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Effect of the surface on the electronic properties of a two-dimensional electron gas
as measured by the quantum Hall effect
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The effect of the surface treatments on the transport properties of a two-dimensional electron gas was
studied at the quantum limit. The surface of the Alj35Gag¢4As/GaAs heterostructure was either coated with
gold or etched with HCI solution, or etched and then coated by a self-assembled monolayer (SAM) of either
phosphonated (ODP-C,gH39PO3) or thiolated (ODT-C;gH3;S) molecules. The etching process was found to
reduce significantly both the mobility and the charge density. This effect was reversed upon sequential adsorp-
tion of the phosphonated SAM. We propose fine tuning of the device performance by the flexible chemistry of
the assembled molecules, two of them demonstrated here. The results indicate that the surface oxidation does
not necessarily play the dominant role in this respect and, in particular, that octadecane phosphonic acid (ODP)
can protect the substrate from both oxidation and the formation of a passivating carbon layer. In contrast,
octadecanethiol (ODT) is not stable enough and is not effective in eliminating surface states, as a result devices
covered with ODT behave like those with etched surfaces.
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I. INTRODUCTION

In submicron devices, a significant portion of the atoms is
located at or near the surfaces. Hence, the properties of these
surfaces may control, to a large extent, the electronic char-
acteristics of the device. Indeed, it is well established that the
surfaces of semiconductor-based devices have to be treated
properly in order to eliminate chemical instability that may
cause undesired effects. Usually, the surface of semiconduc-
tor devices are passivated in order to stabilize their chemical
nature and to eliminate reactivity. SisNy, SiO,, and recently
Si have often been used for coating GaAs-based devices and
for their passivation.'

Organic self-assembled monolayers (SAM) were shown
to be effective as passivation layers. In addition, these mono-
layers can serve in altering the electronic properties of a
substrate. For example, SAMs were shown to affect the criti-
cal temperature in ferromagnetic MnGaAs devices? and fur-
thermore, to change the critical current in type II
superconductors. In addition, new electronic and magnetic
properties were discovered when SAM was deposited on
various substrates. Novel magnetic properties were observed
in diamagnetic gold nanoparticles as well as in gold films
covered by thiol-terminated diamagnetic SAM.*> The mag-
netic properties were explained by charge transfer between
the adsorbed molecules and the gold substrates.” It was
shown that the observed magnetic effect stems from a col-
lective phenomenon rather than from the individually ad-
sorbed molecules.

In the present work, we investigated the effect of surfaces
on the transport properties of two-dimensional electron gas
(2DEG) formed near the surface in a GaAs/AlGaAs hetero-
structure. Specifically we show how two different monolay-
ers consisting of molecules with different binding groups af-
fect the transport properties of the substrate in markedly
different ways. The transport measurements in the Quantum
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Hall (QH) regime were conducted on devices with five types
of surfaces: surfaces as obtained after the device preparation
process, surfaces that are coated with gold, etched surfaces,
and surfaces coated with SAM, with a thiol or a phosphonate
binding group.

QH plateaus, at which the transverse resistivity pyy ob-
tains quantized values of h/ve?, where v is an integer, were
observed in different types of high mobility, two-dimensional
systems. The values of the QH plateaus are independent of
the characteristics of individual samples. However, local po-
tential fluctuations in the sample’s interior play a major role
in the formation of the QH plateaus and in the transition
between them.

The Hall resistivity, pyy, has quantized values when the
longitudinal resistivity, pxy, reaches zero. However, in the
transition region between adjacent QH plateaus pyy increases
and goes through a peak. These peaks can be explained by
localization/delocalization transitions using the scaling
theory of localization.®~!* The width of the transition region
approaches zero in the limit of zero temperature. However, at
finite temperatures (7), the width of the peaks of longitudinal
resistance at the transition region acquires a finite width, AB,
which is predicted to have a power-law dependence AB
o« T, The existence of the scaling behavior was shown in
some experiments to exist in a wide temperature range.!!
However, other experiments indicated that the predicted scal-
ing behavior changes with the properties of the samples and
in some cases it did not exist.!>"'* Moreover, it was pointed
out that the scaling behavior cannot explain the observed QH
to Hall insulator transition.! In the present work, we relate
to AB and use it as an indication of the surface effect on the
QH phenomenon.

