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ABSTRACT

An advanced low-power True Single Phase Clock (TSPC) flip-flop design leveraging a synergistic integration of
three power-saving techniques: auto-gated clock gating, power gating, and redundant-transition suppression. The proposed
architecture targets both dynamic and leakage power reduction in sequential circuits without sacrificing speed or timing
integrity. Auto-gated clock gating dynamically disables the clock signal when input data remains stable, eliminating
unnecessary switching activity. Power gating is employed to disconnect the power supply to idle flip-flop stages during
prolonged inactivity, significantly reducing static leakage current. Additionally, redundant-transition suppression logic
prevents internal node toggling in response to non-transitioning inputs, further minimizing dynamic power dissipation.
These techniques are seamlessly embedded within the TSPC structure, preserving its inherent advantages such as single-
phase clock operation and high-speed performance. The design is implemented and verified through post-layout simulations
in a standard CMOS technology, demonstrating substantial improvements in energy efficiency compared to conventional
TSPC and other existing low-power flip-flop designs. Results indicate significant reductions in both active and standby
power consumption, achieving superior energy-delay product metrics. The proposed flip-flop is particularly well-suited
for high-performance digital systems operating under stringent energy constraints, such as portable and battery-powered
devices. By intelligently managing clock and power resources while maintaining robust functionality, this design offers a

practical and scalable solution for next-generation energy-efficient integrated circuits.
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1. Introduction

In modern digital integrated circuit design, power ef-
ficiency has become a critical concern, especially with the
increasing demand for portable and battery-operated devices.
Among the key contributors to dynamic power consump-
tion in synchronous systems are clocked sequential elements
such as flip-flops, which are used extensively in data storage
and synchronization. Traditional flip-flop architectures often
suffer from high power dissipation due to continuous clock
switching and unnecessary internal node transitions, even
when data remains unchanged.

To address these challenges, advanced low-power flip-
flop designs have been developed, integrating multiple
power-saving techniques. One such approach is the True
Single-Phase Clock (TSPC) flip-flop, known for its sim-
plicity and reduced transistor count. However, even TSPC
flip-flops can benefit from further optimization. This has
led to the development of enhanced TSPC-based flip-flops
incorporating auto-gated clock gating, power gating, and
redundant-transition suppression mechanisms. Auto-gated
clock gating dynamically disables the clock signal to the flip-
flop when there is no change in input data, thereby minimiz-
ing switching activity and reducing dynamic power. Power
gating complements this by cutting off the supply voltage to
idle circuit blocks, significantly lowering leakage power dur-
ing inactive periods. Additionally, redundant-transition sup-
pression prevents unnecessary internal node toggling when
the input data is identical to the stored value, further reducing
both dynamic and short-circuit power!!l,

By combining these three techniques, the proposed low-
power TSPC flip-flop achieves substantial energy savings
without compromising performance or reliability, making it
highly suitable for energy-constrained and high-density digi-
tal systems. This integration represents a holistic approach
to minimizing both active and standby power consumption

in modern VLSI designs.

2. Survey of Low-Power Design Ob-
jectives in Sequential Circuits

In modern VLSI design, minimizing power consumption
is a primary objective, especially for portable, wearable, and
10T devices where energy efficiency directly impacts battery
life and thermal management. Sequential circuits, particularly
flip-flops, contribute significantly to a system’s total power
budget due to their continuous clock-driven switching activity.

The main goals of low-power design in flip-flops in-
clude Minimizing leakage (static) power, which becomes
dominant at smaller technology nodes (e to sub-45nm), even
when the circuit is idle. Preserving performance, ensuring
that power optimization does not compromise speed or tim-
ing reliability. Maintaining area efficiency, avoiding exces-
sive transistor count or complex control logic that could
offset power savings.

