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RFMBE Gown AlGaN GaN HEMT Sructure with High Al Content
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Abgtract : A S doped AlGaN/ GaN HEM T structure with high Al content (x =43 %) in the barrier layer is grown
on sapphire substrate by RFMBE. The structura and electrical properties of the heterostructure are investigated by
the triple axis X-ray diffraction and Van der Pauw- Hall measurement ,respectively. The observed prominent Bragg
peaks of the GaN and Al GaN and the Hall results show that the structure isof high quality with smooth interface.
The high 2DEG mobility in excess of 1260cm?/ (V - s) is achieved with an electron density of 1 429 x 10%cm 2 at

297K ,corresponding to a sheet-density-mobility product of 1. 8 x 10V "' -

s™!. Devices based on the structure are

fabricated and characterized. Better DC characteristics ,maximum drain current of 1. OA/ mm and extrinsc transcon-
ductance of 218mS mm are obtained when compared with HEM Ts fabricated usng structures with lower Al mole
fraction in the Al GaN barrier layer. The results suggest that the high Al content in the Al GaN barrier layer ispronr

isng in improving material electrical properties and device performance.
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1 Introduction

High electron mobility transistors (HEM Ts)
based on Al GaN/ GaN heterostructures have been
the focus of intense research for the past severa
years as promising devices for high temperature,
high frequency ,and high power microwave applica
tions because of large saturation velocity, high
thermal stability ,and large band-gap of GaN'* *.
Their outstanding performance is attributed to be-
ing able to achieve two-dimensonal electron gas
(2DEG) with density higher than 10°cm™? at the
interface of Al GaN/ GaN even without intentionally
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doping ,which is well in excess of those achievable
in conventional - material systems, such as
GaAs and InP-based hterostuctures. A number of
studies have confirmed that the large conduction
band discontinuities at the Al GaN/ GaN interface
and the large piezoelectric and gpontaneous polari-
zation of the materials** are the two dominant or-
iginsof the high 2DEG dendty. Up to now ,investi-
gationson GaN-based HEM Ts have mainly focused
on Al GaN/ GaN with low Al fraction (typically in
the range of 15% 30 %) ; however , the hetero-
structures with high Al content have been less
studied. Increasng Al content in the Al GaN barrier
layer will enhance the spontaneous and piezoelec
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tric polarization and, therefore, induce a higher
2DEG density in the channel' .
higher Al content results in a larger conduction
band discontinuity ,which will result in better con-
finement to the electrons at the channel ,allowing
high mobility to coexist with the large carrier den-
sty!® . In addition ,high Al content can get a higher
breakdown field and Schottky barrier. However ,
Zhang et al.!! reported,with the Al content in-
creasng ,the effects of the interface roughness on
the 2DEG mobility become more serious. Increas
ing Al content could also make it easy to introduce

Furthermore, a

deep levelsin the epi-layers and to degradeitscrys
tal quality. Therefore, growth of and research on
the AlGaN/ GaN HEM T structure with high Al
content in the barrier layer are necessary to imr
prove HEM T performance f urther.
We have previously reported 1035cm’/ (V -

s) ® electron mobility at room temperature with a
sheet electron density of 1. 0 x 10” cm’? for the
RFMBE grown HEM T structures. In this paper,
we report the RFMBE growth of a high Al con-
tent (x =43%) AlGaN/ GaN HEM T structure on
sapphire substrate. The high Al content structure
yields a sheet carrier dendty in excessof 1 4 x 10"
cm'? at 297K with electron mobility about
1268cm’/ (V - s). To the best of our knowledge,
the achieved product of ns XM isone of the highest
ever reported values for AlGaN/ GaN HEMT
structures grown on sapphire by MBE. Devicesfab-
ricated with the structure also exhibite the im-
proved DC performance.

2 Experiment

The AlGaN/ GaN HEM T structure with high
Al content was grown on 37. 5mm C-plane sapphire
substrates by a modified home-made MBE system
with a RF plasma nitrogen source. The structureis
composed of a 1nm GaN cap layer ,a 21nm-slicon
doped AlGaN carrier supply layer (n =2 x 10*
cm”?) ,a 3nmrundoped Al GaN spacer layer and a
2 @ nmrthick undoped semi-insulating (SI) GaN

buffer layer grown on a 20nm AIN nucleation lay-
er ,as shown in Fig. 1. The AIN nucleation layer ,
deposted at 600 700 ,was used to control the
polarity of the epi-layers and to improve the GaN
buffer layer quality. More detail s about the growth
conditions for the epi-layers can be found else
where'® . The subsequent device processing consi s
ted of mesa isolation, Ti/ Al/ Ti/ Au source and
drain ohmic contact ,and Pt/ Ti/ Au gate contact.
Gate length and width were 0. & m and 8Q m ,re-
spectively.

UID-GaN 1nm
Si-doped AlGaN 21nm
UID-AlGaN 3nm
SI-GaN 2pm

AIN 20nm
Sapphire substrate

Fg. 1 AlGaN/ GaN HEMT structure grown on
(0001) sapphire substrate by RFMBE

Our previoudy reported AlGaN/ GaN HEM T
structure materials have an Al content in the Al-
GaN barrier of about 20 %'® .
present structure,the Al mole fraction in the Al-
GaN barrier is increased to about 43 % ,about two
times higher than the previous one. In addition ,the
thickness of the GaN buffer layer has al o been in-
creased ,from 1L 31 m in the previous structure to
3 min the present one. The motivation of raising
the Al content in the Al GaN barrier is mainly to
enhance the sheet electron concentration in the
channel. The purpose for choosing a thicker Sk
GaN buffer layer isto improve the overall perform-
ance of the HEM T structure.

