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Preface

The second International Conference in Communication, Devices and Networking
(ICCDN 2018) was organized by the Department of Electronics and Communication
Engineering, Sikkim Manipal Institute of Technology, Majitar, Sikkim, during
June 2-3, 2018.

Smart cities are the wave of the future, providing one of the most fascinating
and innovative applications for the Internet of things (IoT) and offering untold
benefits for governments and citizens around service provision, quality, and safety
of life. This motivates the organizer to have “SMART CITY” as the theme of the
conference.

The aim of the conference was to provide a platform for researchers, engineers,
academicians, and industry professionals to present their recent research works and
to explore future trends in various areas of engineering. The conference also
brought together both novice and experienced scientists and developers, to explore
newer scopes, collect new ideas, establish new cooperation between research
groups, and exchange ideas, information, techniques, and applications in the fields
of electronics, communication, devices, and networking.

The ICCDN 2018 committees rigorously invited submissions for many months
from researchers, scientists, engineers, students, and practitioners related to the
relevant themes and tracks of the conference. The call for papers of the conference
was divided into six tracks as mentioned—Track 1: Electronics and Nano-
technology; Track 2: Energy and Power; Track 3: Microwave; Track 4: Wireless
Communication and Digital Signal Processing; Track 5: Control and
Instrumentation; Track 6: Data Communication and Networking.

All the submissions underwent a strenuous peer-review process which is com-
prised of expert reviewers. The papers were then reviewed based on their contri-
butions, technical content, originality, and clarity. The entire process, which includes
the submission, review, and acceptance processes, was done electronically. A total
of 156 papers have been received, out of which 103 papers have been accepted. All
these efforts undertaken by the organizing committees led to a high-quality technical
conference program, which featured high-impact presentations from guest speakers
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X Preface

and from paper presenters. All attendees appreciate and expand their expertise in the
latest developments in their relevant fields.

We would like to thank the patrons, general chairs, the members of the technical
program committees, advisory committees, and reviewers for their excellent and
tireless work. We also want to thank Springer for the support and authors and
sponsor for sponsoring this very successful conference.

Rangpo, India Rabindranath Bera
Kolkata, India Subir Kumar Sarkar
Gangtok, India Om Prakash Singh

Gangtok, India Hemanta Saikia
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A Simple VIS-NIR LED-Based Model )
for Estimation of Plant Chlorophyll i

Wesheii Mero and Subra Mukherjee

Abstract Estimation of chlorophyll content often involves destructive analysis and
lengthy procedures. Several sensors systems have been developed that measure and
monitor plant health status; however, most of these methods are destructive or they
involve posh devices. We intended for a cost-effective and noninvasive method for the
estimation of chlorophyll content of tulsi (Ocimum tenuiflorum) leaves. The proposed
sensor system works for diffused transmittance method using VIS-NIR sources kept
in the near target area of different conditions of the leaves. Leaves can be sensed
under different sensing conditions and their outcome is analyzed. The transmittance
values obtained are measured using a detector. Based on the transmittance values,
Simple Ratio Vegetation Index (SRVI) is computed and the result is correlated to
the chlorophyll content of the leaves. Also, the proposed sensor system has been
compared with three different standard laboratory methods and the results obtained
are satisfactory. The performance of the proposed sensor system is statistically ana-
lyzed using indicators such as RMSE and R?. The RMSE obtained is 0.004 and R? is
found to be greater than 0.9 in almost all the cases. The proposed methodology aims
to produce a nondestructive, reliable, convenient, and cost-effective way of estimat-
ing chlorophyll content of leaves and thereby aid the agri-tech industry. Further, this
work has the potential of providing information for use in remote sensing and energy
balance studies.

Keywords Chlorophyll - Transmittance - Spectroscopy - Optical sensor - Plant
nutrients - Vegetation index
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1 Introduction

Generally, chlorophyll is a green pigment comprising of tetrapyrrole ring and a
central magnesium ion. It is found mostly in plants and algae. A long hydrophobic
phytol chain is present in the structure of chlorophyll [1]. Chlorophyll is the most
important pigment and is necessary for the conversion of light energy to the stored
chemical energy. Chlorophyll absorbs light generally in the red (650—700 nm) and the
blue-violet (400—500 nm) regions of the visible spectrum. Green region (~550 nm) is
reflected giving chlorophyll its specific color. Chlorophyll aids the body in a unique
and distinctive way by detoxifying harmful toxins and fights infection from the body
[2]. Two important chlorophyll present are chlorophyll a and b, where chlorophyll a
holds a green-blue color, and chlorophyll b holds a green-yellow color [3]. In tumor
therapy, chlorophyll or chlorophyll results can be employed such as a photodynamic
agent [4]. It can also be further studied, amended, and produced in disciplines like
chemistry and physics for different uses comprising of electronic, photophysics,
optoelectronic, and electrochemistry [5]. By the color of leaf, one can specify the
proportion and amount of chlorophyll in leaves, which are related to the health status
of the particular plant based on different conditions. Hence, chlorophyll content
can be used as a key to detecting nutrient status. Various kinds of color chart and
chlorophyll meters have been developed to estimate leaf color or chlorophyll content
which are helpful in agro-industry but may lead to certain limitations [6]. Spectral
signature characteristics are closely related to leaf chlorophyll content and depend
on the interaction that occurs when light emits plant tissue, where some of the signals
will be absorbed, transmitted, and reflected from the leaf surface [7]. Readings from
the chlorophyll meter are basically a measure of the greenness of leaf and in general
shows the linear relationship with extractable chlorophyll concentrations for a wide
variety of crops. However, environmental conditions may affect the relationship
between plant species [8]. The usability of Soil Plant Analysis Development (SPAD)
meter transforms the indices to interpretable data. Before the readings are measured
for a particular species, calibration is required as the sensor changes the signal into
indices that could cause variation [9]. However, spectral signatures are useful in
sensing plant stress only if one single factor is involved. It may be challenging when
different stress factors affect a plant at the same time. This is due to the fact that
some stressors may affect the physiology of the plant species in a similar way, as
in the case of nutrient deficiency and varies in pigment, moisture, and canopy of
plant species [10]. In paper [11-14], estimation of chlorophyll content was mostly
performed by chlorophyll meters and digital cameras using reflectance measurement,
in different types of leaves. Extraction and different types of vegetative indices were
also obtained with the measurement data. Different techniques were employed but
show the nonlinear relationship with the chlorophyll content.

In this paper, optical properties for detection, monitoring, and estimation of chloro-
phyll content are considered. In a nutshell, the transmittance measurement has been
currently employed in designing of the sensor system. The system uses transmittance
measurement in such a way that the light transmitted by the sample, i.e., based on
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different conditions of leaves, is collected by the detector and gives the correlate
output voltage. Several VIS—IR sources were used. But further, it was preceded with
IR and red sources, because it gives a better correlation with the chlorophyll content.
So, we intended to produce a simple cost-effective sensor system for detection and
monitoring of factor(s) related to plant health status.

2 Materials and Methods

2.1 Single-Leaf Method

Leaves were collected from different conditions of tulsi (Ocimum tenuiflorum) leaves.
Transmittance measurement was performed. Several experiments were carried out
and the transmittance readings were obtained for different conditions of tulsi (Oci-
mum tenuiflorum) leaves. Analysis of the experiments was performed in a dark room
at room temperature. The two sources red (650 nm) and IR (930 nm) were used
during the experiment. So, for transmittance response, it was converted into Simple
Ratio Vegetative Index (SRVI) and statistical analysis was carried out.

