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Vstupy a vystupy

* Mikrokontrolér je pocitac, uréeny k tomu, aby vnimal sve okoli a na
zakladé programu je ovlivhoval.

 Je zpravidla soucasti néjakého systému, ktery ma primarné jine
urceni, nez byt ,,jen” pocitacem.

|:{> Je to pocitaCovy system vestaveny do néjaké aplikace.

Ma formu integrovaneho elektronického RS
obvodu, pripojeného do aplikace ;
prostiednictvim vyvodi{ pouzdra.




Vstupy a vystupy
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Vstupy a vystupy

Vstupy a vystupy u vSech integrovanych obvod( byvaji bud’ Cislicové (0/1) nebo
analogové (zpravidla v rozsahu -V_...GND...+V_).

U mikrokontrolér( jsou pochopitelné ovladané (vystupy) a snimané (vstupy)
softwarove, a to bud’

* primo (instrukci pro nastaveni vystupu / ¢teni vstupu)

* nepfimo — jde o vstupy/vystupy nékterého modulu na Cipu, ktery je ovlddan
softwaroveé (jeho chovani je nastaveno programem).

Dnesni prednaska bude zejména o té prvni moznosti.



Co se da dokazat s Cislicovym vystupem?

e Jednoduché, ale v podstaté velmi mocné véci:
* rozsvitit/zhasnout kontrolku,
* roztocit/zastavit motor,
» otevrit/zavrit ventil,
* sepnout/rozepnout relé,
* zapnout/vypnout topnou spirdlu, atd.

R1 LED1
Priklad: \—:1——9\]‘7
ovladani LED
MCU T

* Ale Ize také vyuzit cely port (nebo ¢ast) jako paralelni datové rozhrani.



Co se da dokazat s Cislicovym vstupem

* Opét velmi jednoduché, ale docela mocné veéci:
* snimat stav tlacitka,
e snimat stav jakéhokoli dvoustavového snimace,
e snimat polohu inkrementalné nebo absolutng,

+V +
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Primé ovladani pinu

Primo nastavit Ci zjistit stav néjakého pinu softwarové (z programu) lze pomoci

datovych registrd portd.

Ml-Cl"OcontrD"er




. (o)

adani pinu softwarem

Primeé ov

Pro kazdy 32 bitovy port pres sadu registru:

Absolute Width
address Register name {in Bits) Access | Reset value
(hex)
400F_F000 |Port Data Output Register (GPIOA_PDOR) 32 R/W 0000_0000h
W
400F_F004 |Port Set Output Register (GPIOA_PSOR) 32 (always | 0000_0000h
reads 0)
w
400F _F008 |Port Clear Output Register (GPIOA_PCOR) 32 (always | 0000 _0000h
reads 0)
W
400F _FOOC |Port Toggle Output Register (GPIOA_PTOR) 32 (always | 0000 _0000h
reads 0)
400F _F010 |Port Data Input Register (GPIOA_PDIR) 32 R 0000_0000h
400F_F014 |Port Data Direction Register (GPIOA_PDDR) 32 R/W 0000_0000h

Zde registry portu A, pro port B se registry jmenuji GPIOB atd.



Co délaji registry portu?

GPIOx_PDOR field descriptions

Field

Description

31-0
PDO

Port Data Output
Register bits for un-bonded pins return a undefined value when read.

0 Logic level 0 is driven on pin, provided pin is configured for general-purpose output.
1 Logic level 1 is driven on pin, provided pin is configured for general-purpose output.

GPIOx_PSOR field descriptions

Field

Description

31-0
PTSO

Port Set Output
Writing to this register will update the contents of the corresponding bit in the PDOR as follows:

0 Corresponding bit in PDORnN does not change.
1 Corresponding bit in PDORn is set to logic 1.

GPIOx_PCOR field descriptions

Field

Description

31-0
PTCO

Port Clear Output

Writing to this register will update the contents of the corresponding bit in the Port Data Output Register
(PDOR) as follows:

0 Corresponding bit in PDORN does not change.
1 Corresponding bit in PDORn is cleared to logic 0.




Priklad: dve LED

Méjme dvé LED pripojené anodami na PTBO a PTB1, katody
jsou pripojeny pres rezistor na GND.

... pro rozsviceni je treba nastavit piny PTBO a PTB1 do log. 1:
PTB->PDOR = 0x0003;

Je-li tfeba nyni jednu zhasnout, Ize postupovat nékolika zpUsoby:

PTB->PDOR = 0x0001; vynuluje vsechny bity, necha jen PTBO

PTB->PDOR &= OxFFFD; vynuluje jen PTB1, ale v nékolika krocich

PTB->PCOR = 0x0002; vynuluje PTB1 jednim zapisem

PTB->PTOR = 0x0002; invertuje PTB1 jednim zapisem

10



Nastaveni smeéru pinu
(vstup nebo vystup?)

