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We discuss the growth by molecular-beam epitaxy, and studies of the low-temperature electrical
properties, of undoped InAs/AISb quantum wells. The two-dimensional electron gas realized in the
wells exhibits high mobility at low temperatures, and an analysis of its Shubnikov—de Haas
oscillations suggests this mobility is limited by scattering from remotely located unintentional
dopants. Spin splitting of the oscillations is clearly resolved at 4.2 K, revealmfpator as large

as —60 at high magnetic fields. The size of this enhancement increases with decreasing electron
density, and is thought to reflect the associated increase in the strength of the effective Coulomb
interaction. ©2002 American Institute of Physic§DOI: 10.1063/1.1504882

The InAs/AISb quantum-wel{QW) system is of great with the deposition of 100 nm of AISb at 570 °C, followed
interest for application in high-speed transistors, since théy a 2.4um metamorphic AlSb buffer layer grown at 570 °C
small effective mass for electrons in the InAs well gives rise(samples A839 and A836or a GaSb buffer layer grown at
to high carrier mobility and velocity, and to strong quantiza-510 °C (sample B82)i The smaller lattice constant of the
tion of the electronic energy spectrdm? The large GaSb buffecompared to an AlSb buffereduces the tensile
conduction-band offset between InAs and AlSb also resultstrain of the InAs QW, while the growth on a GaSb substrate
in the formation of a high barrier at the interface between(as opposed to a GaAs substjatértually eliminates the
these materials, and so allows for strong confinement of elechreading-dislocation density in the InAs QWlthough the
trons in such QWs. With its much larggsfactor (—15) than ~ GaSb is conducting at room temperature, its carriers freeze
either Si or GaAs, high-mobility InAs is furthermore of in- out at liquid helium temperatures, ensuring that conduction is
terest in the emerging area of spintronics, where the objedimited to the InAs QW. For all samples, the Ga@io AlSh)
tive is to develop device structures that exploit the spin depuffer was followed by a ten-period GaSB.5 nm/AISb
gree of freedom of the charge carriers to realize novel(2.5 nm superlattice grown at 480—490°C, a 12 nm AISb
functionality. barrier, a 15 nm InAs QW, a 30—40 nm AlSb, AlGaSbh, or

In this letter, we report on the growth of high-mobility AISbAs barrier, ad a 6 nmGaShb cap. The shutter sequences
INAs QWSs by molecular-beam epitaxiiBE), and discuss employed at the start and the finish of the InAs QW enabled
the results of studies of their low-temperature transport propthe formation of InSb-like bonds at both interfaces of the
erties. The two-dimensional electron g@DEG) realized in  |nAs layer! The substrate-heater temperature was decreased
the undoped wells exhibits high mobility at low temperaturespy 20 °C during the InAs QW growth, in order to achieve a
(<4.6x10°cn?/Vs at 4.2 K, and a study of the constant substrate temperatu@80°Q. The growth rates
Shubnikov—de Haa&SdH) oscillations in its magnetoresis- were 6 nm/min for the InAs and 12 nm/min for the Sb-
tance suggests this mobility is limited by scattering fromcontaining layers. The Sbh:@al) flux ratio was 1.2:1 for all
remotely located ionized dopants. Spin splitting of the oscil-Sh-containing layers, while the Adn flux ratio was 2.0:1.
lations is clearly resolved at 4.2 K, revealing evidence for arhe different top barriers allow for the formation of symmet-
strong enhancement of thefactor. Our analysiS suggests ric (AISb) and asymmetric (AlgGa,,Sb) wells, while the
that the value of this parameter can be as large-86 at  (AISb/AISh, 4As, ;) barrier is expected to yield a reduced
high magnetic fields, and that the size of this enhancememole-leakage current in field-effect structures based on the
decreases with increasing electron density. This scaling ifyAs QW. All layers exhibited mirrorlike surfaces and good
reminiscent of that found in Si inversion layéfsand is  gyrface reconstructions: K13) for the(Al, Ga)Sb, and weak
thought to reflect the increase in the strength of the effectivg2x 4) for the InAs. The parameters of the different samples
Coulomb interaction with decreasing density. are listed in Table I.

Undoped InAs QWs were grown by MBE o100 After growth, the wafers were diced into rectangular
semi-insulating GaAs anp-GaSb substrates. For growth on pars with approximate dimensions of18 mn?, and ohmic
the GaSb substrates, a Zufn GaSb buffer was grown di- contact to the 2DEG layers was made by soldering indium
rectly on the wafefsamples A678 and AG79For growth on  ¢ontacts in a Hall-bar arrangement. The samples were then
the GaAs substrates, and in order to accommodate the Mugfire honded into chip carriers, and standard lock-in tech-
larger lattice constant of InAs, metamorphic AlSlF GaSb  pjques were used to measure their magnetoresistance at 4.2

layers were deposited on a 10 nm AlAs la§egrown oOna K in an immersion-bath cryostat. One of the sami&839)

200 nm GaAs buffer. The metamorphic growth was initiated, 55 also investigated at temperatures between 0.01 and 8 K,
in a dilution refrigerator. In order to avoid unwanted heating
3Electronic mail: bird@asu.edu effects, the drive current used in all measurements was kept
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TABLE |. Upper-barrier composition and transport properties of the different samples.

