6.111 Digital Systems Laboratory
Spring 2002
Problem Set #3 Solutions

Problem 3.1

A. Use ‘163 to count 1-6 repeatedly
/ICLR=1

Load 1 when output 6.

/LOAD =/(Q2* Q1 * /QO)

A=1, B=C=D=0

B. Use ‘163 to count 5,6,7,12,13,14,15 repeatedly
Load 12 when output 7.

Load 5 when output 15.

/ICLR=1

/LOAD=/(Q2* Q1*QO0)

A=C=Q3, B=D=/Q3

C. Use ‘163 to count 0,1,2,4,7,11,13,14 repeatedly

Version 1: Easethe pain using reduce...

JLOAD = Q2*Q1*/Q0 + Q3*/Q0 + /Q1* Q0 + /Q2*/Q1 + Q3* Q2 + /Q3*/Q2* Q0

JCLR = /(Q3*Q2* Q1)
A=0Q2+Q3 B=Q2C=/Q0+/Q2D=Q0

Version 2: Use amultiplexor

JCLR = /(Q2* Q1*QO)

/LOAD =1
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Problem 3.2

Since the Moore machine output string is given, we will design a Moore machine.



Problem 3.3

A.

B. For 6 states, 3 state variables are needed.



Table 1: Truth Table

State (n) D2 Ié)n]). DO X (‘?]t-?t]g D2(r?+11§)0 ~
SO 000 0 S5 001 0
SO 000 1 S10 010 0
S5 001 0 S10 010 0
S5 001 1 S15 011 0
S10 010 0 S15 011 0
S10 010 1 S20 100 0
S15 011 0 S20 100 0
S15 011 1 S25 101 0
S20 100 0 S25 101 1
S20 100 1 SO 000 1
S25 101 0 SO 000 1
S25 101 1 SO 000 1

D.

Clock —‘
I nputJ

Output | |
|

O, S10 S20 SO S15

E.

--6.111, Spring 2002
--Homework 3 solution
--Problem 3, Part E

library ieee;
useieeestd_logic_1164.all;



entity sodais
port (
X, clk :in std_logic;
Z : out std_logic);
end soda;

architecture state_machine of sodais
type StateTypeis (S0, S5, S10, S15, S20, S25);
attribute enum_encoding of StateType: typeis
“000 001 010 011 100 101”;
signal p_s, n_s: StateType;
begin -- state_machine

Z<='1 when (p_s=S20) or (p_s=S25) else‘0’ ;

state clocked: process(clk)

begin
iIf rising_edge(clk) then p_s<=n_s;
end if;
end process state_clocked,;
FSM : process (p_s, X) --Combinational
casep_sis
when SO =>
if X="1" then n_s<=S10;
esen_s <=S5;
end if;
when S5 =>
if X="1 then n_s<=S15;
esen_s <=S10;
end if;
when S10 =>
if X="1" then n_s<=S20;
esen_s <=S15;
end if;
when S15 =>
if X="1" then n_s<=S25;
esen_s <=S20;
end if;
when S20 =>
n_s <=90;
when S25 =>

n_s <=30;



when others=>
n_s <=90;
end case;
end process FSM;
end architecture state_machine;
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