
Chin. Phys. B Vol. 21, No. 8 (2012) 088502

Fabrication and characterization of 4H SiC bipolar

junction transistor with double base epilayer∗

Zhang Qian(张 倩)†, Zhang Yu-Ming(张玉明), Yuan Lei(元 磊),

Zhang Yi-Men(张义门), Tang Xiao-Yan(汤晓燕), and Song Qing-Wen(宋庆文)

School of Microelectronics, Key Laboratory of Semiconductor Wide Band-Gap Materials and Devices,

Xidian University, Xi’an 710071, China

(Received 8 December 2011; revised manuscript received 13 January 2012)

In this paper we report on a novel structure of a 4H–SiC bipolar junction transistor with a double base epilayer that

is continuously grown. The measured dc common-emitter current gain is 16.8 at IC = 28.6 mA (JC = 183.4 A/cm2),

and it increases with the collector current density increasing. The specific on-state resistance (Rsp−on) is 32.3 mΩ·cm2

and the open-base breakdown voltage reaches 410 V. The emitter N-type specific contact resistance and N+ emitter

layer sheet resistance are 1.7×10−3 Ω·cm2 and 150 Ω/�, respectively.
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1. Introduction

Silicon carbide (SiC) power devices are interesting

for high-power, high-frequency, and high temperature

applications. The power bipolar junction transistor

(BJT) is an attractive power switching device free of

gate oxide, and has a low specific on-state resistance

(Rsp−on). At the same time, 4H–SiC power BJTs

do not suffer from issues pertaining to metal–oxide-

semiconductor (MOS) mobility, gate oxide reliabil-

ity like the 4H–SiC power metal–oxide-semiconductor

field-effect transistors (MOSFETs). In order to re-

duce the power required by the drive circuit, it is im-

portant to increase the common-emitter current gain

(β).[1−4] In SiC device fabrication, ion implantation is

often a key process step for forming a highly doped

p-type Ohmic contact and implementing junction ter-

mination. However the problem is that it is difficult

to achieve complete dopant activation even after high-

temperature annealing, and it can generate lifetime-

killing defects.

In our previous research, we have investigated the

analytical models for the base transit time, the differ-

ent structures of the junction termination extension

and the high temperature characteristics.[5−7] In the

present paper, we report on a 4H–SiC double-base epi-

layer BJT with an active area of 0.0156 mm2 for the

first time. This novel configuration can accelerate the

carriers by the built-in electric field in the base re-

gion and reduce the base transit time. Also it can

avoid the ion implantation process and reduce the de-

fects introduced by the high-temperature annealing.

This typical BJT has a common-emitter current gain

of 16.8, a specific on-resistance of 32.3 mΩ·cm2, and

an open-base breakdown voltage of 410 V. The key

steps in this approach include the precise control of

the etch depth and the formation of a low-resistive

P-type Ohmic contact to the epitaxial base.

2. Device design and fabrication

A schematic cross-sectional view of the fabri-

cated 4H–SiC BJT is shown in Fig. 1. Four epilay-

ers were grown on a 4◦ off-axis N-type 4H–SiC BJT.

The structure consists of a 15-µm-thick, 1×1015 cm−3

N-type collector grown on the N+ 4H–SiC sub-

strate. The base epilayer consists of a 0.35-µm-thick

1×1017 cm−3-doped epilayer, followed by a 0.15-µm-

thick 4.6×1018 cm−3 P+ epilayer. Finally, a 0.5-µm-

thick 1×1019 cm−3 heavily doped N+ emitter layer is
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grown. Figure 2 shows a secondary ion mass spec-

trometry (SIMS) profile of the base epilayers. It is

formed with the epilayers growing continuously.
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Fig. 1. Schematic cross section of the fabricated 4H–SiC

BJT.
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Fig. 2. Al SIMS profile for the base epilayer.

Figure 3 shows the scanning electron microscope

(SEM) micrograph of the fabricated 4H–SiC BJT de-

vice.

Fig. 3. SEM micrograph of the fabricated 4H–SiC BJT

device.

Inductively coupled plasma (ICP) was applied to

the dry etching process of the 4H–SiC BJT fabrica-

tion, including the emitter finger etching and the isola-

tion mesa formation in a gas mixture of SF6 and O2 us-

ing the Ni mask. The spacing between the implanted

base Ohmic region and the emitter mesa edge is 5 µm.

