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* Counter

* Countin binary
0000 - 0001 = 0010 = 0011 - 0100 ... 1111 = 0000 ...
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e Counter - n bit — unsigned
* Counts to 2N-1 then back to 0

-— counter_unsigned_n_bit. vhdl

-- created 2/29/17
- tj

-- Inputs: rsth, clk
-- Qutputs: cnt[n-1:0]

library ieee;
use ieee.std_Tlogic_1164,.all;
use ieee.numeric_std.all;

entity counter_unsigned_n_bit is
generic(
N: natural := 4

i_clk : 1in std_logic;
i_rsth : in std_logic;

o_cnt : owt std_Togic_vector {{N-1) downto 0)
Foos
end entity;

architecture behavioral of counter_unsigned_n_bit is

-- internal signals

signal cnt_sig: unsigned((N-1) downto 0);
begin

rocess{i_clk, i_rsth)
egin

-- reset

if (i_rsth = "0") then
cnt_sig <= (others == "0");

-- rising clk edge

elsif (rising_edge(i_clk)) then
cnt_sig <= cnt_sig + 1;
end if;|
end process;

-- output Tlogic

o_cnt <= std_logic_vector {(cnt_sig);

end behavioral; ‘\\

\

CAST
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e Counter — n(4) bit - unsigned
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e Counter — n(5) bit — unsigned - testbench

-- counter_unsigned_n_bit_tb. vhd]l
-- created: 1,/26/18

-- by: johnsontimoj

-- rev: 0

-- testbench for n bit counter
-- of counter_unsigned_n_bit.vhdl

-——using n =75
—-- brute force implementation

Tibrary iese;
use jeee.std_Togic_1164.all;

entity counter_uns g bit_th is

generic

bH
-- no port en
end entity;

architecture testbench of counter_unsigned_n_bit_tb is

signal CLK: std_logic;
signal RSTEB: std_logic;
signal CNT: std_logic_vector ((Nth - 1) downto 0);

constant PER: time :=20 ns;

COMPONENT counter_unsigned_n_bit

GENERIC ( N ! INTEGER := 4 );
PORT
i_clk IN STD_LOGIC;
i_rsth IN STD_LOGIC;
o_cnt OUT STD_LOGIC_VECTOR(N-1 DOWNTO 0)

3
END COMPOMENT;

ce under test (DUT)

DUT: counter_unsigned_n_bit

generic ma
)

=> R5TE,
=» CLK,
== CNT

-- Clock process
clock: process
begin
CLK <= "07;
wait for PER;
infinite: Toop
CLK <= not CLK; wait for PER/Z;
end Toop;
end process clock;

-- note - no sensitivity Tist allowed

-- Resel process
reset: process
begin
RSTE <= '0"; wait for 1.5%PER;
RSTB <= "1"; wait;|
end process reset;

-- note - no sensitivity Tist allowed

-- Run process
-— NO run process

end architecture;

5 bit implementation
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e Counter - n bit unsigned (5 bit)

reset

# Jeounter_unsigned_n_bit_th/CLK
4 fJeounter_unsigned_n_bit_th/RSTB

foounter_unsigned_n_bit_th/CNT | 00011

Mowy | 000 ns '_ e

e I .
4 foounter_unsigned_n_bit_th/CLK

—————————— binary count [glgigigigigigipipipininininininininEn

4 fjeounter_unsigned_n_bit_th/RSTB
- joounter_unsigned_n_bit_tb/CNT

Now |000 s -.I__IL__”I””“”””“”I”””I””””I””II”I”””“”“”II”””””II”I””II”III”””I”I””””“”‘I””III””””“”II

radix = unsigned roll-over
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e Counter - n bit — signed
e Counts to 2N1-1 then wraps to —2N-* and back to 0

-- counter_signed_n_bit.vhdl

-- created 2/29/17
- tj

-- Inputs: rsth, clk
-- Outputs: cnt[n-1:0]

