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Basys3 : Power Supplies 1esIRE

Power
Switch %
(SW16)

[

ON/OFF -
5V External x Type A USB Host
Supply Connector (J2)

e \
E,MC,:D:]:'SB VIN2 2A 3.3V
ort (J4) EN2 PGOOD2 —
VIN1 1A 1.0V
EN1 PGOQOD1 —

Power Source Select
(
JP2
USB

EXTERNAL

IC10: LTC3633 \ Eggtaz[ 820)

VIN PGOOD —

/ — EN 300 mA
Order of application \01 1: LTC3621

1.8V

Tempus




Basys3 : Power Supplies 1esIRE

FPGA I/O, USB ports, Clocks,
Flash PMODs IC10: LTC3633 2A/0.1 to 1.5A
1.0V FPGA Core IC10: LTC3633 2A/ 0.2 to 1.3A
1.8V FPGA Auxiliary and Ram IC11: LTC3621 300mA/ 0.05 to 0.15A

23/05/2016 Tempus



Basys3 : Configuration D@SI RE

USB-JTAG/UART Port

Micro-AB USB | 3'. UsSB

<+ SP " SPI Quad mod
Connector (J4 i Controller uad mode
(4 o= TAG Port € Flash
> Port
% 1x6 JTAG
6-pin JTAG Header : Mode (JP1
Header (J5) ‘ Artix-7 ( )
MO ? | m
M2 = I SPI Flash
M1 O =
é =
no- 5 Done VWA E JTAG
Type A USB Host f i LY —
> 4P PIC24 —P Serial g =
Connector (J2) [ 1| Prog. Port Prog —o’“ojé i USB

Programming Mode

Interfaces

23/05/2016 Tempus
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You can program the FPGA from a pen drive attached to the USB-HID port (J2) by
doing the following:

1. Format the storage device (Pen drive) with a FAT32 file system.

2. Place a single .bit configuration file in the root directory of the storage device.
3. Attach the storage device to the Basys3.

4. Set the JP1 Programming Mode jumper on the Basys3 to “USB”.

5. Push the PROG button or power-cycle the Basys3.

Basys3 : Configuration

23/05/2016 Tempus



Basys3: VGA port

Interfaces

23/05/2016

Pin 1: Red
Pin 2: Gmn
Pin 3: Blue
@ Pin 13: HS
Pin 14: VS
LUy

G19 _REDO ﬁ

H1g _RED1 ﬁ?ﬂ

J1g _RED2 o

N19 BEDS

J17 _GRNO__ 4KO

Hq7 _GRN1 KO

G17 GRN2 KO

D17 _GRN3 3100

Nig BLUO 4K |

L18 _BLU1 ?\E

K1g 22w

118 BLU3 5100

pqg _HSYNC %{1

R1g _VSYNC M,ﬂ

Artix-7

Pin 5: GND

Pin 6: Red GND
Pin 7: Gm GND
Pin 8: Blu GND
Pin 10: Sync GND

HD-DB15

DesIRE

4096 colors = 2712




JYesIRE

Basys3: VGA port

640 by 480 mode
60Hz refresh rate => 16.7ms period => 16.7ms/521 = 32us line time

25MHz clock => 40ns period :_|_> 800 pulsen

4 S P!
P . disp T
g -4 >
3 s
— :-I—pr : Tb :
P
Vertical Sync Horiz. Sync
Symbol | Parameter |— y . - y
Time | Clocks |Lines| Time | Clks
TS Sync pulse 16.7ms| 416,800 " 521 32 usr 800
Tdisp Display time | 15.36ms| 384,000|| 480 |f 25.6 us| 640
pr Pulse width 64 us| 1,600 2 3.84 us| 96
Tfp Front porch 320 us| 8,000 10 640 ns| 16
T
bp Back porch 928 us| 23,200 k29 1.92us| 48 || W% Tempus
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Basys3: VGA port: horizontal counter

0 96 144 784 800 —> 0

\ A4 \4 v V

U L

Interfaces

23/05/2016 Bl Tempus
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Basys3: VGA port: vertical counter

0 2 31 511 521 —> 0

\ A4 \4 v V

U L

H 23/05/2016
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Basys3: VGA port

We need a component for:
- Build a 25MHz clock signal

- Synchronization
- vgaRed / vgaGreen / vgaBlue output

Uz

clk

clr

hc[9:0]

hsync

ve[9:0]

vidon

VSynec

vga_640x480

EDGSIQE

ui

clr | — clk25
melk |
clkdiv
u3
J

hc[9:0 blue[3:0]
wc[9:0 ﬂreen[3:[]]

vidon | red[3:0]

vga_stripes

Tempus
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Basys3: VGA port

We need a component for:
- Build a 25MHz clock signal

mclk

library IEEE; dkdiv
use IEEE.STD_LOGIC_1164.all;
use IEEE.STD LOGIC_unsigned.all;

entity clkdiv is
port(
clk : in STD_LOGIC;
clr : in STD_LOGIC;
clk25 : out STD_LOGIC

);
end clkdiv;

23/05/2016 Tempus

clr clk25
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Basys3: VGA port

clr

We need a component for: ——_ —Jclk2s
- Build a 25MHz clock signal

mclk

architecture div of clkdiv is dlkdiv

signal g:STD_LOGIC_VECTOR(3 downto 0);
begin

process(clk, clr)

begin
if clr ='"1' then e clk50 <= Q(O), -- 50 MHz
q <= Ilooooll; . C|k25 <= q(l); == 25 MHZ
elsif rising_edge (clk) then * Clk12.5<=q(2); --12.5 MHz
q <= q + 1; 1 2 3 L] L] 1 ] L |
end if; o
end process; PR [ s N N N
clk25 <= q(1); -- 25 MHz S .
F o | 1 | |
tlend div; o | i

Fig 4: Wavetorrms of four-stage count-up counier



Basys3: VGA port

We need a component for:
- Synchronization

library IEEE;

use IEEE.std logic_1164.all;

use IEEE.numeric_std.all;

use IEEE.std logic_unsigned.all;

entity vga 640x480 is
port ( clk, clr : in std_logic;
hsync : out std_logic;
vsync : out std_logic;
hc : out integer range 0 to 800;
vcC : out integer range 0 to 800;
vidon : out std_logic
);
end vga_640x480;

