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Design of 4H-SiC Floating Junction—Junction Barrier Schottky device
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Abstract: A new approach for designing 4H-SiC Floating Junction—Junction Barrier Schottky(FJ-JBS)
diode is presented, in which the optimized doping concentration of the upper epilayer is obtained in terms
of a thickness of this layer and then the optimum thickness of lower epilayer with the same doping
concentration as upper epilayer is determined by Baliga Figure Of Merit(BFOM), resulting in the optimum
structure for floating junction and near surface junction. The position of floating junction resulted from
this approach is no longer in the middle of total epitaxial thickness of 4H-SiC considered as optimum
design by former papers. The simulated results show that the line width ratios of floating junction and near
surface junction not only affect the conduction characteristics, but also affect the reverse characteristics.
The breakdown voltage is slightly affected by line width ratio of the floating junction in a certain range,
while the line width ratio of near surface junction mainly influences the reverse leakage current.
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and lower epilayers are 15 pum, respectively
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Fig.3 Horizontal electric field at the edge of floating junctions
with different doping concentrations under1800 V reverse
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Fig.6 (a) BV and (b) Ron of FJ-JBS cells versus doping concentration in the different line width ratios of floating junctions
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with different line width ratios of floating junctions

7 RIRITEEHEEL 58 H(W,:S,) F FI-IBS JEf ) BFOM {H

electric field/(MV-cm™)

S

$,=3 um,Np=7x10 15 cm;3

0

5 10 15
longitudinal depth/um

20 25

Fig.8 Electric field with different floating junction widths under
2 800 V reverse bias voltage

B 82800 V mifift, NRITFEahEh Tl T ol N ig o1



724 KMZMESEFEEFR %17 %

HE 7 Al TR ShEh AL Y LR D b W,:S,=3:3 HLIBZRWRE N 7.5%10"° em™ B, %8 14 AY 25 A ks B et o

MUF NS TEE W, B2 3 pm, S, KAEALET, SHBLLT 2 R AL

1) WA W,:8,>3:3, &M BV JEARTTA L, (HIE M TR/ S, A0 T/ T 7% s 45 kb v 38 78 38 1Y 96
#ER) Ron W EW N, S EAHFH BFOM fHFE(%.

2) WA Wy:S,<3:3, #fFr Ron 24BN, BV ZBLECHEI W . X & iR sh 45 S, id KA, #R1F3k
T 0025 5y A2 V7 Sh 25 R B R Je W 2 min & 2B i 28, T AME R HRIEREAIR, S 3110 BV BRI,

MM LRI LE A S, FE R 3 um
M W, ZSfbE, #5 0F 0 fe 15 4% 0k A B
W, 1 980 /0N 17T 38 W B AT, B 14 28 JF SCR
RO X I B G A A R A R . AR S
XN ) IF 3h 45 96 T A N i g IR R 2
1 o3 A I BLHEAT T AR BT LG, (5 B R An
& 8~9 /s .

Fig.9 Distribution of depleted layer electric field with different floating junction

MK 8~9 W41, 4 S, [# EN 3 pm widths and the same spacing under the same reverse bias voltage
W, W, N, TR Eh g kb S e v S R P9 TR ml i AR, V3308 ST AN R &0 N AR 2 204

eI, FEIZ ) F AT A BE R M) R Y L R O, S R A I ANE AR e W AR . AN, W,
AN, EAMEERIEEOR, R AMNEJZ RN, 7R Wy R R, AP — D IR A AT R ANE R AR SR 2
Bk g e ROy B, R IR Sh A 0 R S R S S M AME B IR FEAR G, MIB AR 7.5%10" cm”
Bf, Wy IR 3 pm, WRBAIRETH R 2 7.8x10"7 em™, W, AR EAEN 4 pm.

1.4 RELEEHBRIT

it Bl SR Eit, #8F BFOM {HIEEA B E T .
Ko HJE FJ-JBS #{FiR T ZEHER HA— D EEReM, /) 10% —e— 525 um
PUFM R MR E R . T FI-IBS 2% 00 T H 3L 5 2% 1 45 110
SR B R AHSE, Br ATE UEAT 2 T 45 1 8 I DA T R O R ) e
s, P EEE R E 10 Frs .

—4— §;=3.0 um
10° b —v— §;=3.5 um
—— §;=4.0 um

—<—5;=6.0 um

current density/(A-cm™)

I 10 AT, Y S,=6.0 um B I TR M4, 220k T
N FJ-SBD %544), a9 ¥ i i fE 500 V HLE T i 2 & i ok
WL FI-IBS BEPRAOR LI, DL T4 B A R e T
R IR . XRBFE Y2 Wi, a8 PN 45 102 . ‘vy,+51:6%Lm,ND:7i5x10157crln'37 .
S DX 5 i A 8 O 1) B PR R A L P R 0 s 0 15202530
e Wi Y, IR R TR AL B 1 R I i 7E S . o e volee 10
R ig.10 Relationship between reverse leakage current and
AN, ME T ERRREENEY, B {g{jj Fr B reverse bias vpltagfe wi_th the same width/spaping
L £ R R AR N A2 B R, T 1 TR R R A AR L M gatlo' of ﬂoatmg Junctions ‘and different width/
pacing ratios of surface junctions
o URAR T 750 VI, A [R] 310 25 28 58 L TL-F A 52 M 28 1R 9 Bl 10 VP BHEEAb L TE e (WaiSy)— 3 . RIEIZELLTE LA TR
R SR M EmE T 750 V 5, g fF ey s m e o ) PR 5 52 7 i . 1) 56 3R

23 i % T 45 b 2% FE b (W,:S,<2.5:3.5) By 88 T B ., Y
RELEAL T W:S,>2.5:3.5, &M I LA . B FRIEE S, #ik, #ER X S0 M FR5 X I 19
P PR AR . MIEIEE S, ol K, #4522 J0 ikt i 4 I A5 T A R0 A, 5 30 H O 76 AR 1) R R RO 4R
EWIN ., IR B F SN AR FE R B I , RIS SEE Wy A EIEE S, BHCR 3 um BRI LA .

