CHrinese PuysicaL Sociery | IOP Publishing

CPB

Chinese Physics B

http://cpb.iphy.ac.cn https://iopscience.iop.org/journal/1674-1056

Improved 4H-SiC UMOSFET with super-junction shield region

Pei Shen(i4:5%), Ying Wang(F#), Xing-Ji Li(Z=243£), Jian-Qun Yang(#81#f), Cheng-Hao Yu(T i), Fei Cao(

3E)
Citation:Chin. Phys. B, 2021, 30 (5): 058502. DOI: 10.1088/1674-1056/abd740
Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb

What follows is a list of articles you may be interested in

Novel Si/SiC heterojunction lateral double-diffused metal-oxide semiconductor

field-effect transistor with p-type buried layer breaking silicon limit

Baoxing Duan(B{ T %), Xin Huang(#i3%), Haitao Song (AXF¥%), Yandong Wang(F Z 7<), and Yintang Yang(#7R
)

Chin. Phys. B, 2021, 30 (4): 048503.  DOI: 10.1088/1674-1056/abcf45

Total dose test with y-ray for silicon single photon avalanche diodes

Qiaoli Liu(XJI5%7), Haiyan Zhang(iKiE#E), Lingxiang Hao(/##), Angi Hu(#Z23H), Guang Wu(5%), Xia
Guo(¥( )
Chin. Phys. B, 2020, 29 (8): 088501.  DOI: 10.1088/1674-1056/ab9286

Numerical and analytical investigations for the SOl LDMOS with alternated

high-k dielectric and step doped silicon pillars

Jia-Fei Yao(k{E &), Yu-Feng Guo(5l 524%), Zhen-Yu Zhang(FKTRF%), Ke-Meng Yang(# 7] iifj), Mao-Lin Zhang(7K )%
#K), Tian Xia(& K)
Chin. Phys. B, 2020, 29 (3): 038503. DOI: 10.1088/1674-1056/ab6960

Modeling electric field of power metal-oxide-semiconductor field-effect transistor with

dielectric trench based on Schwarz-Christoffel transformation

Zhi-Gang Wang(7 & H1)), Tao Liao(/E %), Ya-Nan Wang(F V. /5)
Chin. Phys. B, 2019, 28 (5): 058503. DOI: 10.1088/1674-1056/28/5/058503

High performance lateral Schottky diodes based on quasi-degenerated Ga,0,

Yang Xu(#%FH), Xuanhu Chen([i%Fg), Liang Cheng(f£5%), Fang-Fang Ren({F-7% 75), Jianjun Zhou(Ji] & %), Song
Bai(#1#2), Hai Lu(Fti¥E), Shulin Gu(Ji+54K), Rong Zhang(5K %), Youdou Zheng(¥f 45 %k}), Jiandong Ye(H 2 7%)
Chin. Phys. B, 2019, 28 (3): 038503. DOI: 10.1088/1674-1056/28/3/038503


http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abd740
https://doi.org/10.1088/1674-1056/abd740
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abcf45
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abcf45
https://doi.org/10.1088/1674-1056/abcf45
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab9286
https://doi.org/10.1088/1674-1056/ab9286
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab6960
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab6960
https://doi.org/10.1088/1674-1056/ab6960
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/5/058503
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/5/058503
https://doi.org/10.1088/1674-1056/28/5/058503
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/3/038503
https://doi.org/10.1088/1674-1056/28/3/038503

Chin. Phys. B Vol. 30, No. 5 (2021) 058502

Improved 4H-SiC UMOSFET with super-junction shield region”

Pei Shen(743%)!, Ying Wang (LA, Xing-Ji Li(ZE»43)?,
Jian-Qun Yang(# 8 #£)%, Cheng-Hao Yu( T /%#%)!, and Fei Cao(HJF)!

