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Abstract : 

 An accurate determination of the effective trap density in CdTe:V is performed using both 

counterpropagating (small grating spacing) and copropagating (large grating spacing) two wave mixing. 

This enhanced precision allows to show a variation of the effective trap density with wavelength. We 

show that such a change is explained when two traps both coupled to the conduction and the valence 

bands are present. New theoretical expressions for the electron hole competition coefficient and Debye 

screening length are derived and used.  
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 Photorefractive semiconductors like CdTe are characterized by a low dielectric constant 

compared to other photorefractive materials like sillenites or ferroelectrics. This point added to the fact 

that these materials are sensitive in the infrared region of the spectra leads to the point that even with a 

low effective trap density Neff (around 1015cm-3), the optimum grating vector (corresponding to k=k0, 

with k0 the inverse of the Debye screening length) can not be obtained with copropagating beams. In 

other words, the photorefractive gain is mostly dominated by the diffusion field in most of the 

experiments. Then the use of curves of variation of the photorefractive gain with the grating spacing 

leads to a great uncertainty on the exact value of the effective trap density (compared to the good 

accuracy of the electron hole competition coefficient determined in these experiments). In order to 

decrease this uncertainty, we include in our measurement a value of two wave miwing gain obtained in 

a counterpropagating geometry. With this new experiment we not only deduce a more accurate value of 

the effective trap density, but also find that Neff is different for 1.06µm and 1.55µm. In order to explain 

this wavelength dependence we use the photorefractive model with two photoactive traps developed by 

Bashaw [1], and show that this model can perfectly explain this variation of Neff with wavelength. 

 

Experimental study : 

 

 The determination of the photorefractive parameters (electron-hole competition coefficient ξ0 

and effective trap density Neff) can be easily performed through a measurement of the photorefractive 

two beam coupling energy transfer gain Γ as a function of the grating spacing Λ (or as a function of the 

grating wave number k=2π/Λ) [2]. For s-polarized beams the expression of the gain according to the 

model with one defect coupled to both bands, when considering that the electron-hole competition 

factor is independent of the grating spacing, as usually admitted in semiconductors (diffusion length 

much longer than the grating spacing), is [3, 4]:  
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      (1) 

with k0
2 =

e2

! kBT
Neff . θ is the half angle between the beams inside the crystal. The linear refractive index 

of the material is n0, reff is the effective electrooptic coefficient that depends on the crystal and the beam 
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polarization orientations [5] and ε is the dielectric constant. All these parameters are known from the 

literature. 

 In most of the cases, the experiments are performed with two beams which are copropagating 

with a small angle between them, leading to values of k that are smaller than k0. We can then very often 

work with a simplified expression : 

! =
2" n0

3 reff

#  cos $
kBT

e
% 0  k       (2) 

where the influence of k0 has disappeared. We can thus see that the experiments generally allow an 

accurate determination of the electron-hole coefficient ξ0, whereas the k0 influence appears only 

through perturbations to the linear variation of Γ with k. Unless a great number of experimental points 

are used, the study of the variation of the photorefractive gain with the grating spacing gives only a poor 

estimation of the effective trap density present in the photorefractive material.  

 A solution is to have a measurement of the gain with a large value of k. This is only possible in 

photorefractive semiconductors like CdTe by performing measurements with counterpropagating 

beams. These counterpropagating points generally lead to values of k such that we have k greater than 

k0, which allows to pass the maximum of the gain as a function of k, giving a better determination of 

this maximum.  

