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| Overview

| » Processadores de propdsito unico
— Customizados
— Padronizados

Processadores de periféricos
— Temporizadores

— Contadores

— UART

- PWM

- LCD

Teclado
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Introducao

» Processadores de proposito unico
— Realizam computagéao especifica

— Processadores customizados
* Projetados para uma unica tarefa

— Processadores de propdosito tinico padronizados
* “Off-the-shelf” --
+ Exemplos:
— Periféricos

— Transmisséo serial
— Conversao analégico-digital
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Temporizadores, contadores,
| watchdog timers

» Temporizadores: mede intervalos de
tempo
— Geracao de saida para eventos temporais

» Ex: sinal verde deve permanecer por 10
seg.

— Para medicéo de eventos em entradas
» Ex: medida de velocidade de automovel
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watchdog timers

Temporizadores, contadores,

clock
 Considere periodo do clock = 10ns
+ Se contamos 20.000 pulsos de relogio

65,535*10 ns = 655.35 microseg.,
resolugcdo = 10 ns

+ Baseado na contagem de pulsos de

» Entdo se passaram 200 microsegundos
» Um contador de 16-bits deveria contar até

Basic timer
Clk 16-bit up 16 Cnt
— > counter [P
—
Top

Reset T
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| Contadores

» Contador: semelhante a um
temporizador porém conta pulsos de
uma entrada genérica (em vez do
timer)

— Ex: contagem de carros passando por
um sensor

— Dispositivo pode ser configurado

Timer/counter

como temporizador ou contador Clk

2x1 16-bit up Cnt
16 &N
—> mux counter ———>p
—> ’ —>
Cnt_in Top
A
TReset
Mode
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Qutras estruturas temporizadoras

« Temporizadores de
Intervalos

— Indica quando um
intervalo de tempo
ocorreu

— Setando o Intervalo
desejado

* Numero de ciclos
de clock =
Intervalo desejado
/ Periodo de clock

Timer with a terminal

count
Clk |16-bit up counter C
16 ot
— >
7
l Reset
= >
Top

5

Terminal count
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| Qutras estruturas temporizadoras

 Contadores em
cascata

* Prescaler

— Divisao do clock

— Aumenta o range,
diminui a resolucao

16/32-bit timer

Clk 16-bit up
counter 16 Cntl
Topl
16-bit up 16 Cn2
counter
h)pZ

Time with prescaler

Clk Prescaler 16-bit up
counter

—
— —

Mode
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Exemplo: Temporizador de Reacgao

indicator reaction
light = O @ < button
LCD — >

* Medindo o tempo entre acendimento da
lampada e o usuério apertar o botao

— Temporizador de 16-bits, periodo do clk

de 83.33 ns, contador incrementa a
cada 6 ciclos

— Resolucao = 6*83.33=0.5 microseg.

— Range = 65535*0.5 microseg = 32.77
mileseg.

— Para contar milesegundos contador
deve ser inicializado com 65535 —
1000/0.5 = 63535

/* main.c ¥/

#define MS_INIT
void main(void){
int count_milliseconds = 0;

63535

configure timer mode
set Cnt to MS_INIT

wait a random amount of time
turn on indicator light
start timer

while (user has not pushed reaction button){
if(Top) {
stop timer
set Cnt to MS_INIT
start timer
reset Top
count_milliseconds++;
}
)
turn light off
printf(“time: %i ms*, count_milliseconds);

}
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| Watchdog timer

" Deve resetar o

overflow

temporizador a

gﬂprescaler}c—lkﬂ scalereg H timereg }—»

cada X unidades
de tempo, caso

overflow system
reset
or
interrupt

contrario o
temporizador
gera um sinal

/* main.c */

main(){
wait until card inserted
call watchdog_reset_routine

while(transaction in progress){
if(button pressed){

° U SO CO m u m: perform corresponding action
de tecg é o d e : call watchdog_reset_routine
falha , self-reset

/* if watchdog_reset_routine not called every
< 2 minutes, interrupt_service_routine is
called */

}

watchdog_reset_routine(){

/* checkreg is set so we can load value into
timereg. Zero is loaded into scalereg and
11070 is loaded into timereg */

checkreg = 1

scalereg =0

timereg = 11070
)

void interrupt_service_routine(){
eject card
reset screen

}
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Watchdog timer

" Qutro uso:
timeouts
— Ex:, maquina
ATM
— 16-bit timer, 2
microsec.
resolution

— timereg value =
2%(216-1)—X =
131070-X

— For2min., X =

120,000 microsec.

overflow overflow

0s¢ clk - to system reset
4.{ prescaler }_.{ scalereg }_—.{ timereg }—p
or

interrupt

/* main.c */

main(){
wait until card inserted
call watchdog_reset_routine

while(transaction in progress){
if(button pressed){
perform corresponding action
call watchdog_reset_routine

