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Abstract

Silicon micromachining requires a proper etch mask, which can withstand the action of etchant durin
fabrication of typical structures. Widely used etch mask materials are, SikN,, gold (Au), chromium (Cr) and
boron diffusion. Deposition of these on substrates requires expensive equipment. Mihagtlalllig°roc. SPIE
Materials and Device Characterization in MicromachinjntP98, 3512, 4221] reported PMMA as a mask laye
on the backside during silicon etching by KOH solution. This etch mask is cheap and is easy to use. In the |
work, PMMA is deposited on silicon substrate with a simple technique of spin-coating. The adhesion of |
coated film of PMMA on silicon wafer is an important parameter for its use as an etch mask, while etchir
aqueous KOH solution for silicon micromachining. Pre- and posttreatments have been performed on s
substrate and the mask layer to achieve greater adhesion of the mask material. Feasibility is demonstratec
use of PMMA as etch mask.
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1. Introduction

Silicon technology has reached the level of subsubmicron size and added ‘smartness’ b
grating sensors and actuators (the moving parts) with the devices. This has become possik
the silicon micromachining technology which extensively uses anisotropic etching of silico
KOH,' 3 KOH+IPA* and EPW Typical micromachined structures include thin membranes, de
and narrow grooves, cantilevers, diaphragms, high-precision nozzles, gratirigsTtecetch
masks used are silicon dioxide (SiGsilicon nitride (SiN,), gold (Au), chromium (Crj;** and
boron (B)* the former two being extensively used. These are grown, deposited or diffused t
commerically available equipment/techniques. Silicon dioxide is nhormally grown at elevated
perature at 110C, while silicon nitride is deposited by chemical vapour deposition (CVD)
around 808€C.

Fabrication of typical antireflection grating requires silicon etching till a depth qir@,3
whereas a typical cantilever structure requires etching to a depth@fr2Eching rate of silicon
in 20% by weight KOH solution at 80 is 86um/h! Thus, 0.3tm-thick silicon for grating can be
etched in a few minutes, whereas it takes about 3 h fau@5€antilever. Further, the etching rate
of SiG,is 0.268:m/h in 20% weight KOH at 8C. In order to mask silicon for complete fabricatior
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of grating, 0.2«m-thick SiQ needs to be grown. Likewise, for a cantilever structure;@-8nick
SiO, needs to be grown. The growth process requires less than an hour for a grating a8d &
h for a cantilever structure at the above-mentioned temperature (depositionuatén)2d Similar

is the case with @i,. The above values indicate that the process of &@isN, deposition is
expensive and time-consuming. Also, if the thickness of &GEN, is not uniform, the yield for
the fabrication process will be reduced.

While working with PMMA for other applications, we learnt that it possesses characteris
like easy to cast films, low (negligible) etching rate in KOH and good temperature resistance, \
are suitable as an etch mask for micromachiningetlial™® have reported the use of PMMA as
etch mask. The main problem they encountered is the adhesion of PMMA on to the sub.
Commercially available PMMA has poor adhesion. Good adhesion is because of the attr
interaction between the layer and the substrate and to improve it attractive interaction shol
strengthened. lliet al’® used primer layers between the substrate and the PMMA to impr
adhesion.

The present paper reports the experiments carried out to examine the feasibility of spin-c
PMMA as an etch mask. Pre- and posttreatments on silicon substrate and PMMA are d
improve adhesion and therefore masking characteristics. Results obtained are reported a
cussed on the basis of available literature.

