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TP N°2 : Configuration des ports GPIO en utilisant les registres de contréle
Gestion des Entrées sorties Digitales

Objectifs : les objectifs principaux de ce TP sont :

Comprendre les différentes configurations des ports GPIO
Equivalence schémas Regitres

Configuration des ports GPIO en différent modes.

La gestion des entrées digitales;

Utilisation du debugger du Mikroc

Vérification des valeurs des différents registres.

2 registres 32-bit configuration registers (GPIOx_CRL, GPIOx_CRH)
2 registres 32-bit data registers (GPIOx_IDR, GPIOx_ODR)

1 registre 32-bit set/reset register (GPIOx_BSRR)

1 registre 16-bit reset register (GPIOx_BRR)

1 registre 32-bit locking register (GPIOx_LCKR)

1 registre 32-bit clock enable (RCC_APB2ENR)
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Remplacer le code du premier TP par le code suivant

void main() {

GPIO Digital Input(&GPIOA IDR, GPIO PINMASK 0);
GPIO Digital Input (&GPIOA IDR, GPIO PINMASK_ 3);
GPIO Digital Output (§GPIOB ODR, GPIO PINMASK ALL);
GPIO Digital Input (&GPIOC_IDR, GPIO PINMASK ALL);

do {
if (Button (&GPIOA IDR, 0, 3, 1))
GPIOB _ODR = 0;
if (Button(&GPIOA IDR, 3, 3, 1))
GPIOB ODR = OXFEEE;
if (Button(&GPIOc IDR, 0O, 3, 1))
GPIOB ODR = ~GPIOB ODR;



Pratique:
Compiler avec Build > Build
Run>Start Debugger

Ajouter les registres dans \Watch values ,avec le bouton Step Over executer les
lignes de code pas a pas et suivre I'évolution de chaque registre.

1. Quelle sont le mode des entrées et le mode des entrées configurées pars
ces lignes de code (voir en annexe la documentation concernant les
registre ainsi que les schéma d’une pin GPIO. Ou voir Reference Manual
(https://Iwww.st.com/resource/en/reference_manual/cd00171190-stm32f101xx-
stm32f102xx-stm32f103xx-stm32f105xx-and-stm32f107xx-advanced-arm-based-32-
bit-mcus-stmicroelectronics.pdf )

2. Simuler le programme et expliquer son fonctionnement.

3. Comment forcer la sortie PB7a 1 sans affecter les autres sortie en utilisant
que ° GPIOx_ODR” (vous pouvez utiliser les opérations logiques OR ,
AND et XOR avec des masques)

4. La méme question pour forcer PAG a 0.

Comment inverser I'état de la sortie PB5

6. Donner la valeur des différents registres concernant le PORTA pour que :

e PA1 input en pull down
e PA2 input en pull up
e PA3 output en push pull avec max speed 10 MHz.
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Bitwise Operators Overview

</ =] Watch Values )

[E)E) B |00 % 0o oI | @ [ B || @ Operator Operation Precedence
- 8 Remove < Prop = bt AddAll R R All = i B .
=y = i i bitwise AND; compares pairs of bits and returns 1 if both
Select variabls from list & = . 8
~] bits are 1, otherwise returns 0
Search for variat ible by assemt bl name:
| Y bitwise (inclusive) OR; compares pairs of bits and returns
--------- 1 if either or both bits are 1, otherwise returns 0
Name Value Address
GPIOA_CRL Ob D000 0000 K000 D000 D000 0000 0000 0100 0%40010800 B i . 3 ] B
Sonroe | T o bt | e bitwise exclusive OR (XOR); compares pairs of bits and
GPIOA_IDR 00000 0000 0000 0000 0000 D000 DOOD 000D 0x40010808 A returns 1 if the h;ts are com plerrl enta ry, otherh'."lse 7
GPIOA_ODR  0b0D0O D000 0000 0000 0000 0000 0000 0000 0x4001080C
GPIOA_BSRR_ 000D 0000 000 0000 0000 0000 0000 0000 0%40010810 returns 0
I GPIOA BRR. ] 0x0000 00 00 Ox40010814
GPIOA_LCKR  0b0DOD D00 0000 0000 0000 000D 0000 D000 0x40010818 o . Ve i .
RCC_APRZ... 0b 000D,0000 000D 0000 0000000000 0100 040021018 & bitwise complement {unary); inverts each bit 14
Lesiical Duerators OvEricw 32 bitwise shift left; moves the bits to the left, discards the 1
g P far left bit and assigns 0 to the far right bit.
Operator Operation L K y . : :
I bitwise shift right; moves the bits to the right, discards
&& AND . . . . .
=E S >> the far right bit and if unsigned assigns 0 to the far left 11
I logical OR bit, otherwise sign extends
1 logical negation
a>Db && c < d; /* reads as (a > b) && (c < d) */

