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On the Origin of Gate-Induced Floating-Body
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Abstract—This letter systematically investigates the origin of
gate-induced floating-body effect (GIFBE) in partially depleted
silicon-on-insulator p-type MOSFETs. The experimental results
indicate that GIFBE causes a reduction in the electrical oxide
field, leading to an underestimate of negative-bias temperature
instability degradation. This can be partially attributed to the
electrons tunneling from the process-induced partial nt polygate.
However, based on different operation conditions, we found that
the dominant origin of electrons was strongly dependent on holes
in the inversion layer under source/drain grounding. This suggests
that the mechanism of GIFBE at higher voltages is dominated
by the proposed anode electron injection model, rather than the
electron valence band tunneling widely accepted as the mechanism
for n-MOSFETs.

Index Terms—EVB tunneling, gate-induced floating-body ef-
fect (GIFBE), negative-bias temperature instability (NBTI),
silicon-on-insulator (SOI).

I. INTRODUCTION

ILICON-ON-INSULATOR (SOI) CMOS devices are at-

tractive since they provide high current drivability and
reduced junction capacitance when compared to bulk-Si de-
vices [1]. However, for partially depleted (PD) SOI devices,
due to their relatively thick thin films, the impact-ionization
mechanism near the drain will cause the ionization charges to
accumulate in the neutral region, leading to the instability of
body potential [2]. With aggressive scaling of the gate oxide,
the floating-body (FB) potential is controlled not only by well-
known impact-ionization mechanisms but also by a gradual
increase of the tunneling current. This new FB effect, called
gate-induced FB effect (GIFBE), has been observed in both

Manuscript received March 27, 2011; accepted April 8, 2011. Date of
publication May 19, 2011; date of current version June 29, 2011. This work
was supported by the National Science Council under Contracts NSC99-2120-
M-110-001 and NSC-97-2112-M-110-009-MY3. The review of this letter was
arranged by Editor X. Zhou.

C.-H. Dai, A.-K. Chu, and Y.-J. Kuo are with the Department of Photonics,
National Sun Yat-Sen University, Kaohsiung 80424, Taiwan.

T.-C. Chang is with the Department of Photonics, National Sun Yat-Sen Uni-
versity, Kaohsiung 80424, Taiwan. He is also with the Department of Physics,
National Sun Yat-Sen University, Kaohsiung 80424, Taiwan, and also with the
Center for Nanoscience and Nanotechnology, National Sun Yat-Sen University,
Kaohsiung 80424, Taiwan (e-mail: tcchang @mail.phys.nsysu.edu.tw).

F.-Y. Jian, S.-H. Ho, and C.-E. Chen are with the Department of Electronics
Engineering, National Chiao Tung University, Hsinchu 300, Taiwan.

W.-H. Lo, W.-L. Chung, and J.-M. Shih are with the Department of Physics,
National Sun Yat-Sen University, Kaohsiung 80424, Taiwan.

G. Xia is with the Department of Materials Engineering, The University of
British Columbia, Vancouver, BC V6T 174, Canada.

O. Cheng and C.-T. Huang are with the Device Department, United Micro-
electronics Corporation, Tainan 744, Taiwan.

Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/LED.2011.2142412

PD SOI MOSFETs [3], [4] and fully depleted transistors [5].
Although this FB effect can be used in digital designs to
enhance the drain current, owing to the reduction in threshold
voltage, analog designs are restricted when the operation point
is near the kink region. Therefore, to prevent GIFBE, body-
tied-with-T-gate configurations for PD SOI devices have been
used widely [6]-[8]. However, due to the disappearance of the
FB effect, the promotion of drain current is strongly limited
in digital designs. Therefore, the body-tied devices are usually
operated in FB or ground-body (GB) situations for analog and
digital designs, respectively.

