Spartan 3 Counter Tutorial EE574

Spartan 3 Starter Board Tutorial
(Counter with decoder)
Jim Duckworth, January 2005, WPI.

This design shows how to create a simple sequential circuit (a counter).
It also demonstrates hierarchical design by using a separate decoder component that
converts a binary count value to a seven segment display.

There are three files for this design as shown in the Sources in Project Window:

Xilinx - Project Navigator - C:\eeb74\spartan3_counter2\spartan3d_counter2.npl - [counter.vhd] ]
[A] Ble Edit Yiew Project Source Process Window Help »l -8 x
Dedd =F E2Rili= Yl S Vs 3§ |uart_fifo_rd_en - A% Q
Al
Sources in Project: | ! T IR A AT n
! 2 --  ECE Dept, UPI
B spartan3_counter - . Januery 6, 2005
4
£0 6 library IEEE;
) counter.ucf 5 use IEEE.3TD_LOGIC_1164.ALL;
m decoder-behavioral [decoder.vhd) 7 use TEEE.STD LOGIC ARITH. ALL:
8 use IEEE.3TD_LOGIC_UNSIGNED.LLL;
a
10 entity counter is
11 Port { reset : in std_logic;
12 clk 50M ¢ in scd logic:
— " , - 13 seven seqg : out std logic vector (6 downto 0);
B Module View Stiapzhot Yiew Library View & = S
Iﬂ i @ il 14 and : out scd logic;
= 15 led : out std_logic):
16 end counter;
Processes for Source: “'counter-behavioral” | 17
O  Add Esisting Source 18 architecture Behavioral of counter is
B Create New Source 1g
=--@#  Design Entry Utiities 20 component decoder is
G M |1 Constraints 21 Port | count : in integer range 0 to 9;
w- e SPNIhESIZE'XE_iT 22 seven_seg : out std_logic_vectar (6 downto 0O));
H-¥3 % Implement Desion 23 end COmMpOREnt:
+ O? Generate Programming File o
@+ Analyze Design Using Chipscope 25 signal clk 1Hz : std logic := '0'; —— define 1Hz clock am
26 signal count : integer range O to 9 M
< >
RS pracess view [#) counter vhd
ﬁ “wiiting NGDBUILD log file "counter.bid"... ~
NGDEUILD done:
Completed process ''Translate".
Launching Application for process "Edit Constraints (Test)"
b
¥
[41» 1+ T Console i Findin Files i Wamings Emars
For Help, press F1 Ln 10 Caol 1 =
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Spartan 3 Counter Tutorial EE574

Top level entity and architecture description:

counter.vhd ™ - ISE Text Editor,

File Edit

(= Q O S

4 ~
5 library IEEE: |
5 use IEEE.3TD LOGIC_ 1164.ALL;

7 use IEEE.3TD _LOGIC_ALRITH.LLL:

2 use IEEE.STD LOGIC UMIIGMED.LLL:

. _ —

10> entity counter is

11 Port ( reset : in std logic;

12 clk_SDM : in st,d_logic;

12 seven _seqg i out std logic wvector (6 downto 0] ;

14 an0d : out std logic:

15 led : out std logie):

16 end counter:;

17

18 architecture EBehavioral of counter is

19
20 component decoder is
21 Port [ count : in integer range 0 £o 9
22 seven_seg : out std logic vector (6 downto 0)):
232 end component;
24
25 signal clk 1Hz : std logic := '0'; -- define 1Hz clock and starting vaue (for sSimulation)
25 gignal count @ integer range 0 to 9;
27 hegin
22
20 —-— make @ copy of the decoder component
=0 decoderl: decoder port map (count = Ccount, Seven sSeg =r Seven sed);
21 - -
32 —-— generate & one second clock from the S50MHz oscillator
33 one_second process: process(reset, clk SOH)
34 variable counter 50M : integer range 0O to 25_000_000;

35 hegin

felad if reset = '1' then

27 counter_ 50M := 0O;

28 elsif clk 50M'event and clk S50M = '1' then

= counter S0M := counter S0M + 1;

a if counter S0M = 25 000 000 then

1 clk 1Hz <= NOT clk 1Hz:

= counter 50M := 0O;

kc end if;

4 end if;

5 end process one second process;

. _ .

