IEEE ELECTRON DEVICE LETTERS, VOL. 18, NO. 4, APRIL 1997 157

|n().52A| 0.48AS/| nAs/I nmAI 1_.+AS
Pseudomorphic HEMT’s on InP

Albert Chin, Senior Member, IEEEC. C. Liao, and C. Tsai

Abstract—The dc and microwave performance of an InAs confirmed by the highf; of 50 GHz in a 1.1zm device.
channel HEMT is reported. Room-temperature electron mobility Both the mobility andf; are improved to the previous strain-

as high as 20200 cH/Vs is measured, with a high carrier concen- 5 3 ;
tration of 2.7x10'2 cm™2. DC extrinsic transconductance of 714 compensated ikGa.,As/INo.25Ga.75A channel design.

mS/mm is measured and a unity-current-gain cut-off frequency of

50 GHz is obtained for a 1.1pm gate length HEMT. The success 1l. DEVICE STRUCTURE AND FABRICATION

of achieving superior Hall mobility and device performance is . .
strongly dependent on the In:Al1_zAs buffer layer design that Our samples were grown in a molecular beam epitaxy
changes the lattice constant from lattice-matched laszAlo.4sAs (MBE) system. Typical growth rates were Quén/h for both

to Ino.75Alo.25As. The multiple Ino.52Al0 4sAs/INAs monolayer  |n, -.Gay 47As and In 52Alg4sAs. The layer structure of

superlattices buffer achieves the best performance as compared | as channel HEMT’s is shown schematically in Fig. 1

Louﬁfheer.step-graded IncAl, _,.As and the uniform Ing.75Alg.25As which consists of a 200-nm dn,Al sAs lattice-matched

to InP, a 200-nm IpAl,_,As buffer, an active channel, a
4-nm Iy 50Alg48AS spacer, a 4-nm T — Ing 50Al g 48AS
.- INTRODUCTION donor layer, a 20-nm Ins2Al 4sAs Schottky layer and a 4-
ECENTLY, InP-based Ifs34.Ga.47—oAS/INg 52Alg4s  NM M — Ing 75Gay 25As ohmic contact layer. The active
As pseudomorphic high-electron-mobility-transistorshannel contains a 7-nm InAs layer, with two 1.5-nm
(HEMT'’s) [1]-[6] have demonstrated superior high-frequencho.7sGa.25As interface smooth layers. The ,JAl;_,As
performance relative to other field-effect transistors (FET'§uffer is used to transfer lattice constant from that of
at equal gate lengthL,). It is shown both theoretically and INo.52Al0.48AS to Ing 73Alo.25As. Three buffers are designed
experimentally that the performance can be further improvéel study the electron mobility and interface roughness:
with increasing In composition in the dB3y,Ga.47_,As Structure 1 consists of a uniform dr;Alg 25As; Structure
channel, which are due to the lower electron effective mess, consists of a step-graded 60-nmg }9Alg 41 AS/70-nm
higher electron mobility and peak velocity, and better carriéno.c7Alo.33AS/70-nm Iy 75Al0.25As; Structure 3 consists
confinement in the quantum well. Therefore record high unitgf multiple In s52Al 48As/INAs monolayer superlattices. Hall
current-gain cut-off frequencyfr) and fr—L, product of measurement was used to investigate the electron mobility
340 GHz [2] and 57 GHz:m [1] have been achieved inand the carrier density of the HEMT structure. The HEMT'’s
Ing.sGay 2As channel and kn7Gay 23As/Ing.25Gay.75 strain  were fabricated by standard photolithography and lift-off
compensated channel, respectively. It is expected that teehniques. Source and drain were formed by Ge/Au/Ni/Ti/Au
high-speed performance can be further improved if an InA%0/140/50/20/70-nm) ohmic contacts after mesa isolation.
channel is used. However, the large lattice-mismatch betwd¥axt, the gate recess was carried out by®&,: H,O,: H,O
InAs channel and InP substrate is beyond the capability 8w etching solution. The recess was controlled by the source-
our previous reported strain-compensated design [1], [7], [8]tain currents. Finally, gate was formed by Ti (10-nm)/Au
and three-dimensional (3-D) growth is generated. This rou§gB00-nm) and device was completed by a second mesa etch
growth front not only increases the interface roughness ot remove the overlap between gate and channel. The gate
also decreases both electron mobility and velocity, which mégngth was measured by a scanning electron microscope.
result in a degraded device performance. Devices were measured by using a semiconductor parameter
In this letter, we present the successful growth of InAs chaanalyzer and a network analyzer.
nel HEMT structure. Room-temperature mobility of 20200
cm?/Vs is measured, with a carrier concentration20f x Il. RESULTS AND DISCUSSION

102 cm~2. The merit of the InAs channel design is further
9 The measured Hall data for three different,Ah;_,.As
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Fig. 1. Layer structure of Hs2Alg.48As/INAs/In,Al;_,As pseudomor- 0 Vis V) 25

phic HEMT’s. The In.Aly_,As buffer changes In composition from 0.52
to 0.75: Structure 1: uniform br5Alg.25As; Structure 2: graded 60-nm
INg.59Al0.41AS/70-nm Iy 67Alg.33AS/70-nm Iy 75Alg.25AS; Structure 3:
multiple InAs/Im 52Alq.45As monolayer superlattices.

