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This paper reports a concise analytical model for deep submicron NMOS
devices considering energy transport. As verified by the experimental
data, the analytical model shows a good accuracy in the IV characteris-

tics.

Summary

Conventional drift-diffusion models are applica-
ble for NMOS devices with a channel length down
to 0.25um [1]. For NMOS devices with a channel
length less than 0.25um, the lateral electric field
in the device can be large- the electric field af-
fects the electron energy distribution. As a result,
the electron temperature is much higher than the
lattice temperature. Therefore, energy transport
is also important in determining the current con-
duction of the device [2]. Under this situation, to
obtain an accurate IV characteristics for the de-
vice, Boltzmann transport equations should also be
solved simultaneously— analytical model is difficult
to obtain. Consequently, 2D device simulation is
necessary [3]-[5]. Incorporating the electron tem-
perature effects including velocity overshoot [5] by
modifying the conventional mobility model, analyt-
ical models for deep submicron NMOS devices have

been reported [1][6]. In this paper, by directly sim-
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plifying the energy transport equation, a concise an-

alytical model for deep submicron NMOS devices is

reported.
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Fig. 1. Cross section of the deep submicron NMOS

Device under study.

Consider an NMOS device with an effective chan-
nel length of 0.1ym as shown in Fig. 1. Energy
balance equation is as shown Egs. (1)(2) in Fig. 2.
In the NMOS device, the electron current is mainly

composed of drift current as shown in Eq. (3) From
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Fig. 2 Important Equations.

Eqgs.(1)-(3), one obtains Eq. (4). Using Taylor’s for-
mula [7], the B(T,) in the nB(T,) term can be
expressed as Eq. (5). From Eqs. (4)&(5), Eq. (6)
is obtained. Using a similar approach as in the
paper by El-Mansy et. al. [8], the lateral chan-
nel of the NMOS device is divided into two sec-
tions — the (1) pre-saturation region and (2) the
post-saturation region, separated by the "satura-
tion point”, where its electric field is E. and its
channel potential is V,. In the pre-saturation re-
gion, the electric field in the channel between source

and the saturation point has been assumed to be

linear. From Eq.(6), with the boundary condition |

- the electron temperature at source is equal to
the lattice temperature (7,,(0) = T,), the electron
temperature at location y is obtained - Eq. (7).
Using the temperature-dependent mobility formula
[6], the drain current can be expressed as Eq. (8). In
the post-saturation region, 2D Gauss’ Law has been

applied in the Gaussian box area as shown in Fig. 1

— from the saturation point to a location y before
drain in the lateral direction and from oxide inter-
face to the junction depth in the vertical direction.
Solving this equation with boundary conditions at

the saturation point, and Eq. (9) is obtained. From
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Egs. (8)(9), the drain current model of the NMOS
device considering energy transport has been de-

rived.

In order to show the effectiveness of the analyt-
ical model, the analytical model results have com-
pared to the experimental data [9]. The NMOS
device under study has an effective channel length
of 0.1um and a gate oxide of 454 and a S/D junc-
tion of 6504 and a substrate doping density of 3 x
10Y7e¢m=3. The zero bias threshold voltage of the de-
vice is 0.15V. Fig. 3 shows the Ip vs. Vpg curves for
the NMOS device biased at Vg of 0.8V, 0.6V, and
0.4V and Vp from 0V to 1V. A good match between
the analytical model results and the experimental
data can be seen. For circuit applications, output
conductance and transconductance are importance
in determining the performance of an NMOS de-
vice. Fig. 4 shows the output conductance vs. Vpg
for the NMOS device biased at Vgs = 0.8V, 0.6V,
0.4V using the analytical model. Also shown in
the figure are the results based on the model with-

out considering energy transport. The result using

the analytical model with energy transport is larger

than that without it. Fig. 5 shows the transconduc-
tance vs. effective channel length of the deep sub-
micron NMOS device based on the analytical model
and the experimental data [10]. The NMOS device
is biased at Vpg = 0.8V. Also shown in the fig-
ure is the model result without considering energy
transport. The result using the analytical model
with energy transport is smaller than that without
it. The analytical model result considering energy
transport shows a good match with the experimen-

tal data.
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Fig. 3. The Ip vs. Vpg curves for the NMOS device
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with an effective channel length of 0.1ym and a gate
oxide of 454 and S/D junction depth of 6504 and
a substrate of 3 x 10"cm ™3, biased at Vg of 0.8V,
0.6V, and 0.4V.
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Fig. 4. The output conductance vs. Vps of the

0.1pm NMOS device biased at Vgg = 0.8V, 0.6V, 0.4V
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Fig. 5. The transconductance vs. effective channel
length of the deep submicron NMOS device based

on the analytical model and the experimental data.

The NMOS device is biased at Vps = 0.8V.
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