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EDITORIAL

Valued Customers, Partners, and Friends
of SUSS MicroTec,

It is a great pleasure for me to greet our readers of
the SUSS Report for the first time as CEO of SUSS
MicroTec. It has been a very intense time since
| started in May 2015. | have spent quite some
time getting to know the company, our customers,
products and employees. My impressions are very
positive in terms of the great technology and pro-
duct potential we have. We have to continue and
build on our technology leadership position and
deliver high quality innovations to help enable our
customers’ roadmaps. There are of course areas
identified where we have to do much better. We
have to improve our responsiveness to customer
requirements and speed up out time to market for
new products and retrofits. We need to demon-
strate accountability and make sure we follow up
on our commitments according to plan. We want
to earn the trust of our customers and become
the partner of choice through consistent delivery
according to or above expectations.

| am also very happy to report progress in our
core segments, Advanced Packaging, MEMS, 2.5
and 3D Integration, and Photomask Equipment.
We were able to report very positive news regar-
ding sales of our Lithography Scanner product,
DSC300, which combines the advantages of pro-
jection lithography with full field exposure, enabling
industry leading cost of ownership performance
for wafer-level fan-out applications in advanced
packaging. Further, we are very pleased to an-
nounce our re-entry into the Permanent Bonding
market with our new XB8 product, specifically
developed for the high end MEMS market.

Dr. Per-Ove Hansson, CEO, SUSS MicroTec AG

Our solutions for Ru-based capping layer mask
cleaning are showing very promising results and
we have completed EUV clean compatibility for
our mask cleaning products. Our core coater and
mask aligner products have been upgraded with
a new suite of technical solutions, which have en-
abled us to gain market share in advanced pack-
aging and MEMS. Laser ablation technology for
next generation back-end lithography, enabling
direct etch of features in non-photo sensitive
materials, such as polymers, is another technology
of great potential.

You will be able to read more about these and
many more advancements in this issue of the
SUSS Report, which in fact is the most compre-
hensive volume we have published to date.

Finally, | would like to thank all our readers for your
interest. Don’t hesitate to contact us with your sug-
gestions and feedback. We are here to serve the
semiconductor and optics industry with enabling
solutions that will extend Moore’s Law and make
More than Moore integration reality. We intend to
stay close to our readers and collaborate closely in
order to deliver the enabling solutions you require.

U—-

Per-Ove Hansson



SUSS MICROTEC’S UNIQUE DSC300 GEN2 PLATFORM -
COMBINED PROJECTION LITHOGRAPHY PERFORMANCE
WITH ADVANTAGES OF FULL-FIELD EXPOSURE

Ralph Zoberbier SUSS MicroTec Lithography GmbH, Schleissheimer Str. 90, 85748 Garching, Germany
Markus Arendt, Habib Hichri, Jeff Hansen SUSS MicroTec Photonic Systems Inc. 220 Klug Circle, Corona, CA 92880-5409, USA

The DSC300 Gen2 lithography system of SUSS MicroTec represents
the latest generation of its projection scanner technology that
is tailored to deliver high imaging performance at lowest cost of
ownership. The system is designed to meet key requirements for
advanced packaging applications both technically and economi-
cally. Its unique scanning exposure technology allows the use of
large area photo masks that contain the full pattern image of the
substrate which allows the production of non-repeatable features
like edge exposure or test die structures. At the same time, a 1:1
projection lens provides high resolution patterning performance
combined with a large depth of focus that is required to ensure high
pattern fidelity when working with thick resists that are commonly
used in advanced packaging or MEMS applications. The system is
designed to automatically process 200 and/or 300 mm wafers and
is based on a less complex system design compared to traditional
step and repeat projection lithography systems that directly trans-
lates into lower cost of ownership.

INTRODUCTION

For decades, photolithography is a fundamental
process used in the fabrication and packaging
of microelectronic devices. A key component of
any photolithography process is the exposure
tool, which uses light in the ultraviolet wavelength
range to pattern a photosensitive resist or polymer.
The exposure tool must be able to precisely create
the desired feature in the photo resist and place
it to previously fabricated structures in underlying
layers. Several types of exposure technologies
exist today: proximity or contact printing, laser
direct imaging and projection lithography. These
technologies and the equipment toolsets mainly
differ in terms of technical capability like opti-
cal resolution, overlay performance and effective
throughput but also heavily impact the costs rela-
ted to the exposure process. Looking at the main
drivers and trends in the semiconductor industry,
it clearly shows that on the one hand innovation
and performance improvements of microelectronic
devices are required to meet future end user
trends. For example, consumer electronic devices
like tablets and smartphones getting thinner and
thinner and at the same time have to have higher
computing power with increasing data storage and
communication capabilities. On the other hand
manufacturing costs become more and more im-
portant for companies to maintain or improve their
market position in a global and highly competitive
environment.
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As photolithography is a key manufacturing pro-
cess and cost contributor, the careful selection of
the right exposure solution is mandatory to achieve
the best possible cost structure in today’s indus-
trial lithography applications. SUSS Mask Aligner
technology is by far the lowest cost exposure
solution in the market that provides excellent
patterning capability coupled with leading edge
throughput. However, emerging applications in the
semiconductor industry require increasing reso-
lution and overlay performances that are beyond
the physical capabilities of a mask aligner. Up to
now the industry had the only selection to switch
to expensive stepper technology. With the DSC300
Gen2 and its scanning lithography technology,
engineers have an alternative choice of an expo-
sure technology that uses the advantages of full-
field lithography, well-known from mask aligners,
but extends the capabilities as it provides projec-
tion lithography performance at a lower cost point.
However, the right selection of the exposure tech-
nology requires a deep understanding of the pros
and cons of each technology plus a good under-
standing of the application requirements.

TRENDS AND REQUIREMENTS IN ADVANCED
PACKAGING APPLICATIONS

Today a wide variety of advanced packaging tech-
nologies exist to meet the different requirements of
the semiconductor industry. The leading advanced
packages, including chip-on-chip, wafer-level
packages, chip-on-chip stacking, embedded IC,
all have a need to structure thin substrates, redis-
tribution layers and other package components
like high resolution interconnects. The consumer’s
constant push for higher functionality on smaller
and thinner end devices — like smart phones or
tablets — drives the need for next generation pa-
ckages with finer features at increasing reliability
of the package. In addition, cost considerations
become more and more important to survive in

the competitive landscape for all parties within the
supply chain, from chip manufacturer, foundry,
assembly and test suppliers to the device manu-
facturer. Therefore, the industry desperately strives
for innovative approaches to lower manufacturing
costs coupled with enabling technologies that
meet the challenging technical requirements.

A very good example of this trend is the flip chip
technology. While solder bumping and single
RDL layer technology were mainstream several
years back, Cu pillar interconnects and multilayer
RDL are considered as one of the main growing
application segments for the upcoming years. Cu
pillar technology enables fine pitch interconnects
needed for the adoption of wafer-level packaging
technology for leading edge devices with high 1/0
count. Figure 1 shows a typical example of the Cu
pillar process integration flow. However, the high
number of interconnects limited to the chip scale
area requires photo lithography of thick resist with
almost vertical sidewalls and very good overlay of
the pillar, opening to underlying metal pads.

Figure 1 Typical Cu pillar process flow (Source: Yole Development, Courtesy ASE)

(@)}



Figure 2 Cu pillar example (Courtesy Amkor)

The technical requirements of the lithography
process define the best available exposure techno-
logy to meet the performance but also to provide
lowest possible manufacturing costs. Figure 18
shows a typical example of a cost of ownership
comparison in a wafer bump application.

EXPOSURE TECHNOLOGIES IN TODAY’S
PHOTOLITHOGRAPHY APPLICATIONS
Full-field proximity printing and step and repeat
projection lithography are the traditional exposure
technologies of the electronic industry in appli-
cations fields such as wafer-level packaging,
MEMS, LED and displays.

Mask Aligners (also known as proximity or contact
printers) are used for transferring a geometric pat-
tern of microstructures from a full-field photomask
to a light-sensitive photoresist coated on a wafer
or substrate by exposing with collimated ultraviolet
light. The mask and the wafer are aligned to each
other and are in close contact or proximity. A mask
aligner typically includes an illumination system, a
mask stage for aligning the mask and a wafer sta-
ge for aligning the wafer.

Contact lithography in theory offers the highest
resolution down to the sub-micron range, in the
order of the wavelength of the illumination light.
However, practical problems such as mask con-

Figure 3 Mask aligner alignment technology

Figure 4 Full-field exposure in a proximity distance between
mask and wafer

tamination make this process difficult to use for
mass production. Proximity lithography, as shown
in figure 4, where the photomask and the wafer are
physically separated by a typical proximity gap of
20 to 50 microns, is well suited for mass produc-
tion and achieves resolution down to 3um on a
300mm wafer.

The mask aligner is by far the exposure technology
with highest throughput available on the market,
since one wafer is exposed in a single shot. At the
same time these exposure systems are available
at lowest capex due to lower equipment com-
plexity compared to projection lithography and UV
stepper tools which results in the lowest cost of
ownership.
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Latest developments in innovative and unique
illumination systems for mask aligners allow the
optimization of exposure results. As an examp-
le, the SUSS MO Exposure Optics, illustrated in
figure 5, allows the use of front-end like lithography
techniques as illumination shaping, and the use of
assistant features on the photo mask, to provide
the best possible result.

However, limitations can still arise in cases when
thick resist processes require very straight resist
sidewalls and when practical overlay requirements
reach a level of 1-2 microns or below on 300 mm
wafers.

Step and Repeat Projection Systems, also
known in the industry as UV Stepper, have been
selected by users whenever they reached the
process limitations of mask aligners. The type of a
UV stepper is typically defined by the optical lay-
out used. In semiconductor back-end applications
today, steppers are either build with 1X or 2X
demagnification coupled with a corresponding
stepping stage. Depending on the available field
size of the optics, the system exposes a certain
area of the wafer at a time and performs a step
and repeat process to cover the whole wafer area.
The main advantages of using a stepper lie in its
overlay capability and, when 2X demagnification
systems are used, in its enhanced resolution. A
2 um resolution capability with 0.5um overlay per-
formance is state-of-the-art technology. However,
this performance is usually not required for the
main applications in wafer-level packaging appli-
cations and comes together with higher capex
which is typically a factor of 3-4x compared to
300mm mask aligner systems.

Another limitation of a step and repeat system is
the limitation of the field size. The maximum die or
package size that can be exposed is limited by the
lens design itself. The larger the lens design the
higher the costs of the lens and the more complex
is the optical design to correct for optical aberra-
tions.

Figure 5 Conceptual drawing of SUSS MO Exposure Optics with exchangeable illumination
filter plates

Figure 6 Step and repeat exposure in a UV Stepper



The field size that is usable, is limited to be a multi-
ple of a die size, to allow for step and repeat. With
the limited usable field size these systems typically
require 80 or more exposure steps to pattern a
complete 300mm wafer with the corresponding
sacrifice in throughput. Furthermore a step and
repeat systems cannot expose non-repeated fea-
tures on a wafer or substrate. For example, flip
chip or RDL layers require the exposure of the
wafer edge to enable electrical connection of elec-
trodes for the sub-sequent plating processes as
shown in figure 7.

Figure 7 Edge exposed substrate for plating electrode connection

To overcome this limitation, UV steppers use either
an edge exposure function on the pre-alignment
station that further reduces the effective through-
put of the exposure tool itself or require additional
edge exposure equipment that adds capex and
complexity to the manufacturing line.

The DSC300 Gen2 with its Full-Field Projection
Scanning technology promises to be the missing
piece that offers projection lithography perfor-
mance, coupled with the advantages of a full-field
exposure tool at a lower cost point compared to a
traditional UV stepper. This unique exposure con-
cept meets the majority of process requirements
and is built on a less complex projection lens
design without the requirement of a highly sophisti-
cated step and repeat stage. Figure 8 shows a full
field scan exposure setting for the DSC300 Gen2.

Figure 8 Full-field scan exposure setup

The projection scanner uses a 1X catadioptric lens
design with a field size of approx. 30x30mm. This
area is used to image the features from a full-field
mask onto the wafer in a continuous scan process.

Figure 9 Continuous scan operation for the exposure of an

entire 300mm wafer

The complete wafer layout, including non-repeated
features like the edge exposure ring can be imple-
mented into the mask design. The alignment of the
mask to wafer is performed either through on-axis
or TTL (through the lens) alignment or by off-axis

sussreport 2015



alignment, depending on the process conditions.
Thermal management of the mask itself has to be
considered when operating a 14” soda lime mask
to process 300 mm wafers.

It is important to understand that mask contamina-
tion or intensive mask cleaning is not a requirement
or limitation for this full-field exposure technology
as mask and wafer are operated with a large sepa-
ration of about 200mm, shown in figure 10.

DSC300 GEN2 KEY FEATURES

The processing of thick resists is very common in
Advanced Packaging applications. As mentioned,
today’s emerging bump applications require often
straight sidewalls to enable a high pin count. How-
ever, this requires a high depth of focus (DOF) of
the projection exposure tool. The projection scan-
ner technology from SUSS MicroTec provides the
optimal combination of high DOF and resolution
performance at a reasonable cost level. A flexible
and interchangeable NA setting of the system
allows the selection of the ideal combination of
resolution and DOF. The correlation between NA,
DOF and resolution capability of the DSC300
Gen2 is shown in figure 11. In addition, focus ad-
justments as one of the key process parameters
can be used to adjust sidewall performance to the
application requirements.

The DOF of the exposure tool also defines the
process window when processing highly warped
substrates. Wafer bow and warpage becomes
more and more an issue when the substrate con-
tains different types of materials with various CTE.
New packaging concepts like Fan-Out Wafer-Level
Packaging (FO-WLP) use artificial wafer substra-
tes based on compound materials. The trend to
thinner packages and wafer can result in significant
warpages up to several mm. The effective expo-
sure of these substrates now requires pulling the
substrate as flat as possible to stay inside the DOF

Figure 10 Full-field scan exposure setup

Figure 11 Selectable DOF through interchangeable numeric apertures

Figure 12 Typical wafer plot of high-low variation after wafer chucking

of the systems. Only then acceptable resolution
and CD uniformity of the exposure process can be
expected.
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Latest developments and improvements show that
i.e. eWLB (FOWLP) wafers with initial 5mm bow
can be pulled flat down to a remaining high-low
variation of <20pum on the exposure station which
is well inside the DOF for targeted feature sizes.

Finally, thermal control of the exposure mask du-
ring the process is a key requirement for full-field
exposure systems. The exposure of a 300mm wa-
fer requires a 14” photo mask that is typically made
of soda lime to maintain reasonable pricing while
UV steppers use 6” reticles made of Quartz. As
soda lime has a much different CTE compared to
the typical Silicon substrate, temperature changes
result in a run-out effect between mask and wafer.
Run-out is a magnification mismatch between the
mask and the wafer which would lead to overlay
inaccuracies, illustrated in figure 13. Adjustments
and tight control of the mask temperature is nee-
ded to maintain a minimum runout and high over-
lay performance.

Figure 13 Thermal runout (magnification mismatch) between
mask and wafer identified during alignment process

The DSC300 Gen?2 utilizes very effective measures
to either cool or heat the mask. This ensures that
the system adjusts the level of mask magnification
before the first exposure and maintains this level
even though high exposure dose processes are
performed on the exposure tool (Figure 14).

Figure 14 Data plot of magnification control at a 1600mdJ/cm?
process condition

The final overlay performance on the DSC300
Gen2 for a typical lithography process that requires
300-1000mdJ/cm2is in the range of 1-2um which
meets the application requirements (Figure 15-17).

Figure 15 Thin resist (~1um, 300mdJ/cm? dose) overlay perfor-
mance; data from 10 wafers

Figure 16 Thin resist (~1um, 300mdJ/cm? dose) overlay perfor-
mance within wafer at each measurement site; data from
10 wafers
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Figure 17 Thick resist (60um, 300mdJ/cm? dose) overlay perfor-
mance; data from 10 wafers

The features of the DSC300Gen2 can also be ap-
plied to achieve overlay targets for Fan-Out-Wafers,
where dies may be shifted due to runout effects
during the molding process or die position varia-
tions occur due to pick-and-place-robot accuracy.
The closed-loop mask heating and cooling allows
compensating for up to 30ppm runout (this cor-
responds to ~5pum die shift on a 300mm wafer). In
addition, an averaging algorithm applied to multi-
point alignment data allows the system to perform
best fit overlay of the full-field mask to the wafer.

