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Degradation behavior of diamond-based electronics upon high-brightness white X-ray
irradiation
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(English)

Because diamond has a large band gap and a low intrinsic carrier concentration even at high
temperatures, it can be operable in harsh environments such as high temperature and radiation
environments. In this study, we performed irradiation experiments using high intensity
synchrotron radiation to evaluate the degradation behavior of diamond devices. The crystalline
properties of diamond substrates before and after white X-ray irradiation were evaluated by
X-ray topography. No significant crystalline degradation was observed after 12.5 MGy
irradiation, but dislocations and stacking defects were partially introduced in some regions,
mainly at the substrate edges.




2. ERLEW

WZETHPEZE, R IFE, BRla e SIEESERE N CEIET S 10T - £ —, 0BT A
A ZADEFNER EDOTDIZ, FEERMEIOFEFNED G TND. TA RNV RF v v 78R
Th o7 AF (SIC) 1%, Si @ 10 [FLL EOMBEFEZ A LTE Y, @miRom VO # RS
TCHREMERATREZREMET A 2 & LUSHR RS TS, ZHE TIZ, SiC-MOSFET
HET, iR N THE MGy 22 2mWA o ~BRIED R STV 5.

ZAYEY NIHR—TRNORDPFEERMEICH Y, REIERFFLORE R LFREE SRR L
TeRERN R¥y v 7 (Eg=55eV), mW\Fv U 7BEIE, @SiETHIRWEMNESy U 7REA
Rl LTy, @i - @i - (RBEEEENFRERE ST A Z~DISHBFfRF STV g, =
IWETIZ, Yay hr—&E XA YvEy FMEEREELX—2 L L, ¥4 4—F, &%
RERDFE N T A% (Metal-semiconductor field-effect transistor) 4#i& 2351 T, 10 MGy @ X ##
R IZBW T HENTZT A AREZ R T 2 ERHE ST 5 [Umezawa, Ohmagari et al.,
Int. Symp. Power Semicond. Devices IC’s (2017) 379-382]. JR7-JF-<CEZRLA4F ClE, i - MO ARER 5
Nz, BRI EDF BN EEI N TNDED, XA YT FPEERIENTFFEND,
ZDOETDIERZWIZTHERF 2 RBTE D AMREMENH D

AREBRTIE, XA YEL R L7 ba=7 AL L M9 572012, B F 0 X SRR
SRR COTNA AR AT S . Fo, XA YEL REOLOOMESLETIT 2729012,
[FIIRFIZ X #t R AR 7T 7 4 15 K 2 R ERn 2 i 5. 730 ARHE, fEdRE O 2 5
OFHEIZ LY, Z A YT RO Z ERET 5.

3. EBRANAE B ZBIGIE. BT FEOHRE)

H X NRZZ 7 ¢ BLO9

- i 2 A Y R (100)

CFEIRT T v IR SRR, {044}, {113}

s RIS ST, FERE B (B9 20-50um) &3 L CEIZRT D
A A=V T T — N RS

« B A X 3mm A

fErniEd © XA Y'Y N

F%im : (100)

B miREER A A e FEES R
MK A B,P) R—F XA YvEL K

4. EBRIERLBE

BLO09 D@ b X BRI I1T 5, ¥4 FE L R 3x3x0.56 mm JEDOWIHR R4 FHHE L
Tl ZA, RRFORET, K 700 Gy/sec DFEEHR (EHEEN 200 mA k) G652 &7
Shrodz, AN, 2.5 MGy ORI T, BEREFI%OMEMESLE X NKR T 7 7 0152 T
M L7z, XK1 () ICHSRRATO XB MR 77 573, EAIIE, @iRmERY 1 vE R
(100)Z AV, [EFTHEIX 118 & Uiz, BB REOEMZEE L, 400 cm2 L FTh o7z, X 1(b)
12 12.5 MGy %D X#E MR 7 77 4 2R3, fEmEORE2BITR NN E DD,




—E DRI TR E KB DEADHER STz, A SN DOIRT, HAA T =X A
TN ZRFEIC G- 2 DB OW TS BN 2 ED TS PETH D,

10" ; .

Absorbed spectrum Diamond(3x3x0.5 mm™)
" | Energy: 1.4 GeV
Current 200 maA

m— Air 1000 mm
111 Gylsec

—— Air 100 mm
718 Gy/sec

Common fiter

Be: 0.5 mm
Polyimide: 0.05 mm

0 10000 20000 30000
Energy (eV)

Flux (photons/sec/0.1%b.w.)

X 1. #A¥EL F@EX3X0.5 mt)IZBITD, XFBRILAST kL.

