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The coverage dependence of the Fe-induced Fermi-level shift andn-InAs(110) was investigated by
angle-resolved photoelectron spectroscopy at 300 K. The Fermi-level position was found to be coverage
dependent, exhibiting a maximum at 300 meV above the conduction-band minimum. The coverage depen-
dence is explained by the surface doping model, if inhomogeneities in the Fe-adatom distribution and the
resulting ionization probabilities are taken into account. The Fe-adatom distribution is determined by scanning
tunneling microscopy. Photoemission spectra provided direct evidence of a two-dimensional electron gas at the
Fe-covered surface.

I. INTRODUCTION II. EXPERIMENT

The n- and p-type InAs samples are doped with S and

The interface of 11l/V semiconductors with adsorbates ofZn, respectively Klp=1.1xX10*%cm 3, N,=3x 10"¥cm3).
different kinds has been investigated extensively since th€lean and smootfil10) surfaces were prepared by cleaving
1970s, triggered by the increasing technological interest ithe InAs samples in UHV (X 10 1° mbar)?° Fe is depos-
these materials. Recently, considerable attention was focusé@d from ane-beam evaporator with a flux of 0.1% ML/s for
on band offsets and the position of the Fermi leMéf at  coverages up to 8% ML and 2% ML/s at higher coverages.
the interfacé. For large gap materials it is found thBt is ~ The sample temperature during deposition was 300 K. The
pinned in the band gapFor small gap materials like InAs flux was determined by a quartz-crystal microbalance and
and InSb, the interface Fermi level is in the conduction bandpecified in terms of the unit cell of InA&10 (100% ML
of the semiconductdr® In particular, on InA§110), Ex is  means one Fe atom per unit el set of up to seven pho-
shifted 0.1-0.6 eV above the conduction band minimumoemission spectra was taken at each coverage with the VG
(CBM). This is found for very different adsorbates such asADES 400 spectrometer using-polarized light from the
H, O, N, CI, Ag, Au, Ga, Cu, Cs, Na, and $b* With  Seya-Namioka beamline at HASYLAB/DESY for photon
adequate doping of the semiconductor, the correspondingnergieshy=10-30 eV. The monochromator used is not
surface band bending leads to a two-dimensional electrosuitable for measurements of the Ird Z£ore level under
gas (2DEG) at the surfacé® Pump and probe experiments surface-sensitive conditions. Thus we decided to concentrate
performed on these type of 2DEG's revealed that the 2DE®n the valence band of InAE10). The orientation of the
levels exhibit a lifetime as large as 100 ps, which indicatessample with respect to the spectrometer was determined by
that the mobility of the 2DEG is quite higfi.The existence low-energy electron diffraction. The energy resolution of the
of a highly mobile 2DEG in combination with the large monochromatordepending on photon energwas always
Rashba coefficient of InA&Ref. 17 makes the ferromagnet/ below 20 meV. The energy resolution of the electron ana-
InAs(110 system an interesting candidate for magnetoeleclyzer depends OnEp,ss(1.5-4 eV) and is AE=0.02
tronic devices such as spin transistdts. X Epass: The geometrical acceptance angle of the spectrom-