A third method to achieve good overlay results for
Fan-Out-Wafers, that is only applicable for full-field
masks, is the use of a biased mask, which is an
efficient way in case the placement pattern on the
wafer is repeatable and known.

COST OF OWNERSHIP CONSIDERATIONS

The reduction of manufacturing costs and opti-
mization of the equipment park is a key topic in
every modern fab for semiconductor devices and
packaging services. Therefore cost effective equip-
ment that meets the technical requirements but
is not over engineered is a key to maintain profit
margins and to grow market share. Depending on
the process requirements a careful selection of the
exposure technology helps improve the cost struc-
ture. A cost of ownership comparison between the
different selections should help to demonstrate the

Figure 18 Cost of Ownership comparison of exposure techno-
logies based on a typical WLP process (1500mdJ/cm? dose)

cost impact that come along with each of the tech-
nologies (industry example shown in Figure 18).

Obviously the mask aligner technology provides
the best CoO due to the low capex required and
high throughput. The SUSS DSC300 Gen2 with its
superior technical properties still offers a ~50%
cost advantage over a traditional UV Stepper. This
additional alternative helps users to lower their
manufacturing costs for the majority of today’s
processes and ensures availability of existing UV
steppers for more critical layers.

SUMMARY

With the DSC300 Gen2 projection scanner, SUSS
MicroTec offers an alternative exposure solution to
UV steppers that provides projection lithography
performance coupled with the advantages of a full-
field exposure system. The system is designed to
extend the mask aligner capabilities and to address
the unique challenges of emerging packaging
applications at lowest cost of ownership within the
projection lithography equipment market.

The projection scanning technology is available
in two different equipment models to address dif-
ferent substrate sizes. The SUSS DSC300 Gen?2
is capable to run up to 300mm wafers while the
SUSS DSC500 is designed to process substrates
or panels up to 450x500mm.
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Figure 23 DSC300 performance using AZ4620, 20um via and wafer-to-wafer/within wafer

uniformity

12

Typical Exposure Results:

Figure 19 DSC300 performance using TOK TMMR P-W1000T,

3um L/S, 7um thick

Figure 21 DSC300 performance using HD PBO 8820,

20um via, 10um thick

Figure 20 DSC300 performance using TOK-PMER-CR4000,
80um via with side wall angle ~87°

Figure 22 DSC300 performance using AZ4620,
20um via, 10um thick

Ralph Zoberbier graduated in
Precision Engineering and
Microsystems Technology from
the University of Applied Sciences
in Nuremberg. He joined SUSS
MicroTec in 2001 as R&D Project
Manager. In 2005 he became
International Product Manager
Aligner. From 2010 — 2014, he
led the Aligner Product Manage-
ment team as Director Product
Management. With the acquisition
of Tamarack Scientific Inc. his
responsibility was extended

by complementary projection
lithography and laser process
technology. In 2014 he was
appointed to General Manager
Exposure and Laser Processing.
Ralph gained his MBA degree

in Entrepreneurship at Louisville
University, Kentucky.
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RUTHENIUM CAPPING LAYER PRESERVATION FOR 100X
CLEAN THROUGH PH DRIVEN EFFECTS

Davide Dattilo SUSS MicroTec Photomask Equipment, Ferdinand-von-Steinbeis-Ring 10, 75447 Sternenfels, Germany
Uwe Dietze SUSS MicroTec Photomask Equipment, Ferdinand-von-Steinbeis-Ring 10, 756447 Sternenfels, Germany
Jyh-Wei Hsu SUSS MicroTec (Taiwan) Co., 8F-11, No. 81, Shui-Lee Rd., HsinChu, 300, Taiwan

In the absence of pellicle a EUVL reticle is expected to withstand up  INTRODUCTION

to 100x cleaning cycles. Surface damage upon wet and dry cleaning EUV technology uses light reflected from the
methods has been investigated and reported in recent years 'l.  photomask surface rather than light transmitted
Thermal stress, direct photochemical oxidation and underlying through the substrate, which changes the photo-
Silicon layer oxidation are reported as the most relevant root-causes  mask nature for the imaging process onto the
for metal damage and peeling off 2%. An investigation of final clean  wafer-level from transmissive to reflective. So far,
performance is here reported as a function of operating pH; the the best EUV reflector design known for litho-
results show increased Ruthenium durability in moderately alkaline  graphic purposes at 13.5nm is based on the
environment. The electrochemical rationale and the dependency of  stacking multilayer concept. Schematic represen-
the reducing strength of the media with the pH will be presented as  tation of the EUV reflector scheme and the TEM
possible explanations for reduced damage. image are shown in Figure 1 1,

Silicon is easily oxidized into silicon dioxide, thus,
the EUV reticle required a protective capping layer.
This is currently accomplished by a 2-3nm lay-
er of metallic Ruthenium; this is chosen because
of its high transmission in the extreme ultra violet
wavelength range and quite high resistance toward
corrosive conditions 9,
Presently, no pellicles are available for EUV masks
to protect the pattern side from contamination
during storage, use or transport. This implies that
EUV masks are more exposed to contamination
than optical masks and thus it is expected that
Figure 1 EUV reticle schematic: Molybdenum and Silicon layers alternate to form the EUVL masks need to undergo more cleaning cyc-
ref/ecfon Ideal reﬂectiyity is found qt 4Q pairs of Mo/Si layers. 2-3nm layer of Ruthenium is les during their useful life in order to maintain high
required to protect Silicon from oxidation and damage
device production yields. With increasing cleaning
cycles mask defectivity remains one of the obstac-
les to commercial viability "#, Key to overcome this
is the development of a mask clean process that
is effective for defect removal and preserves the
integrity of the mask surface. Damage to the Ru
capping surface degrades EUV reflectivity which
can lead to critical dimension (CD) shift and non-
uniformity !,
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Therefore, it is very crucial to understand the effect
of cleaning and exposure processes on EUV mask
quality and printing performance.

A full cleaning cycle includes a surface preparation
step followed by photoresist removal, particle and
ion removal, and final clean. It has been shown that
Ruthenium damage occurs mostly during the final
clean step, where the metal layer is directly expo-
sed to cleaning chemistry 1.

In this paper we report a new chemical approach
for final clean which preserves the Ruthenium
durability up to more than 100 cleaning cycles.
Possible chemical explanations for metal preser-
vation will be proposed.

BACKGROUND

Previously, SUSS MicroTec demonstrated tech-
niques for organic removal, surface preparation,
residual ion removal and final clean without sur-
face damage on the 193i masks [ These
new techniques are based on POU UV exposure of
the wet cleaning chemistry and the mask surface
simultaneously. Recently, the major root-causes
for Ruthenium capping layer damage have been
extensively reviewed and several mechanisms for
metal damage have been proposed; two major
root causes for capping layer degradation have
been individuated:

1) Direct or in-direct metal oxidation (1%

2) Silicon dioxide formation underneath the
Ruthenium layer, leading to metal peeling
off the surface ¥

Ruthenium oxidation can occur during exposure of
the metal layer to UV-light and oxidizing agents:

Ru (metallic) + UV-light + Oxidizing agent ==>
Ru (oxidized)

Commonly used UV-light source are the two main
mercury emissions at 185 and 254 nm; oxidizing
agents are formed in-situ through the photolysis
of absorbing media such as molecular Oxygen,
Ozone or Hydrogen Peroxide.

Recently, an additional mechanism for Ruthenium
peeling off has been proposed; Oxygen, in the
form of molecule or atom (as radical) can inter-
diffuse into the capping layer, as shown in Figure 2.

Figure 2 Oxygen inter-diffusion through Ruthenium layer into the
under-laying Silicon layer €/

Under the absorber features Oxygen inter diffusion
is quite difficult to occur; however, in clear regions,
Oxygen can diffuse through the 2nm thick metal
layer and get in contact with the first Silicon layer.
This, in turn, leads to oxidation as this is very favo-
rable thermodynamic process for elemental silicon.
Amorphous silicon dioxide has a higher volume
than elemental Silicon, thus, the expansion of the
underling Silicon layer leads to Ruthenium peeling
off (Figure 3).

Figure 3 Silicon dioxide formation with resulting volume increase and Ruthenium peeling-off
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Figure 4 Average relative CD change in printed CD on wafer-level after cleaning the mask in total for 10 times; a majority of these
changes occurs between 4th and 10th cleaning process of the EUV mask (left); evidence of Ruthenium peeling at the interface between

absorber and capping layer (right) ['°1

Previous reports showed how EUV reticles can
undergo capping layer damage after only a few
cleaning cycles; Figure 4 shows a published result
from 2011, where SEM surface image documents
the Ruthenium damage in the form of massive
peeling around the absorber features.

The damage becomes even more evident at the
interface between absorber and Ruthenium cap-
ping layer. This suggested that thermal stress
could also contribute to the damage. High pres-
sure Mercury lamps used during in-situ UV process
have residual emission in the infrared spectrum,
which could in turn heat the mask materials
leading to stress and peeling off 2.

Furthermore, it has been observed that the dama-
ge depends on mask vendor origin. This indicates
a strong influence of the mask manufacturing pro-
cess on surface durability.

Especially the absorber etch process has been
reported to play a major role in the stability of the
Ru layer during cleaning [,

EXPERIMENTAL

Process parameters

All the tests were performed using the SUSS
SMT PE MaskTrackPRO (MTPRO) mask cleaning
tool. The process parameters were automatically
monitored and controlled with a standard recipe
programmed on the MTPRO tool. DI water used
for the tests was de-gassed before it was sup-
plied to the cleaning chemical distribution system.
Chemicals and gases were added into the de-
gassed water to prepare the respective cleaning
media. The cleaning media tested are: Chemical A
(4 <pH < 6), Chemical B (6 < pH < 8) and Chemical
C(10<pH<12).

Characterization

To evaluate Ruthenium damage SEM pictures were
taken at specific mask locations. TEM was used
to asses Ruthenium integrity after 100 cleaning
cycles.

sussreport 2015



TOP CORNER

Figure 5 SEM image of Chemical A treated EUV test pattern: Ruthenium capping layer peeling-off was observed in the top and bottom mask corners

MASK CENTER

(left and right images). No damage was observed for the central region of the EUV mask

EXPERIMENTS PERFORMED, RESULTS AND
DISCUSSION

Repeated final clean cycles, up to 100 times, have
been performed by using in-situ UV technology.
A water solution at pH comprised between 4 and
6 was used as baseline (Chemical A). The organic
removal mechanism has been reported as direct
Carbon activation through absorption of light fol-
lowed by reaction with molecular Oxygen leading
to consecutive oxidation steps; the final decompo-
sition products of this photochemical reaction are
CO, and water 2. Ozone formation through media
absorption at 185nm, followed by photolysis into
Hydroxyl radicals, also contributes to hydrocarbon
decomposition. Figure 5 shows SEM image at dif-
ferent surface locations of Chemical A (4 < pH < 6)
treated EUV test reticle after 100 cleaning cycles.

Massive peeling off was observed for Ruthenium
at the top and bottom areas of the test EUV mask.
Only the central area of the mask resulted in
undamaged capping layer; this observation de-
monstrates once more that the absorber etching
parameters play a major role in the surface integrity
upon repetitive cleaning cycles 19,

Electrochemical motivation

As explained, one major root-cause for Rutheni-
um damage is direct metal oxidation ['%. The 100X
clean experiment was conducted in water solution
of Chemical A, which had a measured pH com-
prised between 4 and 6. A review of the electro-
chemical behavior of possible Ruthenium states
(metallic ruthenium or ruthenium oxides) is requi-
red to individuate the best media environment for
reduction or elimination of the damage. Figure 6
shows the Pourbaix diagram for Ruthenium.

Figure 6 Pourbaix diagram for Ruthenium. Electrochemical
potential for ruthenium and ruthenium oxides is decreasing with
increasing pH 119

BOTTOM CORNER
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Pourbaix diagrams are a schematic representation
of the electrochemical potential (i.e., the amount
of energy needed to get oxidation) respect to pH.
These diagrams are strictly holding in solution pha-
se, but can provide a fair estimation of the oxidation
behavior of the possible involved ruthenium oxides
(and metallic ruthenium). At higher electrochemical
potentials, i.e., in highly oxidizing conditions, RuQ,
is expected to be formed. This oxide is extremely
volatile (boiling point 40° C), thus leading to surface
etching upon its formation. The Pourbaix diagram
shows how at more alkaline pH values the system
is in a reducing environment, with more stable lo-
wer oxidation state oxides or hydroxides such as
RuO, or Ru(OH)s 18, Based on this scenario we
decided to investigate the Ruthenium damage as
a function of operating pH. A shift at more alkaline
pH was then decided to check if direct metal oxi-
dation has a major role in the damage mechanism.
To further motivate the choice of shifting the pH at
more alkaline pH we reviewed the electrochemical
behavior of different Ruthenium oxides at alkaline
pH values along with electrochemical properties
of aqueous alkaline media. Literature reports the
ability of Hydroxide ion to be a good one electron
reducing agent ['7):

OH +M==>0H +M" ()

Equation (l) shows the one electron transfer to a
generic metal center, with production of reduced
M™ and OH’. As confirmation of the reducing pow-
er of Hydroxyl ions, the literature reports how RuO,
is reduced into more stable RuO, and RuO.*> at
alkaline pH '8l

RuO, + 20H™ ==> RuO, ~ + 20H" (ll)
Equation () shows Ruthenium tetra oxide reduc-

tion by means of two mono-electron reducing
events.

With emitting light sources at 185nm Hydroxyl
radicals can be formed (by light absorption from
water and Oxygen, leading to atomic oxygen
which in turn reacts with water to lead to OH);
also, equations (I) and (Il) show as the reaction
byproduct of metal reduction in alkaline media is
Hydroxyl radical; however, literature reports that
Hydroxyl radical is partially converted into O
radicals in alkaline media:

OH ==>0""+H" (ll)

This can be written as a simple reaction between
OH" and OH™:

OH +OH ==>0"+H:0 (V)

This conversion is quantitative for pH>12 and par-
tial at pH = 10+12. O~ can be exposed to the
same reactions as OH', however its negative char-
ge reduce its electrophilic character, i.e., in the
presence of a metal center the one electron oxi-
dation process is less favorable respect to OH" (19,
As for organic removal, where the mechanism is
mostly by Hydrogen abstraction, their behavior is
very similar ©9, This shows how conversion of OH
radicals into O'” radicals prevents metal oxidation.
In presence of light source emitting below 200nm,
Ozone is likely to be formed, due to UV-light ab-
sorption from dissolved molecular Oxygen; Ozone
will be readily converted into Hydroxyl radicals,
however, if the conversion is not quantitative, some
un-decomposed Ozone could still be in solution.
Molecular Ozone is reported to be cause of sur-
face oxidation for EUV mask cleaning ?'. In alkaline
conditions, however, Ozone is readily converted to
Hydroxyl radicals @

2035+ OH™ ==> OH" + 30>

This may further minimize the risk of direct surface
oxidation.
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Our literature overview of the electrochemical
properties leads to the following conclusions:

1) Alkaline pH values represent a reducing
condition (lower electrochemical potentials
for Ru oxides; Figure 6) '

2) OH as such, can act as reducing agent;
RuQ, that could arise from direct metal
oxidation can be efficiently reduced back to
RuO.?"(equations | and II) (@

3) Hydroxyl radicals (arising from 185nm
exposure or by-product of reduction with OH"

shown in equations | and Il) are partially 30X Cleanings 60X Cleanings
converted into less oxidizing O~ species.
O’ are less aggressive toward metal centers, Figure 7 SEM images taken at different mask locations after cleaning of EUV test reticle at

pH comprised between 6 and 7 (Chemical B) Left: after 30X cleaning cycles no Ruthenium

and equally efficient toward organic
damage is found. Right image: after 60X cleaning cycles, peeling off of metal layer was

degradation (1929

4) Any generated Ozone is readily converted into
Hydroxyl radicals and then into less oxidizing
O’ ions, thus minimizing risk of surface
damage 1

The above described four conclusions, in combi-
nation with experimental results from Chemical A
treatment during final clean, which were conduc-
ted at acid pH (between 4 and 6), directed us to
decide to run extensive (up to 100 cleaning cycles)
at increased pH. We planned to run experiments at
two different pH values, such as:

a) Chemical B, 6 <pH <8
b) Dissolved strong base at high dilution,
Chemical C, 10 < pH <12

observed

Chemical B, pH comprised between 6 and 8.
Results.

