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Lab 3: averaging filter design exploration

Tool: Vivado 2025.1
Task: Design and analyze circuits for an N-tap averaging filter. 
Average 3 samples with different division solution. 
Generic average of N samples, 1 < N < 100



Design 3-tap averaging filter
• compute average of last 3 samples

• define array z[] for input registers

• explore options for division (1/3)
• division by power of 2

• integer divider

• approximate with multiplication, 11/32

• check FPGA usage and performance

module avg3(
input logic clk,
input logic signed [13:0] x,
output logic signed [13:0] y

);
logic signed [13:0] z [0:2];
logic signed [15:0] s;

always_ff @(posedge clk) begin
z[0] <= x;
z[1] <= z[0];
z[2] <= z[1];
y <= ...

end

assign s = z[0] + z[1] ...

circuit LUT / FF / DSP Data Path Delay
[ns]

Logic levels clk period
[ns]

frequency
[MHz]



Generic circuit model for N samples

• Design N-tap averaging filter

• Define N as a circuit parameter

• Declare generic 14-bit array

• Use for loop to generate registers

and compute sum

• Use division operator for outputs

• Synthesize, implement and evaluate 
performance of averaging circuits for
1 < N < 100

logic signed [13:0] z [0:N-1];

// shift register
always_ff @(posedge clk) begin
z[0] <= x;
for (int i = 1; i < N; i++) begin
z[i] <= z[i-1];
end
end

module avgN #(parameter int N = 4)(
input logic clk,
input logic signed [13:0] x,
output logic signed [13:0] y 

);


