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Abstract—Reconfigurable field effect transistors (RFETs) are
attractive for analog applications exploiting their inherent switch-
ability from n-type to p-type behavior. Simulation studies by
means of an experimentally calibrated 3D numerical device simu-
lator reveal that the recently proposed simplified single gate (SG)
RFET architecture leads to a two times larger intrinsic transit
frequency while providing the same DC device functionality and
a significantly reduced wiring effort. The inferior high-frequency
performance of DG RFETs can only be partially compensated
by means of a significantly increased program gate voltage.

Index Terms—RFET, Schottky Barrier FETs, Si Nanowire,
Transit Frequency.

I. INTRODUCTION

Reconfigurable Schottky barrier (SB) nanowire (NW) FETs
are novel multifunctional devices for dynamically switching
between n- and p-type behavior [1], [2], [3]. Reconfigurable
FETs with a double gate (DG) [4] and triple gate (TG) [5]
have been investigated by several authors [6]. Very recently
a single gate (SG) device architecture has been proposed in
[7] providing the same device functionality as DG RFETSs
while allowing less wiring and biasing overhead. RFETs have
been studied intensively for digital applications while being
also interesting for analog applications due to their inherent
switchability.

In this work we use experimental data for calibrating TCAD
simulations. We address AC and DC performance of DG and
SG RFETs and study the impact of the program gate voltage
on the behavior of DG RFETs.

II. STRUCTURE AND DEVICE SIMULATIONS

TCAD simulations based on the thermionic emission and
tunneling currents at the source/channel/drain contacts and
drift-diffusion transport along the channel have been used
to study and analyze the high-frequency performance of DG
RFETs and SG RFETs (see Fig. 1(a) and Fig. 2(a) for a
schematic representation).

The simulation framework was calibrated to the experi-
mental data [2] of DG RFETs (cf. Fig. 1(b)). Symmetric I-
V characteristics for n- and p-type configuration have been
achieved which is vital from an application point of view.

Fig. 2(b) shows a comparison between the same experimen-
tal data of the fabricated DG RFETs and the corresponding
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simulation results for a SG RFET considering identical dimen-
sions, materials, parameters and physical models. Apparently,
the device functionality in terms of reconfigurability and DC
characteristics are not deteriorated by the simplification and
structural change while allowing less wiring and biasing effort.
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Fig. 1. (a) Schematic cross-section of the fabricated and simulated DG-
RFET (b) transfer characteristics of the DG RFET. Data for p-type and n-
type configuration is shown (experimental data (symbols) [2] and TCAD
simulations (solid lines). Bias conditions for n-type: Vpg = Vpg = 2V and
Vea > 0V, for p-type: Vps = Vpg = -2V and Vg < OV.

III. RESULTS AND DISCUSIONS

Fig. 3 shows the INTRINSIC transit frequency fr (solid
lines) of the DG RFET versus drain current at Vpg = 2V
and two different program gate voltages Vpg of 2V and 4V.
Obviously, the intrinsic transit frequency fr increases with
Vpc due to an increase of the electric field along the channel
in the direction of drain current. In addition, the intrinsic
transit frequency (dashed lines) of SG RFETs are shown. For
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Fig. 2. (a) Schematic cross-section of the simulated SG-RFET (b) transfer
characteristics of; data for p-type and n-type configuration is shown (exper-
imental DG RFET data (symbols) [2] and TCAD simulations of SG RFET
(solid lines). Bias conditions for ntype: Vpg = Vpg =2V and Vg > 0V,
for p-type: Vps = Vpg = -2V and Vog < OV.

the same channel length the studied SG RFET has a slightly
smaller intrinsic fr compared to the DG RFET.

A scaling of the channel length down to 170nm to match the
length of the ungated region of the DG RFET allows to exploit
the structural benefit of SG RFET in terms of speed (cf. Fig. 3
and Fig. 4) and smaller footprint. Reducing the channel length
to 170nm causes an increase of the electric field particularly
at the source contact. This leads to a thinner injection barrier
there and thus to a higher tunneling probability, higher carrier
injection and finally to an improved AC and DC performance
(Fig. 4 and Fig. 5).

In terms of extrinsic fr, the structural advantage of the SG
RFET would be even more pronounced since the additional
parasitic capacitances due to the program gate are avoided. The
additional program gate in DG RFETs increases the parasitic
capacitances and deteriorates the extrinsic fr.

