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Abstract: -. The defects structures of the insulating material are generally studied with the help of the current 

injection technique. A metal and insulator are used to fabricate the ohmic contact for the process of carrier 
injection in insulator where the significant concentration of trapping states is present according to the trap 
distribution function. The high field electrical transport properties and thermal noise behavior of the 
insulating material is greatly affected by the impurities and defect states .The change of injection level of 
currents occurs with the change in applied voltage across the insulator. The scattering process of the currents 
carriers with the lattice imperfections of the is responsible for the thermal noise generated inside the sample. 
It is a main source of noise caused by the scattering process to give fluctuations in current and voltage across 
the terminals of the insulator. The thermal noise affects greatly the sensitivity and accuracy of the injection 
device The complete thermal noise characteristic has sufficient structure which is drastically affected by the 

distributed traps. 
Keywords: -   defect stats, distributed traps, Electrical Transport,  Ohmic contact, Salami method,  

 

I. INTRODUCTION 

.   The high field mobility relationship is considered for the high field transport mechanism present inside the 

insulator .The poisson’s equation has several physical parameters which give the complexties in the solutions 

of the problem.The regional approximation method is applied to obtain the approximate solutions on the 

basis of the previous procedure .The results of the current injection portion are used for the thermal noise 

expressions.In the later part of the paper ,the noise resistance and the spectral intensity of voltage 

fluctuations are used to obtain the analytical expressions for the thermal noise in the full variation of applied 

voltage .The salami method is used for the thermal noise calculations.The several new results are obtained for 

the practical applications of the high field injection devices operating under single injection mode.  

The general equations characterizing the current flow and poisson’s law for high field space-charge –limited 

single injection current flow in insulator with distributed shallow traps are given by 

 J=eµ(E)n(x)E(x)                      ..  (1) 

  =(n-  +( )                      ..   (2) 

=                 ..  (3) 

Where, is the density  of states per unit energy range ,E is the energy ,  is the number of trapping states 

at energy level  ,  is the energy of the maximum of trap distribution ,  is the characteristic temperature 

and it is constant of the trap distribution .The equation (3) represents a sharp distribution for T  and it 

designates a diffuse of traps in energy for  is greater than T. 

 

II. REGIONAL APPROXIMATION SCHEME 

III. At appropriate injection level of currents, the insulator is divided into four separate regions with the 

help of imaginary transition planes as where the regional approximation method is applied to the given 

problem.the three regions are described as 

:Region-I  01 )(:)0( nnxnxx t        perfect insulator region 

  
2/1)]()[( xEExneJ co           … (4) 

http://www.ijrar.org/


© 2018 IJRAR January 2019, Volume 06, Issue 1                        www.ijrar.org  (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR19J1168 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 241 
 

  n
dx

dE

e



                        … (5) 

FIG 2.2 : SCHEMATIC ENERGY BAND DIAGRAM FOR THE CURRENT 

INJECTION INTO AN INSULATOR WITH SHALLOW TRAPS AT 

HIGH  FIELDS
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Where L is the device length.The continuity of the field strength is valid through out the insulator. It is given 

at the two imaginary transition planes as 

  )()( 11


 xx  ,       )()( 22


 xx ,   … (12) 

where the electric field strength E( ) and E( ) are the values when the imaginary transition planes X1 

and X2  approach from the left and  E( ) and E( )  are the field strength approach to the imaginary 

transition planes X1 and X2  from the right side.  The imaginary transition plane divides the region-II into two 

sub-regions aThree sets of the  critical currents and critical voltages are present in the complete current-

voltage characteristic of the insulator. These critical values are defined as  
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where,  n(x) =  kTExFN c /})({exp     ,   

 kTEFNn coco /)(exp      ..(15) 

 kTEENN ctc /)(exp    ..(16) 
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  III  ELECTRIC FIELD DISTRIBUTION AND CRITICAL PARAMETERS 

 The distribution of the  electric field strength is derived with the help of general equations of different 

regions as given below: which are very slowly varying functions of the current because they depend on  of the 

factor J2/3. The distance of imaginary transition plane   from the cathode is derived 
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which shows that the imaginary transition plane is shifted rapidly towards the anode with the increase of 

injection level of currents. The applied voltage across the different regions present inside the insulator is 

drived with the help of the electric field strength .the voltage across the region I  derived from the equations 
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The critical voltage corresponds to the critical current   when the imaginary transition plane  approaches to the 

anode.   