2.2 Spectrophotometer Method

Leaves of tulsi (Ocimum tenuiflorum) plant under different conditions, i.e., healthy,
early stress, slightly stress, and fully stress, were collected. Separate sample solutions
were prepared and the absorbance and transmittance values were obtained using a
spectrophotometer. The values obtained were converted into Chlorophyll Concentra-
tion Index (CCI) and chlorophyll concentration for the validation of further analysis.

2.3 Design of the System

Generally, the design of the sensor system shows the use of devices like LEDs
for measuring chlorophyll content. The properties of diffuse transmittance were
used in order to check the transmitted light from the samples. The system consists
of the sensing part which has two sources—IR (930 nm) and red (650 nm)—and
detector along with the sample to be examined. It has a control unit for estimating
and monitoring the chlorophyll of leaves based on different conditions, and finally
display unit, where the result will be displayed based on the decision. Figure 1 shows
the block diagram and Fig. 2 shows the flowchart of the proposed methodology.
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Fig. 1 Block diagram of the proposed sensor system

Illuminate the sample with proper light
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Development of Algorithm based on spectral signatures obtained

Fig. 2 Flowchart for the proposed methodology

3 Results and Discussion

Greens are highly useful for the maintenance of health and prevention of diseases and
also considered important sources of protective food [2]. To study this, we considered
an important parameter known as Simple Ratio Vegetation Index (SRVI) which
measures the greenness of leaf.

Figure 3 shows the comparison done for SRVI obtained for different conditions of
tulsi leaves. Several experiments were carried out to analyze the relation of red and
infrared wavelengths to the chlorophyll content. Different conditions, i.e., healthy,
early stress, slightly stress, and fully stress of tulsi (Ocimum tenuiflorum) leaves,
were used for estimating the chlorophyll content and it was observed that SRVI
value varies for different conditions of tulsi (Ocimum tenuiflorum) leaves.

Simple Ratio Vegetation Index (SRVI) is a simple indicator employed to check
the greenness of a target area. It is given by
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Fig. 3 SRVI for different conditions of tulsi (Ocimum tenuiflorum) leaves

SRV — Transmitted or reflected light from the leaf in IR region

Transmitted or reflected light from the leaf in Red region

3.1 Comparison of SRVI for Different Methods

Comparing reported data collected from tulsi (Ocimum tenuiflorum) plant from dif-
ferent conditions, i.e., healthy, early stress, slightly stress, and fully stress, different
methods were employed, i.e., SRVI of single-leaf method, SRVI from the Spec-
trophotometric method (SPH), chlorophyll concentration (Theoretical), and Chloro-
phyll Concentration Index (CCI) based on spectrophotometric method. These four
methods showed the strong relationship and were correlated with different conditions
of the plant (Fig. 4).

In CCI of tulsi (Ocimum tenuiflorum) leaves, the values correlated linearly to
SRVI with R? of 0.90. The chlorophyll concentration affects the plants of various
species including the photosynthetic rate. So from several analyses obtained, the
concentration relates well with SRVIL.

The SRVI (SPH) was also linearly correlated with SRVI and has an R? of 0.96.
These further confirm the need of developing a definite relationship from the obtained
results. Higher R? obtained furthermore check the strength of the sensor system for
use in other plant species (Fig. 5).

In Fig. 6, the chlorophyll concentration (SPH) was linearly correlated with SRVI
and has an R? of 0.94. Table 1 also shows the performance of the proposed sensor
system when compared with different methods, i.e., Spectrophotometer, Theoretical
chlorophyll concentration, and Chlorophyll Concentration Index (CCI). The error
performance was best observed in spectrophotometer for the different conditions of
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tulsi (Ocimum tenuiflorum) plant obtaining R? value of 0.997 and RMSE value of
0.004.
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Table 1 Performance analysis of different methods

Conditions of SRVI of SRVI of spec- SSE SST R? RMSE
leaves proposed sensor | trophotometer
system

Healthy 2.99 3 0.0122 |4.0074 |0.99 0.045
Early stress 1.4 L5 0.0001 |0.008 0.99 0.004
Slightly stress 0.877 0.9 0.012 4.0074 |0.99 0.0447
Fully stress 0.2 0.1 0.012 4.0074 | 0.99 0.0447

SRVI of

theoretical

chlorophyll

concentration
Healthy 3.89 4 0.05 1.479 0.94 0.0912
Early stress 12 1.3 0.0025 |0.003 0.96 0.02
Slightly stress 0.78 0.37 0.002 0.008 0.97 0.0183
Fully stress 0.288 0.3 0.002 0.008 0.97 0.0183

SRVI of

chlorophyll

concentration

index (CCI)
Healthy 1.887 2 0.025 1.479 0.98 0.0645
Early stress 1.25 1.267 0.001 0.005 0.98 0.0129
Slightly stress 0.49 0.5 0.018 0.007 0.94 0.0547
Fully stress 0.373 0.4 0.018 0.007 0.94 0.0547
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4 Conclusion

A simple method based on VIS-NIR LED for estimation of chlorophyll con-
tent/nitrogen content in tulsi (Ocimum tenuiflorum) leaves has been reported. Esti-
mation of chlorophyll content of leaves has been employed from the red and IR
wavelength region. An indicator called SRVI was calculated for the different con-
ditions of tulsi (Ocimum tenuiflorum) leaves. The SRVI value varies based on the
status of the leaves. The SRVI is greater than 1 for high chlorophyll content indicat-
ing healthy leaf and less than 1 for leaves having low chlorophyll content. Different
standard laboratory methods were also performed and compared to validate the per-
formance of the proposed sensor system and it showed satisfactory results. RMSE
and R? were also obtained for healthy, early stress, slightly stress, and fully stress
leaves. The success rate from the proposed sensor system was found to be 93%.
Further studies will continue with estimation of nitrogen content in different types
of leaves. Also, other features of the leaves can be explored and evaluated for their
improved representation of nitrogen content in leaves. All different plant species have
different concentrations of chlorophyll. So for a specific plant, the content also varies
due to different regions. Based on different conditions of the leaves, the content of
the chlorophyll may differ.
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A Novel High-Performance )
Leakage-Tolerant Keeper Domino i
Circuit for Wide Fan-In Gates

Catherine Langpoklakpam, Sapna R. Ghimiray and Pranab Kishore Dutta

Abstract A circuit with less power consumption, the minimum amount of leakage,
and least possible delay are the primary aim of the circuit designer. In this paper,
a circuit exhibiting similar qualities is proposed. The proposed circuit works on
the principle to diminish contention between the pull-down network (PDN) and the
keeper, according to the leakage flowing across PDN; moreover, the diode-footed
configuration aids in reducing circuit leakage current. 180 nm CMOS technology
is used for simulation with 1.8 V supply voltage at 500 M clock frequency. The
proposed circuit has reduced power consumption by 29% with improved energy
efficiency compared to the standard footless domino. The result is verified with
180 nm CMOS technology TCAD EDA tools.

