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Verilog — D Flip-flop

input D, Clk;
output Q; reqg Q;
Put 0/ 189 0

always @ (posedge Clk)
Q:D;W

(module:p-flipflop (D, Clk, Q);

CLK [




Finite State Machines (FSM)

» State diagrams are representations of Finite State Machines (FSM)
» Mealy FSM

» Qutput depends on input and state
» Qutputis not synchronized with clock
» can have temporarily unstable output

oore FSM

» Qutfput depends only on state
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FINITE STAte MdAdchnines

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

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

mputs — outputs
prese next
state < > state




Example: Light Switch

- State transition diagram
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Example: Light Switch

- State transition diagram
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module o¢noff (clk,button,light); + .
input clk,button; 24V fv

output light; reg light;
always @ (posedge clk) begin

if (button) Iigh’r@ ~light:

A

end
endmodule
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Example: 4-bit Counter

* Logic diagram

4 4
+1 Vs /L » count
* Verilog T <-——
# 4-bit counter clk
module counter (clk, count); 4
input clk; ‘l , ) 7L
output [3:0] count; —> COUV\ (33 CoW (2 CoUn “J@W{(p)

reg [3:0] count;

always @ osedge clk) begin
count count+l;
End

endmodule



* Logic diagram
4 4
@1 v /—-—» count
»0
* Verilog enb clk

# 4-bit counter with enable
module counter (clk,enb,count);
input clk,enb;

output [3:0] count; Could I use the following instead?
reg [3:0] count; if (enb) count <= count+l;
el Jr / \
always @ (posedge clk) begin +—QdUW‘F
count <= enb ? count+l : count; CoUll = r
end

endmodule
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* Logic diagram
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* Verilog enb clr clk

# 4-bit counter with enable and synchronous clear
module counter (clk,enb,clr,count);

input clk,enb,clr;

output [3:0] count;

reg [3:0] count;

always @ (posedge clk) begin
count <= clr ? 4'’b0 : (enb ? count+l : count);
end
endmodule



4-bit Shift Register with Reset

module srg 4 r v (CLK, RESET, SI, Q,SO);
input CLK, RESET, SI;
output [3:0] Q;

output SO;
reg [3:0] Qs
assign SO = Q[3];
always(@ (posedge CLK o@) begin ‘ }
if (RESET) M(V
Q <= 4'b0000; \ %\BV\C mkus
else

Q <= {Q[2:0], SI};

dmwt/“\ @w




4-bit Binary Counter with Reset
module count 4 r v (CLK, RESET, EN, Q, CO);

input CLK, RESET, EN;
output [3:0] Q;

output CO;

reg [3:0] Q;

assign CO = (count == 4'bl111 && EN == 1’bl) ? 1 : O;
always@ (posedge CLK or posedge RESET)

egin

if (RESET)

Q <= 4'b0000;
else if (EN)

Q <=0 + 4'b0001;
end

endmodule




You are to design a 4-bit counter with the following inputs
functionality: )
e Load (Id): if activated, count will be loaded from D _in [3:0] ‘

e Mode: if 0, counter counts up. Otherwise, it will count down. (MQ 501 \ )
e Clear (clr): If activated, count will be O
[

Clock 1 Hz is generated from the previous exermsei-. e @ Qz Ql @5

\ T
Complete the following code and implement it on the FPGA board. \ N \ T

T (d<|

o

Clock Generator Qj - o D :b
24MHz —  CDCE937 = ---Py
ST | AERA <D
e MAX 10
MAX10_CLK1 50 B
P11
MAX10_CLK2_50
= N14
Signal Name FPGA Pin No. Description
ADCCLEKS0 PIN-NS 10-MHz elock-mputforADC(Bank3B)
MAX10 CLK1 50 PIN PI1 50 MHz clock input (Bank 3B)

MAX10 CLK2 50 PIN Nl4 50 MHz clock input (Bank 3B)



Device family Show in “Available devices' list
Family: |Mm-: 10 (DA/DF,/DC/SA/SC) v| Package ‘ oo .‘
Device. |A“ M | Pin count: ‘An}r - ‘
Target device Core speed grade: ‘An}r i ‘
Auto device selected by the Fitter Name filter: ‘ ‘
® Specific device selected in ‘Available devices' list Show advanced devices
Other: nfa

Available devices:

Core Voltage LEs Total 1fOs GPIOs Memory Bits Embedded multiplier ¢ ~

10MS0DAF4S

&l I'm‘ 3
—
ey

Board Device Name

MAX 10:

10M50DAF484C7G

Pin Assignment

Signal Name FPGAPin No. | Description

SWO PIN_C10 Slide Switch[0]
SWi1 PIN_C11 Slide Switch[1]
Sw2 PIN_D12 Slide Switch[2]
SW3 PIN_C12 Slide Switch[3]
SW4 PIN_A12 Slide Switch[4]
SW5 PIN_B12 Slide Switch[5]
SW6 PIN_A13 Slide Switch[6]
SW7 PIN_A14 Slide Switch[7]
sSwe PIN_B14 Slide Switch[8]
SW9 PIN_F15 Slide Switch[9]

] Signal Name FPGA Pin No. | Description
KEY0 PIN_B8 Push-button[0]
KEY1 PIN_A7 Push-button[1]
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ity B w7

Signal Name FPGA Pin No. | Description

LEDRO PIN_A8 LED [0]
LEDR1 PIN_A9 LED [1]
LEDR2 PIN_A10 LED [2]
LEDR3 PIN_B10 LED [3]
LEDR4 PIN_D13 LED [4]
LEDRS PIN_C13 LED [5]
LEDR6 PIN_E14 LED [8]
LEDR7 PIN_D14 LED [7]
LEDR8 PIN_A11 LED [8]
LEDRS PIN_B11 LED [9]




Exercise 1: Divide-by-N Circuit:

Design, simulate, and build a Divide-by-N circuit that will divide the on board clock from 50
MHz down to ~1 Hz. The basic principle is as follows:
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//The goal of this always procedural block is to generate 1Hz clock from a

//50MHz clock that is used in the Altera F oard.
module Divide_by_50M_counter(clr,clk,¢lk_1Hz); o L/Jfé

input clr clk; >

output clk_1Hz; 5/000/ <

reg clk_1Hz =1'b0; NS —
integer counter_50M =0; <— [\
always @(posedge clk, posedge clr) — .
begin

if (clr)

counter_B0OM @J;

else if (counter_bOM <2500000
begin

counter_BOM <= counter_bOM + 1;
end
else if (counter_50OM ==25000000)
begin

clk_1Hz <= lclk_1Hz;
counter_bOM <=0;
end
end
endmodule



module up_down_counter(mode,clr,Id,D_in,clk,count,clk_1Hz); -

input mode,clr,ld,clk; C_; \
input [3:0] D_in; {O vy | e
output clk_1Hz; \ gdw/\ P DY MPT s VANV

output [3:0] count;
reg [3:0] count;
reg clk_1Hz =1'b0;

infeger counter_50M =0;

Qfd‘/\/l Prel/- g’w(Q
//If "Id =1" we load the external data through D_in[3:0], if mode is active
// it will be counting up and if mode is inactive it wilJcounT down.

always @(posedge clk_1Hz, posedge clr)/— [ of
| kej\l/l I.é LW\GQQ\ \( |
.if (clr) Comn ‘I‘ < Caount — \/

count <=0; :
else if (Id) .
count <:D— inC3 "O}/

endmodule