38.2.6 Port Data Direction Register (GPIOx_PDDR)
The PDDR configures the individual port pins for input or output.

Address: Base address + 14h offset

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 1 10 98 8 7 € 5 4 3 2 1 0
R
= PDD

ResetOOOOOODOODOOUOOO|OOOOOOOOOUOOOOOO

GPIOx_PDDR field descriptions

Field Description

31-0 Port Data Direction

PDD
Configures individual port pins for input or output.

0 Pinis configured as general-purpose input, for the GPIO function.
1 Pinis configured as general-purpose output, for the GPIO function.

... po RESETu jsou vSechny piny portu nastaveny jako vstupy!
ProC asi?



Vstupni/vystupni

pin MCU
(GPIO)

Jak je to zapojeno uvnitr:

Data Bus Address
bit n Bus
Address
Decoder
PDDR select
W
FPort Data
—r—rT—r—r—T———=D Direction Q
Register
PDOR select
PSOR select v
= Set
PCOR select Rst
PTOR select Fai Data
= Tgl Output
p Register o S
17 11O Clock
PDIR select V4
Port Data
- D Input Q=

Register

Pinor
Pad on
package

Pin Control
Register
MUX field




Priklad

#define PIEZZO MASK ©x2008
#define LED R_MASK @x200

/* ....................................................................

* Funkce realizujici

void beep(void) {

for (uint32_t g=90;

GPIOB_PDOR |=
GPIOB_PDOR &=

'}*-' ____________________________________________________________________

void flash() {
GPIOB_PDOR |
delay(60008) ;
GPIOB_PDOR &=

kratke pipnuti bzucaku

q<200; g++) {
PIEZZO_MASK; delay(209);
~PIEZZO MASK; delay(2ee);

LED_R_MASK:

~LED_R_MASK;

V3.3

LS1
.-
R12 PS1740P02
1k
.
PTB13 ol
PIEZZO PWM L BC847C
10k
PIEZO BUZZER GND
D3
PTB9 A
LED R PwM ___ Rl R.J_’F__
150R
PTB10 b4
~ LED B PWM R13 B 3 ’| 2
60R
PTB11 %
__LED G PWM RIS G _4 b GND
27R 4
WP154A4
RGB LED
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Hardwarova stranka Cislicoveho vystupu

... o potrebujeme veédét, kdyz chceme k Cislicovému vystupu mikrokontroléru néco pfripojit.
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Jednobitovy vystup — jeden pin

. R1 LED1
From Microcontrollers. — ~l
- B—] 1~
ALY
GND
VDD
R1 holoN

From_Microcontroller
LED1

LED1 sviti pro log. 1

LED1 sviti pro log. 0

15



Pripomenuti — proC pro 1 sviti a pro 0 nesviti.

Sourcing “HIGH"

Current flow

= 940x Module

¥ this is 3.3V for the 9402

Sourcing “LOW"

940x Module

16



... a ten opacn

V4

y pripad

SINKING “HIGH"

= 940x Module

¥ this is 3.3V for the 9402

(external)

SINKING “LOW"

(external)

ASV‘ ASV*

Current flow
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,Sourcing” and ,Sinking® pin

+5V
T Current Sourcing

Device

l Current flows out of device

+5Y +5Y

T Current Sinking

Device

l Current flows into device

18



Stavy pinu v ,Cislicovéem” rezimu

VDD
x cor
From_Microcontroller> % T<} ILED1 LED1 sviti prolog. 0
LED2 sviti pro log. 1
’ R2
e I LED2 i . ,
-~ aby nesvitila ani jedna, nastavi
se port jako vstupni ;-
= port | pni;-)

Pin, pokud je konfigurovan jako Cislicovy, muze byt v podstaté
ve trech stavech

* log. 0 (na pinu je potencial blizky GND)

* log. 1 (na pinu je potencial blizky Vcc)

* pin je vstupni — ma vici zemi vysokou impedanci, nelze fici,
zda je naném 0 nebo 1 — pin oCekava privedeni urovné zvenku.