}

/* if watchdog_reset_routine not called every
< 2 minutes, interrupt_service_routine is
called */

}

watchdog_reset_routine(){

/* checkreg is set so we can load value into
timereg. Zero is loaded into scalereg and
11070 is loaded into timereg */

checkreg = 1

scalereg =0

timereg = 11070
)

void interrupt_service_routine(){
eject card
reset screen

}
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| ysiirormitea

Arquitetura de Sistemas Embarcados 11

|Transmisséo Serial Usando UARTs

UART: Universal
Transmitter

— Transmite dado
serialmente

deteccao de erros

« Baud rate

segundo

— Bitrate é usada
frequentemente

Asynchronous Receiver

— Recebe dado serialmente
e converte para paralelo  gognzuaRT

+ Parity: bit extra para

— Mudangas de sinal por

i

[tlololtTtlol1[1]

start bit

1 0
N L~

embedded
device

[tlolol1[1lol1T1]

Receiving UART
end bit
data

» Bits de Start e de stop 1 ]
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Pulse width modulator - PWM

» Gera pulsos com

tempo de high/low e
especificado o
« Duty cycle: % do
tempo em nivel alto  ™™-°
clk
— Onda quadrada:
50% duty cycle
pwm_o
clk

T [
N v v

25% duty cycle — average pwm_o is 1.25V

_I | [
L re e e

50% duty cycle — average pwm_o is 2.5V.

_ | [
AN A I B

75% duty cycle — average pwm_o is 3.75V.
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| Pulse width modulator - PWM

' Uso comum: controle de
tensdo para pwim_o
equipamento elétrico ok
— Mais simples que
conversor DC-DC ou
conversor digital-
anlégico pwm_o

— Velocidade de motor, ¥
lampadas com controle
de luminosidade

» Qutro uso: codificacao pwm_o
de comandos, recebe clk
temporizagao do usuario
para decodificar

T [
N v v

25% duty cycle — average pwm_o is 1.25V

_I | [
L re e e

50% duty cycle — average pwm_o is 2.5V.

_ | [
AN A I B

75% duty cycle — average pwm_o is 3.75V.
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Controlando um motor DC motor
com um PWM

counter
(0-254)

controls how
fast the
counter
increments

8-bit
comparator

Internal Structure of PWM

% of Maximum
Input Voltage Voltage Applied RPM of DC Motor

0 0 0

2.5 50 1840
counter <
cycle_high, 375 75 6900
pwm_o=1
counter >=

5.0 100 9200
cycle_high,
pwm_o=0

Relationship between applied voltage and speed of
the DC Motor

void main (void) {

/* controls period */
PWMP = Oxff;

/* controls duty cycle */
PWM1 = O0x7f;

while (1) {};

The PWM alone cannot drive the
DC motor, a possible way to
implement a driver is shown
below using an MJE3055T NPN
transistor.

5V

From
processor

5V

MOTOR

W oo
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Controlador LCD

E - void WriteChar(char c){
communications
RIW bus - .
RS RS=1; /* indicate data being sent */
DATA_BUS =¢; /* send data to LCD */
DB7-DB0O EnableLCD(45); /* toggle the LCD with appropriate delay */
8 }
microcontroller LCD
controller
CODES RS |RW DB, |DB, |DBs |DB, |DB; |DB, | DB, |DB, |Description
1/D = 1 cursor moves left DL = 1 8-bit
1D = 0 cursor moves right DL = 0 4-bit oo | oo Jo |o Jo |o f[o 1 Clears all display. return cursor home
S = 1 with display shift N=12rows 0 0 0 |o 0 0 0 0 1 * Returns cursor home
S/C =1 display shift N=01row ol ol olo o o fo | w |s Sets cursor move direction and/or
S/C = 0 cursor movement F=15x10 dots specifies not to shift display
R/L =1 shift to right F =0 5x7 dots ONJ/OFF of all display(D), cursor
O 0 oo Jo Jo J1 D € B | GNORE C), and blink position (B)
R/L =0 shift to left
oo | olo Jo 1 s |RL | * * Move cursor and shifts display
N Sets interface data length, number of
o oge ! DLIN P " display lines, and character font
1 0 WRITE DATA Writes Data

W oo
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N1

N2

II:IIi L—» k_pressed
1 1 1 1
S I I B A’*ﬁf
r o4 rlr 04 r o4 M;l .
S e o | T e
F"L‘” f‘%‘” f‘%"‘ f"%"

keypad controller
N=4, M=4
5{;,’.’;(;’,.“..?‘,(1 Arquitetura de Sistemas Embarcados 17

| Controlador de motor de passo
» Motor de passo: rotaciona Sequence | A [ B [A' [ B
namero fixo de graus dado um A A
sinal de passos 3 i
— Em contraste: motor DC rotaciona 2 - .
quando poténcia é aplicada
va [ 16— vm
~ . . ~ A o MC3479P ;s
» Rotacéao obtida pela aplicacao = =k
de tenséao especifica nas = izg oo
bobinas e = o cwnce
oc [ 9 [ Full/Half Step
+ Controlador mais simples A
White A’
Yellow B
Black B’
5{;;;;??% Arquitetura de Sistemas Embarcados 18
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Motor de Passo com Controlador
driver

