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Introduction

Goal of this presentation

* Provide information to help developers with selecting hardware for graphcis
applications
* Preleminary considerations for how the application can have an impact on the needed hardware
 Information on the hardware components that an embedded GUI solution consist of

« Guide developers in the Board Bring Up phase, thereby helping with setting up the
neccesary parts for an GUI solution and ensuring the drivers work
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Introduction

Further reading

* More help and informaion can be found at the TouchGFX documentation site:
https://support.touchgfx.com/

 Slides in this presentation will refer to relevant documentation pages. Links will be
in the lower right-hand corner of the slides

* The presentation will general be related to the two sections:
Hardware Selection & Board Bring Up



https://support.touchgfx.com/
https://support.touchgfx.com/docs/development/hardware-selection/hardware-selection-introduction
https://support.touchgfx.com/docs/development/board-bring-up/board-introduction

Introduction

TouchGFX Development

Hardware Board

Main Activies Selection Bring Up

Board
Initialization
Code

Main Component

This presentation will start out with discussing the Main Activty, Hardware Selection, before it moves
on to the activity Board Bring Up. Thereby we will learn how to select the hardware components
needed for the Display Board, before moving on to the initialization of the selected hardware
compnents, as a part of the Board Initialization Code, Main Component.

S7
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Hardware Selection




Hardware Selection

HOME CONTROL MCU load: 0%

* Preliminary Considerations

» Application design have impact on the hardware
» Display Resolution
» Color Depth
* Animations R
« Complexity
« Size
* Touch

* Mechanical Design Requirements
« Size
* Environment

"l Preliminary Considerations 8
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Hardware Selection

* The basic hardware can be divided into 4 parts
- MCU
* Heavy Lifting
« RAM
* Framebuffer
* Flash
* Images, Fonts, Texts
« Display

OVEN HEAT

& oK Th 48m
Q m[] i . — - 7 — . ”‘}

 More information can be found in the documentation:

N

Hardware Selection

’l Documentation Link: Embedded Graphics 9
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https://support.touchgfx.com/docs/basic-concepts/embedded-graphics

Hardware Selection

MCU PORTFOLIO FOR GRAPHICS

- MCU

* Frequency {:@} i:@“ @ Na

STM32 SERIES FREQUENCY HARDWARE DISPLAY SUPPORTED
ACCELERATION INTERFACES RESOLUTIONS

« Embedded Hardware Acceleration

« Chrom-ART o :
 JPEG Accelerator STMOZFT(OMD)  ZteMHz  ChomART™
« Chrom-GRC m

* Internal Memory | - BRI o

e Ram
 Flash

« LCD Controller \. |
- Packages & I/0 NN
* Memory Interfacing

¥ N\

\

L

NN Saved Memory

"l Hardware Components: MCU 10
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Hardware Selection

* Display
 Different Types of Display
« LCD-TFT
- MIP
» ePaper/elnk

» Display Interface
« Brightness and Backlight
» Viewing Position and Color Inversion

* Pixel density
» Displays with RAM
* Environment

"l Hardware Components: Display 11
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Hardware Selection

* External Memory MCU memory interfaces
« MCU memory interface _
_ _ Parallel Serial
* Non-volatile Memories
« NOR Flash FMC / FSMC SDMMC DL(IZ;LIIEZIL-I?;F(;IS!H
* NAND Flash
OctoSPI /
e eMMC 217 Hyper bus
* Volatile Memories Non-volatile memories
* SDRAM
. SRAM NAND
* PSRAM Volatile memories

_SDRAM___SRAM PSRN _

‘ ’l Hardware Components: External Memories 12
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Board Bring Up

* Introduction .‘
* Tools of the trade ’
e STM32CubeMX STM32
e STM32Cube Firmware Package CUbe IVlX

* Vendor datasheets
* Vendor driver code
e Verification of Functionality
e Abstraction Layer
* Test Code

"l Board Bring Up Introduction 14
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Board Bring Up

+ Introduction
. Create Project Create an empty project in CubeMX
* How To Guide

* Motivation

CPU Running Ensure that the MCU is running at the desired speed

Framebuffer in internal RAM  Allocate a framebuffer in internal RAM and transmit it to the display

¢ G Od | External RAM Enable the external RAM
o P rere q u iS ites Framebuffer in external RAM ~ Move the framebuffer to external RAM and transmit it to the display
® DO External addressable flash Enable external memory-mapped flash

External block mode flash Enable external block-mode flash

Hardware acceleration Enable the Chrom-ART graphics accelerator

Touch controller Setup communication to the touch controller

Physical buttons Configure access to physical buttons

Flash loader Develop a way to write data to the external flash

"l Board Bring Up Introduction 15
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Board Bring Up

[ STM32CubeMX Untitled m] X

* 1. Create Project = . By o

d M Otivat i O n Existing Projects

« Have a project in the chosen IDE and Recant Opanad Projects
STM32CubeMX to be the basis for board bring kit L O _—

x|
u p F769-Board-Bring-Up.ioc m ACCESS TO MCU SELECTOR
x|

New Project Manage software installations

Check for STM32CubeMX and embed...

CHECK FOR UPDATES

| need to :

Install or remove embedded software ...

Last modified date : 10/02/2021 10:39:43 INSTALL / REMOVE
PresentationTemplate.ioc Start My project from ST ..
[} G O a I Last modified date : 09/02/2021 15:25:45 TR e T SRR T
Other Projects =

Start My project from Exa..