19



Priklad uziti celeho portu: ovladani displeje

£2
|1
| T U1
22pF X1 19 bxTAL1 P0.0/ADO %
I § 1 PO.1/AD1 57
18 P0.2/AD2 36
L C1 XTAL2 PO.3/ADS [—2
- ¥ PO.4AD4 |22
1 CRYSTAL ;gfg;igg _cc)
22pF 11.0592 MHz 9 | RsT P0.7/AD7 |—32
C3 a
L — (7 P2.0/A8 |2 -
L. 1€ P2.1/A9 5= -
P2.2/A10
10uF R1 2 1 psEn P23AN 22 =
10k ? ALE P2.4/A12 26 T
—O EA P25/A13 22 -
—_—T e P2.6/A14 58 =
— P2.7/A15
; P1.0/T2 P3.0/RXD —]?
—— P1.1/T2EX P3A/TXD |+
= P12 P3.2/INTO [—=
—{lris P3.3INTI [—=
6_ P1.4 P3.4/TO ?
&l P1.5 P3.5/T1 6
< p16 P3.6MWR [—=
2 1p17 P3.7/RD —L
AT89S52

PIN 40 Vce, PIN 20 Ground

Sv

CircuitDigest
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Multiplexovani vystupu

AR
NOOBW=O

4 x 7-segment displays

a
b
c
d
e LED Module
f
(9]
DP (-} o o ()
iﬂ-ﬂk %0.33]( %UJ.‘SK 0.33K
12K
4 PN
1.2K BC 547C ¥NPN
L
Bt BCS47C  ANPN
.
WA Bl
1.2K BC 547C PN
F—VV h
1 1 J} r iﬂc 547C
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Priklad uziti celeho portu: ovladani displeje

16x2 Character LCD

22pF

?SV 0w
>>> Xruw [afaNajaNaNaNalal
e 3 (52 Ay [Te] [e] [ [oe] [=] fe] B8 K] 301
RA1
10k
U1 10 RV1
2 | RESET vee PCO/SCL %
PC1/SDA |—>
g XTAL1 PC2ITCK % 190
XTAL2 PCITMS [—22
. PC4TDO (2=
1 3 5 PAomDco PC5TDI [—55
— 2] ParADCt PC6TOSCT |22
10uF 22— PAZADC2 PC7/TOSC2 b2
16MlLz 2L Pa3/ADC3 14
22— Pa4ADC4 PDORXD) (==
[] ] 22— PAS/ADCS PDI/TXD |2
22— Pasiance PD2INTO |2
crvstaL | 2 pa7/ADCT PD3/INTI f—&
e . PD4/OCTB [—2
22pF ——| PeoTOIXCK PDSIOCTA [
—=— PBIT1 PD6/ICP1 [—5
= PBAINOINT2 PD7/0C2
£ PB3AINt/IOCO
—— PB4SS
—=— pBSmOsI -
— Pesmiso AREF [
—— PBTSCK ) anp  Avec R
ATMEGA32 11 1 131
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Cislicovy vystup

... heni nic jiného, nez pripojeni + nebo — pdolu zdroje na vystup!
Musime ale pocitat s tim, ze MCU je realna soucastka, nikoliv idealni!

- zmeéna urovneé se nedeéje nekonecné rychle
- v obvodeé jsou nenulové odpory

0
1 Ugi
— O vystup
o
0 R
Vad




Cislicovy vystup

Typical Low-side Driver (HDS) Characteristics,

Vpp = 5.0 V, PORTA

_

04 0.8 1.2 1.6 2 24
Vo'V

Typical High-side Driver (HDS) Characteristics,

Vpp = 5.0 V, PORTA

2.8

> 74

24

2.8 3.2 3.6 - 4.4 4.8
Von'V

5.2
24



. /

icovy vystup

Cis

... heni nic jiného, nez pripojeni + nebo - pdlu zdroje na vystup!
Musime ale pocitat s tim, ze MCU je realna soucastka, nikoliv idealni!

- zmeéna urovneé se nedéje nekonecné rychle
- v obvodé jsou nenulové odpory

O e e e S e
I’inside uc +Vpp
|
1 Uy, | Q2
~— vystup : P-type
.——| |—< ) |
® R. IV =
O 1 : o—4 a1l r—t—=
Vdd | =
|
|
| N-type
| — ] I
\ ———————————

push-pull output



Prechodny déj (zména urovné)

Drive Strength and Slew Rate

Vpp=3.0

}330 Ohm
Pin

Pin low drive &
no slew rate

i - H
Measine Pt freqiC1) FZamp(Ct)
- . 2883V

Pin high drive &
slew rate

26




Elektromagneticka kompatibilita

Casto je tfeba, aby pfechod mezi drovnémi (hrana signalu) byl co nejrychlejsi (strma
hrana).