/* main.c */ . . .
void main(void){
MC3479p sbit clk=P171;
e o DA, */turn the motor forward */
Stepper Motor sbit cw=P170; L
Driver cw= /* set direction */
8051 void delay(void){ clk=0; 7% pulse clock */
CW’/CCW PLO inti, ; delay();
1(7) CLK Pl for (i=0; i<1000; ++) elk=1;
: for (j=0; j<50; j++
(ifiji + OJ i+ /*turn the motor backwards */
2A"B15 } ’ cw=1; /* set direction */
3A B 14 clk=0; /* pulse clock */
delay();
clk=1;
W% % )
The output pins on the stepper motor driver do not
provide enough current to drive the stepper motor. +V
Stepper id h drive th
Motor To amplify the current, a buffer is needed. One 1K Ql
possible implementation of the buffers is pictured
to the left. QI is an MJE3055T NPN transistor B
and Q2 is an MJE2955T PNP transistor. A is Q2
connected to the 8051 microcontroller and B is 1K
connected to the stepper motor. =
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Motor de Passo sem Controlador
driver

8051
P24 — GND/+V

/*main.c*/ /% counter clockwise movement */
sbit notA=P2"0; if(di
sbit isA=P2"1;

: y<=step; y++){

P23 sbit notB=P2"2; for(z=19; z>=0; z - 4){
P2.2 sbit isB=P2"3; isA=lookup[z];

- sbit dir=P2"4; isB=lookup([z-1];
P2.1
P20 notA=lookup|z -2];

. void delay(){ notB=lookup(z-3];

A possible way to implement the buffers is located
below. The 8051 alone cannot drive the stepper mot

several transistors were added to increase the current going

to the stepper motor. Q1 are MJE3055T NPN transistors

and Q3 is an MJE2955T PNP transistor. A is connected to
the 8051 microcontroller and B is connected to the stepper

motor.

or, SO

inta, b;
for(a=0; a<5000; a++)
for(l b<10000; b++)
a=a+0;

}

void move(int dir, int steps) {
inty, z;
/% clockwise movement */
if(dir == 1){
for(y=0; y<=steps; y++){
for(z=0; z<=19; z+4){
isA=lookup(z];
isB=lookup[z+1];
notA=lookup[z+2];
notB=lookup[z+3];
delay();
}

delay( );
}
}
}

void main( ){
intz;
int lookup[2(
1, 1,0, 0.
0,1, 1, 0.
0,0, 1,1
1,0, 0,1
1,0, 0

0] = {

11,00}

while(1){
/*move forward, 15 degrees (2 steps) */
move(l, 2);
/* move backwards, 7.5 degrees (1step)*/
move(0, 1);
}
}

W oo
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Conversao AD ou DA

« AD: conversao analdgico para digital

» DA: conversao digital para analdgica
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C a0 Analdgico-Digital
Vo =75V 11111 4 4 :
7.0V —L 1110 \,
65V 1 1101 ~ 3 -~ 3
6.0V __| 1100 2z z T,
55V L o1 Z, g, \ L\f
50V —1— 1010 o o : -
=) 80
45V —— 1001 g £ |
4.0V —— 1000 s ; E ; .
3.5V ——o111 % % % % / i % % % ;
3.0V ——0110 v tine Fwl B time
N [A t / ) 2 3 @
2.5V —+— 0101 g uy -
2.0V —— 0100 0100 1000 0110 0101 0100 1000 0110 0101
1.5V —r— 0011 Digital output Digital input
L0V ——o010
05V —— 0001
OV —+— o000
proportionality analog to digital digital to analog
5{;,’.’;(;’,...“.(, Arquitetura de Sistemas Embarcados 22
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~ L} L} V4 | ]
Converséo Digital Analégico

Simplified binary weighted resistor DAC R - 2R ladder DAC
1 — 4>;;V | C q g

I 9.375 %" !

’_/', max. J_

L
&‘m"ﬂ" stes Arquitetura de Sistemas Embarcados 23

Converséo Digital Analégico
Four-Bit D/A Converter

One way to achieve DA conversion 15 to use a summing amplifier.
Inputs in IIl 9—\/\/\;— Scaled resistances
volts are 1.25K ‘gK into a surmrming
weighted in |I| o— AN 5 junction.
the summing 2.5K JATAY;
amplifier to @ —AA—
P o W,
produce the
corresponding IIl o— AN
analog 10K _\Lout =—13 v
voltage.

