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Abstract

In this paper we analyzed changing of velocity of transport of charge carriers with changing of it's conditions. We
formulate recommendations for changing of conditions of the transport to obtain required value of the considered
velocity.
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1| Introduction

Manufacturing of new types of micro- and nanoelectronic devices and optimization of existing one is the
basis to manufacturing of new integral circuits. Both during manufacturing of new types micro and
nanoelectronic devices and during optimization of existing one it is necessary to analyze processes, which are
existing during manufacturing of the considered devices and during their functioning [1-9]. One of actual
points during functioning of the considered devices is analysis of velocity of movement of charge carriers. In

this paper we consider of the considered velocity under influence of changing of conditions of their transport.
2| Method of Solution

Let us describe spatiotemporal distributions of concentrations of charge carriers in the p-n-junction by the
following system of equations
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Here p (x,t) (p = n, p) are the spatiotemporal (x is the coordinate, t is the time) distributions of concentrations
of electrons (for p = n) and holes (for p = p); po are the equilibrium distributions of charge cartiers; D, are
the diffusion coefficients of charge carriers; [, are the mobilities of chatrge catriers; @ (x,t) is the distribution

of potential in area of space charge; @n(x,t) is the potential barrier of heterojunction (now we consider, that
we can neglect by quantum effects); G is the velocity of generation of electron-hole pairs; kqp is the parameter
of recombination. Boundary and initial conditions for the system of Eg. (7) could be written as

n (Lot = 0a(0, 0 CLpt) = 1p(0, P (Lt = pa(®), p CLpt) = Po(D), 0 (%0) = no(), p (%0) 5y
= po(%).
Let us determine distribution of potential in area of space charge as solution of the following Poisson equation

[4]

o (p(x,t):eNa(x,t)—Nd(x,t) 3)

ox’ €€,

where Na (x,t) and Na (x,t) are the spatiotemporal distributions of acceptor and donor dopants, respectively;
e is the elementary charge; € is the electric inductivity of materials; €0+8,85- 10-12 F/m is the dielectric constant.

Boundary conditions for the Poisson equation could be written as

¢ (Lnt) = ot U(D),  (-Lpt) = U(L), “)

where U(t) is the applied difference of potentials.
Farther let us consider single-cartier ionization, when Na (x,t) = p (xt) and Na (x,t) = n (x,t). In this situation

0’0 (x,t) ep(x,t)—n(x,t)

2
0x €€,

One can obtain solution of the above equation with boundary Conditions (4) in the following form

L

? ()=, +U()+ +LLnn (pk+U(t)—§:[ (L, =v)[p(wt)-n(wt)]dv -

P

n

®)

i (L, —v)[p(v.t)=n(v,t)] dv

n

To determine spatiotemporal distributions of concentrations of carriers let us transform the Egq. (7) to integral
form. The integral form of Egs. (1) Is presented in Appendix. Integral form of the Eq. (6) after accounting
the Relation (5) take the form

n(x,t)=n(x,t) +—2u.]: )Gdvdrt+ 80j)-LXJ.n(Ln—V)n(v,t)[p(v,t)—n(v,r)]
< L (6)

1
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Let us solve the system of Eg. (6) by method of averaging of functional correction [10]. Framework this
method we replace concentrations of charge carriers n (x,t) and p (x,t) on their average values o1 and op1,
which not yet known now. The replacement gives us possibility to obtain first-order approximations of the

concentrations in the following form
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Let us integrate Eg. (6) in limits from -L, to L, at coordinate and from 0 to ® at time. After the integration
we obtain system of equations for average values of charge carriers concentrations a1 1 Olp1. The system is
bulky. Therefore is presented in _Appendix. The second-order approximations of charge carriet’s
concentrations could be calculated by standard iterative procedure. Framework the iterative procedure the
replacement n (x,t) »>onz+n1 (x,t) and p (x,t)>opz+p1(xt) should be done. After the replacement in the Eg.