To achieve these objectives, several techniques have
been widely adopted to these strategies are often combined
in advanced flip-flop designs like the True Single-Phase
Clock (TSPC) architecture, which offers simplicity, speed,
and compatibility with deep-submicron processes. Recent
research focuses on integrating multiple such techniques
synergistically to maximize energy efficiency without de-
grading circuit robustness. this work builds upon these es-
tablished principles by proposing a TSPC-based flip-flop
that integrates auto-gated clock gating, power gating, and
redundant-transition suppression in a single, optimized struc-
ture achieving significant power reduction while maintaining

functional integrity and timing performance %!,

3. Methodology

The primary goal of this design is to develop a high-
performance, energy-efficient True Single-Phase Clock
(TSPC) flip-flop tailored for use in power-sensitive digital
systems. By integrating auto-gated clock gating, power

gating, and redundant-transition suppression mechanisms,
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the flip-flop aims to significantly reduce both dynamic and
static power consumption without compromising speed or

reliability.

3.1. TSPC Flip-Flop Base Architecture

The design begins with a standard True Single-Phase
Clock (TSPC) flip-flop as the foundational building block
due to its inherent advantages in speed and simplicity. The
TSPC architecture employs a single-phase clock signal to
control a cascaded structure of dynamic logic stages typically
comprising a master latch and a slave latch each consisting
of a clocked inverter pair and a static inverter. This configu-
ration enables edge-triggered behavior using only one clock
phase, eliminating the need for complementary clock signals
and reducing clock distribution complexity.

Design and Analysis of SEU Hardened Latch for Low
Power and High-Speed Applications. during the low phase
of the clock, the master stage samples the input data, while
the slave stage remains in hold mode. When the clock transi-
tions high, the master stage isolates the input, and the slave
stage evaluates and propagates the stored value to the output.
This operation relies on careful timing and charge storage, al-
lowing for fast switching with relatively low transistor count
and minimal interconnect delay 3],

The TSPC flip-flop is particularly suitable for high-
speed applications due to its dynamic nature and reduced
propagation delay (Figure 1). While traditionally associated
with higher leakage and dynamic power in idle states, its
simple, compact layout provides an excellent platform for
integrating advanced power-saving techniques such as auto-
gated clock gating, fine-grained power gating, and redundant-
transition suppression.
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Figure 1. Schematic of the TSPC flip-flop base architecture.

3.2. Auto Gated Clock Gating

A novel design strategy for True Single-Phase Clock
(TSPC) flip-flops, developed in response to the increasing
need for energy-efficient digital circuits. The proposed ar-
chitecture incorporates two key power-saving techniques:
auto-gated clocking and power gating for suppressing re-
dundant transitions. Together, these mechanisms effectively
minimize unnecessary switching activity and leakage current,
leading to substantial reductions in overall power consump-
tion. Importantly, these improvements are achieved without
compromising speed or reliability. This introductory section
lays the foundation for a comprehensive examination of the
design methodology, operational benefits, and performance
characteristics of the enhanced TSPC flip-flop.

Clock Gating:

The auto Gated Flip-flop serves as the fundamental cir-
cuit in implementing the Low-Power Asynchronous Clock
Gating (LACG) technique, essential for cutting down on digi-
tal circuit power consumption. As illustrated in Figure 2 and
supported by existing literature, the Auto-Gated Flip-Flop
(AGFF) operates such that during the master latch becomes
visible during the falling edge of the clock signal, allow-
ing for data stability to be established before the subsequent
rising edge. This ensures adherence to critical setup time re-
quirements, crucial for reliable operation. Upon transitioning
to an opaque state, the decision of An XOR gate determines
if the condition of the slave latch should be altered or stay
the same. If the slave latch remains unchanged, the clock
pulse can be gated to conserve power. gated to conserve
power or allowed to propagate as necessary for normal oper-
ation. However, despite its utility, the Auto-Gated Flip-Flop
(AGFF) suffers from notable limitations. A 0.4V 0.5fJ/cycle
TSPC Flip-Flop in 65nm LP CMOS with Retention Mode
Controlled by Clock-Gating Cellsl.