JYesIRE
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Basys3: VGA port

We need a component for:
- Synchronization

architecture behavior of vga_640x480 is
constant hpixels: integer := 800;
constant vlines: integer := 521;

constant hbp: integer := 144;

constant hfp: integer := 784;

constant vbp: integer := 31;

constant vfp: integer := 511;

signal hcs, vcs: integer range 0 to 800;
signal vsenable: std_logic;

Interfaces

23/05/2016
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uz

vga_640x480

Value of pixels in a horizontal line = 800
Number of horizontal lines in the display = 52
Horizontal back porch = 144 (96+48)
Horizontal front porch = 784 (96+48+640)
Vertical back porch = 31 (2+29)

Vertical front porch =511 (2+29+480)

These are the Horizontal and Vertical counters
Enable for the Vertical counter

Tempus



Basys3: VGA port D@SI RE

We need a component for:
- Synchronization =
begin = -
process(clk, clr) =
begin e
if clr ="1" then
| 'hCS <=0; - e Count horizontal pulses of
elsif(clk ?vent and -cIk ='1") then 25MHz clock
if hcs = hpixels - 1 then e Generate Hsync
hcs <= 0;
vsenable <="'1";
else
hcs <= hes + 1;
vsenable <="'0";
end if;

end if;
end process;

hsync <="'0' when hcs < 96 else '1'; Tempus



Basys3: VGA port

DesIRE

We need a component for:

- Synchronization e
process(clk, clr, vsenable) o] po
begin e
if clr ="1" then e
vcs <= 0;
elsif(clk'event and clk = '1' and vsenable="'1") then e Count vertical lines
if ves = vlines - 1 then . Generate Vsync
vcs <=0;
e /
VCS <= V(s + 1;
end if;
end if;

end process;

vsync <='0' when vcs < 2 else '1';

Tempus



Basys3: VGA port

We need a component for:
- Synchronization

vidon <= "'1"' when (((hcs < hfp) and (hcs >= hbp))
and ((vecs < vfp) and (vcs >= vbp))) else '0';

hc <= hcs;

W

VC <= VCS;

end behavior

Interfaces

23/05/2016

_).
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Enable video in visible area

Output counters

Tempus
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Basys3: VGA port

he[9:0 blue[3:0]
We need a component for: S C0 1 —zE130]

- vgaRed / vgaGreen / vgaBlue output

vidon red[3:0]
Vi s

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use IEEE.STD _LOGIC_arith.all;

entity vga_stripes is
port ( vidon: in std_logic;

hc : in integer range 0 to 800;
vc : in integer range 0 to 800;
red : out std_logic_vector(3 downto 0);
green : out std_logic_vector(3 downto 0);
blue : out std_logic_vector(3 downto 0));

end vga_stripes;

Interfaces

23/05/2016 Tempus



Basys3: VGA port

We need a component for:

- vgaRed / vgaGreen / vgaBlue output

architecture behavior of vga_stripes is

signal vc_vec: std_logic_vector (9 downto 0);

Begin
vc_vec <= conv_std_logic_vector(vc,10);

process(vidon, vc_vec)

begin
red <= "0000";
green <= "0000";
blue <="0000";

if vidon ='1' then

u3

he[9:0 blue[3:0]
ve[9:0 ﬁreen[?.:[:l]

vidon red[3:0]
Vi s

/’

convert to binary vector

red when vc_vec (5) is ‘1,

green when not: horizontal
A stripes

red <= vc_vec(5) & vc_vec(5) & vc_vec(5)& vc_vec(5);
green <= not (vc_vec(5) & vc_vec(5) & vc_vec(5)& vc_vec(5));

end if;
»)i| end process;
end behavior;




Basys3: VGA port with sprite from memoryDGSI RE

U1
We need a component for:
- Build a 25MHz clock signal ok clk2s
- Synchronization _ |
- vgaRed / vgaGreen / vgaBlue output arl
- Memory clkdiv
U2
U3 he[9:0]
ck| hisync
M[0:15 L blue[3:0]
crj vc[9:0]
he[9:0 L green[3:0]
vidon
sw[7:0 L red[3:0]
VSynC
ve[9:0] rom_addr4[3:0] V95 640x480
U4 vidon
vga_initials
addr[3:0] M[0:15]
prom_house

Tempus
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. - . +
Basys3: VGA port with sprite J
hc[9:0]
clk hsync
We need a component for: _
- Synchronization - SER
vidon
library IEEE; vsyme
use [EEE.STD_LOGIC_1164.ALL; vga_640x480

use [EEE.STD_LOGIC_UNSIGNED.ALL,;

entity vga 640x480 is
port ( clk, clr : in std_logic;
hsync : out std_logic;
vsync : out std_logic;
hc : out std_logic_vector(9 downto 0);
vc : out std_logic_vector(9 downto 0);
vidon : out std_logic
);
end vga_640x480;

23/05/2016 Tempus
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Basys3: VGA port with sprite

We need a component for:
- Synchronization

architecture vga_640x480 of vga_640x480 is
constant hpixels: std_logic_vector(9 downto 0) :="1100100000"; --800

constant vlines: std_logic_vector(9 downto 0) := "1000001001"; --521

constant hbp: std_logic_vector(9 downto 0) := "0010010000"; --144 = 96+48
constant hfp: std_logic_vector(9 downto 0) := "1100010000"; -- 784 = 96+48+640
constant vbp: std_logic_vector(9 downto 0) := "0000011111"; --31=29+2
constant vfp: std_logic_vector(9 downto 0) :="0111111111"; --511 = 2+29+480

signal hcs, ves: std_logic_vector(9 downto 0);
signal vsenable: std_logic;

Interfaces

Tempus

23/05/2016
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Basys3: VGA port with sprite

We need a component for:
- Synchronization

begin
process(clk, clr)
begin
if clr="1" then

hcs <= "0000000000";
elsif(clk'event and clk = '1') then
if hcs = hpixels - 1 then
hcs <= "0000000000";

vsenable <="'1" --Enable the vertical counter
else

hcs <= hes + 1;

vsenable <="'0"
end if;

end if;
end process;

hsync <="'0" when hcs < 96 else '1’;
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Basys3: VGA port with sprite

We need a component for:
- Synchronization

process(clk, clr, vsenable)
begin
if clr ='1" then
vcs <= "0000000000";
elsif(clk'event and clk ='1' and vsenable='1") then
if ves = vlines - 1 then
vcs <= "0000000000";
else
VCS <= Vcs + 1;
end if;
end if;
end process;

vsync <='0' when vcs < 2 else '1';

