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Abstract : The growth ,fabrication , and characterization of 0. 2μm gate2length Al GaN/ GaN H EM Ts , with a high

mobility GaN thin layer as a channel ,grown on (0001) sapphire subst rates by MOCVD ,are described. The uninten2
tionally doped 2. 5μm thick GaN epilayers grown with the same conditions as the GaN channel have a room tempera2
ture elect ron mobility of 741cm2 / (V ·s) at an elect ron concentration of 1. 52 ×1016 cm - 3 . The resistivity of the thick

GaN buffer layer is greater than 108Ω·cm at room temperature. The 50mm H EM T wafers grown on sapphire sub2
st rates show an average sheet resistance of 440. 9Ω/ □with uniformity better than 96 %. Devices of 0. 2μm ×40μm

gate periphery exhibit a maximum extrinsic t ransconductance of 250mS/ mm and a current gain cutoff f requency of

77 GHz. The Al GaN/ GaN H EM Ts with 0. 8mm gate width display a total output power of 1. 78W (2. 23W/ mm) and

a linear gain of 13. 3dB at 8 GHz. The power devices also show a saturated current density as high as 1. 07A/ mm at a

gate bias of 0. 5V.
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1 　Introduction

Al GaN/ GaN high elect ron mobility t ransistors

( H EM Ts) have recently at t racted much at tention

due to t heir potential for their applications in high2
power , high2temperat ure , high2f requency micro2
elect ronic devices[ 1～5 ] . GaN possesses large band

gap ( 3. 4eV ) , very high breakdown field ( 3 ×

106 V/ cm) ,and ext remely high peak (3 ×107 cm/ s)

and sat uration velocity (1. 5 ×107 cm/ s) [6 ] . These

p roperties in combination wit h t he large conduction

band off set and t he high2density two2dimensional

elect ron gas (2DEG) on t he order of 1013 cm - 2 at

t he Al GaN/ GaN interface , make t he Al GaN/ GaN

heterost ruct ures superior to conventional semicon2
ductor heterost ruct ures such as GaAs2based and

InP2based ones in the field of high power and high

temperat ure microelect ronic devices[1 ,4 ] . Such semi2
conductor devices are very at t ractive for power ap2
plications at X2band and even above.

In recent years ,t remendous p rogress has been

made in t he DC and RF performance of GaN based

H EM Ts due to improving crystal quality in Al2
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GaN/ GaN st ruct ures and optimization of device

p rocessing. Al GaN/ GaN H EM Ts grown on SiC

subst rates with dimensions of 0. 55μm ×246μm and

a field2plate length of 1. 1μm have already demon2
st rated a continuous wave outp ut power density of

32. 2W/ mm and power2added efficiency ( PA E) of

54. 8 % at 4 GHz ; devices with a shorter field plate

of 0. 9μm also generated 30. 6W/ mm wit h 49. 6 %

PA E at 8 GHz[7 ] . A current gain cutoff f requency

( f T ) of 121 GHz and maximum f requency of oscil2
lation ( f max ) of 162 GHz were measured on t he Al2
GaN/ GaN H EM T wit h a 0. 12μm gate2lengt h

grown on SiC subst rate[8 ] .

We have previously reported RF2MB E grown

Al GaN/ GaN H EM Ts wit h gate lengt h and widt h

of 1 and 80μm , respectively ,and obtained a drain2
current density of 925mA/ mm , a peak t ranscon2
ductance of 186mS/ mm , and a f T of 18. 8 GHz[9 ] .

