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This work introduces a novel strategy to enhance electron mobility by leveraging an Ultrathin Pure
Si/Ge/Si Substrate within a Charge Plasma-Based Dopingless Multi-Bridge Channel MOSFET. By integrat-
ing ultra-thin pure Ge layers with charge plasma-driven multi-bridge channel architecture, the proposed
approach maximizes carrier transport efficiency. By using charge plasma concept, the chemical doping diffi-
culties are reduced for sub nano meter devices.The device design involves the direct deposition of ultra-thin
Ge crystal layers onto a bulk Si wafer, integrated with multiple bridge channels to improve MOSFET per-
formance. The findings highlight notable improvements, including enhanced electron mobility, minimized
hysteresis, and superior I-V characteristics. This integrated methodology ensures precise gate control, opti-
mized carrier dynamics, and overall superior transistor performance, paving the way for next-generation
semiconductor advancements. Given that transistors serve as the cornerstone of semiconductor technology,
their evolution has significantly contributed to the miniaturization and efficiency of modern electronic sys-
tems. A comprehensive analysis of carrier dynamics was conducted using the Lombardi mobility model, com-
plemented by Shockley-Read-Hall (SRH) and Auger recombination mechanisms to account for minority car-
rier recombination. Inverter and 6T SRAM analysis have been done. The both inverter, read and write com-

parison results shows the better performance when Ge is incorporated in between silicon material.
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1. INTRODUCTION

The introduction serves as a gateway to the research,
providing a broad perspective on semiconductor technol-
ogy and its evolution. It traces the transition from con-
ventional silicon-based devices to innovative material
and structural advancements, highlighting the chal-
lenges that drive the search for alternative solutions.
This section establishes the motivation behind the pro-
posed system, emphasizing the necessity for continual
progress in semiconductor technologies. A brief overview
of the subsequent chapters is provided, setting the stage
for an in-depth exploration of the research [1].

Semiconductor devices form the foundation of mod-
ern electronics, enabling the functionality of countless
systems that define contemporary life. These devices,
predominantly composed of silicon due to its availability
and desirable electrical characteristics, exhibit the
unique capability to selectively conduct electrical cur-
rent — an essential trait that underpins their widespread
applications [2-5]. At the core of semiconductor technol-
ogy lies the transistor, a revolutionary component that
amplifies and switches electronic signals. The advent of
transistors marked a turning point in electronics, leading
to the development of smaller, more efficient, and high-
performance devices. Over the years, relentless advance-
ments have fueled semiconductor innovation, driven by
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the pursuit of miniaturization, enhanced efficiency, and
superior functionality. Semiconductor devices encompass
a diverse range of components, including diodes, which
permit unidirectional current flow; transistors, which
serve as amplifiers or switches; and integrated circuits
(ICs), which consolidate numerous components onto a sin-
gle chip. Cutting-edge developments have given rise to so-
phisticated technologies such as field-effect transistors
(FETs), metal-oxide-semiconductor field-effect transis-
tors (MOSFETSs), and complementary metal-oxide-semi-
conductor (CMOS) systems. These innovations continue
to push the boundaries of semiconductor capabilities, pro-
pelling advancements in computing, communication, and
various other fields [7-10].

The relentless drive for smaller, faster, and more en-
ergy-efficient semiconductor devices fuels ongoing re-
search and development. As we navigate the complexi-
ties of semiconductor technology, we unveil the remark-
able innovations that power the digital era, transforming
industries and reshaping the technological landscape.
From fundamental components like diodes and transis-
tors to intricate ICs housing billions of transistors, semi-
conductor evolution remains at the forefront of modern
electronics [11-15].
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2. DEVICE STRUCTURE

A junctionless transistor has been designed and simu-
lated in Sentaurus TCAD using predefined parameters.
During the evaluation, the gate-to-source voltage (Vas) and
drain-to-source voltage (Vbs) were maintained at 1.3 V and
1.5V, respectively. The structure comprises a Junctionless
(JL) Multi-Channel transistor with two channels, each
having a width of 20 nm, a length of 1000 nm, and a thick-
ness of 10 nm. An inter-oxide layer of 40 nm separates the
stacked channels. The source, drain, and channel regions
were uniformly doped with a concentration of
2 x 1017 cm —32, Hafnium dioxide (HfO2) was utilized as the
gate oxide and inter-oxide material, while silicon dioxide
(Si02) was used for the buried oxide layer [16].