1 Key Laboratory of RF Circuits and Systems, Ministry of Education, Hangzhou Dianzi University, Hangzhou 310018, China

2Nationa1 Key Laboratory of Materials Behavior and Evaluation Technology in Space Environment, Harbin Institute of Technology, Harbin 150080, China

(Received 13 September 2020; revised manuscript received 16 November 2020; accepted manuscript online 30 December 2020)

This article investigates an improved 4H-SiC trench gate metal-oxide—semiconductor field-effect transistor (MOS-
FET) (UMOSFET) fitted with a super-junction (SJ) shielded region. The modified structure is composed of two n-type
conductive pillars, three p-type conductive pillars, an oxide trench under the gate, and a light n-type current spreading layer
(NCSL) under the p-body. The n-type conductive pillars and the light n-type current spreading layer provide two paths to
and promote the diffusion of a transverse current in the epitaxial layer, thus improving the specific on-resistance (Ron,sp)-
There are three p-type pillars in the modified structure, with the p-type pillars on both sides playing the same role. The
p-type conductive pillars relieve the electric field (E-field) in the corner of the trench bottom. Two-dimensional simula-
tion (silvaco TCAD) indicates that Rop sp of the modified structure, and breakdown voltage (Vgr) are improved by 22.2%
and 21.1% respectively, while the maximum figure of merit (FOM = VBZR /Ron,sp) is improved by 79.0%. Furthermore,
the improved structure achieves a light smaller low gate-to-drain charge (Qgq) and when compared with the conventional
UMOSEET (conventional-UMOS), it displays great advantages for reducing the switching energy loss. These advantages
are due to the fact that the p-type conductive pillars and n-type conductive pillars configured under the gate provide a
substantial charge balance, which also enables the charge carriers to be extracted quickly. In the end, under the condition
of the same total charge quantity, the simulation comparison of gate charge and OFF-state characteristics between Gauss-
doped structure and uniform-doped structure shows that Gauss-doped structure increases the Vgr of the device without
degradation of dynamic performance.

Keywords: breakdown voltage, specific on-resistance, silicon carbide, switching energy loss, super-junction

(SJ), trench gate MOSFET
PACS: 85.30.—z, 85.30.De

1. Introduction

The advantages of silicon carbide (SiC) include a good
wide bandgap performance, high electron saturation drift ve-
locity, and high thermal conductivity.[!! The SiC is therefore
very suitable for the development of the next-generation power
electronic components that possess a high conversion effi-
ciency, high voltage capability and low conduction loss. Fur-
thermore, through simulation studies, Yu and Sheng?! have
shown the possibility that a SiC device can perform beyond its
unipolar theoretical limit.

A SiC power trench gate MOSFET is a good candidate
for serving as power switching in order to increase conver-
sion efficiency. However, the UMOSFET does have a crit-
ical issue that it can generate a large E-field in the corner
of the trench bottom, which affects the reliability of the de-
vice. To overcome this, some shielding methods and struc-
tures have been improved.[>! The most representative ap-
proach is to introduce the p+shielded region under the gate
trench (conventional-UMOS).[1 However, the JFET region
is formed between the p+shielded region and the p-base re-
gion, which increases the specific on-resistance. In order to

DOI: 10.1088/1674-1056/abd 740

achieve a better trade-off between specific on-resistance and
avalanche voltage, a super-junction is a new structure, which
improves the trade-off between specific on-resistance and
avalanche voltage, and enables the low specific on-resistance
in the industrial silicon power MOSFET.!!%-12 Orouji et al.['3]
studied the unique features that were exhibited by power in
the 4H-SiC UMOSFET, where the n- and p-type columns
in the drift region were incorporated in order to improve
the breakdown voltage, on-resistance. In order to achieve
lower on-resistance and better switching performance, Deng et
al.'" investigated a device structure that had a built-in float-
ing component. In order to optimize the trade-off between
on-resistance and short circuit ruggedness, He er al.l">! im-
proved a 4H-SiC super-junction trench MOSFET by adding
a grounded p-+buried layer below the p-body, an oxide trench
under the gate, and a p-region surrounding the oxide trench.
Moreover, the practical feasibility of fabricating super-
junction structures has been discussed in some papers./16-2!]
Kobayashi ef al.l'! for example, reported that the SJ structure
was formed on the drift layer by using multi-epitaxial growth
seven times, gaining a thickness of 0.65 pm each, and then the
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p-column was formed by implanting aluminum into the drift-
layer and multi-epitaxial layers eight times in total. Further-
more, Kosugi et al.l!”! developed a novel trench-filling epi-
taxial growth method as a promising alternative and Harada et
al.!"8) presented the first demonstration of the dynamic char-
acteristics for a SiC superjunction MOSFET that was realized
by the multi-epitaxial growth method.