« Working STM32CubeMX project secess o exaupLE seLecron
» Able to debug code on the MCU

* Prerequisites
« STM32 Based Board wnstuszanasns &7
* Programming/Debugging interface
 STM32CubeMX e e
* IDE Installed

m‘f
\R \R Read
eatly eady. \ eady E-ﬁ

"l How To: 1. Create Project 16
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Board Bring Up

[ New Project from a MCU/MPU X

1. Create Project

MCU/MPU Filters

° D O 2 E{, O Features Block Diagram Docs & Resources EI Datasheet [} Buy
Part Number __V 7 [ STM32FT Series
b Create a prOJeCt N STM32CU beMX based on Core > High-performance and DSP with FPU, Arm Cortex-M7 |

STM32F769NI MCU with 2 Mbytes of Flash memory, 216 MHz CPU, Art

the MCU on the Boal’d Series > .::::Er;t:srbk: cache, SDRAM, TFT, MIPI-DSI, JPEG

Line by

Unit Price for 10kU (US§): 8.939
Active

® SeleCt “Advance” under application StrUCture’ Peckege ’ Productis inmass || Boards: STMIZE /69 DISCT - - TFBGA216

production STM32FT7E9I-DISCO -
’ i . ” Other p STM32FT6II-EVAL
and don’t select “Do not generate the main()
Peripheral > The STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx devices are based on

tha hinkh narfarmanea Arm® CarkavE M7 29 kit DIGE ~ara Anarafinn at in tn 946 Mz

» Select Toolchain/IDE

MCUs/MPUs List: 1804 items Display similar items Ty Export
enerate ode an wnen One’ open rojec SIS SIS STM32FTBTVGHx Active 6.577 1024 kB...512 kBy... 82 216 MHz
STM32FT6TVITx  Active 7428 2048 kB 512 kBy.. 82 216 MH
: o STMIZFIEVI STMEZFTGTVIHX Actfve 7428 2043 kB 512 kEly 82 216 MHZ
X Clive E - Y- rd
 Compill d debug from IDE
(@) pl e an epu o STM32F767ZG  STM32FTBTZGTx Active 7.109 1024 kB 512 kBy. 114 216 MHz
STM32F7672) STM32FT67ZITx  Active 7.95 NUCLE. 2048 kB 512 kBy.. 114 216 MHz
STM32F769A1  STM32FTB9AIYx  Active 7.024 2048 kB.. 512 kBy.. 128 216 MHz ®
STM32F769BG  STM32FT69BGTx Active 7.875 1024 kB...512 kBy... 159 216 MHz
STM3IZF76981  STM32FT69BITx  Active 8.726 2048 KB 512 kBy... 159 216 MHz
STM3ZF769IG  STM32FT69IGTx  Active 7.449 1024 KB 512 kBy... 131 216 MHz
STM32F 7691 STM32F769ITx  Active 8.301 2045 KB 512 kBy... 131 216 MHz
STM3ZF76ING  STM32FT6INGHx Active 8.088 1024 kB 512 kBy... 159 216 MHz
STM32F769NI  STM32FT6ANIHx  Active 8939 2048 kB E12kBy. 159 216 MHz
STM32F777BI  STM32FTTTBITx  Active 8.918 2043 kB E12kBy. 168 216 MHz
— STMIFTTTIT  Active 8 492 2043 KB 512kBy. 140 216 MHz
CTRAIETT T v A mdivnm o A0% AMNAD LB E49 LB, 14N 1L ML~

’l How To: 1. Create Project 17
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Board Bring Up

[ STM32CubeMX Untitled: STM32F769NIHx O X

e 1. Create Project sruc: @ Winow © Aoy x a7
ome STM32F 7T69NIHx Untitled - Project Manager

PY D 0 Pinout & Configuration Clock Configuration Project Manager

Project Settings
Project Name

« Create a project in STM32CubeMX based on S |
the MCU on the Board

|Ad aaaaa d ~ | [ Do not generate the main()

Toolchain Folder Location
}s\pemrsee\Onean - STMicroelectronics\Presentations\Board Bring Up - Introduction|

» Select “Advance” under application structure,
and don’t select “Do not generate the main()”

Toolchain / IDE Min Version
[Evvarm M O

¢Linker Setting

Minimum Heap Size  [0x200

+ Select Toolchain /IDE

¢Meu and Firmware Pack
Wcu Reference
[sTM32FTB9MIHX |

» Generate Code and when done, open project

Firmware Package Name and Version
[sTM32Cube FW_F7 v1.16.0 |

« Compile and debug from IDE

Use Default Firmware Location
| Browse

"l How To: 1. Create Project 18
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* 1. Create Project
Do

S7
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Create a project in STM32CubeMX based on
the MCU on the Board

Select “Advance” under application structure,
and don'’t select “Do not generate the main()”

Select Toolchain /IDE
Generate Code and when done, open project
Compile and debug from IDE

Board Bring Up

© Project - IAR Embedded Workbench IDE - Arm 8.32.4 - O X
File Edit View Project Debug Disassembly ST-link Tools Window Help
DO RS = XK DC < Q>%»E< P> R@= G C © viEm: ';‘
Workspace ¥ B X mainc x w  Disassembly v o X
TestProject main() fo|  Gote
] 63 int i id| ~ .
Files & . & il Tn tiain (volds Disassembly .
£ @ TestProject- TestProj... « 65 /* USER CODE BEGIN 1 */ 0xB800088e: O
|- Wl Application 66 0=8000892: 0
M Drivers 67 /* USER CODE END 1 */ SysTick—>VAL
3 W Output 68 0x8000896: O:
69 /* MCU Configuration---———-————————-————————————- SysTick->CTRI
70
71 /* Reset of all peripherals, Initializes the Flas
i HAL_Init(); 0=8000898: O:
i 0=800089a: 0
74 /* USER CODE BEGIN Init */ ¢ (0UL)
return (0UL)
;Z /* USER CODE END Init */ WELMLERS L
- R 0x80008%e: O
8 /* Configure the system clock */ UHBUUUBEU: U
79 SystemClock_Config () ; UEIN T [
80 - 0=80008a4: O:
81 /* USER CODE BEGIN SysIn 0=80008a8: 0O
82 0x80008ac: O:
83 /* USER CODE END SysInit */ 0=80008b0: O
84 0=80008b4: O
85 /* Initialize all configured peripherals */ __aeabi_ldiv0
86 /* USER CODE BEGIN 2 */ 0=80008b8: O:
87 0x80008ba: 0:
88 /* USER CODE END 2 */ int main{woid)
89 r
90 /* Infinite loop */ iy
91 /* USER CODE BEGIN WHILE */ _
® o | mile @y HAL Tnit()
S ; ) 0x80008be: O
94 /* USER CODE END WHILE */
95 SystenClock_Co:
96 /* USER CODE BEGIN 3 */ UHBUF’D?DZI 0:
2 ) while (1) .
‘ TestProject < > v || >
Debug Log v o X
Log o [
Thu Feb 11, 2021 14:28:35: Hardware reset with strategy 0 was performed
ThuFeh 11 2021 142835 Tarnet rasat v
< > A
Build Debuglog
Ready Ln 92, Col1

