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Abstract: A Leading Zero Counter (LZC) is a digital circuit that determines the number of leading zeros in a binary number, and 
its design considerations include speed, area, and power consumption. The working of a 64-bit LZC is studied in this paper. The 
functionality of a 64-bit leading zero counter is investigated through a hierarchical design approach. Starting from a basic 2-bit 
configuration, the counter's underlying mechanics are analysed and subsequently scaled up to accommodate 64-bit operations. 
In this paper basic gates such as AND gate, OR gate and inverter are used for implementing leading zero counter. Boolean 
equations are formed from previously proposed architectures and after simplifying that Boolean expression a new architecture 
for LZC unit is formed. Further calculation can be performed for a 128-bit leading zero counter. Performance and analysis of 
the 64-bit LZC can be conducted using this method, and the Xilinx Vivado design suite is utilized to simulate and synthesize the 
64-bit leading zero counter. 
Keywords – Leading Zero Counter (LZC), Digital circuits, Boolean Expression. 
 

I. INTRODUCTION 
A Leading Zero Counter (LZC) is utilized as a digital circuit that determines the number of consecutive zeros at the beginning of a 
binary sequence, commonly used in computing for efficient data processing and arithmetic operations. In this, a 64-bit operation is 
performed in the leading zero counter. A 64-bit Leading Zero Counter is designed to count the leading zeros in a 64-bit binary 
number. This means very large numbers can be handled and it is suitable for applications that require high-precision arithmetic. A 
64-bit binary number is taken as input and an output is produced that represents the number of leading zeros in the input number. 
The 2-bit LZC as the basic block adopts a different way of dealing with the case in which all the input bits are zero. 
The importance of Leading Zero Counters in modern computing systems is emphasized by their ability to optimize performance in 
areas such as floating-point arithmetic, cryptography, and digital signal processing. A critical operation, the Leading Zero Count 
(LZC), is performed to determine the number of leading zeros in a binary number. The LZC is widely utilized in floating-point 
normalization, priority encoding, and data compression. To address this need, a hierarchical, hardware-efficient Leading Zero 
Counter (LZC) architecture is presented, which is capable of handling 64-bit inputs with minimal latency. The 64-bit input is 
recursively divided into smaller segments (32-bit, 16-bit, 8-bit, 4-bit, and 2-bit) until the count of leading zeros is efficiently 
determined. Parallel processing is enabled by the hierarchical design.          
The 32-bit Leading Zero Counter (LZC) has been improved to 64-bit to enhance its performance, precision, and scalability. 
Increased range, higher accuracy, and better compatibility with modern 64-bit computing systems are offered by the 64-bit LZC, 
making it suitable for demanding applications in fields like scientific simulations, data analytics, and cryptography. A 128-bit 
Leading Zero Counter can be further calculated by being implemented and evaluated using the Xilinx Vivado Design Suite. 
 

II. LITERATURE SURVEY 
A Leading Zero Counter (LZC) is utilized as a vital component in digital systems, where the number of consecutive leading zeros or 
ones in a binary number is determined, starting from the most significant bit (MSB). An n-bit binary input is processed, and an 
output consisting of log₂(n) + 1 bits is generated by the LZC. This output includes a flag bit (V) that indicates whether all input bits 
are zero, and the remaining bits (Z) represent the count of leading zeros. Various methods have been proposed for efficiently 
determining the leading zero count, with a focus on FPGA-based implementations. These approaches differ in their design 
methodologies and underlying logic. 
For instance, distinct design techniques are employed by the methods described in references [1], [2], and [3]. The method outlined 
in reference [3] was initially developed for ASIC designs but was later adapted for FPGA implementations. In contrast, different 
design methodologies for 8-bit LZCs are presented in references [1] and [2], which are then combined in a hierarchical structure to 
process wider binary values. Hierarchical designs for 32-bit LZCs, as described in references [1], [2], and [3], are presented. 
References [1] and [3] share a similar structural approach, although distinct logic circuits are used in their respective 8-
bit LZC designs. 
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Variations in hardware characteristics are resulted from this. A distinct logic mechanism is employed by reference [2] compared to 
references [1] , [3]  [5] and [8], both for the 8-bit LZC and the hierarchical construction of larger LZCs. Instead of computing the 
inverted versions of V and Z, the values are directly derived by the method in reference [2]. 
Probabilistic methods are integrated into Leading Zero Counter (LZC) design to enhance performance and energy efficiency. The 
LZC design is optimized through the reduction of transistors and power consumption, while maintaining accuracy, thereby making it 
suitable for nanoscale computing applications is described in references [4] and [8]. 
In reference [6] and [9] up to 31% improvement in accuracy is demonstrated by the proposed method compared to standard fixed-
point quantization, and a balance between accuracy and energy consumption is achieved for real-world applications, particularly in 
edge AI, IoT, mobile, and embedded systems. 
This optimized design enhances energy efficiency and speed, making it ideal for low-power, high-performance FPGA accelerators. 
Improved processing speed and reduced power consumption are achieved, enabling efficient acceleration for various applications 
are described in the reference [7] and [10]. 
The method outlined in reference [9], In an innovative approximate addition technique is introduced that efficiently exploits FPGA 
resources, leading to improved accuracy without compromising power consumption or computational speed. A design is proposed 
that is particularly beneficial for error-resilient applications requiring high performance and energy efficiency, making it suitable for 
applications such as machine learning, data analytics, and IoT devices.  
 

