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(W22 -LTRHEOR A T2 B, FE4E - S AR B BB WP i See s, 6% 710071)
(2016 4 11 A 22 HIg#; 2017 451 A 10 HUREMEEH )

T RARKE [ X 5 R A 2 SR 8 AR (lateral double-diffused MOSFET, LDMOS) fidi
ZEREME S AR VERE, TEAE St LDMOS S5 M 6l b, 32 H T — P LA YL Gl Bh#E R 4T K2 (assisted deplete-
substrate layer, ADSL) FJ#i % LDMOS. I ADSL 2 #5335 77 BN FAER X K IE [ 41 R &, M
1R EL 37 A 1) 20N 78 ADSL 2 3R 51 BT ) 3z U, A2 m) rE3% 45 B4, TR E R 7] 2R THT HL3% R Fe 3
WH NS E T R4k, @ ISE i BR W, 24444 LDMOS 5 ADSL LDMOS [VE# X K FE 42 70 pum B,
dr g L B 462 VK EI 897 V, HE T 94% A, FF HARE M 0.55 MW /em? $£FH5]1.24 MW /em?, $#27+
T 125%. B, #i45#9 ADSL LDMOS [1#8 fF-PE RE 4 5t LDMOS A T MK, #E— 5%t ADSL ZE k47

Iy XB AL, FEF AR RERE L, o o R AU X B TH3 938 V, =7 X 9 947 V.

KR AR AT IRZ, BRI B R A, s, DU

PACS: 73.40.Kp, 73.40.Vz, 73.61.Ey

15 7

T 1) X B4 B B A ) 2 S AR 37 RN (lat-
eral double-diffused MOSFET, LDMOS) f1F 3£ R
A )i TE HRAR I A T a4 3R T, E T 5 HARS
JE FL R SR AR Ak, DRI )z B T e e AR R
B 5 R RE D FR A LR TP, RO R A )
OB AR 5 =Rk SR KL SIC AT GaN Al
Hpel A 25 v R = im A g, s
RS R 2 AR A, B ORI T A 5100 AR
T IX AL BEAN 254 B T4 R 1) 225 BA R vy B 1)
A, HAEBAF TS T T — EAFAE W 2 ) 3 £
i g =131 Bir DR 3 2 A4 B8R 473 2 224 i 7 A
LTI . 7E LDMOS g3 fF veitad fe b, i 5 e
J£ (breakdown voltage, BV) — H A& — Il %8 ¢ # %L
24 B MIENRTH Y (reduced surface field,
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RESURF) A U4 2 H DLk, 3883t i 37 1 il 2 ok
DA A% (A 1) T L3 20 A, SR p Ak o i —
B — 4% 52 IR RIRIE 7T 7 1) (15201,

A SCHH T —FhoE B LDMOS 45 ), fE4&4¢
LDMOS s T Gh 1w 4 B R 4T K2 (assisted
deplete-substrate layer, ADSL), JEid ¥ &Y\ \ &
FRUDX AT I 38 F 37 R 1) 8 R, AN A3 1 (1) L3
BERAL, R R ) B 8 2 KRBT, R
15 B HAF ISE-TCAD PU BT |, HiER X K
B 70 pm B & RESURF 2RI, #8158 45
PR 28 L R AR S S5 M R 462 VAR RI897 'V,
PEmr 7 94%. I H &5 M A (figure-of-merit,
FOM) (FOM = BV?/Ronsp) M TAE G451 1)
0.55 MW /em? 42 m %] 1.24 MW /cm?, 27+ 7
%2 %. ALAEH, ADSL LDMOS #% {4 1% A8 AH Lt
T8 LDMOS 5 T # R T.

