
PHYSICAL REVIEW B 15 SEPTEMBER 1998-IIVOLUME 58, NUMBER 12
Carrier diffusion in Cd 12xMn xTe
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Carrier diffusion and electron-hole recombination are shown to be considerably slowed down in
Cd12xMnxTe semimagnetic semiconductors due to the efficient trapping of electrons on manganese sites. The
theoretical interpretation is based on population dynamics, charge continuity equations, and Poisson’s law. A
simple analytical solution of this complicated system of equations is in very good agreement with the numeri-
cal one for a large range of durations of the write pulses~from 100 ps to 1ms!. Both calculations predict a
reduction of electron mobility by a factor of 6000. These theoretical predictions are confirmed by the results of
an experimental study performed by using the simple grating technique: We observe the temporal evolution of
the diffracted signal when a continuous read beam is used to read gratings of different wavelengths encoded in
the material by interfering write laser pulses. An effective ambipolar mobility of 0.54 cm2/V s is measured,
which provides a value of 3400 cm2/V s for the intrinsic mobility in Cd0.7Mn0.3Te. This low ambipolar
mobility could make this efficient material potentially interesting for parallel optical processing in the micro-
second range.@S0163-1829~98!03436-5#
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I. INTRODUCTION

Carriers can be created in semiconductors either electr
cally through injection in diodes or optically through optic
absorption. The mobility of these carriers strongly influenc
the properties of the medium. For example, a high mobi
is required to speed up electronic devices while a low ext
sic mobility is necessary for optical recording of long-live
diffraction gratings in semiconductor media. Indeed, the
trinsic mobility corresponding to a pure material can be lo
ered by introduction of traps, leading to the so-called extr
sic mobility. In the case of pure II-VI semiconductors su
as CdTe, electron mobilities of the order of 1100 cm2/V s
can be obtained.1 In the case of Cd12xMnxTe semimagnetic
semiconductors, it was recently shown that recombinatio
drastically reduced by trapping of electrons on the man
nese sites,2 especially in very pure samples. This effect
expected to lead to a lowering of electron mobility, whi
strongly modifies carrier diffusion.

In this paper we show, both theoretically and experim
tally, that diffusion of free carriers photogenerated
Cd12xMnxTe semimagnetic semiconductors~SMSC’s! is
drastically reduced owing to efficient trapping of electron
most probably on manganese sites. This mechanism is
served through the grating technique,3 where free carrier
~electron and hole! gratings are photogenerated through a
sorption of interfering laser beams in the Cd12xMnxTe
sample. Due to the very fast (t,1 ps) trapping of electrons
on the manganese sites, a grating of quasifixed nega
charges is created and the diffusion of the associated
grating is much reduced. The hole density modulation gi
PRB 580163-1829/98/58~12!/7753~8!/$15.00
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rise to a long-lived refractive index grating. Moreover, due
hole diffusion, the modulation amplitudes of positive a
negative charges are slightly different, hence a space ch
field that produces a photorefractive grating in this elect
optic material. Measurement of the time evolution of t
diffraction efficiency of these photogenerated gratings allo
the study of carrier diffusion in this material.

II. THEORY

A. Description of the model

The model used to determine theoretically the free h
and photorefractive contributions to the refractive index gr
ing is extrapolated from that used to explain the long-liv
fluorescence4 and photoinduced Faraday rotation5 previously
observed in Cd12xMnxTe SMSC’s. This model is depicted i
Fig. 1. It contains four levels: the conduction and valen
bands~with state densitiesC and H, respectively!, a trap
level ~with state densityP), and a recombination level~with
state densityR) from which radiative recombination occur
with free holes. These two last levels are located atDP
513 meV andDR5210 meV below the conduction band2

