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For closed systems the governing equation is: 

[ ]{ } { } (I)    0=Ψ− HEI  

the eigenvalues of H give us the energy levels of the 

device. We are interested in the excitation of the channel 

due to contact. This change in the problem results in   

the following change in the Schrödinger equation: 

[ ]{ } { }→=Ψ− 0HEI

[ ]{ } { } { } )(21 IISSHEI +=ΨΣ−−  

Here, “H” describes the channel. “Σ” is matrix version of 

γ (which was the escape rate). “S” is the source term 

which tells us how electrons are getting into the 

channel.   
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� Ψ�A� =  J�0�C9KLM/ℏC9OM/�ℏΨΨ∗�A� =  J J∗�0�C9OM/ℏ                                and Γ! = i )− ST;� − ST<� , = γ! 

Γ! = i�Σ! −  Σ!V�   and Γ� = i�Σ� −  Σ�V� 

Green’s Function 

To show the effect of source in the wave function in the channel we can rewrite equation (I) as:  

{ } [ ]{ } [ ] [ ] 1   −Σ−−== HEIGwhereSGψ  

DI

qV

E

DOS

µ
E

f1(E)

2µ
E

f (E)

1



Fundamentals of Nanoelectronics, Session 32  

Nov 13, 2009 

2 

 

A nice observation is that, if energy E matches one of the energy levels in H, then the matrix G tends 

to be large. Since Ψ is given as the matrix product of G and S, there is significant response from the 

channel and that is reflected in Ψ. 

G is called “Green’s function”. Notice that the [H] and [∑] that appear above are of the size of the 

channel; i.e. in order to describe the channel, you don’t have to take the inverse of a matrix that has 

a huge Hamiltonian describing the whole system; rather you just take the Green’s function 

describing the channel and deal with that which makes things a lot easier computationally. Notice 

that [∑] (self energy) gives the effect of coupling to the contacts and is important conceptually. For 

one thing, its imaginary part gives you the lifetime of the electron in the channel.  

 

4� − 5 + 67!2 + 67�2WXXYXXZO#O;VO< = Ψ = [! � Ψ = [!� − 5 + 672 � ΨΨ∗ = [![!∗�� − 5�� + (72/� 

ε is resonant energy of system and E is electron energy.  

 \ = ] @�ΨΨ∗ =^
9^ [![!∗ ] @� 1�� − 5�� + (72/�^

9^ = [![!∗7 ] @� 7�� − 5�� + (72/�^
9^  

� \ = _;_;∗O . 2a � \ = _;_;∗O;VO< . 2a  and from the beginning of semester we could remember: 

\ = O;b;c; VO<b<cdO;VO< = O;O;VO< then 
_;_;∗O;VO< . 2a = O;O;VO< � [![!∗ = O;�e [![!∗, the strength of source, should be proportional to γ1. 

 

{Ψ} is a column vector and {Ψ}
+
 (psi dagger) is conjugate transpose operator.  

Then  

�Ψ��Ψ�V = fJ!J�JgJh
i �J!∗ J�∗ Jg∗ Jh∗� = jkk

lJ!J!∗ J!J�∗J�J!∗ J�J�∗ J!Jg∗ J!Jh∗. .. .. . JgJg∗ .. JhJh∗mnn
o
 

All JKJK∗are electron density along the device and other JKJp∗ where i≠j, show phase relation 

between wavefunction i  and j.   

 

Non-Equilibrium Green’s Function  �Ψ��Ψ�V ≡ rs�e  This is matrix version of Density of Electrons. �rs��e = ΨΨV
      and ΨV8!×u = S!V8!×u GV8u×u  then  

�rs��e = ΨΨV = �G�8u×u �S�8u×! �S�Vx!×uyz{z|u×u�}�~;<�

�G�Vxu×u  

� ���� = ��Γ!GV��! +��Γ�GV���WXXXYXXXZ��� _< Kb �� ����
 

If we have two sources, it is better to use the last achieved equation instead of the initial equations. 

They call this equation Non-Equilibrium Green’s Function (NEGF). 

[ ] [ ] 1
21 −Σ−Σ−−= HEIG  and ���� = ��Γ!GV��! + ��Γ�GV��� 


