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Silicon Carbide for Charged Particle Detection 
As a wide-band semiconductor material, among many silicon carbide (SiC) polymorphs, 4H-SiC 

has potential applications in radiation detection, especially fast time detection and high temperature 

environment.

Highest mobility

Most widely used

Schematic structures of popular SiC polytypes: 3C, 4H and 6H
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Å75 µm N-type drift layer( ~2e14 cm-3) 

ÅPrimary holes multiplication.

ÅEpitaxial stack with etched termination (or ion implantation)

ÅElectric field: ~ 3 MV/cm

ÅGain layer doping: > 2e17 cm-3

Å50 µm P-type (~1e13 cm-3) drift layer 

ÅPrimary electrons multiplication.

Å Ion implantation for gain layer and JTE

ÅElectric field: ~0.3 MV/cm

ÅGain layer doping: ~1e16 cm-3
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The Design & Fabrication of 4H -SiC LGAD by LBNL and NCSU  
Based on 6-inch 4H-SiC wafers with custom epitaxial stacks 

Å 0.5 µm Gain layer with doping concentration from 2e17 cm-3 to 5e17 cm-3, which target the electric filed between 2 MV/cm to 5 MV/cm.

Å Etched-Termination isolates the segmented devices.

Simulated Electric Field @500V

4H-SiC DC-LGAD

4H-SiC AC-LGAD

Custom Epitaxial Wafers

W2

W3

W4

W1

Sekely, B.J., et. al. Fabrication of 4H-SiC Low Gain Avalanche Detectors (LGADs). 10.4028/p-0t5ifB

Yang, T., et. Al, Characterization of 4H-SiC Low Gain Avalanche Detectors (LGADs). 10.1016/j.nima.2025.170873

https://doi.org/10.4028/p-0t5ifB
https://doi.org/10.4028/p-0t5ifB
https://doi.org/10.4028/p-0t5ifB
https://doi.org/10.1016/j.nima.2025.170873
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ÅGain factor dominated by EG

ÅBreakdown dominated by EB

EG

EB

EG

EB

Bias Voltage = 500 V

Depletion region

1) The electric field peak EB appears close to the 

bevel surface.

2) High bias voltage (>1000 V) should be applied to 

deplete N-type drift layer( d=75um ,Neff=2e14 cm-3) 

3) The EB exceeds the breakdown threshold easily 

when the bias voltage increase, that caused the 

device breakdown before full depletion (<1000 V).

75 um

breakdown here

Issue of 4H -SiC LGAD with Bevel -Etched Termination
The bevel-etched 4H-SiC LGADs currently have to adopt a negative bevel-etched angle, which increases the 

junction electric field on the surface of bevel, leading to a reduction in the breakdown voltage.
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The Effects of Field Plate

Higher breakdown voltage by lower 

electric field with field plate. 

ÅThe equipotential lines are reshaped to 

parallel with the surface by the extended 

field plate. Then the electric field is 

suppressed. 

ÅObserved higher breakdown voltage for the 

devices with field plate.

Field plate can effectively increase breakdown voltage.

Device S ample Simulation

I-V Measurement
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UV-TCT Setup for SiC DC-LGAD / PIN

Charge Collection Time Resolution

ÅThe 4H-SiC LGAD possesses good  time resolution better than 35 ps 

by UV-TCT, significantly outperforming the 4H-SiC PIN in measuring 

single MIP signals.

600 um Si C DC-LGAD

Time Resolution of SiC LGAD by UV-TCT

Yang, T., et. al. Ultra-Fast 4H-SiC LGAD With Etched Termination and Field Plate. 10.1109/LED.2025.3548509

https://doi.org/10.1109/LED.2025.3548509


90Sr Source Test for SiC LGAD
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Setup Signal sampling
ÅA 50 µm thick Si LGAD with a gain of 10-20 from 

BNL is used as the timing reference.

ÅHigh-speed readout boards, each equipped with a 

2 GHz bandwidth transimpedance amplifier.

ÅThe signal polarity of Si LGAD and SiC LGAD is 

opposite.

ÅUsing the constant fraction discrimination (CFD) 

technique, the timing points at the same fraction of 

the pulse amplitude are extracted

P-type Si LGAD: 10~20 gain

N-type SiC LGAD:  2~3 gain

4Ï4 Ô Ô

Ô

Ô



Time Resolution of SiC LGAD by ɓ Source

CPAD Workshop 2025 <tao.yang@lbl.gov> 9

Si LGAD @200VSiC LGAD @600V

Charge Distribution

Time Resolution

ʎ „ „

ÅThe 4H-SiC LGADs exhibit fast signal responses, 

and a time resolution of 61 ps was achieved, 

comparable to that of standard Si LGADs. 

ÅThe present limitation in the time resolution of 4H-

SiC LGADs appears to stem from limited charge 

generation.

ÅNeed to explore ways to achieve a lower doping 

concentration in the drift layer and increase the 

gain with a limited bias voltage.



