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Abstract

This paper treats the moisture resistance of SUeBKMPR, two photoresists considered as structonaerial in microsystems. Our
experiments focus on the moisture resistance oflynel@veloped radiation imaging detectors containihgse resists. Since these
microsystems will be used unpackaged, they areeptibte to all kinds of environmental conditiondre&dy after one day of exposure to
a humid condition the structural integrity and a&lbe of SU-8 structures, measured by a shear sedtastically reduced. KMPR

photoresist shows much stronger moisture resistangperties, making it a suitable alternative irr application. © 2008 Elsevier

Science. All rights reserved.
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1. Introduction

Recently we showed a radiation imaging detector
fabricated by IC compatible low temperature wafestp "
processing [1]. This unpackaged microsystem is used
nuclear physics, high energy physics, astrophysiod
radiology. This device uses pbn high isolating pillars as
structural support for a gm thick punctured aluminum
grid, placed on top of a standard CMOS chip. Figlire
shows a SEM picture of the device. SU-8 [2, 3] iB a
attractive candidate for fabrication of the suppmltars [4]
due to the low temperature process [3] and lowdresi
stress in the underlying CMOS. Additionally it hgsod

insulating properties [5] and it is radiation hgf]. The Figure 1. SEM picture of the detector, a punctueatal

prototypes fabricated with SU-8 50 show excellent g, placed over a CMOS chip is supported by intota
radiation imaging performance. SU-8 or KMPR pillars.
As an alternative for SU-8 we also consider KMPR [3

a negative tone photoresist which is easier tp,stniaking
it more suitable than SU-8 for electroplating mogi[7]. 2. Materials and processing details
The processing time for KMPR is shorter than SU-8
without risk of cracking. The maximum thickness of The typical fabrication process for the SU-8 inwsv
100pm that can be spin coated covers the range ofestter three days and comprises the following steps:
for our system. -SU-8 spin coating;
Humidity is a functional hazard for these micosyste -Soft bake of the resist (10 minutes 50 °C, 10 naiguat
as the devices are not packaged. In this work vmepeoe 65 °C, 20 minutes at 95°C and ramp down to room
the structural integrity of microsystems using b&ti-8 50 temperature);
and KMPR support pillars after high-humidity bak&$e -Expose the resist (24 seconds at 12 m\§/arear UV
photoresist is tested on a variety of underlyinig films: broad band 350 nm-450 nm);
PCVD SiN,, PECVD a-Si:H, or pure aluminum. These -Post exposure bake of the resist (5 minutes 50 °C,

materials are chosen because of their applicakilityhe 5 minutes at 65 °C, 10 minutes at 80 °C and ranvpndio
chip surface of the radiation imaging system [8]. room temperature).
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KMPR processing can be completed in one day, asmuch better than the investigated metals. In aflesaa

follows:

-KMPR spin coat;

-Soft bake of the resist (15 minutes at 100 °C);

-Exposure of the resist (80 seconds at 12 m\{/crear
UV broad band 350 nm-450 nm);

-Post exposure bake of the resist (4 minutes 100 °C

The processing of these photoresists follows theeat
advice of the resist manufacturers. Wet-developroétte
resist takes place after metal (sputter) depositom
patterning. More details about the complete falioca
process of the detector can be found in [1].

3. Resaults

Test structures were fabricated consisting of SOF8
KMPR squares with 450m sides (unless stated otherwise)
and 55um height. Their adhesion to the underlying layer
was tested using a Dage 4000 shear tool.
machine increases the force linearly until struesur
delaminate from the substrate or the machine fbnaé is
reached.

3.1. Adhesion strength

First we have studied the adhesion strength of S8
KMPR over several underlying thin films. The ungery
materials were chosen either because they arenpratsthe
surface of a CMOS chip (silicon nitride, aluminum,

copper), or because we consider adding them in this @ 140 -

microsystem. Figure 2 shows force needed to dektmior
break the non-exposed tests structures from differe
substrates. Clearly KMPR shows superior adhesioanwh
compared with SU-8. For both SU-8 and KMPR we find
that specific details of the processing (soft badleed bake,
etc.) have an impact on the adhesion strength.
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150 °C hard bake increases considerably the adhdsio
both SU-8 and KMPR.

3.2. Primer treatment

As the SU-8 adhesion on metals was relatively poor
the abovementioned experiment, an additional emrperi
was conducted with this photoresist. In standard
semiconductor manufacturing, prior to photoresting
the substrate surface is coated with a thin prilager to
increase the resist adhesion [9]. Two primers coniyno
used are trichlorophenylsilane (TCPS) and hexanhethy
disilizane (HMDS). The adhesion experiments were
repeated using both primers, to investigate if bwad
strength could be improved.

In the case of TCPS, wafers were first cleaned with
oxygen plasma. Then the TCPS vapor primer was egpli
and baked at 200 °C during 30 minutes. For HMDS
priming, wafers were cleaned in fuming nitric aeied hot
nitric acid, the HMDS vapor primer was applied, heitit
baking step. Finally SU-8 was spin coated on eigitaner
following the process described in section 2.

