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Sequential Logic



... Something we couldn’t build
with combinatorial logic

What if you were given the following design specification:

When the button is pushed:
1) Turn on the light if
it is of f
2) Turn of f the light if

it is on

The light should change
state within a second
of the button press

light

What makes this circuit so different
from those we've discussed before?

1. "State” - i.e. the circuit has memory

2. The output was changed by a input
"event” (pushing a button) rather
than an input "value”



Digital State

One model of what we'd like to build

New
State
—= Memory
Device Current _ _
State Combinational
] 1LOAD Lﬂgi -
Input Qutput

Plan: Build a Sequential Circuit with stored digital STATE -
* Memory stores CURRENT state, produced at output

* Combinational Logic computes

* NEXT state (from input, current state)  When Oufput depends on input
and current state, circuit is

» OUTPUT bit (from input, current state) « called a Mealy machine. If
Output depends galy on the

* State changes on LOAD control input current state, circuit is called
a Moore machine.



Implementation for on/off button

button

w S

_ O - O

module onoff(input button, output reg light);
always @(posedge button) light <= ~light;

endmodule

b o-e—light

button —




Synchronous on/of f button

When designing a system that accepts many inputs it would be hard
to have input changes serve as the system clock (which input would
we use?). So we'll use a single clock of some fixed frequency and
have the inputs control what state changes happen on rising clock

edges.

module onoff_sync(input clk, button,
output reg light);
always @ (posedge clk) begin
1T (button) light <= ~light;
end
endmodule



Resetting to a known state

Usually one can't rely on registers powering-on to a particular initial
state*. So most designs have a RESET signal that when asserted
initializes all the state to known, mutually consistent initial values.

module onoff_sync(input clk, reset, button,
output reg light);
always @ (posedge clk) begin
1T (reset) light <= 0;
else 1t (button) light <= ~11ight;
end
endmodule

* Actually, our FPGAs will reset all registers to O when the device is
programmed. But it's nice to be able to press a reset button to return to a
known state rather than starting from scratch by reprogramming the
device.



Clocks are fast, we're slow!

The circuit on the last slide toggles the light on every rising clock
edge for which button is 1. But clocks are fast (27MHzl) and our
fingers are slow, so how do we press the button for just one clock
edge? Answer: we can't, but we can can add some state that
remembers what button was last clock cycle and then detect the
clock cycles when button changes from O to 1.

module onoff_sync(input clk, reset, button,
output reg light);
reg old_button; // state of button last clk
always @ (posedge clk) begin
it (reset)
begin 1ight <= 0; old_button <= 0; end
else 1t (old_button==0 && button==1)
// button changed from 0 to 1
1ight <= ~1ight;
old_button <= button;
end
endmodule



Asynchronous Inputs in Sequential Systems

What about external signals?

T L , Can't guarantee
il Sequential System setup and hold
AN times will be met!
Clock

When an asynchronous signal causes a setup/hold
violation...

L I - II
Q. o <

Transition is missed Transition |s caught Output is metastable
on first clock cycle, on first clock cycle. for an indeterminate
but caught on next : amount of time.
clock cycle.

Q: Which cases are problematic?



Asynchronous Inputs in Sequential Systems

All of them can be, if more than one happens simultaneously
within the same circuit.

Guideline: ensure that external signals directly feed
exactly one flip-flop

e i I KP Sequential System
J_ o o D

AN

Clack

This prevents the possibility of I and I occurring in different places in
the circuit, but what about metastability?
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Handling Metastability

 Preventing metastability turns out to be an impossible problem
- High gain of digital devices makes it likely that metastable conditions will

resolve themselves quickly

« Solution to metastability: allow time for signals to stabilize

Can be Very unlikely to Extremely unlikely
metastable be metastable for  to be metastable for
right after >1 clock cycle >2 clock cyele
sampling \ /

e i I l / Complicated

° o ‘D D (;1_‘[:" QI%’ Sequential Logic

= System
i

Y

Clock

How many registers are necessary?

+ Depends on many design parameters (clock speed, device speeds, ..)

In 6.111, a pair of synchronization registers is sufficient
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One last little problem...

Mechanical buttons exhibit contact
"bounce” when they change position,
leading to multiple output transitions
before finally stabilizing in the new
position:

VDD!

