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1. Introduction.

The implementation of IR detectors in space is strongly complicated by memory effects, which are highly pronounced under very low irradiation of the Universe. For this reason these detectors exhibit very long-term transient currents under flux changes. The time allotted for the observation of an astronomical source is strictly restricted because of a big amount of astronomical sources, which have to be observed during the flight of a satellite. This makes impossible to wait for the current stabilisation under the given flux and, thus, to determine the magnitude of the flux with the use of the steady-state ground calibration of the detectors. 

However, this problem has been solved for the high-field Si:Ga detectors with the use of the theoretical expression for non-stationary current under a fixed flux [1,2]:

�EMBED Equation.3���.			(1)

Here the time t is measured from an arbitrary instant; the current at the instant, �EMBED Equation.3���, reflects the prehistory of the detector; �EMBED Equation.3��� is the steady-state current at the given flux. The comparison of this formula with the experimental data for the ISOCAM �EMBED Equation.3��� Si:Ga detector array has shown its high exactness: for 90% of these detectors the value �EMBED Equation.3��� was found with ~1% exactness. The characteristics of the detectors,  �EMBED Equation.3��� and �EMBED Equation.3���, were unchanged during ~2-year flight of ISO [3]. The comparison of �EMBED Equation.3��� with the steady-state ground calibration of the detectors has permitted to find the incident fluxes with rather high exactness. However the use of Eq. (1) gives good results only under homogeneous irradiation of the array. The transients in the detectors under a point-source illumination have appeared essentially different from the shape described by Eq. 1. 

This difference is due to 3-d effects in the detectors of the array. These effects are caused by the fact that the screening length for the charges appeared in the bulk low-background detectors under a time-variable irradiation is very long. As a result the field of the charges penetrates through the bulk and spreads to all sides creating 3-d picture of the field force lines [4,5]. However, under a homogeneous irradiation the influence of the 3-d field effects on the transient current in the detector can be described with a good exactness in 1-d approximation with the use of the field averaged along the contact planes and with the re-normalisation of the contact parameter �EMBED Equation.3��� [6,7]. In this case for the high-field detectors, where the field �EMBED Equation.3��� satisfies the condition

�EMBED Equation.3���,						(2)

the transients are described by Eq. 1 with ignoring the corrections being small as the ratio �EMBED Equation.3���. For highly inhomogeneous irradiation such approach is inapplicable, and one has to use the 3-d equations for description of transient currents. Below it is developed the approach that permits to give an exact theoretical description of transients in the high-field detectors with taking the 3-d effects into account.



2. Physical statement of the problems

Below we’ll consider the plane geometry of the detectors, which is appropriate for many cases including the ISOCAM detector array. The detectors are assumed as a continuos photoconductive media confined by 2 contact planes (at z=0 and z=l) with fixed potentials (�EMBED Equation.3��� and 0) with the injecting contacts placed at the plane z=0.

For the description of the transient here are used the following equations:

the continuity equation -

�EMBED Equation.3���, 						(3)

the Poisson equation -

�EMBED Equation.3���,							 (4)

and the trap recharging equation written in the form

�EMBED Equation.3���.						 (5)

Here �EMBED Equation.3��� is the hole concentration, �EMBED Equation.3��� is the drift velocity of the holes, �EMBED Equation.3��� and �EMBED Equation.3��� are their mobility and capture time, �EMBED Equation.3��� is their generation rate,�EMBED Equation.3��� is the density of the charge accumulated in the traps. In principle, these equations have to be supplemented by the boundary conditions describing:

I) the equipotentiality of the contacts,

II) the injection properties of the contacts,

III) the absence of the current through the free surfaces of detectors (in the used statement of the problem where the diffusion is ignored this means that the normal field to these surfaces is equal to zero).

In principle, due to the hot-carrier effects �EMBED Equation.3��� and �EMBED Equation.3��� may be dependent on the magnitude of the electric field that additionally complicates the theory. However, for the high-field detectors (see Eq.2) the problem can be strongly simplified. The case is that, this condition means that the non-stationary field affects the contact injection much stronger than the drift velocity and other values, and these latter effects can be ignored without essential lack in the exactness. This permits to separate the field by its steady-state value and non-stationary component:

�EMBED Equation.3���,						(6)

and to assume that the velocity and the capture time in Eqs. 3-5 depend only on the steady-state field. As one considers first the steady-state field distribution and then the transient processes, the problem is highly simplified. 

