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Excitonic polaritons in electric fields at GaA.s surfaces
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We report line-shape analyses of reflectance spectra in n-type GaAs obtained for various il-
lumination intensities and applied electric fields. We describe the excitonic motion under an inho-
mogeneous surface field by using a dielectric model with field-dependent eigenenergies and damp-
ing. The excellent agreement between theoretical spectra and experimental data leads to the deter-
mination of surface-field parameters. It is found that a decreasing illumination intensity and/or an
increasing external electric field enhance the surface charge and space charge, leading to an increase
of the internal surface field.

I. INTRODUCTION

Reflectance studies in direct-band-gap semiconductors
have increased our knowledge about the motion of exci-
tons near a surface. ' ' An exciton approaching the crys-
tal boundary is repelled by an image charge potential, '
giving rise to a transition layer depleted from excitons.
Additionally, an electric surface field caused by surface
charges interacts with the exciton and modifies the exci-
tonic motion. Most of the theoretical studies are con-
cerned with intrinsic effects. Spatial dispersion and an
exciton-free surface layer are found to determine the re-
flectance line shape at least for a vanishing surface field.
The influence of an electric surface field is considered
theoretically only by a few authors. ' ' Their approaches
are restricted either to low field strengths or do not allow
the determination of the properties of the electric field. '

Experimentally, it is found that reflectance spectra depend
on surface treatment, " illumination intensity, ' ' and
external electric fields. ' ' However, an unambiguous
interpretation of these data is not attained so far.

The purpose of the present paper is to elucidate the in-
fluence of the illumination intensity and of externally ap-
plied electric fields on the internal electric surface field, as
well as on the excitonic resonance. Recent progress in ex-
perimental techniques allows one to discriminate the
field-dependent features in the reflectance spectra.

We give the experimental details in Sec. II. In Sec. III
we present a local dielectric model which includes an in-
homogeneous surface fiel and neglects spatial dispersion.
Line-shape analyses of reflectance data confirm the ex-
istence of a transition region with field-dependent exciton-
ic eigenenergies and damping. These analyses yield the
field parameters. In Sec. IV we discuss the photocreation
of free carriers and its role on the reflectance line shape.
Section V is concerned with the influence of a lateral elec-
tric field. We propose a field-induced enhancement of the
space charge and the surface charge via carrier extraction
leading to an increase of the surface field. In Sec. VI we
report reflectance measurements at the GaAs-Au
Schottky barrier. The observed current-related alterations
of the surface field substantiate the mechanism of field-
induced extraction of electrons from the space-charge re-

gion as presented in Sec. V. In Sec. VII we give a con-
clusive description of those mechanisms acting on the sur-
face field and thus on the reflectance line shape.

II. EXPERIMENTAL

We used for the experiments high-purity n type G-aAs
samples grown by liquid-phase epitaxy. The carrier con-
centration at 77 K was in the range of 10' cm with a
typical mobility of 50000 cm /Vs. The Schottky barrier
was prepared by evaporating a 7-nm-thick gold film onto
the GaAs surface. The Ohmic contacts were formed by
alloying with Sn. The current-voltage characteristic at 7
K exhibited typical Schottky behavior in the dark as well
as under illumination. The photovoltage was about 1.02
V, the short circuit current about 10 pA. The sample was
mounted on the cold finger of an evaporator cryostat and
held at 7 K. The reflectance experiment was performed
using a tungsten iodine lamp with an angle of incidence of
70'. The light was polarized parallel to the plane of in-
cidence in order to increase the reflectivity amplitude over
the background reflectivity. The reflected light was
detected by a double grating monochromator with a spec-
tral resolution of 0.015 nm and a photomultiplier with a
GaAs cathode. The spectra were recorded with a single-
photon counting system. For energy-to-wavelength con-
version we used a factor of 1239.852 eV nm. '6 Addition-
ally, the refractive index of air was included. '

III. THEORY

Let us consider an exciton which is created in the vicin-
ity of a semiconductor surface and is subjected there to an
electric surface field. A comprehensive theoretical
description of such an exciton must include this inhomo-
geneous surface field as well as the spatial dispersion ori-
ginating from the wave-vector dependence of the excitonic
eigenenergies. Only a few attempts have been made to
solve this problem. ' ' From a microscopic viewpoint
one must solve the effective-mass equation, which is, how-
ever, not separable. The adiabatic approximation may
lead to a solution, at least if the masses of the electron and
the hole are sufficiently different; however, extensive cal-
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culations are needed to achieve high accuracy for a com-
parison with experiment. The implementation of simplifi-
cations has restricted the solution to the low-field case.

