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Correction of pattern transfer errors for
SU-8 UV deep lithography
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Abstract: The diffraction and absorption of UV light in SU-8 resist makes it very difficult to fabricate
high precision microstructures with high aspect ratio in the process of UV LIGA, because the absorp-
tion coefficient gets bigger and the penetration depth gets shorter rapidly as the wavelength gets shor-
ter. Therefore, such factors having effect on the precision of deep UV lithography as diffraction
effect, exposure dosage, wavelength and distribution of flys eyes lens etc. , are investigated in this pa-
per. A method of correcting pattern transfer errors is developed through investigation of pattern
transfer errors. Proposed method adopts the feature classification and area evaluation to modify the
mask contour, thereby making the lithography contour as close as possible to the desired contour. In
addition, it can be used to reduce the complexity and enhance the correction efficiency.
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1 Introduction

UV lithography has been widely used for
fabrication on microstructures with high aspect-
ratio in  Micro-electro-mechanical ~ System
(MEMS). SU-8 resist has also been widely used
in MEMS. TIts high photosensitivity and small
absorption coefficient, enable requisite exposure
dose to be calculated in short time and exposure
dose to be uniformly distributed in a layer of
thick resist. So microstructures with high aspect
ratio can be fabricated using UV lithography.
However, the absorption coefficient of SU-8 re-
sist gets bigger and the penetration depth gets
smaller as the wavelength gets shorter. The co-
efficients at the wavelengths of 380 nm, 365 nm
and 330 nm are 0. 001, 0. 003 985 and 0. 1 ym ™',
respectively™ !, Generally, UV light with a lon-
ger wavelength is selected for a very thick resist.
Flys eyes lens are usually used in the illumina-
tion system to form a multi-point source to keep

the light intensity uniform!.

In this paper,
such factors having effect on the precision of
deep UV lithography as diffraction effect, expo-
sure dosage, wavelength and distribution of flys
eyes lens etc., are investigated, and an error

correction method is developed for the errors in-

curred in the process of deep UV lithography.

2 Diffraction effect

The source of UV lithography machine is a
partial coherent source. And the fly’s eyes lens
are used to form multi-point source to keep the
intensity uniform. The diffraction effect of UV
light is prominent among the factors having
effect on the precision of deep UV lithography,
because the wavelength is longer in contrast with
the size of a microstructure. A model based on
Kirchhoff's diffraction theory and incoherent su-
per-impose of multi-point source diffraction in-

tensity is used to simulate deep UV lithogra-

[4] ]

phy Hexagon fly's eyes lens™ is used in this
paper as an illumination source for lithography
simulation. The diffraction complex amplitude
of one light beam from a multi-point source at
point Q can be expressed as
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where U, (P) is the complex amplitude of one
light beam at point P on the mask, K (@) is the
obliquity factor, n, is the real part of refractive
index of resist,n, is the complex part of refrac-
tive index of resist,a is the absorption coefficient
of resist, r is the distance between point P and
point Q, %, is wave number, and w, is the light
wavelength in vacuum. The intensity at point Q
can be expressed by incoherent super-impose of
multi-point source diffraction intensity as shown
below

N
Q) = > U, (Q XU, (Q . (2)

n=1

The real part of the complex refractive in-
dex of SU-8 resist is 1. 67, and the absorption
coefficient at the wavelength of 365 nm is
0.003 985 um .

line of a square of 5 ym by 5 pm in a layer of 10

Fig. 1 is the exposure dose iso-

pm deep from resist surface at exposure dosage
of 400 mJ/em?®. Fig. 2 is exposure dose isoline of
rectangle of 3 ym by 8 um in a layer of 10 pum
deep from resist surface at exposure dosage of
300 mJ/cm?®. SU-8 resist with an exposure dose

above 150 mJ/cm® will stay and the resist with
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Fig. 1 Exposure dose isoline of square of 5 ym by 5 pym



1928 P o

K% T

515 &

an exposure dose below 150 mJ/cm?, will be re-
movedt™. So the line of exposure dose 150 m]/
cm’ is the contour of a microstructure. The line
width variation, line end shortening and corner
rounding can be seen from Fig. 1 and Fig. 2. It is
therefore necessary to compensate for the pat-
tern transfer non-idealities at certain layer to sat-

isfy the requirement for performance and preci-

sion of microstructures.
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Hg. 2 Exposure dose isoline of rectangle of 3 ym by 8 pum

