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Abstract—This work presents timing measurements of 4H-1

SiC Low Gain Avalanche Detectors (4H-SiC LGADs) using beta2

particles from a 90Sr source. The 4H-SiC LGADs exhibit fast3

signal responses, and a time resolution of 61 ps was achieved,4

comparable to that of standard Si LGADs. The present limitation5

in the time resolution of 4H-SiC LGADs appears to stem from6

limited charge generation. Nevertheless, their higher voltage tol-7

erance and faster carrier drift suggest that, with increased charge8

collection, their timing performance could approach or even9

surpass that of Si LGADs. These results demonstrate the strong10

potential of 4H-SiC LGADs as a robust platform for precision11

timing in future 4D tracking detectors, while also highlighting12

that signal charge is the dominant factor currently limiting their13

performance, indicating that further optimization of gain and14

drift structures will be essential for future development.15

Index Terms—4H-SiC, LGAD, time resolution, beta particle,16

MIPs17

I. INTRODUCTION18

As a wide bandgap semiconductor, 4H-SiC has attracted19

increasing attention in recent years for its potential application20

in collider detectors [1], [2], due to its low leakage current, fast21

carrier saturation drift velocity, and excellent thermal stability22

[3]. However, the relatively small signal charge generated by23

minimum ionizing particles (MIPs) (only about 2/3 that of24

silicon [4]), along with the technical challenges associated with25

growing high-quality, low-doped epitaxial SiC epitaxial layers,26

have limited the widespread adoption of SiC detectors in high-27

energy physics experiments.28

Previous experimental results have shown that conventional29

SiC PiN devices already achieve a time resolution with a30

hundred picoseconds [3], [5], [6]. However, the relatively small31

charge signal imposes significant challenges in achieving fast32

single-MIP detection with time resolution better than 100 ps33

for SiC devices. Inspired by the success of Si LGADs [7]–[12],34
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Fig. 1. Photograph of the 300 µm thick 4H-SiC LGAD (left) and diagram
of the cross-sectional view of the device (right).
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Fig. 2. (a) I–V characteristics of the 300 µm 4H-SiC LGAD at room
temperature. The solid line shows the original I–V characteristics of the device
before any testing, while the dashed line shows the I–V curve of the same
device after several days of signal testing under high bias voltage.; (b) C–V
characteristics of the 300 µm 4H-SiC LGAD.

a promising solution to these limitations is the development 35

of 4H-SiC Low Gain Avalanche Detectors (4H-SiC LGADs) 36

[13], [14]. 4H-SiC LGADs not only provide enhanced signal 37

charges through internal gain, but also inherit the intrinsic ma- 38

terial advantages of SiC and the excellent timing performance 39

of the LGAD architecture, making them highly suitable for 40

applications in 4D tracking. Recently, 4H-SiC LGADs have 41

been successfully fabricated [15], and their excellent timing 42

performance with better than 35 ps time resolution has been 43

demonstrated using the ultraviolet transient current technique 44

(UV-TCT) [16]. Building upon these previous results, this 45

work characterizes the time resolution of 4H-SiC LGADs 46

using beta particles from a 90Sr source, demonstrating its 47

potential for effective use in timing applications with MIPs. 48

II. DEVICE CHARACTERISTICS 49

A single 4H-SiC LGAD used for this study and a schematic 50

illustration of its cross-sectional structure are shown in Fig. 1. 51
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Fig. 3. Photograph of the 90Sr source test setup. The Si LGAD was mounted
on the upper circuit board, and the 4H-SiC LGAD was placed on the lower
circuit board.

