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Study on the Removal of Ion-implanted Resist Using Wet Ozone

Hideo Horibe?? and Masashi Yamamoto?
DDepartment of Applied Chemistry, College of Bioscience and Chemistry, Kanazawa Institute of
Technology,
3-1 Yatsukaho, Hakusan, Ishikawa 924-0838, Japan
2 The Institute of Scientific and Industrial Research, Osaka University,
8-1Mihogaoka, Ibaraki, Osaka, 567-0047, Japan

We removed B-, P-, and As-ion-implanted positive-tone novolak resists with an implantation dose
of 5x1012 to 5x1015 atoms/cm? at 70keV, using wet ozone. lon-implanted resists with 5x1015
atoms/cm? could not be removed, but resists implanted below 5x1013 atoms/cm? could be removed.
Resist implanted with B ions at 5x1014 atoms/cm?2 was removed slowly, but resists implanted with P
and As ions were not removed. The peak hardness of resist with B ions implanted at 5x104
atoms/cm? was 1.8 times greater than that of the non-implanted resist (AZ6112), that of the
P-ion-implanted resist was eight times greater, and that of As-ion-implanted resist was five times
greater. We determined that the hardness threshold of the resist that could be removed using wet
ozone was almost 2 times higher than that of AZ6112. The ion-implanted resists were hardened by
cross-linkage.

Keywords: wet ozone, resist removal, ion-implanted resist, nanoindentation, plastic deformation

hardness
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Fig. 1 Schematic diagram of the experiment

apparatus.
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Table 1 Experiment conditions for resist removal by wet ozone.

BEAY VRE (T)
ERBE (T
1% A4 7 VT8 OEEA Y v R
U v AKIRE
1A 7LD v A
1A 7V & O IRERR

1Y A 7 NTEDREAY 7 ot XHEH

Fo AR [ElER %
R
TV URE

60°C
50°C
10 #
70°C
5%
10 #
25 %
2000rpm
230g/m®  (10.2vol%)
12.5L/min

WA U7 AR A 2000rpm TEER S8, ERESEIZ
¥z Ay v ERE L, LUX MoKy
RIZVLEBRMEDKOREL, BEAY VIBE
(T=60°C) & EMIRE (T,=50°C) & DIEEZEIC
IVELCIFEBEREHIETSZ & TITo7,
VYA NREOEREMFER 1 IIRT, B4
SUFERTIE, VOR NRARBE IV VBIZE
{LERT, ZhEMATHEVIRTIETLY X b
ERENDORAZICHE - RET D, €072, &

E2AFVEALVCZX NOY TR

WA LB VUX MNRETIE, BEAY VB
. BKEEE. BRAY IV A 70ELT, ZhE
BVIRT, 1| A 7V TORMEA Y BEEER.,
KPR RERE . BOARRFRIX. £ Eh 10, 5. 10
MLz, EREOLVIX NBRES O RIZETS
B, ThOOREORLALEER D, RE
BT, B A/ NVNT LDV NEREOE{LE
A3 Z & T, BiEA Y BRI T B A
FUBEAVY A NOBRESEFML -,

Table 2 Film thickness, ion current, and implantation time for the ion-implanted resist.

HEAA A A A VEAE fEE v — LB NS |

(70keV) [{&/cm?] [um] [pA] [#]
- Non-implantation 0.9-1.0 - -
B 5x10% 0.84 4.5 33
B 5x10" 0.85 29.3 51
B 5x10" 0.85 46.9 320
B 5x10" 0.73 616 2410
P 5x10"2 0.99 4.9 38
P 5x10" 0.99 31.0 48
P 5x10™ 0.95 52.8 282
P 5x10" 0.93 63.5 2325
As 5x10" 0.98 5.0 30
As 5x10" 0.93 30.9 49
As 5x10™ 0.86 53.6 278
As 5x10% 0.78 615 2435

VYA NI/ ART v 7 RZRRPE LI X R
(AZ6112; AZ-Electronic Materials) # fV 7=, Si
TxNFIZ VPR NEAEY Y a—% (ACT-300A;

Active) |1Z X ¥ 2000rpm T20FPE A > a— kL,
Ry 7L — K (PMC 720 Series; Dataplate) Z &
D 100°C T 1 HE 7Y _—o Lz, VIR MEE
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N, A AV EABFICEROBEIIT- TV W
®, ERREIIE 100°CREICETER LTS
LEZGND P, AFVEAVVU R FORREL,
HFA A EAROERMEEARRZR 21T,
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SNCEBBREMEES L OBRERN -,

