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Abstract: - Double gate metal-oxide-semiconductor field effect transistors (DG MOSFETSs) have recently been of
great interest in modern nanoelectronics community. Device channel length L, thickness of silicon film (Ty;), and
oxide thickness (T,x) play important role in optimal characteristics design for DG MOSFETs. In this paper, we
investigate the geometric effect on electrical characteristics for ultrashort nanoscale (sub-10 nm) DG MOSFET
devices by considering quantum correction transport model.
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DG MOSFETs have recently been of great interest in modern nanoelectronics community [1,2]. Device channel
length L, thickness of silicon film (Ty;), and oxide thickness (T,y) play important role in optimal characteristics
design for DG MOSFETs. Unfortunately, geometric effect on electrical characteristics for ultrasmall nanoscale DG
MOSFET devices has never been studied in these years. By considering quantum correction transport model [2], we
for the first time explore the important geometric effect on the physical properties for relatively small DG
MOSFETs under different bias conditions and dimensions.

Figure 1 shows the Id-Vg transfer curves for the 10 nm thicken silicon channel film device. It is found that
the threshold voltage is slightly reduced when the drain bias is increased. Though the threshold voltage is slight
decreased in the 10 nm thicken device, the 20 nm and 30 nm thicken devices have much larger threshold voltage
lowering effects as shown in Figs. 2 and 3. Moreover, the off state current of the thicker channel devices are much
higher than that of the thin channel one. Those drawbacks are mainly caused from the fact that the thicker the
channel films the weaker the controllability of gate electrodes. Owing to the inefficient gate controllability, the
thicker channel devices have a lower channel barrier height, obtain a higher leakage current, and get a worse result
for drain induced barrier height lowering (DIBL) effects. Other than the off state current and threshold voltage
lowering, the on state current should be another important factor for novel devices operations. That is, the greater
the on state current the higher the operation frequency. Figure 4 presents the on state current difference between the
three devices. It has to address that the thicker the channel films the higher the on state current. Owing to a much
worse performance in threshold voltage and off state current, the benefit of the on state current is relatively minor in
optimization of the double gates devices.

The threshold voltage roll off effect is shown in the Fig. 5, it is found that the devices with the thicker
channel films will suffer a worse roll off in threshold voltage. Additionally, a thinner channel film will result in a
higher threshold voltage. Those good characteristics will improve the scalability in nanodevices. The DIBL effects
are also presented in the Fig. 6 that the thicker channel film devices have a higher DIBL effect. Therefore, in
reducing the effect, the thickness of the channel films should be carefully optimized. That is, for a reasonable on
state current, the channel film thickness should be keep as thin as possible. We conclude that the film thickness of
the double gate devices will strongly affect device characteristics; especially for the considerations of threshold
voltage roll off, DIBL, and off state current. Those effects are strongly determined from the controllability of the
gate electrodes. In lowering those drawbacks, the film thickness should be kept thin enough.
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Fig. 3. Id-Vg transfer curves for the device with a 30
nm silicon film.
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Fig. 5. The threshold voltage roll off effect
for different silicon films.
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Fig. 2. Id-Vg transfer curves for the device
with a 20 nm silicon film.
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Fig. 4. The on state current difference
between the three devices.

L=5nm
0.2
0.0 F
‘__’.‘_’".—_’__.—/_.
o T °
£ O"'-----o
=06 o
/y//
08k ”v//
- —o— tox=10
10 o 20
+ - tox=30
-1.2 | -
0.0 — x |
vd

Fig. 6. The DIBL eftects for
different oxide thickness.



