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Lab 5
Finite State Machine in Verilog

1 Objectives

You will enter and debug a Finite State Machine (FEM). Using our defimition of the problem and
logic equations specifying the FShi's operation, vou will enter vour in the HDL aditor and simulate it with
the lozic simulator. You are asked to socceszfully download the design onmto the Xilinx board to get
checled off

2 Prelab
Complete vour IN1 (IlNput 1) and IN? {INput 2) blocks
Write a .cmd {command) file to test vour CLE (Combinational Logzic Block).

Write one zingla cmd file with all the FSM test scenanos spacified in the check-off sheet.
Do as much az possible befora vour scheduled lab time.

You are building the controller for a 2-bit z2rial lock used to control antry to a locked room. The
lock haz a EESET button, an ENTER button, and ftwo two-position switches, CODEL and CODED, for
antering the combination. For example, if the combination iz 01-11, someone opening the lock would first
zet the two switchesz to 01 {CODE] = low, CODEQ® = hizgh) and pre:zz ENTER. Then z'he would set the
two switches to 11 (CODE] = hizh, CODE0 = high) and press ENTER. Thiz would causze the circuit to
azzert the OPEN :zignal causing an slectromechanical relay to be released and allowing the door to open.
Our lock is insscure with only sixteen differant combinations; think about how it might be extendad.

If the perzon trving to open the lock makez a mistake antermg the switch combmation, ='he can
restart the process by pressinge RESET. If s'he enters a wrong segquence, the circurry would aszert the
EEROR zignal illuminating an error licht. S/'he must press RESET to start the process over.

In thiz lab, vou will enter a design for the lock’s controller in a new Xilinx project. Name this lab
“lab5™. hake EESET and ENTER input:. Simulate by prezzing the ENTER button bv forcing it high for 3
clock cycle. Use a two-bit wide input bus called CODE[1:0] for the two switche:. (Information on how to
usze buzes will be miven later in this handout). The outputs are an OPEN ziznal and an ERROR zignal.

Figurs 1 shows a decomposzition of the combination lock controllar, whoze inputs and outputs ara:

Input Siznal Description
FESET Clear any enterad mumbers:
ENTEE. Eead the switches (anter a mumber in the combination)
CODE[1:0] Two binary switches
~ Dutput signal | Descoption
QOPEN Lock opens
EEEQE Incorrect combination
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Fizurs 1: Controller for the combination lock
Figure 1 halps vou to visnalize vourdesizn.
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Figure 1: State Tranzition Diagram
3. Low-level specification

31 IN1 (INput1)and IN2 (INput 2)
EBlockz IN1 and IN2 process the input signals COMI1 {(COMpara 1) and COM2? (COMpare 2} into
a simpler form for the FSM. Specifically, COMI1 is azzerted when CODE[1:0] is the combination™s first



numbar, Similarly, COM? iz azsertad for the second number. Partitioning the circunt m this way makes the
combination easv to change. Dipswitch|[l] and Dipswitch [2] correspond to CODE[1:0].

Chooze vour own combination; the two numbers must ba differant.

This should be a smmpls block. Use a few AND zate: and mveriers, but write them in Verilog.

11 MYCLE

The MYCLE (MY Combinational Logic Block) block takes RESET, ENTER, COMI1 , COM2Z,
and prezant state and gensrate: OPENLOCK and ERROR az well az the next state. Figure 2 sthows the
ztate tranziion diagram, a Mealyv machme zince the transitions are labeled with both inpuis and ocwtputs.
The whita circle denotes the rest state (1.2, the state the machins starts ).

Here iz a truth table for vour FSM, although vou mav not need to uze i for your lab.

RESET ENTER COMIL COAL S[2:0] N5[2:0] ERROR OPEN
1 i X ' ¥ ' X XXX 000 o ] 0
0 0 X X 000 000 o 0
0 1 o X 000 101 o 0
o 1 1 X 000 001 o 0
0 0 X X 001 001 0 0
o 1 X 0 001 110 o 0
i) 1 X 1 001 010 o 0
0 X X X 010 010 o 1
o 0 X X 101 101 0 0
o 1 X X 101 110 o 0
0 X X X 110 110 1 0

Fizurs 3: Truth Table for the FSM

33 MYDFF

WY D Flip-Flops)
Uze MYDFF to store the states of vour dezign. Think about how many FFz vou will nead for this

prajact.

4. Tasks
Implement vour design for MYCLE in Verilog behavioral model. Thiz mean:z yvou may not nze

gates for vour design. Hers are zome important hints. Your MYCLE moduls iz desizned entirelv
combinational logic, 20 vou may not use clocks in vour MYCLE module. Famember that in combinational
logic, vou can uza the alwavs statameant followed by input zignal: on to model block behavior.
For example: for a 1 bit adder, vou can zay
alwavs @ (a, b, c) begin

a"b"c;
end
Since vour MYCLE moduls is a combinational logic module with inputs: enter, coml, coml, =[2:0] vou
Can zay
alwavs @ (enter or coml or com2 or 2} begin

Your code. ...
and

Thiz meanz whenever one of the above zignals change, the alwavs block will be exacuted, and an cutput
can be calculated. In this way, the always block works exactly the zame wayv as the logic gates vou have
laid out in part 4.4. If vou want, yvou can actually specify delavs to simulate actual zate delavs.

Now think about the purpose of vour MYCLE block—it iz used to calculate the next transition in
the FSM, and return the correct ontput. The next state value 1= found through the current state value and
the currant input vahlie; vou can specify thiz in vour MY CLE block.

For example
alwavs @ (enter or com] or com2 or s) begin
caza (=)
3'b00): bezin I state 000



