CHALMERS Maskinorienterad programmering

GPIO - General Purpose Input Output

Content:
Digital IO
Ideala och verkliga signaler
Bitvis in- och utmatning
Anslutning - fysiskt granssnitt
F407 - GPIO-modul - tillampningar
Programmering av enkelt tangentbord

Lasanvisningar:
Arbetsbok kapitel 4
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:3 CHALMERS Maskinorienterad programmering

|deal gates — ideal signals!
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’ CHALMERS Maskinorienterad programmering

Real signals- logic levels and customization

Verkliga signaler maste anpassas till distinkta CMOS-nivaer
representerande logikvardena '0' och '1'

Verklig signal

"Troskel" (threshold) - den
punkt dar omslag sker

. Anpassad signal
>

GPIO - General Purpose Input Output



“ CHALMERS Maskinorienterad programmering

ldeal and real gates

Hos ideala kretsar ar troskelnivan den samma.

Hos verkliga kretsar kan det vara spridning.

Tillverkarna specificerar "sakra" intervall for hog respektive lag niva.
For CMOS-kretsar med matningsspanning 5 Volt galler:

Skillnaden kallas stérmarginal.

Acceptabla signaler pa Acceptabla signaler pa
utgangar <V ingangar Hog niva 4,95-3,5 = 1,4 Volt
T 495V ) M
+ Hog 1+ Lag niva: 1,5-0,05 = 1,45 Volt
—1- 35V
1 1 En signal mellan de angivna
1 s I LSV intervallen ar obestamd.
ag
|_0.05V
(VRY (VRY

GPIO - General Purpose Input Output



’ CHALMERS Maskinorienterad programmering

Bounce

Da en mekanisk omkopplare sluts kan den studsa flera ganger mot det slutande
blecket innan den stabiliseras i slutet lage. Detta kan generera ett pulstag och
kallas for "kontaktstudsar®.

Lot

oV >
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Schmitt-trigger”

Brusiga insignaler kan generera
manga oonskade omslag

Maskinorienterad programmering

Med fastlagda troskelnivaer
VT+ for omslag fran O till 1
och VT- fran 1 till O

I\

GPIO - General Purpose Input Output




3 CHALMERS Maskinorienterad programmering
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CHALMERS Maskinorienterad programmering

GPIO-port, programmer’s view

For varje port finns en uppsattning register dar respektive pinnes funktion kan konfigureras. Registren kan
|asas eller skrivas med byte, halfword eller word-operationer.

ff=t’%1‘3079]9897?695?47'399?19019]181716151412191110Q 817161514131(21110 Reqist g l .
0 GPI0, MODER ' Port D - 16 pinnar
4 SRI—CHRER 5
L SPIO OSPEEDR IDR : Input data register
0x10 GPIO_IDR .
0cid GPIO_ODR ODR: Output data register
0x18 GPIO_BSRR -
0x1C GPIO_LCKR |
0x20 GPIO_AFRL
0x24 GPIO_AFRH

De 16 pinnarna i en port kan konfigureras individuellt i mode register (MODER) fér nagon av funktionerna:
 00: digital ingang

offsef [31]30{po|28[2726]25(24]23[22]21[20[19]18[17]16[15[14[13[1211|10{ 9 [ 8 | 7|6 [ 5| 4 [ 3| 4| 1 | 0 mnemonic

 01: digital utgang

pin15|pin14 [pin13|pin12|pin11[pin10| pin9 | pin8 | pin7 [ pin6 | pind | pind | pin3 [ pin2 | pini|| pin0

» 10: alternativ funktion 00 0x03 0x02 0x01 0x00 GPIO_MODER
 11: analog funktion \
nu behandlar vi pinnarnas UIGIF\’]ES TDRU
funktion som digital 10O, GPIC_ODR
NDIN RCDD

dvs. de forsta tva alternativen.

GPIO - General Purpose Input Output
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CHALMERS Maskinorienterad programmering

EXAMPLE .

