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a b s t r a c t

The analytical models of on-resistance and reverse breakdown voltage for 4H-SiC floating junction SBD
are presented with the analysis of the transport path of the carriers and electric field distribution in
the drift region. The calculation results from the analytical models well agree with the simulation results.
The effects of the key structure parameters on specific on-resistance and breakdown voltage are
described respectively by analytical models. Moreover, the relationship between BFOM and parameters
of floating junction are investigated. It is proved that the analytical models are more convenient for
the design of the floating junction SBDs.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

SiC has more advantages over Si material, such as large band
gap, high critical breakdown electrical field strength, high electron
saturation velocity and excellent bonding characteristics stability.
Compared with Si Schottky barrier diode (SBD), SiC SBD shows a
great potential in power applications because of lower leakage
current and faster switching speed [1]. However, there is also a
tradeoff between breakdown voltage (BV) and specific on-resis-
tance (Ron). To solve this issue, SiC floating junction SBD (FJ_SBD)
is put forward [2,3]. Floating junction changes the electric field
distribution in the drift region, greatly improving the breakdown
voltage at the same specific on-resistance. However, inappropriate
design of the floating junction structure also reduces the perfor-
mance of the device, even lower than that of conventional SBD.
In order to optimize the device design, simulation tools such as
ISE-TCAD or MEDICE and analytical model are usually used.

Comparing with simulation tools, analytical model is more explicit
and efficient, which can continuously obtain the relationship
between device structure parameters and guide to select the
appropriate device structure. Therefore, it is important to propose
an analytical model for designing the device and optimizing the
power of merit. At present, some analytical models for conven-
tional SBDs have been presented [4–7], but for a FJ_SBD, researches
were mainly based on numerical simulations [8].

In this paper, the analytical models of specific on-resistance Ron

and reverse breakdown voltage BV for 4H-SiC FJ_SBD are proposed
to analyze the effect of main parameters of floating junction on the
specific on-resistance and breakdown voltage, and to optimize the
structure of device effectively.

2. The model of specific on-resistance

The schematic cross section of the 4H-SiC FJ_SBD cell is shown
in Fig. 1. Difference comparing with conventional SBD is only a
series of P+ islands inserted in the N� epitaxial layer of SBD, named
floating junction, which can be formed by ion implantation plus
multiple epitaxial technique. Basically, FJ_SBD consists of many
cells as same as the structure shown in Fig. 1 and the distributions
of current density and electrical field are same each other,
according to simulation with ISE simulator.

http://dx.doi.org/10.1016/j.sse.2014.10.004
0038-1101/� 2014 Elsevier Ltd. All rights reserved.

q Project supported by the National Natural Science Foundation of China (Grant
Nos. 61234006 and 61274079), Key Specific Projects of Ministry of Education of
China (Grant No. 625010101), the Specific Project of the Core Devices (Grant No.
2013ZX01001001-004) and the Science Project of State Grid (Grant No. SGRI-WD-
71-14-004).
⇑ Corresponding author.

E-mail address: qwsong@xidian.edu.cn (Q. Song).

Solid-State Electronics 103 (2015) 83–89

Contents lists available at ScienceDirect

Solid-State Electronics

journal homepage: www.elsevier .com/locate /sse

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sse.2014.10.004&domain=pdf
http://dx.doi.org/10.1016/j.sse.2014.10.004
mailto:qwsong@xidian.edu.cn
http://dx.doi.org/10.1016/j.sse.2014.10.004
http://www.sciencedirect.com/science/journal/00381101
http://www.elsevier.com/locate/sse


Meanwhile, when the back ohmic contact area is much larger
than the Schottky contact area, the spreading resistance, namely
the two-dimensional character, should be considered. But based
on the literature [9], the spreading resistance could be ignored
when the epitaxial layer thickness is much smaller than the radius
of the Schottky contact, which is satisfied in general for the reality
fabricated SiC power device. In addition, the spreading resistance
effect is not nearly existence for SiC power discrete devices, in
which the back ohmic contact area is only slightly larger than
the Schottky area. According to the discussion above, the whole
on-resistance of a SiC FJ_SBD could be regarded as contributed by
epitaxial resistance.

In a FJ_SBD, the basic forward conduction mechanism is similar
as that of a conventional SBD. Meanwhile, the space between float-
ing junctions should not be pinched off at zero and forward bias
condition, which guarantees that the forward current could pass
through the space of the P+ floating junctions. As shown in Fig. 2,

different from the conventional SBD, the current flow is crowded
when electron passing through the space. So the total resistance
of a FJ_SBD is contributed by a series of resistances of the conduc-
tion paths through the space of floating junctions with the current
spreading above and below the floating junctions. A floating junc-
tion unit cell with stripe geometry is shown in Fig. 3. In this FJ_SBD
structure model, W is the width of a junction and S is the space
width between the two floating junctions. Depletion width of a
floating junction is Wj. tepi, tepi2 and t3 are the total thickness of
the epitaxial layer, the regrown epilayer thickness and the
thickness of a floating junction respectively.

In this model, the Ron consists of five different components,
which are channel resistance (R3), two spreading region resistance
(R4) and two drift region resistances (R1, R2). t1, t2 and M can be
respectively given by

M ¼ S
2
�Wj ð2:1Þ

x ¼ 1� sin 45�

sin 45�

� �
Wj ð2:2Þ

t1 ¼ tepi2 �
t3

2
� x� W þ S

2
�M

� �
ð2:3Þ

t2 ¼ tepi � tepi2 �
t3

2
� x� W þ S

2
�M

� �
ð2:4Þ

and then,

R1 ¼ q � t1 ð2:5Þ

R2 ¼ q � t2 ð2:6Þ

R3 ¼ q � ðt3 þ 2xÞ �W þ S
2M

ð2:7Þ

R4 ¼
W þ S

2
q �
Z ðWþS
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0

1
M þ y
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where q is the resistivity of the epitaxial layer.

q ¼ 1
NDql

ð2:9Þ

l ¼ lmin þ
lmax � lmin

1þ ND
Nref

� �b ð2:10Þ

Here ND is the doping concentration included impurity incomplete
ionization, l is the electron mobility of the epitaxial layer,
lmax = 950 cm2/V s, lmin = 40 cm2/V s, Nref = 2 � 1017 cm�3, and
b = 0.76 [10]. So the specific on-resistance Ron of a FJ_SBD is deter-
mined by Eq. (2.11)

Ron ¼ R1 þ R2 þ R3 þ 2R4 ð2:11Þ

The results from analytical model presented above are verified
by the results simulated by the simulator of ISE-TCAD. The Ron of
a FJ_SBD versus the doping concentration and the width (W) of
P+ junction and its spacing (S) are shown in Fig. 4(a) and (b). The
trends of simulation and analytical model results in different
epilayer layer thickness and doping are in well agreement. In
Fig. 4(a), the both of specific on-resistances decrease rapidly as
the doping concentration increasing, as same as a conventional
SBD. And Fig. 4(b) shows the Ron reduces with S increasing, because
the wider the S, the larger the channel current. Meanwhile, the Ron

versus different S and W is listed in Table 1, indicating R3 and R4 to
be the main domination components. The results also prove that
the width and space of the floating junction are more importantFig. 2. Simulated current path in the FJ_SBD cell during forward conduction.
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Fig. 1. Schematic cross section of the 4H-SiC FJ_SBD.
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