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Thermal Noise Behavior In Single Injection Solid
State Diode With Distributed Shallow Traps
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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,

. 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=ep(E)n(x)E(x) L)
dE
— =(n-ng) +(M,_N.p) L@
— E‘-TPEE—ErL"J{I'
Ne=No {exp [(E—E ) /kT 1+ 1) . (3)

Where, Nzis the density of states per unit energy range ,E is the energy ,N; is the number of trapping states
at energy level E, | E, is the energy of the maximum of trap distribution ,T, is the characteristic temperature
and it is constant of the trap distribution .The equation (3) represents a sharp distribution for T< T, and it

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

II. REGIONAL APPROXIMATION SCHEME
II. 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 (0<x<X): n(X)>>n, >>n, perfect insulator region

J =eu n(X)[E.E(X)]"? o (4)
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Region-II (X, £ X< X,): N, (X) >>n(X) >>n,, Trapped charge region

J=eynEEXF?, )
e dE

E&_n‘(x)’ . (8
N(xz)=nNg - (9)

Region-III (X, <X<L) n, >>n(x), Ohmic region

J=eun[E.EX]'*, ..o
e dE

==—==0,

e dx ()

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

E(¢)=E(q), E(x)=E(X), .02
where the electric field strength E(x; ) and E(x, ) are the values when the imaginary transition planes x;
and x, approach from the left and E(x;) and E(x,") are the field strength approach to the imaginary
transition planes x; and X,, 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

Xz(‘]cr,l) =L ) Xa,b (‘]cr,ab) = L, no = Nc exp[(Fo - Ec)/kT] ..(15)
Xl(‘Jcr,Z) =L , N = Nc exp[(Et - Ec)/kT] ..(16)
X2 (\/Cl’,l) = L’ Xa,b cr,ab) =L ’ Xl(\/cr,Z) =L And, | :% .

F exp[(E—-E,)/kT,]dE )
o {exp[(E~E)/KT]+1f "

n (=N,

_ 1 ~ 1
=N {(n0 INY' +1  [n(x)/N]J"" +J’ ..(14)

where, n(x) =N eXIO[{F(X) -E.}/ kT] ,
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IIT 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

22 (17) 20 +1)e*p,’n, 2E,N, LBV |
X = —— | > ...(17 _ +1)e " u, n, E.N;
' |:363/’102ECNT3:| ‘]cr,l - ( 2| j c ’ (20)
2 1/2
N, >Ny - €3° ..(18) 3% °N.°E. L
T a,b 93/102N2NTEC ‘]cr,2 = 02—6” , ..(21)
_(_2 eJ? ..(19) 1/2
§ _(2' +1] LsﬂoznozBl”EcNJ J _[esﬂoz”ozNTEc'-} ) (22)
crab T 2
eB

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

X1 e 21 +1)* eN, L’
v, = [ E(x) dx _3(_ 3 v - d rL gl .(25)
' -[0 9 S[ZEyOECUZJ o To2(4+1) e >
2¢J*
5e° 1, ' E.°N,° v 9N L
v b:eNTLZ (23) t10e (26)
=y
J4
=— 462 — ...(24)
2% 1, *E.*N*N;

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 (J <« ., )

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

JAX 4kTJL
as AR=— > (2 S, (f)=4kTR j=— 1 (29)
e’u,’n, E A &7 () “ %%, E, A
JL

B S .. (28)
e’ u,’n,"E A

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

v, = JAKTR,AT {w} . (30)

eu,’n*E A

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 (0<3)

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:

Ro =R, +R,, + Rllb +Ry .

lla

_2 el® N el® +
5e°u,"'E°N;°A  2e°u ‘E’N*N; A

2| c J3 1 _1}[(4”1)/(2”1)] .
(4|+1) es,quEczNANTA B[(2|+1)/|] 2

J L_( 2l ) eJ’B"
eZIuOZnOZECA 2I+1 eafuoanZEcNT

g - S 2 1 _(2|)B-1“+
e, 'E°A| BNy 2N'N;  (21+1)n*N;

( 2l j 1 {( B[—(2|+1)/I]_i )[(4|+1)/(2|+1)]_1 }]

4
21+1)N*N; 2l (32)