 It is possible to get a feeling of the parameter accuracy that can be obtained from equation (1) 

and a given data set using a simple and general approach [6]. It consists of simulating a data set by 

using the theoretical function and a random number generator which imitates the known error 

distribution of each data point. Simulation of many data sets and many fits gives a statistically valid 

way to estimate the error of the parameters. Using function (1) with ξ0=1 and k0
2 =200, a set of data 

points at k=1,1.5,2,2.5,3,4,5, and assuming a gaussian 5% error distribution for each data point, one can 

generate a large number of data sets and fit Eq.(1) every time. From the distribution of ξ0, k0
2  values 

obtained over all the fits, one can estimate the confidence intervals for the parameters ξ0 and k0
2 . The 

result for 90% confidence intervals is ξ0=[0.95,1.05] and k0
2 =[100,900]. Using a data set k=1,2,3,4,5,22, 

which contains less data points but one point at large k, the same procedure delivers, for the 90% 

confidence intervals, ξ0=[0.96,1.04] and k0
2 =[174,230]. In this example, the expected accuracy increase 

on the value of k0
2  by the addition of a data point measured with counterpropagating beams, is evident.  
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 The above estimation, although mathematical, is very close to the experimental practice, as we 

will see now on an experimental example.  

 The CdTe:V sample we used, named B23-3, was already characterized through beam coupling 

measurements in the copropagating geometry [7]. The main results obtained in this geometry where : 

at λ=1.06 µm, 100 < k02 < 300 µm-2 (with a mean value of k0 2 = 166 µm-2), and 0.78 < ξ0 < 0.93 

(with a mean value of !0 = 0.84), 

at λ=1.55 µm, 50 µm-2 < k02 (with a mean value of k0 2 = 109 µm-2), and -0.94 < ξ0 < -0.71 (with a 

mean value of !0 = -0.82). 

at λ=1.32 µm the gain is zero which means that the electron-hole competition is strong, we have then 

ξ0≈0 and k0 2 is indeterminate.  

 The measured sign of the electron hole competition says that the dominant carriers are electrons 

at 1.06µm and holes at 1.55µm [7]. We see on these results that the precision on the determination of ξ0 

is good whereas k02 is quite indeterminate. 

 To these results we can add transmission measurements that gives us the absorption of the 

crystal (Fig.1). Crystal absorption spectrum exhibits classical features with two absorption bands 

centered at 1µm and 1.5µm (Fig. 1). As for some of the other samples we studied, we see a background 

absorption [7, 8]. This background absorption is assumed to be due to scattering centers and is supposed 

not to participate in the photorefractive effect. In the following, when saying that results are corrected 

from absorption background, we means that we consider the crystal absorption to be zero at λ=2µm. 

These corrected values of absorption are : α = 1.6 cm-1 at 1.06 µm, α = 0.85 cm-1 at 1.32 µm and α = 

0.58 cm-1 at 1.55 µm 

 One interest of the B23-3 crystal is its cut. Indeed, it is cut with a [111] polished face, (111) 

direction along the beam propagation direction whereas the other faces are [1 1 0] and [112 ], with the 

[1 1 0] plane as plane of incidence. In this configuration the effective electrooptic coefficient is non zero 

in both the co and counterpropagating geometries which facilitates the measurement. The effective 

electrooptic coefficient is reff =
2
3

r4 1in the copropagating geometry and reff =
1
3

r4 1 in the 

counterpropagating geometry. With this configuration we can then easily add to our copropagating 

points, already presented, a counterpropagating point. Nevertheless if the absolute value of the gain is 
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immediately obtained, care has to be taken in order to determine the sign of the gain compared to the 

copropagating case, i.e. to see if the majority carriers is the same at large and small grating spacings. 

 In order to measure the sign of the photorefractive gain we change the set-up to allow to go 

directly from one geometry to the other one changing the minimum of parameters (Fig.2). We choose 

an angle between the two beams of 90° outside the crystal. A simple rotation of 90° of the crystal 

allows us to go from a copropagating to a counterpropagating geometry. The crystal orientation is 

chosen with still [111] as the polished face, but with now the [112 ] plane as the plane of incidence. The 

value of the effective electrooptic coefficient is presented in Figure 3 for s polarizations. With s-

polarized beams and copropagating beams with θc=0, we have a gain that is zero. When turning a little 

the crystal, from this position, a small photorefractive gain with a certain sign appears (as reff becomes 

different from zero), if we now continue to rotate the crystal until θc=90° (i.e. counterpropagating 

geometry) the sign of the effective electrooptic coefficient stays the same and so does the gain if the 

majority carrier for the photorefractive effect remains alike. Using this experiment at both wavelengths, 

at which gain was measured, we confirm that the sign of the majority carriers is the same whatever the 

grating spacing. We can now place the counterpropagating points on the experimental curves of 

variation of the photorefractive gain as a function of k (Fig. 4), after correction of the different value of 

the effective electrooptic coefficient in the two geometries.  