Interfaces

23/05/2016 Tempus



Basys3: VGA port with sprite

We need a component for:
- Synchronization

--Enable video out when within the porches
vidon <="'1"' when (((hcs < hfp) and (hcs >= hbp))
and ((vcs < vfp) and (vcs >= vbp))) else '0';

-- output horizontal and vertical counters
hc <= hcs;

VC <= VCS;

end vga_640x480;

23/05/2016

EDGSIQE

Tempus



Basys3: VGA port with sprite

We need a component for:
- vgaRed / vgaGreen / vgaBlue output

library IEEE;
use IEEE.STD LOGIC_1164.ALL;
use IEEE.STD LOGIC_UNSIGNED.ALL;

entity vga_sprite is
port ( vidon: in std_logic;
hc : in std_logic_vector(9 downto 0);
vc : in std_logic_vector(9 downto 0);
M: in std_logic_vector(0 to 15);
sw: in std_logic_vector(7 downto 0);

rom_addr4: out std_logic_vector(3 downto 0);

red : out std_logic_vector(3 downto 0);
green : out std_logic_vector(3 downto 0);
blue : out std_logic_vector(3 downto 0)

);

end vga_sprite;

M[0:15]

hc[2:0

E‘L

ve[9:0

vidon

JYesIRE

U3

blue[3:0]

green[3:0]

red[3:0]

rom_addr4[ 3:0]

vga_initials

Tempus
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Basys3: VGA port with sprite e

_hef9:0]) __lgreen[3:0]
sw7:0]] __lred[3:0]
We need a component for: w0l e
- vgaRed / vgaGreen / vgaBlue output _vidon|

vga_initials

architecture behavior of vga_sprite is

constant hbp: std_logic_vector(9 downto 0) := "0010010000"; --144
constant vbp: std_logic_vector(9 downto 0) := "0000011111"; --31
constant w: integer := 16;

constant h: integer := 16;

signal C1, R1: std_logic_vector(10 downto 0);

signal rom_addr, rom_pix: std_logic_vector(10 downto 0);

signal spriteon, R, G, B: std_logic;

Interfaces

23/05/2016 Tempus



u3

Basys3: VGA port with sprite T
S0 redzo)
We need a component for: LCRT o addra(3:0)
- vgaRed / vgaGreen / vgaBlue output e |
begin
--set C1 and R1 using switches
C1<="00" & SW(3 downto 0) & "00001";
R1 <="00" & SW(7 downto 4) & "00001"; ¢ ROM lijnen

—

rom_addr <= vc - vbp - R1; _5| * ROM pixels
rom_pix <= hc - hbp - C1; o
rom_addr4 <= rom_addr(3 downto 0);

--Enable sprite video out when within the sprite region
spriteon <="1' when (((hc >= C1 + hbp) and (hc < C1 + hbp + w))
and ((vc >=R1 + vbp) and (vc < R1 + vbp + h))) else '0';

Interfaces

23/05/2016 Tempus
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Basys3: VGA port with sprite L B

hc[9:0 reen(3:0]
—helS:00L_ —green(3:0]

+)

sw7:0]] __lred[3:0]
We need a component for: 01| _Jrom_scgragz0
- vgaRed / vgaGreen / vgaBlue output _vidon|

vga_initials

process(spriteon, vidon, rom_pix, M)
variable j: integer;

begin
red <= "0000";
green <= "0000";
blue <= "0000";

vidon: visible area
spriteon: sprite area
= look for memory line

if spriteon ='1' and vidon ='1' then
j := conv_integer(rom_pix);

R <=_ IR/IA(J');- and pixel
G<= (.J), — If ‘1’ all on: white
B <= M(j);

red<=R&R &R &R;
green<=G& G & G&G;
blue<=B & B & B & B;
end if;
end process;
end behavior;

Tempus
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Basys3: VGA port with sprite

We need a component for:

L4
- Memory

library IEEE; addr[3:0] M[0: 15]

use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

prom_house

entity prom_house is
port (
addr: in STD_LOGIC_VECTOR (3 downto 0);
M: out STD_LOGIC_VECTOR (0 to 15)
);

end prom_house;

23/05/2016 Tempus



Basys3: VGA port with sprite

architecture prom of prom_house is
type rom_array is array (NATURAL range <>)
of STD_LOGIC_VECTOR (0 to 15);
constant rom: rom_array := (
"0000000110000000",
"0100001111000010",
"0000011111100000",
"0000111111110000",
"0001111111111000",
"0011111111111100%,
"0111111111111110%,
"111111111111121211",
"1100000000000011",
"1100000001110011",
"1100000001110011",
"1100000001110011",
"1100111000000011",
"1100111000000011",
"1100111000000011",
"1100111000000011"

);

M[0: 15]

Tempus



Basys3: VGA port with sprite

We need a component for:
- Memory

begin
process(addr)
variable j: integer;
begin
j := conv_integer(addr);
M <= rom(j);
end process;
end prom;

Interfaces

23/05/2016

addr[3:0]

U4

M[0: 15]

prom_house

Find line

Tempus
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4 Project Manager
ﬁ Project Settings
o Add Sources

Basys3: VGA port Block RAM [P

We need a component for:

- Memory =
v Language Templates
L F IP Catalog
Mame AXT4 Status License VLNY
IiH.:-" Al Intrastructure
[+ BaselP
=t= Basic Elements
[+ Accumulators
~1F Concat Production Included wilinx.com...
-1F Constant Production Included wilinx.com...
[+ Counters
~1F DSP48 Macro Production Included wilinx.com...