Dielectric theories assuming an oscillatorlike response
offer a more feasible calculational procedure. However,
the inclusion of spatial dispersion is suitable only for low
electric fields. Otherwise, the calculation procedures
again become too extensive, thus preventing line-shape
analyses. ' Our treatment is based on a classical oscilla-
tor model. We deal with a local dielectric response
neglecting spatial dispersion. This model enables fast
computations of the reflectance spectra.

Let us first consider an exciton in a homogeneous elec-
tric field. This case has been studied by Ralph' and later
by Blossey. ' ' These authors have calculated the dielec-
tric response for various electric field strengths by numer-
ically solving the effective-mass equation. The electric
field modifies the potential between the electron and the
hole. A small widening of the Coulomb well for low-field
strengths gives rise to the quadratic Stark shift of the ls

I

Eion =
eao

where e is the elementary charge. The actual ionization
field is lower than the field of Eq. (1) because the binding
energy decreases with increasing field.

We have matched the field-dependent shift b,co(E) of
the eigenfrequency calculated by Blossey at the field
strengths E& ——OE;,„,E2 ——0.45E;,„,and E3 ——2E;,n by

excitonic level. In addition, the lip of the well is lowered
causing the bound states to mix and broaden into continu-
um states. For high electric fields the latter effect dom-
inates and shifts the ls excitonic level back to higher ener-
gies.

Simultaneously, the tunneling probability increases un-
til the exciton is no longer bound by the Coulomb poten-
tial. According to a classical viewpoint, the exciton is
ionized if the electric field E;,„provides a potential drop
across the effective Bohr radius ao corresponding to the
binding energy E&,

(1)

Abco(E) =E~ .

9 +3.15
ion

' 4.23E
Eion

' 3/2

for E &0.45E;,„

—0.12 +0.43
ion

for E &0.45E;,„. (2b)

For low fields the eigenfrequency decreases quadratically
with the field strength E as known from the hydrogen
atom.

The field-induced broadening of the 1 s excitonic level is
correlated with the half width of an absorption spectrum.
This broadening can be described by a damping term.
Comprehensive results for low and high fields are not
known. For low fields one can approximate the damping
with a WKB expression, ' ' '

r ~r(E)=Ae "E-
where the constants A and 8 are determined from the
half widths of the absorption spectra calculated by
Ralph. ' The coefficients are A =0.35E& and
8 0 32Eion

In the case of an electric surface field one must include
the depth dependences of the field strength and of the im-
age charge force. In our local model we replace an exci-
ton at a depth z by an oscillator whose eigenfrequencies
and damping depend on the local-field strength. This re-
quires a nearly constant field across the Bohr radius of the
exciton. This condition is fulfilled if the field penetration
depth l is larger than the Bohr radius.

The image-charge potential is incorporated according to
Hopfield, '

Eg e, —1
iii hro(z) = (ao/z)

2 e, +1

where e, is the static dielectric constant. This leads to a
transition region, approximately 1 Bohr radius in width
which is out of resonance; i.e., it is free from excitons. A
corresponding lifetime broadening can be taken into ac-
count, '"

fi hr(z) =Eye (5)

The excitonic resonance is therefore smeared out in a
transition layer close to the surface.

The total transverse (T) and longitudinal (L) eigenfre-
quencies and the damping depending on the electric field
and the depth are

coy(E,z ) =co~y+ Aco(E)+ Kco(z),

coL(E,Z) =coLi +bco(E)+bco(z),

r(E,z) =r,+Sr(E)+sr(z),
where co~~ and ~I ~ are the unperturbed excitonic eigen-
frequencies and 1 v is the empirical damping constant in
the bulk. The oscillator strength is taken as constant.
Thus the dielectric response of an oscillator model be-
comes depth dependent:

2 2
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e(a),Z, E(z) )=e„ 1 +

co&(Z,E(z) ) co ivor(Z, E(z))— —



6786 L. SCHULTHEIS AND J. LAGOIS

QaAs

~ 30%—
I—
O
~ 20%—
U
UJ

10% ——exp.—theor.
I

1.514

%GJi Tlp)L
/

I I

1.515
ENERGY (eV}

I

1.516

IV. INFLUENCE OF ILLUMINATION
INTENSITY ON THE EXCITONIC REFLECTANCE

N„= (N + N)—I, (10)