Electron Beam Test
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Å Beam test is by the 64 MeV electron beam in the NLCTA tunnel at SLAC. 

Å For comparison with SiC LGAD and time reference, a 50 um Si LGAD with ůT <40 ps fabricated by BNL was used. 

Representative signal samples

P P

P P

N N

NN

The analysis of the data are currently in progressé 



4D Tracking Application of SiC AC-LGAD
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ÅThe SiC AC-LGAD demonstrates good position resolution 

with ů = 5.8 ɛm in the central region. 

ÅThe reconstructed position near the edges currently 

exhibits distortion due to limitations in the reconstruction 

algorithm (pad shape and charges leakage by DC-Ring), 

this issue can be addressed through algorithm optimization 

and electrode shape optimization.

UV-TCT Setup for SiC AC-LGAD / PIN

Rec - HitRec by DPC Method

More results are currently in progressé 



4D Tracking Application of SiC AC-LGAD
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The variation in transmission distance results in corresponding time delays.

ὸ ὸ

Where ὸ  is the arrival time of signal induced on the four ac pads. ὸ  is the 

time compensation term accounting for the different cable lengths. ὨȾὺ is the time 

delay associated with the transmission distance Ὠ by velocity ὺȢ
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Conclusion

Å We have successfully fabricated 4H-SiC LGADs and proposed a simple and effective method to suppress the electric 

field and improve the breakdown voltage by introducing a field plate.

Å The 4H-SiC LGADs demonstrate fast-timing performance in both UV-TCT and beta-source measurements, 

comparable to that of state-of-the-art Si LGADs.

Å The current time resolution of the 4H-SiC LGADs is limited by the reduced signal charge, which arises from the lower 

ionization energy deposition in SiC, the relatively small internal gain, and the partially depleted drift layer.

Å The beam test and the UV-TCT results of the AC-LGADs have preliminarily demonstrated the 4D tracking capability of 

the 4H-SiC LGADs.

ü Fabrication of 4H-SiC LGADs with higher gain

ü Development of epitaxial wafers with lower drift-layer doping concentration 

ü 4H-SiC LGAD with Ion implantation

ü Geometrical optimization of SiC AC-LGAD

Ongoing Work:

Following two years of research and developmenté



Thanks for  your attention
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Third generation ( Wide Bandgap) Semiconductors

ÅFirst generation semiconductors (indirect bandgap & narrow bandgap) : 

Since 1950, semiconductor materials represented by silicon (Si) have replaced 

electron tubes, which is suitable for low-voltage, low-frequency, and medium-

power integrated circuits.

ÅSecond -generation semiconductors (direct bandgap & narrow bandgap)  : 

Since 1990, such as gallium arsenide (GaAs), indium phosphide (InP). They 

are suitable for making high-speed, high-frequency, high-power and light-

emitting electronic devices.

ÅThird generation semiconductors (direct bandgap & wide bandgap) : long 

history but limited by process technologies. In recent years, materials 

represented by gallium nitride (GaN) and silicon carbide (SiC) have attracted 

much attention with the development of process technologies, which are 

suitable for making high temperature, high frequency and high power devices.

ÁMaterials:  Si, Ge

ÁProperties:  low-voltage, low-

frequency, and medium-power 

ÁApplications: electronics, new 

energy, and photovoltaic industry

ÁMaterials:  GaAs, InP

ÁProperties:  high-frequency and low-noise

ÁApplications: wireless communications, 

optical communications

ÁMaterials:  GaN, SiC, Diamond and ZnO

ÁProperties: wide bandgap

ÁApplications: new energy vehicles, 

photovoltaic energy storage

1st generation 2nd generation 3rd generation

10.1051/e3sconf/202019804011



Silicon Carbide(SiC) for Integrated Circuit

ÅLow power consumption : On-resistance of 

SiC device is only 1/10 of that of Si

Silicon Carbide is useful for power devices and high-speed switching.
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ÅHigh -speed switching: high drift velocity and 

small transit time

ÅHigh temperature resistance : SiC's bandgap is three times 

that of Si, preventing leakage current flow and allowing 

operation at high temperatures.

ÅHeat dissipation: the thermal conductivity of SiC is 

about 3 times that of Si, which dissipates heat quickly.



Epitaxial Growth of Silicon Carbide
Silicon Carbide has had a long history, but for many years was limited by crystal quality including micropipes and basal plane 

defects. Schottky Barrier Diodes were first made widely available in the early 2000's followed by the commercialization of high 

voltage MOSFETS around 2011. 

Seed crystal
Side view
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SiC Wafer and Epitaxial Growth

Epitaxy growth 

with off-axis

Å Benefiting from off-axis epitaxial growth technology, which provides high purity, 

good doping control and uniformity, SiC became the preferred choice for 

power device fabrication in the mid-1990s.

Å Currently there are several vendors offering SiC epitaxy and wafers, with the 

number of wafers produced per year growing rapidly as SiC is adopted to 

replace silicon in power electronics.

