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Inspired on course 6.111 from MIT

Some support material taken from 6.111 (thank you) So, lets start emitting
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Remember to split the program in blocks!!

(Will be usefull for your next project)




Tools — Mega Wizard

Quartus I =1

File Edit “iew Project Assignments Processing  Tools  “Window Help

0= | |§ | ¥ B | K3 Cu || Run EDA Simulation Tool A A 2 | ) | R ey |b$ a3 | [

Jrm—

|- e

Fun EC Timing &nalysis Tool

Project Mavigakor

B il O Launch EDW Simulation Library Compiler

Compilation Hierarchy n Launch Design Space Explorer

EI} TimeQuest Timing Analvzer m,‘n*-]znrd plu'a_m lianage’r [m 1']

Advisors The Megawizard Plug-In Manager helps you create or modify
desian files that contain custom variations of megafunctions.

‘&' Chip Planner (Floorplan and Chip Editor)

; i Wwhich action do you want to perform?
@ Design Partition Planner

\ ¢ Create a new custom megafunction variation
" Edit an existing custom megafunction variation

Metlist Yiewers

<] w |

-Hierarch_l,ll Files | &7 Design Units |

SignalTap IT Logic Analyzer " Copy an existing custom megafunction variation

s In-3vstem Memory Content Editor
Tasks

Flow: I Compilation

Copyright [C) 1991-2003 Altera Corporation

[E1 Logic Analvzer Interface Editor

i In-Swstem Sources and Probes Editor

TaSkgE P Compile Design e G Cancel | ¢ Back || Next > I Finish |
B e Analysis & Synthesis & programmer
B P Fitter [Place & Route) E% %‘ﬁ 1’ ﬁﬁ%ﬂaﬁm. l
B P Azzembler [Generate pragramming fi E.SOFI"EE};HME[’ = = : ® T T
CH-- B Classic Timing Analysis - Information
[ EDA Netlist Wiiter Tl SCHpG

Options. ..

x
Type I Meszage License Setup.., I

% System ji Processing  Extralnfo J Info J “waming §  Criticalaming & Emor f Suppressed § Flag §
i

EIMessage: ﬁli“l‘matim: j Locate |

Starts the Megawizard Flug-In Manager [ | Idle | | v




MegaWizard Plug-ln Manager [page 2a]

Which megafunction would you like to cuzstomize? Wwihich device family will pou be Stratix ﬂ

ngy
Select a megafunction fram the list below —
- Arithmetic Y Which type of output file do you want to create?
/] ALTACCUMULATE ~ AHDL

] ALTECC |
. -
] ALTFP_AES le_:IL
ALTFP_ADD_SLIB + Werilog HDL
EHEE_ESEESHHE YWwhat name do pou want for the output file? Browse...
,&,LTFP:DN |E:"~D|:u:uments and Settings\pediartDesktop\Copy of DEZ2_Default
ALTFF_E=P
ALTFP_INY
ALTFP_INV_SORT

ALTFP_LOG [ Return to thiz page for anather create operation
g ALTFP_MULT Mote: To compile a project successfully in the Quartug [ software,
ALTFP SQRT wour design files must be in the project directony, in the global user
z - libraries specified in the Options dialog box [Toalz menu), or a user
] ALTMEMMULT ; e i ! .
o library specified in the User Libraries page of the Settings dialog
ALTMULT_ACCUM [MAC) bioy [Aszignments met).
A ALTMULT_ADD
1 ALTMULT COMPLE® Your current uger library directories are;
ALTSORT
q LPM_a&RS

LFM_aADD_SUB

LFM_COMPARE

LPM_DIVIDE |

Cancel | < Back | Mest = |




G - Crasarape .

| MegaWizard Plug-In Manager - LPM_COUNTER [page 3 of 7] M= MegaWizard Plug-In Manager - LPM_COUNTER [page 3 of 7] M=

:a LPM_COUNTER :a LPM_COUNTER

About

Documentation

About Documentation

Currently selected device Family: o

Currently selected device Family: e

TEST _COUNT

Up CoUnte
o701

TEST_COUNT

up courtel

7.0l

clock 1 Match project/default clock [# Match projectidefault

Howe wide should the 'g' output bus be? bitz How wide should the 'q' output bus be? btz
What should the counter direction be?
) Up only

) Dowin only

What should the counter direction be?
@ Up only
) Daown only

' Create an 'updown' input pork to allow me to do bath
[1 counts up; 0 counts down)

' Create an 'updown' input port o allow me to do both
[1 counts up: 0 counts down)

Resource Usage
g Iut

Resource Usage
G It

| Cancel || < Back || Mext = || Einish | | Cancel || < Back || Mext = || Einish |

v

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

_,a LPM_COUNTER

Crasarape .