We have also reported a RF2MB E grown Al GaN/

GaN H EM T wit h high Al content [10 ] . In t his pa2
per , X2Band Al GaN/ GaN power H EM Ts with a

power density of 2. 23W/ mm at 8 GHz grown by

metal organic chemical vapor deposition (MOCVD)

on sapp hire subst rates are reported. To raise the

2D EG mobility in t he channel , an unintentionally

doped GaN t hin layer with high mobility was in2
serted between Al GaN barrier and GaN buffer wit h

high resistivity. The 50mm H EM T wafers wit h

t his st ruct ure grown on (0001) sapp hire subst rates

by MOCVD exhibit a sheet resistance of 440. 9Ω/

□wit h uniformity bet ter t han 96 %. The H EM T

devices wit h 0. 2μm ×40μm gate perip hery fabrica2
ted using t he epi2wafers exhibit a maximum ext rin2
sic t ransconductance of 250mS/ mm and a f T of

77 GHz. The Al GaN/ GaN H EM Ts wit h 0. 8mm

gate widt hs display a total outp ut power of 1. 78W

(2. 23W/ mm ) and a linear gain of 13. 3dB at

8 GHz. The power devices also show a sat urated

current density as high as 1107A/ mm at a gate bias

of 0. 5V.

2 　Structure growth and device fabri2
cation

　 　 The Al GaN/ GaN H EM T st ruct ures were

grown on (0001) sapp hire subst rates by MOCVD.

The cross2section of t he H EM T devices is shown

in Fig. 1. The growth of t he st ruct ure began wit h

an unintentionally doped 2. 8μm t hick high resis2
tive GaN buffer layer , followed by an undoped

110nm t hick GaN layer wit h high mobility as t he

channel layer . Finally ,about 5nm undoped and 150

nm Si2doped Al GaN barrier layers were grown. In

cont rast to a conventional Al GaN/ GaN H EM T

st ruct ure , t his Al GaN/ GaN H EM T st ruct ure em2
ployed an undoped high mobility GaN thin layer as

t he channel layer ,which significantly enhancing t he

mobility of t he 2DEG in t he channel ,and t herefore

helping to improve t he performances of t he fabrica2
ted Al GaN/ GaN H EM T devices.

The H EM T st ruct ural materials were then

processed into devices wit h a source2drain spacing

of 3μm and a gate lengt h of 0. 2μm. First , t he de2
vice isolation was achieved by using multiple2ener2
gy helium ion implantation. Then ,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 at 750 ℃for 30s. Finally ,t he Schot t2
ky gate was defined by lif t2off technology and t he

gate metallization was realized by using elect ron2
beam evaporated Pt/ Ti/ Au.

3 　Results and discussion

To improve 2DEG t ransport p roperties of t he

Al GaN/ GaN H EM T st ructure , an unintentionally

doped 110nm t hick GaN layer with high elect ron

mobility was int roduced into t he H EM T st ructure.

This t hin GaN layer was grown between t he Al2
GaN barrier layer and the t hick high resistive GaN

buffer layer , using t he identical growth conditions

to t hose of t he 2. 5μm thick bulk GaN epilayers.

The variable2temperature Hall measurement re2
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Fig. 1 　Schematic cross section of an Al GaN/ GaN

H EM T

sult s for the 2. 5μm thick bulk GaN epilayer are

shown in Fig. 2. From this figure we know t hat the

room temperature Hall mobility of t he bulk GaN

film grown on sapp hire subst rate is as high as

741cm2 / (V ·s) at a background elect ron concen2
t ration of only 1. 52 ×1016 cm - 3 . As t he tempera2
t ure decreases ,t he Hall mobility increases gradual2
ly ,up to it s maximum value 2020cm2 / ( V ·s) at

149 K ,and t hen decreases. The background elect ron

concent ration will increase wit h raising tempera2
t ure. To t he best of our knowledge , t he obtained

room temperat ure mobility value for the uninten2
tionally doped 2. 5μm2t hick bulk GaN is one of the

best result s in t he world using the same growt h

technique. The H EM T devices will benefit f rom

t he H EM T st ruct ure , wit h t he t hin GaN layer as

t he channel , which was grown using the same

growt h conditions as those of t he t hick bulk GaN

layer wit h high mobility.

As shown in Fig. 1 ,just below t he GaN chan2
nel layer wit h high mobility , t here is a t hick GaN

buffer layer . The first p riority of t his layer is to

have high resistivity to p revent current leakage be2
tween source and drain. U sing unintentionally

doped growt h technique ,which we have applied for

patent ,we successf ully achieved high resistive GaN

layer on sapp hire subst rate. It s elect rical resisitivi2
ty dependence on temperature is shown in Fig. 3.

