofloat 33
■ Corning 1737 AMLCD
■ Corning Pyrex 7740

A demonstrated process for low tem-
perature high-bond strength direct 
bonding of Si to glass wafers provides 
an opportunity for this process to be 
used for CMOS Image Sensor applica-
tions as well as a viable alternative to  
anodic bonding in a broad range of 
MEMS packaging and microfluidic ap-
plications.
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Figure 2:  
Bond strength testing using a 100um razor blade confirmed that the strength of 
Si-Glass interface was greater than the fracture strength of the glass substrate

Figure 3: 
Void-free SAM Image 
of a Schott Borofloat 
33 wafer bonded to 
a Si/SiO2 substrate 
annealed at 250°C



INTRODUCTION
Wafer bonding as a part of the MEMS 
packaging process enables the encap-
sulation of sensitive microstructures. It 
protects the device during subsequent 
processing as well as from environ-
mental impacts such as mechanical 
stress, humidity and high temperatures. 
Apart from the protective function, wa-
fer bonding enables proper functioning 
of actuating components and sensing 
elements. Wafer bonding is also used 
when each wafer is individually patter-
ned with structures and vertically inte-
grated. As an example, acceleration 

sensors, yaw rate sensors and pres-
sure sensors use vacuum packaging 
to create long device lifetimes and to 
fulfill a correct functioning in internal 
components or to provide a reference 
pressure. During wafer bonding defined 
pressure levels can be adjusted and en-
capsulated [1].

The focus of this work was on low 
temperature direct bonding (LTB) and 
eutectic bonding (EB). During EB the 
bond interface is created by a eutectic 
reaction of two metals at a precise bond 
temperature and composition called 
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ABSTRACT

For many MEMS products hermetic encap-
sulation is necessary to enable stable func-
tioning over the device lifetime. In this paper 
low temperature direct bonds and eutectic 
bonded Si wafers will be compared in terms 
of hermetic sealing. The leakage test was 
performed by two different methods, a He 
leakage test and an FTIR spectroscopy me-
thod to deterime or quantify the leak rate. 
It is well known that the bond seal pattern 
consumes valuable area on the wafer and 
adversely affects production costs. This 
study evaluated seal ring width reduction by 
examination of bonded structures with pat-
tern width sizes from 25μm, 50μm, 75μm 
and 100μm.

IR SAM

Hermeticity Characterization 
of Eutectic and Low  
Temperature Direct Bonded 
SI Wafers Without Getters

Volkan Cetin, Suss MicroTec
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SiO2

Au
Ti/Cr
SiO2

the eutectic point. In LTB the interface 
bond is initially based on van der Waals 
forces and by annealing it converts to 
covalent bond formation [2]. For both 
methods the best bonding parameters 
were chosen to avoid bond defects and 
achieve high bond strength, although it 
is not proven that high Bond strength 
correlates with hermeticity.

This paper presents the results of the 
hermeticity of eutectic and LTB bonded 
Si wafers without getters. Moreover the 
bond sealing width is also taken into 
account. The LTB bond was between 
Si and SiO2 wet oxide whereas two dif-
ferent eutectic Bond alloys were tested; 
Si-Au and Au-Sn. After wafer bonding 
the samples were cingulated and expo-
sed to a bombing chamber with He or 
N2O for several hours. It was assumed 
that the gas will penetrate via the de-
fects at the bond interface into the cavi-
ties. After bombing two different leaka-
ge tests were applied; the He leakage 
test and the FTIR spectroscopy leakage 
test with N2O test gas to characterize 
the hermeticity. For the evaluation of 
the hermeticity with the leakage rate 
the military standard MIL-STD 883G 
was taken as reference [3]. The standard 
defines a fixed bombing time, pressure 
and the maximum acceptable leakage 
rate for a defined internal volume in 
the cavity. Furthermore the maximum 
elapsed time between bombing and 
start of measurement is defined.

