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Abstract

Code of project :A-57/2561
Project name  : Graphene carriers moblility study in nanoscale: application of
Monte Carlo method

Researcher name : Surachai Pengmanayol, Janit Girdpun and Benchamas Shornkam

Graphene atoms are arranged horizontally structured perfectly. With mechanical and
electrical distinguished by their ability to remain on the structure of carbon arranged in one
atomic layer in two-dimensional. Graphene is capable of bringing electricity better than copper
four times and the surface area of more than two times stronger than steel, carbon nanotubes
200 times stronger than diamond. Flexible and translucent allowing light to pass through up to
97 percent are interesting for basic education and deployment in the future. It can be used to
produce graphene actually succeed in bringing sheets of graphene as transparent conductor that
can be used in devices such as touch screens solar cell. It can be used to replace the production
of solar cells by replacing indium tin oxide which expensive material.

Since this material graphene has an important role in the creation of display devices
such as LCD, capacitor, battery and solar cell, which describes the movement of the carrier in the
lattice can be very difficult by traditional model. Hopping model is the new model to describe
carrier transport that to know the carrier mechanism. it is important characteristics of graphene to

applied effectively.

Keywords: graphene, carrier mobility, Monte Carlo method
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2. 14 Density Functional Theory Auaua1snTIU
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dmsuhuniavedernauvass el Tuanaves N9t wandlunisned 1

M5 1 funisvaseznanvesIniienly luanaves nsiy

519 x(R) y(A) z(A)
C 0.0462 -0.0126 0.2825
C 0.7951 -1.3576 0.3236
C 2.3346 -1.3828 0.3125
C 3.1263 -0.0629 0.2641
C 23778 1.2823 0.2319
C 0.8378 1.3077 0.2402
@ -1.494 0.0128 0.2936
@ -2.2422 1.3585 0.2598
C -1.4508 2.6786 0.2132
C 0.0892 2.6532 0.2064
C 0.0034 -2.6779 0.3694
C -1.5372 -2.6525 0.3767
(@ -2.2857 -1.3071 0.3416
C 3.1689 2.6027 0.1951
G 2.4206 3.9486 0.1658
C 0.8811 3.9734 0.1651
@ 3.0816 -2.7288 0.3394
C 2.2912 -4.0485 0.4063
@ 0.7514 -4.0234 0.4154
C -3.7821 1.3842 0.2706
C -4.5732 0.0642 0.3251
C -3.8253 -1.2813 0.358
C -2.1989 4.024 0.1771
C -3.7386 4.0495 0.1845
@ -4.5305 2.7296 0.2316
C 0.1326 5.3192 0.1261
G -1.4072 5.3441 0.1317




o

519) x(A) y(A) z(A)
C 4.6654 -0.0882 0.2489
C 5.4572 1.2319 0.2109
C 4.7085 2.5774 0.1853
@ 4.6208 -2.7548 0.3111
@ 5.4124 -1.4349 0.2666
C -2.3296 -3.9723 0.4273
@ -1.5817 -5.3175 0.4666
C -0.0416 -5.3429 0.4627
C -3.8696 -3.9469 0.4371
C -4.6173 -2.6011 0.4051
H 3.0064 4.9265 0.1408
H 2.8462 -5.0438 0.4418
H -5.7127 0.0829 0.3391
H -4.2919 5.0456 0.1548
H -5.6704 2.7486 0.239
H 0.7181 6.2969 0.0948
H -1.9611 6.34 0.1024
H 6.5969 1.2127 0.2003
H 5.2942 31555 0.1574
H 5.1747 3 o1 S 0.3273
H 65510 -1.4548 0.2447
H -2.1683 -6.2946 0.5007
H 0.5117 -6.3391 0.495
H -4.456 -4.9239 0.4714
H ~0. 5L -2.5818 0.4174
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2. vguilendutianunuiuiy (Density Functional Theory)
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wuin WHuiitenunldlunuddeldunsesu B3LYP/6-31G(d,p), B3LYP/6-311+G(d,p),
B3LYP/LANL2DZ, PBEPBE/6-31G(d,p), LSDA/6-31G(d,p) uae B3PW91/6-31G(d,p) 1
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u

