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(English)
Toward the development of high-efficiency solar cells comprised of non-toxic and rich
abundant elements, Al-doped ultrananocrystalline diamond/hydrogenated amorphous carbon
(UNCD/a-C:H) composite films, which have a large absorption coefficient in the visible to
ultraviolet region are structurally evaluated by means of XRD and SR-PES measurements. The
peaks due to diamond-111, -220, and -311 are evidently observed, indicating the existence of
UNCD grains in the films. The grain size was estimated to be 27 nm from Scherr’s equation.
The sharp sp® peak (FWHM 0.93 eV) in the Cl1s core-emission spectroscopy was confirmed.
We believe the dopant element of Al atoms are successfully incorporated into UNCD/a-C:H
films and they might promote the UNCD crystal growth.
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0O EET RS A Y'Y ROKFELT T T 7 25 —R REM(UNCD/a-C:H)JE C, A
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UNCD/a-C:H |ZHifE 10 nm LA F DX A YE - RIREERDKBILT BT 7 2T —R o HIZE
TET DB CH D[] ALIEF A PE Y REEERIZBOTIE 55 0.31 eV ONEICT 7k
TR ERL, p B F—R0 M E L TE 2N TRINTND., ZOEER T R—/30 b
MO BERBEMIBTHY, RIETOANRY YV TERICHETHZ LR TES. L
LR, ZNETICHA YEY REEERECE L QOMbFEEME (CVD) IERERTH Y,
KA TO Al R—713REEE S T& 7. Fx i, UNCD/a-C:H Z MBS ERE CTllE S
LHZ TR LT A2l. PVD BT, R—=2XU MEBIKS T 7 7 A4 N2 —47 > FHICIRIE
SELZLETR—UEUVINHARETHD. ZOREEENL, 4B UNCD/a-C:H D Al R—7|Z
X% p b a2 AT,
BEREFEMEICHLERE VU 3 12 OFED DAERK S 15 8K FeSi2 WEIY, I RIME D
SERILNZ 5T 5 HIHEER 0.85 eV /N R+ v 7, FRAMKICH T % @ O RIUR %R 10°ecm™ 72 &,
KIGERM ORGSR U TR MELZ A L TS [3]. Z4LE TIZ n AIB-FeSi2 & p
BLSi O~T v S 7 4 N A A — RRRIES L, BRI B GmAHE, SRR SR IS
R ERBEOT T r—a VADBEENR A TE TWHERICH H[4]. EREFEERICHHBL TR S
B L UCTER SN DT ks R(NC)FeSI) ICBI L T, v U TIRENGTE 57017
NA ASHARKEE E SN TETe, FofFx I3 ER N — AR ZEPICR—TE&H52 L Txr Y
TR A RIEIARIR CTE 5 2 2 RS Ls. 203 v U 7 RIS DRI A 255 72 i &
IpoTNAD.
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TL—Ta VB X VER U2, Z—7 Y MTIEME 99.99% [EfR FeSi2 33 L O C M EiRN &
A7z FeSi2 Z iz, FERITIX Cz-Si, A dekbtlia vy BL12 O NEXAFS, XPS, SR-PES TOR¥
A T 7.




Experimental Procedure

Preparetion Conditions

Target Al (5 mol%) doped

Graphite
Substrate Si or Quartz
Temperature 550 °C
R.R 5Hz
Capacitance 720 uF
Voltage 100 V

Coaxial Arc Plasma Gun (CAPG)

Arc gan
Substrate

Holder

ion methods

Near-edge X-ray Absorption fine Structure (NEXAFS)
X-ray Diffraction (XRD)
X-ray Photoemission Spectroscopy (XPS)

Arc gan -

Synchrotron-radiation Photoemissino Spectroscopy
(SR-PES)

Fig. 1. The preparation condition of Al-doped UNCD/a-C:H films by means of coaxial arc plasma gun.
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[6JUNCD/a-C:H [Fl#£(Z diamond-111, -220, -311 (Z# K B EIHTE— 27 NHBL L T\ 5 Z &0 b,
EERIC UNCD fEAEMFET 5 2 & 22 LT\ 5. X 2 4121 diamond-111 a2 — 27
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Al R—71Z2X D UNCD #5sa DR EMRIEDN RN H D Z LR nhholz. ZhuE B F—7IRIZA G
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Fig. 2. X-ray diffraction patterns of powdered Al-doped UNCD/a-C:H (left). In the right
figure, the magnified diffraction peak due to diamond-111 was shown together with the
fitting curve (in red) of the grain size estimation using Scherr’r s equation.




MgKa(1253.4 eV) sp3=49 %

%) FWHM = 0.93 eV

i
— o =
et c
c =
2 g
E &
© ~
z 2 z
2 o 2
o ve | 2

= [
= < | =
1000 800 600 400 200 0 T T
Binding energy (eV) Binding energy (V)

Fig. 3. X-ray photoemission spectroscopic study of Al-doped UNCD/a-C:H. The right figure
shows the decomposed Cls core emission spectra.
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3IZXPS HIEB LU 7 v hua xR ET/HERIE (SR-PES) fERART. [
M BL12 TITVY, Cls AT MVAIERFDO A= /L X —[2 350 eV EEE L7z, XPS LV
Cls, O1s Iz T K—s30 b Al TREER D Al 25, Al 2p ' — 27 BNiER SN 7-. 0ls B — 7 134
TVEKMEE ArA T ANy ZERRICE GICHEET 5 2 & h, IREICHEEE L TWDH b
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C-Al, C=0, COOH |2 K32 &' — 7 (253 S 7=, AR 0.93 eV D3 ¥ — 773 sp° B— 2 7
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EETITERFIZHA LIS TR, XA YEY RiEET TOEBRE O HRAICE-
THAFEY REMHET 5 sp° C-CE—/ O—HABEHRLIZZ LICHD EEZ NS, DFD
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% EXAFS OHIE 2 B WL TS 2 et L= 0w,
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» ultrananocrystalline diamond (UNCD)

B 10 nm L FOX A YEY RHDOWIEZENDHIZ L > THER SN OEEKETRT. BEOLE,
UNCDs OIZIZTENL T 7 A —AKR U (@C)R~ ) w7 AL UTHEETDH I L2/ d. RifEH 10-
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