JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 15 No 2, 02007(4pp) (2023)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 15 No 2, 02007 (4cc) (2023)

Performance Analysis of Incorporating a Buried Metal Layer in a Junction-Less

Multi-Channel Field Effect Transistor
S. Ashok Kumar®, A. Roshan Solomon, T. Thirumurugan, S. Dhanraj

Department of ECE, Sri Manakula Vinayagar Engineering College, Puducherry, India
(Received 10 December 2022; revised manuscript received 20 April 2023; published online 27 April 2023)

This work focuses on the outcomes brought about by the incorporation of Buried Metal Layer (BML) in
a Junction-less Multi-Channel Field Effect Transistor (JLL MCFET). Two stacked channels separated by an
inter-oxide layer, one having a Trigate structure and other having a Double gate structure, have been im-
plemented with a BML and it has been formed as Junction-less Buried Metal Layer Multi-Channel Field
Effect Transistor (JL BML-MCFET). A Schottky junction is created at the bottom of the device layer by
adding a buried metal layer with sufficient work function. The performance of device parameters like the
electric potential and IV characteristics have been described. Sentaurus Technology Computer Aided De-
sign (TCAD) was used to evaluate this device. To calculate tunneling and recombination, the TCAD simu-
lates the Lombardi mobility model, Shockley-Read-Hall (SRH), and Auger recombination models. This de-
vice generates four times more output current by employing buried metal layer. The parasitic leakage has
been reduced and the Ion/Iorr ratio has been stabilized. Even though the gate voltage has been raised to
greater levels, the subthreshold swing (SS) value has been kept at an Ideal value of about 60 mV/dec. Also,
the scalability is enhanced, and the Schottky junction's high vertical field lowers the lateral coupling be-

tween the source and drain field lines.
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1. INTRODUCTION

Due to their simplicity in manufacture and lesser
thermal budget concerns compared to traditional de-
vices, junction-less transistor devices have been the
focus of researchers. In 2010, the first junction-less
nanowire transistor was created [1]. Later, the JL
concept was used in numerous devices, including Fin-
FET, gate-all-around, thin film transistor, Tunnel
FET, double gate, tri-gate and double gate devices [2].
Device layer having n*-source, n*-channel, and n*-
drain without any source/channel/drain junctions lat-
erally makes up an n-channel junction-less transistor.
Be-cause the channel carriers are depleted during the
OFF state of the
p-type high gate work function, the device layer has
an inherent n*-i-n* structure. Volume conduction
makes it possible for the drain current to flow while
the switch 1s in the ON-state. Nonetheless, it is noted
that erroneous turn-off and excessive leakage (high
sub-threshold swing) have drawbacks [3-4]. The junc-
tion-less transistors were shown to be more sensitive
to the Tsi/Wsi ratio and to produce lesser Ion when
compared to junction transistors.

The multi-channel idea has been adopted to boost
the drain current [5-6]. Even if the channel length has
been decreased, the current may still be increased by
stacking channels on top of one another [7]. The device
was constructed using the SOI (Silicon-on-insulator)
fabrication method, in which a semiconductor layer is
deposited on top of a buried oxide layer to minimize
substrate leakage [8]. A BML is included to improve
the reduction of leakage current even more. With the
aid of a Schottky junction, it creates a depletion layer
that extends the entire bottom of the device layer and

* 6691ashok@gmail.com

2077-6772/2023/15(2)02007(4)

02007-1

PACS number: 85.30.Tv

aids in attaining carrier volume depletion in the OFF-
state. Therefore, it is anticipated that Iorr will de-
crease. Furthermore, a considerable decrease in para-
sitic leakage is shown in [9]. Moreover, by dramatically
decreasing Short Channel Effects (SCEs) such as
threshold voltage (Vin) roll-off and drain induced barri-
er lowering (DIBL), BML enhances the scalability of
the device.

In this work, two channels have been formed one
over another with intermediate gate oxide. Tri-Gate
structure is present in the top channel and the bottom
channel has a Double gate structure [10-11]. The BML
has been incorporated in this JL multi-channel struc-
ture which makes the proposed structure is suitable for
suppressing leakage currents. The rest of the paper is
divided into device structure, Result and Discussion
and Conclusion.