CONCLUSION
LTB and eutectic bonding were suc-
cessfully performed. The hermeticity 
characterization of the bonded samples 
showed good hermetic sealing in ac-
cordance to MIL-STD 883G. The appli-
cation of He leakage test showed that 
the leakage rates are not measurable 
which means that there are hermetically 
sealed packages or the He already dif-
fused out before IT could be measured, 
which means that volume size of the 
cavities should be larger for this type of 
measurement. The FTIR measurement 
showed that the LTB bonded wafers 
have a very low leakage rate in the ran-
ge of 10-8 – 10-9 mbar*l/s whereas the 
EB wafers showed a higher leakage 
rate which could be related to adhesion 
problems of the Ti/Cr layer to the SiO2 
layer. During dicing the chips separated 
at this interface due to adhesion issue 
to the SiO2 layer. Table 1 summarizes 
the experiments and general observa-
tions that will be covered in detail.

Table 1: 
Experiment Conditions and Results of Hermeticity and  
Bond Strength Analysis

Figure 1: 
Direct bond 
on SiO2 bond 
pattern [1]

pretreatment bonding method hermeticity subjective bonding strength

SC1/SC2/SC1 + O2
plasma + H2O

LTB +++ ++++

SC1/SC2/SC1 + N2
plasma + H2O

LTB ++ ++

SC1/SC2/SC1 + N2
plasma

LTB ++ +

SC1/SC2/SC1 + O2N2
plasma

LTB +++ ++

HF oxide etching on Si EB + +

++++ very high 

+++ high

++ moderate

+ low
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Figure 2: 
Eutectic Bond on 
Au pattern [1]
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INTRODUCTION

By now you will be familiar with Clif’s 
Notes and some of the engineering 
concepts that have been presented in 
the SUSS Report. We intend to show 
how these concepts can be used as 
building blocks to define and optimize a 
lithographic process.

yOUR TASK SHOULD yOU 
CHOOSE TO ACCEPT IT

Suppose you work in a lithographic pro-
duction area and you’ve been asked to 
implement a new resist material in the 
manufacturing line and that you’ve been 
given only three to five days to start your 
first production lots!  You may think it is 
the end of the world but fear not, help 
is as close as your SUSS Report! Using 
the SUSS building blocks with the SUSS 
ACS200 Coater and MA200Compact 
you may accept this job without fear of 
failure.

The goals of your project are to 
a)  Define, optimize the coating  

process to obtain a 7.5 ± 
0.2 um film.

b) Define, optimize the exposure  
process to resolve a 7.0 um 
image.

All of these steps are to be accom-
plished with the lowest possible cost in 
the shortest time. It goes without say-
ing that the process must be robust and 
stable.

OPTIMIzATION OF THE  
COATING PROCESS

The manufacturing line currently is run-
ning 200mm wafers, you are very aware 
that these wafers are costly and you 
would like to reduce the costs of ex-
perimentation. It would be nice if you 
could use some of those 150mm wa-
fers left over from the recent conversion 
to 200mm wafers. Then you remember 
that article from SUSS dealing with coat-
ing of 100mm to 300mm wafers made 
easy 1 which indicated that the size of 
the wafer had little effect upon the final 
thickness results. In addition the report 
also indicated the use of statistically 
designed experiments, specifically re-
sponse surface analysis (RSA), would 
allow you to define the coating process 
in the fewest number of wafers at the 
lowest cost. Based upon the proce-
dures used in that paper you design an 
experiment evaluating the effects of spin 
speed and spin time, Table 1, columns 
2 and 3, for the new resist material us-
ing 150mm wafers.  
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Again you have a concern with taking 
too much time at the coater running 
these thirteen samples and you remem-
ber another of Clif’s Notes article deal-
ing with the SUSS automated spin coat-
ers, ACS200 Plus and Gamma tools 2. 
This method called ‘sequence stack-
ing’ allows the engineer to define and 
load each trial of the experiment as a 
separate sequence, identify which wa-
fer in the cassette to be used for each 
sequence, start the process and walk 
away from the tool. Each experiment / 
sequence will now be run automatically. 
So now you can devote your time to 
other engineering tasks while the SUSS 
tool coats and bakes your wafers per 
the experiment design.

At this point in the evaluation you real-
ize that the specification for thickness 
uniformity of plus or minus 0.2um may 
not be possible since your site just re-
ceived a new resist measurement tool 
and you have no idea of the capability 
of the measurement tool. Thank good-
ness you remember yet again another 
of Clif’s Notes dealing with measure-
ment tool gage capability analysis 3 and 
he recently sent you the Excel file to be 
used for the study. So you quickly go off 
to gather some samples for the capabil-
ity study, five or six wafers will do, and 
start the evaluation.

