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In semiconductors under tightly-focused photocarrier excitation, the lateral variation of carrier
concentration induces a lateral variation of photovoltage. In p-type GaAs films at 300K, it is
shown experimentally and theoretically that the photovoltage lateral dependence is able to block
the photoelectron diffusion, thus reducing the effective charge diffusion constant by a factor of ≈ 5
with respect to surface-free conditions. The photovoltage lateral variation also induces a coupling
between charge and spin diffusion . Because of this coupling, the effective spin diffusion constant is
significantly larger than the effective charge one.

PACS numbers:

I. INTRODUCTION

In the context of future active spintronic devices, the
diffusion of charge and spin in semiconductors have been
investigated by numerous authors. For most of these
studies, a tightly-focused laser or electron beam locally
generates photoelectrons and the spatial distribution of
charge and spin is monitored, using cathodolumines-
cence [1], time-resolved [2], steady-state photolumines-
cence [3, 4], or magneto-optical detection [5–7]. If the
electrons are not confined by a semiconducting overlayer
of larger bandgap, it has been found that the diffusion
length increases with surface passivation because of the
decrease of surface recombination, so that its experimen-
tal determination has been used to obtain the value of
the surface recombination velocity [8].
The present work is a theoretical and experimental in-

vestigation of the effect of photovoltage on lateral charge
and spin transport. This photovoltage is tuned by sur-
face chemical treatment of the sample and by changing
the light excitation power. For a tightly-focused excita-
tion, the surface photovoltage is larger near the excita-
tion spot than at some distance from this spot. Thus,
there appears an electric field parallel to the surface
which can completely block the lateral carrier diffusion
and thus strongly perturb the investigation of charge and
spin transport. For a p-type GaAs film, in the whole
distance range near the excitation spot where the pho-
tovoltage is larger than the thermal energy, a chemical
passivating treatment has a negligible effect on the diffu-
sion length. The effect of this passivation only manifests
itself at larger distances at which the smaller surface pho-
tovoltage no longer blocks the photoelectron diffusion.
Furthermore, the surface photovoltage lateral variation
is shown to induce a spin-charge coupling. This coupling
also decreases the spin diffusion length. But this decrease
is significantly smaller than for the charge so that the ef-
fective charge and spin diffusion lengths are comparable,
in spite of an efficient spin relaxation. This implies that

the spin diffusion constant is larger than the charge one.

II. EXPERIMENTAL

A. Results

We have used MOCVD-grown structures composed of
a 3µm-thick p-type GaAs film (zinc doping NA = 1017

cm−3), grown on a semi-insulating substrate, with an
interfacial Ga0.6Al0.4As layer in order to confine the
photoelectrons. Three samples were investigated: a) a
naturally-oxidized piece of the sample. b) An identical
sample, covered by a 100 nm-thick layer of Ga0.6Al0.4As.
c) A piece of the same wafer obtained by treating the ox-
idized surface for 10 min. by a saturated sodium sulfide
solution. This treatment is known to saturate Ga sur-
face dangling bonds by sulfur atoms, and to reduce S by
about one order of magnitude [9]. It will be shown in the
supplementary information that the photovoltage is neg-
ligible for the oxidized and encapsulated samples, while it
can be significant for the passivated sample. This sample
will allow us to reveal the induced effect on charge and
spin transport.
As described in Ref. [3], the sample is excited by a

tightly-focused, continuous laser beam (Gaussian radius
σ ≈ 0.6 µm, energy 1.59 eV). The emitted light is fo-
cused on the entrance slit of a spectrometer equipped
with a CCD camera as a detector. For a very low excita-
tion power of 300 nW, an image given by this camera is
shown in Panels a and b of Fig. 1 for the Ga0.6Al0.4As-
encapsulated and oxidized sample, respectively. For such
image, the x coordinate contains the spectral information
while the y coordinate reveals the spatial profile along a
line on the sample defined by the spectrometer entrance
slit. Addition of the values of all the pixels corresponding
to the same wavelength allows us to obtain the spatially-
unresolved luminescence spectrum. The corresponding
spectra are shown in Panel c of Fig. 1. As expected,
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FIG. 1: Panels and and b show the PLI images at 300K, for an
excitation power of 300 nW, obtained from the CCD at the
spectrometer output, for the encapsulated and the oxidized
samples, respectively. Integration of these images along a ver-
tical axis gives the spatially-unresolved luminescence spectra,
shown in Curve a of panel c for the oxidized surface, Curve
b for the sulfur-passivated one and Curve c for the GaAlAs-
encapsulated one. The corresponding spectra of the degree of
circular polarization are shown in Panel d.

because of the significant surface recombination of the
oxidized surface, the peak intensity of the corresponding
sample is smaller than for the Ga0.6Al0.4As-encapsulated
one by a factor 5.9. The PL peak intensity of the sulfide-
passivated sample is larger than for the oxidized sam-
ple by a factor of 2.5, which evidences the decrease of S
brought by this treatment [9].

