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ABSTRACT

Depletion capacitance of a Metal Oxide Semiconductor Field Effect Transistor (MOSFET) is a critical parameter that determines the
switching threshold of an inverter. The study of this dependency is lacking in the literature. This challenge is addressed by
demonstrating a prerequisite for effectively modulating the Hole Concentration (HC) in the channel towards the bulk region of the
Zener Tunnelling Tunnel Diode Partially Depleted Silicon On Insulator (ZT-TDPDSOI). The modulation of HC facilitates a variable
capacitance effect, leading to a reduction in the subthreshold swing (SS). Fermi level (FL) and electric field analyses are conducted to
investigate the variation in HC and the resultant change in capacitance. Furthermore, the effect of the bulk potential, originating from
the variation in HC at the drain-channel junction, is revealed. FL and Valence Band Energy (VBE) are used to explain the concentration
variation within the channel near the drain-channel region. Doping of P+ region below source/drain modulates the HC in the channel.
The HC extracted from energy band diagram is validated through box profile approximation (BPA). ZT-TDPDSOI is implemented in
the inverter circuit and verified the increase in the switching threshold and transition slope there by increasing the efficiency of
inverter. Transfer characteristics of inverter is analysed here. There is 12% increase in switching threshold, 4% increase in transition
slope and 8% reduction in risetime in ZT-TDPDSOI. All simulations are performed using atlas and mixed signal Technology Computer
Aided Design (TCAD).

Keywords: Inverter, Box profile approximation (BPA), ZT-TDPDSOI, Valence band energy (VBE), Fermi level (FL), Hole concentration
(HC)

1. INTRODUCTION attributed to the P+ region are elaborated in [21]. However,
the requirement for getting the HC modulation effect in the
Designing digital switches with Metal Oxide Semiconductor bulk is not studied in the prior work, also the P+ effect is not
Field Effect Transistors (MOSFETSs) considers speed and modelled for properly quantifying the analysis. Dependence
power as important performance metrics. These are related of P+ on HC at drain-channel region is also not verified
to the device parameters such as sub-threshold swing (SS) previously. Therefore, in this paper we demonstrate the
and OFF current (lorr) respectively [1-3]. SS should be small prerequisites for achieving HC modulation via bulk
for faster switching of MOSFET. The depletion capacitance potential and electric field behaviour as a function of the
in the sub-threshold region plays an important role to doping concentration of P*. The HC derived from the energy
determine SS in FET used for digital switch as shown in band diagram is validated using the box profile
Equation (1) [4-7]: approximation (BPA). In the literature, BPA is used to find
the average doping in the channel with a non-uniform
doping profile at the surface to model the threshold voltage
[3]- The average doping concentration changes when the P+
is introduced in ZT-TDPDSOI. To understand the variation
where cq is the depletion capacitance and cox is oxide of HC, it is necessary to analyse the factors that affect the
capacitance [8-11]. The introduction of P* region below  range in concentration.
source/drain in Zener Tunnelling Tunnel Diode Partially
Depleted Silicon On Insulator (ZT-TDPDSOI) changes the Depletion capacitance of a MOSFET is a critical parameter
uniform doping in the channel and it modulates the Hole that determines the switching threshold of an inverter [22-
Concentration (HC) near the drain-channel region leading ~ 26]. The study of this dependency is lacking in the literature.
to variation in cq [12-18]. This change in HC has significant ~ To accurately model the effect of P*region introduced below
effect on SS. Hence an accurate model for HC is essential for ~ source/drain region, it is necessary to understand the
the analysis of ZT-TDPDSOI at drain-channel region. underlying, mechanism of variation of HC near the drain-
channel region. These challenges are addressed in this

Previous works [19, 20] detailed the reduction in Iorrand SS ~ Paper, BPA is used to find the average doping in the bulk
achieved by incorporating a P+ region beneath the region. The relation of P* with the concentration at drain-

source/drain. The underlying reasons for these variations ~ channel region has been investigated using VBE and FL.