While the resist tool measurement capa-
bility study is being run by your helpful 
staff you take the recently coated RSA 
wafers from the Gamma tool and start 
some other measurements. Although 
the requirement was for this process 
was only for a specific thickness you 
realize there are other parameters that 
may affect your process such as edge 

bead height and width. These measure-
ments may be completed on the Tencor 
P-16 just down the aisle from the new 
thickness measurement tool, see re-
sults in Table 1, so you can monitor the 
process for the gage capability study. 

Finally the gage study has been com-
pleted and the results of the analysis 
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Table 1: 
Response Surface 
Experiment Design

Figure 1: 
Resist Thickness 
Response Surface Plot
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from the Excel spreadsheet provided 
by SUSS indicates the precision to tol-
erance ratio of less than ten percent!  
Based upon current thinking a value 
less than ten percent for the P/T ratio 
is excellent so you may now complete 
the film thickness measurements which 
are presented in Table 1. The results are 
input to the experiment design program 
with a very good correlation between 
the calculated and measured values. 

This means the response surface equa-
tions may be used to estimate each re-
sponse with a good probability of being 
correct. A sample response surface for 
the thickness of the film is shown be-
low, Figure 1.

We don’t have the luxury of taking the 
time to review each response and try-
ing to find the best process manually 
so why don’t we let the computer do 

it for us!  We simply input the desired 
levels for each response, see Table 2, 
and have the computer find the set of 
conditions which will meet all of our re-
quirements simultaneously, see process 
window in Figure 2.

The graph shown above represents the 
region in multi-dimensional space where 
the desired levels of each response will 
be met at the same time as a function 
of spin speed and spin time.  Any point 
within this band will meet the specifica-
tions for the process.  In order to meet 
throughput requirements the process 
is defined at the shortest allowed spin 
time of about 15 seconds at 3400 rpm. 
A group of wafers are coated to con-
firm the optimized process with the very 
good results shown in Table 3.  Defini-
tion of the coating process should have 
taken two to three days maximum.

OPTIMIzATION OF THE  
EXPOSURE PROCESS

We have an optimized coating process 
and must now define the exposure dose 
required to produce the images we 
want in the shortest possible cycle time. 
Fortunately another of the Clif’s Notes 
articles describes a method to deter-
mine the optimum dose with only one 
or two wafers which were just coated 
as a part of the thickness confirmation 
test 4. By using an exposure step tablet 
you will be able to obtain up to six lev-
els of exposure on one wafer using only 
one exposure cycle. Simply measure 
the overall light intensity and set the ex-
posure time sufficient to totally expose 
the resist based upon the formula pro-
posed in the SUSS Report article. One 
wafer was exposed in proximity mode 
for ten seconds then developed using 
an existing process on the SUSS coat-
er, developer. Using an existing docu-
mented develop process will reduce the 
engineering time needed to implement 
this new process. The results of this 
test presented in Table 4 indicate that a 
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Table 2:
Desired Response 
Levels for Process

Table 3: 
 Predicted versus 

Actual Results

Figure 2:
Optimized Process 
Window

- Clif‘s Notes - SUSS Building Blocks of Lithography - 

Speed Time Thickness 1-Sigma EB-Wide

Predicted 3400 15.0 7.49 0.06 1.20

Actual 3400 15.5 7.41 0.06 1.17
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nominal time of about 9 to 10 seconds 
should be used in order to insure the 
resist is completely developed. This is 
the shorted possible exposure cycle for 
this new resist material using the exist-
ing develop process.

Upon completion of the first test wafers 
exposed at 500 mj/cm² you find images 
printed nicely with a slight print bias of 
about +0.7um, i.e. the 7.0um designed 
image is actually 7.7 μm.  You will im-
plement this process and continue to 
monitor image size with a goal towards 
moving the size closer to the target.  

