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* These slides introduce VHDL based Register Files

* Upon completion: You should be able design and
use Register Files
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e Register File — simple
e Group of n-bit registers
e Accessed via a multiplexor (address)

Address Address
5
A Data_out _ Data_out
X I / —oZ Xt bH—|
Register File RegisterFile 16
Data_in : Data_in :
16
£l | =
C We_b clk only impacts writes C We_b
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e Register File — simple
e Output data (from reg at Address) — always available

* Write requires we_b low and clk T

we_ b addr data_in data_out

1 7 472 ¢ Address

o Rguo 7 472 ? ==
1 7 472 472 CE — Data_out
1 7 93 472 f;’i—x—k@-‘fﬂ—%
1 12 93 ? oLl Registertie—| * 16
0 12 93 93 : 0

Ly 4 12 93 ? 7?6
1 23 0 ?

TURTE L hdl
1 23 0 472 we b
1 7 55 93
1 12 55

clk only required for writes, reads are asynchronous
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* Register File — multi-port
e Group of n-bit registers
e Accessed via a multiplexor
* Can have multiple inputs and outputs

Read_Address_A
Read_Address B 74
74 M x N bit
. Register File

Write_Address

Writes to one register 7; 74
Data_in :
K |
C
we_b

clk only impacts writes
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Data_Out_A
Always reading from 2 registers asynchronously

Data _Out B



e 32 x 8 bit register file

8 bit

8 bit

8 bit

8 bit

CE 1911

addr O
addr 1

addr 30
addr 31

addr 75;
\ 8
data_in —+—

wr_b

clk ———

32x8b
Register
File

8
——~<— data_out
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e 32 x 8 bit register file

-- reg_file_32x8b
-- created by johnsontimoj

-- support for 32, 8 bit registers
-- Support for 1 data outputs
-- support for 1 data input

-- Inputs: clk, reg address, data in, we_bar
-- Outputs: data out

Tibrary ieee; )
use 1eee.5td_1qg1c_ll@4.a11;
use ieee.numeric_std.all;

entity rﬁg_fiWe_BZbi is

port
i_clk: in std_logic;
i_addr: in std_logic_vector (4 downto 0); --32 registers
i_data_in: in std_logic_vector (7 downto 0); -- & bit data
i_we_b: in std_logic;
o_data_out: out std_logic_vector (7 downto 0) -- B bit data

)3
end entity;
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Numeric Std Conversions

|_Typeconversions | { Functioncalls )

Numeric_std.
Signed()/—-/" Signed ) To_integer()

N

To_signed(,length)

Std_logic_vector()

Standard.

Std_logic_1164,
2 % o Std_logic_vector ) Signed() Unsigned() Integer )
* 32 x 8 bit ter fil N
X 8 bit register file \ - -/
gned() To_integer()

Create a new ‘type’ rreE—— | To_unsigned(Jength)
¢ ’ . \ Numeric_std.
The new ‘type’ is an array of std_logic_vector o Unsigned

arch\tecture behavioral of reg_file_32x8b 1is
reate an "TYPE" for an array of 8 bit registers

type REG_FILE is array(0 to 31) of std_logic_vector (7 downto 0);

-- Create a signal of the array type

signal reg_32x8b: REG_FILE;

-- Special command to stop Quartus from inferring a RAM
-- Must also turn off assignments / settings / compiler settings;
-- adavanced settings (synthesis) / auto RAM replacement --> off
attribute ramstyle : string;

attribute ramstyle of reg_32x8b : signal 1is "logic";

begin Need the address as an integer to index the array.

- . . Address is SLV coming in — need to pass through
-- register logic )
— unsigned along the way
rocess(i_clk
egin
if(rising_edge(i_clk)) then
if(i_we_ b = "0") then
reg_%Zbi(tu_integer(Lnsigned(i_addr))) <= i_data_in;
end if;
end if;
end process;

-- output logic
rocess{all)
egin
o_data_out <= reg_32x8b(to_integer (unsigned{i_addr)));
end process;

end behavioral;
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e 32 x 8 bit register file

o_data_owt[7.0]

-

FEE

32x8b[15][7_C]

32xEb[180[7.0]
2uBb[28[7_a]

=]
3
—saR

reg_.

reg_32x6b[18)[7.0]

&
reg_:
B
reg_
Ehd|
Eh)

reg_32x6b[171[7-0]

TTTOTT

reg_32wsb~[135.128]