The device has a diameter of 300 µm and incorporates52

a field plate structure designed to effectively enhance the53

breakdown voltage [16]. The epitaxial structure consists of54

a (P++)–(N+)–(N−) layer sequence: a 0.3 µm thick P++
55

contact layer with a doping concentration of 1× 1020 cm−3,56

a 0.5 µm thick N+ gain layer with a doping concentration57

of 4 × 1017 cm−3, and a 75 µm thick N− drift layer with58

a doping concentration of ∼ 2× 1014 cm−3. When a reverse59

bias of 500 V is applied, the gain layer forms a wedge-60

shaped electric field exceeding 3 MV/cm, enabling charge61

multiplication via impact ionization as carriers drift into this62

high-field region. This 4H-SiC LGAD achieves a gain of63

7–8 which is measured by UV-TCT [16]. Fig. 2(a) shows64

the I–V characteristics measured in the initial state and after65

prolonged reverse bias stress (RBS) at room temperature. The66

SiC LGAD exhibited an initial breakdown voltage (VBD) of67

520 V, which increased to 810 V after reverse bias stress and68

the leakage current remained below 40 nA prior to breakdown.69

The increase in breakdown voltage is attributed to the trapping70

of carriers by SiC/SiO2 interface defects. The defects at the71

SiC/SiO2 interface can trap carriers generated by avalanche72

multiplication or thermally emitted carriers during reverse bias73

stress (RBS), forming fixed charge centers. These trapped74

charges reduce the electric field peak at the termination,75

leading to an increase in the breakdown voltage [17]–[19]. The76

C–V curve in Fig. 2(b) exhibits a characteristic capacitance77

drop due to the multilayer doping structure of the LGAD,78

with the depletion voltage of the gain layer VGL identified79

at approximately 100 V. The capacitance then drops sharply,80

and with further increase in voltage, the drift layer begins81

to deplete. The full depletion voltage VFD is about 1050 V82

based on TCAD simulation. With the increase in depletion83

region thickness, the device collects more charge generated84

by MIP ionization, which then drifts toward the gain layer85

and undergoes avalanche multiplication to produce additional86

charge carriers. Since the breakdown voltage of the SiC LGAD87

is lower than its full depletion voltage, the device operates in a88

partially depleted state within the voltage range from 300 V to89

650 V applied in this experiment, with the capacitance ranging90

from 0.4 pF to 1 pF.91

III. TEST SETUP92

To measure the time resolution of the 4H-SiC LGAD, a93

50 µm thick, 1.3 mm×1.3 mm Si LGAD with a gain of94
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Fig. 4. Schematic of the 90Sr source test setup.
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Fig. 5. Sampled waveforms with the 90Sr source: (a) pulse signal detected
by the Si LGAD; (b) pulse signal detected by the 4H-SiC LGAD.

10-20 from Brookhaven National Laboratory (BNL) [10] was 95

used as the timing reference device in the 90Sr source setup. 96

The time resolution of the BNL Si LGAD has been previously 97

determined using a 90Sr source with a value about 41 ps. 98

Fig. 3 shows the 90Sr source test system. As illustrated in 99

Fig. 4, two high-speed readout boards, each equipped with 100

a 2 GHz bandwidth transimpedance amplifier (TIA), were 101

stacked together. The front board was mounted with a Si 102

LGAD, while the rear board housed the 4H-SiC LGAD. 103

To minimize scattering and attenuation of the incident beta 104

particles by the PCB, each board featured a 2 mm diameter 105

through-hole at the center of the device mounting pad. The 106

90Sr source emits a continuous beta spectrum with a maximum 107

energy of 0.546 MeV from 90Sr and a maximum energy of 108

2.28 MeV from 90Y; a portion of the particles can penetrate 109

both the Si LGAD and the 4H-SiC LGAD, inducing current 110

pulses in each detector. These signals were amplified by the 111

transimpedance amplifier followed by secondary broadband 112
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𝜂 = 1.1 ± 0.1
𝜇 = 10 ± 0.1
𝜎 = 0.84 ± 0.2

𝜂 = 0.22 ± 0.02
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Fig. 6. Charge collection distribution of the 90Sr source and Landau-Gaussian
convolution fit results: (a) Si LGAD at 250 V; (b) 4H-SiC LGAD at 500 V.

