TECNICO Projecto e Qqntrolq em
LISBOA Logica Digital

www.lip.pt/~pedjor/PCLD

*VGA display

Refs:

Cyclone Il device Handbook, Altera corp.
Quartus Il Handbook , Altera corp.

DE2 documentation

Verilog HDL, S. Palnitkar, Prentice Hall

Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you)



State Machines



Which clock

O O O e O



Which clock

KEY[3]




For completeness!




On/of f button: final answer

module onoff_sync(Cinput clk, reset, button_in,
output reg light);
LL synchronizer
reg button,btemp;
always @(posedge clk)
{button,btemp} <= {btemp,button_in};

J/ debounce push button

wire bpressed:

debounce dbl(.clock(clk), .reset(reset),
-noisy(button), .clean(bpressed));

reg old_bpressed; // state last clk cycle
always @ (posedge clk) begin
1T (reset)
begin Tight == 0:; old_bpressed <= 0; end
else 1T (old_bpressed==0 && bpressed==1)
// button changed from 0 to 1
Tight <= ~1ight;
old_bpressed <= bpressed;
end
endmodule



Step 2A: Synchronize buttons

// button
// push button synchronizer and level-to-pulse converter
// OUT goes high for one cycle of CLK whenever IN makes a
// low-to-high transition. /f

module button(
: . _ r1 r3
input clk,in, in—D Q D QF—D Q

output out L
) clk [

reg rl,r2,r3; \. . A W

always @(posedge clk) - :

begin \ synchronizer state /
rl <= in; // first reg in synchronizer
r2 <= ri; // second reg in synchronizer, output is in sync!
r3 <= r2; // remembers previous state of button

end

// rising edge = old value is 0, new value is 1
assign out = ~r3 & r2;
endmodule
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The VGA test screen
(It is not a picture!!)
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Remember to split the program in blocks!!
(Will be usefull for your next project)




Applications of Flat-Panel Display

SMALL FORMAT
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|
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Medical Defibrillator MP3 Player Personal Digital
Assistant Entertainment
LARGE FORMAT Courtesy of PixTech

'J?-'.ﬂ'-.- 3

—— - Screen

Desktop Monitor (color) Electronic Book Television (color)




Some Display Terminologies

Term Definition
: Picture element—The smallest unit that can be addressed to give

Pixel . .
color and mtensity

Pixel Matrix Number I?I'f Rows by the Number of Columns of pixels that make
up the deisplay

Aspect Ratio Ratio of display width to display height; for example 4:3, 16:9

g’;‘}"““"" Number of pixels per unit length (ppi=pixels per inch)

F Rate

{Hr:;n ¢ Number of Frames displaved per second

Viewing Angle Angular range over which images from the display could be

() viewed without distortion

Diagonal Size Length of display diagonal

Contrast Ratio Ratio of the highest luminance (brightest) to the lowest luminance

(darkest)




Classifications of Displays
by Technology

Displays could be classified into two broad categories
— Light Generation (Emissive Displays)
— Light Modulation (Light Valve Displays)

Emissive Displays generate photons from electrical excitation
of the picture element (pixels)

— Cathode Ray Tubes (CRTs), Organic Light Emitting Displays
(OLEDs), Plasma Displays (PDs)

Light Valve Displays spatially and temporally modulate the
intensity pattern of the picture elements (pixels)

— Liqud Crystal Displays (LCDs), Digital Light Processors (DLPs),
Electrophoretic Displays (EPDs)



Background: Cathode Ray Tubes

Deflection coil (aka yoke): magnetically steers
beam in a left-to-right top-to-bottom

Cathode: separate pattern. There are separate H and V coils.

beams for R, & and

B \
O

Shadow mask: ensures R
beam only illuminates R
pixels, etc.

Source: PixTech

Phosphor Screen: emits light Anode
when excited by electron beam,
intensity of beam determines

brightness

13



Liquid Crystal Displays
Liquid Crystals rotate the plane of polarization of light when a voltage 1s
applied across the cell

Polarization Rotator Courtesy of Silicon Graphics



TFT AMLCD Active Matrix LCD

Fluorescent Lamp

(Backlight)
Diffuser
| N ) s— s—
l] Rear Polarizer
Rear Glass w/TFT Array and 82” TFT AMLCD

EEEEEE Row/Column Driyers
GlRIB|G]|R]E
HEEE 2'3 Liquid Crystal Layer

A

= b L 5 : : Front Glass w/Common
o . i 1§ R|E ITO Electrode and Color Filters
oy P

