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Abstract Ionic liquids(ILs) are known to be potential solvents for green chemistry in the recent years, which are
molten salt at room temperature with a high ionic conductivity of order of 100 mS/cm and unmeasurably low vapor
pressure. In this study, we developed an ionic liquid ion source(ILIS) consisting of carbon tip and investigated

irradiation effects on a glass substrate with respect to surface smoothing. As a result, it was found that surface

roughness irradiated with ion beam of BMIM-PFg at 4 kV and fluence of 1x10% ions/cm?was decreased.
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2.1 AAVEEELI v IMRORIR

R 1A L 724 # V#{ETH % 1-butyl-3methylimidazolium
hexafluorophosphate(BMIM-PFg) % " 3. BMIM-PFs i3 7
FNBEERFNEERFTFA IV —LVBERAAY, N7
Y vBA AV E2EATELEETHY, DFE 2842, B
R.6.5°C, % 1.38 g/cc, Ktk 3.0 mPas, EXREEE 1.46
mS/cm DEWELZKRETH S, BAAVILEENE7vEE
UYL, ERD S BLXUSIO, L ORIGZHRFELSHE
BMIM-PFg Z:#8R L7z, F 1 ICSBERICHT 5 4 4 ik
BMIM-PFs Q#Efiif % RT, WESBA A VIEOZI v I#
BELT—RERY Y7 AF Y W Ik 65.8° L BEffAIKAS
(, MR RV, JHUCHRRA L VLR (SUS304) 1%
TEAAIME L, BT Si(100) » 34.3°, 75774+ (C) D
325°, WAZr A BEA 7 A (MY 7 ADa—=v F#7059 24
B) D 29.0° 55, Si, I 774, A5 RI3EMAK
{, BRFLA A VvBBRNELRT I E8bd %, Lrl, &
T AR TH D724 F VIRE~DOBEMMICIZEE 2\,
F-oTBRABEMEDH S Si 757774 FdsA & VikEA A
VIEDXZI v IMEHCELTWwB EEZISNS, 5774 b
TR OMTENE I H 270, AR TIIZI v ¥1iF
BHZ 75774 P 2RV,
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Fig.1 Structural formula of BMIM-PFg.
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Table 1 Measured contact angles of BMIM-PFgon several sub-
strates.

Glass C
BMIM-PFg 29.0° 32.5°

Si(100)
34.3°

SUS304 W
50.6° 65.8°

(a) Tonic Liquid
i Carbon felt

o

K2 AFVBESAVED (a) ERARE (b) 77774 MRSy
%% v 7D SEM 4.

Fig.2 Developed ionic liquid ion source:(a)Schematic diagram of

l Tip

jonic liquid ion source and (b)SEM image of emitter tip

made of graphite rod.
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Fig.3 Schematic diagram of developed (1) ionic liquid ion source

with carbon tip, (2) electrostatic lens, (3) electron filter as-
sembled with permanent magnets, (4) beam deflector, (5)
Faraday cap and substrate holder, and (6) multi-channel

plate for mass spectrometer.

2.2 AAVBREAAVIRORE

B 2 CEB L 7oA A B A A VIR (a) KA E (b) T
Sy ¥Fy 7D SEMHERT. SUS304 AT v L AMBRD
Semic, EE 10um DA — R UBHEPSRE 7 2V N RFIEL,
ZORAFICLI vy Fy TEREBRL TEENSI—FR Y 72V b
hoBEEHIBETHB. TIvyFy i BEEO05mm, &
TRAER 30° ICHEMTILTHEALE. BRAREAINE
A X VEEIE, A—RY 7 bOMEEERBRSICEY
Sy S Fy TRMECHBINAMAEAL RO TV S,
M3 A vl AryE—s0BEH SHEEOERAN
ERT. BB )AL VFELSEHLER 2 #EL VX,
(3) EFREAKA, @) RAE, 6) 7777 —hy 7LER
wNY—, (6) AERAWAYVFF vV 2L 7L —F (MCP) %
ks AZVEDOTIvY, FIEHLER, #H#EL VIR
ZNFThEEEBRVER SN, FADA AV E—LZKH -
KT 2ETHY, RiciZAA 4 v E—LRERORIBRER 2
AL, BlEHLEBERICETICES L - 40 MQ DEFIZ



BERREATHS, A VI EHLBCERKE I N2 THE
HDOHBBEFICOWTIE, 20D LKABMAICE DR
£L, HBE - DWW~ ORBELHRLE. A4 vE—2HEERES
BRI I3-2kV, SRR 1us, A 1lms DRAEERHIMTE
2X9i2L, RAH»S 1.7m #5 D MCP I T RITREAE
B2 (TOF) 21745 9B TH3. A4V E—LER-5IEH
LEEEME I-V B%) 8L U4 4 v E— 2 BHRIEAER?
BEE LT, HIE - BR2Tho7% BBRI-—RFFRVT
LHEER Y Sk ) 1x107Torr & ¥ CEZEHS L - BICE
BE2ThoTn3,

2.3 AF VKA A Y E— LDORHEHE

—MUCBFRIC L 54 4 VRIBIE, REREICE S BEHIR
HEHZERIZZLICEDAEL, 2DHDEFELTTF—
S—a—v TN A 49.3° OHEENR NS Z EBEL
HMonTWw3 (6. TIv¥Fy 7Hhli%EGAMEEER r, OFE
mEREE RBL, B EH LEBHHRE 4 IcmL ¢
WBEE, A4 VRHPSHRT 2BEEE Vin RRTHRbYE
3 [7).