X lv 4. 7K
I

00 £ NA

We need a debouncing circuitl

// Switch Debounce Module

// use your system clock for the clock input

/{ to produce a synchronous, debounced output

// DELAY = .01 sec with a 27Mhz clock

module debounce #(parameter DELAY=270000)
{(input reset, clock, noisy,
output reg clean);

reg [18:0] count;
reg new;

always @(posedge clock)
if (reset) // return to known state
begin
count «= 0;
new <= Noisy;
clean == noisy;
end
else if (noisy '= new) // input changed
begin
new <= noisy;
count <= 0;
end
else if (count — DELAY) // stable!
clean == new;
else [/ waiting..
count <= count+l;

endmodule
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On/of f button: final answer

module onoff_sync(input clk, reset, button_in,
output reg 1ight);
// synchronizer
reg button,btemp;
always @(posedge clk)
{button,btemp} == {btemp,button_in};

// debounce push button

wire bpressed;

debounce dbl(.clock(clk), .reset(reset),
-noisy(Cbutton), .clean(bpressed));

reg old_bpressed; // state last clk cycle
always @ (posedge clk) begin
1T (reset)
begin l1ight == 0; old_bpressed <= 0; end
else 1T (old_bpressed=—0 && bpressed==1)
// button changed from 0 to 1
T1ight <= ~Tight;
old_bpressed <= bpressed;
end
endmodule
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A Simple problem...

always @ (posedge button)
begin

led<=~led;
end

14



A Simple problem...

Question #1.:
If the button has a value “low” the led should be ‘ON” or “OFF” ?

Question #2:
If the button has a value “high” the led should be ‘ON” or “OFF” ?

Question #3:
If the button is pressed the led should be ‘ON” or “OFF” ?

Depends on the
STATE!! This is a

State machine!!




A Simple problem...

Let’s implement a
state machine for

this simple problem

State Diagram:

push button

-

push button
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State Machines

Can get complicated...

START

While digging for
treasure in the

\\Q2zi:;;
o dunm
J hatlway

This room has a
qo down chair in the
han'n'wa_'f middle. There is

a doorand a
hallway here

=it in
chair
Under the du-l::nr You find a room
you find some with a door, a
stairs long hallway, and
a ladder going
g0 dowT
siairs down
v climi & | open
u down door
Eﬂ I ladder
climiy wp
You find a room /#9der open open -
with a door and a leit W right w“;n y':r;"' sitin
; aoor goor & chair,
adder going up treasure falls
go from the ceiling.
Hvough You win!
door

The room has
lava in it Yiou
have to go back

Yikes! The room
has a giant
spider in it. The
rogm also has
bwo doors
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The worst one!!
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Finite State Machines

* Finite State Machines (FSMs) are a useful abstraction for
sequential circuits with centralized "states” of operation

* At each clock edge, combinational logic computes oufputs and
next state as a tfunction of inputs and present state

inputs outputs
+ +
present next
state state

CLK

19



Design Example: Level-to-Pulse

* A level-to-pulse converter produces a single
-cycle pulse each time its input goes high.

* Tt's a synchronous rising-edge detector.

* Sample uses:

— Buttons and switches pressed by humans for

arbitrary periods of time

— Single-cycle enable signals for counters

Level to
Pulse
Converter

P

Whenever input L goes | I
from low to high... CLK

..output P produces a
single pulse, one clock

period wide.

20



Step 1: State Transition Diagram

* Block diagram of desired system:

Synchronizer Edge Detector
3 Level to
unsynchronized | L
user input D Q D Q b ks i
FSM

CLK
+ State transition diagram is a useful FSM representation and
design aid:

*if L=1 at the clock edge., |— | - _
then jump to state OL" L=1 L=1

Binary values of states

11
High input,
Waiting for fal
P=0

L=1

Low input,

|
aiting for rise Boonli

P=1

T Lo0 ot The clock N— " __—| This is the output that results
Edg_g then stay in from this state. (Moore or
state 00." Mealy?)

In each state there should be one and only one arc for each input combination



Choosing State Representation

Choice #1: binary encoding

For N states, use ceil(log,N) bits to encode the state with each
state represented by a unique combination of the bits.
Tradeoffs: most efficient use of state registers, but requires
more complicated combinational logic to detect when ina
particular state.

Choice #2: "one-hot" encoding

For N states, use N bits to encode the state where the bit
corresponding to the current state is 1, all the others O.
Tradeoffs: more state registers, but often much less
combinational logic since state decoding is trivial.
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Step 2: Logic Derivation

Transition diagram is readily converted to a E%T In
state transition table (just a truth table) = ==
< — > 0o

o 0|1

T o 1|0

o 1|1

1 10

1 1|1

+ Combinational logic may be derived using Karnaugh maps

5% ﬁ:rr&;:
IN\_00 01 11 10
ojojo|0|X . i e
llﬂ 11X -—ri:umh.—l—b'&ﬁg- Q Cnmh.-—Ph
for S;: Logic " Logic 31
S a - . K=
£N\.00 01 11 10 n -
5 —
ofojofo[X T P=55, 1
1f11]1]x Sof =L

OO0 == 00| 2




Moore Level-to-Pulse Converter

next
state
o

inputs
Xigern Xy

) OUTputs
Y = Tu(S)

]

CLK

present state 5
2 P= 5.5

Moore FSM circuit implementation of level-to-pulse converter:

L TRk

3
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FSM Example

GOAL:

Build an electronic combination lock with a reset

button, two number buttons (O and 1), and an unlock
output. The combination should be 01011.

