Small-signal model for RF graphene transistors
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The most common approach to model the
infrinsic capacitances of graphene field-
effect transistors (GFETs) relies on the use of
a Meyer-like capacitance approach (Fig.
1a). However, it assumes that the intrinsic
capacitances of a tfransistor are reciprocal
(charge conservation is not guaranteed),
which is not the case in real devices. In fact,
we have found significant discrepancies in
calculations of GFET RF figures of merit found
in the literature [1-5] (Fig. 2) if a charge-
based capacitance model is assumed
instead. Thus, the intrinsic capacitances are
considered as non-reciprocal and charge
conservation is restored. In doing so, a new
charge-conserving small-signal equivalent
circuit for three-terminal GFETs is proposed in
Fig. 1b. In addition, a methodology for
parameter extraction from DC and S-
parameter data has been proposed as well.

References

] D. Krasnozhon, et al., Nano Lett. 14, 5905 (2014).

] J.G. Champlain, Solid. State. Electron. 67, 53 (2012).
[3] F. Schwierz, Proc. IEEE 101, 1567 (2013).

] T.H. Taur, et al., Fundamentals of Modern VLS|
Devices, 2" Ed., Cambridge Univ Press (2005).
(9] R. Grassi, et al., IEEE TED 61, 617 (2014).
[6] F. Pasadas and D. Jiménez, IEEE TED 63, 2936 (2016).

Figures and tables

a) C,

d
G i D
I
Cas Gas
s
b)
R, G Cga D
G,e 9 1l D,e
Vv ] v
ImVgs J@Cmvgs Ra
T"ys ga;TCM
se Kk
AW
s C

TABLE I: INPUT PARAMETERS OF A PROTOTYPE GFET [6]

T 300 K L 1 um
u 2000 cm?/Vs w 10 um
VgsO oV Lt 12 nm
A 0.08 eV Etop 9
Rs, Ra 200 Q um Rg 5Q
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Figure 1: Small-signal equivalent circuit of a
GFET assuming a) Meyer-like and b) charge-
based infrinsic capacitance model.

Figure 2: Gate bias dependence of the small-
signal parameters and RF FoMs of the GFET
described in Table | for a drain bias Vps = 3 V.
The closed circles represent the absolute value
of the frequency because the value is negative
and/or imaginary. a) Intrinsic (gm) and extrinsic
(gm.e) transconductance; b) intfrinsic (gas) and
extrinsic (gase) output conductance; c) cut-off
frequency (fix); and d) maximum oscillation
frequency (fmax).
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