[ i"' -
WA Front Polarizer

K. Sarma
SID 05



Standard Display Addressing Modes

Sequential Addressing (pixel at a time)

— CRT, Laser Projection Display
Matrix Addressing (line at a time)

— Row scanning, PM LCD, AMLCD, FED, PDPs, OLEDs
Direct Addressing

— T-segment LCD

Random Addressing
— Stroke-mode CRT



Direct vs. Matrix Addressing

Multiplex Driving
Matrix Display
(dot-matrix)

Direct Driving

Segment Display
(7-segment)

f

Kim, SID 2001



Matrix Addressing

Time multiplexed

Row at a time scanning

— A column displayed dunng the time
assigned to a row

For a N rows by M columns display
— M+ N electrodes are required

Row scanning rate scales with
number of rows

Data rate scales with number of
pixels

Duty cycle scales with number of
rows

Tannas, SID 00 Applications Seminar



Upper Colurmn Driver
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Lower Column Driver

Active Matrix Addressing

*Introduce non linear device that
improves the selection.

+Storage of data values on capacitor
so that pixel duty cycle 1s 100%

*Improve brightness of display by a
factor of N (# of rows) over passive

matrix drive

*Display element could be LC, EL,
OLED, FED etc

Yeh & Gu



Sequential Addressing (Raster Scan)

Time 1s multiplexed
— Signal exists in a time cell
A pixel 1s displayed at a time
— Single data line
Rigid time sequence and relative spatial
location of signal

— Raster scan

Data rate scales with number of pixels

Duty cycle scales with number of pixels

Horizontal sync coordinates lines

Vertical sync coordinates frames

Blanking signals (vertical & horizontal)
so that retraces are mvisible

Scan Lines

mmmmmmmmmemmm-mm--==  Retrace Lines

Tannas, SID 00 Applications Seminar



Means DAC

H pixels/line

Generalized Video Display

Video(analog signals)

The CRT

Think of a color video display as a 2D grid of picture elements

(pixels). Each pixel is made up of red, green and blue (RGB)
emitters. The relative intensities of RGB determine the apparent

color of a p::trﬂ'fculur' pixel.

’
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— One pixel
Okay, but
how do I
send an
image to
display?
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V lines/frame
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4/3 or with the advent of high-def 16/9.

Lots of choices for H,V and display technologies (CRT, LCD, ...

Traditionally H/V



Information Capacity of Displays
(Pixel Count)

Resolution Pixel Ratio
Video Graphic Array 640 x 480 x RGB 4:3
(VGA)

Super Vedio Graphic Array 800 x 600 x RGB 4:3
(SVGA)

eXtended Graphic Array 1,024 x 768 x RGB |4:3
(XGA)

Super eXtended Graphic Array 1.280x 1,024 RGB |54
(SXGA)

Super eXtended Graphic Array plus 1.400 x 1,080 x RGB |4:3
(SXGA+)

Ultra eXtended Graphic Array 1.600x 1,200 x RGB |[4:3
(UXGA)

Quad eXtended Graphics Array 2048 x 1536 xRGB |4:3
(QXGA)

Quad Super eXtended Graphics Array 2560 x 2048 x RGB |4:3

(QSXGA)

Display Devices, No. 21, Spring 2000, p. 41




How Do Displays Work?

Photon Qutput
Signal

Tirne Sequential
Electronic

Input Signal

. .

Pankove

Display Elernent

Adressing
Function

Display Element Array

“Time Sequential Electrical Signals” converted into images.
— Signals routed to the display elements (similar to memory addressing)

— Pixels convert the electrical signal into light of color and intensity (inverse
of image capture)
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The image and table detail the 15-pin VEZA DDCZE-DDC
connectar; the diagram's pin numbering is that of a female
connectar functioning &= the graphics adapter output . In the
male connectar, this pin numbering corresponds with the
rmirror image of the cable's wire-and-zolder side.

Pin 1
Pin 2
Pin 3
Pin 4

Pin 5
Pin &
PinT
Pin &
Pin 9
Pin 10
Pin 11

Pin 12

Pin 13
Pin 14
Pin 15

A female DE1S zocket (videocard side).

