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Development of a semiconducting diamond for neutron imaging
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A diamond neutron detector that consists of neutron-capture layer and signal
collection layer has been developed. Two of the research objectives have been achieved:
demonstration of neutron detection using boron-doped diamond layer, as well as reduction of dark
current in the detector by boron-nitrogen double doping.
Following three research goals have been achieved: (1)synthesis and characterization of functional
diamond, (2)development of sensor fabrication process.(3)demonstration of neutron detection. In
addition, a new operation model of neutron sensor that improves neutron sensitivity, has been newly
discovered. Reduction of dark current in sensor has been realized by boron-nitrogen double doping.



B X C—19, F—19—1, Z—19 (@)

1. WFERHE S WO 5

R E IS S b RSB TEEE A TW DR, BURTClEar 27 U — b
WIS DL DIRRE AR T 2 F A k03 e <, B A 7812 L 0 B L ORE T
OINTND. EEMOIEIERE L L THMEFA A=V T RENTH D, FrETRRIZETTEZ
T LT <, AKRBITEEZFFO720, Xy SCIIMAENEH L W& RNEHOKSCEREOR
HIZE LTV 5. B ORI OB Z AT 2MEE OB I TEY, A A —V
2K BB COIEMERAEN RSN D2, BUK TR HIEO R GEZ T IR O E 23R 5
NTRBV AA=UTEITHIEDIZIEE T ORER EXMNETH- 7.

kDA Y TlE, BREO BV 2RI L R ERIDE I AT D a N
—ANRHHEND I ENE ot —F, A AN—FEFHT 5L, LORBLEELEE O
27, a U NX=FIZHKTAHHHATA A= JOEEMET LD, 85 /A AL
DT 5L, BELEZNoT.

MEREF O, KXV TPl T 2R BT 58U FE (B) O THiIERIGIC
HHL, Ay EFERECSTePERS A YT REHVWAZ LT, TR OEREE
Ko7z, A Yk, a2 X=X L5, RMBRINCE > TR 2 RET 5280 LW
FHETHY, GaN7p B XA e RUANOMENZ b T, {Hx Ot PHMEHIR S e\ F
P& FFO.

2. e EM

AWFIETIE, FFHEOCNARERBMIC L DA A=V T2 TRBT 5720, ¥4 PEVFE
AWl 2R 5. FUEBIRNY A YES Rk o0 ETigERg L, 7o F—
THEAYEL RICK A EFREROMERMREE T2 2 LT, TETREMREDN EE(ETHA
WU ZS LEE R E KD, AR L DHEE SR ORIISEGE, KOKR U EEER
DHE R —v » ZHWZIGH LK ) A b FEFEEHFFE R L 9 5.

3. WD ik

(1) & Y1EHR

A YTy RhEFR UL, AUFZEBRINE 7> N7 RSS2 kT 5 2 & TE
L7 A YEY ROARIZIE, B\ 5 A2 CVD & -, EEHICiE Si(100) 25 1 L,
HREFEICT > =TS A YT REEZ G LTz, ik Si Eiia =y F 72k
BRELAAYE FENEEZE-. ZOBRNVEECBRMEEZ AR L. BIIMZIEFSvEE Y
AFNER, RISH AROBEE Y 1% L7-. BEMIZ TOF-SIMS I X ViR L=, S o7
BismE,/ 7 v F—7 @i 2 B b F I8 A L, £lz2 LA L £HcEE L2 RE L
B ONT v R=7 @Il EMmE LTT AV = LE&RE Lz, Son-MmigsofEs2X 1
W91, 2.

@)@@éﬂkﬁyﬁ®%ﬁﬁﬁ

XA X' NG IR B TR AR - BEMEE (FE-SEM) 2 W=, # A4 ¥vEL K
DOt O 72 8, 77/ t% K DWEEIT/IR 5Tz, L—Y —fhi¥ & 488nm, L —H—
NI —1mW, AR MR lum DM CHIEZTT/2 > 7.

