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ABSTRACT

The requirement of high-speed low power square wave generators that yield spike
free signal enabled the design of Schmitt trigger circuit. The designs BJT or FET based
circuits have disadvantages like spikes in output signal cannot be suppressed, the
output signal gain control is required, low packing density, considerable power
dissipation, etc. This has paved way to development of CMOS based design. As the
technology scales down, the CMOS logic undergoes power dissipation due to high
packing density caused by dominant leakage currents. Hence, low power requirement
enabled the CMOS based low power design aspects for the Schmitt trigger circuit. The
designs are modeled in DSCH and Microwind Tools for schematic and layout
development at various technologies like 90 nm, 65 nm, 45 nm and 32 nm and the
designs are evaluated from HSPICE Tool. The choice of designs used are conventional
domino logic, clock delayed domino keeper logic, clock delayed domino keeper logic
with discharge path, foot driven stacked transistor logic, ground PMOS keeper logic,
leakage current based logic, high speed domino logic and proposed clocked delayed
dual keeper logic. The area is a trade-off parameter for proposed clocked delayed
dual keeper design with an increase in area by at least 9.8%. However, the area
Keywords: occupied by conventional domino-based Schmitt trigger design is least due to usage
of lesser number of transistors. The power dissipation is less for proposed clocked
delayed dual keeper design by at least 3.27%. However, the power dissipation is least
for Leakage Current based Schmitt trigger design due to usage of lesser number of
transistors.

Domino logic; leakage current; power
consumption; robustness; Schmitt
trigger

1. Introduction

The wave generated from signal inverter provides the signal in opposite to that of the input
signal which reacts to changes in input logic levels as shown in Figure 1, such as spikes, hazards, etc.
To overcome this, CMOS Schmitt trigger circuit is used to generate square waveform as taken from
the previous studies [1]. The Schmitt Trigger circuits are used to suppress the noise in output
signals for signal conditioning applications used in digital circuits that are generated from
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mechanical contact bounce in switches. Hence it is used as a function generator that is capable of
converting Sine and Triangular Wave Inputs to Square Wave Outputs.

For CMOS Inverter

Input
Output

For CMOS Schmitt Trigger Circuit

Fig. 1. Signal inverter circuit response

The Schmitt trigger circuits are used to suppress the noise in output signals for signal
conditioning applications used in digital circuits that are generated from mechanical contact
bounce in switches. Hence it is used as a function generator that is capable of converting Sine and
Triangular Wave Inputs to Square Wave Outputs. In Figure 1, the first set of signals is represented
for normal CMOS inverter, where the blue color represents the input and red color represents the
output. This signal can be obtained only if proper pull up and pull-down ratios of the respective
PMOS and NMOS transistors are used. For CMOS based Schmitt trigger based circuit, the spikes in
circuit input and output response can be clearly observed.

The basic circuit uses two series PMOS in Pull-Up Network (PUN) and two series NMQOS in Pull-
Down Network (PDN) along with a set of pass transistors i.e., a PMOS and a NMOS are used in
positive feedback to the circuit as shown in Figure 2(a) as a schematic diagram developed in DSCH
Tool. When the Vin is logic LOW, the PUN is turned ON causing the Vout equating to VDD. When
Vin is logic HIGH, then the PDN consisting of two NMOS transistors turns ON, which make Vout to
logic LOW. The Figure 2(b) shows the corresponding layout developed in Microwind Tool at 90nm
technology as taken from the previous studies [2, 3].
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(a) (b)
Fig. 2. Basic CMOS Schmitt trigger circuit (a) Schematic diagram (b) Layout diagram

The features include the static power dissipation as taken from the previous studies [4, 5] is
zero as there is no short between ground and VDD and the switching threshold depends on the
transistor size as taken from the previous studies [6, 7]. This CMOS based Schmitt trigger circuit
operates at low supply voltage i.e., from 0.8V to 1.5V with lesser propagation delay as taken from
the previous studies [8-10].
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In Future, the designs may be developed for new devices like CNTFETs, Quantum Dot Cellular
Automata, etc. The multilevel logic can be used for ternary, quaternary logic, etc. The research for
reducing the leakage power dissipation is aimed at reducing the leakage currents alone by using
keeper gate. However, the research focus may also include the reduction of static and dynamic
power dissipation.