However, for ferromagnetic adsorbates on I(l4€) an  eter is+2.2°. All of the spectra were recorded within 10—
Er shift above the CBM has not been demonstrated. Here w&50 min after cleavage or Fe deposition. The spectra used to
present angle-resolved photoemission spetdBUPS of  determine the valence-band shifts with respecEtowere
the system Fe/InA410 at different coverages on botir  taken at similar times after deposition. The Fermi energy was
andp-InAs(110). We find thaEr shifts up to 300 meV into  determined on metallic TobB,C.
the conduction band for the two differently doped samples. The scanning tunneling microscopy measurements were
Then-doped sample exhibits a 2DEG probably consisting ofperformed independently in a UHV low temperature scan-
two subbands. The Fe-coverage necessary to obtain théng tunneling microscopy(STM) apparatus described
maximumE shift depends on the dopant concentration con-elsewheré® For these measurements Fe was deposited at
sistent with the surface doping mod&lHowever, inho- room temperature on an situ cleavedn-InAs(110) sample
mogenities in the spatial distribution of the Fe atoms have tdNp=2.0x 10' cm %) using ane-beam evaporator. The
be taken into account to explain the coverage dependensample was cooled down and reached the imaging tempera-
quantitatively. ture d 8 K about 5 min after Fe deposition.
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FIG. 1. (8 STM (constant currentimage of 3% ML Fe on +F|G- 2. ARUP spectrum of 0% and 90% ML Fe on
n-INAs(110): U=50 mV, | =200 pA, andT=8 K. () STM (con- P -INAs(110);hv=15 eV, §=30°, andE;,ss=2.5 eV. Peaks are
stant currentimage of 7.5% ML Fe om-InAs(110): U=50 mv,  labeled according to Andersson and co-work@sf. 23.
=100 pA, andT=6 K. Inset: magnification fronfb). Lines indi-
cate visible atomic rows, and circle indicate the visible center of the
Fe atom. The two image@),(b) are recorded on different samples, nejghbors more than one unit cell away from the moving
obviously oriented differently, with different microtips. atom and that dimer bonds are stable at 300 K, we can esti-

mate the jump rate of the Fe atoms. By counting all possible
. RESULTS paths leading to bond formation for initially separate Fe at-
) ) oms, we found that two jumps per Fe atom are sufficient to

Figure 1 shows two STM images of the INAS0) surface gy jain the number of bonds determined at both coverages.
after _deposmon of 3%a) and 7.5% Féb), respectively. The Thus, diffusion is slow at 300 Kabout 1 jump every 2 mjn
atomic rows of one type of atoms of the INA&0) surface which means that the Fe atoms, at least at low coverage, are

are visible, running diagonally through the im&geThe : .
bright dots surrounded by a black area represent the Fe a%rlg(rj]z?mantely monomers and do not form large metallic

oms. The slightly different shapes of the protrusion and the

dark areas in the different images as well as the additional I’t\le)g Wet des;:rllbe thle angle-resolved dphlotoelmltssmn re-
bright spot at the upper right corner of the Fe atoms in FigSu s. Spectra of clean Inf&10) correspond closely to pre-

1(b) are attributed to the influence of different microtips. As V10US measurementS.First we checked the influence of the
indicated in the inset, the center of the protrusion is alway&esidual gas on the ARUP spectra of clean and Fe-covered

located between two atomic rows of the substrate. It is 2 ASurfaces. All filaments are turned off during all measure-
away from one row and 4 A away from the other row. In theMents to prevent cracking or ionization of the residual gas
perpendicular direction, it is between two adjacent maximanolecules. It turned out that the spectra of clean and Fe-
inside the rows. This position corresponds to the expectegovered p-InAs remained unchanged for more than two
position of the surface atoms that are not visible. Since welays, while the lower doped cleanrinAs exhibited anEg
do not know which species is visibfé we cannot give the shift of 100 meV alreagl 3 h after cleavage, and the nearly
bond site of Fe. However, we can conclude that all Fe atom#&ull 300-meV shift after about 10 h. The higher sensitivity of
bond to the same site. n-InAs(110) to residual gas molecules is in accordance with
In addition to single Fe adatoms, dimers, trimers and tetthe fact that an Fe coverage of only 0.5% is sufficient to
ramers are visible. By counting the number of adatomsinduce the maximunEg shift. In contrast, 4% coverage is
dimer_s, trimers, and tetramers of different shéipeseveral needed orp-InAs(110) (see below All measurements used
STM images, we evaluated the percentage of Fe atoms havfy the evaluation of th& shifts are obtained on time scales
ing one or two neighbors parallel or perpendicular to theyhich were short compared to those required to produce
substrate rows. At 3% coverage,22 3% of the Fe atoms  ontamination-induced shifts. Possible surface photovoltage
have one neighbor perpendicular to the rows; 2186 have  gfects can be ruled out with the help of the extensive tests
one neighbor parallel to the rows, and=2% have two Performed by Aristowet al®

neighbors. At 7.5% coverage the corresponding numbers are For a determination oEg shifts we restrict ourselves to