« [ o0 SRR AT R R R (HEME S 2014CB339900, 2015CB351906) Fil B 5% [ 4R Rl 2 3 4 5 01 H (kS 61234006,

61334002) % BIff .
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2 HFEH

K1 A ST ) ADSL LDMOS 45 K 78 7
B, AT LR B 45 0 5 4 45 LDMOS KX 3 7E T8
ZikfEdsun N AN T —/ NN & ADSL. HT N A&
ADSL [N, &+ () s 2 o DL AR B AR B T
£ LDMOS ¥/ 1t KHI#E 5. ADSL MULTF =
AT TH 5 MR E g A ) g KRR 1) e R T I
A FE R X it — B A YR 2) Ak dis 2
ADSL {5200, 43762 010 54 H I — A8 1 H
Wi, AL A3 90 1m) H I 15 B4, DN iR 5 L
$eTt; 3) KM I FIFE 2252 ADSL 5200, {1545
] ¥ 3R T H 3 A5 2 1 ik, B )l 2 L R A5 A
=Tt

1 B2 7T DL 4 M A B0 o T 7 A FER
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Fig. 1. Cross section of the ADSL LDMOS.
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Fig. 2. The electric potential lines distribution at the breakdown of the conventional LDMOS and ADSL

LDMOS (right side is the drain).

3.5
W

T 30f —A— ADSL LDMOS
gl BV=897 V n
> l —®— Cov. LDMOS 4
S 20f BV =462V A
~
)
2
S
2
-
i3
Q
<
=

80

X/pm

3.0
—A— ADSL LDMOS

BV =897V
—®— Cov. LDMOS
BV =462 V

2.5

2.0

1.5

1.0

0.5

Electric field/105 V.cm~!

0 20 40 60 80 100
Y/pm

B3 {4 LDMOS 5 ADSL LDMOS W R %5310 () Y HLIZ 5370 (b)

Fig. 3. The lateral surface electric field distribution (a) and vertical electric filed distribution (b) of conven-

tional LDMOS and ADSL LDMOS.
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i) ADSL 51 N\ B 7 18 ) 28082 s e, A EE T 58
IR X 8k, E S T IR v 0 X S L 3 e AR ) T
Kig#eF+. Ared, BT ADSL #5I N\, {#73 ADSL
LDMOS F## [a] R 10 I 2] T Ik, X & i1 8
A 1) ok 2 E R KR 8 .

S — 5T, M3 (b) Gk B35 % b T DUE
B, Y A R FE S X — 20 [ Ao KA R, AE ) 3
JFERIRE A RGN T — A gl XA
Iri) s g FEL 7 U B S8 PRI, T 3007 1 LI U 1) LR A 15
Gh1m) HLI 43 AT BE AN A0, TR A 1A HL 3 15 2 Ak,
ST R AR . BT LRER, 1
o 7 LR A2 48 LDMOS 1 462 V #27+ %] ADSL
LDMOS 1897 V, #&F+ 1 94.2%.

SR ADSL LDMOS [ X ik B L A2 1% ¢
LDMOS M EF DX FE RN 1, 31X B 0R 35 8 25 1
f) EE 508 L PH Ron sp 2338 K, BT DAAE TR Al 45 4 8
RES 5l N T ARAE FOMAE NbriE. IWEl 2 v LLE
#], ADSL LDMOS W E FOM A b T 1% 48 LD-
MOSH T KigH$2 7+, M 0.550 MW /cm? 3 i £
1.240 MW /em?, $&7F 7 125%. [H ik, ADSL LD-
MOS #f bt T4 45 LDMOS 15 88 - PERE H T A 17 %
KT

TE T 2SR ITT TH, AR ST 25 1) B AL 4 1)
LDMOS LZAE N 7N 4 ADSL 2 I 75 )%
S22 HH PT R RANE R — @R P
UM, A6 AT ZURE I AP RE T il — 8 R BE 1 N Y
ADSL 2, Z JG B X KR e i8S T2 5%
2t LDMOS [\ X T4 X ) ADSL LDMOS 7E4
FEMF AT 22 I N BUAME, DR %43 X ) ADSL Jz= R
Al ARSI E ST AR R DL B T 2d R e
X, G5 KR E S BRI A &A1 E

900 [ (a) I\.
850 - ./ \.
800 /
> |
> 750 /
q
700 .
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650 | | Lp =70 pm
T =40 pm
600 / A !
- 1 1 1 1
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3 BT