 We fit the data with the theoretical expression (1). These adjustments are conducted with the 

same value of r41=5.5 pm.V-1 [9, 10] for the two wavelengths and a refractive index n0=2.82 at 1.06µm 

and n0= 2.74 at 1.55µm [11]. Using reff =
2
3

r4 1 , we determine ξo=0.80±0.03 at 1.06 µm and 

ξo=-0.81±0.03 at 1.55 µm and k02=262±30µm-2 at 1.06µm and k02=96±13µm-2 at 1.55µm. We see 

easily that the accuracy for k02 is much better than the one determined with the copropagating points 

only. With the dielectric constant ε = 10.3, one obtains an effective trap density 

Neff=(3.8±0.5)×1015 cm–3 at 1.06 µm and Neff=(1.4±0.2)×1015 cm–3 at 1.55 µm. 

 Due to the fact that the counterpropagating point brings us an higher precision in the 

determination of the effective trap density we can note on these results that the effective trap density 

varies with the wavelength. Although this fact had already been observed in BaTiO3 crystals [12] it has 

never been really explained. We will now give indications for a possible origin of this variation of the 

effective trap density with wavelength.  
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The two traps model 

 

 The model for the photorefractive effect had several evolutions since the model developed by 

Kuhktarev [3] that takes into account a single defect coupled to only one of the transport bands. It had 

rapidly been necessary to take into account two types of carriers [4] to explain some of the experimental 

results. Again, new results that does not fit the theory force to add to the model with one defect coupled 

with the two bands another defect coupled to one of the bands [13, 14].  

 One major characteristics of all these models is that with the assumption that the diffusion length 

of the carriers is much longer than the grating spacing (what is generally true in semiconductors) the 

expression of the gain can always be reduced to an expression like equation (1) with only the expression 

of ξ0 and k0
2  that varies from one model to another [3, 4, 13, 14]. Moreover, if we look at the different 

models in detail we can see that in all these models (in the limit of low illuminations, which 

corresponds to the regime generally used in experiments in semiconductors) the different concentrations 

of the defect species are constant with the wavelength and, more important, the value of k0
2  is the same 

whatever the wavelength used. It means that none of these photorefractive models can explain our 

experimental results that show clearly such a variation.  

 Recently a new evolution of the photorefractive model appears [1], it takes into account two 

deep defects both coupled to both conduction and valence bands. The model established analytical 

expressions for the space charge field and showed that wavelength dependent charge redistribution 

between the two defects was possible. Such a charge redistribution can explain the variation of the 

effective trap density we observed. 

 Before looking at this, we simplify the expressions derived in Ref.[1]. First we limit ourselves to 

the case of the variation of the steady state space charge field with the grating spacing in the case where 

no external electric field is applied. Secondly we rewrite the expression found in Ref.[1], using the 

approximation of large diffusion lengths classically used in semiconductors, to show that the expression 

of the gain can be reduced to an expression of the form of equation (1) with new expressions for ξ0 and 

k0
2  that we derive. In every step of the calculations we compare the numerical results obtained with our 
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expressions to the ones obtained without approximation with the general expressions of reference [1] 

(after correction of a typographical errors in formula (45) of Ref.[1]) to validate our expressions and our 

results. 