35+ 3% (perpendiculd; 13+=2% (paralle) and 6+2% — . ,
(twofold). The average number of neighbors perpendicular tdh€ (110) azimuth of the sample. The measured spectra in-

the rows and the number of twofold bonded Fe atoms i€lude peaks related to three surface bands and four bulk
much higher than would be expected from a statistical disPands® Figure 2 compares spectra measured directly after
tribution (e.g., statistically only 6% of the Fe atoms would be cleavage and after deposition of 90% Fe p#nAs(110).
expected to have a neighbor perpendicular to the rows at 3%he peaks are labeled as proposed by Andersson and
coveragé At 8 K diffusion was not observed. Thus, the co-workeré® by P,, andS, for transitions related to bulk and
bond formation must be due to diffusion taking place at 300surface states, respectivelyP (is used to denote primary
K. cone emission. First one observes tha®,, and S; are
The number of neighbors perpendicular to the rows isshifted about 400 meV toward higher binding energies. Sec-
larger than parallel to the rows. This means that the diffusiorond, S, disappears completely, whi®, andS; are reduced
is anisotropic and the atoms move mainly parallel to then intensity with respect tdP,, . Third, spectral intensity
rows. Assuming that the diffusion barriers do not depend orappears up t&r. The simultaneous shift d?,;, andS; is
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equivalent to anEg shift of 400 meV with respect to the the electron analyzer. We found that tRg, peak in Fig.
valence band, i.eEg is shifted above the CBMthe gap 3(a) is rather insensitive to misalignment up to 1°. The im-
energy is 360 meV{Ref. 24]. The intensity change of th®, portant conclusion is that the energy shifts due to mechanical
peaks shows that the surface states are more directly influnisalignment were less than 50 meV.
enced by the adsorbate. In particular, the As dangling-bond- Figure 4 shows the peak shifts obtained for different cov-
relatedS; band is more sensitive to Fe deposition than theerages and different selectd?}, peaks. All measured,,
two backbond and in-plane bond-related surface ba®ds peaks confirm the trends shown in Fig. 4. TiRg shift de-
and S;.2%° We found thatS, disappears at a coverage of pends on the kinetic enerd;, and thereby on the variation
45%. First indications of the existence of metallic Fe appeaof the mean free path of the photoelectrony.t Both are
at a coverage of 15% as indicated by a measurable intensityiven in brackets. To obtaiig shifts from the data, this and
atEg. an additional systematic errors have to be considered:
Figure 3 shows two sets of photoemission spectra ob- (1) The different values ok combined with thez exten-
tained at lower Fe coverages fpi - andn~-InAs(110) (+ sion of the band bending imply that the measured peak en-
and — are used to indicate the different doping leyelBhe  ergy is averaged over ®-dependent part of the band bend-
whole spectrum is shifted toward higher binding energiesng. For p*-InAs the parabolic band bending extends up to
with respect toEg. Consequently, the spectral features canl3 nm into the bulk(see below. It is straightforward to
be used to track the actual positionf with respect to the calculate that the resulting peak shifts are lower tharBhe
valence band. It turned out that ti$g peaks shift less than shifts at the surface by 10% and 60% fo+0.8 and 15 nm,
the P, peaks, especially at higher coverages. So only theespectively’® Forn™-InAs the shape of the band bending is
sharpP,, peaks in normal-emission spectra were used to demore complicated. Numerical integration of the Poisson
termineEg . Moreover, we selected peaks that are unaffecteegquation shows that it extends up to 40 nm into the lisdie
by surface contributiofsto avoid changes due to adsorbate-below). The resulting difference between measured peak
induced quenching of the surface peaks. Nevertheless sonsaifts and Eg shift at the surface is 3%20% at \
peaks, such as the, peak in Fig. 8), showed intensity =0.8 nm(15 nm.
changes while othere.g., theP,,, peak in Fig. 8] were (2) An adsorbate-induced shift of the final-state energies
constant up to coverages of 10%, before they lost intensitywith respect to the initial-state energies would shift e
Since theP,y peak is important in a discussion of the Fermi- value of an observed transition at selecked This changes
level shift, it should be noted that the observed intensitythe initial state probed, and leads to an apparent energy shift
variations of this peak could be correlated with a slight mis-of the peak not due to a&g shift. The resulting error for the
alignment of the sample relative to the incoming light andEg determination depends on the dispersion of the initial and