So first consider the steady-state field and suppose that it is formed in the detectors under a homogeneous generation �EMBED Equation.3���. Then the distribution of this field can be found from the following equations: 

�EMBED Equation.3���	(from Eq. 5),					(7)

�EMBED Equation.3���	(from Eq. 3),					(8)

�EMBED Equation.3���.						(9)

In general case where �EMBED Equation.3��� and �EMBED Equation.3��� are field dependent, �EMBED Equation.3��� and �EMBED Equation.3���, from Eqs. 7-9 one has:

�EMBED Equation.3���.						(10)

In the cases where the hot carrier effects are negligible Eq. 10 can be further simplified:

�EMBED Equation.3���.						(10a)

Solving Eq. 10  (or Eq. 10a) with the boundary conditions I) and II) one finds the steady state field �EMBED Equation.3���.

Next supposing this field as determined we begin to solve the non-stationary problem. Using the designation: �EMBED Equation.3��� one receives from Eq. 3:

�EMBED Equation.3���. 		(11)

For the following solution it is more convenient to use such co-ordinates:

�EMBED Equation.3���,							(12)

where �EMBED Equation.3��� is the 2-d vector in the plane of the injecting contact, �EMBED Equation.3��� is the vector of the tube of flow that follows from the point  �EMBED Equation.3���. Its small change at every point can be presented as:

�EMBED Equation.3���,							(13)

where ds is the change of the length along the flow tube, �EMBED Equation.3��� is the unit vector of the tube (or of the steady-state electric field). So it can be defined as:

�EMBED Equation.3���,					           (14)

where �EMBED Equation.3��� is the module of the steady-state field at the given point, �EMBED Equation.3��� is the variable length along the flow tube that starts from the point �EMBED Equation.3���. With this co-ordinate system Eq. 11 can be rewritten as:

�EMBED Equation.3���.				(15)

Here �EMBED Equation.3���, and it is written �EMBED Equation.3��� in order to take into account the field dependence of the product of �EMBED Equation.3��� (the drift velocity �EMBED Equation.3���) and �EMBED Equation.3���. Solution of Eq. 15 with the determined value �EMBED Equation.3��� has the form:

�EMBED Equation.3���.		(16)

or

�EMBED Equation.3���.		(16a)

Substituting this hole distribution in Eq. 5 one receives the expression for the charge density in the detector:

�EMBED Equation.3���.		(17)

This time variation of the charge creates the non-stationary field in the detector. 

For the consideration of 3-d problems below it is developed the approach, which differs from that one used in the previous papers [1,2,5,7]. For the computation of the non-stationary field here instead of the Poisson equation it is used the following expression for z-component of this field at the plane of the injecting contact:

�EMBED Equation.3���.				(18)

The above integration is produced over the total volume of the detector array �EMBED Equation.3���, �EMBED Equation.3��� is the Green’s function determining z-field component at the plane of the injecting contacts z=0, which is created by a single charge placed at the point �EMBED Equation.3���. In the following integration we’ll use more convenient for our purposes co-ordinates �EMBED Equation.3��� instead of the orthogonal coordinates. In this case Eq. 18 can be rewritten as:

�EMBED Equation.3���,		(19)

where the value �EMBED Equation.3��� is defined by the equality �EMBED Equation.3��� (the potential of the back contact is defined as zero), and the sign �EMBED Equation.3��� implies that the integration along the plane z=0 has to be done only at the surface of p+-regions placed at this plane. The weight term �EMBED Equation.3��� in Eq. 19 follows from the fact that the cross-section area of a certain flow tube that starts at the contact point �EMBED Equation.3��� varies along its length �EMBED Equation.3��� by such a way that the product �EMBED Equation.3��� remains constant. This results from the conservation equation, Eq. 10.

The boundary condition describing the non-stationary contact injection we’ll write in the form:

�EMBED Equation.3���,				(20)

where �EMBED Equation.3��� is the non-stationary z-field component in the plane � EMBED Equation.3  ��� at the time t after a certain instant accepted as 0. This expression serves as a generalisation of the boundary condition deduced in [6,2,7].

Substituting Eqs.17, 20 in Eq. 19 one obtains the following integral-differential equation for this field:

�EMBED Equation.3���	(21)

After solving this equation one can use the computed value �EMBED Equation.3��� in order to find the detector current. But the magnitude of this current depends on the fact, which contact, injecting or back one, serves for its reading out. There lies the principal difference between 3-d and 1-d cases. In this latter both currents are strictly equal. For the 3-d case the difference between these 2 currents may be very big [4].

The currents � EMBED Equation.3  ��� and � EMBED Equation.3  ��� measured through correspondingly the injecting or back contact of the n-th detector are expressed through the densities of the hole and displacement currents and are equal to:

�EMBED Equation.3���,					(22)

�EMBED Equation.3���.					(23)

where � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are the areas of the n-th injecting and back contact, correspondingly, � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are the injecting and back contact areas of this detector that gathers the displacement current (in principle, in dependence on the concrete topology of the injecting contacts the areas � EMBED Equation.3  ��� and � EMBED Equation.3  ��� can be equal or different), � EMBED Equation.3  ��� is the 2-d coordinate along the plane of the back contact.

