Coherent electron transport, L andauer-Buttiker approach
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[ - mean free path
L_ - phase decoherence length
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- Coherent ballistic transport, quantum
mechanics 1s applicable, conductance 1s

given by Landauer-Buttiker formula

- - wave length



L andauer-Buttiker formula
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Landauer-Buttiker formula:

= T(E )~ f x(E)]dE

Zero temperature, [ :% uL T(E)dE

In the linear response regime, at infinitely small voltage, 1, —Hz=edV,




Asymptotic wave functions in the leads, complex band structure

Left reservoir L Right reservoir
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The leads are preriodic in the direction of transport, the z axis:

@(x,y,z)=explikz)u(x,y,z) - Bloch form

LorR At fixed energy E:

number of modes
or channels

(pZ/ R propagating to the right, real k, M, (E)
propagating to the left, real kK, M, . (E)
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\\) P Z/R ; decaying to the left, complex k, Imk > O, Infinite number

decaying to the right, complex &, Imk < 0, Infinite number
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Complex band structure, example: hard wall potential

: 0, O<x<L, O<y<L,

Vix,y, z)= .
7 (x,y.2) w0,  otherwise
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VL, VL,L, | L, L,
nk’ Rt o, B,
Ezemnkzemnk—l_ ’ Emn: 2 m + 2 n
2 2ulL; 2uL;
m, n — integers,numbering transverse subbands

k:\/ zh—él(E—emn) and 1s real or imaginary, depending on E,



Complex band structure, example: hard wall potential
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propagating to the right and to the left modes

Number of modes or channels, M(E) = number
of real bands crossing £ = number of ¢ <F,
2 in our case
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decaying to the right and to the left modes




S-matrix and transmission coefficient
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The scattering state GPZ) ; originated from ¢, ., M, (E)
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The scattering state P, . originated from @, ;, M, (E)

General solution of the SE at the energy E is a linear combination
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S-matrix and transmission coefficient (continuation)
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Related by means of S-matrix:
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Ballistic transport with PWCOND code

Running sequence:

1. Supercell pw.x calculations

i

- Self-consistent potential for left/right leads and the scattering region

2. pwcond.x calculation

i

- Complex band structure (CBS) of the leads
- Transmission coefficients for each propagating channel of the left lead



Three kinds of calculations controlled by IKIND flag

1. IKIND=0: CBS of the lead

2. IKIND =1: The scattering problem with identical leads

3. IKIND =2: The scattering problem with different leads




Separate filesfor LEADS and SCATTERING region

. 0 bdl default bdl
- IKIND =0 Ve
lead plefixl ="... |
_ — 0 bdl default bdl
IKIND = 1 I
left (right) lead ~ PlefixI="." B

scattering
region

plefixs ="..."

unit cell for pw.x



) IKIND = 2 (ibdl default bdl
M pleflxl - I ,,,,,

scattering
region

plefiXS = '. . "

unit cell for pw.x

0 bdr default bdr

right lead plefixr=".." I



A singlefile containing all the regions

plefixt=".."
- IKIND =1

0 bdl bds  gefault bds

I L

unit cell for pw.x



|nput variables of PWCOND (see Doc/INPUT_PWCOND.txt)

&inputcond

Already discussed
ikind,
prefixl, prefixs, prefixr, prefixt,
bdl, bds, bdr

Controlling the accuracy:
ewind, Larger ewind and nz1, and smaller epsproj
epsproj, #
nzl higher accuracy
Output of CBS and transmission

band_file,
tran_file

Mesh in energy
energy( - initial energy (in eV from Ef)
denergy - step in energy (in eV)



nkpts - number of (kx,ky) points
kx(1) ky(1) weight(1) followed by kx, ky, and
kx(2) ky(2) weight(2) the weight

nenergy - number of energies

If denergy = 0 the list of energies 1s provided after nenergy
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