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This paper reports on the modeling of the depletion region width and threshold voltage of a parallel
gated junctionless field effect transistor. The depletion region width is obtained by resolving 1D Poisson
equation along the channel of the device in the y-direction. The central potential through the channel re-
gion of the device is also considered. With the help of the depletion region width and device central poten-
tial model, the threshold voltage of the device is obtained. Exploration has been made for different varia-
tions of the depletion width depending on the gate to source voltage, gate oxide thickness, and different
gate dielectric materials. For a 0.6 V gate bias, a 4 nm depletion width is achieved. The threshold voltage
variation is obtained and analyzed by considering different drain voltages, doping concentrations, tempera-
tures, and work functions. The device at 101® cm -3 doping concentration, 300 K temperature, and 5.4 eV
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work function with a drain voltage of 1 V allows a threshold voltage of 0.47 V.
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1. INTRODUCTION

During the modern era of the semiconductor indus-
try, scaling down of devices and consequently storage
in semiconductor memory is a primary concern with
better performance enhancement of semiconductor
devices. Semiconductor devices such as Field Effect
Transistors (FETs) have p-n junctions. However, at the
nano range, devices show challenges in terms of com-
plexity in fabrication due to doping concentration gra-
dient. On the other hand, devices such as Junctionless
Field Effect Transistors (JLFETS) [1-14] have constant
doping in the source length, channel, and drain length
region, reducing fabrication complexity. A junctionless
transistor was first reported in 2009 by J.P. Collinge
[15]. It mainly works through the resultant field gener-
ated due to the difference between the gate work func-
tion and the body material of the device. This high
work function difference generates an internal electric
field which causes the formation of a depletion layer
under the gate region. When there is a complete deple-
tion layer in the channel region, then the current can-
not flow through the device and the device is in the
OFF state. On the other hand, when the gate voltage is
applied, the effect of the internal electric field reduces,
and the depletion layer starts diminishing slowly and
current starts flowing through the channel region. This
is known as the ON state of the device. Therefore, a
depletion layer has a major role in the current conduc-
tion through the channel region of the device. Also, the
applied gate voltage, at which the depletion width
starts reducing and the flow of current begins, is called
the threshold voltage of the device.

Junctionless transistors are a robust contender for
memory devices. They help increase the speed of the
memory chip by increasing the density of the chip. In
addition, it can store information via flash memory
[16]. Digital devices like computers, cameras, and GPS
use flash memory technology to store data. The use of
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junctionless transistors helps in the reduction of mobil-
ity degradation which tends the junctionless transistor
application to the flash memory. It has now become a
rising device in the non-volatile memory market.
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Fig. 1 — Cross-section view of PGJLFET

In this work, we are going to carry out the modeling
of the depletion layer and threshold voltage of the Par-
allel Gated dJunctionless FET (PGJLFET) [17, 18].
PGJLFET works better during the ON state as com-
pared to conventional Junctionless Transistors [17].
The cross-sectional view of the PGJLFET is shown in
Fig. 1. PGJLFET has two gate lengths L1 and Lz. Lg is
the gap length between two gate lengths. Ls and Lq are
the source length and the drain length of the device,
respectively. The device is 30 nm in length. With this
very small node technology, the proposed device can be
used in NAND flash memory with a high chip integra-
tion density.
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PGJLFET can be used as a fundamental element
for computer circuitry as it can act as a binary switch
(ON/OFF). It can be a promising device for memory
cells. The flow of current through the channel of the
PGJLFET device depends on the depletion region width
which can be controlled by gate bias. Complete deple-
tion blocks the current flow, and the device act as OFF,
while reduction of the depletion region turns the device
ON. At the threshold voltage, current will start flowing
through PGJLFET. Therefore, it is very important to
model the depletion width and the threshold voltage of
the PGJLFET device. As the device is in the nano
range, it becomes possible to accommodate billions of
PGJLFETSs to design a processor.

2. ANALYTICAL MODEL

The Poisson equation (1D) along the n-channel
within the y-direction of the device is given by [6]:

2
d ¢(y) _ Nd 1
— =, (1)
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where ¢(y) is the electrostatic potential, q is the elec-
tron charge, Ng is the donor concentration, and & is
the semiconductor permittivity.

Using the parabolic trial function method, one solu-

tion of equation (1) is given as [6]:
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Substituting the value of Ci from equation (5) into
equation (4), we obtain

Cp=— W(¢gs %), (6)
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where ¢s is the potential at the surface, &x is the gate
oxide permittivity, tox is the thickness of the gate oxide
and

¢gs :‘/gs_V/b ’

where, V;,S is the gate to source voltage, and Vﬂ7 is the

flat band voltage.
Substituting the C2 value into equation (4), we get
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Substituting the values of C1 and C: into equation (3),
we get
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Now substituting the values of Co, Ci1 and C: into equa-
tion (2), we get
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From equations (9), (10) and (1) we obtain
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Equation (12) represents the depletion width of the
n-channel PGJLFET device.
The central potential through the channel length
region is given by [18]
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Solving equation (12), we obtain
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From equations (13) and (14) we get
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Equation (15) is the threshold voltage of PGJLFET.