For the injecting contact the computation of the current is relatively simple, because in this case the densities of the hole and injecting currents can be directly expressed through the computed field �EMBED Equation.3���:

�EMBED Equation.3���,				(24)

 �EMBED Equation.3���,					(25)

and Eqs. 24, 25 can be directly substituted in Eq. 22.

For the back contact the densities of the hole and injecting currents are equal to:

�EMBED Equation.3���,					(26)

 �EMBED Equation.3���.					(27)

In principle, it is easy to find the hole concentration at the back contact plane. In accord with Eq. 16a it is equal:

�EMBED Equation.3���,	(28)

but in order to use Eq. 28 in Eqs. 23, 26 one has to transfer from the coordinates � EMBED Equation.3  ��� to the new ones, � EMBED Equation.3  ���. The more convenient way for computing the back-contact hole current consists in integrating of Eq. 3 over the total volume of the n-th detector and using the fact that there is no hole currents flowing through the sides of the detector excluding the currents � EMBED Equation.3  ��� and � EMBED Equation.3  ��� through its injecting and back contacts:

�EMBED Equation.3���.

 From this equality and Eqs. 17, 20 it follows the expression for the back contact hole current of the n-th detector:

� EMBED Equation.3  ���.	(29)

Here the integration over � EMBED Equation.3  ���is confined by the contact area of the n-th detector � EMBED Equation.3  ���.

For the displacement current one can use the field Green function as before, when deducing Eqs. 19, 21:

�EMBED Equation.3���,	(30)

Using Eqs. 23, 27, 29, 30 one can compute the current through the back contact of the detector.

Now consider the calculation of the field Green function �EMBED Equation.3���. For this we start from the potential Green function of the Poisson equation:

�EMBED Equation.3���,						(31)

which we solve with the boundary conditions corresponding to 2 conductive planes:

�EMBED Equation.3���.							(32)

For this case the Green function for z-field component is equal to:

�EMBED Equation.3���,	     (33)

where �EMBED Equation.3��� and �EMBED Equation.3��� are the orthogonal components of the vectors � EMBED Equation.3  ��� and �EMBED Equation.3���, correspondingly. Its values at the planes � EMBED Equation.3  ��� and � EMBED Equation.3  ��� used in the previous calculations are as follows:

�EMBED Equation.3���,		(33a)

�EMBED Equation.3���,		(33b)



For transforming these Green functions in �EMBED Equation.3��� and �EMBED Equation.3���, that is in order to transfer to the new curved coordinates, we use the definitions: �EMBED Equation.3���, �EMBED Equation.3���, that gives 

�EMBED Equation.3���,		(34a) �EMBED Equation.3���,		(34b)



where the new coordinates are expressed through the orthogonal components of the vector �EMBED Equation.3��� - �EMBED Equation.3��� and the same components of the unit vector of the flow tube (see Eq. 14):

�EMBED Equation.3���, �EMBED Equation.3���, �EMBED Equation.3���.		(35)

Substituting Eqs. 34a, 35 in Eq. 21 one obtains the explicit equation that determines the relaxation of the field in the plane of the injecting contact and, thus the relaxation of the current injected in the detector under spatially inhomogeneous flux changes Then using Eqs. 22, 24, 25 one can compute the detector current if measured in the circuit of the injection contact. If the current is measured in the back contact circuit it should be computed with the use of Eqs. 23, 27, 29, 30, 34b.

The accomplishment of this program for different cases will be discussed in the following chapters. Below we only demonstrates how one can deduce Eq.1 from the above equations for the 1-d case, that is, for the case where � EMBED Equation.3  ��� and � EMBED Equation.3  ��� doesn’t depend on � EMBED Equation.3  ���and the size of the contact plane is much longer than l.

In this case the integration of the Green function described by Eq. 34a by � EMBED Equation.3  ��� gives:

� EMBED Equation.3  ���

that permits to receive from Eq.21 the following equation:

�EMBED Equation.3���			(36)

where � EMBED Equation.3  ���, and � EMBED Equation.3  ��� is the gain factor of the detector. Solving Eq. 36 and substituting its solution in the 1-d conservation equation for the total current � EMBED Equation.3  ��� written at the plane of the injecting contact

�EMBED Equation.3���,				(37)

where � EMBED Equation.3  ��� is the cross-section area of the detector, one can obtain the above Eq. 1. But in what follows we’ll be interested only by the real 3-d problems.