How To: 1. Create Project
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« 2. CPU Running

Motivation

* Ensure that the MCU core, Internal RAM
and flash is running a desired clock speed

Goal

» Set up clock to ensure correct speed
Prerequisites

* Information about clock on hardware
Do

» Setup clock in STM32CubeMX under the
Clock Configuration

« Check speed by debugging
* Note

‘_- Disable data cache on F7 and H7
> /4

life.augmented

Board Bring Up

m STM32CubeMX TestProjectioc® STM32F769NIHx

N
sTmz2 W File
e MX

M
Cubel

‘Window Help

O oy x &g

m]

X

Pinout & Configuration Clock Configuration Project Manager Tools
) Resolve Clock Issues
H‘W,: -
AHB Frescaler HCL APE2 Prascaler
TR S B ST ==
,—.|:| RNG o
To USE =

02

93 /* USER CODE BEGIN WHILE */

95
96
97 /* USER CODE EI

94 BAL Delay(5000)
while (1)
{

How To: 2. CPU Running

20



https://support.touchgfx.com/docs/development/board-bring-up/how-to/02-cpu-running

Board Bring Up

« 2. CPU Running

* Motivation

« Ensure that the MCU core, Internal RAM and 16 velatile uincsz ¢ raouit;
flash is running a desired clock speed /* USER CODE END BV +/

 Goal

97 uint32 t* code (uint32 t*) 0x

98 uint32 t* stop = (uint32 t*)0x080201 .:
« Set up clock to ensure correct speed 98 || vint32_t s - 0

[ ® 101 uint32 t start - [RECCCIICRN):
* Prerequisites

103 while (code ! stop)
104 [
 Information about clock on hardware w6 [
107 result = sum;
108 uint32 t end = HAL GetTick();
b DO 109 time end - start;

110

 Setup clock in STM32CubeMX under the Clock é\@ —
Configuration ¢ een rone oun

« Check speed by debugging
* Note

‘_’l Disable data cache on F7 and H7 o Tor 5. CPU Rumming 5
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Board Bring Up

3. Framebuffer in internal RAM

* Motivation

» Setting up an internal framebuffer and the
display, enables us to have simple graphic on
the display

e Goal

* Having internal RAM allocated for the
framebuffer, and show it’'s content on the
display

* Prerequisites
» Information about the Display

* Information about connection between the
MCU and Display

"l How To: 3. Framebuffer in internal RAM 22
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3. Framebuffer in internal RAM
* Do

life.augmented

Parallel RGB Displays
Setup framebuffer in internal RAM
Configure the GPIO connections to the display
Configure the LTDC controller
Configure the LTDC pixel clock
Setting the framebuffer address
Check the framerate

System Core N Display Type [RGB888 (24 bits) ~|
Analog >
Timers >
>
Connectivity.  ___________ Cosfiguaton |
DM
@ HDMI_CEC Search Signals
@ st [Search (iR [ Show only Modified Pins
@ 1282
@ 1253 GPIO mode PIO Pullup/Pulldown User Label
PE4 LTDC_BO nla Alternate Function Pu... No pull-up and no pull-. Low LCD_BO [RKO43FN48...
@ sAI PJ13 LTDC_B1 nia Alternate Function Pu__. No pull-up and no pull- . Low LCD_B1 [RKO043FN48. .
SAIR PJ14 LTDC_B2 nia Alternate Function Pu.. No pull-up and no pull- . Low LCD_B2 [RKO43FN48...
SPDIFRX PJ15 LTDC_B3 na Alternate Function Pu.. No pull-up and na pull-_. Low LCD_B3 [RKO43FN48. -
P12 LTDC_B4 nla Alternate Function Pu... No pull-up and no pull-... Low LCD_B4 [RKO43FN48...
PK4 LTDC_BS na Alternate Function Pu... No pull-up and no pull-_. Low LCD_B5 [RKO43FN48...
Security > PKs LTDC_B6 na Alterate Function Pu... No pull-up and no pul-... Low LCD_B6 [RKO43FN48...
PK6 LTDC_B7 nla Alternate Function Pu... No pull-up and no pull-.. Low LCD_BT [RKO43FN48...
Comptting > PI4 LTDC_CLK nla Alternate Function Pu... No pull-up and no pull-... Low LCD_CLK [RKO43FN4.
PKT LTDC_DE nia Alternate Function Pu.. No pull-up and no pull- . Low LCD_DE [RK043FN48..
Middleware ? PJT LTDC_GO na Alternate Function Pu__ No pull-up and na pull-  Low LCD_GO [RKO043FN48
P8 LTDC_G1 nla Alternate Function Pu... No pull-up and no pull-.. Low LCD_G1 [RKO43FN4S...
Application > PJg LTDC_G2 nia Alternate Function Pu... No pull-up and no pull-._. Low LCD_G2 [RK043FN48.
PJ10 LTDC_G3 na Alternate Function Pu... No pull-up and no pull- LCD_G3 [RKO43FN4S...
PJ11 LTDC_G4 na Alternate Function Pu... No pull-up and no pull-.. Low LCD_G4 [RKO43FN4B...
PKO LTDC_G5 nla Alternate Function Pu... No pull-up and no pull-... Low LCD_G5 [RKO43FN4B..
PK1 LTDC_G6 na Alternate Function Pu.. No pull-up and no pull- . Low LCD_G6 [RK043FN4S. .
P2 LTDC_GT na Alterate Function Pu... No pull-up and no pul-... Low LCD_GT [RKO43FN4S...
P10 LTDC_HSYNC nla Alternate Function Pu... No pull-up and no pull-.. Low LCD_HSYNC [RKO43F...
P LTDC_R0 na Alternate Function Pu... No pull-up and no pull-_. Low LCD_RO [RKO43FN48...
PJO LTDC_R1 nia Alternate Function Pu.. No pull-up and no pull- . Low LCD_R1 [RKO43FN48...
PJ1 LTDC_R2 na Alternate Function Pu... No pull-up and no pull-.. Low LCD_R2 [RKO43FN48...
Pi2 LTDC_R3 nla Alternate Function Pu... No pull-up and no pull-... Low LCD_R3 [RKO43FN48...
PJ3 LTDC_R4 na Alternate Function Pu... No pull-up and no pull-_. Low LCD_R4 [RKO43FN48...
P4 LTDC_RS na Alternate Function Pu... No pull-up and no pull- LCD_RS [RKO43FN48.
PJ5 LTDC_R6 na Alternate Function Pu... No pull-up and no pull-.. Low LCD_R6 [RK043FN48...
Pl LTDC_RT nla Alternate Function Pu... No pull-up and no pull-... Low LCD_RY [RKO43FN48...
P19 LTDC_VSYNC n/a Alternate Function Pu__. No pull-up and no pull- . Low LCD_VSYNC [RK043F.