Fe/ri-InAs(110), hv=13/15/26 eV, 0=0°

Fe/g-InAs(110) , hv = 15/21 eV,6=0°
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FIG. 4. Peak shiftgopen symbolsand negative work-function shifi€rossesobtained from ARUP spectra at different Fe coverages.
The work function measured without Fé§) and the conduction banB, gray are indicated; photoelectron energies and corresponding
mean free pathé&Ref. 1) for different peaks are given in brackets; lines are guidelines to theheyis indicated above the figuréd=0°:

(@ p*-InAs(110).(b) n~-InAs(110).
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FIG. 5. Peak energies &, peaks om™ -InAs(110) for differ-
ent photon energieggiven in eV directly at the data point®
=0°. k, values & axis) are obtained by assuming a finite state
parabola with the origin &y=17 eV. ks, describes th&, vector
at the edge of the Brillouin zone. The line is a guide to the eye.

is reduced monotonically up to 90% coverage. Above 20%
coverageA ® clearly differs from the observeBl shift, in-
dicating an adsorbate-induced change in the surface dipole.
The measured difference between the shift andA® is
130 meV at 36% coverage and 250 meV at 90% coverage,
which corresponds to a surface dipole of #9Cm per Fe
final states. Figure 5 shows the measured valence-band digtom. The dipole could be due to positively charged Fe at the
persion close to the valence-band maxim(/BM). Photon  surface. Alternatively, the adsorbate could lift the relaxation
energies are marked, and tkgvalues at thec axis are ob-  of the In-As bonds,thereby annihilatingpartly) the original
tained by assuming a final-state parabola with an origin agurface dipole of—2.5x10 3° Cm per unit cell. Perhaps
V=17 eV, determined directly from the photon energy cor-both effects take place and contribute to the reduction of the
responding to the valence-band maximum. Close to the&vork function.
VBM the curve is rather flat, and a 1-eV changehof cor- At low Fe coverage$0.7% and 1.5% we observe a dis-
responds to a 40-meV change in the initial-state energy. Ainct back shift of the peaks op™-InAs(110) with time. A
change in the energy separation between initial and finadimilar effect was not observed an -InAs(110). The back
states is equivalent to a change in the photon energy. Sincedhift takes place entirely within the first 2—3 h after Fe depo-
is improbable that the relative energy shift between initialsjtion, and is illustrated in Fig. 6. We assume that the effect
and final states is larger than the absolEe shift at the s related to the diffusion of the Fe atoms, resulting in the
surface, we can estimatérom Fig. 9 that the error is less formation of Fe multimers. About 50 jumps per Fe atom take
than 4% close to the VBM. However, for othleppoints, the  place within 2 h, implying that Fe atoms initially up to ten
dispersion is steepgrand the error could be up to 30%. unit cells apart can form dimers on this time scale. Most of

With this analysis, we interpret the, data in Fig. 4, the Fe atoms have neighbors after 2 h. As described below,
measured close to the VBM, as thg shift at the surface the formation of dimers significantly reduces the ionization
reduced by about 10%3%) for p*-InAs (n"-InAs). For  probability of the Fe atoms, thereby reducing the averaged
p*-InAs E shifts monotonically upward up to a maximum band bending.
of 300 meV above the CBM at a coverage of 3.5% and shifts Finally, we describe the ARUPS measurements of the
down to 50 meV above the CBM at a 90% coverage. FORDEG. The measured shift of the surfagge into the con-
n~-InAs, Er also shifts up to 300 meV above the CBM at a duction band leads to band bending and a confinement in the
coverage of 0.5%, and remains constant up to the highegtdirecton, inducing a 2DEG. If the 2DEG states are occu-
studied coverage of 12%. Notice that already at the lowespied they can be measured by ARUPS’ Spectral features
coverage of 0.15%, thEg shift is more than 200 meV. caused by the 2DEG are found am -InAs, but not on

