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What is GPIO

= GPIO - General Purpose Input Output
= Direct control of pins of the MCU

= Basic interaction with external world

= Can be programmed as Input or Output
= Has only 2 states (logic O, logic 1)
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What is it used for

= Anything that works with 2 states — on/off

= LED

= Buttons

= Sensors

= And used by more sophisticated peripherals
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How buttons on the board work

= Connects pit to ground (logic 0) or to voltage (logic 1)

P3V3
P3V3
® R75 o R
DNFY> 10.0K SW2 DNP> 10.0K
SW3
I .-
2B ' — o PTAI0 ¢SS PTATD (3} 25 L . ' PID1T_ ¢¢S> pTD1 (3}
SWZ STMISIXX 55 C56 o
0.1UF | SW2_STM151XX 01UF |
1 DNP = 1 ONP =
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How does it work — Switch debouncing

= Bouncing

= Looks like button is pressed multiple
times

= Cause by mechanical contact
of the switch
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How doeas it work — Switch debouncing

= Bouncing

= Looks like button is pressed multiple
times

= Cause by mechanical contact
of the switch

=  Solution
= HW debounce(add capacitor)
= SW debounce(wait few miliseconds)
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Application

Steps required to create an application:

= |nitialize( MCUXpresso Configuration Tools help here)
= Pin
= Clocks
= Peripherals

= Write application code
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Application

1. Write everything from scratch

L Error-prone , time demanding, tedious

2. USE SDK example

v Works out-of-box
~More difficult to modify

3. USE Config Tools

v _Easy to use and modify


https://emojipedia.org/cross-mark/
https://emojipedia.org/check-mark/
https://emojipedia.org/check-mark/
https://emojipedia.org/check-mark/
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Application — LED using SDK example
Import SDK example “gpio_led output”

) Quickstart Panel I3 =
= Select import SDK examples(s)... g mcuxereso ioe - quicistar pane
\_ee | Project: frdmkBef_gpio_led_output [Debug]

= Create or import a project

. Mew project...

[ ’ Import SDK example(s)...

® Import project(s) from file system...

* Build your project

4, Build
& Clean
» Debug your project ~EH-HE-

3 Debug
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Application — LED using SDK example

= |n the SDK wizard unfold the K6x, select the MK66FN2...
and click on the board image

. Board and/or Device selection page

~ SDK MCUs Available boards

MCUs from installed SDKs Please select an available board for your project.

MXP MKGEFN2MO:cocl S Supperted boards for device: MKBEFN2MDioo13

K2x
w Kfx

MKBAFMN T Moo 12
MEKBEFMN2Mhoo18

KLOx

LPC34 1%

LP{C546mec

LP(C550

P ——
SDK

frdmkbef
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Cwech Aol Examples

type to filter

Application — LED using SDK example

Mame

. . [] = cmsis_driver_examples
= Unfold driver_examples -> gpio ] £ demo_apps

v [B] = driver_examples

= Select “gpio_led output” example 1§ sicte
= omp

= Click Finish LIS dac
[] = dspi

[] = edma

= enet

[] £ flash
[] = flexcan
[] = ftm
v @] = gpio
[] = gpic_input_interrupt
gpio_led_output
] < idc

M1 = lemek
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Application — LED using SDK example

= Go through code together in detail
= Pins, clocks are already configured
= GPIO_Pinlnit
= GPIO_PortToggle
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Application — Button using Config Tools

Goal:
= Press SW2 button to print text into console
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Application — Button using Config Tools

S frdmk64f-bubble_bubble

v (25 MKG4FNTMDooe12-LED Bt Mok

@ Project Settings
¥, Binaries
il Includes
2 CMsis
(2 board
(2 component
(# device
(2 drivers
~ (3 source
MKBFN MO0
semihost_hardf
[ startup
2 utilities
(= Debug
> doc
B MK64FN1MOc12-
B MKGAFN1MDicec12-
25 test1

= Create new project
= Open Config Tools

By
%)

1) Quickst...

& Import project(s
~ Build your project
@ & Build =

& Clean %

-+ Debug your project

4 Debug

4 Terminate, Build

~ Miscellaneous

B Edit project settings

New

Go Into

Open in New Window

Show in Local Terminal

Copy
Paste
Delete
Source
Move...

Rename...

Import...
Export...

Build Project
Clean Project
Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets

Index

Validate
Run As

Debug As
Profile As

Restore from Local History...