Molecular ~ Orbital, HOMO)  uagsiunisveteesiviavedluanaiindsausiianilud

SlAnnseuUTI90E (Lowest Unoccupied Molecular Orbital, LUMO) ansnsaldmguiilsituiia
AMunuILuYesfinsIadulessuauiiingyise dednunlasldnguinsziv B3LYP/6-
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Density of Skakes (electrons/Ha)
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MWA 15 M3nszaefiveslzaensfiuiuszneuluiie benzene 3 2
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2. Awnszvinavasdayanquiletutianunuiuiy

Ingdayavemailaainnisiduuudtaesgeyteniaraunuliisiegazny dulle
auulriiifiaguanuaunsavesveiagnselanlufiadesiuauulafindiunndu u
< a £ v = o 2 ! ] o b3 ' LY
wvghanansanselanlufianssdmiuaunslihdadllentatesndt dwavinlinnuadesi

YN uadnsiiuAauu WA Lan s an1519

navasauIulninfiine molecular orbital 14 HOMO wag LUMO Lan9@an1snan 2 wag 3

M13N 2 Wanada HOMO 13 5 diuasan

Energy(au)

F(au) HOMO, HOMO, HOMO; HOMOQq HOMOs
0 -0.02585 -0.01564 -0.01418 | 0.01247 0.01625
1 -0.02585 -0.01564 | -0.01418 | 0.01247 0.01625
2 -0.02585 -0.01564 -0.01418 | 0.01247 0.01625
3 -0.02585 -0.01565 -0.01417 | 0.01247 0.01625
4 -0.02585 -0.01566 -0.01416 | 0.01246 0.01625
5 -0.02584 -0.01567 | -0.01415 | 0.01246 0.01625
6 -0.02584 -0.01568 -0.01413 | 0.01245 0.01625
7 -0.02584 -0.01569 -0.01412 | 0.01245 0.01625
8 -0.02584 -0.01571 -0.0141 0.01244 0.01624
9 -0.02584 -0.01573 -0.01408 | 0.01243 0.01624
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Energy(au)

F(au) HOMO, HOMO, | HOMO; | HOMO, | HOMOs
10 -0.02584 | -0.01574 | -0.01406 | 0.01243 | 0.01624
11 -0.02584 | -0.01577 | -0.01404 | 0.01242 | 0.01624
12 -0.02584 | -0.01579 | -0.01401 | 0.01241 | 0.01624
13 -0.02584 | -0.01581 | -0.01398 | 0.01239 | 0.01623
14 -0.02584 | -0.01583 | -0.01396 | 0.01238 | 0.01623
15 -0.02584 | -0.01586 | -0.01393 | 0.01237 | 0.01623
16 -0.02584 | -0.01588 | -0.0139 | 0.01235 | 0.01622
17 -0.02583 | -0.01591 | -0.01387 | 0.01234 | 0.01622
18 -0.02583 | -0.01594 | -0.01383 | 0.01232 | 0.01622
19 -0.02583 | -0.01596 | -0.0138 | 0.0123 | 0.01621
20 -0.02583 | -0.01599 | -0.01377 | 0.01229 | 0.01621
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M13199 3 LaRada LUMO 919 5 adiusnan

Energy(au)

F(au) LUMO;s LUMO, LUMO, LUMO, LUMO;
0 -0.13182 | -0.13125 | -0.08318 | -0.08046 -0.0478
1 -0.13184 | -0.13123 | -0.08318 | -0.08046 -0.0478
2 -0.13189 | -0.13118 | -0.08318 | -0.08046 -0.0478
3 -0.13196 =0 1311 -0.08318 | -0.08046 -0.0478
4 -0.13204 | -0.13101 | -0.08318 | -0.08045 -0.0478
5 -0.13212 | -0.13092 | -0.08319 | -0.08045 -0.0478
6 -0.13221 | -0.13082 | -0.08319 | -0.08044 -0.0478
0t Q. 1523 -0.13071 -0.0832 -0.08044 -0.0478
8 -0.13239 | -0.13061 -0.0832 -0.08043 -0.0478
9 -0.13248 -0.1305 | -0.08321 -0.08043 -0.0478
10 -0.13257 | -0.13039 | -0.08322 | -0.08042 -0.0478
11 -0.13266 | -0.13027 | -0.08322 | -0.08041 -0.0478
12 -0.13274 | -0.13016 | -0.08323 -0.0804 -0.0478
13 -0.13282 | -0.13005 | -0.08324 | -0.08039 -0.0478
14 -0.1329 -0.12993 | -0.08325 | -0.08038 -0.0478
15 -0.13297 | -0.12982 | -0.08327 | -0.08037 -0.0478
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Energy(au)

