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In this paper the temperature dependence of responsivity and response time for 6H-SiC ultraviolet (UV) photode-

tector is simulated based on numerical model in the range from 300 K to 900K. The simulation results show that the

responsivity and the response time of device are less sensitive to temperature and this kind of UV photodetector has

excellent temperature stability. Also the effects of device structure and bias voltage on the responsivity and the response

time are presented. The thicker the drift region is, the higher the responsivity and the longer the response time are. So

the thickness of drift region has to be carefully designed to make trade-off between responsivity and response time.
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1. Introduction

6H-SiC material is a promising candidate for

solar-blind ultraviolet (UV) photodetector because of

its wide bandgap and good absorption coefficient. 6H-

SiC PN junction photodetector has higher responsiv-

ity in the wave length range of 300–400nm and much

lower reverse leakage current density than those of

GaN.[1] Also it has very low responsivity for infrared

ray. So the study of 6H-SiC PN junction photodetec-

tor has great prospective significance in the applica-

tions to detect ultraviolet intensity up to high tem-

perature with infrared radiation environment, espe-

cially for the detection of weak ultraviolet intensity.

Furthermore, 6H-SiC has excellent material proper-

ties used in the applications of high-temperature and

space environments.

Response time and responsivity are very impor-

tant parameters for characterization of photodetectors

and they are related with applied-voltage, structure

of device, temperature and so on. Some experimen-

tal tests for solar-blind UV photodetector have been

made on 6H-SiC.[1,2] They have demonstrated that

6H-SiC UV photodetctor is an attractive device for

the detection of wideband ultraviolet intensity. This

paper[3] reported the simulation results of 6H-SiC PN

junction UV photodetector and it showed the excellent

features of this kind UV detector. But there are only

few reports related to their temperature dependence.

In this paper, numerical model is presented. For

this presented model, the temperature dependence of

responsivity and response time of device is simulated

and their device structure dependence is discussed.

The results show that 6H-SiC PN junction photode-

tector has excellent temperature stability and it is

a good candidate device used in wide temperature

range.

2. Model

The two-dimensional Optical Device Advanced

Application Module (OD-AAM), drift-diffusion model

and recombination model in the MEDICI device-

simulator are used. The Poisson equation and con-

tinuity equations used in present model are as follows:
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where n and p are electron and hole densities respec-

tively, ψ is potential, ρ charge density, J current den-

sity, G generation rate, U recombination rate, and

subscript n or p denotes electron or hole respectively.

Current density is described by drift and diffusion

model, current densities for electrons and holes are

expressed as follows:

Jn = qεµnn+ qDn∇n,

Jp = qµppε− qDp∇p. (2)

ε is electrical field strength, µ is the carrier mobility

and D is the diffusion coefficient. The following equa-

tion can be used for charge density:

ρ = q(p− n+N+
D −N−

A ), (3)

where N+
D is the ionized donor concentration and N−

A

is the ionized acceptor concentration.

The generation rate is related to the incident light

beam energy Iopt, absorption coefficient αopt, wave-

length λ and total quantum efficiency η. It is ex-

pressed as:

G(x, λ) = η

(

λ

hc

)

Iopt(x, λ)αopt(λ), (4)

where Iopt(x, λ) = Iopt0(λ)e
−αopt(λ)x. The total quan-

tum efficiency η is mainly related to external quantum

efficiency and here 0.85 is taken. The absorption co-

efficient α is obtained from the experimental data as

shown in Fig.1.

Fig.1. Absorption coefficient vs photon energy. The solid

line is from Ref.[4], the dashed line is from Ref.[5] and the

open circles are taken from Ref.[6].

The Schokleg–Read–Hall (SRH) recombination

model shown in Eq.(5) is used to describe recombi-

nation rate Un and Up.

USRH =
pn− n2

ie

τp

[

n+ nie exp

(

∆Et

kT

)]

+ τn

[

p+ nie exp

(

−∆Et

kT

)] , (5)

Here nie is effective intrinsic carrier concentration, ∆Et = Ei − Et, Ei is intrinsic energy level and Et is

recombination centre energy level, τn and τp are electron and hole lifetime respectively. The equations shown

in Eqs.(6) and (7) are adopted for τn and τp related to doping concentration.

Tun

τn(x, y)
= An +Bn

(

Ntotal(x, y)

NSN

)

+ Cn

(

Ntotal(x, y)

NSN

)Dn

, (6)

Tup

τp(x, y)
= Ap +Bp

(

Ntotal(x, y)

NSP

)

+ Cp

(

Ntotal(x, y)

NSP

)Dp

, (7)

where the Tun, Tup are the SRH lifetime of electron

and hole, Ntotal is the total doping concentration, and

NSN, NSP the SRH concentration parameters of elec-

tron and hole respectively. An, Ap, Bn, Bp, Cn, Cp and

Dn, Dp are constants. Their values are presented in

the Table 1.