Firstly, the gating mechanism primarily targets slave
latches, neglecting other clock loads within the circuit. This
leaves significant portions of the circuit unaltered and op-
erating at full power, diminishing the overall effectiveness
of power reduction strategies. Additionally, Flip-flops with
timing restrictions that are located on critical paths present
another challenge, as these flip-flops are typically excluded
from gating to ensure timing integrity. This limitation not

only hampers power-saving efforts but also introduces po-
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tential performance bottlenecks in critical sections of the

design.
ju) JL
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Figure 2. Block diagram of Auto gated clock gating.

Addressing these drawbacks is crucial for realizing
the full potential of the LACG (Low-Power Asynchronous
Clock Gating) technique in achieving low-power operation
while maintaining optimal performance from the reference
of block diagram of clock gating technique mentioned above,
it is clear that it requires additional logic blocks of implemen-
tation for XOR and AND gate. In order to design these logic
gate, here preferring Gated Diffusion Input (GDI) configura-
tion which further helps in reduction of power consumption
will approximately lesser utilization of MOSFET.

GDI [Gated Diffusion Input] Logic:

The number of transistors in a circuit significantly im-
pacts its overall complexity, power consumption, and perfor-
mance. In submicron CMOS technology, minimizing power
and maximizing speed are key challenges, especially for
low-power applications. Gated Diffusion Input (GDI) tech-
nology offers an effective solution by enabling simpler, more
efficient circuit designs with reduced transistor count, lower
power dissipation, and improved speed through optimized

logic implementation (Figure 3, Table 1).

P P
?  vaa
p—0 —0
G Out Out
NO N O -

Figure 3. GDI structure.

Table 1. GDI function.

N P G Output Function
0 1 A A NOT

0 B A A’B F1

B 1 A A’+B F2

1 B A A+B OR

B 0 A AB AND
C B A A’B+AC MUX

3.3. Power Gating

In this design, power gating is integrated into the PMOS
transistor to enhance energy efficiency (Figure 4). The tech-
nique involves disconnecting the power supply to idle circuit
blocks using a sleep transistor, thereby significantly reducing
leakage current during standby modes. By incorporating this
method into the modified TSPC flip-flop, the circuit achieves
lower static power consumption without affecting its oper-
ational integrity. This approach is particularly effective in
deep-submicron CMOS technologies, where leakage power
has become a major concern in low-power applications[>!.
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Figure 4. Block diagram of Power gating technique.

3.4. Redundant-Transition Suppression Sys-
tem

Redundant-transition suppression refers to the reduc-
tion of unnecessary internal state changes in a digital cir-
cuit when the input data matches the currently stored value
(Figure 5). In sequential circuits like flip-flops, such transi-
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tions do not result in a change in output but still cause switch-
ing activity in internal nodes, leading to wasteful dynamic
and short-circuit power consumption. By detecting data sta-
bility and preventing internal node toggling during redundant
transitions, significant power savings can be achieved. This
technique is particularly effective in low-power VLSI design,
where minimizing unnecessary switching activity enhances
energy efficiency without compromising circuit performance
or reliability. Integrating this method into flip-flop architec-
tures helps reduce overall power dissipation, making it a
valuable strategy for battery-operated and high-density digi-

Figure 5. Schematic of the redundant transition FF.

tal systems[6].

The figure illustrates the design of a low-power TSPC
(Transistor-Shared Pass-Gate Clocking) flip-flop with en-
hanced power-saving features. The leftmost circuit depicts
the basic structure, where the clock signal (CLK) is buffered
into complementary phases (Clock input and Clock bar). The
middle section shows an intermediate stage that incorporates
additional control signals (DP and DN) to enable dynamic
power management.

Finally, the rightmost circuit demonstrates the opti-
mized implementation, where the clock gating logic is sim-
plified while maintaining functionality. This design approach
reduces both dynamic and leakage power consumption by
intelligently managing clock activity and minimizing redun-
dant transitions, making it suitable for energy-efficient digital

systems!7].