Keywords Dynamic circuit + Domino logic + PDN - Energy efficiency - Leakage
current

1 Introduction

In the modern digital circuits system, dynamic circuits play a vital role. The dynamic
circuit properties such as minimum power consumption, fewer transistor numbers,
and high performance are the major benefits of dynamic over static CMOS [1, 2].
Dynamic logic is usually used in high-geared wide fan-in circuit, namely, tag com-
parator, L1 cache, MUX-DEMUX, microprocessors, etc. [3]. With the escalating
number of wireless and portable devices, a prompt improvement of VLSI circuit
becomes a mandatory subject. In order to get this improvement, high-speed micro-
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processors with a reasonable power consumption are required. But to obtain these
requirements, the transistors dimension along with supply voltage must be reduced.
To mitigate the loss of speed owing to reduction in supply voltage, the transistor
threshold voltage should be reduced. Reduction in threshold voltage increases leak-
age current, and the impunity toward noise is less than that of the static circuit which
is the intrinsic property of dynamic circuit [4]. The dynamic circuit operates depend-
ing on the input clock pulse which implies that the output is effective only for a
certain duration of clock pulse [1]. There are two phases, a pre-charging phase, and
an evaluation phase. Pre-charge phase (clock = 0), during this phase dynamic node
is charged to VDD which implies that the node will remain high regardless of the
PDN input data. Evaluation phase (clock = 1), during this phase, dynamic node
voltage discharges or remained at its previous state depending on input data of PDN.
The main concerns of the circuit occur in evaluation phase especially when entire
input data of PDN are low [1]. Ideally, during this phase, dynamic node voltage
should remain high but reduced noise margin and increased leakage [4] result in
an incorrect evaluation because of the deterioration of dynamic node voltage level.
The leakage current increases with the increased fan-in, and to improve the perfor-
mance of scaled-down transistor network circuit, the threshold voltage of transistor
should be reduced. But this reduction leads to the increment of sub-threshold leakage
which tends to abate circuit robustness toward the noise. Therefore, performance and
robustness adjustment become a major agitation of domino logic.

Several domino design techniques are proposed to improve the performance cir-
cuit impunity toward noise. Changing the keeper circuitry of keeper transistor and
modifying circuit design of footer transistor configuration are some of the design
techniques [5]. Standard footless domino circuit [6] helps in combating undesirable
discharging but utilization of strong keeper creates contention problem between PDN
and keeper results in performance degradation. Domino circuit based on leakage cur-
rent across PDN [7] reduces the contention between PDN and keeper at the expenses
of an extra PMOS and a joint current mirror in every dynamic node. A robust domino
circuit which compares the leakage and current across PDN transistors to reduce con-
tention [4] was proposed to improve the performance. The leakage has been reduced
but the performance of the circuit has not improved effectively and also the required
area is increased. Stacking effect of domino logic with clock and input-dependent
transistors (DOIND) [8] were utilized for the reduction of leakage and delay to pro-
vide better domino circuit. But this circuit has to depend on DOIND NMOS transistor
which operates depending on input combinations of PDN. To overcome all of this
drawback, our circuit is proposed which will have better power consumption with
improved efficiency.

Section 1 of this paper gives a brief introduction about domino logic followed by
basic of power consumption in Sect. 2. The proposed circuit is explained in Sect. 3.
Section 4 explains the results of the proposed circuit and finally, Sect. 5 concludes
the paper.
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2 Power Consumption

The crucial objective of VLSI circuit deviser is to design high-density energy-efficient
circuits, particularly for handy devices. The more the power consumption, the more
will be casing and cooling costs which questions the circuit reliability. The roots of
dynamic circuit power consumption are as follows [9]:

(1) Switching power consumption,
(2) Short-circuit power consumption, and
(3) Static power consumption.

Therefore, the overall average power consumption of the dynamic circuit is [4]

PavG = Pswitching + Pshort-circuit + PlLeakage (D

where  Psyichings Pshort-circuit ANd PlLeakage 15 power consumption due to switching,
short-circuit current and leakage current, respectively. Leakage power escalates with
decreasing in technology dimension and also the robustness and impunity toward
leakage shrink with an increase in temperature.

The power consumed during charging along with discharging of load capacitance
is given by [5]

PSwitching = Ol()—ICLVDD . VSwingf (2)

where o_ is the switching action, which gives the likelihood of an output (0 to 1)
alteration in each clock cycle, Cy, is the load capacitance, f is the clock rate, and
Vswing 18 the utmost output voltage fluctuation of the logic circuit.

The power consumed during transition, i.e., when both PMOSs and NMOSs are
active at same time, is given below [10]:

Psport-cireuit = VDD Isc (3)

{10Cox %)NMOS/PMOS (VDD — 2Vryp)3tN ferk }
VDD

Isc = “4)
where 1, is the unbiased mobility of transistor, Cox is the oxide capacitance of
transistor, (T)NMOS pMOs 1S the aspect ratio of NMOS or PMOS, VDD .1s the Sl.lpply
voltage, Vry is the threshold voltage of transistor, 7 is the rise or fall time, N is the
total numbers of transistor switching activities, and fcrx is the clock frequency.

The power consumed by leakage current, i.e., the current that flows through the
circuit when all transistors are in off state or inactive state, is [11]

PLeakage = VDD los (5)

Lt = Igt + IgmL + IrREV + IsUB (6)
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where Igr is the gate tunneling leakage current, Igpr. is the gate-induced drain leak-
age, Irpy is the reverse bias junction leakage current, and Isyp is the sub-threshold
leakage current.

3 Leakage-Controlled Keeper

The proposed circuit is demonstrated in Fig. 1. It has a diode-footed configuration
to reduce leakage. To minimize contention between PMOS keeper and pull-down
network (PDN), the operation of PMOS keeper depends on leakage across PDN.
To yield stacking effect, an NMOS transistor (M) is imported in-between dynamic
output node (Y() and PDN. The circuit works in two phases, a pre-charge phase and
an evaluation phase.

In pre-charge phase (clock = 0), the pre-charging transistor (Mp.) is active and
M, is inactive. Hence, the dynamic output node (Y) is charged to a logic high value

vdd vdd
M;I b—/|‘d| Mkeeper Mpre b_ Clk
Yo {>o—a— Y

]ref
J Clk—{| My
o

N2 lﬂ‘ _______ INn

L

Fig. 1 Leakage controlled keeper



A Novel High-Performance Leakage-Tolerant ... 15

and because of inverter in-between output node (Y) and Yy, the output (Y) is low,
regardless of input data combinations of PDN in Fig. 1.

In evaluation phase (clock = 1), the pre-charging transistor (Mp) is inactive and
M, is active. The logic state of Y in this phase relies on PDN input data. The keeper
(Mieeper) 18 turned ON according to leakage magnitude across PDN and reference
current (Ief) across Ms and My. The size of My is directly proportionate to the fan-in
of the circuit, i.e., for 8 fan-in circuit, size of My is 8 times the size of PDN transistor.
Since My is inactive, the only current flowing in this branch is leakage. Hence, L.t
is the exhaustive leakage which flows when all transistors of PDN are inactive. So,
leakage across dynamic circuit will be lower than I If L is greater than PDN
current, then Myeeper 1S active or else it is turned OFF.

In the pre-charge phase, M is inactive so the connection between Y, and PDN is
removed. Leakage current is the only current across PDN in this phase. Therefore, in
pre-charge phase, the keeper is in an active mode which further helps dynamic node
(Yo) to remain in the logic high state. M3 is used to lower the node voltage between
PDN and the diode-connected transistor (M) which helps in the reduction of delay
caused by the stacking effect of M.

Decreasing keeper dimension and increasing pre-charging transistor dimension
for the proper functioning of the network escalates speed and power consumption.
Therefore, adjustment between power consumption and delay is required. So proper
sizing of both pre-charging transistor (M) and keeper transistor (Myeeper) is required
to obtain acceptable power consumption with a reasonable delay.