2. DEVICE STRUCTURE

Using the parameters from [12], a junction-less
transistor has been created and simulated in Sentau-
rus TCAD as seen in Fig. 1. Vgs and Vbs are kept at
1.3 and 1.5 Volts, respectively, while the device is be-
ing examined. As per Fig. 2, the JL Multi-channel
transistor has been constructed. For both channels,
the width is 20 nm, and has a 1000 nm and 10 nm
channel length and thickness, respectively. The thick-
ness of the inter-oxide layer is chosen as 40 nm. A
2x 107 cm~-3 doping concentration was uniformly
deposited on the source, drain, and channel. For the
gate oxide and inter-oxide layer, HfO2 was used [13].
For the buried oxide layer, Si02 was used [14]. Two
stacked channels separated by an inter-oxide layer is
introduced.

© 2023 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.15(2).02007
mailto:6691ashok@gmail.com

S. ASHOK KUMAR, A. ROSHAN SOLOMON, T. THIRUMURUGAN, S. DHANRAJ J. NANO- ELECTRON. PHYS. 15, 02007 (2023)

Due to inter-oxide, the channel 2 is covered with
three sides which act as like Tri-Gate and Channel 1
act as a double gate since channel 1 covered only with
two sides. A buried metal layer was introduced in be-
tween the channel 1 and the buried oxide layer shown
in the Fig. 3. @M > Osi, where, Jsi is the work func-
tion of n-doped Si. With barrier height equal to the
work function of buried metal layer minus the electron
affinity of Si, this creates the Schottky junction at the
BML/n-Si device layer interface [15]
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Fig. 1 — Validation with experimental work [1]
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Fig. 2 — Multichannel in a junction-less thin film transistor

As a result, this device features a vertical Schottky
junction isolation [3]. With the aid of a Schottky junc-
tion, a depletion layer is formed at the bottom device
layer by the buried metal layer.
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Fig. 3 — Multichannel junction-less transistor with Buried
Metal Layer

Sentaurus Technology Computer Aided Design
(TCAD) was used to construct and evaluate the device.
TCAD is utilized to execute computational simulations to
create and assess semiconductor processing methods for
various sorts of devices. Minority carrier recombination
in the device designs is simulated using the Lombardi
mobility model, SRH, and Auger recombination models
[16-17].

3. RESULTS AND DISCUSSION
3.1 Electric Potential

After the inclusion of BML to the multi-channel
JL, the potential comparison between channel 1 and
chan-nel 2 was simulated and shown as illustrated in
Fig. 4. Due to the impact of the Tri-Gate structure,
channel 2 has a slightly higher electric potential than
channel 1. The graph has been drawn with a 0.02V
gate voltage and a 0.2V drain voltage. The graph
demonstrates that channel 1 and channel 2 are entire-
ly under the control of the gate [18].
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Fig. 4 — Comparison of electric potential between channel 1
& channel 2 in JL BML-MCFET

3.2 Drain Current

Based on a comparison between the JL multi-channel
transistor with and without a buried metal layer, the
transfer characteristics are presented in Fig. 4. By start-
ing with Vbs at 1V and changing Vs be-tween 0 and
1.5V, transfer characteristics are plotted. The effect of
double channel has led to an increase in drain current in
JL MCFET. In JL-BML MCFET, the drain current has
grown to around 4 times better cur-rent than JL MCFET
as a consequence electrons tunneling from the valence
band to the conduction band of the channel.
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Fig. 5 — Transfer characteristics comparison JL. MCFET and
JL BML-MCFET
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Fig. 6 — Comparison of the SS between JL. MCFET and JC
BML-MCFET

The Ion/Iorr ratio is influenced by the BML length
reduction since it causes more parasitic leakage. Due
to that, throughout the simulation, the BML length is
maintained as a constant. JLL BML-MCFET IOFF cur-
rent leakage controlled 6 times better than JL
MCFET. A transistor's behavior in the sub threshold
region is determined by a value called the sub thresh-
old swing [19]. The values of subthreshold swing for
JL-MCFET and JL BML-MCFET are displayed
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against gate voltage in Fig. 6. The optimum sub-
threshold swing at room temperature is 60 mV/dec.
The difference is clearly observed that for Double
channel JLT without BML goes beyond the ideal value
and the one with BML is around the ideal value of
sub-threshold swing.