RESET
‘0" UNLOCK
g
STEPS:

1. Design lock FSM (block diagram, state transitions)
2. Write Verilog module(s) for FSM

25



Step 1A: Block Diagram

Clock

generator

Button

Enter

Button

Button

bl in

DD

lock
> fsm clock
Unlock
reset LED
bO in
LED
DISPLAY

hl_u‘uln

e
e
E
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State transition diagram

\

RESET I.'IDH I.'IDj-H
Unlock = O Unlock = O Unlock = O

I.'IDIDll“ I.'IDI.G].H I.'IDj-DH
Unlock = 1 Unlock = O Unlock = O

0

6 states — 3 bits

27



Step 2: Write Verilog

module lock(input clk,reset_in,b0_in,bl _in,
output out);

// synchronize push buttons, convert to pulses

// Implement state transition diagram
reg [2:0] state,next_state;
always @(*) begin
// combinational logic!
next_state = 777;
end
always @(posedge clk) state <= next_state;

// generate output
assign out = ??7;

// debugging?
endmodule

28



Step 2A: Synchronize buttons

// button
// push button synchronizer and level-to-pulse converter
// OUT goes high for one cycle of CLK whenever IN makes a
// low-to-high transition. /f

module button(
: . _ r1 r3
input clk,1in, in—D Q D Q=D Q

output out <
) clk [

reg rl,r2,r3; \_ ~ Jooo

always @(posedge clk) - :

begin \ synchronizer state /
ri <= in; // first reg in synchronizer
r2 <= ril; // second reg in synchronizer, output 1s in sync!
r3 <= r2; // remembers previous state of button

end

// rising edge = old value is 0, new value is 1
assign out = ~r3 & r2;
endmodule

29



parameter
parameter
parameter
parameter
parameter
parameter

reg [2:0] state,

always @(*) begin

// 1mplement state transition diagram

it (reset) next_state
else case (state)

S_RESET:

S5 _0:
S_01:

S_010:
S_0101:
S_01011:
default:

endcase
end

always @(posedge clk) state <= next_state;

next_state

next_state =
next_state =
next_state =
next_state =
next_state =

next_state

next_state;

e e

?

S_RESET;

S_
S_
S_
S_
S_
S

S_RESE

':l':"!:":":":l

?
?
?
?
?

?

? S_RESET :
? S_01
S_RESET :
? S_0101
S_01011 -
S_RESET :
ff handle unused states

state);
- state);

state);

: state);

state);
state);



Step 2C: generate output

J/ 1t’s a Moore machine! OQutput only depends on current state

assign out = (state == S_01011);

Step 2D: debugging?

// hmmm. What would be useful to know? Current state?

assign hex_display = {1'b0,state[2:0]};

31



Step 2: final Verilog implementation

ff;;dule lock(input clk,reset_in,bl in,bl in, -HH\
output out, output [3:0] hex display):

wire reset, b0, bl; // svnchronize push buttons, convert to pulses
button b _reset (clk,reset_in,reset):

button b 0(clk,b0_in,b0);

button b 1(clk,bl_in,bl});

parameter 5 _BESET = (; parameter 5 0 = 1;
parameter 5 01 = 2; parameter 3_010 = 3;
parameter 5 0101 = 4; parameter 5 01011 =

J/ state assignments
a:

reg [2:0] state,next state;

always @ (*) begin S/ implement state transition diagram
if (reset) next_state 3 _RESET;
elze case (state)

5 _RESET: next_state = b0 7 5 0 (bl ? 5 RESET : state):
5 0Oz next_state = b0 7 5 0 : (bl 2 5 01 : 3tate):
5 01: next _state = b0 ? 5 010 : (bl ? 5 RESET : state):;
5 _010: next_state = b0 7 5 0 : (bl 2 5 0101 : state):;
5 0101: next state = b0 7 5 010 :z (bl 2 5 01011 : state);
5 _01011: next_state = b0 7 5 0 : (bl ? 5_RESET : state):;
default: next_state = 5 _RESET; ff handle unused states
endcase
end

always @ (posedge clk) state <= next state;

assign out = (state == 5 01011} S/ assign output: Moore machine
assign hex display = [1'bl,statel; S/ debugging
endmodule

- /




Partitioning state machines

Basically the trick is that you need to put the top one on hold
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Partitioning state machines

Basically the trick is that you need to put the top one on hold

Toward FSM Modularity

* Consider the following abstract FSM:

®® OGO 6 @6

N\ l /

Suppose that each set of states a,...d is a "sub-FSM" that produces exactly
the same outputs.

Can we simplify the FSM by removing equivalent states?
No! The outputs may be the same, but the

next-state transitions are not.

This situation closely resembles a procedure call or function call in
software...how can we apply this concept to FSMs?



The Major/Minor FSM Abstraction

START,
. BUSY, Minor FSM A

<]

Major FSM START,
> RESET

RESET — )
BUSYg Minor FSM B
CLK — < - CLK

« Subtasks are encapsulated in minor FSMs with common
reset and clock

« Simple communication abstraction:
— START: tells the minor FSM to begin operation (the call)
— BUSY: tells the major FSM whether the minor is done (the return)

« The major/minor abstraction is great for...