Strma ostra hrana zejména v kombinaci s dlouhym spojem a vétSim prenasenym
vykonem ale mUze zpUsobit elektromagneticky impuls, ktery ovlivni okolni obvody
(ruseni).

Obvykle ale nastésti spinani vetsi zatéze nevyzaduji tak strmou hranu a naopak.

MCU dnes dovoluji konfigurovat rychlost prechodu urovné (angl. slew rate).

27



Slew Rate Control Example

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

3.0

<
=)
5]
Il

Pin

1 kOhm

Pin low drive &
no slew rate

Measwre P1:freq(C1) P2:ampl(C1) P3---
value oev
status & v
! 1.00 Vidy 20,0 neidv | S Pin low drive &
1 o} <1.530 Votst 3Sis
4 A%y Xi= 67605 0¥ - slew rate enabled
! Inv uabmv X2= -688ns 1/AX= -

LeCroy 10/4/2005 11:11:34 AM

Volba ,slew rate” zlepSuje parametry EMC — méné rusSeni. Sama strma hrana zvySuje
ruSeni. Pokud je velky pfekmit, zafunguje ochranna dioda a tak vyvolany proud zpUsobi
opét ruseni. To se stava zejména u dlouhych vodi¢u ¢&i pfi malych blokovacich kapacitach.



Impact of Drive Strength

Help

File Vertical Timebase Trigger Displav Cursors Measure Math Analysis Utilities

B e i - o P e e L AW

F Y
P1-freq(c1) F2:ampl(C1) P3--- P4:. - - P& -

— 2604 Y

Y v
base -31.2 ns

-2.000Y ofst

gglg m-:; Hi= 87 Bns AX=
U K= -688ns 1A=

A0 mV

101442

330 Ohm

Pin Low Drive

Pin High Drive
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Drive Strength and Slew Rate

File Werlical Timebase Trigg splay Cursors  Measure M=t Analysis

Vp=3.0

330 Ohm

Pin

Pin low drive &
no slew rate

1

Fy
Measure Pt freq(C1) F2amp(Ct)
— 2833V

a - — Pin high drive &

“118ne
.00 n3fiity
5005 1005 slew rate
X1= 13.10ns A%
X2= -13.10ns 14X
10ies3
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ESD ochrana pinQ

Ochrana proti

napéti >Vdd - — o [ v | _a
a <Vss (GND) Table A-4. ESD and Latch-up Test Conditions
Model Description Symbol Value Unit
Series Resistance R1 1500 Q
Protection Human Body Storage Capacitance Cc 100 pF
Diode Number of Pulse per pin - 3
Lithan Minimum input voltage limit -25 Vv
/10 Maximum input voltage limit 75 A
PAD [ ®—~
Table A-5. ESD and Latch-Up Protection Characteristics
Num Rating Symbol Min Max Unit
Protection 1 |Human Body Model (HBM) Viem +2000 - v

Diode Charge Device Model (COM) I +500 = v

Latch-up Current at T, =85°C Ioar +100 —_ mA

T




Nestandardni vyuziti ESD ochrany

* ESD ochrany pinu lze nékdy vyuzit pro vstup signalu s vySsSim napétim, nez maji
standardni logické urovné. Je treba ale postupovat opatrné!

Microcontroller

T R1 je vypocten tak, aby nebyl

- prekroCen max. proud pinu.
VincNM—{_1}

o POZOR! Ne vSechny MCU maji
Ve ochranné diody na vSech pinech!

32



Otevreny , kolektor”

(presnéji: ,,open drain)

Typické pouziti: buzeni sbérnice

i2Cn_SDA (Serial Data ling)

vice zdroji - aby nedochéazelo ke zkratim:

+Vad

Iil Rp resistors | | Rp

Pull-up

12Cn_SCL (Serial Clock line)

12Cn_SCL (output)

12Cn_SCL (input)

12Cn_SDA 1 S
n_ (output) ] E

12Cn_SDA (input) <

Device 1

12Cn_SCL (output)

«
) 5’ I2Cn_SDA (ou‘lpuﬂ_] 5’

12Cn_SCL (input)
_<_{

12Cn_SDA (input)

Microcontroller Microcontroller Vee
o Vdd o Vdd
IOMUX Qee=1. | IOMUX QC=1 '
data out Dﬁ -QDE=04 Iy pin | data out > ket pin
15 1
output driver L output driver L
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Otevreny , kolektor” — pozor na kapacitu

output driver

output driver

Microcontroller Microcontroller Vee
o Vdd o Vdd
IOMUX QBe=11 | IOMUX SR '
data out Dc QDE=0 J:i pin data out I>: DE - 1 pin
. 2
= E S B

34



Jaky proud muze vystup dodavat?