(3) AR FE SR

P RREICIE, U A r=0 AR PETIRE VS EETIRE XA e RiiHER
ZR Tem BEL CHRLE L, THETIRB KOs 2 "T7 7 4 v 7 v 7 THo TRIEZE T 72, /X
T 7 4 ATEIN S & D T o, 3 X OV U BRI Lo W B GEB koL
=?ﬂ%d%§@@%@mﬁﬁﬁﬁﬁwt.ﬁ?f@&#ﬂ¢ﬁ%%%ﬂfékﬂ%mayu
ﬁﬁ XoTakit b Li AEKRSIND. ZNDIIMERTTHY, Mmitiss EMHAEMEH L TR

WP E T EWNEAETD. BELGEFEMNE VT IS TIE - i L~ LT F v o RL
TFIA P =L THEF IV AEFH LT,

(4) RIS KD BEERIET O X v U 7 mnk R o A

FAXYEL RAOF ¥ Y THEEZRRD72D a R FRM AT o7z, o BRI TIET 2 Y &
U L CUAm) o B FIRZ VY, Am 2D BUR E A7 o B IXEMR A I L A A YR L RPN TE
SND. ok FIIRKPIBLIOMESRNTHELIC LV SN D, BEEEN TOREITHK 7 o
THY, BRWIMBFETESXv U7 NERSND. BIETIE, okidZ BAIEND D AL &
B, FVNEEDEAZ ANWEZ THEZITV R v U 77l Rt 2 38 L 7-.



4. WF7EE R
(1) ERLE 7=t o Y OYHET
AMIEESNT XA YEL N E VOB TBMER E 7~V AT MVER 2 1RT.
WP G R 7 ERINBMZRE LR TH S, VDI L 0 RAEK 200-300 nm D ZHE RIS
bz, TSN TIE 18333 em ' 2 A A YE L RO sp3 fEAIcH T 5 B — 7 M X, CVD
WX TEBRA A P FENRER S NZZ &R SN, it,wmcwﬁx.ﬁ%ﬂ
%)“ﬁiﬂ% TEINT 7 ARBRDE DT NG EIRBIND. RURBRINCLD 77/
HFITRLNT, B OR TR 3X10% em® K & HEE Sz,

(2) TR i

WINE /7 v F=7@RERIE 2 A Y £ PRSI &0 Sz P PETE 5 ORIER R
2 3R, ISR TIIHEGEE O B WIE 2 A L722WT v R =7 @ DH 070k &
He# LT 800 chiZhzffo ' — 2 BNHN, KF v FVNIFRO Ny 7 7T 0 v RRBE SR
7o WRIKD E— 7 (X7 i S AR SNz a KL, BIROANY 7 750 RiZF A ¥
T RNTOF Y U THELEZITHEBIC L VR LEERFICLD EE2OND.

(3) kI TRRHIC X DA O ¥ U 7 Hs R HT

B SINBRIERmIC A 7 AEEE L CABEZEHIN LSS, BIRNEMTETRELEZS Y Y
7D H L, EALIEB RINEAIEmCRE L Tt S, B4 A4 vEy REFZ2ETL T
KA DB BIET D, A T ABEEZHNE I LIEEE, EAN LY EVIEEEZ EfT L CEM
WZEIFET S, bl RO RZ XK 41283, B USRI E@F%mmLtEA*E%a
B DIEFRENEWVERTH 72, ZOFRERND, BINEOIAIZ L B TOIELDOFH
H USRS E L, BENE L L2 EVRB STz,

(4) WFFERREOE LD L ER

FARE O HIEZ LI T O8E Y B T2 2T L 7=,

O BV OEDONEIRT A YT ROARKEFHE (5F0 2 FE~4F 3 FEREERT)

© BRI &2 o HRIED 1= OBEFANBR (50 3 F1E)

© HIBUE Bt LOFEREFERR (5F0 3 MR ~5Fn 4 )

ARG L0, Y8R E A v RERREHT L, BERR R & o ER OB R 2 B3 L,
RUERMEAVYEY Rear _"—2—fg L U THBAALEERBR A A vE 2 T8 o3
ERIELT. ZfEmA A Y'Y REAW, B o 2EiEcd 5 2 & Tar R "—2 -t
ISRV ENERE SN, PHFREOEIFICRII L. O~Q@DarsE At 42 2 CER L

EHI, MEMEICELY, P ORENKIECH ETEDZENHLMNE Y, A5
BHERBEOFREZBACEVTORBREZRETESIHLVEEETAZ A L. $72, X1 VE
¥V RADERTFHE - BRMGE - T E2ITV, BIPHNTH > T2 PEOm 2 EIEL, B3

DORFBEIARIIC X D155/ A4 RO F TR L.

S%IIHE F—vr VoREbic X o it e o X 572 5 @R L2 EHL L,
HEDLE - B E LR DI E DA A= T ERT 5.

