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Deposition of Functional Carbon Compound Thin Films
Using Synchrotron Radiation Ablation

Hidejiro MIKI
Faculty of Science and Engineering, Ritsumeikan University

Abstract
Various functional carbon compound thin films such as polyethylene (PE), poly-para-phenylene (PPP) and fullerene
were prepared by the synchrotron radiation (SR) ablation method. High quality crystalline PPP and fullerene films were
obtained by room-temperature deposition using SR ablation method. The mechanism involved in the SR ablation was
considered. The C-C bond in PE with a normal chain of hydrocarbon is broken after SR irradiation. However, a C—-C
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bond with 7 electron in a six-membered ring cannot be broken.
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Figure 1. Schematic diagram of the reaction apparatus for SR
ablation at the end of beamline BL14.

_.
<

1010

—
=
-

Photon Flux (ph/s mA mm” 0.1%bw)
=
-

10! 10° 103 10t
Photon Energy (eV)

Figure 2. Energy spectra of the radiation emitted from Rits SR
ring.
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Figure 3. FT-IR spectra of PE films: (a) LDPE target (b) PE thin
film deposited at 100°C (c) PE thin film deposited at room tempera-
ture.
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Figure 4. XPS spectra of PE films: (a) PE thin film deposited at
100°C (b) PE thin film deposited at room temperature.
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Figure 5. XRD spectra of PE thin films deposited at room temper-
ature and at 100°C.
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Figure 6. Raman spectra of PPP: (a) as-synthesized PPP powder

(b) PPP film deposited by SR ablation (b) PPP film deposited by
vacuum evaporation.
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Figure 7. FT-IR of PPP: (a) as-synthesized PPP powder (b) PPP
film deposited by SR ablation (b) PPP film deposited by vacuum
evaporation.
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um evaporation.
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Figure 9. XRD spectra of fullerene: (a) fullerene target (b) fulle-
rene film deposited at room temperature.
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Figure 10. FT-IR spectra of fullerene: (a) fullerene target (b)
fullerene film deposited at room temperature.
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Figure 11. Raman spectra of fullerene: (a) fullerene target (b)
fullerene film deposited at room temperature.
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Figure 12. Deposition rate of the fullerene films.
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Figure 13. Energy spectra of the radiation: (a) White beam spec-

trum (b) SR spectrum through the Al filter (c) SR spectrum through
the Be filter.
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the Be filter (d) after thermal cracking.
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ablation: (a) fragment irradiated with white SR beam (b) after
passing SR beam through the Al filter (c) after passing SR beam
through the Be filter (d) after thermal cracking.
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Figure 16. QMS spectra of PPP film and benzene: (a) Range be-
low 200 m/z of PPP; and The magnified figure below 100 m/z of
PPP; (c) the QMS spectra of benzene.
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5720 LLEDOFERN S Coo D7 5 — L /4TI SR RS C
BoshicnwEBbnsg, 75—V VOEF Ce 5T
DEDEERKL T HLDEEbNS,

6.3 KE—REFBAOUMICEAT Z2HFAALBHDIREDOE
¥ )

RERTH O N7 KHKF RGP ORI O %
L% Table 1 IC/Rd, BB IN/IBHKXOT 5+ 7
Ty 7 ARG Y — LI & BAHERIOE 2 HRDz, R
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Table 1. Deposition rates of various thin films deposited by SR
ablation
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Table 2. Summary of various chemical bonds broken by SR
irradiation

oq average photon crystal

T deproastletlon flux time target target state of
(o ) product state temp. deposition

(phes~!emA-lsmm-2h) films

PE 1200 1.0x 1013 sheet rt crystal

PPP 6000 0.97 x 1013 powder rt crystal

fullerene 6100 1.0x 1013 powder rt crystal

fullerene 7200 1.0x 1013 powder 200°C crystal

CN 20 1.0x 103 powder rt crystal
graphite 8 104103 powder 900°C amorphous

group  materials bond breaking
1 PE c-C : breaking
1 octane c-C : breaking
2 PPP C-C between benzene ring : breaking
2 PPP C—C in benzene ring : no breaking
3 fullerene  C-C between Cgy : breaking
3 fullerene  C—C in six-membered ring : no breaking
3 CN C—C in six-membered ring : no breaking
4 graphite C—C in six-membered ring : no breaking

rt: room temperature

CNETIC, KA X DEGRER» S A AV HBROH
FTHGIIRIEA AV BBERIS & L TifE s TRk D, &
D AT ALDRBIN TV B, MGR (Menzel-
Gomer-Redhead) &5 L3V, Antoniewicz &5 )32, KF
(Knotek-Feibelmann) £ 133, ASD (Auger stimulated
deposition) EFIIVETH 5, ASD EFIVIZHNEETD
D & — Y « BB DR FH 7 — 1 v REIT L 51
FaRZ 353D Th 5,

JRFES DN ST Tl A — v« @fE 7% & OIFE G
IS REFALERABECEC S L E 2N TS, RY
IFVUVDO LS IRBEHRORFEREDS T TEIDOANZAX
LI VKBGO HEL B, COLEDT I 7 AV EIT
Colly DA FVTH S,

M, SRR THEREFIEIC K-> ToL bk
MWRIEFLIE, —2ORTFICREIEL TW5AH®, WE TR
BRI ZOWEBHREARDPIEFICT /7 FTHY, BOFRTO
WEHRIBFEEOEL D ITEHTE 5,

RUIFVVERURTEEDORENORDT T 74
F75—Vv, PPPTCE6 BRSANVE VIERE AT
o CNOLORFERLEHOFHETEafEEGEHL
TWb, nBFOEHEBIIN VL VERS 6 BIREMEICIA
Mo TBVIFRFEILL T D, D7z, PRIELDIER
TEALDPEL 5, ZTO@RIT10- P & T O+ %
FEMERGR] (B &k Z10-“ ) LD\, F—V rilh
BILERINS, £D/OXNV/EVERS 6(5) BIROfFHE
FAEL RV, 79—V V2 PPP IV VERE LR Ce
DYOREEDENSLZ L 757 A/ b &L TRERH]
HETh b,

757 7 A4 LTI PFIROM G TIRNIEAE L kv, H—iR
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