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In-situ doping of high-quality boron nitride semiconductors
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For effective use of energy and development of high performance electric and
electronic devices, power devices using wide band gap semiconductors are increasingly required. In
this study, boron nitride films were doped by adding dopants to the reaction field in vapor phase
deposition process using a discharge plasma. As a result, the doping condition for increasing the
electrical conduction of the films was found and the research direction for controlling the
electrical conduction was established by characterization of the structure, composition, and
electrical properties of the films.



B X C—19,. F—19—1. Z—19,.

1. WFEBHAE SO 5

(1) =X —OFFHCHIEM I EN
EREAHEBO=—XDEmE Y N, RNY
—YEUR T N, 2D E e & &R
KD ENTND, /ST —HERFT XA R
I Bl T 0 F b O, FZEMM,
FWe L, FHHER - BT S
BRI - G - ISR R TH D,
TR ETICER L=V, BEAK
BWLZY, =2 %E#HL7=0, NyTVJ—
ZFELIZY, KEWRERRERZEEIE 5
REOBEEHEI LOTH D, T K
DN TH, BEEH D —EDHH~HIINL
To & ZITEMZW L, R Z Bitlic T 550
ERERT D LOEBERIAA—RENVD,
K x IR ORGTEA A A — R ST
W5, FEERPIZHFEL CWAETEIELD
L, BOZNEI DX VT E2LEFv U
T EMESN, NS Ty Y T A p Al
PR E B NEHE YY) T A2 n A
BREEESIET pn BEEX A A— K, pH
FoEnBHEEKE SR AHEAS STV S
v ¥ —RNUTHEAF— K, brRAZHERIC
X B BARFLG & I L C Hel AR 5 )
BECEMRNSHIHTY = — %1 4 — K,
p AR & n BYSER O B B R (1
B AT HZLICL By U T
FEh B % i o CHimIE R 2 42 < L7z 3 JEt
EDpinEEFA A — R ENRFEF N5,

(2) HEBHMAIIU D LT IERE T
OFMEMEE EoNg 7V » RE - EX BB H
RO an—oMRER EO=— XN EE
DITHONT, BHEMSE G ZHH 5 XD
— YR T N RCE R SN D EESRMER
ERBRRIT T TR >ob 5, Bl
KORT N8R T S A ZAOREHZIX, F &
LTy Vary®»HVWLNTERZ, LrLTY
a AW EERT N, ZAOEIHERIT
KEWZH, BHIEeERIED=— X
RS TE eV, E-@EIRERE FCOBEEICYH
RS TX 72, Wz ar kv yERT
BRI EMEZ2 & oD — B8 (K A V2 ik
AT A ZDOHBNRLEN TN D,

(3) YA D T R LX— v FREEIZEB W
T, lE T & ARER OB ORI o= xov
g (N KXy o) B, vUVarky
HREVEERNT A FF ¥ v FHELT

bb, ThbHIYaronRy REy v 7,

L1 eV E/hEWDD, RIET A FBRXA Y
FLURBREDNR U Xy v R RKE VD EE
RERNWZ T —F 31 2%, JFERIC U
a2 OEE XY BEIEENSND 2, &
77 - EEEMEBREEIC b RHG FTRE T, Has 0
L RiIAD D, A Xy v 7HE K%
W=7 34 ZADBFAIZEDS . ERNA O
Bl WTHEEE S LTV B,

CK—19 (d:m)

(4) EEERDONY R v FET 3 AH)
TEMREDIRIE CTH VD . —BITITZ DI K
X UME CIBERPERE T E VN, B kAR T IS
Feh, Mg, TV EIZR BN oD ETE
LB EEARTH D, LV DI H M
IR TEIL. RNV REY v OB 5T,
BN-EBEREFHEEE LS D, mIbT
A HBRFAYEL FEZDL LD SEEME
HT WD —LEROF EHTH
%,

(5) mildE EE & ARIERIEREEIC X 56T
ER D D0, B L TRERIERICIFREIC X
LW ENLETH D, TO%E, WET T
A=A v = b W T RARZR S D
Mnbid, EROT T A= 7AEETIE, K
RO T DITTRNA A RN LIETH -
Teiv. Fox135A A R T E AR
AT 2 FEERRE L TET,

(6) YEBART NAA~FIHATIZEp B &
PMn R—E o THMNMNETH D, pAlT
FEANRXEY VT &R0 % L, nBIIEF
NxY VT L5, Ll = 78T
FEAEHLENTELT, ZOEHRED
VAN

2. WIEDHK

(1) MET T A= EREEICLDBEOKHEE
FGBRRICI N T, F—30 b & RUGFRR A~
WS 5ZLi2d->T, R~ F—E> 7%
79,

(2) SARARBRICHNT K= b &R
M5 2 L1 &> CRBAFIOMEE, HAE.
TRFFEOTF 21T .

