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The paper proposes an alternative technology that uses a transistor body modification, whereby a larger
modification provides increased device current during switching, while the slope reduces leakage current during
storage. The body influencing methods improved performance, especially in the low voltage range.

A technology has been developed that can be used to address low voltage operation without any loss in speed
or increase in source leakage. Alternatively, it can be used to speed up the operation of the circuit without any
increase in power consumption. The proposed structure starts with an n-gate MOSFB, which is particularly
attractive and widely used with SOI substrate technology. Unlike the conventional, source-bound layout style, the
n-gate layout style uses polysilicon gate extensions, parallel, on both sides of the channel, to create an isolated

contact between the element surfaces.
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Introduction

Currently, the rapid development of electronics is
causing the emergence of new technologies for creating
and designing SOI transistors. The process of
manufacturing SOI-MON floating-body transistors begins
with the creation of active regions in the silicon layer of
the device, which will ultimately contain the source, drain,
and gate of the transistor [1-3]. These active regions are
created by removing excess silicon through a
photolithographic process that serves to isolate the
individual active regions from each other. The voids in the
device layer created by the photolithographic process are
filled with silicon dioxide to restore a flat surface on the
substrate.

The proposed structure starts with an n-gate MOS
transistor, which is particularly attractive, being widely
used with SOI substrate technology. Unlike the
conventional, source-bound layout style, the n-gate layout
style uses polysilicon gate extensions, parallel, on both
sides of the channel, to create insulated contacts between
the element surfaces.

Using these contacts, independent body tilt can be
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applied to individual devices in a partially depleted SOI
circuit. [4-5]. In general, the analysis of literature sources
and the state of the problem showed the relevance of this
topic and the need for further scientific and applied
research to improve the design of SOI MOS transistors
with a floating body.

I. Properties and approaches to
the design of floating-body
SOI MOS transistors

For SOI devices, the body of each device is
independent from the base oxide layer, the drain regions
effectively isolating adjacent transistor body regions from
each other. Therefore, to control the transistor body
voltage, it is necessary to communicate on an individual
basis. While there is no risk of defects, to eliminate defects
from the MOSFB, the body voltage can increase, changing
the characteristics of the device.

To obtain uniform device features, special attention
must be paid to body defects. The general approach is to
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connect the body to the output side of the transistor using
a P+ insertion next to the N+ source [6].

While an n+/p+ junction would typically form a
diode, a further step is used to reduce the gate resistance.
The introduction of both sides of the channel also moves
the transistor channel inward from the silicon active edge
— the moving source-source, conductive tracks away from
the silicon edge prevent transistor edge effects from
affecting the device's operation. The width of the transistor
is determined by the distance between the output coupling
and the input at each end of the channel.

A transistor design with an independent contact
between the element surfaces is shown in Figure 1. Unlike
the source-bound design, a polysilicon segment is placed
between the source and body junctions to prevent silicide
from bridging the junction. This creates a diode between
the source and body, and keeps the body as an independent
node with a bias independent of the output voltage.

Implantation

P+
impurity

A

Fig.1. SOl MOSFT with independent contact between the
surfaces of the elements.

tors and their structure, (b) MOSFET with a tied source of contact between

For this design, if the body is left unconnected, the
body tilt will float as a function of the drain [7]. This can
cause the characteristics of the transistor to change.

Alternatively, the designer can directly bond the
active regions to the body to act on these nodes
independently. In this case, the transistor width is fixed
because the spacing between the multi-silicon segments
would normally isolate the contacts between the element
surfaces.

Compared to a source-bound arrangement, the width
is effectively reduced by one gate length because the
polysilicon blocks part of the source insertion.

II. Results of simulation of SOI of
floating-body MOS
transistors.

To characterize the effect of body displacement on
individual devices, many types of devices have been
investigated. This compact yet effective set of devices can
be used to verify existing models, especially at low
voltages, under variable displacement conditions, the
effects of design choices at work.

Drain-coupled devices are included with variations in
width (ranging from 10pm to 2.4 um), length (from
1.20 pm to 0.50 um) to determine the electrical width,
length (Were, Lerr respectively) for the process. For
devices with independent contact between the element
surfaces, Lerr will be similar to source-coupled, but Werr
will be different because other physical features determine
Werr. For independent surface-to-surface contact devices,
another set of variable width transistors (10 um to 2.4 pm)
was developed to investigate the Wepr transistors exhibit
with polysilicon surface-to-surface contact isolation [8].

Micrographs of the transistor are shown in Figure 2.

The electrical results, analysis are shown in Figures 3

- -
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5
m“.

the surfaces of the elements, (c) with an independent contact between the surfaces of the elements.

Table 1.
Brief overview of transistor structures for testing.
Width .replacement, the source is connected and Width replacement, only connected drain
independent under the channel area
W (nm) L (nm) W (nm) L (nm)
W=10 nm L=0,5 nm
W=5 nm L=0.5 nm W=10 nm L=0,6 nm
W=4 nm ’ L=0,8 nm
W=3 nm L=1,2 nm

443




T.G. Benko

to 5. The display of Figures 3, 4 records the results of the
ID-vgs for nominal n-MOS, p-MOS devices - transistors.

The features of the VAC characteristics give many
parameters of transistors. Of particular interest are those
that affect the physical design of the device, its use in
certain key studies intended in this project. Among these
device parameters are such as the effective gate length, the
effective channel width.

Effective gate length is the electrical gate length,
which can vary from a certain length due to the
propagation of junctions below the gate, changes in
impurity concentrations, and changes in the gate-level
photolithography process.