Given the results collected by using Chemical A as
cleaning media, we thought to use Chemical B at
pH comprised between 6 and 8 as intermediate
experiment to check if a slight increase in pH would
have led to any improvement in surface integrity. A
test pattern EUV mask was cleaned multiple times
in Chemical B and AFM inspection followed every
30 cleaning cycles. Figure 7 shows SEM images
collected after 30 and 60 cleaning cycles:

After 30 cleaning cycles in Chemical B no Ruthe-
nium damage was found, whereas at 60 cleaning
cycles peeling off of the metal layer was obser-
ved. The experiment was not brought up to 100
cleaning cycles because a visible damage was
already present after 60 cycles.
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Chemical C; molecular motivation.

In section “Electrochemical motivation we have
provided motivations for choosing alkaline che-
mistry during final clean of EUV mask.

After having performed experiments at pH com-
prised between 6 and 7 we wanted to bring the
pH to more alkaline values, such as between 10
and 12. Higher pH values (>12), although favorable
in terms of oxidation chemistry, would have high
risk of metal dissolution through the formation of
soluble hydroxides. pH driven effects could not be
the only ones playing a role in surface preserva-
tion. In section “Background® we have reported
the current root-causes for Ruthenium peeling, and
mentioned a direct oxidation and Oxygen inter-dif-
fusion as most relevant root-causes. The alkaline
pH could cover the direct oxidation root-cause;
however, Oxygen inter-diffusion has little to do with
pH. To address this equally relevant root-cause for
Ruthenium damage we have made molecular and
reactivity considerations on choosing the appro-
priate base. As a matter of fact, the molecular
structure of the used base could play an important
role in surface integrity.

Literature reports a strong molecular size depen-
dent effect happening during alkaline silicon and
silicon dioxide etching; the bigger is the positive
counter-ion used, the slower is the etch rate into
the silicon, because bigger positive ions electro-
statically bond on the silicon surface and prevent
further diffusion into the bulk silicon (blocking effect)
3l Ammonia is very often used as a base during
semiconductor cleaning; however the small size of
the NH," cation represent a high risk for oxygen in-
ter-diffusion through the Ruthenium capping layer.
For this reason, Chemical C was chosen to be:

- A strong base

- A base with molecular structure such that
the positive counter ion is much bigger
comparing to NH," ion

Both Ammonia and Chemical C bases give in so-
lution Hydroxide ions, thus both bases could be
used for pH adjustment. However, the (positive)
counter ion dimensions are quite different, with the
B* ion being substantially bigger than NH,* ion.

For these explained reasons we have chosen to
conduct our experiment at pH comprised between
10 and 12 by using as a base such BOH. BOH
was also chosen to be a non-coordinating agent.
Coordinating agents (i.e., compounds capable to
establish a direct bond with metal center through
available external electrons) can in fact promote
metal dissolution though the formation of solu-
ble complexes; Ammonia is a good coordinating
agent, whereas BOH is not.

To avoid possible interaction with cleaning UV
mechanism (i.e., direct absorption of Hydrocar-
bons at 254nm) we verified that absorption at
254nm of chemical A, Chemical B and chemical
C was very low. Negligible absorption at 254 nm
is measured for the three used media, thus direct
absorption of Hydrocarbons at 254 nm is not influ-
enced by media absorption. Residual absorption
of BOH at 185nm could be expected, however
massive photolysis can be excluded due to the
very low BOH concentration in solution.

Chemical C, pH comprised between 10 and 12.
Results.

Extremely diluted BOH solutions (10 < pH < 12)
were used to run cleaning cycles and evaluate
surface integrity afterword. Figure 8 shows SEM
images of EUV test pattern after 30, 60 and 100
cleaning cycles.

AFM images revealed that after 30, 60, and 100
cleaning cycles Ruthenium peeling off was not ob-
served; only in a single spot, an increase in surface
roughness was observed.
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SEM IMAGES AFTER 30 CLEANING CYCLES

SEM IMAGES AFTER 60 CLEANING CYCLES

SEM IMAGES AFTER 100 CLEANING CYCLES

Figure 8

Top image:

SEM pictures at
different mask locations
taken after 30 cleaning
cycles in Chemical C;
no Ruthenium damage
was observed.

Middle image:

SEM pictures with
same chemistry and

in the same mask
locations taken after
60 cleaning cycles;

no Ruthenium damage
was observed.

Bottom image:

SEM pictures with
same chemistry and
in the same mask
locations taken after
100 cleaning cycles;
no Ruthenium damage
was observed, one
single mask location
showed increased
roughness, without
evident surface
damage.
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To asses Ruthenium integrity, TEM analysis was
performed on Ruthenium capping layer; Figure 9
shows TEM results.

Figure 9 TEM image of Ruthenium capping layer of EUV test
pattern reticle exposed to in-situ UV final clean for 100 cleaning
cycles with alkaline (10 < pH < 12) chemistry. The image shows
uniform Ruthenium layer without damage; this is on top of a
single Si/Mo layer; also the underlying silicon does not increase
its volume, ruling out massive Silicon oxidation

The SEM image shows preserved Ruthenium in-
tegrity; the metal layer looks uniform and without
damage. A mono-layer of Si/Mo has been used for
this test EUV mask; the Silicon layer appears un-
damaged and uniform through the whole scanned
area. Massive Silicon oxidation can be excluded
because no increased volume has been observed.

CONCLUSIONS

EUV masks are more likely to be cleaned due to
the lack of pellicle respect to traditional 193nm
Mask. Particle deposition and carbon contamina-
tion can occur in several points in time of the mask
lifetime, like during handling and exposure steps;
along with these degrading effects Ruthenium da-
mage is often observed in the form of volatile RuO,
formation. In this paper, the latest proposed root-
causes for Ruthenium damage have been recalled;
direct metal layer oxidation, and underlying silicon
dioxide formation are presented as major root-
causes for capping layer peeling. A review of the
electrochemical properties of Ruthenium oxides
shows how alkaline pH place the metal layer into
reducing conditions, thus optimal to decrease risk
of direct Ruthenium oxidation. The ability of Hydro-
xyl ions to act as reducing agent is also recalled;
furthermore, hydroxyl radicals convert into less
oxidizing O™~ species in alkaline media. Any un-
dissociated molecular Ozone is also rapidly con-
verted into Hydroxyl radicals. These theoretical
considerations were tested by running sequential
cleaning experiments at increasing pH (Chemical
A, 4 < pH < 6; Chemical B, 6 < pH < 8; Chemical
C, 10 < pH < 12). Results show decreasing da-
mage with increasing pH, and Ruthenium capping
layer preservation after 100 cleaning cycles when
operating at pH comprised between 10 and 12.
Molecular effects (such as blocking effect) cannot
be ruled out; thus, the choice of base for alkaline
conditions may be of crucial importance. For an
extensive understanding of surface integrity me-
chanism, further experiments are conducted by
varying the base molecular structure, to separate
pH from molecular symmetry driven effects. Weak
vs strong bases, coordinating vs non-coordina-
ting bases as well as small vs big molecular sized
bases are being tested.

“This paper has been originally published as SPIE Vol. 9635-47
(2015)”
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ULTRA-SMALL VIA-TECHNOLOGY OF THINFILM POLY-
MERS USING ADVANCED SCANNING LASER ABLATION

Michael Tépper, Martin Wilke, Klaus-Dieter Lang Fraunhofer Research Institution for Reliability and Microintegration IZM, Berlin, Germany

In this paper a new process technology will be discussed which uses
a laser scanning ablation process. Laser ablation of polymers is in
principle not a new technology. Low speed and high cost was the
major barrier for further developments twenty years ago. But the
combination of a scanning technology together with a quartz mask
has opened this technology to overcome the limitation of the current
photo-polymer process. The new technology is described in details
and the results of structuring BCB down to less than 4 um via dia-
meter in a 4 um thick film has been demonstrated. The via-side wall
can be controlled by the fluence of the laser pulse.
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INTRODUCTION

There is a strong demand to increase the routing
density of substrates, interposers and on-chip rou-
ting to match the requirements for future micro-
electronic systems which are mainly driven by
miniaturization and performance. Photo-resists for
structuring the metallization or acting as a mold
for electroplating are common for very fine lines
and spaces supported by the developments in the
front-end processing. For example chemical ampli-
fied photo-resists are now moving in the back-end
and wafer-level packaging process. The results are
mainly governed by the performance of the equip-
ment i.e. the photo-tool. The major difference bet-
ween photo-resists and dielectric photo-polymer
are the unequal functions of the material systems.
Photo-resists are only temporary masks for sub-
sequent process steps like etching and plating.

This is different for the photo-polymers which are a
permanent part of the future systems. Therefore it
has a strong influence on the reliability but also on
the performance of the system. Properties like high
thermal stability, excellent mechanical properties,
low water up-take, low dielectric constant and low
loss have to be achieved together by the chemical
synthesis of the polymer and are therefore limiting
the optical resolution.

Depending on the application the importance of
the polymer properties may be different. Highly
important are also the following properties:

Cu-Compatability

Low temperature cure

High Breakdown V

Low cost by alternative processes

Mainly photo-polymers are used for electronic
packaging and MEMS applications today. Mask
aligners and steppers with UV light are used. For
most of the thinflm polymers like Pl (Polyimide),
PBO (Polybenzoxazole) and BCB (Benzocyclo-
butene) limits of the via sizes are in a range of 20-
30um in production. The lithography tools have a
much higher resolution but the photo-sensitivity of
the thinfilm polymers are limited which is not more
compatible for the roadmap of 4um lines and
space of the metallization in the near future. Vias
must have similar sizes as the metal lines to achie-
ve a dense routing.
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LASER ABLATION TECHNOLOGY

Pulsed-laser ablation is a process when material is
removed by a short high-intensity laser pulse. This
ablation takes place far from equilibrium. Therefore
the excitation energy can be suppressed beyond
the volume that is ablated during the ablation.

In general a single- or multiphoton excitation is es-
sential for the process. This energy can be trans-
formed instantaneously into heat which will raise
the temperature of the material and vaporization
will follow (or thermal induces stress if the energy
was too low).

Each material has a threshold for the laser ablati-
on. If the fluence is below this threshold the energy
of the laser will be absorbed and transferred into
heat. The threshold value for laser ablation is in the
range of 10-100mdJ/cm? for polymers. The bon-
ding energies of C-C and C-H are between 3.6eV
and 4.3eV. If the fluence of the laser is higher as
this threshold the laser ablation process starts
immediately. The chemical bonds will break and
gaseous products will be formed. The enormous
change in volume changing from the solid state to
the gaseous state leads to an explosive-like abla-
tion process.

PROCESS DESCRIPTION OF LASER ABLA-
TION TECHNOLOGY COMPARED TP PHOTO-
POLYMERS

The process for structuring photo-sensitive poly-
mers consists of multiple steps. First the polymer
(in the pre-cursor state) has to be coated on the
substrate mainly using spin-coating technique for
WLP applications. Emphasis has to be taken into
account that these polymers are temperature-
sensitive. The shelf-life of some of the materials is
limited to one week at room temperature. Therefo-
re a sophisticated material support has to be es-
tablished from the polymer supplier to the pump
of the spin-coater module at the wafer production
site. After the coating most of the solvent has to be
removed from the coated polymer layer by heating

the wafer on hotplates. This process has a high
influence on the whole process and has to be op-
timized for each polymer type. If the temperature
(or time) of the process is too high (or too long)
the photo-sensitive components will be damaged
which will heavily limit the resolution of the via. If
the temperature (or time) is too low (or too short)
the vias in the polymer will be not formed well. It
may even lead to a dissolving effect in the later
developing step. After the baking process the
photo-polymers are exposed to UV light using
either mask aligner or steppers. Some of the
photo-polymers then need a post-exposure bake
to improve the UV-induced chemical reaction in the
polymer. Then the polymers have to be developed
i.e. the polymers have to be washed out of the vias.
There is a difference in the process for positive-
or negative-acting polymers which is shown in
Figure 1:

Figure 1 Comparison of process of the photo-sensitive polymers vs. laser ablation process

The developing step is also very sensitive to the
duration of the process. The developing solvent
may swell the polymer and may lead to a strong
film loss (i.e. reduction of film thickness) or even
a complete delamination. The next step is then
the polymerization process (i.e. called cure) which
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gives the mechanical properties for the later appli-
cation. Some of the polymers will shrink to close
to 50% of the film thickness which also has an
influence on the via shape. For some of the po-
lymers a descum process is necessary to remove
any residues in the via to ensure a low electrical
contact resistivity for the next metallization layer.
In summary the photo-process is a quite complex
process which has multiple time- and temperature-
sensitive process steps.

This is totally different for the laser ablation process
of non-photo-sensitive polymers. All these sensiti-
ve process steps are not necessary. The thin film
polymer is coated on the wafer similar to the photo-
polymer step but the cure will be done as the next
step. Final process is the laser ablation process
described in details in the next chapter. The pro-
cess can be also used for photo-sensitive poly-
mers if the cure is done directly after the coating.

LASER SCANNING ABLATION PROCESS
USING A MASK

The wavelength of the system used for this inves-
tigation is 248 nm which is excellent to pattern a
wide variety of dielectrics. The excimer is a power-
ful, pulsed, ultraviolet laser that is well-proven in
microlithography.

The laser ablation process can be simply des-
cribed by as the removal of the polymer without
damaging the surrounding areas. No cracks or
any other heat affected zone should limit the high
density applications.

When a high-energy UV-Laser pulse is focused
onto a material so that the intensity (which is mea-
sured as the fluence) is above a material-dependent
threshold value, then the high energy ultraviolet
photons directly excite electrons and break inter-
atomic bonds. This threshold is quite important
because it can be used to structure polymers
on top of inorganic materials without destroying
the metal underneath for example because the
threshold of metals is mostly very different to the
threshold of dielectric materials.

Along with the subsequent shock wave, this cau-
ses material to be ejected at high velocity in the
form of a fine powder. Each pulse lasts a few na-
noseconds and removes a thin layer of the polymer.
It is assumed that the process is relatively cold.
Unlike most other laser types, the excimer produ-
ces a large area beam that is usually rectangular
in cross-section. This has the advantage to be
highly compatible with the use of photomasks. Main
requirement for the mask is the transmission of
the glass material to the wavelength of the laser.
Therefore quartz has to be used. For the light
blocking metal Al is most suitable due to a very
high threshold level which makes the mask stable
for a long production cycle time. The UV laser
beam path of the equipment of SUSS MicroTec is
shown in Figure 2:

Figure 2 Eximer UV Laser Beam Path

The aluminum is patterned as the inverse of the
pattern to be structured on the actual polymer lay-
er. The openings in the metal on the mask define
the pattern that will be laser ablated.

The photomask output is then reduced through a
reduction lens (2.5x) onto the target — the targeted
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area depends on the laser power and the ablation
threshold of the target material. In this work a laser
ablation system from SUSS MicroTec (ELP 300)
has been used. The laser was a Coherent LXPpro
305 with a power of 40W. The laser characteristics
are summarized below:

Wave length: 248 nm (KrF)
Shoot repetition rate: 50Hz
Puls length: ~ 30ns

Beam spot size: 6,5x6,5mm?
Fluence range: 70-650mdJ/cm?

Therefore the throughput is very high (i.e., multiple
vias per second) and at higher pitches, the number
of vias per second actually increases. The reason
is that the amount of material removed with each
laser pulse, i.e., the depth of any hole or trench,
is dependent only on the pulse intensity and the
specific materials to be ablated.

So only the stepping of the mask is the limiting
factor for the process besides the nature of the
polymer and the thickness of the layer (Figure 3).

The maximum scan speed is therefore 50/s x
6.5mm = 325mm/s.

Because ablation directly breaks the interatomic
bonds with minimal thermal effects, it results in
excellent surface quality, no micro-cracking and no
recast (melted) debris. The only postlaser process
is a cleaning step.

The smallest feature (x-y axes) that can be ablated
with the laser depends on the laser wavelength,
the optical resolution of the projection lens and the
photomask.

The precision depth control in z-axis is controlled
mainly by the number of pulses. The high pulse-to-
pulse energy stability of the latest excimer lasers
means that every pulse will remove an identical
depth of material. So depth control is easily pro-
vided simply by programming a fixed number of
pulses at each stepper site location. In addition,
excimer laser ablation even allows control of side-
wall angle, by adjusting the laser intensity (fluence)

Figure 3 Scanning laser ablation process
and other means. A higher fluence produces a via
or trench with steeper sidewalls, whereas a lower

fluence results in a shallower side wall which has
been proven using BCB (Figure 4):

Figure 4 Sidewall angel of dry-etch BCB structured by laser ablation for different via sizes
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Dry-etch BCB has been used for this investigation
with a thickness of around 8 um on 200 mm wafers
using a test mask with via sizes between 20pum
and 30um. With a low fluence the sidewall is in
a range between 67° to 71° influenced by the via
dimension on the mask. The angel can be as high
as 83° if the fluence is increased to 650mdJ/cm?.
This is different to the photo-sensitive polymers.