3. The calculation of transients for the real ISOCAM detector arrays.

Though this chapter is placed ahead of others in reality it has been done at the end of the research work. This work represented itself the finding of the appropriate description of the operation of the ISOCAM detectors. The problem was in the fact that the parameters of the used material are unknown and even the real detector topology was hard to receive. These data have no principal importance for the description of transients at a homogeneous illumination of the detector array, because these transients are of an universal form with only 2 fitting parameters, which in reality represent the combinations of several detector parameters. But for building of the description of the point source problems a number of parameters must be known exactly. So the research work consisted: 

a) in finding the general regularities of the point source transients; for this purpose it has been developed an analytical approximate theory of such transients for the simplified detector geometry;

b) in the choice of the relatively narrow range of the detector parameters and unknown elements of the topology on the base of the found general regularities of the transients;

c) in creating the mathematical schemes of the computations that are most convenient for the given ranges of the parameters, in elaborating the computer programmes for this schemes, their verifying, and, at last, in computations themselves.

The computer program written in accordance with Ch.1 and giving an exact description of the transients for various detector parameters and topologies will require too long computation time, because of the curved geometry of the steady-state electric field that is inherent to the ISOCAM detectors as a result of their principal topology. For this reason for every considered range of the parameters this scheme was strongly simplified by the way that simultaneously permitted to remain the exactness of the computations rather high. Every new more exact information on the detector topology required to reconsider the computation scheme.

The physical analysis of the last such information (very small radius of the � EMBED Equation.3  ���-islands - 24 mkm, and the full screening of the field lines by the conductive mirror with the holes in it being as small as 26 mkm) has shown that the previously used detector parameters and approaches could not be applicable to the description of the detectors. From this analysis now I don’t see other explanation of the measured transients above the following one: the current was measured in the circuit of the back contact and the gain factors of the detectors, �EMBED Equation.3���, are rather high (I estimated them as >1. This latter means that the material of the CAM detectors is rather clean, essentially more cleaner than for the PHOT and SWS detectors. 

In this case one can essentially simplify the basic equation (Eq.21) for the field in the injecting contact plane assuming the steady-state field in this equation as a constant and directed along the z-axis. The reason of this lies in the following. For the gain factor being higher than 1 the accumulation of the charge in the detector bulk is rather homogeneous along the z-axis, because of the relatively low capture of the holes. The steady-state field is essentially curved inside the distance of the order of the � EMBED Equation.3  ���-island radius, ~25 mkm, measured from the back contact plane. Only inside this length the charge density may essentially deviate from a 1-d structure that has place in the rest of the detector bulk. So in the total charge such deviations contribute not more than ~5%. But the effect of these deviations on the field in the injecting plane is additionally diminished by the ratio of this length to the total inter-contact length � EMBED Equation.3  ��� due to the strong screening of this deviated charge by the back conducting plane. This permits to estimate the error induced by  the use of the simplified steady-state field structure in Eq. 21 as small as less than 1%. In this case this equation is highly simplified, especially if the incident irradiation doesn’t depend on the coordinate z �EMBED Equation.3���:

�EMBED Equation.3���,		(38)

where the integration by �EMBED Equation.3��� is produced along the total plane z=0, and the kernel �EMBED Equation.3��� with the use of Eq. 33a is equal to:

�EMBED Equation.3���.				(39)

Calculating the magnitude of the hole and displacement currents through the back contact at the first stage we’ll also use the simplified steady-state field structure. Certainly here the exactness of such simplification is essentially less than in the case of Eq. 21, especially for the displacement current. But nevertheless there exist grounds that even in this case the total current in the circuit we’ll be computed rather exactly. These grounds are as follows. 

a) The length of the region with the strongly curved steady-state field is 20 times less than the total inter-contact distance. This correspondingly reduces its contribution in the integrals that determines the current through the back contact. The very long capture length (it is about 1000 mkm as �EMBED Equation.3���) makes negligible the effect of the lengthening of the curved trajectories being of the order of 25 mkm on the hole capture.

b) Even if the relative error for so computed displacement current through the back contact appears not too low, for the total back contact current it should be relatively much less, because the displacement current gives relatively small contribution to the total current in accord with the small area of the p+-islands (~20% of the total back area) and the fact that ~80% of the displacement current flows through the conductive mirror.

 For the simplified steady-state field structure one receives for the hole current from Eqs. 24, 29:

 � EMBED Equation.3  ���,		(40)

and for the displacement current from Eqs.23, 27, 30, 33b:

�EMBED Equation.3���,	     (41)

where the kernel �EMBED Equation.3��� is equal to:

�EMBED Equation.3���.				(42)

The total current through the back contact is the sum of these 2 currents:

�EMBED Equation.3���.						(43)

Eqs. 38-43 should determine the transients in the ISOCAM detectors with a rather good exactness.

