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A New Sructural Design of UMOSFET with PN-Bottom

PEI Chunhui, FENG Quanyuan
(Institute of Microelectronics, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: Due to the trade-off relationship between breakdown voltage (BV) and specific on-resistance R t0
minimize the decrease in breakdown voltage while reducing on-resistance, an improved U-trench metal-
oxide-semiconductor field-effect transistor (UMOSFET) structure with PN-Bottom is proposed. First, on the basis of
traditional 100 V U-trench metal-oxide-semiconductor (UMOS) devices, deep trench etching technology is adopted to
introduce a PN-Bottom wrapping region at the bottom of the trench, which wraps the P-type region inside the N-type
region. Then, the new structural parameters and fabrication process of the device are introduced. Next, using the TCAD
simulation tool, a detailed discussion was conducted on the doping concentration, width, and depth of the N-Bottom and
P-Bottom encapsulation regions, and their effects on the breakdown voltage and specific on-resistance of the device
were studied. Finally, the simulation results show that under the same conditions, an optimized design with BV of 110
V and R(m’sp of 1.15 mQ-cm?® was obtained.

Keywords: Trench metal-oxide-semiconductor field-effect transistor (MOSFET); PN-Bottom; breakdown voltage;

specific on-resistance

HAT, DI%R4e )8 A R RI%00 ik transistor)f TV IEAL T 2o & FRA, PIHEA
MOSFET(metal-oxide-semiconductor field-effect TIFE . MREK SR N T SR AR AL, Iz N
FHLESA . IKG . HHE T KB RESUR, £
s HEA: 2024-04-29; &[5 HHH : 2024-08-29, 2024-09-24, 55 10 T T MR A S B e, Tt 50 0 H
20241104 RERM: 20241125 FIARREM: 2024 e by T Vg MOSFET. A T 0L IR

BESTE: HE ARBEIES YT H(62090012); Mg AAYPERAG80Y A4 VD-MOSFET (vertical
T & % BT H (2023 YFG0004)

This work is supported by National Natural Science Foundation of . T R "
China under the grant 62090012; Key R&D Project of Sichuan transistor), U AR ﬂ{k%:{:?,—ﬁ& UMOS(U-trench

Province under the grant 2023YFG0004 metal-oxide-semiconductor) % F4) 5 A 45 R 37500

double-diffused metal-oxide-semiconductor field-effect



2 LN

fnR4E JFET(junction field-effect transistor)[X [
Wi, AR AR A e R B 8 /N

Y2 MOSFET Hfi 2 MEESE: i%FH
FEAURAE- S8 HL B, o 28 2 BELT =5 R 19 fig
T, RS E e T R S RE,
ZIREAEST e R . TR R T —Fhia iy
4 MOSFET %544, i 7F &M e J2 T sl I i —
2 NHBARIX, AR08/ T 25 Sm b BRI
SRS TSR T 2 S B A e A, o
ST T VAR BERE | YRl ] B T F BEL A S
SCHAEARRHT, s VA S MOSFET (1538 H
FH LEAIR . MOSFET 11538 i BH 57 42 i 3 AR E
Zhao PR T —FhHATTEAS P BUIX ) UMOS 25
), AT LA RO N R Sl B SR ARSI
T AR R P T F BRI R s, 11T
WA 81V, ARAE S8 HLFH A 0.79 mQ-em” A4
fli MOSFET; KBRSV i 1 — Fh el sk (1) 8 25
UMOS, Eit 5| AZEBAR B P A, K30/
T3 BB AR s Zhang 883 T — R H A 8] T
IV REE) UMOSFET(IT-UMOS), 8/ T #5141y
R AIE S 3 FR BEL A O R A, ST R AR G
PFE

ARSCAEAESE UMOS FYFERE 4T T 45F 0T,
RIAE YA I A—4 PN %l [X PN-Bottom,
F2A5 55T TCAD RS2 50 X5 #5201 L 27 S 400
TR E, |ATHS T P AU ZE X P-Bottom
AN B4 X N-Bottom 7EA[RIB 22K . 96 /%
FIRBESAET , B as ot 2 vl H A5 38 F BH Y A2
RAEIL, I S1E ST X Lo o

1 &

fE4i UMOS #3505 i HA PN-Bottom
(1) UMOS geF25 i an &l 1 s o Wk 45 14 e i
JRSFH R 1.9 um, N+JE X Fl P-base X = 81
—,

SRS EEHAALL, SO SSRGS AT
—7™ P-Bottom F1—> N-Bottom, N-Bottom ¥ P-

¥k 24 %
source source
—
P+ |NH N+ P+ P+ [N+ N+ P+
P-base i P-base P-base s P-base
P

n-drift n-drift
sub sub
drain drain

(a) fEBEUMOSEi g (b) Bk BT S5 A4
1 /LN
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