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 (9=3.2)
The first critical noise resistance is observed in the R, ; insulator when the applied voltage across the insulator

is equal to the first critical voltage V,,. ; The expression for the first critical resistance E_,.; is evaluated from the

equations
_Vera ~ Vea The total noise resistance of the insulator in the shallow
crl T -
Icr,l ‘]cr,lA trap regime
1] @0+2f NFLglones | (33)
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(34)
3.4 Thermal Noise in Shallow Trap Regime (J ara <J < Jcr’ab)

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

. [2/(21+)] [21/(2141)]
a convenient formas _, 1 J L [ 21+1\eNyx 1 J? dx
"™ JA| e, E"°N w2 ) e 2| e*u,’NE,
-(35)
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1
d,=—, .(38

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 N and LThe 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

1/2

-Svg(f )= 4KTR [(a1+1) 1(2141)]
:4kT|:a2J3 +b2J3{C—2—d2} } - (40)
JZ

c [(a142)/(2141)]
= 4kT| a,d° +b,d3] 2 —d, -1
J

2

Vgr = /SVSTif JAF (39
= /4KTRs; Af

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 [ of the distributed trapping states.
This regime is terminated from the insulator at the middle critical current.

3.5Thermal Noise at Middle Critical Current (9=30)

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

Rcr,ab = [RI + RIla] atJ=J ap “(41)

42 2
[Rlla]atJ:J :L % L*- 4no . + Laat (L _X1)
e A‘]cr,ab 26 9NTAB4 3ez/uozNzEc

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

insulator at high fielda as

=4KkT

(a,d°+b,J +% ) > .. (47) VTR =\/W
={4kT(aSJ3+b3J +CJ3JM}}M , .. (48)

_ eN;L?
cr,ab T 23

R
A

cr,ab

.(42)

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

evaluated from the equations
2 - 2
S, (f)|=4KTR, , = 2Tl Verab = JAKTR, pAf = [ZKTeN Ly
Ver,ab r.a 2 c J cr.ab A € ‘] cr,ab

the shallow trap regime is terminated from the insulator at the critical current.
3.6 Thermal Noise in Trap-Filled-Limit Regime (Tom < <Jurr)

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

_ 3 eN, L2
RTFL —_ RI + R“a ”(45) RTFL = 3% + - 2\]L . + T
2e s 45e°u*E’NPA 3e%u, "N "E,A 2€JA
(S
=}
50°.,*E.°N,°A

Which may also be written in the following convenientfor

C
R,.=a,J°+bJ +T3, ..(46)
asz_i;’bsz%’ C3:ENTL2‘
4554, 'E*N;°A 3?1, "N, E A 2eA

3.7 Thermal Noise at the Second Critical Current (0=92)

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

2/3 3 1/2
_ 3 1 (3 Jcr,2 ] L5/3 — 4kT { 27L }

ch_gJ A

oA 2 € B 50 eu,’N, E, A
o v " ... (49) o AkTD Af
_{SOEepDZNTECAZ} Ver2 = 4I<TRcr,2Af
1/2 1/2
[SVM(f)J:4kTRcr’2 |4kt 271° ’Af ... (50)
50e e 1,” N, E,A?

which are constants of the injection device at high fields and the trap-filled-limit regime is terminated from the

insulator at . J = Jer2

3.8 Thermal Noise in the Trap-Free Regime (0>3..)

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
2/3
Rc _§ 1 § ‘]cr,2 2/3|_5/3 a4 :§ §# L/S ’
?757,,Al 2y E 5(2euE ") A
21U "
150 ceu,’N, E, A2
where

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

J2/3

1/2
|_SVS (f)J:4kTRS =4KT Jal‘}3 , e (51) Ve = JAKTRAT :{4kTiAf} ,  ..(52)
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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 [ 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:

Pure Ohm's law regime ,

Ohmic regime

Shallow trap regime,

Trap-filled-limit regime and

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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V. INDENTATIONS AND EQUATIONS

The first paragraph under each heading or subheading should be flush left, and subsequent paragraphs should have a
five-space indentation. A colon is inserted before an equation is presented, but there is no punctuation following the equation.
All equations are numbered and referred to in the text solely by a number enclosed in a round bracket (i.e., (3) reads as "equation
3"). Ensure that any miscellaneous numbering system you use in your paper cannot be confused with a reference [4] or an
equation (3) designation.

V. FIGURES AND TABLES

To ensure a high-quality product, diagrams and lettering MUST be either computer-drafted or drawn using India ink.

Figure captions appear below the figure, are flush left, and are in lower case letters. When referring to a figure in the
body of the text, the abbreviation "Fig." is used. Figures should be numbered in the order they appear in the text.
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