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Structural Evaluation of Semiconducting Ultrananocristalline Diamond by Synchrotron
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(English)

B, N-doped ultrananocrystalline diamond/amorphous carbon composite films, which were
prepared by coaxial arc plasma deposition (CAPD) method, were investigated on the chemical
bonding configurations of the films by XPS and NEXAFS measurement, and structurally
evaluated by powder X-ray diffraction. NEXAFS spectra indicated B atoms in the films were
preferentially bound to C atoms and located at grain boundaries in B-doped UNCD films. From
XPS measurement, it was confirmed that doping N atoms into UNCD films and controlling N
contents in the films are possible. XRD pattern attributed to other crystalline structure than
diamond was observed. The capillaries for powder XRD measurement were contaminated with
Fe in the process of powdering the films. We realized it is necessary to take great care in




sample preparation. On the one hand, heterojunction diodes, which comprise boron-doped
p-type ultrananocrystalline diamond/hydrogenated amorphous carbon composite (UNCD/
a-C:H) films prepared by coaxial arc plasma deposition and n-type Si substrates, were
electrically successful.

2. HRLEW
BT ) WA A YL R« KRBT ENT 7 2 —R B (UNCD) I, R RIE10 nm

UTDEA YT RFERNT BT 7 A =R~ b v 7 RICHNETHEEZED, (i) T
185 EFR R, (i) DLC (ZH @R ENE, (i) SRAMERIC W TRE 20ERIUR R E A+ 570 L
WHERY - BREICHEREVM B TH 5L 2 E TH A IZUNCDIEDB F— 712 L 5pfifk, N =71
XHb LR L, o7 ua b tE vz NEXAFS, XPS, XRD HITE & 530 & L7-fi#ghr <, B
DAL EAE AR EEPREE T 21T > TE 722 /7 L-UL TEMEAR ST A4 5 UNCDRE I % L
Tk v 7ze ha U EPEEICAEZ TH D, (RERIRBLO IR MP) e OGS KB CEERY)
BEERHA OIS NSO H D EBEIZE T D, UL EOWME T VA L—Y—HfE (PLD) 1EI2L D
ERL L 7ZUNCDJE% & & IZKFEPMENR S92 E 725 TEX 7203, PLDIETIEAEFRICL—Y —2 N5
ToOICEEB DN RN T % Z &R AEIZHIBR 3 23005 72, KifnfE LIS ITIEN 7% S . S RO
HIE T, ERKEREESAIRE 2R BRERYE CTh D RIERL 7 — 2 77 X~ HEfE (CAPD) B2 XD
EBL L 7B L ON R —7" UNCD FEOEEFEM & UNCD BEHIZ/FET S UNCD fdh> XRD /¥
A= DT HATH Z 2B ET 5.

UNCD 2 R—7&N7= B BELO N JFFBNED L ) AR TR ICIFEET D D KRZEHL
BREV. BARRIZIE NEXAFS, XPS # WZFE i C K—/" R THDH B BLU N BEFTED X
O IbTFREARIEE L o> TWDHDNE EMICAENT 21T 5. T TH D PLD IBIC KV IERIL -
UNCDIEH CORMILE L U THRIRPICHAAEN D Z LR HfE SN TWD2, CAPDIEIZ LD E
L 7ZUNCDIEH O RSy e 38 O E YA MEBH LI ST,

3. ERAE BB, EZEBRFE, BrFE
DOFHA)
FHE—ALT A2 :BL12

XPS : survey, narrow (Cls, Ols, B1s, N1s) §

SR-PES : Cls, Bls, N1s 5

NEXAFS : CKf B K, N K 3

>

UNCDBIZBIL Ti, ZhETOT YR D _ B7at %
— 7§, Bor N F—7EECToORERERIC Q — B4dat %
NEXAFS C K, 7= F—/3 ~ ®B K, N = — B<lat %
KEROWIIAE A~ 2 b LEGT, BEN ... undoped
WR— Ry RELTEDL S o s 280 285 290 295 300
DA LT B, Photon energy (eV)

1 7V F—7, Blat.%, B5at.%, B10at.% F—7ED
NEXAFS C K A7 biv

FAHE—ALF A4 :BLI15




By ARXHBRET : 20 1k
Diamond-111, 222, 311t'— 7
A Xy U 0 10~70°

UNCDEEIZ DWW T, ZHE TORE L [FkE
(I RXFREHT ORE Z1T 5 . B, NFE DA
W R—s_ hELT, EDXDREEEE
KEFFOON, FAHY F— 72X
S THROWEENRED L I IZENT HDON%E
B ONNZT 5.