First, we consider the transients under a homogeneous illumination of the detector array �EMBED Equation.3��� assuming that the area of a pixel is � EMBED Equation.3  ���, and the area of a p+-island is � EMBED Equation.3  ���. In this case from Eqs. 38, 40, 41 one has:

�EMBED Equation.3���,			(44)

� EMBED Equation.3  ���,		(45)

�EMBED Equation.3���,			     (46)

where

� EMBED Equation.3  ���,	� EMBED Equation.3  ���.			(47)

Here it was used that the integrals of the kernels that enter Eqs.38, 41 are equal to:

�EMBED Equation.3���, � EMBED Equation.3  ���.  (48)

From Eqs. 44-46 one can deduce the following formula describing the current relaxation:

�EMBED Equation.3���,			(49)

where 

� EMBED Equation.3  ���, � EMBED Equation.3  ���.			(50)

Eq. 49 is totally analogous to Eq. 1 with the single difference: the value � EMBED Equation.3  ��� is replaced by � EMBED Equation.3  ��� being equal to � EMBED Equation.3  ��� at � EMBED Equation.3  ���. The � EMBED Equation.3  ��� and � EMBED Equation.3  ���dependencies of � EMBED Equation.3  ��� are shown in the Figure below.

� EMBED JSSPWGraphic  ���

From this Figure, where are presented the values � EMBED Equation.3  ��� for different magnitudes of � EMBED Equation.3  ��� from 0 to 1 with the step 0.1, it follows that for the ISOCAM detector array, where � EMBED Equation.3  ��� is slightly less than 0.2, the majority of the detectors have gains in the range 1.25-1.3, because their values � EMBED Equation.3  ��� are close to 0.5 or slightly higher. Such gains agree with the previous physical estimations. For such gains the magnitude of � EMBED Equation.3  ��� (the lowe
st
 curve for � EMBED Equation.3  ���) is about 0.3. This means that due to the real topology of the ISOCAM detector array the values of � EMBED Equation.3  ��� determined previously on the base of the 1-d theory from the measurements of � EMBED Equation.3  ��� for the homogeneous illumination and Eq. 50 are equal in reality to � EMBED Equation.3  ��� of those values, that is, for example to � EMBED Equation.3  ��� instead of � EMBED Equation.3  ���.



 4. The estimation of the effects which are not included into the theory of the ISOCAM detectors.

The first comparison of this theory with the experimental data have exhibited the following main difference between them. The overshooting of the transient current of the central pixel observed under very high flux changes is essentially higher than that one computed from the theory. This difference may reach to � EMBED Equation.3  ��� from the total value of the current. 

I have explained this effect, which wasn’t previously observed, as the result of the existence of the non-stationary radial field component appeared under a point source flux changes. In the ISOCAM detectors this field directed perpendicular to the steady state field is essentially higher than in other detectors, because these detectors are very long if compare with the size of the point source images. This makes weak the screening effect of the contact planes that usually essentially reduces the radial field. Nevertheless, even in these detectors the radial field is very small if compare with the steady state one. But because these detectors have a rather big gain factor, � EMBED Equation.3  ���, the non-stationary charge fills the bulk along all the distance between the contact planes and affects the motion of the holes along the distance, shifting them to the centre of the illumination spot. This shift is extremely small if compare with the inter-contact distance (not more than � EMBED Equation.3  ���), but can reach at maximum to � EMBED Equation.3  ��� of the pixel size. Because the central pixel receive this additional current from 4 adjacent pixels this additional current may reach � EMBED Equation.3  ��� of the current of the pixel.

Below it is presented the estimation of this radial current followed by the conclusions about experimental conditions where the effect of this current should be at minimum. This permits to use the above theory for the treatment of the experimental data with a high exactness.

For the determination of the radial we’ll use as before the potential Green function which has the form:

�EMBED Equation.3���.	(51)

From here one can deduce the expressions for � EMBED Equation.3  ��� and � EMBED Equation.3  ��� components of the field Green function:

�EMBED Equation.3���,  (52)

�EMBED Equation.3���.  (53)

At the initial part of the current response on a high flux change one can write the following expression for the � EMBED Equation.3  ��� field component at the contact plane and � EMBED Equation.3  ���field component at the point with the coordinates (� EMBED Equation.3  ���) (in the same way how it was done in Eqs. 17, 18, 38):

�EMBED Equation.3���,				(54)

�EMBED Equation.3���,				(55)

where � EMBED Equation.3  ��� is determined by Eq. 39. The hole concentration at the point with the coordinates (� EMBED Equation.3  ���) at the initial part of the current relaxation is equal to (see Eq. 28):

�EMBED Equation.3���.					(56)