II. EXPERIMENTAL DETAILS

Hall-bar samples for the magnetotransport measurements
were prepared from modulation-doped'® Al Ga,_ As/GaAs
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FIG. 1. Description of the schematic layer of the HI and H2
heterostructures. The H1 heterostructure has a finite-sized Si donor
layer with 2DEG 61nm below the surface. A second heterostructure,
termed H2, had a thin 6-Si doping layer when 2DEG was buried at
a depth of 32 nm.

heterostructures where x=0.36. These heterostructures were
grown on a semi-insulating GaAs substrate by a molecular-
beam epitaxy technique. Figure 1 shows schematically the
layers’ structure. High-mobility 2DEG was formed at the in-
terface between the undoped Al Ga;_ As spacer and the
GaAs layers.!” Two types of heterostructures were used. The
first had the 2DEG layer located 61 nm below the surface
and was termed H1 (deep 2DEG). It had a typical electron
density and a mobility of n,=1.9X 10'"" ¢cm™ and with u
=3X10° cm? V™! s7!, respectively, as measured at 260 mK.
The second heterostructure is & doped, where the Si-doping
layer was a few atomic layers thick. In this type of hetero-
structure the 2DEG is formed 32 nm beneath the surface; it
was termed H2 (shallow 2DEG). The typical electron density
and mobility are 3X10'"" cm™ and w=5X%10* cm?
V157!, respectively, as measured at 260 mK.

The devices for the magnetotransport measurements con-
sisted of two queued Hall-bar samples each 275 um long
[Fig. 2(A)]. The samples were prepared by standard litho-
graphic and etching techniques.!® Ohmic contacts to the
2DEG were made from five metallic layers of Ni/Ge/Au/Ni/
Au, which were successively deposited on the heterostruc-
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FIG. 2. Images acquired by the optical microscope of the sample
(a) for the chemical modification and another sample (b) with a
metallic top gate. The sample has a 700-um-long and 40-um-wide
2DEG strip between the two current leads. An additional eight po-
tential leads divide the long strip into two queued Hall-bar devices.
The molecules were adsorbed on the photoresist-free device of the
2DEG strip after native oxide was removed from it. The photoresist
protected the second device of the 2DEG channel surface from the
acid. This part of the sample served as a reference for the magne-
totransport measurements.
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ture in the custom-made e-beam evaporation system. After
the lift-off procedure, the metal layers were alloyed with the
heterostructure at 460 °C in H/Ar (5:95) atmosphere.!”

The magnetotransport measurements were performed at
low temperatures in top-loading *He or dilution refrigerators
equipped with 8 and 12 T superconducting magnets, respec-
tively (Oxford instruments). The magnetic field was applied
perpendicular to the plane of the 2DEG. In all measurements,
the magnetic field was swept at a constant rate and in the
same direction. In order to avoid electron heating, we used
an alternating current of 10 nA or less at a frequency of 14
Hz. The transverse potential difference (Vyy), which was
measured perpendicular to the current, and the longitudinal
(Vyx) potential difference, which was measured parallel to
the current, were amplified by two low-noise differential
preamplifiers. Each amplifier had a gain of 10°. The ampli-
fied signals were measured by two lock-in amplifiers (EG
and G 7265).

