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7 A T(H/zµG T7 & &7AQT P T7& 7 & T P TK T Q AZ=T9= = 9= 7 T & PT7 & &7AQT & =T jT AK T
MC TA TJCCDfTGP=TjA&Q =T& T = = & & =TA 9T7PA A7 = & =9TK TATZA =T T 7=T P y7& 7 & T9 =T T =Qjy
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=T7A AKQ=T T ZQ TQ& & T P=T7 = T& T 9= T T A 9T P y7& 7 & T9 & ZTOCC TA TECCDfT

xs
U& PT P=T7 = 7&AQTA A&QAK&Q& T jT/&Q&7 TmA K&9=Tn/&mtT = T(H/zµG T jTZ 9T =Q&AK&Q& dT

P& T9=7A9=T &QQT A YTA T& A TK =AY P ZPT& T = T A & T =7P Q Z fTk = = dT& T = T
=Q=7 &7T = dT 9 & & ZT = T T = = AQT 9& KA 7= T A T QA7=T = T A & T & T P y
7& 7 & T7 9& & TA 9TQ& Q=TY Q=9Z=T= & TAK T/&mT9= &7= T P y7& 7 & Tn/mtT7A AK&Q& fT

GPA Y T T & T = 7= & AQT P= AQT = &= -T P&ZPT 7 P= & =T = = Z dT P= AQT 7 9 7 & & T A 9T
7A A7& dT A 9T =7PA &7AQT = Z PdT =T = =7 T = & T P y7& 7 & T 7A AK&Q& T j T /&mT 9= &7= T
ΩMdO%fTk = = dT 9= = 9& ZT T P=T 9= &7=dT & T A T T Q=Q T 9= = 9T T /&mT = &= fT / 7 AQT
QA = T AK =T P=T 7 AQT = = T9&jj= = T P= AQT = &= dT P&7PT &QQTPA =T A T & jQ = 7=T T P=T
9= &7= T ZZ=9 = fT

GP& T A = T = = T T 9 T jT9&jj= = T9= &7=T 7 = T 9= T7A A7& & =T Q A9T P y7& 7 & fT
U=T &QQT j& T = = T P=T j& AQT = T =9T T 7PA A7 = & =T P=T 9= &7= dT P= T =T = = T T
=A = = T = Q T T(H/zµG dTI2GdT2zµG TA 9T2zµGT7 = TQ& & = fT

s s
GP=T /mT 7A AK&Q& T jT P=T 9= &7= T A T = =9T
9= T 7A A7& & =T Q A9T A T P T & T j&Z =T MdT P&7PT

AQQ TATZ 9T7 QT jT P=T9 A& T T 7=T Q AZ=T
K&A T A 9T Q =T &9 PfT µA7PT 9 & = T & T & QA =9T A 9T
=7=& = TA T &7AQT7 A 9Tj TAT7 T7& 7 & T
7A AKQ=T jTZ= = A & ZT Q = T jTQ= Z PTK= == TJCCT
TA 9TOCT T & PT A& =SjAQQT & =T AQQ= T PA TMCT fT

GP=T 7 QT 7& 7 & T & T AT Z A AKQ=T &7 y
7 QQ= dT P&7PTAQQ TZ= = A & ZTAT7 T &Z AQfT
GP=T Q AZ=T 7=T = = T T 7PA Z=T P=T Q A9T
7A A7& A 7=T A 9dT & T 7 =7 & T T P=T = T & T
7 QQ=9TK TA TxLIGfTGP=TQ A9T7A A7& A 7=T& T9& = & =9T& Tj 7 & T jT P=T = & =9TK T Q AZ=T
n9mmtdTA 9T P y7& 7 & T= = Z fTGP=T9= &7=T 9= T = Tn1qGtT& T7Q =9TK=j =TA 9T = =9TAj = T P=T
/mT Q =T T & & & =T A A & &7T=jj=7 T9 =T T& TZA =TK&A & ZfTz& AQQ dT P=T/mT Q =T& T7 =A =9TK T P=T
=7 9TxLIGT7 QQ=9TK T1]xDµ]FfTGP=T/mT7 = T& T =A =9TK TATO, TnMOCC(k tT7 = T
= =T = & T n5/µ)/tT T P=T Q T &9=fT)=ZQ=7 & ZT P=T Q AZ=T 9 T K= == T5/µ)/T = & AQ dT =T
=A =T P=T/mT Q AZ=T T P=T1qGT9 A& T & PTATP&ZPT Q AZ=T A & =T K=TnMYDy,CC(k tfT

