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Abstract: T he forward gated-diode R-G current method is used to monitor the F-N stressing-induced interface traps
of NMOSFET/SOI. This simple and accurate experiment method can directly give the interface trap density
induced by F-N stressing effect for characterizing the device’s reliability. For the measured NM0S/SOI device with
a body structure, an expected power-aw relationship as AN ~+"* between the pure F-N stressing-induced interface

trap density and the accumulated stressing time is obtained.
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1 Introduction

[t is well known that as the transistor
dimension shrinks to the sub-micron and deep
sub-mic—ron range, strong lateral and normal
electrical fields lead to many new effects, which
induce interface traps and bulk traps adjacent to
the drain and channel regions. T hese induced traps
seriously degrade the performance and reliability of
the MOSFET “s. In order to control the transistor
performance, it is essential to accurately monitor
the interface traps induced by the variation of the
effects.

Applying stressing to MOSFET device is one
of the methods widely used in determining the
change of stressing-induced Si/SiO2 interface trap
density and hot carrier effect of the MOSFET. In

the past decades, various experiment methods have

been employed to exam the magnitude of stressing—
induced interface trap, such as IV, I+, C-V or
charge-pumping measurements' "*'. However, when
device geometry goes much smaller, the signal
error due to the increasing parasitic effect makes
such measurements insensitive, inaccurate, and
more complex.

Recently, a refined gated-diode structure has
often been used to characterize the interface traps
and extract the bulk carrier recombination lifetime
in the SOI device by measuring the recombination-
generation (R-G) current, some very good results
have been achieved'” ”. It has been shown that the
method is simple, sensitive, quickly applicable and
nondestructive.

In this paper, we demonstrate the validity of
the forward gated-diode R-G current method to

characterize the averace interface tran densitv

induced by the F-N stressing for SOl NMOSFET .
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This method is applied to an NMOSFET /SOI with
a body contact structure. Through scanning the
gate voltage, the forward current in the diode
formed between source/drain and body regions
shows a sharp current peak, which is responsible
for the channel interface traps induced by the
field F-N

results show that the average interface trap density

strong stressing. The measurement
induced by the F-N stressing increases in a power
law of a factor 0.4 with the accumulated stressing

time.

2 Structure and Measurement

The cross-section of a SOI lateral gated-diode
used in the R-G current measurement is shown in
Fig. 1. If we apply a small (< 0.6V) forward bias
to this diode, the total diode current includes the
diffusion current as well as the recombination—ge-
neration current due to the front and back silicon/
silicon oxide interface traps. By scanning the front
or/and back gate voltage, the interface traps can be
activated or otherwise screened. As a result, the
diode current will demonstrate a strong R-G
current peak when the interface is in the depletion
state. The magnitude of the peak value directly

reflects the interface trap density.
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FIG. 1

Cross=Section of Gated-Diode

Structure Used in M easurement

In our studied NM OS/SOI device, this method
is realized with a body contact structure, as shown
in Fig 1. The gated-diode consists of the source and
drain/body N* P~
NMOSFET/ SOI was fabricated on the SIMOX

junction. The measured

wafer with a 20um channel width and 10pm
channel length. The gate oxide thickness (t«), the
buried oxide thickness (1) and the silicon film
thickness (si) are respectively 16, 360 and 190nm.

In the measurement, the source and drain
contacts are connected to ground while applying a
bias of 0.45V to body contact. As a result, between
the source/drain and the body regions forms a
forward p— junction diode. By scanning the gate
voltage, we can obtain the measured forward R-G
current. We apply a constant stress on the gate to
perform F-N stressing conditions, i. e., a gate
voltage of 3V while the source and body contacts
are grounded. T he accumulated stressing time was
changed from 10s, through 20s, 50s, 80s, 100s,
200s, 500s, 800s, 1000s, to 2000s. The measurement
conditions are chosen as follow: the body bias
voltage is 0.45V

contacts are grounded to form the forward diode.

while the source and drain
Through scanning the front gate voltage from —
1V to 4V, the measured current will contain the
contribution from the R-G of the interface traps

generated by the F-N stres-sing.

