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Electrical Characteristics of N O  Nitrided 
si02 Grown on p-type 4H-sic 

13. F. Li, S. Dimitrijev, H. R .  Harrison, D. Sweatman, and P. 'I'ariiier 

. l h t r a c ~  ~ This  paper presents the results of ;YO nitri- 
datioii of >'io1 grown on p-type 4H-Sic. N O  iiitridation 
has a briiefical effect on the quality of the oxides grown 
on p-type 4H-S iC .  The C-V curves become smoother 
and sharper aftkr NO annealing. Frequently observed 
ilrterface lwlge i k  also removed from N O  annealed Sam- 

pks. 

1. I N T K O U U C T I O K  

.<'i( ' lias rec:ently attsractcd a. lott of attention due to  its 
i~xc~c~ilent mat,crial properties which promise high tem- 
pera~ture .  high power, a.nd high frequency applications. 

of MOSFET-ba.sed ~ l e c -  
I twi i t i .5  111 silicon aiid t,he fact t ha t  t81ielmal silicoii dIos- 
id(. (:XI IICX gron-ii 011 YiC' in  t h ~  same way a.s silicon, it is 
cl e3il.a ble t, o i in pleiiieiii high-p er for ma.rice MO S F ETs in 

htmaiiiirig high qua.1it-y of Si02 grown on Sic' is a 
iiiologj- to reach these aims. Previous resea,rcli 

d t,lia.t. talle quality of the Si02 thermally 
gro\qx oil 11-type S i c  is compara.ble to oxides thermally 
growii o i l  Si, biit, oxides t81ieriiially grown on p-type S i c  
exliil~it8ed poorer cha.ra.ct tics. R.esearchers have in- 

'gat.otl tlnc effect of post-a,ni7ea.liiig in argon[l], wafer 
a n d  withdraw proceclure[2], and reoxidat,ioii[3] on 

t hr interface characterist,ics of ,SiO?/SiC:. These iriet,h- 
e effective in improving the interhce 
SiOz/,5'iC. We have iiivestigated the 

ioii in  ~ V O  and rVzO on the interface 
cif 5'%OL' on tiH-SiC'[4], [5]. N O  annealed 

t l  iiri proved iiit,erfac:e of Si02 /ii-t,ype 6H- 
a.iinealing adversely affect t,he interface 

present. tlie results of 
ist,ics of oxides grown 

isi' <)f 1.1ic great siic 

0 1 1  p-i,yp? 411-,SiC~'. 

I I .  Es I-' ERI U EN TA L DE TAILS 

T h e  alimiiuum doped p-type 4H-SiG wa.fer used in  
r.Jiis p a 1 ~ 1 .  hacl a doping concrnt,rat,ion of 3.4 x J Ol'ccn.~-~ 
\\;liicli is cotiiiiiei~iciall\- a.vaila.ble from CREE H.esearch, 

111. NC, US.4. The wafer was cleaned in a mixture 
of H:,?04 a n d  H?O? followed by a standard RCA cleaii- 
iiig I I Y O ( ~ , ~ ~ I I I ~ ~ ~ .  Ret;neen tlie cleaning stspps, the  wafers 
were kept iii i~ i i i i i i ig  DI water. Iinmediately before the 

oxidation, the wafer was dipped in 1% HI- for 6ii .i 
The wafer was oxidized in qua.rtz furi1ac-P a1 1 1 s50°( ' I'or 
1.5 h. After t,he oxidation, the wafer !!-as cut  aiitl oiic 
set of samples was annea.lrt1 in 1vO iii an I O  I :i~ji(-I 
thermal processing (RTP) unit .  The  N O  a i i i i ( ~ : ~ I ~ i ~ g  \ \  

performed in three 5-min stseps ( i ,o a l l o ~ .  cmoliitg ( 1 1 ' 1  

RTP unit,) at, about 1100°C'. After t,he oxidatioi i  iiiiii 
annealing, aluminum WLS 

circular clots by pliot;olithogra.ph); process. XI i i i i  

was a.lso eva.porated 011 t,hP ha.(.li of L I T < .  
a large contact. 

