
Page 1/19

Junctionless FETs On Silicon-On-Insulator With
Buried Metal Fin For Multi Threshold Operation
Dipak Kumar Singh  (  dipaks.ph15.ec@nitp.ac.in )

National Institute of Technology Patna https://orcid.org/0000-0001-9434-6229
Bal Chand Nagar 

National Institute of Technology Patna
M.W. Akram 

Jamia Millia Islamia Faculty of Engineering and Technology

Research Article

Keywords: Buried metal �n (BMF), BMF-SOI-JLFET, Schottky junction, Dynamic threshold (DT), Multi
threshold

Posted Date: August 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-781362/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-781362/v1
mailto:dipaks.ph15.ec@nitp.ac.in
https://orcid.org/0000-0001-9434-6229
https://doi.org/10.21203/rs.3.rs-781362/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/19

Abstract
In this paper, an n-channel junctionless FET (JLFET) based on SOI with a buried metal �n (BMF) is
presented. We show that the BMF of suitable workfunction of the proposed device BMF-SOI-JLFET can
control the channel electrostatic �eld by employing Schottky junction effectively. The enhanced
association of potential between BMF and the channel combined with gate electric �eld makes it worthy
for multi-threshold and dynamic threshold (DT) operation. Additionally, the biasing of BMF projects the
broad range of threshold voltage (VTH ) regulation with a high value of body factor (γ). The proposed
device demonstrates γ enhancement compared to �n body (FB)-JLFET and conventional SOI-JL FET
under identical conditions due to constant potential coupling. The DT mode of operation shows a 73%
improvement in ON-state current in addition to reduced subthreshold swing contrast to BMF-SOI-JLFET
without DT. This paper imparts a viable option for low power applications with multi-threshold operation
and high switching speed applications with DT operation.

Introduction
In recent years, the need for devices having increased switching speed and improved device density leads
the device scaling to nanometer regime. But, the aggressively scaled devices are more prone to short
channel effects (SCEs) –the critical challenges in nanometer-scaled devices. By employing fully depleted
silicon-on-insulator (SOI), multigate architectures such as FinFETs with enhanced electrostatic controlling
of gate and different conduction mechanism mainly band-to-band-tunnelling (BTBT), we can alleviate the
SCEs substantially [1]–[5]. Recently, a junctionless transistor (JLT), which has the same type of dopant
impurity in channel and drain/source regions, has been proposed as an apt alternative for nanometer-
scaled devices. The JLTs present simpler fabrication process, reduced SCEs compared to conventional
MOSFETs and lower thermal budget [6]–[8].

The JLTs based on SOI has degraded subthreshold behavior and device performance towards SCEs
compared to JLTs built on bulk substrate, as their device performances have been compared in [9], [10].
Moreover, to turn off the SOI JLT devices properly and to have reduced leakage current, either a narrow
channel width or high gate workfunction required and it is restricted by the process complexity.
Additionally, bulk FinFETs offer greater �exibility by speci�ed device parameter for enhanced
subthreshold characteristics. In these JLTs, controlling of subthreshold leakage in Si device layer is done
by either p-n junction depletion in vertical direction as in BPJLT [9] or by employing a high-κ BOX dielectric
integrated with highly doped (p+) substrate [11]. A vertical non-uniform doping pro�le (Gaussian) has
been used for achieving the same as reported by Mondal et. al. [12]–[14]. Recently, a buried-metal-SOI-
lateral JLT (BM-SOI-LJLT) has been demonstrated in which buried metal induces bottom depletion by
employing Schottky junction, with enhanced ON-to-OFF current ratio [15].

The multigate structures with back-gate/substrate biasing has been reported in various literature [16]–
[20], and these devices are operated for multi-VTH with legitimate γ by employing substrate/back-gate
bias. This back-gate/substrate biasing offers a way to achieve high performance in ON-state (active
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mode) and low power in OFF-state (standby mode), it also provides greater �exibility in circuit design [21].
Additionally, DT mode of operation has been demonstrated besides of multi threshold operation to
enhance the ON-current without expense of OFF state current [22]. In DT mode of operation, varying
voltage of electrically connected gate and body terminals changes the body potential dynamically. It has
been illustrated that device having high value of γ decreases threshold voltage and subthreshold swing
(S.S) drastically which results in rapid increase of ON-state current [23].

