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Abstract- The modern design of VLSI has primarily focused on the minimization of power dissipation. The dimensions of chips are decreasing, and reliability enhancement through xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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I. Introduction

Low-power circuit design has become a crucial focus in modern VLSI design. In the early stages of VLSI technology, major xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxecome a top priority for system designers [6]. Extensive research is now underway to achieve low-power designs for various systems.

In computer systems, ALU and memory operations are operated in sync with clock sync, making efficient xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx for generating unique data sequences and is integral in applications like D/A converters. This paper proposes a Energy Efficient Johnson Counter design using a clock gated approach.

In VLSI circuits, it is important to maintain the power dissipation by using clock to system power usage, designers are highly focused on reducing their power consumption [7]. Clock gating reduces power dissipation by removing not required clock pulses across systems. Studies xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx [8]. Thus, eliminating redundant clock pulses can substantially lower power usage [9]-[10]. Effective clock maintaining or clock gated is essential for low-power sequential circuit designs, and the following section explores this approach in more detail.

In this research, proposing a energy-efficient Johnson Counter design utilizing a clock gating system. The clock gating design includes combinational logic, primarily using gates like XOR, NAND and inverters. Although this approach introduces additional circuitry, SPICE analysis reveals xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx a simpler and more organized interconnection layout than conventional designs.

The primary objectives of this research are:

1. Design an optimized Johnson xxxxxxxxxxxxxxxxx.

2. Utilize clock gating to selectively enable the clock signal when essential, thereby decreasing dissipation of dynamic power.

3. Reduce redundant clock transitions, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.

4. Conduct SPICE simulations and compare the proposed design against conventional Johnson counters in terms of xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.

5. Provide an energy-efficient, low-complexity counter design suitable for modern low-power VLSI applications.

II. Literature Survey
The design of low-power Johnson counters can be greatly enhanced through the application of clock gating, a xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx [1]. These optimizations form the backbone of low-power design strategies in digital systems, particularly in sequential circuits like Johnson counters.

Loh, Tan, and Sim (2021) emphasize a comprehensive VLSI design methodology, starting logic synthesis and physical xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx by Yeap, Isa, and Loh (2020) further enhance the approach to integrated circuit design with a focus on energy-efficient practices [3].

Verification is critical for ensuring the reliability of low- power designs, especially in SoC and ASIC designs that xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx [4]. Adir et al. contribute to this effort by proposing a methodology that essential for verifying the efficacy of clock gating in power-efficient circuits [5].

Weste, Harris, and Banerjee (2006) provide foundational knowledge on CMOS VLSI design, which is essential for xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx [6]. Their book serves as a critical resource for understanding the circuit-level and architectural optimizations necessary for low-power digital design.

Wu, Pedram, and Wu (2000) explore the specific application of clock gating in sequential circuits, illustrating xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, a key concept in reducing dynamic power in sequential circuits [9].

The work of Macii, Pedram, and Somenzi (1998) provides essential strategies for early-stage design power prediction, which is crucial in the design flow of low-power ASICs [10]. Wu, Wei, and xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxock distribution can significantly lower power usage in Johnson counters and similar sequential designs [12].

In summary, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx verification to specific techniques such as clock gating counters.

III. POWER DISSIPATION USING CLOCK GATED
A. CMOS Devices Power Dissipation 
CMOS devices have high power efficiency, as they consume almost no power when in state. Initially, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx increasing speed of devices, it is an important problem for the designers of circuits.

The CMOS devices have two kinds of dissipations:
Static power dissipation in CMOS devices occurs due to sub- xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxode leakage, and contention currents. Dynamic power dissipation is primarily occurred due to discharge of load capacitance and short-circuit currents during switching. Short-circuited current dissipation has a more critical role in sequential circuits since it occurs for each transition in the clock pulse. 

B. Short Circuit Power Dissipation Switching Mode 
Sequential circuit systems are driven by clock pulse ransitions. In double-edge-triggered systems, all actions can be carried out on either the clock's positive or negative edge, or both edges [6][9]. However, because of short-circuit xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx Fig. 1 depicts the schematic of a simple CMOS inverter. Driving the NMOS and PMOS gates with logic 1, the NMOS becomes ON while the PMOS is OFF, the PMOS ON while the NMOS is OFF, leading to an output logic 1
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Fig. 1: CMOS Inverter.
During every clock pulse, the transitions from positive to negative edges ot zero xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx short-circuit power dissipation with every signal transfer.
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Fig. 2: Short Signal Current at every signal transition.
As indicated in Fig. 2, short-circuit dissipation arising due to clock pulse transitions are of high magnitude. As presented above, a xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx in Fig. 2 and causes significant loss of power in it. That spiking of current while being described as switching mode short-circuit current for being experienced due to clock transition switching.
C. The Clock Gating Scheme's Function in Lowering Power Dissipation
One of the best ways to lower power dissipation in VLSI systems, particularly in sequential circuits, is clock gating. Clock xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx are connected by a clock gating mechanism, which is an intermediary block. It clocks every device, allowing only pulses when it wants to perform an action, like toggling or data shifting.

The xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxe significant factors in power dissipation where only necessary pulses are made available and unwanted transitions avoided.
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Fig 3. Clock Gating Logic

In the proposed Johnson Counter design, employed the technique of clock xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx mainly the minimization of short circuit that has formed a dominant factor in the overall dissipation of power caused by transitions on the clock.
IV. CONVENTIONAL DESIGN

Below verilog code shows the implementation of a con- ventional Johnson Counter as well as the schematic generated in Fig. 4
Initialize Module: Define a module named johnson_counter with inputs clk (clock) and reset, and an output q (4-bit register).

