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* Introduction to General Purpose Input and Output (GPIO):
- GPIO operation modes.

- GPIO registers.
 Lab Assignment:

- Write an Assembly program that uses the onboard joystick to control both the red and green
LEDs as follows:

If the UP button is pushed, TURN ON both LEDs.

If the DOWN button is pushed, TURN OFF both LEDs.
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Schedule and Grading

 Lab 2 will take a total of two weeks:
- September 16, 2019:

Complete and show to the T.A. the code to initialize the GPIOs clocks and pins.
Use your pre-lab quiz to help you with the code!
- September 23, 2019:
Complete and demo to the T.A. your final WORKING lab.
* Grading for this lab:
- Pre-lab quiz: 2 points.
- Assembly code: 8 points.
GPIOs initialization: 3 points.
Working lab in the final week: 5 points.
- Total: 10 points.
* Grading penalization:
- Students who disrupt the lecture by talking and not paying attention will loss 2 points in their lab 2’s grade!

- Students who do not follow the lab safety procedures (e.g. coming to lab with shorts and flip flops) will loss 1 points in
their lab 2's grade!
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Introduction to GPIOs — Memory Map of Cortex M4

~ OXFFFFFFFF

0.5GB
= OXE0000000

1GB —

= OXA0000000

1GB —=

— OXx60000000
0.5GB —

= 0X40000000
0.5GB —

= 0X20000000
0.5GB —

L 0x00000000 |

System

External Device

External RAM

Peripheral

SRAM

Code
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|
One Byte (8 bits)

NVIC, System Timer, SCB,
vendor-specific memory

Such as SD card

Off-chip memory for data

AHB & APB, such as timers, GPIO
On-chip RAM, for heap, stack, & code

On-chip Flash, for code & data
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Introduction to GPIOs — Memory Map of STM32L4

~ OXFFFFFFFF
0.5GB System
. OXEO0D0000 |
1GB — External Device
| 0xABOGE08D OXx60000000
1GB — External RAM
0x48001000
GPIO D (1 KB)
— OX60000000 0x48000C00
0.5GB — Peripheral GPIO C (1 KB)
— Ox40000000 9x48000800
GPIO B (1 KB)
0.5GB SRAM Ox48000400
= Qx20000000
0.5GB — Code 0x48000000
L 0x00000000 0x40000000

|
One Byte (8 bits)
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Introduction to GPIOs — GPIO Memory Map

0x48000400

0x48000000

GPIO A (1 KB)
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0x4800002C

0x48000028
0x48000024

0x48000020
0x4800001C
0x48000018
0x48000014
0x48000010
0x4800000C
0x48000008
0x48000004

0x48000000

0x48000400

ASCR
BRR
AFR[1]
AFR[O]
LCKR
BSRR
ODR
IDR
PUPDR
OSPEEDR
OTYPER
MODER

!

Each register has 4 bytes
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Introduction to GPIOs — GPIO Memory Map

Set pin A.14 to high

0x48000400

0x48000000

GPIO A (1 KB)
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0x48000400

0x4800002C

0x48000028
0x48000024

0x48000020
0x4800001C

0x48000018
0x48000014

0x48000010
0x4800000C

0x48000008
0x48000004

0x48000000

ASCR
BRR
AFR[ 1]
AFR[0]
LCKR
BSRR

IDR
PUPDR
OSPEEDR
OTYPER
MODER

ENSC 3213: Computer-based Systems

— 48 bytes

N
Set bit 14
of ODR

| to high



Introduction to GPIOs — Output Data Register

Ox48000017 . .
BTN 1 word e, 32 bits)
Ox48000014

!

0x48000017
0x48000016
0x48000015
0x48000014 <

1 Little Endian

[
£1 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

\
lllllllllllllllll-llllllllllllll

- 4 bytes
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Introduction to GPIOs — Output Data Register

Ox48000017 . .
BTN 1 word e, 32 bits)
Ox48000014

!

0x48000017

0x48000016
0x48000015
0x48000014 <

1 Little Endian

[
51 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

LDR ro, =0x48000014 // ro = 0x48000014

- 4 bytes

LDR r1, [roO] // rl = the memory contents located at 0x48000014
LDR r2, =0x4000 // r2 = 0x4000 --> r2 will be used as a mask to set bit 14
ORR ri, ri, r2 // rl --> bitwise SET between rl and r2
// rl = 0x4000
STR r1, [ro] // Store the value of rl back into memory address 0x48000014
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Introduction to GPIOs — Output Data Register