3.5. Single-Transition-Capture Double-Edge-
Triggered (STCDET)

Capture of the term Single Transition STCDET refers
to the dual-edge-triggered flip-flop. Comparing this spe-
cific flip-flop design to traditional ones, there are several
advantages ones (Figure 6).

A dual-rail static edge-triggered latch. observation

of a Single Capture STCDETs are double-edge-triggered
flip-flops. Comparing this specific flip-flop design to tradi-
tional ones, there are several advantages STCDET flip-flops
achieve higher data transfer rates than single-edge-triggered.
Because STCDET flip-flops record data for a single clock
cycle that includes both rising and falling clock edges, they
effectively double the data transfer rate for quicker and more

efficient data processing®!.

M1 M4 1

Figure 6. Schematic of the STCDET FF.

Dual-Edge Triggering by capturing data on both ris-
ing and falling edges of the clock, the flip-flop effectively
doubles the data throughput without increasing the clock fre-
quency. Complementary Paths top and bottom paths work in
tandem to ensure that both Q and Q outputs are generated ac-
curately and efficiently. Low-Power Design use of dynamic
logic stages and careful transistor sizing helps minimize
power consumption while maintaining high-speed operation.

The input-aware pre-charge technique improves en-
ergy efficiency by comparing the incoming data with the
stored value before activating the pre-charge phase, avoiding
unnecessary switching. This ensures correct flip-flop opera-
tion while reducing dynamic power. Further optimization is
achieved by simplifying the transistor structure: PMOS tran-
sistors M11 1 and M11 are merged to deliver inverted data,
but NMOS transistors M14 and M15 cannot be combined
due to operational constraints. To maintain functionality,
MI5 is retained to prevent short-circuit current. Addition-
ally, transistor M13 is removed as it is no longer needed
its glitch-prevention role is rendered unnecessary by the
low voltage at node N2, which eliminates the need for pre-
charging, thus simplifying the design without compromising

output accuracy.
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STCDET flip-flops are less sensitive to clock skew
since they capture data on both rising and falling clock edges,
relaxing timing requirements and improving reliability. Their
dual-edge operation also enhances noise immunity, reducing
the risk of erroneous data capture compared to single-edge-
triggered flip-flops. Additionally, the simplified timing be-
havior where one clock cycle handles two data transitions
makes timing analysis more straightforward than in complex
flip-flop designs, enabling easier integration and verification

in digital systems[®).

4. Proposed TSPC Single Transistor
Clocked Dual-Edge-Triggered Flip-
Flop with Clock Gating and Power
Gating

Figure 7 illustrates a dual-edge-triggered flip-flop
(DFF) design that incorporates advanced power-saving tech-
niques. The circuit is divided into two main sections: the
Top Master-Slave Latch and the Bottom Master-Slave Latch,
each responsible for capturing and storing data on opposite
edges of the clock signal (CLK).

A. Operation of the Top FF in STC-DFF:

The Top Operation in the circuit diagram involves the
Top Master Latch and the Top Slave Latch, which are part
of a dual-edge-triggered flip-flop design. Here’s a detailed
breakdown:

The Top Master Latch is clocked using a Clocked
PMOS (P2) and a Clocked NMOS (N2). These transistors
are controlled by the CLK signal. when CLK is high, the
Clocked PMOS (P2) turns off, and the Clocked NMOS (N2)
turns on, allowing the input data (D) to be latched into the
master latch. The data is stored in the cross-coupled inverters
formed by transistors P1, N1, P14, and N7. This configura-
tion ensures that the data is held stable until the next clock
edgel1%),

The output of the Top Master Latch is connected to the
Midpoint (MID) node, which serves as the input to the Top
Slave Latch. This node is crucial for transferring the latched
data from the master to the slave during the appropriate clock
phase. The Top Slave Latch is also a cross-coupled inverter
structure formed by transistors P4, P8, N8, and N15. It is
clocked using a Clocked PMOS (P15) and a Clocked NMOS

(N15). When CLK transitions low, the Clocked PMOS (P15)
turns on, and the Clocked NMOS (N15) turns off, allowing
the data from the Midpoint (MID) to be transferred into the
slave latch. The slave latch holds this data until the next
clock cycle, ensuring that the output (Q or Q) remains stable.
The output of the Top Slave Latch is buffered through an in-
verter (formed by P6 and N6) to provide the final output (Q).
This inverter ensures that the output is driven with sufficient
strength and maintains proper logic levels.