Population transfers between the conduction band, the
level, and the recombination center level are evaluated
using the relaxation constants (KR , KP , andKH for the C
→R, C→P, andR→H transitions! and the thermally acti-
vated relaxation constants„KR85KRexp@2(DR/kBT)# andKP8
5KPexp@2(DP /kBT)#… with kB the Boltzmann constant an
T the sample temperature. The system is described by p
lation rate equations for the fixed trap and recombinat
level densities (p and r , respectively!, continuity equa-
7753 © 1998 The American Physical Society
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tions for electron and hole densities (c andh, respectively!,
and Poisson’s law for the space charge fieldEI . The follow-
ing set of space- and time-dependent differential equation
then obtained:

]c

]t
5me¹I •~cEI !1

mekBT

e
Dc1sI2KPc~P2p!

1KP8 p~C2c!2KRc~R2r !1KR8 r ~C2c!, ~1!

]r

]t
5KRc~R2r !2KR8 r ~C2c!2KHrh, ~2!

]p

]t
5KPc~P2p!2KP8 p~C2c!, ~3!

]h

]t
52mh¹I •~hEI !1

mhkBT

e
Dh2KHrh1sI, ~4!

¹I •EI 52
e

«0«s
@c1p1r 2h#. ~5!

In Eqs. ~1!–~5!, e is the modulus of the charge of electro
«S is the static dielectric constant,me andmh are the intrinsic
electron and hole mobilities, respectively, andsI is the exci-
tation rate expressed in~photons/s!/cm3 with I 5I (rW,t) the
local intensity.

B. Numerical solution

The problem is solved with a light grating of wave vect
KI along thex axis @ I (rW,t)5I 0(t)(11m cosKx)# with a low
contrast (m!1) in the case of no externally applied electr
field. Setting b5b01@(Db/2)exp(iKx)1c.c.# with b
5p,r ,c,h,E, we get two sets of coupled, time-depende
differential equations

dc0

dt
52KPc0~P2p0!1KP8 p0~C2c0!2KRc0~R2r 0!

1KR8 r 0~C2c0!1sI0 , ~6!

FIG. 1. Scheme of the relaxation model for optically induc
carriers.
is

,

dr0

dt
5KRc0~R2r 0!2KR8 r 0~C2c0!2KHr 0h0 , ~7!

dp0

dt
5KPc0~P2p0!2KP8 p0~C2c0!, ~8!

dh0

dt
52KHr 0h01sI0 , ~9!

E050 ~10!

for the mean densitiesc0 , r 0 , p0 , h0 , andE0 and

dDc

dt
5KR8 @Dr ~C2c0!2r 0Dc#2KR@Dc~R2r 0!2c0Dr #

1KP8 @Dp~C2c0!2p0Dc#

2KP@Dc~P2p0!2c0Dp#

2
Dc

tDe

2
Dp1Dr 1Dc2Dh

tdie

1msI0 , ~11!

dDr

dt
5KR@Dc~R2r 0!2c0Dr #2KR8 @Dr ~C2c0!2r 0Dc#

2KH@r 0Dh1h0Dr #, ~12!

dDp

dt
5KP@Dc~P2p0!2c0Dp#2KP8 @Dp~C2c0!2p0Dc#,

~13!

dDh

dt
52KH@r 0Dh1h0Dr #

2
Dh

tDh

1
Dp1Dr 1Dc2Dh

tdih

1msI0 , ~14!

DE5 i
e

«0«sK
@Dc1Dp1Dr 2Dh# ~15!

for the modulation amplitudesDc, Dr , Dp, Dh, andDE. In
Eqs.~11!–~15!, tDe

5e/mekBTK2 andtDh
5e/mhkBTK2 are

the characteristic diffusion lifetimes of electrons and hol
respectively, andtdie

5«0«S /emec0 and tdih
5«0«S /emhh0

are the dielectric time constants for electrons and holes,
spectively.