— Modular designs (a/ways a good thing)
— Tasks that occur often but in different contexts

— Tasks that require a variable/unknown period of time
— Event-driven systems



Inside the Major FSM

BUSY BUSY BUSY

£ 4N AN

. — . — . — .

1. Wait until 2. Trigger the 3. Wait until
the minor FSM minor FSM the minor FSM

is ready (and make sure is done
it's started)
MﬂJﬂrSﬁﬂ {5 E: 5z }( 52 }{ 53 I 93 H 33 K 5 )
START H A _ _
BUSY = 1
Variations:

* Usually don't need both Step 1 and Step 3
* One cycle "done” signal instead of multi-cycle "busy”



Inside the Minor FSM

1. Wait for a
trigger from the

major FSM

3. Signal to the
major FSM that

work is done

Major FSM {
State

START
BUSY

CcLK

Minor FSM {
State

|
-y
| L:'"
=
e
-
| ::"
-
o
Py
| l:"l
-
| l:'"
S




Optimizing the Minor FSM

Good idea: de-assert BUSY one cycle early

Bad idea #1: Bad idea #2:
T4 may not immediately return to Ty BUSY never asserts!
START START

TAR
Tl T_q_ Tl START -I-2
BUSY, BUSY, EU,_Ey BUSY,

F 3 F 3




A Four-FSM Example

TICK START, - - .
et 3 _ Operating Scenario:
B BUSY , Minor FSM A | - Major FSM is triggered by
CK
STARTR 5| * Minors &4 and IE are |
i Minor FSM B started simultaneously
Major FSM e BUSYp * Minor € is started once
both A and B complete
S5TART, . TICK-_ri arrivin EE‘FDFE the
completion of C are
Assume that BUSY 4 and
TIcK BUSYg both rise before BUSY 4+BUSY, BUSY ,+BUSY,

either minor FSM completes.
Otherwise, we loop forever!

BUSY 4BUSY,

BUSY 4BUSY




state
tick
START,
BUSY,
STARTy
BUSY,
START,
BUSY -

Four-FSM Sample Waveform

_ TICK

Major FSM

| START,
BUSY

Minor FSM A

START,

_ BUSYp
)

Minor FSM B

START,

BUSY

t[DLE}t[ DLE:ZI:E-TA B,KE'TA EII\WT A%'JT A;\WT ,qri 5T, :l: 5T, :{WTEXWTEHWTcE[DLEﬁ[DLEXETA

s|____—=|

I
: ?r'




input k1,k2,k3, clk;
output 11,12,13;

//create registers
//to ‘“‘store state”
reg [3:0] state, next;

//use parameters to give
//to states

parameter sl1=0;
parameter s2=1;
parameter s3=2;
parameter s4=3;

//The core code
//this, and only this,
//changes the states
always @ (posedge clk)
state<=next;

names

low to write a state machine in verilog

//decide which will be
//the next state

always @ (state or k1l or k2 or k3)
case (state)
S1:
1T(?777) next=7777;
else next=S1;
S2:
1T (?777) next=7777;
else next=S2; //The wailt modes
S3:
1T(?777) next=7777;
else next=S3;

//compute output

//according to state and/or i1nput
assign 1= S1;
assign 12=S2 || S3;
assign 13=S3;

41




A vending machine

All selections are $0.30.

The machine makes change.
(Dimes and nickels only.)

Inputs: limit 1 per clock
O Q - quarter inserted
O D - dime inserted
O N - nickel inserted

Outputs: limit 1 per clock
O DC - dispense can
O DD - dispense dime
O DN - dispense nickel




What states?

m A starting (idle) state:

m A state for each possible amount of money captured:

m What's the maximum amount of money captured before purchase?
25 cents (just shy of a purchase) + one quarter (largest coin)

m States to dispense change (one per coin dispensed):

gotdSc




A Moore vender

Here’s a first cut at the
state transition diagram.

ee a better way?
So do we.
Don’t go away...

O

o

it




State reduction

Duplicate states have:
= The same outputs, and
= The same transifions D=1

There are two duplicates

in our original diagram.