This article investigates an improved 4H-SiC UMOSFET
that has alternate p-type and n-type conductive pillars under
the gate. The simulations indicate that the modified struc-
ture exhibits a good dynamic performance and improves the
Ver and Rongp. The figure of merit of the conventional-
UMOS is 563 MW/cm?2, while the FOM of the modified-
UMOS is 1008 MW/cm?. The Vgg of the Gauss-doped struc-
ture is improved to 10.4% compared with that of the uniform-
doped structure. The Gauss-doped and uniform-doped super-
junction shield region gate—drain charges are the same.

2. Description of device structure and fabrica-
tion procedure

Figures 1(a) and 1(b) show the schematic cross section of
a conventional-UMOS and a modified-UMOS, which are both
used for reference. The detailed simulation parameters of the
structure are listed in Table 1.

Figure 2 shows a feasible method of fabricating the
modified-UMOS. An n-type epitaxial layer was grown on an
n+substrate. The whole drift layer was about 10-um thick
with a doping concentration of 7.0x10"> cm™3. The trench
was formed by inductive coupled plasma reactive-ion etch-
ing (ICP-RIE) with SF¢, O,, and HBr, using a Ni/Al,O3 bi-
layer mask.[?>?3! The n-pillars were formed by deposition!!*!
as shown in Fig. 2(a). The p-pillars, with a depth of 6 um,
were formed by a multi-epitaxial growth method!'®! as shown
in Fig. 2(c). Finally, the p-body region, the light n-type current

spreading layer, the n+source region, the p+source region, and
the gate structure were implemented in a similar way to that
adopted in the conventional-UMOS.

source

source
nt |[p
2X1017

source source

drain drain
(a) (b)

Fig. 1. Structures of studied trench MOSFET: (a) conventional-UMOS,
and (b) modified-UMOS.

nl>n2

deposition growth on mesa-top

(d) (e) (f)
Fig. 2. Key fabrication process for the modified-UMOS.

Table 1. Device parameters for simulations.

Device parameters

Conventional-UMOS  Modified-UMOS

n+source junction depth (pm) 0.2 0.2
p-body junction depth (um) 0.5 0.5

p+junction depth (pm) 0.2 0.2
Gate trench depth (pum) 1.5 1.5

Thickness of n-drift (pum) 10.0 10.0
Thickness of gate oxide (nm) 50 50

n-type current spreading layer depth (1m) - 0.2
n-pillar depth (um) - 6.0
p-pillar depth (1um) - 6.0
Width of trench (1m) 2.0 2.0
Width of mesa (pm) 2.5 2.5

n-drift doping concentration (10'> cm™3) 7.0 7.0
p-body doping concentration (10'7 cm~3) 2.0 2.0
n-type current spreading layer doping concentration (10'7 cm™3) - 3.0
p-pillar doping concentration (10'® cm~3) - 4.0
n-pillar doping concentration (10'® cm—3) - 4.0
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3. Results and discussion

In this work, the physical 4H-SiC MOSFET models, in-
cluding the FLDMOB and ANALYTIC mobility models, are
used. The FLDMOB is a parallel, E-field-dependent model,
that requires the modeling of any type of velocity saturation
effect; the ANALYTIC model is a concentration-temperature-
dependent model; the Shockley—Read—Hall and AUGER mod-
els are composite models that are used to solve the elec-
tron/hole continuity equation, as well as the Poisson equa-
tion; IMPACT SELB is a Selberherr model and is recom-
mended for most situations; and INCOMPLETE is an ioniza-
tion model. >4