The device architecture features two stacked chan-

nels divided by an inter-oxide layer. The presence of this
inter-oxide layer leads to different gating effects: Chan-
nel 2 is surrounded on three sides, effectively forming a
Tri-Gate structure, whereas Channel 1 is enclosed on
only two sides, functioning as a Double-Gate configura-
tion. Additionally, a buried metal layer (BML) is intro-
duced between Channel 1 and the buried oxide layer, es-
tablishing a Schottky junction at the BML/n-Si inter-
face, defined by the barrier height ®BM > ®Si,where
®Si represents the work function of n-doped silicon. The
barrier height is determined by the difference between
the work function of the buried metal and the electron
affinity of silicon, facilitating controlled charge carrier
transport.
To enhance current drive while maintaining a compact
footprint, multiple bridge channels can be vertically
stacked within the same gate, source, and drain config-
uration. Multi-Bridge Channel MOSFETs (MBCFETS)
leverage this design to optimize performance. Metal ni-
trides such as TiN, TiSiN, TaN, and TaCN are incorpo-
rated due to their high thermal stability. After high-tem-
perature annealing, these materials exhibit work func-
tions ranging from 4.4 eV to 4.7 eV, influenced by factors
such as layer thickness, alloy composition, crystal orien-
tation, and the gate dielectric. While metal nitrides are
not optimal for planar CMOS, they prove highly suitable
for low-power, multi-gate CMOS applications.This con-
cept is closely linked to the photoelectric effect, where
metal-semiconductor junctions play a crucial role. The
work function of the metal, along with the semiconduc-
tor’s electron affinity, determines the Schottky barrier
height, directly influencing charge carrier flow across
the interface. The integration of such material and
structural innovations drives advancements in next-
generation semiconductor technology[17-19].

Figure 1 illustrates the formation of the Buried Metal
Layer (BML) within the semiconductor structure,
achieved through the Charge Plasma concept by doping
a p-type semiconductor material. This buried metal layer
induces a depletion region at the bottom of the device,
creating a Schottky junction with a carefully chosen work
function (PBM). While the source—channel-drain path
remains junctionless, the resulting architecture is
termed the Buried-Metal-SOI Lateral Junctionless
Transistor (BM-SOI-LJLT). The combined effect of the
BML-induced bottom depletion region and the top-gate-
controlled depletion ensures complete volume depletion
in the OFF state, significantly enhancing device
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performance. The Mental Length is 1 nm, Source is
15 nm, Gate measures 30 nm and the Gate thickness is
4 nm, while the Oxide thickness is 1.5 nm. The Metal
thickness is 5 nm, and finally, the Channel thickness is
0.5 nm.
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Fig. 1 — Multichannel in a junction-less thin film transistor
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Fig. 2 — Proposed structure

The work functions of the metal materials used in
the BML typically range between 4.4 eV and 4.7 eV after
undergoing high-temperature annealing. This range is
influenced by factors such as alloy composition, crystal
orientation, gate dielectric material, and layer
thickness.A crucial component of this device is the gate
oxide, an insulating layer that electrically separates the
gate terminal from the underlying source, drain, and
conductive channel. This oxide layer is formed via
thermal oxidation of the silicon channel, resulting in a
thin (5-200 nm) layer of silicon dioxide (SiOg). The
oxidation process follows the Deal-Grove Model, which
describes the self-limiting nature of SiO2 growth. Once
the gate oxide is established, a conductive gate material
is deposited over it to complete the transistor structure.
The gate oxide plays a pivotal role in modulating the
channel's conductivity, sustaining transverse electric
fields as high as 1 to 5 MV/cm to effectively control
charge carrier flow. To assess the device’s performance,
semiconductor processing techniques were meticulously
simulated, as illustrated in Figure 2. A comprehensive
analysis of carrier dynamics was conducted using the
Lombardi mobility model, complemented by Shockley-
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Read-Hall (SRH) and Auger recombination mechanisms
to account for minority carrier recombination. These
simulations offer valuable insights into the electronic
properties of the device, reinforcing its viability for next-
generation semiconductor applications [20].