SUMMARy

In a very short time of three to five days 
we have shown how it is possible to 
define an optimized lithographic proc-
ess for coat, expose and develop.  This 
process is optimized for the best pos-
sible coating quality and the shortest 
possible cycle times.
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Table 4:
Time To Clear 
(TTC) Results

Figure 3: 
Cross-Sectional  
View of Test 
Images
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SUSS MicroTec in the News
Here’s a summary of our recent press releases.  
To read the entire press release, please visit  

http://www.suss.com/company/news 

September 28, 2009  
SUSS MicroTec Cooperates 
with Research Institute ITRI on 
Technology Development in 3D 
Integration 
SUSS MicroTec announced today that 

it is engaging with one of the world’s 

leading research institutes, the Indus-

trial Technology Research Institute 

(ITRI) in Tawain, on the development 

of 3D integration technologies. The 

Advanced Stacked-System Tech-

nology and Application Consortium 

(Ad-STAC), a multinational research 

association led by ITRI, will imple-

ment the 300mm lithography cluster 

LithoPack300 and the 300mm bond 

cluster CBC300 of SUSS MicroTec 

in its 300mm demo production line 

at ITRI in Hsin-Chu, Taiwan. With 

this SUSS MicroTec is joining the 

consortium and will actively apply its 

expertise in 3D Integration to further 

process development.

“SUSS MicroTec is known as the 

leading expert in their field so I am 

confident that their experience will 

become a real asset to the chal-

lenging environment of our demo 

production line“ 

Dr. Ian Chan, VP & EOL General 

Director, ITRI 

January 13, 2009  
SUSS MicroTec AG: Contract 
Negotiations for the Purchase 
of HamaTech APE GmbH & Co. 
KG Successfully Concluded

SUSS MicroTec AG today an-

nounced the conclusion of contract 

negotiations to acquire HamaTech 

APE GmbH & Co. KG, a wholly 

owned subsidiary of Singulus Tech-

nologies AG. Yesterday night, both 

parties signed a corresponding  

 

purchase agreement, subject to the 

negotiated closing conditions. The 

agreement stipulates a purchase pri-

ce of EUR 4.5 million plus a further 

EUR 4.5 million for the acquisition 

of the land and company building at 

the Sternenfels site. The closing date 

of the transaction is set for January  

2010.

“HamaTech APE’s 20 years of ex- 

perience in developing processes 

and equipment along with its 

highly innovative cleaning technol-

ogy ideally complement SUSS 

MicroTec’s core competency of 

critical wet processing in semicon-

ductor production.” 

Frank Averdung, President & CEO, 

SUSS MicroTec 

January 19, 2010 
SUSS MicroTec Expands Activi-
ties in Wafer-Level Camera Ap-
plications Installation of Solution 
Set at q-Technology
SUSS MicroTec announced that Q-

Technology Limited (Q Tech), manuf-

acturer of compact camera modules 

for the global cell phone, notebook 

computer and security industry, has 

successfully installed a full SUSS 

equipment set at Q Tech’s facility 

in Hi-Tech Industrial Park Kunshan 

City, Jiangsu Province, China. The 

200mm mask and bond aligner, spin 

and spray coaters and wafer bond 

systems are utilized for Q Tech’s 

wafer-level camera manufacturing 

services. With this project SUSS 

MicroTec expands its activities as 

an equipment supplier supporting  

 

image sensor packaging and wafer- 

level camera manufacturing pro-

cesses.

“For us the leading-edge wafer-

level packaging systems of SUSS  

MicroTec are the equipment of 

choice.” 

Dr Hao Zhou, CEO, Q Tech 

January 28, 2010 
SUSS MicroTec AG sells Test 
Systems Division
SUSS MicroTec announced the sale 

of its Test Systems Division, which is 

located in Sacka near Dresden, Ger-

many, plus other related assets. The 

Company was sold to Cascade Mi-

crotech, Inc., a worldwide leader in 

the precise electrical measurement 

and test of integrated circuits. With 

the divestment of the SUSS Micro-

Tec Test Systems GmbH and the re-

cent acquisition of HamaTech APE, 

SUSS MicroTec will focus on its core 

competency of microstructuring for 

microelectronics applications.

“Having a broad product range for  

3D integration, we anticipate fu-

ture collaboration with Cascade 

Microtech in order to address the 

complex issues in developing and 

testing 3D through silicon vias 

(TSVs).” 