2. 2 AF2FEALDR FOBESFE

/N LiALBE S3R8%  (ENT-1040; ELIONIX)
WERAAAVEALT R FOE S 5O
ZE2ITRY, BUNMRLALZBE SRR T, &
LERAWEE CHEZHMNIETVWE, 22T
HEEZ—HOICEELZE BWLTWSZET
BR-BRATHEAR (K2 D) %2785, PuxBLT
MIZENENR 2 IR RARNE L LIARES
Thd, IR LALBIRROFHEZE 3 ITT
4, RAMEIZ 1-320mgf ORI TREL:, HE
2T v Fi%, FIED 1-8mgf F Tit 0.004mgfls &

LA I1: BR %5

Indenter @ ﬁ

L7z, 8mgf LA L TIZHFED 2000 5D 1 & LT,
RIFFEIZ 2B TH S, BA 115°OD—abyF
BELYEY NEFEERL, BR3WMEICBIT
AHERfrEEAR (M2 DI MHHEFLNHBHUERE

£ 3 BUN R LIALGE SH B O EBREM
Table 3 Experiment conditions for evaluating

ion-implanted resist hardness by

nanoindentation.
BRARWE  (Pua) 1-320mgf
AT — BRFEE
0.004mgf/ms
(P max:'l'smgf)
il (Prax/2000) mgf/ms
(Prax > 8mgf)
far EL LR FF AR 2
EF#ME A ¥EL N
R—a by F
EFHH® il

(FeimiEfEa 115°)

“u”m hy
: P AAVEALTALD
BAFE (Pom) BHERESTME
i »
& 4
; L H
W /)
@D/E
N ih, hy,
HLAAFE
B2 /R LiAS 5 RER ORI
Fig. 2 Schematic diagram of the
nanoindentation experiment
apparatus.
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(1)
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AFVEAVCR FOBREAY I L BERE
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B3z, BAAVYBEASNIELVY X FORHE
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FEAVPA L) ERERIC, BEAY COBRKL L
HICEEAED Lz, LY R bEBREBHE I, 5x10°
B/cm? DFH A 5x10" fE/em? (ZH_RTETFEL .,
5x10" @/cm? D & F 1.26pum/min, 5x10" {#/cm’® ®
& % 0.83um/min ThH o7, —F.BA A A 5x10"
Blem? 12725 & A BRETHFREAS 120 B E TIX
BEEOBADBIZLAERBNRIoToM, Ll
BRIZ@HEDOL IR N ERBRICBRETBZENT
&1, BHAIZ, 0.28um/min DEETL VR L &
BETHIENTER, 5x10° B/em® DA F U1

g

= 06
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Fig.3 Dependence of B-ion-implanted resist
film thickness on wet-ozone irradiation
AZ6112 was

novolak resist without ion implantation.

time. a positive-tone
B-ion implantation doses were 5x102 to
5x1015 atoms/cm?2,
AVTR MIBEL T, BERFHRZESCL THE
BiZERRLAT., LYR MEBRETH LN
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FVS AN L BEREERE TR, BA AV DEEL
FIEEIZ, P A A2 5%10"2, 5x10" fE/cm®* FEA X

NP R MNIBEENE, VYR MNEEFREIL,
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e
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Fig.4 Dependence of the P-ion-implanted resist
film thickness on wet-ozone irradiation

AZ6112 was a

novolak resist without ion implantation.

time. positive-tone
P-ion implantation doses were 5x1012 to
5x1015 atoms/cm?.

B S5IZ.As A AU BEAZINZ VIR FOBHE
AN EBREBEETRT As A AV EALVY
Z R THL 5x10%@/m’ D& 2D LR MNREE
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fE/cm? S EOEARICEWTIE, P A AV OBE
LRI As A AV EAL TR P RETE b
27,

ULDRERNS, &AL T, 5x10°
fE/cm? LT DA A EA VO R M, AZ6112 (5
BEALVY RN EREERIC, BEAY LY BRE
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A ZFVEARD 510" E/em* (2725 &, BA A
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A A VEAVY R MEBREER R0, 5x107
B/lecm®> DA A EALVIR MBLTIE, YA
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LT PR MREICHELEAER S hED
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BASNEVI R ML, £OMDOA A EALY
A PMIHEA_RTERADOELEREL LW DY
VEHEEEZEST I TRESRL KRS
N3, TZ T, Wi, 1AV, A FEARIC
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VYA b OREECE O X & #~7,
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Fig. 5 Dependence of the As-ion-implanted

resist film thickness on wet-0zone

AZ6112 was a

positive-tone novolak resist without

irradiation time.
ion implantation. As-ion implantation

doses were 5x1012 to 5x10!5 atoms/cm?2.