4 Simulation and Result

The simulation of the proposed circuit has done using 180 nm technology. The
supply voltage is kept at 1.8 v and 500 MHz for the clock. All simulations have
been carried out in the same environment. The transient analysis of the 8, 16, 32,
and 64 bits of proposed OR gate circuit is demonstrated in Fig. 2. During the pre-
charging phase, irrespective of the input logic combination, e.g., INj, IN», ..., INg for
8 inputs, Y is pre-charged to a logic high value and output (Y) discharges with some
delay caused by the inverter in-between Yy and Y. During the evaluation, when all
input data to PDN transistors are low, the output (Y) discharges to ground potential,
whereas output (Y) is high if one of the inputs is high. Hence, it is observed that
the circuit operates as basic dynamic OR gate. As the number of fan-in increases,
the delay of charging the output (Y) to a logic high value increases. Therefore, in
the transient response of the proposed circuit, 8 inputs has the least delay while 64
inputs have the highest delay among 8, 16, 32, and 64 inputs as shown in Fig. 2.
The performance comparisons between proposed design and standard footless along
with various keeper-based domino designs for 8, 16, 32, and 64 inputs are given in
Table 1 and its graphical representation of 8 inputs are shown in Fig. 3.

From the simulated result in Table 1, the proposed circuit has a lesser delay and
power consumption. In the proposed circuit, the dynamic node discharges completely
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Fig. 2 Transient analysis of leakage-controlled keeper for 8, 16, 32, and 64 inputs

by turning the keeper in inactive. Moreover, stacking effect of the diode-connected
transistor (M) and the presence of M transistor leads to reduction dynamic, leakage
short-circuit power consumption of the circuit. This is evident in the result which
shows 20-29% when compared with that of Std-footless. The presence of M3 and
reduced transistor count leads to the reduction of delay by 25-38% when compared
with Std-footless, CKCCD, and LCR, and due to the presence of stacking effect
of M,, the delay of the proposed circuit is increased by 1.1-8.9% from DIOND.
Power—delay product (PDP) is used to compute energy consumed per switching
event. PDP gives the energy efficiency of the circuit. The proposed circuit PDP is
reduced by 18-50% when compared to Std-footless, CKCCD, LCR, and DIOND.
The leakage current or the standby current in Table 1 is the current across PDN

m Std-footless[8] m CKCCD [3]m LCR [6] m DOIND [7] m Proposed design
100

80

60

4

- ks M
0 i

Avg power (UW) delay(e”-10 sec) PDP(fWsec)

o

o

Fig. 3 Graphical comparison of average power consumption, delay, and power—delay product of
proposed and existing domino logic circuits for 8 inputs
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Table 1 Comparison of the simulated result of various performance parameters for wide fan-in

OR gates
/P Parameters Std-footless [8] CKCCD | LCR DOIND | Proposed
[3] [6] [7] design
8 AvgPower (WW) 40.83 40.06 40.27 45.37 32.79
Powerporm 1 0.98 0.99 1.11 0.80
Delay (ps) 943.1 905.5 889.3 628.4 658.2
PDP (fW s) 38.5 36.27 35.82 28.51 21.58
EDP 36.30 32.84 31.85 17.92 14.20
(e Ws?)
Leakage current (pA) 454.65 72.75 | 453.63 0.51 5.55
16 AvgPower (LWW) 61.04 59.68 60.97 66.92 44.94
Powernorm 1 0.98 0.99 1.09 0.73
Delay (ps) 1019.4 1022.8 971.4 669.5 678.6
PDP (fW s) 62.22 61.04 59.23 44.80 30.5
EDP (e~ %W s?) 63.42 62.43 57.5 29.99 20.69
Leakage current (pA) 454.64 52.58 | 454.61 0.27 5.12
32 AvgPower (WW) 70.85 68.05 69.81 76.55 50.81
Powernorm 1 0.96 0.98 1.08 0.71
Delay (ps) 1787.2 1819.6 | 1760.2 |1061.7 |1205.4
PDP (fW s) 126.63 123.84 | 122.89 81.27 61.24
EDP 226.3 225.3 216.3 86.29 73.81
e Ws?)
Leakage current (pA) 454.62 3797 | 454.58 0.14 3.45
64 AvgPower (WW) 93.04 90.14 92.17 97.72 72.93
Powernorm 1 0.96 0.99 1.05 0.78
Delay (ps) 2079.7 2182.1 1976.3 | 1207.9 |1326.4
PDP (fW s) 193.49 196.70 | 182.16 | 118.04 96.73
EDP 402.4 429.2 360 142.6 128.3
(e W s2)
Leakage current (pA) 454.60 27.48 | 454.56 0.12 2.11

transistors when the entire proposed circuit PDN transistors are in an inactive mode.
The leakage of the proposed circuit is diminished by 98-99% when compared to
standard/conventional Footless Domino Logic and by 90-92% than that of CKCCD
from the simulated values in Table 1 and the graphical comparison of leakage current
of all domino logic circuits along with the proposed circuit is shown in Fig. 4.
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Fig. 4 Graphical comparison of leakage current of the proposed and existing domino logic circuits
for 8 inputs

5 Conclusion

A design with low leakage, reduced power consumption with least possible delay
called leakage-controlled keeper is proposed. The keeper of the design depends on the
magnitude of drain current across PDN to reduce contention for improving the circuit
performance. The simulation for various keeper-based domino logic designs and the
proposed circuits is done using TCAD EDA 180 nm CMOS technology with 1.8 V
supply for 8, 16, 32, and 64 inputs with OR gate as a benchmark circuit. From the
simulated result, the circuit proposed has 20-29% decrement in power consumption
and drain current of PDN transistor when PDN transistors are inactive of the circuit
proposed that shows 98-99% reduction when compared to standard footless. The
proposed circuit has the least EDP and PDP among Std-footless, CKCCD, LCR,
and DIOND. Therefore, the proposed circuit shows better energy efficiency than the
existing domino circuits.

Acknowledgements Author wants to acknowledge MHRD, Govt. of India for providing financial
help for carrying out this research.
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Drain-Doping Engineering and its )
Influence on Device Output L
Characteristics and Ambipolar

Conduction on a Splitted-Drain TFET

Model

Bijoy Goswami, Disha Bhattacharjee, Ayan Bhattacharya
and Subir Kumar Sarkar

Abstract The study investigates the ramifications of drain-doping engineering for
all characteristics and parameters of a 2D TFET model. The paper suggests that
three different structures of the device consist of splitted-drain region with different
doping concentrations. Splitted-drain structures exhibit major reduction in ambipolar
conduction due to increase in the tunneling width at the channel-drain junction.
The structures are named according to the relative position of the drain: Splitted-
Drain Single-Gate TFET (SD-SG TFET: drain in upper location), Mesial-Splitted-
Drain Single-Gate TFET (MSD-SG TFET: drain in middle location), and Basal-
Splitted-Drain Single-Gate TFET (BSD-SG TFET: drain in bottom location). All
the fundamental device characteristics and parameters are analyzed for all the three
structures, and their merits and drawback are recorded for optimal evaluation. All
the simulations are done in Silvaco, Atlas.

Keywords SD-SG TFET - MSD-SG TFET - BSD-SG TFET - Drain-doped
engineering + Ambipolar conduction
1 Introduction

Apparent limitation of MOSFET technology conducts the widespread of TFET
devices which have been revolutionizing the nanoscale industry due to its vari-
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ous desirable interests. The primary interest of TFET is current conduction through
modulation of quantum mechanical Band-to-Band Tunneling (BTBT) [1], which has
advantages over the thermionic injection across an energy barrier for carrier transport
in MOSFET. The subthreshold swing of a TFET is less than 60 mV/decade at room
temperature and is resistant from short-channel effect [2, 3]. In addition, TFETs
show a very small leakage current in the range of femtoamperes (fA) [4] making
it suitable for low-power applications [5-6] along with analog and RF applications.
Other advantages of TFETs compared to other alternative device concepts are simpler
fabrication steps and compatible approach with standard CMOS processing. More-
over, TFETSs do not rely on high energetic processes like impact ionization, accepted
as scalable device, no punch-through effect, and the tunneling effect enhances the
device operating speed and has a small threshold voltage.