17 states
5 state bits

15 states
4 state bits




The verilog code

medule mooreVender (M, D, ¢, DCZ, DN, DD,
clk, reset, state);
ilnput M, D, ¢, clk, resat;
cutput D, DM, DD;
output [3:0] state;
reg [2:0] state, next;

States defined with parameter keyword

parameter IDLE = 0O;

. - ter GOT & 1;
FSMs are easy in Verilog. paramater GOT10c = 2;
- = parameter GOT 15C = 3;
Simply write one of each: parameter GOT 20c = 4;
parameter GOT 25C = 5;
. parameter GOT 30C = &;
m State register parameter GOT_3sc = 7;
. parameter 0T 402 = B;
(sequential always block) parameter GOT 45¢ - 9
parameter GOT _LO0C = 10;
[ NEKt-EtEItE parameter RETURN 2Z0c = 11;
- = = parameter RETURN 15c = 1Z;
Cﬂ'mblnﬂtlﬂ“al Iﬂglﬂ parameter RETURNM 10c = 13;
(comb. always block with caze) parameter RETURN_Sc = 14;
» Output combinational State register defined with sequential
logic block always block
[ED“'Ih. ElWﬂYS block or assign always @ [(posedge clk or negadge reset)
Etﬂtementﬁl 1f [(lrasetL) state <= IDLE;
else state == next;



The Verilog code

. egp = GOT_25c: if (Q) next = GOT_G0c;
Next-state logic within a else if (D) mext = GOT 35c;
A A elae if (N} next = GOT 30g;
combinational always block Sloe mext - GOT 25,
GIT 30c: mnext = IDLE;
always & (etate or N or D or Q) begin @G0T 35c: mnext = RETURN Gc;
GOT 40c: mnext = RETUERN 10c;
case [atate) @0T 45c: mnext = RETURN 15c;
IDLE: if (Q) next = GOT_25c; G0T 50c: mnext = RETURN 20¢;
elee if (D) next = GOT 10c; - -
else if (N) next = GOT_5cy RETURN 20c: mnext = RETURN 10c;
else next = IDLE; RETURN 15c: mnext = RETURN Go;
EETUEM 10c: mnext = IDLE;
GOT_Sc: if (Q) next = GOT_30c; RETURN Sc:  next = IDLE;
elee if (D) next = GOT 15c; -
elee if (N) next = GOT 10c; default: next = IDLE;
elase next = GOT_5c; andcase
end
@G0T 10c:  if (Q) mext = GOT 35g;
elee if (D) next = GOT 20c;
elee if (N) next = GOT 15c; : : :
cloa mext = EOT 0o Combinational output assignment

GOT 15c. if {(Q) next = GOT 40c; .
else if (D) next = 80T 25c; assign DC
elee if (N) next = GOT 20c;

elase next = GOT_15c;

(etate == GOT _30c || atate == GOT_35c ||
etate == GOT 40c || atate == GOT_45c ||
etate == G0T_L0c) g

assign DN = (state == RETURN Ec);
QOT 200, if ':Q] next = QOT 4Go. E.EE-ig'ﬂ. oo = [Etate == F_ETU-.EH_EDC || gtate == RE'I'UE‘I-T_:LEC ||
"~ else if (D) mext = GOT 30c; state == RETURN l0c);
= endmodul e

elee if (N) next = GOT 25c;
elese next = GOT_20c;
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Where should CLK come from?

* Option 1: external crystal

— Stable, known frequency, typically 50% duty cycle
* Option 2: internal signals

— Option 2A: output of combinational logic

| -

—

—

» Nol If inputs to logic change, output may make several
transitions before settling to final value — several rising edges,
not just onel Hard to design away output glitches..

— Option 2B: output of a register
« Okay, but timing of CLK2 won't line up with CLK1

] . o
P L
CLK1

CLK1I—>
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Module M1 i i Module M2

ﬁ -

(" L ) > >

Clocking in -

andideal | e
kworld J Ideal world:

CLK,y I L L [
W I X X
CLK I — L L
g
\/‘ll
M1 and M2 clock edges aligned in time

Ve Y Module M1 E E Module M2

Clocking in a A ,

not so perfect I8 | | I8
Jeality J cLx — QD)

et 1. Wiire delay e

( \ 2. Different clocks! Oops! Skew has caused a

FPGASs contain global Real world has clock skew: hold time problem!

]

clock lines that have PP m B e B B —In I

low skew. Number is ¢ : f mig{
\Iim ited y CLK,, _J—|_J—|_J—|_j0 I

*
VA

|
M2 clock delayed with respect to M1 clock



Clocks with periods multiple of two

No! don't do

it this way
reg clk2,clk4,clk8,clkl6; IS
always @(posedge clk) clk2 <= ~clk2; -

always @(posedge clk2) clkd4 <= ~clk4;
always @(posedge clk4) clk8 <= ~clkl6;
always @(posedge clk8) clkle <= ~clkle;

Solution: 1 clock, many enables

Use one (high speed) clock, but create enable signals to select a subset of
the edges to use for a particular piece of sequential logic

reg [3:0] count;
always @(posedge clk) count <= count + 1; // counts 0..15
wire enb2 = (count[0] = 1’bl);

wire enb4 = (count[1:0] == 2’bll); always @(posedge c1k)

wire enb8 = (count[2:0] == 3'b111); if (enb2) begin

wire enblé = (count[3:0] == 4’b1111); é/’ get here every 2™ cycle
en

ax LU U YU UL

coun1|14:xl;|0|llZl3|4|5|6|7|3|9|10|u|12|13|14|
ENB2 i_ﬂ ' ”—' SN IS II_I II I_ﬂ |—r|_
ensg L] Tl ] T

f = clock edge selected by enable signal
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The Phase Locked Loop (PLL)

-----------------------------------------------------------------

U :
F P Phase > Charge Low-pass : Bias S Voltage
frequency pUMmp —» fitter [T ™ generator controlled
— detector D > | oscillator

A feature available in Cyclone Il devices that employs a phase-locked loop (PLL). The
Cyclone Il PLL provides advanced multiplication, programmable duty cycle, phase shifting,

programmable bandwidth, manual clock switchover, clock outputs driving all networks, and a
source synchronous mode.

