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VGA
 VGA = Video Graphics Array

* Introduced by IBM 1n 1987, and still used today
» Transmitting analog signal

Cathode-Ray Tube Video Graphics Array
Monitor DE-15 female and male connector

LED Monitor
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NTHU EE

Laboratory for
Reliable
B Comput ing

VGA Video Signal
* A VGA video signal contains 5 active signals (RGBHV)

— horizontal sync (HS): used for video synchronization 1n the
horizontal direction

— vertical sync (VS): used for video synchronization 1n the vertical
direction

—red (R): used to control the red color, Ov (fully off) ~ 0.7v (fully
on)

—green (G): used to control the green color, Ov (fully off) ~ 0.7v
(fully on)

—blue (B): used to control the blue color, Ov (fully off) ~ 0.7v (fully

on)
Pin 1:Red  Pin 5: GND
Pin2: Grn  Pin 6: Red GND
O Pin 3: Blue  Pin 7: Grn GND
Pin 13: HS  Pin 8: Blu GND
Pin 14: VS Pin 10: Sync GND
T

Hsi-Pin Ma 4
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* 14 FPGA pins
—4-bits per color (R, G, B)

— 2 standard sync signals (HS, VYS)

Hsi-Pin Ma

##VGA Connector

set _property
set_property
set_property
set property
set_property
set _property
set_property
set_property
set property
set_property
set _property
set_property
set_property
set property
set_property
set _property
set_property
set_property
set property
set_property
set _property
set_property
set_property
set property
set_property
set property
set_property
set_property

PACRKAGE PIN G1S [get ports {vgaRed[0]}]
IOSTANDARD LVCMOS33 [get_ports {vgaRed[0]}]
PACKAGE_PIN H1S [get_ports {vgaRed[1]}]
IOSTANDARD LVCMOS33 [get ports {vgaRed[1]}]
PACKAGE_PIN J1S [get_ports {vgaRed[2Z]}]
IOSTANDARD LVCMOS33 [get_ports {vgaRed[2]}]
PACKAGE_PIN N1S [get_ports {vgaRed[3]}]
IOSTANDARD LVCMOS33 [get_ports {vgaRed[3]}]
PACKAGE PIN N18 [get ports {vgaBlue[0]}]
IOSTANDARD LVCMOS33 [get_ports {vgaBlue[0]}]
PACKRAGE PIN L18 [get_ports {vgaBlue[1l]}]
IOSTANDARD LVCMOS33 [get_ports {vgaBlue[l]}]
PACRKAGE_PIN K18 [get_ports {vgaBlue[2]}]
IOSTANDARD LVCMOS33 [get ports {vgaBlue[Z2]}]
PACKAGE_PIN J18 [get_ports {vgaBlue[3]}]
IOSTANDARD LVCMOS33 [get ports {vgaBlue[3]}]
PACKAGE_PIN J17 [get_ports {vgaGreen[0]}]

IOSTANDARD LVCMOS33 [get _ports {vgaGreen[0]}]

PACKAGE PIN H17 [get ports {vgaGreen[1l]}]

IOSTANDARD LVCMOS33 [get_ports {vgaGreen[1l]}]

PACRKAGE PIN G17 [get ports {vgaGreen[2]}]

IOSTANDARD LVCMOS33 [get_ports {vgaGreen[2]}]

PACRKAGE _PIN D17 [get_ports {vgaGreen[3]}]

IOSTANDARD LVCMOS33 [get ports {vgaGreen[3]}]

PACKAGE_PIN P19 [get_ports hsync]
IOSTANDARD LVCMOS33 [get ports hsync]
PACKAGE_PIN R1S [get_ports wvsync]
IOSTANDARD LVCMOS33 [get ports wvsync]

G19 -REDO
H19 RED1
J19 RED2
N1g -RED3
J17 GRNO
H17 GRN1 2 _
G17 -GRN2
D17 GRN3
N18 _BLUO
L18 BLU1
K1g _BLU2
J1g BB
P19 HSYNC gﬁ?
R19 VSYNC 100Q
Artix-7

Basys 3 Control Signals for VGA

HD-DB15



 Laboratory for

Gonpuig CRT
* Cathode Ray Tube (CRT) 1s
a vacuum tube containing one
or more electron guns, and a

phosphorescent screen 1s used
to view 1mages.