The complete thermal noise characteristic of steady state space-charge-limited current flow in insulator with 

distributed shallow traps at high fields is estimated in the full variation of applied voltage as describe.  

3.1Thermal Noise in True Ohm's Regime  

In the starting of the complete thermal noise characteristic of the insulator, the injection level of current is very 

low and the  entire insulator has very small amount of injected free carriers. It gives only the region III situated 

inside the insulator because the contributions of other regions are negligibly small. The thermal noise is 

contributed by the scattering of thermal free carriers which is the main source for the current and voltage 

fluctuations. The other regions contribute negligible amount because the imaginary transition planes are very 

close to cathode . The random       fluctuations caused by the other current carriers are negligibly small.  The 

noise resistance of small sections of the  insulator operating under true Ohm's regime at high fields 

as 
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which depends on the injection level of currents. The mean square noise emf of this regime is evaluated from the 

equation  in terms of the physical parameters as 

   fkTRt  4             
2/1

222

4














AEne

kTJL

coo
.                         … (30) 

The injected space charge increases  sufficiently to compensate the ohmic conduction inside the  insulator. As a 

matter of fact, the true Ohm's regime is terminated gradually from the insulator.  There is no fixed hallmark for 

this situation. 
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3.2 Thermal Noise in Ohmic Regime  1,crJJ    

 The four regions contribute to the total noise resistance of the  insulator operating under high field  regime. The 

results derived in the current injection portion of the problem are applied to calculate the thermal noise of this 

regime. The noise resistance of different regions is calculated as described below: 

                  IIIIIbIIaIO RRRRR    ..(31) 
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The ohmic noise regime is terminated at the first critical  current , first critical voltage  and first critical noise 

resistance  at which the imaginary transition plane  approaches to the anode and the region III disappears from 

the insulator. The contribution of ohmic conduction mechanism to the total thermal noise is reduced greatly at the 

first critical current  and the entire insulator operates under the space charge conditions. 

3.3 Thermal  Noise at First Critical Current   1,crJJ    

The first critical noise resistance   is observed in the    insulator when the applied voltage across the insulator 

is equal to the first critical voltage The expression for the first critical    resistance   is evaluated from the 

equations  
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The total noise resistance of the insulator in the shallow 

trap regime 
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3.4 Thermal Noise in Shallow Trap Regime  abcracr JJJ ,,    

The thermal noise mechanism for the shallow trap regime of insulator at high fields is affected by the 

concentration of the excess charge and trapped  carriers. The random fluctuations are reduced with the increase 

of space charge and trapped carriers. The contribution by the ohmic conduction to the total thermal noise in the 

sample is negligibly small. Because, the region III is absent from the insulator. The  equation  may be written in 

a convenient form as 
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which represent that the presence of trapping states influence greatly the thermal noise generated in the shallow 

trap regime and it is done mainly by the physical parameter NT and l.The spectral intensity of voltage 

fluctuations of the steady state space-charge-limited single injection current flow in insulator with distributed 

shallow traps operating under shallow trap regime at high fields is given by 

 

 

 




























14

4

)12/()14(

22

23

2

3

2

ll

ST

d
J

c
JbJakT

RTkfS•
ST                                                                            

                ffSv
STvST 

  …(39)
 

              fkTRST 4  

             
  2/1

)12/()14(

22

23

2

3

24






















 ll

d
J

c
JbJakT

  … (40) 

The shallow trap noise regime is greatly affected by the   distributed shallow traps and this effect is present in 

the thermal noise expression  in the form of the characteristic  parameter l of the distributed trapping states. 

This regime is terminated from the insulator at the middle critical current.  

3.5Thermal Noise at Middle Critical Current   abcrJJ ,   

The imaginary transition plane approaches to the anode for the sufficient increase of injection level of currents. 

The only two regions are present inside the insulator  to influence the current flow and thermal noise. 

Corresponding to the critical current   and critical voltage  the critical noise resistance  is derived from the 

equation  as 
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The spectral  intensity of voltage fluctuations and mean square noise emf of the trap -filled- limit  regime of the 

insulator at high fielda as 
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The critical spectral intensity of voltage fluctuations and the mean square noise emf at the critical current  are 

evaluated from the         equations  
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 the shallow trap regime is terminated from the insulator at the critical current. 