You can take advantage of the Cyclone Il PLL with the alipll megafunction.

Phase-Locked Loops (ALTPLL)

Megafunction User Guide


http://upload.wikimedia.org/wikipedia/en/d/d9/PLL_generic_inline.svg




File=>new—->statemachine

uartus Il - C:/Documents and Settings/LIP/Desktop/pedjor/DEZ_Top/DEZ _TOP - DE2_TOP - [LedMachine.smi]

| File Edit Wiew Project Assignments Processing Tools window Help - |:|'|
DS @ & ) o« |DEZ_TOP BB o D k&8 A e
Pr':'iﬁt':t Mavigatar . * LedMachine._smf l 5@3 DEZ2_TOP.w ] 3@3 Ledh achine. v ] @ Compilation Fepart - Flow Sum... l EEG ./DEZ_Default/DE2_Default.v
Em‘” : Input Table 4 #
Cyclone |I: EF2C35FE72CE Tnpuit Port |
#--zt2 DE2_TOP Z) o B reset
B clock
[% B ey
@,
i
@
| g
' B
. 2 % bl
= COubput Table - x
EJ =- Cukput Port
Tasks .x D ||Dled
Flowa: |FuIIDesign j #zh
Taskt ~
/ [ Start Project
1 Advisors
[l 5 Create Design
E ] Create Mew |
D Open Esistire -
] Add/Remeaw
+, Megaizard
....... H SOPC Euilde * Source Stake | Destinakion State Transition Lol
(] Assign Canstraint 4 | waitFalll lediofF Key==|
+ = W Compile Desion = [5_] ledoff WaitFallz Key==1
o B Analpsis & 5y W 6| waitFalz ledon Key==0 L
< . > ; General ;'l‘. States .}'\ |nputs .}'\ Outputs ;-‘\ITI.':m::itilJm:,-'[I Actions ,-{
For more information about creating and editing state machine diagrams, refer to the ”

Quartus Il Help.



Define the states output

Juartus |l - C:/Documents and Settings/LIP/Desktop/pedjor/DE2_Top/DEZ_TOP - DE2_TOP - [LedMachine.smf]
File Edit Wiew Project Assignments Processing Tools  Window  Help

[pEE@g & a0 b AX s 2@ (T[> 2 [w0 k(e |ae
Project Mavigator 4 X " LedMachi f g
— edMachine.sm | € pE2_TOP.Y EPREEL <iote propertios
nitity —
- Input Table ———————— « =
Cyclane Il: EP2C35F672CE B} Input Pork Generall | Fu e i Outgoing Transitions  Actions |Fnlmat|
-3 DE2_TOP Jg E- reset
|| B dack V4 Dutput Port Cutput Yalue Additional Conditions
|E B key Led
ih
@
i —
]
il | o=
- = — — puk Table —— N
£] = Qubpuk Pork
Tasks . x T Led
Flaw: IFuIIDesign ;I 4zh
Task |
[ Start Project —
] Advizors L
= a CresteDesion |8 f oot e L e
----- ] Creats Mew|
----- ] Open Esistin L IliiIiiiiiiiiiiiiiiiiiniiiiiiiiiiiiniiiiiiiiii g
----- ] Add/Remove & i | s
------ *{, Megawizard — —
...... a SOPC Builde ’: Source State Destination State Transikion |
[C1 Assign Constraint o fiedon l=dOn Key== I
+° E W Compils Design % 2 | waitFalll Wi aitFalll Key==
v B bnalsic &5 v E WaitFalll Key== v
<_.ﬂ] & =\ General ,)\ States _}\ Inputs _}\ Outputs )\Tlansitinnsﬁ\ Achions ,"
% Twpe IHessage =
) . =
Il y Info: Device 1 contains JTAG ID code 0x0Z0E40DD

55



Quartus Il - C:/Documents and Settings/LIP/Desktop/pedjor/DE2_Top/DE2_TOP - DE2_TOP - [LedMachine.smf]
File Edit Wiew Project Assignments Processing Tools  Window  Help

JJD@Eﬁ|§H&‘J g|n r‘x“DEz_TOP

As@we olrern wo k@ @ ale

-

Praject Mavigataor

Entity

LedM achine. smf

| € pE2_TOP.Y

I E@’ Ledt achine.