Tibrary iese;
use jeee.std_logic_1164.alT;
use ieee.numeric_std.all;

entity counter_signed_n_bit 1is
generic(
N: natural := 4

i_clk @ in std_logic;
i_rstb @ in std_logic;

o_cnt : out std_logic_vector({N-1) downto 0)

bH
end entity;

architecture behavioral of counter_signed_n_bit is

-- internal signals

signal cnt_sig: signed((N-1) downto 0);
begin
rocess(i_clk, i_rsth)
egin
- reset

;; (i_rsth = "0") then
cnt_sig <= (others => '0");

-- rising clk edge

elsif (rising_edge(i_c1k)) then
cnt_sig <= cnt_sig + 1;
end if;
end process;

-- output logic

o_cnt <= std_logic_vector (cnt_sig);

end behavioral;

| __— change
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e Counter - n bit — signed (5 bit)

o_cnt[3.0]
17'h0 cin - AddO cnt_sig[3..0]

A[3..0] \

4'h1 B[3..0]
Lclk] > 4'h0

OUT[3..0]

<

i_rstb[ >

* No change in TB from unsigned version
- lesesfy — ]

“ Jeounter_signed_n_bit_thCLK
#  Jeounter_signed_n_bit_th/RSTE
Jcounter_signed_n_bit_th/CNT

Now 100 ns [l!-i-lllllll teagvrrrbvrrrroooacberr o
ig_m. mr

radix = decimal negative wrap positive wrap
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Mod 10 counter
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e Mod 10 counter

-— counter_mod_10. vhdl

-- created 3/17/17
- tj

-— Inputs: rsth, clk
-- gutputs: cnt[3:0]

Tibrary ieee;
use jeee.std_logic_1164.all;
use ieee.numeric_std.all;

lentity counter_mod_10 is

I port (
i_clk @ dn std_Tlogic;
i_rsth @ in std_Togic;
; o_cnt : out std_Togic_vector{(3 downto O)
and Entity;
10

architecture behavioral of counter_mod_10 is

-- internal signals

signal count: unsigned(3 downto 0);

begin
rocess(i_clk, i_rsth)
egin
- reset
if (i_rsth = '0') then

count == {others => "0");

-- rising clk edge

el1sif (rising_edge(i_c1k)) then

if {(count < 9) then <
count <= count + 1;
else
count == {others => "0");
end 1f;
end 1f;
end process;

-- output logic

o_cnt <= std_logic_vector (count);

end behavioral;

test

© tj



CE 1911

e Mod 10 counter

i_rstb[ >

1ho cin  LessThanO
A[E..O]//;\OUT

4'h9 B[3.0] }
1'h0 QN Addo 4'h0 o

count~[3..0]

count[3..0]

A3 ,o]f/:\\ OUT[3..0] 1

4'h1 8[3.0] )

i_clk [

o_cnt[3..0]
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e Mod 10 counter - testbench

-- counter_mod_10_th. vhd]l

-- created: 3/17/18
-- by: johnsontimoj
-- rev: 0

-- testbench for mod 10 counter
-- of counter_mod_10. vhdl

library ieee;
use ieee.std_logic_11l64.all;

entity counter_mod_10_th is
-- no entry - testbench
end entity;

CE 1911

architecture testhench of counter_mod_10_th is
signal CLK: std_logic;
signal RSTB: std_logic;

signal CNT: std_logic_vector(3 downto 0);
constant PER: Time = 20 ns;

COMPONENT counter_mod_10

PORT
i_rsth IN STD_LOGIC;
i_clk IN STD_LOG
o_cnt H QOUT STD_LOGIC_VECTOR(3 downto 0)
J;
END COMPOMNENT;
begin

-- Device under test (DUT)
DUT: counter_mod_10
port map(
i_rsth =» RSTE,
i_clk =» CLK,
0_CNt => CNT

)i

-- Clock process
clock: process
hegin
CLK <= "07;
wait for PER;
infinite: loop
CLK <= not CLK; wait for PER/2;
end loop;
end process;

