
ASIC-Style RTL Workflow for VLSI Practice
This workflow uses WSL (Ubuntu on Windows), VS Code, Verilator, Icarus Verilog, GTKWave, and Yosys. It is designed so you can take any RTL design, simulate it, view waveform, and synthesize it to gate-level logic exactly like real ASIC engineers.

Step 0️⃣: Prerequisites
Software needed:
1. Windows 11
2. WSL (Windows Subsystem for Linux)
· Install via PowerShell:
· wsl --install
· Restart PC after installation
3. Ubuntu 22.04 LTS on WSL
· Install via Microsoft Store
4. VS Code
· For editing Verilog files
5. Icarus Verilog
6. sudo apt install iverilog -y
7. GTKWave
8. sudo apt install gtkwave -y
9. Verilator
10. sudo apt install verilator -y
11. Yosys
12. sudo apt install yosys -y
WSL Notes:
· Windows files are accessible in WSL under /mnt/c/...
· Example:
C:\Users\RAGUL\OneDrive\Desktop\vlsi\verilog_practice → /mnt/c/Users/RAGUL/OneDrive/Desktop/vlsi/verilog_practice

Step 1️⃣: Write RTL Design
· Create your Verilog RTL file in VS Code
· Example 2×1 MUX (mux2to1.v):
module mux2to1(a, b, sel, y);
  input a, b, sel;
  output reg y;

  always @(*) begin
    if (sel)
      y = b;
    else
      y = a;
  end
endmodule
· Save in project folder.

Step 2️⃣: Write Testbench
· Testbench drives inputs and generates waveform
· Example mux2to1_tb.v:
module mux2to1_tb;
  reg a, b, sel;
  wire y;

  mux2to1 uut(.a(a), .b(b), .sel(sel), .y(y));

  initial begin
    $dumpfile("mux2.vcd");
    $dumpvars(0, mux2to1_tb);

    a=0; b=0; sel=0;
    #10 sel=1;
    #10 a=1; sel=0;
    #10 b=1; sel=1;
    #10 $finish;
  end
endmodule
· $dumpfile("mux2.vcd") → waveform file
· $dumpvars(0, mux2to1_tb) → dump all signals

Step 3️⃣: RTL Lint with Verilator
· In WSL terminal, go to project folder:
cd /mnt/c/Users/RAGUL/OneDrive/Desktop/vlsi/verilog_practice
· Run lint check:
verilator --lint-only mux2to1.v
· Checks your RTL for syntax and common mistakes
· Fix warnings if any appear

Step 4️⃣: Compile and Run Simulation (Icarus Verilog)
· Compile design + testbench:
iverilog -o mux2_tb.vvp mux2to1.v mux2to1_tb.v
· Run simulation:
vvp mux2_tb.vvp
· This generates mux2.vcd → waveform file

Step 5️⃣: View Waveform in GTKWave
gtkwave mux2.vcd
· GTKWave GUI opens
· Drag signals (a, b, sel, y) into waveform window
· Run through time → verify design works as intended

Step 6️⃣: Synthesize RTL to Gate-Level (Yosys)
· Open Yosys:
yosys
· Inside Yosys prompt:
read_verilog mux2to1.v      # Load RTL
synth                        # Synthesize RTL to logic gates
show                         # View gate-level diagram (requires X server)
write_verilog mux2_synth.v   # Save gate-level netlist
· mux2_synth.v → gate-level Verilog file
· Contains intermediate wires, logic cells generated by synthesis

Step 7️⃣: View Gate-Level Netlist
· Open mux2_synth.v in VS Code:
module mux2to1(a, b, sel, y);
  input a, b, sel;
  output y;
  wire _0_, _1_, _2_;
  // synthesized gates
endmodule
· Intermediate wires (_0_, _1_) represent logic gates
· Final output connected via assign statements

Step 8️⃣: Optional — Iterate
· Modify RTL → repeat lint → simulate → waveform → synthesize
· Practice with small designs first (AND, OR, MUX, flip-flops)
· Move to small ALU or arithmetic circuits later

Step 9️⃣: Summary / Flow
RTL Design → Verilator Lint → Icarus Verilog Simulation → GTKWave Waveform → Yosys Synthesis → Gate-Level Netlist → Iterate
Tools Correspondence:
	Step
	Tool

	RTL Lint
	Verilator

	Simulation
	Icarus Verilog

	Waveform View
	GTKWave

	Synthesis
	Yosys


This workflow is pure ASIC style, not FPGA/Vivado UI dependent.

✅ With this, you have a complete self-contained ASIC practice workflow. You can use this for any new design, just replace RTL and testbench files.