The electron density, ng, was extracted from the low mag-
netic field measurements, where the Hall resistance was not
quantized, and from the Shubnikov de Haas (SdH) oscilla-
tion peaks measured in the longitudinal resistance.?! The
electron density was extracted from the measured Hall po-
tential by the relation ng=1/e(dVyy/IB), where I is the cur-
rent that flows through the 2DEG channel, e is the electron’s
charge, and B is the external magnetic field. The electron
density was also calculated from the expression ng
=2e/h(1/B,-1/B,), where B; and B, are the magnetic fields
corresponding to two successive peaks in the measured SdH
oscillations. The electron mobility was extracted from the
relation uy=LI/ nSeWV%X, where L is the distance between
the potential contacts in the direction parallel to I, W is the
width of the channel, and V4, is the longitudinal potential
difference, measured at zero magnetic field.

In the first part of the experiments, the sample with a
metallic top gate was prepared from the H1 heterostructure
and was termed Hla. The metallic gate was evaporated on
top of the 2DEG channel covering only half of it whereas the
second part of the sample was left uncovered [Fig. 2(B)].
The gate consisted of a Ti adhesion layer 20 nm thick, on top
of which a layer of 100 nm of Au was deposited. The
Schottky top gate’® was used to determine the electron-
scattering mechanism and to compare between the electroni-
cally driven gate operation’' and the molecularly induced
effects. Electrical potential, V;, was applied between the
electrical ground and the top gate at 260 mK. The gate po-
tentials |V;| =100 mV were chosen to be within the linear
dependence of electron density on V.

In the second part of the experiments, the surface of the
heterostructure was chemically modified. Samples that were
prepared from H1 and H2 heterostructures are referred to
Hlb and H2b, respectively. Each device was divided into
two parts: one part of the sample was protected by positive
photoresist (Shipley 1813) whereas the second part was left
uncovered. The uncovered surface was then chemically pro-
cessed by removing the oxide layer by dipping the sample
into the HC1: H,O (1:1) solution for 30 s, then rinsing it with
distilled (18 M () water and drying it afterward with N,
gas.”? After the etching, the protective photoresist layer was
removed. In order to dissolve the photoresist layer, the
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TABLE I. Surface element analysis performed by XPS of the
chemically treated GaAs samples. After the etching, the oxygen
content was reduced and the amount of carbon increased, compared
with the as cut sample. The etched and sequentially covered by
SAM sample had a lower amount of GaAs oxide and an excess of
oxygen. Additionally, the total carbon content observed with the
monolayer corresponds to the amount of carbon in the molecular
layer. The oxygen that is not associated with the GaAs oxide or
carbon oxide was called excess.

GaAsO, Cand O O excess content
Sample\compound (A) (A) (%)
As cut 13.4 10.6 11
Etched 11.4 14 7
Etched+C 18H39PO3 8.3 * 4.5

samples were immersed either in a clean solvent, dry tetrahy-
drofuran (THF) or dry toluene, for 10 s and then dried with
N2.

The third part of the experiment included the oxide-
removal procedure described previously. In addition, imme-
diately after the protective photoresist layer was washed, the
samples were dipped in a solution of amphipilic molecules
for 12 h. The solution consisted of octadecane-phosphonic
(ODP) acid (C,gH39PO3) (Polycarbon Industries) dissolved
in dry THF (Refs. 2 and 23) or of octadecane-thiol
(C,gH37S-ODT) molecules dissolved in anhydrous toluene.
Then the samples were washed in clean solvent and mounted
on the sample holder in order to measure the magnetotrans-
port. The samples that were prepared from the H1 hetero-
structure were termed Hlc and those from the H2 hetero-
structure were termed H2c.

The quality of the monolayer and the chemical composi-
tion of the etched GaAs surface was examined by x-ray pho-
toelectron spectroscopy (XPS) using the Kratos AXIS-HS
system at a source power of 75 W and detection pass ener-
gies ranging between 20 and 80 eV. Stability under the x-ray
beam was confirmed by performing repetitive scans on fixed
spots. The inelastic mean-free path of the ejected electrons, A
was assumed to be 33 A for the organic material and 25 A
for the inorganic one. The thickness of the layer, d, was
calculated from the relation d=\In(1+R), where R
=Igyp/ I ay.** Isyp and I, 4y are the (total) measured intensi-
ties from the substrate and from the top layer, respectively.