So for the current density that enter inside the circle with the radius � EMBED Equation.3  ��� at the level � EMBED Equation.3  ��� one can write with taking into account the radial symmetry of the problem:

� EMBED Equation.3  ���.				(57)

Taking into account the fact that only the portion of this holes reaches the back contact because of the capture of the inequilibrium holes one deduces the expression for the additional current that flows through the back contact with the radius � EMBED Equation.3  ���:

� EMBED Equation.3  ���.					(58)

Using Eqs. 55, 56 one can present this expression in the form:

� EMBED Equation.3  ���,  (59)

where

�EMBED Equation.3���

Here � EMBED Equation.3  ��� is the angle between the vectors � EMBED Equation.3  ��� and � EMBED Equation.3  ���. After the transformations of the integrals by � EMBED Equation.3  ��� and � EMBED Equation.3  ��� Eq. 59 can be simplified:

� EMBED Equation.3  ���.	(60)

Under the conditions

� EMBED Equation.3  ���							(61)

being typical for the ISOCAM detectors Eq. 60 can be further simplified:

� EMBED Equation.3  ���.  (62)

Here as before the value � EMBED Equation.3  ��� is defined by Eq. 47. In deducing Eq. 62 we have ignored the contribution of the terms with � EMBED Equation.3  ���and the contribution of big � EMBED Equation.3  ��� in the integral in Eq. 60. In principle, the last one can be essential in the case of the small gain factors. In this case Eq. 62 should be generalized:

� EMBED Equation.3  ���.        (63)

However for the case of the ISOCAM detectors where � EMBED Equation.3  ��� this generalization is not required, and the following calculations are performed with the use of Eq. 62. Making in it the following integrations one receives:

� EMBED Equation.3  ���.		(64)

Introducing the designation of the steady state current that flows inside the circle with the radius � EMBED Equation.3  ��� under the given illumination:

� EMBED Equation.3  ���,					(65)

one can present Eq. 64 in the form:

� EMBED Equation.3  ���.					(66)

Next the right side of Eq. 66 is expressed through the magnitude of the field that is responsible for the contact injection. Under the condition (61) the behaviour of the injecting field component (see Eq. 54) is as follows:

   �EMBED Equation.3���.		(67)

It is seen that the accumulation of the bulk charge affects proportionally the injection field and the additional current. In what follows we’ll express the additional current through the injection field at the centre of the illuminated region:

�EMBED Equation.3���.					(68)

Using this value one can receive the following relationship

� EMBED Equation.3  ���.					(69)

Since the accumulation of the charge occurs till the injecting field reaches the value:

� EMBED Equation.3  ���,						(70)

from here one can estimate the maximum value 
and the initial time bahaviour 
of the additional current, which is not taken into account in the developed theory based on the zero-order field approximation:

� EMBED Equation.3  
�
�
�
,
				(71)


where 
�
 
EMBED 
Equation.3 
 
�
�
�
 should be estimated as the time where the current 
�
 
EMBED 
Equation.3 
 
�
�
�
 reachs its maximum
, and Eq. 71 is true for 
�
 
EMBED 
Equation.3 
 
�
�
�
. 
This formula serves as the main estimation of the value of the maximum corrections introduced by the radial field. If consider that the distribution of the illumination in the spot 
is
 gaussian 
with the radius � EMBED Equation.3  ���:

� EMBED Equation.3  ���,						(72)

one receives:

� EMBED Equation.3  ���.			(73)

For the convenience of the consideration of the experimental data next we’ll use Eq. 73 in the form:

� EMBED Equation.3  ���,				 (74)

where the functions � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are determined by the following relationships:

a)     � EMBED Equation.3  ���,		b)     � EMBED Equation.3  ���.		(75)

The exact shapes of these functions are presented in the next Figures. The plot for � EMBED Equation.3  ��� shows how this value depends on � EMBED Equation.3  ���. It is more convenient for using the data of different filters. For the estimation here are used the parameters being typical for the ISOCAM detectors: � EMBED Equation.3  ��� � EMBED Equation.3  ���, � EMBED Equation.3  ��� (I chose this value because the area of the such circle is equal to the area of the pixel with the side � EMBED Equation.3  ���e). Then for the highest flux changes such that � EMBED Equation.3  ��� with the filter LW10 where one can estimate � EMBED Equation.3  ��� for � EMBED Equation.3  ��� one has

� EMBED Equation.3  ���.		(76)

This means that for the chosen parameters the overshooting amplitude reaches � EMBED Equation.3  ���
, and it reaches 
� EMBED Equation.3  
�
�
�
, as
 one takes 
� EMBED Equation.3  
�
�
�
.
 T
h
is
 reasonably agrees  with the observed data. Certainly this value couldn’t be considered as a very exact. In first turn this is due to the fact that the magnitudes of � EMBED Equation.3  ��� have not been exactly determined, and have a very big scatter. 
For the time behaviour of
 this additional current at t
he time interval before it reachs its maximum 
(
for 
�
 
EMBED 
Equation.3 
 
�
�
�
) 
one can use the formula:


� EMBED Equation.3  
�
�
�
,
	
	
	
	
	(7
7
)


where 
�
 
EMBED 
Equation.3 
 
�
�
�
 
is
 the time where the 
measured current 
reachs its maximum
.