Table 1. Parameters used in simulation.[7,8]

Tun/s Tup/s NSN/cm−3 NSP/cm−3 An Ap Bn Bp Cn Cp Dn Dp

1× 10−6 6.4× 10−7 3× 1017 3× 1017 1 1 0 0 1 1 0.3 0.3
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In addition, incomplete impurity ionization is

considered which means that the doped concentration

is not completely ionized at room temperature and the

ionization rate is raised with the increase of tempera-

ture.

3. Results and discussion

Figure 2 shows the cross-section of a p-n junc-

tion photodetector. The structure consists of n-type

(p-type) substrate with thickness about 300–400µm,

n-type(p-type) 6H-SiC epitaxial layer with thickness

about 5µm, and p+(n+) contact layer with depth

about 0.2µm. The p+(n+) area outside of the p+(n+)

contact region on the top of the mesa is thinned to

0.1µm to increase the response for short-wavelength.

Fig.2. Schematic cross-section of 6H-SiC p-n junction

photodetector.

Figure 3 shows the comparison of simulation with

experimental data for responsivity of 6H-SiC pn junc-

tion photodetector. It can be seen that the simula-

tion results match the experimental data well and this

proves that the present model is reasonable.

Fig.3. The comparison of simulated responsivity of 6H-

SiC pn junction photodetector with experimental data.[9]

The temperature dependence of responsivity and

response time for device has been simulated based on

above model. The result of responsivity is shown in

Fig.4 in the temperature range from 300K to 900K.

Fig.4. Responsivity vs temperature for 6H-SiC p-n junc-

tion photodetector.

We can see from this figure that the responsiv-

ity of device decreases gradually from 198mA/W to

185mA/W while the temperature changes from 300K

to 900K. This change is due to the dependence of car-

rier recombination and carrier mobility on tempera-

ture. As the temperature increases, the SRH recombi-

nation is enhanced. There are more photon-generated

carriers recombined at higher temperature. Mean-

while the carrier mobility and the diffusion length also

decrease so that they make the decrease of responsiv-

ity.

However the responsivity decreases only about

13mA/W even though the temperature increment is

600K. It is seen that the 6H-SiC has good thermal

stability for UV photodetection.

Response speed or response time describes the

transient behaviour of photodetectors. It is associ-

ated with the structure of device and reverse applied-

voltage.

Figure 5 shows the transient characteristics of n+-

p junction photodetector. The response time increases

from 15ns to 123 ns as the depth of p-region changes

from 10µm to 80µm. When the depth of device in-

creases, the carrier drift region also increases. The

response time will be longer because of the increase

of drift time. So the response speed of device can be

speeded-up by thinning the carrier drift region. But

the responsivity will be reduced with thinning the drift

region, so the design of drift region must make trade-

off between the response time and the responsivity.

Response time also varies with applied voltage.

Figure 6 shows the changes of response time with

voltage for different thickness of epitaxial layer in n+-

p structure. It exhibits that the response time de-

creases when the applied voltage increases. For the

10µm and 50µm p-epitaxial layer devices, the re-

sponse time decreases from 16.5ns to 13.8 ns and from

36.9ns to 35.5 ns respectively as reverse voltage from



No. 5 The simulation of temperature dependence of responsivity and response time for ... 1279

0V to 10V.

Fig.5. Response time vs thickness of device of 6H-SiC p-n

junction photodetector.

Fig.6. Response time vs voltage for 6H-SiC p-n junc-

tion photodetector in different structure. The circles is

for 50 µm p-epitaxial layer, the squares is for 10 µm p-

epitaxial layer.

As shown in Fig.7, the response time increases

from 15ns to 30 ns in the temperature range from

300K to 900K. Carrier mobility decreases with the

increase of temperature so that carrier drift time is

raised. The response time only changes about 15 ns

even though the temperature increment is 600K. This

shows that 6H-SiC UV photodetector has good ther-

mal stability.

Fig.7. Response time vs temperature for 6H-SiC p-n junc-

tion photodetector.

4. Conclusion

The temperature dependence of responsivity and

transient characteristics of 6H-SiC p-n junction pho-

todetector is simulated based on the present model.

As the simulation results mentioned above, the re-

sponsivity and response time of device have a little

change with temperature. They are decreased only

13mA/W and 15 ns respectively when the tempera-

ture increases from 300K to 900K. 6H-SiC p-n junc-

tion UV photodetector has excellent temperature sta-

bility and it can be used in the applications of wide

temperature range. In addition, the transient proper-

ties of this kind photodetector are closely associated

with the structure. The responsivity and the response

time increase with drift region. It has to make trade-

off between responsivity and response time to obtain

reasonable drift region. So it is very important to have

careful design of structure to improve the performance

of photodetector.
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