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Abstract ---- The d¢ and miaowave
pafonance of an InAs channd HEMT is
reported. Room-tempeaature dectron mobility as
high as 20200 an’/Vs is measured, with a high
curia  concentration of 2.7x10” an’. DC
extrinsic transconductance of 714 mS/mm is
measured and a unity-cumvent-gain cut-off
frequency of 50 GHz is obtained for a 1.1- ym
gate length HEMT. The success of achieving
supeaior Hall mobility and device paformance
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is strongly dependent on the In,Al, As buffea
layer design that changes the lattice constant
from 1atticematched In s5Al 4sAs to
Ino.;sAL »sAs. The multiple In Al sAs/InAs
monolayer supedattices buffa achieves the best
pafomance as compared to the step-graded
In Al As and the uniform I, sAl) ,;As buffer.

Keyword: HEMT, superior Hall mobility, lattice
constunt, buffer layer.
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RECENTLY, hP-based hoA53+xG'&().47_
As/ng 5,AL 4sAs  pseudomorphic  high-electron-
mobility-transistors (HEMT's) [1]-[6] have

demonstrated superior high-frequency performance
relative to other field-effect transistors (FET's) at
equal gate length (Lg). Rk is shown both
theoretically and  experimentally that the
performance can be firther improved with increasing
In Composm in the h0A53+xG'a0‘47_xAS Chann.el,
which are due to the lower electron effective mess,
higher elecron mobility and peak velocity, and
better carier confiement i the quantm well.
Therefore record high umity-cumrent-gain cut-off
frequency (f7) and fr-Lg product of 340 GHz [2] and
57 GHz- ym [1] have been achieved i I sGay As
channel and h()_77G'a0_23AS/ho_sza0_75AS strain
compensated channel, respectively. It is expected
that the high-speed performance can be finther
mmproved if an lAs channel is used. However, the
large lattice-mismatch between IAs channel and
P substrate is beyond the capability of our
previous reported strain-compensated design [1],
[7]1, [8], and three-dimensional (3-D) growth is
generated. This rough growth front not only
mcreases the mterface roughness but also decreases
both electron mobility and velocity, which may
result in a degraded device performance.



In this letter, we present the successful growth of
hAs chanmel HEMT stucture. Room-temperature
mobility of 20200 an’/Vs is measured, with a
carier concentration of 2.7 x 10 am”. The merit
of the As channel design is finther confimed by
the high fr of 50 GHz n a 1.1- ym device. Both

the mobility and fr are improved to the previous
strain Compen‘;ated hogG’&o]AS/ho]5G&0j5AS
channel design.
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Ow samples were grown I a molecular beam

epitaxy (MBE) system. Typical growth rates were
0.8 ym/h for both I, s;Gap47As and Iy 5,Aly 45As.
The layer stucture of IhAs channel HEMT's is
shown schematically in Fig.1, which consists of a
200-nm Ing 5Aly 45As lattice-matched to P, a 200-
nm Al As buffer, an active channel, a 4-nm
I 5,AlL) 4sAs spacer, a 4-nm n'-Ing 5,Al) 45As donor
layer, a 20-nm In, spAl) 45As Schottky layer and a
4nm n'-In;sGag,sAs ohmic contact layer. The
active channel contains a 7-nm hAs layer, with
two 1.5-nm I .sGagosAs interface smooth layers.
The Al As buffer is used to transfer lattice
constant from that of h0_52A10_48AS to II:I()_75A10_25AS.
Three buffers are designed to study the electron
mobility and mterface roughness: Stuchme I
consists of a umiform In,;sAl),sAs; Stuchoe 2
consists of a step-graded 60-mm I s0Aly 41As/70-
nm h0_57A10_33As/70-nm h()75A1025AS, Structure 3
consists of multiple I 5pAlj s5As/IAs monolayer
superlattices. Hall measurement was used to
mvestigate the electron mobility and the camier
density of the HEMT structuwe. The HEMT's were
fabricated by standard photolithography and lift-off
techniques. Source and drain were formed by
Ge/Au/Ni/Ti/Aun  (70/140/50/20/70-nm) ohmic
contacts after mesa isolation. Next, the gate recess
was caried out by a H;PO,. H,0,: H,0 slow
etching solution. The recess was controlled by the
source-drain cumrents. Finally, gate was formed by
Ti (10-nm)/Au (300-nm) and device was completed
by a second mesa etch to remove the overlap
between gate and channel. The gate length was
measured by a scaming elecron microscope.
Devices were measured by using a semiconductor
parameter analyzer and a network analyzer.
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The measured Hall data for three different I, Al
WAs buffers are summarized in Table 1. Stucture 1
with a uniform Iy ;sAL ,sAs buffer shows a
degraded elecron mobility of 5800 am’/Vs as