4. ERFERLER
BL12 T HlE & &

(Pl B K—7122W\ )

X 112 CAPD {EICTHERIL /=7 > K—
7, B<la% B4a% B7a%k—7
UNCD fi#¢ 280~300eV T NEXAFS C K i
AT MV ERT . JEIXEEFIEE
(TEY) T Photon energy 280~330€eV & L T
Tol=. TNETND ALY AR OEN
1%, 285~290 eV fHiTIZHfEIZE DTV
7. BAaa%BR—7EL B7a% R—7E
ETIEARY MVOBRIZIEF L= D
W2 TWHZ e, R—Er 7 1L B
IZHEKE T % 0lC-B OHLE I 267 eV LI
BRI DD, AEHEIE LT v R—7,
B1,5 7a.% N—7EOREHIBE L TiX, K
— T EICHE S TR IEW B
ST, AT, olC-B drfHICITE mEE (b
JEIZ XV MC=072 8% < OWLENE /2> T
BY, EEOWHLEREILES ClERWn. £
2T, B O iEEIREBA BRI 5720
NEXAFSB K it DHIE 24T > 7-.

[X] 212 B 4 at.% N— 7D NEXAFS B K
B A7 h V%9, NEXAFS B K i A2
J hTue 7y A R—E T &ICED
59, IXELIL Wz, 22Tk B 4
a% F—7EOHLDOFERERT. K2 XD
NEXAFS C i & 8720, HFEIC 3 > D#uE
ZHLTWDZ ENDHNDH. Boronoxide &
— 7 ZREOBILBIZEI 2D THS.
B-C Al biENKE <, EHTO B IEE
FEHIIZ C EfEA LRLFRHRIT/FEEL TV 5.
B-BIZERTZE—7 LBHIESN-729,
B DI TIRAT L T\ 5 ATREME &
EZLND.

(N N F—=7z2nT)

N K—7 UNCD D 1ERLGL, sl 0%
KA ATHDHKFET A R—R F &R

Intensity (arb. unit)

NEXAFS B K edge

B4 at.%

B—C
Boron oxide

I %ionized B O*
————p

185 190 195 200 205 210 215 220

Photon energy (eV)

2 Bb5at.% F—7oD NEXAFS BK #AR27 bV

Nitrogen content (at. %)

X 3

| T T T
| @ include Ols o |
- O without include O1s *
0]
L ° 4
5r Q 1
- Q -
oF @ .
| 1 1 1
0 0.5 1 1.5

Inflow ratio lyy

XPS BBz X Y Ao - iigH (Ho/N2) & UNCD &
N F—vr 7EOBEE

QO
R

Intensity (arb. unit)

Cis

o
~

Nis

undoped
N3.93at. % ——
N5.00at. % ——
Ng866at. % —

N3.93at. % —
N5.00at. % ——
Ng66at. % —

Intensity (arb. unit)

X 4

I
280 282 284 286 288 290 292 390 395 400 405 410

Binding energy (eV)

7v F—7, N3.93at.%, N5.00at.%, N 8.66at.%
F—7EdD XPS a) Cls, b) Nls DR~ hjv

Binding energy (eV)




HMEOER T AZMZHZET N O R—
E TR AT KRBT AT HEFR T A
DB (N/H2) % 0.3, 05, 1.0, 1.5 D5t
T UNCD FED/ERLL, DO N R—E' >
TEORELY Z1T-72. 3TN F—7
UNCD ETo XPSIC X W EHEHE
RO LOETRT. RHBILEOREIL
HZHDOOMEHICEVHIFEAIEETH D Z &
Whmnot-.

X412, N F—7 UNCD i XPS 5 2R
T.CHEVDO/EAENN R—7 B> TE(L
L7z, BERMIICIE N R—7Ene &bl
BIXILX—M[~>T7 LT, TR,
NEXAFS (X1 5) OfiRbFEETH-T2. L
DUZRRG, NfHIICBE L Tl —2 v 7 b
R ONT, BRHEOHLEM L.

BL15 T E s F
(7> F—7 UNCD D#:4)

X 6 (2 RIL L7 > K—7 UNCD fi5 &
EHEREE LCTHIERE L4 A YEY M
KD XRD /X% — 2 Z 7. B S 4172 XRD
NRE =T, AT RiESHEITHAS
MR D Z s, thokEtEsH T 5
B ORADPRO LN, fERELTASE
B HH72 XRD 784 — 1% Fe ROk fbt s
DHLDEILS—HLTWBHEZ ERDN-
7-.

ZAE, D OB EREOEE THW
A7 L AROE Yy MZEEND Fell
RET 5 LIS, AHIETIX
FHHAR EICHERE L7 UNCD A Bt v
MZ R OB RIEEZITY, Fr BT
U—IZE AL DD XRDHEIEZTT-> TV
5.

