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We report here a study on doping concentration variation on Double Gate Junctionless Field Effect
Transistor. Doping concentration for the device is varied from 10%/cm3 to 10%cm3 and their transfer
characteristics and output characteristics were investigated for drain section voltages with 0.1V, 0.5V and
1 V. At 1 V drain voltage with doping level 101° cm -3 a drain current of 1.7 mA has been obtained. Furthermore
various electrical parameters like on current, Ion to Iorr ratio, subthreshold swing, threshold voltages are
investigated. At 1019 cm -3 and drain potential 1 V current in body is 1.9 mA. On the other hand subthreshold
swing obtained at 109 cm -3 with a drain potential 1 V is 79 mV/Decade. The simulation is done with the help
of Cogenda Visual TCAD simulator. By increasing doping concentration better control over drain current can be

obtained. Better on current can be achieved at higher doping variation.
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1. INTRODUCTION

Semiconductor device is now a days very important
for the development of the technology. As the technology
is improving the fundamental device i.e. transistor in
VLSI field also decreasing in its size so that performance
of the device can be ameliorated. The device FET (Field
Effect Transistor) [1-3] in its miniature size shows Short
Channel Effects (SCE). Due to SCE, Drain Induced
Barrier Lowering can be seen in the device. Therefore, to
reduce SCE in the device Silicon on Insulator device
(SOI) and high K device technology are used. But all this
devices has junction. As the device is very small, so it is
actually challenging to sustain the doping concentration
level within junctions. Moreover this type of device shows
heat dissipation and fabrication becomes difficult.
Therefore, 2009 Collinge et al. [4] introduced a novel
device which is known as dJunctionless Field Effect
Transistor (JLFET) [5-19]. This device is lack of any
junctions and therefore a uniformly doping level can be
maintain throughout the source, channel and drain
sections. JLT is easy to fabricate and is highly scalable.
This device can be operating by considering the work
function dissimilarity in the middle of metal and body of
the device. The device shows full depletion during off
state condition. On the other hand the depletion reduces
during on state condition.

In the presented work a N channel Junctionless Field
Effect Transistor has been used for study purpose. In the
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study different variation of doping concentration has
been considered. Doping variation is done from 10%cm3
to 1019cm3. For the work with different doping, transfer
characteristics and output characteristics are studied.
Different electrical identifications such as on current, Ion
to Iorr ratio, Subthreshold swing and Threshold voltages
are investigated. Lightly doped de-vice such as 10%cm3
can be considered as undoped device.

2. DEVICE SET-UP
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Fig. 1 - N channel Double Gate JLFET
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Fig. 1 indicates schematic figure of N channel Double
Gate Junctionless Field Effect Transistor. Table 1 shows
different device specifications required for simulation
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1010 ¢cm -3 to 10 cm —3. 1.6 mA drain current is observed
for 1019 cm — 3 concentrations.
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1 | Substrate doping | 1019 cm -3, 10! em —3, . ] .' * 10%m |
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1016 cm -3, 1017 e¢m -3,
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2 | Body thickness (Zsi) 10 nm Gate Voltage (Volt)
3 | Oxide Thickness (fox) 3 nm
4 | Gate Work Function (om) | 5.4 eV Fig. 3 — Drain Current Vs Gate to Source Voltage at drain
5 | Upper Gate Section (Lg) | 10 nm voltage 0.5 V
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Fig. 2 — Drain Current Vs Gate to Source Voltage at drain
voltage 0.1 V

Fig. 2 shows transfer characteristics of the DGJLFET
with a drain section potential of 0.1 V for different doping
concentrations. Doping level is within the span between
10 c¢cm —2 to 10 c¢cm ~3. It has been observed from the
figure that during undoped or low doping concentration
drain current is very low. Higher drain current is
observed at 109 cm —3. During low doping characteristics
shows a negative resistance behavior as there is no
enough carrier to raise the body current.

Fig. 3 depicts transfer characteristics of the device
with drain voltage of 0.5V for different doping
concentrations. Here also doping level varies in between
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Fig. 4 — Drain Current Vs Gate to Source Voltage at drain
voltage 1 V
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Fig. 5 — Drain Current Vs Drain to Source Voltage at gate
voltage 1V
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Fig. 6 — Threshold Voltage variation with Doping Concentration

Fig. 4 depicts transfer characteristics of the
DGJLFET with drain voltage of 1V for different doping
concentrations. Here doping level ranges in between
101% ¢m —2 to 10 em —3. 1.7 mA drain current is observed
for 10'° cm ~3 concentrations.

