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Abstract: The channel lateral pocket or halo region of NMOSFET characterized by interface state R-G current of

a forward gated-diode has been investigated numerically for the first time. The result of numerical analysis demon-

strates that the effective surface doping concentration and the interface state density of the pocket or halo region

are interface states R-G current peak position dependent and amplitude dependent, respectively. It can be expressed

quantitatively according to the device physics knowledge, thus, the direct characterization of the interface state den—

sity and the effective surface doping concentration of the pocket or halo becomes very easy.
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1 Introduction

It is well known that one of the aims of device
research and development is to further scale down
the feature size. However, when the transistor sizes
shrink into the sub-micron or deep-sub-micron
ranges, some especial physics issues will take place
and severely obstacle the improvement in the de-
vice performance deduced from the proportionally
scaling law.

On one hand, further decrease in the feature
size leads serious short channel effects ( SCE),
which may lost control of the gate over the channel

region to some extent. In order to avoid the short
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channel effects, the pocket or halo implantation is
widely used in deep-sub-micron CMOS technolo-
gies'"?, which, however, will also result in large
drain-induce Vr shift and low Roa that will greatly
affect the analog circuit design and its perfor-
mance. T herefore, the optimization of the pocket or
halo design is of very importance for the maximum
output resistance, while we maintain the acceptable
SCE property. Therefore, the pocket or halo tech-
nology as the extension of the channel region, will
complicate the extraction of the basic parameters of
a device, and it is difficult to characte—rize this re-
gion effectively. As far as we know, no direct and
effective method has been found to extract the sur-

face doping concentration of the pocket or halo re-
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gion for the optimal design of a device by far,
though this parameter is very important.

On the other hand, as the transistor® size
shrinks into the sub-micron or deep sub-micron
ranges, the lateral high electrical fields will induce
the interface states. T hese interface states, mainly
adjacent to the source and drain pocket or halo
edges, will lead the degradation in device perfor-
mance and deterioration of the used lifetime. For
better understanding and to model the device per—
formance, it is necessary not only to considerably
reduce the interface states but also to effectively
characterize them. Moreover, if the device sizes
were scaling down into deep sub-micron region,
many conventional characterizing methods, such as
the CV technique and parameter shifts of the
M OSFET. would become insensitive and not appli-
cable for the characterization of this especial re—
gion.

Recently, a refined gated-diode structure has
been used to characterize the interface states and
extract the bulk carrier recombination lifetime in a
SOI device by measuring the recombination-gene—
ration ( R-G) current, with some good results
achieved' ™. Based on the similar lateral SOI ga-
ted-diode configuration, we have analyzed the cha-
racteristics of the R-G current of the bulk traps,
and a revised gated-diode method has been to pre-
sented to separate the interface states and bulk
trap components from the total R-G current'™®.
The method has proved simple, sensitive, quickly
applicable and nondestructive.

In this paper, the channel lateral pocket or ha-
lo region of NMOSFET has been characterized by
using the interface state R-G current of a forward
gated-diode for the first time. Through discrete nu—
merical analysis with DESSISHSE'", the interface
states R-G current is demonstrated to be valid in
the characterization of the interface state density
and the surface doping concentration of the channel
pocket or halo region. Since the channel region R-G
current peak has been separated effectively from

that of the especial surface doping region, the indi-

vidual characterization of the channel region inter—
face state, the pocket or halo region interface state
and the effective surface doping concentration be-
comes easy and feasible. In addition, the R-G cur-
rent peak position and the peak amplitude are used
as a direct and sensitive indicator to show the ef-
fective surface doping concentration and the aver—
age interface state density of the pocket or halo re-
gion, respectively, so as to evaluate the pocket or

halo region.

2 Structure and Simulation

The device used in this study is a common
NMOSFET. The simulated gated-diode structure is
realized by the source and drain/body N P junc-
tion with a forward bias voltage of 0.3V, as shown
in Fig. 1. The channel length, including the pocket
or halo region, is chosen as 10pm in order to en-
large the effect of the interface states. The struc-—
tural parameters concerned are given in Table 1.
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FIG. 1
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Table 1 Parameters Used in the Simulation

Parameter Value Type
N** or P** Concentration/em™* 1X10% Uniform
P~ Concentration/em™ 3 510" Uniform
Silicon Film T hickness/nm 800
Gate Oxide Thickness/nm 10 N* Foly Contact

For the sake of convenience, we assume the in—
terface states are located in the front interface, and
the interface states of the channel and pocket or
halo regions are evaluated by using the interface
state density (Ni). The depth and width of the

pocket or halo junction are fixed to be 0. 2um and
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3um, respectively. The source and drain junction is The recombination-generation via interface

0. 15um. The main physics models used in the si-
mulation are summarized in Table 2. Unless note
especially, all the parameters are given the values
in Table 1.