� EMBED JSSPWGraphic  ���

However the main profit of the estimation presented by Eq. 74 or by Eq.71 (if one uses the more exact distribution of illumination in the spots than the used above gaussian profile, Eq. 72) lies in the fact that, if the overshooting magnitude for the spot illumination by one filter was measured, the same magnitude for other filters can be easily computed with the use of the plot for the function � EMBED Equation.3  ���. The magnitudes of the function � EMBED Equation.3  ��� for � EMBED Equation.3  ��� for 9 other filters are approximately as follows: 0,68 for LW1, 0.65 for LW2, 0.88 for LW3, 0.61 for LW4, 0.7 for LW5, 0.75 for LW6, 0.85 for LW7, 0.88 for LW8, 0.92 for LW9. Using these data and the plot for the function � EMBED Equation.3  ��� it is easy to recalculate the result of Eq. 76. It is seen that for all these filters the overshooting created by the radial field lies in the region from the value that is � EMBED Equation.3  ��� higher (for LW4) than for LW10 till the value that is � EMBED Equation.3  ��� less (for LW9) than for LW10.

The other important sequence of these formulas is as follows. They show that in the case where the total (or mean) current of 9 pixel is measured the relative overshooting created by the radial field is much less. Indeed, from Eq. 73 it is seen that for the fixed illumination spot this relative correction depends on the area, where the current is measured, by the law: � EMBED Equation.3  ���, where � EMBED Equation.3  ��� is the radius of the area. As the total current from 9 pixels is measured, the radius becomes equal to � EMBED Equation.3  ��� instead of the value � EMBED Equation.3  ��� used when the current of the single central pixel is measured. As the result the negative index of the exponent becomes 9 times higher, and the relative correction created by the radial current in the case of 9 pixel is much less than for the case of 1 pixel. In gaussian approximation for all 10 filters this ratio is approximately equal to: 4.5% for LW1, 3.2% for LW2, 36% for LW3, 1.9% for LW4, 5.8% for LW5, 10% for LW6, 27% for LW7, 36% for LW8, 51% for LW9, 17% for LW10. That is for the total current of 9 pixels the effect of the radial field can be ignored for the majority of the filters. Even for the filter LW9, where in the case of 9 pixels the relative correction of the radial current is at maximum, its value under the same parameters, which were used in Eq. 76, is rather moderate: � EMBED Equation.3  ���.
 
But, 
keep in mind
,
 that all these values are received for 
� EMBED Equation.3  
�
�
�
, and 
have to be multiplied by
 
�
 
EMBED 
Equation.3 
 
�
�
�
, as 
�
 
EMBED 
Equation.3 
 
�
�
�
.


Below I’d like to discuss the general situation with the overshooting effects. There exist 3 such effects exhibiting themselves under high flux changes. Every of them makes its contribution in the observed picture of transient processes. The observed overshooting is the sum of these effects. Two of them are specific for the point-source illumination. These are: 1 - the effect described in our numerical calculations (it is caused by the fact that at the initial part of a current response on a big flux step the main current flows inside the center of the illuminated region and the area of a big current gradually broadens, but the current density diminishes); 2 - the effect of the radial current described in this Chapter. The overshooting effect 3 appears even under a homogeneous illumination [8, 9]. But the behaviour of these 3 effects is different. For the effect 1 the main current response after reaching its maximum value gradually decreases to the steady state current value. In the effects 2 and 3 the current during its relaxation to a steady state exhibits essential oscillations caused by the excitation of the trap recharging waves [
8
, 9, 
10]. The other important difference between the effect 1 and the effects 2,3 lies in the fact that the effect 1 doesn’t depend on the quality of the contacts
 
(in the scope 
of the analytical theory)
, whereas for both the effects 2 and 3 the additional current is proportional to the contact parameter � EMBED Equation.3  ���, and , for example, for the maximum of this current in both cases one can write:

� EMBED Equation.3  ���.						(7
8
)

The difference lies in the fact that for the effect 3 the coefficient � EMBED Equation.3  ���, which increases as the gain � EMBED Equation.3  ��� increases, is always small (its maximum for big � EMBED Equation.3  ��� is about 0.2), whereas for the effect 2 in the ISOCAM detectors � EMBED Equation.3  ��� is essentially higher than 1, because it is proportional to the big ratio � EMBED Equation.3  ���.



