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A 3 channel rectangular Gate All Around Nano-Wire Multi Bridge Channel Field Effect Transistor
(GAA NWMBCFET) is introduced in this work by integrating multi bridge channel into Gate All Around
Nano-wire Field Effect Transistor (GAA NWFET) with increased drain current and enhanced Short Chan-
nel Effect (SCE) suppression for a gate length of 35 nm. Gate capacitance increases significantly due to
vertically stacked channels enclosed by the gate. To understand the characteristics and behavior of the
proposed GAA NWMBCFET, a rigorous analysis was conducted using a reliable physical model: the tem-
perature-dependent carrier transport model (DD). Within this analysis, the Mobility Model (MM) played a
crucial role in incorporating the effects of doping concentration and electric field. Additionally, the
Bandgap Narrowing Model (BNM) and the Shockley-Read-Hall recombination Model (SRM) were instru-
mental in addressing carrier lifetime concerns. Utilizing Synopsys Sentaurus Technology Computer Aided
Design (TCAD) facilitated the simulation of our proposed model, enabling a thorough examination of its
characteristics. The rectangular multi bridge channel device exhibit 2.3 times better drain current than
the rectangular nano-wire transistor. In addition, the Ultra Thin Body (UTB) in the device inhibits Sub
threshold Swing (SS) and Drain Induced Barrier Lowering (DIBL) which contributes to minimized off cur-
rent. The current drive has a 28 % increase for L =5 nm than GAA NWFET. Furthermore, to ensure a
comprehensive understanding of the device behavior, a detailed analysis of trans conductance was per-
formed for a gate length of 35 nm. Additionally, analyses were extended to gate lengths of 5 nm, enabling a

thorough evaluation of both GAA NWMBCFET and GAA NWFET.
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1. INTRODUCTION

Bringing down the transistor length to nano levels
with the same level of output current is a complicated
process. The drain current should be maintained even
when the size of the transistors is reduced because it is a
key factor in defining the device's performance. By plac-
ing oxide and a gate around the channel, the fundamen-
tal MOSFET structure has been enhanced to become
dual gate, trigate, and GAA. MOSFETSs were later found
unsuitable for short channel transistors and thus finfets
were considered for that purpose [1]. The GAA structure
was more appropriate for sub- 5 nm devices than FinFET
structure according to the reports given in ITRS 2015 [2].
Due to the GAA’s exceptional gate control over the chan-
nel [3-4], the SCE and leakage current were reduced.
Single channel was generated for all the transistors, and
the conduction of current took place customarily from
source to drain. To enhance current drive within the
existing structure, numerous channels were generated in
a stacked configuration, collectively referred to as the
multi-bridge channel. Ongoing research is exploring
potential devices to further augment current drive. The
design of Gate-All-Around (GAA) is well-suited for nano-
scale devices, leading to the belief that integrating a
multi-bridge channel structure into GAA could yield
superior outcomes.

In 2003, an MBCFET was created with a gate
length of 5 um and a width of 1 um, resulting in a 4.6
times larger output current compared to a planar
MOSFET [6]. Subsequently, a 250 nm gate length
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MBCFET was fabricated, as documented in [7]. En-
hancements in current drive were observed in [8] with
the fabrication of a single bridge channel MBCFET
featuring a 90 nm gate length. Additionally, [9] demon-
strated the successful fabrication of an MBCFET with a
TiN gate. Notably, the MBCFET, determined by the
number of channels derived from a single channel,
offers superior current drivability compared to other
nano-scale devices. In this work, multi bridge channel
is incorporated in the nano-wire transistor with the
gate region being formed at all four sides, which pro-
duces an increase in the output current.

The rest of this paper has been divided into the follow-
ing sections: Device Structure, Results and Discussions.

60.0p -
50.0p 1 V=1V
40.0p -
g 30.0p
L == = Experimental|
2004 o= Simulation
10.0n
0.0+ T T T T T T - T . T
0.0 0.2 0.4 0.6 0.8 1.0
Vis V)

Fig. 1 — Validated output characteristics in comparison with
experimental results [10]
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Fig. 2 — Compared output characteristics of both Cylindrical
NWFET and Rectangular NWFET

2. DEVICE STRUCTURE

Fig. 1a depicts the calibration of parameters car-
ried out by reproducing the Cylindrical NWFET device
[10] as given in Table 1, which is evaluated along with
the experimental data provided in [11]. This
simulation is performed by placing VGS at 1V and
VDS at 1V. Due to the geometric versatility in
incorporating multi bridge channel in Nano-wires, the
same volume present in the cylindrical structure is
generated for the rectangular device using

Cylindrical Structure [m*(Radius)2*Height] =
Rectangular Structure [Height*Width*Length]