III. PROPOSED METHODOLOGY 
Implementing a Leading Zero Counter (LZC) involves creating a circuit that detects the number of leading zeros in a binary number. 
More effective techniques or a combination of logic gates can be used to accomplish this. 
The design process starts with a 2-bit LZC, which consists of two inputs (A1, A0) and two outputs (V and Z). Here, ‘V’ functions as 
the parity bit or overflow indicator, while ‘Z’ represents the count of leading zeros based on different input values. The two output 
equations are written here: 
V=A̅₀̅+̅A̅₁ 
Z=A̅₁&A₀ 

 
Fig.1: 2-bit leading zero counter 

 
The truth table is written below which is used to check whether our designed LZC able to count the leading zeros for all the cases in 
it 
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And then, a 4-bit LZC is developed with four inputs (A3, A2, A1, A0) and three outputs (V, Z1, Z0). The V output serves as the 
overflow flag, while Z provides the leading zero count. This module is efficiently structured using two 2-bit LZCs, ensuring an 
optimized computation process. The output equations are written here: 
V= ~((A3 | A2) & (A1 | A0)) 
Z1=~((A3) | (A2)) 
Z0=(~((A3) | (A2)) & (~(A3) & (A2))) | ((~((A3) | (A2)) & (~(A3) & (A2))) 
                                                                                        

 
Fig.2: 4-bit leading Zero counter 

 
The logical implementation diagram of a 4-bit leading zero counter is shown in Fig.2. In this, two 2-bit leading counters are used in 
the 4-bit leading zero counter. 
 
After that, The design is then extended to an 8-bit LZC, which includes eight inputs (A7 to A0) and four outputs (V, Z2, Z1, Z0). It 
is constructed by integrating two 4-bit LZCs. Here ‘V' is called parity bit or overflow flag and ‘Z' gives the count of leading zeros 
for different values of inputs.  
 

 
Fig.3: 8-bit leading Zero counter 

 
The logical implementation diagram of a 8-bit leading zero counter is shown in Fig.3. 
 
Next, a 16-bit LZC is designed, incorporating sixteen inputs (A15 to A0) and five outputs (V, Z3, Z2, Z1, Z0). The circuit consists of 
two 8-bit LZCs, which work together to determine the total number of leading zeros. Here ‘V' is called parity bit or overflow flag 
and ‘Z' gives the count of leading zeros for different values of inputs.  
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Fig.4: 16-bit leading Zero counter 

 
Then Following this, a 32-bit LZC is implemented with thirty-two inputs (A31 to A0) and six outputs (V, Z4, Z3, Z2, Z1, Z0). This 
module is constructed by combining two 16-bit LZCs, merging their results to compute the final count with efficiency. Here ‘V' is 
called parity bit or overflow flag and ‘Z' gives the count of leading zeros for different values of inputs.  

 
Fig.5: 32-bit leading Zero counter 

 
At the final stage, a 64-bit LZC is developed, featuring sixty-four inputs (A63 to A0) and seven outputs (V, Z5, Z4, Z3, Z2, Z1, Z0). 
Here ‘V' is called parity bit or overflow flag and ‘Z' gives the count of leading zeros for different values of inputs.  

