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In this work, the charge plasma (CP) technique is employed to induce carriers in the undoped channel region
of a Silicon-on-Insulator (SOI) trigate MOSFET, eliminating the need for conventional doping and reducing
variability at nanoscale dimensions. A metal layer with a suitably engineered work function (WK) is
incorporated beneath the channel to electrostatically induce carriers in the intrinsic silicon region, enabling
efficient channel formation. The device performance is analyzed in terms of carrier distribution, surface potential
profile, current—voltage (I-V) characteristics, and transconductance, along with circuit-level evaluation through
Voltage Transfer Characteristics (VT'C) of inverter configurations and stability assessment of 6T SRAM cells for
a channel length of 10 nm. Simulations are carried out using Sentaurus TCAD with advanced physical models,
including the Lombardi mobility model to account for surface scattering, Shockley—Read—Hall (SRH) and Auger
recombination models for carrier recombination, and the Density-Gradient model to capture quantum
confinement effects. The incorporation of a high-k dielectric significantly reduces leakage current and enhances
electrostatic control. It is observed that Drain-Induced Barrier Lowering (DIBL) can be effectively suppressed
and tuned by optimizing the work function of the metal layer beneath the channel. As a result of the CP
implementation, the proposed device demonstrates a 16 % improvement in drain current compared to the
conventional SOI MOSFET. Furthermore, the implemented 6T SRAM circuits exhibit a 28 % enhancement in
hold static noise margin, indicating improved stability and reliability, thereby making the proposed CP-based

SOI trigate MOSFET a strong candidate for future low-power and high-performance applications.
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1. INTRODUCTION

It is challenging to scale down the conventional
MOSFET transistor to the mnano scale while
maintaining the same output current and control the
short channel effects (SCE). Even though different gate
structures implemented to control the leakage current,
the SOI Tri gate MOSFET is still superior in gate
control, leakage reduction and scalability improvement
than conventional MOSFETSs [1-3]. Another reason for
an increase in leakage current is due to chemical
doping in the semiconductor devices and also when the
device is scaled down to nanodevices, it is a complex
issue to perform chemical doping. By using intrinsic
channel and electrostatic doping meth-od, chemical
doping can be avoided in nano scale devices [4]. The
intrinsic channel improves carrier mobility, reduces
leakage and enhances electrostatic control, leading to
better performance in device. When a channel is an
intrinsic, the body scattering effect gets reduced and
drift current improved in the device [5-9]. CP is one of
the methods of electrostatic doping, in which electron
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semiconductor [10-11]. CP has been implemented in PN
diode, TFET, BJT and it proves as one of the best
alternative methods for chemical doping.

In all the above-mentioned devices, CP is performed
in the source and drain region not in the channel
region. As the device is scaled down, the Ion/Iorr ratio
will steadily decrease and the leakage current will
increase due to the SCE. High-k dielectrics are
therefore among the best candidates for reducing
leakage current and increasing the Ion/Iorr ratio [12-
14]. Because high-k dielectric materials have a higher
surface area, they seem to have better properties when
nano sized than SiO:. In this article charge plasma
concept is used in channel region of SOI Trigate Un
doped MOSFET to induce carriers by placing metal
layer between Box and channel region mean while
HfOs is used to control the leakage current. The rest of
the article is divided into proposed device structure,
results and discussion and conclusion sections.

2. DEVICE STRUCTURE

and hole carriers are induced in the intrinsic The device structure created in Sentaurus TCAD is
semiconductor by placing metal over intrinsic illustrated in Fig. 1(a), with parameters taken from [1].
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The potential results obtained from TCAD align well
with those reported in [1], as shown in Fig. 2. In [1],
Si0z is employed as the gate oxide with a mid-gap gate
material, and the channel is nearly un-doped. In the
proposed device the same structure channel length has
been reduced to 10 nm and analysis has been done by
incorporating metal layer (CP Method) in between box
and channel region which is used to induce carriers in
the channel region. Under equilibrium conditions, the
metal placed beneath the channel in-duces carriers
based on its work function states that when the metal
work function is higher than that of intrinsic silicon, it
induces hole accumulation in the channel, whereas a
lower metal work function induces electron
accumulation.