Skriv en assemblerfunktion app init som satter General Purpose Input Output
. o GPIO A: 0x40020000
upp port D bitar 0-7 som en 8-bitars utport och port D gpio B: 0x40020400

bitar 8-15 som en 8-bitars inport. GPIO C: 0x40020800
GPIO D: 0x40020C00
GPIO E; 0x40021000
loffsetfatfaof2za[2 262524 23z [0 se[ e aafsafs s s [8 [ 7[6[ s[4 [3[2[1]0]  Regster |
0 | GPI0O_MODER
4 | | [N [HEENI | [ 11 | GPIO_OTYPER |
. o ' ra ] | 1111 RN HEN GPlO_OSP'[[DR‘
Ledning: Det finns en beskrivning av GPIO, port D i o EEEN .
Quick-Guide (sidan 19). G RN H oo s |
. o o . Ox1C | | 1111 : GPI0_LCKR
Dar framgar ocksa att portens basadress ar Z ; GPONRL
24 | | | | | GPIO_AFRH |
0x40020C00.
Den 6nskade funktionen far vi om MODE-registret initieras enligt:
offset|31(30[29(28/27[26[25(24 23[22[21]20[19]18|17|16[1514|13[12[11]|10{ 9 |8 | 7 |6 [5 |4 |3 |2 |10 mnemonic
oofoofoofoofoofoofoofoofo1[o1[o1[o1[o1[o1[0o1([01
Ox0 - 0 0 0 B B B B GPIO_MODER

Vilket kan skrivas: M[0x40020C00] = 0x00005555

GPIO - General Purpose Input Output



: CHALMERS Maskinorienterad programmering

EXAM PLE 1 Verifiera app init genom att, i C, skriva ett enkelt testprogram som
laser fran inporten och skriver till utporten.

void startup(void)  attribute ((naked))  attribute ((section (".start section")) );
void startup ( void )
{
__asm (
" LDR R0O,=0x2001C000\n™ /* set stack */
" MOV SP,RO\n"
" BL main\n"“ /* call main */
".IL1: B .L1\n"“ /* never return */
)
} GPIO D = 0x40020C00
init offset[31]30[29]28]27]26]25]24[23]22]21]20]19]18]17[16]15]14[13[12]11[10] 9 [ 8 | 7] 6 [ 5] 4 [ 3] 2] 1 [ 0 mnemonic
-..app_31init... bt freqefefefeyrfrfrjrjrfrjrjr
0x10 i G GPIO_IDR
\EOid main (void) offset[31[30[29[28]27[2e[25 24 23222 [20 e e 716 s[14] 3] 12 11[10] 9[8[ 7]6 [ 5[4]3 ]2 1[0]  mnemonic
widl O (70 ) ) T GPIO ODR
unsigned char c; HEEREEEEEEEEE. 0x15 0x14 | =
app_init();
while (1) {
c = (unsigned char) *(( unsigned char *) 0x40020C1l1 );
* ( (unsigned char *) 0x40020C1l4) = c;
}
}

Vi I6ser pa tavian ...

GPIO - General Purpose Input Output 10
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Digital input

Voo

o o0 e?

Ger "saker” etta da brytaren ar sluten,
annars ar signalen obestamd

Ger "saker” nolla da brytaren ar sluten,
annars ar signalen obestamd

GPIO - General Purpose Input Output

Maskinorienterad programmering

En obestdmd signal lamnar ingangen i ett
"flytande” tillstand

oV -

| ogynsamma fall kan detta resultera i en
sjalvsvangande krets som drar mycket strom
och dessutom kan orsaka storningar pa
andra kretselement



’ CHALMERS Maskinorienterad programmering

"pull-up” or "pull-down”

For att sakerstalla en stabil niva pa ingangen kan man
koppla in ett motstand till antingen Vpp eller GND.

Voo

"pull-up” % y “pull-down”
e o170 Lo o % ©0/1’

Oavsett vilken losning vi valjer kan vi alltid avgora om
brytaren ar oppen eller stangd.

GPIO - General Purpose Input Output 12
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|O-pins input configuration

Vi kan programmera "pull-up” eller "pull-down”-funktion, inget externt motstand behdvs.

read :‘ -------------------- | Voo
b : on : " U
i )/‘ i pull up or varje portpinne
ODC l \q : anvands 2 bitar i
wite | & — | PUPDR for att
| | . .
@ | ingangssteg i on/off—| konfigurera pinnen
. O-pinne ~ enligt:
| | on/off—| 00: floating
| | .
read/write x| | 01: pull-up
- > CDD : | 10: pull-down
| : 11: reserverad
| | pull down
| utgangssteg |

GPIO Pull Up Pull Down Register

offset[31/30 29|28 27(26]25(24|23|22|121 2019|181716151413121110 918(7|6]|5(4|3(2|1]0 mnemonic
pin15|pin14|pin13|pin12|pin11|pin10] ping | pin8 | pin7 | pin6 | pin5 | pin4 | pin3 | pin2 | pin1 | pin0
Ox0C OXOF OXOE 0x0D 0x0C GPIO_PUPDR