ETTTETs

o
=lreg_;
reg_

32xBb~[103_96]
7] reg_szusb~[23_16]
| reg_32wBb~[111_104]

—|reg_z2uBb~[119.112]

=

%_Ei
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* 32 x 8 bit register file - testbench

- reg_file_32x8b_th. vhd] TC_Component protenyee
"~ created: 3/18/18 comggpgn% reg_file_32x8b is
-- by: johnsontimoj i_clk: in std_logic
- rev: 0 i_addr: in std_'luJLj'ic_-.-ectm'G downto 0); --32 registers
—- testhench for 32 by 8 bit register file ji—sgthm' m ;Eal_:ll:;aqg._-.-ectm( downto 0); -- & bit data
-- of reg_file_32x8b.vhdl - -
- o_data_out: out std_logic_vector(7 downto 0) -- B bit data
library ieee; : .
use ieee.std_logic_1164.al7; end_f?“_‘??rj?rj‘f’_ ________________________
use ieee.numeric_std.all;
entity reg_file_32zx8b_tb is begin
-- no port entry - testbench |
end entity; -- pDevice under test (DUT)
architecture testbench of reg file_32x8b_th is 5@;";;;';;{;';5;55 _________________
signal  CLK: std_logic; port map(
signal DATA_IN: std_logic_vector(7 downto 0); i clk - CLK
signal ADDR : std_logic_vector{4 downto 0); 1+ addr —~ ADDR
signal  WE_B: std_logic; i“we_b — WE_B,
signal DATA_OUT:std_Tlogic_vector (7 downto 0); ;—gg’éﬁjﬂt :: gﬂtéﬂ;
constant PER: time := 20 ns; :
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* 32 x 8 bit register file - testbench

-- Clock process

clock: process -- note - no
begin
CLK <= "07;

wait for PER/
infinite: 100p
CLK <= not CLK; wait for
end Toop;
end process;

-- Reset process
-- No reset

-- Run Process
run: process
begin
-- initialize inputs
DATA_IN <= "DODODODO" H
WE_B <= "1’
ADDR <= (others == "0");

-- note - no

-- read with no write prior
wait for 2*PER;
WE_B <= "1";
wait for PER;
for i in 0 to 31 100p
ADDR <= std_ 1uu1c vector
DATA_IN <= x"A5"
wait for 2¥PER;
end Toop;

-- wWrite

WE_B <= '0'

wait for PER:

for i in 0 to 31 loop
ADDR <= std_logic_vector
DATA_IN <= not DATA_IN,
wait for 2*PER;

end Toop;

sensitivity 1ist allowed

PER/Z;

sensitivity 1ist allowed

- should be unknowns

(to_unsigned(i, 5));

(to_unsigned(i, 5));
-- toggles A5 and 5A

11

-- read
wait for ?*PER
WE_B <= "1’

wait for PER;

for i in 0 to 31 Toop
ADDR <= std_logic_vector (to_unsigned(i,
DATA_IN <= x"00";
wait for 2®PER;

end Toop;

5

-- read again to make sure write did not occur

-- overwrite with 1s

wait for 2*PER;

WE_B == '0";

wait for PER;

for i in 0 to 31 Toop
ADDR <= std_logic_vector (to_unsigned(i,
DATA_IN <= X"FF";
wait for 2*PER;

end Toop;

-- read again to make sure write did occur

wait for ?*PER

WE_B <= "1’

wait for PER;

for i in 0 to 31 100p
ADDR <= std_ 1uu1c vector (to_unsigned(i,
DATA_IN == x"A5
wait for 2®PER;

end Toop;

end process run;

end architecture;

5));

5));
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* 32 x 8 bit register file - verification

freq_file_32x8b_th/CLK
freq_file_32x8b_th/DATA_IN
freq_file_32x8b_th/ADDR
freq_file_32x8b_th/WE_B
freq_file_32x8b_th/DATA_OUT  |FF

Oms T T oo oo [/ [ [ Jas [ [ YJA5s
l:)333DD33D33D33333DD33D33D33D33DDDDDD33D3'D33333'DDDD3333DD333'3DD3:)3333D33D333DDDD333D33D333D33333':l3DD33D33D33D33D333333DD33D33DD3:)D3333DD333'3DZ]33333333333333333333333%
Ll | ] [ S E—