-- note - no sensitivity 1ist allowed

-- Reset process
reset: process
bhegin
RSTE «= "0'; wait for 1.5%PER;
RSTE <= "1"; wait;
end process reset;

-- note - no sensitivity list allowed

-— RUN Process
-- No run process for this design

lend architecture;

12
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* Mod 10 counter - verification

4 feounter_mod_10_th/CLK [ [ [ [ | [ [ [ [ [ [ [ L[
4 jcounter_mod_10_th/RSTB ! - r - r +r —+  —+r ;- -t ——r 1 1 7
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Up/Down counter
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* up/down counter

-— counter_updn_n_bit.vhdl
-- created 2/29/17
_ tj

-— Inputs: rsth, clk, dir
-- Qutputs: bout[n-1:0]

-- counts up when dir =
-- counts down when dir

| ]

Tibrary ieee;
use jeee.std_logic_1164.al1l;
use jeee.numeric_std.all;

entity counter_updn_n_bit is

generic(
MN: natural := 8
)i
port (
i_clk: in std_logic;
i_rstb: 1in std_logic;
i_dir: in std_logic;
; o_cnt : out std_logic
end éntity;

-— 0 for up

_vector{n-1 downto 0)

architecture behavioral of counter_updn_n_bit

-- internal signals

signal count: unsigned(n-1 downto 0);

begin

Erucess(i_ch, i_rsth)
egin

-— reset

if (i_rstb = '0") then
count == (others == "0');

-- rising clk edge

elsif (rﬁsing_edge(i_c]k}} then
if(i_dir = "0") then
count <= count + 1;
else
count <= count - 1;
end if;
end if;
end process;

-- output logic

o_cnt <= std_logic_vector (count);

end behavioral;

is

15
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* up/down counter

i_ck[ >

i_dir [

|

1'hO CIN. Add1

Al8. o]f’/:\ OUT[8..0)

9'h1fd eie.o] N

1'hO CIN. Addo

count~[7.0]

count[7..0]

A[7. o]f’/:\ OUT[7..0)
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i_rstb [ >

o_cnt[7..0]
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e up/down counter - testbench

-- counter_updn_n_bit_tbh.vhdl

-- created: 3/17/18
-- by: johnsontimoj
-- rev:

-- of counter_updn_n_bit. vhdl

Tibrary ieee;
use ijeee.std_logic_1164.all;

entity counter_updn_n_bit_tbh is

-- testbench for up down counter

generic(
natural := 8
%
-- no port entry - testbench
end entity;
CE 1911

architecture testhench_of counter_updn_n_bit_tb is

signal cLK: std_logic;
signal RSTB: std_logic;
signal DIR: std_logic;

signal CNT: std_Togic_wvector ((N - 1) downto 0);
constant PER: time = 20 ns;

COMPONENT counter_updn_n_bit
GENERIC ( N : NATURAL := 8 J;
PORT

i_rsth : IN STD_LOGIC;

i_clk : IN STD_LOGIC;
i_dir : IN STD_LOGIC;
o_chnt : OUT STD_LOGIC_VECTOR({(n - 1) downto 0)

3
END COMPOMNENT;

-- Device under test (DUT)
DUT: counter_updn_n_bit
generic map(
N => N

port map(
i_clk =» CLK,
i_rsth == RSTB,
i_dir == DIR,
o_cnt => CNT

-- Clock process

;
wait for PER;
infinite: Toop

CLK <= not CLK; wait for PER/2;
F end Toop;
end process;

-- Resel process

begin
RSTE <= '0"; wait for 1.5%PER;
RSTE <= "1"; wait;

end process reset;

-- RUn Process
run: process
begin
-- imitialize inputs
DIR <= '0°;
-- run code
wait for 300%PER;
DIR == "17;
wait;
end process run;

end architecture;

clock: process -- no |sensitivity list allowed
begin
CLK <= "0";

reset: process -- no sensitivity 1list allowed

-- no sensitivity list allowed
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* up/down counter - verification
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