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Modeling of semiconductor carrier transport properties based on the drift-
diffusion model is one of emerging activity of computational electronics.
The p-n junction between materials with different type of conductivity can
set up an internal electric field, which is responsible for separation of charge
pairs electron and hole. The distribution of electric field in the depletion
layer can be obtained by solution of Poisson's equation. Although this equa-
tion does not appear to have an analytical solution, numerical treatment of-
fers a deeper comprehension of the structure, achieving a complete control
on the various parameters and defining their role in the device operation.
The molybdenum dichalcogenides belong to the large family of layered tran-
sition metal dichalcogenides whose crystal structure from the stacking of
sheets of hexagonally packed atoms.
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1. Molecular structure

The bulk Mo5; has a hexagonal and the space group of unit cell is
P63mmc(196). The experimental lattice parameter and the a/c are
3.160A and 12.294A.
The crystal structure
of MoX; consist of a
Mo atom layer sand-
wiched between two S
layers in a trigonal-

Figure 1. 3D structure of . .
B prismatic arrangement.

trigonal-prism  coordinated
unit cell.
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11. Calculation Method

First-principles total energy calculations using the Plane Wave self-
consistent field (PWscf) method. Wave function plane waves up to a ki-
netic energy cutoff of 30 Ry Charge density plane waves up to a kinetic
energy cutoff of 450 Ry Perdew Wang -91 (PWO91) type of exchange
correlation functional Ultrasoft pseudopotentails for ionic potentials 4 x
4 x1 supercell, 2 x 2 x1 Monkhort — Pack mesh for k-point in bulk and
monolayer(ML) respectively Electronic occupation -Gaussian distribu-
tion with an electronic temperature of KT=0.001 Ry Optimazition until
forces are less than 0.05 eV/A

III. Pure MoS;

The Mo5; unit cell to multiple 4:4:1 scale has created a tier 48 atomic
structure. Chemical structure simple molecular lattice is simulated by a
program called a Vesta.

1IV. N and p type Mo5;

Wechoosebinaryinorganiccompound Molybdenym disulfide[ Mo55],
with the substitutional nitrogen[N], and flourine[F] doping.

L]

V. p-n type M o5
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Figure 2. 48 atom with ~ Figure 3. Pure MoS,; of

mono layered density of states. The

MoS; structure. vertical dashed line is
Fermi level.
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Figure 4. The 2D F & N doped MoS, structure.
Figure 4[a]. F doped MoS, and Figure 4[B]. N
doped MoS,

We implemented the GPU-based calculation diode IV characteristic
of p-n junction based the MoS5;. To calculate density of state we used

Quantum espresso run on the CPU.

Band gap (eV)

Pure MoS, 1.769 eV
F doped MoS; 1.7eV
N doped MoS, 1.65 eV
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Figure 6. The Figure 7. Density
positions of H of states of F & N
and V vacancy in doped MoS,

F & N doped

MoS,

VI. MoS2 p-n junction I(V) characteristic
If we give V potential in p-n junction electrochemical potential dif-
ference will be pl-p; — 1, = qV. Density of state will be increased from

the external voltage influence (Figure 3. Graph of density of state) there-
for change will be occurring in the density of electron charge.
Q D T -
Jo(no) = = 7 " Pao(ee/ 5T — 1)
We took three parameters: diffusion length Lp, external voltage Va to
change the value in determining range to end the I(V) characteristic of p-
n junction. This work allows calculating the current simulation in the

accuracy of nanometer scale.
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Figure 8. I(V) characteristic of p-n junction
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Summary

N doped Mo5; and F doped Mo5; of graph of density of states energy level
relation. N and F doped Me5;p — n junction semiconductor diode. From the
view of graph it is V b"" is 0.4V and it is same us a general curve od diode cha-
racteristic.
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MoenrpoBaHie TPaHCIIOPTHBIX CBOMCTB TOIYNPOBOAHMKOBOIO HOCHTENSI Ha
OCHOBe Mojzienu apeiida-nuddy3un sBisieTcss OXHUM U3 MEPEIOBBIX B BEIYMCIH-
TEJIbHOM AJIEKTPOHHUKE. P-n repexoy Mex 1y MaTepHaiaMy ¢ pa3IMdHbIM THIIOM
TIPOBO/IMMOCTH MOJKET CO3/1aTh BHYTPEHHEE AJIEKTPUIECKOE IOJIe, KOTOpPOe OT-
BEYaer 3a paszielieHHe Tap 3aps/ioB IEKTPOHa U JIBIPKH. Pacripenenenne amek-
TPUYECKOr0 MOJISI B 00ETHEHHOM CJIO€ MOJKET OBITh IMOIYYEHO MyTEM PELICHHs
ypaBHeHus1 [Tyaccona. XoTs 3T0 ypaBHEHHE HE UMEET aHAIUTHYECKOro perlie-
HMSI, YUCIIEHHOE PEIlIeHHe TpepiaraeT 6osee ry0oKoe MOHUMaHK|e CTPYKTYPBI,
JIOCTHTAET TOJHOTO KOHTPOJIS HAJl Pa3IMYHBIMH TapaMeTpaMH M ONpeiessieT
POJIb 3TUX HapamMeTpoB B Tporiecce paboThl ycTpoiictBa. MonibaeHoBbIe TH-
XaJIBKOTEHHUbI PHHAJIEKAT K OONBIIOMY CEMEHUCTBY CIIOMCTBIX MEPEXOIHBIX
METAJJIOB IMXaJbKOT€HUIIOB, KPHCTAUIMYECKash CTPYKTypa KOTOPBIX HMMEeTr
LIECTHYTOJIFHYIO YIIaKOBKY aTOMOB.

Kniouesvie cnosa: mopenupoBaHue, CTPYKTypa, TPaHCIIOPTHBIE CBOMCTBA,
pemeTku
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