amplifiers, and then captured by a high-speed oscilloscope.113

Since both the TIA on the readout board and the external wide-114

band amplifier are inverted, the polarity of the final output115

pulse signal remains unchanged. To calibrate the actual tran-116

simpedance of the TIA and enable an accurate measurement117

of the collected charge, two complementary methods were118

employed to calibrate the readout board: (i) charge injection119

through a calibration capacitor (0.3 pF), and (ii) measurement120

of the collected charge from β particles using a 300 µm thick121

ATLAS ITk silicon diode. Once the transimpedance Z of the122

TIA is calibrated, the relationship between the input current123

Iin and the output voltage is given by Vout = Iin × Z. The124

collected charge can then be obtained by integrating the input125

current over time, Q =
∫
Iin dt ∝

∫
Vout dt.126

Fig. 5 shows the signal pulses of the Si LGAD and the 4H-127

SiC LGAD captured by the oscilloscope. Since the Si LGAD128

is a P-in-N structure while the 4H-SiC LGAD is an N-in-P129

structure, their pulse polarities are opposite. Fig. 6 shows the130

collected charge distribution, where the most probable value131

(MPV) is extracted by fitting with a Landau distribution. Fig. 7132

presents the collected charge as a function of bias voltage.133

Since the collected charge of the Si PIN and 4H-SiC PIN134

detectors without gain is below the equivalent noise level135

of the readout electronics in this experiment, the theoretical136

expectations are shown in Fig. 7. As mentioned in Sec. II, the137

4H-SiC LGAD operates in a partially depleted state within the138

applied bias range of this experiment. For comparison, both the139

fully depleted and partially depleted charge collection ranges140

are illustrated in Fig. 7(b).141

IV. TIMING PERFORMANCE142

To measure the time resolution, the same method described143

in [6] was employed. Using the constant fraction discrimina-144

tion (CFD) technique, the timing points at the same fraction of145

the pulse amplitude were extracted for both the Si LGAD and146

the 4H-SiC LGAD, denoted as tSi and tSiC, respectively. The147

time difference was then calculated as ∆T = tSiC − tSi. The148

time spread σ∆T was extracted by performing a Gaussian fit to149

the distribution of ∆T . As shown in Fig. 8(a), σ∆T reaches its150

minimum for fractions between 30% and 50%. Fig. 8(b) shows151

the ∆T distribution and fitting result for a 40% fraction. In152

this work, a 40% fraction was consistently used to achieve the153

optimal time resolution. Since σ2
∆T = σ2

Si+σ2
SiC, and the time154

resolution of the Si LGAD σSi, is known, the time resolution155
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Fig. 7. (a) Collected charge of the Si LGAD as a function of bias voltage, with
the dotted line indicating the theoretical generated charge for MIPs in a fully
depleted Si PiN detector of the same thickness; (b) Collected charge of the
4H-SiC LGAD as a function of bias voltage, with the dotted line indicating the
theoretical generated charge for MIPs in a fully depleted 4H-SiC PiN detector
of the same thickness, and colored region shows the theoretical generated
charge for MIPs in the operated voltage range.
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Fig. 8. 4H-SiC LGAD at a bias voltage of 500 V: (a) σ∆T obtained using a
10%–90% fraction; (b) ∆T distribution at a 40% fraction with Gaussian fit.

