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* 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
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* 8 bit register w/enable

-- reg_B_bit_en. vhdl

-- created: 1/26/18

-- by: johnsontimoj

-— rev: 0

-- B bit register w/enable example
Tibrary ieee;

use ieee.std_logic_1164.al17;

---- fixed & bit register --————--———-————-
entity reg_8_bit_en is

port (
i_d : in std_logic_vector (7 downto 0);
i_en : 1in std_logic;
i_clk @ 1dn std_logic;

rsth: 1in std_logic;
o0_g : out std_Togic_vector (7 downto 0)

end entity;
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architecture behavioral of reg_8_bit_en is
begin
process(i_clk, i_rsth)
begin
if (i_rsth = "0") then
o_q <= "00000000";
elsif (rising_edge(i_clk)) then
if (i_en = '1") then

o_q <= _1_d;

else ———

not necessary

end if;
end process;
end behavioral;

_d[7.0] [ D>——

o_q[0]~reg[7..0]

i_clk[ >——FCIK
i_en[ >———ENA

8'h0|

o_q[7..0]

i_rstb
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e 8 bit register — no enable

-- reg_8_bit.vhdl

-- created: 1/26/18

-- by: johnsontimoj

-—- rev: 0

-- 8 bit register example
Tibrary ieee;

use jeee.std_Tlogic_1164.al11;

--—— fixed & bit register -—-——--——————--——-
entity reg_B_bit is

port (
i_d : in std_logic_vector (7 downto 0O);
i_clk : in std_logic;

i_rsth: din std_logic;

o_(g : out std_Tlogic_vector(7 downto 0)

L)
end entity;

Note: no elses -
matches template

architecture behavioral of reg_EB_bit is
begin
process(i_clk, i_rsth)
begin
if (i_rsth = "0°) then
o_g <= "00000000";
elsif (rising_edge(i_clk)) then
o_q <= i_d;
end if;
end process;
end behavioral;
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i_clk[ >—— o_q[7..0]
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* N bit register

T generic section added

-- reg_n_bit.vhd]l
-- created: 1,/26/18
-- by: johnsontimoj
-- rev: 0

defines N
defaults N to 8
can be overwritten when instantiated

-- n bit register example

Vector sizes now defined with N

Tlibrary ieee;
use ieee.std_logic_1164.a11;

---- generic N bit regis
entity reg_n_bit is

o_q[0]~reg[7..0]

_d[7.0] [ D>——
k[ >———

8'h0

i_rstb[ >

[ > o_q[7.0]

rs => ‘0’) used since N can change

generic(
N: integer := 8
)i
port (
i_d : in std_logic_vector((N - 1) downto 0);
i_clk @ in std_logic;
i_rstb: dn std_logic;
; 0_q out std_logic_vector{{N - 1) downto 0)
end entity;
architecture behavioral of reg_n_bit s
begin
process(i_clk, i_rsth) (othe
begin
if (i_rsth = "0") then

o_q == (others == "0");
elsif (rising_edge(i_clk)) then
o_g <= 1_d;
end if;
end process;
end behavioral;
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Component Prototype

* 64 bit register — using instantiation

Instantiation

Generic - overwrite

-— COMPOMNENT PROTOTYPE - ——————————-
component reg_n_bit is
generic(
M: integer := 8

¥
port (
i_d : in std_logic_vector((N - 1) downto 0);
i_clk : n std_logic;
i_rsth: dn std_logic;
; o0_g ! out std_logic_wvector({N - 1) downto 0)

end component;

-—- COMPONEMNT INSTANTIATION -
myBigRegister: reg_n_bi
generic map(

N == 6
port map(
i_rsth => 1_RSTE,
i_clk == 1_CLK,
i_d == 1_D,
0_q => 0_0Q

Explicit port mapping
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* 64 bit register — using instantiation

-- reg_64_bit.vhdl

-- created: 1/26/18

-- by: johnsontimoj

——rev: 0

-- 64 bit register using instantiation

Tibrary ieee;
use ieee.std_Togic_1164.all;

entity reg_64_bit is

port (
i_D :in std_logic_vector (63 downto 0);
i_CLK @ 1in std_logic;
i_RSTB: 1in std_Togic;

o0_Q : out std_logic_vector(63 downto 0)

:
end entity;

architecture behavioral of reg_64_bit is

-- COMPONENT PROTOTYPE ------------
component reg_n_bit is
generic(
N: integer := 8
)3
port (
i_d : din std_logic_vector((N - 1) downto 0);
i_clk @ in std_Tlogic;
i_rstb: in std_Tlogic;

o_qg o out std_Tlogic_vector ((N - 1) downto 0)

;
end component;

