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1200V5 4H-SiC Trench MOSFET¥]
Design parameterel] W& A7]4 EA A
Analysis of electrical characteristics according to
the design parameter of 1200V 4H-SiC trench MOSFET
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Abstract

Since SiC has 10 times higher breakdown field and 3 times higher energy gap than Si, it is possible to manufacture
an excellent power MOSFET with a high breakdown voltage. However, since it has a high on-resistance due to low
mobility, a Trench MOSFET has been proposed to lower it, but at the same time, it has a problem that BV decreases.
The purpose of this paper is to design a 1200V trench MOSFET, and to solve this, split Epi depth, Trench depth, and
Trench depth to Epi depth, which are important variables for BV and Ron, to achieve maximum electric field, BV, Ron’s
reliability characteristics were compared and analyzed. As the epi depth increased, the trench depth decreased, and the
epi depth decreased at the trench depth, the maximum electric field decrease, BV increase, and Ron increase were
confirmed. All results were simulated by sentaurus TCAD.
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Fig. 1. Cross section view of a 4H-SiC trench gate MOSFET.
2l 1. 4H-SiC trench gate MOSFETS| EHHE

Table 1. Parameter value of 4H-SiC trench gate MOSFET.

FE 1. 4H-SIC trench gate MOSFETS| ofj7f = gt
Parameter Value
Cell Pitch 8 um

Epi Concentration 2E15 em ?

Epi Depth 15 um, 20 um, 25 um
Gate Dop 1E20 cm ™ ®
Trench Depth 1.5 um, 2.0 um, 25 um
Trench length 1.0 um
Oxide Thickness 60 nm
P-base Dop 1E18 em™?
P-base Depth 1.0 um
P-base Length 3.5 um
Implant Dop 1E20 em”®
Implant Depth 0.2 um
p+ Implant length 1 um
n+ Implant length 2.5 um
Sub Dop 1E18 cm ?
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Fig. 2. OFF-state electric field (a) contour and (b) graph.
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Fig. 3. Field contour (@) 15um (b) 20um (c) 25um and
(d) a graph in the OFF state in accordance with
epi depth.
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Table 2. BV according to the epi depth of 4H-SiC trench

gate MOSFET.
¥ 2. 4H-SiC trench gate MOSFETS| Epi depthol| L2
BV
Epi depth Breakdown voltage
15 um 11229 V
20 um 13479 V
25 um 1626.7 V
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F4% BVE ol

Table 3. Ron according to the epi depth of 4H-SiC trench

gate MOSFET.
E 3. 4H-SiC trench gate MOSFETS| Epi depthof| 2
Ron
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15 um 168 mQ
20 um 21.6 mQ
25 um 26.6 mQ
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Fig. 4. Field contour (@) 15um (b) 20um (c) 25um and
(d) a graph in the OFF state in accordance with
trench depth.
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Table 4. BV according to the trench depth of 4H-SiC trench

gate MOSFET.
¥ 4. 4H-SiC trench gate MOSFET2| Trench depthodl
2 BV
Trench Depth Breakdown voltage
1.5 um 20064 V
2.0 um 13479 V
25 um 12437 V
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Table 5. Ron according to the trench depth of 4H-SiC trench

gate MOSFET.
E 5 4H-SIiC trench gate MOSFET®| Trench deptholl =
Ron
Trench Depth Ron
15 um 249 mQ
2.0 um 21.6 mQ
2.5 um 20.2 mQ
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4. Trench depth to epi depth

Table 6. Maximum electric field and BV according to distance
from trench depth to epi depth.
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13 um 6.7 MV/cm 11229 V 16.8 mQ
17.5 um 6.5 MV/cm 12437 V 20.2 mQ
18 um 6.2 MV/cm 13479 V 21.6 mQ
185 um 59 MV/cm 2006.4 V 249 mQ
23 um 53 MV/cm 1626.7 V 26.6 mQ

A= 7hA], Epi depthell w& FHd A7 e BV
Trench depthell w2 o] A A<} BV Rongl 7
FAe ettt 2 el A= Epi depth Split¥}
Trench depth split& EWE Trench depthell A
Epi depth7hA] A2l w®islte] we Hol A <}
BV¢} Rond S Bl sttt & 62 Epi
depth split® Trench depth split2 =™ = Trench
deptholl 4] Epi depth7}#] 2] Ag]dl w2 o @A
¢} BV 123l Rong YWEFW AT Hol dA el o
3 A W0 A A7} 245 Trench gate
oxideZ7}A] €] Drift 7187} "ol A aL M A7} o W
AR 7] Wit Hd dAE FAcseE AES B
it BVE A7t 185um¥ wl, 20064VE 713

- o=
T -

(596)

225

=
=

3 Yo e E Agrt 242 =2 BY
A= AP S meolth mpxwo @ Rono| Uls

M= A7 B9S2 =8 Rongkol e BV S}
Trade-off #AAS & 4 At
nm. 2

. 4H-SiC trench gate MOSFET
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