TeHAeHHI/II/I Pa3BUTUSL (l)I/I3I/IKI/I KOHACHCMPOBAHHBIX CpeJ

Cexnns «@PHU3NKA KOHICHCHPOBAHHBIX cpem»

METAL SEMICONDUCTOR JUNCTION SCHOTTKY BARRIER
Muminov Islombek Arabboyevich, Axmedov Aloviddin Nomonjon ugli, Karimova
Gulhayo, Mirzayeva Xadichaxon Mo‘sajon qizi.
Fergana State University

Annotation: The Schottky barrier diode, formed by the metal-semiconductor junction,
exhibits non-linear diode characteristics and offers rapid response due to unipolar carrier transport.
In an ideal Schottky barrier, the height of the barrier is determined by the difference between the
semiconductor’s conduction band and the metal’s Fermi level. This research provides insights into
the behavior of the Schottky barrier diode, paving the way for applications in fast-switching
electronics.
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The metal-semiconductor junction can result in a junction that has non-linear diode
characteristics similar to those of the p-n diode except that for many applications it has a much faster
response since carrier transport is unipolar. Such a junction is called a Schottky barrier diode.

The working of the Schottky diode depends upon how the metal-semiconductor junction
behaves in response to external bias. Let us pursue the approximation we used for the p-n junction
and examine the band profile of a metal and a semiconductor. A metal semiconductor structure is
shown in figure 1.1a. In figure 1.1b and figure 1.1c the band profiles of a metal and a semiconductor
are shown. Figure 1.1b shows that the band profile and Fermi level positions when the metal is away
from the semiconductor. In figure 1.1c the metal and the semiconductor are in contact. The Fermi
level Er,, in the metal lies in the band, as shown. Also shown is the work function e¢,,. In the
semiconductor, we show the vacuum level along with the position of the Fermi level Eg in the
semiconductor, the electron affinity, and the work function.

We will assume an ideal surface for the Scrorrky MeraL n Si pSi n GaAs
semiconductor in the first calculation. Later we will  Ajuminum. Al 0.7 0.8
examine the effect of surface defects. We will assume =~
i . . Titanium, Ti 0.5 0.61
that ¢,,, > @, so that the Fermi level in the metal is at
. . . Tungsten, W 0.67
a lower position than in the semiconductor. Table 5.2:
Schottky barrier heights (in volts) for several metals ©°'d- A e 025 09
on n-and p-type semiconductors. This condition Silver. Ag 0.88
leads to an n type Schottky barrier. When the junction  Platinum, Pt 0.86
between the two systems is formed, the Fermi levels pis; 0.85 0.2
should line up at the junction and remain flat in the  ;g;_ 07 045

absence of any current, as shown in figure 1.1c. At
the junction, the vacuum energy levels of the metal side and semiconductor side must be the same.
To ensure the continuity of the vacuum level and align the Fermi levels. Electrons move out from the
semiconductor side to the metal side.

As electrons move to the metal side, they leave behind positively charged fixed dopants, and
a dipole region is produced in the same way as for the p-n diode. In the ideal Schottky barrier with
no band gap defect levels, the height of the barrier at the semiconductor-metal junction (figure 1.1c),
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is defined as the difference between the semiconductor conduction band at the junction and the metal
Fermi level. This barrier is given by (see figure 1.1c)

ePy = ePm — eXs 1)
The electrons coming from the semiconductor into the metal face a barrier denoted by eV,,; as shown
in figure 1.1c. The potential eV}; is called the built-in potential of the junction and is given by

eV = —(epm — ews) (2)
It is possible to have a barrier for hole transport if ¢,,, < ¢,. In figure 1. we show the case of a metal-
p-type semiconductor junction where we choose a metal so that ¢,, < ¢,. In this case, at equilibrium
the electrons are injected from the metal to the semiconductor, causing a negative charge on the
semiconductor side.

