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ABSTRACT 

This manuscript presents a comprehensive study on the VLSI implementation of a finite impulse 

response (FIR) filter using field-programmable gate array (FPGA) technology available up to 

2018. The work details the design flow from high-level filter specification and coefficient 

quantization through hardware description language (HDL) coding, synthesis, place-and-route, 

and timing verification. Key performance metrics—such as resource utilization, maximum 

operating frequency, and power consumption—are evaluated across multiple synthesis runs. 

Statistical analysis is performed to quantify implementation variability. The proposed design 

demonstrates low latency, efficient area usage, and suitability for real-time signal processing in 

embedded systems. Research gaps and recommendations for future improvements are also 

identified. 
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INTRODUCTION 

Finite impulse response (FIR) filters are fundamental building blocks in digital signal processing, 

offering inherent stability and linear phase characteristics. Implementing FIR filters in VLSI circuits 

enables high-throughput, low-latency processing required in applications such as software-defined 

radio, audio equalization, and biomedical signal analysis. By 2018, FPGA platforms from vendors like 

Xilinx (Spartan-6, Virtex-6) and Altera (Cyclone V) had become ubiquitous for prototyping and 

deploying custom DSP algorithms. Their reconfigurability, abundant DSP slices, and hardware 

multipliers made them ideal for FIR filter implementation. This manuscript aims to guide the reader 

through a typical engineering discipline–aligned design flow: starting with filter specification in 

MATLAB, coefficient quantization for fixed-point arithmetic, Verilog HDL coding, and finally logic 

synthesis using vendor tools available up to 2018 (e.g., Xilinx ISE 14.7, Altera Quartus II 15.1). 

Emphasis is placed on trade-offs between word length, resource consumption, and achievable clock 

frequency. 
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LITERATURE REVIEW  

Early works in the 1990s demonstrated FIR filter mapping onto FPGA logic blocks, focusing on 

unrolled multipliers and adders. By the mid-2000s, advances in dedicated DSP48E slices (Xilinx) and 

ALMs (Altera) allowed multiplier–accumulator units to be realized with minimal slice usage. Lee and 

Park (2007) proposed coefficient symmetry exploitation to halve multiplier count. In 2010, Chen et al. 

introduced distributed arithmetic (DA) techniques to replace multipliers with lookup tables, further 

reducing area. Gupta and Singh (2013) compared DA and multiplier-based implementations on 

Cyclone III devices, observing up to 30% area savings with DA at the cost of increased latency. By 

2015, vendor toolchains (ISE, Quartus II) incorporated optimization scripts to automate pipelining and 

retiming for critical paths. Srinivasan and Rao (2016) evaluated floating-point versus fixed-point FIR 

filter IP cores in Vivado 2016.2, concluding that fixed-point designs achieved higher clock rates (>200 

MHz) with 25–30% lower power consumption. However, most prior studies focused on single-run 

performance metrics without statistically quantifying implementation variability. This work fills that 

gap by performing multiple synthesis runs to assess variability in resource utilization and timing, 

providing engineers with confidence intervals for key parameters. 

 

Fig: FIR  Filter Design Process 

 



International Journal of Research in Modern Engineering and 
Emerging Technology (IJRMEET)                                                  

  Vol. 04, Issue: 06, June: 2016 
     (IJRMEET) ISSN (o): 2320-6586 

 

13  Online International, Refereed, Peer-Reviewed & Indexed Monthly Journal                      
   

 

STATISTICAL ANALYSIS  

The table below summarizes key performance metrics across ten independent synthesis runs on a 

Xilinx Spartan-6 XC6SLX45 device using Xilinx ISE 14.7. The filter is a 32-tap symmetric low-pass 

design with 16-bit coefficients and word lengths. Mean, standard deviation (StdDev), and coefficient 

of variation (CV) are reported.  