5. 
Results and 
c
onclusions.


1. It has been developed the theory of transient currents 
in the ISOCAM detector a
rrays 
under inhomogeneous illumination
. 
This theory serves as a gener
alization of the 
previous
 work, where 
I
 
have 
described transient currents in 
a detector under a homogeneous illumination. 
In contrast to the 
previous
 1-d theory 
applicable for different detec
tors 
t
he developed theory 
considers 
3-d e
ffects
,
 
and it is specific namely for 
the 
ISOCAM 
detectors
, 
for it 
includes in itself
 the topology of the conductive surroundings of these detectors
 and the real range 
of their material parameters.



2
. The first rather fast comparison of the experimental data with the computed transients based on the above theory gives a hope that this description may provide an acceptable exactness for the determination of the real irradiation of the space point-source objects.


3
. The above analysis shows that for this comparison it is desirable to use the total current of 9 central pixels. In this case the exactness of the developed description should be es
sentially better.
 This conclusion follows from the fact 
that 
the ISOCAM detectors pronouncedly exhibit the effects of 
th
e 
additional
 radial current
 appeared under
 point-source illumination. The
se effects
 were not seen before, their
 big magnitude 
is specific for the ISOCAM detectors.
 In acco
rd with my 
estimation
 the relative contribution of th
is
 additional
 current has to be much
 less
 as one measure
s
 
the total current of 9 central pixels
, than 
as 
the
 current of 1 central pixel is measured
. 
I
 
think that, if required the 
presented 
theory 
can be further developed for
 tak
ing
 th
is
 radial
 current into 
account.



4
. At this moment it seems that the main limitation of the exactness may be caused by the scatter along the detector array of the parameter � EMBED Equation.3  ��� previously defined for the description of transients under homogeneous illumination. This scatter is very big (it exceeds 4 times throughout the array), has a noticeable tendency along one of the axes of the array, and rather frequently � EMBED Equation.3  ��� strongly  differs even for the adjacent pixels of the array.


5
. Apparently it is determined by the scatter of the contact parameter � EMBED Equation.3  ���. I think so, because though � EMBED Equation.3  ��� depends not only on � EMBED Equation.3  ���, but also on the gain � EMBED Equation.3  ���, but the scatter of this latter is much less (� EMBED Equation.3  ��� enters the other measured parameter � EMBED Equation.3  ���, which scatter doesn’t exceed 20% throughout the array). This problem can be exemplified by the following: even the central pixel (15,15) with � EMBED Equation.3  ��� and � EMBED Equation.3  ��� situated in the most homogeneous region of the array and frequently used in the point source measurements is surrounded by 8 pixels, where � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are scattered from 0.501 to 0.532 (� EMBED Equation.3  ���) and from 505 to 642 (� EMBED Equation.3  ���). Such scatter of � EMBED Equation.3  ��� results, for example, in a high difference between the relative magnitudes of the radial current for adjacent pixels.


6
. The values of � EMBED Equation.3  ��� for the CAM array are approximately at the same region as for the PHOT and SWS detectors, though the material of the CAM detectors is noticeably better, and, in principle, the better is the quality of the material, the better contact quality can be gained. 
(This
 
value
 
for an ideal contact 
is
 estimated by the formula 
� EMBED Equation.3  
�
�
�
, where 
�
 
EMBED 
Equation.3 
 
�
�
�
 is the concentration of the compensating centres, 
�
 
EMBED 
Equation.3 
 
�
�
�
 is the tempera
ture in the energy units. For 
�
 
EMBED 
Equation.3 
 
�
�
�
 and 
�
 
EMBED 
Equation.3 
 
�
�
�
 this formula gives 
�
 
EMBED 
Equation.3 
 
�
�
�
, that is approximately 6 times lower than the averaged value of 
�
 
EMBED 
Equation.3 
 
�
�
�
 found for the detectors of the CAM array
.
)
 
The big sca
tter of � EMBED Equation.3  ��� and big values of � EMBED Equation.3  ��� look like a dissonance at a rather good quality of the material, detectors, and electronics. If the CAM d
e
tectors were manufactured with the controlled contact technology they would have the photoresponse time several 
(
�
 
EMBED 
Equation.3 
 
�
�
�
) 
times faster than in reality, and it would be much si
m
pler to 
develop
 an exact 
description
 of their operation.  

6. 
I
 
think that 
t
he same conclusion 
about 
the
 
importance and 
the
 
scatter
 of the contact quality
 
should be
 true for any other bulk low-background detectors, including Ge:Ga ones.
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