RED
ZFREEM
BLLE
ID2RES

D
RED_RTH
GREEM_RTM
BLLUE_RTHM
KEY JFYR:
GO
IDORES

D1 F=0A

H>ync
Waync
ID3r=CL

Fed video
Sreen video
Blue wideo

formerly Monitor 1D bit 2,
rezerved since E-DDC

Fround (H>vync)

Fed return

Ereen return

Blue return

formerly key, nowe +325% DO
Eround [(Yayno, DDC)

formerly Monitor 1D kit O,
rezerved since E-DDC

formerly Monitor 1D bit 1, [FC
data since DDC2

Horizontal sync
Yertical sync

formerly Monitor 1D kit 3, [FC
clock zince DDC2



Composite Frames

The “frame” 1s a single picture (snapshot).
— It 1s made up of many lines.
— Each frame has a synchromzing pulse (vertical sync).
— Each line has a synchromizing pulse (horizontal sync).
— Bnightness 1s represented by a positive voltage.

— Honzontal and Vertical intervals both have blanking so that retraces are not seen

(mvisible).
Analog Video
Composite Frame / Signal
WVertical Sync and |..=71 60 =8¢ h““‘x.ﬁl ;J.
Retrace Blanking Horiz. Sync Pulses

Honzontal Line
Blanking '\

Active video:
Sync J |-=— 1.5 sec—s-|

< 63.64 sec =

Shide by Professor Don Troxel



Video Capture: Signal Recovery

Composite video has picture data and both syncs.
- Picture data (video) is above the sync level.

- Simple comparators extract video and composite sync.

Composite sync is fed directly to the horizontal oscillator.

A low-pass filter is used to separate the vertical sync.
- The edges of the low-passed vertical sync are squared up by a

Schmidt trigger.

= Video Signal

Composite Sync: to

C it
=T
Sync Level \
/

To extract horizontal

LPF

= Horizontal Oscillator

and vertical synchronization
from composite video

6111 Fall 2008 Lecture 12

T To Vertical
Oscillator




Video Feature Extraction

* A common technique for finding features in a real-time video
stream is to locate the center-of-mass for pixels of a given color

— Using RGB can be a pain since a color (eg, red) will be represented by

* Consider using a HSL/HSV color space

— H = hue (see diagram)

6.111 Fa

* Filter pixels by huel

| 20
[ =

a wide range of RGB values depending on the type and intensity of
light used to illuminate the scene. Tedious and finicky calibration

process required.

03607

— S = saturation, the degree by which _

08

color differs from neutral gray
(0% to 100%)
—
— L = lightness, illumination of the T
color (0% to 100%) ,

B 2

27



YCrCb to RGB (for display)

» 8-bit data
— R = 1.164(Y - 16) + 1.596(Cr - 128)
— 6= 1.164(Y - 16) - 0.813(Cr - 128) - 0.392(Cb - 128)
— B = 1.164(Y - 16) + 2.017(Cb - 128)

» 10-bit data
— R = 1.164(Y - 64) + 1.596(Cr - 512)
— 6= 1.164(Y - 64) - 0.813(Cr - 512) - 0.392(Cb - 512)
— B = 1.164(Y - 64) + 2.017(Cb - 512)

* Implement using

— Integer arithmetic operators (scale constants/answer by 211)
— 5 BRAMs (1024x16) as lookup tables for multiplications

luminance (luminosity)
two chrominance (color) components




How does DE2 FPGA controls
VGA?



VGA

DE2 User manual: page 37: 4.7 Using VGA

VGA output

- Uses the ADV7123 240-MHz triple 10-bit high-speed video DAC

- With 15-pin high-density D-sub connector

- Supports up to 1600 x 1200 at 100-Hz refresh rate

- Can be used with the Cyclone Il FPGA to implement a high-performance TV

Encoder
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- ANAN
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=1 g (3] (S o [To] [2e] [N [oe] fo) o — VGA
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ANALOG CMOS, 240 MHz
DEVICES Triple 10-Bit High Speed Video DAC

ADV7123

FUNCTIONAL BLOCK DIAGRAM

Vaa

£\
N/
BLANK O »| BLANK AND
SYNC O »| SYNC LoGIC
—N N IOR
Ro-RO[ 10 | poondtie | 10 DAC
—1 —/ f—s IOR
O—" DATA [ \ ¢ I0G
Go-Go [ 10 | oo | 10 DAC ) T
=y — ) o I0G
N oara \ o IoB
B9-BO[J 10 | eonarer | 10 DAC )
— —/ / OB
SERVE POWER-DOWN VOLTAGE
PSAVE O MODE REFERENCE |«—() Vggr
CIRCUIT
cLock O
ADV7123
7\

\-— e Ly
GND Rger COMP




Sync Signals (HS and VS)




Video

Horiz.
sync

Video

Vert.
Sync

VGA (640x480) Video

Haoriz
Blanking

2517 us

|.|

26.11 ps

|

29.88 us

Vertical
Blanking

31.77 us

T —

¥

+
u - L | I

a4
. |

15.25 ms |

15.70 ms

P
-|

|

15.764 ms

Fl

16.784 ms

|-
L
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What kind of clock do you
need?



