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We have investigated removal of the novolac resist, PVP
into which B and P ions had been implanted with a
dose of 5 x 103 atoms/cmz, 5 x 10 atoms/cmz, and
5 x 10" atoms/cm? at acceleration energies of 10 keV,
70 keV, and 150 keV, using wet ozone. As the amount
of ion implantation increased, the plastic deformation
hardness of the resist altered layer increased, so it is
considered that the resist became difficult to remove. The
resist was hardly removed in the order of acceleration
energy of 10 keV, 70 keV, and 150 keV. It is thought that
the plastic deformation hardness of the resist alteration
layer increased with the increase of acceleration energy.
From the indentation hardness test and the removal result,
when the plastic deformation hardness is more than
5 times that of the non-implanted resist, the implanted
resist can not be removed by wet ozone, and when it is
2 times or less, almost the same as the non-implanted
resist was removable. Using high concentration ozone, the
resist removal time became shorter. By setting the ozone
concentration to 30 vol%, it becomes possible to remove P
and As ion implanted resists (70 keV, 5 x 10'* atoms/cm?)
which could not be removed with 10 vol%. Alteration
degree of benzene ring and OH group of PVP increased
with increasing amount of ion implantation, making it
difficult to remove.
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Figure 1.
moval using wet ozone.
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I: Loading curve
I: Loading hold curve
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Figure 2. Schematic diagram of the nanoin-
dentation experimental apparatus. Here, /; and
h, are indentation depth and plastic-deformation

depth, respectively.
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Figure 3. (Top) Schematic diagram of film
thickness in cross section direction of ion im-
planted PVP. (Bottom) Depth direction analysis

of ion implanted PVP measured by SIMS.
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&, BlidbRE SN (BRZ&EE  0.25 um/min) 23, P (X
EInmdrot, 5x 109 fil/em> DL P 2+, B,
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Table 1.
planted AZ6112 resists with different ion im-

Removal rate of B and P ion im-

plantation doses.

Ton Dose Removal rate
(atoms/cm?) (wm/min)

- 0 1.01

B 5% 1013 1.04

B 5x 10 0.25

B 5% 10 Not removal
P 5x 10" 1.07

P 5x 10 Not removal
P 5% 10 Not removal
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Figure 4. Removal of B and P ion-implanted
resists with various implantation doses using
wet ozone.
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Figure 5. Relationship between depth of B, P
ions implanted resist with an acceleration en-
ergy of 70 keV and normalized plastic deforma-
tion hardness H,.
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Figure 6. Relationship between resist film
thickness of ion implantation resist and wet
ozone irradiation time at ozone gas concentra-
tion of 10 vol%.
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Figure 7. Relationship between resist film
thickness of ion implantation resist and ozone

irradiation time at ozone gas concentration of
30 vol%.
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Figure 9 ICH 2 2 I # )L ¥ —TB A 4 v 3
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D, 150keV TA X VIEAINLZL P A MEIBRETE
ol MEIZ VX =B L7228>TL T A
MR ZEEEIFME T L, 10keV Tld 0.69 wm/min, 70 keV
1% 0.25 um/min TH > 7. M TV X — DA L

B ions (70 keV, 5x10")

P ions (70 keV, 5x10')

120sec 660sec

As ions (70 keV, 5x10'%)
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Figure 8. Optical micrograph of B, P, As ion
implanted resist (70 keV, 5 x 10'* atoms/cm?)

surface.
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Figure 9. Relationship between ozone irradia-
tion time and B ion implanted resist thickness
with an acceleration energy of 10 keV, 70 keV,
and 150 keV, dose of 5 x 10" atoms/cm?.
T T T T T T T T T T T
_ 050 -A-non-implanted [
g -£-B:0.5 keV,1x10%°
= 040 —4-As:3 keV,1x1015 [
?
b}
C -
X
O
g
@
7
Q i
14
Olm L 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

Wet ozone irradiation time [s]

Figure 10. Relationship between resist film
thickness of ion implantation resist with low ac-

celeration energies and ozone irradiation time.
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RS I RIEAL S A b D 2SI FTH o7, 70keV
T LY A MEZ 200nm X D EOEHTICHIET 5L
PAMEREALY A b EFABRICERES N, Big{LE
MEMAEE Hy <2DL P A FEZH200nm TH 5
CE S RS Hy B2 FTh o728
B, REALZ AL EIZIZRAMKICHRETELZLEZDS
ns,

34 AAVEAPVP DEEAYVICKBBRE
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Figure 11. Relationship between resist depth

and normalized plastic deformation hardness
H,. Sample is B ions implanted resist with
an acceleration energy of 10 keV, 70 keV, and
150 keV, dose of 5 x 10'* atoms/cm?.
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Figure 12. Relationship between PVP film
thickness of ion implantation resist and ozone
irradiation time. (top) B implanted PVP; (mid-
dle) P implanted PVP; (bottom) As implanted
PVP.
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Figure 13. SIMS spectra of Non-implanted PVP.

mass number 106 mass number 120 mass number 226
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Figure 14. Fragment ion in SIMS measurement of PVP.
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Figure 15. Depth direction analysis of
mass numbers 106, 120 and 226 of various
ion implanted PVP. (top) B implanted PVP;
(middle) P implanted PVP; (bottom) As im-
planted PVP.
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Figure 16. FT-IR spectrum of B implanted PVP.

Table 2. The OH group and benzene ring con-
tent of each ion implanted PVP. When the OH
group content of non-implanted PVP is taken as

100 %.
OH group
5x 108  5x 10" s5x10V
B 90% 5% | 10%

P 9% \ 40 % 5%
As 90 % \ 40 % 0%

Removal Not Removal

Benzene ring

5x108  5x10" 5x10
B 95%  85% | 85%
P 85% | 85% 0%
As 0% | 50%  50%

Removal Not Removal
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F VA PVP O A Vv k 2BEMEIE, RvE
VERORE XD D OH EOREICKET L EEZ 6N
3., 22T, AVrvET7 2/ =N EDRINEE LT %
V¥ —1X39.7kl/mol TH Y, AV ERVE YV EDIK
JEMLZ 2L ¥ —1Z 66.0kJ/mol TH -7, ik
D, 44 FEAPVP D OH HEEGRBMA T 512 L
Tedo TIIEA Y VI K 2BREDBHEIC R 2 EEZ S
ns,
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PRIEALV A FD SHEUETH B LA ik
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FERICERETTRECTH B L\ 2 5,

FREA YRGS Z ETLY A N RERNIZE
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