G T =A7PTA 9T9= = & =T P=T7 & &7AQT/mT jT P=T9= &7=dT P=T Q =T & =T A TZ A9 AQQ T& 7 =A =9TK TMCaT
= T &QT jA&Q =T jT P=T9= &7=TA 9T P=T A =j T = =T7A =9T = A &7AQQ fTGP=TjA&Q =T A T

&9= &j&=9TK T P=TQ T jT P=T9= &7=r TZA =T7 QT TKQ 7Y& ZT7A AK&Q& fT

T
z&ZfTMT T/7P= A &7T jT P y7& 7 & T = T7& 7 & T

& PT7A A7& & =TQ A9T
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s s
GP ==T = T jT /&mT 9= &7= T & PT 7 A AKQ=T

7 = T A 9T Q AZ=T 7A AK&Q& T PA =T K== T 9&=9-T
(H/zµGdTI2GTA 9T2zµGfs

xT GP ==T 9=Q T jT MOCCDT (H/zµG dT
j Tm]µµTA 9T]Hk(dTPA =TK== T = =9T& T & &QA T
7 9& & fT cC T m]µµT 9= &7= T nmO(CCcCMOCtT
P =9T/mT 7 = T jT OCCbTA 9T K Y=T A T jT T
= T7& 7 & dT TQ = T P=T/mT7 = T =T7P =TAT &7=T
AQQ= T 9= &7=T j T P=T A =T A Z=T jT 9 7 TT

nmO(CMJCMOCtfT x T =jj=7 & =Q T P =9T &7=T Q = T
7 = T =AYTn ==Tj&Z =TOtfT

]Hk(T 9= &7= T P T Q = T A A & T 7 = T
PA T P=T m]µµT = fT b T =T PA9T Q T P=T cC y
MOCCDT]Hk(T9= &7=Tn/mGOOcC4µtTA T T9& AQdT =T = j =9T P=T = TA 9T7 A =9T& T & PT
P=T MJC yMOCCDT m]µµT 9= &7=dT K=A & ZT & T & 9T P=T 9&jj= = 7=T jT & =fT m A & ZT P=T /mT
A =j TA TJCCDTj TMJC Tm]µµTA 9TcC T]Hk(T9= &7= T P T & T j&Z =TOdT =T 7A T ==T
PA T P= T = P&K& T 9&jj= = T P y7& 7 & T K=PA & fT m &9= & ZT P=T 9&jj= = 7=T jT 7 = T
=7&j&7A & dT]Hk(T9= &7= T P TQ = T7 & &7AQT= = Z T7 A =9T Tm]µµT9= &7= Tn ==Tj&Z =TFtfT

k = = dT P=T]Hk(T9= &7= T P T P ==T & = T Q = T A & T7 = T =AYTj T & &QA T & AQT
A & Z fTGP& TAQQ T P= T TQ& & T P=T7 = T =T=jj&7&= Q TA 9T P T A 9TQ Z= T P y7& 7 & Tj T
ATZ& = T/mT= = Z TA 9TK T Q AZ=fT
GP=T 9&jj= = 7=T jT /mT K=PA & T 7A T K=T = QA& =9T K T P=T 9&jj= = 7=T jT (H/T 7PA =QT = &= T
K= == T =A7PT jA &Q T jT 9= &7= fT x T K PT 9= &7= dT =T 7A T 9& & Z & PT T PA = T & T P=T /mT
A =j dTj& T P=T7 = TZ =A Q T& 7 =A = T& T P=Tj& T &7 =7 9dT P= T& T Q Q T9=7 =A = T &QT
P=T9= &7=TjA&Q =fTGP=Tj& T PA =T7 = 9 T T P=T=jj=7 T jT =QjyP=A & ZT T P=T7PA =QT K&Q& dT
P&7PT & T 9 & A =9T K T P=T m Q KT 7A = & ZT A T Q T = = A =T ΩF%fT GP= T K QYT K&Q& T