In agreement with the analysis of the influence \af  p*-InAs. Figure 7a) shows a spectrum ofi”-InAs(110)
peaksP,-P,, shift less tharP,,,. Comparison with the mean covered by 0.5% Fe in comparison with the clean surface.
free path calculatioif shows that the observed differences in The small peak close 6, only visible in the magnification
peak shifts are close to the values expected. In particular thef the inset, is the 2DEG peak. The 2DEG peak is detected at
Exin dependence of the shift is stronger pn-InAs than on  photon energietv=10-18 eV. At highehv the P,, peak
n~-InAs, reflecting the smaller extension of the band bend-covers the position of the 2DEG peak. Abdve= 25 eV the
ing onp*-InAs. Notice thatP,,, is measured with a photon 2DEG peak is no longer covered I8, (see Fig. 5, but
energy probing the steepest region of the valence-bandoes not reappear. This might be due to the low mean free
dispersior?® SinceP,,; shows nearly the same energy shifts path of the corresponding photoelectrddsnm) compared
as Py, we can conclude that the error introduced by thewith the position of the maximum of the 2DEG density lo-
adsorbate-induced shifts of final states is of minor impor<cated about 10 nm below the surf&fesigure b) shows a
tance. From the scatter of the data in Fig. 4, taking into3D representation of the 2DEG peak as a function of the
account the different mean free paths of the photoelectronghotoelectron energy and the detection angleThe peak
we deduce an error bar of about 50 meV. disappears forr=1.5°. This is expected for an InAs 2DEG,

The negative work-function shifA® is also shown in  since the strong dispersion of the conduction band requires
Fig. 4. The work functiorp itself is measured as the differ- that only k; states close to the Brillouin-zone center are
ence betweeft; and the onset of photoelectron emissidn.  occupied?®
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FIG. 7. 0.5% ML Fe om™-InAs(110).(a) ARUP spectrum recorded awv=13 eV, §=0°, andE,ss=2.5 eV in comparison with the
clean surface. Inset: magnification of the spectra neXgshowing the 2DEG peakb) Three-dimensional representation of the 2DEG
spectrum as a function of energy and analyzer angle with respect to normal emission. The bottom image shows a top view contour map of
the peakhv=13 eV andfd=0°. (c) 2DEG spectrum recorded with differefi},,sas indicatedhy=13 eV andf=0°. (d) Simulation of

the expected spectral intensity of the experiment showh)irassuming two subbandsB{=—70 meV andE,=—10 meV, respectively,
and the resolution parameters of the setup.

The 2DEG peak measured, with different energy resolu--70 and —10 meV belowEg. The agreement between
tion of the spectrometerH,,s9, is shown in Fig. 7). The  simulated spectral intensity and experiment is within the ex-
full width of half maximum(FWHM) decreases slightly with - perimental error. An independent numerical calculation of
the spectrometer resolution. However,Bgf,s<=1.5 €V the  the band bending with a surfadg- 300 meV above the
FWHM remains broader than 100 meV, and a plateau at th€BM (Ref. 33 results in an energy of the first 2DEG sub-

maximum of the peak appears. Since the spectrometdrand 65 meV belovEr, and shows a second subband close
FWHM is 30 meV, the photon energy FWHM is 10 meV to the bulk CBM, 6.5 meV belovE .3
and the expected thermal broadening FWHM is about 50

meV, the resulting complete “instrumental” FWHM is only IV. DISCUSSION

60 meV, smaller than the observed peak width. We assume There are two generally accepted explanations of the
that two subbands cause the broad FWHM of the peak. Nopermi-level positon on adsorbate covered IlI-V
tice that lifetime broadening cannot explain the platéall  semiconductors. The first is based on metal-induced gap
the maximum. Assuming two subbands we can reproducestates(MIGS) and related to the virtual gap states of the