To analyses the CP concept in the channel region,
work functions of 3 eV, 4 eV, and 5 eV are utilized for
the channel metal contact positioned beneath the
channel. A metal semiconductor contact with a gate
length of 0.5 nm from the source to the channel is
introduced to minimize the likelihood of silicide
formation.
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Fig. 1 — a) Conventional device b) Proposed device
The device architecture, shown in Fig. 1, is

simulated using the Lombardi mobility model along
with  Shockley Read Hall (SRH) and Auger
recombination models to account for minority carrier
re-combination. Additionally, the Density-Gradient
model is incorporated to capture quantum confinement
effects [15]. The same modelling approach is adopted in
this work, as the proposed device also exhibits
quantum effects at shorter gate lengths.
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Fig. 2 — Validation of conventional structure [1]

3. RESULTS AND DISCUSSION

The output characteristics depicted in the Fig. 3 for
different metal work functions to compare the ID with
drain voltage of the conventional SOI MOSFET and CP
SOI MOSFET. With constant device dimensions
(channel length =10nm, channel thickness=5 nm,
oxide thickness =1 nm, metal thickness=1nm, and
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channel width =5 nm), the simulations are run with
VG=1V and VD=1V. Under the same biasing
conditions, moreover the CP SOI MOSFET has a
higher drain current than the SOI MOSFET. The
device with the lowest metal work function (WK = 3 eV)
among the CP SOI MOSFETSs exhibits the maximum
drain current, but raising the work function to 5 eV
causes a distinct decrease in drain current. This
behaviour can be attributed to the modulation of the
carrier concentration and potential barrier in the
charge plasma channel region. A lower work function
metal induces a higher concentration of electrons in the
channel region, effectively lowering the threshold
voltage and enhancing the carrier injection from the
source to the drain. Consequently, the current
conduction improves, and the CP SOI MOSFET
achieves superior drive capability. The higher metal
work function increases holes density and suppresses
drain current by raising the channel potential barrier.
The charge plasma device has an intrinsic channel with
lower impurity scattering and higher carrier mobility
than the traditional doped SOI MOSFET. The CP SOI
MOSFET exhibits better electrostatic control and
current drivability, particularly for optimal metal work
function values. The enhanced cur-rent performance
demonstrates the charge plasma approach to be
potential for the upcoming nano scale device
applications that has a low threshold voltages and high
drive currents. The IOFF current for the SOI MOSFET
is 2.6 x 10-13 A, while for the CP SOI MOSFET it is
1.24 x 10-* A, The inclusion of the CP structure
effectively reduces the leakage current in the CP SOI
MOSFET.

The Fig. 4 compares the DIBL characteristics of a
CP SOI MOSFET with a conventional SOI MOSFET
for various metal WK. Enhanced electrostatic control
over the channel and better immunity to short-
channel effects are shown by the CP SOI MOSFET’s
noticeably lower DIBL when compared to the
conventional SOI MOSFET. The Fig.5 shows the
trans conductance (gm) characteristics of CP and
conventional SOI MOSFETs with various metal work
functions (WK =3¢eV, 4¢eV, and 5¢eV) at a channel
length of 10 nm and a drain voltage VD =1 V. Among
all the de-vices, the CP SOI MOSFET with a metal
work function of 3 eV has the greatest peak trans
conductance, followed by WK =4 eV and WK =5 eV.
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Fig. 3 — Output Characteristics of SOl MOSFET and CP-SOI
MOSFET with different work function
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In contrast, the conventional SOI MOSFET exhibits
relatively lower trans conductance. This indicates that
lowering the metal work function enhances the carrier
concentration in the channel region, thereby improving
gate control and channel conductivity. As a result, the
CP SOI MOSFET achieves higher trans conductance,
signifying greater current-driving capability and faster
switching performance. Conversely, as the work
function increases, the induced electron density
decreases and hole density increases, leading to
reduced trans conductance.

