
第 27卷　第 6期
2006年 6月

半　导　体　学　报
C HIN ES E J OU RNAL O F S EMICOND U C TO RS

Vol. 27　No. 6
J une ,2006

­ Corresp onding aut hor . Email :yingkui @gmail . com

　Received 8 February 2006 , revised ma nuscrip t received 17 March 2006 Ζ 2006 Chinese Institute of Elect ronics

0125μm Gate2Length Al Ga N/ Ga N Power HEMTs
on Sapphire with f T of 77 GHz

Zheng Yingkui­ , Liu Guoguo , He Zhijing , Liu Xinyu , and Wu Dexin
( I nst it ute of Microelect ronics , Chinese A cadem y of Sciences , Bei j ing　100029 , China)

Abstract : MO CV D2grow n 0125μm gate2lengt h Al GaN/ GaN high elect ron mobility t ransist ors ( H EM Ts) are f ab2
ricated on sapp hire subst rates . A peak ext rinsic t ransconductance of 250mS/ mm and a unity cur rent gain cut off

f requency ( f T) of 77G Hz are obtained f or a 0125μm gate2lengt h single f inger device . These p ower devices exhibit

a maximum drain cur rent density as high as 1107A/ mm. O n2chip testing yielded a continuous2wave outp ut p ower

of 27104dB m at 8G Hz wit h an associated p ower2added eff iciency of 2615 % f or an 80×10μm device .
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1　Introduction

Microwave power devices wit h conventional

semiconductors are approaching t heir performance
limit s. To meet f ut ure needs in wireless communi2
cation ,research is being directed to wide bandgap

semiconductors such as SiC and GaN [1 ] .

Al GaN/ GaN high elect ron mobility t ransistors
( H EM Ts) are excellent candidates for high power
and high f requency applications at elevated temper2
at ures due to t heir superior material p roperties[2 ,3 ] .

As a result of improvement s in material growt h
and processing technology ,microwave power densi2
ties five to ten times greater t han t hose of corre2
sponding GaAs2based devices have been demon2
st rated. These higher power densities will lead to
t he simplification of t he design and fabrication of
monolit hic microwave integrated circuit s
(MMICs) . GaN2based H EM Ts are typically grown
on eit her SiC or sapp hire subst rates. GaN H EM Ts
grown on SiC have demonst rated power densities
beyond 9W/ mm at t he X2band ( compared to
614W/ mm for GaN H EM Ts grown on sap2
p hire[4 ,5 ] ) and t he thermal conductivity of SiC is

superior to t hat of sapp hire , but sapp hire is chea2
per. Mainly for t his reason ,we have fabricated our
GaN H EM Ts on sapp hire subst rates. Flip2chip
( FC) technology can help solve t he t hermal con2

duction problem[6 ] .
In this paper , we p resent t he microwave per2

formance of MOCVD2grown 0125μm gate2lengt h
Al GaN/ GaN high elect ron mobility t ransistors fab2
ricated on sapp hire subst rates. These single finger
devices exhibit a maximum peak ext rinsic t ranscon2
ductance of 250mS/ mm and a unity current gain
cutoff f requency ( f T ) of 77 GHz. On t he same wa2
fer , a maximum drain current density of 1107A/
mm is obtained for t he 80 ×10μm gate2lengt h de2
vice.

2　Device fabrication

A 50mm2diameter wafer was supplied by t he
Depart ment of Elect rical and Elect ronic Engineer2
ing at H KU ST. The device st ruct ures in t his st udy
were grown by metal2organic chemical vapor depo2
sition (MOCVD) on sapp hire subst rates. The typi2
cal epitaxial st ructure is shown in Fig. 1 , which
consist s of a 215μm undoped　GaN layer followed
by　a 3nm undoped　Al GaN layer . Above t hat