The difference between analytical, electrical
measurements for length, width can be obtained from the
characteristic of resistance, conductivity versus width,
length. The total resistance of the series - including the
probes, contacts, resistance of the connections - is 85CQ.
As shown in Figure 5, the curves converge at - 0.4 pm, so
adjusted to be 0.4 pum, the electrical width is slightly larger
than the drawn width. Since the actual device width is
determined by individual doping steps determined with
individual photolithography processes, it is likely that the
interaction between the n+ insertion, which forms the
source width, and the p+ width, which forms the body
junction, could have resulted in a variation in the device
width from the nominal value.

For example, junction concentration, depth, as well as
misalignment between lithographic steps, can affect the
width.

Deviations from the analytical measurements of the
device can affect the measuring transistor as the electrical
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representation of the offset is off-valued.

I11. Discussion of the results and
prospects for the development of the
method

Thus, having examined in detail the technology of
creating SOI-MON transistors with a controlled base, we
come to the conclusion that transistor structures based on
SOI show high technological characteristics with relative
simplicity of production.

The technology of manufacturing SOI substrates is
considered, this technology is an example of
technologically complex substrates, designed mainly to
increase the speed of transistors. This technology is
becoming more and more developed in leading companies
in the world, it allows the creation of partially or fully
depleted transistors with high speed, with lower loss
currents and power consumption.

Special attention is paid to the design of SOI
transistors taking into account the influence of the floating
body and the controlled base. The properties of SOI-MOS
transistors with a floating body and approaches to their
design were also characterized.

Therefore, the proposed structures based on SOI and
the MOS transistors with a controlled base manufactured
on them are an evolutionary step in the development of the
production of circuits and devices for microsystem
technology.
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Fig. 3. Input voltage features of the SOI MOS transistor, W/L= 10um/0.5um. (a) for Vps=0.05V, 3V. (b) VT at the

output VIDS-VGS to VDS.
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Fig. 4. Input voltage features of the SOI MOS transistor, WL=10uk/0. Spum. (a) for VDS=0.05V, 3V. (b) VT at the
output VIDS-VGS to VDS.
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Fig. 5. Transistor parameters with VAC dependences. (a) Function of transistor length. (b) Function of transistor
width.
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Conclusions

The existing principles and methods of designing SOI
transistors taking into account the floating body and the
controlled base are analyzed, and ways of their
improvement are shown to increase efficiency and expand
the number of parameters obtained by this technology.

A technology has been developed that uses a transistor
body shift, whereby a larger shift provides increased
device current during switching, while a slope reduces
leakage current during storage.

It has been proposed that the use of transistors with
independent contacts between the element surfaces allows

gates. If the body is left unbonded, the body bias will float
as a function of the drain. This can cause the transistor
characteristics to change. Alternatively, the designer can
directly bond the active regions to the body to affect these
nodes independently. In this case, the width of the
transistor is fixed because the spacing between the
polysilicon segments would normally isolate the contacts
between the element surfaces. Compared to a bonded
source arrangement, the width is effectively reduced by
one gate length because the polysilicon blocks part of the
source insertion.

Benko T.G. Doctor PHD, Assistant Professor,

the designer to vary the operation of the device for given ~ Department of Computer Engineering and Electronics.
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T.I'. beursko

IIpoexryBannss KHI-TpaH3ucTopiB 3 BpaxXyBaHHSM BILUIMBY ILIABalO40ro Tijia
i KepoBaHoI 0a3u

Tpukapnamcoruii nayionanvnuil ynieepcumem imeni Bacuns Cmeghanuxa, m. Isano-@panxiscok, Yrpaina,
taras.benko@pnu.edu.ua

B po6oTi 3ampornoHOBaHO albTEPHATHUBHY TEXHOJOTIIO sKa BHKOPHCTOBYE 3MiHY Tila TpaH3HCTOpa, 3a
JIOTIOMOTOI0 4OT0 OiNblia 3MiHa 3a0e3neuye 301IbIICHNI CTPYM IPHUCTPOIO IIiJ] Yac NepEeMHUKaHHs, T/l SIK HaX I
3MEHIIy€E NOTiK BUTOKY TiJ yac 30epiranss. Tino, 1o poOUTh BIUIUB Ha METOM HOJIMIIMIO poOOTy, 0COOIHNBO B
HU3BKOMY Jiana3oHi Harpyr.

Po3po06ieHo TeXHOIOTi0, SIKa MOXKe BHKOPUCTOBYBATHCS, 00 BUPIIATH HU3BKOBOJIBTHY OTEpallito, 6e3 0yan
— sIKOI BTpaTH B MIBUAKOCTI, ab0 30LIBIICHHS JpKepena BUTOKY. AJTBTEPHATHBHO II€ MOXKE BUKOPHCTOBYBATHCH,
mo6 TpHCKOpHTH pobOoTy cxemu 0Oe3 Oyap SIKOTo 30UTBIIEHHS BUTPAT €HEprii. 3ampoloHOBaHA CTPYKTypa
nounHaeThest 3 MOHIIT 3 n-3aTBOpOM, SIKMiT 0COOIMBO MPUBAOIMBHIL 1 ITMPOKO BUKOPHCTOBYETHCS 3 TEXHOJIOTIEI0
nigxaanku KHI. Ha BigMiHy Bix 3BM4aifHOTO, IpUB’S3aHOTO BUTOKOM THITy PO3TAlllyBaHHs, CTHIIb PO3TAIyBaHHS
N-3aTBOPY BHUKOPHCTOBYE MOJIKPEMHI€BI PO3ILIMPEHHSI 3aTBOPY, MapalielibHi, 3 000X OOKIB KaHaily, 11100 CTBOPUTH
130JIbOBaHUM KOHTAKT MK IIOBEPXHSIMHU €JIEMEHTIB.

Kirouogi ciioBa: MOH-tpansucrop, KHI, miasaroue Tiso, mikaHaibHa 001aCTh, CHTHAI.
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