LASER ABLATION PROCESS OF BCB

The main requirement for a successful ablation
process is the absorption of the polymer to be
ablated to the UV light of the laser system. This has
been already tested for BCB in the past.

For the evaluation of the laser ablation process
BCB has been coated on 200mm oxidized Si-
wafers. The BCB was the so-called dry-etch BCB
(Cyclotene 3000 series, trade-mark from The Dow
chemical Company). The BCB-process was done
according previous published results using an
adhesion promoter before BCB coating. The BCB
was fully cured at 250°C for 90 min.

Each pulse removes a certain amount of material.
The etch rate of the process is the amount of
material removed by each pulse. The ablation rate
is higher for larger fluence which is also shown in
Figure 5:

Figure 5 Etch rate of BCB vs. fluence

The etch rate is less than 50nm for low fluence of
100mJ/cm? and can reach over 250nm per pulse
for the high.

CLEANING PROCESS OF

LASER ABLATED BCB

One of the few disadvantages of laser ablation pro-
cesses is the fact that some of the ablated material
will condense as a kind of dust on the layer. There-
fore a cleaning process is essential to avoid any
interference with the subsequent process steps.
No changes to this for the laser scanning process
introduced here.

One approach has been evaluated which is also
common in laser ablation technology: The usage
of a protection layer (Figure 6):

Figure 6 Principle of a protection layer for laser ablation

In this case a very thin layer of an addition thinfilm
polymer is deposited on the BCB or other polymer
after the cure. It acts as a sacrificial layer. Any re-
sidues which will fall as a debris on the polymer
not being ablated will be removed after the process
using a simple stripping process. The advantage
of the process is that very mild stripping solvents
can be used for this process. An example is given
in Figure 7:

Figure 7 Cleaning process: After laser ablation (left) and after
stripping the protection layer (right)

The debris is well visible on the BCB on the left
hand side of Figure 7. No residues are in the
opening which are here small lines. The stripping
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process is then removing the protection layer to-
gether with all debris (right hand side in Figure 7).
The main advantage is the usage of very mild strip-
per which will not affect the surface chemistry of
the polymer layer. Even water-soluble protection
layers are under investigation by the authors. The
disadvantage is the additional process step which
implies a coating process of polymeric layer after
the cure of the polymer being ablated. This might
require an additional coater module in production.
Therefore a trade-off has to be made between the
process line and the impact on the surface che-
mistry by the stripping solvents which may vary for
different polymer.

TEST LAYOUT FOR LASER ABLATION
PROCESS EVALUATION

The prime property to judge the quality of a new via
formation process is the electrical contact resis-
tance between the metallic layers. Therefore a test
mask has been designed to give feedback from
electrical point of view. A classical two-layer metal-
lization has been designed which gives informa-
tion about single via resistance using 4-Point Kelvin
structures. The metal layers are structured using
full-field mask aligner technology. 200mm wafer
size was chosen for this evaluation. The equipment
is fully compatible to 300 mm wafer technology but
200mm was chosen to save cost.

There was no issue to adjust the alignment marks
generated by the mask aligner to the mask of the
laser ablation tool. The optical resolution of the
tools is correlated to a precise alignment system
for an accurate layer-to-layer registration. This is
done by an automated alignment system — global
and site-on-site with autopattern recognition. Front
side alignment precision is much below +1pm.
Details of the test structure are shown in Figure 8:

Figure 8 Kelvin test structure for the electrical validation of the process (left: design,

right: example for Al/BCB/Al)

The via sizes have been varied on the laser mask
between 2um and 30um to see the limits of the
process. A via with a mask dimension of 10um in
4 um thick BCB is shown in Figure 9:

Figure 9 Laser-ablated BCB via (10um mask, 660mdJ/cm?)
The opening is around 9.3pum at the top and

7.9 um on the bottom. The result for the 7 um mask
dimension is shown in Figure 10:

Figure 10 Laser-ablated BCB via (7 um mask, 660mdJ/cm?)
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Figure 11 Laser-ablated BCB via (5um mask, 660mdJ/cm?).
Platinum (necessary for FIB) is visible in the middle of the via

For this mask the via size is less than 6um on the
top. A via with 4pm opening on the top and less
than 3um on the bottom can be achieved with
the 5um mask. Such small vias have never been
published for BCB using mask aligner or stepper
technology.

The threshold of different sputtered metals has
been compared. Values of 1000 mdJ/cm? threshold

for sputtered Cu and Al have been published. To
verify this data for this new process and expand
them to plated metal the following three metalli-
zation schemes for the first metal layer have been
tested in this evaluation: 1 um AISi, 1 um sputtered
Cu (200nm TiW underneath) and 1pm plated Cu
on 300pum Cu with a 200nm TiW layer as an adhe-
sion layer. All test were done on 200mm Si wafer
with an 100nm Oxide layer.

A comparison of these metals for metal 1 in the
laser ablation process is shown in Figure 12:

The FIB (focus ion beam) cuts show the clean in-
terface between the metal 1 and metal 2. No metal
was damaged by the laser process.

This indicates the large difference in the threshold
between polymers like the BCB and the metal like
Al or Cu. No difference haven been found between
sputtered Cu and plated Cu. All sample had an
protection layer for the removal of the debris. No
descume-like process was used after the removal of
the protection layer. Standard back-sputtering of
Ar was used before the sputtering of metal 2 (AISi).

Figure 12 Laser-ablated BCB via on AlSi (left), sputtered Cu (middle) and plated Cu (right) (20um mask, 650mdJ/cm?), Met 2: 1um AISi sputtered
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SUMMARY AND CONCLUSION: COMPARISON
OF LASER ABLATION VS. PHOTO-LITHOGRA-
PHY

Lithography in general is a multi-step process
involving developers and other wet chemicals
making it increasingly unattractive. All the risks and
cost associated with these chemicals, and their
safe handling and disposal can be eliminated using
the laser ablation process. Like every other indus-
try, advanced packaging and interposer manu-
facturing is under pressure to use greener manu-
facturing that is less polluting and more energy
efficient.

It is important to distinguish excimer ablation from
laser direct imaging called LDI. Excimer laser
ablation is a direct one-step subtractive process
which do not need any developing agents for
structuring. Only a cleaning step is required after
the structuring process. LDI needs photo-sensitive
material and more linked to classical photo-litho-
graphy if the process flows are compared except
that a focused laser beam directly writes a pattern
on a resist instead using a mask. With this new
process the resolution of the BCB has been impro-
ved by a factor of around 10x (Figure 13).

This technology is currently under evaluation for
other polymers like Pl and PBO. First results are
similar to BCB.
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EVALUATION OF A NOVEL EXPOSURE CONCEPT
TO ENHANCE THE CAPABILITIES OF MASK ALIGNER
LITHOGRAPHY AT LARGE PROXIMITY GAPS

Frank Windrich Fraunhofer [ZM-ASSID, Ringstrasse 12, 01468 Moritzburg, Germany
Uwe Vogler SUSS MicroOptics SA, Rouges-Terres 61, Hauterive, CH 2068, Switzerland
Marc Hennemeyer SUSS MicroTec Lithography GmbH, Schleissheimer Strasse 90, 85748 Garching, Germany

In the first instance, mask aligner lithography
seems to be quite simple. A geometric pattern on
a photomask is transferred into a light-sensitive
photoresist by exposing both with ultraviolet light.
The mask and the wafer can be in close contact
or in a certain proximity gap. Contact prints deliver
the best resolution down to the order of the wave-
length of the illumination light. The drawback is,
that contact between mask and wafer can lead to
a contamination or even result in a damage of the
mask or the wafer. Contamination deteriorates the
best possible contact whereby small features will
not be transferred sufficiently into the resist. There-
fore in mass production usually a proximity gap is
used, which ensures that wafer and mask will not
get in contact. Depending on the process and the

Figure 1 Simplified view of a Mask Aligner illumination system referred to as MO Exposure

Optics

32

substrate, for most applications the gap is between
20 and 200um. As the resolution decreases with
bigger gaps, the smallest mask feature size must
be increased. Enhancement of the capabilities of
conventional mask aligners allows cost effective
lithography and will meet the strong demand to
increase on-chip routing density in the field of
2.5/3D integration and advanced packaging.
Here, the novel SUSS MO Exposure Optics was
used in combination with diffractive mask patterns
to improve the lithographic capabilities. Using
Fresnel zone plates (FZP) as diffractive elements
on the chromium mask in combination with the
novel MO Exposure Optics allows minimizing the
structure size at large exposure gaps. This enables
the usage of conventional mask aligner technolo-
gy to structure photosensitive materials for a wider
application field, e.g.: structuring inside deep fea-
tures (like fluid channels, backside through silicon
vias), on high topographies or inside Taiko wafer
cavities and achieve higher resolution at the same
time [+21,

The MO Exposure Optics stabilizes the illuminati-
on and creates a defined angular spectrum at the
mask plane. The optics makes it possible to design
and shape this angular spectrum. The principle of
the illumination optics is shown in Figure 1. It con-
sists of two microlens-based Koéhler integrators.
The first integrator decouples the light source from
the rest of the system. This means that the optical
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performance after this integrator will not be influ-
enced by the small adjustment errors of the light
source. In production, this will lead to significantly
decreasing adjustment times. The second func-
tion of the first integrator is to illuminate the area
of the second integrator uniformly. The second mi-
crolens integrator illuminates the mask plane. The
huge amount of lenses ensures not only a uniform
irradiance of radiation but also an absolute stable
angular spectrum of the radiation. Because the in-
tegrator 2 is illuminated uniform by the first integra-
tor, the radiation is also uniform within the angular
spectrum. To define the angular spectrum, apertu-
res can be placed before the integrator 2. They are
referred to as lllumination Filter Plates (IFPs)/angle
defining element. So it is possible to print with a
mask aligner with a never seen stability and a free
to design angular spectrum ¥,

DIFFRACTIVE MASK ELEMENTS

The following approach shows the design of dif-
fractive optical elements — so called Fresnel Zone
Plates — on the mask. The Fresnel zone plate (FZP)
was invented by Augustin-Jean Fresnel. It focuses
light at a certain focal length, similar to a refracti-
ve lens, but using diffraction. It consists of circular
absorbing and transmitting zones. All zones have
the same area. The most economical way to realize
a FZP for mask aligner lithography is to use trans-
parent glass and opaque chrome zones that alter-
nate. For a certain focal length f the radii of the
ring-shaped zones r, are given by the relation

where n is the order of the zone and A is the wave-
length. As can be seen from the above formula,
for best results single line exposures have to be
performed. Since the mask aligner has its peak
intensity at the 365 nm-wavelength (i-line) and also
many photosensitive materials are i-line sensitive,

Figure 2 Light distribution behind a mask with a Fresnel zone
plate and a single circular element in the range of Oum till 600 um

the following simulations and experiments where
all made at i-line wavelength. In Figure 2 the diffe-
rence in the mode of function between a FZP and
a conventional mask structure is shown. For a
conventional structure the pattern shape is casted
1 by 1 on the image plane directly under the mask.
The bigger the distance of the image plane from
the mask gets the more the shape gets deformed
by diffraction and the more light is scattered out
of the area under the opening. Caused by this the
contrast gets too small to transfer the structure 1
by 1 into the resist at a certain proximity gap.

In contrast, the FZP produces a focal point like a
refractive lens at a certain focal distance, where-
as smaller gaps lead to images, which will be not
usable. The focal distance of the FZP is defined
by its geometrical layout. When keeping the num-
ber of zones and therefore the numerical aperture
of the FZP constant, the focus spot size is pro-
portional to the chosen focal distance. Identical to
a refractive lens, the distance range in which the
distribution of irradiance is stable, defines the
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depth of focus (DOF). By increasing the number
of rings, it is possible to achieve smaller resolu-
tions at the same focal distance, but the size of
the DOF will decrease. FZP are originally designed
for illumination with totally collimated light. By
engineering the collimation angle of the incident
light it is possible to tune the size of the focus
point to the desired spot size. This tuning capabili-
ty is of course limited by the maximum collimation
angles available in the optics.

In Figure 3, you can see the cross section through
the focal plane of FZPs for certain proximity gaps.
All FZPs consisted of three transparent Fresnel
Zones.

EXPERIMENTAL

In order to demonstrate the lithographic perfor-
mance of such FZP structures a 14” sodalime
glass mask with 8 different FZP designs was crea-
ted. Examples of the FZP design are shown in
Figure 4.

a) FZF, 3 rings, 110um pitch, 300um gap

c) FZR, 2 rings, 110um pitch, 400um gap

Figure 4 Overview of 4 FZP designs with 55um and 110um pitch and variable ring number
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Each FZP is designed with a specific number of
Fresnel rings and optimized to a theoretical proxi-
mity gap, equivalent to the selected focal distance.
The pitch was either 55pum or 110pum. The number

Figure 3 The size of the focal point depends on the design of
the FZR, which is defined through gap and number of rings.

The graph shows the cross section of the focal point for different
gaps and FZPs with 3 rings

b) FZR, 2 rings, 55um pitch, 300um gap

d) FZR, 4 rings, 110um pitch, 800um gap

of rings is limited by the desired pitch. A higher ring
number leads to partial overlapped FZP structures,
when the pitch is getting too small. This will affect
the focus properties of the FZP.
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Table 1 gives a detailed overview of all 8 FZP
designs on the test mask. The CD tolerance for
generating the chromium mask requires low writing
tolerances. The FZP mask was manufactured with
a CD tolerance of £0.25um. The minimal feature
size for the smallest ring was 1.4um. 2 testchips
with 20x20mm size were created and divided into
4 sub-dies by 10x10mm area each. Each sub-
die corresponds to one FZP design, respectively.
These two testchips were alternatively repeated
over the entire 14” glass mask to cover the 300mm
substrate.

The testmask was used to investigate the litho-
graphic printing performance using two different
photoresist materials. A standard positive tone
AZ9260 resist with 10pum film thickness was used
as one material. The second material was a che-
mical amplified resist used usually for bumping and
uPillar applications. Therefore, the thick film posi-
tive tone photoresist AZ IPS528 was coated in a
thickness range of 50um. The experiments were
done at Fraunhofer IZM-ASSID on 300 mm silicon
substrates primed with HMDS using a SUSS
MA300 mask aligner. As lllumination Filter Plate
(IFP) an in diameter variable circle aperture — an iris
diaphragm — was used in the optics setup to adjust
the UV light power and the maximum collimation
angle.

Beginning with the FZP designed for 300 pm proxi-
mity gap and the 10um thick AZ9260 photoresist
the impact of the IFP diameter was studied at con-
stant exposure times (t=40s). The proximity gap
was adjusted to 300um and the IFP diameter was
varied to adjust the light power between 0.8 mW/
cm? (~10mm IFP diameter) to 15.2mW/cm?
(~70mm IFP diameter). The SEM X-section results
are shown in Figure 5 exemplarily. It is clearly
shown that the FZP gives best focus properties,
when the iris was adjusted to minimal diameter.
A bottom CD in the 5um range is achievable with
an impressive steep resist profile at this rather high
proximity gap. An increase in the IFP diameter
(higher power) leads to bigger CD values due to an

Gap 100 2 26,76 12,09 1,42 (1) 55pm Pitch
Gap 200 2 37,8 17,09 2 (1) 55um Pitch
Gap 300 2 46,24 20,94 2,44 (1) 55pm Pitch
Gap 300 3 54,76 20,94 2,04 (1) 110pm Pitch
Gap 400 2 53,4 24,17 2,82 (2) 110pm Pitch
Gap 500 4 80,08 27,02 2,3 (2) 110pm Pitch
Gap 800 4 101,28 34,18 2,9 (2) 110pm Pitch
Gap1000 4 113,24 38,22 3,42 (2) 110pm Pitch

Table 1 Summary of the Fresnel zone plate design

300um gap FZP (3 rings), 0.8 mW/cm?

300um gap FZP (3 rings), 6.6mW/cm?

300um gap FZP (3 rings), 15.2mW/cm?

300um gap, FZP (3 rings), 2.0mW/cm?

