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Canan Baristiran-Kaynak † , Marco Lisker† , Andreas Krüger† , Ulrike Saarow† , Patric Heinrich† ,
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temperatures on the annealing at the bonding process. It is also
possible to get high bonding strength on lower temperatures
by plasma activation on the surface [8]. Later, the package
wafer needs to be thinned down to required thickness by wafer
grinding techniques. In this perspective, having high quality
of wafer bonding is the most important determiner for getting
high yield on the packaging of the chips.
In this work, the effect of the BiCMOS wafer surface
optimization processes on the process yields is shown by
non-destructive Scanning Acoustic Microscopy (SAM) and
destructive grinding method. These optimization processes are
directly affecting the wafer to wafer direct bonding quality
which can be seen in the bonding and post-grinding yields.
The final yield results of different surface oxide roughness
optimization are compared.
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Abstract—In this paper, a yield increase on post-grinding of
200 mm wafer level packaging applications is presented. 200
mm wafer level plasma enhanced oxide-oxide direct bonding and
wafer grinding are used in the packaging of the wafers. Since the
surface conditions of the wafers that are used in the packaging
is the most critical point of the wafer bonding and grinding
processes, it is focussed to optimizing wafer surfaces to increase
the yield. After the optimizations on the surface conditions of
the BiCMOS wafer used in the packaging, the 200 mm plasma
enhanced wafer to wafer direct bonding yield increases from 0%
to 99% and at the same time the post-grinding yield of these
wafers increases from 0% to over 90%.
Index Terms—Wafer bonding; Microfluidics; Lab-on-Chip
(LoC); packaging; grinding; yield
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Wafer level packaging is a technique that increases throughput and yield on packaging systems and a new generation of
packaging systems has been promised by wafer level processing techniques [1]. Additionally many different applications
requires wafer level packaging where complex systems are on
the wafer like Micro-Electro Mechanical Systems (MEMS)
and Lab-on-Chip (LoC) applications [2]–[5].
Finalization of the 200 mm wafer level packaging requires
wafer to wafer bonding and wafer grinding/thinning techniques. Even though the there are strict requirements for the
200 mm wafer direct bonding [6], using well defined and
reported 200 mm direct wafer bonding and grinding techniques
favour to use them to utilize high-throughput in the packaging
processes and low cost of the final chips. Therefore, it enables
to package all the chips on the 200 mm wafer at once with
high throughput.
The wafer level packaging of 200 mm wafers start with
bonding of the package wafer on to a functional wafer [7].
The surface of the functional and package wafer need to be
processed according to the requirements of the wafer direct
bonding. To have high quality and high bonding strength,
the surfaces need to be free of roughness and high annealing

II. M ICROFLUIDIC PACKAGING
In our Si based microfluidic technology and packaging
development, the aim is to integrate microfluidics with inhouse BiCMOS technology with CMOS-compatible wafer
processing techniques [9]. In this technology development, 200
mm wafer bonding and grinding techniques are used. In Figure
1, the process flow of the technology development can be seen.
On this process flow, firstly the BiCMOS wafer is fabricated
and microfluidic inlet and outlet are opened by Localized
Backside Etching (LBE) from the backside of the wafer. Secondly, on a bare Si wafer, the microfluidic channel structures
are etched. Later, these two wafers are bonded together by
plasma activated oxide-oxide fusion bonding from their front
sides. The height of the channels are arranged by backside
grinding of the microfluidic channel wafer. At last, a glass
wafer is bonded on top of the channels in order to encapsulate
the channels and package the chips. After this point, the wafer
stack is ready for the chip dicing.
The main bottleneck of the method is bonding BiCMOS
and microfluidic wafers together [10]. If the bonding strength
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is low, then the wafer stack cannot withstand the forces under
wafer grinding processes. Therefore, increasing the bonding
strength is crucial to increasing the yield in this packaging
method. In order to increase the bonding strength, surface
roughness optimization applied on the BiCMOS wafer.
In order to understand the effects and the results, some
characterization techniques are applied between the steps of
the packaging flow. The first characterization step is measuring
the micro surface roughness with non-destructive Atomic
Force Microscopy (AFM). With this method, it is possible
to get high resolution surface topography and the micro
roughness over 20 µm x 20 µm area. After the bonding,
the wafer stack are investigated under SAM, and the bonding
interface is investigated. Finally, the wafer stacks are grinded
and destructively tested for the yield.
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Fig. 1: Packaged microfluidic lab-on chips by three-waferstack approach with the optimized wafer surfaces.

III. E XPERIMENTAL R ESULTS
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Before the fusion bonding, the front surface of the BiCMOS
wafer which will be on the bonding interface is optimized. This
wafer is terminated with a thick oxide layer which is deposited
on top of the last metallization layer. Therefore, the effect of
the last metallization layer and the thick oxide deposition on
the surface roughness tried to be decreased. Firstly, optimum
oxide types and the oxide thicknesses are investigated to obtain
the best surface roughness conditions. Secondly, the effect
of the backside processes on the wafer while the through
holes are being opened is decreased by chanhing the order
of the process steps. These simple optimizations are already
decreased surface micro-roughness (Rq) from 1.79 nm to
below 1 nm over 20 µm x 20 µm area [10].
Additionally, before the 200 mm wafer level plasma activated oxide to oxide bonding, a short Chemical Mechanical
Polishing (CMP) touch-up step is applied on the front surface
to further reduce the surface roughness. A special method of

Fig. 2: AFM image of the surface over metal fillers before
(top) and after (bottom) the surface optimization. The surface
roughness (Rq) over 20 µm x 20 µm area decreased from 1.79
nm to 0.35 nm.