III. RESULTS

The surfaces of the devices were modified so that five
types of devices were investigated: as made, etched, fol-
lowed by adsorption of two types of SAM, and a device
coated with gold. For chemical characterization, each type
was XPS studied. The results are presented in Table I, show-
ing that both in the case of an untreated sample or a sample
covered with the SAM, the GaAs surface is covered with an
immediate layer of oxide. However, in the case of the etched
sample, the surface is covered with unoxidized carbon. No-
tably, the amount of carbon content after the ODP SAM ad-
sorption nicely matches the expected carbon quantity in the
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organic SAM. Hence, the adsorption of the ODP SAM re-
sults in an essentially complete replacement of the contami-
nating unoxidized carbon.

The integer quantum-Hall effect (IQHE) was observed in
all devices.”® Electron density and mobility were extracted
from the pyy and pyxy=VyxW/IL measured values at a con-
stant temperature of 260 mK. The “as prepared” (asp) and
the modified devices were situated in proximity to each
other. As a result, variation between the two devices in the
electron mobility and electron density owing to the nonho-
mogeneity was minimal. This consistency was verified by
several measurements. In addition, it was verified that the
protective photoresist coating on top of the 2DEG channel
did not produce significant changes in the magnetotransport
properties. Therefore, all the changes observed in the chemi-
cally modified surfaces must result from the chemical pro-
cess.

Figure 3 shows measurements acquired from the samples
where the 2DEG is located 62 nm below the surface. The pyy
and pyy traces were measured at 260 mK in three different
samples. The Hla sample was covered by a metallic gate;
H1b was etched, and the Hlc sample was etched and covered
by ODP SAM. Each plot contains two sets of pyy and pxy
traces: one set is obtained from devices with untreated (as
prepared—asp) surfaces, namely, with no coating, and the
second set is obtained from devices with modified surfaces.

The measured electron densities extracted from the Hall
resistances and from the SdH oscillations had similar values
within 3% in all measured devices. Figure 3(A) shows re-
sults obtained by measuring the Hla sample when the gate
was electrically grounded. The electron density of the asp
device of the Hla sample was 2.5 X 10" m~2 and that of the
sample with the metallic gate was 2X 10" m™2. The elec-
tron mobility decreased from 72 m?/V s in the asp device to
16 m?/V s in the devices covered with the metallic gate. On
the other hand, the amplitude of the SAH oscillations in pyy
increased after the surface was covered by the metal. Fur-
thermore, after the metal was deposited, the half width of the
peak in pyy, AB,,, at the transition between the filling fac-
tors 1 and 2, increased from 0.31 to 0.74 T. AB,,, of the peak
in pyy is defined as the distance between the two extreme
values in dpyy/dB."!

Figure 3(B) presents the magnetotransport measurements
for the H1b device. The electron mobility was reduced from
the 33 m?/V s, as found in the asp device, to 16 m?/V s for
the etched devices. The measured electron densities in both
devices did not change upon etching and were 2
X 10" m~2. However, the amplitude of the SdH oscillations
increased after the etching procedure. In addition, AB,,, at
the v:1— 2 transition increased from 0.34 to 0.6 T after the
etching.

Figure 3(C) displays the results obtained with the Hlc
sample. The measured electron densities in both devices
were the same 2.1 X 10> m™ whereas the electron mobility
decreased slightly from 38 m?/V s in the asp device to
35 m?/V s in the device that was etched and covered with
the ODP monolayer.

