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Abstract : Al GaN/ AlN/ GaN high elect ron mobility t ransist or ( H EM T) st ructures wit h a high2mobilit y GaN t hin

layer as a channel a re grow n on high resistive 6 H2SiC subst rates by metalorganic chemical vap or dep osition . The

H EM T st ructure exhibits a typical two2dimensional elect ron gas (2D EG) mobility of 1944cm2 / ( V ·s) at room

temp erature and 11588cm2 / (V ·s ) at 80 K wit h almost equal 2D EG concent rations of about 1103 ×1013 cm - 2 .

High crystal quality of t he H EM T st ructures is conf irmed by t riple2crystal X2ray diff raction analysis . At omic f orce

microscop y measurements reveal a smoot h Al GaN surf ace wit h a root2mean2square roughness of 0127nm f or a scan

area of 10μm ×10μm. H EM T devices wit h 018μm gate lengt h and 112mm gate widt h are f abricated using t he

st ructures . A maximum drain cur rent density of 957mA/ mm and an ext rinsic t ransconductance of 267mS/ mm are

obtained.
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1 　Introduction

GaN2based wide band gap semiconductors
have t remendous potential for applications in high
power elect ronic and optoelect ronic devices , which
has p rompted significant research in epitaxial
growt h and develop ment [1～5 ] . Recently , Al GaN/
GaN high elect ron mobility t ransistors ( H EM Ts)

have at t racted much at tention due to t heir potential
for high power , high temperat ure , and high f re2
quency applications. SiC has a much higher t hermal
conductivity than sapp hire and therefore is very
promising as a high power device subst rate. Al2
GaN/ GaN H EM Ts grown on SiC subst rates[6～10 ]

with record power performance have been repor2
ted. It has also been demonst rated that t he two2di2
mensional elect ron gas ( 2D EG) mobility of Al2
GaN/ AlN/ GaN heterost ruct ures can be dramatic2
ally imp roved by using a t hin AlN interlayer be2
tween t he GaN and Al GaN layers[10～13 ] . Shen et

al . [10 ] reported a room temperat ure mobility of
1542cm2 / (V ·s) wit h a 2DEG concent ration of
1102 ×1013 cm - 2 for an Al GaN/ AlN/ GaN hetero2
st ruct ure grown on SiC subst rate by metalorganic
chemical vapor deposition (MOCVD) .

Recently , we have successf ully grown high
quality Al GaN/ GaN heterost ruct ures on sapp hire
subst rates[11～16 ] . In this paper , t he growt h and
characterization of GaN2based H EM T st ruct ures
on SiC subst rates are investigated. By int roducing a
t hin GaN layer with high mobility as t he elect ron
channel ,we created an improved Al GaN/ AlN/ GaN
H EM T st ruct ure t hat was grown on high resistive
6 H2SiC subst rate by MOCVD. The unintentionally
doped GaN t hin layer with high mobility was in2
serted between t he AlN interlayer and t he GaN
high2resistive buffer layer , which was proved to
f urt her improve channel t ransport p roperties com2
pared to our p reviously reported result s[11～16 ] . By
employing t he combination of the GaN channel lay2
er wit h high mobility and t he AlN interlayer , we
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obtained high quality Al GaN/ AlN/ GaN H EM T
st ruct ures on 6 H2SiC subst rates , whose 2D EG
mobility and concent ration at room temperat ure
were 1944cm2 / ( V ·s) and 1103 ×1013 cm - 2 , re2
spectively. H EM Ts were successf ully fabricated u2
sing t hese st ructures. A H EM T with a 018μm ×
112mm gate perip hery exhibited a maximum drain
current density of 957mA/ mm and an ext rinsic
t ransconductance of 267mS/ mm.

2 　Device structure and fabrication

The Al GaN/ AlN/ GaN H EM T st ruct ures
with high mobility GaN t hin layer as channel were
grown on high resistive 6 H2SiC subst rates by
MOCVD. A cross2section of t he st ruct ure is shown
in Fig. 1. The growt h of the H EM T st ructure be2
gan with a thin AlN nucleation layer ,followed by
deposition of a 115μm undoped high resistive GaN
buffer layer . Then a 100nm high mobility GaN
channel layer , a 1nm AlN interlayer , and a 20nm
undoped Al GaN barrier layer were grown in se2
quence. The t hin undoped GaN channel layer wit h
high mobility has a better crystal quality and there2
fore decreases elect ron scat tering in t he channel ,
which improves t he 2D EG t ransport p roperties.