These equations were solved numerically for a top
intensity profile of width Dt510 ps to a few ms
using the system constants2 P51.231022 cm23, R51.2
31016 cm23, C51.631018 cm23, KR5531024 s21 cm23,
KP55310210 s21 cm23, KH52.631029 s21 cm23, and T
5300 K. Whatever pulse duration was used, the density
photogenerated electron-hole pairs was constant (sI0Dt
51016 cm23). Results are presented in Secs. II D and II E

C. Analytical solution

A simple analytical solution of Eqs.~1!–~5! was also per-
formed under the assumptions of low excitation rateC
@c, R@r , and P@p) and low space charge density (D
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5p1r1c2h!h). We therefore obtain, when assuming a lo
recombination rate for holes (KHrt !1),

]p

]t
5KPPc2KP8Cp, ~16!

]r

]t
5KRRc2KR8Cr, ~17!

]h

]t
5

mekBT

e S ]2c

]x2
1

c

h

]2h

]x2D 1meES ]c

]x
2

c

h

]h

]xD1sI,

~18!

]D

]t
5mhE

]h

]x
2

mhe

«0«S
hD2

mhkBT

e

]2h

]x2
, ~19!

]E

]x
52

e

«0«S
D. ~20!

Equations~18! and ~19! are obtained through linear comb
nations of Eqs.~1!–~4!, replacing¹I •EI by its expression in
Eq. ~5!. Equation ~18! comes from the calculation o
mec(]h/]t)1mhh@](p1r 1c)/]t#, which becomes
mhh(]h/]t) if p1r 1c'h andmec!mhh. Equation~19! is
simply Eq. ~1! plus Eq.~2! plus Eq.~3! minus Eq.~4!, as-
suming mec!mhh,me(]c/]x)!mh(]h/]x) and
me(]

2c/]2x)!mh(]2h/]2x), which is generally true even
with me55700 cm2/V s andmh540 cm2/V s.6
er

s

i-
-

Resolution of Eqs.~16!–~20! at zeroth order with respec
to m gives the following expressions for the mean densit
during the top hat pulse:

c05
sI0

KPP F11KP8Ct2
KRR

KPP1KRR
expS 2

t

t2
D

2
KPP

KPP1KRR
expS 2

t

t1
D G , ~21!

r 05
sI0

KR8C

KRR

KPP F11KP8Ct2expS 2
t

t2
D G , ~22!

p05
sI0

KR8C
FKR8 Ct211expS 2

t

t2
D G , ~23!

h05sI0t. ~24!

In Eqs.~21!–~24!, 1/t15KPP1KRR corresponds to the de
excitation rate of the conduction band (t1'8.3310214 s
with the constants given here before! and t25(KPP
1KRR)/KR8CKPP is the time constant characterizing th
evolution of the system towards a thermodynamic quasie
librium (t2'8.5310212 s).

Assuming, as verified numerically, thatDh/h05Dp/p0
5Dc/c05Dr /r 0 , the hole modulation is simply given by
Dh55 msI0tDe
8 F12expS 2

t

tDe
8 D G for t<Dt

msI0tDe
8 F12expS 2

Dt

tDe
8 D GexpS 2

t2Dt

tDe
8 D for t.Dt,

~25!
of
ec-
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le
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where tDe
8 5tDe

h0 /2c05e/me8kBTK2 is the extrinsic elec-

tron diffusion time withme85me(2c0)/h0 the extrinsic mo-
bility of electrons. For the electron, recombination cent
and trap modulation amplitude we getDc5Dh(c0 /h0), Dr
5Dh(r 0 /h0), andDp5Dh(p0 /h0), in accordance with the
assumption used to calculateDh. In order to calculateDD
and DE analytically, we must restrict ourselves to the ca
whenDt!tDe

8 , which gives at first order int/tDe
8

DE55 imEDF12
t

2tDe
8

2expS 2
t2

2Dttdih
D G for t<Dt

imEDS 12
Dt

2tDe
8 D expS 2

t2Dt

tDe
8 D for t.Dt,

~26!

whereED5kBTK/e is the limit space charge field. Exam
nation of Eqs.~25! and ~26! for t.Dt shows that the mea
,

e

surement of these two quantities allows the determination
tDe
8 or, equivalently, the measurement of the extrinsic el

tron mobility. Furthermore, measurement of the space cha
field during the pulse duration allows the determination
tdih

or, equivalently, the measurement of the intrinsic ho

mobility in Cd12xMnxTe.