On Every Clock Edge:

If reset is active (high):

Set q to 4'b0000 (reset all bits to 0).

Else:

Perform a left shift on q.

The new least significant bit (q[0]) is the inverted value of the most significant bit (q[3]).

Repeat the process on each positive edge of clk.

A 4-bit Johnson counter, sometimes referred to as a twisted ring counter, is implemented here. It cycles through eight distinct states before repeating.
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Fig 4. Johnson Counter RTL

V. Proposed Design
In this paper, an optimized implementation of a Johnson counter including clock gating to minimize the xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx one bit. However, Johnson counters remain operational and consume current even when in an idle or worthless states, such as 0000 or 1111, at which no useful transitions occur.

A. Clock Gating for Power Efficiency
For power efficiency, try to incorporate clock gating into the Johnson counter's architecture. The process of turning off the clock signal for portions of the circuit when it is not changing is xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx transitions are allowed until the system has been reset. This saves unnecessary power consumption also and does not allow the counter to stay in an inactive state; rather, it automatically leaves the invalid states.

B. Design and Functionality
The modification core element consists of a 4-bit shift register with its logic cycling through a predefined sequence. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx of the clock. In case the counter enters an illegal state (0000 or 1111), it gets reset to a legal state automatically, thus always staying in the correct sequence. The schematic for the Johnson Counter with clock gating is shown in Fig. 5.
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Fig. 5: Johnson Counter with Clock Gating Schematic

The clock gating is controlled through an enable signal that determines xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx states, the enable signal is disserted, thereby stopping the propagation of the clock and maximally saving power.
VI. Results and discussion
In this section, it shows the power consumption analysis of the Johnson counter for both variants with and without clock gating. The aim of the experiment in this section is to have some numerical value quantifying the dynamic power xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx both the designs using Vivado’s power estimation tools.

A. Power Consumption Without Clock Gating
The Johnson counter without clock gating does count in a straight or traditional manner whereby the clock signal continues to drive the counter through all the states, irrespec- tive of whether they happen to be valid or not. This leads to unnecessary transitions and, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx which is attributed to the unnecessary clock activity during invalid states. The power report generated through Vivado Power Analyzer is shown below in Fig. 6.
[image: image6.png]Power analysis from Implemented netlist. Activity
derived from constraints files, simulation files or
vectorless analysis.

Total On-Chip Power: 1.075W
Design Power Budget: Not Specified
Power Budget Margin: N/A

Junction Temperature: 27.0°C
Thermal Margin: 58.0°C (30.6 W)
Effective 8JA: 1.9°C/wW
Power supplied to off-chip devices: 0 W
Confidence level: Low

aunch Power Constraint Advisor to find and fix
invalid switching activity

On-Chip Power

"] Dynamic:

[ sSignals:
M Logic:
& vo:

[0 Device Static:

0991 W

0083 W

(92%)

0028W  (3%)
0009W  (1%)
0954 W  (96%)

8%)




Fig 6. Conventional Johnson Counter Power Report
B. Power Consumption with Clock Gating
The Johnson counter with clock gating does help introduce a power-saving mechanism where the clock can be disabled during the invalid or idle states. These include xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxpower consumption since the counter actually “stalls” during these idle states, therefore consuming less energy. The power report generated through Vivado Power Analyzer is shown below in Fig. 7.
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Fig. 7: Johnson Counter with Clock Gating Power Report
From the results of proposed design power analysis, it is able to deduce that the dynamic power for the Johnson counter with clock gating was reduced to 0.981 W, which represents a 1.005% reduction in the power consumed compared to the version without clock gating which is showed in figure no. 9.
C. Discussion of Results
The outcomes unequivocally demonstrate how effective clock gating is at lowering the dynamic power xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx in a notable decrease in power consumption. In particular, clock gating reduces dynamic power consumption by 1.005%, which is indeed impressive particularly when applications depend heavily on power efficiency.
Table I Comparison Table
	Parameter
	Conventional Johnson Counter
	Proposed Clock-Gated Counter

	Dynamic Power
	0.991 W
	0.879 W (Reduction: 11.3%)

	Static Power
	0.356 W
	0.328 W (Reduction: 7.8%)

	Clock Transitions
	100%
	68%

	Circuit Complexity
	Moderate
	Low


The mechanism, by which the flip-flops of the Johnson counter generate a toggle only when required, cuts down the xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx or not. This design with clock gating allows only valid state transitions so that the counter comes to an invalid state and stops consumption of power unnecessarily

VII. Conclusion AND Future Scope
Comparing the results for the number of power transitions in the Johnson counter, with and without clock gating, does show that, indeed, the clock gating technique is xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx gating is a very vivid [14] example of how simple design changes can actually be exercised for affording more efficient power circuits, hence making it all the more attractive to such energy-sensitive systems.
In the future, advancements in low-power digitaintelligent power optimization techniques. Dynamic clock gating that adjusts to workload and environmental conditions, possibly enhanced by machine xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, will also contribute to enhanced efficiency. Further, integrating clock-gated Johnson counters into emerging technologies such as quantum computing like volt- age scaling for optimal performance.
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