Liquid crystal modulators are used to excite the sam-
ple with σ±-polarized light. This generates a nonzero
spin density s = n+ − n−, where n± are the concentra-
tions of electrons with spin ±1/2, choosing the z direc-
tion as the quantization axis. For a given helicity of light
excitation, the σ±-polarized components of the lumines-
cence, of intensity I(σ±) are selectively measured. The
difference signal ID = I(σ+) − I(σ−) is proportional to
the spin orientation s = n+ − n−, while the sum sig-
nal IS = I(σ+) + I(σ−) is proportional to the electronic
concentration orientation n = n+ + n−.

Panel d of Fig. 1 shows the spectra of the luminescence
degree of circular polarization P = ID/IS = 0.5s/n for
the three samples. Because of its long effective lifetime,
the encapsulated sample (Curve c’) exhibits a very small
polarization of 0.5%. For the two other samples, the po-
larization is larger for above bandgap luminescence en-
ergy, revealing as is frequently observed, the increased
polarization of electrons with increased kinetic energy.
The largest polarization, of 5% at the luminescence peak,
is obtained for the oxidized sample, because of the rel-
atively small losses of spin orientation caused by the
shorter lifetime. As expected, the polarization of the sul-

FIG. 2: The left panel shows the spatial profiles of the
luminescence intensities at 300K and an excitation power
of 300nW, for the oxidized surface (Curve a), the sulfur-
passivated one (Curve b), and the GaAlAs-encapsulated one
(Curve c). The dotted line shown in Curve d is the normal-
ized profile for the same sample at a maximum power of 1
mW. Also shown is the laser spatial profile (Curve f), and an
attempt to fit Curve b using Eq. (3) (Curve e). The right
panel shows the spatial profiles of the difference signal, re-
vealing the spin orientation spatial profile, for the oxidized
surface (Curve a’) , the sulfur-passivated one (Curve b’) and
the GaAlAs-encapsulated one (Curve c’) including the cor-
responding profile at 1mW (Curve d’). Curve e’, calculated
using Eq. (3), correctly interprets the spatial profile.

FIG. 3: The left panel shows the spatial profiles of the lu-
minescence intensity for the passivated sample for increased
excitation powers: 300 nW (Curve a, same as Curve b of Fig.
2), 1.2 µW (Curve b), 8.5 µW (Curve c), 40 µW (Curve d).
The right panel shows the corresponding profiles of the dif-
ference signal. In the two panels, dotted curves represent fits
of the profiles using Eq. (3)

fidized sample, of 4.5%, is smaller than for the oxidized
surface because of its longer lifetime.
The charge profiles, obtained from a cut along the y

axis of the images shown in Fig. 1 at the energy of
the PL maximum, are shown in the left panel of Fig.
2. As shown in Curve c, for the nearly surface-free
Ga0.6Al0.4As-encapsulated sample, one obtains Lc ≈ 8
µm. This large value is however affected by a residual
surface recombination, since the increase of excitation
power, known to reduce the surface recombination ve-
locity [8], induces a further increase of diffusion length
(Curve d, taken for 1mW), which is now equal to 24.4 µm.
This value will be in the following taken for the surface-
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free charge diffusion length. For the oxidized sample, as
found from Curve a of Fig. 2, the diffusion length is ≈ 2.6
µm.
The spatial profiles of the spin orientation, shown in

the right panel of Fig. 2, reveal a similar behavior. The
effective spin diffusion length is ≈ 5.8 µm for the encap-
sulated surface (Curve d’) and ≈ 2.1 µm for the oxidized
one (Curve a’).
For the passivated sample, as seen in Curve b, the

charge spatial profile exhibits two steps. Up to r = 7 µm,
in contradiction with the passivation-induced lumines-
cence increase, one finds a diffusion length of ≈ 2.45±0.3
µm i. e. sligthly smaller than for the oxidized sample,
while at a larger distance, one finds a value of ≈ 5.2
µm. It is pointed out that such excess signal induced by
surface passivation at low distance is visible in previous
work (see Curve b of Fig. 3 in Ref. [8]), although the
profile is only analyzed at larger distance.
Curve b’ of Fig. 2 shows that, for r > 3 µm, the