Information Capacity of Displays
(Pixel Count)

Resolution Pixel Ratio
Video Graphic Array 640 x 480 x RGB 4:3
(VGA)

Super Vedio Graphic Array 800 x 600 x RGB 4:3
(SVGA)

eXtended Graphic Array 1,024 x 768 x RGB |4:3
(XGA)

Super eXtended Graphic Array 1.280x 1,024 RGB |54
(SXGA)

Super eXtended Graphic Array plus 1.400 x 1,080 x RGB |4:3
(SXGA+)

Ultra eXtended Graphic Array 1.600x 1,200 x RGB |[4:3
(UXGA)

Quad eXtended Graphics Array 2048 x 1536 xRGB |4:3
(QXGA)

Quad Super eXtended Graphics Array 2560 x 2048 x RGB |4:3

(QSXGA)

Display Devices, No. 21, Spring 2000, p. 41




e.g. 1024x768 @ 60Hz

In each period of refresh rate we need to scan ALL pixels

How many pixels?

Scanline part Pixels

Frame part Lines

Visible area 1024 Visible area 768
Front porch 24 Front porch 3
Sync pulse 136 Sync pulse 6
Back porch 160 Back porch 29
Whole line 1344 Whole frame 806

Total Number of pixels: 1344 x 806 = 1083264

To Have a full scan in 60 HZ we need a clock w/

http://tinyvga.com/vga-timing

f =60 x 1083264 = 64995840 = 65 MHz

36



The Phase Locked Loop (PLL)

-----------------------------------------------------------------

F,— —  Phase sl =
— —

Charge Low-pass | : Bias . Voltage Output _.;
frequency » filter : » generator controlled converter | | Fo
D i oscillator |

| detector pump

ANTERAW

A feature available in Cyclone Il devices that employs a phase-locked loop (PLL). The
Cyclone Il PLL provides advanced multiplication, programmable duty cycle, phase shifting,

programmable bandwidth, manual clock switchover, clock outputs driving all networks, and a
source synchronous mode.

You can take advantage of the Cyclone Il PLL with the altpll megafunction.

Phase-Locked Loops (ALTPLL)
Megafunction User Guide




Generating VGA-style Video

Sync " VS
Generation R » HS
| Pixel CLK Give time for data to
alus, Vpos, blanking setup at ADV7125
i Color E—Rm S —R,
Pixel . Lookup ! 6, ADV |
Logic | Table [, [ | 7125[ "©a
| tional) —2» —B
Pixel CLK ——>  (optional) | A

addr J' [dufu ‘:\J

With color lookup table,
Video pixel data is used as an index
CPU = ' memory to lookup R,G B color value.

Without color lookup table,
pixel data is used directly as
R,G.B value (aka "true color™)

38



Simple VGA Interface for FPGA

Poor man's Video DAC

DE1S N
Connector " " wiewy /_l/ ' :
- , Your circuitry should
Red | 27ods | :
R AAAA— y produce TTL-level signals
EI ' " | | .l'!l‘r{:lil | (3.3“ hlgh iEVEI]
[ I Green : ,
¥, ar ' R i 103
. + .
S . | 2700 | HS, VS are active low
oo Hiff\A—n B > signals.
g - *  Haorizontal =
13 5 HS , ,
P . R, G, B are active-high.
3’ [ Verlical Sync
14 [ Y 4 ovs J . W N
. Shown: a simple “8-color
(=] -
Y. scheme
\,// u.
GND

The R, G and B signals are terminated with 75 Ohms to
ground inside of the VGA monitor. So when you drive
your 3.3V signal through the 270 Ohm series resistor,
it shows up at the monitor as 0. T‘U’ - exactly what the
VGA spec calls for.

