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(a) Schottky contact, 0.1 pm, Ni

4H-SiC epi, 100 ym, Np = 2.9x 10 cm—3

4H-SiC buffer layer, 1 ym, Np = 1x 10 cm—3

4H-SiC bulk, 360 ym, Np = 1 xX10® cm—3

Ohmic contact, 0.1 pm Ni/6 pm Au

Bl1 SiC M S MR B B 201 SIC RIS (a) BIE/REEL (b) B3 MR IR T
Fig. 1. 4SiC Schottky barrier diode structure scheme and encapsulated SiC detector: (a) Sectional scheme;

(b) photograph of encapsulated detector.
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Fig. 2. The scheme of y-ray spectroscopy response

SiC principle

measurement system for SiC detector.

3 ZBREXRGITH

SiC PR &% (1 25 4 09 1 K5 2R 95 22 B 4k,
il % PR REDD R ORI 8%, BORER AR i A I
b i FRL BEL R AN O A 8 P, P R R A BRI

207301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 207301

28 e FE MBI ) B 1 e R UAE. - TR MU AR ST e e
QR R P AR i Mk P REREAT RAE, SR X o] % B
AR 25 0 FEL S 1k e AN RE T 2 REEAT R AE.

3.1 HIFEZREREMMEENRIE
3.1.1 BRI HERE A9 R AE

Ni 5 SiC ) W42 ko A b v A < )8 /s 11
POB KRS . B 3 A Ni/SiC #Efl Al [F
A% 8] AN [ 38, B2 3B K (9001050 °C) [ V-1 il £8.
TEIB KR T 900 °C I, AR OO g Ik i 422 ik
B IR IR E I T Er, BN R M 4k 82 A0 4. 7
1050 °C I, V-T i 22 iR} 3 a5 /)y, AR 432 ok 1
BT, LB Al F BE AR R I, FH 2 M A B A Y
(L-TLM) 5 H 1050 °C B Ni/SiC ) bk 42 fid v BH
K (pe) N2.55 x 1075 Q-cm?.

0.3 F —=—900 °C annealing

—8—950 °C annealing

0.2 —4—1000 °C annealing
—¥—1050 °C annealing

> 0.1
=
&
< 0
=
o
>—0.1

—0.2F

—0.3F

1 1 1 1 1
—0.02 —-0.01 0 0.01 0.02
Current/A

3 (MTIRG) NIRRT V-I 2k
Fig. 3. (color online) V-I curve at different annealing
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Fig. 4. Forward J-V characteristic of SiC Schottky diode: (a) Forward J-V characteristic; (b) linear fitting

of forward InJ-V curve.
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Fig. 5. C-V characteristic of SiC Schottky diode: (a) 1/C? versus reverse voltage; (b) longitudinal distribu-

tion profile of the free carrier concentration.
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Fig. 6. Reverse I-V characteristic of SiC Schottky

diodes with different epitaxial layer thickness.
3.2.2 AR FE M ALK
SR FH PR 258 I 2R 40 0] AMAE JZ 100 pm JE (1

SiC 4 R % PRI 2% HEAT AR 35 K, SR
Y IR N E 100 pCilt 2 AmiE, KT REE N

207301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 207301

59.5 keV, 15N —300 V. FEIM#5IR FEIRN 7.25 pA.
PR 25 10 B AS 5 48 10 TR N R DK A, 0T 45 2
59.5 keV y HF 4= Az (ke %, L B ik g
A 7 B, RGBS MG 5 8 UE 5, Bkeh
M 52 15 mV, 1 FE A X K.

16

14-‘__!"'-""- //

J
o
T

Pulse height/mV
o
T

Time/s
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Fig. 7. The signal of SiC detector through preamplifier.
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Fig. 8. A typical 24! Am@59.5 keV y-ray spectroscopy
response from SiC detector, the inset figure shows the
amplification of 59.5 keV peak.
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Fig. 9. The absorption efficiency of various y-ray de-

posited in various SiC detectors.
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Fig. 10. The transmission efficiency of various y-ray

for Ni layer with different thickness.
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Abstract

Silicon carbide (SiC) is a wide band-gap, high-temperature-resistant, and radiation-resistant semiconducting mate-
rial, which can be used as a radiation detector material in harsh environments such as high radiation background and
high temperatures. Schottky barrier diode radiation detectors are fabricated using 100 um-thick n-type 4H-SiC epitaxial
layers for low energy y-ray detection. The spectrum responses of 4H-SiC Schottky barrier detectors are investigated by
irradiation of y-ray from 241 Am source. Schottky diodes are prepared by magnetron-sputtering 100 nm-thick nickel on
epitaxial surface (Si face) to obtain Schottky contact and Ni/Au on substrate surface (C face) to obtain Ohmic back
contact, respectively. Room temperature current-voltage (I-V') and capacitance-voltage (C-V) curves are measured to
study the properties of Schottky diodes. Ohmic characteristic measurement shows that the Ohmic contact is formed
after annealing in a temperature range of 900-1050 °C, and the lowest specific contact resistivity of 2.55 x 10~° Q-cm?
is obtained after annealing at 1050 °C. The forward I-V curve reveals that the Schottky barrier height and the ideal-
ity factor are 1.617 eV and 1.127, respectively, indicating that the main current transportation process is the thermal
electron emission. From the C-V curve, besides the net dopant concentration being inferred to be 2.903 x 10** c¢m ™3,
the profile of the free carrier concentration in epitaxial layer is also studied. A comparision of the reverse I-V curves of
SiC Schottky diodes with different epitaxial layer thickness shows that the diode with 100 pm-thick epitaxial layer has
a constant reverse leakage current when the bias voltage is less than 400 V, showing good rectification characteristics.
By applying a reverse bias of 500 V, the diode has a leakage current of 2.11 nA, exhibiting a relatively high breakdown
voltage. The depletion layer width of SiC detector is calculated to be 94.4 um at 500 V, indicating that the epitaxial
layer is almost fully depleted. The signal of SiC detector through preamplifier displays a relatively low amplitude pulse
(15 mV). A typical y-ray spectrum response from SiC detector shows 9.49% (5.65 keV) energy resolution for 59.5 keV
with a reverse bias of 300 V. The potential causes of poor count rate and energy resolution of fabricated detectors are
analyzed in this article. The lower count rate is mainly caused by the narrow depletion layer, resulting in fewer photons
deposited in sensitive region which can generate carriers. The poor energy resolution of SiC detector can be attributed
to the electronic noise of read-out circuit, the pre-match amplifier circuit for detector needs to be improved, in addition,
the extra defects existing in detector caused by increasing thickness of epitaxial layer can also deteriorate the detector

performance.

Keywords: 4H-SiC, wide-band semiconductor, Schottky diode, y-ray detector
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