Most of the semiconductor surfaces exhibit charged
surface states. In the case of GaAs, their high density
pins the Fermi level at about midgap at the surface.
The surface charge is compensated by a depletion layer of
ionized donors and acceptors, giving rise to an electric
field which decreases into the bulk. The electron bands
are bent. In a simple Schottky model the band bending
Vp, the density of surface charges N„, the field penetra-
tion depth I and the field strength at the surface Ep of a
linearly decreasing field, and the net space-charge concen-
tration ND+ —N~ are connected by

FIG. 1. Experimental (weak-line) and theoretical (strong-line)
reflectance spectra of the excitonic polariton in GaAs recorded
under flatband conditions (for details see Ref. 5). The upper
scale gives the longitudinal and transverse eigenenergies ob-
tained from the fit.

Ep —— (N + N~ )1—,
&o&s

e l'
Vp —— (N + N„)——,

t'-o&s
(12)

TABLE I. Excitonic parameters of GaAs obtained from fit
to the reflectance spectrum of Fig. 1.

Acogy (eV)
fuuLp (eV)
fiI'i (peV)
ao (nm)

1.515 008
1.515 138

80
11

E~ ——4.2 meV'
e„=12.6'

'Taken from Ref. 2.

E;,„=3.6 kV/cm

where e„ is the background dielectric constant and cu the
frequency. Assuming a field dependence E(z), one must
solve Maxwell's equations to obtain the reflectivity at the
crystal boundary. For the numerical calculations we have
approximated Eq. (9) by a step function. Then, one must
match the amplitudes of the plane waves at the boun-
daries of the resulting multilayer system to obtain the re-
flectivity. We used 200 steps in all the fits reported in
this work. A further increase of the number of steps does
not yield better results.

Equations (4) and (5) contain an exciton-free surface
layer which is inherent in all the dielectric models. We
have fitted the reflectance data obtained under a flat band
condition to determine the properties of this layer. Fig-
ure 1 shows the experimental and theoretical reflectance
spectra in the excitonic energy region of GaAs cleaved in
liquid helium. The agreement between theory and experi-
ment is excellent and fixes the width of the exciton-free
surface layer ap. In addition, the excitonic eigenenergies
and damping in the bulk are obtained. The complete set
of parameters is listed in Table I.

where ep is the permittivity of a vacuum. A typical band
bending of 0.8 V and a space-charge concentration of 10'
cm causes a field with a penetration depth of 1 pm and
a maximal field strength at the surface of Eo ——15 kV/cm.
The density of the surface charge is N„=10"cm

Optical measurements in the energy region of the ls ex-
citon usually involve the generation of free-electron-hole
pairs. The photocreated carriers are separated in the sur-
face field. The electrons neutralize the ionized donors in
the bulk while the holes discharge the surface states. The
electron bands flatten. Field cancellation may occur for a
high illumination level and a corresponding high excess
carrier concentration. A calculation of the field depen-
dence for a given photon flux necessitates a detailed
knowledge of the field- and depth-dependent recombina-
tion rates. Additionally, the question whether the Fermi
level of the surface states coincides with the Fermi level of
the bulk is crucial for a possible field cancellation.

Experimentally, reflectance measurements with various
illumination intensities have already been performed by
several groups. ' ' Figure 2 shows the experimental re-
sults of Ref. 3. The reflectance spectra were recorded
with a monochromatic probe beam of an intensity of
I~ =130 nW/cm . The sample was illuminated by an ad-
ditional laser beam of an intensity of IL ——150 nW/cm .
For high illumination-levels one obtains reflectance spec-
tra as shown for I=I&+250IL, which exhibit a strong
spike in the energy region of the longitudinal-transverse
splitting. A decrease of the illumination intensity by 1 or-
der of magnitude causes a red shift of the reflectance
minimum and spike. A second minimum appears at the
longitudinal eigenenergy. At low illumination levels a
further change of the reflectance line shape is observed.
The reflectance structure is shifted to lower energies, and
a second reflectance maximum arises at the longitudinal
eigenenergy. Their amplitudes diminish with decreasing
illumination intensity.