2. Experimental

N-type, 50Qum-thick silicon substrate of (100) orientation was used in the present experim
The silicon substrate was cleaned by dipping in HF solution and then washing with &tAton
simple technique of spin-coating was used to coat a film of PMMA on to silicon substrate tc
its feasibility as an etch mask. For the spin-coating, the solution of PMMA was prepare
dissolving grains of commercially available PMMA in chloroform (CHiCrhe concentration of
the solution was varied by dissolving different weights of PMMA grains in 100 cc of LH@&
solution of PMMA was poured on the silicon wafer and was spun at-3000 rpm for 1% min.
The coated samples were then baked in an oven to increase the adhesion. The baking tem,
and baking time were varied from°@to 90C and from 15 min to 60 min, respectivatyobserve
the variation of masking durability

The sample was then dipped in KOH solution. The solution of KOH was prepared by dis
ing KOH pellets in de-ionized (DI) watérhe concentration of KOH was varied starting from 5%
20% by weight dissolved in DI watdburability of PMMA was tested as an etch mask measur
in minutes at different KOH concentrations and temperatures (fra@t6@0C) of KOH.

3. Results and discussion

The data collected for demonstrating the feasibility of PMMA as an etch mask for sili
micromachining are presented heresfart with, 2.5 g of PMMA was dissolved in 100 cc of CHCI
and used in the present experiments. This was chosen out of experience gained during th
being carried out in our laboratory on other applications of PMMA. Films of PMMA spin-coa
on silicon substrates were dipped in KOH solution of 5% by weight in DI water at room temg
ture. This concentration was selected as the durability of PMMA in KOH was not known. It

found that the films peeled off within 5 min. .
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In order to increase the time taken for peeling off (masking time), the adhesion of PMMA'
silicon substrate needs to be improved. The adhesion of polymer resists to the substre
lithography process is improved by baking the resist at specific temperature and for specific t
The same procedure was adopted in the present work. The results of variation of masking t
PMMA with baking temperature (70 to 90C) and baking time (15 to 60 min) when dipped i
KOH at room temperature (25), 60C and 86C are shown in Fig. 1. Baking temperature abov€ 90
was not used because the glass transition temperature of PMMAG Oamcentrations of KOH
and PMMA were kept constant for the experiments.

From Fig.1 it can be seen that for constant baking timettiree different times), the masking
time increases with increase in baking temperature. Futiieemasking time also improves with
increase in baking time at constant baking temperature (three different temperatures). Maxi-
mum masking time of 205 min is achieved at a baking temperaturdodf@ baking time of 60 min.
Increase in masking time with baking temperature can be attributed to improved adhesi
PMMA on to the silicon substraté.

This was further confirmed by IR spectroscdiy/spectra obtained for the baked and unbak
samples are shown in Fig. 2. The peak values observed at 2995, 2946, 1731, 1447, 1149, 9
cm* are attributed to CKICH, stretch, carbonyl group, C-GHCH bend in ester group, Sjnd
silicon, respectivelyThese peaks agree well with the standard peak values of PiiviAich
confirms that there is no change in the compound coated on the substrate even after bak
addition to these peaks, peaks are observed at 1384, 1269 and’8e@esponding to CH bend
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Fic. 2. IR spectra of (a) unbaked and (b) baked samples.
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Fic. 3. Variation of masking time of PMMA with baking temperature and baking time when dipped in KOH at
60°C and (b) 88C.o--0: Variation with banking time 15, 30 and 60 mire : Variation with baking temperature 70,
80 and 960.

in CH,, carboxyl ion and SiOCHrespectivelyfor baked samples (Fig. 2b). The peak of 842 ism
reported by Mihaela lliet al®® to be responsible for bonding with silicon substrate. The presel
of 842 cm* in baked films is an indication of improved adhesion of baked films with silicon &
therefore improved masking time.

As mentioned in Introduction, a typical antireflection grating requires silicon etching ti
depth of 0.3um, whereas a typical cantilever structure requires etching to a depth 250
Furthey the etching rate of silicon at 10 wt% KOH atiR 1.5um/h! Therefore, etching of typical
grating and cantilever requires 15 min ar8l days, respectivelit 5 wt% KOH used in this part
of experiments, the etching rate will be lower and etching time will be higher than that menti
above. The maximum masking time of 205 min observed for PMMA in the present experiment
be suficient to fabricate grating but not the cantilever

Normally used temperatures of KOH for the micromachining processes are abowegle
one achieves good etching rate of silicon. The next experiments therefore were carried out fol
temperatures of 6C and 80C (Fig. 3).