Board Bring Up

LTDC Mode ane

d Configuration

How To: 3. Framebuffer in internal RAM

23



https://support.touchgfx.com/docs/development/board-bring-up/how-to/03-display-internal

3. Framebuffer in internal RAM

Do

S7
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Parallel RGB Displays

Setup framebuffer in internal RAM

Configure the GPIO connections to the display
Configure the LTDC controller

Configure the LTDC pixel clock

Setting the framebuffer address

Check the framerate

Categories
System Core >
Analog >
Timers >
Caonnectivity >
Multimedia ~
DCcMmi
@ HDMI_CEC
@ 1281
@ 1252
@ 1253
@ SAI
SAI2
SPDIFRX
Security >
Computing
Middleware >
Application >

Board Bring Up

LTDC Mode and Configuration

Mode
Display Type [RGB888 (24 bits) v
Configuration
Reset Configuration
IConfigure the below parameters
EmEmE] © o °

~ Number of Layers
Number of Layers
~ Windows Position
Layer 0 - Window Horizontal Start
Layer 0 - Window Horizontal Stop
Layer 0 - Window Vertical Start
Layer 0 - Window Vertical Stop
~ Pixel Parameters
Layer 0 - Pixel Format
~ Blending
Layer 0 - Alpha constant for blending
Layer 0 - Default Alpha value
Layer 0 - Blending Factor1
Layer 0 - Blending Factor2
~ Frame Buffer
Layer 0 - Color Frame Buffer Start Adress
Layer 0 - Color Frame Buffer Line Length (Image Width)
Layer 0 - Color Frame Buffer Number of Lines (Image Height)
~+ BackGround Color
Layer 0 - Blue
Layer 0 - Green
Layer 0 - Red

1 layer

0
480
0
272

RGB56A

255

0

Alpha constant x Pixel Alpha
Alpha constant x Pixel Alpha

0xC0000000
480
212

0
0
0

How To: 3. Framebuffer in internal RAM
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Board Bring Up

3. Framebuffer in internal RAM
* Do

B

v
5 5 I & 33 37
2 @ £ 5 P g5

@ O O/%
H

v
¢ ]
g
: z
<
v

56 (ke -
ok ux T —
.

151 RC - P
P R i [ ] = R
° a ra | I el G B D IS I a S Sl SYSGLK (WHz) AHB Prescaler  HOLK (M) APB2 Prescaler
o HSE —
! O e[ w0 |eeln ] iz v} - 100 |Hee peripherat loos i)
PLL Source i PLcwk| 216 bz max
@® - locks (MHz)

« Setup framebuffer in internal RAM :jﬁ‘fj " L+ ot
« Configure the GPIO connections to the display e
» Configure the LTDC controller

« Configure the LTDC pixel clock

» Setting the framebuffer address

* Check the framerate

A
T i3
E i i

v

10884 ¢

"l How To: 3. Framebuffer in internal RAM 25
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3. Framebuffer in internal RAM
* Do

S7
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Parallel RGB Displays
Setup framebuffer in internal RAM
Configure the GPIO connections to the display
Configure the LTDC controller
Configure the LTDC pixel clock
Setting the framebuffer address
Check the framerate

Board Bring Up

HAL LTDC SetAddress(&hltdc, framebuffer, LTDC LAYER 1);

uint8 t r = Oxff, g = @xe0, b =

0x00;

uintlé_t col = ((r>>3)<<11) | ((g>>2)<<5) | (b>>3);

for(int i = 9; i < W¥H; i++) {
framebuffer[i] = col;

!

J

How To: 3. Framebuffer in internal RAM
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Board Bring Up

FMC Mode and Configuration

Categories Mode
([ ] > NOR Flash/PSRAM/SRAMROMLCD 1
. System Core ~
> NOR Flash/PSRAV/SRAMROMLCD 2
M > NOR Flash/PSRAM/SRAMROMLCD 3
CORTEX_M7
. . DA > NOR Flash/PSRAV/SRAMROMLCD 4
* Motivation B
IWDG v
Elock and chip enable [SDCKE0+SDNED ~]