Metric Mean Std Dev CV 
Max Clock Frequency 180.5 MHz 3.2 MHz 1.8 % 
Slice LUT Utilization 54.2 % 1.9 % 3.5 % 
Slice Register Util. 46.7 % 2.1 % 4.5 % 
Power Consumption 95.8 mW 4.6 mW 4.8 % 

METHODOLOGY 

The design flow comprises the following steps. First, a desired low-pass filter specification (cut-off 

frequency = 0.2 × fs, passband ripple ≤0.1 dB, stopband attenuation ≥60 dB) is translated into a 32-

tap symmetric FIR filter using the Parks–McClellan algorithm in MATLAB R2016a. MATLAB scripts 

generate floating-point coefficients, which are then quantized to 16-bit signed fixed-point format, 

balancing quantization noise against hardware word length. Code verification is performed via 

MATLAB Simulink to confirm frequency response matches the specification within the quantization 

error. Second, Verilog HDL code is written to implement the filter using a multiply-accumulate (MAC) 

architecture. Coefficient symmetry reduces the number of multipliers from 32 to 16. Pipelining 

registers are inserted after each adder tree stage to meet timing. The design is parameterized for word 

length and tap count. Third, synthesis is performed using Xilinx ISE 14.7 targeting the XC6SLX45 

device. Optimization directives include “–opt_mode area” and retiming enabled. Ten independent 

synthesis runs are executed to capture variability introduced by timing-driven placement. Post-place-

and-route timing analysis reports maximum achievable clock. Fourth, power estimation is obtained via 

Xilinx XPower Analyzer using switching activity files from post-map simulations with representative 

input stimuli. Finally, results are aggregated and statistically analyzed to compute mean, standard 

deviation, and coefficient of variation. 

RESULTS 

Synthesis results show an average maximum clock frequency of 180.5 MHz with a narrow variation, 

indicating stable timing closure across runs. LUT utilization averages 54.2% of available slices, while 

register usage averages 46.7%. The power consumption of the design, measured under typical 
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switching stimuli at 25 °C and 1.2 V, averages 95.8 mW. The coefficient of variation remains below 

5% for all metrics, demonstrating consistent toolchain behavior. The filter’s measured frequency 

response (in hardware verification on a development board) matches the MATLAB-predicted response 

within a passband ripple of 0.09 dB and stopband attenuation exceeding 62 dB. The latency of the 

design is 5 clock cycles from data input to filtered output, suitable for real-time streaming applications. 

RESEARCH GAPS  

Despite the mature state of FPGA-based FIR filter implementation as of 2018, several gaps remain. 

First, most studies focus on single-objective optimization (e.g., area or speed) rather than multi-

objective trade-offs. A systematic exploration of pipelining depth versus resource overhead could yield 

better Pareto-optimal designs. Second, distributed arithmetic implementations have been evaluated 

primarily on mid-range devices; their performance on high-density devices such as Virtex-7 remains 

underexplored. Third, dynamic reconfiguration of FIR filters—adjusting coefficients at run-time 

without full re-synthesis—requires further investigation for adaptive systems. Fourth, the impact of 

process, voltage, and temperature (PVT) variations on filter characteristics in production FPGA 

devices merits detailed on-chip testing. Finally, emerging FPGA architectures featuring hard-macro 

DSP blocks and fractional-slice packing could enable novel architectures not yet documented in the 

literature before 2018. 

CONCLUSION 

This manuscript detailed an engineering-discipline procedure for implementing a symmetric 32-tap 

FIR filter on a pre-2018 FPGA platform. The design flow—encompassing MATLAB filter design, 

fixed-point quantization, Verilog HDL coding, synthesis, place-and-route, and statistical performance 

evaluation—provides a reproducible template for practitioners. Statistical analysis across multiple 

synthesis runs demonstrated low variability in key metrics, instilling confidence in deployment 

predictability. Resource utilization, timing, and power results confirm that FPGA-based FIR filters 

remain a cost-effective solution for real-time DSP tasks. Identified research gaps highlight 

opportunities for multi-objective optimization, dynamic reconfiguration, and advanced architectural 

exploitation. Future work should address these gaps to further enhance the efficiency and adaptability 

of FPGA-based signal processing systems. 
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