AT SCITE T LR B, R iy ARS8, S8 LN AME 2R | A K5 2 ik R R
I 285 56 B AE 25 A S 80, D R o L R (BV) R 53 L BHL A5 FL 24 S 800 BRI . BFOML B 5 10 U] 2 4 35 7 Ry 28 9 L ik
THEIEMN AR AE . RS SRS R — 8, KT W,iS,=3:3 KB A RS B BS A SCH B A [
BF, TR ZEARYE BFOM {E ik M3 4 v th i R/ ARSC i BBk 507, nTRLR LS FI-IBS #8F 1t
etz



554 FNBE®E . 4H-SIC iF3h 45 IBS s34 R& it Ak 725
2 i

ARSCENXT 4H-SIC VE8h4s IBS #RA0FsE T H i ik, 8 7 —Fig b x4 4 BT AME R DL KT s 45 F 3k
T 25 M 25 A HEAT BT A9 S B o 76 L AMAE 2R B — 2 (15 L T 459 2 A0 4 2 e AR 4B vk B, SR DAR 1 1 T AR (i
(BFOM {H) MK o 1 22 th e A FAME R R B . &2 T SCHR A N 17 sh 245 07 T 2 10 3 A S B ik i 458 . =45
TR B E R AN GE 2 R RS T AME E R, 2SR BFOM B K. AN, A SCERBFSE 1 2% 10 45 F P 3 45 46 9
L XF g F PR RE A 52 e (7 L 45 S 3 W] R B0 45 R 3R THI 435 2 T LU AN A5 e 2% 8 Sl R L X R ) AR P R AR R T
RN o TF BN B LR B LA — 7 Y PR P 2 W G e g R o R, T AR I A S S A s R 0 R e it e R . Xl
FHIEN 3000V BEEE, T EA R T —HA BN BTSN SH . Np=7.5x10" cm”,t;=15 um,t,=14.5 pm,
W,=W,=3 um,S, =S,=3 um, A LK1 T FI-IBS #8{4 fl & .

£ ik

[1] CEZAC N,ROSSEL P,MORANCHO F,et al. A new generation of power devices based on the concept of the floating islands[C]//
International Conference on Microelectronics. Yugoslavia:IEEE, 2000:637-640.

[2] CHEN X B,WANG X,SIN J K O. A novel high-voltage sustaining structure with buried oppositely doped regions[]J]. IEEE
Transactions on Electron Devices, 2000,47(6):1280-1285.

[ 3] SAITOH W,OMURA LTOKANO K.et al. Ultra low on-resistance SBD with p-buried floating layer[C]// International Symposium
on Power Semiconductor Devices and ICs. USA:IEEE, 2002:33-36.

[4] SAITOH W,OMURA IL,TOKANO K,et al. A novel low on-resistance Schottky-barrier diode with p-buried floating layer structure[J].
IEEE Transactions on Electron Devices, 2004,51(5):797-802.

[ 5] NISHIO J,OTA C,LHATAKEYAMA T,et al. Ultralow-loss SiC floating junction Schottky barrier diodes(Super-SBDs)[J].
IEEE Transactions on Electron Devices, 2008,55(8):1954-1960.

[6] OTA C,NISHIO J,HATAKEYAMA T,et al. Simulation,fabrication and characterization of 4H-SiC floating junction Schottky
Barrier Diodes(Super-SBDs)[J]. Materials Science Forum, 2007:556-557,881-884.

[7] HAO Y,XIAO Y T,YI M Z,et al. The fabrication of 4H-SiC Floating Junction SBDs(FJ_SBDs)[J]. Materials Science Forum,
2014:778-780,812-815.

[8] ZHANG Y,ZHANG Y,TANG X,et al. 4H-SiC junction barrier Schottky diode with embedded p-layer[C]// Electron Devices
& Solid-state Circuits. Hongkong,China:IEEE, 2010:1-5.

[9] YUAN H,TANG X,SONG Q,et al. Analytical models of on resistance and breakdown voltage for 4H-SiC floating junction
Schottky barrier diodes[J]. Solid-State Electronics, 2015(103):83-89.

[10] PU Hongbin,CAO Lin,CHEN Zhiming,et al. Modeling of 4H-SiC multi-floating-junction Schottky barrier diode[J]. Chinese
Physics B, 2010,19(10):408-413.

[11] REN N,SHENG K. An analytical model with 2-D effects for 4H-SiC trenched junction barrier Schottky diodes[]J]. [IEEE
Transactions on Electron Devices, 2014,61(12):4158-4165.

EE B -
TR (1991, B, WEW A, 7R+ BEER(1975-), L, VWEWA, WL, #
ok, EEHFE T A AL R T R B, TP N SIC MR 2.

email:513294524@qq.com.
WRE =994, B, HIKWTA, 7EEM L
WEoEE, FEAFE T W SiC U A& 48l 58 1

" 21989, H, miEm A, #Ht, B
FRAFoE B, EEWFGE M oA R AL EE R . AT

E(1965-), B, PrHEAKE AN, 1
+, ¥, EEHEIT IR B 2R