Figure 5 SEM images for 10um thick AZ9260 at 300um proximity gap, 40s exposure time,
300um gap FZP design (3 rings)
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increase of the spot diameter and due to higher
dose. When the light power is exceeding a certain
value, then the focus properties of the FZP will be
affected negatively and a stronger degradation in
the upper resist area is observed. The higher light
power leads to an over-exposed process regime,
which can be compensated by a reduction in
exposure time. It means conversely, that at a
constant low light power the CD parameter can
be adjusted by the exposure time quite accurately
within sub-pm tolerances.

Figure 6 Top/down microscopy CD uniformity measurements on 300 mm wafer for 10um
AZ9260 at 300um proximity gap exposed with 2 resp. 3 rings FZP (0.6 mW/cm?,

40s exposure time)
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To investigate the lithographic repeatability over
the entire 300mm wafer substrate CD uniformity
(CDU) measurements were done by optical top/
down microscopy for both 300pm FZP designs
(2 & 8 rings design). In Figure 6 the results of the
top and bottom CD measurements in dependence
of the wafer radius are shown. Comparing the bot-
tom CD values for the 2 resp. 3 ring FZP design, it
can be seen that the 3 rings FZP design leads to a
bigger bottom CD value than 2 rings FZP design.
The 3 rings FZP focus more UV energy per area
and generates therefore a wider CD value. The
top CD parameter is more or less independently
from the number of Fresnel rings. Comparing the
coating uniformity (black line) with the CD values,

it can be seen that the optics is quite insensitive to
resist thickness variations. It should be noted that
the measured standard deviation is in the range of
0.3um, which is within the pixel accuracy of the
used optical microscope. The “real” CDU should
be therefore more accurate than the measured
tolerances, which can be only quantified by CD-
SEM metrology measurements. Therefore, it can
be concluded, that this exposure concept yields
to very accurate CDU tolerances. Changing the
proximity gap together with the FZP design trans-
fers the general lithographic concept to other gap
ranges and other feature sizes. In Figure 7 two ex-
amples at 1000 um proximity gap are shown. The
higher gap and the different FZP design leads to a
bigger CD.

1000um gap FZP (4 rings), 1.2 mW/cm?

1000um gap FZP (4 rings), 2.2 mW/cm?

Figure 7 SEM images for 10um thick AZ9260 at 1000um
proximity gap, 60s exposure time, 1000um gap FZP design
(4 rings)
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Evaluation of the exposure concept for the positive
tone thick film chemical amplified photoresist AZ
IPS528 with 50um target thickness is discussed
secondly. SEM results with 300pum proximity gap
at a constant exposure time of 190s and variation
in the UV light power are shown in Figure 8. Due
to the thick resist film of ~50um the FZP designed
for 400 um gap gives good focus properties in this
example. The resist profile and CD diameter de-
pends significantly on the used light power and
aperture diameter. With increased light power the
bottom CD changes between ~14pm — 60um.
When the light power exceeds a certain value, then
the resist is heavily degraded. A rather good pro-
file is achieved with 3.9mW/cm?. This exposure
setting can be applied for instance to a 55um Cu-
pillar interconnect with aspect ratio 1:1 at 110um
pitch inside a 300 um deep cavity.

To get a feeling for the impact of the proximity
gap for a certain FZP design (here the 400um
gap, 2 ring FZP design was used) an evaluation
was done with constant exposure settings (90s,
41mW/cm?) and varied gap setting. The SEM
results are shown in Figure 9. At low gap settings
(100-200pum) the FZP focus point is rather out of
the resist plane. This leads to bottom CD values
roughly comparable to FZP diameter (~53um). At
100um proximity an interesting T-shaped resist
profile is generated, which can be used to electro-
plate T-shaped pPillar interconnect structures with
steep profiles. When the proximity gap is increa-
sed to 500um the FZP focus more light energy to
a smaller exposure area, which leads to a reduc-
tion in the bottom CD. The trade-off is that the top
CD is not reduced in the same way. Therefore the
resist profile is less steep. A further increase of the
proximity gap to 700um increases the CD values
with comparable resist profiles.

400um gap FZP (2 rings), 0.8 mW/cm? 400um gap FZP (2 rings), 1.8mW/cm?

400um gap FZP (2 rings), 3.9mW/cm? 400um gap FZP (2 rings), 6.7 mW/cm?

Figure 8 SEM images for 50um thick AZ IPS528 at 300um proximity gap, 190s exposure
time, 400um gap FZP design (2 rings)

400um gap FZP (2 rings), 100um prox. 400um gap FZP (2 rings), 200um prox.

400um gap FZP (2 rings), 500 um prox. 400um gap FZP (2 rings), 700um prox.

Figure 9 SEM images for 50um thick AZ IPS528 at varied proximity gap between 100 to
700um, 90s exposure time, power 4.1 mW/cm?, 400um gap FZP design (2 rings)
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CONCLUSION

The exemplary discussed FZP concept together
with the MO Exposure Optics allows to generate
useful resist structures with respect to resolution
and resist profile at rather high proximity gaps. This
concept allows to transfer well known projection
lithography principles to cost-effective mask alig-
ner lithography. This can be applied to structure
polymer or oxide openings inside deep cauvities,
on Taiko wafer or for MEMS applications. Together
with unique chemical amplified thick film photo-
resist chemistry pPillar interconnect structures
can be formed inside deep cavities or Taiko wa-
fers as well. Also non-conventional pPillar shapes
(T-shaped) can be generated with this exposure
principle. This opens interesting opportunities for
3D integration packaging concepts.
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LOW-TEMPERATURE HERMETIC SEAL BONDING FOR
WAFER-LEVEL MEMS PACKAGING USING SUB-MICRON
GOLD PARTICLES WITH STENCIL PRINTING PATTERNING

Hiroyuki Ishida Manager, Bonder Division, SUSS MicroTec K.K., Japan
Toshinori Ogashiwa Research Associate, Technology Development Section, Tanaka Kikinzoku Kogyo K.K.

INTRODUCTION

Wafer-level hermetic packaging with electrical
interconnection is necessary for the integration
of MEMS and LSI devices, and low-temperature
metal bonding such as Auln, AuSn, Cu-Cu and
Au-Au has been increasingly attractive . Among
those bonding methods, Au-Au thermo-compres-
sion bonding is a promising candidate, which has
advantages of no concern of surface oxidation and
simple process control P, In order to compensate
the surface roughness after MEMS processing

Figure 1 SEM image of sub-micron Au particles after heating at 200 °C for 30 minutes in air
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which could degrade the hermetic properties, sur-
face compliant Au-Au bonding using sub-micron
Au particles has been developed combined with
the patterning method using photolithography pro-
cess Bl In this study, a rim structure was adopted
to define a narrow bond line width for reducing
the bonding force within the range of commercial
wafer bonders (e.g. the maximum force of 100kN
for 200mm wafers) and conventional stencil
printing was employed to lower the patterning
process cost.

EXPERIMENTAL PROCEDURE

Materials preparation

99.95wt% purity, spherical sub-micron-size Au
particles were prepared by a wet chemical proces-
sing method by mixing chloroauric acid solution
with a reducing agent. The particle size distribution
was in the range of 0.2-0.5um in diameter (the
mean diameter of 0.3pum), which could exhibit a
fine size effect to activate the Au-Au interdiffusion.
Figure 1 shows the sintering behavior of sub-
micron Au particles being connected each other
at 200°C for 5 minutes in air without any compres-
sion force.
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Sample preparation and wafer bonding

The wafer-level hermetic sealing process using a
rim structure covered with sub-micron Au particles
is shown in Figure 2. A diaphragm wafer was
prepared to evaluate the hermetic properties,
formed by anisotropic wet etching using a TMAH
(tetramethylammonium hydroxide) solution. On the
other hand, to fabricate a rim wafer, 10um-tall/
10pm-wide rim structures were formed on a
6100mm oxidized Si wafer by Si deep-RIE
(PEGASUS, SPP Co., Ltd), and Au/Pt/Cr
(0.2/0.03/0.03um-thick, respectively) metal layer
were deposited by sputtering (Figure 2(a)). A cus-
tomized Au paste (AuRoFUSE™, Tanaka Kikinzo-
ku Kogyo K.K.) was deposited to cover rims (Fi-
gure 2(b)) by conventional stencil printing method
using a high-precision screen printer (LS-25TVA,
Newlong Seimitsu Kogyo Co., Ltd., Figure 3)
together with a suspended Ni-metal mask (Taiyo
Yuden Chemical Technology Co., Ltd). After
aligning the rim wafer and the metal mask on
the screen printer, printing was completed within
10 seconds per wafer. As shown in Figure 4,
successful wafer-level printing on 200mm wafers
has already been demonstrated.

Figure 2 Wafer-level fabrication process using sub-micron Au particles.

(a) Formation of a rim structure by dry etching process and deposition of metal layers,
(b) stencil printing with sub-micron Au particles (AuRoFUSE™) sintered at 200 °C,
and (c) thermo-compression bonding at 200 °C

Figure 3 Wafer-level stencil printing on a precision screen printer with AuroFUSE™ Figure 4 An example of a 200mm wafer with test patterns of

sub-micron Au particles formed by stencil printing
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Figure 5 (a) Schematic drawing of the cross-sectional view of the rim structure covered
with sintered Au patrticles, and (b) SEM image of the rim on a Si wafer

Figure 6

Cross-sectional FIB-SEM images of the rim
Jjoint after tearing off the chip.

(a) A complete picture of the rim joint, and
(b) a higher magnification of the recrystal-
lized structure of sintered Au particles and
metal layers
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Figure 7

(a) Schematic illustration of die shear test to
measure the die shear strength of the test
chip, and (b) a relationship between the die
shear strength and the rim width

Figure 5 shows (a) a schematic illustration of the
cross-section rim structure and (b) a SEM image
of the rim covered with sintered sub-micron Au
particles. The thickness of sintered Au particles
on top of the rim was in a range of 3-5um over
the entire surface of 100 mm wafers. Following the
annealing of the rim wafer at 200°C for 2 hours
in 4% H,-Ar gas flow, precise alignment was per-
formed between the rim wafer and the diaphragm
wafer on the bond aligner (SUSS BAS8). Then,
the aligned wafer pair was bonded on the wafer
bonder (SUSS SB8e) at a temperature of 200°C
for 30 minutes with an

applied pressure of 200 MPa to fabricate the
structure as shown in Figure 2(c). The vacuum
level of the bond chamber was maintained at
10°Pa during the thermo-compression bonding.
The bonded wafer pair was diced into single chips
for evaluation of the bond strength and hermetic
properties.

RESULTS AND DISCUSSIONS

Bonding performance

Figure 6 shows a cross-sectional FIB-SEM image
of the rim joint after tearing off the bonded chip.
The joint was separated at the boundary of silicon
surface of the diaphragm wafer and its metal lay-
er of Au/Pt/Cr. The metal layer of the diaphragm
wafer attached closely to the densified structure of
Au particles. The sintered sub-micron Au particles
layer measured 3-5 pm-thick, which was com-
pressed on the rim structure down to the thickness
of 0.6um during the bonding. The sub-micron
Au particles recrystallized and densified into bulk
structure to realize hermetic interface.

As shown in Figure 7, the die share strength of
a singulated test chip was measured by a bond-
tester (series-4000, Dage) to be an average value
of 44N.
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Assuming a bond pressure of 150 MPa for achieving
hermetic sealing by sub-micron Au particles bon-
ding, Table 1 summarizes the calculated necessary
bond force for each wafer/chip size with varying
the seal line width. In calculation, the following
parameters were assumed: edge exclusion =
5mm, dicing street width = 0.2mm. The bond
force values were classified into three categories
such as “<20kN”, “20-100kN” and “>100kN”,
where 20kN and 100kN is the maximum force of
SUSS SB8 Gen2 and XB8 wafer bonder, respec-
tively. It is estimated from the table that hermetic
bonding with sub-micron Au particles can be
realized by commercially available wafer bonders
even for 200mm wafers with a small chip size of
2mm x 2mm.

Hermetic sealing performance

Figure 8(a) shows a picture of a test chip exhibiting
a concave deflection of the 50 um-thick diaphragm
under the atmospheric pressure. The deflection
measured 5pm in the ambient, indicating a vacu-
um encapsulation inside the sealed cavity. In order
to estimate the encapsulated pressure inside the
cavity, the deflection of the diaphragm in vacuum
was precisely measured by an optical surface
profiler (MSA-500, Polytec) with controlling the
chamber pressure. The concave/convex deflec-
tion of the diaphragm against the chamber pres-
sure is shown in Figure 8(b). From the results,
the encapsulated pressure in the sealed cavity is
estimated at 100Pa by seeing the chamber
pressure when the diaphragm becomes flat.
The hermetic performance of the sub-micron
Au particles sealing was evaluated by helium
fine leak test (MUH series, Fukuda Co., Ltd.).
The maximum He leak rate of the test chip was
estimated in the range of 10-"“Pa-m?®/s, which is
sufficient for most of the MEMS applications.

Table 1 The calculated necessary bond force for various wafer and chip size with varying
the seal line width, with assuming the bond pressure of 1560MPa. In calculation,
edge exclusion and dicing street width was assumed as 5mm and 0.2 mm, respectively

Figure 8

(a) A singulated test chip
showing a diaphragm
deflection due to vacuum
sealing, and (b) the concave/
convex deflection of the
diaphragm measured by an
optical surface profiler
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CONCLUSION

Low-temperature Au-Au hermetic seal bonding
has been successfully demonstrated employing
a rim structure on a ¢ 100mm Si wafer covered
with sub-micron Au particles. The sintered Au
particles on the rim structure were densified by
the thermo-compression bonding to realize the
hermetic sealing. The summaries of this study are
as follows:

1) The layer of sub-micron Au particles with the
thickness of 3-5 um was deposited on
the 10 um-tall/ 10 um-wide rim structure by a
conventional stencil printing

2) The hermetic sealing by the sintered sub-
micron Au particles on the rim structure was
successfully achieved by the thermo-
compression bonding with 200MPa at 200 °C

3) An excellent vacuum hermetic sealing was
confirmed; the encapsulation pressure
was measured to be 100Pa, and the
maximum leak rate was estimated in a range
of 10*Pa-m?/s (He)

This bonding technique can be expected for further
development towards production use for wafer-
level hermetic sealing of MEMS packaging.
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INTRODUCTION

Photolithography has long been the key patterning
technology for structuring organic materials used
in advanced packaging applications like flip-chip
wafer bumping, electroplated gold, solder bumps,
copper pillar technologies and redistribution layers.
Nowadays, proximity exposure technologies (mask
aligner) or projection lithography (step and repeat
or projection scanning) are the typical choices to
create the features. The continuous trend of the
miniaturization, increasing performance and mobi-
lity of electronic devices drive the requirements of
the chip itself but also its package type. More and
more, the photolithography process is becoming
the limiting factor to develop cost effective and
innovative package designs that meet the market
requirements.

In response to this industry challenge excimer laser
ablation has been adapted to the semiconductor
packaging industry and is now available as a dis-
ruptive patterning technology. This complementary
technology offers the promise of further reductions
in manufacturing costs as well as enhancements
in chip or package performance. This paper pro-
vides a comprehensive overview of the excimer
laser ablation technology, and its level of maturity.
It discusses the recent technology developments
and corresponding debris cleaning solutions from
a technical perspective.

EXCIMER LASER ABLATION TECHNOLOGY
Excimer laser ablation is a dry patterning process,
breaking a material’s molecular structure and
directly etching the desired circuit pattern to clearly
defined depths on the substrate, with minimal
heat affected zone (HAZ). This patterning tech-
nology uses the advantage of the excimer laser
source to emit high energy pulses at short wave-
lengths. The short wavelength output on the one
hand enables the imaging of small features but
also supports absorption in many different mate-
rials. Depending on the material each laser pulse
removes a certain amount of material. The ablation
rates are in the 100nm range for polymers and
dielectrics that are typically used as passivation
layers in the semiconductor backend applications.
The technology allows for the fine tuning of side-
wall angles of the created features by adjustments
of the laser fluence.

