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INTRODUCTION

CONCLUSION

TRANSPORT COEFFICIENTS OF GRAPHENE

General expressions for energy dependencies of transport coefficients are obtained

by solving the Boltzmann transport equation. The paper presents their temperature

dependencies in graphene. Coefficient of electrical conductivity, coefficient of

electronic thermal conductivity, Seebeck coefficient and Lorentz function in

graphene were analyzed. The expressions for all transport coefficients were found

analytically in the low temperature range ~ 50-100 K, and then presented

graphically as well.

By solving Boltzmann transport equation in the approximation of relaxation time,

general form for transport coefficients are:

ANALYTICAL EXPRESSIONS FOR TRANSPORT COEFFICIENTS    

IN ALTERNATE ELECTRIC FIELD

If alternate electric field is applied to graphene sample, expressions

for transport coefficients have the following forms:

For numerical calculations, we adopt the following values of parameters:

Figure 2. (left) Temperature dependencies of coefficient of electronic thermal

conductivity; (right) Temperature dependencies of Lorentz coefficient. In both

cases, blue line represents analytical dependencies & red line numerically

obtained dependencies.
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where are transport coefficients, is density of states of charge carriers,

is relaxation time of the system, is chemical potential of charge carriers,

is Fermi-Dirac distribution of charge carriers, and is energy of charge

carriers.

is coefficient of electrical conductivity,

is coefficient of thermo-electromotor force,

is coefficient of electronic thermal conductivity,

is Lorentz coefficient.

It is shown in literature that for most experimentally measured temperature

dependences of transport coefficienats, there should be adopted relaxation time

for interactions of charge carriers on long-range Coulomb potential. Hereby we

consider graphene monolayer on SiO2 substrate. For this case relaxation time for

interactions on long-range Coulomb potential is:

Coeficient of electrical conductivity is given by                                                   

where e is elementary electrical charge, h is Planck constant, and is chemical

potential. By substitution , limits of integation are . As

(low-temperature development) lower limit can be replaced by .

As a result, following expression for scaling coefficient of electrical conductivity

in constant electric field is obtained:

By similar procedure we find expressions for other kinetic coefficients:
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IN CONSTANT ELECTRIC FIELD
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Figure 1. (left) Temperature dependencies of normalized electrical conductivity;

(right) Temperature dependencies of Seebeck coefficient. In both cases, blue line

represents analytical dependencies & red line numerically obtained dependencies.

Figure 3. Temperature dependencies of transport coefficients for case of alternate

electric field applied.
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The paper presents energy & temperature dependencies of transport coefficients

(electrical conductivity, electronic thermal conductivity, Seebeck coefficient,

Lorence function) in constant & alternate electric fields in graphene. The

expressions for them were found analytically in approximation of relaxation

time in low temperature range ~ 50-100 K, and presented graphically as well.