Symbol Description Min. Max. Unit
Vop Digital supply voltage -0.3 3.8 Vv
lop Digital supply current — 120 mA
Vio IO pin input voltage -0.3 Vpp + 0.3 v
Ip Instantaneous maximum current single pin limit (applies to -25 25 mA
all port pins)
Voba Analog supply voltage Vpp — 0.3 Vpp + 0.3 Vv
Symbol | Description Min. Max. Unit Notes
louT Qutput high current total for all ports — 100 mA
loLT Output low current total for all ports — 100 mA

... to je tak na rozsviceni LEDky, pro naro¢néjsi spotrebice je treba
externi budic.




Co kdyz proud nestaci?

V nékterych pripadech pom(ze sdruzeni pinda.

- Pozor na prekroceni celkového proudu!
- Zména stavu pinl musi byt
provadéna soucasné!

36



Priklad: externi budic

5V 12v
L RL1
12v
U1 ZS D1 §
121 osCH/CLKIN RBOANT | 1N4148 il
OSCZ/CLKOUT RB1 —%
2 e T
~2— RAoANO REIPGM =22
4 = RatAN1 re4 (2L L1
-2 RA2ANZVREF-/ICVREF RES 7 oy
I=ll -%— RAJANIVREF+ RBE/PGC -—ﬁg- R1 Q1 =2
D —£ RA4TOCKIC1 OUT RB7/PGD —1 BC547 -
(L] —L{ RAS/AN4SS/C2OUT ” 0k
CRYSTAL RCOT10SOMICK f—2
— C2 —C1 S REOANSRD  RC/T1OSICCP2 [
22pF 22pF Tg—— RE1/ANSWR RC2/CCP1 —Tg- v
10 1 Rezan7ics RCA/SCKISCL —2 maly VEEE(
d RC4/SDI/SDA —% roud
MCLRVppTHY RCS1SDO |2 p roud
RCOTRCK 22 5 i P
i z 12V zdroje
1 v .
ROOPSPO —2
HEEE wvansor | ORTR
RD3/PSP3 JZ?Z 2
ittot i P budi civku
ROS/PSPS [—22 .
RDEPSPS [—2= relé
RO7/PSPT 22
PICIGFBTTA

230v
AC
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Cislicovy vstup

... kdyz v sw potrebujete védét, co se déeje ,venku®,

38



Cislicovy vstup

* Obvody uvnitf MCU detekuji, zda na pinu je vici zemi (GND)
potencial
* stejny = log. 0 nebo
» vyssi— spisSe blizky potencidlu Vcc - log. 1.
5V
S tim souvisi otazky:

* Jak se ma systém chovat, kdyZ neni pfipojeno nic (pin je ,ve vzduchu®)?

Open

- programem by se mohlo nastavit, jaka tam bude Uroven Digital Input Pin

* Je treba néjak reagovat na stav pinu Ci jeho zménu v software?
- mohlo by to spustit néjakou pripravenou funkci
* Je vhodné signal néjak upravovat Ci tvarovat?

- potrebujeme filtrovat Spicky ¢i Sum pomoci hystereze?

39



Vstupni pin portu

* Dokaze snimat dva stavy (log. 0 a log. 1)

* Co se s tim da dokazat?
* snimani stavu kontaktu/spinace/tlacitka
+V +V

g Y

s o’l] w
Q j

Hodv
\ Sw
- Salégh Switch I l'/

Y (a \ ON
Ll (shorted) ‘

P

* snimani stavu vystupu néjakého obvodu (¢idla, ...)

40



Jak se pozna 0 a 1 na vstupu?

Spolehlivé rozliseni logické 0 a 1 na vstupu:

Symbol Parameter con:ﬁ:if:ms Min Typ Max Unit
Vih High-level DC input voltage - 0.77ovdd - ovdd
V
Vil Low-level DC input voltage - 0 - 0.3"ovdd

41



Co s tim z pohledu programatora?

 Stav pinu lze precist v neéjakém registru, podle toho se pak
program rozhodne, co udéla (if-then, ...),

* Nejdllezitéjsi otazka: kdy Cist stav pinu/portu = kam v
programu umistit prikaz cteni registru?

* Zména stavu ,,néceho vné MCU“ nastava asynchronné k béhu
programu:

* bud ¢tu opakovaneé tak dlouho, dokud nezjistim zménu nebo

* necham HW aby zasahl do provadéni programu, jakmile zména
nastane -> preruseni

42



Preruseni od pinu

* Podpora generovani preruseni od vstupnich pinu:

* aby program nemusel neustale testovat stav pind.