 

Derivation of the expressions 

 We consider two traps (Fig.5), with total concentrations NT and MT, present under two states of 

charges with ionized parts N and M and neutral parts NT-N and MT-M respectively. At each state we 

associate parameters for optical (S) and thermal (ß) generation of carriers and recombination (γ) in the 

deep traps. The superscript (N and M) deals with the two different traps, whereas the subscript (n and p) 

deals with the two kinds of carriers (for example, Sp
N  represents the hole photoionization cross-section 

from the ionized state of the N trap). The different material equations that allow the calculation of the 

space charge field are [1]: 

!N
!t

= "n
N + Sn

N I( ) NT # N( ) # $ n
N n N # " p

N + Sp
N I( )N + $ p

N p NT # N( )    (3-a) 

!M
!t

= " n
M + Sn

M I( ) MT #M( ) # $ n
M n M # " p

M + Sp
M I( )M + $ p

M p MT # M( )   (3-b) 

jn = e nµ n E + µn kB T !n
!x

         (3-c) 

jp = e pµ p E ! µ p kB T "p
"x

         (3-d) 

!n
! t

=
1
e
!jn

!x
+ "n

N + Sn
N I( ) NT # N( ) # $ n

N n N + "n
M + Sn

M I( ) MT # M( ) # $ n
M n M   (3-e) 

!p
! t

= "
1
e
! jp

!x
+ # p

N + Sp
N I( )N " $ p

N p NT " N( ) + # p
M + Sp

M I( )M " $ p
M p MT " M( )  (3-f) 

!E
!x

= "
e
#

NT " N( ) + MT "M( ) + ND " NA( ) + n " p( )      (3-g) 

Where n and p are the free carriers concentrations, jn and jp are the electron and hole current densities 

and E is the space charge field. ND and NA are the donnors and acceptors, which compensation gives 

the semi insulating nature of the material. We limit ourselves to a one dimension problem with an 
illumination I given by a sinusoidal illumination pattern   I = I0 1+ Re meikz( )( )  of grating wave number 

k and modulation m. 
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 We solve these equations in steady state, without applied electric field, in a classical way by 

linearizing the different quantities [1, 3, 4], with a non modulated part (with subscript 0) and a space 

modulated component with the same grating spacing than the illumination (with subscript 1). The 

zeroth order is given in Appendix A and allows to calculate the non modulated concentration of the 

different species that will be used in the first order expressions. The resolution of the first order system 

equation in order to obtain the modulated space charge field is long and tedious but does not present 

any mathematical difficulties. Under the assumption that the free carrier grating concentrations are 

much smaller than the one of gratings in the deep traps (n1 , p1 << N1,M1), we obtain the expression for 

modulated space charge field E1: 

E1 = ! i mk
kBT
e

" 
# 

$ 
% 

NUM
DENOM

        (4) 

where :  

NUM = k2 !n
N " ! p

N( )Z M + ! n
M " ! p

M( )Z N[ ] + Z M " Z N( ) !n
N#n

M 2
" ! n

M# n
N2( ) " ! p

N# p
M 2
" ! p

M# p
N2( )[ ]

" # n
2 ! p

N Z M + ! p
M Z N( ) + # p

2 !n
N Z M + ! n

MZ N( ) +
$ kBT
e2 I0

Xn
M " Xn

N( ) #n
M 2

!n
N " ! p

N( ) " # n
N 2

!n
M " ! p

M( )[ ]
+
$ kBT
e2 I0

Xp
M " Xp

N( ) # p
M 2

!n
N " ! p

N( ) " # p
N2
! n

M " ! p
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DENOM = k2 + ! n
2( ) k2 + ! p

2( )Z M Z N + k2 + ! p
2( ) " kBT

e2 I0

# 

$ 
% & 

' 
( ZN ! n

M 2 Xn
M + Z M !n

N 2 Xn
N[ ]

+ k2 + ! n
2( ) " kBT

e2 I0

# 

$ 
% & 

' 
( ZN ! p

M 2 Xp
M + Z M ! p

N 2 Xp
N[ ] +

" kBT
e2 I0

# 

$ 
% & 

' 
( 

2

Xn
N Xp

M ) Xp
N Xn

M( ) !n
N2
! p

M 2
) ! p

N 2
! n

M2( )
 