3.1. Static performance

The two structures’ typical output characteristic curves
of Vos =8V, Vgg =12V, Vg =16 V, and Vi = 20 V are
shown in Fig. 3. The Ronsp of the modified-UMOS and
the conventional-UMOS are estimated as ~ 1.9 mQ-cm? and
~ 2.4 mQ-cm? at Ves =16 V and Vg5 = 1V, respectively. The
n-type conductive pillars and a thin NCSL provide two paths,
which suppress the depletion region. The smaller the deple-
tion region, the wider the current path for the electrons is.

p+ shielding

12“‘2
o 1 2 3 4

n-drift

Moreover, a thin light doping of the NCSL causes the elec-
trons to spread in the horizontal direction earlier. In addition,
n-pillars under the gate allow the current to flow in the ver-
tical direction. Therefore, the modified structure reduces the
Ron,sp- Comparing with the conventional-UMOS, the Ry sp of
the modified structure decreases by 22.2%. In the modified-
UMOS, the n-type conductive pillars under the gate increase
the electron concentration of the channel region, while the de-
pletion region is reduced in order to increase the current path
in the modified structure as shown in Fig. 4.

QE\ 7 l—o—modified-UMOS
. N - Vis=20V
S oF <— conventional-UMOS :g:%vz =16V
P, /% V=12V
2 228 g
o Yz oo AV, =20V
- 7 ST T Al A
> 5 53;8 V12V
% o A
2 4L ” -2
E A
< 3r
= s
x
V=8V
c A R
3
g 0 : ' ' '
0 5 10 15 20

Drain voltage (V)

Fig. 3. Typical output characteristic curves of two structures.
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_ 0

Fig. 4. Distribution of electron concentration (Conc.) for (a) conventional-UMOS and (b) modified-UMOS.

The equation of the Ro sp can be described as

W
Ron,sp = (q,un]])VD ) ; (1)

where Wp is the maximum depletion width and the u, is the

electrons mobility.

Figure 5 shows reverse breakdown characteristic contours
(at Vgs = 0 V). The VR of the two structures are calculated
to be ~ 1167 V and ~ 1413 V respectively. The modified
structure has a higher Vg, because the n-pillar and p-pillar at
the bottom of the trench are configured to have a substantial
charge balance in an SJ structure. When the doping density
of the n-type conductive pillars is equal to the surface dop-
ing density of the p-type conductive pillars, the mutual deple-
tion of the n-pillar and the p-pillar under the gate trench can
achieve the charge balance of the SJ structure.

For the conventional-UMOS, the peak E-field (~
3.3 MV/cm) occurs in the corner of the gate trench, whereas in
the modified structure, the peak E-field (~ 2.6 MV/cm) occurs
at the bottom of the p-pillars. The critical gate oxide E-field

of a conventional UMOS is ~ 2.1 MV/cm, which is higher
than the ~ 1.2 MV/cm belonging to the modified-UMOS as
shown in Fig. 6. This difference occurs because the protrud-
ing p-pillar has an excellent shielding effect. During the sim-
ulation, the breakdown voltage for the modified-UMOS has
an improvement of 21.1% compared with the the breakdown
voltage of the conventional-UMOS.

—o——o—modified-UMOS
—+——<—conventional-UMOS

,_.
S)
b

—_
o
|

—
o
&

10-11

4444444444444444444444444444444444444444444444444444444444444444444444

Drain current density (kA/cm?)
=
o
4

H
7
.
w

0 200 400 600 800 1000 1200 1400
Drain voltage(V)

Fig. 5. Reverse breakdown characteristic (at Vgs = 0 V) curves of two
structures.
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Fig. 6. OFF-state critical E-field curves of (a) conventional-UMOS, (b) modified-UMOS.