SS = In(10) - gkT (1 + CC—“> (1)
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This article is organized as follows: Section 2 presents the
valence band and Fermi level of PDSOI and ZT-TDPDSOI.
Section 3 observes the HC Comparison of PDSOI, ZT-
TDPDSOI at the drain-channel region. Section 4 details the
estimation of average doping in ZT-TDPDSOI by modelling
the effect of the P* and N* regions using BPA. Section 5
discusses the electric field distribution along the PP+ region
for various doping concentrations of P+. Section 6 explores
implementation of inverter circuit using ZT-TDPDSOI.
Finally, the conclusion is provided in Section 7.

2. METHODOLOGY

Firstly, the Electric field distribution along PP+ region at the
drain-channel region for varying doping concentration of P+
at different positions is estimated. Secondly the conduction
band at P*P drain-channel region for varying P+ doping
concentration is conducted. After that HC is extracted the at
the drain-channel region due to P*region for various doping
condition.

The variation in HC at drain channel region is validated
using the effect of bulk potential and the relationship of P+
doping with HC is demonstrated using the following
procedure.

Comparison of HC corresponding to PDSOl and ZT-TDPDSOI
is carried out first. Bulk potential is derived from VBE and
FL diagram.

HC validation is done using model equations and simulation
results. To find the average doping in the bulk region due to
P+ region below source/drain BPA is applied. Finally the
effect of P+ doping with HC is estimated.

The schematic representation of Zener tunnelling tunnel
diode partially depleted silicon on insulator (ZT-TDPDSOI)
is shown in Figure 1 [19]. All the simulations are done using
TCAD [27]. The drain/source are splitinto N*and P*regions.
The thickness of P* region is 0.05 pm and the doping
concentration is 2 X 1020 cm-3. The source/drain junction
depth is 0.1 pm and the doping concentration is 1020 cm~3
each. Length of source/drain is 1 pm. The channel length is
1 pm and doping concentration is 1017 cm-3. The device
dimensions are given in Table 1.

2.1. Valence Band and Fermi Level of PDSOI and
ZT-TDPDSOI

Figure 2 illustrates the energy difference between FL and
VBE. The decrease in this energy difference from 0.335 eV
(PDSOI) to 0.135 eV (ZT-TDPDSOI) indicates an increase in
HC within the drain-channel region. As depicted in Figure 3,
the bulk potential can be inferred from the separation
between the FL and VBE. The estimation of the bulk
potential from the VBE and FL for both PDSOI and
ZT-TDPDSOI is detailed below.

Workfunction (¢y) of the device is given by [3]:

¢r = +E; — (B — E,) (2)
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where 1 is the silicon affinity, E;is the band gap of silicon,
EF - Evis the distance between FL and VBE. Bulk potential is

given by:
bp=Pr— ¢ (3)
where ¢» bulk potential which is equal to Er - Ei.
Table 1. Device dimension
Dimension and Doping
Region Lateral Vertical Doping
(um) (um) (cm=3)
N*+=0.100 1020
Source 1
P+=0.050 2 x10%
N*=0.100 1020
Drain 1
P+=0.050 2 x 102
Silicon-on-
Insulator 1 0.200 1017
Thickness
Gate oxide 1 0.017
Buried oxide 3 0.400
'y
Source - Drain
Oxide
z
% N+ N+
=
=
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Figure 1. Hole doping profile of ZT-TDPDSOI to implement
BPA approximation
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Figure 2. Distance between VBE and hole Quasi fermi level (QFL)
for ZT-TDPDSOI and PDSOI at Vps = 0 V Vs = 0 V, to show the
difference in potential, cutline is drawn across the channel
thickness near the drain channel region
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Figure 3. Comparison of bulk potential calculation using Er-Evin energy diagram of ZT-TDPDSOI and PDSOI to compare
the bulk potential which helps to derive HC

The workfunction (¢y), bulk potential and HC are extracted
for both ZT-TDPDSOI and PDSOI as shown in Figure 3. Bulk
potential (Ef - Ei) for ZT-TDPDSOI is 0.4060 eV and that for
PDSOI is 0.2060 V. This is obtained from energy band
diagram in Figure 3. There is an error of 2% observed in this
case of PDSOI and ZT-TDPDSOI. The increase in HC which
results in the reduction of distance between FL and VBE is
shown in the next section. Bulk potential obtained from HC
and that obtained from energy band diagram (FL, VBE) are
compared.