spin diffusion length is ≈ 2.9 ± 0.3 µm i. e. compa-
rable to the charge diffusion length in the same spatial
range in spite of the efficient spin relaxation. Note that
the measurement accuracy for this very small excitation
power and this relatively small spin polarization is not
sufficient to obtain a reliable value of the spin diffusion
length for r > 7 µm. The various values of charge and
spin diffusion lengths are summarized in Table I.
We have investigated the effect of excitation power on

the spatial profile of the passivated sample. This power is
kept to a value smaller than the value at which ambipolar
diffusion and bimolecular recombination start to perturb
the profile for an encapsulated sample [10] so that, for
the passivated sample for which the photoelectron con-
centration is smaller, these effects will be considered as
negligible. As seen from the right panel of Fig. 3, the
amplitude of the step at small distance of the charge pro-
file strongly increases with the excitation power while the
corresponding diffusion length sligthly increases to 2.53
µm (Curve b), 2.62 µm (Curve c) and 2.86 µm (Curve d).
The position of the crossover, marked by arrows in the
figure shifts to larger distances, and the diffusion length
after the crossover increases to 8.9 µm (Curves b, c, and
d), Conversely, the spin diffusion profile weakly changes,
with a slight increase of the spin diffusion length which is
3.1 µm (Curve b’), 3.2 µm (Curve c’) and 3.3 µm (Curve
d’).

B. Interpretation without photovoltage

The charge profile is quite generally described by the
diffusion equation

0 = g(r, z)τ∗ − n+
τ∗

q
~∇ · −→J c, (1)

where the generation rate is of the form g(r, z) =
αg0 exp[−αz − (r/σ)2] where α is the light absorption
coefficient, r is the distance to the excitation spot, z is

TABLE I: Measured values, in µm units, of the bulk
charge (Lc) and spin diffusion lengths (Ls), of the effective
photovoltage-free charge (L∗

c) and spin (L∗

s) diffusion lengths
and of the corresponding quantities (Lc and Ls, respec-
tively), affected by the photovoltage that is, for the passivated
sample and r < 7 µm.

sample Lc Ls L∗

c
L∗

s
Lc Ls

Encapsulated 24.4 5.8 - - - -

Oxidized - - 2.6 2.12 - -

Passivated (r > 7 µm ) - - 5.2 - - -

Passivated (r < 7 µm ) - - - - 2.45 2.9

the distance to the sample surface and q is the absolute
value of the electron charge. The charge diffusive cur-

rent is equal to
−→
J c = qDe

~∇n, where De is the diffusion
constant. The time τ∗ is the effective photoelectron life-
time including the surface. Including recombination at
the front surface of velocity S and neglecting the recom-
bination at the back interface, it is given by [8]

1

τ∗
=

1

τ
+De

θ2

d2
, (2)

Here d is the sample thickness and θ is the solution of
θ tan(θ) = Sd/De. This equation has solutions corre-
sponding to (k − 1)π/2 < θ < kπ/2 . However, in a
2-dimensional picture, i. e. assuming that Sd/De << 1,
only the fundamental solution corresponding to k = 1
will be considered. The luminescence profile is given by
[4]

I(r) ∝
∫ ∞

0

K0(
r′

L∗
c

)e−(r−r′)2/σ2

dr′ (3)

where K0 is the modified Bessel function of the second
kind and L∗

c =
√
Deτ∗. Finally, the overall luminescence

intensity, obtained by performing an integral over r and
z in the same way as used elsewhere [11], is given by

I ∝
g

αLc

{

A

B
−

1

αLc

[

e−αd(α2L2
c − 1) + 1

]

}

, (4)

where

A = γ
[

sinh(d/Lc) + αLce
−αd

]

+ αLc sinh(d/Lc), (5)

B = γ cosh(d/Lc) + sinh(d/Lc), (6)

where γ = SLc/De. The spin diffusion equation is

0 = g(r, z)τ∗s Pi − s+
τ∗s
q
~∇ · −→J s, (7)

where Pi = ∓0.5 for a σ± helicity of the excitation light,
and the spin lifetime τ∗s is given by 1/τ∗s = 1/τ∗ + 1/T1,
where T1 is the spin relaxation time. The spin diffusive

current is
−→
J s = qDe

~∇s and the spin spatial profile is
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determined by an equation similar to Eq. (3), where the

spin diffusion length is L∗
s =

√

Deτ∗s .