GPIO - General Purpose Input Output
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CHALMERS Maskinorienterad programmering

|O-pins output conflguratlon

read :’ ““““““““““““““
i pull up
write o S :
2| |
® — e 10-pinne
read/write o " "
RE— push-pull” steg
] da motsvarande biti OTYPER ar 0
read
pull up
write jad 09:
%
® — 10-pinne
read/write o || "Open drain" Steg
<+ 0 : . L .
i % da motsvarande bit i OTYPER ér 1
| utgangssteg
GPIO Output Type Register /
offset|31(30|29(28|27|26|25|24(23|22|21|20|19|18[17|16]15(14|13[12|11|10( 9|8 | 7|6 | 5|4 | 3|2 [1]0 mnemonic
I : W[ W [ rw{rw [ rw{ rw [ rw{rw [ rw{ rw | rw | rw | rw | rw | rw | rw
Ga T nos | OPO-OTPER

GPIO - General Purpose Input Output 14



"push-pull”

Ljusdioden tands da utgangen ar 0. Ljusdioden tands da utgangen ar 1.

Voo Voo Voo

2 Lo P obik B A —

KKK

logik
- -+ ¢
B 1
Utgangar fran flera push-pull steg far inte L —
kopplas samman, eftersom det kan leda sty 1 sy 1
till kortslutning mellan Vpp och GND. °d og
e p!

GPIO - General Purpose Input Output
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CHALMERS Maskinorienterad programmering

"open drain” Utgangar fran flera open-drain steg
kan kopplas samman utan problem.

Nivan pa den gemensamma "bussen" bestams av att:
* Om alla utgangar ar '1" ar ocksa bussnivan '1'
« Om nagon utgang ar '0" ar ocksa bussnivan '0'

”buss”

styr- utgang A styr- utgang B

logik C logik
jus

«|

GPIO - General Purpose Input Output 16
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’ CHALMERS Maskinorienterad programmering

"output speed"” Bestdmmer hur ofta registrets innehall dverfors il
utgangssteget. Ju lagre frekvens desto mindre
stromforbrukning.

For varje portpinne anvands 2 bitar i
OSPEEDR for att konfigurera pinnen
enligt:

| |

| |

: :

| 44 P-MoS | 00: Low speed, 2 MHz

| | 01: Medium speed, 25 MHz
|

o | | _
> 0 #— 10: Fast speed, 50MHz
O || g ' 11: High speed, 100 MHz
: «I N-mos |
| |
| I
| |

Om hastigheten ar 50 MHz eller mer
maste en sa kallad "|O-
kompensationscell” aktiveras

GPIO Output SPEED Register

offset[31)30[29]28|27|26]25(24]23(22(21|20{19|18|17{16|15{14(13|12{1110| 9 |8 | 7|6 [ 5|4 | 3|2 | 1|0 mnemonic

pin15{pin14Jpin13|pin12|pin11|pin10] pin9 | pin8 | pin7 | pin6 | pin3 | pin4 | pin3 | pin2 | pin1 | pin0
0x08 0x0B 0x0A 0x09 0x08 GPIO_OSPEEDR

GPIO - General Purpose Input Output 17
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Multiplex function

Anvand samma ingang for flera olika funktioner.

1 funktion
2 anslutningar

GPIO - General Purpose Input Output

Utgang 1

Utgang 2 —3/°'

2 funktioner
3 anslutningar

Maskinorienterad programmering

Utgang 1 o e

....................

Utgang 2 — 72 7))

4 funktioner
4 anslutningar

18
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EXAMPLE 2

unsigned char keyb( void );
Funktionen ska avsdka tangentbordet en gang.

Maskinorienterad programmering

Routine for scanning a keyboard.

e Omingen tangent ar nedtryckt ska funktionen returnera vardet OxFF.
e Om nagon tangent ar nedtryckt ska dess tangentkod returneras.
e Om flera tangenter ar nedtryckta ar valet av tangentkod, bland dessa, godtyckligt.

