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Effect of Channel Doping Concentration the Impact ionization of-n
Channel Fully Depleted SOl MOSFET
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Abstrac® Impact ionization in fully depleted (FD) Silicon doping concentration becomes lower and decreases when
On Insulator (SOI) fChannel MOSFET is investigated as adoping concentrationd high. R. Rao et al [4] reported that
function of the doping concentratioVe have found that threshold voltage depends on the doping concentratio

impact ionization ncreases with the decrease in the doping
concentration and vice versaimulation results obtained from
Sentaurus TCAD with the higher doping concentration ca
control the threshold voltageVy). Furthermore we have
examined the effect of doping concetiba on the
transconductance gf) and have observed that
transconductance is inversely proportional of the dopin
concentration.

Increasing doping concentration threshold voltage also
ri]ncreases. Therefore we can better control the threshold
voltage by varying the doping concentration af tthannel. In
our present work, we have examined the effect of doping
concentration which plays a very important role in the impact
jonization. Impact ionization of the -channel FD SOI
OSFET for different concentration has been investigated at
differentoperating temperature. The paper has organized in the
Impact ionization, channel doping concentration,following Sections. Sectioh is based on device structure with
proper dimension of the device . Sectlnexplains the effect
of doping on the device eleial behaviour and in Section IV
we have oncluded our results.
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. INTRODUCTION

The FD SOI MOSFET is very well known for its better I
subthreshold slope along with small parasitic capacitance. FD '
SOl devices with thin Silicon film thickness and high doping Figure 1 shows a schematic cross sectional view of-the n
density holds the better subthreshold slope due to the high Channel FD SOl MOSFET along with the doping profile
doping concentratiom channel region. When a high electric
field is applied then carriers come closer to the surface. This
facilitate the gate to control the carriers which results in a
improvement of subthreshold slope [12][FD SOl MOSFET
switches signal faster at velgw operating voltage and contain
high speed also, there is a reduction in short channel effects
and negligible drain to substrate capacitance [3]. In electronic
devices impact ionization plays an important role to enhance
the drain current. When high eggrelectrons collide with the
lattice atoms then a large number of electnoite pairs
generated. This phenomenon is referred to the impact
ionization. The electric fields which required to produce the
impact ionization phenomenon depends on the {ggpdd the
material. It ranges from #0vVcm-1 for low bandgap material
to 16 Vcm-1 for the wide bandjap material. Impact
ionization is the function of doping concentration, when the
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signals [3].Many athors reported the effects of temperature
on the SOIFor designing the device, we used sentaurus



structure editor for the simulation of the proposed device

structure. To design a device the important feature to keep
the mind are high saturation curresmdd low on resistance.
The nChannel FD SOMOSFET with t5; = 50 nm has
selected as shown in Figure Gate oxide thicknesg,{) and

in

buried oxide (BOX) thickness is 5 nm and 100 nm. The

doping concentration in the substrate under the BR)(is

1x10”cm®. We take the doping concentration of drain/source

is 1x10%cm® and of Polysilicon gate is 1x1§cm?®. The gate
length, height and doping concentration is seledtethe 20
nm ,100 nm and 1x2Bcm?®. The channel doping is varying
from 1x1G°cm®to 8x10" cm®,

Ill. RESULTSAND DISCUSSION
Figure 2 reveals thi-V, characteristics curves for linear

region with different channel doping concentrations at
temperature of 300 and 600 K [5]. By increasing the gateigure 2 Simulated Idvg characteristics with different doping concentrations

voltage from-2 V the drain current does not rise so abruptly.
As, the gate voltage increases from 0.47346V for the
channel

doping concentration for 1x16 cm3 then there is sharp

at (a) 300 K (b) 600 K

Figure 3 shows thésVy curves for RChannel FD SOI
MOSFET for different doping concentrations for higher
operating voltage. The drain current rises swiftly at lower
concentration as shown in output characteristics curve for gate
voltage of 2 V. For low doping concentration, thmepact
ionization in the device is higher than heavy concentration in
the channel region. For low doping concentration, the number
of collisions to loss the energy will less which increase the
mobility of electrons in the device. So, the drain curremsris
sharply and leads the impact ionization phenomenon in the
output characteristics curves as shown in figure 3(a) and 3(b).
Temperature also plays a vital role in the device output
characteristics curves. As the temperature rises then the
number of colligons increases which degrade the mobility due
to which drain current decreases with increase in the
temperature as shown in the figure 3(a) and 3(b).

increase in the drain current was observed. Further increase in
gate voltage, drain current comes into the saturation region. At
300 K, minimum numbers of electrdmle pairs ee produced

due to the small number of collision which is only governed
by the low drain voltage. Therefore at lower voltage the drain
current has a maximum value. At higher temperature
minimum drain current was observed due to large number of
collisionsas shown in figure 2.
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