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Fluoropolymers have several desirable properties, such
as high chemical resistance and biological inertness, but
they are susceptible to degradation by radiation. To make
microstructures on fluoropolymers, we focused on ion
beam irradiation. In this study, we present 3 types of
microfabrication technique by using ion implantation
and/or proton beam writing. By using ion implantation,
PTFE surface was covered with dense micro-protrusions
without any templates. A cone structure was produced by
proton beam writing. The cone was formed by swelling
from the internal PTFE sample with the gas generated by
decomposition reactions of PTFE molecules along the ion
trajectories. When proton beam writing was performed
before ion implantation, patterns with flat surface among
dense micro-protrusions were formed.

Keywords: ion beam irradiation, fluoropolymer, micro-
fabrication
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IHMELELTHIONTWS, —/T, ZOLI)ITHEW
B AN ZEREZA T 2000 212, 7 v FRmT FHE
1, RN T ch B Y Y 7T 7 4 kA
YTV MEBEZ R OMEITHH 52, L L
IS X o TRB ORI N2> Z &5, &
Yru b u YEEERERA 4 v E— Ak E DR
% FH O 7 SN T2 oz M T b T E e,

Bxlx, BEBoOF b A v E—LICERL, A
FUE =LY 7 6 TR IS 2 B L 7287 L
W TEART DS ICHL D #LA TE 7. AR TIE,
A FVIHEAEB X780 b v — o HfilEZR 7
3 O TR Ic > Wil 3

2 AAVENKICLZ 7 v RREDFHROHM
mT

AT, FrEOBRDIC D Kb N8, Wb
25 7L—bEHWREIERL, A F VIHEAEDOAR
TERRDBUN R ALY U 7R 2 (F 5 2 £
Mz WTHRR B,

A4 X VEAEE, BEH keV DA A v E—0 %Kk
VF A= APS I I AF v VIS 5 T
b5, BEALEZERTD 100 keV A 4 v iEA#Z H,
80 keV O Ni £ 4 > £ — A% PTFE IS L 2R
W I AR 5 RIETZIRZ L % Fig. 1 ISR 39,
A ISR 2 BT 2720, P4V %
IR L 72, Figure 1 © EB I I N b EERE T H
% %% (scanning electron microscope, SEM) f#T&H b,
TEBIZEHERROMHIZIROBEAKTH 2. WATED
1 x 1015 jons/cm? DRf, KA IXER 1 um FEEE O
LB E 5 (Fig. 1(b)). Zd, b &b L PTFE
B D 2R ICBE L T B REE iR hs, A4 4 v
E—AllE>o Ty Fr73nsg I LTHEINID
DTH O, ZNDBERYDIGIRENTH 5. ffLH
BRI b5 Ehi MR 2179 &, MRS
MELCEI AR EBITIEARL, I SITRL EH LWL
LIRS 5 (Fig. 1(c)). Z DMIFLDIEK & %1
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Figure 1. SEM images and cross-sectional images of the unirradiated and irradiated PTFE surfaces.

Reprinted with permission from Ref. 3) and Ref. 5). Copyright Elsevier and Radiation Application

Development Association.

DEINC L > T, BED &) MfLFA LSRR L LA LT
WE, BINTONRELE o TRET S 2 TR
SHE &R ZARD L 9 ki & 2% (Fig. 1(d)).
Figure 2 1%, Fig. 1(d) 1278 L 72 E&MEE 2 fted 20 & B
ZLSEMGTH 29, IS HiC &, i
FZNZNAHA A VDR OEM D 7 DI I I
L, WHLAEEPEVWIIKET LI ETZEREN
DB R T 23, £ s o RS
BWT, 77—V 2R (Fourier transform infrared
spectrometer, FT-IR) 43615 D 2 SCHHIE I (attenuated
total reflection, ATR) MIE % 17> 7= 5% % Fig. 3 I1ZR
$. Figure 3(a) & Fig. 3(H) # T2 &, WEHD AR
7 PVICIFEFICR R 2 EREOE -7 B S5 Nk
W, L7Zddo T, SERERE NS AR B 2RI & (ML
DIEEIRETH 29, B, WTNOHHE D ERTH
fiLTw2bon, WEREIZA 4y E—2RBGDRH
i 7 T2V ¥ — 51 X ) @RI > Tw b L
Ez ot s, RHREIZTIRZICBE b 2 R 05
A= THEN, 44V E—LDI VX —(573%2
MWICAE—Th 3 2 LTz, akRHERH D3I 4 4 %
LT 2L, BOMREZ —RICkd
52 LIEAAHETH 5.