Similar results on increase in masking time with increase in baking time and temperatul
observed, but with reduced with masking times. The maximum masking times of KOG ang0
80°C and at 9TC of baking temperature and baking time of 60 min are 165 min and 15 min, res
tively.

In order to see the effect of PMMA concentration and in turn the thickness of the film or
masking time, experiments were carried out by changing the concentration of PMMA. The
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centration was varied by dissolving different weights of PMMA in GHThe temperature of
KOH was varied from 6 to 80C. The baking temperature off0and baking time of 60 min was
used as it gave good results as discussed above (Fig. 4).

Itis seen that the masking time improves with increase in the concentration of PMMA.,Fur
higher the concentration, higher is the thickness of the deposited films. The observed incre
masking time therefore can be attributed to increased thickness. But the higher thicknes
pose problems in further processing of the samples for pattern transferring by lithpgspsy
cially for small feature size micromachined structures.

In the experiments so far a lower (5 wt%) concentration of KOH was used, but generall
concentration used for micromachining is 20 wt%. Experiments therefore were carried out
KOH concentration of 20 wt% (Fig. 5a).

Comparison of Figs 4 and 5a shows that at higher concentration of KOH the masking
reduces. This is as per expectation for all PMMA concentrations and KOH temperature val

It is a well-known fact that the adhesion of film to the substrate improves if the subsi
surface is made roudhln the present work, the surface of silicon substrate was made roug|
dipping in HF+HNO; (1:1)** solution for a few minutes immediately prior to coating PMMA. Th
results of the experiments carried out on roughened samples for the optimized baking tempe
(90 C) and baking time (60 min) at 20 wt% KOH are shown in Fig. 5b. Improvement in the mas
time is observed as compared to the samples where substrate was not cleaned (Fig+54)l{D:H

These results also follow the same trend as in Fig. 5a with increase both in temperatul
concentration of PMMA. The masking time obtained is more than for all the previous results f
the values of KOH temperature and PMMA concentration; for example, 325 miC#083.73 g
conc. of PMMA as compared to 180 min in the previous results. This can be attributed to inc
in the adhesion of PMMA with silicon substrate due to pretreatment of the silicon subs
which was dipped in HF+HNO

In order to use the masking material for etching specific structures in silicon it is necessse
transfer the required pattern in the masking material. The experiments for pattern transfer
photolithography technigue were carried out on the films coated from PMMA concentration o
gin 100 cc CHGCland baked at 9Q for 60 min. The process steps, which were carried out for
pattern transferare shown in Fig. 6. The pattern was successfully transferred in PMMA films
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Fic. 6. Process of transfer of pattern in spin-coated PMMA.

It is clear from the above discussion that the maximum masking time obtained is 325 mi
3.75 g PMMA concentration at 80 KOH temperature (Fig. 5b). t this masking time one can
etch out structures whose depth could be aroungdB8nd 4Q:m using PMMA as a mask. Thus
the feasibility is demonstrated for use of PMMA as an etch mask for limited structures.

For further improvement in the adhesion of PMMA with silicon, other techniques like sput
ing, plasma polymerization, plasma treatment, etc. may be trigidk i8vin progress to lower the
thickness obtained by these methods which will be useful in better pattern transfer by lithogr

4. Conclusion

From the experimental results obtained on the masking time of PMMA for various experim
conditions and the possibility of trasnsferring the pattern in it, it can be concluded that
feasible to use PMMA as an etch mask for fabricating limited number of micromachined struct
Further for better adhesion of PMMA to increase masking time and to make it durable to r
higher temperatures of KOH for higher depths of etching, different techniques like sputte
plasma polymerization, plasma treatment for PMMA deposition need to be employed.
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