The controlling of VTH in FinFET is still aided by substrate bias, however, the enhanced gate controllability
in multigate structure negates the channel to substrate coupling which results in smaller γ and it further
reduces notably with increase in �n height. Recently, Kumar et.al [24] demonstrated that JLFET with �n
body (FB-JLFET) can attain a large γ owing to stronger coupling between channel and �n body (p-n
junction coupling). In this work, we propose a SOI-JLFET with a buried metal �n underneath the active
layer (BMF-SOI-JLFET). Here, we use the buried metal layer concept in FinFET structures instead of planar
SOI-JLFET for multi-threshold and dynamic threshold operation. BMF-SOI-JLFET utilizes Schottky
junction at bottom interface of channel to obtain a large body factor and, to enhance the electrical
performance of it by implementing workfunction variation of BMF, biasing of BMF and DT operation.

The paper is organized in subsequent section. Section II outline the structural detail, conceptual process
�ow and simulation setup. In Section III, the effect of BMF workfunction and biasing of BMF are analyzed
in continuation with DT operation. Lastly conclusions are made in Section IV on the basis of results.

Device Structure And Simulation Setup
The 3-D view of proposed BMF-SOI-JLFET is depicted in Fig. 1, having a thin active layer doped by n-type
impurity with channel thickness TCH wrapped on a buried metal �n. A stack of gate dielectric with
equivalent oxide thickness (EOT) = 1 nm has been used, also gate metal with workfunction 5 eV is
employed. Here, BMF-SOI-JLFET utilizes a buried metal (with workfunction φBM > φSi) �n of width (WMF)

and height (HMF), which is sandwiched between active n + layer and buried oxide (BOX) of thickness TBOX

= 20 nm. It is worth to mention that electrostatic in�uence of BMF-SOI-JLFET channel is controlled by top
contacts of multigate with added coupling at bottoms of channel by Schottky junction (between active
layer and buried metal �n).

Figure 2 shows the proposed process �ow of BMF-SOI-JLFET. Figure 2(a) depicts the initial handle wafer
and subsequently oxide is deposited in Fig. 2 (b). After that metal (Co, φBM = 5.0 eV [25]) can be sputtered
using ion-beam sputtering on the patterned seed wafer [26]. (d) The plasma-assisted bonding method is
used to bond seed wafer and handle wafer and in subsequent annealing[27], [28]. Fin is patterned after
splitting the wafer. In Fig. 2(e), gate oxidation, gate metal deposition and patterning are carried out, after
that nitride spacer and contacts are developed in Fig. 2(f)

The numerical simulations are carried out using Sentaurus TCAD simulator [29] in a 3-D work-framework.
Simulator solves the Poisson and carrier continuity equations in self-consistent manner to estimate the
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electrical characteristics of devices. We have employed Drift-diffusion carrier transport model in general.
Fermi statistics model is applied for highly doped Si channel ≥ 1019, as the density of state of the
conduction band may be lesser than doping levels. Bandgap Narrowing (doping dependent) model is
used for highly doped Si channel. Shockley–Read–Hall (SRH) generation and recombination model, and
robust Nonlocal BTBT model based on Wentzel-Kramers-Brillouin (WKB) tunneling probability have been
included to evaluate subthreshold characteristics. The mobility model- Lombardi model for interface
degradation, doping dependent, velocity saturation, are included in our simulation for reliable ON-state
current. The calibration of simulation models was accomplished by replicating BM-SOI-LJLT with the
same set of device parameters, as shown in Fig. 3(d).

Table 1 Simulation parameters

Parameters Values

Gate Oxide Thickness (SiO2) 1 nm

Doping Concentration (ND) 1×1019 − 2×1019 cm− 3

Gate length (LG) 20 nm

Buried Metal Workfunction (φBM) 4.8–5.1 eV

Buried Oxide Thickness (TBOX) 20 nm

Channel Thickness (TCH) 8–12 nm

Buried metal �n width (WBM)/height (HBM) 10 nm

Gate workfunction 5 eV

Supply Voltage 1 V

Tunneling mass me=0.4m0, mh=0.4m0

Here me and mh are effective tunneling masses of electrons and holes.

Result And Discussion
In this section, the characteristics of buried metal �n-body and its effect on device performance have
been discussed, as the workfunction dependent Schottky-induced depletion of channel signi�cantly
affects the device working. Additionally, the impact of biasing of BMF has been explored for multi-
threshold and dynamic threshold operation.