of the 4H-SiC LGAD σSiC can be extracted by deconvolving 156

σSi from σ∆T in quadrature. 157

Fig. 9 shows the time resolution results measured by the 158

90Sr source. The 4H-SiC LGAD achieves a time resolution of 159

61 ps when measured with beta particles from the 90Sr source, 160

which is comparable to that of conventional Si LGADs with 161

∼50 ps [20] and better than that of 4H-SiC PiN with ∼100 ps 162

[5], [6]. It is also observed that the time resolution of the 4H- 163

SiC LGAD measured with beta particles is worse than that of 164

the Si LGAD. This is due to the smaller charge generated by 165

beta particles in the 4H-SiC LGAD. However, compared with 166

Si LGADs, the 4H-SiC LGAD developed in this work exhibits 167

a smaller capacitance, and the faster carrier drift velocity at 168

high bias voltage allows the device to achieve a time resolution 169

of 61 ps. Compared with the 35 ps time resolution obtained 170

previously using UV-TCT measurements at a fixed position 171

[16], the degradation observed in the time resolution measured 172

with β-source mainly originates from the time walk induced 173

by the Landau distribution of the MIP energy deposition. In 174

addition, the contribution arises from the time walk caused by 175

the non-uniformity of the electric field within the device also 176

results in a worse overall timing performance in the β source 177

test. 178

Fig. 10 shows the measured time resolution as a function 179

of collected charge. It confirms that beta particles produce 180

significantly more charge in the Si LGAD than in the 4H-SiC 181

LGAD, consistent with the charge distribution results shown 182
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Fig. 9. Time resolution of the Si LGAD and 4H-SiC LGAD as a function of
bias voltage.

in Fig. 6 and Fig. 7. These results indicate that the present183

limitation in the time resolution of 4H-SiC LGADs may be184

associated with the limited charge generation. Although the185

4H-SiC LGAD studied in this work has a modest internal186

gain, the relatively high drift layer doping concentration and187

breakdown voltage hinder full depletion of the 4H-SiC LGAD188

under the available bias voltage, restricting charge generation.189

In addition, the intrinsically smaller charge yield of beta par-190

ticles in 4H-SiC due to the lower ionization energy deposition191

further reduces the collected charge. Therefore, optimizing the192

device gain, as well as the thickness and doping concentration193

of the drift layer to increase charge collection, will be essential194

for future development of 4H-SiC LGADs. However, Fig. 10195

also indicates that, for the 4H-SiC LGAD, even when the196

collected charge is small, the timing performance can be197

improved by increasing the bias voltage to enhance carrier drift198

velocity. Under the same collected charge, 4H-SiC LGADs199

benefit from smaller capacitance, higher voltage tolerance and200

faster carrier drift compared to Si LGADs. With higher charge201

collection, it is expected that the timing resolution could be202

further improved, potentially reaching or even surpassing that203

of Si LGADs.204

V. CONCLUSION205

In this work, the timing performance of recently developed206

4H-SiC LGADs was evaluated using 90Sr beta particles. The207

fabricated 4H-SiC LGADs exhibit fast response characteris-208

tics. Despite the relatively small collected charge under beta209

irradiation, time resolutions of 61 ps were achieved, demon-210

strating the potential of 4H-SiC LGADs for precision timing211

applications in high energy physics experiments. This result212

slightly outperforms the timing resolutions of SiC LGADs213

recently reported by other research groups under β source214

measurements [21].215
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Fig. 10. Time resolution of the Si LGAD and 4H-SiC LGAD as a function
of collected charges

Although the 4H-SiC LGAD studied in this work benefits 216

from a smaller capacitance that supports faster signal forma- 217

tion, comparative studies with standard Si LGADs indicate 218

that its time resolution is currently limited by the reduced 219

signal charge, which results from the lower ionization energy 220

deposition in SiC, the modest internal gain, and the partially 221

depleted drift layer. Charge-dependent timing analysis further 222

indicates that improving the collected charge is critical for en- 223

hancing time resolution. These results highlight the importance 224

of further device optimization—particularly in terms of gain 225

layer engineering and drift layer design—to maximize charge 226

multiplication and collection. 227

Overall, this study provides the validation of 4H-SiC LGAD 228

with good timing performance for MIPs detection, and lays the 229

groundwork for potential applications in high-time-resolution 230

detectors for 4D tracking in extreme environments such as 231

next-generation colliders. 232
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