Fig. 5 indicates output characteristics of DGJLFET with
a gate voltage of 1V for different doping concentrations.
Doping variations ranges in between 101 ¢cm —3 — 10 ¢m —3.
From illustration it has been observed that from doping
level 1010 ¢cm —3 — 107 ¢cm —3 bodies current level is very low.
A higher level of body current is observed at doping level
109 ¢cm ~3 which is 1.6 mA.

Fig. 6 indicates threshold voltage variation for different
doping concentrations at drain section potentials of 0.1V,
0.5V and 1V respectively. Doping concentration variation
has been done from 101° c¢cm ~3 — 109 ¢m - 3. From figure it
can be illustrate that if doping concentration increases
threshold voltages also increasing. For lower value of drain
voltage higher threshold voltage is observed as drain
induced barrier lowering (DIBL) is less.

Fig. 7 shows on current variation for different doping
concentrations at drain zone potentials of 0.1V, 0.5V and
1 V respectively. From plotted graph it can be illustrate that
on current is very small up to doping level of 1017 ¢cm —3. On
current is higher for higher drain potentials as DIBL
increases with increase in drain potential.
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Fig. 7 — On Current variety with Doping Concentration
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Fig. 8 — Ion/Iorr Vs Doping Concentration

Fig. 8 shows on Ion to Iorr ratio variation for different
doping concentrations at drain section potentials of 0.1 V,
0.5V and 1V respectively. The on current off current
ratio is higher for lower drain voltages as off current is
higher for higher drain voltages as leakage is high.
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Fig. 9 — Subthreshold Swing variety with Doping Concentration

Fig. 9 indicates Subthreshold Swing variation for
different doping concentration levels at distinct drain
potentials (0.1 V, 0.5V and 1V). It has been observed
that for higher drain voltages subthreshold swing is
increasing as DIBL is high.

4. CONCLUSION

In the presented work an analysis has been done with
different doping concentrations on DGJLFET. Doping
level varies from 1019 ¢cm 23— 10 ¢m ~3. The Simulation
for the study has been done using Visual TCAD
simulator. Drain current variety with respect to input
voltage i.e. gate voltage has been observed for drain
section potentials 0.1V, 0.5V and 1V. In all cases a
higher drain voltage has been observed at 109 cm -3
doping level. Drain current 0.6 mA, 1.6 mA and 1.7 mA
has been observed for 10!° cm 3 at drain voltages 0.1V,
0.5V and 1V respectively. Output characteristics at gate
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voltage 1V has been observed in the analysis. Various
electrical parameters threshold voltage, on current, Ion to
Iorr ratio and subthreshold swing are analyzed for

8.
9.

10.

11.

REFERENCES

S. Migita, Y. Morita, T. Matsukawa, M. Masahara, H. Ota,
IEEETrans. Nanotechnol. 13 No 2, 208 (2014).

C.-W. Lee, A. Afzalian, N.D. Akhavan, R. Yan, I Ferain,
J.-P. Colinge, Appl. Phys.Lett. 94 No 5, 053512 (2009).

R. Rios, et al., IEEE Electron Device Lett. 32 No 9, 1170 (2011).
J.P. Colinge, H.W. Lee, A. Afzalian, N.D. Akhavan, R. Yan,

I. Ferain, P.Razavi, B.O'Neill, A. Blake, M. White,
A.M. Kelleher, B. McCarthy, R. Murphy, Nature
Nanotechnology 5, 225 (2010).

J.P. Colinge, A. Kranti, R.Yan, C.W. Lee, I. Ferain,

R. Yu, N.D. Akhavan, P. Razavi, Solid- State Electronics
65-66, 33 (2011).

E. Gnani, A. Gnudi, S.Reggiani, G. Baccarani,
Transactions on Electron Devices 58 No 9, 2903 (2011).
A K. Raibaruah, K.C.D. Sarma, IEEE  International
Conference on Computational Performance Evaluation
(ComPE) (2020).

A.K. Raibaruah, K.C.D. Sarma, Silicon 14 No 2, 711 (2022).
A. Gnudi, S. Reggiani, E.Gnani, G. Baccarani, IEEE
Electron Dev. Lett. 33 No 3, 336 (2012).

