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Reverse Characteristics of Field Plate Edge Terminated SiC Schottky Diode
with SiO, Formed Various Methods
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Abstract

Edge termination technique is essential for the fabrication of high volage devices. A proper edge termination
technique is also needed in the fabrication of Silicon Carbide power devices for obtaining a stable high blocking
voltage properties. Among the many techniques, the field plate formation is the easiest one that can utilize it for
commercial usage. The growth of thick thermal oxide is difficult for SiC, however. In this paper, 6A grade SiC
schottky barrier diodes(SBD) were fabricated with field plate edge termination. The oxides which is field plate
were formed various methods such as dry oxidation, 10% NO nitrided oxidation and PECVD deposition. The
reverse characteristics of the SiC SBD with various oxide field plate were investigated.

Key Words : Egde terminatikon, Silicon Carbide, Schottky diode, Field Plate, 6A

1.M B Qe FHo] YTHI] E=F turn-offAl o £He] 3}
I turn-on WA 7L &AL F 293 Ao o

I aAE Azed qHF % Mies o e Aol o, vkt 544 257 3
AR Qs A olFelAe] THS FHE ¥ o|(SBH)7} Az el wlate] ulg A o
o FHA Ak WA Asme AT T 8 M F(reverse current)t SBHOl Ao
o FHE FAF ol2d FAHE HAV wEA 2w st FelAmz TAY FANA H$
Agel A F5 A =2 o 79 A} a2 se2-4).

o] Azte] WAgte] gt st A HEAE A T A% AEEa6Ae FTES ¥Y L A
2wzl v A 5 AAZF < 109 AF A BXE 2%9 Yo WEHUE JARIYRE
el BASFY T 248 Azl Ao o AFHA Hel AARE APAYRRAN ¥
1108 AFE AT WAS FAFL2 AZF mo) 4A oluA P, o8 2 dAH F
753tk ol @ Ak JHFE: E FAEFS 1A olofgt AEE oFE T FAZOoZHE FL &
gzol Hua FWHISHAM dFEd 2AHF gt TYRYE FTEY 4 AT} olE 9 E
HqRrozn gl @t wgAy HE REAE TG AxtE AARRYRR AA AFS 93
ol 8@ Al e W @ WEAE o % 4 & edge terminationTZE AP Utk
8% e 2AE EAY S VIR 2L T 3 2 AapdNe FHol bF TEdtel s

- 409 -



7t gold A ol&d HAR TE edge
termination & ol &34 6AH @IFL &E
7l tdele=g o8 sHA st A2y o &
3te} AzsAY. @dEFLY B AYE a2
t 28 AL 4489 4] oz frz o
Ar3teta gEo] PECVDYE ol &3td T3¢ 4
3}ubg ol &ate] Axte] HAgt B WIE nF
st

2.4 49

g@alFA 718e 9T Creerl2HE FY3HH
Agstgrt. 719 25 n-typeold, Ado] (.02
cmol 3 F77F 300umE AZRE L&A e A7
AEozr AA FA43A geoh ¥H AxEd
Sel5¥ 22 ZAEY 10umFAle dmFo] &3t
o, o] oju]Ze] Hgo] xzte] LAYELNE HA
A g AASez AL A3ug A s
ot A2 Azaksiet, PECVDE 3 43l 2 ol&
9] 2§& ol &3l 2AE AZsAt A7 Al
He D, N, P2 T&E3o FEASAC. 1d44dse
(D)2 1150ColA 4418 Abststg o 40nm
o] FAE Zm, AN 1175Te A 74
5 10% N0 + 90% No7bAE Agalo A%
Ao 1 FAE 16nmoldd. 3 PECVDH
% Azle(P)2 300CAA F7 lum?t HEE F
A At

3. 2% ¢ ¥

6A AFE FE7 ddNE HE HEEHE #
O 2AE  Azdder  JEF, AFEE
2707300A/cm2e 4 6A9] HAHFE EH F JES
AAsYct @3wFs wEAE olF e
micropipe 2 ol¥ 3 FWe o s Afel B
of At olE9 JFE Folnx 29 1 (cd)

(a) (b)

(©) (@
2% 1. 471A e 6AF 3 7a KEF tho

2 = mask.

9 o] FUYWHHL AEF griddelz ldE 4
A g go] Azt

Ztztel ol HAHR  F=2Y  edge
termination & & 7tAH, 344379 izt 9
29 overlap® EF 0umZ FYstgd. § 471
A g tolexte Ayl € HEAHFL E 19
st ath

a9y 2t ARE 6AF €L &£EJ o=
wafere] d4olty, CreertZ %8 TFH@ 294 9
ol ME 1/4Z Hiro] ARt en, dhite] folw
el 89} 47bA e A7 B AHEES A
Aghch B Ao 4 2AE H7AEY A
of chip¥elelA WHdE FHRA

17 g A3 e 2 @

3 type_a | type_b | type_c | typed

HAEAH
2 2.24 201 2.24 201
(mm°)

Zrael Aol
= 1500 1600 150 160

@6A 268 299 268 299
(A/cm?)