3.2. Dynamic performance

Figure 7 shows the curves of the input capacitance
Ciss[Ciss = od (gate—drain capacitance) + Cgs (gate—source
capacitance)] and the reverse transfer capacitance (Cps =
Cga).1?>%! The smaller Cyq helps improve the switching char-
acteristic.

The small ac signal works at 1 MHz to extract the
capacitance,?’?8] and the capacitance cures of the modified-
UMOS are not linear.?>3%1 When Vg < V; (at V; = 75 V),
the Ci is small because of the protruding p-pillar on the left,
which shields Cyq. Thus, the capacitance at the bottom of the
gate trench is mainly Cgs. When Vys > V, the p-pillar region
will shrink, the shielding effect will be weakened and Cs will
slowly increase.

10-10 - —— modified-UMOS conventional-UMOS
3 conventional-UMOS
[ N
10—tk { \
o E N y, —
E 10-12k Ciss  modified-UMOS
= é
@) r conventional-UMOS
10-13F
10—14 _

Clas modified-UMOS

WAETB YV,

0 200 400 600
Vas (V)

Fig. 7. Small signal capacitances Cjs and Cygs of two structures.

800 1000

Figure 8 shows gate charge characteristic curves of the
two structures. In the simulation, the test circuit is indicated as
an inset in Fig. 8. The FOM Ron sp X Qg is widely used.!31-32]
Since the substantial charge balance of the SJ structure is
achieved when the surface doping density in the p-type con-
ductive pillar, the Qgq of the improved structure is a little

smaller than that of the conventional-UMOS as can be seen in
this figure. When the modified-UMOS is turned off, the two-
dimensional fast depletion of the n-type conductive pillar and
p-type conductive pillar enables the charge carriers to be ex-
tracted quickly. The FOM Rop s5p X Qgq of the modified-UMOS
shows an improvement of 43.3% in comparison with that of
the conventional-UMOS. Detailed data are listed in Table 2.
Using the double-pulse test (DPT), figure 9 shows the switch-
ing performance of the two structures. The area of the SiC
MOSFET is set to be 0.09 cm?. For convenience, some param-
eters in the following simulation design are given as follows:
a gate resistor is Ry = 20 Q, the supply voltage is Vqq =400V,
the inductive load is Ly = 200 uH, and the stray inductance
(Lg) is assumed to be 10 mH in the power loop. The gate volt-
age is switched between 0 V and 20 V in order to turn-on and
turn-off the device.

12

—o— modified-UMOS

—<— conventional-UMOS

10

Ves (V)

D Vi

1 1 1 1
400 600 800 1000

Q¢ (nC/cm?)

Fig. 8. Gate charge tests on the modified-UMOS (red line) and on
conventional-UMOS (black line), with insert showing test circuit.

1 1
0 200

Figures 10(a) and 10(b) show the switching waveforms
of the two structures with a test current of 20 A/cm?. As can
be seen from Fig. 7, the low Cig in the modified-UMOS has
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a faster switching speed than that in the conventional-UMOS.
Therefore, the conventional-UMOS needs a longer time period
to arrive at a high Vys and a high Iys as the switching charac-
teristics are related to the charge and discharge of its Ciss and
the smaller Cigs can improve the switching characteristics.

10 nH

Viaa =400 V

200 pH
NI
1

20 0
pulse |=>O—|:|—| DUT

Fig. 9. Double-pulse test circuit.

(a) Torr = 5.3X10-8 s Ton = 1.5X10-8 s

—] f— . —H
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— 20
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3
~
N3

3 —20 1 1 L 1 1 1
~ 0.9 1.2 1.5 1.8 2.1 24 2.7
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Fig. 10. Switching waveforms for (a) modified-UMOS and (b) conven-
tional-UMOS, showing that improved structure is much faster than conven-
tional-UMOS.

