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Fig. 1. (a) Unit cell structure of monolayer IrSCl, where the
yellow atoms denote sulfur (S), the golden yellow atoms de-
note iridium (Ir), and the green atoms denote chlorine (Cl);
(b) the unit cell structure of monolayer IrSI, with the yel-
low atoms again representing sulfur (S), the golden yellow
atoms representing iridium (Ir), and the purple atoms rep-
resenting iodine (I). In both figures, the horizontal direc-
tion is defined as the positive z-axis, and the vertical direc-

tion is defined as the positive y-axis.

3.2 FEEMIGIE

1 T HF5E IeSCL A1 IeSI AL S Wi ga e vk, 7
T AR e X Rl iE & W0 0 st ¥4 5 S5/ R AT T 4%
T8l 7 2 A . B 1 O 300 K, BB Bk

217201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024)

217201

5000 2, BFEIZ N 1 fs, #RIBTREBE A 500 eV, Wi
SOR L B 10 eV. & 2(a) FIE 2(b) IR, #E
5 ps W, BIFMLA I B RER I SITE 5 eV LI,
BT RGEIRA, AR HIRIERE AR L. & 2(c) F1
Kl 2(d) 43 7% T IrSCL A IrST 7E AR 48 1 1.25,
2.5, 3.75 Fl 5 ps B} ZI 0 5 FF B . T LLE Y, 7E
5 ps WP, B I AUE A7 B R PR3, ok
KA i I HE, R AE 300 K IrSCL A
IrSI #HHA Rt BikorT1 o J1 245
SRS, FER IR AE T, IeSCLAN IeST 4B & 1 Y
45 B 2R R E T

3.3 WHRE THEURERFE

T GGA-PBE 12 R HEE, A SR T 82
IrSC1 il IrST 78 XUih N AR AE HF iR 45 #9421k,
FARLERINE 3 Fros. WIshR R A a7 Bk S

(a) IrSCl1
—506 |
—508
>
Q
~
% —510
-
I3}
a
m
—512
—514 +
0 1000 2000 3000 4000 5000
Step

s, T (VBM) A2 T T, SR (CBM) (i T
IS5 XA20, HSW e —A 554 i
VTR R AR (CBMY). fETINAS 44T, GGA-
PBE it 15 3| IrSCL #1 IrSI 4 25 4 55 BE 4 5 K
0.37 eV Fil 0.23 eV, 5 SCHER R 18 1 (0.3 eV
0.2 eV) fFEEAF 1. T GGA-PBE {Z il & ik
Al 2 T R 1 2R A T8 B, D ek B — 20 R
HSE06 {Z PR g [ BRI T TIEIE. B 4451 T
5T HSEO06 iz PR 15 /%) TrSC1 AN TrST 1) BE 7 45
¥ AEIE )G, IrSCL BB [ B A 1.58 eV, IrSI 4
1.36 eV. HSEO06 71845 K L0, P Fh#4 B REHY
HBRIRT 1 eV, BT BT
FERIR HET S, AT G S0, MR SRR 75 oK.

7 XUh % 28 VE R, IrSCL Al IrSI i A% 45 58
JEE I 07 A8 8 DR TS B /s, % T IeSCL, 24 AR
2%, 4% F 6% W}, Bt v BE 4 0l B 2 0.25, 0.14

b IrSI
_are |
—478
>
Q
~
% —480
o
[}
=}
=
482 }
484}
0 1000 2000 3000 4000 5000
Step

& 2

(a) IrSC1 Ay ATMD %54 (b) IrSI 5 ATMD 2521; (c), (d) IrSC1 Ml TrST £E4f 1.25, 2.50, 3.75 1 5.00 ps H 9 45 #4 PR 245

Fig. 2. (a) The AIMD results for IrSCI; (b) the AIMD results for IrSI; (c), (d) the structural states of IrSCl and IrSI at 1.25, 2.50,

3.75 and 5.00 ps.
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Fig. 3. Band structure under biaxial tensile strain. The top four panels are for IrSCIl, and the bottom four panels are for IrSI, with

strain ranging from 0% to 10% in 2% intervals.
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Fig. 4. Band structure of IrSC1 and IrSI based on HSE06 functional calculations: (a) IrSCI; (b) IrSI.
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Table 1.  Effective masses of IrSCl and IrSI under
biaxial strain. The effective mass of electrons is at

the CBM' point, and the effective mass of holes is at
the VBM point.
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Fig. 5. Fitting of deformation potential (DPT) and elastic modulus for IrSCI and IrSI.
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Table 2. Based on the deformation potential theory, the elastic modulus (J/m?), deformation potential (eV), and carrier
mobility (cm?/(V-s)) of monolayer IrSCI and IrSI were calculated.
Cop,z Cop,y Eh o Ee o Ey Ee y Hh,z He,z Hh,y He,y
IrSCl 114.6 167.2 3.48 2.93 7.6 14.4 168.5 112.84 407.77 161.88
IrSI 90 173.8 4.86 7.14 10.02 13.66 47.49 50.14 202.64 148.9
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Fig. 6. (a) Comparison before and after band interpolation of IrSCl; (b) comparison before and after band interpolation of IrSI;

