Digital Integrated Circuits and Systems
Andrej Trost

Lab 2: SystemVerilog design and simulation, averaging filter

Tool: Vivado 2025.1
Task: design and simulate an adder circuit in SystemVerilog

Design a circuit for an averaging filter, simulate and analyze
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SystemVerilog Basics: 14-bit adder  module add ¢

input 1logic signed [13:0] a, b,
output logic signed [13:0] y

* Design an adder with 14-bit signed
inputs a, b and outputy

* The circuit description contains one

“timescale /

assign statement
module tb_add;

* Create new simulation source: tb_add logic signed [13:0] a, b;
* declare logic signals for connections logic signed [13:0] y;
e define an adder instance (inst1) add instl (.a(a), .b(b), .y(y));
* define input values in initial block initial begin
* Run Behavioral Simulation b = 20;
 test with different input values: add time e‘;::odule

control #1e0; and new value settings

N



Adder limitations MAX MIN

* What is the range of 14-bit adder input values?

 What happens if the sum is outside the range? Discuss possible solutions.

* Design adder with saturation

e if sum > MAX, set output to MAX I(\I/IoLrJr;(binationaI logic: comparator,
* if sum < MIN, set output to MIN N\
* use always_comb block for if statements always_comb begin
if (sum > )y = ;
e Simulate to check operation o

IMPORTANT
Write synthesizable code. Don't mix assign and block statements!
Define output values in the same block.



Data bus, clock and averaging filter

* Circuit with data bus; new data arrives on each clock cycle
 Example: data from analog-to-digital converter

 Computing and average value can be used to remove random noise

* Design circuit named avg with inputs: clk, 14-bit signed x and

14-bit sighed output y

» define two input registers x0, x1 (current and previous cycle data)

* add current and previous data
 divide by 2 (shift one bit to the right) and send to registery
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Simulation of averaging filter

* Create new simulation source

logic clk = 03
logic signed [13:0] x;
logic signed [13:0] vy;

 declare logic signals for connections

 assign initial value O for the clock

_ ] _ avg2 instl (.clk(clk), .x(x), .y(y));
e define a filter instance

”””””””/,,//f*' always #50 clk = ~clk;
e define clock transitions

initial begin
X = Jj
M ' . ° e, ® d lk ;
* define input values in initial block - @(posedge clk)
/////////—* @(posedge clk);
X = 5

* wait on clock edge before next value =




Design new averaging filter

e compute average of last three samples
e use three input registers

* check with provided testbench

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

* integer divider
* approximate with multiplication, 11/32

module avg filter(
input logic clk,

input logic signed [13:0] a,
output logic signed [13:0] avg
)s

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

always ff @(posedge clk) begin
z[0] <= a;
z[1] <= z[@];
z[2] <= z[1];
avg <= ...
end

assign s = z[9] + z[1] ...
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