Table 2 Models Used in the Simulation
Mobility Model

Recombination Models T ransport Model

Avalanche Doping Diffusion-Drift
Auger Dependence
SRH Phumoh
BGN Enormal

3 Simulation Results and Discussion

In this simulation, the pocket or halo doping
concentration and the interface state density, as
both independent variables, are intended to change.
All the discrete simulated values are labeled. One

simulation result of the structure is show in Fig. 2.
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FIG. 2 R-G Current Characteristics of Gated-Diode

with Pocket or Halo Structure

[t can be seen that there are two R-G current
peaks in this figure. The R-G current peak on the
left of this figure is considered to correspond to the
channel region interface states, the other the inter—
face states of the pocket or halo region. Therefore.
the R-G current peak position of the pocket or halo
region is totally different from that of the channel
region. According to the device physics, we draw a
conclusion that the R-G current peak of the pocket
or halo region will emerge when the gate voltage
scans to the positive value so that the pocket or ha-

lo region becomes a depleted case.

state levels is known governed by SRH statistics.
T he recombination rate R for a single trap level at

the intrinsic energy Eiis

npi— ni

- To( n1 + nnj + Tw(pi+ po) (1

Based on SRH statistics theory, the maximum
recombination rate is obtained when the surface
and/or interface are in the intrinsic state, thus the
R-G current shows a sharp increase peak in the
scanning gate voltage axis. The relationship
between the current peak value and the interface
state density can be described simply as:

gl

Al peak = éqni(cnc..] EN WA cet (2)

where ni is the intrinsic carrier density, Nu is the
density of an interface trap, A ¢ is an individual R-G
current peak corresponding to the gate area, and V4
is the small forward-voltage applied to diode.
Here, ca= cp= 10" "em™ " ¢ s~ '),

As a result, the interface state density of the
pocket or halo region can be directly extracted
from this expression at the corresponding R-G cur-
rent peak.

According to MOS device physics, the critical

gate voltage, under which the R-G current peak oc-

curs, can be further expressed quantitatively.

Vg = Vo + len N e + Vs + Qi,,:..r[;u.,.
q 1 n Cox
J 4£5iq N ,.;;d}
Cor (3)

where all symbols have the common meanings.

A ccording to this expression, the R-G current
peak position of the pocket or halo region can be
derived from that of the channel region, besides,
the amplitude of the doping concentration of the
pocket or halo region can be calculated with equa-
tion (3) as well, due to the significant difference in
the pocket or halo region doping concentration
between it and that of the channel region.

T herefore, it is direct and simple to characte—
rize the lateral lightly doping region of the pocket

or halo NMOSFET by using the forward gated-
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diode R-G current method considering the interface
state and effective surface doping concentration. In
practice, the interface state density and the effec—
tive surface doping concentration can be extracted
directly from the measured R-G current peak and
the corresponding gate voltage.

Owing to the band-gap-narrow (BGN) effect
caused by the high doping concentration of the
pocket or halo region, the R-G current of the poc-
ket or halo region shows a higher peak than that of
the channel even if they are at the same interface
state density of 5X 10" cm™ . Based on the basic
SRH theory with BGN effects taken into account,
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the interface states of the pocket or halo region
with this effect can also be extracted from the va-
lue of R-G current peak.

Figure 3 illustrates the sensitivity of R-G cur-
rent versus the interface state density of the pocket
or halo region. The R-G current peak shows high
sensitivity to the interface state density. The larger
the interface state density is, the higher the R-G
current peak would be. Furthermore, the critical
voltage of the R-G current peak is found almost
constant at different interface state density of the

pocket or halo region.
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(a) R-G Current Characteristics at Different Interface State Density for Gated-Diode with Pocket or

Halo Structure: (b) R-G Current Peak and Critical Voltage Versus Interface State Density of Pocket or Halo

Region for Gated-Diode with Pocket or Halo Structure

In Fig. 4, it is shown the R-G current cha-
racteristics at different doping concentration of the
pocket or halo region. As we can see, both the posi-
tion and amplitude of the R-G current peak of the
channel region keep constant at the same channel
doping concentration, while those of the pocket or
halo region change with the pocket or halo’s dop-
ing concentration. It is very interesting that the po-
sition of the R-G current peak is a direct and sim-
ple indicator of the doping concentration of the
pocket or halo region. In other words, the doping
concentration or ion-implantation dose of the pock-
et or halo region can be easily obtained from the R-
G current peak. The R-G current peak position is a

sensitive monitor of the change in the doping con-

centration of the pocket or halo region.

[n practice, due to the influence of the sequent
annealing and drive-in, it is difficult to measure or
characterize the effective surface doping concentra-
tion of the pocket or halo region directly. Fortu-
nately, it becomes easy by using the R-G current
peak position method. As shown in Figs. 3 and 4,
the surface doping concentration of the pocket or
halo region can be directly extracted from the
Vépeak. T he intrinsic theoretical voltage of the pock-
et or halo doping concentration in 1.1X10"em™’
region is calculated to be 0. 195V according to the
device physics, while that obtained by using the R-
G current method is 0. 18V, so they agree with

each other very well.
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FIG.4 (a) R-G Current Characteristics at Different Doping Level of Pocket or Halo Region: (b) R-G Cur—

rent Peak’s Position Versus Doping Level of Pocket or Halo Region

4 Conclusion

In this paper, the characterization of the late—
ral lightly doping region of a pocket or halo of
NMOSFET with forward gated-diode R-G current
method has been studied numerically by using
DESSISHSE, an

simulator. The relationships between the R-G cur-

advanced semiconductor device
rent peak amplitude and the interface state density
of the pocket or halo region, R-G current peak po-
sition and the pocket or halo doping concentration,
respectively, have been revealed.

The simulation results show the dependence of
pocket or halo region’s R-G current on the scan-
ning gate voltage. It is also demonstrated that sig—
nificant difference in characteristics exist between
the R-G current of the pocket or halo region and
that of the channel region. With the method pro-
posed, the interface state density and the effective
surface doping concentration of the pocket or halo
region can be evaluated easily. Moreover, this
method is numerically sensitive to the variation in
the interface state density and the effective surface
doping concentration of the pocket or halo region.
would like to
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