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1.Introduction
Drain leakage currents due to band-to-band tunneling (BTBT) have been stud-

ied intensively[1]-[5]. This phenomenon has to be taken into account for design-
ing thin gate-oxide MOSFET’s.

In this paper it is shown by experiment that impact ionization plays a
significant role in modeling drain leakage in the deep subthreshold region. And
a simple analytical BTBT model with impact ionization is presented here for the
first time.

2.Model
The n-channel MOSFET’s used in this study have conventional drain structure

with the device parameters which are summarized in Table.1l.

Fig.1 shows Vbs dependence of drain leakage currents. The previous 1-D
models[1],[2] attribute drain leakage to BTBT which occurs in the depletion
layer at the gate-to-drain overlap region. Only the field normal to the Si-SiOg
interface is taken into account in these models. Therefore, the characteristics
of drain leakage in Fig.l1l cannot be explained by these models.

Fig.2 also shows drain leakage characteristics, in which two devices with
channel lengths of 2.0 and 0.8pm are compared, keeping V4p constant at 4V. In
the region where drain leakage dominates, there is no significant difference
between these two curves. From this point we can assume that the functional form
of drain leakage is expressed as

Igs = £(Vag,Vap) (1)

Next we model drain leakage in two steps. First, BTBT occurs due to the
normal high field (E,) which generates the mobile carriers. The amount of cur-
rent caused by these carriers is termed Ipt. Second, the generated holes (for
n-channel) are accelerated by the lateral high field (E;) in the drain-substrate
junction, and this causes impact ionization. Therefore, assuming that the impact
ionization coefficient is given by a = exp(-Bpg/Ej), drain leakage is given by
integrating the product of a and Ipt across the junction. The result is

Ids = AlEnexp(_Bbl/En) (2)
Ay = Ab1WElexg(—Bb2/El) (3)
El = Y2aNp/€s5ivVbi *+ Vdb (4)
En = (Vdg + Vep - ¢s)/(3Tox) (5)
#s = Ko - Ko - Vgg (6)
Ko = Vgg + (aNgTox®€si)/€ox® (7)

where Ap1,Bp1 and Bpg are constants and Vpj is built-in potential.

3.Results and Discussion
To confirm the accuracy of this model, it is necessary to extract three

parameters (Api1,Bp1,Bpy) from the experiment. First, we use the characteristics
of log(Ilgs/Ep) vs 1/En which is shown in Fig.3. Parallel straight lines corre-
sponding to different Vgp's are observed. Ay and Bpj are extracted from the
intersection and the slope of each line. Next we use the plot of log(Ai/Ey) vs
1/E] with channel lengths of 0.8, 1.2 and 2.0pm, as shown in Fig.4. Again, a
linear relationship is obtained, and Apj and Bpp are extracted. The value of Bpa
(=3.3MV/cm) is close to that obtained from the substrate current experiment for
p-channel MOSFET’s (=3.7MV/cm)[6]. These results suggest the physical accuracy
of our model. The comparison between the calculated results and measured data is
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shown in Fig.1. A good agreement is obtained.

4.Conclusion _ o .

A simple analytical model of drain leakage currents due to impact 1on1zat1pn
induced by BTBT is presented. Results calculated by this model agree well with
experimental results.
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Table.1 Device parameters of n—channel MOSFET's
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Fig.1 Substrate bias dependence of
drain leakage currents of MOSFET with
Tox=100A, L=2.0pm and W=10pm. V4g=0.2V,
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