The epi-layers quality of the HEM T structure
and the Al molefraction of Al GaN barrier layer are
estimated by the triple axis X-ray diffraction
(TAXRD) measurement. The Van der Pauw- Hall
measurement is used to estimate the 2D EG density
and electron mobility of the samples at various
temperatures between 80K and 580K. HP4142 and

However , for the
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HP4155 semiconductor parameter analyzers were
used for device DC measurement.

3 Resultsand discussion

Figure 2 is the TAXRD spectrum for the
grown AlGaN/ GaN HEM T structure. From this
figure the prominent Bragg peaks for the GaN
(0002) at B =34 56° and Al GaN (0002) at B =
35 7° are observed. The intense GaN (0002) peak
with small diff raction width showsthat the SI-GaN
buffer layer is of high quality ,which is attributed
to the optimized growth parameters and the thicker
SI- GaN buffer layer. For the high Al mole fraction
Al GaN barrier layer ,asitsthicknessis very thin ,a
bout 24nm ,its (0002) diffraction peak has a com-
paratively weaker intensity with wide diffraction
width. This phenomenon is also observed by other
research groups®* . Using Vegard' s Law ,the Al
content in the Al GaN layer can be estimated to be
43 % ,about two times higher than that of the pre-
vious HEM T structure'® . It should be noticed that
thein-plane biaxial straininthe Al GaN barrier lay-
er has not been taken into account when esti mating
its Al mole fraction. If the stain is consdered,the
actual Al content in the Al GaN barrier layer will
be alittle smaller than the estimated val ue of 43 %.

GaN(0002)
105 5
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Fig.2 Triple axis X-ray diffraction pattern of the Al-
GaN/ GaN heterostructure grown on (0001) sapphire
substrate by RFMBE

Figure 3 shows the temperature dependence of
the 2DEG mobility and its corresponding sheet
dendty in the Al GaN/ GaN HEM T structure sam-

ple. The measurement temperature variesfrom 80K
to 580K. From this figure we can see that the
2D EG mobility reaches as high as 1268cm?/ (V - 9)
with a very high sheet electron concentration of
1 429 x 10”cm ? at room temperature. When tem-
perature decreases from the room temperature ,the
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Fg.3 Variabletemperature Hall effect measurements
for the AlGaN/ GaN HEM T material grown on (0001)
sapphire substrate by RFMBE

mobility increases rapidly. At about 100K, the
mobility reaches its maximum value of 2500cm’/
(V - 9 and changes little when the temperature is
further decreased. When the temperature increases
from room temperature, the mobility decreases
dowly. Even at 500K ,it is still as high as 552cm’/
(V - 9 ,which indicates that the material structure
is potentialy capable of high temperature device
applications. The sheet electron density is almost
independent of temperature when the temperature
is lower than 440K. When the temperature increa
sesfrom 440K to 580K ,the sheet electron concen-
tration will increase dowly. At 580K ,the sheet e
lectron density is 1. 621 x 10 cm’ 2. The variable
temperature Hall measurement clearly shows the
typical behavior of the 2DEG,confirming the for-
mation of 2DEG at the Al GaN/ GaN interface in
the GaN side. Snce the 2DEGisamost completely
confined in the channel for the large conduction
band discontinuity between AlGaN and GaN lay-
ers,the sheet electron density is amost independ-
ent of the temperature variation. The achieved
product of ns X at room temperatureis 1 8 x 10*
V''. s ' oneof the highest ever reported values
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for AlGaN/ GaN HEM T structures grown on sap-
phire substrates by MBE. These results show that
the high Al-content Al GaN/ GaN HEM T structure
material swith thick SI-GaN buffer layer grown un-
der the optimized conditions have high electrical
performance and are promising for high frequency
and high power HEM T applications.

Devices are fabricated usng the structure with
high Al mole fraction and characterized. Figure 4
illustrates the typical I-v (a) and trander (b)
characteristics. A maximum drain current of 1. 0A/
mm at Vg =1V and a peak extringc transconduct-
ance of 218mSY mm are obtained on devices with
gate length Ly =0. 8 m and gate width Wy =80 m.
Compared with our previoudy fabricated devices
with a lower Al mole fraction® ,the drain current
isalittle higher ,but the peak transconductance in-
creases from 186mS mm to 218mS mm, about
117 % of that with the lower Al molefraction. The
improved DC performance confirms the improve-
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Fig.4 Typica -V (a) andtrander (b) characteristics
for HEM T devices fabricated usng the structure with
high Al mole fraction (43 %) in the barrier layer.

ment of the electrical properties,resulting from the
increased Al mole fraction.

4 Summary

A high Al content S-doped Al GaN/ GaN
HEMT structure is grown on sapphire substrate
by plasmaasssted MBE and its structural and e
lectrical properties are investigated. TAXRD analy-
s suggested that the Al content of the Al GaN
barrier layer is43 % and the HEM T structure has a
high quality. Sheet carrier densty in excessof 1 4
x10”cm™ % with electron mobhility about 1268cm?/
(V - 9 at room temperature has been achieved ,in-
dicating the high electrical properties of the struc
ture. To the best of our knowledge,the achieved
product of ns xp ,about 1. 8 x10°V "' . s ' isone
of the highest ever reported valuesfor Al GaN/ GaN
HEMT structures grown on sapphire by MBE.
HEM Tsfabricated with this structure have maxi-
mum extrinsgc transconductance of about 218m&
mm and saturation drain current of 1 OA/ mm at
Vs =1V ,exhibiting improved DC performance. The
results show that increasng the Al content in the
barrier layer will help to increase the product of ns
XU and to realize high performance HEM T de-
vices.
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