2
bp by by bs

Kolumner

GPIO - General Purpose Input Output

En algoritm for tangentbordsfunktionen kan
se ut som:
Algoritm keyb:
forrow = 1..4
ActivateRow( row );
column = ReadColumn:

if column 1=0
keyb = keyValue [pressed key |;
keyb = OxFF;

19



3 CHALMERS Maskinorienterad programmering

Scan Keyboard

offset31]30[29]28[27]26(25[24[23[22|21]20[19[18[17]16]15]14]13 6/5[4[3[2][1]0 mnemonic

||||||||

27|26|25|24]23[22[21]20[19|18]17[1¢ mnemonic )
GPIO_ODR iy

En algoritm for tangentbordsfunktionen kan
s€ ut som:
Algoritm keyb:
forrow =1..4
ActivateRow( row );
column = ReadColumn;
if column =0

keyb = keyValue [pressed key |;
keyb = OxFF;

2 3
by b

Kolumner

GPIO - General Purpose Input Output 20



3 CHALMERS Maskinorienterad programmering

Scan Keyboard (1)

offset|31/30[29]2827|26(25[24]23[22]21[20]19[18|17[16[15]14]13[12M1]10{ 9 [ W |6 [ 5[ 4|3 [ 2] 1|0 mnemonic

oo [T TR A erooe = 0x0000
offset[31]30[20]28[27[26125[24|23{22[2120[19] 18|17 ]1@15[14]13[12] ] 10[® [8 | 7| 6 | 5] 43| 2| 1|0 mnemonic
Y T | GroomR 4= 0x1000

En algoritm for tangentbordsfunktionen kan

- el se ut som:
== Algoritm keyb:
B B o at for row = 1.4
1 2 2 4
ActivateRow( row );
0O 00 O

column = ReadColumn;
If column 1=0
keyb = keyValue [pressed key |;
keyb = OxFF;

GPIO - General Purpose Input Output 21



3 CHALMERS Maskinorienterad programmering

Scan Keyboard (2)

offset|31/30[29]2827|26(25[24]23[22]21[20]19[18|17[16[15]14]13[12M1]10{ 9 [ W |6 [ 5[ 4|3 [ 2] 1|0 mnemonic

oo [T TR A erooe = 0x0400
offset[31]30[20]28[27[26125[24|23{22[2120[19] 18|17 ]1@15[14]13[12] ] 10[® [8 | 7| 6 | 5] 43| 2| 1|0 mnemonic
Y T | GroomR S 0x2000

0

1 En algoritm for tangentbordsfunktionen kan
- se ut som:

0 Algoritm keyb:

0

forrow=1.4

ActivateRow( row );

column = ReadColumn;
If column 1=0
keyb = keyValue [pressed key |;
keyb = OxFF;

GPIO - General Purpose Input Output 22



CHALMERS Maskinorienterad programmering
EXAMPLE 2 Viforutsétter nu att Port D (8-15) initierats enligt Uppgift 18 i arbetsboken...

Observera att vi bara anvander de 8 mest signifikanta pinnarna i porten,
4 av dessa ar ut-pinnar, de andra 4 ar in-pinnar...

offset|31]30[29]2827|26]25]24]23]22]21]20]19]18[17]16
0x10

=

o[14|13|12)11|10(9 |8 ||7|6|5]|4|3|2|1|0 mnemonic

rlefr{rfefe]r[rflr{r]r]r|r]r]r
X ] 0x10 GPIO_IDR

-~

offset]31]30[29]28[27]26[25]24]23]22[21]20]10]18]17[16]15]14]13[12}11[10] 9 [ 8 | 7] 6 [ 5] 4 [ 3[ 2] 1 ] 0 mnemonic
FW{TW{PW [PW JrWIEW (PW (PW W W PWEW TWTWIEW (I

Ox14 B x4 GPIO_ODR
Foljande definitioner ar nu behandiga...
#define GPIO D 0x40020C00
#define GPIO MODER (volatile unsigned int *) GPIO D))

#define GPIO OTYPER
#define GPIO PUPDR

(
((volatile unsigned short *)
(
#define GPIO IDR LOW (
(
(
(

volatile unsigned int *
volatile unsigned char
volatile unsigned char
volatile unsigned char
volatile unsigned char

(
(GPIO_D+0x4)
(GPIO_D+0xC)
(GPIO_D+0x10
#define GPIO IDR HIGH (
#define GPIO ODR LOW (
#define GPIO ODR HIGH (

GPIO D+0x11
GPIO D+0x14
GPIO D+0x15

b e

~— ~— ~— ~—

( )
( )
( ))
( ))
( ))
( ))

Vi I6ser pa tavian ...

GPIO - General Purpose Input Output 23
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CHALMERS

BSRR — synchronized update

Maskinorienterad programmering

Kan anvandas for en synkroniserad andring av flera utgangars pinnar.
bit 0..15: bit reset
bit 16-31: bit set.