/* if (a > b) is false (0), (c < d) will not be evaluated */

Logical OR || returns 1 if either of expression evaluates to be nonzero, otherwise returns 0. If the first
expression evaluates to true, the second expression is not evaluated. For example:

a & b || ¢ && d; /* reads as: (a && b) || (c && d) */
/* if (a && b) is true (1), (c && d) will not be evaluated */



ANNEXE

Connectivity line devices: reset and clock control (RCC) RMO0008

Bit 3 Reserved, must be kept at reset value.

Bit 2 SRAMEN: SRAM interface clock enable
Set and cleared by software to disable/enable SRAM interface clock during Sleep mode.
0: SRAM interface clock disabled during Sleep mode
1: SRAM interface clock enabled during Sleep mode
Bit 1 DMAZ2EN: DMA2 clock enable
Set and cleared by software.
0: DMAZ2 clock disabled
1: DMA2 clock enabled
Bit 0 DMA1EN: DMA1 clock enable

Set and cleared by software.
0: DMA1 clock disabled
1: DMA1 clock enabled

8.3.7 APB2 peripheral clock enable register (RCC_APB2ENR)
Address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access

No wait states, except if the access occurs while an access to a peripheral in the APB2
domain is on going. In this case, wait states are inserted until the access to APB2 peripheral

is finished.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
USART SPI1 | TIM1 | ADC2 | ADC1 IOPE | IOPD | IOPC | IOPB | IOPA AFIO
Res. | 1EN | Res. | EN EN EN EN Baserved EN EN EN EN EN | Res. EN
w w w w w w 'Y a2 w w w

Bits 31:15  Reserved, must be kept at reset value.

Bit 14 USART1EN: USART1 clock enable

Set and cleared by software.
0: USART1 clock disabled
1: USART1 clock enabled

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPMEN: SPI 1 clock enable
Set and cleared by software.
0: SPI 1 clock disabled
1: SPI 1 clock enabled

Bit 11 TIM1EN: TIM1 Timer clock enable
Set and cleared by software.
0: TIM1 timer clock disabled
1: TIM1 timer clock enabled
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RMO0008

Connectivity line devices: reset and clock control (RCC)

Bit 10

Bit 9

Bits 8:7
Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1
Bit0
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ADC2EN: ADC 2 interface clock enable
Set and cleared by software.
0: ADC 2 interface clock disabled
1: ADC 2 interface clock enabled

ADC1EN: ADC 1 interface clock enable
Set and cleared by software.

0: ADC 1 interface disabled
1: ADC 1 interface clock enabled

Reserved, must be kept at reset value.

IOPEEN: 1/O port E clock enable
Set and cleared by software.
0: /O port E clock disabled
1:1/0 port E clock enabled

IOPDEN: 1/O port D clock enable
Set and cleared by software.
0: /O port D clock disabled
1: 1/0 port D clock enabled

IOPCEN: I/O port C clock enable
Set and cleared by software.
0: 1/0 port C clock disabled
1:1/0 port C clock enabled

IOPBEN: I/O port B clock enable

Set and cleared by software.
0: /O port B clock disabled
1:1/0 port B clock enabled
IOPAEN: I/O port A clock enable
Set and cleared by software.
0: 1/0 port A clock disabled
1:1/0 port A clock enabled

Reserved, must be kept at reset value.

AFIOEN: Alternate function I/O clock enable
Set and cleared by software.
0: Alternate Function I/O clock disabled
1:Alternate Function 1/O clock enabled

RMO0008 Rev 21
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RM0008 General-purpose and alternate-function 1/0s (GPIOs and AFIOs)
91.7 Input configuration
When the I/O Port is programmed as Input:
e  The Output Buffer is disabled
e  The Schmitt Trigger Input is activated
e  The weak pull-up and pull-down resistors are activated or not depending on input
configuration (pull-up, pull-down or floating):
e The data present on the I/O pin is sampled into the Input Data register every APB2
clock cycle
¢  Aread access to the Input Data register obtains the 1/0 State.
Figure 15 shows the Input Configuration of the I/O Port bit.
Figure 15. Input floating/pull up/pull down configurations
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1. Vpp_rr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp.
9.1.8 Output configuration

When the I/O Port is programmed as Output:

The Output Buffer is enabled:

—  Open Drain Mode: A “0” in the Output register activates the N-MOS while a “1” in
the Output register leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-Pull Mode: A “0” in the Output register activates the N-MOS while a “1" in the
Output register activates the P-MOS

The Schmitt Trigger Input is activated.