4. CONCLUSION

In this work, the novelty structure of a Junction-less
Multi-Channel Field Effect Transistor employing a Bur-
ied Metal Layer has been implemented. At the bottom
of the device layer, a concept of a Schottky junction-
induced depletion layer is utilized to improve the
Ton/Torr ratio in the device. A four times increase has
been achieved by the drain current compare with JL
MCFET. As, the subthreshold swing remains in the
ideal value, parasitic leakage is controlled. Being a thin
film transistor with high driving current capabilities,
this device can be employed in AMOLED applications.
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AHaJis npoayKTUBHOCTI BKJIIOYEHHS IIPUXOBAHOI'0 METAJIEBOrO APy B Oe3nepeximuuil bara-
TOKAQHAJIbHUH IIOJIBOBUI TPAH3UCTOP

S. Ashok Kumar, A. Roshan Solomon, T. Thirumurugan, S. Dhanraj
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Jlara pobora 3ocepe/Kera Ha pe3yIbTaTaX, OTPUMAHUX 3aBISKH BBeJeHHIO MertaseBoro mapy (BML) y
fararorananbHuN moaboBuil Tpanaucrop (JL MCFET) Ges mepexoxmis. [IBa ckiameHi kaHaan, pos3aijeHi Mi-
JKOKCHTHHM IIIapOM, OIUH 13 AKX Mae CTPYKTypy Trigate, a iHIIMI Mae CTPYKTYpy IIOABIAHOTO 3aTBOPA, 0y-
u peasisdoBani 3a mormomoroio BML, i Bin OyB cdopmoBaHmil K GaraToKaHAJIBHUN IMOJLOBUM edeKT 3a-
TIHOJIEHOr0 MEeTaJIeBoro Iapy 0es cmais. imeanbuuit Tpauauctop (JL BML-MCFET). Ilepexig IIlorTki cTBO-
PIOETHCSI B HUIKHIN YACTHHI APy IPUCTPOIO IIISXOM JI0aBAHHS IIPUXOBAHOIO METAJIEBOIO IIAPy 3 JOCTAT-
HBOI0 pobouoI0 dyHKITer. Omucano poboTy TAKUX IIapaMeTpPiB IPUCTPOIO, K eJIeKTPUIHUMA mmoreniian i I-V
xapakrepuctuku. Texuosoris Sentaurus Computer Aided Design (TCAD) Gysa BukopucTaHa IJIsS OIIHKH
1poro mpucTpon. Jjis obuucieHHs TyHeMoBaHHSA Ta pexoMbOinaiis, TCAD momesoe Momens MOOLIBHOCTL
Jlom6apmi, mogemi Hloxumi-Pina-Xosuta (SRH) 1 momesi osxe-pexomGinariii. [{eit mpucTpiit reHepye B 4oTupu
pasu OLIBIINI BUXITHUN CTPYyM, BUKOPHCTOBYIOUN 3axXOBaHUII MeraseBuil map. [lapasurapHuii BUTIK 3Me-
HIleHo, a cuiBBigHoIeHHs lon/Iorr crabimizoBano. Hespaskatoun Ha Te, 110 Hampyra Ha 3aTBoOpl Oysia mif-
BHUIEHA 10 OLIBIN BHUCOKUX PIBHIB, IIJIOPOTrOBe 3HAYEHHS KOJWBAHHS 30epiraerbcs Ha 11eabHOMY 3HA-
venHi npuban3Ho 60 MB/nex. Kpim Toro, moxpamnryerbes MacuraboBaHiCTh, 4 BUCOKE BEPTHUKAJIBHE II0JIe I1e-
pexoxy IoTTri 3HIIKY€E 3B'I30K MisK CHJIOBUMU JIHIME BUTOKY Ta CTOKY.

Koouogi cioBa: Besmepexigumit Tpausucrop, Bararokananshua crpykrypa, [IprxoBanuit merasieBuii map,
Sentaurus TCAD.
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