275 3Lk
[1] T. Miyake, H. Nakagawa, T. Masuzawa, T. Yamada, T. Nakano, K. Akagi, T. Aoki, H.
Mimura, “Diamond radiation detector with built—in boron—doped neutron converter

layer” , Physica Status Solidi A 219, 2100315 (2021) Ga C¥gdizEoFH L L TEHIN)
DOI: 10.1002/pssa. 202100315

(2] SEERNE, =, )it P& BATLZ, HAM., “AFHm, (LHEE, ‘28
i A YE Y R HER O X v U 7R EREm”, 2022 2 36 [A1 41 P& R oA
UU L, 202211 A 16~18 H, BERZAKRTFR EX v /32

[3] T. Masuzawa, T. Miyake, H. Nakagawa, T. Nakano, K. Takagi, T. Aoki, H. Mimura, T.
Yamada, “Characterization of diamond radiation detector with B-doped/undoped
stacked structure” , Diamond and Related Materials 136, 109985 (2023). DOI:
10. 1016/ j. diamond. 2023. 109985

(4] HERIE, ==, WHEEF, PHEZ, B2, HAM. =“AHIl, R4 1 vE
Y RAOT T 7B K DEERHE [21a-P01-1]7 | 2022 45 83 [Bli W ER 2K
ZpffE e 2022 429 A 20~23 H, HALKFE)IANALE v o /XA



‘!>——> MCA
BicABExRE

LTERE
(Al, t=25 nm)

1 R HEE & BERE S P H LRI OB (1, 2]

Intensity (arb. units)

Undoped

T I T T T g T I T T T T
1000 1500 2000
Raman shift (cm™)

M2 (I FA Ve R o W EREm O#E R e [1].
BTSSR (L), T~rohA~s Fv(F) (1, 2]



— BARIE/7 > R—TE
o« BARINERR L

@

c

=]

[

e

o

L

A

D

R

_&.";EFAA' . St e .
200 400 600 800 1000 1200

F v ZJLE (ch)

X3 BESIE/T > F—7REREMEE S A T FRHRIC LY
R Lz 7155 (1, 2]

300

o501 - 7Y R=T7ERIICEEEN
— BIRIER I BEEDH

2004}

150

100|

517> N (Counts)

50

O-" IIIII""I"-"III

50 100 150 200 250 300
F + X)L (ch)

X4 FBFEENOMEICE D o i T-H HEEEE (3, 4]



2 1 0 0

Miyake Taku Nakagawa Hisaya Masuzawa Tomoaki Yamada Takatoshi Nakano Takayuki Takagi 219
Katsuyuki Aoki Toru Mimura Hidenori
Diamond Radiation Detector with Built- In Boron- Doped Neutron Converter Layer 2021

physica status solidi (a)

2100315 2100315

DOl
10.1002/pssa. 202100315

Masuzawa Tomoaki Miyake Taku Nakagawa Hisaya Nakano Takayuki Takagi Katsuyuki Aoki Toru 136
Mimura Hidenori Yamada Takatoshi
Characterization of diamond radiation detector with B-doped/undoped stacked structure 2023

Diamond and Related Materials

109985 109985

DOl
10.1016/j .diamond.2023.109985

2022

2022 36

2022




2022 83

2022

Taku Miyake, Hisaya Nakagawa, Tomoaki Masuzawa, Takatoshi Yamada, Takayuki Nakano, Katsuyuki Takagi, Toru Aoki, Hidenori
Mimura

Radiation Detector Made of Polycrystalline Diamond with Boron-doped Layer for Neutron Conversion

15th International Conference on New Diamond and Nano Carbons (NDNC2022)

2022

T. Miyake, H. Nakagawa, T. Masuzawa, T. Yamada, T. Nakano, K. Takagi, T. Aoki, H. Mimura

Diamond radiation detector with built-in boron-doped neutron converter layer

The 19th International Conference on Global Research and Education (inter-Academia 2021)

2021

T. Miyake, T. Masuzawa, H. Nakagawa, T. Yamada, T. Nakano, T. Aoki, H. Mimura

Characterization of B-doped polycrystalline diamond for radiation detection

14th International Conference on New Diamond and Nano Carbons (NDNC2020/2021)

2021




68

2021

CdTe

68

2021

81

2020

(Aoki Toru)




(Mimura Hidenori)

(Yamada Takatoshi)

(Okano Ken)