To address the latest requirements of the advan-
ced packaging industry, such as the creation of
feature sizes in the range of 2-5um combined with
an overlay accuracy of less than 1-2um, requires
a careful selection of the right equipment platform.
Thus, excimer laser ablation is available on a step
and repeat platform which is a very common plat-
form for high-end lithography applications.
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Figure 1 Overview of ablation rates in BCB (Cyclotene 3000)
based on different fluence level [

The combination of the excimer laser source and
reduction projection optics enables the capability
of high resolution imaging with sufficient fluence
output to pattern a large area at once to achieve
the highest possible throughput. A reticle defines
the pattern to be ablated, providing a high degree
of pattern fidelity and placement accuracy. In ad-
dition the demagnification of the optical systems
generates a high energy level on the substrate side
while the illumination of the reticle itself is still in an
acceptable range to avoid mask damage. Typical
reticles on an excimer ablation stepper are based
on chrome or aluminum on quartz or dielectric
masks.

The illumination setup of the optics is typically cus-
tomized based on the application requirements to
ensure a match of fluence requirements based on
the material to be ablated, coupled with required
ablation field size that is defined by die or package
sizes.

As mentioned above, the technology is similar to
traditional UV steppers, however, instead of ex-
posing a photo sensitive material, the material
is etched directly without the need neither for a

Figure 2 Schematic illustrations of excimer laser ablation of thin films from a polymer

substrate in a dry one-step etch process

photoresist nor the post-develop and etch proces-
ses that accompany a photolithography process.
Excimer laser ablation is suitable for ablating a
wide variety of polymeric materials, thin metals
(<600nm), epoxies, EMC’s, nitrides and other
materials.

Excimer laser ablation technology enables the
industry to use new materials that offer better
mechanical properties required by the advanced
semiconductor packaging industry (low CTE and
residual stress, and thermally stable).

A major concern for the adoption of excimer laser
ablation is effective and cost efficient debris
cleaning. The laser ablation process itself creates
some debris that needs to be removed. Latest
developments show the availability of efficient post
ablation cleaning solutions.
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ADVANCED PACKAGING APPLICATIONS AND
TECHNOLOGY TRENDS

Today a wide variety of advanced packaging tech-
nologies exists to meet the requirements of the
semiconductor industry. The leading advanced
packages, including chip-on-chip, wafer-level pa-
ckages, chip-on-chip stacking, embedded IC, all
have a need to structure thin substrates, redis-
tribution layers and other package components
like high resolution vias. The consumers constant
push for higher functionality on smaller and thinner
end devices, like smart phones or tablets drives
the need for next generation packages with finer
features at increasing reliability of the package.
In addition, cost considerations become more
and more important to survive in the competitive
landscape for all parties within the supply chain,
from chip manufacturer, assembly and test to the
consumer end device manufacturer. Therefore, the
industry desperately strives for innovative approa-
ches to lower manufacturing costs coupled with
enabling technologies that meet the challenging
technical requirements.

Specific needs in the patterning area are to over-
come current resolution limitations that are caused
by the today's available photopolymers. They are
limited in the supported resolution and via wall
angle, even though the today‘s imaging photo-
lithography technologies wouldtheoretically support
even higher performance. In addition some poly-
mers or dielectrics such as polyimides (Pls), PBOs
and epoxies that are used as passivation layers
remain in the package and will finally also im-
pact the package reliability. There is a significant
coefficient of thermal expansion (CTE) mismatch
between these materials and the chips. Further-
more, higher density packages have bigger
thermal loads, exacerbating this problem. As a
result, this CTE mismatch can cause issues such
as stress damage to low-k dielectrics and wiring
layers, which are also getting thinner and, thus, are

even more sensitive to any thermomechanical
stress. Different non-photo sensitive materials with
a better match are available for quite some time
but could not be patterned at the required resoluti-
on, required profile and at an acceptable cost level.

Finally cost pressure of the total package is
typically addressed in the semiconductor industry
by a transfer of technologies to a larger, next
generation substrate format. While the wafer-based
packages are limited to the largest wafer scale of
300mm, fan-out wafer-level package technologies
offer the scalability to larger substrate sizes in a
panel format.

To sum it up, a very attractive technology alter-
native to photolithography would be a technique
that can directly structure non-photo Pls, PBOs
and epoxies at high resolution combined with
panel compatibility.

Excimer laser ablation technology now provides
that alternative while also delivering several other
advantages.

EXCIMER LASER ABLATION IN ADVANCED
PACKAGING APPLICATIONS

The most promising advanced packaging applica-
tion that could benefit from the inherent technology
difference using laser ablation is via drilling in poly-
mers to create openings on top of metal pads for
electrical interconnection. While the polymer is
patterned by the laser energy, the relatively thick
metal pad actually acts as a natural ablation stop
layer. Additional key advantages are the ability to
pattern a large area filled with thousands of vias
enabled by the mask based patterning technology
and the provided high laser energy level. 5pum vias
or smaller can be created in both traditional photo-
polymers and new materials.
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Figure 3 SEM image of a 5um via in BCB at 650mdJ/cm?,
30 pulses [

A complete wafer-level package based on excimer
laser ablation was completed and tested by a
cooperation of SUSS MicroTec and FlipChip Inter-
national. One major advantage of the excimer laser
is the capability of building stacked redistributed
layers of 2 and more at lower cost than photolitho-
graphy tools.

Figure 5 Cross section of two layer PBO patterning by SUSS
ELP300 with plated copper RDL and solder bump !

Figure 4 SEM view of two layer PBO patterning by SUSS
ELP300 I

POST-ABLATION CLEANING

The ablation process of these photo and non-
photo sensitive materials using the excimer laser
usually generates debris that will need to be
removed during and/or after ablation.

Excimer laser tools are always equipped with a
debris cell that would remove any loose debris
generated during the ablation process. Hence, in
most case, one need to subject excimer processed
wafer or substrates to a cleaning process depen-
ding on materials to remove any residual debris
that was not removed during the ablation. Various
cleaning processes exist that match the corres-
ponding materials and ablation process. However,
besides an effective cleaning process, cost effici-
ent solutions are required by the market to allow
the adoption of excimer laser ablation for cost
sensitive applications in the field of advanced
packaging. These cleaning technologies have
been developed over the last years and promise
very good efficiency that is required to introduce
excimer laser ablation into high volume production.
The debris formed during the ablation process
must be removed after the process, using an
efficiently designed debris cell. The debris cell
consists of a metal confinement that surrounds the
excimer laser beam during the ablation process.
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This confinement is connected to a vacuum pump
to pull any particles and fragments formed through
the photodecomposition of dielectric material
(photo and non photo polymeric materials) by the
laser beam. The removal of debris during ablation
is not sufficient enough to eliminate any residuals
that will adhere to surface of the dielectric materi-
als and would need other means to remove and
prepare the ablated pattern to the subsequent
processes such as plating or deposition of another
dielectric layer or epoxy molding compounds.

Multiple approaches were suggested in the lite-
rature to clean post excimer laser ablation debris
such as the use of Nd:YAG laser B4, This tech-
nique is useful for specific pattern density where
there is uniform distribution of thin layer of debris at
dielectric surface. We have checked this technique
and confirmed its validity using our picosecond
DPSS laser (5632nm). Figure 1 shows the cleaning
of post excimer laser ablation debris of PBO ma-
terials. We can see clearly the differences between
post ablation and cleaned areas.

Figure 6 Post excimer laser ablation cleaning using picosecond
DPSS laser (dark area: post ablation, clear area: post debris
cleaning)

Other solutions were proposed for during and post
ablation debris removal such as second exposu-
re if the same initially ablated surface of dielectric
material to intermittent pulses of UV laser having
alternating high and low fluences scanned in a
direction away from the initial scan area ©. CO2
laser was also applied to clean black deposits
formed during the excimer laser ablation of po-
lyimide in Air ©. The 10.6pum CO2 radiation was
strongly absorbed in the debris but only weakly
absorbed in polyimide thus enabling the clean
removal of the debris without any damage to the
polyimide.

We have addressed the post ablation cleaning at
SUSS MicroTec using other approaches that will
be specific to each material since there is no “one
size fits all* cleaning solutions for post ablation
debris removal. Our goal is to provide alternative
cleaning solutions to our customers that will either
fit with their existing infrastructure and/or provide
innovative techniques that add value at low cost
of ownership.

02 PLASMA CLEANING

02 plasma was well adopted in many advanced
packaging fabs for patterning or resist stripping.
The O2 plasma was used in conjunction with either
Helium (He) or Argon (Ar) gas to improve the
plasma efficiency. In addition, multiple tools from
different tool vendors were used to process wafers
with O2 plasma. We have used the O2/He or/and
O2/Ar plasma to clean the post excimer laser
ablation debris generated and redeposit back on
the surface of the ablated dielectric material. Most
of the O2 plasma cleaning process will remove a
thin layer of the dielectric with the debris that
ranges from 200 to 600 nm that would be compen-
sated in the initial coating process.
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Figure 7a Post ablation of HD8930 showing debris around the
patterned feature

The criteria of success is high removal of debris
with minimal removal of dielectric materials. Our
plasma tool is supplied by Plasma Etch Inc. We
processed coated wafers with PBO (HD8820 and
HD8930) [ materials through our excimer laser
tool then exposed these wafers to O2/He or
O2/Ar plasma process to remove the post ablation
debris. The results were very impressive and we

Figure 8a SEM view of post via ablation of HD8820 showing
debris around the patterned feature

Figure 7b Post O2/Ar plasma cleaning of post ablation debris
for HD8930

were able of cleaning the debris with minimal
material removal. Figure 7a (post ablation) and
Figure 7b (post cleaning) shows the results obtai-
ned from debris removal on HD8930 using O2/Ar
plasma cleaning process. Figure 8a (post ablation)
and Figure 8b (post cleaning) shows the efficient
removal of post ablation debris from HD8820 using
02/He plasma cleaning process.

Figure 8b SEM view of post O2/He plasma cleaning of post
ablation debris for HD8820
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SACRIFICIAL LAYER

The search for a cost effective solution to remo-
ve the post ablation debris leads us to look into
formulating a sacrificial thin water soluble film that
is capable of absorbing the UV light during scan
ablation. This sacrificial layer would be easily re-
moved with water spray after the ablation process.
The removal of the sacrificial layer will carry with it
all the debris redeposits during ablation on top of
it. The literature indicated the existence of other
sacrificial layers that were used for the solid state
or CO2 laser where only one feature at a time was
ablated ©9 (Emulsitone EMS4611 or HogoMax
from Disco). Hence some of these materials were
not able to withstand the excimer laser scan pro-
cess where a full die was scanned in one time.

To solve this issue, we have formulated our own
thin sacrificial layer using water soluble UV absor-
bent polymer to be able to be ablated with the
dielectric. Figure 9a shows the amount of debris
post ablation surrounding the vias and trenches
patterned into HD4104 . Figure 9b shows pat-
tern cleaned after the removal of the thin sacrificial
layer with the debris redeposits using water spray.

CO2 SNOW CLEANING

Another post ablation cleaning solution was also
developed using the CO2 snow ['9. It consists of
exposing the surface of the ablated dielectric to
CO2 snow spray to remove the debris redeposit
during ablation. This technique was used to remo-
ve post seed layer removal and also post via and
redistributed layer ablation using excimer laser.
Figure 10a shows the surface of the dielectric post
seed layer removal ablation process. Figure 10b
shows the surface of the dielectric materials post
CO2 snow spray where most of the post ablation
debris was removed.

Figure 9a Post ablation of HD4104 showing debris around the
patterned feature redeposit on top of the sacrificial layer

Figure 9b Post water spray cleaning showing removal of the
sacrificial layer with the post ablation debris that was on top

Figure 10a Post ablation of HD8820 showing debris redeposit

around the patterned feature
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Figure 10b Post CO2 snow spray cleaning showing significant
removal of the post ablation debris

The post ablation cleaning solutions proposed
above are only few to address specific materials
and process conditions. To achieve higher efficien-
cy of cleaning, it would be recommended to either
use O2 plasma, sacrificial layer, DPSS, or to com-
bine two solutions when infrastructure and cost
allow such as CO2 snow followed by O2 plasma or
CO2 ionized water spray followed by O2 plasma.

SUMMARY

Excimer laser ablation was demonstrated to be a
high potential patterning technology that meets
today‘s but also the future requirements for ad-
vanced packaging platforms in patterning of poly-
mers and dielectrics. In addition to the patterning
technology and material qualifications, efficient
cleaning methods have been developed to support
the introduction and adoption of the technology
in high end manufacturing technologies. Further
developments will continue to open up new
application areas to support the ever increasing
requirements of industrial and consumer electro-
nics.
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AUTO-ALIGNMENT INSIGHTS

Dr. Marc Hennemeyer, Dr. Thomas Hiilsmann SUSS MicroTec Lithography GmbH, Schleissheimer Str. 90, 85748 Garching, Germany

This article is the first part of a short series of articles focusing on
pattern recognition and alignment in SUSS mask aligners. It is me-
ant as a guideline especially for beginners in the field of pattern
recognition, but even more experienced users might find one or the
other aspect about pattern recognition which is new to him or her.
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Almost all production steps in the manufactu-
ring of semiconductor and MEMS devices need
some sort of alignment of the new features to
structures already placed on the substrate earlier.
This is especially true for back end of line proces-
ses which are the main field of application of SUSS
mask aligners.

Since according to Moore’s law also backend
processes are targeting ever smaller feature sizes
the requirement on alignment accuracy saw a
constant tightening in the last years. Nowadays,
required alignment accuracies of 1pum or even
smaller are common, where it used to be several
micrometers just a couple of years ago. While
measurement of the pattern position with sub-
micron accuracy in principle is not an issue for
modern pattern recognition systems - they are
capable to find positions of structures with accu-
racies far smaller than the pixel resolution of the
image capturing system, down to several tens of
nanometers — as often the devil is in the details.
While alignment systems in the front end proces-
sing rely on fixed target geometries, in backend
processing target variation is a lot bigger and
the target quality often much worse. This can be
caused by countless reasons, substrate surface

condition and covering by insufficiently transmit-
ting materials just being two examples.

The following overview will try to give some insight
into the complexity of the task of creating reliable
and accurate alignment pattern models under
varying surface and surrounding conditions. It can
be used as a quick guideline when starting align-
ment target training. However, for more complex
challenges in target model training the reader is
pointed to the extensive trainings offered by the
SUSS training center and which are noted at the
end of this article.

The first part of the series will cover general infor-
mation about the pattern recognition system used
in SUSS mask aligners and how changing the
conditions of the grabbed image is influencing the
pattern recognition process. The following parts
will focus on rules and processes how to setup and
optimize pattern in order to achieve good accuracy
and reliability in the alignment process as well as
on some application examples more detailed.

COGNEX PATMAX® VERSUS CNL

The alignment system in SUSS MicroTec mask
aligners is based on the standard solution in the
semiconductor market: the PatMax® geometric
pattern recognition algorithm of Cognex.

In contrast to cross-correlation methods like
CNL which directly compare the grey levels
of the acquired images, the PatMax® system
extracts geometrical information from the images
to create edge models of the structures found in
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the image. Although grey values are also used

for the identification of the edges inside of the

image, geometrical pattern matching has several
advantages over correlation matching.

1. Due to the restriction of the used information
on geometrical data, the system is less
sensitive to changes in brightness and con-
trast between the trained model and the
actual scene presented to the system during a
pattern search.

2. lItis up to the user to decide which edges
carry the position information and which
edges are ignored.

3. Furthermore, flexible transformations of geo-
metrical data, like scaling and rotation allow
automatic or manual adaption to changing
process conditions.

4. The model’s edges are displayed giving the
user feedback on the model and the position
and quality of its match with the targets.

THE MODEL OR PATTERN AND ITS MATCH
WITH THE TARGET

Pattern matching algorithms operate with a target
“model” or “pattern”. The most common way to
define target models is the model creation from a
part of an image of the real world target. In case
of PatMax®, the model is an “edge model”, some
matches of such a model with an image are shown
in the title figure on page 10. The match in the
center is supposed to deliver the highest score.
Mismatches are represented with red lines indica-
ting missing edges.

It is obvious, that especially during the target
model training a high expertise has to be put into
selecting well suited real world structures. A bad
choice of the structure used for training e.g. a very
small area will result in a trained target model which
gives multiple and thus unreliable recognition
results.

Figure 1 Schematic representation of edge recognition.

The bars represent grey levels along a pixel line. By approximation,
the discrete grey values are transferred into a continuous function.
The position of the edge is found from a defined threshold level in
the continuous data (here 50% of spanned grey range). Inlet: image
of edges found in typcal mask aligner target

WHAT IS AN EDGE?

The extraction of geometries from the pixel
images is performed by analyzing grey scale
levels. If the grey level changes in a certain area
surpass the limit “edge threshold” for the slope
and “contrast threshold” for the height, then we
have found an edge segment. For a schematic
drawing see figure 1. The size of this vicinity
is appointed by the grain limit control in the
PatMax® software.