FIFH ISE TCAD % # 11 VE fit 2 £ 52 we 3k AT
fli &, ADSL LDMOS 5 1% 4 LDMOS ) & # X
KEMERY NL = 70 um, EB X EE
Tp = 2 pm, Ifif ADSL LDMOS i /il A ] ADSL
KET, = 40 pm, RN X, = 1 pum; WA
SZERI AT R IR BE I N1 x 101 em ™3, f£ 4i LD-
MOS 7Ei# 2 RESURF 2k N LA SRS XK FE A
3 x 10'® cm—3, 1Mif ADSL LDMOS £ 4 5] 75 3 /2
RESURF 2k, HARALIERS XK JE v 1.8x101°
ecm 3 ADSL % N 6.5 x 10 ecm~3.

MINNN B ADSL 28}, N 224 5 145 44 557
Bt SR, A T L RESURF &1, A8 XK
Na #i2 FBE. B4 (a) By Ta = 40 pm () ADSL
LDMOS i % i Bl B F8 X 9K (1) A2 4E, AR Ng
xof i 2 HL R I PE N B ADSL JZIREE Na b4
PR32 ATLUE 2, B EAS X IR E Ny IR,
o R AW B TE, JEE NG = 1.8 x 10 em ™3
I B g K, B LI 3 2 B 2 RESURF 644, %8
7 B 5 15 7% DXk BE N AW oae /s, 48 40 1 b 5l
HL B AW B 0. &4 (b) AR T A 5 S 52 (X 9K
FE Ny 753 ARl FOM A4k, [F#ET] LLE B 4E
Ny = 1.8 x 10" ecm =3 i FOM i& 5| KAH.

X T B — R X IR Ny = 1.8 x 10" cm ™3
) ADSL LDMOS, it — & % [& ADSL JZ ¥ £ )
AT Wl 5 (a) B, 4N A ADSL Z R E
Na AW sh 0, o 28 iR E 2 3 0, JF7E Ny =
6.5 x 101° em ™3 WA R KME, <55 B HERRE T
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Fig. 4. The BV (a) and FOM(b) as a function of the Ny of the ADSL LDMOS.
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Fig. 5. The BV (a) and vertical electric field distribution (b) as a function of the N of the ADSL LDMOS.
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Fig. 6. The BV, N4 (a) and FOM (b) as a function of T of the ADSL LDMOS.

B, L BR AT LAAEL 5 (b) HF B 1) L 3 40 A 15 )
LIMNT ADSL JZ, AR Z RSN T #
() I U, I FRZ U 5] N2 (B 1m] HL 37 23 AT 45 3|
tk; B N B4 ADSL 2K FE Na AW i, 5
NPT FEL 37 U S AT 386 0, 17 0 s i P P 3 U S DB Ok
N, HAE Ny = 6.5 x 105 em ™3 B &AL A0,
o 5 H Rk B i K AE; 24 ADSL 2RI Ny k51
I, wTCLE B9 ) HE 37 £ S U v 1Y) HL 37 U SRR
/N, g LR AR B 2 BRI

K 6 (a) T~y ADSL LDMOS [ BV 5 Ny B
EKE Ty TR &S, "R R, BV B
% Ta 3G INZBHIE K, AERAE Ta KT 40 pm J538
TN FEAR LR T AE Ta N 20—40 pm 2 [A] 3K
Nq B Ta 38 IIAWIRDS, 1% M b5 08 A
T3 .

