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Introduction

* Graphene Field-Effect Transistor (GFET)

— High mobility and saturation velocity
— Applications in radiofrequency and photonics

Source Gate
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Introduction

Recombination time in graphene
T =~ 1 — 100 ps have been reported

Equilibrium Excess of carriers

EF\ / E, \\ _"/—

Electron energy
&
Electron energy
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Electron momentum Electron momentum
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* Poisson’s equation
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Mathematical model

V- e(x, )V (x,y)] = prree(x,y)

XA

]

Top gate

Top-gate dielectric

Source tGi

Ly

Graphene

Back-gate dielectric

Back gate

L

Drain ;

Ptree(X,y) = q[p(yz;n(y)]

Boundary conditions
d(tr,y) = Vg — VgsO
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ayl._ "oyl ="
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d(—tg — tp,y) = Vg — Viso




ﬁ CCCCCC Universidad Politécnica de Madrid ié\
DE EXCELENCIA o . INDUSTRIAL
ETS de Ingenieros Industriales WOIDN

Mathematical model

e Carrier concentration

EF\ / _ _|_2 kT Z:F -EF,n_ED_
: P e\ b)) T kT
= 2 } ]
2 Ep 2 kT ED_EFp
g =gy +—|—) F '
; P = n(th> LTkT
__ __k
Ep(y) = q¢(x— 2'3’)'

Electron momentum

Electron and hole concentrations are deduced from the linear
dispersion relation and the Fermi-Dirac statistics.
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Mathematical model

» Current continuity equation

dEp(y)
]n(Y) — n(y)/ln(Y) P;in
Y 1Y) = 1p(¥) = u(y) = i _
dEg »(y) B\/1+ bl o8
Jo ) = POy () —2 (Pl
y
d/,(y) Boundary conditions
== = qU(y) y
dy Epn(L) = Epp(L) = —qV
d]p (y) EF,n(O) — EF,p(O) = —qVs
dy B _qU(y) Our model solves self-consistently

Poisson’s equation and current

Jps = ]n(}’) +]p(y) continuity.
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Mathematical model

« Recombination model
dn _ Yo _

dy ~ ay
_0An dAp An M —Teq
U= =%t = T T T
\ / We consider band-to-band recombinations and
” charge neutrality.
U x —An Ap =~ An

Electron energy
Iy
=)

Electron momentum
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Transfer curves

Drain voltage, VDS =1V

12
T— 0
10 1 B 7=1ps
L =100 nm =100 fs
8 7=10fs

-— - ()

Drain current density, J DS (1A ,u_.m"'}
o

-2 -1 0 1 2
Top gate voltage, VGS (V)

Recombination mainly affects at biases close to Dirac point.
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Dirac polnt:
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Far from Dirac point:
[VGS =2V, [VIDS =1V

T —F OC
r=1ps
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Different channel lengths
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Conclusions

o Effect of recombination in GFETs. We
considered band-to-band recombination with
charge neutrality

« Recombination affects mainly around the Dirac
bias, where charge transport is ambipolar

 Fora 100 nm channel,

- 7 < 10 fs — single quasi-Fermi level
approximation (t — 0 s)

- 7 > 1 ps — null recombination rate (U = 0)
* These limits are larger for longer channels
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