2. Methodology

The various methods used to develop the low power circuits are discussed here. The low power
techniques described here focus on reducing the dynamic power dissipation rather than the static
and leakage power dissipation as taken from the previous studies [11-15]. Domino logic is one of
the alternative logics for CMOS based low power designs that operate for non-inverting circuits.
Hence a static CMOS inverter at the output remains a preliminary aspect in every possible design. In
some cases, this static CMOS inverter can be used as a keeper circuit as taken from the previous
studies [16-20].

2.1 Conventional Domino Based Schmitt Trigger Circuit

The PUN has a single PMOS transistor for precharge and PDN has NMOS transistors for
evaluation, along with inverter connected to the dynamic node at output as taken from the
previous studies [21-25] is implemented for Schmitt trigger as shown in Figure 3. The general
applicability of the low power designs is verified for Schmitt trigger circuits and SRAM designs as
taken from the previous studies [26-27]. This conventional Domino logic, when clock is low, output
charges to VDD during precharge phase and keeps the keeper transistor ON and in evaluation
phase clock is high, output depends on the inputs to remain at VDD or discharge to GND.

In spite of any noise, when all inputs are kept low, the keeper transistor will maintain the
output at logic high. When any input turns high, the keeper transistor is turned off and output is
discharged.For better noise margin, the keeper transistor width is maintained large. But the
contention also increases making the gate to respond slowly. Hence the trade-off exist is for speed
and noise margin, it is severe at lower Vts due to increased leakage of NMOS transistor.

The layout diagram as shown in Figure 3(b) shows the various input and output signals along
with three PMOS and five NMOS transistors interconnected by metal layers, whose netlist matches
with the schematic diagram shown in Figure 3(a). This layout is developed at 90nm in Microwind
Tool.
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Fig. 3. Conventional Domino based Schmitt trigger circuit (a) Schematic diagram (b)
Layout diagram
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2.2 Clocked Delayed Dual Keeper Based Schmitt Trigger Circuit

In CDDK Domino Circuit implemented for Schmitt trigger, the keeper circuit is modified to have
series connection of two PMOS transistors delay the current to reduce contention during
evaluation as shown in Figure 4. When clock is low, the output node is charged to VDD through
keeper transistor. When clock is HIGH, the keeper transistor is disabled which delays the inverted
clock for the gate. Hence the PDN discharges with high speed in accordance with the inputs. Here
the drawback is in variations of the loop gain and its process that contributes to variations in delay.
The layout diagram as shown in Figure 4(b) matches the netlist of the schematic diagram shown in
Figure 4(a) for the available number of input and output signals along with five PMOS and six NMOS
transistors interconnected by metal layers, developed at 90nm in Microwind Tool.

La woB G ATES i3y

[T}y

(a) (b)
Fig. 4. Clocked delayed dual keeper based Schmitt trigger circuit (a) Schematic diagram (b) Layout
diagram

2.3 Clocked Delayed Domino Keeper Discharge Path Logic Based Schmitt Trigger Circuit

In this circuit, the keeper is enabled by delayed inverted clock signal. During precharge phasei.e.,
CLK = 0, the PUN transistors are turned ON which discharge the output node to GND. During
evaluation phase, i.e., CLK = 1, the keeper transistor is turned OFF due to inverted delayed clock.
The delay incurred in turning ON the keeper transistor is the propagation delay depends on inverter
size which also reduces the contention current.

When PDN evaluates to VDD, the output node has to be fully discharged to enhance speed,
during which the keeper remains cut-off. Hence, the speed can be enhanced by delaying the
enabling of keeper circuit, controlling the swing variation of keeper circuit, sizing of keeper
transistors and using a conditional discharge path. Further the implemented Schmitt trigger circuit
robustness is taken care by upsized stacked dual keeper transistors is as shown in Figure 5. Still,
variability in delay resides. The layout diagram as shown in Figure 5(b) matches the netlist of the
schematic diagram shown in Figure 5(a) for the available number of input and output signals along
with five PMOS and eight NMOS transistors interconnected by metal layers, developed at 90nm in
Microwind Tool.
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(a) (b)
Fig. 5. Clocked delayed Domino keeper discharge path logic based Schmitt trigger circuit (a)
Schematic diagram (b) Layout diagram