The Fig. 6 shows the performance of a Charge Plasma
SOI MOSFET and a conventional SOI MOSFET using
transient response characteristics. The CP SOI MOSFET
and conventional SOI MOSFET curves illustrate the
output responses of both devices, while the input
waveform, displays a typical square wave signal. In
comparison to the conventional SOl MOSFET, the CP SOI
MOSFET exhibits faster transitions at both the rising and
falling edges, suggesting a decreased propagation delay
and improved switching speed. The metal creates a high-
density carriers, low-resistance channel free of impurity
dispersion when the charge-plasma idea is used in the
channel area. This greatly reduces the inverter delay by
increasing the driving current and enabling the output
node capacitance to charge and discharge more quickly.
Fig. 7 shows the 6T SRAM circuit build using SOI
MOSFET and CP SOI MOSFET. The Static Noise Margin
(SNM) comparison of SOI MOSFET and CP SOI
MOSFET based 6T SRAM cells during hold operations is
represented by the butterfly curves in Fig. 8.
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Fig. 4 — DIBL analysis of SOl MOSFET and CP-SOI MOSFET

16.0pq --=- so1mosFeT
—#—CP SOI MOSFET (Metal WK = 3 V)
14.0p o —O—CPSOIMOSFET (Metal WK =4.¢V)

- CP SOIMOSFET (Metal WK = 5¢V)

12.0p

)

10081 v _yy

8.0n9 Channel Length = 10 nm

6.0p 4
4.0p4 .

Transconductance (ohm’

2.0p4

[ e e e o
0.0 0.2 0.4 0.6 0.8 1.0

Gate Voltage (V)

Fig. 5 — Transconductance analysis of SOI MOSFET and
CP-SOI MOSFET
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When compared to the traditional SOI MOSFET
based SRAM, the CP SOI MOSFET-based SRAM
displays higher SNM values (SNM1 and SNM2) in both
graphs. This suggests that during both hold and read
modes, CP SOI MOSFET cells have greater stability
and a more robust resistance to noise disturbances. The
higher SNM during the hold mode indicates better data
retention capacity, which means stored data is more
resilient to noise and leakage. The improved SNM of
the CP SOI MOSFET-based cell indicates higher read
stability and less read disturb effects during the read
mode, ensuring reliable access without unintended bit
flipping. Table 1 also assures the same.
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Fig. 6 — Delay response of SOI MOSFET and CP SOI
MOSFET
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Table 1
SOI MOSFET | CP SOI MOSFET
SNM1 SNM2 SNM1 SNM2
%) %) (%) %)
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HOLD 0.26 0.28 0.33 0.36
READ 0.08 0.08 0.22 0.16
WRITE 0.04 0.10 0.06 0.12