The primary constraints concerning TFET devices are ambipolar conduction [7,
8], which originates from the BTBT at the channel—-drain junction and other is low
ON current, which is considerably poorer than MOSFETs [9]. To compensate the
ambipolar conduction, the idea proposed is gate—drain underlap structure [10], which
lowers the ambipolar conduction considerably but it reduces the current driving
capacity [11]. Therefore, in this paper, we opt for a different approach, where 2-D
TFET devices are simulated to analyze the influence of drain-doped engineering [12].
The structures are named according to the corresponding location of drain, Splitted-
Drain Single-Gate TFET (SD-SG TFET), when drain is in relative top location,
Mesial-Splitted-Drain Single-Gate TFET (MSD-SG TFET) when drain is in abso-
lute middle location, and Basal-Splitted-Drain Single-Gate TFET (BSD-SG TFET)
drain in absolute bottom location. In all the structures, drain is splitted into heavily
doped region above a lightly doped region. With this arrangement, we can find many
desirable developments like suppressing the ambipolar conduction and low leakage
current. After analyzing the effects of varying the gate voltage, channel thickness,
and oxide permittivity on the drain characteristics, the ON current improves and
records very low OFF current. These parameters including drain characteristics and
band diagram are analyzed for all the above structures.

2 Device Structure and Parameters

The 2-D cross-sectional view of the p-channel TFET structures with absolute net
doping profile is shown in Fig. 1, (a) Splitted-Drain Single-Gate TFET (SD-SG
TFET), (b) Mesial-Splitted-Drain Single-Gate TFET (MSD-SG TFET), and (c)
Basal-Splitted-Drain Single-Gate TFET (BSD-SG TFET) using Silvaco, Atlas. The
structures contain two separate drain regions of different concentrations instead of a
single-doped drain region present in a conventional TFET. The highly doped drain
region is above the lightly doped region. The doping specifications of the TFET mod-
els are P+ type source region (1 x 10%° cm™? and p-channel region (1 x 10'7 cm™3),
which are kept constant for all the simulations. Such doping concentration creates
a tunnel junction between source and channel where the phenomenon of interband



Drain-Doping Engineering and its Influence ... 23

tunneling occurs for the TFET to conduct in N-mode. The doping specification of
the upper N+ doped drain region is 5 x 10'® cm™, and drain electrode has the
Ohmic contact with this drain region. The lower N— doped drain region is 1 x 107
cm™>. Both disparate drain regions are variably doped to attain an optimal doping
profile after analyzing the simulated graphs of all the characteristics. The device is
simulated with lateral dimensions of 70 nm, 50 nm, and 70 nm for source, gate, and
drain, respectively, and a total device length of 250 nm. A 30 nm oxide overlapped
depletion region is present in both sides of source and drain, and this region is to
reduce impact ionization and improve ON current. The vertical dimensions of Si
ground plane and SiO; spacer are 20 nm and 20 nm, respectively. The lengths of the
both parted drain regions D1 and D2 are varied to get the optimal dimensions for
better characterizations and in these structures, both drain parts of vertical lengths
are 5 nm. The dielectric used for gate electrode is SiO,, which has a thickness of tx
= 1 nm and dielectric constant is 3.9.

3 Simulation Setup

All the simulations are performed using Silvaco Atlas version 5.20.2.R by including
appropriate models such as nonlocal BTBT (BBT.NONLOCAL), Lombardi mobil-
ity model (CVT), bandgap narrowing model, Fermi—Dirac statistics, and the Shock-
ley—Read—Hall and Auger recombination models, and drift—diffusion carrier trans-
portis used. The ON and OFF current is evaluated and compared for all the structures
for optimal biasing range of V4, up to 1 V and device characteristics is plotted for
different Vg = 0.4, 0.5, and 0.6 V, and their performance execution is discussed in
later sections.

4 Results and Discussion

4.1 Drain Output Characteristics

Figure given below compares the drain output characteristics for the three structures,
SD-SG TFET, MSD-SG TFET, and BSD-SG TFET, for effective channel length of
50 nm, 60 nm, and 70 nm, respectively. Drain voltage V4 is swept to 1 V and obtained
characteristics for 0.4, 0.5, and 0.6 V gate bias voltage, and the device is turned ON
after Vg = 0.5 V. From the graphs below, it can be observed that the structure of
BSD-SG TFET has highest Ion/Iopr ratio due to higher effective channel length
and recorded OFF current, starting from 1 x 1072 A indicating minimum leakage.
MSD-SG TFET and SD-SG TFET also have much lower Iogs, 1 x 107! and 1 x
10~'8, respectively, compared to other conventional TFETS, where [opr starts around
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Fig. 1 Structure and doping profile of a Splitted-Drain Single-Gate TFET (SD-SG TFET),
b Mesial-Splitted-Drain Single-Gate TFET (MSD-SG TFET), and ¢ Basal-Splitted-Drain Single-
Gate TFET (BSD-SG TFET)
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in the range of 1 x 1071 A to 1 x 10~!7 A. Therefore, all the proposed structures
have higher Ion/Iopr ratio than another standard TFET (Fig. 2).

4.2 Optimization of Ambipolar Conductivity

TFET exhibits unwanted ambipolar conduction due to the inability to form tunnel
junction at source—channel and channel—drain interfaces. To compensate the ambipo-
lar conduction, gate—drain underlap structure is proposed but it lowers the current
driving capacity; thus, these proposed drain engineered structures have advantage
over those underlapped structures. If the above half of the drain region is highly doped
than the lower half, the tunneling width at the channel—drain interface increases which
in turn reduces the ambipolar current without hampering the ON state current in the
TFET. The reduction of the ambipolar current can be observed from the density of
states switch band diagram. Figure 3 shows the band diagram of the three struc-
tures. The subthreshold slope for tunneling depends on the steepness of the band
edges, and in Fig. 3 the highest point of valence band is almost parallel to the lowest
point of conduction band for BSD-SG TFET; as per the switching principle, there is
minimum possibility of ambipolar conduction by modulating the tunnel barrier by
drain-doping engineering.

5 Conclusion

In this proposed work, the effects of the drain-doping engineering on the character-
istics and parameters of a TFET have been probed. A splitted-drain structure is used
where the highest doped part is above the lower doped part. Three structures have
been developed according to the relative position of the splitted-drain. For structure
BSD-SG TFET, when the drain is located on bottom, shows the highest drive current,
significantly low OFF current and better Ign/Igpr followed by MSD-SG TFET and
then SD-SG TFET; all structures indicate better characterization than conventional
TFETs. Also, the ambipolar conduction is reduced due to the proposed parted drain
structure which can be observed from the density of states switch band diagram of
the proposed structures. This outcome can be further explored and used in the field
of low power, RF, and analog applications.
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Region in Order to Enhance the Device e
Performance of MOSFET

Prasenjit Saha and Bijoy Goswami

Abstract The majority carrier concentration in the channel of an n-MOSFET is
increased by inserting a moderately doped pocket region at the bottom of the sub-
strate which is partially below the source and gate. Base of the substrate is insulated
by SiO;, so that there is least possibility of leakage through it. The device designed is
of 20 nm channel length, and a simulation-based study has been carried out. In order
to perform analysis and comparison, the same is designed with 30—40 nm channel
length and conventional MOSFET of 30-40 nm is designed. Device characteristics
obtained from the simulation shows that it follows characteristics of the conven-
tional MOSFET. On comparing the drain current of the modified MOSFET with
the conventional one, the modified structure performs better. On performing leakage
current analysis, it is found that the modified MOSFET has a smaller value than the
conventional MOSFET.

