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Abgract : Al GaN/ GaN high electron mobility transstors grown on sapphire substrates with a 0. 3 m gate length
and 10Q m gate width are fabricated. The device revead s a drain current saturation densty of 0. 85A/ mm at a gate

voltage of OV and a peak transconductance of 225mS mm. The unity current gain cutoff frequency and maximumfre-

quency of oscillation are obtained as 45 and 100 GHz ,respectively. The output power density and gain are 1L 8W/ mm

and 9 5dB at 4GHz ,and 1 12W/ mm and 11. 5dB at 8 GHz.
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1 Introduction

GaN-based high electron mobility transstors
(HEM Ts) are one of the most promisng candi-
datesfor high power ,high speed ,and high temper-
ature applications due to the inherent advantages of
the material. These advantages include high break-
down voltage, high carrier velocity ,and very high
two-dimensional electron gas (2DEG) concentra
tion resulting from strong polarization and piezo
effects with a heterojunction structure'*? . With
the great development in the epitaxial growth and
fabricating process ,excellent frequency characteris
tics and microwave power performances of Al GaN/
GaN HEM Ts have been reported™ "', Output pow-
er dendties of 6. 4W/ mm and above 10W/ mm in
the X-band have been measured on Al GaN/ GaN
HEM Ts grown on sapphire and SC, respective
ly"™* . As well as being the best component for X
band high power microwave applications, GaN
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HEM Ts are attractive for the application of high
temperature circuits at even higher frequencies. A
current gain cutoff frequency fr of 121GHz and a
maxi mum oscillation frequency fmx of 162GHz for
Al GaN/ GaN HEM Ts have been reported'” .

In this paper ,we report a high frequency Al-
GaN/ GaN HEM T grown by MOCVD on sapphire
with a fr of 456GHz and a fmx of 100GHz fabricar
tedinour inrhouse 0. 3 m T-type gate process.

2 Device dructure and fabricating
pr ocess

The epitaxial structure of the AlGaN/ GaN
HEM Ts was grown by the metal organic chemical
vapor deposition (MOCVD) system on a 50mm
commercially available sapphire substrate. A 20nm
thick nucleation AIN layer was grown on the sap-
phire ,and followed by a 21 m undoped GaN buffer
layer and a 3nm undoped Alo.s Gao.7N space layer ;a
15nm S-doped Alo.z Gao.z N layer with S dopant
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densty of 5x10"cm”® was then grown to form the

2DEG and capped by a 2nm undoped Alos Gao.7 N
Schottky barrier layer. Hall measurement at room
temperature reveals a low field Hall mobility of
980cm’/ (V - s) ,a sheet resistance of 38X2 - cm™?
and a sheet carrier density of 1 66 x 10°cm™? in
the 2DEG formed at the Al GaN/ GaN interface;at
77K ,a low field mobility of 2820cm’/ (V - s) ,a
sheet resistance of 1282 - cm™?,a sheet carrier
density of 1 77 x10”cm’? were recorded.

The fabricating process started with mesa i -
lation-removing the Al GaN/ GaN of about 100nm
outsde the active mesa usng a BCls/ Ar based in-
ductively coupled plasma (ICP) dry etching
process. To enhance the isolation effect , He™ imr
plantation was added when the quality of the GaN
buffer layer was poor. Ti/ Al/ Ni/ Au was deposited
through E-beam evaporation followed by lift-off
and annealing at 890 for 30s to form the ohmic
contactsfor source and drain. A specific contact re-
sistance of 0. 882 - mm was measured through the
TLM (transmisson line method) pattern. The
Schottky gate was patterned usng Ebeam lithog-
raphy and metalized with Ni/ Au by evaporation
and lift-off. The gate with length and width of
0. 3 m and 10Qu m,respectively ,was off set to be
closer to the source contact in the 31 m source-drain
gpace. An 80nm thick SNx was then deposited by
PECVD for surface passvation to suppress the
effect of current collapse. Finaly ,interconnecting
metal and air-bridge structure were achieved with
electrical plating Au of about 21 m thickness.

3 DC and microwave perfor mances

The DC current-voltage and transer charac-
teristics of the fabricated 104 m-gate-width device
were measured on wafer with the Keithely 4200
semiconductor parameter analyzer as shown in
Figs.1 and 2. The saturation drain current density
was 0. 85A/ mm at a gate voltage of OV and the
threshold voltage was typically - 5V. The peak
transconductance was 225mS mm. A self- heating

effect at large current was observed from the |-V
characteristicin Fig. 2 ,which was due to the poor
thermal conductivity of the sapphire substrate.
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Fig.1 Drain current-voltage characteristics of Al GaN/
GaN HEMT with 0. 31 m x 10 m gate
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Fig.2 Trander characteristicsof AlGaN/ GaN HEM T
with 0. 31 m x 10U m gate

The microwave characteristics were measured
on wafer by usng an Agilent 8722ES network ana-
lyzer from 1 to 40GHz. Both short-circuit current
gain ha and unilateral power gain U were calculat-
ed from the measured Sparameters and extrapola
ted at - 20dB/ decade to find f+ and fmx ,regpec
tively. As shown in Fig. 3,the fr and fmx were
measured to be 45 and 100GHz ,respectively. Fur-
thermore , microwave output power performances
were evaluated on wafer usng MT 986 load-pull
measurements at different frequencies. Figures 4
and 5 reveal output power and gain versus input
power for the above devices at 4 and 8 GHz. The
continuous wave (CW) output power performance
was limited by three reasons. The first reason is
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that the maximum input power of the measurement
system was 8dBm. If the input power islarger ,the
output power can then be higher. Another reasonis
that the breakdown voltage of source and gain was
only about 13V and limited the power performance
serioudy. This was believed to be a result of the
lower quality of the GaN buffer epitaxial layer. Fi-
nally ,the poor thermal conductivity of the sapphire
substrate al so affected the power characteristics.
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Fig. 3

power gain U versus frequency
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Fg.4 Microwave output power performances of Al-
GaN/ GaN HEM T with 0. 31 m x 104 m gate at 4GHz
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FHg.5 Microwave output power performances of Al-
GaN/ GaN HEM T with 0. 31 m x 104 m gate at 8 GHz

4 Conclusion

AlGaN/ GaN HEM Ts grown by MOCVD on
sapphire with a gate length and width of 0. 3 and
10Qu m ,respectively ,were demonstrated. The satu-
ration drain current density was 0. 85A/ mm at a
gate voltage of OV and the threshold voltage was
typically - 5V. The peak transconductance was
225mS mm. The fr and fmx Were measured as 45
and 100GHz ,respectively. The output power densi-
ty and the gan were 1L 8W/ mm and 9 5dB at
4GHz ,and 1 12W/ mm and 11 5dB at 8 GHz.
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Al GaN/ GaN .0V ,03m 104 m
0. 85A/ mm, 225mS mm; 45 100GHz;
4GHz 1 8W/ mm 9 5dB ,8GHz 1 12w/
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