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NT EBAES LDMOS (lateral double-diffused MOSFET) #% {4t 2 Hi i 5 bt 538 W BH (0 R A2 R 1) 2.5
RJTRF, FEAIK LDMOS #HF DI 2 8108, $8 i D)3 AR B BR I Dh 22 RN Re 7, St T — MR L A% 2 Atk
SIPOS (semi-insulating poly silicon) 7 & [ 584> 3 D-RESURF (three-dimensional reduced surface field) #7
A super junction-LDMOS £5#J (STPOS SJ-LDMOS). X Fl &5 #F F STPOS FJ H 371 il /E F 4% SJ-LDMOS )
KIS ATIE), K281 BT B 1 R B4R s 21 19.4 V/um; B 55 T8 X R (i ) STPOS f# SJ-LDMOS
V=477 171352 B B3 %, 9287 LDMOS 1584 3 D-RESURF 208, 15 98 i vk P35 (1 4% X 52 A48 R M A
Bl E T B SAROEIT S TAER, B & T A0 2R SIPOS [ HI4/E H# SJ-LDMOS HER X %
THI ¥ 1 2 B R R, # bG 08 U BEL A, R FH 234 07 BUER A ISE 23 3k A, 24 SIPOS SJ-LDMOS [+
7L N 388 VI, EL S B N 20.87 mQ-cm?, M SIS H 4 1F T, N-buffer SI-LDMOS f 5 fL A
287 V, L FiE A 31.14 mQ-cm?; — % SI-LDMOS i 2 BUEAUC N 180 V, H T HPHA 71.82 mQ-cm?.

FKH217): super junction, 4% % Gk, T Wk, @ IE

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

15 =

SEHL R AE A HL I PIC (power integrated cir-
cuit) i KM H AR 2 — 2 Z K LDMOS (lateral
double-diffused MOSFET) 4251 245 15 () 58 Hi B
DAYk /I PTC 45 i L 3% (1 o SR 40 E 1. i MOS 2688
fERAEF K (BV) 5L R (Ro) <
] (¥ 2.5 R 75 7F JE 9 2 ) IR T MOS 2K 44 w1 2
F AN VE F, super junction 45 84K 1% Fh o5 JE ¢
RN 1.33 %07 B4 BT LUK super junction $ R
J¥ F F- LDMOS J¥ i SJ-LDMOS /2 S i 8 I 1 %
1 FE PIC 1A 8042, {H2 M AT LDMOS /) su-
per junction f7-7E = J7 [H [ @: 1) N4 LDMOS
BA K P A4S B FER T super junction [ N Y
X, K T A& 4 B #E R SAD(substrate-assisted
depletion) 7] & [°); 2) £ 4¢ SJ-LDMOS H 2 7F su-
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per junction I N [X 5 P [X Z [8] J J . 3 ] 1] (0
K1 P 2 B9 Z 77 1)), 100 A6 32 1AL 3 3 1 (0
B 1R ) =Y J7 1), RN ASE 4 ) 3D-RESURF
(three-dimensional reduced surface field) [%); 3) 4
Bk Ao JEC 4 Bh #E R 111 SJ-LDMOS B AR e X 58
RER, AHH T 329N a) H I I S, 2 T HL g Ay A
AE5] (21— LDMOS [ “U” 43 A1) 175,

A T i super junction B AELE LDMOS #1584
KAFAEH, 35 2N T 9017 VDMOS [ 280R, 5k
I 7 L 5 b T 08 BE AR R O R B R, A
SR T — M HE A 4% 2 5 SIPOS (semi-
insulating poly silicon) 78 i [ 56 4= 3 D-RESURF
7 SJ-LDMOS &5 #4 (SIPOS SJ-LDMOS). iX Fif
iR EA =7 AL s 1) FIH SIPOS i #3751
il 4E F ff SJ-LDMOS ISR I HL37 - A 3 5, $2
T AR R R, 7R3k — i O

