ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1998/99 WINTER SESSION, TERM 2

SequentialLogic Designin VHDL

This lecture shows how state machines can be described in VHDL.
After thislecture you should be ableto write a VHDL description of a state machine.

Sequential Circuitsin VHDL ‘>
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The designof sequentiatircuitsin VHDL requires
theuseof thepr ocess statementProcesstatements
caninclude sequential statementghat executeone
after anotherasin corventional programminglan-
guagesHowever, for thelogic synthesizeto beable
to convert a processto a logic circuit, the process
musthave a very specificstructure.You shoulduse
only the simplethree-linetype of processhavn be-

clk[>—">P o
FSMsin VHDL areimplementedby using con-
currentassignmensgtatementge.g. selectedassign-
ments)to generatg(1) the outputand (2) the next
statefrom (a) thecurrentstateand(b) theinputs. The
processhavn aboreis usedo generateéheflip-flops
thatdefinethecurrentstate.

low. Thisis becaussignalassignmentwithin apro-
cesglonothapperasyoumightexpectandmaylead
to strangeaesults.We will only usethis specifictype
of procesdn this courseandwe will useit only to
generatanemoryelementgflip-flops or registers).

As an example,we candescribea D flip-flop in
VHDL asfollows:

entity d_ff is port (
clk, d: inbit ;
q: out bit ) ;
end d_ff ;

architecture rtl of d_ff is
begin
process(cl k)
begin
if clk’event and clk ="'1" then
q<=d;
end if ;
end process ;
end rtl ;

The expressioncl k’ event (pronounced‘clock
tick event”) is true when the value of cl k has
changedincethelasttime the processvasexecuted.
This is how we model“memory” in VHDL. In the
procesghe outputq is only assigneda valueif cl k
changesandthe new valueis 1. Whencl k = 0 the
outputretainsits previous value. It's necessaryo
checkfor cl k=1 to distinguishbetweenrising and
falling edgesf theclock.
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This corresponds$o thefollowing block diagram:
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A VHDL descriptionfor a 2-bit countercould be

written asfollows:

entity count2 is port (

clk : inbit ;

count _out : out bit_vector (1 downto 0) ) ;
end count?2 ;

architecture rtl of count2 is
signal count, next_count :
begin
- conbinational logic for next state
with count select next_count <=
"01" when "00",
"10" when "01",
"11" when "10",
"00" when others ;

bit_vector (1 downto 0) ;

- conbinational logic for output
count _out <= count ;

- sequential logic
process(cl k)
begin
if clk’event and clk ="'1" then
count <= next_count ;
end if ;
end process ;
end rtl ;



Note thattwo signalsneedto be definedfor each
flip-flop or registerin a design: one signal for the
input (next _count in this case)and one signalfor
theoutput(count).

Also notethatwe mustdefinea new signalfor an
outputif its valueis to be usedwithin the architec-
ture. Thisis simply aquirk of VHDL.

Thesynthesizedircuit is:
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Exercise: Identify the components in the schematic that were
created (“instantiated ") the different parts of the VHDL code.

Exercise:  Modify the 2-bit counter description to add an

up/down control input.



