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Abstract-This letter describes high electron mobility transistors
(HEMT’s) utilizing a conducting channel which is a single Ino.lsGao.ssAs
quantum well grownpseudomorphicallyonaGaAs
substrate. A Hall
mobility of 40 000 cm2/V*shas been observed at 77 K. Shubnikov..de
Haas oscillations have been observed at 4.2 K which verify the existence
of a two-dimensional electron gas at the Ino,,5Gao,8,As/GaAsinterface.
HEMT’s fabricated with 2-pm gate lengths show an extrinsic transconductance of 90 and 140 mS/mm at 300 and 77 K , respectivelySignificantly larger than that previously reported for strained-layer
superlattice In,Ga,_,As structures which are nonpseudomorphic to GaAs
substrates. HEMT’s with 1-pm gate lengths have been fabricated, which
show an extrinsic transconductance of 175 mS/mm at 300 K which is
higher than previously reported values for both strained and unstrained
In,Gal_,As FET’s. The absence of A1,Gal_,As in these structures has
eliminated both the persistent photoconductivity effect and drain current
collapse at 77 K.

I. INTRODUCTION
VER THE PAST several years, interest in heterojunction
devices
for
high-speed
digital
and
microwave
applications has increased dramatically. The vast majority of
the reported heterojunction FET devices utilize A1,Gal _,As/
GaAs heterojunctions in which electrons are transferred from
the heavily doped Al,Gal -,As to the narrower bandgap GaAs.
This heterojunction system isused despite the fact that heavily
doped Al,Gal -,As tends to have a high density of deep levels
including the so-called DX center. These traps are often cited
as the cause of the persistent photoconductivity effect [ l ] and
draincurrent
collapse 121 at reduced temperatures.The
primary motivation for using the Al,Gal -,As/GaAs system is
that Al,Ga, -,As is latticed matched to GaAs over the entire
compositional range. This allows for the forhation of highquality heterojunctions which are not dominated by misfit
dislocations which can arise when a lattice-mismatched pair of
semiconductors is used.
As predicted by van der Merwe [3] and demonstrated by
several authors [4], [5],alattice-mismatched
layercap be
grown sufficiently thin so that the mismatch is accQmodated
entirely as elastic strain. In this situation the interface between
the materials is essentiallyfree frommisfit dislocations and the
thin layer is pseudomorphic. This suggests that heterojunction systems other than Al,Gal _,As/GaAs might be useful for
devices provided that only a thin layer of one of the materials
is needed. In this letter we reporton HEMT’s which utilize an
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~
heterojunctionin which electrons are
transferred fromthe heavily dopedGaAs to thenarrower
bandgap Ino,ljG~,ssAs
(which is grown pseudomorphically on
aGaAssubstrate). The Al,Gal -,As is eliminated from the
device and no persistent photoconductivity or draincurrent
collapse is observed. We find that the extrinsic transconductance(per unit gate width) of FET’s fabricated on pseudomorphic I n o . l s G ~ , s s Aiss significantly larger than that of
previously reported
nonpseudomorphic
strained
layer
In,Gal -,As devices [6] liaving a 2-pm gate length (noting that
the maximum 300 and 77 K transconductances of 84 and 140
mSimm obtained in [6] werefrom a multi-quantum well
structure which was simultaneously gated from top and
bottom,therebydoublingitseffectivechannelwidth).
The
transconductance of the pseudomorphic devices improveswith
decreasing temperature.Wehave alsoperformed magnetotransport measurements at 4.2 K which verify the existence of
atwo-dimensionalelectrongas
at the Ino, jGao,85As/GaAs
interface. The onset of Shubnikov-de Maas oscillations at
fairly lowmagnetic
field (0.5T) suggests high mobility
( 2100 000 cm2/V * s) and reasonably good uniformity. Lastly,
we have fabricated 1-pm gate-length HEMT’s having 300 K
transconductance as high as 175 ms/mm, which is to our
knowledge the highest yet reported for any In,Gal_,As FET
utilizing either strained or unstrained In,Gal-,As. These data
suggest that pseudomorphic material can be grown which has
electronicpropertieswhich
are comparable to unstrained
material, and that heterointerfaces between lattice-mismatched
materials can be formed such that they are not dominated by
misfit dislocations.
11. DEVICEFABRICATION
The layers fromwhich the transistors and magnetotransport
structureswerefabricatedweregrown
by molecular beam
epitaxy (MBE).The startingsubstrateswere undoped LEG
GaAs (100). The following layers were grown sequentially: 1)
1-pm undoped GaAsbuffer;
2 ) 200-A undoped pseudomorphic Ino.15Gao,ssAs;3) 1.50-A undoped GaAs spacer layer;
4) 400-A Si doped (2 X 10l8 ~ m - GaAs
~ ) (see Fig. X ) . The
growth temperature was 550°C. The transistors and magnetotransportstructures
(Hall bars and Corbinodisks)were
fabricatedusinga
mesa isolated process.The mesas were
defined
using
conventional
photolithography
and an
H20:NH40H:H202 etch. Ohmic contact metallurgy was deposited using alift-offtechnique.The
ohmic metallurgy
consists of 1000-A Au:Ge eutectic 250-A Ni, capped with
2000-A Au. The contacts were alloyed using a rapid thermal
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Fig. 1. Cross section of HEMT with pseudomorphic 1 ~ . ~ ~ G a , channel
,~~As
' - I~.IsG~.ssAs).
layer (designated P

cycle (4O"Cis) alloying stage.The samples were rapidly
heated to 475°C and cooled to room temperature. Following
the ohmic contact formation? the gateicontact pad metallurgy
was deposited using lift-off. The gate metallization consists of
100-A of Cr, capped with 1500-A of Au.

