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» rstB
* Register clk —

e Collection of n Flip-Flops P

* Configured in parallel
e Common clock, set/reset, enable
e Stores an n-bit state variable

n-bit register D,
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QB

EN

N RSTB n

—b o4~  nbitwide bus

> QB
EN
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EN

D[n-1%g RSTB 7LQ[n-l : 0]

signal indices n-1 down to 0

EN

RSTB

LOAD
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* Registers are collections of Flip-Flops

* Registers are created by creating code that
conforms to the Flip-Flop synthesis template

process (clock signal)

begin note:
- here the else is not required

|f(clo.ck edge detection) then because the synthesizer
actions recognizes the edge detection
end if;

- you can include an else for clarity
end process;
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* 4 bit data register

-- reg_4bit.vhdl
--  by: johnsontimoj
-- created: 12/31/24
-- wersion: 0.0

-- standard 4 bit register
-- dnputs: clk, rsth, d

-- outputs: g

Tibrary ieese;
use ieee.std_logic_1164.all;

Hentity reg_4bit is

1 port( , .
i_clk: in std_logic;
i_rstb: 1in std_logic;
i_D : in std_logic_vector(3 downto 0);
o_Q out std_logic_vector(3 downto O0)

;
end entity;

architecture behavioral of reg_d4bit is
begin

Ern;ess (i_clk, i_rsth)
egin
if (i_rsth = "0') then
o_Q == "0000";
elsif (rising_edge(i_clk)) then
o_Q == 1_D;
end if;
end process;

end architecture;
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e 4 bit data register

o_Q[O]~reg[3..0]

o_Q[3..0]
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* 4 bit data register - testbench

-- reg_4bit_th.vhd]l

-- by: johnsontimoj

-- created: 12/31/24
-- wversion: 0.0

-- testbench for standard 4 bit register

-- dnputs: clk, rsth,
-- OUTputs: q

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

entity reg_4bit_th is
-- no ports in TB
end entity;

CLK ————]
RSTB
o ||

DUT
reg_4bit

architecture testhench of reg_4bit_tb 1is

signal CLK:
signal RSTB:
signal D:
signal qQ:

std_logic;

std_logic;

std_logic_vector{3 downto 0);
std_logic_vector{(3 downto 0);
Constant PER: tTime := 20 ns;

component reg_4bit is

port . .
i_clk: in std_logic;
i_rsth in std_logic;
i_D : in std_Togic_vector (3 downto 0);
0_Q : out std_Tlogic_vector(3 downto 0)

H
end component;

-- Device under test (DUT)

DUT: reg_4bit

port map(
i_clk == CLK,
i_rsth => RSTE,
i_d => D,
0_g => Q

bH

-- Clock process
clock: process
begin
CLK == "07;
wait for PER/Z;
infinite: Toop
CLE == not CLK;
wait for PER/Z;
end 100?;
end process clock;

-- Reser process

reset: process

begin
RSTE == "0'; wait for 2%PER;
RSTE <= "1"; wait;

end process reset;

-— RUN process
data: process
begin
-- initialize D
D <= std_logic_vector(to_unsigned(0, 4));

-- wait for reset
wait for 3 * PER;

-- loop exhaustive inputs
binary_cnt: for i in 0 to 15 loop
D <= std_Tlogic_vector (to_unsigned(i, 4));
wait for 2 * PER;
end Toop;
end process;

end architecture;
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* 4 bit data register - testbench

rstb 2 no action

< Jreg_4 it_thjCLK
4 jreg_4 it_thRSTB

B freg 4 it_thD - (000D 0001 0010 N\ _J 0011 0100 | joi01  joii0  joiil /04000 j 1001 | j 1010 3011 Y1100 1304 j1110 [ 4111 j0000
B’ jreg 4t th/Q - o000 Y0001 To0i0 N Yooi1 Yo1o0d Y0101 Y0110 To172 {1000 Y1004 fi010 Y011 11100 Y1i01 Yi11g Y1111 0000

readable
test restarts

Q follows D on rising edges
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* N bit data register

=== |
-- reg_nbit.vhd] generic section
-- by: johnsontimoj - definesN
-- - - defaultsNto8
- created: 12/31/24 - can be overwritten when instantiated (others => ‘0’) used since N can change

-— wversion: 0.0 /

__________________________________ architecture behavioral of reg_pbit is

-- standard ?kbit rﬁgizter begin
npuEss clit, reEh Erugeai (i_clk, i_rsth)
egin
if (i_rsth = "07) then
o_0 <= {(others =» "0°);
elsif (rising_edge(i c1k}} then
o0_Q == 1_D;
end if;
end process;

-—  outputs: q

library ieee;
use ieee.std_logic_1164.all;

Hentity reg_nbit s
Fl generic(

end architecture;

MN: positive :
Fl port(
i_clk: in std_logic;
i_rsth: dn std 1uu1c,
i_D : in std_logic_vector ((N - 1) downto 0);
41— Vector sizes now defined with N
o_Q out std_Tlogic_wvector({N - 1) downto 0)
end éﬂtity;
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* N bit data register

o Q[O]~reg[7..0]

o _Q[7..0]
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* n bit data register - testbench

H
H

-- reg_nbit_tb. vhdl
--  by: johnsontimoj
-- created: 12/31,/24
-- wversion: 0.0

-- testbench for standard n bit register
-- inputs: clk, rsth,

-- outputs: g

Tibrary ieee;
use jeee.std_1qgic_1164.a11;
use ieee.numeric_std.all;

entity reg_nbit_tb 1is
generic(
NN: positive := 4
3
-- no ports in TB
end entity;

CLK

i

RSTB

DUT
reg_nbit

architecture testbench of reg_nbit_tb is

signal CLK: std_logic;
signal RSTB: std_logic;
signal D: std_logic_vector ((NN - 1) downto 0);
signal Q: std_logic_vector ((NN - 1) downto 0);
constant PER: time := 20 ns;
component reg_nbit is
genaric(
N: positive := 8
port(
i_clk: in std_logic;
i_rstb: 1in std_logic;
i_D : in std_logic_vector ({N - 1) downto 0);
o_Q out std_Tlogic_vector({(N - 1) downto 0)

H
end component;
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-- Device under test (DUT)

DUT: reg_nbit
generic map(

N => NN
, )
port map
i_clk => CLK,
i_rsth => RSTB,
i_d == D,
o0_g == Q
JH

-- Clock process
clock: process
begin
CLK <= "07;
wait for PER/?
infinite: loop
CLK <= not CLK;
wait for PER/Z;
end 100q;
end process clock;

-- Reset process

reset: process

begin
RSTE <= "0'; wait for 2%PER;
RSTE <= "1"; wait;

end process reset;

-- RuUn process
data: process
begin
-- initialize D
D <= std_logic_vector (to_unsigned(0, NN));

-- wait for reset
wait for 3 * PER;

-- Toop exhaustive inputs
binary_cnt: for i in 0 to (Z**NN - 1) Toop
D <= std_logic_vector (to_unsigned(i, NN)});
wait for 2 * PER;
end Toop;
end process;

end architecture;
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* n bit data register — testbench
e Default for the nbit register is 8 bits
* Instantiated a 4 bit version

rstb 2 no action

readable

test restarts
Q follows D on rising edges
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e Data Register Enhancements
* Asynch/synch reset, set

Clear
Load
Preload
Enable

12
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