Launch Configurations
Utilities

SDK Management

Tools

MCUXpresso Config Tools
Run C/C++ Code Analysis
Team

Compare With

Configure

Source

Properties

Ctrl+C
Ctrl+V
Delete

Alt+Enter

£ arm-none-eabi-gab (8. 10.20 1803 19)

TMO:ocx12-LED_Buttons.c B3

lude “fs1_debug_console.h”
: insert other include file

: insert other definitions

brief  Application entry poir

main(void) {

Init, board hardware.
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
/* Init FSL debug console.
BOARD_InitDebugConsole();

PRINTF("EButton & LED exampler

Force the counter to be pli
volatile static int i = @ ;

Enter an infinite loop, ju:
while(1) {

i+ 3

return @ 3

andle event when SW2 button i:

oggle green

MY_BUTTON_HANDLER (void) {

/* Clear interrupt flag - so :

GPI0_PortClearInterruptFlags (i
Toggle green LED - on/off *

GPI0_PortToggle (BOARD_LED_GREF

W OpenPins
1 Open Clocks &
§  Open Peripherals ug [¢

1e

Open Tools Overview

BB 141 Ynracen Canfin Tankea s



Codifptls

Application — Button using Config Tools

= You should see Pin tool now:

AR 12060 5,

Seamth Broeet Cortigls

rr—

Pins Ban Whindcws Eelp

- G | WG Do LD Brsmerc v | g | B Undote Priect = {Fumctions! Group | BOARD nifins vim B wnpeces] || @ | & Wl ¢
2 L =0 Qmine C oo € =n
0w elele ¥ i © Contguien - Goneratato

s senuter m e » A Gomfiration - W ok

pESORCO B sOAca 01 suer s CR e

NAPTVSDRCOT0 SOHCA DG st e T

NSIPSYSOHCE . SDHCHDCLE ADCOD ore: Comm-hT -

LECE e nen o) - ”

Boar TO-HEIT
Do bkl

ek T
oo
s = on — e
ot et functional tleciral properties, pwer rails, ane run-tme.
v v m o o e Gamdi gt e
s o —F
v o o
= o8 e ey @ a
o o o .
= e = — e
. b PRy SrekrCorka FAupests progeer cod ensoies
g o i Rl el
i e e e d
s . m o

A Functionsl greups

PP E0SHD lasbins

MKE4FNTMOVLLY2 - LOFP 100 package.

VEGE QUT/CH.
DACE G/,
air

r oaco aur «
2 VIR 0K
eaan COUBCARR  EAK
v s
ADCHSHRRTE, JCEPRMACH. ACCLIL PR AT <03,
otz ;
Fype hrories
~ Oter ous
Possed P o B0MD rives | 0 .
= Peghanl Sl Rowete bl Dieton  GDmee. (Oeer Sernte  Opmdun Desber Pk Pullorabl PRt Dighlfi e i - o
peti
ol [ Orgn

Peighers GICE s natiniisized  Pie<BQAR0 intEtanshins
Periphers GRICA Iz notinisized  PrsBQAR intduttanshirs
Peipher UATDis notinieizad  PraEOMRDINtEING LT
Peigherl 1203 crot inishzed PEOARD IntaCCEL
Peipherl US30is not nivalaes  FirsBOSRD. it SBFirs

O 1P MR
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Application — Initialization

How configuration tools can help us:
= Modify settings easily
= Visual representation of a configuration

* Great for custom boards (our board already has a lot of

useful DEFINEs, which is not a case when new board is
created)