Fig. 2. HEMT I-V characteristics (no illumination). Left trace: 77 K? right
trace: 300 K. Device dimensions are W = 50 pm,1, = 2 km gate-source
spacing is 4 pm. Vertical sensitivity 1 mAidiv; horizontal 0.5 Vidiv; gate
drive 0.2 Vistep.

111. RESULTS
AND DISCUSSION

Room
temperature
and 77 K I'-V characteristics for
WEMT's having W / L = 50 pm/2pm and a gate-source
spacing of 4 pm are shown ins Fig. 2 . These characteristics
were measured without illuminating
the
device.
Neither
persistent photoconductivity (PPC) nor drain current collapse
at 77 K are observed, and the characteristics
are essentially
dnaltered by iliumination. The characteristics in Fig. 2 show a
transconductanceincrease from -90 mSimm at 300 K to
140 mSimm at 77 K;an increase of over 50 percent. Note
also that the characteristics show good turn-off behavior.
HEMT's having 1-pm gate lengthsand 2-pm gate-to-source
spacing werealsofabricated.Thesetransistorsalsoshowed
good turn-off behavior, as well as no PPC or drain current
collapse at 77 K. Transconductance of up to 175 mS/mm was
observed at 300 K, although the transconductance improvement at 77 K was smaller for these devices (typically -20
percent) than for the 2-pm gate-length devices. Much of the
transconductance improvement in the 1-pm device can probably beattributed to areduction in sourceresistance.The
estimated source resistances (at 300 K) are 6 !J mm and 2
0 mm for the 2 and 1-pm devices: respectively. We believe
(on the basis of the relatively small change in both linear
regionslope and transconductance at 77 K) that the ohmic
contacts are limiting the 77 K performahce of the 1-pm
devices. Part of our ongoing study of these devices is directed
at optimizing ohmic contacts to athis particular structure and
material system.
Inaddition to theHEMT measurements, van der Pauw
(VDP), and low temperature (4.2 K) magnetotransport measurementsweremade
on thesame layersfrom which the
transistors were fabricated. VDP measurements showed typical room-temperature mobilities of 4000 cm2/V s and 77 K
mobilities as high as 40 000 cm2/V-swith carrier densities of
roughly 5 X l0"/cm2.Carrier
densitiesweresomewhat
affected by illumination, but no persistent effect was observed
at 77 K.
Magnetotransport measurements were made on a variety of
structures at 4.2 K. StrongShubnikov-deHaas
oscillations
characteristic of a two-dimensional electron gas wereob-
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Fig. 3, Magneto conductance of an ungated annular FET (Corbino disk) at
4.2 K. AC drive voltage is 50 pV.

served. Fig. 3 shows the magnetoconductance of aCorbino
disk (ungated annular FET). The measurement was performed
by applying a 50-pV ac signal (at 100 Hz), and measuring the
ac current as a function of magnetic field (which was swept at
1 T/min). Oscillation in the conductance as a function of
magnetic field could be observed with a normal field as low as
0.5 T. The uniformity implied by oscillations at this field
intensity precludes the existence of a high density of misfit
dislocations at theinterface,
sincethese
dislocations are
known to cause large variations in the local potential (due to
fermi level pinning) [7]. These measurements indicate that the
I&,IsG~.s5As
layer is pseudomorphic, and that both the layer
and the Ino,,5G~,85As/GaAs
interface are of high quality.
IV. CONCLUSIOKS
The results presented here have a number of implications.
Firstly.devicesfabricated
on pseudomorphicIno.15G%.85As
performas well as those on unstrained In,Gal-,As, and
significantly better
than
those
fabricated
on nonpseudomorphic strained layer &Gal -,As. Secondly, pseudomorphic
In,Gal-,As can be grown which has electronicproperties
comparable to unstrained In,Gal _,As and which forms a highquality interface with GaAs. Pseudomorphic I n o , l s G ~ , s s A s
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HEMT’s with fairlyhightransconductance (175 mS/mm at
300 K for 1-grn gate length) can be fabricated which do not
show the persistent photoconductivity or drain current collapse
often observed in AlXGal-.As/GaAs HEMT’s. It is likely that
furtherrefinementsinthe
structure and processing of -the
pseudomorphic InxGal-xAs HEMT’s can bring their transconductance up to that which is obtained in the best AlXGal-,As1
GaAs HEMT’s.Moregenerally,
thisworksuggeststhat
pseudomorphic materials may be useful for practical devices,
thereby increasing the number and variety of heterojunction
systems available to device designers.
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