Frank P. Averdung, President and 

CEO of SUSS MicroTec 

February 16, 2010  
HamaTech APE Completes Initi-
al Stage of EUV Mask Cleaning 
Program at imec 

HamaTech APE, a SUSS MicroTec 

company, today announced that it 

has completed the initial stage of 

the Extreme Ultraviolet (EUV) Mask 

Cleaning Program in partnership 

with imec, a world-leading nanoelec-

tronics research center. With the in-

stallation of HamaTech’s MaskTrack 

Pro, imec’s 300mm clean room is 

the first facility in the world equipped 

with a mask integrity infrastructure 

for EUV point-of-exposure cleaning 

research.

“Working with imec, we will look 

beyond the normal parameters 

of the infrastructure to develop a 

holistic approach that guarantees 

the most stringent mask integrity 

requirements of Next Generation 

Lithography, including EUVL.” 

Wilma Koolen-Hermkens,  

Chief Executive Officer of  

HamaTech APE  

March 9, 2010 
Amkor Technology Installs Sys-
tems from SUSS MicroTec

SUSS MicroTec has received or-

ders for multiple 300mm lithography 

systems from Amkor Technology 

Inc., an industry leading supplier 

of innovative packaging solutions. 

The equipment package includes 

MA300 Gen2 mask aligner systems 

and ACS300 Gen2 wafer processing 

clusters for wafer level packaging, 

wafer bumping and 3D integration 

technology. Installations at Amkor’s 

K4 plant in Gwangju, Korea, and T1 

fab in Hsin-Chu, Taiwan, are sche-

duled to be completed in Q3 2010.

“SUSS MicroTec’s lithography 

systems have been an integral 

part of our success and have set 

an exceptional track record for 

process capability, reliability, sup-

port and overall cost of ownership 

for our worldwide operations.” 

ChoonHeung Lee, CVP and CTO, 

Amkor Technology

- SUSS MicroTec in the News -

Steve Harris (Executive Vice President Cascade Micro-
tech, Inc.) and Frank Averdung (President & CEO Süss 
MicroTec AG) kick off the strategic partnership
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Training Schedule 2010
Lithography Equipment