* |ze nastavit, zda modul bude reagovat na hranu nebo
na uroven.

registr PORTx_PCRn:

Address: Base address + Oh offset + (4d = i), where i=0d to 31d

Bit 31 30 29 28 27 26 25 24 | 23 22 21

18

0000
0001
0010
0011
1000
1004
1010
1011
1100

Others
IRQC

InterruptDMA request disabled.
DMA request on rising edge.
DMA request on falling edge.
DMA request on either edge.
Interrupt when logic zero.
Interrupt on rising edge.
Interrupt on falling edge.
Interrupt on either edge.
Interrupt when logic one.
Reserved.

PS
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Priklad

* Shimani klavesnice:

Dy Py By b

* PTB4 — PTB7 se nastavi jako vystupy, [ I e g g

vysle se urcita uroven (napf. log. 0). | S Vo S

s o v z . - CPTA4 PTB7 & e oy By My

Program nyni muze na klavesnici PTA:  PTBS NRA NN RN S

“« x Ty PTA6 PTBS Tx Py Ty oy

,Zapomenout” a vénovat se jiné oTay e PRI WA WA
cinnosti.

* V okamziku, kdy je stisknuto nekteré
tlaCitko, dostane se pres né Uroven
log. 0 na vstup PTAx a vyvola se
preruseni.

* VV obsluzné rutiné preruseni se mlze
ve 4 krocich vyzkouset, ve které radé
je stisknuté tlacitko.



Omezeni bézného Cis

Neprekrocitelnd maxima (prekroceni vede ke

/

icoveho vstupu

zniCeni MCU):

Symbol Description Min. Max. Unit
Vob Digital supply voltage -0.3 3.8 Vv
lop Digital supply current — 120 mA
Vio IO pin input voltage -0.3 Vpp + 0.3 vV

Ip Instantaneous maximum current singie pin mit (applies to =25 25 mA
all port pins)
Vopa Analog supply voltage Vpp-0.3 Vpp + 0.3 V
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out
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Hystereze

Nékteré MCU mohou mit na vstupu Schmittav klopny obvod.

Pfechod 0> 1 na vstupu se zaznamena, az kdyZ vstupni signdl pfekona hranici napf. %5V +125mV, z 1->0 pak aZ
signdl klesne pod %V_-125mV. Rozpéti 250mV mezi prahy pro smér 0>1 a 1->0 pom{Uze odfiltrovat Sum.
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Problém mechanickeho kontaktu - zakmity

Pri sepnuti ¢i rozepnuti kontaktu vzdy dochazi k prechodovému déji — zakmitavani kontaktu, takze z
pohledu MCU dojde k nékolikerému rychlému rozepnuti a sepnuti.
* Redeni:

— pfi prvni detekci zmény stavu kontaktu se chvili stav kontaktu ignoruje, dokud se neustali.

— kontakt se resi jako prepinaci a klopnym obvodem se zachyti a podrzi uroven nebo

pouziti RC filtru a hystereze.

Button
pressed touch release

\...Logic level threshold....... U—l ’ l ‘ ‘ ‘ i

Stable value 5ms < 5ms



SW reseni problému zakmitd kontaktu

not pressed

switch

prcsscd¢ not pressed

wait 10 ms wait 10 ms

contact contact
bouncing bouncing

1

an input signal I | I I
suffering from contact bouncing o —U00 W |

glehuum:i.ng dehouncing !
OUT 1 “time 1 (dtl) : “me2 (dtzt;’ !

output signal =
debounced input signal

gL—

deh ouncing timel {dtl) = CLK x tenst_01
deb ouncing time?2 {dt2) = CLK x tenst_10

Figure 5. Timing diagram of each channel of the generic independent eight bit 1fO contact debouncer.



HW reseni probléemu zakmitl kontaktu

,RC filtr“ + hradlo s hysterezi. RS klopny obvod, prepinaci kontakt.
sT 5
.| 74LS04 I
3T A 3 Q
; J 2l Ay SR
! ! S1
"33 43 Filp ek |
+5V p
i % Vi MR Computer 0 :: o
r(' —
2 90 Output Input < Q

EZQ% l Port
_‘, 33uF

2 Assume noisy
relea.\e U'\"‘ "T i v s
% CHPT TS
—— Y } +UV
I t, &
+5v
74L.S04 Output ”l” +0v

+5v

74LS14 Output | +0v

O|||D 035




Pripojovaci pin moderniho MCU

a s nim souvisejici nastaveni

(sw konfigurace GPIO pro prizplsobeni konkrétni aplikaci)
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Jak to vypada uvnitr MCU?