the spectra as shown by the fit in Figidy calculated by  complex band structure of the semiconductor. It is applicable
folding the spectral intensity corresponding to the knownto metallic adsorbates with a high density of stateg

ar’
InAs dispersion with the “instrumental” FWHM described The resultingEg position depends mainly on the properties
above and a Gaussian angular resolution of the spectrometef the semiconductor and less on the properties of the adsor-
(the FWHM is 1.6°). The two subbands are assumed to be dtate. For InAs the correspondirig: position is 0.15 eV
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above the CBM! With some variationsEg=0.15 eV is from a charged neighbor, which reduces their donor level

found after room-temperature deposition of Cu, Ag, and Auenergy belonEg . Consequently the two atoms are only sin-
The 2DEG peak measured, with different energy resoludly charged. _ _

tion of the spectrometer(,,sJ, is shown in Fig. 7). The Next we estimate how many pairs are singly charged at an

: ; ; ; Fe coverage of 2.1%. The Fe is deposited consecutively, and
full width of half maximum(FWHM) decreases slightly with . .
at coverages of more the(m 2(%2_) After Iow-tem%er;ture the first 1.5% are deposde3 h before the ARUPS measure-

iy : ments. On average, they exhibited 90 jumps moving a dis-
de_posmon, the samee. is found for coverages above 100%. tance of 9—10 atomic sites during that time. Fe atoms at
It is suspected that metallic islands of the adsorbate ar

S . £.5% coverage are on average eight atomic sites apart di-
present, ifE is shifted to about 0.15 eV. In agreement, we rectly after deposition. Thus most of these Fe atoms have

