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Modeling Contacts
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Same Molecule: Different I-V
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Contact: Adds self-energy to H
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Green’s Function

Green’s Function gives an impulse response to the Schrodinger equation 
at any point due to an excitation at any other point
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Partitioning Scheme

: size of matrix huge

Interested in G of device only
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Do we need to find infinite Gc ?
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cg :surface green’s function

Surface Green’s Function much smaller than Surface Green’s Function much smaller than Surface Green’s Function much smaller than Surface Green’s Function much smaller than GGGGcccc
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What is the size of sigma?

Contact
Device
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Self-Energy: Advantages

Effect of Semi-infinite contacts: as small as the 
size of the Device Hamiltonian !!!
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Getting the Surface Green’s 
Function

7 6 5 4 3 2 1a

1-D lattice, 1-D contacts
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Sigma is a Complex Quantity

)) ∑×+∑=∑ Im(iRe(

For a 1-D lead: )exp()1,1( 0 ikat−=Σ
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Shifts energy levels up or down
Gives a finite lifetime to a carrier in 
an eigenstate

Electron in an eigenstate does not stay there forever             
decays through interactions with the contacts:       

Fermi’s Golden Rule
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Gamma from Sigma
)2)( ∑×=∑−∑=Γ + Im(  :Broadening i
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Solving the Schrodinger Equation
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Same Problem:Using Green’s 
Function
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Toy 1-D Contacts
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Contacts in 3-D: K-space 
summation
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Self-Energy takes care of
Chemistry
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Methods of Calculation

! Toy
! Huckel
! Ab-initio
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An Example: Quantum Point 
Contact I-V

Strong Weak
Strong Coupling       quantized conductance ~ 77 Sµ
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How does Transmission look like

Transmission ~ 1 for a bias range > quantum conductancequantum conductancequantum conductancequantum conductance
Strong Weak
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Different Gold Contacts:
FCC, Simple Cubic
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Summary

! Contacts play crucial role in current conduction in small 
conductors

! Contact microstructure, bonding etc. has to be taken into 
account

! Green’s function method provides a technique to incorporate 
effects of large contacts through self-energies

! Semi-infinite contacts can be replaced by self-energy matrices 
the same size as the device hamiltonian 

! Self-energy has real and imaginary parts
! Imaginary part signifies finite lifetime of a carrier in an 

eigenstate