Additionally, measurements of the gated device in the
Hla sample were performed with different gate potentials.
The measured electron density was linearly dependent on the
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FIG. 3. Magnetoresistance (pyy) and Hall (pyy) resistances mea-
sured versus an externally applied magnetic field showing IQHE.
Measurements of the Hla sample at V;=0 are shown in plot A. The
dashed line corresponds to part of the 2DEG channel that was cov-
ered by the metal gate, and the solid line denotes the asp part of the
same sample. Plot B represents the Hl1b sample measurements. The
etched part of the sample is represented by the dashed line and the
asp part is represented by the solid line. Sample Hlc, which was
etched and covered by molecules, is shown in plot C. The solid line
denotes the asp part and the dashed one denotes the part of the
sample modified with molecules.

applied voltage. On the other hand, the electron mobility
showed a power-law dependence versus the electron density,
pocn?, where y=~1.5 is the fitting parameter (see Fig. 4).
Figure 5 shows magnetotransport measurements of the
samples prepared from the heterostructure with 2DEG lo-
cated 32 nm below the surface. The results from the etched
and the asp devices (assigned as H2b) are shown in Fig.
5(A). In this case, the electron density was reduced from
2.9X 10" m= for the asp device down to 1.9 X 10'> m~2 in
the etched device. The electron density in the asp device
measured from SdH oscillations was similar within 3% of
the value measured from pyy. On the other hand, in the
etched device the electron density extracted from the SdH
oscillations was 8% higher than that calculated from the
slope of the pyy. In addition, the etched device showed a
lower electron mobility of 1.2 m?/V s compared with that of
the asp device, which was found to be 5.5 m?/V s. The am-
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FIG. 4. The plot shows the measured electron mobility vs the
measured electron density of the Hla sample. The fitted (dashed)
curve had a power-law dependence where ,LLOCné‘S .

plitude of the SAH oscillations increased in the etched device
compared with the asp one. However, AB,,, of the pyy peak
at the v:1—2 transition decreased in the etched device to
0.36 from 0.52 T in the asp device.

Figure 5(B) presents the measurements acquired from
sample H2c, which was etched and covered by ODP SAM.
The electron mobility decreased from 6.9 m?/V s in the asp
device to 4 m?/V s in the device that was etched and cov-
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FIG. 5. Magnetoresistance (pyy) and Hall (pyy) resistances mea-
sured versus an externally applied magnetic field. Plot (a) shows
measurements of the H2b sample. As prepared, part of the sample is
represented by a solid line and the etched one is represented by a
dashed line. At plot (b) the curves belong to the sample H2c. The
etched and molecules covered by part of the sample are described
by the dashed curve whereas the solid curve belongs to the prepared
part of the same sample.
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FIG. 6. The measured AB;,, of the pyy peaks at the v:1—2
transition versus the temperature. Sample H2c, which was etched
and covered by molecules, is represented by triangles. Full triangles
relate to the asp device whereas the empty ones represent the results
from the modified device. The lines represent linear fit to the mea-
sured data, where the solid line is the fit to the asp sample and
dashed line stands for the modified device. The H2b only etched
sample is represented by squares. The full squares stand for mea-
surements done on the asp device and the empty ones designate the
etched device in the same sample.

ered by ODP SAM. On the other hand, the electron densities
measured in both devices, based on the pyy slopes, were
identical, 3X 10" m™. The electron density measured by
the SAH oscillations in the asp device differed by 3% only
from the density measured by the Hall effect. However, the
electron density obtained from the SdH oscillations for the
monolayer-coated device was 8% higher than that found
from the pyy slope.

In order to verify the robustness of the surface chemical
modifications, several etched devices were measured after
being stored in a clean solvent for a few days. The etching
effect on the transport properties was clearly observable even
after several days.