- SUSS MicroTec in the News -

A p r i l Machine-Type Level

29/03/10 - 01/04/10 Litho Application Training

29/03/10 - 01/04/10 ACS300 Gen2 L3

07/04/10 - 09/04/10 MA200Compact L2

08/04/10 Litho Application Training

12/04/10 MJB4 L2

13/04/10 MA6/8 L2

14/04/10 - 15/04/10 AltaSpray L2

14/04/10 - 16/04/10 Gamma L2

16/04/10 Nanoimprint Training

19/04/10 - 23/04/10 Gamma L3

19/04/10 - 20/04/10 MA150/200CC L2

26/04/10 - 29/04/10 Litho Application Training

26/04/10 - 29/04/10 MA150/200E L3

M A y Machine-Type Level

03/05/10 - 06/05/10 MA150/200e L3

03/05/10 - 06/05/10 MA300 L2

04/05/10 - 06/05/10 Gamma L2

07/05/10 MA8 Gen3 L2

10/05/10 - 12/05/10 MA8 Gen3 L2

18/05/10 - 20/05/10 MA150/200e L3

18/05/10 - 20/05/10 MA8 Gen3 L3

18/05/10 - 20/05/10 ACS300 Gen2 L2

25/05/10 MA6 L2

25/05/10 - 27/05/10 PatMax

26/05/10 - 27/05/10 MA6 L3

27/05/10 Spray Coater Nozzle Training

J u n e Machine-Type Level

07/06/10 - 09/06/10 AltaSpray

07/06/10 - 11/06/10 MA200Compact L3

15/06/10 - 17/06/10 E Plan

21/06/10 - 25/06/10 MA300 L3

22/06/10 - 24/06/10 ACS200P L2

J u l y Machine-Type Level

28/06/10 - 02/07/10 ACS200P L3

05/07/10 MJB4 L2

06/07/10 MA6/8 L2

07/07/10 - 08/07/10 AltaSpray L2

09/07/10 Nanoimprint Training

12/07/10 - 15/07/10 COA/DEV Pump Training

13/07/10 - 15/07/10 MA200Compact L2

20/07/10 - 22/07/10 Gamma L2

20/07/10 - 22/07/10 MA300 L2

J u l y Machine-Type Level

26/07/10 - 29/07/10 MA150/200e L3

26/07/10 - 30/07/10 Gamma L3

A u g u s t Machine-Type Level

02/08/10 - 06/08/10 MA200Compact L3

03/08/10 - 05/08/10 AltaSpray

10/08/10 - 12/08/10 MA8 Gen3 L3

11/08/10 Spray Coater Nozzle Training

16/08/10 - 18/08/10 PatMax

17/08/10 - 19/08/10 ACS300 Gen2 L2

24/08/10 - 26/08/10 E Plan

s e p t e M b e r Machine-Type Level

30/08/10 - 02/09/10 Litho Application Training

20/09/10 - 24/09/10 MA300 L3

21/09/10 - 23/09/10 ACS300 Gen2 L2

27/09/10 MJB4 L2

28/09/10 - 30/09/10 ACS300Plus L2

28/09/10 MA6/8 L2

29/09/10 - 30/09/10 AltaSpray L2

O c t O b e r Machine-Type Level

01/10/10 Nanoimprint Training

04/10/10 - 08/10/10 ACS300Plus L3

05/10/10 - 07/10/10 MA200Compact L2

12/10/10 - 14/10/10 Gamma L2

12/10/10 - 14/10/10 MA300 L2

18/10/10 - 21/10/10 MA150/200e L3

20/10/10 Spray Coater Nozzle Training

25/10/10 - 28/10/10 Litho Application Training

n O v e M b e r

02/11/10 - 04/11/10 AltaSpray

08/11/10 - 12/11/10 MA200Compact L3

16/11/10 - 18/11/10 ACS300 Gen2 L2

16/11/10 - 18/11/10 MA8 Gen3 L3

22/11/10 - 25/11/10 COA/DEV Pump Training

23/11/10 - 25/11/10 E Plan

D e c e M b e r

29/11/10 - 02/12/10 Litho Application Training

06/12/10 - 10/12/10 MA300 L3

07/12/10 - 09/12/10 Gamma L2

Further information on trainings at  
www.suss.com/training
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Some of the opportunities to meet with SUSS MicroTec  
in the upcoming months:

April

	 MRS Spring Meeting	.	San	Francisco,	CA,	USA	 5.	-	9.	Apr

 Photonics Moscow	.	Moscow,	Russia	 19.	-	21.	Apr

May      

 Technologien und Werkstoffe der Mikrosystem-  
 und Nanotechnik	.	Darmstadt,	Germany	 10.	-	11.	May

 ICEP 2010	.	Hokkaido,	Japan	 12.	-	14.	May

 Semicon Singapore	.	Singapore	 19.	-	21.	May

 ECTC	.	Las	Vegas,	NV,	USA	 26.	-	29.	May

June      

 EIPBN	.	Anchorage,	AL,	USA	 1.	-	4.	Jun

 Semicon Russian	.	Moscow,	Russia	 12.	-14.	Jun

July      

 Semicon West	.	San	Francisco,	CA,	USA	 13.	-	15.	Jul

 Micromachine	.	Tokyo,	Japan	 28.	-	30.	Jul

August      

 COMS	.	Albuquerque,	NM,	USA	 28.	Aug	-	2.	Sep

September      

 Semicon Taiwan	.	Hsin-Chu,	Taiwan	 8.	-	10.	Sep

 ESTC	.	Berlin	Germany	 	 13.	-	16.	Sep

 MNE	.	Genoa,	Italy	 	 	 19.	-	22.	Sep

October      

 NNT	.	Copenhagen,	Denmark	 13.	-	15.	Oct

 IWLPC	.	Santa	Clara,	CA,	USA	 11.	-	14.	Oct

 Semicon Europe	.	Dresden,	Germany	 19.	-	21.	Oct

 EOS Annual Meeting	.	Paris,	France	 26.	-	29.	Oct

 IMAPS	.	Raleigh,	NC,	USA		 31.	Oct	-	4.	Nov

November/December      

 MRS Fall Meeting	.	Boston,	MA,	USA	 29.	Nov	-	3.		Dec

 Semicon Japan	.	Tokyo,	Japan	 1.	-	3.	Dec	

Please check our website for any updates: www.suss.com/events

SUSS MicroTec
Schleissheimer Strasse 90
85748 Garching
Germany

We hope you found this edition of the SUSS Report interesting and informative. 
For more information about SUSS and our products, please visit 

www.suss.com
or write to info@suss.com with your comments and suggestions.

http://www.suss.com

