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Fig. 1. Average energy loss of « particles induced by differ-
ent entrance window electrodes (Ni, Au, and graphene) un-

der normal incidence (0°).
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Fig. 2. Comparison of a-particle energy loss in 100 nm thick

Ni, Au and graphene entrance window electrodes as a func-

tion of incidence angle (relative to the normal).

110804-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110804

ZF, A B EAR P R BB R ARt B AR R R
TR, EJEAA H T4 S AR T LA 225

R 2 IR A R T % S B R
BARRKEZES. X TEIREE AW, o BT
o F A o R PR SR R A RE EERE K, YA ST O(FH
XFFRMELL, 000k A KI5
JEREEAAE 1/cosO R, ISR Red. %18
BT NGB BRI, X R R 2= S e A o e
RYIX N RER VTR SITEKTE. XTI T2 R R
A1 s, H AR, REMR LG A B 5 4H-SiC
REFXHIFIFEA, TR “FE)2" %00 . it
AIHU, A SRR AN R T HE R A A S g,
AT AT R A SR AR o0 A 5 B AR 25 S R A O
LRIRYE, SR AT B o ISR AL T A I Y A

22 HBERVHBRAPHERINEESHEEREN
DTk

S VPA E R R 0T T 2R TE LA B RE 1oy BE
KA, A SCR I Geantd T EAL YT 215 #%
SRR B, i H LM anE 3 iR, PL2YAm o
B AGHE, FF i B NTE 0—/3 [BIHE i 57 4k
FAYE 5] RS DA AL, SE PR RS . BB a5 A
A7 8475100 nm Ni &2 100 nm Au Btk F4i14
100 ASHE 7 R BUIX A BE R DO, ARAF XS N7 1) fig

HEVUBL.

(@)

3 Geantd i LI 5 A G & AR E (a) Z4ERLIA;
(b) DR (JR-5 E B B 2 mm, (R4 £ 43 A 2 4k £ 60°)

Fig. 3. Schematic of Geant4 simulation geometry and incid-
ent conditions: (a) 3D view; (b) side view (source-to-detect-

or distance 2 mm, conical distribution with half-angle 60°).
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Fig. 4. Geant4-simulated comparison of a-particle energy
spectra for Ni, Au, and graphene electrodes. The left y-axis
corresponds to the Ni/Au electrode spectra, while the right

y-axis corresponds to the graphene electrode spectrum.
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Fig. 5. Schematic of the graphene/4H-SiC detector device

structure.
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Fig. 6. Schematic of the 4H-SiC a-particle energy spectrum

measurement system.
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Fig. 7. Comparison of Raman spectra between the

graphene/SiC sample (top) and bare 4H-SiC substrate (bot-

tom), characteristic peaks of graphene are indicated by ar-

TOWS.
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Fig. 8. Reverse current density-voltage (J-V) characterist-
ics of the graphene/4H-SiC Schottky device.
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Fig: 9. (a) Single-event pulse output from the charge-sensit-
ive preamplifier; (b) equivalent a-particle energy spectrum
histogram obtained from peak-value statistics of the digi-

tizer.
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Mechanism of dead layer suppression in graphene/4 H-SiC
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Abstract

To address the “dead layer” effect in conventional 4 H-SiC a-particle detectors, where thick metal Schottky
electrodes (typically tens to hundreds of nanometers) cause substantial energy loss of incident « particles and
significantly degrade energy resolution, this study proposes an innovative design that employs atomically thick
graphene as both the Schottky contact electrode and the entrance window. This approach aims to effectively
suppress dead-layer energy loss and enhance detector energy resolution. The investigation begins with SRIM
simulations to evaluate the energy-loss characteristics of various electrode materials for 5.486 MeV « particles
from a ?!Am source. For 100 nm-thick Ni and Au electrodes, the energy losses at normal incidence are
38.36 keV and 43.50 keV, respectively, and increase sharply with incident angle. In contrast, graphene
electrodes exhibit energy losses consistently below 0.04 keV. Subsequently, Geant4 simulations of a-particle
energy deposition spectra under uniform incidence within a conical solid angle (half-angle 0—/3) indicate that
the dead-layer contributions from Ni and Au electrodes to energy resolution are 0.37% and 0.46%, respectively
(accounting for 37% and 46% of the typical ~1% energy resolution for 4H-SiC « detectors), whereas graphene’s
contribution is only 0.03%, quantitatively confirming its capacity to substantially reduce spectral peak
broadening caused by energy loss. Experimentally, monolayer graphene grown by chemical vapor deposition
(CVD) is transferred onto the surface of a 4H-SiC epitaxial layer using a PMMA-assisted wet transfer process,
resulting in a graphene/4H-SiC Schottky o-detector prototype. Raman spectroscopy confirms successful high-
quality graphene transfer, as evidenced by prominent G and 2D peaks, and electrical measurements
demonstrate excellent rectifying characteristics and low noise levels. Irradiation experiments with a 'Am o
source conducted in air produces a clear o energy spectrum peak near 5.4 MeV (after accounting for air-gap
energy loss), achieving an energy resolution of 4.64% (closely matching the Geantd-simulated value of 4.22%)
and validating the composite spectral structure in which some o particles achieve near-full energy deposition.
The core innovation of this work lies in the integrated validation through SRIM/Geant4 simulations, device
fabrication, and «-spectrum testing, which quantitatively elucidates the mechanism by which graphene
electrodes suppress dead-layer energy loss and demonstrates their feasibility ‘as ultrathin entrance-window
Schottky electrodes for 4H-SiC o detectors. This research establishes a robust theoretical and experimental
foundation for the future development of high-energy-resolution graphene/4 H-SiC o detectors suitable for high-
temperature and high-radiation environments, while offering new pathways for electrode optimization in wide-
bandgap semiconductor radiation detectors.
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DOI: 10.7498 /aps.75.20260008 CSTR: 32037.14.aps.75.20260008

* Project supported by the Key Laboratory of Extreme Conditions of Guangdong Province, China (Grant No.
2023B1212010002).

1 Corresponding author. E-mail: hesj@usc.edu.cn

110804-9


http://doi.org/10.7498/aps.75.20260008
https://cstr.cn/32037.14.aps.75.20260008
mailto:hesj@usc.edu.cn
mailto:hesj@usc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 电极材料对α粒子能损及谱线展宽的影响
	2.1 α粒子在电极材料中的能损
	2.2 电极材料中的能损对能量分辨率的贡献

	3 探测器制备、表征与测试
	3.1 探测器制备
	3.2 表征与测试方法
	3.2.1 石墨烯电极材料表征方法
	3.2.2 电学特性测试方法
	3.2.3 α粒子能谱测试方法


	4 实验结果与讨论
	4.1 石墨烯电极材料表征结果
	4.2 器件电学特性结果与分析
	4.3 α 粒子能谱测试结果与分析

	5 结　论
	参考文献