Fig. 2 　Elect ron mobility and concentration as a func2
tion of sample temperature for an unintentionally doped

2. 5mm thick bulk GaN epilayer on sapphire

From t his figure we acquire that t he resistivity of

t he GaN buffer is 2. 9 ×108Ω·cm at room temper2
ature , which corresponding to a sheet resistance

larger t han 1012Ω/ □,about t hree orders of magni2
t ude higher t han t he sheet resistance value (109Ω/

□) reported by Lee et al1 [ 11 ] . When t he tempera2
t ure is increased to 673 K ,t he resistivity of t he GaN

buffer is 2 ×105 Ω ·cm. Therefore , even at high

temperat ures ,t he GaN buffer layer has high resisi2
tivity and can effectively p revent leakage current

between source and drain f rom happening. For high

power devices or high operation temperat ures ,t his

is very important .

Fig. 3 　Temperature dependence of the elect rical resis2
tivity of the 218μm thick GaN buffer layer grown on

sapphire subst rates by MOCVD

Sheet resistance mapping of t he grown Al2
GaN/ GaN H EM T wafer was conducted by a Le2
highton Elect ronics using a contact2less measure2
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ment system. The measured sheet resistance map

for t he 50mm H EM T wafer is shown in Fig. 4. The

wafer exhibit s a maximum resistance of 467. 3Ω/ □

and a minimum value of 417. 3Ω/ □. The average

sheet resistance is 440. 9Ω/ □,with t he resistance

uniformity being 96. 5 %.

Fig. 4 　Sheet resistance mapping of the grown 50mm

Al GaN/ GaN H EM T wafer

The direct current (DC) characteristics of the

Al GaN/ GaN H EM T devices fabricated wit h the

50mm H EM T wafer were measured using H P4142

and HP4155 semiconductor parameter analyser .

Shown in Fig. 5 is a typical drain current2voltage

( Ids2V ds ) characteristics measured for a device wit h

gate lengt h and width of 0. 2μm and 0. 8mm , re2
spectively. The source2drain spacing of t he device is

3μm. The gate is biased f rom 0. 5 to - 5V in the

step of - 0. 5V. The device exhibited a maximum

drain current density of 1. 07A/ mm at a gate bias

of 015V. The pinch2off voltage of t his device was a2
bout - 5V and t he knee voltage was between 4 ～

5V. At high current levels significant self2heating

of t he devices took place for t he poor t hermal con2
ductivity of sapp hire subst rates ,limiting t he maxi2
mum drain current . This makes it clear t hat SiC

should be cho sen as a t hermally highly conductive

subst rate to overcome the self2heating problem. All

t he H EM T devices measured exhibit good sat ura2
tion and pinch2off characteristics.

DC t ransfer characteristics of a typical 0. 2μm

×40μm A1 GaN/ GaN H EM T are shown in Fig. 6 ,

which was measured when the drain2to2source volt2

Fig. 5 　Id2V ds characteristics of a typical A1 GaN/ GaN

H EM T grown on sapphire subst rate with gate length

and width of 0. 2μm and 0. 8mm ,respectively

age was kept at 6V. On t his figure , t he drain cur2
rent and t ransconductance are plot ted against gate

bias voltage. It is obvious t hat this device has

reached a maximum ext rinsic t ransconductance of

250mS/ mm at V g = - 4. 5V. As t he gate bias volt2
age increases , t he drain current will increase and

incline to sat urate gradually. Whereas t he t rans2
conductance exhibit s a different variation tenden2
cy :it increases rapidly first ,up to it s maximum val2
ue ,and t hen decreases.