PTFE DI DORER 7 7 v FRET RN L T,
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[FIRIC 80keV D NI A A > %, Bl 1x10'® ions/cm?
H %13 1 x 10" jons/em® THIH L 72 DKl SEM
% Fig. 4 37, 7 v EFRETTMEOHT
b, PTFE &t~ ¥ 7 LA n7utL votEad
(fluorinated-ethylene-propylene, FEP) 12 Ak o 22
BENERIN TV I Ebhr s, L7 v4tn
TN ay X7y RKEHE (ethylene-tetrafluoroethylene
copolymer, PFA), V) Z7un btV 7ltnxFL v
(polychlorotri-fluoroethylen, CTFE) & X ' R Y 7 v
ft ¥ =Y 7~ (polyvinylidene fluoride, PVDF) I
VTR, SR 1 x 107 jons/em? DB TH £ 72
R EBITIEE > T\, Figure 1 125K L 72
PTFE D ZEEAHEIC R 5 PR LR &, WS &)
1 x 107 jons/em? & 1) B\ ET H AL REAHTEL S 11
5 EHEHITE S, Lo LSRR DS Bt & B R
b %4 % 2 Lo 5, PFA % CTFE, PVDF O %ifi
ICREMEZFT 2 2 L IIBIENTIE RV, L
23oC, NI % /5§ 5 7201213 PTFE % FEP
DEFLVREITH S 2 tovbh 5, Tk, PTFE
® FEP D3R RE T & 7 v BT DA THRINTE
O, BURNERICE T 2 0 FRNT Ot S, PTFE (&
<D, FEP b HIHI/NS W oD, —EASA
F UKo THEADUM SN THFEMEN L2 D
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Figure 3. FT-IR spectra of PTFE surfaces NJ
irradiated with: (a) none, (b) 1 x 10'® jons/cm?,
(c) 5 x 10 jons/cm?, (d) 1 x 10 jons/cm?, (e)
5 x 10' ions/cm?, and (f) 1 x 10'7 jons/cm?.
Reprinted with permission from Ref. 9). Copy-
right the Material Research Society of Japan.

Figure 2. A SEM image of a tilted view of
the irradiated PTFE surface with a fluence of
1 x 10'7 ions/cm? shown in Fig. 1(d). Reprinted
with permission from Ref. 6). Copyright Else-

vier.
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Figure 4. Molecular structures of PTFE, FEP, PFA, CTFE and PVDF and SEM images of these sur-
faces irradiated with 80 keV nitrogen ions (Ref. 7)).
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Figure 5. SEM images and density of protru-
sions on the FEP surfaces irradiated with nitro-
gen ion beams of various energies. Reprinted
with permission from Ref. 8). Copyright Else-

vier.

Figure 6.

(a) A photograph of a droplet on an
irradiated FEP surface with a fluence of 5 X
10" ions/cm?. (b) A SEM image of the irra-
diated FEP surface shown in Fig. 6(a).

THS L 728D, RKAEBRELON; A oL
¥ — LRI EEOBIRZ Fig. 5 ICZNEIURTY,
NI A AV DIZAE D300 keV 22 5 &L
JIE LSRRI b U, 2RI Z AR O ZE RIS T 1k
%<, SHROEEY DS HAEL TV BIBIRE > T 5,
WU b o RS HIALIZTEIR S 37, IR AR R 234
Iy FUTENLKERTH D, FAET BEHIRD%
WL, SEAIBICHE L T AFihs, NI A 4 v
ko Tz F Y 7INTIREL, ZORDMBEA
EAxyFr7E3NTvuok Z L THMNIZE 2o
TR OBEY TH Y. kI ic, Kk
S EZy F Y TENTLEIRMEDO N, A A E— 4
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Tl¥, PTFE 2% FEP 2 b S Em I fFR & &
W, A K VAR O CERESED 2 ERT 5720
2%, TIRZ Lo E BB & LT TR, %2 208
L, ZNDEL =L EERL 20N0E% S
B, BEROPBRPEE, BREEIZX, {4+ vE—24
DIV FX —LEN, BHNE, AoEs Thlfficz
37,

7%, FEP OZEEMEER I, AKOEMA AT 160° DL 1
&R KMEE R, Figure 6 12789 & 9 12, i ki
T L KIEBRIR & 2 - TlEAs Yy, klZAhici2
I TORBMITKIBAT S Z Eldk\n,

3 7OMYE—-LBEZEICELS T YvERREDFITE
DHHBIN T

7a bk rv=eA 70 —2A41% MeV oA F v E—
LR ECHEAE T um ICERIN T BT TR,
ZOHEHRE—LZ2a s Ea—F - 70l I70I1koT
TRICEATEIRELH S, 2D MeV HDRA 4
veAr7ur—2az e Mn Ly, e kv
v — A4l (proton beam writing, PBW) % & ':i X4
210 FHalx, MeV fRDIEA & v H3FFD MR
ML, PBW OHHAE —LAEBNAHETH S V)
flsic&H L, PTFE OWNECAE L 2 it % FIH
L 2N L e %2 157 7. AEHiTIE PBW IZ X -
TREMELRZ LT S BN TEICOWTBERS,