« [ o TN AL REEE R R T R (L HE S 2014CB339900, 2015CB351906). H &K H AR # £ & E A5 H (S 61234006,
61334002) B G RHE A BT H (HHES: DF0105142502) % Bt L.
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PETR, TR X K JE R AT REJR/DS, BRAR T 28 1F
(R LE 38 LB 2) 78 25 TS X R 1) STPOS 3 i
7 SJ-LDMOS K H37 i i, ff SI-LDMOS #y = 4k
77 1135 52 2 B g AR A, SEEE T SJ-LDMOS 1Y
564% 3D-RESURF R, #1034 TAER, 54
3D-RESURF I DA 55 i 94 B 138 8 X 58 A B R
MBS T B 3) ST A TIER, B
T AR R 1) SIPOS B A i Hidgy af LLE SJ-
LDMOS KSR X K [ Y 2 Baim TR R, #
Eb 30 H B AH B T 4% 48 ST-LDMOS P&, A 8%
P47 B A ISE 43 #3845, SIPOS SJ-LDMOS Hiti
2 HL R O 388 VN, Lh S8 B FHAY A 20.87 mQ-cm?,
T AR A 45 ¥ 2 805644, N-buffer SJ-LDMOS )7
TEHLE R 287 V, Sl A 31.14 mQ-cm?; —
& SJ-LDMOS (1) %8 L EAN 9 180 V, bt Fad L fH
N 71.82 mQ-cm?.

2 HFEH

B 1A A SCHR H ) STPOS SJ-LDMOS 45
Fy3D R K. 5444 SJI-LDMOS AN FI#E T 5
WEMBAREEBX RN ENE LEE—Z R
A T B 2 41 2% %2 S (STPOS), SIPOS tr] LA
SCHR (9] FE R —E RN B Z A E, i
W2 ik, TN &R ES. SIPOS Sk % 32 kb
NN Y[R B 5 4 T BB @ B fal. STPOS 5 &)@
FRERER KA K/ BUTTING L, fEEREAMYE
B T2 R A e fi. i 3 1A % T2 5801 STPOS
(1) 75 YL BH 35 51 9 B ARAR ik s re . A
FL W 2 T e i — a2 FR R B, R A P 328 8 1 S ]
W, IR X T R A A, RS X
[ 5 SIPOS 2 [8] R b — JZ B 90.04 pm [ SiO,
J2, T e EAE AR RS X R TH Y FEL 3 L H X T 1A
B 5143 A, IR B N STPOS F HL 3 8 il 2 si. 3452
I3 A BERS X R T AR AL T 4558 SJ-LDMOS 1)
A0, 1M T 8 R r A R &, SIS
i, 775 SIPOS ) L 37 1F 122 F% [X 3% T Jk o H
— 3 B Z R ER T T, {4 SJ-LDMOS £ i
TE T s TE, FEAC T S84 S @ B BH. SIPOS
SJ-LDMOS &5 14 1) 4 Je i By 8 ) 280 S A1) FH 6] B
Salama %5 [7] 1 H 7 RHRE RS2 5K il o iR i 4 18] 2
H R N B o 2 07 vE R o, FF 7T DL B %
S48 1 [ REBULF SJ-LDMOS 45 #4 1'0) 8§4> X N

R 2 M ikt — S, B 1R 8 1F 45
MZEU0 R : Np fil Ny 37K super junction #1 N 7
X AP Y X B W B W 43 5l 22 7~ NS [XR
PRIX % B, Lp BonE# XK, Ng AN
I ph 2V TE IR EE; N 7R P A4 IR L.

Source  Gate

SIPOS Drain

Field oxide

Super junction layer

P-well Lp I
N-buffer layer (INg)

P-substrate
(N:)

L

1 SIPOS # 54 3D-RESURF SJ-LDMOS #&
Eapy=ec

Fig. 1. Three-dimensional view of the proposed SIPOS
SJ-LDMOS.