2.4 Foot Driven Stacked Transistor Based Schmitt Trigger Circuit

In this Foot-Driven Stacked Transistor Domino Logic (FDSTDL) circuit implemented for Schmitt
trigger, delay is reduced in discharge of dynamic node by adding an additional discharge path at the
output to accelerate the transitions being controlled by output and foot node voltages as shown in
Figure 6. A feedback from gate to current mirror and to output of the circuit is used to control
dynamic discharge of output node. When output discharges to GND with noisy inputs, the stacked
transistor connects mirror transistors input to ground. In evaluation phase, clock = 1 and all inputs
are O,then the stacked transistors decrease the subthreshold current which improves noise
immunity. Still an increase in area is observed.

The layout diagram as shown in Figure 6(b) matches the netlist of the schematic diagram shown
in Figure 6(a) for the available number of input and output signals along with three PMOS and
seven NMOS transistors interconnected by metal layers, developed at 90nm in Microwind Tool.
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(a) (b)
Fig. 6. Foot driven stacked transistor based Schmitt trigger circuit (a) Schematic diagram
(b) Layout diagram

2.5 Ground PMOS Keeper Based Schmitt trigger circuit
In grounded PMOS keeper structure implemented for Schmitt trigger as shown in Figure 7, to

reduce the loop gain and delay, an additional keeper PMOS transistor is used. The applications
include digital circuits to prevent floating nodes causing unpredictable behavior with increased
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power consumption. They can be used in various types of circuits, such as static random-access
memory (SRAM) and register files, to ensure that the stored data remains stable when the circuit is
not being actively driven. Ground PMOS keepers can also be used in power management circuits to
keep unused logic blocks in a low-power state. Thus, grounded PMOS keeper solution is oriented
towards power reduction, charge sharing prevention, increase in speed andmaintenance of
robustness. The drawback is considerable power consumption as the PMOS transistor is always on
and causes a voltage drop that affects the performance of the circuit.

The layout diagram as shown in Figure 7(b) is developed at 90nm technology in Microwind Tool,
which matches the netlist of the schematic diagram shown in Figure 7(a) for the available number
of input and output signals along with four PMOS and five NMOS transistors interconnected by
metal layers.

(a) (b)
Fig. 7. Ground PMOS keepers based Schmitt trigger circuit (a) Schematik diagram (b)
Layout diagram

2.6 High Speed Domain Based Schmitt Trigger Circuit

In HSD Logic, the keeper control circuit is turned ON after a small delay that causes the output
node to float as shown in Figure 8. During precharge, transistor is turned on causing output node to
discharge. The delay is equal to that of two inverters by using sizing of transistors. In evaluation
mode, the keeper transistor is biased which decreases leakage current and power. The speed of the
logicvaries as per keeper transistors size. The layout diagram developed at 90 nm in Microwind Tool
is as shown in Figure 8(b) matches the netlist of the schematic diagram shown in Figure 8(a) for the
available number of input and output signals along with seven PMOS and eight NMOS transistors
interconnected by metal layers.
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Fig. 8. High speed Domain based Schmitt trigger circuit (a) Schematic diagram (b)
Layout diagram
2.7 Leakage Current Replica (LCR) Keeper Technique Based Schmitt Trigger Circuit

Leakage current is a composition of residual and subthreshold currents that flows through a
transistor when it is supposed to be in the off state. It can be a significant power consumption
source in digital circuits, particularly in high-density designs with many transistors. In Leakage
Current Replica (LCR) Keeper circuit implemented for Schmitt trigger as shown in Figure 9, the
analog current mirror circuit operated by leakage current of PDN controls the strength of the
keeper transistor.

In domino logic, leakage transistors are used to prevent unwanted charge buildup in the
recharged phase. During the recharge phase, the output is driven to a high voltage to prepare it for
the evaluation phase. But, in evaluation phase, transistors may not be perfectly off, some charge
may leak through and accumulate on the output node, causing incorrect logic behavior or increased
power consumption.

To prevent this, a leakage transistor is added in parallel toevaluation transistor. The leakage
transistor is sized to have a larger threshold voltage than the evaluation transistor, so it remains off
during the recharge phase. In evaluation phase, both the evaluation and leakage transistors are
turned on, allowing the circuit to operate normally.