A. Impact of Buried Metal Body
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Figure 3(a) shows the transfer characteristics of BMF-SOI-JLFET for different buried metal layers'
workfunction. It shows the impact of BMF body workfunction on device performance for TCH= 10 nm and
gate length LG= 20 nm. At zero gate bias, the channel layer of BMF-SOI-JLFET initially depleted both from
bottom and top of the channel surfaces due to the workfunction induced Schottky depletion and work
function difference of gate metal-channel, respectively. As, the effective channel appears thinner than the
physical one due to the Schottky induced depletion at the bottom, which would add to gate electrostatic
control.

It is noticed that reduced off-state current, lower subthreshold slop [see in Fig. 3(b)], and enhanced ON to
OFF current ratio can be achieved by increasing the buried metal �ns workfunction. This is because
increased depletion in bottom owing to Schottky-induced junction results in a thinner effective channel
and enhanced gate electrostatic control. It is also observed that with increasing WF of BMF, leakage
current through it also reduces. The reduced OFF state current with increasing workfunction of buried
metal can be explained by band diagram and carrier distributions at VGS =0 V and VDS=1V. Figure 4(a)
and 4(c) show OFF state band diagram and electron density distribution along the vertical cut of plane B-
B’ for different workfuntion. From �gures it is evident that with increasing WF ( BM) the gap between the
conduction band and Fermi level widens, hence barrier height increases. In the OFF state, with increasing
BM WF the depletion layer extended deep into the channel, and the maximum carrier concentration lies
around the center of the channel, it can be interpreted by Fig. 4(c) in which the maximum concentration
for 4.8 eV is around 1012 while for 5.1 eV it reduces to around 109. The ON-current show slight departure
against workfunction variation of buried metal as seen in Fig. 3(a) and can be recognized from Fig. 4(b)
and 4(d) and it is noticed that the conduction band of the channel near gate oxide interface almost
coincide for all WFs of buried metal results in matching carrier density.

As carrier concentration in the channel of JLTs steer the current conduction, the behavior of device (bulk
conduction and depletion) can be interpreted by electron density in different dimensions (channel
thickness) of proposed device for OFF-state and ON-state, as shown in Fig. 5. With increasing channel
thickness, the depletion of channel in OFF-state reduces and this lead to increased subthreshold current
as well as ON-current. The transfer characteristics of BMF-SOI-JLFET for different channel thickness TCH

plotted in Fig. 6(a) suggest the same.

Moreover, the threshold voltage in JL transistors signi�cantly affected by variations in channel dimension
and doping [30], [31], the evaluation of Vth variability against TCH for different doping concentration is
depicted in Fig 7(b). For �xed BM workfunction (5.1 eV), VTH is slightly more sensitive with increased
channel doping as observed by Fig 7(b). Furthermore, for �xed channel doping, sensitivity of VTH could be
enhanced by increased workfunction of buried metal.

B. Impact of Buried Metal Bias VBM 

In addition, to explore the impact of buried metal bias on the electrical performance of the proposed BMF-
SOI-JLFET the ID-VG characteristics have been plotted for a different VBM as depicted in Fig. 7. On
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applying of negative voltage on the BM body with speci�ed gate voltage, the channel depletes
additionally from bottom of the channel interface by elevating energy bands as depicted in Fig 8(a). It
could be substantiated by the observing the Figs. 5 and 6, even as, a slight shift of conduction band at
junction interface results in change of carrier concentration as well as subthreshold current at given gate
voltage. So, VTH is affected by change in VBM as can be observed from Fig. 7.

The standard technique to study the impact of body bias on the ID-VG–characteristics is body factor (γ)
parameter. γ is determined by proportion of change in VTH against change in VBM, i.e., γ = ΔVTH/ΔVBM [21]

and we extracted VTH by constant current method at 10-7A. The demand of high ON-current in active
mode of operation and low OFF-current in standby mode for multiple VTH application is achieved by a
high valued body factor (γ) transistor. It is noticed that from Fig. 8(a), the gap between conduction band
and fermi level is affected by VBM at given gate voltage and hence deviation in VTH. From Fig. 8(b), which
shows the estimated γ for TCH = 8, 10 and 12 nm, it has been observed that γ is the smallest for TCH= 8
nm which means that the electrostatic control on channel will be dominated by top gate. So, it can be
stated that for a broad range of threshold regulation thicker channel is recommended. But, it has
increased OFF-state current, so the tradeoff is inevitable. Also, Fig. 8(b) shows γ correlation of proposed
device with FB-JLFET for different channel thickness TCH, for fair comparison between these devices we
adjusted linear threshold voltage approximately 385 mV by altering the gate metal workfunction to 4.75
eV of BMF-SOI-JLFET. The proposed device presents an appreciable γ values (> 2 times) due to constant
potential at three BM-junctions of BMF-SOI-JLFET rather than distributed potential in FB-JLFET.