(6) we obtain the second-order approximations concentrations of charge carriers
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Parameters onz and op2 have been determined framework standard procedure of method of averaging of

function corrections, i.e.
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1
zajj[pz(x,t)—pl(x,t)]dxdt. ®)
00
Here p =n,p; © is time of observation on dynamics of carriers. Substitution of the first- and the second-order

approximations of carriers concentrations in the Relation (7) gives us possibility to obtain system of equations

for parameters Oz and Otp2. The system is presented in the Appendix. Solution Oz and oup2 of the system is
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Relations for the parameters bi are presented in the Appendix. Analysis of spatiotemporal distributions of
charge carriers has been done analytically by using their second-order approximation and has been amended

numerically.
3| Discussion

Velocity of movement of charge carriers has two components: heat velocity vr and drift velocity var [10].
Modulus of these components could be written as

oo PXT v —uE )

T
m
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where T is the temperature; k =1,38-10-23 J /K is the Boltzmann constant; m is the mass of charge carriers; p
is the charge carriers mobility; E is the modulus of electric field strength. Value of velocity of movement of
charge carriers decreases inversely proportional to the square root of the mass of charge carriers and increases
linearly with increasing electric field strength. The considered velocity also linearly depends on the mobility
of charge carriers. At the same time the considered mobility changing with changing of temperature.
Qualitatively the dependence can be described using the following relation [8]:

u =a-T-exp(-b-T), (10)

where a and b are the temperature-independent parameters. At high temperatures, the charge carriers mobility
is inversely proportional to the square root of the cube of temperature: pu = poT-3/2 [11]. The considered
dependence of the charge carrier velocity on temperature has a maximum value at the following temperature
value

T=JwE{Bmk . (1)

The dependences of the velocity of the charge carriers are shown in Frgs. 7-3.

1.0

0.9

0.8 1

0.7 T T

0.8 1.2 1.6 2.0
m

Fig. 1. Typical dependence of the velocity of charge carriers on their mass.

2.0

0.8 T T 1

0.8 1.2 1.6 2.0
E

Fig. 2. The typical dependence of the velocity of

charge catriers on the strength of electric field.

Similarly, the dependence of the velocity of the charge carriers on their mobility looks without taking into
account its dependence on temperature.
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Fig. 3. Typical dependence of the velocity of charge carriers on temperature.

4| Conclusion

In this paper, the analysis of changes in the speed of transport of charge carriers with changes in its conditions
is carried out. Recommendations on acceleration and deceleration of the considered transport with changing
parameters are formulated.
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Appendix
Integral form of Eg. (6)
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System of equations for parameters @z and a2 could be written as

L, L,
J. '[ =X dedt+—'|‘ (©-t) '[ (Lp 4—)()[%2+p1(x,t)—0t112 —nl(x,t)]
0 880 0 7Lp



On analysis of influence of transport of charge carriers on value of their velocity

66

oL, @ 0
x|, [anz —|—111(x,t)](Ln —x)dxdt—l'”( -X [a +n x t) dx— 1_[ j , HX [Ot
29% 2 L,

+n,(x,t) [dxdt —_([{(pk + U(t)—é? (L, —V)[oap2 +p,(v,t)—o,, —n, (V,t):l dv}

L L,

1 J‘ " (Lp +x)[0tn2 +n, (x,r)] dxdrdt +%E(®—t):[ (Lp +x){ [anz +n, (x,t)]

p n-L,
K dxdis [(0-1) [ (L 99,05 4
x[apz—l—p,(x,t)]—nopo} pdX t—l—j( —t)'[( p+x)[an2+nl(x,t)] e Ux t

0

1@Ln 1@ 0
+5Hn0( dxdt—E“no (L, +x) dxdt- j@ 6)D, (L, )n, (t)dt(L,

+ ]D (x +n xt]dxdt I LJ. X dedt+“.
1 0

s—o0

_x)[an2+nl(x,t)—no(x)] dxdt+_([(®_t)[ [“nz+n1(x,t)] aax dth*"g?L_f;))
{880£ J; u, (L, =x) [0, +0, (x,6) ][ @, +p, (x,1) =, =1, (x,1) ] dxdt+£(®

