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Simulation of profile evolution in HgCdTe ion
beam etching by the level set method
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Abstract: A numerical model was established by the level set method to simulate the etching profile evo—
lution in HgCdTe ion beam etching. The input parameters are: mask thickness the slope of mask side—
wall trench width ion angular distributions etching speed et al. Etching lag and etching profile of
HgCdTe were simulated and compared with the experimental results. The results show that given
nominal trench width 4 ~10 pm the errors between simulated etch depths and that of the experiments
are 6 ~20% . The profile evolution of etching mask was simulated and an example was given to illus—
trate how to design the mask thickness to improve the aspect ratio.
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Fig.1 Schematic of ion beam etching of trench
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Table 1 The process parameters of ion beam etching ex—
periment
2 Parameter Working Cond. A Working Cond. B Working Cond. C
Fig.2 Schematic of ion beam reflection flux (ev) 150 300 500
(mA/cm?) 0.12 0.35 0.77
P (mA) 30 55 103
r 16
shadow 2. 1
(8) R
(8)
. 150 eV.300
eV.500 eV o
Ty Y P LKJ-
71 Y2 1 1C400 30
16 R =eV /KT, Vs x30 x35 em’ 350 Hz

5%x107* Pa
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2 %107 Pa ( 2
o Table 2 The parameters of ion beam etching experiment
) 0 8. i m
NO. mask Hgcdte ~ Working 1 t
10 ¢m (wm/hour) ( wm/hour)  Cond. ( min) ( min)
12.5 c¢m 1 0.23 0.47 11.3 B 60 90
2 0.39 0.47 7.3 B 60 69
3 0.45 0.47 8.37 B 60 69
4 0.27 0.11 2.65 A 300 480
3 19 3 5 0.35 1.30 31.5 C 30 45
a 13°.
SPEEDIE " SPELS *  SPEED "
toolboxLLS—
1.1.17% :
1 10 pm
160 x 160 .5
a
H Wb
¢ ER( 6)
3 2#.34#
Fig.3 The radial distribution of ion current density (10)
¥, 66°. 1 #.4 #.5
2.2 #
A74330
3
1# 8 pm
(11) ( ) 4
SEM
5
(12)
(11) .(12)
Vmask N VHgC(lTe
2.3 X
x 5
AN 2.5 4 1# 8 wm
A74330 4. (a) 1 (b) 1.5
Fig.4 The profile evolution of 1# sample with 8 um nom-
6.8.10 pm.  SEM inal trench width: (‘a) 1 hour (b) 1.5 hours
o 74° W,
4.5 pm-7.5 pm<9.5 pm-11.5 pm H 5
3.6 pm. #
5
2.4 )t 6.2

#.5#
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1#.4#.54# 2
#
5 1# 8 wm
Fig.5 The extraction of etching profile of 1 # sample
with 8 wm nominal trench width from the scanning electron ER
micrograph the green circles are used to represent discrete (6)
points on the etching profile
7 24
6 1# , Z>0.5 7<0.5
. Z>0.5 .(a) 4pm (b) 6 um (c¢) 8 um (d) 10 pm
72<0.5 (a)4 um (b) 6 pm (c) 8 pm Fig.7  Comparison between simulated profiles and experi—
(d) 10 um mental profiles of 2 # sample. On these profiles the zone

Fig.6 Comparison between simulated profiles and experimen—
tal profiles of 1 # sample. On these profiles the zone where Z >
0.5 is mask the zone where Z<0.5 is HgCdTe. (a) 4 pm
(b) 6 pm (c) 8 pm (d) 10 pm

7.8.
(8) (12)
\ 9
1~5#
6% 20% 12% <
12% \10%
24
1 20 %.
7(b) 1

where Z>0.5 is mask the zone where Z<0.5 is HgCdTe.
(a) 4pm (b) 6 um (c) 8 pum (d) 10 um

1#
10 1# 4 pm
4.5
10( a) .( b) 3.6 pm.7.2 pum
10( a) 4.5

10( b)
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10 4 pm 4.5
(a)3.6 pm (b)7.2 pm.
Z>0.5 7<0.5
Fig. 10~ The profile evolution of photoresist AZ4330 and
HgCdTe with 4 pum nominal trench width the etching time is 4.
8 S5# 5 hours the mask thicknesses are: (a) 3.6 pm (b) 7.2 pm.
. 7>0.5 7 On these profiles the zone where Z > 0.5 is mask the zone
<0.5 .(a) 4 wum (b) 6 wum (c)38 where Z<0.5 is HgCdTe
pm  (d) 10 pm

Fig.8 (a) Comparison between simulated profiles and ex—
perimental profiles of 5 # sample. On these profiles the
zone where Z > 0.5 is mask the zone where Z<0.5 is

HgCdTe.(a) 4 pm (b) 6 pm (¢)8 um (d) 10 pm

9 1~5#
.(a) 1# (b) 2# (c) 3# (d) 4# (e) 5#
Fig.9 Comparison of the measured HgCdTe etching depths
with the modeling results of samples 1 ~5 #.(a) 1# (b) 2
# (c) 3# (d) 4# (e) S5#

4 pm 4.5
AR

11

5.4 pm.

11
4 pm 4.5
Fig. 11 The relation between the HgCdTe Aspect
Ratio and mask thickness nominal trench width is 4

pm  the etching time is 4.5 hours

4 ~10 pm
SEM 6 ~20%
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