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ABSTRACT

Photolithographic processes are the corner
stone of microfabrication. Resist patterning is
therefore crucial to the development of many
microdevices. By using a thick photoresist, MEMS
designers can often use the polymer itself as the
structural material for mechanical, optical, and fluidic
devices. Therefore, a great deal of research has been
performed by the MEMS industry to develop resist
processing that can yield polymeric materials with
aspect-ratios high enough to be used as for rigid
mechanical systems. Currently, the standard thick
resist used by MEMS engineers to develop
microdevices using ultraviolet (UV) lithography is
EPON SU-8 negative photoresist.

SU-8 is commonly used to expose patterns up
to 1500 um deep using either optical [1] or deep X-ray
[2,3] lithography. Recent publications show the ability
to expose 1 mm tall isolated SU-8 structures with
aspect ratios exceeding 10:1 [4,5] and 1.5 mm
structures with 5:1 aspect ratios in the pattern [6].
Dentinger [7] has recently shown aspect ratios
approaching 50:1 for trenches in 100 um of exposed
resist and similar aspect ratios for complex patterned
structures in 700 um of resist.

Optimization of SU-8 resist processing has
lead researchers in many directions. The use of
optical filters [8,14] to eliminate low frequency light
from the exposure has demonstrated higher process
control and allowed for the production of high aspect
ratios. Chuang [9] showed that adding Glycerin
between the mask and substrate in contact
lithographic systems greatly improved the pattern
transfer by reducing unwanted diffraction effects.
Finally, some have taken to modifying the resist
chemistry [10] to improve the resist process. Each of
these optimization techniques performed separately
have demonstrated significant improvements in the

production of SU-8 structures. By properly combining
these techniques, great strides in SU-8 processing
can be achieved. However, this work focuses on
processing that can be done easily without special
adjustment of the ultraviolet lithographic contact
aligner or the resist. Instead, we focus on what can be
achieved with any common contact aligner in any
MEMS laboratory.

We present a simple SU-8 optical lithography
process that yields aspect-ratios of 40:1 in isolated
open field structures of thickness between 1 and 1.5
mm without any modifications of the resist chemistry
or changes in light spectrum applied from a standard
broadband UV source. A complete discussion of
resist coating, baking, and exposure parameters will
be presented. Resist development will be examined
and some suggestions will be provided on how to
better develop ultra thick SU-8 films. The process
described uses Micro-Chem’s SU-8 100 with no
chemical additives and attempts to follow the protocol
of traditional optical lithographic processing.

FIGURES AND TABLES

Figure 1 1500 pm tall field of crosses. Crosses

shown are 35, and 45 pm in width.



Figure 2 1150 um tall Cylinders. Cylinder wall width of
bottom row is 50 um. The picture in the corner is an
optical image showing that the cylinders are indeed
developed through to the base.

ACKNOWLEDGMENTS

The authors would like to thank the staff of the
Center for Advanced Microstructures and Devices at
Louisiana State University for the use of their
cleanroom facilities. This work was supported by the
Louisiana Space Consortium, NASA, and the National
Science Foundation (NSF Grant ECS-#0104327).

REFERENCES

1. Lorenz H, Despont M, Fahrni N, et al., “High-
aspect-ratio, ultrathick, negative-tone near-Uuv
photoresist and its applications for MEMS,”
Sensor Actuat. A-Phys. 64 (1): 33-39 (1998).

2. Cremers C, Bouamrane F, Singleton L, et al.,
“SU-8 as resist material for deep X-ray
lithography,” Microsyst. Technol. 7 (1): 11-16
(2001).

3. Bogdanov AL, Peredkov SS , “Use of SU-8
photoresist-for very high aspect-ratio x-ray
lithography,” Microelecton. Eng. 53 (1-4): 493-
496 (2000).

4. Loechel B, “Thick-layer resists for surface
micromachining,” J. Micromech. Microeng. 10
(2): 108-115 (2000).

5. O'Brien J, Hughes PJ, Brunet M, et al.,
“Advanced photoresist technologies for
microsystems.” J. Micromech. Microeng. 11
(4): 353-358 (2001).

6. Lin CH, Lee GB, Chang BW, et al., “A new
fabrication process for ultra-thick microfluidic
microstructures utilizing SU-8 photoresist,” J.
Micromech. Microeng. 12 (5): 590-597 (2002).

7. Dentinger PM, Krafcik KL, Simison KL, et al.,
“High aspect-ratio patterning with a proximity

10.

ultraviolet source,” Microelecton. Eng. 61-2:
1001-1007 (2002).

Ling Z, Lian K, Jian L, “Improved patterning
quality of SU-8 Microstructures by optimizing
the exposure parameters,” Proc. of SPIE.
3999: 1019-1027 (2000)

Chuang YJ, Tseng FG, Lin WK, “Reduction of
diffraction effect of UV exposure on SU-8
negative thick photoresist by air gap
elimination, “ Microsyst. Technol. 8 (4-5): 308-
313 (2002).

Johnson DW, Nawrocki DJ, Ruhmann R,
“Improving the process capability of SU-8, part
I1,” J. Photopolym Sci. Tec. 6 (14): 698-694
(2001).