MegaWizard Plug-In Manager - LPM_COUNTER [page 5 of 7] M=

:a LPM_COUNTER

BEx|

About

Documentation

About Documentation

TEST COUNT which bype af counter da you want? TEST COUNT Do you want amy aptional inputs?
up courtel @ Plain bi up courtel . .
clock 0 4in Dinary clock - Synchronous inputs Asynchronous inputs
o700 ) Modulus, with & count modulus of gl 0] [ Clear
[] Load [] Load
Do wou want any optional additional ports? L] Set L] Set
[] Carry-in
[1 Count Enable [ Carry-out
Resource Usage Resource Usage
g It & It
| Cancel || < Back ” Mext = || Einish | | Cancel || < Back || Mext = || Einish |
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MegaWizard Plug-In Manager - LPM_COUNTER [page 6 of 7] -- EDA

e LPM_COUNTER

— — e 1§ Lest Lnre chior l4Z] |

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

a LPM_COUNTER

Simulation Libraries

Turn on the files you wish to generate, A gray checkmark indicates a file that is

TEST COUNT Ta properly simulake the generated design Files, the Fallawing simulation mode TEST COUNT autamatically generated, and & red checkmark indicates an optional file. Click.
Up counte file(s) are needed U ceant Finish to generate the selected files, The state of each checkbox is maintained in
clock o710 clock _ subsequent Megattizard Plug-In Manager sessions.
File: | Description | 4l o]

Iprn LPM megafunction sirmulation library

The Megawizard Plug-In Manager creates the selected files in the Following
directary:

Cii\Documents and SettingsipedjoriDeskropyCopy of DEZ_Default),

File | D escription

[oF TEST_COUMT v Y ariation file

O TEST_COUNT.inc AHDL Include file

O TEST_COUNT.cmp WHOL component declaration file

O TEST_COUMT.bsf Guartus 11 spmbol file

O TEST_COUNT inzt.y Instantiation kemplate file

B TEST_COUMT_bb.w Yerilog HOL black-bos file

N B TEST_COUNT _wavefarme. kil Sample waveforms in summarny

Timing and resource estimation i TEST_COUNT _wave®jpg Sample waveform file(s)

Generates a netlist for timing and resource estimation for this megafunction, IF
you are synthesizing wour design with a third-party synthesis tool, using a
timing and resource estimation netlist can allow for better design optimization,

Mot all third-party synthesis tools support this Feature - check with the tool
vendor For complete support infarmation.

Moke: Metlist generation can be a time-inkensive process, The size of the
design and the speed of vour system affect the time it takes for netlist
generation ko complete,

Generate netlist

Resource Usage
5 it

Resource Uzage
G It

| Cancel ” < Back ” Iext = || Einish |




Mega Wizard — What you get

£ Quartus Il - [test]

File Edit View Project Processing Tools Window
@ 28 //Subscription Agreement, Altera MegaCore Function License
29 // Agreement, or other applicable license agreement, including,
H 30 //without limitation, that your use is for the sole purpose of
AR 31 //programming logic devices manufactured by Altera and sold by
> 32 //Altera or its authorized distributors. Please refer to the
:‘.’ 33 //applicable agreement for further details.
— 34
= 35
£ 36 // synopsys translate off
. 37 ‘timescale 1 ps / 1 ps
A 38 // synopsys translate_on
% 39 Emodule test |
40 clock,
% 41 q)
% 42
43 input clock:;
ET output [7:0] g
= 45
46 wire [7:0] sub wireO;
P, 47 wire [7:0] g = sub_wireO[7:0];
48
22; 49 g lpra_counter lpm counter component |
ab 50 .clock (clock),
=l .q (sub_wire0),
52 .aclr (1'b0),
— 53 .aload (1'b0),
54 .aset (1'b0),
= 55 .cin (1'bl),
(22 56 .clk en (1'b1),
- 57 .cnt_en (1'b1),
58 .cout (),
59 .data ({8{1'b0}}),
60 -eq (),
61 .sclr (1'b0),
62 .Sload (1'b0),
63 .sset (1'b0),
64 .updown (1'b1)):;
65 defparam
[ Lo counter comnanent Jdrwm direction = "lipr

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

I I 69 lpm counter component.lpm width = &7



ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf

Memories

Memories in Verilog

reg bit; // a single register
reg [31:0] word; // a 32-bit 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
assign read_data = array[index];

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



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 = raz2sel ? inst[25:21] : inst[15:11];
assign wa = wasel 7 5'd30 : 1inst[25:21];

// read ports
assign rdl = (ral == 5'd31) ? 32°d0 : regfile[ral];
assign rd2 = (ra2 == 5'd31) ? 32°d0 : regfile[ra2];
// write port
always @(posedge clk)

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

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

10



FIFOS din o :‘EHduut

w—  FIFO [~

full +— —— empty
1=<LOGSIZE

clk —

—* overflow

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

'y LOGSIZE (parameter) FIFO has 1<<LOGSIZE elements
'y WIDTH (parameter) each element has WIDTH bits

// Ports:

I clk (input) all actions triggered on rising edge

'y reset (input) synchronously empties fifo

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

'y wr (input) when asserted, store new data

'y full (output) asserted when FIFO 1s full

'y dout (output, WIDTH bits) data read from FIFO

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

v empty (output) asserted when fifo 15 empty

'y overtlow (output) asserted when WR but no room, cleared on next RD
module fifo #(parameter LOGSIZE = 2, J/ default s1ze 15 4 elements

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

YWfhich megafunction would you like to customize’?