The output characteristics have been plotted by
varying VGS from 0.5V to 0.8V and keeping VDS
constant at 1V for both cylindrical GAA NWFET and
rectangular GAA NWFET. The calibration given in
Fig. 1b indicates the same current drive being produced
for both cylindrical and rectangular structures since
both have same volumes. In this letter three thin
channels were established in a vertically stacked
manner from a single channel in the above-mentioned
rectangular NWFET. Fig. 2 depicts the structure of
MBC where each channel will be covered by HfOz and a
PolySilicon layer. Table 1 lists of the model parameters
used for calibration. The width of the three channels
was increased to equal the volume of the rectangular
GAA NWFET, since the thickness of all three channels
was decreased by incorporation of oxide and gate layer
in between the channels.
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Fig. 3 — MBC Structure
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Table 1 - lists of the model parameters

Parameter | Cylindrical| Rectangular Rﬁ%ag}g}t;};r
Gate 35 nm 35 nm 35 nm
Length

Gate 1.5 nm 1.5 nm 0.41 nm
Oxide per channel
NW 21.45 nm - -
Diameter

Channel - 21.45 nm 20.52 nm
Width

Channel - 16.846 nm 5.87 nm
Thickness per channel

Fig 2 respresents the structure of NWMBCFET
when it has been vertically cut. The metal work func-
tion [®M] and the p-type semiconductor work function
[®S] would be 4.15 eV and 5.1 eV respectively for all
Cox and Csi calculations. The fabrication steps for
stacked Nano sheets and for MBC structure is ex-
plained in [6-7], [12].

(©)

Fig. 4 —a) Rectangular structure with both oxide and poly
silicon layers; b) Rectangular structure with oxide layers; c)
Oxide and poly silicon layers; d) 3 channels

To check the performance of GAA MBCFET for sub
5nm devices, the rectangular GAA NWFET gate
length has been scaled down to 5 nm. The channel
length was reduced to 5 nm from 35 nm, and its thick-
ness was kept at 5 nm by using constant voltage scal-
ing [13, 14]. The GAA NWMBCFET was formed by
creating three channels over the rectangular GAA
NWFET having an Lc =5 nm, channel thickness of
4.08 nm, and a width of 6.14 nm to match with the
volume of GAA NWFET. The calculated IV character-
istics for a gate length of 5 nm are shown in Fig. 6. All
simulations were performed on Sentaurus TCAD sim-
ulation tool. Drift-Diffusion Model and Shockley Read-
Hall (SRH) recombinations are triggered and the Den-
sity Gradient Model is invoked for the study of quan-
tum mechanical induced effects [15].

3. RESULTS AND DISCUSSION

The comparison between IV characteristics of rectan-
gular GAA NWFET (Lc =35 nm) and rectangular GAA
NWM- BCFET (L = 35 nm) has been depicted in Fig. 4.
The figures specify a 2.3 times increase in current driva-
bility compared to the rectangular GAA NWFET
(Lc = 35 nm) by use of multi- bridge channel concept.
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Fig. 5 — Compared Transfer Characteristics of both rectangu-
lar GAA NWMBCFET and rectangular GAA NWFET
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Fig. 6 — Compared Output Characteristics of both rectangu-
lar GAA NWMBCFET and rectangular GAA NWFET

The transfer characteristics show the curve been
plotted where Ve=Vp=09V and V=09V,
Vp=50mV for both rectangular GAA NWFET and
rect- angular GAA NWMBCFET. The output charac-
teristics are plotted by varying VGS from 0.5V to
0.8 V for both devices. Upon increasing the width of
the of the multi-bridge channel device, an output cur-
rent 2.3 times better than the NWFET structure was
produced, so the SCE could be sufficiently reduced.
Even though there are multiple interfaces being made
in the MBCFET structure, it is due to the reduction of
oxide thickness that there occurs a decrease in the
trap charges at the interfaces. As illustrated in Fig. 2,
the cumulative Cox achieved in the MBC structure
produced an increased gate capacitance when com-
pared with the GAA NWFET. The cumulative Cox also
caused an increase in transconductance of the device,
which also proved that the channel has better gate
control when compared to the NWFET device. This led
to reduced leakage current as well as reduced tunnel-
ling current from source to drain.

SS is also a significant short channel effect which
has an ideal value of 60 mV/dec. Having a small value
for SS enables the device to turn on and off quickly.
MBCFET reduces the SS value which in turn increases
the performance of the device as shown in Fig. 5 so the
off current is reduced.

Drain-induced barrier lowering (DIBL) has been
calculated by using the difference between threshold
voltages at VDS = 0.05 V and VDS =1 V. The calculat-
ed DIBL is 21 mV for MBCFET and 42 mV for
NWFET for the gate length of 35 nm.
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Fig. 7 — Subthreshold Swing (SS) of both GAA NWFET and
GAA NWMBCFET

1 ¥ GAANWFET (L(; =35nm)
éSOO.Uu- 4 GAA NWMBCFET (L =35nm) &
] 4
5250.0p+ N
=
2200.0p
£ 1 &
2150.011
S ] & *
gmo.ouj h *
g 50.0p; éﬁe
= 0.0- ——r
0.0 0.2 0.4 0.6 0.8
Gate Voltage (V)

Fig. 8 — Transconductance of both GAA NWFET and GAA
NWMBCFET
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Fig. 9 — Compared Transfer Characteristics of both rectangu-
lar GAA NWM- BCFET and rectangular GAA NWFET

MBC structure reduces SS degradation and DIBL
values which lead to reduced off current. The reduc-
tion in oxide layer thickness increases the oxide capac-
itance, and eventually the drain current.