D. Results for the mean densities

The time evolution of the mean densitiesc0 , r 0 , p0 , and
h0 during the pulse duration are plotted in Figs. 2~a!–2~d! for
Dt53 ms and a mean excitation rate corresponding
sI0Dt51016 cm23. In these figures straight and dotted lin
correspond to numerical and analytical solutions, resp
tively. The agreement between numerical and analytical
lutions is excellent for all mean densities, the slight mis
observed at long times (t.1 ms) being due to hole recom
bination, not taken into account in analytical calculation
For much shorter pulse durations@Dt5100 ps in Figs. 3~a!–
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3~d!# the agreement is perfect for electrons, holes, and tr
and a slight discrepancy exists for the recombination cen
which is connected to the high value ofr 0 (r 0'R/20)
reached in such a case. Results presented in Figs. 2 a
prove that the analytical solutions describe very well
physical mechanisms over a wide range of pulse durat
~typically Dt'100 ps to 1ms!. For Dt,100 ps the approxi-
mation R@r 0 fails badly ~at least for our excitation rates!
and numerical solutions are required, as forDt.1 ms, when
hole recombination must be taken into account.

Examination of Eqs. ~21!–~24! shows that for t
@1/KP8C ('2 ns) a quasiequilibrium does exist withc0

5h0KP8C/KPP, r 05h0(KRRKP8C)/KPPKR8C, and p05h0 .
Using the numerical values, one getsc0 /h05831025 and
r 0 /h05231023, in good agreement with the assumption
good trapping of electrons (p0 /h051). These values are ef
fectively reached for long pulses~see Fig. 2!, while for Dt
!1/KP8C, c0 /h0 and r 0 /h0 are proportional to 1/Dt and
hence much higher than the equilibrium values~see Fig. 3!.
However, the quasiequilibrium is reached very rapidly af
the end of the laser pulse. This is illustrated in Figs. 4~a!–
4~d!, which show the numerically calculated time evolutio
of the mean densitiesc0 , r 0 , p0 , and h0 for a very short
pulse duration (Dt510 ps). A linear scale is used forp0 and
h0 @Figs. 4~c! and 4~d!, respectively#, while the use of loga-
rithmic scales in Figs. 4~a! and 4~b! allows the observation o
the time evolution ofc0 and r 0 , for which the quasiequilib-

FIG. 2. Temporal evolution of the~a! electron,~b! recombina-
tion center,~c! trap, and~d! hole densities during a 3-ms-duration
square pump pulse.
ps
r,

d 3
e
s

f

r

rium (c0 /h05831025 andr 0 /h05231023) is reached in a
few tens of picoseconds after the high peaks (c0 /h0'0.02
and r 0 /h0'0.2) obtained during the pulse.

E. Results for the modulation amplitudes

The time evolution of the modulation amplitudesDc,
Dr , Dp, Dh, andDE during the pulse duration was calcu
lated both analytically and numerically for a light grating
wavelength L52.9 mm having a modulation depthm
50.1. Results presented hereafter were obtained forme
55700 cm2/V s and mh540 cm2/V s, but they were quite
insensitive to the value ofmh . The value of the intrinsic
electron mobility is intentionally a high one in order to va
date the approximationmec!mhh of the analytical solution
in the most difficult conditions. The calculations perform
for pulse durations ranging from 100 ps to 1ms demonstrate
an agreement between analytical and numerical results th
very similar to that obtained for the mean densities~see Figs.
2 and 3!. This agreement is indeed consistent with the val
ity of our assumption of equal relative variations of th
populations (Dh/h05Dp/p05Dr /r 05Dc/c0).