The weak pull-up and pull-down resistors are disabled.

The data present on the 1/O pin is sampled into the Input Data register every APB2
clock cycle

A read access to the Input Data register gets the 1/O state in open drain mode
A read access to the Output Data register gets the last written value in Push-Pull mode

Figure 16 shows the Output configuration of the I/O Port bit.

573
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General-purpose and alternate-function I/0s (GPIOs and AFIOs) RM0008
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Figure 16. Output configuration
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1. Vpp_rr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp.

Alternate function configuration

When the 1/O Port is programmed as Alternate Function:
e  The Output Buffer is turned on in Open Drain or Push-Pull configuration

e  The Output Buffer is driven by the signal coming from the peripheral (alternate function
out)

e  The Schmitt Trigger Input is activated
e  The weak pull-up and pull-down resistors are disabled.

e  The data present on the I/O pin is sampled into the Input Data register every APB2
clock cycle

e  Aread access to the Input Data register gets the 1/O state in open drain mode
e  Aread access to the Output Data register gets the last written value in Push-Pull mode

Figure 17 shows the Alternate Function Configuration of the 1/O Port bit. Also, refer to
Section 9.4: AFIO registers for further information.

A set of Alternate Function I/O registers allows the user to remap some alternate functions
to different pins. Refer to Section 9.3: Alternate function I/O and debug configuration (AFIQO).
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RMO0008

General-purpose and alternate-function 1/0s (GPIOs and AFIOs)

9.2 GPIO registers

Refer to Section 2.2 on page 45 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

9.21 Port configuration register low (GPIOx_CRL) (x=A..G)
Address offset: 0x00
Reset value: 0x4444 4444

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF7[1:0] MODE7[1:0] CNF6[1:0] MODES][1:0] CNF5[1:0] MODES[1:0] CNF4[1:0] MODE4[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CNF3[1:0] MODE3([1:0] CNF2[1:0] MODE2][1:0] CNF1[1:0] MODE1[1:0] CNFO[1:0] MODEO[1:0]

Bits 31:30, 27:26, CNFy[1:0]: Port x configuration bits (y=10 .. 7)

23:22,19:18, 15:14,
11:10, 7:6, 3:2

These bits are written by software to configure the corresponding I/O port.
Refer to Table 20: Port bit configuration table.
In input mode (MODE[1:0]=00):

00: Analog mode

01: Floating input (reset state)

10: Input with pull-up / pull-down

11: Reserved

In output mode (MODE[1:0] = 00):

00: General purpose output push-pull

01: General purpose output Open-drain

10: Alternate function output Push-pull

11: Alternate function output Open-drain

Bits 29:28, 25:24, MODEy[1:0]: Port x mode bits (y=0..7)

21:20, 17:16, 13:12,
9:8, 5:4,1:0

3

These bits are written by software to configure the corresponding I/O port.
Refer to Table 20: Port bit configuration table.

00: Input mode (reset state)

01: Output mode, max speed 10 MHz.

10: Output mode, max speed 2 MHz.

11: Output mode, max speed 50 MHz.
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General-purpose and alternate-function I/0s (GPIOs and AFIOs) RM0008
9.2.2 Port configuration register high (GPIOx_CRH) (x=A..G)
Address offset: 0x04
Reset value: 0x4444 4444
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF15[1:0] | MODE15[1:0] | CNF14{1:0] MODE14[1:0] CNF13[1:0] MODE13[1:0] CNF12[1:0] MODE12[1:0]
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] MODE11[1:0] | CNF10[1:0] MODE10[1:0] CNF9[1:0] MODE9[1:0] CNF8[1:0] MODES[1:0]
Bits 31:30, 27:26, CNFy[1:0]: Port x configuration bits (y=8 .. 15)
23:22,19:18,15:14,  These bits are written by software to configure the corresponding /0 port.
11:10, 7:6, 312 Refer to Table 20: Port bit configuration table.
In input mode (MODE[1:0]=00):
00: Analog mode
01: Floating input (reset state)
10: Input with pull-up / pull-down
11: Reserved
In output mode (MODE[1:0] > 00):
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain
Bits 29:28, 25:24, MODEy[1:0]: Port x mode bits (y=8 .. 15)
21:20,17:16,13:12,  These bits are written by software to configure the corresponding /0 port.
9:8,5:4, 10 Refer to Table 20: Port bit configuration table.
00: Input mode (reset state)
01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.
9.2.3 Port input data register (GPIOx_IDR) (x=A..G)
Address offset: 0x08h
Reset value: 0x0000 XXXX
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8 7 6 5 4 3 z 1 0
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDR8 | IDR7 | IDR6 | IDR5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
r r r r r r r r r r r r r r r r
Bits 31:16  Reserved, must be kept at reset value.
Bits 15:0 IDRy: Port input data (y=0 .. 15)
These bits are read only and can be accessed in Word mode only. They contain the input
value of the corresponding 1/0 port.
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RM0008 General-purpose and alternate-function 1/0s (GPIOs and AFIOs)