9 & A = TA 9T9=7 =A = T & PT P=T = = A =fT
U=T 7A T & j= T PA T P=T m]µµT 9= &7= T A =T =T
& jQ = 7=9T K T P=T 7 Q KT 7A = & ZT =jj=7 T PA T
P=T]kH(T9= &7= fT/ 7PT=jj=7 T7A TK=T= QA& =9T
K T 9&jj= = T jA7 T 7PT A T P=T Q = T 9= & T jT
& = jA7&AQT A dTQ= Z PT jT P=T7PA =QTA 9T9= & T
jT& =Z A & fT) = P=Q= dTK PT9= &7= T P T/mT
7A AK&Q& T jT P=T A =T 9= T jT AZ & 9=fT
x T AQQT P=T = dT P=T jA&Q =T &Z A =T A T
7PA A7 = & =9T K T AT Q T jT ZA =T 7 QT 9 =T T
P y7& 7 & T K= == T ZA =T A 9T 7=fT T GP& T
P= = T7A TK=T9 =T T9&jj= = T =A T 7PT
A T P=T ZA =T &9=T K =AY9 dT bQ & & T
&Z A & T & T & = yQA = T 9&=Q=7 &7T T P y7& 7 & T

K= == T A9 T 9 =T T bQ & & T =Q & ZT ΩF%fT
z P= T & = &ZA & T A =T = & =9T T 9= = & =T
P=TjA&Q =T =7PA & fT
W Y& ZTA T P=T7 & &7AQT= = Z Tn(/mym]xGtTA 9T & =TnW/mym]xGtT& Tj 7 & T jT9mmTn ==Tj&Z =TEtdT =T7A T
==T PA T P= TK PT9=7 =A =T & PT& 7 =A & ZTK&A fTb T9& & A =9T = T& 7 =A = dT P=TP dT7 =A =9T
K T P=T 7 = T 7 9& ZdT K=7 = T T ZT T jA dT A 9T & & ZT P=T A7YAZ=T 7A TP=Q T T
= A7 T P=T = fTH Q T AT9= &Z T & = = T jT P=T9= &7=T 7A TP=Q T T =AY= T P=TP T T K T
Q = & ZT P=T A A & T7 = fTx T P=Tj =dT T & & =T A &7TA 9T9 A &7T7PA A7 = & &7 T jT/&mT
(H/zµG dT & T ZA =T &9=T AQ& T &QQT K=T & =9T K T =9 7 & T jT & = jA7&AQT A T 9= & dT P T
A A & T 7 = T & 7 =A =T 9 =T T =QjyP=A & ZT &QQT K=T & & & =9T A 9T P y7& 7 & T 7A AK&Q& T
& =9fs

T
z&ZfTFT Tm & &7AQT= = Z TA 9TQ= Z PT jT/mT

9= = 9& ZT TK T Q AZ=Tn9mmtT T TJCCDTj T
m]µµTA 9T]kH(TMOCCDT/&my(H/zµG T

T
z&ZfTOTyT/P y7& 7 & T A =j TA TJCCDT T
cC T]kH(TA 9TMJC Tm]µµTD(H/T
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xT z& T Z= = A & T jT 9= &7= T &9=9T K T
zA& 7P&Q9T = =T = =9T 9= T & &QA T Q = T
= 7= T PA T & T &9 PT A T9=j& =9TK T1qGr TKA =T
K&A T n ==T j&Z =T EtfT GP= T P T 9&jj= = T
K=PA & -T A T =T =A7P=9T P=T KA =T 9 & = T 7 = T
Q& & A & dT =T &9=T AT 7 = T =AYT A T P=T
K=Z& & ZdT P&7PT7 =A = T7 QQ=7 T7 = T =AYT& T
P=T j& T EC T PA T AK&Q& = T Aj = A 9 fT µ = y
P ZPT P=T = T 7 9& & T A =T T &9=AQdT P& T
=A = = T &9= TA T = &= T jT P=TI2GT/mT

7A AK&Q& fT GP=T j&Z =T JT P T P=T Q Z= T /mT
A =j T =A =9TA TFBCDTj T & AQT 7 = T

K= == T cT A 9T MObfT T U=T = =9T 9= &7= T 9= T
9&jj= = T KA =T A 9T 7 QQ=7 T K&A T 7 9& & dT P=T
= Q T = =T P= = Z= = T A 9T AQ A T P =9T
Q = T/mT7A AK&Q& T7 A =9T T P=TD(H/fT