3. RESULTS AND DISCUSSION

The Sentaurus Visual plot illustrates the transient
response of an inverter circuit, capturing the dynamic
interplay between input and output voltage waveforms
over time. The graph distinctly showcases the inversion
behaviour, where the output voltage (depicted by the
yellow and light blue curves) transitions in opposition to
the input voltage (represented by the dark blue and pur-
ple curves). The input signals exhibit sharp transitions
resembling a square wave, while the output signals dis-
play a slight delay along with characteristic rise and fall
times — hallmarks of the inverter's switching properties.
The presence of multiple input-output curves suggests
variations in simulation parameters or device configura-
tions, resulting in subtle differences in transition slopes
and propagation delays. Despite these variations, the
consistent inversion behaviour reinforces the inverter’s
core functionality, while the observed differences under-
score the influence of specific parameters on the circuit's
dynamic performance. This visualization effectively
highlights the temporal relationship between input and
output signals, offering valuable insights into the in-
verter’s switching speed, signal propagation, and overall
response characteristics.

&

Fig. 3 — Transfer characteristics of MBCFET before and after
the absorption of gas molecules

The Sentaurus Visual plot illustrates the transient
response of an inverter circuit, capturing the dynamic
interplay between input and output voltage waveforms
over time. The graph distinctly showcases the inversion
behaviour, where the output voltage (depicted by the
yellow and light blue curves) transitions in opposition to
the input voltage (represented by the dark blue and pur-
ple curves).

The input signals exhibit sharp transitions resem-
bling a square wave, while the output signals display a
slight delay along with characteristic rise and fall times
— hallmarks of the inverter's switching properties. The
presence of multiple input-output curves suggests vari-
ations in simulation parameters or device configura-
tions, resulting in subtle differences in transition slopes
and propagation delays. Despite these variations, the
consistent inversion behaviour reinforces the inverter’s
core functionality, while the observed differences under-
score the influence of specific parameters on the circuit's
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dynamic performance. This visualization -effectively
highlights the temporal relationship between input and
output signals, offering valuable insights into the in-
verter’s switching speed, signal propagation, and overall
response characteristics.
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Fig. 4 — SRAM read circuit analysis

The provided graph illustrates the Voltage Transfer
Characteristics (VTCs) during an SRAM read operation,
highlighting the differential outputs v(VinR) and
v(VinL). The distinct curves demonstrate the bistable
behaviour inherent to an SRAM cell, where the outputs
settle into two well-defined stable states corresponding
to logic ‘0’ and ‘1’.

The sharp transitions in the VTCs indicate high
gain, a critical factor for robust switching and noise im-
munity. The separation between the two output curves,
particularly in the transition region, underscores the
cell’s ability to generate a differential signal — essential
for reliable read operations. Additionally, the graph pin-
points the switching threshold, marking the point at
which the outputs shift between stable states. Beyond
SRAM behaviour, the work function is a fundamental
property influencing electron emission and absorption at
metal-semiconductor interfaces. Defined as the energy
difference between the Fermi level (which determines
the probability of electron presence at a given energy in
a metal at thermal equilibrium) and the vacuum level,
it plays a pivotal role in establishing the energy barrier
at these junctions. The Sentaurus Visual plot presents the
Voltage Transfer Characteristics (VI'Cs) of an SRAM
write operation, highlighting the differential outputs
v(VinR) and v(VinL) throughout the writing process. The
graph illustrates how the SRAM cell transitions from its
initial state to a new state in response to input voltage
variations. The distinct trajectories of v(VinR) and
v(VinL) reflect the cell’s ability to switch between two sta-
ble states, a fundamental aspect of binary data storage.
The sharp transitions in the VI'Cs indicate high gain, en-
abling rapid state changes essential for fast and efficient
write operations. The divergence of the curves in the tran-
sition region emphasizes the differential nature of the
write process, where a voltage difference between the two
outputs dictates the cell’s final state.