(3) Blhicky, ExnEEzm EsED N
—E R E R L, ERsENE 2
DO DOfR 2N D, K 1 ICABIFED A
F— L E2RT,

3. B0k

() F—/5> b2 MR A ME 7 X~
AL A BE LT, [0 2 LSARFE TV
SR O PG 1T, RIS,
AR, 7T X<, IR, A
Y, FLAHRAR, IRV X — IR,
LA S THLS TS,

(2) BENOENZ 7T A~ EI e
L, BRETCREES I A~vaRESET,
HEHREBRUVREZDTTRET A & RS &~
BALTT I AP THIREL, SRR
fl 2 AR S, BRIV —IZERE L 72 AR
EAEEER LTz, ZOBR BT AL L
(2 F—=o2 b & ROSTRPH A~ 5 Z &
T, B~ RF—E 72757,



| F—ormEmmgERaE |

A

| F—Ev Y £ OFBT ERL |

L

| O, 5. EEHEDTE |

L

EEESEOHNEIE T |

M1 WO A F—A

HRAEA

RSB

HEZEHS

X 2 SEERIEE O

(3) F—2NU FRIMZE>THELNTED
i E A, 7 — U BRI ETE, X
BRIETIE, T~ UBELS YA, EEAE TIE
e, R BEEE. X BREE T A,
SN EB T B K - TR, ED
EREEE, Bt v —— B/ — A A
— X LCR A — X% %W TR~

(1) ERFEI LD ERUEEE D 5 F
— L IR LT, & BRI E
BT 5 72 DHEE B LT

4. WFZERHE

(1) WET T A~REFELDIBEOKME
FRIBFRIZ BT, EOHERERRZ R— 0 MR
MEAT D T2 D DO FEBREBE ZFHMET HZ &M
Hke7=,

(2) ERiEBREEZHWC, HET T A~
EIEIZ X DO A RIBRIZBW T, F—
Ny N EROSFEAKA~ERMT 5 Z 80k -
T, BER~RF—= 7 %{To=, K=k
NEFAIZRYIAENDTZDDRET 7 X<
WHE, F— X0 MRS, B SMS %
2, R 7 E&MEHIHT 5 Z &k
7o Fio R—Y U 78R I XSRS S | 2K 77
LR ghotz, K= ML -

TH LN EOME, Mk, BERRHEORM
ZITV, BRI A ESED F—E S
SMEERGE L, BXRGEMEHIET D200
fRE 2 MET L7z,

(3) R—V 7 &M & BEOMME, #5MME.,
fhembif, TR AR, RmERE, Km
S| ALFHAE OFHBIRIR AT~ T, R~
R— X2 RTINS NS & BEORE /L
FRRIT R E K BL LIzt L, il aiEse
FHEREITEOEIL LW Engno
7o ZOMEMITR— R0 FOEEZZEZTYH
FECTHLZ N Dhol-, LEliZky, R
— B2 7 G O R KO O BIfR
EHOMNIT A EnHFKT,

(4) F—v 7 &M EEOERRL IR
Bl 2 EKSEIEOFBBR 2~ T, s
R— Xy RTINS NS &, BRAREROX
Y U TEEIRELS B LIEDICR L, &M%
b= X F— 1T AL L2 &gy
Molz, ZOMEME K—s_0 FOFEEEZE 2
THLREECTHD Z Ny ooT-, LTk,
R— vy 74k & O BN O B% % 1
HNZT D ERHkT,

(6) =t 7 &MEOHIEIC LY ESIRE
Pz @O ia HNTT A 223 EL, £
DOEHEVERE 2 3P L 728 R, B 7o B fErEsE
RN hoTle, T ADFRE DK
WA ED D Z LT o T, BfEEREZ S 5
[ZHETED 2 ENphnolz,