3 HREXRE T

K 2 T 7 A — i SJ-LDMOS, N %4 2% i 2 SJ-
LDMOS A1 SIPOS SJ-LDMOS = Fft &5 ¥y 5 &5 7 5
WAL A 2 (a) ATLAE 1, X =
X A super junction /2 ) — % SJ-LDMOS, i %
HL AN A 180 'V, iX & BT N &Y SJ-LDMOS fill % T
P 84S I L, P A A R X super junction /Z BN [X
HEhFER, SRR F N P XA e &R, %
PR A AR5 B2 (b) AR N R ZE 2 ST-
LDMOS #2873 41, N 822 v )2 SJ-LDMOS [ N
UV FE X AMZ T P B4 Ji 1 HL 4 £ super junction
[ A 3 B2 1R N DX P X LE 8 A S BT I 1) T AE I 5
SAER, XAhEERIED N Salama 5 AR #0821 AR
ZH 42 H 1) N-buffered SJI-LDMOS, N-buffer ] H i
RN T TR P B4 IR 5| S Ao JEC il Bh R R 1)
Ak 25 28 I super junction AN Y4 ph 2 58 4
FER, i se A i, o 5 HR G K3 287 V. A
1M, % N-buffered SJ-LDMOS, SRR T 1%
i BhFE R, (B A2 T LDMOS %24 [ 37 KI5
W, A 2 R A A A A AN A). R T RER
T HEL37) o0 AT, B A A 1 i 5 L R, STk [10—16)
CLAPE T JLMB B g5 4. B2 (c) Bian i SIPOS
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SJ-LDMOS #7 45 ¥ A2k /3 Ai =2 M1, T SIPOS
EEE 7 R0 s VA [ 5 v T 3 X I Y o< s
HIE$2 5 21 388 V. K 2 Fios = Fh &5 M ) S5 34 2k A

AR ) RS X E AT ) A A SRR B2, 3845 X
W EERRGE AL R 25 A 1

e

Substrate
BV=180 V

Substrate
BV =287V

Substrate
BV =388V

K2 HBEHENMEALS M (a) — & SI-LDMOS; (b) N-buffer SJ-LDMOS; (c) SIPOS SJ-LDMOS;
Wy = Wp = 1.0 pm; Np = Na = 5.0 x 10'6 em™3; Lp = 20.0 pm; Ng = 2.5 x 101% cm™3

Fig. 2. Equipotential contour plots of (a) the conventional SJ-LDMOS, (b) the N-buffer SJ-LDMOS and
(c) the SIPOS SJ-LDMOS: Wy = Wp = 1.0 um; Np = Na = 5.0 x 10! cm™3; Lp = 20.0 ym; Ng =

2.5 x 1015 cm—3.

B3 pTn AR AES 4. — K LD-
MOS [l HL 37 43 A1 1E 254 IR M2 25 5 s P Al o 11
LT AN HL I, AR R X L A AR, X RPN
B ) 2R T LI A “U” 40 A, XFh oAt T
LDMOS 32 s HLHK 5 41 i H R G 0] B3 B 5 T, T
H 2o o i e e 1) o 2 B R 5 A ) A R
JEIE[R HeE, R o 27 F R Ik BRI 2 /T, B
i 5 H R 0 508 I A A A [ FEL 3 A A SR . TEAR
S HMARIZAE T, — & LDMOS ) % f N
254 V. SZAF Al B AR S8R 1 s, VRS X AR
super junction =[] SJ-LDMOS % f 52 & #E R, &
T L RO BT T i L g, o 5 RN 180
V. Bf5 NRZZ b2 SJ-LDMOS il id N 74 22 phiE 42
X T AR, 2884 2 B super junc-
tion N X 5 P X 58 & #6 R, K TH M350 i KA T
— & LDMOS 454, i 7 L R — & SJ-LDMOS $2
2 287 V. KM L 5 A1 w3 S A AR SR )
SIPOS SJ-LDMOS, H T # [ STPOS [ H 37 1 ]
YER, #44 Se v TAERS 3950 7340 T SIPOS HH i) L
T v T s R K ST-LDMOS FEE % [X 2 T HL
W3Sk, B A2 25 R0 IR R s Vg R 3% 11 [ B
P T R A BRI, A R o AT T 1Y
5], R RME A MRS R. WML
[ o o L R g =i 21 388 V. BT LA, BRI 3 L
P50 A LB AT LA, STPOS SJ-LDMOS 7 ¥ &
— % SJ-LDMOS 4 Ji 4 Bh ¥ R e mih |, 2218 T 9\
IF1) FEL 37 F 8 ) FL I PR s o e 38 (9 3R T L% 20 AT
153, A U A ity e U R R, ASEER & T 2R

dr g W, M HRE 1 as i T E g o R R A S
P ] AL

AT ISE TCAD /5 B >R ) 3 224 BEAR A
ALHE: TR (mobility) B8 AAE R T IR E
(effective intrinsic density) #58 F1 5 A HAY. H
HE# R A4 5 AR B (doping depen-
dence) o FELIZ VAN (38 B2 10 ) A TR RIIASH [ Rl 17 6
A (transverse field dependence). AEE LW E
150 7Y o A 455 2R 5 AR 2 AR (band gap narrowing).
2 E B AL ] 4 5 5 (SRH) BB Auger &