K6 (b) B NARAE FOM BE T f175 4k, AT LA
Gt Ta 7£20—40 pm Z 8], HR1H FOM FEAFRF,
Hili % B BV IKIH EFE. FTCA, 78 Ta = 40 pm B
ADSL LDMOS H A s AEMERE. (2 Ty 15 m 2|
40 pm LA EB, PR IRGEE R FE. Sl R G 5

[ T LIt A A SRR, i 7

B 7 () T, BES T (R0, N 780 25 4
45 4L 2 K, T & RESURF 44, %
T DXV FE Ny it 2 WIS, 3k 2k 25 b 9 rh B A
W, BT, B T BRI, T b
SR 0 AR AR T T M kS o 5 P
BE 2 AW Tt AH2, M Ta KT 40 pm B, T
VR ETH R T 22 T o570 O St B 2 B, L 2
T FEL 370 60 4 370 P 48T MR JCE, ot vk
5 WU O SR TR R M7 (b) T U3, b
% T BRI, 3731 A #3762 B % ADSL ¢
L A B M TSR, X2 (45 i 4 1
FITEALSE N, B Ak % HE BV W2 BV = / B,

DR e 5 L R S 9 BR TE. SR, BEAE Ta HOHIAN,
N4 5 B I R 3 W 53 91 N I HL 3 W 22 ) Y R
o LT B, X 4 IR 3 20 i 6 L # A A
. prek, 52 ETR b2 £ Ty A 40 pm 1
INEN60 pm I, o7 5 A s 48 5K 1) 18 R 2 3T T 4%
PA_ES Mt & FOM 76 Ta = 40 wm 4 REIA 21 5
T2 Ta KT 40 pom B TG FAARG 14 52 A
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Fig. 7. The lateral surface electric field distribution; (a) and vertical electric field distribution (b) with

different Ty of the ADSL LDMOS.
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MOS #1462 V#2737 ADSL LDMOS ] 897 V,
HHAE FOM B M 0.55 MW /em? #2727
1.24 MW /cm?. ARICIEXF ADSL #H47 T B0 X,
By XA G 1) 2 R IA 2] T 938 'V, =43 X i
94T V.
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Abstract

Lateral double-diffused MOSFETs (LDMOS) are widely used in high voltage integrate circuits and smart power
integrate circuits because of their lateral channels and their electrodes located on the surface of the device, thereby
facilitating integration with other low-voltage circuits and devices, and they have become the core technology of the
second electronic revolution.

In order to optimize the breakdown characteristics and the performance of the LDMOS, in this paper, a novel
LDMOS is proposed with the vertical assisted deplete-substrate layer (ADSL) on the basis of traditional LDMOS
structure. The new ADSL layer makes the vertical depletion region below the drain expand to substrate excessively,
thus introduces a new electric field peak at the bottom of the ADSL layer by using the electric field modulation effect,
so that the vertical electric field is optimized. The ISE simulation results show that when the lengths of the drift region
of ADSL LDMOS and traditional LDMOS are both 70 pm, the breakdown voltage is increased from 462 V to 897 V,
improved by about 94%. Also, the figure-of-merit (FOM) is upgraded from 0.55 MW /cm? to 1.24 MW /cm?, increased
by 125%. Therefore, the new structure ADSL LDMOS has a great improvement in device performance compared with
that of the traditional LDMOS.

Moreover, authors have studied the ADSL LDMOS from three parts, all of these confirm that the new structure
has a great potential application in power device. Firstly, through the lateral surface electric field distributions and
vertical electric filed distributions of conventional LDMOS and ADSL LDMOS, a new electric field peak at the bottom
of the ADSL is introduced in the vertical direction. Secondly, the mechanism for the new structure can present a deeper
understanding through the ADSL LDMOS concentration and structural parameter optimization process. The FOM
is optimized when the drift region concentration and ADSL concentration are 1.8 x 10'® cm™> and 6.5 x 10*® ecm™3,
respectively, and it can reach a best value when the ADSL length is 40 pm. Thirdly, the ADSL layer is further partitioned
and optimized. On the basis of the new structure, the breakdown voltage is increased to 938 V when the new structure
is based on the dual partition, and in the triple partition the breakdown voltage reaches 947 V. In this paper, through
simulations, the detailed analyses of the proposed new structure of the mechanism and its performance are conducted,
and the breaking of the breakdown characteristics of silicon-based devices is of special significance for developing the

lateral power devices.

Keywords: assisted deplete-substrate layer, lateral double-diffused MOSFET, breakdown voltage,
figure-of-merit
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