Fig. 6 　DC transfer characteristics of a typical A1 GaN/

GaN H EM T grown on sapphire subst rate with gate

length and width of 0. 2 and 40μm ,respectively

To investigate high f requency characteristics

of t he devices , small2signal S2parameter measure2
ment s were made. From t he S2parameters ,current

gain h(2 ,1) can be calculated. Figure 7 shows t he

8681



第 10 期 Wang Xiaoliang et al . : 　X2Band GaN Power H EM Ts with Power Density of ⋯

small signal f requency response f rom the typical

012μm ×40μm A1 GaN/ GaN H EM T device. An ex2
t rinsic f T of 77 GHz was ext rapolated. We believe

t hat such a high f T can be partly at t ributed to the

insertion of the t hin high mobility GaN layer be2
tween t he Al GaN barrier and the high resistive

GaN buffer layer .

Fig. 7 　Small signal RF characteristic of the 0. 2μm ×

40μm Al GaN/ GaN H EM T device

On2wafer power measurement s at 8 GHz were

performed using a focus load2p ull system. The

power performance of t he 0. 2μm ×0. 8mm device

biased at V ds = 30V is shown in Fig. 8. The device

had a linear gain of 13. 3dB. The measured continu2
ous wave ( CW ) outp ut power is 3215dBm

(1178W) and t he corresponding outp ut power den2
sity is 2. 23W/ mm.

Fig. 8 　Power performance of the 0. 2μm ×0. 8mm

A1 GaN/ GaN H EM T at 8 GHz 　The device was biased

at V ds = 30V.

4 　Conclusion

50mm Al GaN/ GaN H EM T wafers with a high

mobility GaN t hin layer as t he channel are grown

by MOCVD on ( 0001 ) sapp hire subst rates and

012μm gate2lengt h H EM T devices are fabricated.

The unintentionally doped bulk GaN epilayers wit h

t hickness of 2. 5μm have a room temperat ure mob2
ility of 741cm2 / (V ·s) at an elect ron concent ration

of 1. 52 ×1016 cm - 3 . The resistivity of t he GaN

buffer layer is greater t han 108Ω·cm at room tem2
perat ure. The 50mm H EM T wafer shows an aver2
age sheet resistance of 440. 9Ω/ □wit h uniformity

bet ter t han 96 %. The fabricated H EM T devices

exhibit a high drain current and DC t ransconduct2
ance of 1. 07A/ mm and 250mS/ mm , respectively.

The current2gain cut2off f requency of t he devices

with gate widt h of 40μm is measured to be about

77 GHz. The devices wit h gate width of 0. 8 mm al2
so display a high total outp ut power of 1. 78 W (2.

23 W/ mm) wit h a linear gain of 13. 3dB at 8 GHz.

Our result s show t hat GaN H EM T wit h a t hin lay2
er of high mobility GaN as a channel between t he

Al GaN barrier and t he high resistive GaN buffer

layer has st rong potential for power applications at

X2band f requencies.
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输出功率密度为 2. 23W/ mm 的 X波段 Al Ga N/ Ga N

功率 HEMT器件 3
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摘要 : 用 MOCVD 技术在蓝宝石衬底上制备出具有高迁移率 GaN 沟道层的 Al GaN/ GaN H EM T 材料. 高迁移率

GaN 外延层的室温迁移率达 741cm2 / (V ·s) ,相应背景电子浓度为 1. 52 ×1016 cm - 3 ;非有意掺杂高阻 GaN 缓冲层

的室温电阻率超过 108Ω ·cm ,相应的方块电阻超过 1012Ω/ □. 50mm H EM T 外延片平均方块电阻为 440. 9Ω/ □,

方块电阻均匀性优于 96 %. 用此材料研制出了 0. 2μm 栅长的 X波段 H EM T 功率器件 ,40μm 栅宽的器件跨导达到

250mS/ mm ,特征频率 f T 为 77 GHz ;0. 8mm 栅宽的器件电流密度达到 1. 07A/ mm ,8 GHz 时连续波输出功率为

1178W ,相应功率密度为 2. 23W/ mm ,线性功率增益为 13. 3dB.

关键词 : Al GaN/ GaN ; 高电子迁移率晶体管 ; MOCVD ; 功率器件
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