The bands are bent once again and a barrier is created for hole transport. The height of the

barrier seen by the holes in the semiconductor is

eVp = eps — epy, 3
The Schottky barrier height for n-or p-type semiconductors depends upon the metal and the
semiconductor properties. This is true for an ideal case.
It is found experimentally that the Schottky barrier height is often independent of the metal employed,
as can be seen from table 5.2. This can be understood qualitatively in terms of a model based upon

O > Os n-type
Metal T— -—;—T— <— Vacuum energy
| - I/ = = €¢5 E’:fs
n-type or p-type Oy 1 — Ec
semiconductor EFg
EFm
FX_; El-‘
T f Metal n-semiconductor
—_— . II.
€ ¢m £’¢b Om 7 05 = Vi -
[ L b)
Erm Fs = non ideal surfaces. In this model the metal-semiconductor

interface has a distribution of interface states that may arise

¥ from the presence of chemical defects from exposure to air or
E, broken bonds, etc. Figure 5.2: (a) A schematic of a metal-

(_WA semiconductor junction. (b) The various important energy
levels in the metal and the semiconductor with respect to the

vacuum level. (c) The junction potential produced when the metal and semiconductor are brought
together. Due to the built-in potential at the junction, a depletion region of width W is created. We
have seen in chapter 3 that defects can create bandgap states in a semiconductor. Surface defects can
create ~ 1013sm~2defects if there is 1 in 10 defects at the surface. Surface defects lead to a

distribution of electronic levels in the bandgap at the interface, as shown in figure 5.4. The distribution
may be characterized by a neutral level ¢, having the property that states below it are neutral if filled
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and above it are neutral if empty. If the density of bandgap states near ¢, is very large, then addition
or depletion of electrons to the semiconductor can not alter the Fermi level position at the surface
without large changes in surface charges (beyond the numbers demanded by charge neutrality
considerations). Thus, the Fermi level is said to be pinned. In this case, as shown in figure 5.4, the

Schottky barrier T height is and is almost
independent  of the metal used.
epp = Eg — W =Fe=to €Po
4L— , E, (4)
EF.IH ; N Lbo ____________ ELFs
\ Defect levels in the bandgap
E,
T *—T_ Eyae E
=3 L {?tbg "_JIS
et p-semiconductor
m E ..
Metal
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Figure 5.3: A schematic of the ideal p-type Schottky barrier formation. (a) The positions of the energy
levels in the metal and the semiconductor; (b) the junction potential and the depletion width. The
model discussed above provides a qualitative understanding of the Schottky barrier heights. However,
the detailed mechanism of the interface state formation and Fermi level pinning is quite complex. In
table 5.2 we show Schottky barrier heights for some common metal-semiconductor combinations. In
some materials such as GaN and AlGaN,the surface retains its ideal behavior and the Schottky barrier
is indeed controlled by the metal work function. Figure 5.4: Interface states at a real metal-
semiconductor interface. A neutral level ¢, is defined so that the interface states above ¢, are neutral

if they are empty and those below ¢,.
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KBAHT YPAJIU TETEPOCTPYKTYPAJIAPJIA UKKH YJIYOBJIA
KOMBUHALUSAJTAHI'AH XOJIATJIAP 3UYJIMT UHUHI' ®OTOHHHUHI IOTYBUYHN
IHEPI'USICUT'A BOFJIUKJINT U
npog. Ipkaodoes Y.H., maanu ooxkmopanm Caituooe H.A., manaba Faipamos C.H.

KBanT ypamapm acocumard aHWK TYFPHCOXAIH TE€TEPOCTPYKTypaslap y4UyH KBaHTJIOBUH
MarHuT MaWJOHHWJA WKKWA YIYOBIM KOMOWHAIMSUIAHTAaH XoJIaTiap 3WWIMTHHUHT XapopaTra
OOFNIMKJIUTHHU KYpHUO YHKAMMH3. [1] wiamui-TanKuKOT uWIIKMAA, KaTUHIUTA 14 HM, TYCHUK
Katnamiiapuaa osruHa (3%) amomuuil apanamras, GaAs/AlGaAs kBaHT ypanu, 0KOpU cudaTiu
TeTePOCTPYKTypajap TaAKUK KWJIUHTaH. YOy rerepocTpykrypanap 4K xapoparnma ypranuiaras.
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