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In this paper, a significant channel length dependence of the drain leakage current and
is degradation is investigated for the first time in submicron n-MOSFET's. This phenomenon
is attributed to the increase of lateral nonuniform channel doping concentration near the source/
drain sides as a result of the process-induced boron redistribution effecr It is visible for devices
with increasing channel doping near the source/drain sides due to oxidation-enhanced diffusion
(OED) or process-induced implant damages as the channel length decreases. A simple band-o-
band tunneling model and numerical simulation are used to verify this channel length dependent
behavior.

1. Introduction

An anomalous increase in the threshold voltage V1
with decreasing channel length, called the Reserve-Short-
Channel Effect (RSCE), has been commonly attributed ro
the laterally nonuniform channel profile 1-3). For the direct
verification of RSCE, in addition to observe it from the
Vr-L curye l) or conventional C-V method 4), there is no
direct evidence to show the existence of the lateral non-
uniform channel doping along the channel. Only until
recently, we have demonstrated it based on a charge-
pumping measurement 5). In this paper, we will for the
first time propose a different while simple approach to
observe the above nonuniform doping effect based on
GIDL(Gate Induced Drain Leakage) current 6) measure-
menl Furthermore, the increase of effective channel doping
concentration a$'a function of channel length is determined
by using a sirnple band-to-band tunneling model and the
length dependence of GIDL characteristics is verified by
using 2D simulation.

2. Experimental: Channel Length
dependent GIDL Current

Two types of n-channel MOS devices were fabricated in
this study, The V1 implant is ll0 Kev, 2 x l0l2 cm-2
BFZ for type A and 25 Kev, 3 x 1012 cm-Z for type B
devices. The thickness of gate oxide was 140 nm for type A
and 7 nm for type B devices. After gate patterning, the
arsenic was implanted at an energy of 80 Kev and a dose of
5 x 1015 cm-3 to form the n+ source/drain for two devices.
Fig. I shows the measured V1 as a function of the channel
length for type A and B devices which both show reverse
short channel effect. Fig. 2 and Fig. 3 show the measured
GIDL current characteristics. The drain leakage currents are
strongly affected by substrate bias for both devices, but
only channel length dependent for type A devices was
observed. The length dependence of type A is quite different
from the previous report 5'7), in which the drain leakage
current is independent of the channel length. Moreover, the
current degradation AIp[p versus time for type A is also
length dependent as observed in Fig.4.
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3. Verification of RSCE: the Model and
Simulation

The lateral nonuniform channel doping concentration
near the source/drain is believed to contribute to the length
dependence of the measured GIDL and current degradation
characteristics. Fig. 5 shows the schematic diagram of the
increasing channel doping concentration near the drain
region for short and long channel devices. An analytical
model and simulation are used to verify the above
argumens as follows. Equations listed in Table I are used
to calculate the normal freld En and lateral field E6 in
which Vpg is the flat-band voltage, 0s is the surface
potential where tunneling occurs, Np represents the
effective drain doping concenration, respectively. The
model parameters A, B are extracted from the intersection
and the slope of each line by using the characteristics of
tog(lolEf) vs UEr.

In order to determine the effective channel concen-
tration Nsnnear the drain, we assume the fitting parameters
A and B extracted from long channel devices are also valid
for short channel devices. Under such an assumption, the
value of Nsff can be obtained for various channel length
devices by using the equations listed in Table l. The
extracted effective channel doping concentrations of type A
devices are shown in Fig. 6, N eff is increasing as the
channel length deoeases and is beiond I x l0l7 cm-3. We
believe that ttre lateral field ar the corner for type A devices
can become sufficiently large such that the GIDL current
will be dependent on the N e6 near the drain. This result
confirms the above observation that GIDL curents are
enhanced for short channel devices. The extracted effective
channel doping_concentration near the drain of type B is
below I x 1017 cm-3 but almost the same for various
channel lengths (not shown in Fig. 6) such thar the length
dependence of GIDL currents is less significant than for
type A devices.

To verify the observed RSCE, a simple model and
simulations have been made. Fig. 7 shows the calculated
results and measured data for type A devices with various



channel lengths, in which good agreement is observed. The
simutationsbf channel doping along the channel direction
of type A and B are also demonstrated in Fig. 8, in which
oxidation-enhanced diffusion (OED) and transient+nhanced

diffusion (TED) models 8-9) were used in the simulation.
The OED effect is dominant in type A devices, while TED
effect is dominant in type B devices. We found that the
doping concentration near the drain of tlpe A is higher than

that of type B and is consistent with the above
observations. The simulated GIDL curents of tlpe A ard B
are also shown in Fig. 9, in which channel length
dependent is obtained for type A devices and channel lengt'h

independent for type B devices. To describe the
discrepencies, simulations of the electric field for type A
and B devices were compared as shown in Figs. l0(a) and
(b) respectively. We observed that the total field of short
channel length device is higher than long channel length
device in tlpe A devices, such that the channel length
dependent current was observed. For tlpe B devices, the
total field is almost the same for various channel lengths so

the current is channel length independent.

Moreover, according to the increase of effective channel

doping concentration near the drain region devices, the
increase of lateral field with the reducing channel length
will be obtained. This is the reason why the off-state
degradation of type A is more severe than that of type B
devices and has a length dependent feature.

4. Conclusion

A new approach to observe the S/D implant or process'

induced RSCE using GIDL measurement is proposed. The
channel length dependent GIDL culrent is visible for the

devices with the increasing effective channel doping
concentration near the drain due to the OED as the channel
length decreases. In contrast, this behavior was not observed
for devices (such as type B) with TED. In the culrent
method, it provides us a convenient way to characterize the

non-uniform channel doping in the curent submicron and

deep-submicron MOS devices. The channel length
dependent behavior of GIDL current shows a $eat impact
on the funher scaling of ULSI applications, in particular
nonvolatile memories, since GIDL current can not be scaled

with device dimension.
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