In addition, GIFBE has been reported to reduce negative-
bias temperature instability (NBTI) degradation for PD SOI
p-MOSFETs with FB condition [9], [10]. The electrons gen-
erated by NBTI stress accumulate in the body, resulting in
a decrease in electrical oxide field, owing to the increase of
the body potential. However, the origin of these electrons is
not clear yet due to the fact that the electron concentration
is insufficient in the p™ polygate of p-MOSFETs. To the best
of our knowledge, several studies consider that the model of
electron valence band (EVB) tunneling should be responsible
for the GIFBE in SOI n-MOSFETs [3]-[5]. However, there are
a few studies confirming the validity of this mechanism for
p-MOSFETs. Therefore, the aim of this work is to clarify the
origin of electrons on the GIFBE in PD SOI p-MOSFETs by
adopting systematical operation conditions. The experimental
results reveal that the GIFBE in p-MOSFETs can be partially
attributed to the process-induced partial n™ polygate of body-
tied devices. However, the major electron source generated by
NBTI stress is significantly related to the inversion channel
supplied from the source and drain. Therefore, we propose the
anode electron injection (AEI) model, which is similar to the
anode hole injection (AHI) model [11], to explain how this
main electron origin is generated during NBTL.

II. EXPERIMENT

Using 65-nm SOI CMOS technology, PD SOI p-MOSFETSs
with p* polygate are employed in a T-gate structure to inves-
tigate the GIFBE mechanism. The top view of the body-tied
device is shown in the inset of Fig. 1. The distance from the
body contact to the active region is 0.35 pm. The silicon film
and buried oxide thicknesses for the devices are 75 and 145 nm,
respectively. The gate oxide with a thickness of 12 A was
grown by in situ steam generation, with the channel doping
concentration about 3 x 10'® cm~3. The channel current flows
in the (110) direction on the (100) substrate. In this work,
devices with channel lengths (L) and widths (W) both in the
range of 1 ym—65 nm were selected. To confirm the FB effect
on NBTI degradation, the body-tied devices were subject to
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Fig. 1. NBTI-induced threshold voltage shift versus stress time for SOI
p-MOSFETs under GB and FB operations. The inset shows the top view of
the T-gate structure and the gate current comparison of GB and FB devices.

NBTI test under FB and GB conditions. A gate voltage of
—1.8 V 4+ Vi was applied to the gate electrode at 400 K during
NBTI, while the source and drain electrodes were grounded.
The threshold voltage (V) was defined as the gate voltage for
which the drain current is equal to 70 nA x (W/L) in the linear
region. All electrical characteristics were measured using an
Agilent B1500 semiconductor parameter analyzer.

III. RESULTS AND DISCUSSION

Fig. 1 shows the NBTI-induced Vr shift for the PD SOI
p-MOSFETs under FB and GB operations. It can be clearly
observed that the NBTI degradation under the FB condition is
less than that under the GB condition. This can be attributed to
the electron accumulation in the body, which effectively lowers
the oxide field for FB devices during stress, thereby reducing
NBTI degradation. That the lowering of the electrical oxide
field is induced by electron accumulation can be supported
by the reduction in the gate leakage current (Ig) under FB
condition, as shown in the inset of Fig. 1.

To examine these additional carriers (electrons), Fig. 2 shows
I and the body current (I5) versus the gate voltage (V) for
different p* polygate areas (1-0.2 zm?), while the source/drain
(8/D) and body are grounded. It can be seen that Ip has a
significant enhancement as [ increases, which means that the
source of Ip is strongly dependent on /. In addition, regard-
less of the different polygate areas, Ip always shows a linear
increase until about Vi = —1 V and then shows an exponential
increase beyond that point. This phenomenon implies that the
two mechanisms closely related to the gate leakage current
should be responsible for these two respective I stages. It has
been reported that I consists of the following components as
shown in the inset of Fig. 2: 1) hole tunneling from the valence
band (HVB); 2) electron tunneling from the valence band
(EVB); and 3) electron tunneling from the conduction band
(ECB) [12], [13]. Both ECB and EVB tunneling components
can be observed from the body terminal. The two stages of
increase in Ip seem to be contributions from these respective
tunneling currents. The ECB tunneling first occurs as a gate
bias is applied. Then, when the gate bias is large enough,
the EVB tunneling induces additional electrons, leading to the
second increase of Iz. However, due to the negligible electron
concentration in the p* polygate, it is impossible for ECB
tunneling to occur from this region and result in the pronounced
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Fig. 2. Ig-Vg and Ig-V( curves for different p* polygate areas. The inset
shows the schematic diagrams of the different gate tunneling components in an
ultrathin-gate-oxide p-MOSFET.
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Fig. 3. Ip for various W and L dimensions. Ip is obtained from the gate
voltage of —0.5 V while S/D is grounded. The inset shows the cross-sectional
view taken from line A—A’ in the top view of the T-gate structure, illustrating
the p* polygate, the partial n™ polygate, and the n~ substrate.

