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1. Introduction:

What ITRS  says about power dissipation? 

Computational State Variables Other than Solely Electron Charge
Non-Thermal Equilibrium Systems
Novel Energy Transfer Interactions
N l Th l M tNanoscale Thermal Management
Sub-lithographic Manufacturing Process
Alternative Arquitectures

[1] International Technology Roadmap for Semiconductors (2010 Update) http://www.itrs.net

Power  in FETs

P  =  Dynamic Power  CV2
DDf + Static Power  IOFFVDD (Gate leakage, Sub-

threshold current, Drain junction leakage)

Intrinsic effect

threshold current, Drain junction leakage)
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1. Introduction:

Conservation of energy
di ti

electrons
photons radiation

Electron dynamics

Previous works on the effect of many particle Coulomb correlations in FETs

phonons Heat conductionE

Previous works on the effect of many-particle  Coulomb correlations in FETs

[1] M.V. Fischetti et al. J. Comput. Electron, 8, 60-77 (2009).

[2] Nobuyuki Sano. J. Comput. Electron, (2010).

Coulomb correlation on the current, on the noise…. Our goal: …on the power …?
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1. Introduction:

Why electrons gain energy inside an electron device?EWhy electrons gain energy       inside an electron device?

A single-electron in a open ballistic (i.e. without phonons) system
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W*= W,  I*=I,  



1. Introduction:

How electrons gain energy inside an electron device (open system)?

Closed system= M particles

Open system
with M-N(t) particleswith M-N(t) particles

(blue particles)

Open system
with N(t) particles

(red particles)
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Electron power in an open system
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 P t
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2.- Analytical results for  electron power in correlated systems 

Closed system = M particles
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electrons in the channel electrons in the channel and outside



2.- Analytical results for  electron power in correlated systems 
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2.- Analytical results for  electron power in correlated systems 

A summary, 
G t

Ki(L)Ki(0)

W*, I*I
Gate

Ki(L)

W
K W

i( )

x=0
Source Drain

x=L

Ki= -qW

Macroscopic view…conservation of energy

* · *P I W  Power supplied by the battery=power gain by (all) electrons

Microscopic view…¿ redistribution of power in the simulated active region ?

P I W Power supplied by the battery power gain by (all) electrons
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1 2 3

·P P P P I W     1
·P I W 
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3.1.- Monte Carlo numerical simulation for electron transport 
with many-particle correlationsy p

How to include Term2 in numerical simulations ? 
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[1] G. Albareda, J. Suñé and X. Oriols, Physical Review B, 79, 075315 (2009)

A 3D Poisson equation for each electron

How to include Term3 in numerical simulations ? 

Imposing overall-charge neutrality in the boundary of the simulation regionImposing overall charge neutrality in the boundary of the simulation region

[2] G. Albareda, H. López, X. Cartoixà, J. Suné, and X. Oriols, Phys. Rev. B, 82, 085301 (2010).
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3.2.- Electron power in the active region of a nanoresistor

Ballistic transport (without phonons)  but with Coulomb correlations. 
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3.3.- Electron power spatial distribution in a nanoresistor

2 3
( ) ( )( ) · P x P xP x I W     

Electron power  (spatial) density

30
 

60

 

x x 

less velocity more velocity 

0

10

20

/
x 

(W
/m

)

r11.7
20

40

  .5/
x 

(W
/m

)

-20

-10

0  

(P
(

x)
 - 

I*
V

)/

 0.025V
 0.050V
 0.075V
 0.1V -20

0

r r .5  

(P
(

x)
 - 

I*
V

)/

 0.025V
 0.050V
 0.075V

0 2 4 6 8 10
-30

Distance (nm)
0 2 4 6 8 10

-40

Distance (nm)

0.1V

Bounching 0P 2
2( ) ( )

32
1 1

( ) ( )1
4 4 ( ) ( )

N t N t i j

i j i jj i

d r t r tq dtP
r t r t 







 

 

 Term 2:

Bounching

Antibounching

2
0P 

0P Antibounching 2
0P 

14



3.4.- Electron power in 3D, 2D and 1D DG nanotransistors

Ballistic transport (without phonons)  but with Coulomb correlations. 
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Int. J. Numer. Model. 23, 354 (2010).
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3.4.- Electron power in 3D, 2D and 1D DG nanotransistors

The “unexpected” effects of the correlations  increases as dimensions decreases:
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4.- Conclusions and future work

We have developed a simulator  to compute many-particle electron power in the 
active region of  nanoelectronic devices beyond mean-field approx.

In this work, we have shown that: 1 2 3
·P P P P I W    

because of the correlations with other electrons inside and outside (gate, 
drain and source electrons).   

1.- We have numerically shown that this correlation is important to 
accurately predict the power gain by electrons in the active region.

Errors around  2% when power gain estimated without correlations.
The errors increase when dimensions reduced.  

2.- We show a new path to use of the correlations to manipulate the 
electron gain of energy in different parts of the active region.

18

Bounching/antibounching of electrons increase/decrease their gain of 
energy.



4.- Conclusions and future work

Future work

Discussion of the effect of correlations on the 
electron power  in quantum devices:
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[1] X. Oriols, Physical Review Letters, 98, 066803 (2007).

Coulomb correlations Exchange correlations

Acknowledgment

This work has been partially supported by the Ministerio de Ciencia e Innovación 
d P j N TEC2009 06986 d b h DURSI f h G li d

Thank you very much for your attention

under Project No. TEC2009-06986 and by the DURSI of the Generalitat de 
Catalunya under Contract No. 2009SGR783. 

19

Thank you very much for your attention