Undoped Al GaN layer

AlN interlayer

High mobility GaN layer

High resistive GaN layer

AlN nucleation layer

HR 6 H2SiC subst rate

Fig. 1 　Schematic cross section of the Al GaN/ AlN/

GaN/ SiC H EM T structure with a high mobility GaN

thin layer as channel grown by MOCVD

The crystalline qualities and st ruct ural p roper2
ties of t he samples were characterized by t riple2
crystal X2ray diff raction ( TCXRD) measurement s.
Their surface morp hology was analyzed by atomic
force microscopy ( A FM ) . Variable2temperat ure
Hall effect measurement s were performed using
t he Van der Pauw technique.

The H EM T st ruct ural materials were t hen
processed into devices with gate lengt hs of 018μm
and gate widt hs of 112mm. First , source and drain
ohmic contact s were formed by rapid t hermal an2
nealing of elect ron2beam evaporated Ti/ Al/ Ti/ Au

in N2 ambient . Then ,device isolation was achieved
by using multiple2energy helium ion implantation.
Finally , t he Schot t ky gate was defined by lif t2off
technology ,wit h t he gate metallization being real2
ized by using elect ron2beam evaporated Ni/ Au.

3 　Results and discussion

Figure 2 shows t he TCXRD spect rum of t he
H EM T st ruct ure. In t he figure , four diff raction
peaks are clearly observed. They were identified as
GaN ( 0002) , Al GaN ( 0002) , SiC ( 0006) , and AlN
(0002) ,as shown in t he figure. The f ull widt h at
half maximum ( FW HM) of t he GaN (0002) peak
was 319′f rom t he rocking curve measurement .
This small value of t he GaN FW HM was at t ribu2
ted to t he high epitaxial quality of t he GaN layer .
The Al content in t he Al GaN layer was determined
to be about 18 % by using Vegard’s law of linearity
of lat tice constant compo sition for a ternary com2
pound.

Fig. 2 　TCXRD spect rum of the H EM T structure

The surface morp hology of the H EM T st ruct ure
was characterized by A FM and is shown in Fig. 3.
The sample exhibited a very smoot h surface wit h a
root2mean2square roughness (RMS) of 0127nm for
a scan area of 10μm ×10μm. No cracks or obvious
pit s were observed in t he surface of t he sample.
Surface pit s in Al GaN/ GaN H EM T st ruct ures u2
sually indicate t he surface termination of t hreading
dislocations[17 ,18 ] . This shows t hat our Al GaN/
AlN/ GaN H EM T st ruct ures grown on 6 H2SiC
have both smoot h surface morp hology and high
crystal quality.

Figure 4 shows the temperat ure dependence of
t he 2D EG mobility and concent ration in t he H EM T
st ruct ure. The measured temperat ure varied f rom
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Fig. 3 　A FM image of the surface of the H EM T struc2
ture

80 to 700 K. 2DEG mobilities of 1944cm2 / ( V ·s)

at room temperat ure and 11588cm2 / (V ·s) at 80 K
were realized. As t he temperat ure increased f rom
room temperature , t he mobility decreased slowly.
The mobility was still as high as 968cm2 / ( V ·s)

at 400 K and 577cm2 / (V ·s) at 500 K ,showing the
potential of t he H EM T st ruct ure for high tempera2
t ure applications. The 2D EG concent ration was al2
most independent of t he temperature when the
temperat ure varied f rom 80 to 700 K. A concent ra2
tion of 1103 ×1013 cm - 2 was achieved bot h at room
temperat ure and 80 K , indicating t hat t he 2D EG
was almo st entirely confined in t he channel . The
excellent 2DEG t ransport p roperties were mainly
at t ributed to t hree factors : (1) The high mobility
GaN channel layer p rovided a high quality elect ron
t ransport channel and t herefore increased the
2D EG mobility , which was proved by t he Hall
measurement and our p reviously reported re2
sult s[ 12～16 ] ; (2) The insertion of a t hin AlN inter2
layer increased the effective conduction band off set
ΔEc and reduced alloy disorder scat tering f rom the
Al GaN barrier layer . Thus it was very effective to
suppress t he elect ron penet ration f rom t he GaN
channel into the Al GaN barrier and also increased
t he 2DEG mobility ; (3) The use of 6 H2SiC as sub2
st rate gave t he epitaxial films bet ter crystal quality
due to it s closer lat tice match to GaN.