Fell0 I & % | #f &2 — 7 {if & 1L
diamond-111 & FEF IZUL W AT v — 7 L E
R0, AAYEY FEEGEOREICIE
XRD /& — NI EE RIE S R WFREED
fEmEZ A I RWEM TIEO R E%
HEHTHIVNERDS.

(N K—7 UNCD 04

N R—=7Tix& A vE NICERT D
E—IRR 1T, N F—=7%AFELFR
TIEZ A YELY NOFIEA R CTE R0 o
To. A1%1%, TEM Bl & & &b THisE
BINCT —Z & E LD TNETZ.

Intensity (arb. unit)

[ Cls

=C
* :C |

nc

N 8.66 at. %

N 5.00 at. %

\/ ; N3.93 at. %

/

oc-C

Intensity (arb. unit)

280 300 320 340
Photon energy (eV)
B5 N F—7D NEXAFS X7 bv

3
¢ & |§ 8
& 3139
L_)t_:, k| &
- N'JLH
& o b undoped
S sl &
© 5
L . 4 4 4 4y tef.diamond
0 10 20 30 40 50 60 7O

260 (degree)

6 7 F—7UNCD ED¥RK XRD /R¥—

Intensity (arb. unit)

=

N 8.17 at. %

29.11

N 4.72 at. %

s sttt i, UNDOpEd (Vacuum)

AP Bt e o e o e

undoped

diamond powder

3I0
20 (degree)
7 N F—7 UNCD ED¥F R XRD _Z—r




KGEMFR T & LT ORI
B F—7UNCD fit& nBl S TO~T 1 107

E 300 um
BEFA A — FaRUEL, BRI 2 3 L Aupd 3,0

3 : : 310
L7 &%, B K—7 UNCD o p Righ{E D e :
EWERT B = L AT 2 o i ss0um 1 €

3 i -‘ 110723
5. A% ORE < o ] =

SREIOMEHFFICIBVTBLI2 TORE §  f ] 2

TIE, XPS, NEXAFSHIEIZ L M@y 3 f { 11073
) 75 X< HeR (CAPD) HEIC L0 fERL g \: | §
L7z B F=7@7 /s A vESF i : I A
(UNCD) JETiZ B 1ZFEIC C &fEALTWY y 110°
HIERBLMERoT T, N F—F  4g 1) . ]
UNCD [ C & i I g 0> 77 2 it & b E
(No/H2) OFHFEIC LW F— 2 7 Bl 5 -4-3-2-101 2 3 4 5
MRRETH 5 2 L Abho7-. BLIS TO Valtage.(¥)

HIE TIE, BR XRD 12X % UNCD fEH |z

4 N5 UNCD fEs okttt 23 77- B8 BF—-7UNCDR /nESi O~NT oSS A4 —F
03, AR OBFE TR SR OIRAIZL Y IZBET 3 I-V R B ERE R °
RTINS TE Ipvo 7=, FORERIX, -7

EANOFBEEHPI/ER L2 Cr F—E U 7 OEBETHLREECTCH-TZN K= XA ¥EL RTIEFA
YEU ROGEZHR TEX TN, ENFHKEET I T LFE0OFRSEM 2L LT-0.

A% OFELE LT, UNCD EOKBEmEER T CpB F—_0 s THDHB KR—7I12L 5 PESE
— 7\ X DAE WO RES A PE 21TV, 7 2 VI ENOEIRRE, 77 v 7 X Tox
FNF— N FEEEZHA LI LT ETV. R XRDBEIEICE L TIE, 35 ons T —2DfF
HMEZEO L7201, MRICABEOBRE TGS ED b O DR A Z 8T CRIERE 2 AR T o 4%
N 5.

6. BER

1. Ultrananocrystalline diamond, edited by Olga A. Shenderova and Dieter M. Gruen (William Andrew
Publishing, New York, 2006).

2. T. YOSHITAKE, A. NAGANO, M. ITAKURA, N. KUWANO, T. HARA, and K. NAGAYAMA, Jpn. J.
Appl. Phys. Part 2, 46, L936 - L938, 2007.

3. YukiKatamune, Shinya Ohmagari, Sausan Al-Riyami, SeishiTakagi, MahmoudShaban, and Tsuyoshi
Yoshitake, Jpn. J. Appl. Phys. 52 (2013) 065801

7. WXRE B (1 ARECEET 5 2 E TORRHRME)
[fx]
[1] Carrier Transport and Photodetection in Heterojunction Photodiodes Comprising n-Type Silicon and
p-Type Ultrananocrystalline Diamond/Hydrogenated Amorphous Carbon Composite Films
Shinya Ohmagari, Takanori Hanada, Y ki Katamune, Sausan Al-Riyami, and Tsuyoshi Yoshitake
Jpn. J. Appl. Phys. to be published

[2] Optical and Electrical Properties of Boron-doped Ultrananocrystalline Diamond/Hydrogenated Amorphous
Carbon Composite Films Prepared by Coaxia Arc Plasma Deposition
Y ki Katamune and Tsuyoshi Yoshitake
Proceedings of The 15th Cross Straits Symposium on Materials, Energy and Environment Science and
Technology (2013) pp. 70-71.