Internal bank number‘A banks V‘

« External RAM is often required since the -

Datal[16 bits ~]
framebuffer(s) does not fit in internal RAM | o e e e 7
> SDRAM 2
Timers >
Connectivity v
e Goal '
@ CAN1
@ CAN2
ETH
A FMC
 Enable External RAM and be able to r/w o —
@ 12c2
[ [ @ 12C4
° rerequisites
@ SPH
SPI2 Configure the below |
@ sPi3 [i ]
* |Information about the RAM * const
© sPis Bank SDRAM bank 1
g EQEE Number of column address bits 8 bits
. . @ UARTT Number of row address bits 12 bits
* |Information about connection between the 5 ey ok
@ USART2 SDRAM common clock 2 HCLK clock cycles
M ‘ | ' a n d RAM @ USART3 SDRAM common burst read Enabled
USARTE SDRAM commeon read pipe delay 0 HCLK clock cycle
USB_OTG_FS ~+ SDRAM timing in memory clock cycles
USB_OTG_HS Load mode register to active delay 2
Exit self-refresh delay 7
. O Self-refresh time 4
Muttimedia ? SDRAM common row cycle delay 7
Wite recovery time 3
. Security 4 SDRAM common row precharge delay 2
Row to column dela 2
« Setup in STM32CubeMX — v
« Some RAMSs needs extra C code
n xtr

) /4

life.augmented

How To: 4. External RAM
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Board Bring Up

al ]

FMC Mode and Configuration

Mode
> NOR Flash/PSRAM/SRAMROMILCD 1
System Core v
> NOR Flash/PSRAM/SRAMROMLCD 2
M > NOR Flash/PSRAM/SRAMROMLCD 3
CORTEX_M7
Y oA~ > NOR Flash/PSRAM/SRAMROMILCD 4
> NAND Flash 1
" IWDG ~
Cloek and hip enable[SDCKEQ+ SDNEQ V]
Intemal bank number |4 banks ~]
- . WWDG
° I V I n ddiess 12 bits 2] Max: 12 bits
Dt 16 bits ~]
Analog > Byte enable [Disable v]
> SDRAM 2

Timers >

« External RAM is often required since the oty
.

framebuffer(s) does not fit in internal RAM 85k
ETH
Search Signals
[Search crrA | [ Show only Modified Pins
@ i2c2
| ___PinName | SignalonPin | _GPIO output level ] __GPIO mode | GPIO Pullup/Pullown | Maximum output speed | UserLabel | Modiied ]|
) G O a I @ 12c4 PE12 FMC_D9 nfa Alternate Function Pu... No pull-up and no pull-... Very High FMC_D9 [MT48LC4M.
PE13 FMC_D10 wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_D10 [MT4BLCS...
> Spumet PEW FMC_D11 wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_D11 [MT48LCS...
i PE15 FMC_D12 wa Alternate Function Pu... No pul-up and no pull-. Very High FMC_D12 [MTABLCS...
@ 5P PFO FMC_AD wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_AQ [MT4BLCAM...
° E n a b I e Exte rn a I RA M a n d b e a b I e to r/W @ spu PF1 FMC_A1 wa Alterate Function Pu... No pul-up and no pull-. Very High FMC_AT [MT4BLCAM...
@ sPis PF2 FMC_A2 wa Alternate Function Pu... No pul-up and no pull-. Very High FMC_A2 [MT4BLCAM...
@ sPis PF3 FMC_A3 nia Alternate Function Pu.. No pull-up and no pull-_.. Very High FMC_A3 [MT4BLC4M. ..
@ UART4 PF4 FMC_A4 nfa Alternate Function Pu... No pull-up and no pull-... Very High FMC_A4 [MT48LC4M..
@ UARTS PF5 FMC_AS nfa Alternate Function Pu_ No pull-up and no pull- Very High FMC_AS [MT4BLCAM...
. ] @ UART? PF11 FMC_SDNRAS nia Alternate Function Pu_ No pull-up and no pull-_. Very High FMC_SDNRAS [MT45.
[ P re re u I S I te S © UARTe PF12 FMC_A6 a Alternate Function Pu_ No pull-up and no pull-. Very High FMC_A6 [MT48LCAM
@ USART? PF13 FMC_AT wa Alterate Function Pu... No pul-up and no pull-. Very High FMC_AT [MT4BLCAM...
© USART PF14 FMC_AB wa Alternate Function Pu... No pul-up and no pull-. Very High FMC_AB [MT4BLCAM...
USARTS PF15 FMC_A9 nia Alternate Function Pu.. No pull-up and no pull-_.. Very High FMC_A9 [MT4BLC4M...
R USB_OTG_FS PGO FMC_A1 wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_A10 [MT4BLCS...
USB_OTG_HS PG1 FMC_AT1 wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_A11 [MTABLCS...
° I n fo rl I l at I O n a b O u t t h e RA M PG4 FMC_BAO wa Alternate Function Pu... No pul-up and no pull-. Very High FMC_BAD [MT48LCA
PGS FMC_BA1 wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_BAT1 [MT48LCA
Multimedia > PGS FMC_SDOLK wa Alterate Function Pu... No pul-up and no pull-. Very High FMC_SDOLK [MT46L..
PG5 FMC_SDNCAS wa Alternate Function Pu.. No pul-up and no pulk-.. Very High FMC_SDNCAS [MT46... ]
H H Securty > PH3 FMC_SDNEO wa Alternate Function Pu... No pul-up and no pulk-. Very High FMC_SDNEO [MT4L
e |Information about connection between the e s Dt i P e g o e e St s
Computing >

(2] Select Pins from table to configure them. Multiple selection is Allowed.

MCU and RAM
¢ D O FMC_SDRAM_CommandTypeDef Command;
[ ] S etu p i n S T M 3 2 C u b e M X Command . CommandMode M_CMD_CLK_ENABLE;

Command . CommandTarget RAM_CMD_TARGET_BANK1;
Command . AutoRefreshNumber
command.ModeRegisterDefinition

« Some RAMs needs extra C code

endCommand (&hsdraml, &Command, SDRAM_TIMEOUT)

How To: 4. External RAM 28
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/* FMC SDRAM control configuration */

SdramHandle.Init.SDBank = FMC_SDRAM BANK2;
/* Row addressing: [7:0] */
SdramHandle,Init.ColumnBitsNumber = FMC SDRAM COLUMN BITS NUM 8;

/* Column addressing: [11:0] */
Y 4 Exte rn a I Ra m SdramHandle.Init.RowBitsNumber FMC SDRAM ROW BITS NUM 12;
[ SdramHandle.Init.MemoryDataWidth = SDRAM MEMORY WIDTH;
SdramHandle.Init.InternalBankNumber FMC SDRAM INTERN BANKS NUM 4;
SdramHandle.Init.CASLatency = SDRAM CAS5_ LATENCY ;

. .