Fig. 2. I-V characteristics of a typical 14m Ing 52Alg 45As/InAs/In,
Al;_,As pseudomorphic HEMT with multiple InAs/is2Alg .48 AS mono-
layer superlattices buffedt;s = —0.2 V/step, 0.4-V top curve).

TABLE |
MEASURED HALL DATA FOR Ing 52Alg 48 As/INAs/In. Al _ . As )
PsEUDOMORPHICHEMT’S wiTH DIFFERENT In, Al . As BUFFER DESIGN i I

40

Mobility (cm?/Vs) Carrier density (cm?)
Tn, Al As 300K 77K 300K 77K
Structure 1 5,800 24,000 1.7x10% 1.2x10"
Structure 2 11,900 51,000 2.1x10" 1.7x10%? %
Structure 3 20,200 128,000 2.7x10% 2.6x10% g

1. uniform Ing ;5Al, 5sAs
2. graded 60-nm Ing s, Alg 4, As/70-nm Ing (; Al 33As/70-nm Ing ,5Aly 55As

3. multiple InAs/Iny, 5,Al, ;sAs monolayer superlattices

In Al;_.As buffer (Structure 2) shows improved mobility 1 10 100

of 11900 cmi/Vs, this value is still far below the mobility Frequency (GHz)

of 1_5 200 cni/Vs in a Irb~8('?fa)~_29AS/|n_0~25Gab~75As channel Fig. 3. Gain versus frequency for a typical Juin Ing s2Alp 4sAs/

design [7], [8]. In contrast, significant improvement of electromas/in, Al, _ . As pseudomorphic HEMT with multiple InAs/is2Alo.4sAs

mobility is achieved by using the multiplednaAl o 4sAs/INAs ~ Monolayer superlattices buffer.

monolayer superlattices buffer (Structure 3), and a mobility

of 20200 cm/Vs is obtained. The measured carrier densityon mobility InAs/InysAl, sAs buffer to fabricate devices.

of HEMT with Ing 52Alq 45AS/INAS monolayer superlatticesFig. 2 shows the room-temperature drdifl” characteristics

buffer is 2.7 x 10'? cm—2, which is also the highest valueof a 1.1 x 50-um? gate HEMT. The device did not show a

as compared to the other two structures. The higher carreamplete pinch-off, which may be due to either the buffer leak-

density in this structure may be due to the reduced traps/degge or the impact ionization in small bandgap InAs. However,

levels in the IpAl;_,As buffer, which is also confirmed it has also reported that the pinch-off characteristic is related

from the negligible carrier density change between roonns the gate recess, [1] and a low-temperature grown buffer

temperature and 77 K. Possible reason for achieving good Hedin suppress the buffer leakage. Further detailed analysis is

data may be due to that the strained monolayer superlattreguired to identify the leakage mechanism. The device has

can preserve a relatively smooth growth front and reducedpeak extrinsic transconductangg,, ) of 714 mS/mm, and

deep recombination levels. Similar effect was also reportschall kinks in/-V curves are only observed at low device

in InAs/InGaAs short-period superlattice [8]. However, dueurrents. Because the measured extrigsids strongly related

to the limited improvement of 77 K mobility of 128000to the recess depth and gate-to-channel capacitafge),

cm?/Vs in InAs channel (Structure 3) to 123100 ¥ivis in  therefore RF measurement is required to further characterize

INg.s0Ga&y.20AS/INg 25Gay.75AS [7], [8], there is still interface the device performance. Microwave characterization was per-

roughness in I§;2Al g 4sAs/InAs that limits the 77 K mobility. formed from 0.1 to 18 GHz using a CASCADE on-wafer probe
We have used the structure of InAs channel with high eleand network analyzer. Fig. 3 shows the calculated current
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gain (H»;) and maximum stable gain (MSG) from measured

S-parameters. The device was biasedVgt = 2.5 V and

Ves = —0.3 V. An extrapolatedf; of 50 GHz is obtained

(2]

from the 1.1um gate length device, which demonstrate the
excellent RF performance of device. It is not surprising that

the HEMT's fabricated using InAs channel have supelfigr
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MODFET'’s obtained by selective and shallow etch gate recess
techniques,”IEEE Electron Device Lett.vol. 13, pp. 451-453, Sept.
1992.

L. D. Nguyen, A. S. Brown, M. A. Thompson, and L. M. Jelloian,
“50-nm self-aligned-gate pseudomorphic AllnAs/GalnAs high elec-
tron mobility transistors,”[EEE Trans. Electron Devices/ol. 39, pp.
2007-2013, Sept. 1992.

] P.C. Chao, M. S. Shur, R. C. Tiberio, K. H. G. Duh, P. M. Smith, J. M.

which is primary dominated by the small electron effective

mass in InAs than that of iy3+.Gay 47— AS channel [1]-[6].

IV. CONCLUSIONS

(4]

We have investigated the InAs channel HEMT'’s grown on
INP. The In 52Alg.48AS/INAs monolayer superlattice buffer [5]
achieves the best Hall mobility by changing the lattice constant

from lattice-matched k;2Al 5.48AS to Iny 75Al0.205AS. Room-
temperature electron mobility as high as 20200°8rs is
measured, with a high carrier concentratior2fx 1012 cm—2.

(6]

DC extrinsic transconductance of 714 mS/mm is measured arfﬂ

a fr of 50 GHz is obtained for a 1.4m gate length HEMT.
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