3. HC COMPARISON OF PDSOI, ZT-TDPDSOI AT THE
DRAIN-CHANNEL REGION

As previously mentioned, the difference is VB and FL is
observed due to the HC variation near drain-channel. This is
depicted in Figure 4. The HC at drain-channel region is
increased from 2.39 X 1013 cm=3 to 5.75 X 1016 cm~3 when
P* is introduced below source/drain (ZT-TDPDSOI) at
equilibrium condition (Vbos = 0 V, Ves = 0 V). The HC is
increased by a factor of 2405.

From Boltzmann equation bulk potential is given as [3]:

EF—EL-=KT*1n£ 4
ni

where n; is intrinsic carrier concentration, P is the HC, Er is
FL, Eiis the intrinsic energy level, KT is the thermal energy.
The HC(P) values obtained from Figure 4 which are 3.39 X
1013 cm-3 for PDSOI and 5.75 x 1016 cm3 for ZT-TDPDSOI),

are substituted in Equation (4). The bulk potential thus
obtained is 0.2016 V for PDSOI and 0.3950 V for
ZT-TDPDSOL. The increase of HC at drain channel region
causes reduction of gap between VBE and hole QFL (Er - Ev)
of ZT-TDPDSOI compared to PDSOI. The bulk potential
obtained from VB, FL and HC are comparable. The
comparison of bulk potential obtained from VB and FL and
from HC near drain-channel region confirms the fact that
the reason for VB, FL variation is due to HC variation in near
the drain-channel region. The details are shown in Table 2.
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Figure 4. Comparison of HC as a function of channel thickness of
PDSOI and ZT-TDPDSOI. The concentration increases from
2.39 x 1013 cm=3 t0 5.75 x 1016 cm-3

Table 2. Estimation of bulk potential from HC and VBE, FL at drain-channel region

Er -Ev ¢b using HC ¢b using VBE and hole FL %error = %
(eV) V) v) %)
ZT-TDPDSOI 0.134 0.3950 0.4060 2
PDSOI 0.334 0.2016 0.2060 2

¢bg: Simulated ¢b, Ppb,: Calculated ¢b
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4. ESTIMATION OF AVERAGE DOPING BY MODELLING
THE EFFECT OF P+ AND N+ IN ZT-TDPDSOI USING BPA

The variation of HC in the drain-channel region causes the
change in average doping in the bulk region resulting in the
reduction of distance between VBE and FL. The presence of
P+doping below source/drain increases the average doping
in the bulk region. This average doping is estimated using
source/drain to find the average doping BPA as follows.

Figure 5 shows the BPA for non-uniform doping with P+ or
N+below source/drain. It is divided into three regions:

(i) Area of Region 1 is given as:
Regionl = N, * Lg (5)

where Ny is the heavy doping of P+ below source/drain
region, Lsis the length of source region.

(ii) Area of Region 2 is given as:
Region2 = N, x L

where Lpis the length of drain region.
(iii) Area of region 3 is given as:
Region3 = N, * L,

where L is the length of channel and N. the doping
concentration in the channel region. Total area is given as:

Total area = Regionl + Region2 + Region3
Total area = Ny * Lg + Ny * L + Ny * Ly,

Here, length of source and drain are equal, therefore we can
write:

Ly=1Lp =Ly (6)

Distribute the extra dopant to get an average increment in
doping:

Total area = 2 * Ny * Ly + N * Ly (7

It is distributed evenly over total length as:

,  2xNp*Lr+Ng+Lg
B 2Ly + Ly,

The increase as compared to the previous doping, the factor
that represent the increment is given by:

, 2% Ny*Lp+Ng*Ley,
B (Z*LT+Lch)*Na

(8)

Calculated and expected value of f factor at drain-channel
region is given in Table 3. The average doping for different
doping of P*is shown in Table 4. When the region below
drain and source is given N*the term Nn become zero and
the factor reduce to 0.3.