== Memory Elements
¥ Block Memory Generator AXM  |production |included |xilinx.com...,

ITI

""" ~4F Distributed Memory Generator Production Included xilinx.com...
= Registers, Shifters & Pipelining
~1F Slice Production Included ¥ilinx.com...

l I Communication & Networking
[+ Debug & Verification

[+ Digital Signal Processing
= Embedded Processing

[+ FPGA Features and Design
[+ Math Functions

[+ Memories & Storage Elements =
[+ Partial Reconfiguration
=& il Tempus

Standard Bus Interfaces

L= A iden B Trasme Dem e coim e



Iﬁ Re-customize IP : - . - — - |i|
e c—
: Block Memory Generator (8.2) ‘
] ﬁ Documentation [ IP Location [ Switch to Defaults
IP Symbol rPower Estimation Component Name | blk_mem_gen_0
[ | show disabled ports Basic TPort A Options rDther Options TSummar‘,r ]
Interface Type | Native ¥ | [ ] Generate address interface with 32 bits
[l Memory Type | Single Port ROM -
j. Common Clock
ECC Options
ECC Type No ECC -
Error Injection Pins | Single Bit Error Injection -
/| Write Enable
1 ll|2=BrRAM_FORTA
Byte Write Enable
|||=BrRAM_PORTE
i Byte Size (bits) ° hd
i
1 Algorithm Options
’; Defines the algorithm used to concatenate the block RAM primitives.
i Refer datasheet for more information.
L Algorithm | Minimum Area
) Primitive | 82 -
] P
ok || cancel

Basys3: VGA port Block RAM [P

We need a component for:

- Memory

JYesIRE




Basys3: VGA port Block RAM IP DGSI RE

We need a component for:
- Memory

Component Name  blk_mem_gen_0

Elasi/o/w Port A Options rDther Options r Summary l

Memaory Size
Port A Width |16 Range: 1 to 4608 (bits)
Port A Depth |16 Range: 2 to 1048576

The Width and Depth values are used for Read Operation in Port A

Operating Mode | Write First  ~ | Enable Port Type  Always Enabled ~
Port A Optional Output Registers

Primitives Output Register | | Core Output Register

SoftECC Input Register |:| REGCEA Pin

FPort A Output Reset Options
|| RSTA Pin (set/reset pin)  Output Reset Value (Hex) 0

Reset Memory Latch Reset Priority | CE (Latch or Register Enable)

READ Address Change A

Read Address Change A



Basys3: VGA port Block RAM [P

We need a component for:
- Memory

Component Mame | blk_mem_gen_0

Basic rPoﬁ A [}ption/s/’{)ther Options rSummarY

Pipeline Stages within Mux | 0 | Mux Size: 1x1

Memory Initialization

Load Init File

Coe File |znts/Digitale2/projects/Basys_VGA_BROM/house_rom.coe [ |* Browse ] [ & Edit

[ ] Fill Remaining Memory Locations
Remaining Memory Locations (Hex) 0

Structural/UniSim Simulation Model Options

Defines the type of warnings and outputs are generated when a
read-write or write-write collision occurs.

Collision Warnings | All -
Behavioral Simulation Model Options

|| isable Collision Warnings || Disable Out of Range Warnings

JYesIRE

Tempus



Basys3: VGA port Block RAM IP

We need a component for:

Memory: COE

memory_initialization_radix = 2;
memory_initialization_vector =

0000000110000000
0100001111000010
0000011111100000
0000111111110000
0001111111111000
0011111111111100
0111111111111110
1111171717111111111
1100000000000011
1100000001110011
1100000001110011
1100000001110011
1100111000000011
1100111000000011
1100111000000011
1100111000000011

4

DesIRE

Tempus



Basys3: VGA port Block RAM [P

We need a component for:
- Memory

(= Design Sources (4)

—-#lid wga_initials_top - vga_initials_top (voa_initials_top
- U1 - clkdiv - div (clkdiv.vhd)

L@l U2 - vga_640x480 - vga_640x480 (vga_640x480.vhd)
@ U3 - vga_initials - vga_initials (vga_initials.vhd)
[=-4FE U4 - blk_mem_gen_0 (blk_mem_gen_0.xci) (2)

=I-&h blk_mem_gen_0 - blk_mem_gen_0_arch (blk_men

e T U0 - blk_mem_gen_va_2 - xilinx
- 9blk_mem_gen_0 (blk_mem_gen_0.dcp)
-l prom_DMH - prom_DMH (prom_DMH.vhd)

-2 DVM_rom.coe
/3 house_rom.coe
—H= Constraints (1)

== constrs_1 (1)

""" H4 Basys3_Master.xdc
[+ Simulation Sources (4)

(|

Interfaces

23/05/2016

DesIRE
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Basys3: VGA port Block RAM [P

We need a component for:
- Memory

'Q '* |« sources_1 » ip » blk_mem_gen_ 0 » v

JYesIRE

= X

Zoeken in blk_mem_gen 0 pol

Organiseren ~ | Openen Delen met - E-mail Branden s = - Eﬂ ﬁ
b Google Drive % Naam Gewijzigd op Type
. | blk_mem_gen_v8 2 3/05/2016 17:27 Bestandsi
.| Bibliotheken -
. | doc 3/05/2016 17:27 Bestandsi
AL Afbeeldingen )
L. sim 3/05/2016 17:27 Bestandsi
AL Documenten | =
. I synth 3/05/2016 1727 Bestandsi| ™
,;J} Muziek .
g Video' g blk_mem_gen_0.dcp 3/05/2016 17:29 Vivado Ch
. ideo's
blk_mem_gen_0.mif 3/05/2016 17:27 MIF-best:
] 3 | | blk_mem_gen_0wvho 3/05/2016 1727 WVHO-bes
i% Thuisgroep —
blk_mem_gen_{ Type: VHO-bestand h/2016 1727 XCI-bestz
2] blk_mem_gen_(| Grootte: 3.15 kB 5/2016 17:27 XML-doci
A Computer . Gewijzigd op: 3/05/2016 17:27 ) ]
& 05 (C) | BN blk_mem_gen_0= ARy =reo/2016 17:29 Verilog Fi
: ,f_,h blk_mem_gen_0_funcsim.vhdl 3/05/2016 17:29 VHDL File =

> || B I}

-~ blk_mem_gen_0.vho Gewijzigd op: 3/05/2016 17:27
VHO-bestand Grootte: 3.15 kB

P.