Select a megafunction from the list below

=[] Installed Plugns
Altera SOPC Builder
+- &g Anithmetic
+-f&@ Communications
+ - D5P
+-g Gates
+-f&d 140
+-&g Interfaces
+- g JTAG-accessible Extensions
- @@ Memary Compiler

FIFO

Rabd initializer
Raki: 1-PORT
Rakd: 2-PORT

ROM: 1-PORT

ROM: 2-PORT
A Shift reqister [RéAM-bazed)

+- & Storage

+- @8 IP MegaStare

Wihich device Family will pou be Cpelane |l j
Lzing?

YWwehhich type of output file do you want to create’?
" AHDL

" WHOL

* erlog HOL

YWhat name do you want for the output file?

Browze. ..

C:ADocuments and Settingz\pedjorsDesktophCopy of DEZ_Top_cr

[ Return ta this page for anather create operation

Mote: To compile a project successfully in the Quartus || software,
wour dezign files must be in the project directary, in the global uzer
librarnies specified in the Optionz dialog box [Tool: menu), or a user
library zpecified in the Uzer Libraries page of the Settings dialog
box [Aezighments menu).

'our current user library directonies are:;

Cancel | < Back | Mext = | |

12



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

13



/O - parallel

Parallel protocols are tipically easy and fast...

However the resources alocated are big (pins)

Tipycally the protocol language is very easy.
Time constraints easy to deal with

e.g.: The PCI protocol




/O - serial

50 Mhz / 27 Mhz | Extin

v Readily available:

USB 2.0 Host/Device

10/100 Ethernet Phy/MAC VGA 10-bit Video DAC

|

IrDATransceiver

Flash (1 Mbyte)

16-bit Audio CODEC IrDA, R8232, PSZ

Cyclone Il NN e You can build some other...
FPGA Vosmveiilh o
2035 UserRed LEDs (18 12C - Inter-Integrated Circuit

SDRAM (8 Mbytes)

16x2 LCD Module Serial Peripheral Interface (SP')

SRAM (512 Kbytes)

P52 & RS-232 Ports

7-Segment Display (8) Toggle Switches (18)

Expansion Headers {2)

|

<—| Pushbutton Switches(4) I

UsB
Blaster

What you kneed to know?
*Pinout
*Clocking requirements
*Protocol (the language)
*The commands of the peripherical you are communicating with

+ A zillion standards

— Asynchronous (no explicit clock) vs. Synchronous (CLK line in addition
to DATA line).

— Recent trend to reduce signaling voltages: save power, reduce
transition times

— Control/low-bandwidth Interfaces: SPIL, I2C, 1-Wire, PS/2, AC97
— Networking: RS232, Ethernet, T1, Sonet

— Computer Peripherals: USB, FireWire, Fiber Channel, Infiniband, 15
SATA, Serial Attached SCST



RS232 — The serial port

« C har"m:'l'er*ié'l' ics

— Large voltages => special interface chips
(1/mark: -12V to -3V, O/space: 3V to 12V)

— Separate xmit and rcv wires: full duplex

— Slow transmission rates (1 bit time = 1 baud); most interfaces
support standardized baud rates: 1200, 2400, 4800, 9600, 19.2K,
38.4K, 57.6K, 115.2K

— Format
» Wire is held at 1/mark when idle
Start bit (1 bit of "0" at start of transmission)
Data bits (LSB first, can be 5 to 8 bits of data)
Parity bit (none, even, odd)
Stop bits (1, 1.5 or 2 bits of 1/mark at end of symbol)
Most common 8-N-1: eight data bits, no parity, one stop bit

Sending: easy - Just compose your sighal respecting time constraints
Receiving: Need to oversample and understand where the bits are...
and check the protocol format: start, stop, parity

16



SPI (Serial Peripheral Interface)

+ Simple, 3-wire interface + devices selects
— SCLK generated by master (1-70MHz). Assert data on one edge,
sample data on the other. Default state of SCLK and assignment of
edges is often programmable.

— Master Out Slave In (MOSI) data shifted out of master register
into slave register

— Master In Slave Out (MISO) data shifted out of slave register and

into master register

— Selects (usually active low) determine which device is active.
Assertion often triggers an action in the slave, so master waits
some predetermined time then shifts data.

SOLK —————— SOLK
MIOS] b MOSI 5P Master Slave
5P MISO ¢ | M=o Slave
Master 551 I BB | Mamany 1B Mermory |
552 — ' i
BEn |
- FLEEEREED] +— T L
- NOSI =M
.| MISO Slave 4 e |
» =5
— SCLH
| MOSI &P : 0 £
| MIs0 Slave Figures from Wikipedia
—3 55

17



I2C (Inter-Integrated Circuit)

2 open-drain wires (SCL = clock, SDA = data)

Multiple-master, each transmission addresses a particular device, many
devices have many different sub-addresses (internal registers)
Format (all addresses/data send MSB first):
— Sender: Start [S] bit (SDAW while SCL high)
— Sender: One or more 8-bit data packets, each followed by 1-bit ACK
* Data changed when SCL low, sampled at SCLA
* Receiver: Active-low ACK generated after each data packet
— Sender: Stop [P] bit (SDA# while SCL high)
SCL and SDA have pullup resistors, senders only drive low, go high
-impedance to let pullups make line high (so multiple drivers okayl)

— Receiver can hold SCL low to stretch clock timing, sender must wait until SCL
goes high before moving to next bit.