4. CONCLUSION

In the proposed work, charge plasma is introduced
within the intrinsic channel of an SOI Trigate MOSFET,
addressing the limitations associated with the
conventional doping techniques at the nano level. The
results indicate the proposed CP-SOI Trigate MOSFET
demonstrates a notable enhancement in device
performance metrics, like increased drain current, high
hole density, and control of leakage current. The
electrostatic potential and band diagrams indicate that
the incorporation of charge plasma significantly lowers
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Bruius miineHOCTi oTBOpPiB Ha TpureiTuuit MOSFET ua ocuosi KHI poamipom menmne 10 Hm 3
BUKOPHCTAHHAM METOy 3apPAJ0BOI IIa3MH 3 AaHAJII30M Ha PiBHI cxemu
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V 1t poGoTi BUKOPHCTOBYeThCs MeTox 3apamoBoi mrasvu (3I1) mrs iHgyrIfl HocliB 3apsay B HEJIETOBAHIN
obmacti ramamy tpureiitHoro MOSFET-tpamsucropa tumy «xpemmiit Ha isomstopd (KHI), mo ycysae
HeOoOXITHICTh TPAIUIIIIAHOIO JIETyBAHHS Ta 3MEHIIlye MIHJIMBICTE y HaHOpo3Mipax. MeraseBuii map 3 BiAIOBiIHO
Ppo3pobirenoio poborom Brxoay (PB) BOymoBanmii i KAHAI [J1S €JIeKTPOCTATIYHOIO 1HIYKYBAHHS HOCIIB 3apsaLy y
BJIACHIM 00JIacTi KpemHilo, IIo 3abesnedye edeKTHBHE (POPMYBAHHS KAHAIY. XAPAKTEPUCTHUKM IIPHUCTPOIO
AHAN3YIOTECA 3 TOYKM 30pYy POSIIONILY HOCIIB, MPO(QLIo MOBEPXHEBOrO IIOTEHINANy, BoJbT-ammepHux (BAX)
XapaKTEePUCTUK Ta KPYTU3HU, 4 TAKOYK OLIHKK HA PIBHI CXEMH 34 JIOIIOMOTOI0 XapaKTePUCTUK Mepeadi HAIIPYTH
(XITH) womdirypariit imBepropa Ta omiaku crabursHocti 6T SRAM-romipor 1uist mosskmun KaHaay 10 HM.
MopnemroBanHus mpoBoguThest 3a moromoron Sentaurus TCAD 3 BHKOPHCTAHHSIM ITEPENOBUX (DISHMUHUX MOZEJIEH,
BKJIIOYAIOYN MOJEh PYXJMBOCTI JloMOap/i [Jist BpaxXyBaHHs IIOBEPXHEBOIO PO3CIIOBAHHSI, MOJMEJ PEeKOMOIHATIIL
IMoxmi-Pima-Xomma (IIIPX) ta Osxe mist pekoMOiHAITT HOCIIB, a TaKOYK MOIEb TPAieHTa T'YCTUHM JIJIsS
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BpaxyBaHHA e(eKTiB KBAHTOBOI'O OOMEYKEHHS. BKJIIOUeHHs TieleKTPUKA 3 BHCOKMM K 3HAYHO 3MEHIIye CTPYM
BUTOKY Ta IOKPAIIYE €JIEKTPOCTATUYHMI KOHTPOJb. Criocrepiraersesi, 110 3HUKEHHsI Oap'epy, 1HIYKOBAHOIO
crokom (DIBL), mosxe OyTu ed)eKTHBHO IIPHAYIIEHE TA HAJANITOBAHE IILIAXOM ONTHMI3aIli POOOTH BUXOIY
MeTaJIeBOro Iapy Injg KaHaJoM. B pesysbrari peasmisarii 311, samporoHoBaHwWil IIpHCTpiil JeMoHCTPye 16 %
TIOKPAIIEHHsA CTPYMy CTOKY ropiBHsiuo 31 3BmyaviinMv KHI MOSFET. Kpim Toro, peamsosani cxemu 6T SRAM
JIEMOHCTPYIOTh 28 % MOKpAallleHHs 3amacy CTaTUYHOIO IIyMy YTPUMAHHS, IO CBUIYHTH [P0 IIOKPAIIEHY
CTAOUTBHICTL Ta HAMIWHICTL, TUM camuM pobsstum 3anporonoBanuit KHI tpureirosnit MOSFET ma ocrosi 311
CHJTBHUM KaHUIaTOM JIJIsI MAMOYTHIX HU3HbKOEHEPTeTHIHNX Ta BUCOKOIIPOIYKTUBHUX 3aCTOCYBAHb.

Kmouosi ecnosa: MOSFET, Ilmasma, SRAM, TCAD.
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