The use of a leakage transistor can help to reduce power and improve performance of the
domino logic circuit by preventing charge buildup and improving the accuracy of the logic operation.
However, it can also add complexity to the design and increase area and power consumption.
Therefore, it is important to carefully consider the trade-offs and optimize the design accordingly.

In domino logic, leakage transistors are used to prevent unwanted charge buildup in the
recharged phase of the circuit. During the recharge phase, the output is driven to a high voltage to
prepare it for the evaluation phase. But, if the evaluation transistor is not perfectly off, some charge
may leak through and accumulate on the output node, causing incorrect logic behavior or increased
power consumption. In wider fan in circuits, it reduces robustness and increases power dissipation.

The layout diagram developed at 90nm in Microwind Tool is as shown in Figure 9(b) matches
the netlist of the schematic diagram shown in Figure 9(a) for the available number of input and
output signals along with five PMOS and five NMOS transistors interconnected by metal layers.
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(a) (b)
Fig. 9. Leakage Current Replica (LCR) keeper technique based Schmitt trigger circuit (a)
Schematic diagram (b) Layout diagram

2.8 Proposed Clock Delayed Dual Keeper Based Schmitt Trigger Circuit
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Domino circuits are known for robust low power high-speed operation. This proposed circuit
focuses on enhancing the speed of CDDK circuit as implemented for Schmitt trigger is as shown in
Figure 10. This proposed CDDK technique uses two clocked delay stages in series to hold the
precharged voltage level for a longer time to reduce the glitching effect. It can be used for other
applications like microprocessors and memories, where performance and power efficiency are
critical factors. The layout diagram developed at 90 nm in Microwind Tool is as shown in Figure
10(b) matches the netlist of the schematic diagram shown in Figure 10(a) for the available number
of input and output signals along with seven PMOS and eight NMOS transistors interconnected by
metal layers.

=D

(a) (b)
Fig. 10. Proposed clock delayed dual keeper based Schmitt trigger circuit (a)
Schematic diagram (b) Layout diagram

3. Results

The designs are developed in Digital Schematic for circuits and Microwind Tool for layouts at
various nano scale technologies like 90 nm, 65 nm, 45 nm and 32 nm. The simulation waveform for
Proposed clock delayed dual keeper based Schmitt trigger circuit is as shown in Figure 11. As
expected, the required square waveform is obtained. Here C represents the clock signal, A
represents the input signal, S represents the sleep signal, out represents the output signal and the
remaining signal is intermediate output signal. The output response of the circuit depends purely
on the clock and sleep signals as obtained from Figure 11. In the similar manner the simulation
waveforms are obtained for other existing Schmitt trigger circuits.

Fig. 11. Simulation waveform
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The designs are evaluated in HSPICE tool for area occupied and power dissipation as shown in
Figures 12 and 13 respectively. From Figure 12, as the technology scales down, the designs occupy
less area in terms of percentage in layout. For 90 nm to 65 nm technology, the proposed CDDK
based Schmitt trigger design increases area by 43.47%, 25.00%, 11.95%, 30.43%, 29.34%, 17.39%
and 19.56% when compared with the conventional domino, CDDK, CDDK with discharge path, foot
driven stacked transistor, ground PMOS keeper, High speed domino and leakage current based
existing Schmitt trigger designs respectively. For 45nm technology, the proposed CDDK based
Schmitt trigger design increases area by 39.34%, 24.59%, 6.56%, 22.95%, 31.15%, 11.47% and
22.95% when compared with the conventional domino, CDDK, CDDK with discharge path, foot
driven stacked transistor, ground PMOS keeper, High speed domino and leakage current based
existing Schmitt trigger designs respectively.

For 32 nm technology, the proposed CDDK based Schmitt trigger design increases area by
39.34%, 22.95%, 6.56%, 21.31%, 29.51%, 9.84% and 22.95% when compared with the conventional
domino, CDDK, CDDK with discharge path, foot driven stacked transistor, ground PMOS keeper,
High speed domino and leakage current based existing Schmitt trigger Designs respectively. The
area is a trade-off parameter for proposed CDDK design with an increase in area by atleast 9.8%.
However the area occupied by conventional domino based Schmitt trigger design is least due to
usage of lesser number of transistors.