In order to perform line-shape analyses using the model
described in Sec. III one must start with a spatial field
dependence. To incorporate a continuous space-charge
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FIG. 2. Experimental (weak-line) reflectance spectra of GaAs
for various illumination intensities taken from Ref. 3. I~
denotes the intensity of the probe beam. IL is the interisity of an
additional laser beam, The horizontal lines assign equal reflec-
tivities. The fit with theoretical (strong-line) spectra yields the
field parameters listed in Table II.

concentration, we have chosen

E(z) =ED 1 ——Z

l

'2

Reflectance spectra calculated with the bulk parameters
of Table I are also shown for different fields in Fig. 2.
The agreement with the experiment is excellent. The field
parameters Eo and l obtained from the fit are listed in
Table II.

The fitting procedure yields the field parameters with a
high reliability. The uncertainty of the penetration depth
and the field strength is about S%%uo. Increasing penetration
depth at a fixed field strength exchanges the reflectance

maxima and minima in the energy region of the
longitudinal-transverse splitting. The amplitude of the re-
flectance structure decreases. On the contrary, for in-
creasing field strength but fixed penetration depth the re-
flectance structure shifts to lower energies with an in-
creasing amplitude.

The complicated behavior of the reflectance line shape
with decreasing illumination intensity can be explained by
an increasing surface field. The field-induced exchange of
the reflectance maxima and minima in the energy region
of the longitudinal-transverse splitting indicates an in-
terference effect on the polariton in a spatially inhomo-
geneous medium. Previous investigations'"' concerned
with these line-shape changes have claimed the existence
of a dead layer with a field-dependent width in which the
excitons are ionized. However, the surface field as de-
duced from our fit is not sufficiently strong to ionize exci-
tons but the surface field modifies the excitonic resonance.

The second important feature of the field-induced re-
flectance change is the shift of a reflectance minimum to
lower energies. For the highest field this minimum lies
0.4 meV below the transverse eigenenergy. This value is
slightly lower than the maximum eigenenergy shift of
12/o of the binding energy as predicted by Blossey. The
red shift of the reflectance minimum gives direct evidence
for local excitonic resonances with lowered eigenenergies
due to the Stark shift.

From the field parameters of the surface field, addition-
al information can be obtained. Applying Gauss's law
yields an effective density of surface charges X,ff,

eN, ff=eoe Eo .

The surface charge is compensated by a linearly decreas-
ing space-charge distribution with a concentration Po at
the surface,

2X,ff
I'o ——

l
(15)

In general, this charge consists of the excess carriers and
the net space charge.

In the dark ease one can assume a net space-charge con-
centration in the range of 10' —10' cm . The result-
ing penetration depths of the fields are 1—3 pm with den-
sities of the surface charge in the range of (3—10)X10'
cm

For low illumination levels we obtain a surface charge
density and a corresponding total space charge which are
considerably lower than in the dark case. Even at a pho-
ton flux of 10" photons/cm s (see Table II) most of the

TABLE II. Penetration depths I and field strengths Ep of the surface field for various illumination
intensities I obtained from the line-shape analyses (see Fig. 2). From the field parameters the effective
density of the surface charges X,ff and space-charge concentration Pp is determined.

OIL

1IL
5IL

20II.
250IL,

Photon flux
(photons/cm s)

4.35 X 10"
7.6X 10
2.08 X 10"
6.93X10"
8.16X10"

Ep (E;„)
0.5
0.42
0.36
0.35
0.33

1 (nm)

390
320
260
230
200

N, ff (cm )

1.2X10"
1.0 X 10'
8.6X10'
8.4X 10'
7.9X 10'

Pp (cm )

6.15 X 10'4

6.25 X 10'"
6.62 X 10'4

7.30X 10'
7-90X 10'"
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surface states are discharged. The field has not reached
the dark values.

With increasing illumination level the generation rate of
electron-hole pairs increases. The photocreated holes are
captured by the ionized acceptorlike surface states, the
photocreated electrons neutralize the ionized donors in the
bulk. The surface charge decreases and so does the total
space charge. This behavior is shown in Table II for the
surface charge density estimated from the field strength
with Eq. (14). For high illumination levels the density of
the surface charge remains constant. A possible satura-
tion mechanism is discussed in the following.