— Multiple senders can contend using SDA for arbitration

i P W
: S04

T T s

I I SCL

uC ADC DAC: uC saa A  HNH B B

Master Slave Slave Slave s ) :“_ N N AN N




PS/2 Keyboard/Mouse Interface

« 2-wire interface (CLK, DATA), bidirectional transmission of serial
data at 10-16kHz

* Format

Tok Tok
. Edge 0 ;} o Edge 10
— Device generates CLK, but host can . L e W e Wl |
) ' etart bit — Thid 1" stop bit
request-to-send by holding CLK low — ¥ S —— £
for 100us Tsuw =
— DATA and CLK idle at "1", CLK starts when [0l Farameter | MIn Mo
there's a transmission. DATA changes on [ 7., [Date-to-ciock setup fime | Sus | 25us|
CLK¢ sumpled on CLK* Two | Clock-to-data hold time | Sus | 25us

— 11-bit packets: one start bit of "0", 8 data bits (LSB first), odd
parity bit, one stop bit of "1".
— Keyboards send scan codes (not ASCIII) for each press, 8'hFO

followed by scan code for each release

— Mice send button status, Ax and Ay of movement since last
transmission

—— Mouss siatus I::u','le—| — X direction ::1_.-113—| — ¥ direction I::u;.-'le—|
o [r]o [+ [xsfvsporfrv] e[ 1o [xo]x[xz]xa[xe]xo]xo vo|vi[vz]va[valvolva[vr[e lw
.\ .l" Start bit Stop bit " Start bit Stop bit " Start bit Sm;:nl::-lt /
Idle state Idle state

Figures from digilentinc_.com
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USB (Universal Serial Bus)

+ 2-wire (D+,D-) for high-speed, bidirectional polled transmission
between master and addressable endpoints in multiple devices.

Full speed (12Mbps) and High speed (480Mbps) data rates.
* Multi-level tiered-star topology (127 devices, including hubs)

« FTDI UM245R USB-to-FIFO module for bidirectional data

transfer using a handshake protocol, also asynchronous "bit
-bang"” mode with selectable baud rates.

— 24-pin DIP module, wire to user pins

. . . . DEO 1
— Drivers for Windows workstations in lab na
pez
WD
oa1
oy
GHD
nl=Esd
DB&
poa3
= -
=R Y -

4+  GHO
AXFa
TXE#
Yoo
RATE
3
WiE
PLIY
PLI2
WO
L] Usg
[Ni:  SLD

Figures from ftdi_.com
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/O — Digital <> Analog

FPGAs are digital devices!
They can’t generate or receive analog signals.

You need to use a DAC or ADC to interface analog devices!

@)}

22



Discrete Time

Let's use an impulse train to sample a continuous-time function at a

regulur' interval T:

8(x) is a narrow impulse at x=0,

where [_f()s(t-a)dt=f(a)

™~

A

g\

p(t)= 3 6(t=nT)

;r;|'=—III

x(1)

x, (1)

Time Domain

x(1)

23



Non-idealities in Data Conversion

- a constant voltage of fset that appears at - deviation of slope from ideal value of 1
the output when the digital input is O

A
o 7
O _g‘ &ain +
2 E error /+°
< < 4
»  Ideal
.l"'lll‘l.ll‘I
_ -
Binary code Binary code
- maximum deviation from - the largest increment in
the ideal analog output veltage analog output for a 1-bit change
n A
Integral I
nonlinearity
b4 52 Ideal :i
2 R
o ==
g g '
L :‘T
===  Mon-
- T monoticity -
Binary code Binary code

24



AVDD

VMID(

AGND

MICBIASEE
RLINEIN

LLINEINC

CSB

1 SDIN
SCLK
MODE

- -

Sound (analog signal)

Means ADC/DAC

S

@ CONTROL INTERFACE mvwolfsory
r'y WM8B731
g; Bypass
» MUTE
» T +6 to -73dB
1dB Steps
Side Ton
WOLr HIP
v + —™ wute[~™ obRIVER
WOL IILI'I'EI-.-
MUX ADC | — — DAC MUTE
+12 1o -34 508, 1.5dB i
Steps
ndBr DIGITAL
mcmc)—r>—b b FILTERS
h 4
L WUTEb MLX ADC |——p L DAC MUTE
S VOL [TMUTE
A A voL! HIP
+12 to -34.5dB, 1.5d6 —® wute[ ™ DprivER
Steps Side Tong,
+6 to -73dB
o 1dB Steps
MUTE
w
ose orvioer |—Lpl  ORIDER DIGTAL AUDIO INTERFACE Bypass
(Dlv x1, x2) (Div x1, x2) I ; ; ; i
o 5 B = £ ¥ & & g 8 ¢
= 0 0 a - o A a g S
= > ¢ g &8 g 8 g & &S
K 3] IS a < <

HPVDD

HPGND

RHPOUT

ROUT

LouT

LHPOUT
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Applications of Flat-Panel Displays

SMALL FORMAT

] Ei'-‘
b
i

P
#

Medical Defibrillator MP3 Player Personal Digital

Assistant Entertainment
LARGE FORMAT Courtesy of PixTech

|j-h:| T

i _ L

- 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 intensity

Pixel Matrix Number [_‘lf 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

E‘;‘;I““““ Number of pixels per unit length (ppi=pixels per inch)

F Rate

{Hr:}m € Number of Frames displayed 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)




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 1,600 x 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 xRGB | 4:3

(QSXGA)

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




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 puﬂ‘fculur pixal.

