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Abstract — The LIGA X-ray exposure step was modelled into three inequalities, by assuming that the X-
ray energy attenuated within a resist is deposited only in the localized range of the resist. From these
inequalities, equations for the minimum and maximum exposure times required for a good quality
microstructure were obtained. Also, an equation for the thickness of an X-ray mask absorber was
obtained from the exposure requirement of threshold dose deposition. The calculation method of the
synchrotron radiation power from a synchrotron radiation source was introduced and applied to an X-ray
exposure step. A power function of photon energy, approximating the attenuation length of the
representative LIGA resist, PMMA, and the mean photon energy of the X-rays incident upon an X-ray
mask absorber were applied to the above mentioned equations. Consequently, the tendencies of the
minimum and maximum exposure times with respect to mean photon energy and thickness of PMMA
were examined and an equation for the maximally exposable thickness of PMMA was obtained.
Additionally, the tendencies of the necessary thickness of a gold X-ray mask absorber with respect to
thickness of PMMA and photon energy of the X-rays incident upon an X-ray mask absorber were
examined. The maximum exposure time increases monotonically with increasing mean photon energy
for the same total power density and is not a function of the thickness of resist. The minimum exposure
time increases with increasing mean photon energy for the same total power density in the case of the
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general LIGA process, where the thickness of PMMA is thinner than the attenuation length of PMMA.
Additionally, the minimum exposure time increases monotonically with increasing thickness of PMMA.
The maximally exposable thickness of resist is proportional to the attenuation length of the resist at the
mean photon energy, with its proportional constant of In (D../Da). The necessary thickness of a gold X-
ray mask absorber increases irregularly with increasing photon energy of the X-rays incident upon an X-
ray mask absorber due to absorption edges of gold, increases smoothly with increasing PMMA thickness
ratio, and is independent of the total power density itself. The simplicity of the derived equations has
made clearly understandable the X-ray exposure phenomenon and the correlation among the exposure
times, the attenuation coefficient and the thickness of an X-ray mask absorber, the attenuation coefficient
and the thickness of the resist, and the synchrotron radiation power density.
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Fig. 1. Changing power density of monochromatic X-
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long the X-ray trajectory during X-ray exposure.
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edge2 <l3te] FAQE XA FAtelrfA] el 4] wf
- BIFAF S Boly] diFelth A (29Y5 T8l
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Fig. 7. Necessary thickness of a gold X-ray mask ab-
sorber versus PMMA thickness ratio, compared for vari-
ous photon energy.

Fig. 8. Photograph of developed 120 um thick PMMA
mold patterns for electrostatic microactuators, on a 3 in.
silicon wafer.
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A7F A ARFE e 2 "k, 120
um FA2] PMMA F3o] Fig. 8o vieb} glet A4
TFE7]9 A F27]= 6 mmx 6 mme]w 3" Al ¢
olu] Aol -2 4f¥ ] F-3o] wiadsle] glct. wF
o o] 8% XAvtAzE 2 um FA 9 Al A sl A
ol AAYAo] 8 um FA R FEFE Aelch Akl
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A Ae] 2~ A AN BRI E79 FARF AZE p,
o] 10 mm & o, FAwFAIb5} Ao PR 7L 242}
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White ®l2kelo 4] 100 mA 7|22 2 39.8 min £+ 2
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Fig. 9(a)= Fig. 82 v|A] AATF7]9] 82k (comb) 5=

(b)

Fig. 9. Micrographs of enlarged comb structures of an
electrostatic microactuator in Fig. 8(a) developed PMMA
mold patterns and (b) inckel electroplated structures
9dark region) before PMMA removal.

L Fojsir HolF= dnlAy /‘V o]c}. PMMA Bl4F
F¥o] ebds] AHAES 4 glch. PMMA 5
& ApRol ZE A} (scratch)yS PMMA«] FAE 120 ym
= 7]"35}7} 918+ AvnkgAlelA 7]”lgk o]t} Hg. 9(b)
& Aol AlE2E A A FEE) 401 A4
olm, m1&lefA] o} - o] YAl FxFo] 3 v ¥

o] oFa} A e PMMA Fafolch. Bl &7he
(finger) U1H)= 16 pmo 3. 72k 24 30 pmo] .
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F25 ofe) Ao dEHOE alste] mRAY, vlx
gL BAGS T, ARAL A ARe
A, 2ol AR AUAARE SE o 4T
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EAE XA HF BRI ol ¢ ZhaRA| 2] 7H
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tolithography)ell = ¥-8-2 4= 9J-& 7lo|c}.
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