Fig. 4 shows the program gate voltage Vpg dependence of
the intrinsic fp of the DG RFET. While a large Vpg > Vpg
can partially compensate the structural induced deficiencies of
the DG RFET, smaller program gate voltages further deteriote
not only the high-frequency performance of the DG RFET but
also DC performance (see Fig. 5).

Fig. 5 shows the influence and importance of Vpg on the
Ion/Iog ratio of the DG RFET. For comparison, the Iy, /Iog
ratio of the SG RFET is also shown.

Decreasing Vpg (Vpg < Vp) deteriorates the device perfor-
mance and demonstrates not only a worse AC behavior at (Vpg
< 2V (cf. Fig. 4) but also shows very poor DC characteristics
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Fig. 3. Intrinsic transit frequency of DG RFETs (dashed lines) and SG RFETs
(solid lines). Bias conditions: Vpg = 2V.
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Fig. 4. Peak fr versus Vpg of DG and SG RFETs at Vpg = 2V for different
channel lengths (see legend).
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Fig. 5. Ion/Iog ratio of the DG RFET compared to a SG RFET with L¢, =
220nm and L.y, = 170 nm (same length of ungated region compared to DG
RFET). Bias conditions: Vg = 0V, Vp =2V and Vg = [0 4]V.

with I,/ I.g ratio (cf. Fig. 5) about 50 at Vpg = 0V.
A program gate voltage Vpg of 2V and 4V leads to a
wide injection barrier for the holes at the drain contact, which
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(b) DG and SG RFETs

Fig. 6. The band diagram of (a) DG RFET with different program gate bias
Vpg and (b) DG RFET with Vpg = 0V and 2V compared to SG RFET.

blocks hole injection from the drain side. This is not only the
reason for a high I, /Ig ratio in Fig. 5 but also for a better
AC performance (cf. Fig. 4). However, a lower program gate
voltage Vpi of OV leads to a thinner injection barrier at the
drain contact (cf Fig. 6(a)) and increases the carrier injection
from drain side and decreases significantly the I, /I,g ratio.

Fig. 6(b) visualizes the band diagram of a DG RFET at
Vpe = 0V and Vpg = 2V together with the band diagram of
the SG RFET. If one compares the DG RFET characteristics at
Vpe = 2V with the characteristics of the SG RFET, a slightly
wider barrier (cf. Fig. 6(b)) of the DG RFET at the drain side
leads for a slightly better fr (see Fig. 4) and I, /I.g ratio
(see Fig. 5) which it is mainly the influence of an additional
Vpg. Considering the SG RFET with L, = 170 nm, a larger
electric field at the source side of the channel due to a shorter
channel length improves (see Fig. 4) the SG RFET compared
to the DG RFET at Vpg = 2V.

In Fig. 7, the dependence of the output characteristics of the
DG RFET on Vpg is shown and compared to those of the SG
RFET with L¢, = 220nm and L., = 170 nm. Obviously, the
lower the program gate voltage, the smaller is the saturation
current and the smaller is the onset voltage for the sharp
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current increase due to the intrinsic ambipolarity of the channel
material.

The saturation of the current for large Vpg is limited by
the source Schottky barrier rather than a channel pinch-off, as
known for conventional MOSFETs. The saturation current in
SB FETs is associated to the source Schottky barrier height
and width.
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Fig. 7. Output characteristics of the DG RFET (dashed lines) for different
Vpg and of the SG RFET at Vo = 2V.

IV. CONCLUSIONS

A small-signal analysis of DG and SG RFETs has been
carried out to evaluate the performance of these devices based
on calibrated TCAD simulation.

The influence of Vpg on fr and I, /I of DG RFETS has
been illustrated and compared with those obtained from SG
RFETs without a program gate. It has been shown that the fr
and I,,,, / Iog ratio of DG RFETSs increases with Vpg due to an
increase of the electric field in the entire channel in particular
at the drain contact.

The simplified SG RFET with L, = 170nm without a
program gate shows higher fr and I, /I.g ratio (better DC
and AC performance) compared to the counterpart DG RFETs.

The Vpg in DG RFETs should be higher or at least
equal to Vp ( Vpg > Vp) in order to have a high fr and
Ion/Iog ratio, otherwise DC and AC performance would be
extremely deteriorated. The inferior behavior can only partially
be compensated by a significantly increased program gate
voltage but at the cost of increased wiring and bias complexity.
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