[3] Fabrication of n-type ultrananocrystalline diamond/hydrogenated amorphous carbon composite films
prepared by coaxia arc plasma deposition (I1)
Hiroki Gima and Tsuyoshi Yoshitake
Proceedings of The 15th Cross Straits Symposium on Materials, Energy and Environment Science and
Technology (2013) pp. 48-49.

[4] Metal-Semiconductor-Metal Photodetection of Boron-doped Ultrananocrystalline Diamond/Hydrogenated
Amorphous Carbon Composite Films




Takanori Hanada, Shinya Ohmagari, and Tsuyoshi Yoshitake
Proceedings of The 15th Cross Straits Symposium on Materials, Energy and Environment Sciences (2013)
pp. 46-47.

[5] Chemica Bonding of Nitrogenated Ultrananocrystalline Diamond Films Deposited on Titanium Substrates
by Pulsed Laser Deposition
Sausan Al-Riyami, Hiroki Gima, Hiroshi Akamine, and Tsuyoshi Yoshitake
ECS J. Solid State Sci. Technol., Vol. 2, issue 11 (2013) M33-38.

[6] Effects of Hydrogen and Nitrogen Atmospheres on Growth of Ultrananocrystalline Diamond/Amorphous
Carbon Composite Films by Reactive Pulsed Laser Deposition
Sausan Al-Riyami, Hiroki Gima, Mahmoud Shaban, and Tsuyoshi Yoshitake
Jpn. J. Appl. Phys. Vol. 52, No. 6 (2013) 06GGO6.

[7] F 7 B =R K D HHRKGER O #IHL
Hk il
b T¥, 6 H 5(2013) 1-6 E[401-406].

[8] Heterojunction Diodes Comprising p-Type Ultrananocrystalline Diamond Films Prepared by Coaxia Arc
Plasma Deposition and n-Type Silicon Substrates
Yiki Katamune, Shinya Ohmagari, Sausan Al-Riyami, Seishi Takagi, Mahmoud Shaban, and Tsuyoshi
Yoshitake
Jon. J. Appl. Phys. Vol. 52, No. 6 (2013) 065801.

[9] Nitrogenation Effects on n-Type Electrical Conductivity of Ultrananocrystalline Diamond/Hydrogenated
Amorphous Carbon Composite Films Prepared by Pulsed Laser Deposition
Sausan Al-Riyami, Hiroyuki Setoyama, Kazushi Sumitani, Yasuharu Hirai, and Tsuyoshi Yoshitake
ECS Transactions, Vol. 50, issue 20 (2013) pp. 41-47.

[10] Nitrogenated Ultrananocrystalline Diamond/Amorphous Carbon Composite Films Deposited on Titanium
Substrates by Pulsed Laser Deposition
Sausan Al-Riyami and Tsuyoshi Yoshitake
ECS Transactions, Vol. 50, issue 20 (2013) pp.13-20.

[11] Formation of n-Type Ultrananocrystalline Diamond/Nonhydrogenated Amorphous Carbon Composite
Films Prepared by Coaxia Arc Plasma Deposition with Boron-Incorporated Graphite Targets
Yiki Katamune, Shinya Ohmagari, Hiroyuki Setoyama, Kazushi Sumitani, Yasuharu Hirai, and Tsuyoshi
Yoshitake
ECS Transactions, Vol. 50, issue 20 (2013) pp. 23-28.

8. ¥—U—F (k: WEROERFELHET 5 ML 2~3)
AV o P e S

KL 10n0m D A Y& FREBRIN T BT 7 A — RO PICNET DMiEE & 5. 77 A~v b L
SUFHEARE R T THHEIICE Z DAEK T 7 A TIRPTERR S, BEEA, #E 7SS OR KIS
LTV D, FRERBKANE FET 22 LT, WIENRRE LD LARR BRI L 725 Z L
MHATND.

* SR-PES

- NEXAFS

* Powder XRD

9. MFRBREABRIZOWVWT (1 : ¥ 2 ICHH LR EOABRICHOVTOE@D S HEY LAV a2 LT
EEWV, E, X (BTN BREMEE X —~OHE, EEIEREAEA~OFREIRHENZTA LT E
SV (2013 AR FE R 2015 FEEER A HIR & 72 0 F37,)

B & 4 7HEIL., ZHRHOREKHOFHBREEICZIRALTEI N,

O X (EBEM) BROBE (&R : 20164 3 A)