Keywords Conventional MOSFET - Modified MOSFET - Leakage current *
Channel length

1 Introduction

The demand for faster cheaper and smaller devices has led to the downscaling of
MOSFETs to well below 30 nm for VLSI application, and has successfully been
fabricated and characterized [1, 2]. However, with a decrease in the channel length,
the device performance is found to be continuously degrading, because many phys-
ical barriers arise like short-channel effects, drain-induced barrier lowering, punch
through, etc. [3, 4]. One of the main technological roadblocks when we scale these
devices beyond some limit is that the high mechanical leakage current penetrates
through the gate oxide and it increases the power dissipation [5]. The direct tunnel-
ing current increases exponentially with the decrease in oxide thickness which is of
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Fig. 1 Modified MOSFET
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primary concern of MOS scaling [6, 7]. From research of recent years, it is seen that
the modified structures like double gate, triple structure, and gate around structures
are found to be more promising than the conventional model. The structure is shown
in Fig. 1.

2 Device Structure and Simulation Setup

In the n-MOSFET, the majority carriers in the channel are electrons. The drain current
at a corresponding gate and drain voltage can be increased if the electron density
in the channel increases, correspondingly the hole concentration decreases. In order
to enhance the electron concentration in the channel, an n-type moderately doped
region is inserted in the substrate [8]. The doped region in the substrate is positioned
in such a way that it is below the half of source and the channel. The holes in the
channel are attracted by the introduced moderately doped region in the substrate,
thereby increasing the electron concentration in the channel. Since the doped region
introduced is layering in the substrate, there may be some leakage. Therefore, the
base of the substrate is insulated by SiO,, which is of 1 nm thickness, so that there is
no possibility of leakage through the substrate [9, 10]. Figure 2 shows the structure
formation.
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Fig. 2 Structure formation
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2.1 Fabrication Steps

A moderately doped region is inserted in a p-type silicon substrate using N-well pro-
cess. After the formation of the SiO; layer using oxygen ion implantation technology
[11], the structure is first rotated 180° vertically [12] and horizontally. Now using the
fabrication of conventional n-MOSFET, the complete structure can be developed.
Figure 3 shows the fabrication steps.

2.2 Simulation Setup

A 20 nm n-MOSFET with the doped region in the substrate is designed using the
ATLAS simulator of the Silvaco TCAD, and then the same device has been also
designed for the channel length of 30—40 nm to a make comparison with varying
channel length. 30—40 nm conventional MOSFET is designed to find the comparison
with the new doping of MOSFET. Figures 4 and 5 show the structure designed.
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Fig. 3 Fabrication steps
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Fig. 4 40 nm modified MOSFET
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Fig. 5 40 nm conventional MOSFET
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3 Results and Discussions

3.1 Drain Biasing

The drain is biased with V4 = 0.1 V and the gate voltage is varied with 0-3 V to
obtain the Ig versus V, characteristics for 20, 30, and 40 nm modified n-MOSFET.
Figure 6 shows the 14—V, characteristics.

The graphs show the 13—V, characteristics of the modified n-MOSFET for 40,
30, and 20 nm channel length. On comparing them, we can observe that as channel
length decreases the slope of the curve increases which follows the characteristics
of the conventional MOSFET.

3.2 Gate Biasing

The gate is biased with V, = 1.1, 2.2, and 3.3 V, and the drain voltage is varied from
0 to 3 V to obtain the Iy versus Vg5 curve. And a comparison is done among 20, 30,
and 40 nm.

The graphs showing the I4—Vy characteristics of the modified n-MOSFET for
20 nm channel length is shown in Fig. 7. On comparing them, we can observe that
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as channel length decreases the slope of the curve increases, thus yielding a higher
drain current and it follows the characteristics of the conventional MOSFET.

3.3 Comparison of Conventional MOSFET and Proposed
MOSFET

Drain Biasing: Drain biasing is performed on both the structures and a compari-
son is made for 40 nm channel length. Figure 8 shows the results obtained for the
comparison on the drain biasing.

The slope of the characteristics is equal to 1/Ron. If we compare both, we can see
that the new MOSFET has a greater slope than the conventional MOSFET; hence, it
has a greater drain current than the conventional one.

Gate Biasing: The gate is biased with V, = 1.1, 2.2, and 3.3 V, and the drain
voltage is varied from 0 to 3 V to obtain the I3 versus V4 curve. And a comparison
is done among 40 nm. Both have a 40 nm channel length, which follows the charac-
teristics of the conventional MOSFET. On comparing the characteristics of both the
devices, we can see that the new MOSFET has a greater slope than the conventional
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MOSFET in all gate voltages of 1.1, 2.2, and 3.3 V; hence, it yields a greater drain
current than the conventional one.

Leakage Current Analysis: Leakage current analysis is performed on the MOS-
FETS with channel length of 30 nm and 40 nm and a comparison is done between
the devices at respective channel lengths. The results obtained for 30 nm are shown
in Fig. 9.

Itis observed that the leakage current is minimized; in case of 30 nm itis 1.154 mA
less, and in case of 40 nm it is 5 uA less than the conventional MOSFET.

4 Conclusion

The results obtained from the drain and gate biasing signify that the MOSFET with the
newly introduced doped region obeys the characteristics of the conventional MOS-
FET. On comparing the drain current of modified MOSFET with the conventional
MOSFET at different conditions of gate voltage, drain voltage, and channel length,
the modified MOSFET has a higher value, and thus the gain will be higher. The
leakage current of the modified MOSFET is found to be less than the conventional
MOSFET, and hence the power consumption will be minimized.
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Fig. 9 Leakage current comparison at 30 nm channel length
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Design of Digital-to-Analog Converter )
Using Dual Pair Differential Amplifier i
in 180 nm CMOS Technology

Preeti Prajapati and Trailokya Nath Sasamal

Abstract Designing Digital-to-Analog Converter (DAC) using dual differential pair
as a current-to-voltage converter has been analysed in this paper. Current-steering
topology is used since it enables high conversion rate and linearity. The proposed cir-
cuit uses binary-weighted architecture rather than segmentation as binary-weighted
structure has high SFDR and less tolerant to poor design. It also uses rail-to-rail
operation using Gilbert cell. This rail-to-rail circuit provides 60 dB gain with a phase
margin of 63°. A current range of 89.79 wA-8.32 mA is obtained with total power
consumption of 15 mW. The design and simulations are done using Cadence Virtuoso
on 180 nm CMOS technology.

Keywords DAC - Cadence - Low power - Current steering * Gilbert cell *
Rail-to-Rail operation

1 Introduction

Data converters are widely used in telecommunication system, video signal process-
ing, cellular network and in many other applications. DAC performs the conversion
between digital and analog [1]. DAC can be implemented in several ways that con-
sist of active components and passive components. In early days, resistor array [2]
and charge-redistribution DAC [3] are used, though it provides good linearity but it
suffers from various drawbacks like large chip size and large power. Some examples
of active component are current cell matrix [4], weighted current source [5] and
switched-current D/A converters [6]. Though these converters occupy a large area,
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they are implemented to consider device matching [7]. Because of the parallel input,
it provides high speed but power consumption is large. The switched-current DAC
has simple architecture and has low power consumption. Due to serial input, it has
shortcoming at high speed.