E\Ep

— One pixel
Okay, but
how do I
send an
image to
display?

(HPPPrPrrrrrrrrrrrrrry
cssssssssssssssnsense
sessssssssssssnnssese
cssssssssssssssnsene
cssssssssssssssnsene
Ve e e s e e e e e e e e e e e e e e
cssssssssssssssnsene
cssssssssssssssnsense
cssssssssssssssnsene
cssssssssssssssnsene
Ve e e s e e e s e e s e e e s e e e
cssssssssssssrsnsen
cssssssssssssssnsense
Vet e e s e e e e e e e e e e e e e e
cssssssssssssssnsene
sessssssssssssnnssese
cssssssssssssssnsene
cssssssssssssssnsense
Ve e e s e e e e e e e e e e e e e e
cssssssssssssssnsene
cscssssssssssssnssnse
cssssssssssssssnsene
cssssssssssssssnsene
Ve e e s e e e e e e s e e e e e e e
cssssssssssssrsnsen
cssssssssssssssnsense
cssssssssssssssnsene
__.. e e T e T T T T T T P e

p i

9

V lines/frame

30
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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



How Do Displays Work?

Photon Qutput
Signal
Time Sequential
Electranic
Input Signal
|
4
Pankove
Display Element
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)



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, G and

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

33



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

o i

(Backlight)
Diffuser
el ]
[l Rear Polarizer
Rear Glass w/TFT Array and 82” TFT AMLCD
S 0EEEE Row/Column Driyers
GIrRIelG[R[E]
- Elﬁ - EIE Liguid Crystal Layer
Py s
g ' ,,” L. é : E Front Glass w/Common
g 2 ? R|E|]/ ITO Electrode and Color Filters
iy
g . -,.F‘l
oY 4

-] '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 scanming, PM LCD, AMLCD, FED, PDPs, OLEDs
Direct Addressing

— T-segment LCD

Random Addressing
— Stroke-mode CRT



Sequential Addressing (Raster Scan)

Time 1s multiplexed
— Signal exists 1n 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 invisible

Scan Lines

mmmmmmmmmmmemmemm===  Retrace Lines

Tannas, SID 00 Applications Seminar



Composite Frames

The “frame’ 1s a single picture (snapshot).
— It 1s made up of many lines.
— Each frame has a synchronizing pulse (vertical sync).
— Each line has a synchromizing pulse (hornizontal sync).
— Bnrnightness 1s represented by a positive voltage.
— Horizontal and Vertical intervals both have blanking so that retraces are not seen

(mvisible).
Analog Video
Composite Frame / Signal
Vertical Sync and e 1/60 2ec R“:Eh 2
Retrace Blanking Horiz. Sync Pulses

Horizontal Line
Blanking '\,
! | Active video:
|-=— 51.8u sec

< 63.0u sec =

S I
I

Sync

Shide by Professor Don Troxel



Direct vs. Matrix Addressing

Direct Driving Multiplex Driving

Segment Display Matrix Display
{(7-segment) (dot-malrix)

Kim, SID 2001



Matrix Addressing

Time multiplexed

Row at a time scanning

— A column displayed durning 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
rowWs

s n g S
(EADS X1 2

X2 3

" / P

> > /

7/ <

PIXEL /

g.‘:.!*';f#/

Tannas, SID 00 Applications Seminar



Active Matrix Addressing

Upper Column Diiver

I

6
o

]

L

* ]
[6
B,

| @ " @ " @

&

Row Driver ’ D2

'

Lower Columin Driver

*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

matrx drive

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

Yeh & Gu



Digital Data Drivers

s1 82 S3
i o s . i i i 3 e
6-8 Bits : ' : :
4 S/R # S/R * S/R Shift
Data : : j | : Registers
D-to-A ! ! : |
Cativertar ! DAC | DAC i DAC ! DACs
| ! : :
I : I I
I : I I
Analog : : : :
Buffer | ' : :
I : : I
D1 D2 D3

Morozumi, SID 00 Seminar Notes



Sync Signal Timing

The most common ways to send an image to a video display (even
displays that don't use deflection coils, eg, LCDs) require you to

generate two sync signals: one for the horizontal dimension (HS)
and one for the vertical dimension (VS).

1 1

1 1
. Display time Tps i
Pulse width +— 1« - - "
| |

|

Tew | i*—-‘ Back porch Tge +— Front porch Tge
) i i Period To L

Format CLEK P PW BEP DISP FP

VGA HS (pixels) Z2oMhz 754 495 477 &40 13
VS (lines) —— 528 2 33 480 13

XGA HS (pixels) &5Mhz 13244 136 1le0 1024 24

VS (lines) —— gl6 € 23 168 9



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
e TN
Sync Level \
/

To extract horizontal
and vertical synchronization
from composite video

6.111 Fall 2008

LPF

Lecture 12

— >

= Horizontal Oscillator

To Vertical
Oscillator

44



6111 Fa

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
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.