Codifptls

Application — Button using Config Tools

* Pins tool contains predefined configurations

= Open dialog with functional groups by clicking on the
icon
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38 workspace - MKB4FN1M0i012-LED_Buttons/source/MK64FNTMOiacx12-LED. Buttons.c - MCUXpresso IDE - x
File Edit Source Refactor Navigate Search Project ConfigTools Pins Run Window Help
= | [ © | MKB4FNIMOxol2-LED Buttons v | # | [E] Update Project  ~ *Functionsl Group | BOARD InitPins @-Bierquri® Flv&lveadar | Xlm ¢
EF Pins 53 [ Peripheral Signals @ Power Groups = QAQCe#HE = O @& ovenview 2 i)
o ST = ~
&l BZs.mza £ = 2 L ~ Configuration - General Info
SB WM @6 & % G ypefiter tet R = B Configuration - G 1 Infe
shEgpazafa o o 5 gF
Pin Pin name Label Identifier GPIO  UART FM ADC A 5§ H g o g H §I H & EZE3E g‘ §I A Configuration - HW Info
r EHESEIHS oo HEBEE =35
ADC1_SEda/PTE..  J15[P2]/SDHCO.D1 SDHCO_D1 PTED  UART1TX ADC1_SE ga2dk202s 2z 28 BEnn danns 33 Processor: MKEAFN1MBocl2
ADCI_SESa/PTE.. JISIPTI/SDHCO.DO SDHCO.DO PTEl  UARTTRX ADCISE PEEAEHREDDOBRD DO REBREEED L e
ADCO_DP/ADC... J1S[PSI/SDHCO_..  SDHCODCLK PTE2  UARTICTSb ADCODI e TS
ADCO.DM2/AD...  JIS[P3I/SDHCO.  SDHCO_CMD PTE3  UART1RTS.b ADCODI :
Board: FROM-K64F
PTE4/LLWU_P3/.. 115[P2}/SDHCOD3 SDHCOD3 PTE4  UARTITX
SDK Version: ksdk2_0
PTES/SPI1_PCS2..  115[P1)/SDHC0D2 SDHCO_D2 PTES  UART3RX FTM3_CHO e i
PTEG/SPI1_PCS3...  J1S[G1/SD_CAR... SDHC_CD PTEC  UART3.CTSb  FTM3.CHI SDHCO_DO 3 v Project
P b i “Dhen.om i
et ADCO ADCY CAND CMPO — "
Vss17 GND SDHCO_D3 et i i i ADCO_SE1SPTCH, ~ Pins
USBO_DP 122[3)/K64_MICR...  USB_DP SDHCA_D2 ADCO_SEN4FTCDI
T ERET — — Tool for pin routing configuration, including pin
USBO_DM J22[2)/K64_MICR... USB_DM PTES PTB23/SPI2_SINY. functional/electrical properties, power rails, and run-time
= = o WDD1E FB FThi0 FThit FThi2 PTB22 configurations.
12 voutss VOUT33 K64 WSS17 FTM3 GPIOA GPIOB GPIOC
413 vReGIN VREGIN K64 USEQ_DP GPIOD SPIOE 2o 2c1 PTBR0/SPI2_PCSD!
4 ADCO.DPT 401 ADCO.DI ey 22 1250 TaG LAy FIEC 0 B @ A
15 ADCO_DMI 143 ADCODI St LPTHRD o5¢ POBO RO RTE] BICAND T
- 13l - REGIN UARTO_TXC
ADC1_DP1 1445] ADC1DI ADCO_DP1 RIC SDHC s Ell LARTO R A Generated code
ADC1_DM1 47 ADC1DI JZ%CCE,?)'S: =il S SOREES S TR, xggjgg Update project code enabled
: i TP uARTE UARTI uART2
f[18 ADCODPUARC...| J2[5) S ADC1 DMt TR TR 55D SR ADC1_SEASPTBI1. board\pin mucc
[V19 ADCo.DMOMAD.. s ADCODI ADCO_DROY — ADC1_SE14FTEN0
420 ADCIDPO/ADC.. J2[11] ADCLDI ADCODMOY PTBISPI_PCS1J. beard\pin much
ADC1_DMO/AD. 12013 ADC1DI ADC1_DPO/. ADCO_SE13/PTE3S.
ADC1_DMO/. ADCO_SE12PTB2Y. A Functional groups
VDDA P3V3_KE4F DDA AMIO_MDE
VREFH VREFH VREFHL. WREFH RMID_MDIO ¥ BOARD InitPins
YREFL RESET_b
x»:;r\L gzg :ZE:[] vssa. XTALOPTA1SY, P BOARD mnitButtonsPins g
VREF_OUT/CMP... J2[17] VREF_OL MKE4FN1MOVLL12 - LOFP 100 package P BOARD InitLEDsPing
DACO_OUT/CM...  J4{11] DACO_OUT ADCO_SE B BOARD IntDEBUG UARTPins
XTALR2 YA[1V/XTALIZRTC  XTAL32K EeAAEd AR SR IEER :
EXTAL32 VIRVEXTALIZ R ETAL3K 33EEL0EEE ik £8¢ PR R
SRETES M
VBAT VBAT pg @ 85 TEET £ P BOARD InitACCELDin: F)
ADCO_SE17/PTE.. J2[20/UB[4)/12C0... ACCEL_SCL PTE24  UARTATX ADCOSE,, 53 33
d Erl P BOARD InitENETPins
< > e
= P BOARD InitSDHCPins
5 Routed Pins El P BOARD InitUsBPins )
[ype fiter text |
A Other tools
Routed Pins for BOARD_InitPi
outed Pins for _InitPins [ ]e -
* -
Peripheral  Signel Routeto  Label Identifier  Direction  GPIOinitial.. GPIOinterr Slewrste  Opendrain  Drivesiren  Pullsclect  Pull enable  Passivefilter Digitalfilter i 5 - o