3. RESULTS AND DISCUSSION

Fig. 2 shows a depletion width variation for differ-
ent gate bias. The figure shows that the depletion
width for the device decreases as we increase the gate
to source voltage because of the reduction in an inter-
nal electric field, which is generated due to the gate
electric field and work function difference between
metal and semiconductor devices.
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Fig. 2 — Depletion width versus gate to source voltage

Fig. 3 shows the depletion width variation for dif-
ferent values of the gate oxide thickness. As gate capac-
itive coupling is higher for thinner oxide thicknesses, a
larger depletion width can be seen from the figure.
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Fig. 3 — Depletion width versus oxide thickness
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Fig. 4 — Depletion width versus dielectric constant of the gate
dielectric

Table 1 — Threshold voltages for different drain to source
voltages

Sl. No | Drain voltage (V) | Threshold voltage (V)
1 0.2 0.26
2 0.4 0.31
3 0.6 0.37
4 0.8 0.42
5 1 0.47

Table 2 — Threshold voltages for different doping concentrations

S1. No | Doping (Ccil“iif)matwn Threshold voltage (V)
1 1018 0.03
2 5x1018 0.22
3 1019 0.47

Fig. 4 depicts the depletion width variation for dif-
ferent values of the gate dielectric constants. From the
figure, it can be observed that as the gate dielectric
constant value increases, the depletion width of the
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device also increases. This is because the capacitive
coupling between the gate and the channel is also high
for a higher gate dielectric constant.

Table 3 — Threshold voltages for different temperatures

Sl. No | Temperature (K) | Threshold voltage (V)
1 300 0.47
2 400 0.03
3 500 0.02

Table 4 — Threshold voltages for different work functions

Sl. No | Work function (eV) | Threshold voltage (V)
1 5 0.02
2 5.2 0.03
3 5.4 0.47

Tables 1, 2, 3, and 4 indicate the threshold voltages
for different values of drain voltage, doping concentra-
tion, temperature, and work function. From Table 1, it
is apparent that as the drain voltage increases, the
threshold voltage also increases. The threshold voltage
of the device is mainly guided by the applied gate bias,
whereas a higher drain to source voltage turns down
the drain-induced barrier lowering (DIBL) effect. From
Table 2, we can see that at high doping a high thresh-
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AnasriTuuHa mogess» IMUpPUHU 301 THEHOI 30HU TAa MOPOrOBOI HANIPYru 0e3nepexiHoro
IOJILOBOTO TPAH3UCTOPA 3 MapaieJJbHUM 3aTBOPOM

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

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

¥V po6oTi mOBIIOMIISETHCA PO MOAEIIOBAHHA IINPUHN 301IHEHOI 30HM TA IIOPOroBOI HAIIPYTH Oesmepexi-
JTHOTO TI0JIbOBOTO TPAH3WCTOpAa 3 IapasielbHuM 3aTBopoM. lllmpmHa 30imHEHOI 30HH OTPUMYETHCA
PO3B’I3yBaHHAM OJHOBUMIPHOTO piBHAHHA IlyaccoHa B3I0BkK KaHAJLY IPUCTPOIO B HANIPAMKY Y. Takox Bpa-
XOBY€THCA LIEHTPAILHUN IIOTEHITIA Yepes 00JIacTh KaHaJLy HPUCTPOK. 3a J0IIOMOI0K MOMEJI IMUPUHU 3011-
HEHOI 30HM Ta IEHTPAILHOIO ITOTEHITialy IIPUCTPOI0 OTPUMYIOTH ITIOPOTOBY HAIIPYTY IpHUCTpo. Bysm mpose-
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JIeHl JOC/IIIKEeHHs I PISHUX Baplallifi IMUPUHHU 301JHEHOI 30HM 3aJIesKHO BiJ HAIIPYTH MK 3aTBOPOM 1
JIJKepeJIoM, TOBIIMUHY OKCHJIY 3aTBOpPA Ta PI3HUX JTIeJIEKTPUYHUX MaTepiamiB 3arBopa. Jaa mampyrum 3mi-
meHHs Ha 3aTBopi 0,6 B mmpuna 36igHeHol 30HM ckiaamae 4 HM. 3MiHY IIOPOTOBOI HAIPYTH OTPUMYIOTH 1
aHAJN3YI0Th, BPAXOBYIOUHN Pi3HI HATIPYTH CTOKY, KOHIIEHTPAITIl JIETYBAHHI, TEMIIEPATyPH Ta POOOTH BUXOY.
TIpucrpiit momyckae moporoey Harnpyry 0,47 B mpu kormenrparii sierysausasa 1019 cm -3, remmeparypi 300 K,
pobori Buxoxy 5,4 eB 1 Hanpyasi croky 1 B.

Knrouogi ciosa: Besnepexinuwuii, [lonsoeuit ederr, llupuna 36iquenoi soun, [Toporosa mampyra.
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