Tempus



Basys3: VGA port Block RAM IP

We need a component for:
- Memory

COMPONENT blk_mem_gen 0 PORT (

clka : IN STD_LOGIC;

addra : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
STD_LOGIC_VECTOR(15 DOWNTO 0) );
END COMPONENT;

your_instance_name : blk_mem_gen 0O

JYesIRE

douta : OUT

PORT MAP ( clka =>clka, addra=>addra, douta=>douta );

Interfaces

23/05/2016

Tempus



Basys3: VGA port Block RAM IP esIRE

We need a component for:
- Memory

U4 : blk_mem_gen_0
PORT MAP (
clka => clk,
addra =>rom_addr4,
douta => M

);

Interfaces

23/05/2016 Tempus



Basys3: VGA port clock with [P DGSI RE
4 Project Manager

ﬁ Project Settings

BJ‘_:]' Add Sources

ﬁ? Language Templates

L F IP Catalog

We need a component for:
- Build a 25MHz clock signal

Mame AxI4 Status License WL

=+ Vivado Repository
[+ Alliance Partners
[+ Automotive & Industrial
[+ AXI Infrastructure
[+~ BaselP
[+ Basic Elements
[+ Communication & Networking
[+ Debug & Verification
[+= Digital Signal Processing
[+= Embedded Processing
=M= FPGA Features and Design
- M5 Clocking
jizard o AXE  [Production [included  xiline com....
= 10 Interfaces
¢ +-= Soft Error Mitigation
. = XADC
[+ Math Functions
[+ Memories & Storage Elements
(= Partial Reconfiguration
[+ Standard Bus Interfaces
[+ Video & Image Processing

Tempus



Basys3: VGA port clock with [P

We need a component for:
- Build a 25MHz clock signal

~| Show disabled ports

clk_in1 clk_outl

reset locked

JYesIRE

Clocking Options rDutput Clocks rMMCM Settings rPor‘t Renaming rSummary

Interfaces

23/05/2016

Primitive

(i Mo () PLL
Clocking Features Jitter Optimization
Frequency Synthesis |:| Minimize Power (@) Balanced

Phase Alignment [] spread Spectrum () Minimize

[] bynamic Reconfig [| pynamic Phase Shift () Maximize

[ safe Clock Startup

Dynamic Reconfig Interface Options
(@ AXHMLite () DRP Phase Duty Cycle Config
Input Clock Information

Input Clock Input Frequency(MHz) Time Period (ns)
Primary 100.000 10.000

[] | secondary 100.000 10.000

Balanced : selecting this option allows the software chosing the
correct bandwidth for jitter optimization Minimize output Jitte
Selecting this option minimizes the jitter on the output clocks :
the expense of power and output clock phase error Maximixe

input jitter filtering : Selecting this option allows larger input jif
on the input clocks

10,000 - 800,000

150,000 - 300,000

Jitter Options
uI

Input Jitter
0.010

Source

Single ended clock capab

0.010

Single ended clock capab




Basys3: VGA port clock with [P

We need a component for:

Build a 25MHz clock signal

ow disabled ports

JYesIRE

Clocking DptiDn/S/vﬂ.ﬂ]l.lt(nﬁS rMMCM Settings rPort Renaming rSummary ]

The phase is calculated relative to the active input clock.

Output Clock Output Freq (MHz) Phase (degrees) Duty Cycle (%)
Requested Actual Requested Actual Requested Actual

clk_out1 25.000 XX 0.00 0.000 50.000 50.000
[ elic_outz 100.000 0.000 50.000

clk_out3 100.000 0.000 50.000

clk_outd 100.000 0.000 50.000

clk_out5 100.000 0.000 50.000

clk_outé 100.000 0.000 Actual phase for the output clock5

clk_out? 100.000 0.000 50.000

Could not obtain valid VCO, M and D values with the given input freqs and the requested frequencies.

clk_outl Clocking Feedback

USE CLOCK SEQUENCING
Source Signaling

locked

Output Clock Sequence Number

@

Automatic Control On-Chip (@) Single-ended
1

1 (7 Automatic Control Off-Chip Differential

1 N 1 lnme Fnctenllad e Fhis

Interfaces

23/05/2016

Drives

BUFG

BUFG

BUFG

BUFG

BUFG

BUFG

BUFG

| »

111




Basys3: VGA port clock with IP DesIRE

¥ Indeling aan g

. Getall ii
We need a component for: ctolen |iahin | il s
. . Voorbeeld
- Build a 25MHz clock signal
Positief:  123,456,789.00 Megatief: -123,456,789.00
ion: I Il
Attention: language settings!!! N j .
=> Configuration: country and language
Aantal decimalen: [2 v]
Cijfergroeperingssymbool; : h
Cijfergroepering: [ 123,456,789 A ]
Symbool voor negatief getal: - -
Motatie van negatief getal: [—1.1 v]
Voorloopnullen weergeven: [0.? v]
Lijstscheidingsteken: H -
Maatstelsel: [ Metrisch - ]
Standaardcijfers: [012 3456789 b ]
Taalspecifieke cijfers gebruiken: [Noc:-it v]
Klik op Beginwaarden als u de standaardinstellingen
£ voor het systeem wat betreft getallen, valuta's, tijden ‘ Beginwaarden |
Inter aCes en datums wilt instellen.

I 0K ” Annuleren H Toepassen ‘

23/05/2016




Basys3: VGA port clock with IP DesIRE

We need a component for:
- Build a 25MHz clock signal

QA2 2eh B|E

(== Design Sources (4)

-l % wga_initials_top - wga_initials_top (vga_initials_top
EHEFE UL - clk_wiz_0 (clk_wiz_0.xci) (2)

(@ clk_wiz_0 - xilinx (clk_wiz_0.vhd) (1)

SN clk_wiz_0 (clk_wiz_0.dcp)
-4l U2 - vga_640x480 - vga_640x480 (vga_640x480.vhd)
-4l U3 - vga_initials - vga_initials (vga_initials.vhd)
[+-4FE U4 - blk_mem_gen_0 (blk_mem_gen_0.xci)

-l clkdiv - clkdiv (clkdiv.vhd)

-l prom_DMH - prom_DMH (prom_DMH.vhd)
[+H-= Coefficient Files (1)

FH Constraints (1)

[+ Simulation Sources (4)

« | i | =

Hierarchy | IF Sources | Libraries | Compile Order |

(|

-

Interfaces

23/05/2016 Tempus



Basys3: VGA port clock with IP DesIRE

We need a component for:

- Build a 25MHz clock signal

=87 X
* - | .+ sources_1 » ip » clkwiz_0 » - Loeken in clikwiz_0 yel
Organiseren ~ In bibliotheek opnemen Delen met ~ Branden = = 1 @
i Google Drive  “  Naam Gewijzigd op Type m |
e | doc 26/04/2016 16:53 Bestandsi
.| Bibliotheken : ) ]
. #o clk wiz_0.dcp 28/04/2016 9:52 Vivado Cl
S Afbeeldingen .
| dk_wiz_0.vhd 26/04/2016 16:53 WVHDL File
- Documenten B
. clk_wiz_O.vho 26/04/2016 16:53 VHO-bes|=
-4 Muziel
& Muziek Ik wiz_Oxci 48/04,/2016 9:51 XCI-b
i Video's Aot i Type: VHO-bestand /04/ ' ~besta
clk_wiz_0xdq Grootte: 4,13 kB /0472016 16:53 XDC-best
3 ] clk_wiz_0.xm| Gewljzigd op: 26/04/2016 16:53 /04,2016 9:51 XML-doc
1-3 Thuisgroep
clk wiz_0 board.xdc 26/04/2016 16:53 XDC-best
| clk_wiz_0_clk_wiz.vhd 26/04/2016 16:53 WHDL File
" Computer | clk_wiz_0_f i 28/04/2016 9:52 Verilog Fi
clk_wiz_0_funcsim.v ; erilog Fi
& 05(C) .f ?
v clk wiz_0_funcsim.vhdl 28/04/2016 9:52 VHDL File =
) Ay i | »
l 14 items
d

Interfaces

Tempus

23/05/2016



Basys3: VGA port clock with IP DQSI RE

We need a component for:
- Build a 25MHz clock signal

component clk_wiz_0

port

(-- Clock in ports

clk_inl :in std_logic;
-- Clock out ports

clk_outl :out std_logic;
-- Status and control signals
reset ;in std_logic;
locked :out std_logic);

end component;
ATTRIBUTE SYN_BLACK_BOX : BOOLEAN;
ATTRIBUTE SYN_BLACK_ BOX OF clk_wiz_0 : COMPONENT IS TRUE;

ATTRIBUTE BLACK_BOX_PAD_PIN : STRING;
ATTRIBUTE BLACK_BOX_PAD_PIN OF clk_wiz_0 : COMPONENT IS
"clk_in1,clk_outl,reset,locked";

Tempus



Basys3: VGA port clock with IP DGSI RE

We need a component for:
- Build a 25MHz clock signal

your_instance_name : clk_wiz_0
port map (

-- Clock in ports

clk_in1 =>clk_in1,

-- Clock out ports

clk_outl => clk_outl,

-- Status and control signals
reset => reset,

locked => locked

);

23/05/2016 Tempus



Basys3: VGA port clock with IP DGSI RE

We need a component for:
- Build a 25MHz clock signal

Ul:clk wiz_ 0
port map (

-- Clock in ports
clk_in1 =>clk,
-- Clock out ports

clk_outl => clk25,

-- Status and control signals
reset => clr,
locked => open

);

23/05/2016 Tempus



JYesIRE

 The Basys3 board includes a single 100 MHz oscillator connected to pin W5
e The input clock can drive MMCMs or PLLs to generate clocks of various
frequencies and with known phase relationships.

Basys3: Oscillators/Clocks

23/05/2016 Tempus



Basys3: USB-UART Bridge (Serial Port) DesIRE

 The Basys3 includes an FTDI FT2232HQ USB-UART bridge

* This allows to use PC applications to communicate with the board using
standard Windows COM port commands

« Serial port data is exchanged with the FPGA using a two-wire serial port
(TXD/RXD)

4
. ] 2 JTAG «—F—» JTAG

: TXD » B18

Micro-USB RXD « A18
(J4)
FT2232 Artix-7

Interfaces
23/05/2016 : Tempus




EDGSIQE

« The Auxiliary Function microcontroller (Microchip PIC24FJ128) provides the

Basys3 with USB HID host capability
 The PIC24 drives two signals which are used to implement a standard PS/2

interface for communication with a mouse or keyboard

Basys3: USB HID Host

FPGA 7 FPGA

Config —— Config
L 1 2 PS2 CLK «—» C17
> ps2 DAT «—» B17
USB HOST (J2) PIC24FJ128 Artix-7

= 23/05/2016

il Tempus



Basys3: PS2

0’ start bit u—nde ¢ 1 stop bit
DATA /—\ ¥ [ E i \ T
Tsu+
Symbol Parameter Min | Max
Tek | Clock time 30us | 50us
Tsy | Data-to-clock setup time | Sus | 25us
Tuo | Clock-to-data hold time | Sus | 25us

Interfaces

23/05/2016

EDGSIQE

Tempus



Basys3: PS2 1esIRE

Both clock and data signals are logic level high when inactive

The keyboard provides both the clock and data

The data begins with a start bit (logic low), followed by one byte of data, a
parity bit, and finally a stop bit (logic high)

The data is sent LSB first

Each bit should be read on the falling edge of the clock signal

Once complete, both the clock and data signals return to logic level high

Clock

LN P Ny N e N AR N e N T N

Data

\ start { DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 X D8 XparityY stop v

23/05/2016 Tempus




JYesIRE

Basys3: PS2

e Scan Codes

= EEEER BEEE BEEE

R EEEREEEEEEEE

HBHABNHONHELCE
HHARANA NN E S

 HRAAAEARC
Ll ) [EI A

B Tempus

53 Interfaces

23/05/2016



Basys3: PS2

e 4 actions
* Synchronize & Filter
e Input
e Output

Interfaces

23/05/2016

DesIRE

Tempus



Basys3: PS2

entity PS2 is
Generic(clk_freq: INTEGER := 100_000_000);
Port ( clk : in STD_LOGIC;
clr:in STD_LOGIC;
ps2d :in STD_LOGIC;
ps2c:in STD_LOGIC;
ps2_out_new : out STD_LOGIC;
ps2_out : out STD_LOGIC_VECTOR (7 downto 0));
end PS2;

architecture Behavioral of PS2 is

signal ps2c_int : STD_LOGIC;
signal ps2d_int : STD_LOGIC;
signal ps2c_filter: STD_LOGIC_VECTOR(7 DOWNTO 0);
signal ps2d_filter: STD_LOGIC_VECTOR(7 DOWNTO 0);

JYesIRE

--system clock frequency in Hz

--flag new PS2 output
--output received from PS2

--debounced clock signal
--debounced data signal

signal ps2_word :STD _LOGIC_VECTOR(10 DOWNTO 0); --stores the ps2 data word
signal count_idle :INTEGER RANGE 0 TO clk_freq/18_000; --counter to determine idle

Tempus



Basys3: PS2 1esIRE

* Synchronize & Filter

filter: process(clk, clr)
begin
if clr ="1" then
ps2c_filter <= (others =>'1');
ps2d_filter <= (others =>"'1");