MK64EN1M0xoc12-LED Buttons

type filter text

Level Issue
" Warning  Peripherel GPIOC is ot initiclized
s Warning  Peripheral GPIOA is not initiclized
Warning  Peripheral UARTO is not iniialized
Warning  Peripheral RTC is not initialized
s Warning  Peripheral 12C0 s not initialized
s Warning  Peripheral USBD is not initialized

Origin
Pins:BOARD_InitButtonsPins
Pins:BOARD_InitButtonsPins.
Pins:BOARD_InitDEBUG_UART
PinsBOARD._Init0SCPins
Pins:BOARD._InitACCELPins
Pins:BOARD._InitUSBPins

i 10 NAP MKEAFNTMD12 (MKBAFN.. ttons)
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Application — Button using Config Tools

= Dialog with predefined functional group appears

= Set checkbox at the bottom of the dialog for functional
group: “BOARD InitButtonsPins” to call initialization code
for the group in default initialization function
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. Functicnal group properties

Functional groups €3 [T €3 A w Mame:
™ BOARD_InitPins _
™ BOARD_InitBUTTONsPins Prefix:
F EOARD_InitLEDsPins

P BOARD_InitACCEL_I2CPins Description:

P BOARD_InitGYRO_I2CPins

™ BOARD_InitDEBUG_UARTPins
F BOARD_InitSDHCOPins

F BOARD_INitENETPins

[ BOARD_InitUSEPins

P BOARD_Init0SCsPins

| BOARD_InitBUTTOMsPins

Set custom Zdefine prefix

[BOARD. e

Cleck gate enable

Configures pin routing and opticnally pin electrical features,

Prefix used
in generated
code

liCalled by default initialization function

PV198 — One-chip Controllers, Introduction / Daniel Dlhopolcek
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Application — Button using Config Tools

= Code preview is updated
= |nitialization function now calls 1 more function
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[rweci | ooty
w e L= —
44 Overview [c] Code Preview &2 |[L7] Registers # Overview | [c] Code Preview 37 |[1f] Registers
PIN_Mmux.c pin_mux.h| pin_mus.c pln_mux.h|
L/L#LNCLUUE  PLTI_ UK. T 172
1:.‘2 1:,!3 II,I'* FUNETIDN EEFEEFEEEEFEEF X E AR A E R kR ek Rk kR Rk kR
1:,!3 II,I'* FUNETIDN 3 3 3 e o 3 S o 3 o e e o ke S o ke o ke e e e e ke e o e o e e e o o ofe ke e ke e e ke 1?4 3
174 = 175 * Functiecn MName : BOARD InitBootPins
175 * Function Name : BOARD InitBootPins 176  * Description : Calls initialization functions.
176 * Description : Calls initialization functions. 177 *
177 * 178 * END FHEFFFEEEEEELEFEFFH KKK E R EEELEF T FFHHEEEE L EA
1:,!8 £ END EEE e e e E LR R L 1?9 Uﬂid EUARD Ini‘tEﬂO‘tPinS{Uﬂid}
179 void BOARD InitBoctPins(void) 180 { B
188 { 181 BOARD InitPins();
181 BOARD InitPins(); 182 ) BOARD_InitBUTTONsPins();
182 BOARD_InitDEBUG_UARTPins(); 183 BOARD InitDEBUG_UARTPins();
183 } 184 }
TRA 1oc
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Application — Button using Config Tools

= Select “BOARD InitBUTTONSsPIns” functional group
from a combo-box

@ workspace-muni - MEBEFM2ZMOec18_Buttons/source/MKEEFMN2ZMIox 8_Buttons.c - MCUXpresso IDE
File Edit Source Refactor Mavigate Search  Project ConfigTools Pins Bun Window Help

T v [ | ¢ | MKEBFN2MDxad8 Buttons v | 4 [£] Update Code  ~ ‘Functional Group | BOARD_InitBUTTONsPins| viEER YIB!
E Pins &3 = 08 ﬂ Package [Pins Bottom] &3

80 W e e e| ¥ 6 |ypefiterted

Pin Pin name Label Identifier GPIO  FB FTM ] 2 110 g ] 7 ]

Al PTD7/CMT_IRO..  JB[F1/SPIT_SIN/M... PTD7 FTMO_CHT| | | | | | | |

ma PR AT AP Imran iem A mn oA mn AT S Froos s TR an FrTa



14. Push Button Switches

Two push button switches, SW2 and SW3. are available on the FRDM-KG66F board. SW2 is connected
to PTD11 and SW3 is connected to PTA10. Beside the general purpose IO function, both SW2 and SW3
can be used as a low-leakage wakeup (LLWU) source.