For the encapsulated sample, the time τ∗ is equal to
the bulk lifetime τ and the surface-free charge and spin
diffusion lengths are equal respectively to Lc =

√
Deτ =

24.4 µm and Ls =
√
Deτs = 5.8 µm, where 1/τs = 1/τ +

1/T1. Taking for the bulk recombination time τ = 30 ns,
which has been measured for the same doping [10, 12],
one obtains De = 200 cm2/s and T1 = 1.8 ns, a value
which is close to the value found in the literature [13].
These values are probably accurate within 20% and will
be used to semi-quantitatively model the results for the
other samples.

For the oxidized sample, using the measured value of
L∗
c , the above values of De and τ and Eq. (2), we obtain

S ≈ 1.7 × 106 cm/s, a value close to that of 3 × 106

cm/s obtained previously for oxidized GaAs [8]. This
gives τ∗ = 0.34 ns and finally allows us to predict a value
of the spin diffusion length L∗

s of 2.38 µm, close to the
observed value of 2.2 µm. It is concluded that, for the
oxidized and encapsulated samples, the results are fully
consistent with a photovoltage-free picture.

For the passivated sample, the spatial profiles for r > 7
µm are also correctly interpreted by the photovoltage-free
model, because the photovoltage is negligible for the weak
photoelectron concentration in this spatial range. From
the passivation-induced increase of the PL intensity and
using Eq. (4), we obtain S = 3 × 105 cm/sec that is, a
factor 5 smaller than for the oxidized surface. This allows
us to predict an increased diffusion length of the passi-
vated sample of L∗

c ≈ 4.3 µm, close to the experimental
value of L∗

c ≈ 5.2 µm. The increase with power of the
charge diffusion length at large distance, shown in Fig. 3,
reflect the power dependence of S, which is known to de-
crease for an increasing excitation power and to increase
the charge and spin lifetimes [8].

However, the present picture fails to interpret the spa-
tial profiles of the passivated sample for r < 7 µm. As
seen in the left panel of Fig. 3 and Curve e of Fig. 2,
the charge profile cannot be interpreted using Eq. (3),
which predicts only one step in the decay. If one rather
considers 3D diffusion, an additional signal is predicted
to appear near r = 0, because of a spatial mode of higher
order [4]. However, we calculate that such mode is neg-
ligible : it only extends up to r = 2 µm and its intensity
is smaller than 3% of the main mode. Moreover, the ex-
cess signal near r = 0 cannot be attributed to such a
mode, since its intensity is predicted to increase upon in-
creasing S and should be larger for the oxidized sample
than for the passivated one. Note that the spin spatial
profile can be interpreted using Eq. (3) and a slightly
increased value of σ = 0.8 µm which may account for
diffusion of carriers during thermalization ( right panel
of Fig. 3). However the spin diffusion length, of value 2.9
µm at low excitation power, is within measurement accu-
racy comparable with the charge diffusion length in the
same spatial range, in contradiction with the expected
decrease of the spin lifetime caused by spin relaxation.

FIG. 4: Schematic representations of the band structure of
the photo-excited GaAs film. The left panel corresponds to
the place of light excitation and shows the surface electron
quasi Fermi level, shifted from its position in the dark by ∆ϕ,
and the photovoltage value qVs(0). In comparison, the right
panel, showing the 2-dimensional band structure at distance
r from the laser spot, shows a smaller photovoltage qVs(r).
Because of the screening by the large subsurface photoelec-
tron concentration ns, the positions of the conduction and
valence band at the surface do not depend on r, so that the
photovoltage spatial dependence only concerns the band en-
ergy in the bulk region near the onset of the depletion region.
The resulting electric field in the surface plane blocks the dif-
fusion of photoelectrons in the plane parallel to the surface.
Also shown are the photocurrent Jp and the Schottky current
Js, the barrier in the dark ϕ0 and the width of the depletion
zone W .

III. THEORY

Fig. 4 shows the subsurface band structure at the place
of excitation (left panel) and at some distance r away
from this place (right panel), assuming that there exists
at all distances from the laser spot a local thermodynamic
equilibrium between bulk and surface. This figure defines
the photoinduced Fermi level unpinning ∆ϕ, the surface
barrier ϕB and the photovoltage Vs [11]. The strong
lateral variation of Vs induced by the lateral variation of
the photoelectron concentration is shown here to block
the outward diffusion of photoelectrons.