Table 3. Calculated and expected value of f factor at
drain-channel region

(Er -Ev) (Er -Ev) AE
PDSOI | ZT-TDPDSOI (AS'; (Equation (11)) E(ro;)‘;r
(eV) (eV) (m)
0.334 0.134 0.2 0.187 6

AE(s): Simulation, AE (m): modelling

Acceptor
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=

Regiont) - Region?Z

S
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Figure 5. BPA for ZT-TDPDSOI with N+ and P+ below
source/drain to estimate the average doping

Table 4. Average doping in bulk region

Doping Type ?;I:ll_?)g Factor, F Averag((e C‘::_‘_Z,i)“g (P+) (clr-lnc—3)
2 x 1020 1333 1.333 x 1020 5.75 x 1016
1020 666 6.66 x 1019 5.01 x 1016
P+ 1019 33 3.3 x 1018 3.89 x 1016
1018 6.66 6.6 x 1017 3.31 x 1016
1017 0.6 6 x 1016 1.81 x 1016
N+ (Absence of P+) 1x 1020 0.3 3 x 1016 2.39 x 1015
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4.1. Validation of BPA using VBE and FL

The relationship between VBE, FL at drain-channel region
and the increased factor is used to validate the estimation of
average doping in the bulk region. This is carried out using
VBE and FL comparison of PDSOI and ZT-TDPDSOI at drain-
channel region in equilibrium given in Figure 2. Er - Evis the
energy level difference between FL and VBE of PDSOI, given

by [3]:

P
(Er — Ey)ppsor = —KT * ln(N—) 9)

where KT is the thermal energy, P is the channel doping
concentration, Ny is the valence band density of states.
Er - Evof PDSOI is -0.335 eV. The average channel doping
concentration increases, when P* doping is introduced
beneath the source/drain regions of PDSOI, leading to a
modification of P in Equation (9). The channel
concentration increased by a factor f as shown in
Equation (10) as follows:

f'xP
N,

(Er — Ey)zr-tpPDSO1 = —KT * In( ) (10)

Er - Evof ZT-TDPDSOI is -0.134 eV. The distance between
VBE and FL of ZT-TDPDSOI is decreased by 0.20 eV.

Subtracting Equation (9) from Equation (10), we get:

1
(Er — Ey)zr-TtpPDSo1 — (Er — Ey)ppsor = KT = ln(}—c) (11

The value of f obtained from Section 4 is substituted in
Equation (11) and the calculated difference between Er - Ev
of ZT-TDPDSOI and Er - Ev of PDSOI. This is obtained as
0.187 eV. From the simulator difference between Er - Ev of
ZT-TDPDSOI and Er -Ev of PDSOI is 0.334-0.134 = 0.2 eV.
The details are shown in Table 2. The matching of this result
gives the proof that the HC variation is due to the average
doping in the bulk region.

Table 5 shows the difference of modelling and simulation
for different doping of P*. AEm is the difference between
Er-Ev of ZT-TDPDSOI and Er-Ev of PDSOI from
Equation (11), and AE; is the difference between Er - Ev of
ZT-TDPDSOI and Er - Ev of PDSOI for TCAD.

Figure 6 shows the plot of simulation and modelling value
of difference between Er - Ev of ZT-TDPDSOI and Er - Ev of
PDSOL.

Table 5. Modelling and simulation value at drain-channel region
for different doping concentrations to validate BPA

Doping AEm AE; Error

(cm3) (eV) (eV) (%)

2*1020 0.187 0.200 6
1020 0.169 0.180 6
1019 0.109 0.160 6
1018 0.050 0.049 6
1017 - - -
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Figure 6. Potential P+ doping in ZT-TDPDSOI Vps= 1.5V Vgs=0V,
near the drain-channel region towards N+P+ interface to validate
BPA

4.2. Ratio of Depletion Capacitance

Depletion capacitance is a crucial parameter which decides
SS. The ratio of the SS for PDSOI and ZT-TDPDSOI is
calculated from the simulated data. The depletion
capacitance analysis is carried out for both PDSOI and
ZTTDPDSOI. The SS of PDSOI and ZT-TDPDSOI is given
below:

C
SSppsor = In(10) - kT (1 + d) (12)
Cox
C'y
SSzr-tpppsor = In(10) - gkT (1 + C_) (13)
ox

where Cqis the depletion capacitance of PDSOI and C’s is the
depletion capacitance of ZT-TDPDSOI, Cox is the oxide
capacitance. SSepsor and SSzr-toppsor obtained from the
simulator as 95 mV and 70 mV [15]. This is substituted in
Equation (12) and Equation (13). The ratio of Equation (12)
to Equation (13) is obtained as 3.5.