3 Exposure dose

Even if the contour of mask is the same,
different exposure dosages have their effects on
the precision of deep lithography. Different pre-
cisions can be clearly seen at different exposure
dosages as shown in Fig. 3, Fig.4 and Fig. 5.
The precision in 50 pum thick resist at expose
dosages of 400, 500, 600 mJ/cm® is 0. 5, 0. 2,
0.2 pm as shown in Fig. 3, Fig. 4 and Fig. 5. As
the resist gets thicker, the precision changes
too. The precision in 100 pm thick resist is 1. 0,
0.6, 0.2 pm at expose dosage of 400, 500, 600
m]/cm?® respectively, as shown in Fig. 6, Fig.7
and Fig.8. The lithography depth varies with
exposure dosage at the same precision. For ex-
ample, the lithography depth is 50 pm for li-
thography precision of 0. 2 um at exposure dos-
age of 400 m]J/cm?, but for the same precision

the lithography depth is 80 ym at exposure dos-
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Fig. 3 Exposure dose isoline at exposure dosage of

400 mJ/cm’ in 50 pm resist
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Fig. 5 Exposure dose isoline at exposure dosage of

600 mJ/cm® in 50 pm resist

age of 600 mJ/cm®. If we want to get higher
precision, we should chose an appropriate expo-
sure dosage according to the thickness of resist
and simulation results, which is the key to bet-

ter microstructures.
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600 mJ/cm’ in 80 um resist

4 Light wavelength

The absorption coefficient of SU-8 resist va-

ries with wavelength. In deep lithography differ-

ent absorption coefficients result in different
penetration depths. At the same exposure dos-
age, different lithography depths of square of 5
pm by 5 pum can be got at different light wave-
lengths as shown in Fig. 9, Fig. 10, Fig. 11. We
can not get a lithography depth of more than 20
pm at 330 nm wavelength, but we can get a mi-
crostructure of 75 pm thick at 365 nm wave-
length and can get a microstructure of more than
100 pm thick with good precision and steep side-
wall.

It can be seen from analysis above that the
wavelength has its effects on the lithography
depth and sidewall gradient, and a longer wave-

length should be selected for a thick resist film.

~10 1«:\_/_ T;" _x___._../‘s:;
=30
. =50 Ideal vertical sidewall
£ -0
5
a -9
=110
=130
062030 4050 6.0 70
Width/pm
Fig. 9 Exposure dose isoline at exposure wavelength

of 330 nm (exposure dosage of 500 mJ/cm?*)
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5 Multi-point source array

All vertexes of the hexagons in the hexagon
point source array are point sources. Lithogra-
phy has been simulated at different max solid an-
gles of light beam. Fig. 12 is the exposure dos-
age isoline of square of 4 ym by 4 pym in 100 pm

.
Ideal vertical sidewall %

= 35 1
=
=]

2 550 x( 1

-75 : ;OUSZ'\_/ ]

o
95} . XQO\ _——K0.02 ]
1.0 20 3.0 4.0 5.0 6.0
Width/um
Fig. 12 Lithography contour of 4 ym by 4 pm in 100

pm thick resist at different solid angles at

exposure dosage of 500 mJ/cm?

thick resist film at different solid angles of 0. 05,
0.04, 0.03, and 0. 02. Fig. 13 is the exposure
doze isoline of square of 5 ym by 5 ym in 150 pm
thick resist film at different solid angles of 0. 05,
0.04, 0.03, and 0. 02. It can be seen from Fig.
12 and Fig. 13 that a smaller solid angle has its

good effect on the enhancement of sidewall gra-
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Fig. 13 Lithography contour of 5 ym by 5 pm in 150

pm thick resist at different solid angles (ex-

posure dosage of 600 mJ/cm?)

An appropriate multi-point source array
should be selected to enhance lithography depth
and sidewall gradient without adverse effect on

deep layer precision.

6 Conclusions

A model based on Kirchhoff's diffraction
theory and incoherent super-impose of multi-
point source diffraction intensity has been used
in this paper to simulate deep UV lithography to
investigate the factors having effect on the preci-
sion of deep UV lithography, such as diffraction
effect, exposure dose, wavelength and the dis-
tribution of fly’s eyes lens, etc. and a method
has been developed to correct pattern transfer
errors. In order to satisfy the requirement for
performance and precision of microstructures, it
is necessary to compensate for pattern transfer
non-idealities in certain layer. In order to get the
steep sidewall it is essential to choose an appro-

priate exposure dosage according to the simula-
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tion results before the experiment. And the flys tant factor having effect on the precision and the

eyes lens of the lithography machine is an impor- sidewall gradient.
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