Regular Paper
J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 33, No. 2, pp. 109-113 March 2020
DOI: https://doi.org/10.4313/JKEM.2020.33.2.109
ISSN 1226-7945(Print), 2288-3258(Online)

109

Al I BER 900 V MOSFET 7t

BN

2gojsta oUAITEe

Development of 900 V Class MOSFET for Industria Power Modules

Hunsuk Chung
Department of Energy IT Engineering, Far East University, Eumseong 27601, Korea

(Received December 30, 2019; Revised January 29, 2020; Accepted January 31, 2020)

Abstract: A power device is a component used as a switch or rectifier in power electronics to control high voltages.
Conseguently, power devices are used to improve the efficiency of electric-vehicle (EV) chargers, new energy generators,
welders, and switched-mode power supplies (SMPS). Power device designs, which require high voltage, high efficiency,
and high reliability, are typicaly based on MOSFET (metal-oxide-semiconductor field-effect transistor) and IGBT
(insulated-gate bipolar transistor) structures. As a unipolar device, a MOSFET has the advantage of relatively fast
switching and low tail current at turn-off compared to IGBT-based devices, which are built on bipolar structures.

A superjunction structure adds a p-base region to allow a higher yield voltage due to lower Rps (on) and field dispersion
than previous p-base components, significantly reducing the total gate charge. To verify the basic characteristics of the
superjunction, we worked with a planar type MOSFET and Synopsys process simulation T-CAD tool. A basic structure
of the superjunction MOSFET was produced and its changing electrica characteristics, tested under a number of

environmental variables, were analyzed.
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Fig. 1. Superjunction MOSFET structure.
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cm and (b) the breakdown voltage and on resistance according
to N drift resistivity that epi thickness was fixed to 70 um.



7R 2 5te]=7A], A3 A2S pp. 109-113, 20201 3Y: FAA] 111

3.2 N pillar =ESE0 UE MI[HQ |4 BN
T2 30A& N pillar 99 == @stof] w2 g
At 2/ 5744 Wehs vehfal oy, 5= 57t

bl

8A18P] YsIAE N-
Itz gAlslof stol,

A
pillar39] =%7} 4x10" cm™
<

iy

10504 W —l— Breakdown Voltage]| ¢ 92
A B A Rdsion)(@20n)
0007 l\ H0.90 &
D P
< 9501 . ] E
S L0.88=
o
= 9001 \ \l
= A N
S N, \ -0.86 >
% 850- \‘\A - b
~ L =
g 800- AXA 0.84 3
[ |
750 . . . . 0.82
2.0x10" 4.0x10" 6.0x10"* 8.0x10"* 1.0x10%

N Pillar Doping concentration (cm®)

Fig. 3. The breakdown voltage and on resistance according to
concentration N pillar layer.

3.3 P pillar =EE 2= Y
P pillar ozl A0 W2 HMI|x EM BM

T3 4% P pillardS #Ash] Y5t =t
=9 I sig I %771]011 e FEAY
e”g 542 EOQTJ_ olt}. 3 4(a)ollA] L}E}
A" 2.0~2.5 =
o FBAGel ke e B 4 AW

1.000 Vol &EAUAS R4
A JFL 7XR] LS
AbeiM= e 371 S ollme] £}

ofe} 2x|go] Wobxlt g 2 4 At

=
rZ ofl

0,
ofx ré A .
oX.
e g 2

N
—

—l— P Pillar Implant Window 1.5 (um)
1,100 | —@— P Pillar Implant Window 2.0 (um)
< —&A— P Pillar Implant Window 2.5 (um)
S
3 1,080+
°
>
c
= 1,060+
)
S
=
©
g
m 1,040+
12 13 14 15 16
P Pillar Epi Thickness (um)
(b) T - T . T
0.84- —— P Pillar Implant Window 1.5 (um)
A —@— P Pillar Implant Window 2.0 (um)
€ .:\\ —A— P Pillar Implant Window 2.5 (um)| |
< 0.824
S ~ A
g
< 0.80+
®
50.78-
[2)
5e]
T 0.76

12 13 14 15 16
P Pillar Epi Thickness (um)
Fig. 4. (@ The breakdown voltage characteristies according to
the size of P pillar implant window and P pillar epi thickness

and (b) the on resistance characteristics according to the size
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Table 1. Fina structura variable settings.

Classification Unit Vaue
Half cell pitch um 8
Cell total thickness um 300
Epi thickness (N drift) um 69
Resigtivity (N drift) ohmxcm 60
Resistivity (wafer) ohmxcm  0.018
JFET doping concentration cm?® 7el5
P base doping concentration cm® 1.9e17
N pillar doping concentration cm?® 6el4
P pillar epi thickness um 16
P pillar interva um 1.6
P pillar doping concentration (average) cm?® 3.6e15
The number of p pillar ea 10
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