6) ko kric, ExfnEMEEZM ESE5
K= 7 &% R L, BN % f A
57 0DIEE EZHEN T HICE -T2, 2%
SAREM 2B O T ENENTZT A AEE
PREZ R L= 2 &b ARFIETIEOH A
ZHEIETDH Z LNk,

5. EIRFEIGm L
(WFFEFRAE . WHIEo 8 M ORI 24 |12
(=)

CGdEsSams0) (B 10 140)

[1] K. Teii, S. Kawamoto, S. Fukui, S.
Matsumoto
Electrical Transport and Capacitance
Characteristics of Metal-Insulator-Metal
Structures using Hexagonal and Cubic Boron
Nitride as Dielectrics
Journal of Applied Physics Vol. 123
145701 (2018).
DOI: 10.1063/1.5007429 (##Hi47)

[2] S. Kawamoto, T. Nakakuma, K. Teii, S.
Matsumoto
Leakage Current Characteristics of Thick
Cubic Boron Nitride Films Deposited on
Titanium



Journal of Applied Physics Vol. 122,
225108 (2017).
DOI: 10.1063/1. 4993315 (&FHAH)

[3] #arBE g, B, fHY, &SBHRE
7, BHETT, WA

REP 7T A~ CVD Z W =2 bk v RO
ARk & WPk RTAR
BRFET T A~/ 7V AT — /1B A T
W@ Bl PST-17-084, 35-38 EH (2017).
(#3efe)

(4] AHE—BE, Al T, B
—HR
NITRREAAR URIED T X< HERRIC RIE
TIRT RV — A F o DR

B34 BT AT ak L SRS /% 29
7T X<MEBRF ARy ATy —
F 4T A, P2-16, 1-2 H (2017). (FHiEE)

[56] M. Torigoe, K. Teii, S. Matsumoto
Low—Energy Ion—Assisted Deposition of
Boron Nitride Films in Surface—-Wave Plasma
IEEE Transactions on Plasma Science Vol.
44, pp. 3219-3222 (2016)

DOI: 10. 1109/TPS. 2016. 2628582 (##Ht4T)

[6] K. Teii, S. Kawakami, S. Matsumoto

Superhydrophilic Cubic Boron Nitride
Films

RSC Advances Vol. 6, pp. 87905-87909
(2016).

DOI: 10.1039/c6ral8438¢c (&HA)

(7] BB, fwmFEE, B Ex, IR
Fs—HR

SRR EILAR D FED T T A< VD I RIF T
TR —A T RO
BRFRT T A~/ IRE/ 7SV AT —45H
ekl PST-15-026, 53-56 H (2015).
(A i)

[8] K. Teii, Y. Mizusako, T. Hori, S.
Matsumoto

Thermal Stability of Boron
Nitride/Silicon p—n Heterojunction Diodes
Journal of Applied Physics Vol. 118,
155102 (2015).

DOI: 10.1063/1.4932640 (##Hi47)

[9] K. Teii, H. Ito, N. Katayama, S.
Matsumoto

Effect of the Hexagonal Phase Interlayer
on Rectification Properties of Boron
Nitride Heterojunctions to Silicon
Journal of Applied Physics Vol. 117
055710 (2015).

DOI: 10.1063/1.4906952 (##Hi4T)

[10] K. Teii, S. Matsumoto

Impact of Low—Energy Ions on Plasma
Deposition of Cubic Boron Nitride
Thin Solid Films Vol. 576, pp.
(2015).

DOI: 10.1016/j. tsf.2014. 12. 020 (HHiA)

50-54

(3R] Gt 164)

[1] EfEEA, BHEIL, BAR B

7o FEXETT A~ VD IEE AW TR E
bR o FEO Bk E & B R
Rk 30 AFER A RE KRS, 201843 A 14
H

[2] K. Teii, S. Matsumoto

Plasma Deposition of Cubic Boron Nitride
Films for Hard Coatings and Electronic
Devices

10th Asia—Pacific International Symposium
on the Basics and Applications of Plasma
Technology, 2017 412 H 16 H