attribute the position of the Fermi level at 90% Fe coverage, med dimers at the time of the measurement. A Simalty-
to the dominant influence of MIGS. o _ ligible) amount of the last 0.6% will also have formed dimers
The other explanation of the Fermi-level shift is appli- within the 15 min between the last deposition step and the
cable to isolated adsorbates and is based on adsorbate iprasurement.
duced states of donor typ@ The Eg position obtained after Assuming that dimers are singly charged, we obtain a
low-temperature deposition of metallic atoms on )  charge density of only 1% at an Fe coverage of 2.1%, ex-
and GaAs¢110 is found to coincide with this model. An plaining the experimentally found position of the maximum.
intriguing inverse linearity between the ionization energy ofHowever, making the same argument at 1.5%, we would also
the adsorbate and the maximuta position has been found obtain a charge density close to 1%. We believe that this
for both substrates!? It was reproduced qualitatively by a indicates that Fe atoms staying two atomic sites apart are
simple tight-binding calculation of a local bond between analso singly charged. Indeed, using a dielectric constart of
sp® orbital of the substrate and amrbital of the adsorbate. =3, a reasonable estimate ferat the InAs surface, an Fe
The maximum position oEg for Fe/InAg110) is 300 meV  atom two sites apart from a charged neighbor feels a Cou-
above the CBM. We conclude that a donor-type interfacdomb potential of about 450 meV, resulting in a donor level
state exists 300 meV above the CBM. Using the ionizatiorbelow Ex. To obtain more quantitative insight into the rela-
energy of Fe(7.87 eV, this value fits nicely in the donor tion between interatomic distance and charging, further ex-
energy—ionization energy curve for different adsorbates omperiments would be useful.
InAs(110) given by Aristovet al1? At higher coveragegabove 15% metallic islands are
The different coverage dependencies of the two substratédermed. This is evident from the ARUPS intensity appearing
will be analyzed in the light of the surface doping moti&l. up toEg . The resulting occupied MIGS screen the Coulomb
The donor levels at the Fe atoms, if located abBye feed  potential of the Fe donors, and reduce the averdgethore
electrons to the substrate. The remaining positive Fe is theand more until it finally fits the charge neutrality level of the
surrounded by a screened Coulomb potential inducing a lovirtual induced gap statéd.At coverages where metallic is-
calized band bending. However, each Fe atdamor level lands are not yet formed but the band bending is already 300
“feels” the Coulomb potential of neighboring Fe atoms. If meV, the additional Fe atoms do not change the charge situ-
the resulting local band bending at the Fe atom is larger thaation resulting in the more or less consté&it between 2%
its donor level energy with respect to thg of the uncov- and 7% coverages.
ered surface, charging of this Fe atom would cost energy. At On n™-InAs, the Fe-donated electrons develop an occu-
the corresponding coverage the band bending comes to saipied 2DEG at the surface. This screens the Coulomb poten-
ration. For Fe/InA&L10) this situation is achieved for a band tials of the Fe atoms. The maximum donated charge is cal-
bending of 300 meV above the CBM. So the unperturbectulated by assuming a homogeneous band bending of 300
donor level must be 300 meV above the CBM. meV. Integrating the Poisson equation numerically reveals
The Fe coverage at the maximumEgf is determined by that the band bending extends over 40 irThe ground-
the charge necessary to screen a surlgccated 300 meV  state energy of the 2DEG can be estimated with the help of
above the CBM. In the case op*-InAs the band bending the triangular approximatiéfto be 65 meV belowEg, in
inhibits all mobile carriers in the depletion region of 13 Am. accordance with experiment. The first subband contains 8
A calculation of the 2DEG states confined in the conductionx 10'* cm™2 electrons corresponding to a coverage of 0.2%
band(the triangular approximatiéf) reveals that the lowest ionized donor levels. The second subband, which was found
subband of the 2DEG is 150 meV abokg, i.e., it is not in the calculation close té&y, does not contribute signifi-
occupied. Consequently, the screening is only due to the Zpantly to the 2DEG charge. Indeed, at the lowest Fe coverage
acceptors in the depletion region charged by the Fe donorsf 0.15%,E¢ is already more than 200 meV above the CBM,
The areal density of acceptors integrated over the depletioand at 0.3% it has nearly reached its maximum position in
region is 4< 10~ 2/nn¥. If each Fe atom charges exactly one accordance with the surface doping model. At coverages up
acceptor, the band bending would be complete at a coverage 12% there is no significant change Bf , indicating that
of 1%. This coverage is lower than the coverage at maximunfiormation of metallic islands is negligible and MIGS do not
Er in our experiment. Ignoring the small differencesbp  screen. Obviously, Fe dimers play no significant role in these
between 2.1% and 3.5% coverages, a coverage of 2.1% at te&periments. This is not surprising, since at a coverage of
maximum of Er remains too high by a factor of 2. To ex- 0.2%, the Fe atoms are on average 12 nm apart and cannot
plain this, the formation of dimers has to be taken into ac{ind each other during the time of the experiment. Interest-
count. It obviously reduces the average band bends®g ingly, the assumption of an unscreened Coulomb potential
Fig. 6). The following explanation appears reasonable: Fearound each Fe atom with the dielectric constant of bulk
atoms that are close together feel a strong Coulomb potentiéAs (e=14.3) results in an attractive electrostatic po-
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tential of only 17 meV at a distance of 6 nm from the Fe ataged Fermi-level position depends significantly on the spa-

variance, with an obtainel: shift of 300 meV. However, it tial distribution of the Fe atoms on the surface; in particular,

is to be expected that the surface vakuis significantly less ~We suppose that Fe dimers are only singly charged. At cov-

than the bulk value, being aboeg, 1ac=2—3. erages above 10%, metallic islands are formed and reduce
the Fermi-level position even down to the conduction-band
minimum at 1-ML coverage. This is explained by the occu-
pation of metal-induced gap state®. The existence of a

V. SUMMARY two-dimensional electron gas is directly proven by ARUPS
measurements on Fe-covenednAs.
In summary, we have performed STM and ARUPS mea-

surements on Fe-covered INA40). We found that Fe atoms

diffuse slowly(one jump in 2 minand anisotropically along

the atomic rows of the substrate at room temperature. The ACKNOWLEDGMENTS
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