B OVerE o 10 10 | 10780
(um)

corner
rounding 100 - 10 -

g3l ie AL ol8HoZ2 10umFAY AFE
o ] 2=g ALE of 1000Velde HAYE TE
& & e Aoz g U X ol A

- 410 -



ToAAE AAR F+29 edge terminationT =W
Abgatd MAY SAL =AY ol AA
HT2E ol &3/ HY, 1% 40 el Hep 2
o] hAte i AtseE 9 FFo2FEHY
Jgoz FHY FE vld & FHZE ¥
A Ha, webs gAY FEY AAIETE ¢
gAA wEA AR dAMACd =g 7A
HAEZ Ads A=E HEcoh

Schottky metal

2y 2. AFE chip 4EY 6AF @3St

2 ZEY] tolex,

Ve

space charge region
9] JRAEREAN HAHE AAINFE a9F N.epilayer N epilayer
oz gAZd & e HAF edge terminationT
z7} AgHEor shes, HE thEHU edge
termination &% HAR TR AAANGH T=

(a) (b
a3 4. AAG o3 AAgRE AAIFT 3L
3}, (a) AAT A A$, () AAR] A= 7

€ 29 39 Yehldn. o HelE  junction S
termination extension, glass passivation %
bevelingZ7| 5] AHEET. o|FolAM A Fits a3 50 o2 A dgHE ol &% ddva &
g 13 o AgE ol HAR FEIT ¥ E7] 229 dEHY HAd 54& A A
Aol 7tddt 7bg 7hgAdel & wetd & 4

p guard ring

Schottky contact B+ impianted edge—layer
thickness : 0.5 ~ 1.0um

Substrate 200 ~ 300um

Ohmic contact

(b)

Schottky contact Field oxide 0.3~1.0um (a)

n: Drift layer (epilayer) 10um

Substrate 200 ~ 300um

Ohmic contact

(a)

29 3 diZ39d Ut 228 edge termination
Y (a) HAADfield plate), (b)) AAAIH (b)
(implanted guard ring)7 =%

- 411 -



(c)

ag 5 Az} 83 74L AEF] ol 4R
¥ YAY S4 FA. (a) FEAY NOASE
AARE 717 229 WAY B4, (b) FEF
9] AFRAFAARE AR 29 WA 54,
(¢) PECVD &&4t3t AABES 7H 2219 WA
4 54

¥ Aol AzE 249 F3 ol@4 1000Vel
Abel WA Ak s 300750VHES WA
% FEged, g b ne due 23
g9 B4e 2 Aolg oA gtk o s
Astgte] $o % B4l o2 A & TN
de $59 Aoz wat

AxaEe § Aspus 9 e Sy
GErRgT &, 479 3% H3 3007350V W
e mod, 1 oo GAYAAE Bl
do} olF EHeINE B WALEL BolA @
trh W, $718 PECVDZR Ashute] gl
£ %o dolu o FIE ARF YRALE 1}
Bz gl HHE 54 RIFL Yok wE
FRAYol ol FHAFE dstastue Z
$7b <10uAolstel ¢g vehie] 7bF & B4
YEgeh ol Asisg R A4
397t 2o AWEYE A2 YelB] ¥4
b de 2& B4 HolAW g Frd 9
DAY WEA ABRAAE FRo|Hol
Ague Bz deluy] WEoR mAG.
PECVDAtsiete] A Sl ool S4o) gaste
of & vE rAARE 24, 2 FA% FEe
o WwEA ARUel FHAX wsee A7} g
oA o} WA FEEAHE Holk Aoz
ot Hed HRAL FESH e v
A58 e 248 Azdr) AAAE OF A7

7

&odr oo

o H4E ol8Y 4 YES & AN A9
T7A& PECVDE S AFAAA ol&sle Ao
ult g Aoz Az,

4. 4 &

e 7} @z R PECVDZH Asteg
odgstel AAY T2 TUY 2248 Az
o gustE, 53 asistte Feele g
FAAE BFsn 300vVelde Uite FHIA
I, ¥EAAFE &S #HgAsdd. AT 1R
gke FAZ A3 &@3lid elMe FBelad
Abzlgto] HalEE @Al A wEAN FL 5
Ao Y "d3as A2AE AZF7] YHAAME
AAwez AEHE Asiwg Fsigdasigd
PECVDZ % Astute] 0|33 02 o8t Ao
s TE

dAtel =

B EES QALY AARATALALL “SIC
e J1Ese AlY (SICDDP)'e] A Yoz o
Fo12 AYYT

o 28

1) K. Schoen, J. Woodall, J. A. Cooper, "Design
Considerations and Experimental Analysis of
High-Voltage SiC Schottky Barrier
Rectifiers”, IEEE Trans. Electron Dev. 45(7]
1595~1604(1999).

2) R. Raghunathan and B.J. Baliga, "P-type 4H
and 6H-SiC High-Voltage Schottky Barrier
Diodes”, IEEE Electron Dev. Lett. 193]
71-73(1998).

3) V. Saxena, J. Nong, and A. Steckl,
"High-Voltage Ni- and Pt-SiC Schottky
Barrier Diodes utilizing Metal Field Plated
Termination”, IEEE Trans. Electron Dev.
46[3] 456-64(1999).

4) G. Brezeanu, et al, "A Nearly Ideal SiC
Schottky Barrier Device Edge Termination”,
pp.183-86 in ICSCRM '99(1999).

5 C. K. Yew, et al, "A Comparative Study of
Gate Oxide Grown in 10%-N20 and in Dry
Oxygen on N-type 4H SiC” in this
conference.

- 412 -