compared to lattice-matched I, s53Gay47As channel,
which has a typical value of 10000-11000 am’/Vs
[2], [8] at the same carier density. This is due to
the stram-mduced 3-D growth and rough mteiface of
hAs/h Al 4sAs. Although the step-graded
Al As buffer (Stuctiwe 2) shows mmproved
mobility of 11900 am’/Vs, this value is still far
below the mobility of 15200 am’/Vs I a
o 50Ga0.20A8 /o 5Gao.75As  channel design [7], [8].
In contrast, significant Improvement of electron
mobility is achieved by wusing the multiple
Ing 5pAl) 4As/MAs monolayer superlattices buffer
(Structure 3), and a mobility of 20200 am’/Vs is
obtamed. The measured camier density of HEMT
with IngsAl sAs/MAs monolayer superlattice
buffer is 2.7 x 10"* am”, which is also the highest
value as compared to the other two structuwes. The
higher carier density in this stuchare may be due
to the reduced traps/deep levels i the Al As
buffer, which is also confimed from the negligible
carier density change between room temperature
and 77 K. Possible reason for achieving good Hal
data may be due to that the straimed monolayer
superlattice can preserve a relatively smooth growth
front and reduced deep recombination levels.
Similar effect was also reported m IAs/mGaAs
short-period superlattice [8]. However, due to the
lmited mprovement of 77 K mobility of 12800
(’/Vs I MAs chamel (Struchure 3)to 123100
an2/Vs i o s0Gao.20A8/H 25 Gao.7sAs [7], [8], there
is still interface roughness i IngsHAl) ssAs/hAs
that limits the 77 K mobility We characteristics of
a 1.1 x 50- ym” gate HEMT. The device did not
show a complete pinch-off, which may be due to
either the buffer leakage or the mpact ionization in
small bandgap IhAs. However, it has also reported
that the pinch-off characteristic is related to the gate
recess, [1] and a low-temperature grown buffer can
suppress the buffer leakage. Finther detailed
analysis is required to identify the leakage
mechanism. The device has a peak extrinsic
transconductance (g,) of 714 mSim | and small
kinks in IV curves are only observed at low device
cuirents. Because the measured extrinsic g, is
strongly related to the recess depth and gate-to-
channel  capacitance  (Cgs)  therefore RF
measurement is required to finther characterize the
device performance. Microwave characterization was
performed from 0.1 to 18 GHz uwsing a CASCADE
on-wafer probe and network analyzer. Fig.3 shows
the calculated cumrent gain (A;) and maximmmm
stable gam (MSG) from measured S-parameters.
The device was biased at Vo= 2.5 Vand V,, = -
0.3 V. An extrapolated fr of 50 GHz is obtamed
have used the stucture of InAs channel with high
elecron mobility hAs/ly Al ;As buffer to
fabricate devices. Fig.2 shows the room-temperature



dram IV from the 1.1- ym gate length device,

which demonstrate the excellent RF performance of
device. I is not swuprisng that the HEMT's
fabricated using InAs channel have superior fr,
which is primary dominated by the small electron
effective mass m hAs than that of I 53 Gag 47.As
channel [1]-[6].

Result...We have investigated the IAs chanmel
HEMT's gown on. The InsAlsAs/MAs
monolayer superlattice buffer achieves the best Hall
mobility by changing the lattice constant from
lattice-matched II:I()_ 52A1()_43AS to II:I()_75A10_ 25AS .
Room-temperature electron mobility as high as
20200 am’/Vs is measured, with a high camier
concentration of 2.7 x 107 an”. DC extrinsic
transconductance of 714 mS/mm is measured and a
JSr of 50 GHz is obtained for a 1.1- ym gate length

HEMT.
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Fig. 1. Layer structure of InpszAlpgs AsInAs/In_Alp__As pscudomor- Vs (V)
phic HEMT s, The In_Alp__As bulfer changes In composition from (152 - X o ) )
o 0.75: Swucture 1: uniform Ing.7s Alpgs As: Structure 20 graded 60-nm Fig. 2. 1=V charaeteristics of a typical L1gptm IngszAlpas As/InAs/In_
Ing_to Algg AsT0-nm  Ing_ar Alo_ss As/70-nm Ina_ts Alozs As: Struciure 3 Al As psendomorphic HEMT with multiple InAs/Ing 52 Alg_gs As mono-
multiple InAs/Ing sz Alg s As monolayer superlattices. layer superlattices bulTer (Vos = 0.2 Vistep, 0L4-V wp curve).
TABLE 1 a1
MEasURED Haln Dara ror Ing_sz Algoge As/InAs/n_ Al As |
1
PsErpoMorrHie HEMT'S witn DiFFERENT In_Alp - As BUFFER DESIGN | i 1
Mehbility {om/Vs) Carrier density {cm &)
T Al As 0K 77K 0K TiK
Struerare 1 5800 24,000 1.7x10" 1.2x10" 5
N b
Strucrare 2 11,900 51,000 2. ixln" 1.7x10" £
. - - [
Strucrare 3 20,200 128,000 2.7x10" 2.6x10%
1. uniform In oAl ;.As
2. praded G0-nm Ing ey o A8 TO-nm Tog oAl A TO-nm Doy aAl, 0As
3. multiple InAsidng 5;Al gAs monalayer superlattices

Frequency {GHz)

Fig. 3. Gain wversus frequency for oa iypical 1.1-pem IngszAlgoqs .-‘\:«If
InAs/In_Al_As pseudomorphic HEMT with multiple InAs/Ing_ sz Alp_qsAs
monolaver superlattices buffer.