B. Operation of the Bottom FF in STC-DFF:

The Bottom Operation mirrors the top operation but
is designed to handle the complementary data path. Here’s
how it works:

The Bottom Master Latch is clocked using a Clocked
NMOS (N5) and a Clocked PMOS (P9). These transistors
are controlled by the Clock signal. when CLK is low, the
Clocked NMOS (N5) turns off, and the Clocked PMOS (P9)
turns on, allowing the input data (D) to be latched into the
master latch. The data is stored in the cross-coupled inverters
formed by transistors P10, N10, P17, and N16. This configu-
ration ensures that the data is held stable until the next clock
edge.

The output of the Bottom Master Latch is connected
to the Midpoint (MID_n’) node, which serves as the input
to the Bottom Slave Latch. This node is crucial for transfer-
ring the latched data from the master to the slave during the
appropriate clock phase. The Bottom Slave Latch is also a
cross-coupled inverter structure formed by transistors P11,
P12, N12, and N18. It is clocked using a Clocked PMOS
(P17) and a Clocked NMOS (N17). When CLK transitions
high, the Clocked PMOS (P17) turns on, and the Clocked
NMOS (N17) turns off, allowing the data from the Midpoint
(MID_n’) to be transferred into the slave latch. The slave
latch holds this data until the next clock cycle, ensuring that
the output (Q) remains stable. the output of the Bottom Slave
Latch is directly connected to the final output (Q). This en-
sures that the output reflects the correct state based on the
input data and the clock signal ('],

Dual-Edge-Triggering enables a synchronous circuit
to respond to both transitions of the clock waveform. By
designing storage elements such as flip-flops or latches to
activate on either edge, the system can process data twice per
clock cycle. This is achieved through techniques like edge

multiplexing, where two separate latch paths are controlled
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by delayed or inverted clock signals, ensuring correct timing
and data integrity. The result is enhanced performance with

minimal increase in power or complexity, making it a valu-

able strategy in modern digital design. Complementary Path
The top and bottom paths work in tandem to ensure that both
Q and Q outputs are generated accurately and efficiently.

Figure 7. Proposed TSPC single transistor clocked Dual-Edge Triggered Flip-Flop with Clock Gating and Power Gating.

5. Schematic Diagram and Results

A static contention-free single-phase-clocked flip-flop
in 45 nm for low-power applications using dual-edge-
triggered flip-flop is a sequential logic circuit that captures
the input data (D) on both the rising (positive) and falling
(negative) edges of the clock signal. Unlike conventional
flip-flops that respond to only one edge (typically the rising
edge), this design effectively doubles the data throughput
without increasing the clock frequency !,

The schematic for the TSPC flip-flop with clock gating
involves applying a signal A to both the gate of the PMOS
transistor and the source of the NMOS transistor (Figure 8).
For the PMOS, the gate signal is complemented (denoted as
A’), and when multiplied with the source signal A, the drain
terminal output evaluates to 0 due to the Boolean law A.A’ =
0. Similarly, for the NMOS, the gate signal A is multiplied

with the source signal B, resulting in an output at the drain

31

terminal of A.B. Since the drain terminals of both the PMOS
and NMOS are connected together, their combined output
simplifies to 0 + A.B = A.B, effectively implementing an
AND gate operation. This configuration ensures that the
logic function is correctly realized while maintaining the
desired circuit behavior.