NTHU EE

Anode (entire screen)

l Grig  Electron guns

v (Red, Blue, Green) — B

R,G,B signals
(to guns)

% B, >

/'4 cable

7/
High voltage deflection grld gun
supply (>20kV) control control control

Hsi-Pin Ma

Horizontal Retrace Horizontal Scanning
Cathode ray tube /_ /

Deflection coils 7 T >

Vertical Retrace
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VGA System Timing (1/3)

 Whether the information 1s displayed
— Displayed: beam moving forward (left to right and top to bottom)

— Not displayed: the time the beam 1s reset back to the left or top edge

of the display. (Blanking period) /1. 00 141080 pixels

» Display resolution 1s determined by 4K: 3840%2160 pixels
play y
assume a object has fixed pixel, it would get smaller

—the size of the beams as the resolution increases

—the frequency at which the beam can be traced across the display

—the frequency at which the electron beam can be modulated

DS— e
retrace: BB 1 R ¥ Bl B —F— e D_‘(_bc[ 'ﬁ‘f@?‘j“ﬁ'ﬁ R
: — . - A 12 =R =VAN
% > ZhLE] R —{ ? ‘\\\\_f\
row) i 7558 ==
- 4 ~_ I
A — N~
e — ~{.
L\ Z \\/
v ™ hsync scanfFFEf gL 0
LI"back porch - :

e 4—>. .<_> TE_‘{.I'OW‘F{AO -EQH?_J:‘FEﬁ
Hsi-Pin Ma Sync pulse ;orc;: Back porch (retraCGH—,rFEﬁ) 7
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VGA System Timing (3/3)

. Siinal timini for a 640-pixel by 480 rows display using a

Whole line

1/25MHz = 0.04us

r )
\ e e e e e e >
I -
\\ _______________________________________ —
S

.................. ~Noo
------------------ \ .
T ——— N B
e N _
T ~_
- —~

> e

Sync pulse

Hsi-Pin Ma

P

Front  Back porch
porch

Front 4 ’
porch . :
f‘ ' Visible area >
- e —
Sync pulse Back porch
480*32 us=15.3ms (whole
Iine: 32us)
Parameter Ver. Sync Hor. Sync
Lines | Time(ms) | Pixels | Time(us)
Visible area 480 15.3 640 25 0.04*640=25
Front porch 10 0.3 16 0.64
Sync pulse 2 0.064 96 3.8
Back porch 33 1.05 48 1.9
Whole line 525 16.7 800 32

800 pixelsf# HZHR640pixels

8
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Pixel Clock

» The pixel clock defines the time available to display
one pixel of information.

» Example: Suppose we want to display an image with

480 rows and 640 columns, and 1ts refresh rate 1s
60Hz. The pixel clock which will be delivered to
VGA screen must be

800%3525*60(frame/sec) = 25M (pixel/sec)

800*525 pixels/frame

Hsi-Pin Ma
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RGB Bitmap

» A dagital color image 1s composed by a lot of pixels.

» Each pixel contains three R, G, B values to represent
the intensity of these three primary colors.

RGB RGB RGB RGB
RGB RGB RGB RGB
RGB RGB RGB RGB

RGB RGB RGB RGB

Hsi-Pin Ma
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RGB Color Mode
» Three primary colors
—Red
— Green
— Blue

 No one of them can be created as
the other two.

» Any other color 1s a combination

Hsi-Pin Ma
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RGB Color Cube

* R, G, and B correspond to three axes in 3D space.

 Normalize the relative amounts of R, G and B so that
each value varies between 0 and 1.

Blue Cyan
(0,0, 1) (0,1,1)
Magenta/ / White
(1,0,1) o 1)
Black Green
(0, 0, 0)"‘“/#————— #0.1,0)
/
Red ¢ Yellow
(1,0,0) (1, 1,0)

Hsi-Pin Ma
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RGB Bitmap Example (1/2)

Size: 1215*717 Size: 51*51

13
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RGB Bitmap Example (2/2)

(R,G,B) : range from 0 to 255

(31,46,51)  |(70,93,101) | (135,163,174)

(76,99,105) | (138,170,181) | (117,153,165)

(141,168,179) | (118,150,161) | (117,151,161)

Hsi-Pin Ma 14
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Demo 1: Block Diagram

640 pixels

r

480 pixels | B B &L Gk El

Top ‘ ‘ ‘

125 256 384 512

hsync
reset

VGA

vsync
" Clock [25M_clk controller
divisor
. 10 10
vaI|d v_cnt VGA
. display

12

Pixel

generator vga_RGB

3N
2

valid: EA~

i

f\ \/j_\‘

A

\¢
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Demo 2: Block Diagram

reduce the resolution from 640x480 to 320x240

\ — hSYnC

reset >
VGA VSync
N Clock 55 M\ clk controller
¢ divisor
h_cn L0 v_cnt‘l\lo VGA
RAMF A AU HI & A display
» Mem_addr
clk/2% generator
RAM size: 640*480*(2/12)
RGB#44fbit pixel_addr
25M_clk Block_
mem_gen