As the lateral position of the edge is determined
from the approximated continuous data, it can be
located with sub pixel accuracy. The direction of
the edge segment is found using the grey levels
of its neighborhood. This edge detection is perfor-
med on each scene during the actual pattern re-
cognition, but also in case of pattern training from
real world data.



SUB-PIXEL ACCURACY

In tests we proved a sub-pixel accuracy of below
1/40 pixel. That can be explained: A target which
measures 50 um yields 200 edge segments, whose
positions and directions are averaged.

The advantage is that low power objectives can
be used.

Example: A 5x objective and a camera may result
in 1 um/pixel magnification. But although the objec-
tive has only a 2um L/S resolution, the systems
yields a 25 nm position resolution. Besides granting
a large field of view low power objectives contribute
to machine stability with their high depth of focus.

ILLUMINATION: KEY TO SUCCESS

The art in setting up reliable pattern recognition
and therefore reliable alignment processes lies in
balancing the need for flexibility to recognize vary-
ing targets with the need for uniqueness to reduce
the amount of wrong findings.

The most important parameter to improve the relia-
bility of pattern recognition is a proper definition of
the illumination conditions. The illumination of the
scene should fulfill a whole set of requirements:

1. It must be bright enough to keep any detector
noise at a low level and to insure that even in
the darkest areas real features are still
discernible.

2. On the other hand the illumination should be
low enough not to overexpose bright image
areas and crossfade important details.

3. It must not create artifacts.

4. The contrast between edge and environment
must be high enough to distinguish them from
each other.

5. Avoid exposure of the photo resist.

That can be seen exemplarily on the SiO2-substrate
in figure 2. Here, changing the illumination setup
created anything from hardly discernible substrate

Figure 2 Influence of illumination on target visibility. Microscopic
images acquired with different illumination settings. a) undefined
customer illumination, b) red LED, c) yellow filtered white LED (6000K),
ad) yellow filtered white light halogen (3200K)

structures over strong shadow artifacts and very
weak contrasts to crispy images with very good
structure representation. Parameters that can be
varied for this adjustment in the SUSS mask alig-
ners are the illumination method (reflected or trans-
mitted light), light sources (halogen/LED), color
filtering and collimation angles of the incident light
(ring illumination).

It is easy enough to understand, that having
sufficient contrast in the images to be analyzed
by the pattern recognition is of crucial importance.
This is especially true if the image is used as a
template for creating the target model, as lower
contrast always increases the risk to train features
in the scene that are actually not part of the real
target.

However, as the images in figure 2a) and 2b) de-
monstrate, illumination can also create virtual
edges within the scene that can heavily interfere
with the pattern recognition and consequently
with the complete alignment process. Common
reasons for such ghost edges or artifacts are re-
flections from the substrate surface interfering with
geometries on the mask, which can be suppressed
or at least greatly reduced by choosing larger
imaging gaps. A second reason is the presence of
interference artifacts within transparent layers on
top of the structures on the substrate. Figure 2a)
is a good example of the effect these interference
artifacts can have on the observed images.
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PROCESS VARIATIONS

The second serious influence on the reliability of
the pattern recognition is, of course, the repeata-
bility of the structures presented in the individual
scenes. Due to process fluctuations, the tar-
get structures on the wafer can drastically vary
from wafer to wafer. Figure 3 presents examples
of structure variation between wafers caused by
preceding process steps. The top row shows an
example of back ground wafers. Here, due to the
different degree of scrub marks, contrast and
even polarity of the marks changes together with a
varying level of clutter in the scenes. Also the
bottom row, which shows targets on epilayers,
presents a severe degree of variation. These vari-
ations are based on the varying reflectivity caused
by the surface roughness. As can be seen in the
image this even leads to reasonable changes in
the identifiable edges.

As can be understood from these examples, the
choice of suited scenes for the target training is
of crucial importance. Selection of bad targets for
the training (scenes with untypical information, bad
contrast, untypical polarity and so on) will severely
deteriorate the reliability of the pattern recognition
process.

The next parts of the articles will therefore intro-
duce guidelines on how to select good scenes
for target training and procedures for testing and
optimizing the trained target models.

Meanwhile, we would like to remind the reader
of the extensive trainings that are offered by the
SUSS MicroTec training department covering this
subject. For information on trainings please be
referred to the respective SUSS webpage:
http.//www.suss.com/en/customer-service/

training.html
and the contact information therein.

Figure 3 Two examples of screen shots of target variation in different scenes. Scrub marks (top row)
and epilayers (bottom row) can introduce clutter and change contrast

Dr. Marc Hennemeyer is Product
Manager at SUSS MicroTec
Lithography. He is responsible
for the automatic mask aligner
product group. After his gradua-
tion in Physics at University of
Munich where he also received
his PhD working on micro fluidic
systems for biological applications
he joined SUSS MicroTec in the
Application Department before
he proceeded to his current job.
He authored and coauthored
several papers on various topics,
including micro imprinting and
lithography.
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AUTO-ALIGNMENT INSIGHTS -
PART 2: CASE STUDIES

Dr. Marc Hennemeyer SUSS MicroTec Lithography GmbH, Schleissheimer Str. 90, 85748 Garching, Germany
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INTRODUCTION

This article is the second part of the short series
of articles which started in issue 01/2013 of this
magazine. The series focuses on pattern recog-
nition and alignment in SUSS mask aligners. It is
meant as a guideline especially for beginners in the
field of pattern recognition, but even more expe-
rienced users might find one or the other aspect
about pattern recognition which is new to him or
her. This second part of the series highlights the
most common alignment reliability issues using
case studies. Based on the analysis of the cases
promising measures to improve the alignment
reliability in such cases are suggested.

As discussed in the first part of this alignment
guide a proper definition of the illumination con-
ditions is one of the most critical steps to achieve
a reliable autoalignment. But even under perfect
illumination conditions many scenes contain too
little significant information or too much disturbing
noise. In such cases a smart target design, a
clever selection of fields of view and an adept
creation of the model can make the difference for
you between a stable alignment process and the
need of frequent operator intervention.

To quantify the quality of the pattern training and to
understand the root causes of alignment errorsit is
important to understand the error type causing the
alignment mistake.
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Leaving unsuccessful alignment due to missing
targets out of consideration the two typical statis-
tical error types remain. Errors of type 1, so called
false negatives, occur if a target which is present
in the current scene is not recognized by the pat-
tern recognition. Errors of type 2, also called false
positives, occur if the system detects the trained
pattern at positions in the scene where no real
target is present. Many parameters of the pattern
recognition influence both types of errors — unfor-
tunately inversely. While changing one of these
parameters may reduce the errors of type 1, in
the same time it will increase the errors of type 2.
Typical examples for such parameters are score
threshold, contrast threshold, degrees of freedom,
score using clutter, scaling and polarity restric-
tions. To achieve reliable target recognition, careful
balancing of the two error types is needed and for
an efficient improvement of the alignment stability,
it is essential to understand which error type is
dominant in the observed errors.

The following paragraphs will highlight typical
challenges an engineer will need to confront while
setting up alignment processes and will exempla-
rily sort them into the respective error types. From
each case study universally valid recommenda-
tions for better alignment stability are derived.

Figure 1 a) alignment pattern as trained from a (less than perfect) real scene and b) respective matching information of an error analysis for the same scene.

CASE 1: REDUNDANT INFORMATION

The first case is a typical example for error type 2.
Figure 1a presents a typical pattern as trained with
the standard training method from a life scene and
found in a respective life pattern. Almost any life
scene contains both relevant and irrelevant pattern
information. In Figure 1a additional shadows are
visible besides the true target edges (the darker
areas around the bright target). These shadows are
recognized during pattern training as additional
edge information and generate the outer yellow
lines in the image. Only the innermost line repre-
sents the actual edge information of the real life
target. This additional information heavily increases
the risk to find the target at wrong positions, es-
pecially when further degrees of freedom need to
be used, e.g. ignoring polarity. Figure 1b) shows
an example of such a wrong detection. Polarity is
ignored in this example. All green lines match
edges in the life scene. Red lines are pattern
features that are not matching to any structure
in the life scene. The matching score for such a
detection would still be > 0.5. Since the trained
pattern contains information that is not part of the
real structure on the substrate but is caused by
shadow artifacts, matching scores of 0.5 can also
occur with perfect matches, if the shadow is not

Matching score in b) still would be > 0.50 if polarity is ignored (green lines vs. red lines). ¢) shows how an improved target would look like: no redundant information

is present in the target
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visible in some of the process targets. Therefore
the risk of misalignment is significant and must be
reduced by optimizing the trained pattern and the
setting of recognition parameters.

Already taking the polarity into account would
severely improve the situation on this example, but
might not always be feasible due to polarity chan-
ges of the targets in general due to variations in
preceding process steps.

A second, even more promising way to improve
would be restriction of the trained pattern on real
edges of the target. Figure 1c¢) shows the match
of an accordingly altered pattern in the life scene.
Even if polarity is ignored, an offset match of the
model would result in very low matching scores.

Figure 2 Example of reduced matching scores due to changes of the target appearance from
wafer-to-wafer. Both targets are real targets from the same production process.

While in a) the target shows a distinct double edge, which was also trained in the pattern,

b) shows a target with overall darker appearance, that does contains a double edge.
Matching score on b) is as low as ~0.5
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CASE 2: CONFUSION

A second case of errors of type 2 is confusion of
the real target with similar features in the field of
view. An example of this can be seen in the title
image. The image shows the result of a mistake
test, i.e. a test in which the system present all reco-
gnized target positions to allow for a quick check

about the uniqueness of the alignment feature
inside of the field of view. As can be clearly under-
stood of the image in the presented case several
additional recognitions occur besides the true
pattern recognition in the center of the image.
Matching scores for the wrong positives were
> 0.7 for some of the recognitions.

In such cases there are basically only two possibi-
lities to improve the alignment.

First and most rigorous would be a redesign of
the general layout of the field of view on substrate
and mask. Of course, the most straight forward
way would be to provide a clearfield around the
alignment features which is free of any confusing
structures. This would give safety to no longer
getting wrong positives. Where this is not pos-
sible due to process (or business) restrictions, a
redesign of the alignment targets itself is advised.
As a general rule targets should always be de-
fined with a geometry that has no resemblance
with structures present in the field of view. The
predominant structure orientation in the title pic-
ture is orthogonal, placed in the image under an
angle of about 11 deg. The main features of the
alignment pattern are oriented parallel to these
predominant structures. Although the human eye
does not recognize an obvious similarity, the
depicted false positive recognitions prove the high
level of confusion risk in this scene. Since the
pattern recognition system gives the user full flexi-
bility of the pattern definition, using mainly edges
diagonal to the predominant structures or using
circular pattern would clearly reduce the risk of
confusion.

However, since the scene shown in the title image
includes some diagonal structures and even cir-
cular noise pattern, such a redesign would most
likely not reach the same level of reliability as the
design of a clearfield as suggested before.

Where even a redesign of the alignment targets is
impossible, e.g. due to customer specifications,
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a combination of changed model design and
improved parameter setting can still be helpful.
However, such approach typically cannot pro-
vide the same level of reliability as the strategies
described before.

A more thorough analysis of the title image reveals
that the adjustment of several parameters could be
improved in order to reduce the amount of false
positives.

m Polarity: when defining the alignment recipe,
polarity was switched to “ignore”, as can be
understood e.g. from match 4, where an edge
is recognized along a polarity change. With
regarded polarity several of the false positives
would drop underneath the defined threshold
and not being recognized anymore.

m Score using clutter: Also score using clutter
was switched to off. This parameter controls,
whether information which are additionally
contained in the life scene, but not in the
trained model are recognized as feature edges.
This parameter can be a mighty tool to reduce
errors of type 2. All additional matches in the
title image present a significant level of additio-
nal information, which would reduce their
matching score and can push it underneath the
threshold. However, this parameter has to be
used careful and its influence on the recogni-
tion process must be kept in mind when
preceding processes introduce a relevant level
of noise into the life scenes. When scoring with
clutter regarded, this noise can also reduce
the matching score of the true target conside-
rably. If noise is present, it should therefore be
carefully checked, whether using clutter com-
pels a lower scoring threshold and hence
counters the benefit in the exclusion of false
positives.

Figure 3 Alignment models as used in the alignment of wafers with unpolished surfaces.
a) shows the original model as created by the customer based on edge recognition from a life
target b) an optimized model cleaned off the noise

CASE 3: NOISY MODEL

Also caused by noise, but causing errors of type 1
instead of type 2 is the case presented in figure 3.
Due to the high level of noise in the original model,
which the customer created from a life scene, obvi-
ously no reliable pattern recognition was possible.
Several methods can be used to improve the
model. Using a synthetic target, created from life
images in an image editor program or by importing
CAD data is the most rigorous and successful
approach for images with similar noise level. How-
ever, also adjustments of the edge threshold,
image processing like contrast and brightness ad-
justments as well as masking irrelevant structures
in the image can be helpful and can be accessed
from the advanced alignment editor at the ma-
chine. Figure 3b) presents the result of the model
training after several of these optimizations were
applied to the training image. Using this target
model a stable and reliable alignment was pos-
sible.
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GENERAL RULES

From the presented cases a couple of general
rules can be given to support the setup of reliable
alignment models and recipes and to speed up the
optimization process of the recipes.

As a starting point, the target and its model

m  Should be located in a reasonable clearfield

m  Should have a different predominant
structure orientation than the neighborhood

m  Should contain all relevant feature edges of
the target

m Should not contain any irrelevant edges of
noise or other structures

m Should not contain edges that are in close
neighborhood to each other (redundancy)
Should take the polarity into account
Should use clutter information for scoring

Since in general errors of type 1 have a smaller
impact on the customers product (a pure error
type 1 would stop the machine, but would not
damage customer material), it is sensible to start
the alignment recipe optimization with the stric-
test parameter set possible, i.e. besides the para-
meters mentioned in the list above also high
matching score thresholds and deactivated de-
grees of freedom.

If this recipe is producing errors of type 1 too fre-
quently an error analysis similar to the presented
case studies will guide the user which parameters
have to be relaxed to allow for a stable and reliable
pattern recognition.

At this point we would like to remind the reader
of the extensive trainings that are offered by the
SUSS training department covering this subject.
For information on trainings please be referred to
the respective SUSS webpage: http://www.suss.
com/en/customer-service/training.html  and  the
contact information therein.
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EXCIMER LASER DEBONDER FOR 2.5D AND 3D
INTEGRATION

Dr. Tim Griesbach SUSS MicroTec Lithography GmbH, Ferdinand-von-Steinbeis Ring 10, 75447 Sternenfels, Germany
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SUSS MicroTec has recently introduced an
Excimer Laser based Debonding module (ELD300),
which allows the stress free separation of a glass
carrier wafer that was bonded to a device wafer by
means of an adhesive layer in order to support the
device wafer during thinning or backside proces-
sing steps. Temporary bonding of device wafers to
a carrier is typically used for supporting the device
wafer during various critical process steps such
as thinning and backside processing in area of
3D integration, 2.5D interposers, MEMS or power
devices. The laser debonder can be used as a
stand-alone, semi-automated system or as an
integrated process module in SUSS MicroTec’s
XBC300 Gen2 platform. The debonding method
used in the ELD300 system is based on a 308nm
excimer laser which is used to separate the glass
carrier from the tape mounted, thinned device
wafer. The ultraviolet (UV) light of the pulsed laser
beam is absorbed in the adhesive or in an optional
UV absorption layer within a few hundred nano-
meters. The absorbed laser energy breaks the
chemical bonds in the adhesive or absorption layer
without generating thermal stress on the thinned
device wafer. After the actual laser debonding
process the glass carrier wafer can easily be lifted
off with close to zero mechanical lift-off force.