q""ted 011 the  top 

AN J.) 1) I C L S  i IO R 

Electrical iiieasiir~i-r~eiits were per for in~r l  i i~ i i - tg ;I 

computer-controlled HP42XI- LCR. 11 
41-1-SiC MOS capa.citors w c r ~  c i i a i ~ a  
high-frequency capacitance (C-V) c 
measured in cla.rk and with ITV illuriiir 
shows tlie typical high-frequency C-1,- 
as-grown and NO aiiriealetl sa.mples mea 
The  sweep rate was O.lV/ts for all m e a ~ i i r ~ i - n e i i t ~  I lie 
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h11on.n in t,hr figure. The  as-grown sample shows poorer 
(.:-\,' characteristics. while NO a.nnealing improves the 

ct,erist,ics. Coinpared to the C-V curves of 
r l l ~  :is-growii sainpl(~. t , h P  C-V curves of the  NO an- 

1 pie ;I.JT s h i f t d  posit,ively, a n d  are snioot,lier 
'r' A liyst,ersis is also observed in the C- 

V ( ~ t i i ' v e s  (if tlic as-grown sample for the  two sweeping 
dim-(  ions. YO aiinea.lPd sample shows lit,tle hysterisis. 

r c w i l t ~ ~  iiitlic-ate r,hat good qua.1it.y oxides with less 
Id(> charge a.ad lower interface t r ap  densit,y can he 
(YI I]! .\'O a.iiiiealiiig.The flat band volatges of the 

~ t ~ - y w \ ~ i i  a n c l  .\IO iliinealecl sa.mples are -10.10V and 
-s.Lj(j\ . _  wspec.t,ively. Tlie fixed positive oxide charge 
CJ,\ ot' t l ic ;i~-gro\vn ancl  L''f'O aiinealed samples cacu- 
Ialrci L . c i r i i  t . I i v  0a.t  1m11t i  sliift, arr I 1.45 x ~ ~ l ' c c m - ~  and 

:'ac.c c.liariL~:terisl,icR~~i~~,i~s t,li~oiiglifully, high frequency C-V 
u r r i i i c ~ i ~  s w r r ~  performed under UV illumination 

xvliicli  i ~ r r  slioniii iii Fig. 2 and Fig. 3 for t,iie as-grown 
x a i i i  iJlc a l j d  .\.(I aliiiea,lrtl sanip1e~ respectively. The  

i (  2 ;  x J [ ~ J ~ ~ ; ~ ~ ~ - ' )  - ~ rwlwrt,ively. To examine the int,er- 

3 -  
IOOKHz 

Iines inversion to accumuiatlon 
c symbols accumulat/on to inversion 
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g i " x  s a n i l ) l ~  s l i o ~ s  a, lag-e shift between C-V cnrves 
irieahiii,ed in t,he dnlk and under U'\' illuiiiination. This 
b l i i f i .  is Ibelived to be d u c ~  to filling of irit,erface tra.ps[G]. 
3'he .\'(I aiiiie;tic:ci s ~ i ~ i i ~ l ( ~  s11ows slight shift bet,ween 

i i r r~ t l  i n  d a r k  arid under U\: illumina- 
tes an improvement in SiO2/4H-,Sic' 

1 1 I t e f cn cr  

I OOKHz 
line: inversion to accumulation 

symbols: accumulation to inversion 
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Fig. 3 .  High frequency C-V characterist.ics of t h e  N O  m i i r : i i l d  

p-type 4H-Sic MOS capacitors measiircd in  dark and with 
UV illumination. 

IV . c 0 N CLU s IO N s 
Tlie clect,rical chara.cteristics of N O  aiinralerl oxides 

grown on p-type 4H-SiC have been invest.igai,eti. The 
results show t,hat the quality of t.he oxides tJienriall>. 
gran-n 011 p-type 4H-SiC' can t ie  i m p i n \ . e t l  11)- i l l )  i i c ' a l i  rig 
in N O  envirornmt . 
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