2nm undoped Al x Ga1 - x N　x = 0. 33～0. 38

15nm n2Al x Ga1 - x N　3. 5×1018cm - 3

3nm undoped Al x Ga1 - x N

2. 5μm GaN

Sapp hire

Fig. 1　Epitaxial st ructure of t he GaN waf er
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is a 15n m Al GaN laye r wit h a dop i ng de nsity of

a bout 315×1018 c m - 3 . The t op laye r is a 2nm un2
dop ed Al GaN cap laye r . The sheet resist a nce is

a bout 350Ω/ □.
Device p rocessing included mesa isolation u2

sing a chlorine2based inductively coupled plasma
( ICP) etch ,followed by Ti2Al2Ti2Au2based ohmic
contact deposition and annealing[7 ] . Air2bridge
technology was used for the multi2finger gate pow2
er device. Elect ron2beam lithograp hy was then used
to define t he Ni2Au T2gates with footp rint s of
0125μm , and a multi2layer p hotoresistor st ruc2
t ure[8 ] was optimized and used to obtain t he T2
shaped gate. Figure 2 shows an SEM p hoto of the
T2shaped gate.

Fig. 2　SEM photo of 0125μm T2shaped gate

3　Results and discussion

DC measurement s were performed on t he fab2
ricated devices using a H P4155A semiconductor
parameter analyzer . The maximum peak t ranscon2
ductance was 250mS/ mm at a gate voltage of -
416V. The pinch2off voltage was - 512V ,as dem2
onst rated in Fig. 3. Figure 4 shows t he forward and
reverse gate diode characteristics. The forward
t urn2on voltage ( measured under a 1mA/ mm for2
ward gate current ) was 1185V , and t he reverse
gate current was - 10175μA/ mm at - 20V. On an
80 ×10μm power device ,an on2chip maximum drain
current density as high as 1107A/ mm was obtained
when t he gate voltage was 015V ,as shown in Fig.
5.

An ext rapolation of the unity current gain cut2
off f requency ( f T ) to 77 GHz was obtained for the

Fig. 3　Performance of t ransconductance

Fig. 4 　Forward and reverse gate diode characteristics
(W g = 40μm)

Fig. 5 　Pulse measurement of 80 ×10μm p ower de2
vice’s I2V curves

single finger gate (40 ×0125μm) device ,as shown
in Fig. 6. A continuous2wave outp ut power of
27104dBm at 8 GHz and a drain voltage of 10V
with an associated power2added efficiency of
2615 % were obtained for a 80×10μm device ( Fig.
7) .
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Fig. 6　RF characteristic :ext rapolation to approximate2
ly 77 GHz of current gain cutoff f requency ( f T)

Fig. 7　Power performance of the 80×10μm device ( f

= 8G Hz ; Vds = 10V)

4　Conclusion

We have fabricated 0125μm gate2lengt h micro2
wave power Al GaN/ GaN H EM Ts on sapp hire

substrates. A maximum peak transconductance of
250mS/ mm at a gate voltage of - 416V was obtained.
On the power device on2chip test ,a CW output power
of 27104dBm with an associated PAE of 2615 % was a2
chieved at 8 GHz and 10V drain bias. The good per2
formance of GaN/ Al GaN HEMTs on the sapphire
substrate shows their potential for applications in mi2
crowave power circuits.
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f T为 77 GHz的蓝宝石衬底 0125μm栅长 Al Ga N/ Ga N高电子迁移率功率器件

郑英奎­　刘果果　和致经　刘新宇　吴德馨

(中国科学院微电子研究所 , 北京　100029)

摘要 : 在蓝宝石衬底上用 MOCVD技术生长的 Al GaN/ GaN结构上制作出 0125μm栅长的高电子迁移率功率晶体
管. 0125μm栅长的单指器件测到峰值跨导为 250mS/ mm ,特征频率为 77 G Hz.功率器件的最大电流密度达到
1107A/ mm. 8G Hz频率下在片测试 80×10μm栅宽器件的输出功率为 27104dB m ,同时功率附加效率达到 2615 %.
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