9.24 Port output data register (GPIOx_ODR) (x=A..G)
Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

ODR15 | ODR14 | ODR13 [ ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 [ ODRO

w w w w w w w w w w w w w w w w

Bits 31:16  Reserved, must be kept at reset value.

Bits 15:0 ODRYy: Port output data (y=0 .. 15)
These bits can be read and written by software and can be accessed in Word mode only.

Note: For atomic bit set/reset, the ODR bits can be individually set and cleared by writing to
the GPIOx_BSRR register (x=A.. G).

9.25 Port bit set/reset register (GPIOx_BSRR) (x=A..G)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BS15 | BS14 | BS13 | BS12 | BS11 BS10 BS9 BS8 BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO

Bits 31:16 BRy: Port x Reset bity (y=0.. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRXx bit
1: Reset the corresponding ODRX bit
Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Port x Set bity (y=0.. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRXx bit
1: Set the corresponding ODRXx bit

3
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General-purpose and alternate-function I/0s (GPIOs and AFIOs) RM0008
9.2.6 Port bit reset register (GPIOx_BRR) (x=A..G)
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w
Bits 31:16  Reserved
Bits 15:0 BRy: Port x Reset bity (y=0 .. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRX bit
1: Reset the corresponding ODRXx bit
9.2.7 Port configuration lock register (GPIOx_LCKR) (x=A..G)
This register is used to lock the configuration of the port bits when a correct write sequence
is applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the
GPIO. During the write sequence, the value of LCKR[15:0] must not change. When the
LOCK sequence has been applied on a port bit it is no longer possible to modify the value of
the port bit until the next reset.
Each lock bit freezes the corresponding 4 bits of the control register (CRL, CRH).
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCKK
Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 [ LCK13 | LCK12 | LCK11 [ LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO
w w w w w w w w w w w w w w w w
174/1136 RM0008 Rev 21 IS7

10



RM0008 General-purpose and alternate-function 1/0s (GPIOs and AFIOs)

Bits 31:17  Reserved

Bit 16 LCKK[16]: Lock key
This bit can be read anytime. It can only be modified using the Lock Key Writing Sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. GPIOx_LCKR register is locked until the next reset.

LOCK key writing sequence:
Write 1
Write 0
Write 1
Read 0
Read 1 (this read is optional but confirms that the lock is active)
Note: During the LOCK Key Writing sequence, the value of LCK[15:0] must not change.

Any error in the lock sequence will abort the lock.

Bits 15:0 LCKy: Port x Lock bity (y=0 .. 15)
These bits are read write but can only be written when the LCKK bit is 0.
0: Port configuration not locked
1: Port configuration locked.

9.3 Alternate function I/O and debug configuration (AFIO)

To optimize the number of peripherals available for the 64-pin or the 100-pin or the 144-pin
package, it is possible to remap some alternate functions to some other pins. This is
achieved by software, by programming the AF remap and debug I/O configuration register
(AFIO_MAPR). In this case, the alternate functions are no longer mapped to their original
assignations.

9.3.1 Using OSC32_IN/OSC32_OUT pins as GPIO ports PC14/PC15

The LSE oscillator pins OSC32_IN and OSC32_0OUT can be used as general-purpose 1/O
PC14 and PC15, respectively, when the LSE oscillator is off. The LSE has priority over the
GP 10s function.

Note: The PC14/PC15 GPIO functionality is lost when the 1.8 V domain is powered off (by
entering standby mode) or when the backup domain is supplied by Vgar (Vpp no more
supplied). In this case the I0s are set in analog mode.

Refer to the note on 10O usage restrictions in Section 5.1.2: Battery backup domain.

9.3.2  Using OSC_IN/JOSC_OUT pins as GPIO ports PD0/PD1

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose 1/0 PD0O/PD1
by programming the PD01_REMAP bit in the AF remap and debug I/O configuration register
(AFIO_MAPR).

This remap is available only on 36-, 48- and 64-pin packages (PD0 and PD1 are available
on 100-pin and 144-pin packages, no need for remapping).

Note: The external interrupt/event function is not remapped. PD0 and PD1 cannot be used for
external interrupt/event generation on 36-, 48- and 64-pin packages.
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