1= &7= TK =AY9 T& TAQ A T7PA A7 = & =9TK T
P=T 7 =A & T jT KA =T T = & = T P y7& 7 & fT
]=9 7 & T jT P=T 7 QQ=7 T 7 = T 9 & ZT P=T
P y7& 7 & TPA9TQ& Q=T& A7 T T P=T/mT7A AK&Q& T
jT P=T I2GfTU=T & j= T PA T P& T jA&Q =T & T 9 =T T
=Q=7 &7AQT K =AY9 T jT P=T & = yQA = T 9&=Q=7 &7T
A T P&ZPT = = A =T T & A &A =T =Q=7 &7AQT
j&=Q9T = A & & T & T P=T 9= &7=T 9 & ZT P=T /mfT
/ 7 AQT T 9= &Z T & = = T A T = PA 7=T
P=T P y7& 7 & T7A AK&Q& T jT P=T/&mTI2GfT

s
xs b P= T & & ZT /&mT 9= &7=T & T P=T

2zµGTΩM%dT P= =T P=T7PA =QT& T & A =9T9== = T& T
P=T /&mfT b T P=T = T & T 9& & A =9T P= =T P=T
7 = T jQ T & T & 7P=9dT P=T P T T & T K &=9T
9== = T PA T j T P=T (H/zµGfT GP= dT = & T
= AQQ&7T A 9T 9&=Q=7 &7T QA = T jj= T Q= T j T
=QjyP=A & ZT Z= = A =9T K T P=T P y7& 7 & T
7 9& & fT

U=TPA =T = =9T P ==TMCbT7P& Tj T P=Tj& T
Z= = A & T &9=9T K T x j& = fTG T AQQ T = T
jA T jQ T jT 7 = T A 9T P=T 2zµGdT =T
= QA7=9T P=TxLIGTK TAT/&mT(H/zµGfTx Tj&Z =T
,dT =T7A T ==T PA T P=T A& =T & =T& TQ= T PA TM T
PA Y T T P& T Z A9=fT
GP=T P ==T = =9T 9= &7= T PA =T P T /mT

7A AK&Q& T = & T T P=T (H/zµG fT G= T
= j =9TA TJCCDTj TZA =TK&A T jTCDTA 9TyJDdT
&=Q9=9T 7 & &7AQT = = Z T A 9T & =T jT Of,2T n ==T
j&Z =T JtT A 9T JvC dT A 9T Ofv2T A 9T OfM T
= =7 & =Q fT GP=T jA&Q =T & T 7PA A7 = & =9T K T AT ZT P y7& 7 & T K= == T 9 A& T A 9T 7=T
j QQ =9TK T& T9= 7 & dT P& T A T T KAKQ T9 =T T= = =T = = A =T =AYTZ= = A =9TK T
P=T/mTA T P T& TAT A AQQ=QT 9 TΩE%fT
bT P& 9T 9= &7=T A T = =9T j T AT ZA =T K&A T jT yMCDdT P T Q& & & ZT 7 = T A T EbdT P&7PT AQQ =9T

A& & ZT P y7& 7 & T T T = TQ& & T jTv T & P TjA&Q =dT P&7PT = = = =9TAT/mT= = Z T jT
J2fT1= = 9& ZT T P=T9= &7=T =T T9 & = dT P& T=jj=7 T7A TK=T= Q & =9T& T 9= T T =7 T P=T

T
z&ZfT,TyTM, T/P y7& 7 & T A =j T jTATMCbT

AQQ y T2zµGT &9=9TK Tx j& = Tj T
CDTZA =TK&A T

T
z&ZfTETyT/P y7& 7 & T A =j T T/&mT = T

I2GT = j =9T & PT7A A7& & =TQ A9T

z&ZfTJTyT/mT A =j T jTATMCbT AQQ y T
zµGT &9=9TK Tx j& = Tj TCDTZA =TK&A T

812 Silicon Carbide and Related Materials 2014

dplanson




= T T P=T9= &7=T& =QjfTGP=T9= &7=T9= &Z T7A T
AQ TK=T 9&j&=9T& T 9= T TQ = T P=T7 = TQ& & T
A T9L/0CDfT

s s T& TAT = j=7 T= A Q=T jT
P& T & 7& Q=fT GP=T 7PA =QT 9& = & T A =T
9= &Z =9T & T 7PT A T PA T P=T 9= &7=T ZQ T
Q& & T P=T7 = TA T9= & =9TQ= =QT & PTAT 9= A =T

& AQT = & A 7=fT
z = T 9&= T A T m)(T A 9T b = =T QAK A T
PA =T Q=9T T 9 7=T AT =T 7A AKQ=T T Q& & T
P=T 7 = T A 9T FbT A 9T KQ 7YT Q AZ=T T T
E,CDT & PT y = & A 7=T jT M,C T Ω,%fT z P= T