(¢c) comparison before and after phonon spectrum interpolation of IrSCl; (d) comparison before and after phonon spectrum interpo-

lation of IrSI.
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Fig. 7. (a) Testing the depth of Wannier function interpolation; (b) testing the density of Wannier function interpolation.
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Table 3.  Calculated temperature-dependent carrier mobilities of monolayer IrSCl and IrSI by using the Boltzmann trans-

port equation.

IrSCl1 IrSI
Temperature/K
Hh,x Hh,y He,x He,y Fh,x Hh,y He,z He,y
200 49.41 520.94 18.70 244.38 36.11 354.48 11.48 125.45
250 33.86 372.70 11.29 176.83 29.55 313.42 9.59 106.41
300 26.20 299.15 7.57 141.39 25.44 286.41 8.44 94.75
350 21.80 257.10 5.44 119.99 22.58 266.34 8.63 86.15
400 18.98 230.42 4.09 105.65 20.44 250.04 6.99 79.58
450 17.00 211.99 3.18 95.26 18.73 235.97 6.45 73.77
500 15.51 198.26 2.54 87.28 17.32 223.31 5.98 68.61
550 14.34 187.32 2.07 80.89 16.11 211.64 5.56 63.96
600 13.36 178.08 1.72 75.61 15.05 200.68 5.18 59.72
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Fig. 8. Calculated temperature-dependent carrier mobilities of monolayer IrSCI and IrSI by using the Boltzmann transport equation.
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First-principles calculations of carrier mobility
in monolayer IrSCI] and IrSI’
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Abstract

Carrier mobility is a key parameter determining the response speed of charge carriers to electric fields in
nanoelectronic devices. This study aims to investigate the charge carrier transport properties of monolayer IrSCI
and IrSI. Using first-principles calculations based on density functional theory, we systematically investigate the
electronic structure and transport properties of monolayer IrSCl and IrSI. The phonon dispersion calculations
indicate that both IrSCl and IrSI exhibit no imaginary frequencies, confirming their structural stability.
Furthermore, molecular dynamics simulations demonstrate that these materials maintain thermal stability at
room temperature (300 K). The evaluation of the bandgap by using the Perdew-Burke-Ernzerhof (PBE)
functional and the hybrid HSEO06 functional shows that both IrSCl and IrSI are indirect bandgap
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semiconductors. The bandgap values for monolayer IrSCIl are 0.37 eV and 1.58 eV under the PBE functional
and the HSEO6 functional, respectively, while those for monolayer IrSI are 0.23 eV and 1.36 eV under the PBE
functional and the HSE06 functional, respectively. We further investigate the effects of biaxial tensile strain on
the bandgap. The bandgap of IrSCI and IrSI decrease with the increase of strain, respectively reaching 0.05 eV
and 0.01 eV under the PBE functional at a strain of 6%, indicating a strain-induced transition to metallic
behavior. According to deformation potential theory and the Boltzmann transport equation, we calculate the
carrier mobility for each of monolayer IrSCl and IrSI. The predicted maximum carrier mobility at room
temperature is 407.77 ¢cm?/(V-s) for monolayer IrSCl, and 202.64 cm?/(V-s) for monolayer IrSI. Additionally,
the results from the Boltzmann transport equation show that the highest mobility is 299.15 ¢cm?/(V-s) for IrSCI
and 286.41 ¢cm?/(V-s) for IrSI. These findings suggest that both IrSCl and IrSI possess favorable electronic and
transport properties, thus they have become promising candidates for future applications in the field of two-
dimensional nanoelectronic devices. Notably, the combination of a moderate bandgap and high carrier mobility
at room temperature indicates their potential applications in the fields of transistors, sensors, and other
electronic components. This study provides valuable insights into the material properties of IrSCl and IrSI,

contributing to the design of novel two-dimensional materials for electronic applications.
Keywords: first-principles calculation, mobility, two-dimensional materials
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