(14)

In Figure 7, the potential across channel length is plotted at
the middle of the channel for PDSOI and ZT-TDPDSOL
Potential difference at this point is also noted. From the
simulator the potential difference at drain-channel at N+P+
interface corresponds to PDSOI is 1.2 V and that for ZT-
TDPDSOI is 0.381 V. This ratio of this potential difference
from Figure 7 is equal to 3.1.

The ratio of AB to CD gives the value 3.1. This is compared
to the ratio of C;/Cj. The value obtained from the SS
equation is 3.5 and the value obtained from simulator is 3.1.
The introduction of P+ causes a significant potential
variation in ZT-TDPDSOI when compared to PDSOI at the
drain-channel region. This is the cause of SS reduction.

AB
—— =31

D (15)
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4.3. Relationship of HC with P+ Doping

To understand the relationship between HC and P+ doping,
variation of HC with different doping concentration of P*is
carried out as shown in Figure 8. In PDSOI the hole
concentration is 2.39 X 1013 cm~3 at drain-channel junction
near the interface of N+ and P+. Hole concentration is
reduced from 1017 cm~3 to 2.39 X 1013 cm-3 the reduction
factor is 4184. This is due to the movement of holes from
channel to N* region. In this case, the average doping in the
bulk region is 3 x 1016 cm3. In ZT-TDPDSOI when the P+ is
2 X 1020 cm3the HC increased to 5.75 X 1016 cm3 from 2.39
X 1013 cm3, areduction of factor 1.7 from 1017 cm-3. For this
case the average doping concentration in the bulk region is
1.333 x 1020 cm-3. The average doping is increased from 3
X 1016 cm=3to 1.333 X 1020 cm-3 by a factor 4443. The HC as
a function of doping concentration of P* is shown in
Figure 8. When the P+ doping increases the average doping
in the bulk region vary. The HC reaches a maximum value of
5.75 x 1016 cm=3 near the interface of N* and P+ for an
average doping of 1.333 X 1020 cm-3. It is at this value of
average doping; the device attains the minimum SS.
Relationship of HC with P+ doping from Figure 8 is given by:

K' X Pyy = 5% 10 In(P*) — 2 x 10"/ (16)

where P+ doping ranges from 2 X 1020 cm~3 to 1017 cm-3.
Dependency of HC on doping concentration of P+ is
logarithmic. k’ is the scaling factor, Ppo equilibrium hole
concentration. The doping concentration of P+ is varied
from 2 X 1020 cm3 to 1017 cm-3 and the hole concentration
near the drain region is taken from TCAD and the graph is
plotted for this data. The equation is analysed by the curve
fitting. The behaviour of HC is shown in Table 4. The
equation clearly matches with the data in the 6t column. It
is seen that it is varying logarithmically.

5. ELECTRIC FIELD DISTRIBUTION ALONG PP+ REGION
FOR VARIOUS DOPING OF P+

From Poisson’s equation, the electric field near drain is [3]:

20t B
| —=— PDSOI
1.5 —=— ZT-TDPDSOI
H AB=1.2
S 10t L _w]
= Y A
o 05f
g cutline LM
0.0}
D
-0.5 CD=0.381
| c
_1 .O 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Distance along channel{pm)

Figure 7. Potential P+ doping in ZT-TDPDSOI Vps= 1.5V Ves=0V,
near the drain-channel region towards N+P+interface, slope at the
junction increases from 0.381 to 1.2

qNAxp

Emaxpp+ = . (17)
si

where q is electron charge, Na is p-type doping, xp, is
depletion width and e is permittivity of silicon. A horizontal
cutline is drawn near N+P+ interface (0.11 um), middle of P+
region (0.125 pm), at the end of P* and BOX region
(0.135 um) near drain P* junction to get the electric field.
Figure 9 shows the electric field distribution at the drain
channel junction at different positions 0.11 um, 0.125 pm,
0.135 pm near drain P* junction for varying doping
concentration of P+ = 108 c¢cm=3, P+ = 101 cm3, P+ =
1020 cm-3, and P+ = 2 X 1020 cm~3. The biasing condition is
considered as Vps= 1.5 V and Vgs = 0 V. From Figure 9 the
electric field is maximum of 255K V/cm for P+ = 2 X
1020 cm-3, 246K V/cm for P+ =1 X 1020 cm-3, 234K V/cm for
P+=1 % 101 cm-3, and 239K V/cm for P+ =1 x 1018 cm-3.