| € Compilation Freport - Flow Sum... | 3¢ ./DE2_Default/DE2_Default v

T o —

— A
Cyclone |Il: EP2C35FE72CE J e — 7l
-3 DE2_TOP Jg E- reset

B clock
B key ),
EN
dh
@
]
5 rrit}
— :—.' Output Table —————— 8+ x
= Oubpuk Pork

Tasks x| T Led

Flaw: IFuIIDesign ;I F

Task 43

[ Start Project — D
] Advizors L L=

B &5 Create Design D

""" @l Create New |53 Doliiiiiiiiiiiiiiiiiiiiiiiii) Gouest |ledOn s
----- {2 Dpen Existing SoLIInnInnnniiiiiioiiiiiiiion _ , Lo
..... D. Al Fremoe < Destinalfon state : Iwa|tFaII1 3 -
------ +3, Meogawizard E quatiol i
...... H SOPC Builde ’: Source State Destination Skake T I |
] Assign Constraint n 1 | ledCn ledCn Key== [~ UsewHDL'D o, |

- - iz . .

W B P Carnpile Dezign ﬁ WaitFalll WaftFaIIl Mate: The WHDL '0THERS' tranzition iz used when none of the autgaing transitions from the —
o E‘ P Analsis &Sy v 3 | ledon W' aitFalll state are hue. |8

4 | ¥ =\ General ,)\ States _}\ Inputs _}\ Outputs )\Tlansitinns,{ Achions ,]

Twpe IHessage

Info: Dewice 1 contains JTAG ID code Ox0Z0E&0DD
: Confiquration succeeded -- 1 dewvice(sz) configqured

Info: Ended Programmer operation at Tue Mar 17 14:16:59 2009

System [ZD];{\ Froceszing [195) _.]‘\ Entra Info _.]‘\ Info [31] ,}\ Warning (144) _.]‘\ Critical ' arming ,}\ Error ,}\ Su

o]

Cahicel | =

& IMessage: 0af 20
=

=

| @
.y Info
.y Info: Successfully performed operationis)
2y

i3

i)

o

b

o

il il ILcn::atiDn:

;I Lozate |

For Help, press F1

|29, 52

Idle [




== = = e ﬁ Run ED4 Simulation Toal ' B WG A L T RS R )
. - Run ED& Timing Analysis Tool
Praoject Navigakor S 1 LedMachine = iy . . i Fray
— E Launch Design Space Explarer ] ibe LedMachine. l @ Compilation Report - Flow Sum... ] e /DEZ_Default/DEZ_Default.v
X PC lone |I: EP2C3EFE72CE U k. =
Yeiane - Input CE} TimeCuest Timing Anakyvzer
E- reset
(=] B clack Advisars 4
by || 2 key Generate HDL File
@\ @ Chip Planner (Floorplan and Chip Editor)
i @ Design Partition Planner Specify the hardware dezign language
Metlist Yiewers 4 .
- f* ‘erilog HOL
@ ?
.,,1 SignalTap II Logic Anakyzer ~ VHDL
B = In-System Memory Content Editor [ System Yerilog -
=1 Logic Analyvzer Inkerface Editor C | | . I
2 5 % = . arcel S E
= — Output Table In-System Sources and Probes Editar B
EJ = Cutpul SignalProbe Pins... j .
Tasks cx T || Tled | programmer
Flow: | Full Design - b .
| J : %, MegaWizard Plug-In Manager...
Task b ~ £ SoPC Builder
1 Start Project )
- Tel Scripts. .
] Advisors i
=] a Create Design Customize. .
il Create Mewl Options. ..
Open Existin
g .t‘-‘«zda"ﬂemove! License Sekup,.. | 5 b
"'S Mega/izard - =L Stake Machine Wizard ) =
H SOPC Builde Sl ]I Transition fad
] Assign Constraint u 11 | ledon —— Key==
« B W Compile Design 5 2 | waitFall| Gaenerate Other Enas...
: - =3 | ledon LY
o - W Analysis & S5y v 2= Cuskarnize State Machine Editar, —
< | > = Y General b Sthec e e L A
¥ | Type |Hessage ~
i) Info: Device 1 contains JTAG ID code Ox0Z0B40DD
é_) Info: Configuration succeeded -- 1 device(s) configured
i) Info: Successfully performed operation(s)
é_) Info: Ended Programmer operation at Tue Mar 17 14:16:5%9 z009 1
% System [2I]]A Processing [1395) )\ Estra Info )\ Info (51) (7\ warning [144) .}\ Critical W arning l}‘\Enor (7\ Suppressed [B) )\'Flag /
i .
& |Message. Oaf20 ¥ | J
Generate HOL output File For the State Machine design |dle