AR

—o——fff LDMOS BV =254V

—o0— —j% SJ-LDMOS BV=180 V
—A—N-buffer SJ-LDMOS BV =287 V
—=—SIPOS SJ-LDMOS BV =388 V

798 /105 V.em —!

X /pm

K3 BEREEH DM Wy = Wp = 1.0 um;
Np = Na = 5.0 x 10 em™3; Lp = 20.0 ym;
Ng =25 x 1015 cm—3

Fig. 3. Lateral electric field distributions for four kinds
of LDMOS: Wy = Wp = 1.0 pm; Np = Ny = 5.0 X
1016 em™3; Lp = 20.0 pm; Ng = 2.5 x 10'® em™3.

187303-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 18 (2015) 187303

LDMOS 45 #4 1 T 32 9\ [m) He 37 () 5 0, <f 28 HA
& HH A 1 o 2 R S N e o o L R SR R e, R
Foe AT 26 1 D AR S AR AR B 2% A T, B 3 R
AETER AR IR, 24 N 74T LDMOS 1 P B4
WE—EN, A FdEFEHNEEEX Y
P A ECTE B PN 259 J& [ #E R X 7K 41, £ [
7R A A A R UE ) BE A AR
T8 XA B2 R 19, A I o 2 R OB B O, 4G K
B 1) o 28 PR EF A i Bl 2R A DX A E () 34 A v
AP CA, 48R3 g5 4 A AL A 45458 7] B 40 Al
B It, TR R XK R 38 0 T R AN ) RS XK R
B, RS . B4R N BEE RS XK
In, 284 B 2E H R IR G KGR TR AR
H 1 SIPOS SJ-LDMOS A bt T-— & LDMOS # N-
buffer SJ-LDMOS 7 %7 H R 34 I i B K, o
IR X KRG I, o 28 fi R 48— i LDMOS 34 4
T 42%; 5 N-buffer SJI-LDMOS ELEHE N T 35%.

450

T T T
—O— N-buffer SJ-LDMOS
—=— SIPOS SJ-LDMOS
350 | —0— —fRLDMOS

400

300

250 +

HEFHE/V

200

150

100

é 1I0 1I5 2I0 2I5
Ly /um
B4 B S KRR

Fig. 4. Breakdown voltage versus Lp for three kinds
of LDMOS.

B 5 Bt 28 N — M SJ-LDMOS, N-buffer SJ-
LDMOS 1 SIPOS SJ-LDMOS = i 2% 4 55 it i} )
Ferk 2k, sl 5 af LAE H, A0 H ) SIPOS SJ-
LDMOS 7 % B [k A 388 'V, HIF SIPOS H. 371 il
MIAER, R X R B ¥ E), e T 4
R A ) o 2F R, AR AR A SR A R SR A Y
7 B IR %5 N-buffer SJ-LDMOS ¥ 1 7 35%. 4R,
SIPOS SJ-LDMOS [#j—/Mk & B 4 STPOS HifH 3%
RIAEEA S TR T — N E i, S58E
PEFF ) R F A A BT, A BT 4% 48 ST-LDMOS
JRHEH 107 A BinE 10710 A, X R AT
P IEH TAER R 1074 A PBSRIR /1N, BT A3
T e EL I TT A2 D710 S R | R T R R 4

JiR 7 1 7 556 STPOS Y J [l s FRL IR # A s, —
PR A% 1R F AR TR N 15%—35% 1 STPOS
IR, STPOS 1 HE BH 2 Bl 25 420 S5 1 94 5 1) 389 o
B SR T I LA e e YA R ) IR e
FEL Y70 R 7 0 R PR IR AR (PO0. T B 56 A 17 UG LR
OS2I N2/, STPOS B A B 4T i I FE e 1k 1210,
ST 224 Ve B S 38 s U I LA R BRI, 24
T+ BV. Hit, M SIPOS SJ-LDMOS #1445 145
PEH R, ARHE F 2= RE R SR, B AT SIPOS 1
BELACAL 2% 1 1R 1E S ) e, 75T R oV () Y
P, S 2% A 2 THT R 37 R A DRI R 186 D T 88 1 1
. SCHR [22) 08 TR A& T REA T2 W
SiO2-PSG-SIPOS-SiO, £ 14 7] DL — 5 4 R P A%
SIPOS 5l 1) FE .