& & A & T &QQT AQQ T T T =A7PT MOCCDT & PT
Q = T y = & A 7=fT
TGP& T =TPA TK== T = =9TA TECCDT& T P& T/mT = -T& T A T =9T& T7A 7 9=T7 j&Z A & T
& PT AT JCDy,CbT 7 = 7&AQT (H/zµGfTUA =j dT A T Q ZT A T OCC T P T & T j&Z =T BdT = =T

A Q&=9T & P TjA&Q =fTU=T7A T ==T PA T P=T A =j T& T & &QA T T = & Q T = =9T2zµG fT
/ 7PT Q =T = = = TAT AQT= = Z T jTJ,2dT P&7PT& TjA TP&ZP= T PA T P=T A & T= = Z T =A7P=9T
TA T jT P=T = & T9= &7= fTk = = dT9 =T TQA Z= T & T7=QQdT P& TQ& & A & T A T = j =9T T P=T

9= & = T jT P=T7 9 7 & & T jT P=T9= &7=fT
s

U=TPA =T == T PA T Q T P=T2zµGTA 7P& =7 =T P T = & T/mT7A AK&Q& dTP = = T& T& T9&jj&7 Q T
T7 A =T 7PT9= &7= TA T P= TAQQT = = T =7&j&7TA9 A AZ= TA 9T P= TAQQTPA =TK== TjAK &7A =9T
& PT9&jj= = T9=Z == T jT =7P Q Z T =j& = = fTx TWDy2zµGdT ZTQ& & A & T =7= & A = TA TQ=A T

F T jTQA = AQT7PA =QdT P&7PTQ& & T P=T7=QQT & =T & & & A & fT) = P=Q= dT =7= T 9&= T& 9&7A =T
PA T = &7AQT 9= &7= T P TZ 9T = Q T ΩF%fTGP=T 7 = T Q& & = T P T PA T9= & =T P=TP&ZP= T y
= & A 7=T jT WDy2zµGdT & T Q T Q AZ=T 9 T A 9T 7 = T Q& & = T j=A =T 7A T K=T & = = & ZT j T

=7 & TA Q&7A & fTG= =9TI2GT A T = & =T9= &Z T& = = T T P T =T AKQ=T = Q T
9= T/mT T &9=T7 A AKQ=T9A AfT(H/zµG T P T =AYT/mT7A AK&Q& T9 =T T P=T & & T jT
= AQQ&7T T9&=Q=7 &7TQA = T & PT P=TP y fTk = = dT P= T P TZ 9T =7P Q Z&7AQT A & dTQ T
y = & A 7=TA 9TA9 A AZ= TZA =T9 & & ZT7 A =9T T2zµG T TI2G fT

U=TAQ T P =9T P=T=jj=7 T jT P=TZA =TK&A T 9 QA & T T P=T/mT7A AK&Q& Tj T P=T2zµGfTU=T7 Q9T
==T AT AKQ=T & = = T jT 7 & &7AQT /mT & =dT P&7PT 7A T K=T = Q & =9T & T P=T =7 & T 7P= =T
P= T/mT & T 9= =7 =9fTGP& T 9 T AQ T &9= T AQ = T A 9T 9= T jT AZ & 9=T = = &AQT j T =T
P ZPT 9&= TA 9T9= &Z T jT = TK= 7PfT

y s
GP& T 9 T A Tj 9=9TK T P=Tz = 7PT1LbT 9= Tx)/µ]µykGT X=7 fT

xs
ΩM%TI ZP A AdT)fdT( = dT/fdTW=j=K =dT/fdT4PA & dT5fdTz &=9 &7P dT;fdTeTzA Z&= = dT2fymfTnOCCvtfT
] K = T jT/&mT2zµGT& T/P ym& 7 & T( 9= fTxµµµTµQ=7 T1= &7=TW= = dTFCnMtdT,M ,FfT
ΩO%TmA =QQA &dTbfdTz AY&dTGfdT4& dTGfdTeTk&Y&PA AdTGfTnOCMFtfT/P y7& 7 & T = T T/&mT = T
(H/zµG fTx TOCMFTxµµµTMC PTx = A & AQTm j= = 7=T T; = TµQ=7 &7 TA 9T1 & =T/ = T
n;µ1/tTn fTMOvB MFCCtfTxµµµfT
ΩF%Tk A ZdTRfdTUA ZdTLfdTW&dT3fdTk A ZdTbfT[fdTeTIAQ&ZAdTIfT2fT nOCMFtfT/P y7& 7 & T7A AK&Q& T jT
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