2 2 2

2 2

Saved Picture Access

by L1 EEVG AR

480 pixels
240 pixels

Hsi-Pin Ma
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4 Project Managex

@ Project Settings
6‘)‘_}1' Add Sources

1 . @ L Templates
I LF IP Catalog I

Memory IP (1/5)

2.

dl _eamhlv Ol memory I ' (20 matches)
Neume i AX14 Status License VLNV
= Vivado Repository
= L;' AXI Infrastroctore
: ~4F AXI Central Direct Memory Access AXI4 Production Included wilinx com:p...
~4F AXI Direct Memory Access AXI4, AKI4-Stream Production Included xilinx com:p...
ik AKI Memory Mapped to Stream Mapper AXI4, AXI4-Stream Production Included wilinx com:p...
“dF AXI Video Direct Memory Access AXI4, AXI4-Stream Production Included xilinx com:p...

- Basic Elements 3 ]

~~~~~ g

Pmducﬁon Im:luded xﬂmx comip...

= Communication & Networking
- L'_’ Ethemet
''''' {F AXI Direct Memory Access A¥XI4, AXI4-Stream Production  Included xilink.com:ip...
=+~ Embedded Processing
=- & AXI Infrastucture
P ~4F AXI Memory Mapped to Stream Mapper AXI4, AXI4-Stream Production Included xilinx.com:ip...

B & |8 & B 5 | o ]| BB B |
@

B l,_ DMA

I, ~4F AXI Central Direct Memory Access A¥I4 Production  Included xilink com:p...
~~~~~ ﬂ: AT Direct Memory Access AXI4, AKI4-Stream Production Included xilinx.com:ip...

P s §I= AXI Video Direct Memory Access AXI4, AXI4-Stream Production Included xilinx com:ip...

17
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Memory IP (2/5

IP: fY %8

i} Customize IP
Block Memory Generator (8.2)

[ Documentation [ IP Location €3) Switch to Defaults

“IP Symbol [ Power Estimation ]

[ Show disabled ports

|||=Bram_PORTA
= addra[16:0]

—  pclka

= Prdina[11:0]
= dldouta[11:03]
- pwea(d]

Interface Type  Native oo [ Generate address interface with 32 bits
Memory Type l Single Port RAM v
J [ ] Common Clock

Component Name ‘hlk_mem _gen_1 l

"Besic | Port A Options | Other Options | Summary |

Memory Type Single Port RAM v

ECC Options

ECC Type [No ECC -]

(] Exvor Injection Pins | Single Bit Ervor Injection ~|

Write Enable

Biyte Write Enable
Byt Size (bits)

Algorithm Options

Defines the algorithm used to concatenate the block RAM primitives.
Refer datasheet for more information.

Algorithm | Minimum Area  ~
Primitive | Sk v

Hsi-Pin Ma

e

||| =BrAM PORTA

= Paddral16:0]
—  Ppclka
- Pdinall11:0]

Adoutal11:0]
pweal:0]

clka, addra...FJafgF ) 2RAMEE —
{Elport

we: write enable

18
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4 F Customize IP

Block Memory Generator (8.2)

[ Documentation [ IP Location €3 Switch to Defaults

) "IP Symbol | Power Estimation |

SR P

[ Show disabled ports

||/=Bram_PORTA
= paddra[16:0]

—  pclka

= Pdina[11:0]
= ddouta[11:3]
= Ppweald]

Memory IP (3/5)

"Basic Poxt A Options | Other Options | Swnmary |

Memory Size

Write Width |12 Range: 1 to 4608 (bits)
Read Width |12 =

Component Name | blk_mem_gen_0

" Basic’ Port & Options | Other Options | Swnmary |

Write Depth | 76800 Range: 2 to 1048576
Read Depth 76800

Operating Mode | Write First Enable Port Type | Use ENA Pin v
Port & Optional Output Registers Always Enabled

Usz ENA Pin

[ SoftECC Input Register [7] REGCEA Pin

Port & Output Reset Options
[7] RSTA Pin (setireset pin) Output Reset Valve (Hex) 0