A. Gnudi, S. Reggiani, E. Gnani, G. Baccarani, IEEE Trans.
Electron Dev. 60 No 4, 1342 (2013).
A.K. Raibaruah, A. Talukdar,

IEEE

K.C.D. Sarma, IEEE

J. NANO- ELECTRON. PHYS. 16, 05016 (2024)

different doping concentration levels. The fabrication and

characteristics

study for different doping level for

DGJLFET is the future development of the present work.

12

13.

14.

15.

16.

17.

18.

19.

. AK. Raibaruah,

International Conference on Computational Performance
Evaluation (ComPE) (2020).

K.C.D. Sarma, IEEE Delhi Section
International Conference on Electrical, Electronics and
Computer Engineering (DELCON) (2022).

J.P. Colinge, C.W. Lee, A. Afzalian, N. Dehdashti, R. Yan,
I. Ferain, P.Razavi, B.ONeill, A.Blake, M. White,
A.M. Kelleher, B. McCarthy, R. Murphy, IEEE International
SOI Conference (2009).

K.C.D. Sarma, S. Sharma, J. Comput. Electron. 14 No 3, 717
(2015).

C.H. Park, M.D. Ko, KH.Kim, R.H.Baek, C.W. Sohn,
C.K. Baek, S. Park, M.J. Deen, Y.H. Jeong, J.S. Lee, Solid-
State Electron. 73, 7, (2012).

T.K. Chiang, IEEE Trans. Electron Dev. 59 No9, 2284
(2012).

C. Li, Y. Zhuang, S. Di, R. Han, IEEE Trans. Electron Dev.
60 No 11, 3655 (2013).

A. Talukdar, A.K. Raibaruah,
Comput. Sci. 171, 1053, (2020).
J.P. Durate, M.S. Kim, S.J. Choi, Y.K. Choi, IEEE Trans.
Electron Dev. 59 No 4, 1008 (2012).

K.C.D. Sarma, Procedia

MopenmoBansue nociigskeHHa ehpeKTUBHOCTI 0e3nepexiJHOro moJILO0BOro TPAH3UCTOPAa
3 MOABIMHMM 3aTBOPOM /U1 3MIHU KOHIIEHTPAIil JIeryBaHHA

P. Saikia, A.K. Raibaruah, K.C.D. Sarma

Central Institute of Technology Kokrajhar, Department of Instrumentation Engineering, 783370, India

CraTTs CTOCYETHCA MOCTIAMKEHHIO 3MIHM KOHIIEHTPAIII]l JOMIIIKK Ha 0e3mepexiJHOMY II0JI50BOMY TPAH3UCTOPL
3 monBiiHUM 3aTBopoM. KoHIleHTpallis JieryBaHHSA [JiA MPHCTPOI0 BapioBasaca Bix 101%cm3 mo 101%cm3, a ix
XapaKTePUCTUKY IIepeaadi Ta BUXITHI XapaKTepUCTUKN OyJIM JOCIIAMKeH] A1 HapyT cekii croky 3 0,1 B, 0,6 B
ta 1 B. Ilpu manpysi croky 1 B 3 piBHem seryBamus 1019 cm - 3 orpumano crpym crory 1,7 MA. Kpim Toro,

JIOCTIPKYIOTBCSI  PI3HI €JIEKTPUYHI I1apaMeTpH,

TaKl

AK  CTPYyM,

cmisBiguomterus Ion/Iorr, IAIIOPOTOBE

KoJImBaHHsI, moporoel Haupyru. [Ipu 109 cm - 3 1 morenmiami croky 1 B crpym B xopmyci crasosuts 1,9 MA. 3
iHmroro OOKy, IIAOPOrOBE KOJIMBAHHS, orpuMane mpu 1019 cm - 3 3 moremmiasiom BuTOoKy 1 B, craHoBuTh
79 mB/nexany. Cumyssiisa BukroHyeTbesa 3a jgomomoron cumyssaropa Cogenda Visual TCAD. 36imbmryoun
KOHIIEHTPAIII0 JIeTYBaHHs, MOKHA OTPHUMATH KPANUi KOHTPOJIb HAJl cTpyMoM cToky. Kpaine sHaveHHs cTpyMy

MOKHA JIOCATTH IIPY BUIIIN Bapiarrii JIeryBaHHS.

Kmiouosi ciosa: Besmepeximumii, Edexr monsa, DGJLFET, Jlerysaumsa, Iloporosa mampyra, Ilimmoporose

KOJIMBAHHII.
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