The direct current ( DC) characteristics of a
typical device wit h a 018μm ×112mm gate perip h2
ery were measured using HP4155 semiconductor
parameter analyzers. Figure 5 shows the typical

Fig. 4 　Temperature dependence of the 2DEG mobility

and concentration in the H EM T structure

Fig. 5 　Current2voltage ( Ids2V ds ) characteristics of the

H EM T

current2voltage ( Ids2V ds ) characteristics of the de2
vice. The gate was biased f rom 1 to - 4V in step s
of - 1V. The maximum drain current density was
measured to be 957mA/ mm at a gate bias of 1V.
The device exhibited excellent pinch2off character2
istics and pinched off completely at the gate bias of
- 4V. The knee voltage was between 3 and 4V. At
gate biases of 1 and 0V , no obvious current drop
was observed even for a gate bias of up to 10V.
This was p rimarily due to effective heat sinking
t hrough t he SiC subst rate , which has excellent
t hermal conductivity. In cont rast , at high current
levels ,a serious self2heating p henomenon was ob2
served in t he H EM Ts grown on sapp hire due to t he
poor t hermal conductivity of sapp hire subst rate ,
limiting the maximum drain current and outp ut
power [19 ] . The DC t ransfer characteristics of t he
same device are shown in Fig. 6. At a gate bias of
- 218V ,a maximum ext rinsic t ransconductance of

267mS/ mm was measured ,which was much higher
t han t he t ransconductance of 200mS/ mm p revious2
ly obtained on devices using sapp hire as sub2
st rate[16 ] . The improved DC performance suggested
t he excellent current handling capability of t he de2

3251



半 　导 　体 　学 　报 第 27 卷

vices ,resulting f rom t he combination of high t her2
mal conductivity of SiC and f urt her improvement of
t he material quality.

Fig. 6 　Transfer characteristics of the H EM T

4 　Conclusion

High quality Al GaN/ AlN/ GaN H EM T st ruc2
t ures with high mobility GaN t hin layer as channel
were grown on 50mm high resistive 6 H2SiC sub2
st rates by MOCVD. Based on these st ruct ures ,de2
vices wit h a 018μm ×112mm gate perip hery were
fabricated successf ully. High 2DEG mobilities of
1944cm2 / ( V · s ) at room temperature and
11588cm2 / (V ·s) at 80 K were achieved wit h al2
most equal 2DEG concent rations of about 1103 ×
1013 cm - 2 . A FM measurement revealed a smoot h
Al GaN surface wit h an RMS of 0127nm for a scan
area of 10μm ×10μm. The device exhibited a maxi2
mum drain current density of 957mA/ mm and an
ext rinsic t ransconductance of 267mS/ mm. The re2
sult s clearly suggest t hat t he H EM T st ructure is of
high quality and is p romising in device fabrication ,
due to t he combined employing of t he high mobility
GaN channel layer , AlN interlayer , SiC subst rate ,
and optimized growt h parameters.
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MOCVD 生长的 SiC衬底高迁移率 Ga N沟道层
Al Ga N/ Al N/ Ga N HEMT结构 3

王晓亮1 , 　胡国新1 　马志勇1 　肖红领1 　王翠梅1 　罗卫军1 　刘新宇2

陈晓娟2 　李建平1 　李晋闽1 　钱 　鹤2 　王占国1

(1 中国科学院半导体研究所 , 北京　100083)

(2 中国科学院微电子研究所 , 北京　100029)

摘要 : 用 MOCVD 技术在高阻 6 H2SiC 衬底上研制出了具有高迁移率 GaN 沟道层的 Al GaN/ AlN/ GaN 高电子迁
移率晶体管 ( H EM T)结构材料 ,其室温和 80 K时二维电子气迁移率分别为 1944 和 11588cm2 / (V ·s) ,相应二维电
子气浓度为 1103 ×1013 cm - 2 ;三晶 X射线衍射和原子力显微镜分析表明该材料具有良好的晶体质量和表面形貌 ,

10μm ×10μm 样品的表面粗糙度为 0127nm. 用此材料研制出了栅长为 018μm ,栅宽为 112mm 的 H EM T 器件 ,最
大漏极饱和电流密度和非本征跨导分别为 957mA/ mm 和 267mS/ mm.

关键词 : Al GaN/ GaN ; 高电子迁移率管 ; MO CV D ; 功率器件 ; 碳化硅衬底
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