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ABSTRACT

When a thin p-n junction is observed, the junction region is considered to be
very thin (surface active) so that the charge carriers can pass through the main
charge flow mobility layer without recombination. This is the case £y « Ly IS
represented by the inequality, where £, - the thickness of the barrier layer and L-
diffusion length. The contacts between the semiconductor and the metal electrodes
are anti-disruptive and are located away from the junction. This ensures that any
unbalanced charge carriers are fully recombined before reaching the contacts. So we
can say that the voltage drop in the circuit is also ignored and all external potentials
are applied across the p-n junction. This article discusses this in detail.

Key words: Theory of thin p-n junction, physical properties of charge carrier,
short junction, main charge surface layer, recombination, barrier layer thickness,
diffusion length, external potential, surface recombination, excess charge carrier
concentration, linear recombination.

INTRODUCTION

Let's calculate the VAX of the p-n junction according to the thin p-n junction
theory. In order to simplify the solution of the problem, we assume the following
points.

1. The transition is so short that charge carriers pass through the volume
charge layer without recombination. This means that the thickness of the barrier
layer is much smaller than the diffusion length:

Ly < Lp. 1)
Both regions of the semiconductor are heavily doped, i.e. p,>>ni- and n,>>n;.
Therefore, the voltage drop in the sample can be neglected.
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The contacts of the semiconductor with the metal to which the external potential
difference is applied are designed to resist closure and are located so far from the
junction that unbalanced charge carriers recombine completely before reaching them.
The voltage drop in this circuit can also be neglected and all external potentials can
be assumed to be applied to the p-n input of the difference.

There is no surface recombination, and the decrease in the excess concentration
of charge carriers occurs only as a result of their recombination in the bulk of the
semiconductor, which we consider linearly.

To calculate the voltage characteristics of the p-n junction, it is important to find
the law of variation of the concentration of free charge carriers in the p- and n-fields.
To do this, it is necessary to solve the continuity equations for holes and electrons,
which have the following form:

9p _ 193 _lp,
at e dx Tp’ (2)

an 1 @311 An

T eox m (3)
We assume that the values of the coefficients, the mobilities of holes and
electrons are the same in the p- and n-spheres (in fact, this is not true).
METHODS
The total current density of holes and electrons determined by the drift and
diffusion components is equal to:
Jp = eppy€ —erz—xp}
i an (4)
I, = epu,& + BDF’E'
Here € — is the strength of the external electric field. Let's look at n fields. p —n
of electrons that are not in equilibrium with the forward bias of the entrance
n=n, + An IS the concentration. Because n- the field is heavily alloyed n, » an

because n, ~ n the drift organizer of the flow in the favor lgn;reyf diffusion organizer

Inai increases significantly, ie O3, ;> 1 will be. Therefore, n is the electron

current density in the field j™ is approximately equal to the displacement component
of the electron current:

(m) _ y(m) —

n = Indreyf —

enp, & (5)

In the new n field =, > p, and ap > p, of value equal to the concentration of
non-equilibrium holes near the p-n junction region p = p,, + Ap, and the number of
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excess holes injected mainly from area p Ap is determined by Therefore, the
diffusion component of the hole exceeds the current displacement, i.e.
]flnd:.'reyf <« ]ﬁir and ]én] = lénéif = —eDy g- (6)
(5) taking into account the continuity equation for holes in the n -section for the
steady state (3 = 0) can be written in the form.

p,B_PPn_ g (7)

2
P ax Tp

L; =D,y Using the relation, we get the following equation:
dz,ﬂp _ﬂ_p _ 0 (8)
D

The general solution of such an equation has the following form:
Ap = Ae *lp | Be*/lp 9
(x — o) when their concentration drops to zero, and the constant B must be zero.
Then
P = py +Ap = py + Ae ¥y, (10)
x = L, The concentration of unbalanced holes at the boundary of the barrier
layer is equal to:

all

p(L,) = ppekr (11)
x = £, (11) considering the from we find:
A =p, (e% — 1) efn/lp (12)

x > £, The law of variation of the concentration of unbalanced holes in the field
takes the following form:

p(x) = pn + Pn (ei_g —1)e Gty (13)
and according to (12) for the hole current we get:
jo = EDLEIJn (e% _ 1) o~ (e—Ln)Lp (14)