Top 300 K N300 k Ma2K N42K, Hall N42K, sdH Tq 7l 74
Barrier (cn?IVs) (X210 cm™?) (cn?IVs) (X10'* cm™?) (X10' cm™?) (pS @4.2 K
A839 AISb, 40 nm 30540 115 184 550 5.53 5.12 0.10 25
A856 Aly §Gay ,Sh, 27 420 11.7 444,350 5.01 5.27 0.11 55
40 nm
B824 AlISb, 30 nm 28510 15.7 413 600 7.45 6.56 0.11 51
AB78 AISb, 15 nm+ - - 460 400 8.09 6.97 0.16 39
AlSby ASp 1,
15 nm
A679 AISb, 30 nm - - 269 850 8.62 6.60 0.11 33

to just a few nA. The samples were cooled in the dark withA839), the mobility in this second subband appears to be
their contacts grounded, and the measurements reported hesery low.
were performed without any low-temperature illumination. By analyzing the line shape of the SdH oscillations at
In Table I, we summarize the results of measurements dbw magnetic fields? it was possible to determine the value
the electrical properties of the QW samples. The table showsf the quantum lifetime £;), which essentially corresponds
that mobilities as high as 4610° cn?/Vs are achieved at to thetotal electron scattering rate. Once again assuming the
low temperatures, where typical carrier densitig) (in the  bulk effective mass for InAs, the value of is found to vary
undoped samples are in the range of 5<I0' cm 2. As-  from 0.1 to 0.2 ps in the different sampl€gable ), yielding
suming the usual effective mass for InAs* =0.024n,,  a corresponding ratie/ 7,~25-55(Table ). Such large val-
where m, is the free-electron majssthe range of low- ues for this ratio are usually associated with scattering from
temperature mobilities listed in Table | implies a variation of the long-range potential establishedreynotely locatedon-
the relaxation timé7) from 2.5 to 6.3 ps. In Fig. 1, we show ized dopants, and are consistent with current opinion on
the measured magnetoresistance of four QW samples, aflgese structures, which suggests that their carriers originate
see that spin splitting of the SdH oscillations is apparent at the barriers, or are provided by surface or interface
magnetic fields as low as a couple of Tesla. The periodicitgtates:® In Fig. 2, we show the influence of temperature on
of these oscillations yields an estimate farthat we find to  the magnetoresistance of one of the samples, and see that the
be about 5% smaller than that inferred from the result of HallSdH oscillations become increasingly resolved with decreas-
measurementéTable ), indicating the presence of an addi- ing temperature. In spite of this, however, our analysis indi-
tional, low-density, channel for conduction. A similar dis- cates that the values afand 74 do not change significantly
crepancy was noted in the recent study by Brosigl,'t ~ Over the same temperature range. This observation is consis-
although these authors did not comment on its origin. Thdent wi'Fh our earlier assertion thafc th_e mobility is limited by
difference between the Hall and SdH measurements inScaitering from remotely located ionized dopaits.
creases with increasing 2DEG density, leading us to suggest With the SdH oscillations resolved, it is possible to ob-
it may result from weak filling of the second subband in thetain an estimate for the effectiggfactor from the magnitude

QW. Since beating of the SdH oscillations is not observed in

Fig. 1 (with the possible exception of the curve for sample 8 ,
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found in studies of Si inversion layetdwhere it has been

60 . .
argued to result from a decrease in the strength of the effec-
50 | P tive Coulomb interaction with decreasing densitylo the
n R 53' SPm ] best of our knowledge, however, this effect has not been
aof ! IARZEANNY P studied previously in the InAs/AISb QW system.
Y ;’ ] In conclusion, we have discussed the MBE growth, and
6 30f N W e 1 low-temperature electrical characterization, of undoped
' S N INAs/AISb QWSs. The 2DEG realized in the wells exhibits
ol o | “‘.," 8 1 high mobility at low temperatures, and an analysis of its SdH
Pon oscillations suggests this mobility is limited by scattering
w0l . --m--2678 | from remotely located unintentional dopants. Spin splitting
--0-- AG79 of the oscillations is clearly resolved at 4.2 K, revealing a
--p--B824 g-factor as large as-60 at high magnetic fields. The size of
0 ‘ ‘ ‘ ) this enhancement increases with decreasing electron density,

2 3 4 5 6 7 i X i -
MAGNETIC FIELD (TESLA) and is thought to reflect the associated increase in the

strength of the effective Coulomb interaction.
FIG. 3. Variation of theg-factor with magnetic field, inferred for three
different QWs (indicated, using the method of Ref. 12. The dotted line This work is supported by the Office of Naval Research,
indicates the value of thg-factor at zero magnetic field in bulk InAs. the Department of Energy NSET program, and Arizona State

University.
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