Vi =/ 24, (1)
€0 Tt

ZIT, v RBEOREARN, ¢ ZEEDFEELRTHS.

412 BMIM-PFg IE - §4 A VY E—ADOERH-BERES
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EREEOHEMEZTLTCVS, FISHLEBIEME LT
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F=hy TERVPBRRLEZ LIV ABEZRBE L CHES
fThot, 775F—Ay 7RBIFBL T VEREEZ, EA
FUvE—L - BA T VE—LTRIZBWTY 4.5kV fHiED:
SEHIZIL S, FISHUEEOHM L HicHMmML, 6.5kV
EIANEICHY 120nA/cm? 2R L7z, 4=0.049 N/m, d=3 mm,
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EHEER 12 100um BEERDSNE, K 2(a) D SEM &
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KRB LA A VIRIBIC K ) BEOMBEESEML T3 7k
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23139, B4 AV TH3 PFy x4y FRH 145 TH H, 150 ff
BEOFFHCKIGLTCwB LEZ 603, —7 800 fHEDIHIC
MNRTBA L VIZO0RTIE, nlOERA A VIl 2OEA
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1.7 m LBV OHEWEHEIZ MCP iCR AR IREENA
holtBbis,

[\®]
=l
o

BMIM.-PF,

—o— Positive
[ =&~ Negative

100

Current density (nA/cmz)

0 2 4 6 é
Extraction voltage (kV)

Kl 4 BMIM-PF¢ IE - B4 4 v E—LDBER-BERHE.
Fig.4 Current - voltage characteristics of BMIM-PFgion beams
for each of the positive and negative extractions.
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Fig.5 TOF mass/charge spectrum of BMIM-PFgion beam for
positive and negative.
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Table 2 Conditions for irradiation of BMIM-PFgion beams.

Substrate Non-alkaline glass
(Matsunami, #7059 compatible)
Single crystalline Si(100)
Room temperature
BMIM-PFg
(Sigma Aldrich, >97%)
Positive or Negative
+4, +6, +8 kV (positive)
-4, -8, -8 kV (Negative)
1x10%5 ions/cm?
< 1.0x10~% Torr

Substrate temperature
Source liquid

Beam polarity

Acceleration voltage

Fluence

Pressure
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BRERTHS. FIRERE7E LY, ¥/ —n, Hikic
L PEBFWEE LI L BRSA 7 0 — 2 fTOEREE L L.
Si EARIFBTEL KRS 2 OREMEATRK - FRERIC L 28y b Y
VABIU %7 vBRIC & 5 HARBERE LT, flkick 3
HERERDBRICEBEN R 70— DB THRELELE, 44
VHEEICIE BMIM-PFg(> 72 PV F Y v 548, #E 97%)
EEALE. AAYE—LOMEBER, T3y FICAMT 2
BEICEHIRY, EAFVvE—LBEHTIZ+4 kY, +6 kV, +8
KV &L, B4 AV E—LBHTIZ-4kV, -6kV, 8KV &L
7o, AAVE—LOBEHRIEZ, TRTIHAOA LTV EREL
T775F—Hhy 7EBR»SFHEL, 1x10%ions/cm? & L7z,
4 A4 v E—LBETNICHENERES 107° Torr & ¥ TEZEHR
L7 iclEs #BH L, EEROENIZHEIC 1x107° Torr M
TThHot-.
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DHBEEFHATE R, Lo, TOF TREEZI W
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RESHOBT L2270, BOEBE LT VICL BT
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ST, BRI, K&EHICT BMIM-PFs 2 %7
L, ERROBEEE T4 -8R (LT, Nl 28 %
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Fig.6 Surface roughness of glass substrates irradiated with

BMIM-PFgion beam for positive or negative polarities.
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Fig.7 Surface roughness of Si substrates irradiated with BMIM-

PFgion beam for positive or negative polarities.
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Fig.8 Contact angle of water on glass substrate irradiated with
BMIM-PFgion beams.
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Fig.9 Contact angle of water on Si substrate irradiated with
BMIM-PFgion beams.
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Table 3 Elemental concentrations of Si substrates irradiated with
BMIM-PFgion beams at 6 kV. All values were normal-

ized by summation of elemental concentrations.

Element Theoritical Positive ion beam Negative ion beam

N 0.22 0.41 0.39
P 0.11 0.25 0.30
F 0.67 0.34 0.31

3.5 KRETTHRER
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