Table 9. Push button GPIO function

UNNERSITY
[t ot

Switch K&B6F switches connection

SW2 PTD11/LLWU_P25/5P12_PCS0/SDHCO_CLKIN/LPUARTO_CTS/FB_A19

SW3 PTA10/LLWU_P22/FTM2_CHO/MIID_RXD2/FTM2_QD_PHA/TPM2_CHO/TRACE_DO

Freedom FRDM-K66F Development Platform User’'s Guide, User's Guide, Rev. 0, 02/2016
NXP Semiconductors

E Routed Pins

|t}fp&filter text

Routed Pins for BOARD_InitBUTTO... C+ )

Label

sw2
e

Identifier Direction
sw2

SW3

Route to
PTD11,

# Peripheral

EE Giico

M3 GPIOA

Signal
GPIO, 11
GPIO, 10

Input Audio

Input

Pav3
Pav3

RT3
10.0K

GPIO signal is
routed to “PTD11”

R1
ONP Sw2 10,0

573
SW2_STM151XX

Figure 17. Push button switches

DNP
SWa3

o

1 PTA1D PTD11

COYPTAID {3) <> PTDN {3}

ne
Sl

DNP =

151X C56

s
U.1UI:_E

DNP =
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vt comontofiec
Prefix used in
generated code
'ﬁ‘ Overview a
Routed Pins
pin_mux.c | pin_mu
|t}-‘p&filtertex‘t -
48 /*! (@name
Routed Pins for BOARD_InitBUTTO... (+ < N a1 @ */
# Peripheral Signal Route to Label Identifier Direction e
EE Giico GRid, 11 PTOT Siia Siia input i
M9 GPIOA GPIO, 10 PTATD W3 W3 Input '

User-friendly

Label — specific
for our board

Identifier used in
generated code

review 3 Registers

RTD11 (coord B2), SW2

#define BOARD SW2_GPIO GPIOD /*!<
43  #define BOARD_SW2_PORT PORTD /*!<
44 #define BOARD_SW2_PIN 11U  /*!

User friendly
Label — specifi
for our board

@brief GPIO device name:
@brief PORT device name:

Identifier used in
generated code

GPIOD */
PORTD */
<fibrief PORTD pin index: 11 */

-
'
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Application — Button using Config Tools

= Your project needs to be updated by newly generated
code now — this action is done automatically

= Whenever generated code does not match the code is

your project, it is displayed by changed color of the icon
In the toolbar

workspace-muni - MEBEFMN2M oo 2_Buttens/source/MKBEFM2PM el 8_Buttons.c - MCUXpresso [DE
File Edit 5Source Refactor Mavigate Search  Project  ConfigToels Pins Bun Window Help

P9 v [ 0| [@e | MKBEFN2ZMOxox18_Buttons v || Update Code ~ ‘Functional Group | BOARD_InitBUTTONsPins vim B!

E Pins &3 = B ﬂ Package [Pins Bottom] &3

FEAECE aninmn| el ]l & 7S [hine filker tevt |
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Application — Button using Config Tools

= Update Project Files dialog should appear

= You can view changes to each file by clicking on the
“change” text in the “Status” column s

aaaaaaaaaaaaaaaaaaa

= Press “OK” to update your project

pi
pi change
vACocks {4 warnings
w [ board\
v ] board
clo Bl change
clo Bl change
+ [] Peripherals
v [ board\
v [ board
per [B change
peri [ change
] TEE warnings
[ Device Configuration warnings
nnnnnnn
N s [
Ret v e
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Application — Button using Config Tools

= Clocks tool — preconfigured, you can view clock settings
= Peripherals tool — no need for now
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Application — Button using Config Tools

= Write application code
= Read current state of the GPIO(button)
= Detect button press
Print text into console
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Application — Button using Config Tools
= When you press the button, text is printed more than
once

= Why?
= How to resolve this issue?



MAASARYH
UNNERSITY
[t ot

Work Progress

= Write an applications that toggles GREEN LED when
SWa3 button is pressed

= Fix the issue with button press being registered more
than once

= Make LED change color every time it is turned on (there
are 3 LEDs on the board: Red, Green, Blue)
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Homework

= Write an applications that reacts to both buttons
= SWa3 turns on/off selected color

= SW2 changes selected color( R->G->B->R ...)
= At start all colors are turned off, and RED is selected

Green
Turned on

SW3 SW2 SW3

All colors
are off
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Homework - git

= Git Branch- "Week 02"
= Gittag — “Submission_02_x"