0.7V = (5 -—-7)3-37)

75+270



module xvga(clk,hcount,vcount, hsync,vsync);

input clk; // 64.8 Mhz .

output [10:0] hcount; VEI‘"IIOQ:
output [9:0] wvcount; .

output hsync, vsync; XVGA DISPIQY

output [2:0] rgb; (1024)(763)

reg hsync,vsync,hblank,vblank,blank;
reg [10:0] hcount; // pixel number on current line
reg [9:0] wvcount; // 1ine number

wire hsyncon,hsyncoff,hreset, hblankon; // next slide for generation
wire vsyncon,vsyncoff,vreset,vblankon; // of timing signals

wire next_hb = hreset ? 0 : hblankon ? 1 : hblank; // sync & blank
wire next_vb = vreset 7 0 : vblankon ? 1 : vblank;

always @(posedge clk) begin
hcount <= hreset ? 0 : hcount + 1;
hblank <= next_hb;
hsync <= hsyncon ? 0 : hsyncoff ? 1 : hsync; S/ active low

vcount <= hreset ? (vreset 7 0 : vcount + 1) : vcount;

vblank <= next_vb;

Vsync <= vsyncon 7 0 : vsyncoff ? 1 : wvsync; S/ active low
end

40



XVGA (1024x768) Sync Timing

// assume 65 Mhz pixel clock

// horizontal: 1344 pixels total
J/ display 1024 pixels per line

assign hblankon = Chcount == 1023);

assign hsyncon = Chcount = 1047);

assign hsyncoff = (hcount == 1183);

assign hreset = (Chcount == 1343);

J/ vertical: 806 lines total
// display 768 lines

J// turn on blanking

J/ turn on sync pulse

J// turn off sync pulse

J/ end of 1ine (reset counter)

assign vblankon = hreset & (vcount == 767); // turn on blanking
assign vsyncon = hreset & (vcount 776) ; // turn on sync pulse
assign vsyncoff = hreset & (vcount == 782); // turn off sync pulse

assign vreset = hreset & (vcount == 805);

J/ end of frame

41



*+ Big white rectangle (good for "auto adjust” on monitor)

alw

end

Video Test Patterns

ays @(posedge clk) begin
1T (vblank | (hblank & ~hreset)) rgb <= 0;
else

rgb <= 7;

+ Color bars

alw

end

ays @(posedge clk) begin
1T (vblank | (hblank & ~hreset)) rgb <= 0;
else

rgqb <= hcount[8:6];

RGE
000
001
010
011
100
101
110
111

Color
black
blue
green
cyan
red
magenta
vellow
white

42



Character Display
(80 columns x 40 rows, 8x12 glyph)

hreset —

vreset —

Pixel CLK —*

>

— column (0 .. 79)

Counters [ crow (0 ..11)

— " row (0 .. 39) ~E

%8%

row*80 + column—

80x40 Buffer Memory

— 7-bit ASCII chur'ncfer:'"l
-

e
|

char*12 + crow—*

128x12 Font ROM

)

| 8-bit shift reg — pixel
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Game Graphics using Sprites

+ Sprite = game object occupying a rectangular region of the
screen (it's bounding box).

— Usually it contains both opaque and transparent pixels.

— Given (H V), sprite returns pixel (O=transparent) and depth

— Pseudo 3D: look at current pixel from all sprites, display the opaque
one that's in front (min depth): see sprite pipeline below

— Collision detection: look for opaque pixels from other sprites

— Motion: smoothly change coords of upper left-hand corner
* Pixels can be generated by logic or fetched from a bitmap
(memory holding array of pixels).

— Bitmap may have multiple images that can be displayed in rapid
succession to achieve animation.

— Mirroring and 90° rotation by fooling with bitmap address, crude
scaling by pixel replication, or resizing filter.

hcount ——» » . " I

voount — ™ ] » ] » ] » I B

pixel — Sprite » sprite » sprite » sprite —

depth——» . . . —
¥ ¥ ¥ ¥

collision logic




hecount
vcount
hsync

biank

xvga

INRE

Pacman

Sprite: rectangular region of pixels, position and color
set by game logic. 32x32 pixel mono image from BRAM,

up to 16 frames displayed in loop for animation:

sprite(clk, reset,hcount,vcount, xpos,ypos,color,
next_frame, rgh_out)

hcount vecount -

Game logic — sprite
positions, state
changes, kbd or mouse
processing, etc. —
happens at start of
vertical retrace (@
60Hz). Processing is
finished by start of
active video display so
no “glitching” on
screen.