Fig. 9(a) depicts the dependency of γ on workfunction of BM for different channel thickness, it has been
demonstrated that with increasing workfunction of BM γ decreases due to reduced coupling in
substantially depleted channel. Fig. 9 (b) shows the γ comparison of BMF-SOI-JLFET with conventional
tri-gate SOI-JLFET, and proposed device exhibits very large value of γ in contrast to SOI-JLFET thanks to
the excellent coupling between BM and channel in BMF-SOI-JLFET.

C. Dynamic Threshold in BMF-SOI-JLFETs

To attain better S.S and enhanced ON-current without any added circuitry in MOSFETs, DT method has
been developed. The electrical terminal of gate is tied to the body contact in the DT mode to change the
VTH dynamically when the device becomes active (turned ON). The tied body works as secondary gate,
i.e., pseudo-multigate [23], as it improves the controlling of gate electrostatic of device. In our proposed
device, the gate is electrically tied to the buried metal.
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Table 2
ION/IOFF under DT mode and Fixed Bias mode

Channel Thickness (TCH) ION/IOFF (ON to OFF Current Ratio)

VBS= -0.4 V VBS= 0 V DT

8 nm 6.11E + 09 3.16E + 08 1.23E + 09

10 nm 1.38E + 08 4.33E + 06 1.05E + 07

12 nm 8.28E + 05 2.01E + 04 3.81E + 04

Here, BMF as secondary gate in this mode of operation will control the depletion of channel at bottom
interface and during ON-state, device achieve �atband condition fully as there is any depletion. But, in the
OFF-state condition, BMF-SOI and gate contact are at same zero potential and therefore, current remains
equal to OFF-state current in the mode when electrical contacts of gate and BM are untied. In ON-state,
the barrier at BM-channel interface lowered signi�cantly in DT compared to �xed bias mode VBM=0 V as
per Fig. 10(a) of the energy band diagram which results in enhanced carriers in channel as shown in Fig.
10(b). In contrast to the �xed bias mode VBM=0 V, ON-current has been improved by 73% and
Subthreshold Swing improved from 89.94 to 71.19 mV/dec in this mode. It is worth to mentioned that the
improved performance in terms of ON-current and SS is achieved without scarifying OFF-state current.

Figure 11 (a) and (b) depicts the ID_VG-characteristics of BMF-SOI-JLFET and SOI-JLFET respectively, in
�xed bias mode VBM = 0 V and DT mode for different channel thickness. Considering similar electrostatic
control in both the devices, the in�uence of DT mode is more noticeable in BMF-SOI-JLFET compared to
SOI-JLFET. However, the notable change in ON-current in both the devices are observed without the
expense of OFF-current. As in OFF state condition, the gate voltage and buried metal biasing voltage
remain same in both operations (for DT mode VG = VBM = 0 and, for �xed bias condition VG = 0 and VBM 
= 0 V).

Table 3
Comparison of BMF-SOI JLFET and SOI-JLFET

Channel Thickness (TCH) γ, Body factor (Multi-VTH operation) % ION improvement (DT mode)

BMF-SOI-JLFET SOI-JLFET BMF-SOI-JLFET SOI-JLFET

8 nm 0.1875 0.0325 87.01353 30.09277

10 nm 0.225 0.0375 73.45551 26.21916

12 nm 0.3175 0.0475 60.19778 22.85276

In the previous section, we have seen variation in γ with TCH as large value of γ attributed to current gain.
ON-to-OFF current ratio decreases with increase in channel thickness TCH due to poor electrostatic control
in thicker cannel as observed in Table 2 and Fig. 12(a). High ION/IOFF is attained in DT mode and �xed
biased mode VBM= -0.4 V compared to low current ratio in �xed bias mode VBM = 0 V. The high value of
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ION/IOFF in DT mode is attributed to the increased ON-current as large no of carriers lie in the channel,
while in �xed biased mode VBM= -0.4 V, it is because of the reduced OFF-state current by virtue of largely
depleted channel. ON-current improvement for different channel thickness TCH for DT operation is
compared between proposed device and SOI-JLFET [see Fig. 12(b)] and, BMF-SOI-JLFET experiences
larger ION improvement than SOI-JLFET owing to larger γ. In general, BMF-SOI-JLFET exhibits larger γ and
reduced IOFF in �xed bias mode and high ON-current in DT mode contrast to SOI-JLFET. The comparison
of multi-VTH and DT mode operation of BMF-SOI-JLFET and conventional SOI-JLFET are tabled in Table
3.