Epitaxial layer

(same polymorph  with substrate )
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Åwafer size: 3 / 4 / 6 / 8 inch

Åepi thickness Е< 200 µm 

Åepi doping range: 1e14 ~ 2e19 cm -3
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Impact ionization coefficient 

Å In silicon carbide, it has smaller impact ionization coefficient than silicon at the same electric field. And 

the holes has larger impact ionization coefficient. Thus, the SiC LGAD should be designed with N-type 

drift layer and higher electric field (Si: ~0.3 MV/cm ; SiC:  ~ 3MV/cm).

ἡἱ ἡἱἍ

Si SiC

ɻ ɻ ɻ ɻ
LGAD

LGAD

Electric Field Electric Field
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4H-SiC PIN (W5) 4H-SiC LGAD (W2)

I-V & C-V Comparison of PIN and LGAD

ÅThe wafer (W2) with 4H-SiC epitaxial stacks 

having specific doping concentrations, which 

exhibit the typical electric field distribution of 

LGADs.

ÅFor comparison, the wafer (W5) is without gain 

layer, resulting in a typical PIN electric field 

distribution.

ÅThe measurements:

ïBoth LGAD and PIN have high breakdown 

voltages.

ïLower breakdown voltage and higher leakage 

current of LGAD are observed comparing PIN

I-V Measurement  C-V Measurement  
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Response of Ŭ particles from 210Po Source
VEvidence of the low gain carrier multiplication  

Test Setup

SRIM Simulation
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Charges Collection for Different Gain layer Doping Concentration
ÅAs expected, a higher doping concentration of the gain layer has a larger gain.

ÅHigher gain exhibits greater multiplication randomness, resulting in a wider charge collection distribution.

ELaser~40 MIPs 

@500V

@500V
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Characterization of the Laser Beam Profile
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Based on the TEM00 Gaussian mode, the intensity distribution of a Gaussian beam:

where ὶ is the radial coordinate and Ὅ defines the intensity in the center of the 

beam focus. ‫ᾀ describes the dependency of the width of the laser beam on 

the ᾀ -position. The spot size has a minimum at ᾀ ᾀ, ᾀ is the Rayleigh length.
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For the laser beam is moved into the knife edge on the ώ-direction, if the knife 

edge at ώ π, the measured intensity Ὅ when the laser beam at ώ is
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where ώ  is the position of laser beam and ώ is the position of the knife edge.

Silicon Carbide
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Focused UV Laser
375 nm
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LaserScope  GUI for UV-TCT
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Auto Focus



Scanning Results by UV -TCT 
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Amplitude

Max Amplitude

Max Amplitude

Rise Time

Rise Time 

Rise Time

Integration

SUM Amplitude

600 µm SiC DC-LGAD

1mm SiC Pixel AC-LGAD

1mm SiC Strip AC-LGAD

10 µm/pix, Ava(10 pulses)/pix

[mV]
[ns] [mV*ns]

[mV] [ns]

[mV] [ns]

[mV]

[mV]

SUM Amplitude

Å Amplitude : the maximum peak 

value of signal pulse.

Å Rise Time : the time interval from 

10% to 90% of amplitude.

Å Integration : the time integral of the 

pulse signal from TIA.

Å Max Amplitude : the maximum 

amplitude in four AC-PADs.

Å Rise Time : the rise time of the 

signal pulse that the PAD has the 

maximum amplitude.

Å SUM Amplitude : the sum of the 

amplitudes from the four AC-PADs.
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Ultraviolet Transient Current Technique (UV -TCT)

Single Channel for SiC DC-LGAD / PIN Four Channels for SiC AC-LGAD / PIN

600 um Si C DC-LGAD

10 µm/pix, Ava(10 pulses)/pix Max(PAD1~PAD4), 10 µm/ pix, Ava(10 pulses)/pix

[mV] [mV]

[mV][mV][mV]

[mV]
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Position Resolution  of SiC AC-LGAD
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Å The SiC AC-LGAD demonstrates good position resolution with ů = 5.8 ɛm in the central region. 

Å The reconstructed position near the edges currently exhibits distortion due to limitations in the reconstruction algorithm (pad shape and 

charges leakage by DC-Ring), this issue can be addressed through algorithm optimization and electrode shape optimization.
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Due to charge leakage into the DC ring in the edge region, the reconstructed position is distorted. 

Where ὥȟὥȟὥ, ὥ represent the signal amplitudes induced on the four ac pads.

‌  and ‍  are geometric factor. The region with geometric factor ~ 1 exhibits 

the best position resolution. 
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Gain Uniformity
ÅUnlike the avalanche anisotropy along the ρρςπ  direction reported in some studies of SiC 

APDs due to the cut-off angle, no significant anisotropy has been observed in SiC LGADs

ÅThis suggests that anisotropy may only become apparent in avalanche processes at very high 

gain, requiring further investigation. ?