»

< —
pman |
. * top |
16x32x32 op fayer
Video
| Priority
g | Encoder
-
gman L] > —* rgb
> = * (rgb == 0)
16x32x3 2
means
transparent
map
* * bottom |
_ ottom layer
“"-w.\

4 board maps, each 512x8 e
each map is 16x24 tiles (376 tiles)
Each tile has 8 bits: 4 for move direction (==0 for a wall), pills
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Memories



Memories
Memories in Verilog

reg bit; // a single register
reg [31:0] word; // a 32-bi1t register
reg [31:0] array[15:0]; // 16 32-bit regs

wire [31:0] read_data,write_data;
wire [3:0] 1ndex;

// combinational (asynch) read
ass1gn read_data = array[index];

// clocked (synchronous) write
always @(posedge clock)
array[1ndex] <= write_data;

47



Multi-port Memories (aka regfiles)

reg [31:0] regfile[30:0]; // 31 32-bit words

// Beta register file: 2 read ports, 1 write
wire [4:0] ral,ra2,wa; Address
wire [31:0] rdl,rd2,wd; Data

assign ral = inst[20:16];
assign ra2 razsel ? inst[25:21] : inst[15:11];
assign wa = wasel ? 5'd30 : 1inst[25:21];

// read ports
assign rdl = (ral == 5'd31) ? 32'd0 : regfile[ral];
assign rd2 = (ra2z == 5°'d31) ? 32°'d0 : regfilel[raz2];
// write port
always @(posedge clk)

1T (werf) regfile[wa] <= wd;

assign z = ~| rdl; // used in BEQ/BNE instructions

48



FIFOS din o —TE'Hduut

Wr —*| FIFO ——rd
full +—— —* empty
1==LOGSIZE
—* oye

clk —*

// a simple synchronous FIFO (first-in first-out) buffer
// Parameters:

Iy LOGSIZE (parameter) FIFO has 1l<<LOGSIZE elements
Iy WIDTH (parameter) each element has WIDTH bits

// Ports:

I clk (input) all actions triggered on rising edge

/7 reset (input) synchronously empties fifo

'y din (input, WIDTH bits) data to be stored

Iy wr (input) when asserted, store new data

I full (output) asserted when FIFO 1s full

Iy dout (output, WIDTH bits) data read from FIFO

'y rd (input) when asserted, removes first element

I/ empty (output) asserted when fifo 1s empty

I overflow (output) asserted when WR but no room, cleared on next RD
module fifo #(parameter LOGSIZE = 2, J// default size 1s 4 elements

WIDTH = 4) J/ default width 15 4 bits
(input clk,reset,wr,rd, 1nput [WIDTH-1:0] din,
output full,empty,overflow, output [WIDTH-1:0] dout);
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Megalfizard Plug-In Manager [page 2a]

“Which meagafunction would pou like to customize?

Select a megafunction from the lizk below

=[] Inztalled Plugne
Altera SOPT Builder
+-g Avithmetic
+- &g Communications
+- &g D5P
+-g Gates
+-f&g /0
+-&g Interfaces
+- g JTAG-accessible Extensions
—-f&& Memory Compiler

FIFO

Rakd initializer
Rak: 1-PORT
Rak: 2-PORT

ROK: 1-PORT

ROK: 2-PORT
] Shift reqizter [RAM-bazed]

+-g Storage

+-@8# P MegaStore

Which device Family will you be Cuclane |1 -
Lzing? Y J
YWhich type of output file do vou want to create?

 AHDL

" WHDL

{* “erlog HDL

YWhat name do pou want for the output file’? Browsze. ..

C:hDocuments and SettingzhpedjorDeskiophCopy of DEZ_Top_cr

| Return to thiz page for another create operation

Maote: To compile a project succeszsfully in the Quartuz |l zofbware,
wour dezign files must be in the project directony, in the global uzer
libranes specified in the Options dialog box [Toaols menu], or a uger
library specified in the Lzer Librares page of the Settings dialog
box [Agzignments memnL).

“Your current uzer library directories are:

Cancel | < Back | et » | |
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Memories external to the FPGA

8-MB SDRAM 512-KB SRAM  4-MB Flash Memory

When interfacing external memories you should look at the datasheet!
Need to understand the exact protocol, adressing, timing, etc.
Some tools may build you the interface to external memories
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Tools — Mega Wizard

Quartus Il M=1*<)

File Edit ‘iew Project Assignments Processing thu}ﬁ Window  Help

D@Eﬁ|%|&5 E|.ﬂ n.” Run EDA Simulation Tool *r%@@|@|p '«*7"'®|"€BEI3|?A

@ =@

Run ED Timing Analysis Tool

Project Navigator

Enity Logic Cals | Dedicat Launch EDA Simulation Library Compiler

Compilation Higrarchy n Launch Design Space Explorer

{I} Timeuest Timing Analyzer

Advisars The Megatwfizard Plug-ln Manager helpz you create or modify
design files that contain custom wariations of megafunctions.