[ Motlvatlon SdramHandle.Init.WriteProtection FMC SDRAM WRITE PROTECTION DISABLE;
SdramHandle.Init.SDClockPeriod = SDFST‘('J(.‘K_PF'.RTOTJ;
SdramHandle.Init.ReadBurst SDRAM READBURST;

° External RAM |S Often reqU|red S|nce the SdramHandle.Init.ReadPipeDelay = FMC SDRAM RPIPE DELAY 1;

g on . - o .. Memory 1 x
/* SDRAM controller init
framebuffer(s) does not fit in internal RAM e e ey ——— e
BSP SDRAM MspInit (&Sdram O=cfFFEESD ~
° G I if (HAL_SDRAM Init (&Sdram| g"eesfe n
Oa { Qxct ££££00
sdramstatus = SDRAM ERI| OxcfffffcD
) Ozcffffid
« Enable External RAM and be able to r/w Oncttiiicd
{ 0xd0000000 12345678 87654321 [ABCDAEC0 [onoooooo

sdramstatus = SDRAM OK | Oxd0000010 00000000 0O0OOOOOO OODOOOOOO OOOOOOOO

[} PrereqUiSiteS } O0xd0000020 00000000 0QOOOOOOO 0OOOOOOO O0OOOOOO

0xd0000030 00000000 00000000 00000000 00000000
e 0xd0000040 00000000 00000000 00000000 00000000
/* SDRAM initialization | xd4pp00050 00000000 00000000 00000000 OO00DO00

* |nformation about the RAM BSP SDRAM Initialization | 0xd0D000ED 00000000 00000000 00000000 00000000

0xd0000070 00000000 0QOOOOOOO 00OOOOOOO O0OODOOOO
return sdramstatus; 0xd00000B0 000O0OO0ODO 0O0OOOOOOO OOOOODOOO OOOQOOODO v

* |nformation about connection between the )
MCU and RAM
uint32_t *externalRAM = BxC000000;

° DO const uint32_t size = 1000;

e Setup in STM32CubeMX for(int i = @; i < size; i++)

{
« Some RAMs needs extra C code externalrAM[i] = i;

}

"l How To: 4. External RAM 29
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5. Framebuffer in external RAM

* Motivation

« Getting graphics on the display from External
RAM

e Goal

« Remove Framebuffer from Internal RAM, and
have the Framebuffer in external RAM

* Prerequisites
« Address of the framebuffer in the external RAM
Do
* Place the framebuffer in external RAM

« Setup the display controller to read from the
external RAM

"l How To: 5. Framebuffer in external RAM 30
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* 5. Framebuffer in external RAM .
« Motivation ———

» Getting graphics on the display from External T >
RAM Connect tivity >

) G O a I DCMI . o .
8 E[SJF;'ILCEC r_.,\l:l G &
» Remove Framebuffer from Internal RAM, and 20 T e

. ~ Windows Position
@ SAI -
have the Framebuffer in external RAM s Mo .
SPDIFRX Layer 0 - Window Vertical Start 0

Layer 0 - Window Vertical Stop 272

* Prerequisites T

Layer 0 - Pixel Format

~ Blending
. Computing ’ Layer 0 - Alpha constant for blending 255

« Address of the framebuffer in the external RAM e : |
Layer 0 - Blending Factor1 Alpha constant x Pixel Alpha
Layer 0 - Blending Factor2 Alpha constant x Pixel Alpha

Application ’ ~ Frame Buffer
° D O [ Layer 0 - Colar Frame Buffer Start Adress 0xC0000000 |
Layer 0 - Color Frame Buffer Line Length (Image Width) 480
Layer 0 - Color Frame Buffer Number of Lines (Image Height) 272
H ~ BackGround Colar

+ Place the framebuffer in external RAM :
Layer 0 - Green 0
Layer 0 - Red 0

» Setup the display controller to read from the
external RAM

"l How To: 5. Framebuffer in external RAM 31
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QUADSPI Made and Configuration
Mode

- 6. External addressable flash . — :

CORTEX_M7
DMA

 Motivation

« External Flash memory is often needed in
graphic application since it consist of a lot of
images. oy

 Goal

@ 12C2 l%l [ Show only Modified Pins
* Enable external flash In memory mapped mode o I P o S TRy P S N P

QUADSPI_CLK u... Mo pull-up and no pull- . Very High

P ]
. PB& QUADSPI_BK1_NCS nfa Alternate Function Pu... No pull-up and no pull-... Very High QSPI_NCS [N25Q128...
n d r d d t fr m t > :g‘rfmm P11 QUADSPI BK1 100 n/a Alternate Function Pu_.. No pull-up and o pull-_ Very High QSPI_DO [N25Q128A1
a ea a a O I = spi2 PD12 QUADSPI_BK1_I01 nfa Alternate Function Pu... Mo pull-up and no pull-... Very High QSPI_D1 [N25Q128A1...
@ 5P PD13 QUADSPI_BK1_I03  nfa ction Pu__ No pull-up and no pull- Very High QSPI_D3 [N25Q128A1...
_BK1_| nia lternate Function Pu___ No pull-up and no pull-_. Very Hig I - M
@ sPi PE2 QUADSPI_BK1_I02 /. Al F P N Il d Il-._. Very High QSPI_D2 [N25Q128A1 /]
@ SPIA

* Prerequisites
* Information about the flash

* Information about connection between the
MCU and flash

Do
» Setup in CubeMX
,’ Setup Memory Mapped mode in code How To: 6. External addressable flash 32
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main.c