Additionally, the observed slopes and transition points
define the switching thresholds, providing insight into
the write dynamics of the SRAM cell. This VT'C analysis
reinforces the cell’s effectiveness in securely storing data
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by shifting between distinct voltage levels, ensuring re-
liable performance in memory applications
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Fig. 5 — Inverter circuit
4. CONCLUSION

In conclusion, this study introduces an innovative
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¥V it poboTi IIpesicTaBIEHO HOBY CTPATETI0 MIIBUIIEHHS PYXJIMBOCTL €JIEKTPOHIB IIJITXOM BHKOPUCTAHHS
HAATOHKOI yncTol migkiaankn Si/Ge/Si B bararomocroBomy kanaiabHomy MOSFET -rpamsucropu Ha ocHOBI 3a-
PsII0BOI TIa3Mu 0e3 JIeryBaHHsA. 3aBIAKH IHTerpallil HaJTOHKHX mapis gructoro Ge 3 6araToMoCcTOBOO apXi-
TEKTYPOIO KAHAJIIB, KEPOBAHOIO 3aPAL0BOI0 ILJIA3MOIO, 3aIIPOIOHOBAHUIM IIIAX1 MAKCUMI3ye e()eKTUBHICTE Tpa-
HCIIOPTYBAHHSA HOCIIB 3apaAny. BUKOPHCTOBYIOUN KOHIIEIIIIIO 3apaI0BOl ILIa3MM, TPYAHOIIl XIMIYHOIO JIery-
BAHHS 3MEHIIYIOTHCA I CyOHAHOMETPOBUX IIPUCTPOIB. KOHCTPYKIlIST IPUCTPOIO BRITIOUAE IIPSME 0CAKEeHHS
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HAJTOHKUX IIapiB Kpuctasis Ge Ha 00'eMHy KpeMHIEBY ILJIACTUHY, IHTEIPOBAHY 3 KIJIBKOMAa MOCTOBHMU KaHA-
namu 11 nokpanterss npoaykrusHocti MOSFET. PesynbraTu mociakeHES MiIKPECTIOTD IIOMITHI ITOKpAa-
IIEHHs, BKIOYAIYN IIOKPAIIeHY PYXJIUBICTh €JIEKTPOHIB, MIHIMI30BAHUMN TiCTEPE3NC Ta UyI0B1 BOJILT-aMIIe-
pH1 xapakrepucturn. g iHTEerpoBaHa MeTomosIOTIsA 3a0e3nedye TOuHe KepyBaHHS 3aTBOPOM, OITHUMI30BAHY
IUHaMIKY HOCIIB Ta 3arajbHy MOKPAIIEeHYy MPOJAYKTHBHICTH TPAH3WCTOPIB, MIPOKJIATAIOYM IIISX JIJIS JOCST-
HEHb HACTYITHOTO ITOKOJIIHHS HAMBIIPOBITHUKOBUX TEXHOJIOTI#. BpaxoByioun, 1110 TPAH3UCTOPH € OCHOBOIO HAa-
TIBIPOBITHUKOBOI TEXHOJIOTII, IX €BOJIIOIIS 3HAYHO CIPHUIA MIHIATIOPH3ATIil Ta e(PeKTUBHOCTI CyIaCHUX eJIe-
KTPOHHHUX CHUCTEM. ByJIo ITpoBe/IeH0 KOMILIEKCHUHM aHAI3 TMHAMIKY HOCIIB 3apsi/ly 3 BUKOPHUCTAHHIM MOJIEJIl
pyxausocrti Jlombapsi, qonoeaeHol Mmexaniamamu pexombOinarii [orii-Pina-Xosta (SRH) ta Osxe-pexom6i-
HAaIl [ BpaxyBaHHs PeKoMOiHaIlll HeOCHOBHUX HOCIiB. Byso mposenerno anasis imeeproproi Ta 6T SRAM.
PesysipraTi nopiBHAHHS IHBEPTOPHOI, YNTAIBHOL TA 3AMIMCYOUO0] ITAM'SIT] ITOKA3YIOTh KPAIILY IIPOAYKTUBHICTD,
ko Ge BKJIIOUEHO MUK KPEMHIEBUM MATePiaIoM.

Kmiouogsi cnosa: Ilitasmosutii sapssa, MBCFET, SRAM, Iaseprop.
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