L, 1 e L,
—t):[ Gdxdt+ L+L, ‘H&( +U(t)—§'[ (L, —x)[apz +p, (x,t)—a,, -0 (x,t)]dx

]‘u [(x +1, xr dxdrdt I@ t)D, (L, )n n(t)dt—l—?(@—t)Dn(—Lp)np(t)dt

gl
E(@ t)j[ k., (Lp+x){[an2+n](x,t)}[ap2+pl(x,t)]—nopo}dxdt—‘[(@—t)ff (L, -

xGdxdt +“2(Ln =x) [0, +n,(x,t)-n,(x)] dxdt +J-(®—t)_£n i, [0, 1, (x,1)]

® L, ® 0
x—a(ph(x’t)dxdt+J.(®—t) I a&[anz —I—nl(x,t)] dxdt— J. J. L +X [n X,t)
0 -L 0-L,

X ov

+a,, —no(x)]dxdt} =0,

L

® L, .
%I(@—t)J(LH -X Gdth"'_I @ t J. L, I:a'p2 +p1(X,t)—OLn2 —-n (X’t)][anz
0 0 880 0 -L

L+x[a

L—"—-O

+n1(x,t)J(Lp+X)( —x)dxdt——j} -X [a +n, ( xt]dx—i}[



67 Pankratov | Intell. Model. Electromech. Syst. 1(1) (2024) 55-70

+n, (x,t)} dxdt—

;e e L
Ll {{U(t)—a_[p(Ln —V)|:0Lp2 +p,(v,t)—a,, —n, (V,'[):| dv

n

—Hpk}'[ i, (Lp + x)[ocn2 +n, (X,T)ded’tdt+%£(@—t).[ k., (Lp +x){ [anz +n, (X,t)]

P

®L 0 L,

x[apz—l—pl(x,tﬂ Opo}dxdt+ jj ~X) 0(x)dxdt+£(®—t)'[ (Lp+x)[og12

3 ¢, (x,t)
0Xx
oL, e L,

—I—L]O)—I—J'J.(Ln —x)[ocn2 +n, (x,t)—no(x)] dxdt—l—_([(@—t)[ [anz +n, (x,t)] aaD“ dxdt

00 X

+n, (x,t) [, dxdt—%ﬁ (L, +x) no(x)dxdt—i((ﬂ—t)Dn (L,)n, (t)dt(L,

®® t) [ D, [e,,+n,(x.t)]Jdxdt—(L, +L,) T i L —x) dedt+(L L)
+{( I o[t 4, (x.0)] Jfe-ofr
0 0

2(L, +L,)

in(G—t) J (Ln -X)M, [apz +p, (X,t)—()t112 -n, (x,t)}[mn2 +1, (x,t)] dxdt+'(|;(®

O

)I(L +X)Gdth+I{ — J. (Ln—x)[apz+pl(x,t)—an2—n1(x,t)} dx

-L,

'(i; LJL- i, [anz +n, (x,t)]dxdtdt—!(@—t)Dn (L,)n, (t)dt—l—!(@—t)np (t)

L,

xD, (—Lp) dt E(@ t) j k p(Lp +x){[an2 +n1(x,t)][ocp2 +p (x,t)}—nopo}dxdt

_LP

+'([(®—t)_£un [, +n1(x,t)]ww{ dtx—_([(@—t)f (L, —x)dedt—‘([_JL.p(Lp
[a +n,(x,t)—- ]dxdt+.”‘ —x)[anz+n1(x,t)—no(x)]dxdt+_([(®—t)

"t oD
x_‘[pa—v‘l[anz +1, (x,t)] dxdt} =0

Parameters b; are determined by the following relations
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