Interfaces

23/05/2016 Tempus



Basys3: PS2 1esIRE

e Filter

elsif rising_edge (clk) then
ps2c_filter(7) <= ps2c;
ps2c_filter(6 downto 0) <= ps2c_filter(7 downto 1);
ps2d_filter(7) <= ps2d;
ps2d_filter(6 downto 0) <= ps2d_filter(7 downto 1);
if ps2c_filter = X"FF" then
ps2c_int <="1"
elsif ps2c_filter = X"00" then
ps2c_int <='0';
end if;
if ps2d_filter = X"FF" then
ps2d_int<="1"
elsif ps2d_filter = X"00" then
ps2d_int<="0"
end if;
end if;
end process filter;



Basys3: PS2 1esIRE

e Input

input: process(ps2c_int)
begin
if(ps2c_int'event and ps2c_int ='0') then --falling edge of PS2 clock
ps2_word <= ps2d_int & ps2_word(10 downto 1); --shift in PS2 data bit
end if;
end process;

Interfaces

23/05/2016 Tempus



Basys3: PS2

e Qutput

output: process(clk)
begin
if rising_edge (clk) then
if(ps2c_int ='0') then
count_idle <=0;
elsif(count_idle /= clk_freq/18_000) then

count_idle <= count_idle + 1;
ps2_out_new <='0'
else
ps2_out_new <="'1";
ps2_out <= ps2_word(8 DOWNTO 1);
end if;
end if;
end process;
end Behavioral;

JYesIRE

--rising edge of system clock

--low PS2 clock, PS/2 is active

--reset idle counter

--PS2 clock has been high less than a half
clock period, max 50us

--continue counting

-- clk_freq/18000 = 55us
--set flag that new PS/2 code is available

Tempus



3.3V LEDs
0T =

oW — W19 U1e D0
BTNL E19 LD
. 1 oG w— T17 utg o
Basys3: Basic e V1o i
Buftons |« wi— T18 w18 L4 ]
BTNU U1is D o
S, snv— LT Uid LDE i
BTHND V14 LD7 ~
L wh— 118 V13 LD& q il
BTNC _ y3 _LD3 ;
W3 LD10 -
Artix-7 U3 D1y, g5
33V Pag-_ T
N3 LD
ﬂow_m_ V‘IT P1 114
SWi1 h-o—m—o V16 L1 - . 7-segment
I 33y Display
_ﬂf‘ﬂ—‘m— W16 W4d —w—*AN3
o V4 —vn————4¥ AN2
| sWaro—w— W17 Y I AN1
[ SWar—o—w— W15 U2 —w »\’AND
EWBEo—W—IVIS =11
SWBr—o—w— W14 I L L.
SW7 —o—— W13 w7 “W"_‘CA
Slide - W6 CB
switches [ | SWEr—o—wi— V2 us cC
| I V8 cb
| SWI—o—wmr— T3 U5 —wa CE
o V5 ot
e 12 U7 —ww 8
_SW'HE"-D—MV\-— R3 VT —ww DP
[SWiZr—o—w— W2
[sWigr—o—w— U1
[SWidr—o—w— T1
Interfaces i o
23/05/2016 v



Basys3: Basic I/0O

,'.'_'_','I l"‘"‘! -
ek L

Common anode ~~ ¥

AII*I3 AII\IE AII\H ANO /%F A'l B
—1 1 l_l
l_l. l_l. l_l. l_l.

CA CB CC CD CE CF CG DP C
E
Four-digit Seven DP

Segment Display

D

Interfaces Individual cathodes

23/05/2016

JYesIRE

B Tempus



Basys3: Pmod Controllers DGSI RE

VCC GND 8 signals
Pine ¥ Y ! ' Pint

REICIEIEICIE ¢

Pmod JA Pmod JB Pmod IC Pmod XDAC

JA1:]1 JXADC1: J3
JA2: L2 JB2: Al6 JC2: M18 IXADC2: L3
JA3: ]2 JB3: B15 JC3: N17 JXADC3: M2
JA4: G2 JB4: B16 JC4: P18 JXADCA: N2
JA7: H1 JB7: Al5 JC7: 117 JXADC7: K3
JA8: K2 JB8: Al7 JC8: M19S JXADCS: M3
JA9: H2 JBS: C15 JCS: P17 JXADC9: M1

JA10: G3 JB10: C16  JC10:R18  jxADC10: N1

Tempus



Basys3: Pmod Controllers

JA12 : PWR
1A11:GND
JA10:G3
JAS:H1
JAB K2
JAT:H1

JXAC12 : PWR
JXACLL:GND
JXAC1O: N1
JXACS: M1
JXACE : M3
IXACT: K3

Interfaces

23/05/2016

JAB: PWR
145: GND
JaA: G2
1A3:12
JA2: L2
S Bk

1 TT-d020
IXACE: PWR C L7L|ﬁw
IKACS: GND i
IXACA: N2
IXAC3: M2
JXAC2:13
IXACL: I3

RN

PE-77 PR

LINX

1B1:A14
JB2:A16
JB3:B15
1B4:B16
JB5: GND
JB6: PWR

JCIEK17
JC2:M18
Jca:N17
Jca:P18
JC5: GND
JCE: PWR

JB7: 415
BB ALT
189: €15
1B1D-C15
JB11: GND
JB12: PWR

ICr:L17
JCB: MI9
JC9: P17
JC10:R1E
JC11: GND
JC12: PWR



Buttons, rotary encorder JJesIRE

e Debouncing

0 Often sequential circuits are depended on signal
edges.

0 Mechanical switches and buttons are prone to
bounce: this produces more than one edge

contacts will “bounce”

upon closure for a S‘;‘a'it?gd Close-up view of oscilloscope display:
actua

period of milliseconds

before coming to a full T f'l“'l'“ﬂ |

rest and providing —TIT— |

M

unbroken contact @ / \
>E/ Switch is actugted \

Contacts bouncing




Buttons, rotary encorder JJesIRE

e Debouncing
0 For proper operation we need one clean edge

"Bounceless” switch operation

;

/
Switch is actuated

Interfaces

23/05/2016 Bl Tempus



Buttons, rotary encorder JJesIRE

« Always debounce switches and buttons

o Spartan 3E: push buttons need pull-up
constraints

 Rotary Encoder also needs to be debounced

In XDC: set_property PULLUP true [get_ports <ports>]