Fau) LUMOs | LUMO, | LUMO; | LUMO, LUMO,
16 -0.13304 -0.1297 -0.08328 | -0.08036 -0.0478
17 -0.1331 -0.12958 | -0.08329 -0.08035 -0.0478
18 -0.13316 | -0.12947 -0.0833 -0.08033 -0.0478
19 -0.13321 | -0.12935 | -0.08332 | -0.08032 -0.0478
20 -0.13324 | -0.12923 | -0.08333 | -0.08031 -0.0478

nuan1sAwIalalifauulninagnuinAseaunasaues Molecular Orbital 984

=% o w A _ &

LUMO é’]ﬁuﬁ 199 a1aun 5 A -0.13182, -0.13125, -0.08318, -0.08046Wa% -0.0478 way
289 HOMO ﬁ’]ﬁU‘ﬁl 189 é’ﬁuﬁ 5 fg -0.02585, -0.01564, -0.01418, 0.01247 way 0.01625
Tngevi 10 Anduanuedlaifimslaausinihadly uandefimsldaulnihagluds 1 8
20 au 9ENUI1 HOMOL-3 eszdumdsnufidnanasdntesdioaunslniinddniiuty dn
HOMO i 4 uae 5 Wieawlwihdesndt 5 au wud1 HOMO 1 4 famdsnulndiAeaiuus
dlemaunilwiindis®y 20 au wudn ArasvessERuNg ey 0.01 au dmdu
LUMO azmuin ansgdiundanuiimanaadniosdioaunsliiirdidniivdu sniy LUMO 7 3

AnAsUiiAANTY Tngnsnued LUMO wag HOMU asnsauansluguil 18 uay 19
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A19197 4 L@ADeAT transfer integral

F (x10°kV/cm) thomo (o) tuwo (ey)
0 0.888724 0.277828
0.514221 0.888724 0.277828
1028441 0.888724 0.277828
1542662 0.888724 0.277556
2.056883 0.886003 0.271025
2571103 0.886275 0.27157
3.085324 0.888179 0.276468
3.599544 0.888179 0.276196
4.113765 0.887907 0.275651
4.627986 0.887907 0.275107
5.142206 0.887635 0.274835
5.656427 0.887363 0.274019
6.170648 0.887091 0.273474
6.684868 0.886819 0.27293
7.199089 0.886547 0.272386
7.713309 0.886275 0.27157
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F (x10°kV/cm) tuowo (o) tumo o)
8.22753 0.886003 0.271025
8.741751 0.88573 0.269937
9.255971 0.885186 0.269121
9.770192 0.884914 0.268576
10.28441 0.884642 0.26776

#3991 5 uaReAN Hopping rate Wag Mobility va4 hole

F (<10°kv/cm) K, thole) (s Kethole) (57 | Laolx10° cm’/Vs)
0.514221 5.17E+15 4.76E+14 0.243086
1.028441 5.17E+15 4. 78E+14 0.25588
1.542662 5.18E+15 4.81E+14 0.270096
2.056883 5.18E+15 4.85E+14 0.285984
2571103 5.19E+15 4.87E+14 0.303858
3.085324 5.19E+15 49E+14 0.324115
3.599544 5.19E+15 492E+14 0.347266
4.113765 5.2E+15 4.94E+14 0.373979
4.627986 5.2E+15 4.96E+14 0.405144
5.142206 5.2E+15 499E+14 0.441975
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