P
After performing similar calculations, we find that the change in the

concentration of non-equilibrium electrons in the p- field x < —£, we determine that it
is found in connection with.

el

n(x)=n, +n, (eﬁ — 1) e(x+Lp)in (15)
and the electronic component of the current has the following form:
® _ eﬂ;nnp (gi—i _ 1) o e+ £p)Ln (16)
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The sum of the electron and hole current densities in any section of the
semiconductor is constant and is expressed by the following equation:
] = ll{,p} + P = +j';{,n} = const. (17)
Since the volume charge layer is quite narrow and there is no recombination of
charge carriers inside it, the hole currents at the boundary of the p barrier layer and in
the n- regions are the same

(p) — 1)
]p _T-:=—Lp - ]p x=Lp (18)

RESULTS
Taking into account the above, the following formula can be used for the total
current density in the p-n junction:

_ ) _ @ )
I _ ]p r-c=—£p + ]n x=—£P _ ]13 x=Lp + ]n x=—£p (19)
(18) and based on (16). the current density is correspondingly equal to:
(m) _eDppy eu
Bl = ﬁ(m 1) (20)
() __eDpny, [ U
Bl = 2 (e —1) (21)
There fore, VAX is described by the equation of a short p-n transition
}:e(m—1n2+9@)(e§—3—1):js(e%—1) (22)
Ln Lp
Here J, is the saturation current density, which is defined as follows
_ _ ennp , DpPn _ 2 Pn , Dp \_ ,(%pln , Pnlp
Js =Jon + ]sp Lp + Lp e (anp + Lpnn) B( Tn + Tp ) (23)

For direct and reverse biases, the balance and excess charge carriers through
the p-n transition formed according to (22) - (23) are in the form of distribution
curves of the concentration of currents.

For direct and reverse biases, the balance and excess charge carriers through the
r-n transition formed according to (22) - (23) are in the form of distribution curves of
the concentration of currents.

The following conclusion follows from the equation (23): the current passing
through the input in the p-n direct current increases exponentially with the applied
potential difference, while the reverse current increases uniformly and reaches the
saturation current. Thus, the p-n junction has a strong rectifying effect, the better it is,
the lower the saturation current. According to (21), the Js-saturated current charge
decreases with an increase in the concentration of n, and pp, main charge carriers
(that is, pp and n decreases with an increase in the doping level of the n spheres), and
t, and 7, are the residence time of a small number of charge carriers. An increase in
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temperature leads to an increase in internal concentration n; and saturation current
density Js.

So, when the critical value of the negative voltage is reached, the saturation
current increases rapidly. Such a significant increase in current is due to the fact that
electrons and holes in a narrow layer have sufficient kinetic energy for impact
ionization of valence electrons. Free charge carriers that appear in this case, in turn,
are accelerated by the field and participate in the formation of electron-hole pairs. An
avalanche increases in the concentration of free charge carriers, as a result of which
this type of r-n transition is called an avalanche.

When an external p - n voltage is applied to the junction, the state of the
semiconductor is characterized by the quasi-Fermi levels F, and F,, and they become
unbalanced. If the external potential difference U is not very large, the excess
concentration of charge carriers will exist on the right and left sides of the transition
only at a distance of a few diffusion lengths L, and L,, and the Fermi quasi-levels in
these areas also depend on the x coordinate.

To find the change of state of the Fermi quasi-levels x =— £,. We

determine the non-equilibrium electron concentration at the point. This is found as
follows:

eU

n(—L,)=ne" = Nce{E“F”(*L”)J/kT (24)

Here F, (—L,) for electrons x= —L, quasi-Fermi level at the point. Three

n

diffusion lengths from the contact (3L,) concentration of equilibrium electrons at
distance n, is equal to and it is determined by the following relation.

E.-E,

n(3L,)=n,= Ne ¥ (25)

Substituting the value in equation (25) n, into equation (23), we write the
following equation:

F,=F,(-L,)-eU (26)

So, that's right p—» quasi-Fermi level p for electrons in the field to transition

F,(x) located at a distance. (2+3) L, raised by eU quantity E, away from the top

of the valence band (Fig. 1, a).