8 GPIO Ports:
A, B,C,DEF G, H

* Up to 16 pins in each port

Lab 2: Interfacing Joystick and LEDs ENSC 3213: Computer-based Systems



Basic Structure of an 1/O Port Bit

* Input and Output:

r—— - - — — — — — — — n
Analo
Toon-chip . l |
peripheral < Alternate function input | |
o | on/off l
Read ‘% l l
(@)
< 3 | R\ [T Vobiox-2P'Ox
[
. 3 | - / ffl Protection
g 5 | gg on/o | diode
g’) = Input driver '
S = & LR s e - - - .
o D P i
= ] Output driver \%
5 - | DDIOx on/offl Protection
= © diode
= 5 ——d[ P-Mos
5 | Output || Ves s
g | j— control | A
_ 4' N-MOS
Read/write
> | Vss |
_ Push-pull
From on-chip | i |
_ ' open-drain or
peripheral Alternate function output 4 _di%a_bled_ .
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Basic Structure of an 1/O Port Bit

 Only Output:

GPIO Pull-up/Pull-down Register (PUPDR)
00 = No pull-up, pull-down 01 = Pull-up

10 = Pull-down 11 = Reserved
Output
DDIO;( DDIOx
Data GPIO Output Type Register (OTYPER) 5
[ . . :
g | Register © = Output push-pull (default) TAY e
2 1 = Output open-drain .
i = st pin
WnteI§ % I i
= S Toutput driver . .
§ T | ¥Epie O qﬁl Protection
= © . diode
[a) © —'_CI_ P-MOS . H
5 | output | : ] Vss iy
- - M = VSS
= | _j— control | |
Read/write | L NERIDS |
: :
i . Push-pull, :
F ch : S
p;?'ir;hoer;acl: *  NEsiEEhen output | : gf)s%%gdam sl |
— — — — — e e ]

GPIO MODE Register: 00 = Input, 01 = Output,

10=AF 11 = Analog (default)
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Enabling GPIOs clocks

 AHB2 peripheral clock enable register (RCC_AHB2ENR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RENNG AESEN

rw w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCEN OTGFS GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC JGPIOB | GPIOA

EN EN EN EN EN EN EN EN EN

rw w rw rw rw rw rw w rw rw

Bit 1 GPIOBEN: 10 port B clock enable

Set and cleared by software.
0: 10 port B clock disabled
1: 10 port B clock enabled
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GPIO Mode Register (MODER)

32 bits (16 pins, 2 bits per pin):

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] [ MODE14[1:0] | MODE13[1:0] | MODE12[1:0] | MODE11[1:0] | MODE10[1:0] MODES[1:0] MODES[1:0]
w w w w w w w w w w w w w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] MODES6[1:0] MODES5[1:0] MODE4([1:0] MODE3[1:0] MODEZ2[1:0] MODE1[1:0] MODEQ[1:0]
w w w w w w w w w w w w w w w w
Pin2 Pin 1 Pin0
Bits 2y+1:2y MODEy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the /0O mode. LDa
R45 ;
00: Input mode I —2-E e N""'
01: General purpose output mode | TLED, red
E LD
10: Alternate function mode PES gmemmn LD G R4 ’|)')"
11: Analog mode (reset state) y 330 1% {)40;_]:[& =
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GPIO Output Type Register (OTYPER)

16 bits reserved, 16 data bits, 1 bit for each pin:

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
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 [ OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 OTo
w w rw w rw 'w rw rw rw w w rw w w rw w

Bits 15:0 OTy: Port x configuration bits (y = 0..15) e
These bits are written by software to configure the |/O output type.
G
| 0: Output push-pull (reset State) | K _‘”: e GPIO
. utput Br utput Pin
1: Output open-drain [or H cotoler |14 ¢—— 1
—Glt NMOS
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GPIO Output Data Register (ODR)

* 16 bits reserved, 16 data bits, 1 bit for each pin:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
OD15 | OD14 | OD13 | OD12 | OD1M1 OD10 oD9 oDs8 oD7 0OD6 OoD5 OoD4 OoD3 oD2 oD1 oDOo
w 'w w w rw rw w w rw w w w w w rw w
Pin 2
LD4
R45
PB) gremen IDR RE I)')'
IK_1%_0402, £ 0
LD5
R46
PES guumuen ID G RIC Pl
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330_1% 040270 arcen
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Moditying Special Purpose Registers

LDR r@, =#RCC BASE 1°**) Load the contents of the register
LDR r1, [roO, HRCC AHB2ENR] by accessing its memory location.
ORR ri. ril. #o6x13 }2"") Modify the register’s contents.

b 3

3") Store the modified content back
STR r1, [re, #RCC—AHBZENR]} to the register’s memory location.
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Moditying Special Purpose Registers

RCC_BASE is the base address of the
RCC register that controls the
hardware’s clock.

LDR ro,| =#RCC_BASE ]/'
LDR rl, [r@, ERCC AHB2ENR

ORR rl1, rl, #0x13

RCC_AHB2ENR is one of the RCC
registers, and it controls which GPIO
ports are enabled or disabled. 1In
this code, RCC_AHB2ENR is an offset.