Electric field profile at different position N*P* interface
(0.11 ym), middle of P+ region (0.125 um), at the end of P*
and BOX region (0.135 pm) near drain P+ of PDSOI is also
shown. This confirms the fact that there is negligible electric
field variation in conventional PDSOI. Here the maximum
electric field is observed at PN* junction which is 196K
V/cm. A peak Electric field is observed at N+P+ interface
(0.11 pum), and it decreases toward the edge of the P+ and
BOXregion (0.135 pm). It is also observed that electric field
increases with increase in doping of P* region. A close
association of intense electric field is observed with SS
reduction. Maximum local electric field observed near the
drain-channel region, is for the doping concentration P+ = 2
X 1020 cm-3, consequently account for the preferred HC in
the bulk region for achieving the capacitance effect thereby
reducing the SS in the conventional PDSOI.

5.1. Conduction Band at Drain-Channel Junction at PP+
for Varying P+ Doping Concentration

Figure 10 shows the conduction band energy at drain-
channel junction P+P for varying doping concentration of P+
at Vps= 0V and Ves= 0 V. A cutline is drawn at PP+ junction
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Figure 8. HC as a function of P+ doping in ZT-TDPDSOI Vps=0V

Ves= 0V, near the drain-channel region towards N+P+ interface,
HC has a logarithmic relationship with P+ doping
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Figure 9. Electric field distribution at different position at PP+ junction near drain-channel region for various doping of P+. (a) Electric
field profile at 0.11 pm near drain-channel region P+. (b) Electric field profile at 0.125 um near drain-channel region PP+ varying P+
doping for varying P+ doping. (c) Electric field profile at 0.135 um near drain-channel region PP+ (d) Electric field profile at different
position at N*P* for varying P+ doping from 1018 to 2 X 1020 by drawing a horizontal interface (0.11 um), middle of P* region (0.125 pm),
at the cutline AB end of P+ and BOX region (0.135 um)
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Figure 10. Conduction band at drain-channel junction at PP+ for
varying P+ doping concentration showing the slope at the edge of
ZT-TDPDSOI should be higher than 2.19

near drain-channel side to extract the conduction band. The
slopes for doping concentration P+ = 1018 cm=3, P* =
1019 cm-3, P* = 1020 cm3, P* = 2 X 1020 cm3 are -0.562,
-0.92, 2.2, and 3.4, respectively. The gradient of energy
gives the electric field which is represented as slope. The
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slope corresponding to the doping concentration P+ = 2 X
1020 cm-3 is seen to be 3.4 V/cm. The slopes of P+ =1 x 1020
cm-3is 2.2 V/cm. There is a 50% increase in the slope with
small change in the doping concentration from P+=1 x 1020
cm3 to P* = 2 X 1020 cm-3. The slope to conduction band
energy graph is high at drain-channel junction for doping
concentration of P*= 2 X 1020 cm-3. This cause guarantees to
achieve a capacitance effect in the bulk region, which is the
necessary condition for getting the low SS.

5.2. Hole Concentration Near Drain-Channel as a
Function of P+ Doping

According to Boltzmann approximation, HC is given by [3]:

P=mn;x exp—b (18)

Ve

where n; is the intrinsic concentration, ¢» is the bulk
potential, V:is the thermal voltage. Figure 11 shows the HC
near drain-channel at PP+ for varying doping concentration
of P* at biasing condition Vps = 1.5 Vand Ves =0 V. Along AB
the HC increases as the doping concentration of P+
increases. At doping concentration of P+ = 1018 cm-3, the HC
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Figure 11. Hole concentration near drain-channel junction at PP+
for varying doping concentration at Vps = 1.5 Vand Vs =0 V.
HC is increasing with doping concentration of P+

at point A inside the channel becomes more intrinsic since
the point is near the interface of N*P+. As point B is far away
from N* and is near to BOX region the HC is increased and
reaches a value of 1016 cm3. For P+ =2 X 1020 cm~3 more HC
is induced at point A which is greater than the channel
doping (1017 cm-3) and at point B HC attains a value equal
to 1018 cm-3 which is a decade greater than the channel
doping (1017 cm-3). It is implied that an additional variable
capacitance effect in the bulk region, which cause the
reduction of SS can be achieved if the point A in the channel
is seen to be greater than the doping concentration in the
channel region. Channel doping is given as 107 cm™3, a
concentration higher than this is necessary to achieve the
condition for additional capacitance in the bulk region. This
condition is attained at a P* doping concentration of 2 X
1020 cm-3.