Figure 11 shows the switching energy losses for the con-
ventional-UMOS and modified-UMOS. It can be discerned
that in the modified structure, the losses during both turn-
on (E,,) and turn-off (Ey¢) are reduced. For the modified-
UMOS, the calculated value of E,, and Eyg are 33.5 mJ/cm?
and 32.9 mJ/cm?, respectively, which correspondingly reduce
33.4% and 8.2% of the counterparts for the conventional-
UMOS. The Torr and Ton of the two structures are listed in
Table 2. The E,, and Eq¢ can be expressed as

I
Eon = /T Voo * Iy d, @)
1

i
Eotr = Vas * Igs dt, 3)

T3
where T is the time when Vg (on) reaches 10% of its value,
T is the time when Vyq arrives at 10% of its value, T3 is the
time when Vg (on) rises to 90% of its value, and T} is the time
when Iy is 2% of its value.
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Fig. 11. Switching energy losses of two structures.

Table 2. Static performance and dynamic performance data.

Structure diAsp (VBZR/RonAsp) Ron—sp X di.sp TOFF TON
(nC/cm?)  (MW/cm?) (mQ-nC) (1078s) (1078s)

Modified-UMOS 307 1008 607.8 53 1.5

Conventional-UMOS 360 563 871.2 7.5 2.1

3.3. Parameter optimization

Figure 12 shows FOM (V% /Ron sp) as a function of Ny,
Nu, N, and H in the modified-UMOS. The doping concen-
tration (V) of the protruding p-pillar, (Nyp) the p-pillar at the
bottom of gate trench, (), and the n-type conductive pillar,
as well as the height (H) of pillars, have a great influence on
the device performance. The p-type conductive pillars may
have a doping concentration in a range from ~1x10'® cm™—3
to ~1x10'7 cm~3.

and n-type pillars are denoted as N, and M,, respectively, and

The doping concentration of the p-type

the width of the p-type and n-type pillars are represented by
W, and W, respectively. The n-type pillar and p-type pillar
at the bottom of the gate trench are configured to achieve a
substantial charge balance in the SJ structure. This is achieved
when the W, cotN, = W, - N,. If the conductive pillar is the
one affected by the incomplete ionization, the current density
is highly reduced, and the risk is that this leads to the total
depletion of the p-type pillar, and consequentially, to no cur-
rent flowing in the device.[3! The protruding p-pillar plays a
critical role in shielding the high E-field of the trench bottom,
therefore, the protruding p-pillar must have a high doping con-
centration in order to have the necessary efficacy to shield the
high E-field. The N, can be raised appropriately to reduce
Ronsp and when increasing the doping concentrations of these
pillars, Ny, and Ny, can also be appropriately optimized to im-
prove VBr.

The maximum figure of merit values appear at Ny, = N, =
4 % 10" ¢m—3, and Ny =6 % 1016 cm—3. Figure 13 shows
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the maximum figure of merit values of the modified-UMOS at
H = 6 um. When the value of H is greater than 6 pm, the epi-
taxial layer is likely to be cut through. Therefore, H = 6 pum is
selected for designing the n-pillars and p-pillars. Finally, the
parameters in the above simulation and discussion are used.
The figure of merit values of the two structures are calculated
to be ~ 1.008 kV2/(mQ- cm?) and ~ 0.563 kV2/(mQ- cm?),
respectively. The modified-UMOS is 79.0% higher than that
of the conventional-UMOS.

— 2 TR maximum FOM
Lol BN E L O K m e 5Oy == 10
: 3 $ ; Ny, = 6X1016
. >
= P I 3 [
Sosk s » 3 0° Iy > o
I ® = A 3 v ' 4 < >
E B [ ] A . : * < <
~ '
A L *
% o06f . t I
2 H=6 pm » ; A A M
= A
b= o Np=N, =1x10° & N, =N, =5x100*
8 0.4 uN,=N,=2x10'6 < N,,=N,=6x1016

| AN =N,=3X10!% p N, = N, =7x10'6
VN, = N,=4x10'¢ & N, =N, =8x10F
L 1 L 1 L 1 L 1 L
2.0 4.0 6.0 8.0 10.0
Ny, (1016 cm—3)

0.2

Fig. 12. FOM (V§R /Ron,sp) as a function of Nip, Ny, and Njp, and with pillar
height H = 6 pum.