H 23/05/2016

Bl Tempus



Debouncing: DGSI RE

entity debouncer is
Port ( sig_in:in STD_LOGIC,;
clk :in STD_LOGIC;
sig_out : out STD LOGIC);
end debouncer;

architecture debounce of debouncer is
signal Q1, Q2, Q3 : std_logic;begin
process(clk) begin

if (clk'event and clk ='1") then

Q1 <=sig_in;

Q2 <=Q1;

Q3 <= Q2

end if; end process;
sig_out <= Q1 and Q2 and Q3;

end debounce:

‘ Tempus



Debouncing: (one shot pulse) DesIRE

entity debouncer is
Port ( sig_in:in STD_LOGIC,;
clk :in STD_LOGIC;
sig_out : out STD LOGIC);
end debouncer;

architecture debounce of debouncer is
signal Q1, Q2, Q3 : std_logic;begin
process(clk) begin

if (clk'event and clk ='1") then

Q1 <=sig_in;

Q2 <=Q1;

Q3 <= Q2

end if; end process;
sig_out <= Q1 and Q2 and (not Q3);

end debounce:

Tempus



Debouncing: (active low logic) D@SI RE

entity debouncer is
Port ( sig_in:in STD_LOGIC,;
clk :in STD_LOGIC;
sig_out : out STD LOGIC);
end debouncer;

architecture debounce of debouncer is
signal Q1, Q2, Q3 : std_logic;begin
process(clk) begin

if (clk'event and clk ='1") then

Q1 <=sig_in;

Q2 <=Q1;

Q3 <= Q2

end if; end process;
sig_out <= Q1 or Q2 or Q3;

end debounce:

Tempus



Rotary encoder: JesIRE

http://www.xilinx.com/products/boards/s3estarter/files/s3esk _ro
tary encoder _interface.pdf

Hint — Look at the UCF fils to ses "@#
theese resistors baing anablad.

¥ AT

GMD"

Bl Tempus



Rotary encoder: JesIRE

Tuming LEFT Turning RIGHT

Interfaces

23/05/2016 Tempus



Rotary encoder: debouncing DesIRE

Turning RIGHT

rotary_g2 ‘

——— L

H 23/05/2016

il Tempus



Rotary encoder: debouncing DesIRE

rotary_filter: process(clk)
begin

If clk'event and clk='1' then
rotary in <=rotary b _In & rotary_a_in;

Interfaces

23/05/2016 Bl Tempus



Rotary encoder: debouncing DesIRE

case rotary _inis

when "00" => rotary _ql <="0',
rotary g2 <= rotary g2,

when "01" => rotary_ql <=rotary ql;
rotary g2 <=0

when "10" => rotary_ql <=rotary q1l;
rotary g2 <="'1}

when "11" => rotary gl <="1";
rotary Q2 <=rotary_(2;

when others => rotary_qgl <=rotary_q1l,;
rotary Q2 <=rotary_Q2;

end case;

Interfaces

23/05/2016 Bl Tempus



Rotary encoder: direction JesIRE

Turning RIGHT Turning LEFT Turning LEFT Turning RIGHT
= B B >
‘EE | Ghatterkh ‘?’ e
A - |
—] | | IR
B |
rotary_q1
[ I I
rotary_g2 I I | .} :
- — | - i ‘ ..
1o 11 11 10
! I I I



Rotary encoder: direction JesIRE

direction: process(clk)

begin
If clk'event and clk="1" then
delay rotary gl <=rotary g1i;

If rotary_qgl1='1"and delay_rotary q1='0'then
rotary event <="1"
rotary left <=rotary_q2;

else
rotary event <='0"
rotary left <=rotary_left;

end if;
end if;
end process direction;

Interfaces

23/05/2016 Bl Tempus



Demo: Use language templates D@SI RE

In Vivado
Edit = > Language templates
e.g. debounce circuit: coding examples => misc
entity declaration: common constructs

XDC properties
State-Machines coding examples

Demo: Use IP Catalog
In Vivado
Projet Manager = > |IP Catalog

e.g. Block Memory Generator
Clocking Wizard

Interfaces

23/05/2016 Tempus



PS2 : interface: other version D@SI RE

process (PS2C) begin --polling new data and redirecting outputs
iIf (falling_edge (PS2C)) then
count <= count + 1;
data_driver (count)<=PS2D;
If count = 10 then
count <= 0;
led_in <= data_driver (8 downto 1);
end if;
end if;
end process;
led <=led_in;

“Clock dedicated route = false”

il Tempus



Contact

Ing. Dirk Van Merode MSc.
Project Coordinator DESIRE
Thomas More | Campus De Nayer
Technology & Design

J. P. De Nayerlaan 5

2860 Sint-Katelijne-Waver

Belgium
Tel. +3215316944
Gsm + 32 496 26 84 15

dirk.vanmerode@thomasmore.be

Skype dirkvanmerode
www.thomasmore.be

Interfaces

23/05/2016

Dr. Ing. Peter Arras MSc.
International Relations Officer

KU Leuven | Campus De Nayer
Faculty of engineering technology
J. P. De Nayerlaan 5

2860 Sint-Katelijne-Waver

Belgium
Tel. +3215316944
Gsm + 32 486 52 81 96

peter.arras@kuleuven.be

Skype pfjlarras
www.iiw.kuleuven.be

JYesIRE

Tempus
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JYesIRE

http://www.allaboutcircuits.com/textbook/digital/chpt-4/contact-bounce/

Sources

https://eewiki.net/pages/viewpage.action?pageld=28278929&preview=/28278929
/28508225/ps2 keyboard.vhd#PS/2KeyboardInterface%28VHDL%?29-
CodeDownloads

Digital Design Using Digilent FPGA Boards
Richard E. Haskell
Darrin M. Hanna
LBE Books — Third Edition, 2014

Interfaces

Tempus
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http://www.allaboutcircuits.com/textbook/digital/chpt-4/contact-bounce/
http://www.allaboutcircuits.com/textbook/digital/chpt-4/contact-bounce/
https://eewiki.net/pages/viewpage.action?pageId=28278929&preview=/28278929/28508225/ps2_keyboard.vhd#PS/2KeyboardInterface%28VHDL%29-CodeDownloads
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https://eewiki.net/pages/viewpage.action?pageId=28278929&preview=/28278929/28508225/ps2_keyboard.vhd#PS/2KeyboardInterface%28VHDL%29-CodeDownloads
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