(b

X 1. #A YTy FEiReEEREK (100) O X#jNRZ T 7 ¢ 5HME, () BRI, (b) 12.5 MGy
MRS %, RIS 113,

5. 5% ORE

FAYE FOXBRBFHBEIZOWT, BEEAD AN =X L b ZOITBBETH D, Fi,
BT NA A (S A A— B, FET) fEICEBIT 27 A ZEHOH L LFHEZED TS FETH D,

6. BEIR

[1] "Suppression of killer defects in diamond vertical-type Schottky barrier diodes"
A. Kobayashi, S. Ohmagari (Corr. Author), H. Umezawa, D. Takeuchi, and T. Saito
Jpn. J. Appl. Phys. 59, SGGD10 (2020).

[2] "Toward High-Performance Diamond Electronics: Control and Annihilation of Dislocation Propagation by

Metal-Assisted Termination"




S. Ohmagari, H. Yamada, N. Tsubouchi, H. Umezawa, A. Chayahara, Y. Mokuno, and D. Takeuchi
Phys. Status Solidi A 1900498 (2019). FEATURE ARTICLE DOI: 10.1002/pssa.201900498

[3] "Doping-induced strain in heavily B-doped (100) diamond films prepared by hot-filament chemical vapor
deposition”

S. Ohmagari, H. Yamada, H. Umezawa, A. Chayahara, Y. Mokuno

Thin solid films 680, 85 (2019).

[4] "Thermally stable heavily boron-doped diamond resistors fabricated via selective area growth by
hot-filament chemical vapor deposition”

S. Suzuki, S. Ohmagari (Corr. Author), H. Kawashima, T. Saito, H. Umezawa, and D. Takeuchi

Thin solid films 680, 81 (2019).

[5] "Schottky barrier diodes fabricated on diamond mosaic wafers: dislocation reduction to mitigate the effect
of coalescence boundaries™

S. Ohmagari, H. Yamada, N. Tsubouchi, H. Umezawa, A. Chayahara, A. Seki, F. Kawaii, H. Saitoh, and Y.
Mokuno

Appl. Phys. Lett. 114, 082104 (2019). Editor's pick https://doi.org/10.1063/1.5085364

[6] "Improved drain current of diamond metal-semiconductor field-effect transistor by selectively grown p+
contact layer”

H. Kawashima, S. Ohmagari, H. Umezawa, and D. Takeuchi

Jpn. J. Appl. Phys. 58, SBDD17 (2019).

[7]"Large reduction of threading dislocations in diamond by hot-filament chemical vapor deposition
accompanying W incorporations™

S. Ohmagari, H. Yamada, N. Tsubouchi, H. Umezawa, A. Chayahara, S. Tanaka, and Y. Mokuno

Appl. Phys. Lett. 113 (2018) 032108. https://doi.org/10.1063/1.5040658

[8]"Growth and characterization of freestanding p+ diamond (100) substrates prepared by hot-filament
chemical vapor deposition*

S. Ohmagari, H. Yamada, H. Umezawa, N. Tsubouchi, A. Chayahara, and Y. Mokuno

Diamond and Related Materials 81 (2018) 33. https://doi.org/10.1016/j.diamond.2017.11.003

[9]"Lifetime and migration length of B-related admolecules on diamond {100}-surface: Comparative study of
hot-filament and microwave plasma-enhanced chemical vapor deposition™

S. Ohmagari, M. Ogura, H. Umezawa, and Y. Mokuno

Journal of Crystal Growth 479 (2017) 52. https://doi.org/10.1016/j.jcrysgro.2017.09.022

[10]"Characterization of X-Ray Radiation Hardness of Diamond Schottky Barrier Diode and




Metal-Semiconductor Field-Effect Transistor"

H. Umezawa, S. Ohmagari, Y. Mokuno, and J.H. Kaneko

7. BT - BEF Gk AREICEET 5 v E TOREIHREE)
2L

8. ¥F—U—F (& : RBKROERFELFET LHHEEZ2~3)

FAYES R, BHiffidh, #A44— R X#ES., FR777 4

9. MFZERREABRIZOVWT (0 : ¥ 2 1220l LA RO ABICOWTDE@D 5 b4 L% LT
EEW, E.

A
(BEFefl) BELHEL L Z—~DOWE, IR REAR~DOFREELEREZTAL T
SV, EHBAIRIIRI AKX T 2 £LINTT, il 2% 2018 £ EiEE THIE, 2020 £ERK (2021 43 H 31
H) 720 %3,)

B A 7RI, TR ORMIOR S EIZ TRA TSN,

O @Wx &EFM) BROBE

(RER: 20224 3A4)