Thus, rl will have the contents of
the memory  address RCC_BASE +
RCC_AHB2ENR.

STR r1, [r@, #RCC_AHB2ENR]

'

Stores the content of rl into the memory
address RCC_BASE + RCC_AHB2ENR!

ox13 is 32bit binary MASK:
0b00000000000000000000000000010011

In this case, we want to modify bits
0, 1, and 4.

The ORR instruction will perform a
bitwise OR, which will SET bits o, 1,
and 4!

Lab 2: Interfacing Joystick and LEDs ENSC 3213: Computer-based Systems




How to Read an Input - 1/2

 Suppose we have a button connected to GPIO Port C, Pin 7, and we want
to know if that button was pressed:
- First, you have to enable GPIO Port C:
LDR ro, =#RCC_BASE
LDR r1, [r@, #RCC_AHB2ENR]

ORR rl, rl, #0x04 // 0x04 is a MASK indicating that we want to modify BIT 2. This bit enables or
// disables GPIO port C!

STR r1, [r@, #RCC_AHB2ENR]
- Second, you have to read the contents of the register GPIOC_IDR:

LDR r@, =#GPIOC_BASE

LDR rl, [r@, #GPIO_IDR]
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How to Read an Input - 2/2

-  Third, you have to verify if pin 7 is equal to 1 by comparing r1 with a mask:
« AND r2, rl, #0x80 // 0x80 is equal to ©b00©00ERR0O10000008 (binary)
e If the button is NOT pressed, r2 will be equal to 0x00 (zero).
e If the button IS pressed, r2 will be equal to @x80 (not equal to zero).

- Fourth, you can compare r2 to zero and branch if r2 is not equal to zero:

e« CMP r2, #0

e BNE some_label // BNE -» Branch if R2 is Not Equal to ZERO to the location of “some_label”
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Sample code to light up the RED LED (PB2)

.syntax unified

.global main N LD4
IDR 1D B AW | PaPa

.include "stm321476xx_constants.s" IK;F%—O“DLEBJEd
LD5
. R46
main: PE8 ~gm IDG <O : =)')'
// Enable GPIO Port B 330—14—O4OiED,green =

LDR r@, =RCC_BASE
LDR rl, [r@, #RCC_AHB2ENR]
ORR rl, ril, #0x02
STR rl, [r@, #RCC_AHB2ENR]

These keywords are defined in the file
stm321476xx_constants.s! Use this file to
help your while programming!

// Turn ON RED LED

LDR r@, =GPIOB_BASE

LDR rl1, [r@, #GPIO ODR]
ORR ri1, ril, #0x04 RCC_BASE = 0x40021000

STR r1, [r@, #GPIO ODR] RCC_AHB2ENR = Offset of 0x4C

GPIOB_BASE = 0x48000400
GPIO_ODR = Offset of ox14

stop: B stop
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Joystick Pins

B2
3v} i 3 COMMON
USER & WAKE-UP Button U100 1% 0402 '
“ENTE R55 4
PAO JOY CENTER JOY CENTER oo LOK 1% 0402 2 | s
A
——(d3 10K_1% 0402
100nF_XTR_10%_0402 1 B > 6
PA1 , JOY_LEFT R54, 1
PA5 AL JOY DOWN____R58 0 5% 0402 3 et N\ /
PA2 1OY RIGHT JOY RIGHT R56,,, 0 5% 0402 0 RIGLT
PA3 s JOY_UP R32 a0 5% 0402 4] op 3
ST "0_5% 0402
MT-008A
——C41
=44 100nF_X7R_10%_0402
X : =—C46 100nF_X7R_10§6_0402
Input pins with pull-down i 7 100nF_X7R_10%6 0402
100nF_X7R_10%5_0402
I Joystick
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How to Create a Loop in Assembly

Loop:
// DO SOME STUFF
// DO OTHER STUFF
B Loop // B » Unconditional branch, jump to Loop.
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Lab 2: step-by-step

1) Enable the GPIOs ports A, B and E.

2) Configure PB2 (blue LED) and PES8 (green LED) as output.

3) Configure PB2 and PES8 as push-pull mode.

4) Configure PB2 and PES8 output type as No Pull-up No Pull-down.
5) Configure PAO, PAL, PA2, PA3 and PA5 as input.

6) Configure PAO, PAl, PA2, PA3 and PA5 as Pull-down.

7) Wait and verify if any joystick position is pressed.
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Lab 2: Start-up Code

* To help you, a start-up code is available on Canvas. Use it to create your
project from scratch.

- You will need the main.s and stm32l476xx_constants.s files in yours Src folder!

e The start-up code contains some helpful comments. Read them!

Lab 2: Interfacing Joystick and LEDs ENSC 3213: Computer-based Systems



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