‘&' Zhip Planner (Floorplan and Chip Editor)

: 2 Which action do you wanht ko perform?
@ Design Partition Planner

= Metlist Yiewers ¥ Create a new customn megafunction wariation
M] " Edit an existing custom megafunction variation
Hierarn::h_l,ll Files | &P Design Units |

= SignalTap I Logic Analyzer " Copy an existing customn megafunction wariation
s In-System Memory Conkent Editor

Tasks

Flowa: | Compilation

B Logic Analyzer Interface Editor Copyright [C] 1937-2003 Altera Corporation

. In-Systern Sources and Probes Editor

Task[# . ;
3 a SignalProbe Pins... —
El B Compile Design B Cancel | < Back | Mest > I Finizh |

- B Analyzis & Synthesis Erogrammer

+]-... 1 o, P

B = Fitter [Place & Route) _|¥ zard Plug- % nager...

Bl B Azzembler [Generate programming fi E.SOF‘IE Be'ld = s o ® View New Quartus If

Lilder

Bl B Clazzsic Timing Analysiz - Infermation

Bl W EDA Netlist Wiiter Tel Scripts...
[i_l_ | F"rlﬁ;nr.'-um Mewires I']I-Innn Pronrarmrerl T ‘ Documentation

Cptions...

x
¥ e IHESS&gE License Setup... I
L
% System fi Processing # Exbalnfo J Info & ‘waming i Crtical'waming  # Emor f Suppressed i Flag
L
é tessage: El kl IL-:u:atiu:un: ;I Locates |

Starts the MegatWizard Plug-In Manager e W | Idle | | | A




MegalWizard Plug-In Manager [page 2a]

YWhich megafunction wauld pau like ta custamize?

Select a megafunction from the lizt below

- Avithmetic »
] ALTACCUMULATE ) |

| ALTECC

| ALTFP_ABS

| ALTFP_ADD_SUE

| ALTFP_COMPARE

| ALTFP_COMVERT

| ALTFP_DIY

| ALTFP_EXP

1 ALTFP_INY

| ALTFP_INY_SORT

| ALTFP_LOG

] ALTFP_MULT
] ALTFP_SORT
] ALTMEMMULT
] ALTMULT_ACCUM [MAC)
] ALTMULT_ADD
| ALTMULT_COMPLEX
| ALTSGRT
] LPM_ABS
LPM_aDD_SUE
LPK_COMPARE

LPM_DIVIDE v

Which device Family will you be Sitratis
Lzing?

YWhich twpe of output file do you want to create?
" AHDL

" WHDL

{* “Yerlog HDL

YWhat name do you want for the output file?

Browsze. ..

C:ADocuments and SettingshpedjorsDesktop\Copy of DEZ_Default

[ Beturn ta this page for another create operation

Mate: To compile a project successfully in the Quartuz || zofbware,
wour dezign files must be in the project directan, in the global wser
libranes specified in the Optionz dialog box [Tools menu), or a user
libram specified in the Izer Libraries page of the Settings dialog

box [Aszignments menu).

r'our current uger library directones are:

Canizel | < Back | Mewxt » |
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MegalWizard Plug-In Manager - LPM_COUNTER [page 3 of 7]

LPM_COUNTER

About Documentation

Currently selected device Family: w

TEST_COLNT

Up CoUnte

o[7.0]

1 Match project/default

clack

How wide should the '’ output bus be? 81 Vl bitz

What should the counter direction be? -

) Up only

) Down anly

() Create an 'updown' input port ta allow me to do bath
[1 counts up; O counts down)

Resource Usage
8 It

| Cancel || % Back || Mesxt = || Einish |

Do e

MegaWWizard Plug-In Manager - LPM_COUNTER [page 3 of 7]

[ﬁjﬁ{

P

MegaWizard Plug-ln Manager - LPM_COUNTER [page 4 of 7]

LPM_COUNTER

About
>

~which tvpe of caunter do you want?

Documentation

TEST_COUNT

Up CoUNCe
o[7..0]

(®) Plain binary
1 Madulus, with a count modulus of

clock

Do wou want any optional additional ports?
Carry-in

[} Count Enable [ ] Carry-out

Resource Usage
a8 It

LPM_COUNTER

Documentakion

About
>

Currently selected device Family: e

TEST _COUNT

Up counte
ol7.0]

M Match project/default

clock

How wide should the 'g' output bus be? :94 V_! bits

~What should the counter direction be?
® Up only
 Down anly
) Create an 'updown' input port to allow me to do bath
[1 counts up; 0 counts down)

Resource Usage
g It

| Cancel ” < Back ” Mext = ” Finish |

P

MegaWizard Plug-ln Manager - LPM_COUNTER [page 5 of 7]

LPM_COUNTER
About

Documentation

Do vou want any optional inputs?

