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S2Band 1mm SiC MESFET with 2W Output
on Semi2Insulated SiC Substrate
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Abstract : A SiC M ES F ET st ructure is successf ully p rep ared on a semi2insulated 50mm SiC subst rate using a hot2
wall SiC react or . The doping concent ration f or t he channel layer is about 11 7 ×1017 cm - 3 , and t he t hickness is a2
bout 01 35μm. A n unintentionally n2doped buff er layer is employed between t he subst rate and t he channel layer . A

cap layer f or O hmic contact is doped t o 1019 cm - 3 . M ESF ET devices are f abricated using inductively coupled plas2
ma etching and ot her conventional t ools . Power devices wit h a 1mm gate widt h are measured and a 2W outp ut at

2 G Hz is obtained.
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1 　Introduction

D ue t o its sup e rior p hysical p rop e rties ,Si C is

one of t he most p romisi ng mate rials f or high p ow2
e r , high f reque ncy , a nd high te mp erat ure elect ron2
ic devices . I ts device tech nology is relatively ma2
t ure comp a red t o ot he r wide ba ndgap mate rial de2
vice tech nologies . Cree , a lea di ng comp a ny i n t he

Si C busi ness , a nnounced t hei r esta blis h me nt of a

75 m m Si C f oundry a f ew yea rs ago , a nd S2ba nd

60 W p ower devices have bee n one of t hei r st a nd2
a rd p roducts f rom t he li ne eve r si nce . I n a ddition ,

a CW outp ut p owe r of 80 W a nd p ulse d outp ut

p ower of 120 W under 31 1 G Hz op e ra tion were al2
so rep orte d 6 yea rs ago [ 1 ,2 ] . Howeve r ,i n Chi na , re2
sea rc h on Si C rela te d devices is still i n a ve ry ea rly

stage . I n t his p ap e r , we rep ort our initial resea rch

results on Si C M ES F ETs .

2 　Material growth and device fabrica2
tion

　　The growt h of t he M ES F E T st ruct ure was

p e rf or me d i n a hot2wall CV D react or wit h a Si H4

+ C3 H8 + H2 syste m . The t yp ical growt h te mp e ra2
t ure is ～ 1550 ℃at t he suscep t or t op , a nd t he sys2
te m p ressure is cont rolled at a bout 6666 Pa . The

growt h ra te is a djusta ble f rom 1 t o 5μm/ h . The

M ES F E T st ruct ure consists of a cap laye r , a c ha n2
nel laye r , a nd a buf f e r laye r on a Si C subst ra te , as

s how n i n Fig. 1 . For a bet te r oh mic contact , t he

cap laye r was dop e d t o a 1 . 5 ×1019 cm - 3 conce n2
t ra tion wit h a t hick ness of 0 . 15μm . The c ha n nel

dop i ng conce nt ration was designed t o be a bout

1 . 7 ×1017 cm - 3 , t he ac hieve me nt of w hich was

conf i rmed by 9 cross2p lots obtai ned by me rcury

CV measure me nt as show n i n Fig. 2 . The t hic kness

of t he cha nnel laye r was 0 . 35μm . The buf f e r laye r

ca n p reve nt da mage a nd deep level i mp urities i n

t he subst rate f rom t he active laye r . D ue t o t he

lack of a p2dop i ng source at t he mome nt , we used

a n uni nte ntionally n2t yp e laye r as t he buf f e r in or2
de r t o mi ni mize t he i nf lue nce of t he subst ra te ,

w hich ha d a t hick ness of 2μm a nd a conce nt ration

of a bout 5 ×1015 c m - 3 . The subst rate we use d was a

50 m m 8°of f2axis (0001) comp e nsate d se mi2i nsula2
ted (SI ) 4 H2Si C subst rate . A L e hight on non2con2
t act mapp i ng syste m was use d t o measure t he uni2
f or mit y of t he squa re2resist a nce , w hich was
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41 47 %. The surf ace morp hology was evalua ted u2
si ng a n at omic f orce mic roscop e ,showing a rough2
ness of 0 . 882nm ,as dep icted in Fig. 3 .

Cap : ～1. 5 ×1019c m - 3 , 0 . 15μm

Cha nnel : ～1 . 7 ×1017cm - 3 , 0 . 35μm

Buff er : U ID 2μm

SI SiC subst rate

Fig. 1 　Schematic SiC M ESF ET st ructure

Fig. 2 　Multiple p oint mercury CV measurement re2
sults showing t he channel concent ration of 1. 7 ×1017

cm - 3

Fig. 3 　A FM image af te r t he epilayer is grow n

　　For t he device f a brication , t he re a re two key

p rocesses . O ne is t he dry etchi ng p rocess t o exp ose

t he cha nnel laye r f or t he gate ; t he ot he r is t he

oh mic contact p rocess . D ry etchi ng was use d t o

etc h t he Si C si nce conve ntional wet che mical

etc hi ng is ve ry dif f icult due t o t he che mical i ne rt2
ness of Si C a nd t he high bond e ne rgies betwee n

silicon a nd ca rbon . ICP etc hi ng is a high2de nsit y

p lasma etc hi ng tech nique in w hic h t he p lasma is

f ormed in a dielect ric vessel e nci rcled by a n i n2
ductive coil t o w hich R F p ower is app lied . A niso2

t rop ic p rof iles were obtai ne d by using low2p res2
sure conditions t o mi ni mize ion sca t te ri ng a nd la t2
e ral etchi ng. He nce I CP p rovides t he p ote ntial of

ac hievi ng excelle nt a nisot rop y , low surf ace da m2
age ,smoot h morp hology , a nd eve n a high etc hi ng

rate f or Si C mate rial . The I CP react or we use d is a

f luori ne2base d etchi ng syste m . The recip e f or a

t yp ical case is a mixt ure of S F6 a nd A r at a coil

p owe r of 550 W a nd a n R F p owe r of 200 W . The

etc hi ng rate was a bout 95n m/ mi n . The surf ace

morp hology af te r I CP etc hi ng is s how n i n Fig. 4 .