—— COMPONENT IMNSTANTIATION —-————-

agsigRegﬁster: reg_n_bit
generic map(

N == 64

)

port map(
i_rsth => i_RSTB,
i_clk => J_CLK,
i_d == 1_D,
o_q == 0_0Q

JH
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* 64 bit register — using instantiation

reg_n_bit:myBigRegister

i CLK _clk
|_D[630] 3 i=d[63..0] o=q[63..0] 3 O_Q[630]
i RSTB L_rsto
reg_n_bitmyBigRegister
E o_q[0]~reg[63..0]
i_D[63..O]D iid[6:3..(£_
i_CLK D i_clk ‘ 0 q[63..0] 0_Q[63..0]
_RSTB[ > S
i_rstb

© tj



-- Device under test (DUT)

DUT: reg_64_bit
port map(

_clk => CLK
i_rsth =»> RSTB,
i_d => D,

* 64 bit register — testbench 0 e

-- reg_64_bit_tb.vbhben ... .. |°~ -\ T _____

-- created: 1/26/18 -- Clock process - 50MHz

-- by: johnsontimoj clock: process -- no sensitivity Tist

-— rev: 0 begin

- CLK <= "07;

-- testbench for 64 bit register wait for PER;

-- of reg_e4_bit.vhdl infinite: 1oop

- CLK <= not CLK; wait for PER/Z;

-- brute force implementation end 'Iooﬁz;

- end process clock;

'I'ibr‘ar'y jeee; -— Reset process L .

use 'ieee_5tf]_'||;|g'ic_llf.4_a'|'|; Eesgt: process -- N0 Sens1TIviIty Tist
egin

RSTB <= '0'; wait for 1.5*%PER;
RSTB <= '1'; wait;
end process reset;

entity reg_64_bit_tb is
-- no entry - testbench
end entity;

architecture testhench of reg_| 64 _bit_tbh is -— Run process

signal CLK: std_1o r"unl:a process -- no sensitivity 1ist
signal RSTE: std_lo H eg'lrj ______________________
signal D: std_1c _vector(63 downto 0); —_ Initialize dinput
signal Q: std_logic_vector(62 downto 0); D <= (others => "0%);
. wait for PER®*3.|5; -- wait for reset
constant PER: tTime = 20 ns;
-------------------------------- -- setup varius D values
-- Component prototype D <= x"ASA5A5A5A5A5A5A5";
e bttt bl wait for 6*PER;
COMPOMENT reg_64_bit D <= X"3ASASASASASASASA";
port ( wait for 4%PER;
i_D :in std_logic_vector(&3 downto 0); D <= (others == "1");
i_CLK @ in std_logic; wait for 2¥PER;
i_RSTE: 1in std_logic; D <= (others = "0");
wait for 2¥PER;
o_Q : out std_logic_vector (63 downto 0)
y; end process run;
END COMPONENT;

4 freg_&4_bit_th/CLK

4 freg_&4_bit_th/RSTB
B freg_64_hit_th/D
B freg_&4_bit_th/Q
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 Shift Register

 Shift a series of bits within a register
* sel[0]: shift right / left
* sel[1]: shift / no-shift

b0 bl b2

Din ° |
sel[1:0] —-_J -
> QB > QB > QB
RSTB ’> RSTB [; RSTB
clk_in |

rstb

=
L=
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* Shift Register

architecture behavioral of shift_reg_8_bit is

-- internal signals Why?

signal data_out_sig: std_logic_vector (7 downto D);‘r__—

-- shift_reg_8_bit.vhd]l

-— cneated 2/29/17

— Tj begin

process(i_clk, i_rsth)
begin

-— reset

if (i_rsth = '0') then
data_out_sig <= (others == '0');

-- rising clk edge

elsif (rising_edge(i_clk)) then

-- Inputs: rsth, clk, bit_in, shift, dir
-— Qutputs: data_out[7:0]

library jeee;

use ijeee.std_logic_1164.al1; -- shifting

entity shift_reg_8_bit is if Cishift = "0") then

port ( Qatq_oqt_sig <= data_out_sig;
i Tk in std_logic; elsif(i_dir = "0") then . L
i rsth : in std_1ugﬁc: ; data_out_sig <= data_out_sig(6 downto 0) & i_bit_in;
T - . 1 else
1‘2%5;%? : 12 ggg—qggqgi data out_sig <= i_bit_in & data_out_sig(’ downto 1);
i_dir: in std_logic; -- 0 for left, 1 for right end if;

end if;

o_data_out :out std_logic_vector (7 downto 0) end process;

-- Qutput Togic

o_data_out <= data_out_sig;

L
end entity;

end behavioral;
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* Shift Register

data_out_sig~[7..0]

data out sig[7..0]

8'h0

o_data_out[7..0]
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 Shift Register - testbench

port
i_clk in std_logic;
i_rsth : in std_logic;
i_bit_in : in std_logic;
i_shift: in std_logic;

3
END COMPONENT;

-- shift_reg_8_bit_tb.vhd]l
-- created: 1/26/18

-- Device under test (DuUT)