With the following notations that are used classically in the space charge field expressions [4]: 

!n
N = Sn

N NT " N0( )  and ! p
N = Sp

N N0  

k0N
2 =

e2

! kBT
N0 NT " N0( )

NT

 

! n
N 2

=
e

kBT
" n

N N0

µ n

 and ! p
N 2

=
e

kBT
" p

N NT # N0( )
µ p

 

An
N =

! n
N + Sn

N I0( )
Sn

N I0

 and Ap
N =

! p
N + Sp

N I0( )
Sp

N I0

 

and the same expressions for the M defect.  

The model also uses specific parameters :  

Xn
N =

n0 eµ n

!
" #n

N + Sn
N I0( ) " $ n

N n0  and Xp
N =

p0 eµ p

!
" # p

N + Sp
N I0( ) " $ p

N p0  
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Xn
M =

n0 e µ n

!
" #n

M + Sn
M I0( ) " $ n

M n0  and Xp
M =

p0 eµ p

!
" # p

M + Sp
M I0( ) " $ p
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! n
2 = ! n

N 2
+ ! n

M 2  and ! p
2 = ! p

N2
+ ! p

M 2  

Yn =
An

N!n
N + An

M!n
M

" n
2  and Yp =

Ap
N! p

N + Ap
M! p

M

" p
2  

Z N =
An

N! n
N + " p

N 2Yp

k0 N
2  and Z M =

An
M!n

M + " p
M 2Yp

k0 M
2  

To these definitions we can add some relations between the parameters, relations that are given in 

Appendix B. 

 Even if not in a factorized form, we can nevertheless note that the space charge field (Eq.4) has 
the form found in previous models, i.e. the diffusion field Ed = k kBT

e
 multiplied by a rational function 

with a numerator that is a polynomial of degree 1 in k2 and a denominator that is a polynomial of degree 

2 in k2.  

 In order to simplify this expression we will now make further approximations. The first one 

which is classical in semiconductor materials is that the Debye screening length is much smaller than 

the diffusion length, according to our notations it will correspond to k0N
2 , k0M

2 >> !n
2,! p

2 . Under this 

approximation we have : 

Xn
N = Xn

M =
e2 I0

! kBT
Yn  and Xp

N = Xp
M =

e2 I0

! kBT
Yp       (5) 

The second approximation is linked to the experimental set-up we use and to the range of grating 

spacings on which we make the experiments, we thus have k 2 >> !n
2 ,! p

2 , i.e. a grating spacing much 

smaller than the diffusion length of carriers.  

 Under all these approximations we can rewrite the photorefractive space charge field as : 

E1 = ! i m kBT
e

" 
# 

$ 
% 
& 0  k

1+
k2

k0
2

        (6) 

with 

 k0
2 = k0 N
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1
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N
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 The photorefractive gain is then written in the form of the equation (1) with new expressions of 

ξ0 and k0
2 . This explains why we could adjust our experimental results with equation (1) but found 

different values for Neff when changing wavelength (see experimental part). We can always define an 

apparent “electron-hole” competition coefficient and an apparent Debye screening length, that will 

characterize the strength of the photorefractive effect. It can be easily shown from equations (6) that the 

results of the previous models [4, 13, 14] can be deduced from this model taking the right values of 

generation and recombination parameters.  

 

Adjustment to the experimental results 

 To see whether this two photoactive traps model explains our experimental results, we look for a 

set of parameters that will give us theoretical values of ξ0 and k0
2  equal to the ones we found 

experimentally. To these two photorefractive parameters, we add the absorption of the crystal 

! = ! n
N + ! p

N + !n
M + ! p

M . So we have six experimental parameters, corresponding to the two values of 

the wavelengths 1.06µm and 1.55µm (as well as for 1.32µm for ξ0 and α). The free parameters of the 

calculations are all the coefficients for photoionisation, thermal emission, recombination of carriers and 

concentration of the defects, with the condition that between 1.06µm and 1.55µm we only change the 

wavelength dependent coefficients, i.e. the photoionization cross-sections. Moreover as in our 

experiments we did not see, for our sample, any illumination dependent effect in the conditions of 

illumination used, i.e. from 1 to 100mW.cm-2, we will also verify that the parameters we find will not 

vary with illumination.  