6. External addressable flash

QSPI_MemoryMappedTypeDef s mem mapped cfg;

* Motivation

. . s_command.InstructionMode = QSPI_INSTRUCTION 1 LINE;
° External FlaSh memow IS Often needed N s_command.Instruction = QUAD INOUT FAST READ CMD;
. . . . . . s_command . AddressMode = QSPI_ADDRESS_4_LINES;
graph|c app||cat|on since it consist of a lot of s_command..Addresssize _ QSPI_ADDRESS 24 BITS;
. s_command.AlternateByteMode = QSPI_ALTERNATE BYTES NONE;
ImageS s_command.DataMode = QSPI_DATA 4 LINES;
s_command.DummyCycles = N25Q128A DUMMY CYCLES READ QUAD;
s_command.DdrMode = QSPI_DDR_MODE_DISABLE;
« Goal - QSPT_DDR_MODE_ :

s_command.DdrHoldHalfCycle = QSPI_DDR_HHC_ANALOG_DELAY;
s_command.SI0OOMode = QSPI_SI00_ INST_ EVERY_ CMD;

* Enable external flash In memory mapped mode
and read data from |t s_mem_mapped_cfg.TimeOutActivation = QSPI_TIMEOUT COUNTER DISABLE;

L if (HAL_QSPI_MemoryMapped(&QSPIHandle, &s command, &s mem mapped cfg) != HAL_0OK)
* Prerequisites _:-

return QSPI_ERROR;
1

* |Information about the flash

* Information about connection between the
MCU and flash

Do
» Setup in CubeMX
’l Setup Memory Mapped mode in code How To: 6. External addressable flash 33
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6. External addressable flash

* Motivation

« External Flash memory is often needed in
graphic application since it consist of a lot of
images_ :Zﬁzti:jnuinﬂz_? *externalFlash = ©x90000000;

= 1000;

result = 9;

e Goal

* Enable external flash In memory mapped mode
and read data from it.

* Prerequisites
* Information about the flash

* Information about connection between the
MCU and flash

Do
» Setup in CubeMX
’l Setup Memory Mapped mode in code How To: 6. External addressable flash 34
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o 7. External flash in block mode

* Motivation

* Non-Memory-Mapped Flash memory requires
a driver to work with TouchGFX

e Goal

« Adriver that can read from a location in the
flash memory and store it in an array.

* Prerequisites
* Information about the flash

* Information about connection between the
MCU and flash

* The flash speed

"l How To: 7. External flash in block mode 35
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o 7. External flash in block mode
* Do

» Configure the NAND flash via STM32CubeMX

« Set the QSPI flash, similar to memory-mapped

S7

life.augmented

via the FMC

Including GPIO
Add code to read from an address of the flash

Board Bring Up

Pinout & Configuration Clock Configuration

Categories | A->Z
Connectivity

FDCAN1
FDCAN2
12C1
12C2

12C3

LPUART1
MDIOS

OCTOSPI2

Additional Software

FMC Mode and Configuration

> NOR Flash/PSRAM/SRAM/ROM/LCD 1
> NOR Flash/PSRAM/SRAM/ROM/LCD 2
> NOR Flash/PSRAM/SRAM/ROM/LCD 3
> NOR Flash/PSRAM/SRAM/ROM/LCD 4
~ NAND Flash 1

[ NCE Chip Select

> SDRAM 1
> SDRAM 2

void readNonaddressableFlash(utnt32 t from, uint8 t *into, uint32 t n)

uint8 t bytes[1ee0];

31212, bytes, 1€00);

How To: 7. External flash in block mode 36
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8. Hardware acceleration

¢ M Otivation . Additional Software
Q DMA2D Mode and Configuration

« The Chrom-ART (DMA2D), has the possibility _
to drastically improving the graphical

i
performance by transferring data from memory , :

!
|nt0 th e fra me bUffe r Connectiity ’ & Parameter Setlings | @ User Constants

Multimedia v Configure the below parameters

Pinout & Configuration Clock Configuration

+ Goal . fmicin ] ©  © o
DCMmI ~ Basic Parameters
. Transfer Mode
* Enable Chrom-ART and read and write data
. . 281 Output Offset 0
t 1282 DMAZ2D Bytes Swap Bytes in regular order in output FIFO
u S I n g I 1253 DMAZ2D Line Offset Mode Llrwe offsets expressed in pixels

1256 ~ Foreground layer Configuration

= . JPEG DMAZD | Color Mod RGB565
* Prerequisites OMAZD ALPHAMODE.

Mo modification of the alpha channel value
PSSI

Input Alpha 0
« MCU with Chrom-ART sz S :
WI ro m = SPDIFRX DMAZ2D ALPHA Inversion Regular Alpha
) DMA2D Red and Blue swap Regular mode (RGB or ARGB)
DMA2D Chroma Sub-Sampling M... No chroma sub-sampling 4:4:4
Do

» Setup Chrom-ART in STM32CubeMX

» Add code to fil a specific color in a rectangle in
"l target memory How To: 8. Hardware acceleration 37
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<
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Clock Configuration

Additional Software
NVIC Mode and Configuration

Configuration

.
e 8. Hardware acceleration B
" " | NVCintemuptTable _____JEnabledPreempif

BDMA1 Non maskable interrupt 0

° Motivation BDMA2 nardfault interrupt — (_]

emory management fault |

DMA Pre-fetch faul faul m o

ot o ey et u

° T h C h _A RT ( D MA2 D ) h th p . b . I -ty Nu’!uDMA System senvice call via SWI instruction 0

e rom ) aS e OSSI I I gz::gbr;lozz‘eslfnrsyslem senvice (\]

. . . . s ick M 5

to drastically improving the graphical N T 5

Flash global int O s

performance by transferring data from memory ot gt S

EXTl line2 int m 5

. i ’ Time Ln;ern'r;\;!rzzlobat interrupt, DAC1_CH1 and DAC1_CH 0

into the framebuffer " o g e :