Comparison of various methods based Schmitt Trigger Design in terms of area occupied
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Conventional Clock Delayed Clock Delayed Foot Driven Ground PMOS High Speed Leakage Current Proposed CDDK
Domino Domino Keeper Domino Keeper Stacked Transistor Keeper Domino
with Discharge
Path
HS0nm 5.2 6.9 B.1 6.4 65 76 74 9.2
WE5nm 52 69 81 6.4 65 76 74 52
= A5nm 37 4.6 57 437 42 54 47 51
®m32nm 3.7 4.7 5.7 4.8 4.3 55 4.7 6.1

Fig. 12. Comparison of Schmitt trigger designs in terms of area occupied
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Power Dissipation in mW
=
w

Comparison of Schmitt Trigger Designs in terms of Power Dissipation

Conventional
Domino

Clock Delayed
Domino Keeper

Clock Delayed
Domino Keeper
with Discharge

Foot Driven
Stacked
Transistor

Ground PMOS
Keeper

High Speed
Domino

Leakage
Current

Proposed CDDK

Path
2.087

ES0nm 2739 2346 1.338 1514 0948 0686 1.214

EE5nm 2591 1.142 0791 1101 1.306 0.788 0416 1.065

m45nm 2025 1112 0531 1034 1027 0.605 0229 0738

E3Znm 0935 0.552 0.595 0.307 0.284 0578 0.202 0.207

Fig. 13. Comparison of Schmitt trigger designs in terms of power dissipation

From Figure 13, as the technology scales down, the power dissipation for the designs is less due
to reduced leakage power by keeper additional keeper transistors at physical level. For 90 nm
technology, the proposed CDDK based Schmitt trigger design decreases power dissipation by
55.67%, 48.25%, 41.83%, 9.27%, 19.81%, but increased by 21.91% and 43.49% when compared
with the conventional domino, CDDK, CDDK with discharge path, foot driven stacked transistor,
ground PMOS keeper, High speed domino ad leakage current based existing Schmitt trigger designs
respectively. For 65 nm technology, the proposed CDDK based Schmitt trigger design decreases
power dissipation by 58.89%, 6.74%, -34.64%, 3.27%, 18.45%, but increased by 26.01% and 60.94%
when compared with the conventional domino, CDDK, CDDK with discharge path, foot driven
stacked transistor, ground PMOS keeper, High speed domino and leakage current based existing
Schmitt trigger designs respectively.

For 45 nm technology, the proposed CDDK based Schmitt trigger design decreases power
dissipation by 66.49%, 33.63%, increased by 38.98%, decreased by28.63%, 28.14%, but increased
by18.02% and 68.97% when compared with the conventional domino, CDDK, CDDK with discharge
path, foot driven stacked transistor, ground PMOS keeper, High speed domino and leakage current
based existing Schmitt trigger designs respectively. For 32 nm technology, the proposed CDDK
based Schmitt trigger design decreases power dissipation by 77.86%, 62.5%, 65.44%, 32.57%,
46.09%, 64.18% and increased by 2.41% when compared with the conventional domino, CDDK,
CDDK with discharge path, foot driven stacked transistor, ground PMOS keeper, High speed domino
and leakage current based existing Schmitt trigger designs respectively. Here negative sign indicates
increase in power dissipation.

The power dissipation is less for proposed CDDK design by atleast 3.27%. However the power

dissipation is least for leakage current based Schmitt trigger design due to usage of lesser number
of transistors.

4. Conclusions

This paper satisfies the requirement of high-speed low power square wave generators that yield
spike free signal enabled the design of Schmitt trigger circuit using various domino logic based low
power methods. The designs are modeled in DSCH and Microwind Tools for schematic and layout
development at various technologies like 90 nm, 65 nm, 45 nm and 32 nm and the results are
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evaluated from HSPICE tool. The choice of designs used are conventional domino logic, clock
delayed domino keeper logic, clock delayed domino keeper logic with discharge path, foot driven
stacked transistor logic, ground PMOS keeper logic, leakage current based logic, high speed domino
logic and proposed CDDK logic. The area is a trade-off parameter for proposed CDDK design with an
increase in area by atleast 9.8%. However, the area occupied by conventional Domino-based
Schmitt trigger design is least due to usage of lesser number of transistors. The power dissipation is
less for proposed CDDK design by atleast 3.27%. However, the power dissipation is least for leakage
current based Schmitt trigger design due to usage of lesser number of transistors.
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