A similar operational principle applies from the AND
gate to the XOR gate. From the schematic, here 2 PMOS
and 1 NMOS is utilized to satisfy the logical operation of
XOR. The drain of terminal of NMOS would results in 0
as the product of gate NMOS’s source terminal is B, and
its terminal is GND [Logic 0]. For the first PMOS drain
would result in A’B whereas the other PMOS drain terminal
would results in AB’. As all the drain terminals are connected
together the aggregate value of these drain terminal is con-
sidered as output of XOR gate which results in 0+A’B+AB’.
This satisfies our XOR logical operation.

In the modified TSPC design with Auto Gated Clock



Journal of Electronic & Information Systems | Volume 07 | Issue 02 | October 2025

Gating, an XOR and AND gate combination forms the clock
gating module, producing a conditioned clock signal (CK)
(Figure 9). This signal depends on the main clock (CLK),
data input (D), and previous output, allowing clock pulses

to be disabled when no data change occurs. By using CK to
drive the slave latches instead of the raw clock, switching ac-

tivity is reduced, cutting dynamic power consumption while
13]

maintaining correct circuit operation!

Figure 8. Schematic of proposed TSPC Flipflop.

Figure 9. Modified schematic of TSPC with clock gating.

To reduce power consumption, the circuit operates in
active or sleep mode based on the output of the XOR and
AND gates, which detect when data transitions occur. Un-
like the conventional design that remains always active, the
proposed flip-flop enables clock gating only when a data
change is needed, minimizing unnecessary switching. Ad-

ditionally, power gating is employed by inserting a switch
(such as a PMOS transistor) between the power supply and
the circuit block (Figure 10). This switch, controlled by a
power management unit, disconnects the supply during idle
periods, significantly reducing leakage and dynamic power
without affecting functional integrity ['4].
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Figure 10. Modified schematic of TSPC with power gating.

The power gating technique illustrated in the diagram
involves adding a PMOS transistor as a switch between the
VDD supply and the circuit. Unlike the previous design where
VDD was directly connected, this approach controls power
delivery by turning the PMOS transistor on only when the
circuit is active. When the circuit is idle, the transistor cuts off
the power supply, significantly reducing leakage and dynamic
power consumption. Although only one additional transistor
is introduced, it greatly enhances power efficiency without
significantly impacting the overall design complexity. This
makes power gating a highly effective method for optimizing

power usage in low-power integrated circuit designs.

The waveform in the proposed diagram (Figure 11)
illustrates the operation of a dual-edge triggered circuit. In
this configuration, the output responds to both the rising and
falling edges of the input signal. Whenever the input transi-
tions to a high state, the output also goes high, and when the
input goes low, the output follows accordingly. This behav-
ior occurs regardless of whether the clock pulse is rising or
falling, enabling the circuit to capture input changes on both
edges of the clock cycle, thereby increasing its responsive-
ness and data throughput.

Figure 11. Result of waveform for proposed STCDET.
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In this design, clock gating is implemented to optimize
power consumption without altering the functionality of the
output. The output waveform continues to follow the input
clock pulses responding to both high and low transitions
just as it did without clock gating (Figure 12). The pri-

mary changes introduced by clock gating are reduced power
consumption and a slight impact on signal delay, while the
logical behavior and output timing remain unchanged. This
makes clock gating an effective technique for minimizing

dynamic power without affecting circuit performance.

Figure 12. Result of waveform for modified TSPC with clock gating.

As shown in the Figure 13, the output waveform of
the flip-flop remains unchanged after applying power gat-
ing. The signal behavior closely matches the previous case,
maintaining the same logic transitions and timing. The only
differences are observed in power consumption and propa-
gation delay, where power is significantly reduced during
inactive modes due to the isolation of the power supply. Thus,

power gating improves energy efficiency without altering

7] T3PC PRO schematic

the functional output of the flip-flop.