Tx8+1x4+0x2+ 1x1 =13

R4
1K

& 12 bit DAC of this type would
require the largest scaling
resistor to be 2043 times the
smallest, o this approach
quickly becomes impractical .

Thiz approach 15 not satisfactory for a large number of bits because it requires too
much precizion in the summing resistors. This problemm is avercotne in the E-2R
network DAC,

A”f‘l’mﬂ'ﬂ“?‘!"-’ Arquitetura de Sistemas Embarcados 24
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Converséo Digital Analégico

R-2R Ladder DAC

The 5 ing amplfier with the E-2R Yrer

ladder of resistances shown produces the
output

Vnut:%vref Do,Dy ,De D3

16 &8 4 2
where the Dr's take the walue 0 or 1. The
digital inputs could be TTL woltages which
close the switches on a logical 1 and leave
it grounded for a logical 0. This 15
tustrated for 4 bits, but can be extended

to any number with ust the resistance
values B and 2R,

IMore Detail

Ry

nnnnnn

¥,
ﬁ;lmnrﬂn{ng(f
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of the

A COMMan
reference
woltage is
used because

wariationin
what woltage
will be

produced by -
alogic 1 or 0.

Converséo Digital Analégico

R-2R Ladder DAC Details —

A logic 1 eg., TTL 5Y) closes
the switch, applying ¥ref to the
surnming junction. A logic O
Vref leaves that input grounded.

v Dz -i

Summing
amplifier.

stringent requirements an the requi
precision of the resistors than the
scaled resistor approach to DAC.

Hawing just B and ZR places much less

red

These weighting factors can be
obtained by a Thevenin analysis
of each input point.

nnnnnn

-,
ﬁ;lmnrﬂn{ng(f
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Converséo Digital Analégico

FEEFEEF R

loutl

lout2

MSB LSB
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| Converséo Digital Analégico

1C6_DACOB32 o
Digital

ref — Yout

Wout = -Win * (Rfb/Rin)

Vout = -(-57) * (15K f30K) = 2.5V

Vout = -Vin * {Rfh/Rin)

Wout = -(Vref * (Digital Input), o /256 (the 10 means "base 10 number").

Arquitetura de Sistemas Embarcados 28

W oo
| ysiiriormitea

*Wearable Computers



*Sérgio Cavalcante

Conversdo Analdgico Digital

« Exemplo: valor de entrada norangede 0a 7.5
que deve ser representada com 4 digitos. Qual
a codificacao ideal?

« Férmula Geral
—e/V . =d/(2"1)

Secero e Arquitetura de Sistemas Embarcados 29

| Conversao AD

| Simple ramp and comparator ADC

DA +
L8] -
1ESH
Fme
FIN CTR
E2ii) B
B2 C
CLEAS B
BOLKE M _mlm ra|
= 4 "R
. .]

Unknown
analog
input
= l . &
start Binary output
Scero e Arquitetura de Sistemas Embarcados 30
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Conversao Analdgico Digital
usando Aproximagdes sucessivas

5/15 = d/(28-1) Encoding: 01010101
d=85

(Y,

Vmux

i~ V) =75 volts [0 [0 JoJoJoJoJoJo]

=7.5 volts.

Y5(1.5 + 0) = 3.75 volts [o]1JoJoJoJoJoJo]
V., =3.75 volts.

min

%(15+375)=563volts [0 [1JoJoJoJoJoJo]
Vi = 5.63 volts

max

Va(5.63+3.75)=4.69volts [0 ] 1O 1]OJ]o]o]oO
5634375 =4vals [0 TTOTTTOJOT0]0]

min

Given an analog input signal whose voltage should range from O to 15 volts, and an 8-bit digital encoding, calculate the correct encoding for
5 volts. Then trace the successive-approximation approach to find the correct encoding.

Successive-approximation method

14(5.63 + 4.69) = 5.16 volts [oJtJoJ1JoJoJoJo]
‘max = 9-16 volts.
Y5(5.16 + 4.69) = 4.93 volts [oJtJoJ1iJoJutJoJo]
Vin = 4.93 volts.
%(5.16+4.93)=505vols [0 [ 1JoJ1JoJ1JoJo]
max = 9-05 volts.
14(5.05 + 4.93) = 4.99 volts [oJtJoJiJoJrJo]1]

W oo
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Conversao AD -

Aproximacao

| sucessivas
!

= Fast process -1 -
100pusecs

analog
input

= Result always n clocks
after start

= Used extensively for
12-16bit DAQ systems =

zonv

end of
conv

comp e

Istch

0

digital
output
18 bits)

output
drivers

)
|
1
1
1

Oy

successive
approximation
registor

(SAR)

control
logic
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