 
Fig.6: 64-bit leading Zero counter 

The logical implementation diagram of a 64-bit leading zero counter is shown in Fig.6. This design consists of two 32-bit LZCs, 
whose outputs are combined to generate the final leading zero count. 
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IV. RESULTS  
 

 
Fig.7: Results of 2-bit leading zero counter 

 

 
Fig.8: Results of 4-bit leading zero counter 

 

  
Fig.9: Results of 8-bit leading zero counter             Fig.10: Results of 16-bit leading zero counter 
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Fig.11: Results of 32-bit leading zero counter 

 

 
Fig.12: Results of 64-bit leading zero counter 
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Fig.13:  Waveforms for a 2-bit leading zero counter consists of two inputs (A1, A0) and two outputs (V and Z). 

 

 
Fig.14: Waveforms for the 4-bit leading zero counter with four inputs (A3, A2, A1, A0) and three outputs (V, Z1, Z0). 

 

 
Fig.15: Waveforms for the 8-bit leading zero counter which is having 8 inputs (A7 to A0) and that produced 4 outputs such as V and 

Z0, Z1 & Z2. 
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Fig.16: Waveforms for the 16-bit leading zero counter which is having 16 inputs (A15 to A0) and that produced 5 outputs such as V 

and Z0, Z1, Z2 & Z3. 
 

 
Fig.17: Waveforms for the 32-bit leading zero counter which is having 32 inputs (A31 to A0) and that produced 6 outputs such as V 

and Z0, Z1, Z2, Z3 & Z4. 
 
 

 
Fig.18: Waveforms for the 64-bit leading zero counter which is having 64 inputs (A63 to A0) and that produced 7 outputs such as V 

and   Z0, Z1, Z2, Z3, Z4 & Z5. 
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Fig.19: RTL Schematic diagram of 2-bit leading zero counter 

 

 
Fig.20: RTL Schematic diagram of 4-bit leading zero counter 

 

 
Fig.21: RTL Schematic diagram of 8-bit leading zero counter 
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Fig.22: RTL Schematic diagram of 16-bit leading zero counter 

 

 
Fig.23: RTL Schematic diagram of 32-bit leading zero counter 

 

 
Fig.24: RTL Schematic diagram of 64-bit leading zero counter 
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Table I  
Comparative Analysis of Resource Utilization, LUT’s, Slices’s, Power in mW, Delay, and PADP for Various Bit-Width 

Configurations of the Proposed Leading Zero Counter Design 
 Bits [1] [3] [11] [12] [2] proposed 
LUTs 8 

16 
32 
64 

6 
16 
39 
75 

5 
14 
33 
71 

- 
- 
36 
71 

5 
14 
36 
73 

4 
10 
26 
60 

3 
10 
24 
47 

SLICEs 8 
16 
32 
64 

2 
6 
16 
29 

2 
5 
12 
28 

- 
- 
12 
28 

2 
5 
12 
26 

1 
4 
9 
24 

1 
4 
 
18 

POWER 
(in mw) 

8 
16 
32 
64 

4.41 
6.36 
6.83 
8.84 

4.32 
6.02 
6.77 
8.04 

- 
- 
7.063 
7.71 

3.41 
6.49 
6.77 
8.17 

3.83 
5.03 
6.36 
7.45 

2.81 
3.25 
3.83 
5.29 

DELAY 8 
16 
32 
64 

1.92 
1.98 
2.76 
3.52 

1.62 
2.06 
2.84 
3.40 

- 
- 
2.94 
3.70 

2.2 
2.38 
2.92 
3.66 

1.87 
2.71 
3.03 
3.83 

1.52 
2.96 
3.10 
3.72 

PDAP 8 
16 
32 
64 

50.8 
201.48 
735.18 
2333.76 

34.99 
173.62 
634.48 
1940.86 

- 
- 
747.55 
2025.41 

37.51 
216.25 
711.66 
2182.86 

28.87 
136.31 
501.04 
1712.01 

21.35 
192.40 
710.37 
1967.88 

 
V. CONCLUSION 

In this paper, a 64-bit Leading Zero Counter (LZC) was designed using a hierarchical approach, starting from a 2-bit configuration 
and expanding to handle 64-bit numbers. Basic gates such as AND, OR, and inverters were used to form and simplify Boolean 
expressions, leading to an optimized LZC architecture. The design was synthesized and analyzed using Xilinx Vivado, where 
reports on area, power, and timing were obtained, highlighting the trade-offs in resource utilization and performance. 
This design serves as a foundation for extending to larger bit-width counters, like 128-bit LZC, and can be applied in fields such as 
digital signal processing, high-performance computing, and cryptography, where efficient leading zero detection is essential. Future 
work could focus on further power optimization and integration into larger systems for more complex applications. 
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