Figures 5~a! and 5~b! show the time evolution of the hole
and space charge field modulation amplitudes. These qu
ties are plotted in Figs. 5(a1) and 5 (b1) and Figs. 5 (a2) and
5(b2) for pulse durationsDt5100 ps andDt510 ns, respec-
tively. For hole density modulation, the agreement betwe

FIG. 3. Temporal evolution of the~a! electron,~b! recombina-
tion center,~c! trap, and~d! hole densities during a 100-ps-duratio
square pump pulse.
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numerical and analytical solutions is very good in spite
the numerous approximations, whereas for space charge
modulation, the agreement, which is good forDt510 ns, is
rather bad for the shortest pulse durationDt5100 ps. This
discrepancy is related to the approximationmec!mhh,
which is no longer valid for a short pulse duration, whenc0
is around 100 times larger than the equilibrium value tha
reached in the case of long duration pulses@Dt510 ns in
Fig. 5(b2)].

As already mentioned, measurement of carrier mobilit
is made possible by examination of the time variation ofDh
andDE after the laser pulse; Figs. 6~a! and 6~b! show these
two quantities plotted on a semilogarithmic scale as a fu
tion of time for a pulse duration of 10 ns, which correspon
to that given by our laser. Note that the time scale is v
different for the two grating wavelengths used:L1
52.9 mm @Figs. 6(a1) and 6(b1)] and L2520 mm @Figs.
6(a2) and 6(b2)]. This large difference is due to the diffusio
time, which is proportional to the square of the grating wa
length. In the case of the small-wavelength grating@Figs. 5
(a1) and 5(b1)] the same exponential decay is calculat
numerically and analytically~within few percent! for hole
and space charge field modulations; the slope of th
straight lines allows the determination of the exponen
time constant tDe1

8 '87 ns. In the case of the large

wavelength grating@Figs. 6(a2) and 6(b2)] the decay calcu-

FIG. 4. Temporal recovery of the~a! electron,~b! recombination
center,~c! trap, and~d! hole densities after a 10-ps square pum
pulse. Electron and recombination center densities are plotte
logarithmic scales.
f
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lated analytically forDh andDE is exponential with the time
constanttDe2

8 '4.1 ms @which is related totDe1

8 by the rela-

tion tDe1

8 /tDe2

8 5(L1 /L2)2], whereas the decay calculate

numerically is almost exponential@see the continuous
straight lines in Figs. 5(a2) and 5(b2)], but the time con-
stants are somewhat shorter, due to hole recombination
ing place on this time scale. Note that this effect is larger
Dh (tDe2

8 '3 ms) than forDD (tDe2

8 '3.5 ms) due to the fact

that h0 is present in both the relaxation and source terms
the differential equation governing the time evolution ofDh
while only in the source term in the case ofDE.

III. EXPERIMENTAL SETUP

The experimental setup used for measurement of ca
mobilities is shown in Fig. 7. It was a classical ‘‘write’’ an
‘‘read’’ dynamic grating arrangement, similar to that pr
sented in Ref. 7. The grating was recorded by two wr
beams provided by the same dye laser pumped by a
quency doubledQ-switched Nd:YAG laser~where YAG de-
notes yttrium aluminum garnet! operating at a 10-Hz repeti
tion rate. The dye laser wavelength was adjusted atlW
5679 nm in order to allow aT536% transmission of the
laser beam through the 3-mm-thick Cd0.7Mn0.3Te sample.
The write laser attenuation included 38% of internal loss

in

FIG. 5. Temporal evolution of the (a1) and (a2) hole and (b1)
and (b2) space charge field modulations during (a1) and (b1) 100-ps
and (a2) and (b2) 10 ns square write pulses. The light grating mod
lation depth ism50.1.
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the remaining losses being due to reflection losses on
uncoated faces of the crystal. Pulse duration was aroun
ns and its fluence on the 3-mm-diam spot was varied up
3.4 mJ/cm2 without any optical damage.