The photovoltage lateral variation may affect i) the po-
sition of the conduction band at the surface in which case
it will be screened by the current of photoelectrons in the
depletion layer, or ii) at the beginning of the depletion
zone (z = W ) in which case it will be screened by currents
of photoelectrons or of dark holes in the bulk. However,
the ratio ns/n0 of the electron concentration at the sur-
face and at z = W , assuming equilibrium between bulk
and surface, is of the order of exp(ϕB/kBT ). Here, ϕB is
the surface barrier and kB is Boltzmann’s constant [11].
This evaluation is approximate since it neglects the pos-
sible quantization in the conduction band and the modi-
fication of the shape of the conduction band in the z di-
rection by the photoelectrons near the surface. However,
one may conclude that because of the very large value of
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ns/n0, the lateral conductance of the depletion zone is
higher than that of the photoelectrons and holes in the
bulk by several orders of magnitude. Thus, screening is
much more efficient at the surface than in the bulk, which
implies that the photovoltage spatial variation manifests
itself as a spatial change of the conduction band in the
semiconductor bulk. Since the energy of the bottom of
the conduction band at r = 0 is be lower than at distance
r, there results an electric field

−→
E pv parallel to the sur-

face which opposes to the diffusive current. The resulting
drift current, in the plane parallel to the surface situated
at the onset of the depletion region, is given by

−→
J pv

c = qµen0
−→
E pv = −qµen0

∂Vs

∂n0

−→
∇rn0, (8)

where µe is the electron mobility and n0 is the photoelec-
tron concentration at the onset of the depletion region.
In order to calculate ∂Vs/∂n0, it is assumed that the in-
jected photocurrent Jp and the Schottky current Js are
locally equal for all values of r. This is because the width
of the depletion regionW ≈ 100 nm is much smaller than
the characteristic length of the lateral photovoltage vari-
ation (L∗

c ≈ 2 µm). One has [11]

qn0S = J0e
−

∆ϕ
kBT [e

qVs
kBT − 1], (9)

where the saturation current J0 is related to the surface
barrier in the dark ϕ0 by J0 = A∗∗T 2 exp(−ϕ0/kBT ).
Here, S is of the form

S = S0 exp(−
∆ϕ

kBT
)/D(∆ϕ), (10)

where D(∆ϕ), shown in the left panel of Fig. 5, is the
relative density of surface states, with respect to that at
the Fermi level in the dark. One obtains then

∂Vs

∂n0
=

1

n0

kBT

q
ξ, (11)

where the quantity ξ is given by

ξ = 1− exp

[

− qVs

kBT

]

=
1

1 + J0D(∆ϕ)/(qn0S0)
, (12)

Using Eq. (8) and Einstein’s relation, the outward
photovoltage-induced current at the onset of the deple-
tion region has the following form

−→
J pv

c = −qDeξ~∇rn0. (13)

Adding in Eq. (1) this current to the usual diffusion cur-
rent, one can define an effective charge diffusion length,
given by Lc =

√
Deτ∗, where De = De(1 − ξ) is an

effective diffusion constant. An immediate outstanding
consequence is that, if qVs > kBT so that ξ = 1, the
photovoltage-induced current no longer depends on Vs.

FIG. 5: Dependence of the ratio Ds/De of the spin and charge
diffusion constants, including the photovoltage calculated us-
ing Eq. (16), as a function of the ratio τ∗

s /τ
∗ of effective spin

and charge lifetimes, for ξ∗ equal to 0.7 (Curve a), 0.8 (Curve
b, as suggested by the experiment), 0.9 (Curve c) and 0.95
(Curve d). This ratio is significantly larger than unity which
implies that the photovoltage affects the spin diffusion less
than the charge one. The arrow shows the estimated value of
τ∗

s /τ
∗.

This current exactly compensates the inward diffusion

current qDe
~∇rn0 so that charge diffusion in the plane

parallel to the surface is blocked. Assuming that this
large photovoltage regime corresponds to r < 7 µm, this
model readily explains the reduced diffusion constant at
small distance for the passivated sample. We estimate
De ≈ 44 cm2/s that is, nearly a factor 5 smaller than
De. Conversely, for r > 7 µm, one has Vs < kBT/q
so that the spatial profiles are in agreement with the
photovoltage-free model of the preceding section.