Conclusion
In this work, the numerical simulation of proposed BMF-SOI-JLFET is performed. The novel structure
utilizes Schottky junction induced depletion which add-in greater gate controlling with adjusting
parameters such as BMF bias and BM workfunction to improve its performance. We have analyzed its
operation in multi threshold and DT modes by administering bias scheme on BMF. The BMF-SOI-JLFET
exhibits a high γ value owing to robust integration of electrostatics uniformly between channel and BMF.
Additionally, DT mode of operation offers a high and low VTH to achieve low leakage and high speed
performance by virtue of improved ION and S.S.

References
[1] N. Planes et al., “28nm FDSOI technology platform for high-speed low-voltage digital applications,” in
Digest of Technical Papers - Symposium on VLSI Technology, 2012, pp. 133–134.

[2] M. Saremi, B. Ebrahimi, and A. Afzali-Kusha, “Ground plane SOI MOSFET based SRAM with
consideration of process variation,” in 2010 IEEE International Conference of Electron Devices and Solid-
State Circuits, EDSSC 2010, 2010.

[3] R. Molaei Imen Abadi and M. Saremi, “A Resonant Tunneling Nanowire Field Effect Transistor with
Physical Contractions: A Negative Differential Resistance Device for Low Power Very Large Scale
Integration Applications,” J. Electron. Mater., vol. 47, no. 2, pp. 1091–1098, 2018.

[4] R. M. Imenabadi, M. Saremi, and W. G. Vandenberghe, “A Novel PNPN-Like Z-Shaped Tunnel Field-
Effect Transistor with Improved Ambipolar Behavior and RF Performance,” IEEE Trans. Electron Devices,
vol. 64, no. 11, pp. 4752–4758, 2017.

[5] M. Saremi, A. Afzali-Kusha, and S. Mohammadi, “Ground plane �n-shaped �eld effect transistor (GP-
FinFET): A FinFET for low leakage power circuits,” Microelectron. Eng., vol. 95, pp. 74–82, 2012.

[6] J. P. Colinge et al., “Nanowire transistors without junctions,” Nat. Nanotechnol., vol. 5, no. 3, pp. 225–
229, 2010.



Page 9/19

[7] D. Il Moon, S. J. Choi, J. P. Duarte, and Y. K. Choi, “Investigation of silicon nanowire gate-all-around
junctionless transistors built on a bulk substrate,” IEEE Trans. Electron Devices, vol. 60, no. 4, pp. 1355–
1360, 2013.

[8] S. Sahay and M. J. Kumar, “Nanotube Junctionless FET: Proposal, Design, and Investigation,” IEEE
Trans. Electron Devices, vol. 64, no. 4, pp. 1851–1856, 2017.

[9] S. Gundapaneni, S. Ganguly, and A. Kottantharayil, “Bulk planar junctionless transistor (BPJLT): An
attractive device alternative for scaling,” IEEE Electron Device Lett., vol. 32, no. 3, pp. 261–263, 2011.

[10] M. H. Han, C. Y. Chang, H. Bin Chen, J. J. Wu, Y. C. Cheng, and Y. C. Wu, “Performance comparison
between bulk and SOI junctionless transistors,” IEEE Electron Device Lett., vol. 34, no. 2, pp. 169–171,
2013.

[11] S. Sahay and M. J. Kumar, “Realizing E�cient Volume Depletion in SOI Junctionless FETs,” IEEE J.
Electron Devices Soc., vol. 4, no. 3, pp. 110–115, 2016.

[12] P. Mondal, B. Ghosh, and P. Bal, “Planar junctionless transistor with non-uniform channel doping,”
Appl. Phys. Lett., vol. 102, no. 13, pp. 3–6, 2013.

[13] D. K. Singh, P. K. Kumar, and M. W. Akram, “Investigation of Planar and Double-Gate Junctionless
Transistors with Non-Uniform Doping,” in 2018 5th IEEE Uttar Pradesh Section International Conference
on Electrical, Electronics and Computer Engineering, UPCON 2018, 2018.