% F SIPOS SJ-LDMOS, 4 284y 56 Witk &
i, BT SIPOS L FH 3% Bk 513 8 [X 3 1H A7 76 HL 34
7=, SIPOS HIHZ B B R ER X, (1 ER X
2 TH] AR RUFE 1 I (BN PR FER). AR 4 24
NIRRT, SIPOS HLFHIAIRAE AT X %R
M H B2 B TR, Bl SIPOS SJ-LDMOS
G WIR A 5 3 29T 5 FIEAR S TR, EERE X
F IR RR S e B 2 B 7R RORE
BT R 3G 0, 7E— e FE R R R T 2RO
. @Ak STPOS 45 J W AR L ik
PAE A A AL 2 R T DU 2ok 238 STPOS
SJ-LDMOS #&4 KISl 221,

10-1
1012

|
- 1
—0— —&HSIJ-LDMOS
—O— N-buffer SJ-LDMOS
1071 —=— SIPOS SJ-LDMOS

10-13

0 50 100 150 200 250 300 350 400
Vo/V

KI5 &FSC I Rt L AL
Fig. 5. Breakdown characteristics for three LDMOS
in the off-state.

K 65— % LDMOS, N-buffer SJ-LDMOS Al
SIPOS SJ-LDMOS = Fh#s {75 TAE S 1 4 th 4
PELLAL, SAFMRMERE N3 VAL, HEG6(a) [l
DLE H, 488 M N4, 6 18 VI, SIPOS SJ-
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LDMOS 1 % th H % bt — % LDMOS F1 N-buffer
SJ-LDMOS 1y T 1E syt 35 K, Ul B A SC 32 H I
SIPOS SJ-LDMOS E B S . KT
B S L A A AR AE B X Y 1V R,
BI6 (b) ths 7 = Fp 88 AR IR M 0.1 VAR B I
) il 25, 1k &RT BL3R#53 SIPOS SJ-LDMOS
I b S L BE M 20.87 mQ-cm?, 5 N-buffer SJ-
LDMOS #3541 bt 5 38 H FH 31.14 mQ-cm? #H LLBF
KT 33% ZAAa; AHELT—/ LDMOS f bt S d L FH
71.82 mQ-cm? FEIK T 71% K4, BLi 2848 1 5
LR A ] 5 4h 45 R

T T T
—O— N-buffer SJ-LDMOS
—&— SIPOS SJ-LDMOS
—0— —ELDMOS

15[

1.0 ©

Ip/10~4 A

0.5 M

3.0 T T T
—O— N-buffer SJ-LDMOS

2.5 —a— SIPOS SJ-LDMOS

| —o— —BHILDMOS

Ip/10-6 A

6 (a) firRFIEHIZE; (b) 1R He R Aot ath 2%
Fig. 6. Output characteristics (a) for three LDMOS

in the on-state and (b) in low drain voltage.

B 4k SIPOS SJ-LDMOS Al N-buffer SJ-
LDMOS P Fh #3441 super junction N [X 1P [X f]
BRI IE ) N5.0 x 1010 cm™—3, {H & 2447 A i)
B o5 TERE X R TH i STPOS i HRLFH 3 8% (1) Ha 3 1
HIEH, EEB X KT E TR E7THR
N SIPOS SJ-LDMOS Al N-buffer SJ-LDMOS i fh
BEHME NS V, IREN10 VI, SFFKEN
20 pm MRS X 10, 5EU VA BT 4 ok 2, 10
18 pm &by Z J7 1) B LA R FE 4 A . AL 7 AT B