 The set of parameters we find is shown in Table 1, it allows us to calculate exactly the 

experimental parameters, without any peculiar problem. The set of parameters we determined is 

certainly not unique as the adjustment is performed with eleven free parameters (we are in illumination 

conditions where the thermal emission is negligible and thermal emission coefficients are only taken 

small and non zero) which is a lot. Complementary experiments should be performed in order to have 

other informations on the characteristics of the two defects, this is not the goal of this study.  

 Here again we note that a complete calculation with the model of Bashaw [1] using the 

parameters we found, gives the same theoretical curves (in the range where the approximations we have 

done are justified, i.e. at large values of k).  



 

11 

 The two defects we have taken have thermal emission coefficients that are low, this implies that 

the defects are both close to the mid-gap where the Fermi level is located [14]. Thus these two defects 

are different from the one found responsible for the diminution of the photorefractive gain under AC 

field [15, 16]. Indeed it was shown that the reduction of the gain under AC field is due to a defect with a 

thermal emission coefficient around 103-104 s-1, very different from the one we found. 

 

Conclusion 

 

 The measurements we performed on our CdTe:V sample show that the effective trap density 

was a wavelength dependent parameter in this sample. This new observation cannot be explained by the 

usual models of the photorefractive effect. Only a model that takes into account two traps coupled to the 

two bands allows charge redistribution that can explain this variation of the effective trap density with 

wavelength. Using the model developped by Bashaw [1], we derived an expression for the variation of 

the gain with grating spacing that has the same form than the one given by previous models. We 

establish the new expressions for the electron hole competition ξ0 and the Debye screening length 

(inverse square root of k0
2 ) with the two traps. Using these expressions we show that it is possible to 

explain our experimental results with this two defect model using a set of parameters that is plausible. 

At this point of the study it is impossible to identify these defects and even to determine their 

parameters. Other experiments should be performed to have a set of parameters that can be determined 

unambiguously.  

 These experiments, as well as other studies [17], shows the importance of the inclusion of a 

counter propagating point in the measurement of the photorefractive gain as a function of the grating 

spacing, as it brings a considerable improvement of the accuracy in the determination of the Debye 

screening length. This is not only true on the point of view of the material characterization, but also for 

the application of photorefractive crystals as this parameter is important for the value of the gain in the 

counterpropagating geometry or for experiments under applied electric field.  
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Appendix A : 

Under the condition of small concentration of free carriers (n0 , p0 << ND ! NA, NT ! N0 ,MT ! M0 ) the 

different non spatially modulated concentrations are solution of a four equations system : 

N0 + M0 = NT + MT + NA ! ND        (A-1a) 

n0 =
!n

N + Sn
N I0( ) NT " N0( ) + !n

M + Sn
M I0( ) MT " M0( )

# n
N N0 + # n

M M0

    (A-1b) 

p0 =
! p

N + Sp
N I0( ) N0 + ! p

M + Sp
M I0( )M0

" p
N NT # N0( ) + " p

M MT # M0( )
      (A-1c) 

N0 = NT

!n
N + Sn

N I0( ) + " p
N p0

!n
N + Sn

N I0( ) + " n
N n0 + ! p

N + Sp
N I0( ) + " p

N p0

    (A-1d) 

The system can easily be reduced to third order equation that gives N0, which value gives then n0, p0 

and M0. We have 3 solutions, but only one satisfies the conditions 0 ! N0 ! NT , 0 ! M0 ! MT , n0 ! 0  

and p0 ! 0 . We numerically solve the system to have the non modulated concentrations that will be 

used for the first order solutions. 