Figure 3 shows the results of the adhesion of Sin-8n
aluminum substrate for different square test stmes with
dimensions of 45@m, 200um and 10Qum side. Only
small differences are observed: the adhesion igimelly
increased with TCPS primer. HMDS primer has nocatffe
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Figure 3. Adhesion of SU-8 on aluminum substrate fo
different primer treatments and different squaresi

Remarkably the shear force does not increase
proportionally with the test structures size. Tlpisints
towards the influence of the internal stress of 8i¢-8
layer, more important in big structures than in kma

Figure 2. Adhesion strength of SU-8 and KMPR over structures, playing a role in the adhesion strength

different substrate materials before and after batde.

In all cases the SU-8 structures show delaminatiadhe
interface; in several occasions the KMPR structuaes
broken rather than delaminated. All silicon-basedamals,
which have an SiPnative oxide, show good adhesion, and

3.3. Exposure to humidity
The reduction of the adhesion strength under expdsu

a high relative humidity (95% RH at 30 °C) was stddfor
KMPR and SU-8 samples. SU-8 on aluminum shows a
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50% reduction in adhesion strength after only oag, d
further decreasing to ~5% of its original value eaft

To confirm the difference in moisture response leetw
SU-8 and KMPR longer humidity exposure times were

3 weeks of exposure. In some samples adhesion wastudied as well as other substrate materials.
completely lost and the top grid or the pillars reyeled
off from the substrate during transport.

Figure 4.
SU-8 pillar before exposure to humidity. Middle: 8U
pillar after exposure to humidity. Right: KMPR pitl after
exposure to humidity.

picture of SU-8 and KMPR npillars. tef

SEM inspection (figure 4, left) shows that the SU-8
pillars have swollen as much as 5% after the hugnidi
treatment, likely by water absorption [10, 11]. T&&-8
parts from the aluminum interface, as shown inriggd
(center). On SN, or Si, the adhesion of SU-8 is better; but
the swelling is the same, causing a dramatic rémludh
the adhesion already after 1 or 3 days. This isvehn
figure 5.

KMPR samples exposed to a few days of high humidity
show a less dramatic reduction in the adhesiomungicp).

There even seems to be a slight improvement in the

adhesion after 3 days exposure compared to thalinit
decrease after one day. The SEM picture of an exbos
KMPR sample (figure 4, right) shows cracking at Hase
of the pillar, consistent with the observation thaédo for

Figure 6 shows that even after 15 days of expogure
95% relative humidity the KMPR samples on aluminum
substrate maintain the original adhesion strength.

For the SU-8 samples the same trend is found when t
substrate is aluminum or a material with origindbgtter
adhesion, such as a-Si. We can conclude that agthksis

is determined by the photoresist itself and notdilestrate
material

The 95% relative humidity conditions are the most

aggressive for the photoresists. When samplesxgased

to 75% or 85% relative humidity the adhesion reduatea
lower rate. Figure 7 shows a comparison betweeithttee
different humidity conditions for SU-8 on aluminuwifter

21 days at 75% relative humidity adhesion is reduime
about one third of its original value. Unexpecteaitihesion

is apparently reduced at a faster rate for 75%tivela
humidity than for 85% relative humidity. With theévgn
sample-to-sample variation this may be insignifican
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Figure 6. Adhesion strength of SU-8 over an aluminu

the exposed samples the KMPR breaks before showingsubstrate, a-Si substrate and KMPR over aluminum

delamination at the interface. Initial temperatuaseling
tests between 30 °C 95% RH and 0 or -10 °C alsb hin
towards a significantly stronger robustness for KPR
systems.

substrate when exposed to 95% relative humidityindur
several days.
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Figure 5. Adhesion strength of SU-8 and KMPR orfiedént
substrate materials; before humidity exposure Iflreend after
exposure to 95% relative humidity during one oe¢hdays.
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Figure 7. Adhesion strength of SU-8 over an aluminu
substrate when exposed to different relative humidi
percentages during several days.
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4. Conclusions [9] S. Wolf and R. N. Tauber, Silicon processing fbe
VLSI era, Vol. 1 — process technology, page 43Qtite
We have shown that microsystems using SU-8 aspress, 1986.
structural material can encounter severe adhesiuligms [10] J. Park and D. S. Shiraterials Chemistry and
when exposed to even mild humidity conditions. The Physics, vol. 98, issue 2-3, pp 309-315, Aug. 2006.
adhesion of SU-8, which is particularly poor on aetis [11] R. Feng and R. J. Farrid, Micromech. Microeng.,
not improved significantly by the use of TCPS or BISI vol. 13, n°1, pp. 80-88, Jan. 2003.
primer.
When subjected to the same humidity conditions,
KMPR photoresist shows superior performance. Its
adhesion shows not significant degradation eveer aft
several days. In combination with other favourable
properties, this finding makes KMPR a suitable ddaig
to replace SU-8 in our radiation imaging microsyste
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