The 4H–SiC surface passivation process included a 3-h

wet thermal oxidation at 1100 ◦C, a 1-h dry thermal

oxidation at 1050 ◦C, followed by a 0.5-h Ar annealing

at 1100 ◦C. After the thermal oxidation, 180-nm SiO2

were deposited by plasma-enhanced chemical vapour

deposition (PECVD) to protect the thermal passiva-

tion layer. Contact windows were opened by ICP etch-

ing, lift-off patterning and annealing of Ni/Ti/Al and

Ti/Al/Ni/Au to form the emitter and base contact re-

spectively. The annealing condition was 1050 ◦C for

3 min in argon-forming gas (5% H2 in Ar) in a rapid

thermal processing (RTP) system. The low voltage

part of the I–V characteristic curve is measured using

a probe station equipped with an HP 4156B semicon-

ductor parameter analyzer, while the high voltage part

is measured by a Tektronix 371B curve tracer in this

paper.

3. Results and discussion

Owing to the existence of the P+ layer of the base

region, the base Ohmic contact is formed on this layer

directly. According to our previous research work, a

built-in electric field was generated in the bulk of the

base to accelerate the transition of the carriers. There-

fore, it can reduce the transit time of the electron and

improve the common-emitter current gain.

The analytical model of the base transit time for

an NPN BJT can be expressed as[5]

τb =
QB · JnE

qD2
nB · n2

i0 · exp
(
qVE

kT
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2
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)
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]
, (1)

where N1 and L1 are the doping concentration and

the thickness of the P+ layer respectively, and N2 and

L2 are those of the P layer respectively.

Figure 4 shows the common-emitter ON-state I–

V characteristic curves at room temperature of the

fabricated BJT with 0.0156 mm2 active area. The

measured maximal DC current gain (β) is 16.8 at

IC = 28.6 mA (JC = 183.4 A/cm2) when VCE = 22 V.

In the saturation region, the specific on-resistance was

088502-2



Chin. Phys. B Vol. 21, No. 8 (2012) 088502

measured to be 32.3 mΩ·cm2 (based on the active

area) at room temperature. This higher current gain

is achieved owing to the built-in electric field created

in the novel base region, thereby requiring neither ion

implantation nor high-temperature activation anneal-

ing.
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Fig. 4. (colour online) Room-temperature ON-state IC
versus VCE characteristic curves at VCE = 22 V.

Figure 5 shows the on-chip transmission line mod-

eling (TLM) structure measurements of the emitter

N-type Ohmic contact. The emitter N-type specific

contact resistance and N+ emitter layer sheet resis-

tance are 1.7×10−3 Ω·cm2 and 150 Ω/�, respectively.
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Fig. 5. On-chip TLM measurements of the emitter N-

type Ohmic contact (a) TLM I–V characteristic curves,

and (b) TLM fitting curve.

Figure 6 shows an experimental relation between

common-emitter (CE) current gain (β) and collector

current density (JC). It is seen that β first increases

and then decreases at higher JC. Under the condition

of low injection, the base transport factor increases

with the injection current increasing. However, under

the influences of the self-heating and the series resis-

tance, the current gain decreases at a higher collector

current density. The β can keep constant in a wide

current range.
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Fig. 6. Current gain in CE configuration versus the col-

lector current density at 300 K.

Figure 7 displays the measurement results of

emitter-collector leakage current versus VCE in the

open base mode. It can be found that the BVCEO

is measured to be 410 V. It is mainly because the in-

complete ionization of the base region and the punch

through phenomenon appear in the bulk of the base.

Another, further improvement of the device perfor-

mance is possible by using a better performing edge

termination structure.
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Fig. 7. Measured leakage current versus VCE.
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4. Conclusion

A 4H–SiC power BJT with a double base epilayer

structure is demonstrated successfully in this paper for

the first time. A room temperature dc current gain of

16.8 is measured. The current gain is substantially in-

creased by optimizing the base structure to accelerate

the transit of the carriers. The specific on-resistance

of 32.3 mΩ·cm2 and an open-base breakdown voltage

of 410 V are measured at room temperature. Further

optimization of precise control of the etching depth

and the P-type Ohmic contact is needed to improve

the dc characteristics of this typical device.

References

[1] Sumi K, Anant A, Ryu S H, Craig C, James R, John P,

Santosh B, Paul C T, Stephen B, Bruce G, Kenneth J and

Charles S 2005 IEEE Electron Dev. Lett. 26 175

[2] Zhang J H, Alexandrov P, Burke T and Zhao J H 2006

IEEE Electron Dev. Lett. 27 368

[3] Balachandran S, Chow T P, Agarawal A, Scozzie C and

Jones K A 2005 IEEE Electron Dev. Lett. 26 470

[4] Domeij M, Lee H S, Danielsson E, Zetterling C M, Östling
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