6. IMPLEMENTATION OF INVERTER CIRCUIT USING ZT-
TDPDSOI

Figure 12 shows the resistive load inverter using the
ZT-TDPDSOI. The validation if ZT-TDPDSOI is done by
implementing Resistive load inverter using mixed signal in
TCAD. The numerical device ZT-TDPDSOI which was
implemented using Altas is used as the pull-down device.
Resistor is used as the pull up device. Load resistance R is
given as 10 kQ.

Figure 13 shows the transfer characteristics of inverter
circuit. Switching threshold is the point where the transition
takes place, from ON to OFF and from OFF to ON. Ideal
values of switching threshold should be half of Vop.
Switching threshold is increased from 0.4 Vto 0 .45 V (12%
increase) and the slope increases from 3.91 to 4.08. (4%
increase). Details are shown in Table 6. This shows that the
inverter using the ZT-TDPDSOI increases the efficiency.

7. CONCLUSION

In conclusion this paper portrays how depletion
capacitance variation affects switching threshold and
transition slope of an inverter, by demonstrating a
prerequisite for modulating the hole concentration (HC) in
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Figure 12. Resistive load inverter using numerically simulated
ZT-TDPDSOI, load resistor is 10 KQ, Vps = 1.5V
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Figure 13. Comparison of Inverter characteristics using
ZT-TDPDSOI and PDSOI showing the shift of
switching threshold from 0.4 to 0.45

the channel towards the bulk region of ZT-TDPDSOI. The P+
below source/drain in Zener Tunnelling Tunnel Diode
Partially Depleted Silicon On Insulator Metal Oxide Field
Effect transistor (ZT-TDPDSOI MOSFET) modulates the HC
in the channel, which helps to achieve a variable capacitance
effect that reduces subthreshold swing (SS). The box profile
approximation (BPA) validates the average doping in the
bulk, modulating the HC. The variations of HC at the drain
channel region resulted in the modulation of bulk potential
due to P*below source/drain in a ZT-TDPDSOI MOSFET is
also revealed here. Thus, assuring the fact that P+ region

Table 6. Comparison of rise time, fall time, switching threshold,
transition slope of PDSOI and ZT-TDPDSOI inverter

Performance PDSOI ZT-TDPDSOI
metrics inverter inverter
Rise time (s) 1.88 x 10-10 1.72 x 10-10
Fall time (s) 1.89 x 10-11 1.93 x 10-11
Switching
threshold (V) 040 045
Transition slope 391 4.08




below source/drain changes the average doping
concentration inside the channel region which affect the HC
at the drain channel region. This results in the SS
modulation. The energy band diagram is employed to
explain the concentration change inside the channel near
drain channel region. The VBE and FL yields HC, which is
then used to authenticate with the bulk potential. The BPA
is used to assess the effect of P*in HC near drain channel
region. TCAD simulations are used to validate the model’s
results. A maximum HC in the bulk region greater than the
channel doping, a peak electric field in the middle to the
bulk region and also a steep slope of conduction band are
the prerequisites for attaining a series variable capacitance
effect in the bulk which reduces SS. The present work is
primarily based on analytical and simulation studies, in
future experimental fabrication and characterization of the
proposed structure can be carried out to validate the
obtained results under practical operating conditions.
Furthermore, detailed RF switch application analysis,
including insertion loss, isolation, linearity, power handling
capability, and high-frequency reliability assessment, can
be explored to evaluate the suitability of the proposed
device for modern wireless communication and microwave
systems. The proposed structure can be considered for
advanced semiconductor and RF integrated circuit
technologies where low power and faster switching are
desired.
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