Instead of using active and passive component, segmentation architecture can also
be used. In [8], segmentation is done in such a way that 5 bits are unary and another
5 bits in binary-weighted form. Similarly, in [9], 12 bits are divided into 7 MSBs
that is implemented in equally weighted current sources and the 5 LSBs in binary-
weighted current sources. Segmentation depends on a number of bits used in unary
coding, leads to complexity and large power, and also degrades the performance of
the circuit instead of improving. So rather than using the concept of segmentation,
the proposed circuit uses only binary-weighted structure that achieves high SFDR
at high clock frequency. The power consumption is low and simple in design and
achieves compatible static and dynamic performance.

The current-steering topology has number of advantages like high resolution, high
accuracy, small chip area, compatibility with CMOS technology and optimum power
consumption [10]. So, the proposed circuit uses current-steering binary implemen-
tation that has merits of both, viz., binary architecture and current-steering one. It
describes digital part of the circuit.

In typical DACs, operational amplifier acts as a current-to-voltage converter but
two-stage operational amplifiers comprise differential stage which provides high gain
stage to the system. Two-stage op-amps have two poles. Due to this, system is unstable
and phase margin is low that creates oscillations in the system. So instead of using op-
amp, dual differential amplifier called Gilbert cell is used which performs the same
function. Also, to maximize the dynamic range of the circuit and for a favourable
SNR in the analog section of a system-on-chip, rail-to-rail operation is used that
is achieved by placing dual differential pair of p-channel and n-channel MOSFET
in parallel. It resolves the problem of limited voltage headroom and poor dynamic
range since the signal has to be kept as wide as possible. Rail-to-rail operations find
widespread application in video signal processing and multimedia systems [11, 12].
This depicts the analog part of the circuit.

The remainder of paper is organized in the following section: Sect. 2 describes
the system architecture. In Sect. 3, simulation results are shown and compared with
the other DAC:s. Finally, conclusion is described in Sect. 4.

2 System Architecture

Current-steering architecture offers high speed so it is used in almost any field. Since
it requires no buffer and uses load resistor directly for current, the proposed DAC
consists of analog part and digital part. Switch driver, switch, array and a current
source array implement the analog part of the circuit, while decoder, the latches and
a clock driver defines the digital part of the circuit. It is a binary-weighted DAC that
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uses a repeating cascaded structure of current source with a dual differential amplifier
which acts as a current-to-voltage converter.

2.1 Current Source

It is a basic unit of DAC that directly affects the performance. In the proposed
circuit, cascade stage is used since it acts as a constant current source. It has high
output impedance that is useful for static and dynamic performance. It also reduces
transient voltage fluctuations at node M7 of the current source. This 10-bit DAC uses
10 current source cells. Every cell has cascaded current source with a latch circuit
and then carries a current corresponding to ILSB and increases in binary-weighted
form. V1, Vi, and Vi3 are bias voltages and their values find out by calculations are
given as 0.85 'V, 1.4 V and 1.65 V, respectively.

2.2 Switch Driver

The size of switch is small so that parasitic capacitance is less. The schematic of
switch is shown in Fig. 1. The deglitching circuit on the current source adjusts the
crossing point of two switch controls so that differential switches are not turned off
simultaneously. Transistors M2 to M5 form the differential Goliath inverters and
inverters U1, U2 form the differential David inverters [13]. Transistor M3, M6 acts
as inverter for the right part, and transistor M1, M5 acts as inverter for left part of
differential circuit. The left inverter buffers the digital input, so it acts as an inverting
buffer. If size of the buffer is increasing, then switching speed also increases. So in
this work, there is a trade-off for speed. This latch is faster, simpler and consumes
low power. Transistors M2, M7, M9 to M12 act as a cascode stage. Input is /NL and
its complement is INR. INL and INR are the inputs that are applied through M1 and
MBS, respectively. IL and IR are the currents that are applied in NMOS and PMOS
Gilbert cell as input.

2.3 Gilbert Cell Design

With reference to the conventional Gilbert cell topology, dual differential pair with
active load was designed using p-channel and n-channel MOSFET as described in
Fig. 2 and Fig. 3, respectively.

It uses the current mirror topology. The input stage of Gilbert cell shows a non-
linear behaviour that becomes critical at lower bias current, and hence the linearity of
Gilbert cell is not good. So we can achieve better linearity using current mirror since
it shows linear behaviour regardless of the bias current [14]. The transistors M5, M6
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W

Fig. 4 Rail-to-rail Gilbert cell

and M7 act as a current mirror for n-type and p-type, respectively, for a wide range
of input voltage. This results in a constant transconductance so that a good linearity
performance can be achieved.

The current rail also provides sufficient current to drive Gilbert cell in saturation
region. There are two differential inputs named as V1 and V2 applied to the cross-
connected differential pairs. The above Gilbert cell has dual differential amplifier
stages that consist of transistors M1-M4 for n-type and p-type in which transistors
M5-M7 used for current mirror and transistors M8—M9 acts as active load depicts in
Fig. 2 and Fig. 3, respectively. Currently, /L and IR are used to drive the input stage
of PMOS and NMOS Gilbert cell. So IL and IR are the currents that split between
the differential pairs. Gilbert cell has two important properties. The first one is that
the tail current drives the small signal gain of the circuit. The second property tells
that the two transistors in a differential pair provide a simple means of steering the
tail current to one of the two destinations [15].

2.4 Rail-to-Rail Operation

The outputs V,, and V, are connected in a cross-coupled common source configu-
ration that allows full rail-to-rail input range. A p-channel pair of Gilbert cell is in
parallel with an n-channel pair of Gilbert cell so that one pair is conducting at a time
and covers full input common mode range as depicted in Fig. 4.

The input common mode range of n-type MOSFET is

Veno > Vs + Vgsn + Visn
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where Vg, represents the voltage drop between gate to source and Vg, represents
the voltage drop between drain—source of the NMOS transistor, respectively.
Similarly, the input common mode range of p-type MOSFET is given as follows:

ch < Vpp — Vgsp - Vdsp

where Vg, is the voltage drop between gate and source and Vg, represents the
voltage drop between drain—source, respectively.
For full rail-to-rail input, at least one of the input pairs should be on that means

Vep > Ven
i.e VDD — VSS > Vgsp + Vdsp + Vgsn + Vdsn > 2Vth

There exist a common mode input voltages in which both pairs are on. In this
case, it creates a serious issue. It can be observed that the transconductance is almost
double when only one of the input pairs is on and is given as follows:

[ W

where gy, is the transconductance, K’ is the transconductance parameter, / is the drain
current of the transistor, W is the width and L is the length of the transistor, which
makes optimal frequency compensation very difficult. For improvement of the gain
and to enhance signal-to-noise ratio, input stage should have large transconductance.

3 simulation Results

We have used Cadence spectre for simulation using Cadence Virtuoso tool for stan-
dard 180 nm CMOS process under 1.8 V supply voltage. We have also included
current mirror circuit in our simulations. Threshold voltages of —0.5 V and 0.45 V
are considered for PMOS and NMOS, respectively. The transient output waveform
of the circuit is shown in Fig. 5. The plot of spurious-free dynamic range (SFDR)
versus frequency is depicted in Fig. 6. The net power consumption is 15 mW. Fre-
quency response of rail-to-rail circuit is also shown in Fig. 7. This rail-to-rail circuit
provides 60 dB gain with a phase margin of 63°. Table 1 summarizes the comparison
of results of proposed circuit from previously reported DAC.
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Table 1 Comparison of Parameters This work | Ref. [16] Ref. [17]
results from previously
reported DAC Technology (nm) 180 180 180
Supply voltage (V) | 1.8 1.8 1.8
Resolution (Bits) 10 10 10
Sample rate (MS/s) | 100 250 250
SFDR (dB) 82 58 61.2
Power (mW) 15 19 22
FOM (10%) 6826 13473 11636
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Conclusion

In this brief, we developed a new architecture for implementing digital-to-analog
converter using dual differential pair. From the analysis, it can be inferred that binary-
weighted architecture has very simple decoder and due to this, it consumes less power.
Our result also shows that the proposed circuit has SFDR of more than 50 dB.