[14] D. K. Singh, P. Mondal, and M. W. Akram, “Bulk multigate junctionless transistor (BMGJLT) with non-
uniform doping pro�le: An attractive device for scaling,” in AIP Conference Proceedings, 2020, vol. 2276.

[15] M. Ehteshamuddin, S. A. Loan, and M. Rafat, “Planar Junctionless Silicon-on-Insulator Transistor
with Buried Metal Layer,” IEEE Electron Device Lett., vol. 39, no. 6, pp. 799–802, 2018.

[16] J. Frei et al., “Body effect in tri- and pi-gate SOI MOSFETs,” IEEE Electron Device Lett., vol. 25, no. 12,
pp. 813–815, 2004.

[17] T. Nagumo and T. Hiramoto, “Design guideline of multi-gate MOSFETs with substrate-bias control,”
IEEE Trans. Electron Devices, vol. 53, no. 12, pp. 3025–3031, 2006.

[18] J. P. Noel et al., “Multi-VT UTBB FDSOI device architectures for low-power CMOS circuit,” IEEE Trans.
Electron Devices, vol. 58, no. 8, pp. 2473–2482, 2011.

[19] Q. Liu et al., “Impact of back bias on ultra-thin body and BOX (UTBB) devices,” in Digest of Technical
Papers - Symposium on VLSI Technology, 2011, pp. 160–161.

[20] L. Grenouillet et al., “UTBB FDSOI transistors with dual STI for a multi-V t strategy at 20nm node and
below,” in Technical Digest - International Electron Devices Meeting, IEDM, 2012.



Page 10/19

[21] T. Ohtou, T. Saraya, and T. Hiramoto, “Variable-body-factor SOI MOSFET with ultrathin buried oxide
for adaptive threshold voltage and leakage control,” IEEE Trans. Electron Devices, vol. 55, no. 1, pp. 40–
47, 2008.

[22] F. Assaderaghi, D. Sinitsky, S. A. Parke, J. Bokor, and P. K. Ko, “Dynamic threshold-voltage MOSFET
(DTMOS) for ultra-low voltage VLSI,” IEEE Trans. Electron Devices, vol. 44, no. 3, pp. 414–422, 1997.

[23] M. G. C. De Andrade, J. A. Martino, M. Aoulaiche, N. Collaert, E. Simoen, and C. Claeys, “Behavior of
triple-gate Bulk FinFETs with and without DTMOS operation,” in Solid-State Electronics, 2012, vol. 71, pp.
63–68.

[24] M. P. V. Kumar, J. Y. Lin, K. H. Kao, and T. S. Chao, “Junctionless FETs with a Fin Body for Multi-VTH
and Dynamic Threshold Operation,” IEEE Trans. Electron Devices, vol. 65, no. 8, pp. 3535–3542, 2018.

[25] R. J. E. Hueting, B. Rajasekharan, C. Salm, and J. Schmitz, “The charge plasma P-N diode,” IEEE
Electron Device Lett., vol. 29, no. 12, pp. 1367–1369, 2008.

[26] K. Nadda and M. J. Kumar, “Vertical bipolar charge plasma transistor with buried metal layer,” Sci.
Rep., vol. 5, 2015.

[27] S. Zhu, Y. Huang, G. Ru, X. Qu, and B. Li, “Buried Cobalt Silicide Layer under Thin Silicon Film
Fabricated by Wafer Bonding and Hydrogen‐Induced Delamination Techniques,” J. Electrochem. Soc., vol.
146, no. 7, pp. 2712–2716, 1999.

[28] S. Zhu, G. Ru, and Y. Huang, “Fabrication of silicon-silicide-on-insulator substrates using wafer
bonding and layer-cutting techniques,” 2001 6th Int. Conf. Solid-State Integr. Circuit Technol. ICSICT 2001 -
Proc., vol. 1, no. 69876007, pp. 673–675, 2001.

[29] Sentaurus TM, “Device User Guide K-2015.06,” Manual, no. June, 2015.

[30] S. J. Choi, D. Il Moon, S. Kim, J. P. Duarte, and Y. K. Choi, “Sensitivity of threshold voltage to nanowire
width variation in junctionless transistors,” IEEE Electron Device Lett., vol. 32, no. 2, pp. 125–127, 2011.