7 —-— ocount seconds from 0 to 9

8 Ccount_process: process(reset, clk 1lhz)

=] hegin

50 if reset = '1l' then

51 count <= 0O;

52 elsif clk 1Hz'event and clk_lhz = '1' then

53 if count = 2 then

5.4 count <= 0;

55 elae

55 count <= count + 1;

57 end if;

58 end if;

59 end process Ccount process;

50 -

51 and <= '0'; —— just keep anodel on

52

53 led <= '1' when count = 9 else '0';

54

55 end Behavioral: "
S ' %
For Help, press F1 Li
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Spartan 3 Counter Tutorial

EE574

Decoder Entity and Architecture Description:

decoder.vhd * - ISE Text Editor

Fle Edit

=

#H 4% %

1 libhrary IEEE:

2 uze IEEE.3TD LOGIC 1164.ALL;

2 uzse IEEE.3TD LOGIC ARITH.ALL:

4 use IEEE.3TD LOGIC TNIIGHNED.ALL:
5

G entity decoder is

7 Fort [ count : in integer rahnge 0O to 92

2 sewven seq ! out std logic vector (6 downto 0]]:

= end decoder;

10

11 architecture Behavioral of decoder is

42

T —-— seveh segment display patterns

14 constant zero i std logic wector (6 downto 0] := "1000000%;
15 Cconstant one tostd logic wector (6 downto 0] = "11110017;
16 constant two i ztd logic wector (6 downto 0] := "0100100%;
17 constant three @ std logic vector (6 downto O) = "01100007;
18 constant four ! std logic wector (6 downto O] = "0OO110017;
19 constant five i std logic wector (& downto 0] := "0010010%;
z0 constant sSix ¢ ostd logic wector (6 downto 0] = "00000107:
21 constant seven : std logic wector (6 downto 0O) = "1111000%;
22 constant eight @ std logic wvector (6 downto Q) = "0000000";
23 constant hine 1 5td logic wector (6 downto 0O) == TO00100007;
24 a a

Z5 hegin

26 -— display the count walue on the sewven segwents

27 geven segqwent decoder process: process(count)

28 begin

s case count is

=0 when 0 = Seven seqg <= Zero;

21 when 1 =» Seven seg <= one;

22 when 2 =» SevVen seq <= Lwo;

=32 when 3 =» seven sSeqy <= three;

24 when 4 =»> seven seg <= four;

=5 when 5 =» seven seg <= five;

36 when 6 =» Seven seqg <= Six;

27 when 7 =» geven seg <= Seven;

et when 8 =» seven sSeqy <= eight;

fe1=] when 9 =»> sSeven seg <= nine;

a end case:

1 end process sewven segmwent decoder process:

. _ — -

2 ehd Behawvioral:

< >
Faor Help, press F1 Li
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Spartan 3 Counter Tutorial EE574
User constraints file for counter:
counter.ucf - ISE Text Editor
File Edit
=] B %%
1 FPACE: Start of Constraints generated by PACE
2
3 HPACE: Start of PACE I/0 Pin Assignments
= NET "Man0" LOC = "di4"™
5 NET "clk S0M"™ LoC = "to™
(=3 NET "led™ LOC = "kiz"™
7 MNET "reset®™ LOC = "li4"
2 NET "sewven seg<0>" LOC = "eld™
=] NET "sewven seg<l>™ LOC = "gli™
10 NET "sewven seg<2>" LOC = "nl5"
11 NET "seven_seg<3>" LOC = "pls" .
12 NET "sewven seg<d>™ LOC = "rle"™
12 NET "sewven seg<5>" LOC = "f13"
14 NET "sewven seg<g>" LOC = "nle"™
15
16 H#PACE: 3Start of PACE Area Constraints
17
18 #PACE: Start of PACE Prohikit Constraints
19
Z0 #PALCE: End of Constraints generated by PACE
21
=[] >
Faor Help, press F1 Li
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