CMP touch-up is developed for that step due to the open
metal structures and through holes on the BiCMOS wafer. The
damage done by the CMP on the short touch-up step is reduced
while having less rough surface for the fusion bonding. After
this step, the oxide micro-roughness is decreased around 0.35
nm over 20 µm x 20 µm area. In Figure 2, AFM image of
the surface roughness change can be observed.

Fig. 3: Post-bonding SAM image of the wafer stack surfaces
before (left) and after (right) the surface optimization. The
post-bonding yield increased over 99% after the optimizations.
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Fig. 5: Packaged microfluidic lab-on chips by three-waferstack approach with the optimized wafer surfaces.

up to 99% after applying the last CMP touch-up process step.
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B. Grinding Yield
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Since there is no bonding successful with the standard flat
terminated BiCMOS wafers, there are no results from wafer
grinding. The first wafers grinded on this packaging process
flow are the wafers with optimized oxide thickness and type
wafers which have a bonding yield around 60%. After the
grinding of these wafers, the yield drops down to 10%. This
drop can be explained by the damage caused by the wafer parts
which are not initially bonded on the BiCMOS wafer. Since
they are not bonded, they are flying around during the grinding
process and hitting back on the surface with high velocity,
breaking the neighbouring area. Even though maximum yield
can be up to 60% coming from the bonding yield, the yield
after grinding drops drastically because of this reason.
On the wafers with final touch-up optimization, it is expected to have more post-grinding yield due to the high
bonding yield. As expected, these wafers have over 90% postgrinding yield as expected. Since the bonding yield on these
wafers are up to 99%, the flying particle damage effect which
can be seen on the wafers with low bonding yield is not seen
on these wafers.
In Figure 4, the post-grinding photos of the 200 mm
wafers can be seen. On the figures, the front side of the fully
processed BiCMOS wafer which is the bonding interface on
BiCMOS wafer side is visible in brownish earth colors. The
grey parts are the backside of the channel package wafer
which consist of only Si. On the left side of the figure,
the front side of the BiCMOS is mostly visible due to low
post-grinding yield. On these wafers, there si only oxide type
and thickness optimizations are done. It is also clear that the
post-grinding yield is around 10% which is not enough for
further processing. However on the right side of the figure,
the high post-grinding yield is seen by grey color covering
all over the BiCMOS wafer front surface. The post-grinding
yield on these wafers are more than 90%. Therefore, it is
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A. Wafer Bonding Yield
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Fig. 4: Post-grinding photo of the wafer stack surfaces before
(left) and after (right) the surface optimization. The postgrinding yield increased over 90% after the optimizations.
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The standard flat terminated BiCMOS wafer in IHP technology is yielding 0% wafer bonding results since the microroughness is above the requirements of 1 nm over 20 µm
x 20 µm area. After the first level of surface roughness
optimizations as stated above, the surface micro-roughness
is dropped from 1.79 nm to barely below 1 nm with only
optimizing the surface oxide type and the deposition processes.
Bonding of these wafers are resulted 60% yield of overall 200
mm wafer surface area.
The newly developed short CMP touch-up process decreases
the surface micro-roughness around 0.3 nm. This applied last
planarization step increases the bonding yield of the wafers
up to 99% of the total 200 mm wafer area. The improvement
over the 200 mm direct wafer bonding can be seen in the
SAM images in Figure 3. The result on the left in the figure
shows the bonding yield of the wafer stacks without last CMP
touch-up step. In the image, the black areas are where there is
successful bonding on the interface since there is no reflected
acoustic waves from the interface. The result on the right side
on the figure, it can be seen that the bonding yield increases

IV. C ONCLUSION
A well done optimization on the BiCMOS wafer surface
and surface termination conditions directly affect the bonding
yield and afterwards the post-grinding yield. Even standard
flat terminated BiCMOS wafers are not being capable of to
be used in packaging applications where wafer to wafer direct
bonding is used. A detailed optimization processes need to be
applied on the surface in order to get high yield packaging. It
is shown that with the detailed optimization processes, first the
bonding yield increased from 0% to 99%, and then with the
same wafers post-grinding yield increased from 0% to over
90%.
ACKNOWLEDGMENT

pt

R EFERENCES

ed

Ve

This work is supported in part within a DFG project of
“Integrierte Lab-on-Chip Terahertz-Spektroskopie-Platform
in BiCMOS Technologie” (THz-LoC), TI 194/9-1 in
Priority Program of Electromagnetic Sensors for Life
Sciences (ESSENCE), SPP1857 and “Semiconductor-based
Ultrawideband Micro-manipulation of Cancer Stem Cells
(SUMCASTEC)” project under the GA N 737164 of
European Commission Horizon 2020 program.

io
n

After the grinding, a glass wafer is bonded on top to
encapsulate the channels and total chip to have the final
packaging. Later, the wafer is diced twice: the first to expose
the electrical pads from the glass wafer capping; the second
to separate the chips from the wafer. In Figure 5 the packaged
microfluidic chips and a 1 Euro cent for scaling can be seen.
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possible to finalize the packaging with these wafers.
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