[3] K. Teii, M, Ishida, R. Takahashi, S.
Matsumoto

Rectification Properties of Boron Nitride
Heterojunctions to Silicon

11th International Symposium on Atomic
Level Characterizations for New Materials

and Devices, 2017412 H 4 H

[4] Y. Kamimura, M, Torigoe, K. Teii, S.
Matsumoto

Plasma Deposition of Boron Nitride Films
using Low—Energy lon Bombardment

11th International Symposium on Atomic
Level Characterizations for New Materials
and Devices, 2017412 H 4 H

(6] AT, BEHES, AHZ, SGH
=, BHET, MR

REP 7T A~ CVD & W =2 bk v RO
ARk & PPERTHAL
BRFET T A~/ 7V AT — /IEA T
WFge4>, 2017410 H 26 H

(6] FrH—BE, fm AR T, WMAK
—HB

N EAR T BRED 7T XA HRBIC KT
TR RV — A A D5

B34 BT A~wTak Ly SHRS /% 29
BT X<MBRE S IR A, 2017 4R 1
A17H

[7] K. Teii, H. Ito, N. Katayama, S.
Matsumoto

Rectification Properties of Boron
Nitride/Silicon Heterostructure Diodes
7th Pacific Rim Meeting on Electrochemical
and Solid-State Science, 2016410 H 5 H

[8] K. Murata, M. Torigoe, K. Teii, S



Matsumoto

Role of Low-Energy Ion Impact in Plasma
Deposition of Cubic Boron Nitride Films
7th Pacific Rim Meeting on Electrochemical
and Solid-State Science, 20164 10 H 4 H

(9] $2HFET

7 w#T T A< OVD & V& BN T
bR 7 FEDERK

HARZ v F Ly 10 [B7 v F vt
—, 2016 4=9 H 28 H

11

Bm
3 bR

[10] s&HFE T

LN SRR R FEEIGH - @
Wa—F ¢ o7 LNy — ik

Rk 27 AFEETUIN R LS SRR - LN S
BLEH AT e AR, 2016 /-1 H 8 H

[11] K. Teii, S. Matsumoto

Plasma Deposition of Cubic Boron Nitride
Films for High-Power Electronic Devices
9th Asia—Pacific International Symposium
on the Basics and Applications of Plasma
Technology/28th  Symposium on Plasma
Science for Materials, 20154 12 H 12 H

[12] sEHFET

7T R HM RO HHE LWL E R
U B —T ¢ 7 R R~ DG
&l BFEERELA T T X~ it IS
Yt —5 54 BT T A< RHEL HDOSLD
WFge4x, 20154510 H 29 H

[13] M. Torigoe, S. Fukui, K. Teii, S
Matsumoto

Effect of Low—Energy Tons on
Plasma-Enhanced Deposition of Cubic Boron
Nitride

68th Annual Gaseous Electronics
Conference/9th International Conference
on Reactive Plasmas/33rd Symposium on
Plasma Processing, 20154F 10 A 13 H

[14] BEHERL, fEEE, BIHEEx, R
1B
NTERELR U FEO T T X< VDI KIF TR
TR —A T RO
BLERT T A~ B/ VAT — 4
fFge4s, 20154E6 A 5 H

(16] SHFSE, AR, KIINIRE, EBH
Bor, Rk—3E, HREKLKE, BEFHL
SR AR T FEE W ER B Y —
INL:ES

%5 58 [l FH B E A E AR, 2014 4F 11
A 12 H

[16] SEHFTC, AN
il B 4 B AT AR B~ DR AL AR T =
—T AT

HARSRIR 55 168 [IFKZaHH K=, 2014 4
9H25H

(X&) Gt ofF)
(PESEIA PEHE)
ORee Gt o)

HFR
I
HEFIZ -
T -
E5
HEEEH H -
E N DR

OfEkeL Gt o)

AR
I
HEFIZ -
T -
E5
BASEH A
E N DR

(£ Dfh)

R b=
http://hyoka. ofc. kyushu-u. ac. jp/search/
details/K001514/research. html

6. WFFCHHAK

(1) #rgefRFE

#H FE¢ (TELL, Kungen)

JUM R « REFEBERABE T2 98B « #EL
%

g% E: 10335995

(2) Wrgth 1
AA FE—EB (MATSUMOTO, Seiichiro)