INTRODUCTION

In the last decades the semiconductor industry
has witnessed two major developments: On the
one hand the constant decrease of feature sizes,
coinciding with Moore‘s Law and leading to almost
a doubling of integrated circuits per wafer every
one to two years. On the other hand production
processes are being transferred to increasingly
larger wafers to save cost by being able to produce
more dies per wafer. Additionally, in the last years
a third market trend has emerged: Similar or dif-
ferent devices are placed next to each other on a
carrier, a so-called interposer (2.5D technology) or
stacked three-dimensionally (3D technology). The
target is to create the shortest possible signal lines
while at the same time increasing the number of
input and output lines between the single devices
in order to increase the signal bandwidth while re-
ducing power consumption and heat dissipation.
Instead of using classical wire bonding technolo-
gies this new technology uses photolithographic
patterning of signal lines, through-silicon via (TSV)
connections and contact pads with far smaller
feature size in order to allow higher integration
densities. High density through-silicon via fabrica-
tion typically requires the device wafers to be thin-
ned to a final thickness in the range of 50—100um.
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Figure 1 Excimer Laser Debonder ELD300: (a) Overall view of the process chamber; (b) inside view of the process chamber during laser debonding process of

a wafer

In order to allow the processing of such thin wafers
with commonly used production equipment the
wafers are temporarily glued or bonded to another
silicon or glass carrier wafer prior to thinning. After
backgrinding and performing all necessary backsi-
de processes, the thinned device wafer is mounted
on a dicing tape which is held in a metal or plastic
frame. For further processing the temporarily fixed
carrier needs to be removed (debonded) to allow
the separation of the thinned device wafer into
individual chips using a wafer saw. The debond
process of the carrier from the device wafer can
be effected mechanically or through a laser pro-
cedure. For the laser-based debonding process
of wafers excimer laser tools with a wavelength of
248nm or 308nm have been proved particularly
successful. During the laser debonding process
a laser beam is directed over the glass carrier to
open the bond interface between the carrier and
the adhesive material. The excimer laser produces
a very high energy density. Due to the short pul-
se length of only a few nano-seconds, hardly any

thermal energy is distributed on the surface of
or within the device wafer. In July 2014, the first
semi-automatic laser debonding module was pro-
duced and qualified by SUSS MicroTec. Figure 1a
shows a picture of this Excimer Laser Debonding
(ELD300) module. The scan table with an on a tape
frame mounted wafer is shown in Figure 1b du-
ring the excimer laser debonding process. SUSS
MicroTec has developed special chucks for tape
frames for this module, guaranteeing that the bon-
ded wafer pairs can be safely held during the laser
debonding process even at high scanning speeds
of the x-y table. After debonding with the excimer
laser, the glass carrier can easily be removed from
the device wafer with a vacuum gripper. The thin-
ned device wafer remains mounted on the dicing
frame. Besides a stand-alone version, the excimer
laser debond module is also available as a process
module for the XBC300 Gen2 platform, allowing a
fully automated process with a throughput of 40
wafers/hour, including all, wafer and tape frame
handling as well as carrier lift-off.



PRINCIPLE OF EXCIMER LASER DEBONDING
The debonding method used in the ELD300 mo-
dule based on a 308nm excimer laser to separate
the glass carrier from a tape mounted thinned de-
vice wafer. The UV light of the pulsed laser beam
is absorbed in the adhesive or in an optional UV
absorption layer within a few hundred nanometers.
The absorbed energy breaks the chemical bonds
in the adhesive or absorption layer without genera-
ting thermal stress on the thin device wafer so that
the glass carrier wafer can easily be lifted off after
the debonding process. For this procedure a laser
beam is directed over the glass carrier to remove
the bond interface between the carrier wafer and
the adhesive material. Figure 2 shows the principle
of the laser debonding process.

The excimer laser works with an extremely high
energy density in pulse operation mode. One pulse
period lasts only a few nanoseconds, producing
hardly any thermal energy to distribute on the
surface of or within the device carrying wafer.
Additionally, the excimer laser offers a very
homogeneous energy distribution leading to a
low penetration of UV radiation in the absorbing
material (Figure 3).

Figure 3 Energy distribution and beam profile of an 308 nm excimer laser
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Figure 2 Principle of the laser debonding process

OPTIMIZATION OF THE LASER ENERGY

For the excimer laser debonding process of a
specific temporary adhesive material two process
parameter have to be optimized. The first para-
meter is the focus point of the excimer laser. The
excimer laser offers sufficient depth of focus so
that variations in adhesive or device wafer thick-
ness typically do not require any re-adjustments.
The second process parameter is the laser ener-
gy. The laser energy needs to be optimized for the
specific absorption properties of the adhesive or
UV absorption layer. Figure 4 shows the effect of
single laser pulses with different energy levels in
five different areas of a test wafer.

Figure 4 Optimization of the laser energy density
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Table 1 Investigation of the optimal laser energy density for the
debonding process

A summary of the different laser energy levels is
shown in Table 1. The laser energy was decreased
from 270mdJ/cm? (area 1) to 90md/cm? (area 5).
The higher the laser energy the larger the delami-
nated area. By reducing the laser energy density
to 90mJ/cm? the delaminated area is decreasing
considerably. On the other hand, higher fluence
may result in a stronger degradation of the UV
absorbing material or more ablation residues.
Cleaning or recycling of the glass carrier wafer will
be more difficult with a larger amount of residues
present. For the material example shown in this
experiment the optimum laser energy was found
to be 140mJ/cm? (zone 4). That energy level did
produce sufficient delamination while the residue
level on the glass carrier was very low.

EXCIMER LASER DEBONDING PROCESS

For the ELD300 module the maximum available
laser energy density that can be applied is 400mJ/
cm?. The pulse frequency is programmable up to
50Hz. During the debonding process the laser is
directed over the glass carrier to open the bond
interface between the carrier wafer and the ad-
hesive material. In collaboration with material
makers like Brewer Science, a large number of new
materials were qualified to prove the reliability of
the excimer laser debonding procedure. Using
Brewer Science's new materials in combination
with the ELD300 System, the laser debonding
process of a 200mm wafer takes less than 30
seconds on average. For a 300mm wafer the
excimer laser-based debonding process takes
less than 60 seconds. Figure 5 shows a device
wafer before (Figure 5a) and after (Figure 5b) the
excimer laser release and glass carrier lift-off
process.

Figure 5 Laser debonding sample: (a) before and (b) after laser debonding process
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Figure 6 Glass carrier wafer: (a) debonded glass carrier with UV release layer residue; (b) after oxygen plasma cleaning process

The corresponding glass carrier wafer is shown in
Figure 6. Residues of the UV release layer can be
observed on the surface of the debonded glass
carrier wafer (Figure 6a). These residues can be
easily removed by an oxygen plasma cleaning pro-
cess, which offers the possibility of the reuse of this
wafer for new temporary bonding applications. The
glass carrier wafer is shown in Figure 6b after an
oxygen plasma cleaning step.

SUMMARY

For the stress free debonding of 200mm and
300mm wafers SUSS MicroTec is offering an
Excimer Laser Debonding module ELD300, which
can be used as a stand-alone, semi-automated
system or as an integrated process module in
SUSS MicroTec’s XBC300 Gen2 platform. For the
debonding process a 308 nm excimer laser is used
to separate the glass carrier from a tape mounted
thin device wafer. The absorbed energy breaks the
chemical bonds in the adhesive or absorption layer
without generating thermal stress on the thinned
device wafer. At the end of the laser debonding
process the glass carrier wafer can easily be lif-
ted off. In collaboration with material makers like

Brewer Science, a number of new materials
were qualified to demonstrate the reliability of
the excimer laser debonding procedure. Using
Brewer Science‘s new materials in combination
with the ELD300 system, the laser debonding
process of a 200mm wafer takes less than 30
seconds on average. For a 300mm wafer the
excimer laser-based debonding process takes
less than 60 seconds.
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SUSS SMILE TECHNOLOGY - LARGE AREA IMPRINT
A SOLUTION FOR PATTERNING OF MICRO AND NANO
FEATURES

Dr. Eleonora Storace SUSS MicroTec Lithography GmbH, Schleissheimerstr. 90, 85748 Garching, Germany

INTRODUCTION

Due to the constant growth of the market for wafer-
level-cameras and for image sensors, the request
for implementing the manufacturing of optical
devices such as microlenses in the very well esta-
blished semiconductor technology is also steadily
increasing.

In order to address this opportunity, in the previ-
ous years SUSS MicroTec released SMILE (SUSS
MicroTec Imprint Lithography Equipment) and had
been constantly improving it ever since.

The most critical process specifications typically
coming from the microlens market are the ac-
curacy and the uniformity of the thickness of the
polymer constituting the optical device, directly
affecting the optical proprieties of the end product.
It is then clear that the extremely high degree of
control that the SMILE technology allows in the
imprinting process presents a strong advantage for
customers in this field.

In the present article, the current status of the
SMILE technology will therefore be reviewed,
with particular focus on its flexibility in performing
different types of processes.

CONTROL OF BASELINE THICKNESS AND
UNIFORMITY

The final thickness of the polymer employed in an
imprint process in a Mask Aligner is controlled by
the Wedge Error Compensation (WEC) process.
The base SUSS MA/BA8 Gen3 mask aligner is
equipped with a WEC head system that allows
reaching the parallelism between substrate and
mask (or, as in this case, stamp) with a micrometric
precision over a 200mm surface.

After loading substrate and stamp and before star-
ting the imprint process, the wedge error compen-
sation is performed as follows:

1. The WEC head system moves upwards, until
it reaches a physical contact with the mask/
stamp loaded onto the mask/stamp holder.
Alternatively, three proximity spacers can be
swung inwards to keep the contact at a mini-
mum. The upper part of the WEC head, at this
moment, is free to move and tilt. When pushed
by the Z-axis motor against the stamp, the
upper part of the WEC head will tilt until
reaching full contact over the whole substrate
surface.
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2. Once the WEC sensor has detected the
contact, the position is set as reference for the
Z-axis and from this moment onwards, the
process gap is calculated referring to the
number of rotation of the Z-axis spindle.
Therefore there is no other direct measurement
of the distance between substrate and stamp
during the process.

3. After setting the “reference” position, the whole
stage moves back downwards.

Even though such a design allows for the highest
precision when processing hard substrates coated
with incompressible resists and hard masks as for
standard optical lithography processes, for an
imprint process additional considerations have
also to be made. The compressibility of the typi-
cal materials employed in those processes plays
in fact a crucial role. In this case then, the force
acting on the whole WEC system becomes a very
important parameter: when moving the Z-axis up-
wards, the viscosity of the process material offers
an initial resistance against the Z-axis movement.
After this first contact, though, the imprint resist
squeezed between the substrate and the stamp
spreads towards the edge of the stack, decreasing
the resistance sensed by the WEC head, until
reaching an equilibrium position.

Furthermore, the standard MA/BA8 Gen3 WEC
head can hold a pressure up to 250N, after which
the pneumatic breaks holding its position start
to lose their grip and the whole WEC head starts
sliding downwards, leading to a mismatch between
the actual process gap and the one as shown by
the MA8 Gen3 software.

In order to overcome this issue and allow for a
higher degree of control of the actual process gap
even in the case of processes employing compres-

sible materials, the socalled “Active WEC” techno-
logy has been developed by SUSS MicroTec. Here,
the base MA/BA8 Gen3 WEC head is additionally
equipped with three piezo-actuators and the mask
aligner is also equipped with an independent
option to measure the actual gap between stamp
and substrate, either mechanically (with a set of
Heidenhain sensors) or optically (with a spectro-
meter sensor set). The read-out of those sensors
is fed into the controller unit regulating the piezo-
actuators and in this way they can automatically
bring and/or hold the WEC head to the target
position.

A second major advantage of the Active WEC
design is the possibility to re-adjust the relative
orientation of the substrate with respect of the
stamp even during the recipe flow, whereas the
standard WEC design does not allow such a
balancing motion.

Finally, each piezo-actuator can sustain a pressure
up to 1kN, allowing the WEC head assembly to
hold its position without sliding downwards up to
a total of 3kN. Even though, on one side, such
a specification permits to squeeze the process
polymers to very thin layers, on the other side the
operator has also to consider the effect of such a
strain applied to the whole stack.

MA/BA8 GEN3 SMILE TOOLING AND
PROCESS OPTIONS

Depending on the type of process, either a 9” x 9”
soda lime glass, typically 3mm thick, or a flexible
(0.2mm thick) AF32 glass is used as stamp carrier.
The first allows for a stiffer and more robust sup-
port for both the imprint and the general material
handling, while the latter for a more controlled
contact sequence during the imprint and for the
use of readily-coated substrates.
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Depending on the chosen process, two different
stamp holders are available:

Stamp holder

Stamp —>
1. An open version: The stamp is held by vacuum Resist  ——
only at the outer edges and additionally secured Substrate ———-
by external mechanical clamps. This stamp holder Chuck  —7
is used for processes employing thick stamp car- m
riers. As described in Figure 1, the imprint process
flow is as follow:

1a The viscous polymer is dispensed as a puddle
onto the top of the substrate; the surface
tension will give it a curved shape, with the
highest point in the centre.

1b By moving the substrate chuck upwards, the
resist will have its first point contact where the
resist is thickest and then it will be spread
outwards, sandwiched by the stamp on top
and the substrate in the bottom.

1¢c The chuck will keep moving upwards until
reaching the targeted resist thickness.

1d The lamp house moves forward and expose
the photosensitive resist to cure it,
and

1e the stamp can then be detached from the
imprinted resist on the substrate.

Typical processes carried out using such a tooling
are those ones that involve rather thick polymer
layers (from 50um upwards, depending on the
various viscosities) and/or materials with known
issues concerning coating results (such as poor
adhesion or too large edge bead). A most used UV Exposure
application, for example, is the imprint of microlen-

ses for the wafer-level camera and for the image m

sensor markets.

2. The closed version of the stamp holder:
A 9mm thick glass plate is placed in its centre and
additional vacuum grooves allow fixing the subst- CD\‘

rate both at its edge and at its centre.
This stamp holder can be used with both, thick

and thin stamp carriers, provided that the thick m

ones are still within the depth of focus of the

UV Exposure

"

Figure 1 Imprint process via the puddle dispense method
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Mask aligner microscopes and that the whole
stamp and substrate stack still fit in the tool. When
using thin stamp carriers, the main advantage of
this design is the possibility to bend the stamp
during the imprint sequence, allowing the use of
pre-coated substrates, as described in Figure 2:

2a The stamp is held by the stamp holder via
both inner and outer vacuum and the coated
wafer is placed on the chuck.

2b The inner vacuum is released, while a tuneable
pressure is applied to the inner region to bend
the thin stamp downwards;
the stamp is still held at its edge by the outer
vacuum grooves.

2c¢c The chuck and the substrates are moved
upwards, until the stamp contacts the coated
resist locally in the substrate centre.
The chuck moves further up, extending the
contact front across the desired active area.

2d The chuck is then moved towards the stamp
holder so that the stamp and the substrate are
in contact over the whole surface.
At this point, the operator can decide whether
to apply a defined pressure to the back side of
the stamp to push it in the polymer or to
adopt a pressure free process, where the
polymer is attracted in the stamp structure
purely by capillary forces.

2e After curing the imprint resist via UV exposure,

2f the stamp-substrate stack can be removed
from the SMILE tooling and the stamp peeled
off.

This method should be employed especially when
targeting resist thicknesses below the micrometric
range, that the puddle dispense method would not
easily achieve. Typical applications are therefore
optoelectronics devices such as PSS wafers or
optical gratings.

1. Align

Stamp holder

Stamp

Resist
Substrate

Chuck

2. Imprint

m——

]
) wedbo |

e

l
I
Pt

\

.

Figure 2 Imprint process via the coated substrate method
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Also thick stamp carriers can be used in combi-
nation with the closed stamp holder design. In
this case, although, the stamp itself cannot be
bent and therefore the process flow is based on
the puddle dispense method (Figure 1) rather than
the one for coated wafers. The main advantage of
using a closed holder is, in this specific case, the
additional support against stamp warpages.

STAMP PREPARATION

The stamps used for the imprints can be produced
using the SMILE technology as well. Either the
open or the closed stamp holder can be emplo-
yed, depending on the stamp carrier thickness and
on the process specifications. The stamp moulding
process is analogous to the imprint with the puddle
dispense method:

a The blank stamp carrier is loaded in the stamp
holder, while the master mould on the chuck.
Typically, the master mould is treated with an
anti-adhesion layer and the stamp carrier with
an adhesion promoter.

b The high Young modulus stamp material
(silicone or acrylate, for example), still in its
liquid form, is dispensed in the centre of the
master mould and then spread outwards.

¢ The stamp material is then cured, either by UV
exposure or by time.

d Finally, the stack is unloaded and separated,
where now the pattern from the master mould
is replicated into the stamp material glued to
the carrier.

CONCLUSION

Recently, SMILE has demonstrated to be an
extremely versatile and flexible technology, able
to address many different processes from a single
platform.

A careful matching of tool hardware, stamp type
and process chemistry allows large area imprinting
of nano- and microdevices, offering a valuable
equipment for many diverse markets.
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