Acknowledgements We acknowledge SMDP C2SD program sponsored by MeitY for providing
the lab resources.
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An Analytical Surface Potential Model m
for Highly Doped Ultrashort Asymmetric | %o
Junctionless Transistor

Nipanka Bora and Rupaban Subadar

Abstract Here, we present an analytical solution for surface potential of a heav-
ily doped ultralow channel Double-Gate Asymmetric Junctionless Transistor (DG
AJLT). The gate-oxide-thickness and flatband voltage asymmetry were taken into
considerations; further, while solving 2D Poisson’s equation both fixed and mobile
charges in the silicon region regions were considered. To solve the 2D Poisson equa-
tion for the asymmetric DG junctionless transistor, we separate the solution of the
channel potential into basic and perturbed terms. The equations derived from a gen-
eral symmetric DG junctionless transistor are considered as basic terms, and using
Fourier series a solution related to the perturbed terms for the asymmetric structures
was obtained. The electrical characteristics predicted by the analytical model shows
an excellent agreement with that of commercially available 3D numerical device
simulators.

Keywords Analytical model - Perturbation technique + Asymmetric double-gate
junctionless transistor (ADG JLT) - Surface potential

1 Introduction

A Junctionless Transistor (JLT) does not have the very high doping concentration
gradients or junctions at the source and drain junctions, thereby making fabrication
processes easier than MOSFETs with junctions. JLTs has many other advantages
like low OFF-state currents, near ideal subthreshold slope (SS ~ 60 mV/dec), high
ON-state to OFF-state current ratio, DIBL effects, etc. [1]. Thus, JLTs are potential
candidate for sub 20 nm technology nodes and beyond. There are several models for
JLT available for the Symmetric Double-Gate (SDG) structures. Colinge et al. [2]
proposed the first JL transistor. Duarte et al. [3] studied the electrostatic behavior
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of JL DG transistor using analytical modeling scheme. Subsequently, Lin et al. [4]
developed an analytical model of an electric potential of a double-gated fully depleted
junctionless transistor. A universal model for symmetric double-gate JL transistor
has been reported [5]. However, all these models have been derived by assuming both
gates to be perfectly symmetric but in reality, this may not be possible due to process
variations and uncertainties which can affect surface potential and other parameters
of SDG junctionless transistor. The JLT can be seen as an Asymmetric Double-Gate
(ADG) device structure. Thus, a suitable analytical model is very much essential in
incorporating these effects. Lu and Taur [6] proposed analytical models for an asym-
metric DG MOSFET to reflect these variations. However, these analytical models
work with a 1D Poisson equation, which is valid for the potential distribution of long-
channel devices; such models are not suitable for the characteristics of asymmetric
short-channel devices. A very few analytical models are available in the literature
like the model by Jin et al. [7] for asymmetric model based on symmetric structure
for junctionless transistors which cannot be considered as a full analytical model
ADG JLT. Since the working principle for junctionless transistor is different, same
models are not valid for ADG JLT and such models are rare in available literature.
Moreover, to develop a JLT without source and drain junction regions is to make the
transistor as small as possible which will increase the chip functionality. Because
of all these reasons, models which can predict the behavior of ADG JLTs should be
developed.

2 Model Derivation

The coordinates, x and y, are as shown in Fig. 1. The Poisson’s equation in the silicon
region considering both mobile and bulk fixed charges can be written as

Ytum)
Y

Fig. 1 A 3-D asymmetric junctionless DG MOSFET structure
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Equation (1) has no direct analytical solution. Since n-type JL MOSFET is assumed,
the body is doped with n-type impurity and the source and the drain are also heavily
doped with n-type impurity, where N, is the bulk doping concentration, ¥ (x, y) is
the channel potential, e; is the silicon permittivity, ¥ is the electron quasi-Fermi
potential, and g is the electron charge. As Eq. (1) is not directly solvable, we will
divide the 2D potential as

v(x,y) =vi(y)+¥rx,y) @)

where ;(y) is a 1-D function of y and v;;(x, y) is a 2-D function of both x and
y. Here, ¥;;(x, y) is the potential where asymmetric nature has been included. The
boundary conditions at the interface between the gate oxide and the silicon body for
asymmetric JLT can be written as

1 si 0wr(t,/2,
VgS - Vfb+Afb - 1/f<§b, }’> +(t0x - Atox)j_W =0
Iy &si 0V (1/2, y)
Voo — Vi — (=2, y) =g, 2L IV ) 3
f b w< 2 )’> . ox (3)

where Vg, Vg, are gate to source and flat band voltage, respectively, &, is the oxide
permittivity, #,y, t; are oxide, and body thickness, respectively, At,., A sy, are the
asymmetries in the oxide thickness and flatband voltage, respectively. The boundary
condition near the drain/source contact can be written as

Y(x, L) = Vg + Vi
Y(x,0) =V 4

where L is the gate length, V; is the built-in voltage between the silicon body and
source/drain contact. These two functions should satisfy the following equations and
the corresponding boundary conditions, respectively. Now the Poisson’s equation for
¥(y) can be written as

32y () )
#zy e G 5)

The solution of this equation for JLTs which normally operates in the depletion
region can be given as [8]
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where Lambert W is the Lambert W-function, V, is the threshold voltage, and Cy;,
C,y are Silicon and oxide capacitors, respectively.
The 2D Poisson’s equation for ¥;;(x, y) is where asymmetric conditions are used
can be given as

32 Yrr(x,y) N 32Yrr(x,y)

=0 7
0x2 dy? ™

The solution of the above equation can be obtained as

Yix,y) = i [Kn cos(%) + R, cos(me)] sin(mTy) (8)
=1

where K, and R, are the coefficients. They can be expressed as
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where
2gN,L?[cos(nm) — 1] cos(nm) cos(nm) — 1
Ay = 13 +2Vag = 2(Vgs1 = Vo1 = Vi) —————
£sin3T nmw niw
2gN,L?*[cos(nm) — 1] cos(nm) cos(nm) — 1
B, = 33 +2Vas = 2(Vgs2 = Vpo = Vi) —————
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12)

K, and R, are decided by the material parameters such as ¢y and ¢,, and design
parameters such as L, Ny, t,.1, tox2, tp and also influence of biases such as V;; and
Vst — Vi, Vo — Vo, For the solution of v/;;(x, y) till third-order terms taken to
get higher accuracies; once ¥;(y), ¥;(x, y) are calculated, the final expression for
potential in channel for ADG JT becomes

V(x,y) =vi(y)+¥rx,y) 13)

3 Model Verification and Discussions

To validate the analytic model for surface potential, we had considered the 3D device
as shown in Fig. 1. To include the dependence on the impurity concentrations as well
as the transverse and longitudinal electric field values, Lombardi mobility model
is employed. For leakage currents issue, the Shockley—Read—Hall (SRH) recombi-
nation model is included in the simulation. Fermi—Dirac carrier statistics without
impact ionization is utilized in the simulations, 