* Consider using a HSL/HSV color space
— H = hue (see diagram)
— S = saturation, the degree by which
color differs from neutral gray

(0% to 100%)
IS

— L = lightness, illumination of the
color (0% to 100%)

B
* Filter pixels by huel " T

P
| 2008 Lecture 12
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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)
— Bz 1.164(Y - 16) + 2.017(Cb - 128)

* 10-bit data

— R=1164(Y - 64) + 1.596(Cr - 512)
— 6 =1164(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




VGA

DEZ2 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

VGA_VCC5
VGA R[0.9 o
R91 47K
(5 [0 [n'q [0 (2l [’ [0 ) [0 [0 ] [0'4
i e e RSET R92 560
(@] [G]¢] (@] (@] (@] ]
SERIEEEELER | | sc1os | sctor
d 0.1U 0.1U
o gﬂ —T19 oQ N
U34 < < < < < < < 3
QOMNOWULTONTO LW
(Sl & ool & ol o o o ot ol b8 W )
< U
gm
VGA GO 4 (9 vREE |38 J13
VGA _G1 2 | 51 COMP |2
VGA G2 3 34 VGA R R93 0 1 /'---___\
G2 IOR AAN
VGA_G3 i sy e VGA G ROE V. .0 > 6
VGA G4 5 g4 I8G 2 [ ~VGA B B o el 23l 4 1@
VGA G5 ) G5 106G 31 . O O
VGA Gb 2| o ADV7123 ra |0 s—OVGA_VCC5 . O
VGA_G7 7 ol i = R96, R97,. R98 8
VGA GB g eg o T = @ . O
VGA G9 Al 108 =z 75 S5 755 75 ) O
>—VerevNe ] BLANK GND |58 — . G
> SYNC GND e ()
x P = = = eIl |
Q ] O O
< 0o = —12 |
Lo QAOFI0ON DO VGA HS R99 ,\ . 47 13 )
el LS EE% VGA VS RT00,AIAAT ul O "° QO
Ao oo B 8 15
R o
N oj/

(=4 B[] [ oo [Yed (o] [ [=e1 (2] ] — VGA
(s8] [aa][an] an][an] (an]an){an) an} en]

<|et|<c|<c<c|<c]et] |||

olo|olo|o|alo|ala|a

>>>>>>>>>>>

O
VGA _VCC5 O
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ANALOG CMOS, 240 MHz
DEVICES Triple 10-Bit High Speed Video DAC

ADVT7123

FUNCTIONAL BLOCK DIAGRAM

Vaa
7\
oy
BLANK O »| BLANK AND
SsYNC O | SYNC LOGIC
N N IOR
R-RO[] 10 | ceomerer | 10 DAC
(V] — f—o IOR
0N DATA [0 ‘ ¢ oG
G9-Go[ 10 | redistEr | 10 DAC ) o
\/ Vi V] / ¢ 10G
O—N obara [T ¢ IoB
B9-BO[J 10 | et | 10 | DAC )
—v —/ / OB
SEEVE POWER-DOWN VOLTAGE
PSAVE O MODE REFERENCE |« Vper
CIRCUIT
cLock O
ADV7123
'

o

\—y Ly
GND Rgser COMP




VGA (640x480) Video

Horiz
Video Blanking

sync 2 .

Vertical
Video Blanking

2517 us |

|
2611 us |

29 88 us L

31.77 us

Vert.
Sync | I = . | I

15.25 ms |
15.70 ms | _|

15.764 ms |

16.784 ms
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Generating VGA-style Video

Sync " VS
Generation » HS
| Pixel CLK Give time for data to
alus, Vpos, blanking setup at ADV7125
i Color E—Rbf S —R,
Pixel . Lookup |G, ADV |
Logic | Table o | [ |7125[ "Ca
. (optional) —2» — —B
Pixel CLK — P _ L_{_f_i _____ ?__I ’
nddr'l data <
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")

50



Simple VGA Interface for FPGA

Poor man's Video DAC

g-:E:fheciur (frank view) /V . .
e Your circuitry should
A Recd gt o p )\ produce TTL-level signals
] . | | "
e Zreen I I
- 2 ® ' I"‘-.-"‘u"'v SRt
| ;
e - | 2700 | l--!'5, VS are active-low
L] s Hiff—a B > signals.
g F T Huorizontal Syng=—" " S
1z ! - . .
g R, 6, B are active-high.
3 1'4 1| Verlical Sync 9 s
H ® * Shown: a simple "8-color”
[ *
Y scheme
\'J/-"/ :?
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 0.7V - exactly what the

VGA spec calls for. 077 75 23
. =(m}( 3¥)
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module xvga(clk,hcount,vcount,hsync,vsync);

input clk; J/ 64.8 Mhz .

output [10:0] hcount; Ver'llog:
output [9:0] vcount; .

output hsync, vsync; XVGA DISP'CIY

output [2:0]1 rgb; (1024)(768)

reg hsync,vsync,hblank,vblank,blank;
reg [10:0] hcount; // pixel number on current line
reg [9:0] vcount; S/ 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 2 1 : vblank;

always @(posedge clk) begin
hcount <= hreset ? 0 : hcount + 1;
hblank <= next_hb;
hsync <= hsyncon ? 0 : hsyncoff 7 1 : hsync; S/ active Tow