1.0t ‘\

0:8- /A \

0.7F

FOM (kV2/mQ-cm?)

0.6

Fig. 13. FOM versus column height of modified UMOS.

1600 - .
—A— incomplete ionization model
1200

800
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0 —-80 —40 0 40 80
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Fig. 14. Simulated VR versus unbalance ratio for device structure with the
impact ionization model.

Figure 14 shows that the simulated Vgr versus unbal-
ance ratio for the device structure with the impact ioniza-
tion models, where the unbalance ratio is defined as 100 x
abs(Np — Na)/max(Na, Np). For the balanced device, its
charge imbalance (C.I.) is equal to 0% and is characterized

by Np = Np =4 x 10 cm™3. The unbalance is indicated as
a percentage and defined as

Np—N
100 x 22 Np >4 x 10'6; Ny =4 x 1016,
Np
Cl= Ne N )
100><%7 Np =4 x 1010, Ny <4 x 10'6.
D

3.4. Gauss-doped super-junction shield region

The doping distribution in the super-junction shield re-
gion is shown in Fig. 15(a), in which the doping con-
centration in uniform-doped super-junction shield region is
4%10' cm~3,

super-junction shield region is 1.0x10'7 cm™3, the doping

the doping concentration in Gauss-doped

concentration reduces 5.9x 10" cm™3. Figure 15(b) shows
the OFF-state characteristic curve of the Gauss-doped and
uniform-doped region. The Vgr of the Gauss-doped is im-
proved to 10.4% compared with that of the uniform-doped re-

gion.
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Fig. 15. (a) Variation of the doping concentration at super-junction of two
structures with Y axis and (b) variation of drain current density with drain
voltage in Gauss-doped region and uniform-doped region.

To compare the gate charges of the Gauss-doped and
uniform-doped super-junction shield region, the gate charges
of the two are simulated on condition that the total charge
quantity of super-junction is the same, and the other param-
eters of the device are also the same. The time-varying curve
of Oy and Vg of the super-junction shield region are shown in
Fig. 16. According to the calculation, the Qgq of uniform-
doped super-junction shield region and Gauss-doped super-
junction shield region are 307 nC/cm? and 327 nC/cm?. It can
be seen that under the condition of the same total charge quan-
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tity of super-junction, gate-drain charge quantity in Gauss-
doped and uniform-doped super-junction shield region are the

same.

12
—a— uniform doping

10— Gauss doping

Qgd
327 nC/cm?
Qud

Ves (V)

4 307 nC/em?’
2
0 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000

Qq (nC/em?)

Fig. 16. Simulation curve of gate charge characteristics of Gauss-doped and
uniform-doped super-junction shield region.

4. Conclusions

In this paper, an improved 4H-SiC UMOSFET with al-
ternate n-pillars and p-pillars under the trench is investigated.
The Rop sp of the modified structure reduces 22.2% compared
with that of the conventional-UMOS. Moreover, the critical
gate oxide E-field of the conventional-UMOS is higher than
that of the modified-UMOS. The results in the breakdown volt-
age is improved by 21.1% in comparison with the results of the
conventional-UMOS, thus avoiding a premature breakdown
of the trench gate oxide. Furthermore, the modified struc-
ture shows excellent dynamic characteristics and reduces the
switching energy loss. The calculated values of E,, and Eq¢
for the modified-UMOS are 33.5 mJ/cm? and 32.9 mJ/cm?, re-
spectively, which show a decrease of 33.4% and 8.2% respec-
tively, in comparison with the results of conventional-UMOS.
The modified-UMOS structure shows a significant improve-
ment over the conventional-UMOS. In addition, the Gauss-
doped super-junction shield region can increase the Vgr of the
device without degradation of dynamic performance. For de-
vice stability as well as switching speed considerations, we be-
lieve that the modified structure is more attractive and shows
more promising for high power applications.
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