Therefore, it is true p—n if a tooth is formed, p - the quasi-Fermi level of the
hole in the field approaches the upper edge of the valence band and n -For electrons
in the - field, the quasi-Fermi level rises to the lower part of the conduction band.

n
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Figure 1. Quasi-Fermi level at the entrance. (a) right bend; (b) reverse bending.
Such a change in quasi-Fermi levels determines the increase in the
concentration of few charge carriers near the contact. p—n decrease in the number of
non-main charge carriers near the contact with the opposite direction of transition and
quasi-Fermi levels F, (x) andF, (x) moves away from the corresponding zones in the

areas of close contact (Fig. 2, b).
DISCUSSION
Based on (24) and (25), p—n we calculate the ratio of the electron and hole

constituents of the current density through the input as follows.
J, Jy Dinby  unly ol

n __ sn

J ‘]sp Dp P, Ln /up pan Gan

p

(27)

p—n mainly the ratio of electron and hole currents passing through the contact n
and p determined by the ratio of the concentrations of the main charge carriers in
their fields. If the doping level of both parts of the semiconductor is approximately
the same (cn ch) such p-n input injects electrons and holes equally, and the total

current density is defined by the following expression:
J=(Jg+34) (e -1) (28)
If the p -field is much more heavily doped than the n-field (cp 0 cn) in that case
J, [ Jg, current also p—n flows through the inlet. Vice versa, o, 0 o, if the
electronic component of the current gives the main share to the total current.

REFERENCES
1. Arabboyevich, M. I. (2023). MAGNIT MAYDONDAGI ELEKTRONLAR
HARAKATI, LANDAU KVANTLASHISH SHARTLARI. SUSTAINABILITY OF
EDUCATION, SOCIO-ECONOMIC SCIENCE THEORY, 1(6), 20-24.
2. Arabboyevich, M. 1., & Aljjon o’g’li, M. A. (2023). IDEAL GAZLARDA
KVANT STATISTIKASI TAHLILI. PEDAGOGICAL SCIENCES AND
TEACHING METHODS, 2(20), 235-237.

97



R Oriental Renaissance: Innovative, (E)ISSN: 2181-1784
O : educational, natural and social sciences 4(8), Sep., 2024

Research BIB / Index Copernicus WWW.0riens.uz

3. Muminov, I. A., & Muminova, M. (2023). QATTIQ JISMLARNING
KRISTALL PANJARALARI. Oriental renaissance: Innovative, educational, natural
and social sciences, 3(3), 1314-1317.

4. Arabboyevich, M. 1., & Nabijon o‘g, S. U. B. (2022). QATTIQ JISM
KRISTALLARINI O’STIRISH NAZARIYASI. Scientific Impulse, 1(3), 696-698.

5. Mo’minov, 1., & Jasurbek, T. (2022). NAZARIY MEXANIKANING
TARIXI. IJODKOR O'QITUVCHI, 2(19), 601-605.

6. Axwmenos, b. b., Mymunos, U. A., & Xommumos, X.A.Y. (2022). PASMEPHOE
KBAHTOBAHUE B HOTEHHI/IAJH)HOIZ SIME  TIPSIMOYTOJIBHOU
®OPMBELI. Oriental renaissance: Innovative, educational, natural and social
sciences, 2(Special Issue 4-2), 1032-1036.

7. Muminov, I. A.,, Axmedov, B.B.,&Maxmudov, A. A. O. G. L. (2022).
YARIMO’TKAZGICH ASOSIDAGI TURLI STRUKTURALI
NANOTRUBKALAR. Oriental renaissance: Innovative, educational, natural and
social sciences, 2(4), 517-523.

8. Baxromovich, A.B.,& Alijon o’g’li, M.A.(2022). YARIMO’TKAZGICH
ASOSIDAGI TURLI STRUKTURALI NANOTRUBKALAR Muminov Islomjon
Arabboyevich.

9. Muminov, I. A., Akhmedova, S.Y.K., Sobirjonova, D.A.K., & Khomidjonov, D.
K. U. (2021). HETEROSTRUCTURES OF ANTIMONIDE-BASED
SEMICONDUCTORS. Oriental renaissance: Innovative, educational, natural and
social sciences, 1(11), 952-959.

10. Axwmenos, b. b., & Mymunos, 1. A. (2021). YPABHEHU S HIPEJJVHI'EPA
JUI1 IBYMEPHOI'O BOJIHOBOI'O BEKTOPA. EDITOR COORDINATOR, 537.

98