This picture is semi-quantitative since it considers only
diffusion in the sample plane corresponding to the begin-
ning of the space charge region and assumes that the elec-

tric field
−→
E pv extends through the whole sample depth,

thus neglecting majority hole currents perpendicular to
the surface. Such effect should be limited since it the re-
sulting electric field perpendicular to the surface should
result in an increased photoelectron concentration near
the surface and therefore an increase of the photovolt-
age effect. While numerical resolution of the diffusion
equations in the whole sample is beyond the scope of the
present work, these effects will be taken into account by
using a phenomenological value of ξ, found here to be
ξ∗ ≈ 0.8.

The effect of excitation power, shown in Fig. 3, can
also be understood with the present model. The slope
of the profiles at short distance is mostly determined
by ξ∗ and should indeed weakly depend on excitation
power. Because of the increased photoelectron concen-
tration, the large photovoltage regime corresponds to an
increased distance range. The position of the crossover
is defined by n0 ≈ [J0D(∆ϕ)]/(qS0). The increase of
the PL intensity at the crossover reveals the increase of
D(∆ϕ) with power. This increase, of slightly less than
2 orders of magnitude, seems realistic since similar in-
creases have been found on passivated GaAs surfaces for
an energy change of 200 meV [14].

In the same way, the photovoltage-induced spin cur-
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rent, defined as the difference between the currents of +
and − spins, is given by

−→
J pv

s =
−→
J pv

+ −
−→
J pv

− = −qµes0
∂Vs

∂n0

−→
∇rn0, (14)

where s0 is the value of s near z = W . Using Eq. (11),
one obtains

−→
J pv

s = −qDe
s0
n0

ξ~∇rn0, (15)

This equation reveals that there appears a photovoltage-
induced charge-spin coupling mechanism due to which

spin diffusion depends on
−→
∇rn0/n0. The modified spin

diffusion equation is obtained by adding to Eq. (7) the

term (τ∗s /q)
−→∇ · −→J pv

s . Provided the hole mobility µh can
be neglected with respect to µe, the expression for the
spin current is identical to the one found in the case of
ambipolar diffusion [15], thus revealing the fundamen-
tal similarity between the spin-charge coupling induced
by the two effects. In the present case, outward diffu-
sion is slowed down by electron accumulation near the
excitation spot while, for ambipolar diffusion, hole accu-
mulation takes place. These two situations are equivalent
since, because of charge neutrality, hole and electron con-
centrations are equal.
In the 2 < r < 7 µm range, an effective spin diffusion

length, Ls can be found since both Is and Id have ex-
ponential lateral decays. Taking s0 ∝ exp(−r/Ls), the
third term of Eq. (7) can be written L 2

s ∆s0, where ∆ is
the Laplacian operator, provided

Ls

L∗
s

=

√

1 + β2
τ∗s
τ∗

− β

√

τ∗s
τ∗

, (16)

where 2β = ξ∗/
√
1− ξ∗. One can show that Ls < L∗

s

except for a large spin relaxation (τ∗s << τ∗) in which
case one has Ls ≈ L∗

s. This implies that, because

of the spin-charge coupling mechanism, spin diffusion
is also to some extent blocked by the photovoltage.
However, the effective spin diffusion constant, defined as
Ds = L 2

s /τ
∗
s , is in the general case larger than the usual

photovoltage-free diffusion constant De. Fig. 5. shows
that, depending on the value of ξ and τ∗s << τ∗, the
ratio Ds/De can be as large as one order of magnitude.
Using the experimental value of ξ∗ = 0.8 and the
estimated value of τ∗s << τ∗ (see arrow in Fig. 5), one
finds Ds/De ≈ 1.4 and Ls ≈ 2.3 µm, which is, within
experimental accuracy, close to the measured value of
2.9 µm.

IV. CONCLUSION

In summary, it has been shown that, if a sample with
an open surface is excited by a tightly-focused laser beam,
lateral charge diffusion is likely to be blocked by the
spatially-dependent surface photovoltage. This can lead
to a strong reduction of the minority carrier diffusion
constant (we find experimentally a factor of 5). The lat-
eral variation of the photovoltage induces a spin-charge
coupling mechanism, due to which the spin diffusion is
also decreased, but much less than charge diffusion. This
results, even if spin relaxation cannot be neglected, in
a spin diffusion length comparable with the charge one,
and in a spin diffusion constant larger than the charge
one. These results are of interest for all studies of charge
and spin diffusion in bulk semiconductors or nanowires
which are not covered by a passivating overlayer.
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