Zapnuti vystupu,
nastaveni rychlosti a ,sily

\\

i ler
Microcontrolle %% %"%E (vnitfniho odporu)
IOMUX output driver '._:
data out 1 _ pin
|
S
kepper/pull up/pull down
Zapnuti pullup/down s
rezistor( — 5

PES

detaln receiver

g%‘\ Zapnuti vstupu
]
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0000  Interrupt/DMA request disabled.
0004 DMA request on rising edge.
0010  DMA request on falling edge.
N t ! 1 . 0011 DMA request on either edge.
a S a Ve n I p I n u . 1000  Interrupt when logic zero.
. v 1, . 1004 Interrupt on rising edge.
registr PORTx_PCRn pro kazdy pin 1010 Interrupt on falling edge.
1011 Interrupt on either edge.
Address: Base address + Oh offset + (4d x i), where i=0d to 31d 100 Imemapt whonlogic. ond.
Others HReserved.
Bt 31 a0 29 28 a7 26 25 24 | 23 22 21 20 19 18 17 16
IRQC
0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 & 5 4 3 2 1 o
=} 0 0 0 0
MUX DSE PFE SRE | PE | PS
W
0 Internal pulldown resistor
Reset O 0 0 1] 0 * % X 0 ¥ 0 o 0 * * *
o 7 A 0 0 p—
000 Pin disabled (analog) 7 ¢ %, % 74 1 Internal pullup resistor is «
i £ % U % ’ '% % "5’/,>
001 Alternative 1 (GPIO). % %, %4,@ %, &, %, ’é,;)$ %,
010 Alternative 2 (chip-specific). iy, %0,%,, °‘»@/ %, ’o(,,/:’/%o
011 Alternative 3 (chip-specific). “‘490"% _ &4'&,9/‘@ Q"'/;% %,A’o%
100 Alternative 4 (chip-specific). %{i\/“‘oo ’\S‘Qoo”'-?%/ % ~%6v%>r
101 Alternative 5 (chip-specific), %, %, %, 0%, ”’),me’w,%
110 Alternative 6 (chip-specific). YO‘"@ A % v%é”"ﬁgo ,%’6%00,
111 Alternative 7 (chip-specific). °'oo %y Qoo 0’7‘9 Q”"o o,,%
%%, g, K0, %, %o
Vs, % % 2
SO %, ©u,
o, %, O, %
00'/6 Q0 2
% 2 52



Hromadné nastaveni konfigurace pinu portu

Registry PORTx_GPLCR a PORTx_GPHCR

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0

w GPWE GPWD
ResetOOUDOOOO00000000‘0000000000000000

PORTx_GPCHR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (31 through 16) bits [15:0] update with the value in GPWD.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

15-0 Global Pin Write Data
GPWD

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.




Testovani, zda nektery pin vyvolal preruseni

Registr PORTx_ISFR

Bit31302928272625242322212019181?16|1514131211109 a8 T 6 6B 4 3 2 1 0
R ISF

w wic

ResetOUUOUUUOUUOUUU00‘0000000000000000

PORTx_ISFR field descriptions

Field Description

31-0 Interrupt Status Flag

ISF
Each bit in the field indicates the detection of the configured interrupt of the same number as the field.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic one is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

... neni treba Cist vSechny registry PORTx_PCRn - staci tento jeden,
a je jasno, zda a ktery pin portu vyvolal preruseni.



Nastaveni pinu: vyjimky

| kdyz vSechny piny maji svUj registr, ne u vsech jsou vsechna nastaveni
platnal

Je tfeba se peclivé podivat do dokumentace ke konkrétnimu MCU, zda pozadované nastaveni pinu je
mozné! Zejména u levnéjsich a jednodussich variant vyrobce Setfi.

Napriklad pro nas MKLO5Z:

* nema pulldown odpory (kromé RESET pinu),
* high-drive strength Ize nastavit jen pro PTBO, PTB1, PTA11, PTA 12,

 vstupni filtr ma jen NMI (PTB5).
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Pull-up/pull-down rezistor

* Slouzi pro definovani urovné na pinu, na némz neni pfipojeno nic.