The comparison of power consumption graph is shown
in the figure the power of proposed diagram is more 345.2
Nanowatts (nW), so coming to next clock gating power is
going to reduce to 273.4 Nanowatts (nW), so finally after
applying power gating the huge difference in power consump-
tion as you can observe on the graph it is 83.14 Nanowatts
(nW) it is fully decreased!!],

Trnsient Response
aine

Figure 13. Result of waveform for modified TSPC with power gating.
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6. Comparison & Analysis

The comparison of area all the three methods proposed
area is 42 after applying the clock gating its 49 & in power
gating its 43 and the comparison of delay shown in graph the
delay of proposed is 0.498 nanosecond (ns), coming to next
clock gating it is small change in that 0.025 nanosecond (ns)
after the power gating its 0.553 nanosecond (ns) as shown in
Figures 14 and 1516,

Table 2 presents a comparative analysis of the pro-
posed design with two established techniques clock gating
and power gating in terms of key performance metrics. The
proposed approach consumes 345.2 nanowatts (nW), occu-
pies an area of 42 units, has a delay of 0.498 nanoseconds
(ns), and achieves a power-delay product (PDP) of 171.90
femtojoules (fJ). In contrast, clock gating demonstrates lower
power usage at 273.4 Nanowatts (nW) and significantly re-
duced delay at 0.025 ns, though it results in a much higher
PDP of 6.835 femtojoules (fJ). Power gating offers the low-
est power consumption at 83.14 Nanowatts (nW) but suffers
from a longer delay of 0.345 ns and a PDP of 45.976 femto-

joules (fJ), indicating a trade-off between power efficiency

POWER CONSUMPTION IN NW

PR D CLOCK GATING POWER GATING

Figure 14. Comparison of power consumption.

AREA

u PROPOSED
= CLOCK GATING
POWER GATING

and speed. Figure 15. Comparison of area.
Table 2. Performance comparisons.
Design Power Consumption Area Delay PDP
Proposed 345.2 Nanowatts (nW) 42 0.498 nanosecond (ns) 171.90 femtojoules (fJ)
Clock gating 273.4 Nanowatts (nW) 49 0.025 nanosecond (ns) 6.835 femtojoules (fJ)
Power gating 83.14 Nanowatts (nw) 43 0.345 nanosecond (ns) 45.976 femtojoules (fJ)

The delay performance of various power management
techniques is shown in Figure 16. The proposed method!!!
exhibits the highest delay due to additional circuitry intro-
duced for power optimization. In contrast, clock gating!?!
achieves minimal delay by selectively disabling clock sig-
nals to idle components. Power gating[31, while effective in
reducing leakage power, introduces moderate delay due to
sleep transistor switching overhead.

The power delay product (PDP), a key metric for evalu-
ating energy efficiency in digital circuits, is compared across
three techniques in Figure 17. The proposed method!!! ex-
hibits the highest PDP due to increased dynamic power con-
sumption from additional control logic and switching activity.

In contrast, clock gating!? achieves the lowest PDP by re-

35

ducing dynamic power through clock signal disabling during
idle periods. Power gating®! offers a moderate PDP, balanc-
ing leakage reduction with the overhead of sleep transistor
activation.

Delay

Fropesed _
Clockcatine -
Fower Gatre _

0 0.1 02 03 04 05 06

Figure 16. Comparison of delay.
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POWER DELAY PRODUCT(PDP) IN FJ
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Figure 17. Comparison of power delay product.

In the comparison of proposed is huge number 171.90
j comparing to our clock gating it is reduced to 6.835 j &
after applying the power gating its increased to 45.97j but
compare to proposed its less only.

7. Conclusions

In conclusion, the proposed low-power TSPC flip-flop
integrates three key energy-saving techniques auto-gated
clock gating, power gating and redundant-transition suppres-
sion to significantly reduce both dynamic and leakage power
consumption. By intelligently disabling the clock signal
when not needed, cutting off power to idle circuit blocks,
and eliminating unnecessary internal switching activities, the
design achieves substantial power savings without compro-
mising performance or reliability. This makes it particularly
suitable for energy-constrained applications such as portable
and IoT devices, where minimizing power usage is criti-
cal. The synergistic combination of these techniques demon-
strates a promising approach for developing high-efficiency
sequential circuits in modern low-power VLSI systems.
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