Ip increase as the gate bias is applied. The possible region
providing sufficient electrons can be attributed to the partial n™
polygate area of body-tied devices.

By cutting the T-gate structure along A—A’ as shown in
Fig. 1, a cross-sectional structure can be obtained and is shown
in the inset of Fig. 3. It can be observed that part of the
polygate area near the body contact has been covered by an n™
implant to produce the extra body terminal. Therefore, the ECB
tunneling current becomes significant between the n* portion
of the polygate and the n-substrate, resulting in the gradual
increase of Ip as the gate bias is applied. This can be confirmed
by examining devices of various widths and lengths, as shown
in Fig. 3. The result indicates that the first stage of Ip has
only linear dependence with length, rather than width, which
verifies that these electrons are tunneling from a partial area of
the polygate, corresponding to the blue region in the top view
of the T-gate structure.

However, the exponential increase of /5 beyond Vi of —1 V
indicates that the larger number of electrons induces the FB
effect to become more pronounced. According to the /¢ tunnel-
ing model, this would seem to be caused by the EVB tunneling
mechanism, as shown in the inset of Fig. 2. Under a sufficiently
large vertical electric field, electrons tunnel from the valence
band of the polygate Si to the Si substrate conduction band.
However, it has been reported that EVB tunneling current only
occurs when the gate bias is larger than —1.1 V in order to make
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Fig. 4. (a) Schematic diagram of the AEI model for an ultrathin gate oxide
in PD SOI p-MOSFETs. (b) Ig—V and Ip—V( characteristics for PD SOI
p-MOSFETs under S/D floating and grounded operations. The inset shows the
linear relationship between Al and Ig + Ip from the different p+ polygate
areas. Ig and Ip are measured under the grounded S/D condition while Vg =
—1.2 V. Alp is obtained by subtracting the ECB component from the second
increase of I 3.

the valence band energy level in the Si substrate align with
the gate conduction band [12]. Therefore, we propose another
possible mechanism that is similar to the AHI model, i.e., that
of AEI, shown in Fig. 4(a), to explain this exponential increase
of Ip. In AEIL if the gate oxide is thin enough, holes can still
tunnel from the inversion layer to the polygate (anode) and
generate hot electrons by impact ionization in the polydepletion
region. Then, these hot electrons can inject over or through
the anode/oxide interface energy barrier and traverse the oxide
layer to the body (cathode).

To further confirm the validity of this mechanism, two op-
eration conditions are performed to distinguish the different
sources of I that result in electron accumulation. We measured
I and I versus Vi of the device under floating and grounded
S/D operations. The result under S/D floating operation is
shown in Fig. 4(b), where it can be clearly observed that the gate
leakage current becomes insignificant because the S/D cannot
supply sufficient minority carriers (holes) to the inversion layer.
In addition, under this operation, /5 exhibits only the linear
component of the ECB tunneling as discussed earlier. On the
contrary, under grounded S/D operation, I5 shows a very
pronounced increase, as well as the appearance of the second
increase of Ip. This proves that the exponential increase of I
can be attributed to the holes in the inversion layer supplied
from the S/D rather than the electron-hole pair separated in the
valence band of the p™ polygate. In addition, our experimental
results from the different p™ polygate areas indicate that the
AEl-induced electron current has a linear dependence on the
hole current tunneling from the inversion layer, as shown in
the inset of Fig. 4(b). Is + Ip depicts the hole tunneling
current from the inversion layer. Al is the pure AEI-induced
electron current, which is obtained by subtracting the ECB
component from the second increase of /5. This relationship

is consistent with that in the AHI model [11], which means that
AEI indeed exists and is the dominant mechanism responsible
for the GIFBE in PD SOI p-MOSFETs.

IV. CONCLUSION

This letter has investigated the origin of electron accumula-
tion on the GIFBE in PD SOI p-MOSFETs. These additional
electrons induce oxide field lowering and cause a reduction of
NBTI degradation. They can be attributed to two mechanisms
corresponding to the stages of the increase in Ip. The first
stage is induced by ECB tunneling from the partial n™ polygate
area of the body-tied device. Based on systematic operation
conditions, the exponential increase in Ip has been found to
be due to the holes of the inversion layer supplied from the S/D.
This demonstrates that the GIFBE in p-MOSFETs is dominated
by the AEI model at higher voltages, rather than the EVB
tunneling which is widely accepted for n-MOSFETs.
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