FHi, STIPOS SJ-LDMOS ) LK & = T N-buffer
SJ-LDMOS, *fF SIPOS SJ-LDMOS 45 #J [ N [X
AP X 3R TH, SIPOS =) i, BH 3% MR 8% S 1 F faf i P X
25 S, X & SIPOS SJ-LDMOS 45 #) f 575 4+
—AME S, 25 S HM P X7 Super Junction JZ
()5 L DX 3G O, 24 1Y) 508 F BEL A I P PRI

T T T
—m— SIPOS SJ-LDMOS 2 pm
—— SIPOS SJ-LDMOS 10 pm
—aA— SIPOS SJ-LDMOS 18 ym 7|
—— N-buffer SJ-LDMOS 2 pm
—0— N-buffer SJ-LDMOS 10 pm
—A— N-buffer SJ-LDMOS 18 um |

.

1 1 1 1
0.5 1.0 1.5 2.0
Z/pm

6.0 [

g
o
T

WL /1016 cm =3
N
o

K7 BRI R TIR BEHE R IR A 23 h 2k
Fig. 7. Electronic current density distributions in the
Z-direction for SIPOS SJ-LDMOS and N-buffer SJ-
LDMOS.

4 % ®

AN T RBAL G LDMOS gl E S5
bl 5 388 FL FH A BR O &R, BRI v He 284 1) D 2R 437
FE, IR PICHE LB EE I T R IK B e 77, #2087
— M B A% 2 S R ((STPOS) 7 &5 1 5€ 4 3D-
RESURF # # SJ-LDMOS 45 #4, #% A SIPOS SJ-
LDMOS. Xl &5 #4F] ] STPOS {4 H 3751 il 1 il 4
SJ-LDMOS K3 [ H 37 43 A 38 55, 4 a8k A K
FE W P2 s 5 19.4 V/um FRE T 8 S
P 78 8 TS X K 1§ SIPOS 34 i 1 SJ-
LDMOS [ . 37 i i) 2 B, STPOS SJ-LDMOS
W= 4E 7 W 32 B L I ), S2E T SJ-LDMOS
) 58 4= 3D-RESURF R, #4F K&K, 584 3D-
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Abstract

Lateral double-diffused metal-oxide-semiconductor field-effect transistor (LDMOS) is a key device for the power
integrated circuit (PIC) and high voltage integrated circuit (HVIC) technologies. In order to break through the limit
relation of 2.5 power between breakdown voltage (BV) and specific on-resistance (Ron,sp) for the traditional LDMOS,
and improve the driving capability for the PIC by reducing the power consumption, the new SJ-LDMOS with the
semi-insulating poly silicon (SIPOS SJ-LDMOS) is proposed in this paper for the first time, to the best of the authors’
knowledge. In order to take full advantage of super junction concept, the SIPOS layer is used for SJ-LDMOS to achieve
the effect of the complete three-dimensional reduced surface field (3D-RESURF) for the SJ-LDMOS. The substrate
assisted depletion is effectively eliminated by the buffer layer under the super junction. The overall performances of the
SIPOS SJ-LDMOS are improved by the uniform and high resistance of the SIPOS layer. The surface electric field is
modulated to be uniform by the electric field modulation effect due to the SIPOS layer covering the field oxide. The
higher BV would be achieved for the more uniform surface electric field because of the increased average lateral electric
field. The BV for the unit length of the drift region is improved to 19.4 V/um. The SIPOS SJ-LDMOS along the 3D are
subjected to the electric field modulation by the SIPOS layer, which achieves the complete 3D-RESURF effect, thus the
drift region with the high concentration can be depleted completely to obtain the high BV. Moreover, in the on-state
the majority carrier accumulation can be formed in the drift region of the SIPOS SJ-LDMOS due to the SIPOS layer, so
that the specific on-resistance decreases further. In virtue of the ISE simulation, by optimizing the SIPOS layer of the
proposed SIPOS SJ-LDMOS, the results show that the specific on-resistance of the STPOS SJ-LDMOS is 20.87 mQ2-cm?
with a breakdown voltage of 388 V, which is less than 31.14 mQ-cm? for the N-buffer SJ-LDMOS with a breakdown
voltage of 287 V, and far less than 71.82 mQ-cm? for the conventional SJ-LDMOS with a breakdown voltage of only 180
V with the same drift length.

Keywords: super junction, semi-insulating poly silicon, breakdown voltage, specific on resistance
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