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

vblank <= next_vb;

VSync <= vsyncon 7 0 : vsyncoff ? 1 : wvsync; // active Tlow
end
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XVGA (1024x768) Sync Timing

J// 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 = (hcount == 1343);

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

J// turn on blanking

J// turn on sync pulse

J// turn off sync pulse

// end of 1line (reset counter)

assign vblankon = hreset & (vcount == 767); J// turn on blanking

assign wsyncon = hreset & (vcount

776) ; J// turn on sync pulse

assign wsyncoff = hreset & (vcount == 782); // turn off sync pulse
assign vreset = hreset & (vcount == B805); J/ end of frame
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* 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

rgb <= hcount[8:6];

REE
000
001
010
011
100
101
110
111

Color
black
blue
gJreen
cyan
red
magenta
vellow
white
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Character Display

(80 columns x 40 rows, 8x12 glyph)

%8%

hreset —

vreset —

Pixel CLK —

>

— column (0 .. 79)

Counters [ crow (0 ..11)

— " row (0 .. 39)

row*80 + column—

80x40 Buffer Memory —— 7-bit ASCIIL churu:fer:"'l

-~
|

char*12 + crow—*

-

128x12 Font ROM x, 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

veount —* ] ’ ] ’ ] ’ ] —*

pixel —— Sprite » sprite » sprite » sprite —

depth—» » » » ——»
i i i i

collision logic




hecount
veount
hsync

biank

xvga

IR

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 vcount -

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 |
)lbxﬂExEE op Tayer
Video
| Priority
— Encoder
L
gman L > — rgb
> = » (rgb==0
)lbxﬂzﬂz_ (rg )
means
transparent
map
* *| bottom |
” ottom layer
TN

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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And finally... Microprocessors

Lots of tools and tutorials...
e.g. NIOS IDE (Integrated Development Environment)
DE2 demonstrations

a Tools — SOPC builder N\

http://www.altera.com/education/demonstrations/sopc-builder/sopc-builder-demo.html

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer Organization/tut sopc introduction verilog.pdf

The SOPC Builder is a tool used in conjuction with the Quartus 1|l CAD software. It
allows the user to easily create a system based on the Nios Il processor, by simply
\selecting the desired functional units and specifying their parameters. /

There are other choices of py-processors to implements. E.g.: mips
Operating systems can be used. E.g. y-Clinux™



ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_verilog.pdf




Procurar pal decode/encode
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=IIIIIIIII!II=== The |lab this week

The VGA test screen

(It is not a picture!!)

Remember to split the program in blocks!!
(Will be usefull for your next project)



Multiplication in Verilog

vide

You can use the "*" operator to multiply two numbers:

wire [9:0] a,b:
wire [19:0] result = a*b; // unsigned multiplicationl

If you want Verilog to treat your operands as signed two's
complement numbers, add the keyword signed to your wire or
req declaration:

wire signed [9:0] a,b;
wire signed [19:0] result = a*b; // signed multiplication!

Remember: unlike addition and subtraction, you need different
circuitry if your multiplication operands are signed vs. unsigned.
Same is true of the >»»> (arithmetic right shift) operator. To get
signed operations all operands must be signed.

To make a signed constant: 10'sh37C
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Interlace

Non-interlaged (aka progressive) scannigg:
- VS5 is a multiple of HS perig
— Fram 60Hz to avoid flj

Interlaced scan
. START OF FIRST HIETD
VS period is not a mu
period, so successive
are offset relativg

SIART OF S0 COND P

of s&
e to frame

scan, so verticg
lines varies

NTSCShple:

22D total scan lines (480

: ;\

displayed) :
-2 fields of 262.5 scan lines K
(240 displayed). Field rate
is 60Hz, frame rate = 30Hz

6.111 Fall 2008 Lecture 12
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NTSC": Composite Video Encoding

100 IRE z1.0V

s >
WHITE ; H
E - —H
=
= |1_q_?”3+ YIDEO
L
o gALT 2
N 1—52.EJJS —‘ o e
BLACK T -
40 IRE —
BLACKE _L ;Féglg_l
THAN BLACK FRONT |- 4g
FORCH BACK
PORCH
=40+ -
SYNC TP ?.5?9545 FH:IHE
colorburst

‘National Television System Committee: 1940
Source: http://www._ntsc-tv.com

6.111 Fall 2008 Lecture 12

[min]
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Labkit: ADV7185 NTSC Decoder

* Decodes NTSC and PAL video (composite or S-video)

&FF

HFFMGCLE

&KEF

oy

RO

GLAGLEIN

LLCi

LLE

LLCREF

ELPF

* Produc 656 (10-bit) or CCIR -bit) digital data
PG PO
PREEL
b PERT
11
ADVT185 RESAMPLING| A
AN DELAY
150 F HORIZONTAL
SCALING HLOCE
REFOUT
¢ [ FIFG CONTROL
BLOCK
Al 12 SYNG 2H LINE AND
DETECTION WEMCIFY PIXEL
CUTRAIT
ANALOG VP
Ak MULTIFLEXING i ; FORMATTER
Ik AUTOMATIC HE”J,EE'—'“?J CHRTMA
— eoun |
CONTH
Al , e FILTER
BIKS
CHROW -
20T L gwtcH  — LLE
Aibs <_"hoe AR SYNTHESSS
WITH LIKE.
LOCKED
1 UTPUT
CLOCK
WIBIES TIMING AND e TR PE-LOMPATIRLE
CONTROL BLOCK e mtsnm:au
S N
PWEITH HSYNC FELD VSYNC WREF VREF  CLOCK ELOCK RESET SDWTA SCLOCK ALSE