The two write beams were sent symmetrically onto
sample at an incidence angleuW ranging from 1.1° to 6.7°,
which allowed the generation of gratings with a wavelen
L5lW /2 sinuW ranging from 18 to 2.9mm. The read beam
was delivered by a cw laser diode operating atlR
5830 nm and set at the Bragg angleuR given by sinuR
5(lR/lW)sinuW. Due to the Bragg regime only one stron

FIG. 6. Temporal relaxation of the (a1) and (a2) hole and (b1)
and (b2) space charge field modulations after a 10-ns square w
pulse. (a1) and (b1) and (a2) and (b2) correspond to 2.9-mm and
20-mm grating wavelengths, respectively. Hole and space cha
field modulation are plotted in logarithmic scales in order to sh
the exponential relaxation.

FIG. 7. Experimental setup.
he
10
to

e

h

‘‘diffracted’’ beam was observed, symmetrically to the tran
mitted read beam.

Time resolved measurements of the diffracted intens
were ensured by using a fast avalanche photodiode follo
by an amplifier. The time-dependent signal was sent t
digital oscilloscope connected to a personal computer
which results were stored and processed. The time resolu
of our apparatus was limited to 36 ns due to the strong a
plification of the photodiode signal. Polarizers were occ
sionally added in the paths of the read and diffracted bea
in order to obtain a polarization selectivity for the diffracte
signal.8

IV. EXPERIMENTAL RESULTS AND DISCUSSION

The intensityI D diffracted by our setup is given by9

I D5TIRsin2S pDnL

lR
D , ~27!

whereI R is the read intensity andDn is the refractive index
change induced by the interfering write beams. In our exp
mentDn also depends on the polarization directionsêR and
êD of the read and diffracted beams, respectively, and
given by

Dn5êD•Dn= •êR5
]n

]h
~ êD•êR!Dh2

n0
3

2
~ êD•rT•DÊ•êR!DE,

~28!

where ]n/]h is the derivative of the refractive index wit
respect to the hole density,rT is the electro-optic tensor, an
DÊ is the unit vector of the space charge field (DE

5DEDÊ). The contribution due to the hole densi

@(]n/]h)(êD•êR)Dh# is in fact about 10 times larger tha
that related to the space charge field;8 it can therefore be
measured alone~within 1% precision! without any polarizer.
The space charge field contribution was measured wit
diffracted polarization orthogonal to the read one, whi
eliminates the strong hole contribution. In order to simpl
the fitting procedure and therefore gain reliability, the expe
ment was performed at relatively low excitation so thatI D
was proportional toDh2 without any polarizer and toDE2

for crossed read and diffracted polarizations. Due to the
excitation level, we had to use write pulses with the sa
energy (m51), which allowed us to follow the diffracted
intensity over a sufficiently long time for a precise measu
ment of the time constants. This situation did not correspo
to the perturbative solution of the population dynamics p
sented in Sec. II B. However, under our approximation
equal relative densities (Dh/h05Dp/p05Dr /r 05Dc/c0),
we immediately see from Eq.~18! that the time evolution of
the hole density modulation is linear inDh and m, so that
only the first order can exist in the Fourier development
Dh. The perturbative solution for hole modulation amplitu
is therefore also valid form'1. This is not the case for the
space charge field modulation, given by a differential eq
tion that is nonlinear with respect to populations@see Eq.
~19!#. A more refined calculation is then required followin
for instance, the procedure of Ref. 10 used in the case
photorefractive materials.
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The time evolution of the total diffracted intensity~with-
out polarizer! was measured for different values of the gr
ing wavelengths. Figures 8(a1) and 8(a2) and Figs. 8 (b1)
and 8(b2) show results obtained forL54 and 18mm, re-
spectively. The measured signals and their natural logarit
are plotted in Figs. 8(a1) and 8(b1) and Figs. 8(a2) and 8
(b2), respectively. As seen from Figs. 8(a1) and 8(b2), the
decay is exponential over a wide range@four and two time
constants in Figs. 8(a2) and 8(b2), respectively#, thus pro-
viding precise measurements of the relaxation times. Fig
9 shows the inverse relaxation times of the index gratingt
plotted as a function ofL22. Although hole recombination is
not exponential in our model@see Eq.~9!#, we consider it
exponential for a very short time, right at its beginnin
which is always possible. This approximation enables us
write 1/t as a sum of a recombination term and a diffusi
term