BSRR (bit set/reset register)

offset| 31 | 30 [ 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 [ 20 | 19 [ 18 | 17 | 16 mnemonic
BR15 | BR14 | BR13 [ BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BRS | BR4 | BR3 | BR2 | BR1 | BRO

Ox18| 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 | 6 | 5 ]| 4 ]3| 2] 1 0 GPIO_BSRR
BS15| BS14 | BS13 [ BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO

GPIO - General Purpose Input Output

24
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"Bitlock” function

Da porten har programmerats kan konfigurationen lasas som skydd mot
ofrivillig eller otillaten manipulation av portens installningar. Detta sker
genom att en speciell sekvens skrivs till detta register.

offset| 31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 2 | 21 | 20 | 19 | 18 | 17 | 16 mnemonic
LCKK

Ox1Cl. 15 | 14 | 13 [ 12 | 11 | 10 [ 9 8 7 6 5 4 3 2 1 0 GPIO _LCKR
LCK15[LCK14 | LCK13] LCK12]LCK11|LCK10]| LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 [ LCK2 [ LCK1 | LCKD

GPIO - General Purpose Input Output 25



Alternative function — "route

(%) CHALMERS

Internal circuits

 00: digital ingang

AFRL (alternate function low register) e 01 digital ut én
offset|31]30]20]28]27]26] 25|24 | 23] 22[ 21]20 [ 19] 18] 17] 16 ] 15| 14| 3] 12] 1] 10] 0 [ e | 7 [ 6 [ s [ 4 [ 3] 2[ 1] 0 mnemonic ! g g g
0x20 | AFRL7[3:0] | AFRL6[3:0] | AFRL5[3:0] | AFRL4[3:0] | AFRL3[3:0] | AFRL2[3:0] | AFRL1[3:0] | AFRLO[3:0] GPIO_AFRL Y 10' alternativ funktion
AFRH (alternate function high register) :
offset|a1]0]20]2827]26] 25|24 23] 22[21]20] 19] 16 17] 6] 5] 14] 13] 2] 11] 0] o [ 8 | 7 [ 6 [ 5 [ 4 [ 3] 2[ 1 [0 mnemonic ’ 11 ' analog funkt|0n
0x24 | AFRH15[3:0] | AFRH14[3:0] | AFRH13[3:0] | AFRH12[3:0] | AFRH11[3:0] | AFRH10[3:0] | AFRH9[3:0] | AFRH8[3:0] GPIO_AFRH

AFO (system) > \ AFO (system)

AF1 (TIM1/TIM2) > AF1 (TIM1/TIM2) >

AF2 (TIM3_5) - AF2 (TIM3.5) >

AF3 (TIMB_11) > AF3 (TIMB_11) -

AF4 (12C1..3) - AF4 (12C1.3) »

AFS (SPIH/2/4/5%8) > AFS (SPIH2/4/556)

AF6 (SPI/SAIM) > Pinx (x=0.7) AF6 (SPI/SAN) >

AF7 (USART1..3) > : AF7 (USART1..3) >

AF8 (USART4.8) » AF8 (USART4.8) >

AF9 (CAN1/CAN2, LTDC, TIM12..14) E—— AFQ (CAN1/CAN2, TIM12..14) e

AF10 (OTG_FS, OTG_HS) — AF10 (OTG_FS, OTG_HS) —

AF11 (ETH) 1 > AF11 (ETH) >

AF12 (FMC, SDIO, OTG_Hs (1)) — AF12 (FMC, SDIO, OTG_HS (1) —

AF13 (DCMI) v AF13 (DCMI)

AF14 (LTDC) > =

AF14 (LTDC) >
AF15 (EVENTOUT) > f AF1S (EVENTOUT) >
AFRL[31:0]

GPIO - General Purpose Input Output

Maskinorienterad programmering

17De 16 pinnarna i en port kan konfigureras
individuellt i mode register (MODER) for
nagon av funktionerna:

Pinx (x=8..15)

AFRH[31:0]

26



CHALMERS Maskinorienterad programmering

A
4 pELTs
o ATECES,
g2 Z i

De 16 pinnarna i en port kan konfigureras individuellt i mode register

AnalOg fU N Ctlon (MODER) for nagon av funktionerna:
« 00: digital ingang
« 01: digital utgang
 10: alternativ funktion
* 11: analog funktion

r—-——--=-=--—--—-=-"-=- "
To onchip “ Anabog l l
penpharal | |
-] '
<+ = | |
- g | | Voo
3 =
» 3 l
Wric - doda
— 3 3 pinpet dervor 4
= L . VO pin
3 2 r—-——— """ —-"—-"—=—-—-- 1
- =
z 3 I I protechon
2 | - | dods
. - v -
Read/wrte G I I ss
Froen on-chip Aralog L ——————— - —_——d
panpharal 21504
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