The space-charge concentration Po estimated from Eq.
(15) increases with increasing illumination intensity. This
enhancement can hardly be explained by a steady-state
excess-hole concentration. Hole lifetimes of 1 ns or even
of 1 ps are not sufficiently high to explain a concentration
enhancement of 1.75X10'" cm . An explanation can be
given by the hole capture of ionized acceptors in the
space-charge region. This neutralization of acceptors
leads to an 1Ilcrcasc of thc space-charge concentration.
The enhancement of the space-charge concentration is
limited by the concentration of ionized acceptors which is
significantly lower in n-type GaAs than the concentration
of donors, but may lie in the same range. The lifetime
of the hole bound to an ionized acceptor depends on the
electric field and determines the efficiency of the enhance-
ment. A high electric surface field suppresses the recom-
bination (eA ) because of the spatial separation of the
electrons and the neutral acceptors. The hole lifetime
may be quite long, at least in the high field close to the
surface.

The saturation behavior of the surface charge and the
total space charge with increasing illumination level can
be explained by various mechanisms. First, one must con-
sider the field dependence of the carrier lifetime in the
space-charge region. This effect leads to a decreasing ex-

cess carrier concentration with a decreasing electric field.
Second, surface Iecombinatlon, wllicll is more probable
for a low electric surface field, is an efficient mechanism
to reduce the excess carrier concentration at high il-
lumination levels. Additionally, one must consider sur-
face states which interact only weakly with the carriers of
the bulk. For very high illumination intensities the sur-
face charge is screened by free holes. The field strength
may increase while the penetration depth shortens.

V. INFLUENCE OF A LATERAL ELECTRIC
FIELD ON THE EXCITONIC REFLECTANCE
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FIG. 3. Experimental reflectance spectra (weak line) of GaAs
for various lateral field strengths E taken from Ref. 3. The hor-
izontal lines assign equal reflectivitics. The theoretical spectra
(strong line) are calculated with the field parameters listed in

Table III(a).

Alteration of the reflectance line shape in GaAs has
also been observed by applying a lateral electric field with

two Ohmic contacts on the surface. * In Fig. 3 we show

previous reflectance spectra for various field strengths. It
is seen that the line shape changes with increasing lateral
field in the same way as is observed by reducing the il-

lumination intensity. The similarity of both influences
becomes clearer if the illumination level is decreased addi-
tionally. In Fig. 4 the reflectance spectra for the case
I=Iz+5II of Ref. 3 are shown with different applied
field strengths. Note that for the highest applied field the

—theo l'.

i

1.516
t I

1.514 1.515
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FIG. 4. Experimental rcfIcctance spectra (~cak line) of GaAs
for various lateral field strengths I and a love illumination in-

tensity of I=SII taken from Ref. 3 are compared to theoretical

spect1a (strong line). Thc horizontal 11ncs assign equal rcflectivi-
ties. The parameters obtained from the fit are listed in Table
III(b).
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reflectance structure exhibits two maxima and three mini-
ma.

We have performed line-shape analyses of both series of
spectra of Figs. 3 and 4. The agreement with the experi-
ments is impressive. The different line shapes are caused
by different electric surface fields. The field parameters
obtained from the fits are listed in Table III.

From this data it is seen that reduced illumination in-
tensity and/or increased lateral field cause an increase of
the field strength and the penetration depth of the surface
field. It is interesting to note that nearly the same line
shape is obtained for a high illumination level and a high
lateral field (F=1.52 V/cm), and for a low illumination
level and a lower field (F=1.27 V/cm). This indicates
that reduced illumination intensity and applied lateral
field act in the same way on the surface field.

Table III(a) indicates that the surface charge and the to-
tal space charge increase with increasing lateral field,
whereas the space-charge concentration decreases. This
behavior can be obtained by a field-induced reduction of
electron-hole pairs in the space-charge region. Recom-
bination and extraction of free carriers must be con-
sidered. The field strength of the lateral field is too small
to alter the recombination rates in the space-charge region
significantly. In the illuminated part of the space-charge
region, the excess carrier concentration is higher than in
the adjacent parts. An additional lateral field causes an
additional lateral separation of photocreated electrons and
holes, at least in those parts of the space-charge region
where the internal surface field is weaker than the lateral
field. Under the influence of this field electrons and holes
leave the illuminated region in opposite direction. The
holes recombine with majority carriers. The loss of the
free photocreated carriers in the space-charge region
causes the total space charge and surface charge to in-
crease. This leads to an increase of the surface field.