3.2 AFVEALSRAFDES

K6z, BAAYEALIR O/ LA
BEERBROPERZREZTT, i, AZ6112 @
BHERBES CTHEBLLLIEAAVEALT R b
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TOAFEARTIE, BES X AZ6112 L [RIERT
bHotz, EARDSx10" BE/em’ A EIZ2B &, &
ARDPEMT DI THEINEM LTz, A4~
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Fig.6 Depth profiles of normalized plastic
deformation hardness (normalized Hz)
of the
Normalized FHs
dividing H2 of ion-implanted resist by
He of AZ6112. The B-ion implantation

doses were 5x10!2 to 5x1015 atoms/cm?.

B-ion-implanted  resists.

was obtained by

~7-P-5x10'
-&- p-5x10"* .
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Fig.7 Depth profiles of normalized plastic
deformation hardness (normalized Hb)
of the
Normalized /e
dividing A2 of the ion-implanted resist
by H: of AZ6112. The
implantation doses were 5x10!2 to

5x1015 atoms/cm2.

P-ion-implanted  resists.

was obtained by

P-ion

HEARD 510" f@/em* D & & X 0.09um i
% B — 27 {2 L TH9£0.05um DIE ORI R &
Nz, —7. 5x10" fEl/cm’ DEARIZIBNT, &
A 10 BLE (REBIE L7 H=10) OFEEAK
0.06um, 2 LA L (RE(LLEZ H=2) OERIH
0.20pm &, WRIAVEEREASEL L TV e, B OF
— 7%, AR 5x10“ fH/em’ D & % 1.8, 5x10"
fE/em* DL X 19 THoT-,

72, PAFVEAVI R L ORI LIAR
WERBRORERBRELTT, 5x10° B/em’ LT D
AFEARTIE, BAFTYHEALV VR b LA
12, XX AZ6112 LIZIERI L Th oz, Fi-.
A A EANED Sx10M F/em® LL EiC/2 B &, HEA
BOWEMT 5> THEI AWML, EARDR
5x10" @/cm? 128V T, REH HFI 0.08um D
SETT, AN 2 L LEOE{biEks R 5z,
FEARA 5x10" @E/em? (B W T, BBkl
Hy=10 OFIRH 0.04pm, ML L7z H=2 DL E
DOFEIKAHK 0.16um &, B A AV HEAL VR MZ
HARTHE{bEEAREAIZS 7 FLTWE, B
DE—7 ik, EARN 5x10" @/em®* D L X 6.3,
5x10° @E/em’ D & &% 17 Tholz,

|<>| 0.02um
1-9’ -7~ As=-5x10'®
10 | - As-5%10"" | 4
As-5x10'%] |
&~ As-5x10"?| ]

iy OGRS SOGITES
1 1 L
0 0.1 0.2 03 0.4

LU ARRE [um]

8 AsAFEAVIRNOREIELE H, D
RS nA

Depth profiles of normalized plastic
deformation hardness (normalized Hz) of
As-ion-implanted resists. Normalized H
was obtained by dividing A of
ion-implanted resists by Az of AZ6112.
The As-ion implantation doses were
5x1012 to 5x10!5 atoms/cm?2.

Fig.8
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T4 FAFTFEAVIR MOBYEEREES A 10U EDLE L 2LUED L EDFEEDOREA

Table 4 Surface-hardened layer for each ion-implanted resist obtained from the nanoindentation

results of Fig. 6, 7, and 8.

ffz‘"/?i}'\zﬁ BE S BAAY [um] PAAY [um] AsA A [um]
[atoms/cm?]
5x10" BBt Lz Hy>2 - 0.08 0.07
5x10" Bl H>10 5 s 3
5x10" Bk Lz Hy>2 0.20 0.16 0.13
5x10" Bk Lz H> 10 0.06 0.04 0.02

T8 ITAs A A EALT A KON LA
BERBRONEREREFRT, 5x10° @lem? LT O
AFVEARTIE, B, P A VEAVTRBE
RRIC, BEXIEAZ6112 LIZER L ThHoTe, *
oo A A AR 5x10" Hlem? Ll EIZ A5 &
HEABRSHEMT B> TSN LE, EA
B 5x10" f/em’® I2B VT, FREH HH 0.07um
DERSET S22 UL LOFELERAR Gz,
TEARD 5x10° E/em? 2BV THE, Bk L7
H,=10 OFEIAH 0.02um, BB L= H=2 LI E
DFEIEAK 0.13um & P A A HEAVTP R RZlL

2 o6

- O

=

L

;ﬁ 04 B AZ6112

A -©-B-5x10"*
0z f P-5x10" |4

A As—5%10"] 4

if i I F a4 i n
0 100 150 200 250 300 350

FRAVUENEM (B
B9 B, P. As 28 5x10*E/em* EAEh =LY
A MOREAY BRI T 2 EE
DAL
Fig.9 Dependence

of the B-, P-, and
As-ion-implanted resist film thickness
on wet-ozone irradiation time. AZ6112
was a positive-tone novolak resist
without ion implantation. The ion
implantation dose was  5x1014

atoms/cm?2.
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