 

Appendix B : 

 With the zeroth order equations we write relations between the different parameters that appears 

in the expressions of the space charge field. We have : 

k0N
2 Z N = An

N!n
N + " p

N2
Yp = Ap

N! p
N + " n

N 2
Yn       (B-1a) 

k0M
2 Z M = An

M!n
M + " p

M 2
Yp = Ap

M! p
M + " n

M2
Yn      (B-1b) 

p0 =
e I0

µ p kBT
Yp          (B-2a) 

n0 =
e I0

µ n kBT
Yn          (B-2b) 

We can also rewrite : 

Xn
N =

e2 I0

! kBT
Yn 1" # n

N 2

k0 N
2

NT " N0( )
NT

$ 

% 
& 

' 

( 
) "

An
N *n

N

k0N
2

N0

NT

+ 

, 
- 

. 

/ 
0     (B-3a) 

Xp
N =

e2 I0

! kBT
Yp 1 "

# p
N2

k0N
2

N0

NT

$ 

% 
& 

' 

( 
) "

Ap
N * p

N

k0 N
2

NT " N0( )
NT

+ 

, 
- 

. 

/ 
0     (B-3b) 

With the same relation for the defect M. 

These relations are used to show that the expressions for ξ0 and k0
2  are symmetrical when exchanging N 

and M on one hand and n and p on the other hand, a point that is not evidently seen on the expressions. 
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Figure Captions : 

 

Figure 1 : Room temperature absorption spectra of sample B23 

 

Figure 2 : Configuration used for the comparison of the sign of the gain at large grating spacing 

(copropagating geometry, θc=0°) and at small grating spacing (counterpropagating geometry, θc=90°). 

The arrows indicates the directions of the grating wave vectors   
r 
k  in the two geometries. 

 

Figure 3 : Value of the effective electrooptic coefficient as a function of the angle of rotation of the 

crystal. The beams are s-polarised.  

 

Figure 4 : Experimental photorefractive gain as a function of the grating spacing at wavelengths 

λ=1.06µm (●) and 1.55µm (▲) for CdTe sample B23. Solid lines are the best theoretical adjustments. 

The dashed lines represent the adjustment with σ=2 σmin. The photorefractive gain at 1.32µm is nearly 

zero. 

 

Figure 5 : Energy diagram with two defects in total concentrations NT and MT both coupled to both the 

valence and the conduction band. 

 

 

Table Caption : 

 

Parameter used for the adjustment of the experimental results with the theoretical expression. N0 and 

M0 are calculated with the zeroth order equations. 
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Table  

 
λ (µm) 1.064 1.32 1.55 

NT (cm-3) 1016 
MT (cm-3) 1.2×1016 

ND-NA (cm-3) 1.2×1016 
N0 (cm-3) 7.65×1015 8.23×1015 9.19×1015 
M0 (cm-3) 2.35×1015 1.67×1015 8.12×1014 
Sn

N  (cm2) 1.11×10-16 2.55×10-17 1.03×10-18 
Sn

M  (cm2) 1.34×10-16 2.26×10-17 8.77×10-19 
Sp

N  (cm2) 3.70×10-18 6.33×10-17 5.91×10-17 
Sp

M  (cm2) 1.85×10-17 2.58×10-17 3.46×10-17 
! n

N  (cm3s-1) 1.79×10-9 
! p

N  (cm3s-1) 2.39×10-8 
! n

M  (cm3s-1) 3.92×10-7 
! p

M  (cm3s-1) 1.25×10-9 
!n

N  (s-1) 0.00248 
! p

N  (s-1) 0.000182 
!n

M  (s-1) 0.00458 
! p

M  (s-1) 0.000144 
k0

2  (µm-2) 260 NA 98 
α  (cm-1) 1.64 0.85 0.58 

ξ0  0.79 0 -0.81 
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Figure 1 
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Figure 4 
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Figure 5 

 


