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Datta’s generic model for a nanodevice
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generic model

S. Datta, Quantum Transport: Atom to Transistor, Cambridge, 2005
(“Concepts of Quantum Transport” nanohub.org)




filling states from the left contact

Assumption:
Each energy channel is

@ independent

) D(E : U)“ 3 ) inclu;es spin

NS (E) = D(E - U)f,(E)

dN(E) N;(E)-N
dt 7,
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filling states from the right contact

D(E —U)

NS (E) = D(E -U)f, (E)

dN(E) _ NJ(E)-N

dt 7,




steady-state

dN(E) _ Ny N Nj-N _

dt T, 7,

0

(1/7,)N; = (1/7,))N +(1/7, )N, = (1/z, )N = 0

=~ NCN ~

_ (1/71) 0 N (1/72) 0
R TN e R AEY I B
f N (E)=D(E-U)f,(E) 7 =W,
<

NJ(E)=D(E-U)f,(E)
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steady-state electron number, N(E)

N(E)= 711172 D(E-U)f,(E)+ 711272 D(E-U)f,(E)

N(E): Dl(E_U)f1(E)+ Dz(E_U)fz(E)

4 N

V1 DOS that can be filled b
D (E-U =-—"= D(E-U y
1( SCF) v+ 7, ( SCF) contact 1

_ DOS that can be filled by
D,(E-U = D(E-U
L ( scr) v+ 7, ( =9 contact 2 D
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steady-state electron number, N

N = [[D,(E-U)f,(E)+D,(E-U)f,(E)]dE

In equilibrium, we use:

N = [D(E-U)f,(E)dE
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dN(E)
dt

1

~_ NCN
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steady-state current, |

— —
—T 1 I~
s
N

N.(E)- N(E)

(41

D(E - U)
dN(E)
dt
1o (E)=+a 2 =g E)
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N2(E)- N
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results

1(E)= %[Zfij D(E-U)(f,- 1,)

V1=V =7

I, = [ 1(E)dE =2qu[%) ZD(E-U)(f, - f,)dE

N = [N(E)dE :j{D(EZ_U)(fl(Eﬁ f, (E))}dE
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final results

V1i=Vo=Y)

D'(E-U)=

2
I :qusz’(E—U)(fl— f, JdE

N =[D'(E-U) f,(E)+ f,(E)]dE

D(E-U)

density-of-states per spin
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current in 1D

U=0 D, (E)

2
I =qu7/7zD’(E—U)(fl— f, JdE

| = %qj M (E)(f, - f,)dE (ballistic)
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modes in 1D

ID
E)

y 7D"(E)= M, (E) =17

7/7Z'D'(E)=hUX7Z' L =1 4

L ~zho,
, 1 h ho, gN gN
Do (B)= 2 7=7 7= o= 0=




conductance in 1D
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2
|D=qumD'(E)(fl— f, JdE

2 2
o= (- f)E= 1V, (T=0K) 4
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current in 2D

2
I :quyﬂD’(E)(fl— f, JdE

7/7[D’(E): MZD(E):
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current in 2D

U=0

_h h(v,) h{vcosd) ho( 2 -
7/_<T> 4 L L ] L(ﬂj U:\/ZE/m
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current in 2D

.
2 ho(2) hy2E/m"(2
B, o X e [r-12(E) (2
4 .
, _ m
DzD(E)_ 27Z'h2 WL
\
h [2E (2 m’ 2mE
2
ID:quMZD(E)(fl—fZ)dE
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diffusive current in 2D




An(x)

base transit time

| An(0)




diffusive current in 2D
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diffusive current in 2D

2
I :quyﬂD’(E)(fl— f, JdE

T

/

_2Dh _u(2/7z)zh_&@(§)
> 7= 2 T TLL

T

H_/
VB

I =2—r?jTI\/I2D(E)(f1— f,)}dE 4
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top of the barrier model”

ﬂk
U =g, —qus J
>
O
D
© | ‘e L DOS
EFZ
&1 (O) h /'.\ ~ ~
/

—  ‘device’ S \\ &, (X)

H_/ N > J SN~

contact 1 contact 2

h position
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MOSFET current

2
I :quyyzD'(E)(fl— f, )dE

787055 (E): M,p (E)

2
__7o’s ID:TqJ‘T(E)MZD(E)(fl_fZ)dE
Yo T Vs
7/D / _
7/D+7/B7/B7TD2D(E)_T(E)M2D(E)
T(E): /o _ }“(E)

7/D+7/B_/1(E)+L
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V1=Vo=7
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summary

2
I :quyﬂD'(E—U)(fl— f, JdE

N = D(EZ_U)[fl(E)+ f,(E)]dE

h /7B

7/: =
<T> Yo T Ve

y zD"(E-U)=T(E)M (E)

7D
T(E )= M(E)=v_.2D'(U
( ) 7D'F73%3 ( ) VB ( )




summary

I =2qu7/7rD’(E—U)(f1— f, )dE
or
I :Z—thT(E)M(E)(fl— f, )dE
?
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molecular-scale MOSFETSs

VG
| [ |

VDS

(Texas Instruments, 1997) Avik W. Ghosh, Titash Rakshit, and
Supriyo Datta, “Gating of a Molecular
Transistor: Electrostatic and
Conformational,” Nano Lett., 4, 565-
568, (2004).
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