AWFFEIC BT 2 PBW 1, TIARA fitig N DEA +
veA 7 aE— AREREEZ V3 MeV O 70 b
¥ (HY) A4 7nE—u%fflL T3, SRIM a—
PO ZHOEFEZRICLS E, 3MeV O HY E—
2% PTFE Wi of) 88 um 12 ¥ TIRAT 5. F4 i,
NI A—=% L LTPIFEARIDIES, ¥ —LDERKE
#, EREBIOHEHERZERL, 79X —F%%2%
L& & 7K D PTFE DR ATHIRZEA N %2 A s & Kk
ONSEM Z o THEF L 72, 205 OfERD & 57 ik
LHHEDO B M TIED, 2 TlBRBES %D
MUNMEEROERTH L, COFEEZHOTEHTE
% Mt % Fig. 7 (<~ $ 1213 Figure 7(a) 1278 L 72§
1%, 500 um JEE @D PTFE sdfHIX L, 3MeV @ HY =
A 70 E—L%H5HEOMEEIRICINNS X 9HICH
W (ERE 50 um) ICEET 2T TE#ETcE s, 20
M8, Fig. 7(b) ISR T X ) ICHLEMEETH .
SICHEENER I N T, 2FH H w4 7vnt—
LDM2 AL 7z PTFE il EHA TR & % fLEREIE IS 2 > T
% (Fig.7(c)). 06 DBEED S, MIEEDEMEE
1%, PTFE WiIZiZ A L7z HY A & ¥ 3% DR AT
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Figure 7. SEM images of PTFE surfaces after
spiral scanning from the center with a 3 MeV

proton microbeam. (a) Cone structure on the
surface. (b) An enlarged image of the surface
of the cone in Fig. 4(a). (c) The cross section of
its under part, which was the cross-section of the
PTFE surface. Reprinted with permission from
Ref. 12) and Ref. 13). Copyright the Material
Research Society of Japan and Elsevier.

PTFE % 73 L TAH A ZFE 38, Nl 6 R~ &
2> 9 1A PTFE 28 % FLUEIR & 7 > TIRRERZER © £
DIHWT 252 LT, TbETEME LALIERO M
PR ENIEFEZ512Y, 20708 TE 2E
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BTE Y, ZOXIICAFEIE, K< “PTFE N
W oW L7 VSR 2 FTE 570, v v
7u b u VEERERA v e — L& i <R
ZHID L FIEY 245 % PTFE O# L Wi
TEATTH .

4 TORYE-LBEREAAVENEEBBED
BT v RFREDTHROMMEMNT

WIMTRLELIIT, 3MeVOH w4 70t —
LI PTFE 273/ L, BALHEBRO 7 FRZET I
5., DI LML, PBW Z{To 7B X ViEAE
ZIFH T ET, H 94 70— ADWE I Ny %
NI A A VK> TR ARy ¥ TEBLTH S D
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Figure 8.

A SEM image of a FEP surface pat-
terned by a 3 MeV proton beam with a fluence
of 1.3x10'? ions/cm? and subsequent a 300 keV
nitrogen ion beam irradiation with a fluence of

2 x 10" ions/cm?. Reprinted with permission
from Ref. 14). Copyright the Material Research
Society of Japan.

L) ERESL, F3HoE LAk, REoE
I, E— s AR, EiEE X O EZHE L,
136 Nk RO TR 2 iSO — > % Fig. 8 1T/
T, ZofdElx, EZ 100 um O FEP 12X LT, 4
DIZ3MeV D HY w4 7 rE— 2T 2VEIRE
i< X9 ITPBW %2179, 2D PBW %4117 FEP ik
BHZX L, 420fi% 250 keV @ Ny A & > % T
2 x 105 ions/cm? TA A ViEAZITI L5615,
WG R HRHS PBW 24T 0 Thh, HY =4 71
E— L X o TR T LT3, ZD%O N
AFVIEACESTH—IZARY Y INE I LT
I %, ZR DA OEEMEOHIEIX, PBW 217>
TOLARLIEETH Y, FH2HiThRIA A IEADA
THL 2 REMEDRE B 2 ORI e b
DTH5.

5 &HOHIC

AFvIEAER e b rE—affiliEkic k- T,
PTFE % FEP & \» o 72 7 v ZRE 0 FMEHT N %
G EEMEY 2P TE 5. Z0kIH I
PTFE ® FEP IC A 4 v ¥ — AW WE I 2 &, Mk
T, 271, B, BRICERL BRI, 2
OMABICHELAIERLE L TERPEL T» L,
ZDld, A A VE—LDBMEHNCEZ 5232 LX—D
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