3 Results and Discussion

In the weakly forward bias mode (operating in
the sub-threshold region of the diode), the body
contact current comprises the small diode diffusion
current and the R-G current at the Si-SiOz interface
traps. Maximum recombination at the interface
traps occurs when the intrinsic Fermi level is at the
midway between the electron and the hole quasi-
Fermi levels or N.-P.. Scanning the gate voltage to
accumulation to

vary the silicon surface from

depletion state, the maximum recombination
condition is satisfied along the channel from the
source junction toward the drain junction. And
then the presence of the interface traps localized in
the channel region of the increased interface would
be manifested by an R-G current peak, as shown in
contact current

Fig. 2 where the total body

increases exponentially with the forward bias
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voltage magnitude as predicted by the SRH theory.
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FIG. 2 Source/Drain-Body Diode Current as a

Function of Gate Voltage for Different Forward
Bias Voltages Under the Condition Without F-N

Stressing

Based on the above mentioned principle, the F—
N stressing induced interface trap will contribute a
pure part of the R-G current, leading to the R-G
current peak in the gate bias scanning curve to
rise. T herefore, the increased amplitude of the R-G
current peak could be used in determining the F-N
stressing induced pure interface trap density. T he
following measurement and the calculation are just
based on this discussion.

Figure 3 plots body contact current against
gate bias, showing the evolution of the R-G current
with the F-N

stressing, a current peak is observed, attributed to

stressed time.

Following the
the increase in the interface trap

recombination. The peak current grows in
magnitude, exhibiting a strongly time dependence.
Based on these measurements, the pure increased
R-G current induced by the F-N effect can be
simply modeled by the following formula for
different stressing times.
Alpure = Tavess.j =  Twithou stress (1)
Thus, the extracted pure increased R-G
current peak values for different F-N stressing
times are shown in Fig. 4.
SRH

relationship between pure increased R-G current

Based on statistics  theory, the

peak va-ue and interface trap density can be
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FIG. 3 Source/Drain-Body Diode Current as a

Function of Gate Voltage for Different

Accumulated Stressing Times
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FIG.4 Measurement of Pure Stressing-Induced R-
G Current Value as a Function of Accumulated

Stressing Time

described simply by:
1 172 57 T
Al e = zqn;(cnc|.] N A ce? (2)
where ni is intrinsic carrier density, Ni is the
density of interface traps, A ¢ is gate area, and Vi is
the small forward-voltage we apply to the diode.
Here, o= ¢cp= 10 *em™ * o s ',

From Fig. 4, we can obtain the R-G current
peak values for each measurement at first. And
then, using equation (2). we can easily calculate
the corresponding density of the interface trap
(Nu)

subtracting the original interface trap density. we

density after stressing. Finally, by

can find the relationship between stressing-induced
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interface trap density and accumulated stressing
time. For a given MOS/SOI, a group of similar
measurements using this method can be
performed, and the corresponding factor n can be

calculated, as shown in Fig. 5.

Scatter: Measurement
Line: Fit Result.
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FIG. 5 Measurement and Fit Result of Pure

Stressing-Induced Average Interface Trap Density

as a Function of Accumulated Stressing Time

As shown in this figure, the interface trap
density grows in magnitude, exhibiting logarithmic
time dependence. From this plot, we can further

F-N

interface trap density increases in a power law with

reveal that the pure stressing-induced
the relationship of AN ", here factor n is fitted to
be 0.4. This result is consistent with the earlier
observation'”’. Apparently, the smaller the factor
n, the better the stressing character of this device,
and the longer the operating lifetime of it (MOS/

SOI device) .

4 Conclusion

We have investigated the forward gated-diode
R-G current measurement of the silicon/silicon
oxide interface trap induced by the F-N stressing in

an NMOS/SOI device in this paper. By applying

this method to the NMOSFET /SOl with a body
contact structure, expected power law relationship
as AN i+"" between the pure F-N stressing-induced
interface and the accumulated

trap density

stressing time has been obtained.
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