1

t
5

1

th0

1
1

tD
e8

5
1

th0

1
makBTK2

e
. ~29!

From the slopea of the experimental curve, we deduce t
ambipolar mobility in our samplema50.54 cm2/V s. As this
value is much smaller than the intrinsic hole mobility, w
have ma'me8 , which corresponds to an intrinsic mobilit
me5me8h0/2c053375 cm2/V s, a value that is somewha
higher than that measured in CdTe (me51100 cm2/V s).1

A fit of the relaxation rate aroundK'0 ~see the inset of
Fig. 9! allows the determination of the hole lifetime (th0

518 ms) with a precision of around 20%, provided we us
for me8 the value determined for large wave vectors. T
value of th0

is in good agreement with the initial hole life
time calculated numerically with no adjustable paramet
(th0

8 520 ms).

Concerning the time evolution of the space charge fie
experiments were performed with crossed diffracted and r
polarizations, although the corresponding results canno
directly compared with those obtained theoretically with t
high contrast value (m'1) of the light grating. Unfortu-
nately, the signal to noise ratio obtained in these experim
was not good enough to provide exploitable results. A hig

FIG. 8. Diffracted signals plotted in (a1) and (b1) linear and (a2)
and (b2) logarithmic scales obtained with (a1) and (a2) L54 mm
and (b1) and (b2) L518 mm. t/2 is the relaxation time of the
diffracted intensity.
-
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re
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to
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s

,
d

be
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r

read laser power and/or a longer crystal would be neces
for this purpose, especially if a direct comparison with th
oretical results is wanted.

V. CONCLUSION

Carrier diffusion in Cd12xMnxTe has been investigate
both theoretically and experimentally by the grating tec
nique. Due to the efficient trapping of electrons, most pro
ably on manganese sites, the effective electron mobilitie
strongly reduced as well as electron-hole recombinati
Moreover, generation of a space charge field of the orde
several kV/m was predicted. A simple analytical solution
the coupled differential equations expressing population
namics, charge continuity, and Poisson’s law was found
be in excellent agreement with numerical calculations fo
large range of durations of the write pulses~from 100 ps to 1
ms!. Using published values of the relaxation constants
reduction of electron mobility by a factor of 6000 was ca
culated. Calculations were compared with experimental
sults obtained by reading, with a cw laser diode, gratin
encoded in the SMSC’s by two interfering nanosecond la
pulses. From the measurement of the time evolution of
diffracted signal for different grating wavelengths, a reco
bination lifetime of 18ms was measured and found to be
good agreement with the calculated value~20 ms!; an ambi-
polar mobility of 0.54 cm2/V s was also measured, whic
corresponds to an intrinsic mobility of about 3400 cm2/V s
for free electrons in Cd0.7Mn0.3Te. This value is somewha
higher than that measured in CdTe@1100 cm2/V s ~Ref. 1!#.
The ambipolar mobility obtained in Cd0.7Mn0.3Te is there-
fore about 100 times smaller than in pure CdTe, which co
make this efficient material8 potentially interesting for paral-
lel optical information processing in the microsecond ran
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FIG. 9. Relaxation rate of the optically encoded diffraction gr
ings as a function of the squared grating frequency. The inset sh
a magnification of the curve for smallL22 in order to determine the
electron-hole recombination time.
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