57



The “LedMachine” module

%, Quartus || - C:/Documents and Settings/LIP/Desktop/pedjor/DE2_Top/DE2_TOP - DEZ_TOP - [LedMachine.v] '
3@3 File Edit View Project Assignments Processing Tools  Window  Help - a8 x
D=L g & DE2Z_TOP | BEDH (R L S I R
PrEDJ?‘t Havigatar - x Ui achine s £ DE2_TOP.y | & LedMachine.v | € Compilstion Report - Flow Sum... | $ /DE2_Default/DE2_Default v
ity
Cyclone Il: EP2C35FET2CE IE] 22 | Bmwodule LedMachine | =
'"'fbc DEZ TOP rﬁE@ 23 reset,clock, Eey,
i 24 Led) :
AR zs
s 26 input reset;
27 input clock;
25 input Eevy:
Z9 trid reset:
30 trild Kewy:
31 output Led;
3z reg Led;
33 reg [3:0] fstate:
=T 3 34 rey [4:U] reg Istate;
= = 35 parameter ledOn=0,WaitFalll=1, led0ff=2, WaitFallZ=3;
= 36 \
37 alvays [ (posedge clock)
Tasks - x 3g begin 3
Flow: |FuIIDE$ign ﬂ 39 if {clock) kegin
40 fztate <= reg fstate;
Taskbf o 41 end -
[ Start Project 4z g
[ Advigors Sl 45
=3 Create Design ab 44 alvays [ (fstate or reset or Eey)

il ] Create Mew | 45 : begin

i ] Open Existiny | 46 if (reset) khegin

D - Y— —+ 47 reyg fatate <= leddn;

: 45 Led <= 1'bO;
A Megaizard = e il
L pol S0PC Builde .; o K T /
[ &ssign Constraint = 51 Led <= 1'h0:
= F CDmpiIeDesign 52 = Lo TT T Lot T]

- Analyzis & 5y v 53 = ledon: begin b
£l > ¢ | ¥
®| Type |Hessage
% System;ﬂ Processing [135) .}‘. Extra Info .}\ Info (51] .}\ ‘Warning [144] .}‘. Critical "W arning }\Error}\ Suppressed (6] }\Flag,f
A ;

g Message: J J | J
Far Help, press F1 Ln 1, Calil Idle

58



The top design

Juartus Il - C:/Documents and Settings/LIP/Desktop/pedjor/DE2_Top/DEZ_TOP - DE2_TOP - [DE2_TOP.¥]

3@0 File Edit Wiew Project Assignments Processing Tools  Window Help
DEL@ & ¥ < |[pE2_TOP S @RS Tir o B S8 A0
Project Mavigat - : . £ . .
e = Led achine. smf i DE2_TOP.v l E@’ LedMachine. v ] @ Compilation Report - Flow Sum... ] E@’ /DEZ_Default/DEZ_Default.v
Entity
Cyclone |l: EP2C35FE7ZCE @ 310 azsign LEDR[17:3] = 15'h3FFFF: e’
....abc DEZ TOP E@ 311 assign LCD_oON = 1'bl1:
' = % 312 assign LCD_BLON =  1'bi:
aE 313
L 314 44 ALl inout port turn to tri-state
315 assign  DRAM Do = l6'hzzzz; .
316  assign FL DO = 8'hzz; Why is the clock the KEY[Z]?
317 assign SRAM DQ = 16'hzzz=:
3ls assign  OTG_DATA = l6'hzzzz:
319 assign  LCD _DATA = §'hzz; A
A 320 mssign D _DAT =  1'hz:;
% 321 assign  I2C_3SDAT = 1'be:
Al 2 - 322 assign  ENET DATA = l6'hzzzz:
= Ll I 323 assign AUD ADCLRCK =  1'bz:
YEIE % | 32%  assion AUD_DACLRCK =  1'hz:
325 assign  AUD_ECLK = 1'be:
Tasks | 326 assign GPIO_O = 36' hEZEEZEEEE;
Flow: |FuIIDesign j T 327 assign GPIO 1 = J6'hzzEzzEzEE;
328
Task & : 5 &) 329 //LedNachine Mag(KEY[0],CLOCK 50,KEY[1],LEDG[O]):
[ Start Project 330 -
[ Advisors =2l 331 assign LEDR[0O]=KEY[0O]:
= =5 Create Design i 332 assign LEDR[1]=KEY[1]:
333 assign LEDR[2]=KEY[Z]:
] Open Existiry 334
D Add/Pemave — 33 = LedMachine ul { .reset [ 'KEY[O]) , ]
. - 1
Y vegend = | 2 T,
= " = SEEYI r
"""" £ SUPL Builde o 33 .Led (LEDG[O]] | :
[ Aszsign Constraint = 33
E M Compile Design 340
B e Analysiz & Sy 341 endmodule v
9 ) * < | ¥
% Twpe |Hessage
i3
% Systemﬂ Froceszing [195) ,‘*\ Entra Info ,‘*\ Info [31] .}\ Warning (144) ,‘*\ Critical ' arming )\Erlorl}\ Suppreszed [B] I}\Flag‘f
b .
E teszage: | J
For Help, press F1 Lm 333, Col 16 |dle