Reset Memory Latch Reset Prioxity | CE (Latch or Register Enable) + ‘

READ Address Change 4

[ Read Address Change &

Hsi-Pin Ma

Wemory Size
Write Width |12 | Reflze: 1 1o 4608 (bits)
> Read Width | 12 v
Write Depth | 76800 | Refee: 2 10 1048576
Read Depth [76200 |

[
Opersting Mode | Write First ~ | Enable Port Typef Always Enabled ~
|

RGB : 12 bits
320x240 : 76800

76800%*12 bits 1n total

1800kbits of fast block RAM in FPGA


Tiger Wu
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Block Memory Generator (8.2)

) “IP Symbol | Power Estimation |

1 = —
[ Documentation [ IP Location €3 Switch to Defaults

[] Show disabled ports

Memory IP (4/5)

—Comnopnt Pae bl e seo |

~ Basic | Port & Options~ Othex Options | Swmmary |

Pipeline Stages within Mux | 0 | Mux Size: 19x1
Memory Initialization

Coe File |no_coe_file_loaded

>

| [ ®Bove ][ Ei

||| =Bram_PORTA
= paddral16:0]

—  pclka

= Pdina[11:0]
- ddouta[11:0]
= pweal(:0]

|| Fill Remaining Memory Locations

Remaining Memory Locations (Hex) 0

Structural/niSim Simulation Model Options

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

Collsion Wamings |41  ~|
Behavioral Simulation Model Options

|| Disable Collision Warnings [~ | Disable Out of Range Wamnings

Hsi-Pin Ma

Component Name [b]k_mem _gen 0

" Basic | Port 4 Options” Othex Options | Swnmary |

Pipeline Stages within Mux | 0 ~ | Mux Size: 19x1

1 emoryision 2.Choose .coe file

| 7] Load Init File |

Coe File [no_coe_fi]e_loaded

}Il [~% Browse ]i o Edit l

.coe: coefficient

20
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Memory IP (5/5)

4. Generate Output Products

The following output products will be generated.

Preview
Q Bﬂ blk_mem_gen_0.xei (Global)
p— ) Instantiation Template
4o - RTL Sources
] . ) Behavioral Stmulation
“.[f) Change Log

Symthesis Options
@ Global
() Out of context per IP

Run Settings

Number of {obs: (2 « ]

]

—__—.Aﬁl

4

Apply

21
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Picture Format Translation (1/2)

amumu.jpg

out.coc

|~ out.coe E3 I

radix: NH115, 743&P 2 163EARL 1

>

PicTrans.ex

(N

(@

WO W ~J o b= W

o
N O

16797
76798
16799
76800
76801
76802

76803

memory initialization radix=16;
memory initialization vector=
115,

115,

115,

115,

115,

115,

115,

115,

115,

115,

-743, "

743,
743,
743,
743 P
743; AR A=Was PR Al

ER T A

22
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Picture Format Translation (2/2)

e PicTrans.exe:

Convert a jpg file to a bit map file

* Input:

tmage (*.Jpg)
the width of the output file

B DAEBESB\VGA\PicTrans.exe o B 28

the height of the output file |

e Output:

out.coe¢

Hsi-Pin Ma
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Action Item (1/2)

Modity the Verilog code introduced 1n class to design a circuit for
controlling the VGA display.

* Input ports:
input clk;
input reset;
input en;
* output ports:
output [3:0]vgaRed;
output [3:0]vgaGreen,;

output [3:0]vgaBlue;
output hsync;
output vsync;

Hsi-Pin Ma

25
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Action Item (2/2)

» At the beginning or when pressing the reset button,
the VGA display will show the image (e.g.,
amumu.jpg) at the origin position. It will stay still
until the em button 1s pressed.

» The image will start/resume scrolling down row by
row under the frequency of clk divided by 222 (i.e.,
clk/222), or pause, depending on whether the number
of the em button pressed 1s odd or even.

Hsi-Pin Ma
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Example (1/6)

at the beginning or pressing reset

(0 row scrolled down)

Hsi-Pin Ma
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Example (2/6)

press em = start to scroll down

(100 rows scrolled down)

Hsi-Pin Ma
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Example (3/6)

(200 rows scrolled down)

Hsi-Pin Ma
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Example (4/6)

(300 rows scrolled down)

Hsi-Pin Ma
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Example (5/6)

(400 rows scrolled down)

Hsi-Pin Ma

31



NTHU EE

Laboratory for
Reliable
W Computing

Example (6/6)

press em =2 pause

(400 rows scrolled down)

Hsi-Pin Ma
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