[31] D. K. Singh, P. Mondal, and M. W. Akram, “Investigation of statistical variability in non-uniformly
doped bulk junctionless FinFET,” Mater. Sci. Semicond. Process., vol. 113, 2020.

Figures



Page 11/19

Figure 1

Schematic of tri-gate JL FinFET with a metal Fin and n+-active layer (n-typed doped channel)
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Figure 2

Conceptual process �ow of proposed BMF-SOI-JLFET
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Figure 3

(a) Transfer characteristics BMF-SOI-JLFET for different material workfuntion of buried metal and (b) SS
correlation of BMF-SOI-JLFET for different WF (c) BMF leakage current vs Gate voltage for different WF
of BMF (d) ID-VG of Calibration of BM-SOI-LJLT (Calibration parameters, LG= 20 nm, WF of BM= 5.1 eV,
Gate workfunction = 5.1 eV, TCH = 10 nm)
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Figure 4

Distribution of Energy Band diagram (a) and (b) and Electron density pro�le (c) and (d) across vertical cut
in cut plane B-B’ of BMF-SOI-JLFET for different material workfuntion of buried metal. Simulation setup:
LG= 20 nm, TCH = 10 nm, ND = 1.5 × 1019 cm-3, WMF = 10 nm, and HMF = 10 nm. ON State (VGS = 1 V
and VDS = 1 V) and OFF State (VGS = 0 V and VDS = 1 V)
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Figure 5

OFF State and ON State Electron density pro�le across vertical cut plane B-B’ of BMF-SOI-JLFET for
channel thickness (a, d) 8 nm, (b, e) 10 nm and (e, f) 12 nm

Figure 6

(a)Transfer Characteristics of BMF-SOI-JLFET for channel thickness 8 nm, 10 nm and 12 nm and
Threshold voltage variation for different TCH for parameters (b) Channel doping and (c) workfunction of
BM Simulation setup: LG= 20 nm, WMF = 10 nm, and HMF = 10 nm. OT = 1 nm
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Figure 7

Transfer characteristics BMF-SOI-JLFET for (a) TCH = 8 nm, (b) TCH=10 nm and (c) TCH=12 nm against
different buried metal biasing (VBM). Simulation setup: LG= 20 nm, ND = 1.5 × 1019 cm-3, WMF = 10 nm,
and HMF = 10 nm. OT = 1 nm
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Figure 8

(a) Energy Band diagram across vertical cut in cut plane B-B’ of BMF-SOI-JLFET as shown in Fig 1 for
VBM =0 V and VBM=-1 V in OFF-state (VGS = 0 V and VDS= 1 V). (b) Body factor γ comparison of BMF-
SOI-JLFET and FB-JLFET for various channel thickness TCH. Simulation setup: LG= 20 nm, ND = 1 ×
1019 cm-3, TCH = 10 nm, WMF = 10 nm, and HMF = 10

Figure 9

(a) Body factor γ versus channel thickness TCH for different workfunction (b) Body factor γ comparison
between BMF-SOI-JLFET and conventional SOI-JLFET for various channel thickness TCH. Simulation
setup: LG= 20 nm, ND = 1.5 × 1019 cm-3, WMF = 10 nm, and HMF = 10 nm. OT = 1 nm
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Figure 10

(a) Energy Band diagram across vertical cut in cut plane B-B’ of BMF-SOI-JLFET as shown in Fig 1 for
VBM =0 V and DT mode in On-state (VGS = 1 V and VDS= 1 V). (b) On-state (VGS = 1 V and VDS= 1 V)
electron density across channel in DT mode and VBM = 0 V

Figure 11

Transfer characteristics of (a) BMF-SOI-JLFET (b) SOI-JLFET for different channel thickness under DT
mode and VBM /VSUB = 0 V bias. Simulation setup: LG= 20 nm, ND = 1 × 1019 cm-3, WMF = 10 nm, and
HMF = 10 nm. OT = 1 nm
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Figure 12

(a) ON-to-OFF current ratio of BMF-SOI-JLFET various channel thickness TCH for DT mode and �xed bias
mode with bias voltage VBM = 0 V and VBM = -0.4 V, (b) % ON-current improvement for different channel
thickness of proposed BMF-SOI-JLFET and SOI-JLFET. Simulation setup: LG= 20 nm, ND = 1 × 1019 cm-
3, WMF = 10 nm, and HMF = 10 nm. OT = 1 nm


