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Abstract

Silicon carbide (SiC) devices have great potential in high voltage and high power applications as its
unique physical and chemical properties. However, due to the presence of carbon, gate oxide relia-
bility of SiC MOS devices has always restricted the development of SiC MOSFET (Mental-Oxide-Semi-
conductor Field-Effect Transistor) devices. The reliability of gate oxide is the key factors affecting
the performance and reliability of SiC MOSFET. How to improve TDDB reliability of SiC MOS devices
requires in-depth system research. Post-Oxide-Annealing (POA) in nitrogen-containing atmosphere
is one of the most effective ways to improve the reliability of SiC MOS; it is based on a large number
of post-oxide-annealing process research. The paper systematically studied the temperature of NO
post-oxidation-annealing effects on 4H-SiC MOS TDDB (Time-dependent dielectric breakdown) re-
liability. The NO POA experiments is oxide in 1350°C before annealing at different temperature.
The temperature of NO post-oxide-annealing is from 1200°C to 1300°C. The influence of oxide
post-oxidation annealing process on gate oxide reliability of SiC MOS devices is compared and sum-
marized by TDDB. The experimental results show that with the increase of annealing temperature,
the lifetime of gate oxide layer gradually increases, but the equality decreases as well.
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Figure 1. The current development of SiC power electronic devices
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Figure 2. Improvement of gate oxide after reoxidation
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AHLLT Si, SiC MM BT C JCEIIAAAE, NS, HET SiC pAb IS FRd 27T A I+
AT, EAERERAEA Y B CO Bt RE, HARR N 5 R A R (D) FTR[7] [8]:

SiC+%OZ =Si0, +CO (1)

ERAE LR E R, BEMEE R, SiIC 5 0, 2 RAERNATSMME, FEFHAK C
R, AR Q)FTR:

SiC+0, - Si0, +C(s) 2
HAEMNEEE RN, SitRE O THRIEAEMREF AN, A Si0, 5 Frim kb4 A = hr
SiC+0, — SiO(g)+CO(g) A3)

TESEPR AN FR Y, AR ek v B e AR 7 A P A 2 7 B3 e ik B A 2 7 A ST R i ), F 3
MR T EEME RS . E AT HRIE R R AR B O T e M A RO B, KT SiC MOS AL EIR
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1Bk EREMIFREF, PELEIF AN N JEF, BT CLo AR S AL PIRRAR, s/ R 0 RS, i 7
HERSHAR I, BRI AEE . AERKEZERH -EALZEAN0). —HAMLENO). BESIE
(FGA)~ NO&FGA SMR%E[9], kil H ai R i A 2 HACR I HI 8 NO JB K. NO iR K] LA /b Fii
4t C BIFERIAFAE, TR CO B 5 C=N 1 Si=N &7+ S A M A AT SE 1 [10]. AT EHF R AU FA
7] NO 1B K & (AN RIR D)% T- Mt A6 /2 TDDB R FE P 520

2.1. 3Cif

AR TR A NO B K SiC/SiO, S A ] FE PR oM, 207 s A e NO B KR
JE R (53 HA5 TDDB Al SEPEfEM . S50 R M i TR AR AR 1B K T2, SLIORE S 7
4 Yot 4H-SIC &R Si T BT, AR N 350 um, ANEJRIEREA 12 um, SNEB IR 8 x
10° em™, JEFEAAE HF BRIATUTIEVE L LR B REZ, SRJGTE 1 atm (TR AR BT 1350CHY
THEA UL 50 nm Zif B EREAZ, AL TE 29709 20 min, /57 10%NO 5 kT2 518
K(POA), #JafEIEMER — 2 200 nm /£ E42 09 300 um I IEM BN, HHER—E Al B, #E5HI1E
WFEUIE 3 frw, AHSCRE S PRGNS 305 B a0 1 FoR.

2.2. MRS

MR A 52 1 2 v a] 52 1 B TZDB(time-zero dielectric breakdown)Al TDDB(time-dependent dielectric
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W77 EZR A TDDB M1 TZDB % /)i ifi %F (Time-zero dependent breakdown).

2.2.1. TZDB s

TZDB M2 fEM R E it AR ARFFARBE I A Ze 3 hn i) v s . sRBe it FE T R il sk 17 B T4
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Figure 3. Process experimental procedures and sample information
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FF- 00 S A A G R R 1754, TDDB AR A2 7E MR IS i i f 2 AR T 2 3550, A B IR
U GRAESE, (HBTiin Nl R, SRR, S —Ent G, W 7RG
Pt 30 5 B B R PR R PR 17 R AR R 2 o 5 I TR DR ORI A i 2R A2 SR SiC MOS R SEPER 32 ZE A
. MUk, FFLERTERMER R . BRI, Wi e RGN ShZ0E T
2, BHEGAA AN B, RIS (B BRI B, R (BB B, L E P & SiC/SiOo,
TR ARERT, KAEGBBIARR, SRR NEIEIA RIS —FRE S, R DX S a Eos 23— 5 57
B, FAEFEHB11][12] [13] [14]. fEE B, fEf. HIERBEH T, ABERE L. Bk,
10 JE TDDB M) 75 fiy e S (BB BTk e « AU 2 P93 & SiC/SiO, 7E TDDB llisid F v A
BIAIAR, M — R XIS EEOS B — 5 S, Al R B S LA, Bk AR gE . @,
MHEALZE PT A VO AR 2 X FENI JR3B XBO R AR, R — AR X R A 5, BAENZ
R A FICSK Tepo [BIIL, TDDB MR K ar £ds — B H Weibull 7347 KAk [13] [14].
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A T ABENAE &, XEEF=MNEG, AR P23 E 2 1 5y, ESLbrfids b i,
BRRAE F(OiLME N -
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N 63. 2% FIMTAZEAE A EL B it ) S BB 15T, SR RN 2 S 7 8 A 1O R 3l 2 B T i A 7 3R
THRRR T 63.2%h F I RIHIT . BIF RN 63. 2% 1 Opp MRS B Z R R I, 5 Rtk
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2.2.3. MEARMEEFLTIH
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Figure 5. The summary of cumulative failure rate distribution curve
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Table 2. The average lifetime of the NO POA samples
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FLUKE SN 4H-SiC MOS Ff il =il NO JB K AR FEXT SiC MOS M4 4L 5 TDDB 4¢P 520 TDDB 17
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