TEST_COUNT

Up Counte

of7.0]

clock

Synchronous inputs — ~ Asynchronous inpuks —

[ Clear
[ Load
[ get

Resource Usage
a8 It

| Cancel ” < Back ” Mext = ” Finish |

| Cancel ” < Back ” Mext = ” Finish |
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MegaWizard Plug-In Manager - LPM_COUNTER [page & of 7] -- EDA

_a LPM_COUNTER

1 = = e LT Jest Lrencti o 142] | BT ] Joi] ]

MegaWizard Plug-In Manager - LPM_COUNTER [page 7 of 7] -- Summary

"5"-’3 LPM_COUNTER

Diocumentation

ED& )

Simulation Libraries

Turn on the Files you wish o generate. A gray checkmark indicates a File that is
automatically generated, and a red checkmark indicates an optional File. Click
Finish to generate the selected Files, The state of each checkbox is maintained in
subsequent MegaWizard Plug-In Manager sessions.

TEST_COUNT

up counte

a[7..0]

To properly simulate the generated design files, the Following simulation model
filels) are needed

TEST_COUNT

Up counte

ql7..0]

clack clock

File | Dezcription

Ipm  LPM megafunction simulation library

The Mega'wizard Flug-In Manager creates the selected files in the Following
directory:

Ci\Documents and Settings'pedjoriDeskkophCopy of DEZ_Defaulth

File | Description 1
[ TEST_COUMT v Wariation file
O TEST_COUMT inc AHDL Include file
[0 TEST_COUMT .cmp WHOL companent declaration file
O TEST_COUMT bsf Quartus Il symbol file
O TEST_COUMNT _inst.v Instantiation template file
[ TEST_COUMT _bb.w Werilog HOL black-box file
= = A TEST_COUMT _waveforms. htrl Sample waveforms it surmrman
Timing and resource estimation — Lo TEST_COUNT_wave® jpg Sarmple waveform file(s)

Generates a netlist For timing and resource estimation For this megafunction. IF
wou are synthesizing your design with a third-party synthesis toal, using a
timing and resource estimation netlist can allow For better design optimization.

Mot &ll third-party synthesis tools support this Feature - check with the ool
wendar for complete suppart infarmation.

Mote: Metlist generation can be & time-intensive pracess. The size of the
design and the speed of vour system affect the kime it takes For netlist
generation to complete.,

[] Generate netlisk

Resource Usage
8 lut

Resource Usage
8 lut

| Cancel || < Back ” Mexk = ” Einish |
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Mega Wizard — What you get

IE@ Quartus Il - [test]
File Edit “iew Project Processing Tools  Window
Eg 28 Af3ubscription Agreement, Altera MegaCore Function License
29 A hgreement, or other applicable license agreement, including,
ﬁ& a0 Afwmithout limitation, that wour use is for the =sole purpose of
& 31 Afprogramning logic devices manufactured hy Lltera and sold hy
- 32 Aéhltera or its authorized distributors. Plega=se refer to the
33 ffapplicable agreewment for further details.
L 34
= 35
i= 3G /¢ synopsys translate off
: 37 “timescale 1 ps f 1 ps
A 3G /¢ Synopsys translate on
gz 39 Hmodule test |
o 40 clock,
A 41 ) :
;% 47
43 input claock:
@ 44 output  [7:0] o:
ol = | |
46 wire [7:0] sub wired;
47 wire [7:0] o = sub wireQ[7:0];
45
E% 49 = lpm counter lpm COURter CoOmponent |
b =18} lock [(clock),
51 . (sub_wireQ),
Bz aclr (1'k0O),
— E3 Laload (1'kb0O),
54 Laset (1'k0O),
= 55 .cin {1'b1l),
Lo 56 .clk en i1'b1),
- 57 .cnt_en (1'b1),
58 .cout (],
1= Ldata ({8{1'b0O} ),
&0 eq (),
61 Belr (1'k0O),
62 Bload (1'b0O),
63 .22et [(1'k0O),
64 Apdown (1'k1)):
65 defparam
e Lo coutnber comtonent I ddrestdion = e

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital Logic/tut lpms verilog.pdf

I [5f=] lpin counter component. lpm width = o; I