3.6  Thermal Noise in Trap-Filled-Limit Regime  2,, crabcr JJJ   

 The imaginary transition plane is sufficiently away from the electrodes. The space charge and trapping effects are 

present to influence the thermal noise mechanism of this regime in which the trapping states are gradually filled 
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with  electrons with the increase of injection level of currents. The total noise resistance of the steady state space-

charge-limited single injection current flow in insulator with distributed shallow traps operating under trap-filled-

limit regime at high fields is given by 

IIaITFL RRR 
  ..(45) 

          
IIa

Tco

R
ANEe

J





5245

3

5

2


              

  

TFLR

   ANEe

J

Tco

5245

3

45

2





JA

LeN

AENe

JL T

cTo



23

2

222  

Which may also be written in the following convenientfor  
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 3.7 Thermal Noise at the Second Critical Current   2,crJJ    

All the trapping states of the insulator are completely filled with electrons at the second critical current  and 

second critical voltage .This is the second critical point on the complete thermal noise characteristic at which the 

second critical noise  resistance is derived from the equation with as 
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which are constants of the injection device at high fields and the trap-filled-limit regime is terminated from the 

insulator at . 2,crJJ    

  3.8 Thermal Noise in the Trap-Free Regime   2,crJJ    

All the trapping states are filled with electrons with the onset of the trap-free regime inside the insulator. It occurs 

at sufficiently high injection level of currents and the region I is only present in the insulator. The injected space 

charge is dominant in this regime and the space charge noise suppression effects are observed throughout the 

trap-free regime. The   expression for the noise resistance of the steady state space -charge- limited  single 

injection current flow in insulator  with distributed shallow traps operating under trap-free regime at high fields 

as    
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where  
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The equation  represents that the thermal noise is     inversely proportional to the current density passing through 

the sample and the presence of space charge suppresses.The spectral intensity of voltage fluctuations and mean 

square noise emf of thetrap-free regime at high fields are derived from the equation 
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 t

he thermal noise is suppressed very slowly with the increase of injection level of currents throughout the trap-

free regime of the insulator with  distributed shallow traps at high fields. 

 

IV. DISCUSSION AND CONCLUSIONS 

The present paper  is devoted for the high field transport and thermal noise behaviour of the steady state space 

- charge- limited single injection current flow in insulator with distributed shallow traps. The current injection 

and thermal noise portions are developed with the help of the regional approximation and salami methods. 

The results of current injection portion are applied to the thermal noise calculations in the complete current-

voltage characteristic which is divided into eight situations of the current-voltage regime which are well 

characterized by the  corresponding physical conditions of the insulator. These conditions depend mainly on 

the injection level of currents. The entire high field transport of the insulator with the variation of the full 

applied voltage is the admixture of the effects of space charge, trapping and ohmic conductions. 

The present problem is more generalized due to the fact that a wide range of the distributed shallow traps is 

considered to  influence the high field conduction mechanism. The boundary  conditions for the current 

injection are usual as considered in  several problems.The trapping effects depend mainly on the physical 

parameter l which is characterized the trap distribution and the thermal noise behaviour is affected mainly in 

the middle span of the complete thermal noise characteristic.The regional approximation method is used to the 

current    injection problem which is divided into five current-voltage regimes as given below: 

a. Pure Ohm's law regime , 

b.  Ohmic regime 

c. Shallow trap regime, 

d. Trap-filled-limit regime and  

e. Space-charge-limited trap-free regime.  

The thermal noise expressions of the current injection problem at high fields are evaluated in terms of the 

noise resistance, spectral intensity of voltage fluctuations and mean square noise emf of the single injection 

current flow in insulator with distributed shallow traps at high fields. The complete thermal noise 

characteristic is mainly affected by the distributed shallow traps and the high field mobility regime. The 

scattering of the current carriers with the  lattice provides the main source of thermal noise which is generally 

present in all parts of the insulator at all injection level of currents operating under high field regime. The 

different physical parameters dominate in the different regions of the insulator at different injection of level of 

currents. The thermal noise studies give the important results mainly at high injection level of currents. The 

thermal noise is suppressed slowly and gradually in the perfect trap-free regime due to the sufficient increase 

of injected space charge which dominates over the trapping and ohmic effects. There is a high suppression 

effect of the space charge in the trap-free regime. The single injection devices derived from the insulator 

operating under high field regime have practical utility mainly in the space charge mode. The thermal noise 

suppression effect is observed through the analytical expressions of the injection problem under high field 

effects. Therefore, it may be concluded by the present study that the thermal noise in insulator with distributed 

shallow traps at high field is significantly dependent on the effects of the high field carrier mobility, thermal 

free carriers, trapping states, distribution of traps and injected space charge. 
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