-- by: johnsontimoj port map(

-— rev: 0 i_cTk => CLK,

-- ) , , i_rsth => RSTB

-- testbench for & bit shift register i_bit_in == BIT_iN,
-- of shift_reg_8_bit.vhd]l i_shift => SHIFT,
-= i_dir => DIR,

-- brute force implementation

library ieee;

use ieee.std_logic_1164.al17;

entity shift_reg_8_bit_tb is
-- no entry - testhench
end entity;

architecture testbench of shift_reg_8_bit_tb is
std_logic;
std_logic;
std_logic;
std_logic;
std_Tlogic;

signal
signal
signal
signal
signal

signal

constant PER:

CLE:
R5TE:
BIT_IN:
SHIFT:
DIR:

DATA_OUT:std_Tlogic_vector (7 downto 0);

time

o_data_out => DATA_OUT

i_dir: in std_logic; -- 0 for left, 1 for right

o_data_out : out std_logic_vector (7 downto 0}

CE 1911
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-- Clock process - 50MHZ

clock: process -- note - no sensitivity 1ist allowed

begin
CLK == "0";
wait for PER;
infinite: loop
CLK <= not CLK; wait for PER/2;
end 100q;
end process clock;

-- Reset process

reset: process -- note - no sensitivity list allowed

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

end process reset;

-- RuUn process

run: process -- note - no sensitivity Tist allowed
begin
-- Initialize Jnputs
BIT_IN <= '0";
SHIFT <= '0";
DIR <= '0";
wait for PER®3; -- wait for reset

-- verify no shift
BIT_IN <= '1"; wait for 2%PER;
BIT_IN <= '0"; wait for 2%PER;

-- verify shift Tt

SHIFT <= '17;

DIR <= '0°;

BIT_IN <= '1°; wait for 40%PER;
BIT_IN <= '0"; wait for 40%PER;

-- verify shift rt
SHIFT <= '1";
DIR <= '1";
BIT_IN <= '1"; wait for 40%PER;
BIT_IN <= "0°; wait for 40%PER;
end process run;

end architecture;
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 Shift Register - verification

Big Picture
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1 shifted left
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L L O L
400 ns 450 ns 500 ns

Mow |00 ns 150 ns 200 ns 250 ns 300 ns 350 ns

0 shifted left

111111 111111 11111000 11110000 11100000 11000000 10000000 00000000

1+

Ceeees

1 LI | I o 1 1 LI | 1 1
1300 ns

Mow |00 ns 950 ns 1000 ns 1050 ns 1100 ns 1150 ns 1200 ns 1250 ns




 Shift Register - verification

Jshift_reg_8_bit_th/CLK
Jshift_req_8_bit_th/RSTB
Jshift_req_8_bit_th/BIT_IN
[shift_req_8_bit_th/SHIFT
Jshift_reg_8_bit_th/DIR
Jshift_reg_8_bit_th/DATA_OUT

[shift_req_8_bit_th/CLK
fehift_reg_8_bit_th/RSTE
fehift_reg_8_bit_th/BIT_IN
fshift_reg_8_bit_th/SHIFT
Jshift_reg_8_bit_th/DIR
Jehift_req_8_bit_th/DATA_OUT | 1111...

-_ 0 T

—— 1 shifted right
N R

11000000 | 11100000 111110000 [11111000 (11111100 (11111110 JEEEREERL]

r@me Mow [J00ns |8
e Cursor 1 m
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 Shift Register - n

-- shift_reg_n_bit. vhdl

-- created 2/29/17
-- tj

-- Inputs: rsth, clk, bit_in, shift, dir
-- outputs: data out[(N-1):0]

Tibrary ieee;
use ieee.std_logic_1164.al1T;

entity shift_reg_n_bit 1is
generic(
N: natural := 8

port(
i_clk : in std_logic;
i_rsth : in std_logic;
i_bit_in : 1in std_logic;
i_shift: in std_logic;
i_dir: in std_logic; -- O for left, 1 for right

o_data_out :out std_Togic_vector ({N-1) downto 0}

;
end entity;

CE 1911

architecture behavioral of shift_reg_n_bit is

-- internal signals

signal data_out_sig: std_Togic_vector{{N-1) downto 0);

begin
progg;iﬁﬁ_c1k, i_rsth)
__ reset
if (i_rstb = '0") then

data out_sig <= (others => "0');
-- rising clk edge
elsif (rising_edge(i_cTk)) then
-- shifting
if (i_shift = "0') then
data_out_sig <= data_out_sig;
elsif(i_dir = "0') then
; data_out_sig == data_out_sig{((N-1)-1) downto 0) & i_bit_in;
else
data_out_sig <= i_bit_in & data_out_sig((N-1) downto 1);
end if;
end if;
end process;

-- output Tlogic

o_data_out <= data_out_sig;

end behavioral;
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