Samples H2b and H2¢ were measured at temperatures (7)
ranging between 0.01 and 1 K. The AB,,, of the pyy peaks in
the v:1—2 transition were extracted from these measure-
ments, as shown in Fig. 6. In all four devices the value of the
AB,,, saturates below 0.2 K. Above 0.2 K, the best fit to the
measured data was achieved by the first-order polynomial
a+ B-t. In the case of the H2b sample, the coefficients found
were a=0.32, 8=0.64 and «=0.16, 8=0.68 for the asp and
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for the etched devices, respectively. In the sample H2c the
fitted coefficients were «=0.32, 8=0.71 and «=0.31, B
=0.64 for the asp device and for the device etched and cov-
ered by ODP SAM, respectively. The fitted values of S co-
efficient vary by 10% only from device to device, indepen-
dent of the surface treatment. However, the fitted « value in
the etched device is only half of that found in the other
devices.

Several samples with 2DEG located 62 and 32 nm below
the surface were etched and covered with octadecanethiol
(ODT) SAM. The adsorption of the ODT SAM did not affect
the magnetotransport properties and they were similar to
those of the only etched surface. Table II summarizes the
results obtained with the various samples.

IV. DISCUSSION

The goal of the present work was to probe the effect of
the surface on the electronic properties of a 2DEG located a
few tens of nanometers below this surface. Specifically we
demonstrated variations in the surface effect achieved with
different self-assembled monolayers, ODP and ODT. The re-
sulting changes in the surface’s electronic structure were
monitored by the magnetotransport properties of modulation-
doped field-effect transistor structures. These structures were
chosen because their transport properties are highly sensitive
to any change in the electronic potential, due to their high
electron density and high electron mobility.

Five types of structures were probed: bare surface (as pre-
pared), devices covered with a metal gate, etched, and coated
with self-assembled monolayers bound to the substrate either
by a thiol or by phosphonate groups. In the following discus-
sion all the results will be discussed relative to the as pre-
pared device.

The metal-covered device showed decreased electron den-
sity and mobility owing to the formation of depletion region
below the surface. When contact is created between the
p-type semiconductor and the metal, which has a lower work
function than the semiconductor, a Schottky barrier is
formed. As a result, negative charge is accumulated at the
semiconductor side of the contact. The source of the negative
charge in the heterostructure is most likely the doping layer.
Therefore, the increased number of electrons transferred to
the surface should lower the electron density in the 2DEG. A
decrease in the electron mobility can therefore result from

TABLE II. The samples measured and the measured parameters.

As prepared (asp)

Observed relative shift from the asp sample after surface treatment

n M AByp An Ap ABy)
Sample (10" m™2) (m?/V s) (T) (10" m™?) (m?/V s) (T)
Hla 2.5 72 0.31 (0.26 K) -0.5 -56 +0.43
Hlb 2 33 0.34 (0.26 K) 0 -17 +0.26
Hlc 2.1 38 0.34 (0.26 K) 0 -3 +0.04
H2b 2.9 5.5 0.52 (0.3 K) -1 -4.3 -0.16
H2c 3 6.9 0.6 (0.3 K) 0 -2.9 -0.07

045316-5



KOPNOV et al.

the increased amount of ionized impurities that lose “their”
electrons in compensating for the electrostatic charge near
the surface. Ionized impurities are known to be the major
source of electron scattering in this type of
heterostructures.?®?” This can indeed be verified by the rela-
tion found between the mobility and charge density, pon?
v= 1.5 when these properties were measured as a function of
the gate voltage.

The etching of the surface of the 2DEG channel leads to a
drop in the electron mobility in all devices. However, with
the shallow 2DEG, located 32 nm under the surface, not only
the mobility changes, but the electron density decreases as
well. The close resemblance of the observed changes in the
magnetotransport properties for the metal-coated device and
the etched surface leads to the conclusion that in both cases
the changes have the same origin. Namely, the etching pro-
cedure leads to the creation of new surface states.?®

There are two reasons for greater response in devices pre-
pared from the heterostructure with a shallow 2DEG layer.
First, the doping layer was situated closer to the surface than
in those heterostructures with a deep 2DEG layer. Second,
the thickness of the donor layer is atomically thin in the
shallower case, which is a delta-doped heterostructure, com-
pared with the other type of heterostructure with a doping
layer thickness of many nanometers. Therefore, the shal-
lower 2DEG is more sensitive to changes in the surface’s
electronic structure.