[HRRNRNEREEEREREEREEREERERRERRRVEROREEREDIERRERRRERRERREREERRDRERIN IV IRREERERVIRREERPENEEREEREE RS o N R

read register write register read register write register read register
unknown pattern no write data_in=FF no write

freq_file_32x8b_th/DATA_IN
Jfreq_file_32%8b_th/ADDR
Jjrea_file_32x8b_tb/WE_B
freq_file_32x8b_th/DATA_CUT

freg_file_32x8b_th/CLK
freg_file_32x8b_th/DATA_IN
Jfreg_file_32u8b_th/ADDR
freg_file_32x8b_th/WE_B
freg_file_32x8b_th/DATA_OUT

Addr 0 / " Addr 2

Initially unknown Initially unknown
Loads input on rising clock edge Loads input on rising clock edge

WE_B goes high
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Still reading the old data — no write
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* 32 x 16 bit register file , 2 outputs

16 bit

16 bit

16 bit

16 bit

CE 1911

addr O
addr 1

addr 30
addr 31

Read Address A

4

Read Address B

o

Write_Address

a

Data_in >

Al

32 x 16 bit
Register File

13

we_b

Data_Out_A

Data_Out_ B

© tj



CE 1911

* 32 x 16 bit register file, 2 outputs

-- reg_file_32x16bx2. vhdl

-- created 3/18/18
— tj

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

entity reg_file_32x16bx2 is
generic (

)i

port (
i_clk: in
i_addr_a in
i_addr_b in
i_wr_addr: in
i_wr_b: in
i_data_in: in
o_data out_a: out

) o_data_out_b: out

end :er'lt'ity;

constant ADDR_WIDTH
constant MEM_DEPTH
constant WORD_WIDTH

wowom
=ttt
o000

wowm
ot

v
+

[+ =0 lﬁlﬁﬁ

: posi
1 posi
1 posi

_Tlogic;
_Togic_v
_Togic_v

_logic_v

-
o)
Tts]
fo
(al

-- Inputs: rsth, clk, addr_a, addr_b, data in, wr bar
-- Qutputs: data out a, data out b

tive 1= 5;
tive = 32;
tive := 16

ector { (ADDR_WIDTH
ector { (ADDR_WIDTH

ector { (ADDR_WIDTH

_vector { (WwORD_WIDTH

vector ((WORD_WIDTH -
vector ((WORD_WIDTH

1)
1)

1)
1)

1)
1)

downto
downto

downto
downto

downto
downto

0);
0);

0);
0);

03;
0)
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* 32 x 16 bit register file, 2 outputs

Create a new ‘type’

The new ‘type’ is an array of std_logic_vector

architecture behavioral of reg_file_32x16bx2 s

-- Create an "TYyPE" for an array of 1 bit registers

-- Create a signal of the array type

signal reg_32x16x2: REG_FILE;

-- Special command to stop Quartus from inferring a RAM

-- Must also turn off assignments / settings / compiler settings/
-- adavanced settings (synthesis) / auto RAM replacement --»> off
attribute ramstyle @ string;

attribute ramstyle of reg_%leGxﬂ signal is "logic";

begin
Erocess(ﬁ_c1k)
egin
if(rising_ edue(1 c1k}} then
if(i_wr_b = "0") then
rgg 32x16x2(to_integer (unsigned(i_wr_addr))) <= i_data_in;

end if;
end process;
-- output_logic
o_data_out_a <= reg_32x16x2(to_integer (unsigned{i_addr_a)});
o_data_out_b <= reg_32x16x2(to_integer (unsigned{i_addr_b)}J;

end architecture;

type REG_FILE is array(0 to (MEM_DEPTH - 1)) of std_logic_vector ((WORD_WIDTH - 1) downto 0);

unsigned along the way

Need the address as an integer to index the array.
Address is SLV coming in — need to pass through

15

I_Tli’[l'_fl_’ﬁﬂ’ﬂ’ﬂ’ﬂ’fl’ff

fﬂf[l’fl’fl’ﬁﬂ’i"ﬂ’fﬁ_
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* 32 x 16 bit register file, 2 outputs — testbench

Normal clock process

No reset process

Read A and B outputs opposite directions(unknown)
Write to all locations (1-0 pattern)

Read A and B outputs opposite directions(1-0 pattern)
Write to all locations (0-1 pattern)

Read A and B outputs opposite directions(0-1 pattern)
Exercise Write address and data but with nowr_b
Read A and B outputs opposite directions(no change)

16
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