Fig. 6 shows the transfer characteristics between rec-
tangular NWFET and rectangular NWMBCFET for a
gate length of 5nm. The graph was plotted for
Ve=Vp=0.5V and V5=0.5V, keeping the drain voltage
value at 50 mV. A 28 % improvement in drain current
was exhibited when compared to NWFET. Even though
the channel length is converted from 35 nm to 5 nm, the
threshold voltage (Vin) roll-off is diminished.

4. CONCLUSION
A 35nm Cylindrical GAA NWFET was compared
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with a rectangular GAA NWFET. The rectangular GAA
NWM- BCFET has been formed with 3 channels and
compared with the rectangular GAA NWFET for the
gatelengths of 35 nm and 5 nm. The GAA NWMBCFET
displayed an increase in current drive due to its Multi
bridge channels compared to other typical nano-wire
structures. Multi-bridge channels also reduce short
channel effects like SS, DIBL as well as threshold volt-
age Vin roll-off. The Multi Bridge structure is believed
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BrroueHHs 6araToMOCTOBMX KAHAJIIB y 3ATBOP HABKOJIO HAHOIPOTOBOI'O IMOJILOBOTO TPAH3NCTOPA

S. Ashok Kumar, J. Soundararajan, P. Mahendra Peruman, J. Susmitha, K. Krishnaprasath

Department of Electronics and Communication Engineering, Sri Manakula Vinayagar Engineering College,
Puducherry, India

3-rxanaspamii npaMmokytHuii Gate All Around Nanowire Multi Bridge Channel Field Effect Transistor
(GAA NWMBCFET) npencrasmenwit y 1t pobori muisxoMm iHTerpariii 6araTomocroBoro kanaiy B Gate All
Around Nanowire Field Effect Transistor (GAA NWFET) 3i 36iblieHuM cTpyMOM CTOKY Ta ITOKPAIIEHUM.
Bmenmnrennit eperr koporroro kanasy (SCE) msa mossxwuau 3aTBopa 35 HM. EMHICTE 3aTBOpA 3HAYHO 301JIBIITY-
€THCS Yepe3 BEPTUKAJIHLHO PO3TAIIOBAHI KaHaHM, 3akpuTi 3aTBopoM. 1106 3po3ymiTi XapakTepUCTUKA Ta TI0Be-
nmiaky 3ampororoBaHoro GAA NWMBCFET, nposezneno peresbHM aHaI3 3 BUKOPUCTAHHSAM Hai#HOI (i3u-
YHOI MOZEJIi: MOJIeJIl TPAHCIOPTYBAHHSA HOCIIB, 110 3as1euTh Bif Temmeparypu (DD). V oMy anamisi Mmogens
MobGieHOeTi (MM) 3irpasia BUpilIaJIbHY posib y BpaxyBaHHI eeKTiB KOHIIEHTPAIIl JOMIHTY Ta eJIeKTPUIHOIO
mostsa. Kpim Toro, momess 3ByskeHHs 3aboporeHoi 3oHu (BNM) 1 pexomoGinariitaa momess lokm-Piga-Xomna
(SRM) Bimirpaiu BaskJIWBY POJIb y BUPILIEHHI IIpo0JeM 13 TepMIHOM CIIy:Ou Hocisa. Bukopucranus Synopsys
Sentaurus Technology Computer Aided Design (TCAD) mostermmiio Mojie/ TI0BaHHS 3aIIPOIIOHOBAHOI HAME MO-
[IeJTi, JO3BOJIAIOUN PETeIbHO BUBYUTH Il XapAKTePUCTURHU. [IpAMOKyTHUI OaraToKaHAJIbHUNA MOCTOBHUI IIPHUCT-
piii meMOHCTpYe B 2,3 pasyu KPAIMil CTPYM CTOKY, HisK IPAMOKYTHHM HAHOMPOTSHNN TpaHsucrop. Kpim Toro,
yasrparorkwnit Kopiyc (UTB) y mpucrpoi 6s10kye migmoporose KosmBazHs (SS) 1 3HUMKEHHS 0ap’epy, BUKJINKA-
ue croxkom (DIBL), mio crpusie MiHimMisalni crpyMmy Bimg/IoueHHs. [loTounmii nuick mae 30iabnreHHs Ha 28 %
st Lo = 5 um, Hisk GAA NWFET. Kpim Toro, f1s1 HOBHOTO po3yMiHHS IIOBEIIHKY IIPHCTPOI0, OYB IIPOBEIEHU
JeTaJIbHUN aHaJIi3 TPAHC-IIPOBIIHOCTI I JOBKUHY 3aTBopa 35 HM. Kpim Toro, aHasma GyJio po3mIMpeHo 10
JIOBIKMHM 3aTBOPA 5 HM, III0 JJAJI0 3MOT'Y PETeJILHO OI[IHUTHA TPAH3UCTOPH.

Kirouosi cnmopa: GAA NWFET, GAA NWMBCFET, TCAD, MBCFET, UTB
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