VCC
Rl
§1

S“ itch

Microcontroller
Microcontroller
QO sl
Switch

GND

Typicka situace je pripojeni jednoduchého kontaktu (tlacitka).
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Pouzdro MCU a jeho vyvody

fal
5 :(Il \V44 7 v
3 & g Priklad - nas
£ 2 5
o - =
2 3 s MKLO5Z32VLC4,
g ¢ £ g
N e e g s 7 . vV
cCEEEEERE ktery mame na kitu v laboratori
Ao mrr
e 4 B 2 & 8 & & &
PTB6/IRQ_2LPTMRO_ALT3 [ |+ 24 [ ] PTB4IRQ_15LLWU_P6
PTB7IRQ 3 [ |2 23 [ ] PTB3/IRQ_14
vbb [ 22 [ ] PTA11/RQ_13
VREFH [ |4 21 | ] PTA101RQ_12
VREFL [|s 20 [ ] PTAS
vss [ s 19 [ ] PTA8
PTA3 |7 18 | ] PTB2IRQ_10LLWU_PS
PTA4LLWU_PO [ s 17 [ PTB1IRQS 32 pln LQFP (LC
OOooOoOOd 7 x7x1.4 Pitch 0.8
Z 882y
i rEEZS mm
o 2 3 3
% E gI gI
2 E &
3
E
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Pouzdro MCU a jeho vyvody

IR Pin Name Defaut ALTO ALTH AT AT
LQFP | QFN | LOFP| OFN
_ o IERER S DISABLED TSN PTAIY
5 5 IRQ_12 IRQ_12
<‘ - E
e & < a2l 2| =|rmy DISABLED TSN PTATH
z 2 & IRQ_13 IRQ_13
E z
35 = e AEIRERES DISABLED DISABLED PTEY 10 SCL UARTO_TX
g d g d IRO_14 IRQ_14
= = D o O
gy =s2g2¢% % | o | | 18 |Pmy DISABLED DISABLED PTRY £C0_SDA UARTT_RX
EEEEEEREE IRQ_t5/ IRQ_ts/
sininininin i b
el % 8 8 B & | s] 5] 19| N ADCO_SEY/ PTES TPMT_CHI NLb
) 21LPTMRO_ALT3 [+ [ ] PTB4/RQ_151LWU 6 IRQ_16 CMPO_INT IRQ_16
rezRas [ » [ Presina 14 IEREAEIE ADCO_SEY ADCO_SE/ PTATY TPHt_CHO TPH_CLKINO
IRQ_17/ CHPO_INO CHPO_NO IRQ_17/
vop []a 22 [ ] PTA11/IRQ_13 LETVRD ALT? LPTNRD ALT2
VREFH [ s -
WL [T 2 PovsSimnéte si, kolik vyznam( muze mit kazdy pin!
vss [Je 1s [ ] PTA8 v o ’
- |
PTa3 [ |- & |1 PTB2/IRQ_10LWU_PS az>s ruanCh :

@
]

] PTBiiRQS Jde o to, co uvnitf MCU bude k pinu pripojeno.
To Ize nastavit programem.

PTA4/LLWU_PO [|

] o
PTB8 [] 14
PTBY E 12

PTB10 [] 13
PTB11 [] 14
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"1/RTC_CLK_IN [] o
3Q_7/LLWU_P3 [] 15
3Q_8/ALWU_P4 [ 16

PTAG/LLWU_P2



Konfigurace vyznamu (funkce) pinu MCU

-
L=
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Jak nastavit MCU pro vyuziti GPIO?

1. Zapnout hodiny modulu PORTu

SIM->SCGCS5 = (SIM SCGC5 PORTB MASK) ;

2. Nastavit konfiguraci prislusného pinu

PORTB->PCR[0] = (0|PORT PCR MUX(0x01));

3. Nastavit smeér pinu

PTB->PDDR = 0x0001;
4. Zapisovat/Cist hodnotu

...registry PDOR, PDIR, PSOR, PCOR, PTOR
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A jesté jedna zajimavost

* Vyuziti pinu na maximum.

VDD
LA sy
From_M:croconirollcr‘H,_WE] LED1 LED1 SVI”[I’ prolog. 0
‘ LED2 sviti pro log. 1
R2
+—_+—"PLED2 iy - ,
4 aby nesvitila ani jedna, nastavi
R3 | se port jako vstupni,
. SwWi pak je mozné Gist tladitko.
— 4
GND

Toto zapojeni vyuziva skuteCnosti, Ze je mozné velmi rychle zménit smér pinu. Pokud ma
pin zaroven fungovat jako vstup i vystup, je tfeba ménit smér dostateéné Casto, aby Clovék
nepoznal, ze LED blikaji.

Odpor R3 je dobré volit tak velky, aby stisknuti SW1 nerozsvitilo LED1, ale ne tak velky,
aby MCU nedetekoval stisk tlaCitka. Jeho velikost zavisi pfedevsim na velikosti pull-up
rezistoru v MCU (pro HCSO08 je vhodny R3 kolem 15k).

61



