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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

| Whiaassagaes
l D(E-U)

N'(E)= D(E-U)f,(E)

dN(E) _N(E)-N
dt T,
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filling states from the right contact
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N3 (E)=D(E! U)f,(E)

dN(E) N,(E)-N
dt T,
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steady-state

dN(E) _ N?—N+N§—N_
dt T, T,

0

(1/T1)N10 _(1/71)N+(1/72)Ng _(I/Tz)NZO

TR A (TR TR

Y :h/Tl
14 :h/T2

N/ (E)=D(E-U)f, (E)
NY(E)! D(E" U)f,(E)
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steady-state electron number, N(E)

N(E)= I D(E-0)(E)+— L D(E-U) i (E)

Vi t7

Y17,

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

D,(E-Usger) = Vi D(E-Usy) DOS that can be filled by

Vit7s

D,(E-Uy)=—2—D(E-U

Vit?,

contact 1

) DOS that can be filled by
contact 2
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steady-state electron number, N

N =J|:D1(E_U)f1(E)+Dz(E_U)fz(E)]dE

in equilibrium, we use:

N=[D(E-U)f,(E)dE
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steady-state current, /

I,

e ot I I

O
I, D(E-U
I I O I
v ~ >
= - —
AN(E)| _ N°(E)- N(E) dN(E)| _NJ(E)! N
dt |1_ T, dt |2 "
___AN(E)| _, dN(E)|
I, (E)=+q at |l—-q at |2
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results

1(6)=4 L p(e-0)1- 1)

final results

Yi=Y.=Y

I, = %jynD’(E—U)(fl—fz)dE

NZJD(E—U)

=0 B+ £ () Jae

D(E-U)
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currentin 1D

1y =22 [y D (E-U)(f, - £)dE

1, = %qu(E)( f—f,)dE (ballistic)
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modes in 1D

conductance in 1D

NCN 16
%.nanoﬂuﬂ.org




current in 2D
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current in 2D

v n(v,) h{vcos@) hv(2 .
A _T(E) v=\2E/m
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current in 2D

.
2 , _hv(2) h2E/m (2
lo =qu.y7rD2D(E)(f1 - fz)dE }/—T(;j_ L (;)
< , .
D}, (E)= Py WL
.
h [2E$2' . m 2m E
I =— [—o—}" = =
- D#D L m* %:z 2"h2 WL W "h MZD (E) J

% )
1y =22 [, (E) - 1)
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diffusive current in 2D
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base transit time

A

I n(0)
[ S~ r=a0, 50!
I WB
AN(x) \ - An(W,)=0
} > X
WB
N An(0
gt =D, V\§ ) W2
qN T B = B
== . 2D,
N=-! n(0)w,
g snar !

diffusive current in 2D
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diffusive current in 2D

1y =22 [y (B)(f,~ )

! A
’J/z_
(7) /T
G _2D,n _v(2/m)An _anv(2
2w, TR y‘T‘ET(E]
Y
_v(2m) 5
b,=— ;L/ |D=2_r?.-TM2D(E)(f1! L)dE
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top of the barrier model”
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contact 1 contact 2
h osition
Yi=7Y2=7x P
(1)
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MOSFET current

2
o =Fq_|.7/”D,(E)( fi - fz)dE

767D5 (E) = Moo (E)

2q
_ _Yo¥s ID=7IT(E)M2D(E)(ﬁ_]2)dE
Yopt7Vs
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summary

2
I5 =FqJ.77tD,(E_U)( f,— fz)dE

D(E-U
v=PEA )+ () ae
y o Tole
(") o+l
ynD’'(E-U)=T(E)M(E)

T(E)=—"—  M(E)=y,zD'(U)
Yot Ve,




summary

1, =L Q" DAESU) (1, $ £,)E
or

1, =2 [T EME) - £,)dE
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molecular-scale MOSFETs

VDS

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