" DwDgom e §

. Goal S :

0 a Multimedia : ggif;'fifzzfmm :

pemi 12C4 error interrupt 0O s

. HSEM1 global interrupt O s

 Enable Chrom-ART and read and write data G

using it

Pinout & Configuration

Clock Configuration
Additional Software

NVIC Mode and Configuration

* Prerequisites i —

EOES e

M C H h Ch ART System Core o - NVIC _ Code generation
° U wit rom- B Solect for (2] Generate IRQ handler
¢ Memory management fault V| ]
BDMA1 Pre-fetch fault, memory access fault O O
BDMA2 Undefined instruction or illegal state O O
L4 D O System senice call via SWI instruc O O O
DMA Debug monitor O O
. WDG1 Pendable request for system service O O O
System tick timer O O O
i Setup Chrom-ART In STMSZCUbeMX EXTI line2 interrupt O
Time base: TIMG global interrupt, D O
. . . . LTDC global interrupt O
+ Add code to fil a specific color in a rectangle in s M0 gt 0
global interrupt O
‘ ,l ta rget memaory How To: 8. Hardware acceleration 38
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main.c

8. Hardware acceleration

#include “stm32f7xx_hal dma2d.h"

« Motivation

« The Chrom-ART (DMA2D), has the possibility
to drastically improving the graphical woorey
performance by transferring data from memory
into the framebuffer

nam.
hdma Inst
hdma2d. Instanc

® Goal HAL_DMA2D_Start_IT(&hdma2d, color, (unsigned int)dstPtr, rectangleWidth, rectangleHeight);

« Enable Chrom-ART and read and write data
USing it hdma2d . XferCpltCallback = DMA2D XferCpltCallback;

* Prerequisites
. MCU with Chrom-ART
Do
» Setup Chrom-ART in STM32CubeMX

» Add code to fil a specific color in a rectangle in
"l target memory How To: 8. Hardware acceleration 39
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e o] @ 12C1 Mode and Configuration
figs A->Z

Mode

12cl2c ~]

9. Touch Controller S

* Motivation
» Setting up the Touchcontroller, enables the e

SPI2
H H H . SPI3 |
users to interact with the application
SPI§ [i ]
SPI6
E:EE 12C Speed Mode Standard Mode %
PS Oal LART? i \ZCﬁC\m:l:Speed (Hz) 100000
G A
USART1 Coefficient of Digital Filter 0
USART2 Analog Filter Enabled
" USART3 v Slave Features
 Touch coordinates can be read from the touch
USBOTGFS & Prima ry Address Len gth selection T-bit
USB_OTG_HS Dual Address Acknowledged Disabled

ppppp ry slave address

controller N | OEEEE
* Prerequisites
« Display with a touch controller main.c

uintlée t x;

* Drivers to read from the touch controller wint16_t y;

TouchControllerstate state;
° DO if (myTouchController GetState(&state))
:

« Setup the communication with the touch = ctote ton
controller

‘_:. Driver code for touch controller communication
’l How To: 9. Touch Controller 40
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* 10. Physical Buttons

* Motivation USER BUTTON

L
-
i

—

» Physical buttons can function as an external ~H
] " . L Bz. ~
events t.o interact with the application, or as an e A B zllsw-msa-rs-mu-muc
alternative to touch {5
 Goal (WAKEUP "C”l O 1
. . ) ) 90 LRIl | LESDALCEVI-IL
» Setup the application to receive input from a Tww 100K
button

100nF should be place close to the MCU
10pF and 1K should be place close to the button

* Prerequisites
* Physical button connected to MCU
Do

» Setup the GPIO for the button in
STMCubeMX32

» Add code to react on the GPIO

’l How To: 10. Physical Buttons 41
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Search Signals

10. Physical Buttons

. . |:| [ Show only Madified Pins
* Motivation o N ISl G0 aup TGP0 muiefort M o e User L Lt
nfa Low Cutput Pu._. Pull-up Low n/a LCD_OM/...
« Physical buttons can function as an external E‘Qlﬁ va o oumtPu Nopsiun Lo lus E’EIEE{... ‘
. . . . PBE15 nfa Low Output Pu__. Mo pull-up... Low n/a FRAME_R...
events tO |nteraCt Wlth the appllcatlon, Or aS an PC13 nfa n/a Input mode  Pull-down  nia n/a BTH_USER
R PG2 nfa Low Output Pu... No pull-up... Low n/a LED2
alternative to touch S P At T R N m
° Goal GPIO mode |Ian|t mode V|
GPIO Pull-up/Pull-down |F'L|Il-d0wn ~ |
» Setup the application to receive input from a SR |
button
* Prerequisites
» Physical button connected to MCU main.
i DO '[;;[nEi.&f_lt?ll-i‘ﬂ_ﬁeadZ’ir'l::_GPIC}L'_. GPIO_PIN_13) != GPIO_PIN_ RESET)

» Setup the GPIO for the button in ke
STMCubeMX32

» Add code to react on the GPIO

’l How To: 10. Physical Buttons 42
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 11. Flash Loader

* Motivation

 Enable the solution to write data to the external
flash when programming

e Goal

« Select a mechanism for loading data to the
external flash

* Prerequisites
* Information about the flash

* Information about connection between the
MCU and flash

Do
* Flash loader for STM32CubeProgrammer
‘_:. Proprietary application-based solution

’l How To: 11. Flash Loader 43
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Where to go next?

 More information can be found in documentation:

Hardware Selection & Board Bring Up
* To get started with the Abstraction Layer Development, read the

TouchGFX AL Development Introduction

« Or watch the presentation

Abstraction Layer Development - Introduction



https://support.touchgfx.com/docs/development/hardware-selection/hardware-selection-introduction
https://support.touchgfx.com/docs/development/board-bring-up/board-introduction
https://support.touchgfx.com/docs/development/touchgfx-hal-development/touchgfx-al-development-introduction
https://support.touchgfx.com/docs/resources/presentations#abstraction-layer-development---introduction

Thank you
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