&.111 Fall 2008

Lect

ure 12

=
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Labkit: ADV7185 NTSC Decoder

*+ Decodes NTSC and PAL video (composite or S-video)

TIMING

BLANKING BLANKING

REFERENCE
PERIOD CODE PERIOD
80 [10 v719 | FF [oo oo [EAV 80 [10 [...

Pixel 1: ¥1,(,0,C.0
0: Y0.C,0.C.0
8-b1t SAV/EAV, Habcd 8-bit data:

10-b

SN oTW I <
| | | |

8h’80, 10"h200

8h’'C

6.111 Fall 2008

fiel
VSYNC

- 1FVHabcd0O
d 1/odd, 1: fiel

it SAV/,

hsync (0¥ for SAV)

VAH

FAH

FAV

FAVAH

start of even field
start of odd field

Lecture 12

7. 10’h31C

Y in range 16-235;
C,. Cp in range 16-240

(offset by 128)

10-bit data:

Y in range 64-943;
Cp. C; in range 64-963

(offset by 512)
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6.1

Labkit: AD7194 Digital Video Encoder

Er-Crd  Chi-Chd Yi-Yo
) . o

CLHOUT

g ) —
HE¥HC () — o
T of || | [n[[aa>—sqpone
YUW-TC-RGE - L | T
= ral N HIB
* wuviever ™| P =
LLES | CONTROL | L L
TTERE il BLOCK E e
X &
| E it _T_- T
i e
worbe (v DHEA Y HlLR]
To- | w AND 4 =T
w o [ ; E
MATRIEX MODULATOR = A
- AND L F
HUE CONTROL | Lpt ™™ g @
10| rof1a - ; 1P L 13!_%1' \ OAE F
PO} :
10-81T
o » 3 DAC E
P16 e = o DAL
4 m'lul ':ﬂp;;:;? DraC =
CLKIN m 7194 CIRGLRT COMTROL Y Flgeys
BLOCK Qcﬂﬂ

SCRESETATLTR

CCIR 601/656 4:2:2 digital video data — analog baseband TV signal

11 Fall 2008 Lecture 12
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Labkit: ADV7125 Triple DAC (VGA)

+ Two Challenges:
+ (1) Generate Sync Signals

Sync signal generation requires precise timing
Labkit comes with 27 MHz clock
Use phase-locked-loops (PLL) to create higher frequencies

Xilinx FPGA's have a "Digital Clock Manager” (DCM)

DCM pixel_clock(.CLKINCclock_27mhz), .CLKFX(pixel_clock));
// synthesis attribute CLKFX_DIVIDE of pixel_clock 1s 10

// synthesis attribute CLKFX_MULTIPLY of pixel_clock 1s 24
J/ 27iMHz * (24/10) = 64.8MHz

(2) Generate Video Pixel Data (RGB)

Use ADV7125 Triple DAC o —

Send 24 bits of R,G B data at e s

pixel clock rate to -:hip wols )] il [+ ] o 2 -
. EE Lt e

Create pixels either in real time - P e

Or using dual port RAM I e B e

Or from character maps wocd J_i i

. ) -
6111 Fall 2008 Or .. | ecture 12 e e 16

70



Tools — Mega Wizard

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Diqital Logic/tut Ipms verilog.pdf

Tools — SOPC builder

http://www.altera.com/education/demonstrations/sopc-builder/sopc-builder-demo.html

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer Organization/tut sopc introduction ve
rilog.pdf

The SOPC Builder is a tool used in conjuction with the Quartus Il CAD software. It
allows the user to easily

create a system based on the Nios Il processor, by simply selecting the desired
functional units and specifying

their parameters.

71


ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_verilog.pdf
ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_verilog.pdf
ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf




Cathode Ray Tube

CRT Display

Cathode

Phusphnf
Screen

Courtesy of PixTech

Anode

Electrons beam “boiled off a
metal” by heat (thermionic
emission) 1s sequentially
scanned across a phosphor
screen by magnetic deflection.
The electrons are accelerated to
the screen acquiring energy
and generate light on reaching
the screen
(cathodoluminescence)



RS232

* Transmit: easy, just build
FSM to generate desired
waveform with correct bit
timing

* Receive:

— Want to sample value in
middle of each bit time

— Oversample, eg, at 16x
baud rate

— Look for 1->0 transition at
beginning of start bit

— Count to 8 to sample start

bit, then repeatedly count
to 16 to sample other bits

— Check format (start, data,
parity, stop) before
accepting data.

interface

L=8

o 1 b b b D D

W3ag

i 01 1

Zevan Daa B

.

e

el
bz
|

=

iy

\_

Two elap
s

Figure from

Cuia packed cameponcding i the 8200 chamser 8

http/fwww_arcelect. comfrs232_him

Ireckaie: roci et
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