When the etched surface was covered by the ODP SAM,
the electron mobility increased in all devices. Moreover, in
the case of the 32-nm-deep 2DEG, the electron density in-
creased after the adsorption of the ODP SAM. This finding
suggests that the molecules with phosphonic acid linkers,
adsorbed on the etched GaAs surface, eliminated the surface
states, namely, the depletion layer formed by etching. On the
other hand, SAM adsorption via thiol linkers on the etched
surface did not change the magnetotransport properties at all.
The major reason for this interesting observation lies in the
molecule-substrate bond type. The phosphonic acid binds to
the GaAs surface via a strong P-O-Ga bond whereas the
thiols are attached to the As sites®® in a much weaker and
unstable bond.

The XPS measurements indicate that the nature of the
adsorber is correlated with the measured transport properties.
Upon ODP adsorption, the surface was not oxidized and did
not attract further carbon adsorption (see Table I). This is in
contrast to the case of ODT monolayer, that allows the
growth of both surface oxides and carbon contamination on
the GaAs surface.? In fact, the transport properties are found
to better correlate with the formation of the carbon layer
rather than with the oxide layer. Namely, the mobility is
lower when the surface is covered with directly adsorbed
carbon.

The etching process did affect the temperature-dependent
measurements of the localization/delocalization transition
where v:1—2 whereas sequential adsorption of the ODP
SAM on the etched surface eliminated this effect. The ob-
served decrease in electron mobility in correlation with the
changes in the localization/delocalization transition suggests
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that these phenomena are related. The increased amount of
ionized impurities that increased the electron-scattering rate
could alter the QH-metal transition as well. It was shown
experimentally that lowering the electron mobility by im-
planting acceptors or donors at the vicinity of the GaAs/
AlGaAs interface altered the scaling behavior of the
localization/delocalization transition.!>3? The change in the
scaling behavior was attributed to strong electron scattering
by the implanted charged impurities. Hence, again there is an
indication that the etching causes mainly variations in mobil-
ity, similar to the effect of implanting charge impurities.

V. CONCLUSIONS

Applying magnetotransport measurements to the surface
at subkelvin temperatures, we found that charge redistribu-
tion was induced by different chemical treatments of the
GaAs surface. As a result, a large decrease in the electron
mobility was measured after the 2DEG surface channel was
etched. For a shallow 2DEG layer, the etching induced also a
moderate reduction in electron density; however, after the
etched 2DEG channel’s surface was covered by ODP SAM,
the measured electron density was identical to the values
obtained prior to etching. Moreover, the measured electron
mobility was identical or very close to the values measured
prior to etching. Remarkably, devices covered with ODT ex-
hibit the same properties as devices with etched surfaces.
When many surface states exist, e.g., after etching, the deple-
tion layer formed reduces the charge mobility. Carbon layer
that is formed on top of the surface “protects” the surface
states and does not allow their annihilation by reaction. The
ODP strongly reacts with the critical surface states and hence
reduces their number, thereby causing a significant increase
in the device charge mobility.

Temperature-dependent measurements of the conductivity
peak in the transition region between filling factors 1 and 2
in the quantum-Hall effect did not show a scaling behavior.
The measured half width of the conductivity peak was lin-
early dependent on temperature. However, it was found that
the half width of the peak, at the limit of zero temperature,
decreased after the surface of the 2DEG channel was etched.
On the other hand, the measured half width, when the surface
was etched and covered by ODP SAM, became identical to
the one measured before etching.

In conclusion, it was shown that changes in the local elec-
tronic structure of the GaAs surface formed by carbon adsor-
bates upon etching in an HCI water solution were abrogated
by the successive adsorption of the ODP SAM. This effect
did not take place upon adsorption of ODT. Self-assembly of
molecular layers is further proposed as a flexible means for
finely modifying device properties.
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