Af te r t he cap laye r etc h , Pt/ Au was evap ora ted t o

f or m t he gate af te r p hot olit hograp hy.

Fig. 4 　A FM image af te r t he SiC cap layer is dry2
etched

O h mic contact is ve ry i mp orta nt f or mic ro2
wave devices . I t’s more i mp orta nt f or app lications

usi ng high cur re nt de nsities t ha t may result i n

la rge voltage drops eve n ac ross a s mall resista nce .

The contact resist a nce sp ecif ic t o n2t yp e Si C is

nor mally in t he ra nge of 10 - 4～10 - 6Ω·cm2 a nd is

highly dep e nde nt on t he surf ace dop i ng conce n2
t ra tion ,choice of t he metalliza tion syste m ,sa mple

p rep a ration , a nd t he p ost metallization heat t reat2
me nt . I n our device , a Ti2based metalliza tion sys2
te m was used . Af te r t he dep osition of Ti/ Pt/ Au by

elect ron bea m evap ora tion , t he sa mp le was a n2
neale d at 980 ℃usi ng R TA ( rap id t he r mal a n nea2
li ng) f or 5min i n a n a m bie nt of nit roge n t o f or m

t he O h mic contact . The sp ecif ic contact resist a nce

ac hieved was a bout 2 ×10 - 6Ω·cm2 by usi ng t he

t ra ns mission line met hod ( TL M ) , as dep icted i n

Fig. 5 .

3 　Results

The device f a bricate d was measured usi ng

Keit hley se miconduct or p a ra mete r a nalyze r . Fig2
ure 6 s hows t yp ical I2V curves f or a 0 . 5μm ×
100μm Si C M ES F E T device . The sat uration cur2
re nt I ds was 200 mA/ m m a nd t he p ea k t ra nscon2
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Fig. 5 　Transmission line t o measure t he contact resist2
ance

Fig. 6 　D C perf ormance of t he 0 . 5μm ×100μm device

(a) Typical I2V curves ; ( b) Transconductance and I ds

versus gate volt age

ducta nce was a bout 18mS/ m m . B rea kdow n voltage

was a bout 120V . The small signal R F p e rf orma nce

was cha racte rize d using on waf e r R F cop la na r

p robes . From t he s mall2signal S2p a ra mete rs , t he

calculate d cut off f reque ncy ( f T ) a nd maxi mum

f reque ncy of oscilla tion ( f max ) were 6 . 7 a nd

25 G Hz , resp ectively , as show n i n Fig. 7 . Power de2
vices wit h a 1m m gate widt h were also f a bricate d .

The devices were biased i n class A wit h a 40V

drai n bias a nd tested in t he CW mode at 2 G Hz u2
si ng a ma nually t uni ng matching syste m . A n out2
p ut p ower of 2 W a nd gai n ove r 5dB at 2 G Hz were

measured f rom t he 0 . 5μm ×1m m gate widt h de2
vice ( Fig. 8 ) , s howi ng its sup e rior microwave

p ower p ote ntial ove r conve ntional Si based de2
vices .

Fig. 7 　Small signal perf ormance of t he SiC M ES F ET

showing f T and f max

Fig. 8 　Power p erf ormance of 0. 5μm ×1mm p ower

SiC M ESF ETs at 2 G Hz

4 　Conclusion

A Si C M ES F E T st ruct ure was successf ully

p rep a red on a se mi2insulate d 50m m Si C subst rate

usi ng a hot2wall Si C react or . A Si C M ES F E T wit h

a 1 m m gate widt h t hat p roduce d a n outp ut of 2 W

at 2 G Hz CW p owe r was develop ed , w hic h is a n

i mp rove me nt by a f act or of tw o ove r conve ntional

Si devices due t o t he outsta ndi ng p e rf or ma nce of

Si C. The rela tively low drai n eff icie ncy ( 23 %)

was caused by t he lea ky n2t yp e buf f e r laye r ,w hich

will be rep laced by a lightly p2dop ed buf f e r i n t he

nea r f uture . To f urt he r i mp rove t he p ower p e r2
f or ma nce i n f ut ure develop me nt ,ef f ective t he r mal

ma nage me nt will be t he key because of t he high

p owe r de nsit y dissip ated i n t he device .
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在半绝缘 SiC衬底上制备的 S 波段 2W 碳化硅 MESFET

蔡树军 　潘宏菽 　陈 　昊 　李 　亮 　赵正平

(河北半导体研究所 , 石家庄　050051)

摘要 : 介绍了用热壁反应炉在 50mm SiC 半绝缘衬底上制备的 SiC M ES F ET 外延材料. 其沟道层厚度约为
01 35μm , 掺杂浓度约为 1. 7 ×1017 cm - 3 . 沟道和衬底之间的缓冲层为非有意掺杂的弱 n 型. 欧姆接触用的帽层掺杂
浓度约 1019 cm - 3 . 器件制备采用了 ICP 刻蚀等技术. 微波测试结果表明 , 1mm 栅宽功率器件封装后在 2 G Hz 下输
出功率达到了 2 W.
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