The extraction of the carriers is expected to be efficient
only in high-purity semiconductors with a corresponding
high resistivity because of the need of an external electric

VI. EXCITONIC REFLECTANCE
AT THE GaAs-Au SCHOTTKY BARRIER

In this section we report reflectance measureinents at a
GaAs-Au Schottky barrier under a constant voltage at the
semitransparent gold film. The results are shown in Fig.
5. The reflectance line shape remains constant for volt-
ages in the range of +3 V (forward) to —25 V (back-
ward). Increasing the voltage beyond these thresholds
leads to a drastic change of the line shape in the forward
as well as in the backward direction. Figure 5 shows that
the line shape depends rather on the current as on the ap-

Ga As

Ii (d
T hid L
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. lA
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lY

,+80 Ij.A
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field in the illuminated region. The generation of
electron-hole pairs acts as source of an extraction current,
thus enabling steady-state conditions under illumination
and applied lateral field. A change of this quasiequilibri-
um can be obtained by a lateral field as well as by an al-
teration of the illumination, whereas both perturbations
act in opposition. The observed additivity of decreased il-
lumination intensity and increased lateral field on the
internal surface field confirms this explanation.

It should be mentioned that an additional field-, induced
impact ionization of the excitons by free carriers as pro-
posed in Refs. 3 and 28 may be possible. However, this
mechanism cannot explain the reflectance data.

F (lcm) Eo (E;,„) l (nm)

TABLE III. Penetration depths l and field strengths Eo of
the surface field for various illumination intensities I and lateral
applied fields F obtained from the line-shape analyses in Figs. 3
and 4.
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(b) Low intensity
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FIG. 5. Experimental (weak-line) and theoretical (strong-line)
reflectance spectra of the GaAs-Au Schottky barrier obtained
under an angle of incidence of 70'. The reflected light is polar-
ized parallel to the plane of incidence. The refractive index of
the gold film is assumed as nA„——4+2)&i. The horizontal lines
assign equal reflectivities. The parameters obtained from the fit
are listed in Table IV.
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U (V)

+33
0

—25.8
—26.8
—27.3

(E. )

0.28
0.26
0.27
0.28
0.30

l (nm)

300
240
270
300
360

plied voltage (see U=+3.3 and —26.8 V).
Line-shape analyses of these spectra yield the parame-

ters of a modified surface field. They are listed in Table
IV. The excitonic parameters are the same as in the fit-
ting procedures of Secs. IV and V.

For none of the applied voltages does the surface field
vanish. Flat electron bands are not obtained, as one
would expect from a simple Schottky theory. This indi-
cates that surface charges are present being only slightly
affected by the external electric field. The origin of the
surface charges may be explained by oxygen-induced sur-
face states because of the preparation in ambient air con-
ditions. Contrary to recent electroreflectance studies' 's
with modulated voltages, the surface field is altered only
in a small range. Our stationary experimental condition
allows a screening of the external field by photocreated
carriers. Only for sufficiently high voltages and currents
the surface field is changed.

The current-related line-shape features directly support
the mechanism of field-induced extraction of electrons
from the space-charge region as discussed in Sec. V. If
one considers a volume of 0. 12)&10 cm in which free
carriers are generated, an extraction current of 1 pA cor-
responds to a "loss rate" of SX10' carriers/cm s from

TABLE IV. Penetration depths l and field strengths Eo of
the surface field for applied voltages U perpendicular to the sur-
face obtained from the line-shape analyses in Fig. 5.

the space-charge region, a value which lies in the typical
range of photogeneration rates (see Table II) of a reflec-
tance experiment. An exact determination of the field-
induced loss of the total space charge is as yet not possible
because the current. measured in our experiment consists
of both extraction current and photocurrent.

VII. CONCLUSIONS

We conclude that the excitonic reflectance obtained for
various illumination levels and various applied electric
fields is affected by the presence of an internal surface
field. Line-shape analyses using a refined model with
field-dependent excitonic eigenenergies and damping have
substantiated that local excitonic resonances due to the
Stark shift in the surface field modify the experimental
spectra.

We have studied qualitatively the dependence of the
surface field from the external perturbations in n-type
GaAs. Photocreation of free carriers is shown to shorten
the field penetration depth and to reduce the field strength
of the surface field. With increasing illumination intensi-
ty the total space charge and the surface charge decrease.
Additionally, the space-charge concentration is enhanced
via neutralization of ionized acceptors. External electric
fields applied parallel to the surface as well as perpendicu-
lar also increase the surface and space charge. We explain
this behavior with a field-induced extraction of photo-
created carriers from the space-charge region which acts
in opposition to the photogeneration of free carriers.
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