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Application Note FAN3207

Driving a 128x64 Graphic LCD with a Microcontroller:
A Programming Guide
This application note will present the project for driving the
G126FLGFGS164T33XAR Graphic LCD Module with an
STM32F411RE-Nucleo microcontroller development board.
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Driving a Graphic LCD with a Microcontroller Board

In this application the hardware used, and firmware developed to drive a graphic LCD will be
presented. The graphic LCD in this application note is the G126FLGFGS164T33XAR from Focus LCDs.
The STM32F411RE-Nucleo from ST Microelectronics will be the microcontroller board for this
project. The Firmware will be developed for the Nucleo-F411 board.

daaad Aax,
26060090

Figure 1: G126FLGFGS164T33XAR 128 x 64 Graphic LCD

Introduction

Driving the G126FLGFGS164T33XAR Graphic with images will require a microcontroller development
board and firmware. The development board chosen for this project is the STM32F411RE-Nucleo.
This application note will show the hardware and firmware development with the STM32F411RE-
Nucleo. The board has a 3.3V supply rail with enough current to power the LCD and SPI interface.
Though not required, a separate 3.3V power supply will power the backlight to ensure the required
amount of current is provided.

Contact Focus LCDs for more information on the graphic LCD and firmware.

The G126FLGFGS164T33XAR display used in this application is a 3.175" graphic LCD with a 128 x 64
monochrome dot resolution from Focus LCDs. This display is interfaced using the SPI protocol with 14

through hole pins.
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The main features of the G126FLGFGS164T33XAR are:
e 3.175” diagonal display, 128 x 64 dot resolution
e Monochrome color
e SPlInterface
e Transflective, FSTN Positive
e RGB LED Backlight
e ST7565P Display Controller
e Typical Operating Voltage: 3.3V

Hardware Requirements
The development board that will drive the display is STM32F411RE-Nucleo board as shown below.
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Figure 2: STM32F411RE-Nucleo Development Board

In addition to the development board, a piece of prototyping PCB is used to connect the display to
header pins. The display is soldered to the prototype PCB along with the header pins. This allows
standard Female-to-Male jumper wires to be connected between the dev board and display.
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Figure 3: 6126LGFG$164T33XAR with Adapter

In the table below the connections from the display and prototype board to the STM32F411RE
Nucleo are listed.

G126FLGFGS164T33XAR Display STM32F411RE-Nucleo
Pin Signal Function Pin Connector Port Signal
2 SCL Serial Clock 25 CN10 PB10 SCK
3 SI Serial Data 37 CN7 PC3 MOSI
4 vDD 3.3V Power 5 CN7 - VDD
5 AO Register 38 CN7 PCO AO
Select

6 /RESET Reset Signal 36 CN7 PC1 NRST
7 /CS Chip Select 16 CN10 PB12 NCS
8 VSS Ground 19 CN7 - GND

The image below shows the physical connections between the display and board.

Figure 4: Display Connected to Nucleo Board

www.FocusLCDs.com



http://www.focuslcds.com/

FOCUS LCDs

LCDs MADE SIMPLE"®

FAN3207 &

Development Tools

STM32CubeMX and STM32CubelDE

Developing applications will typically use STM32CubeMX for setting up peripheral initialization and
STM32CubelDE (integrated development environment) to code the application side. These tools can
be downloaded from the ST website. They do require an account to be created before downloading

the tools.
Here is the STM32CubeMX Development Tool:

[ STM32CubeMX Untitled - o X
- "
s, O File Window Help & Hello Tony fic) “ oxX09 ?\q Ly
Existing Projects New Project Manage software installations
Recent Opened Projects
SCROORSnAT Rrot A Check for STM32CubeMX and embedded software package
stm32f411_spi_demo.ioc mx| CHECK FOR UPDATES
Last modified date - 23/05/2024 15:59.18 Start My project from MCU
ACCESS TO MCU SELECTOR Install or remove embedded software packages
Other Projects. Eﬁ WesTae it
Start My project from ST Board
ACCESS TO BOARD SELECTOR
Start My project from Example
ACCESS TO EXAMPLE SELECTOR
4 4
New 600 MHz bootflash MCU with more
performance, scalability and security
s ) @
& About STMI2 P Extamal Tools

Figure 5: STM32CubeMX Initialization Code Generator

The STM32CubeMX tool will be used to configure the peripherals that will be used to drive the
graphic LCD. In this application the general-purpose |0 and the SPI serial port will be configured. In
addition, a USART will be configured in case the end user would like to use a serial port for

debugging.
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Next is the STM32CubelDE Development Environment:

[ workspace_1.14.1 - STM32CubelDE - o X
Fle Edt Sourcs Refoctor Navigate Search Project Run Window Help & HelloTony

o Sy o . B -G B0~ Q S =ty |t @ Q w6
= = B 2 Outine X (@ BuildTargets =n

There is no active editor that provides an
outline

&) Problems X ) Tasks ) Console (7] Properties § = B [ BuildAnalyzer X g8 Static Stack Analyzer () Cyclomatic Complexity =i
Oitems

Memory Regions| Memory Details
Region Stotoddress  Endoddress  Sae Free v

Figure 6: STM32CubelDE - Integrated Development Environment

After installation, STM32CubeMX or STM32CubelDE might request additional downloads depending
on the device series integrated into the project. When developing the firmware, an additional
download for the F4 series of devices was required for both tools.

STM32F4TIRE-Nucleo Project Development

In this section, the initial project generation will be presented. The steps to create a new project,
what files are to be added, initial modifications, building, and testing the firmware will be shown.

Start a New Project in STM32CubeMX

Open STM32CubeMX and select “Start My project from ST Board” from the available selections
under the “New Project”. This will bring up the board selection dialog. In the “Commercial Part
Number” drop down, type in “Nucleo-F411RE” This will then show the board in the “Board List” in
the lower half of the window. Click on the board image shown and a detailed view of the board will
be displayed in the upper half of the window.
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FEATURES

Embedded Sensor

User Button

STMI2F4 Series

AcTivE PartNumber : NUCLEO-F411

RE
Froductis in mass producten Commercial Part Number : NUCLEQ-F411RE

™ Buy —— Star Project

Unit Price (USS): 130

Mounted Dewce * STM32F

RUCLEO.FIIRE $TM32 Nucleo-64 development board with STM32F411RE MCU, supports Arduino and ST
morpho connectivity

The STM32 Nucleo-64 board provides an affordable and flexibée way for users
o try out new concepts and buikd prolotypes by choosing from the various
combinations of performance and power consumplion fealures, provided by the
'STM32 microcontroller. For the compatibie boards, the external SMPS
significantly reduces power consuMption In Run mode:

The ARDUING® Uno V3 connectivity support and the ST morpho headers aliow
the easy expansion of the functionalty of the STM32 Nucleo open development
platform with a wide choice of specialized shieids

The STM32 Nucleo-64 board does not require any separate probe as it
integrates the ST-LINK debugger/programmes

‘The STM32 Nucleo-64 board comes with the STM32 comprenensive free
software libraries and exampies avallabie with the STH32Cube MCU Package.

whe!
u’\l I NUCLEO-F411RE Nucleo 64 Active
.

130

Figure 7: Board Selection Window

Once the board has been selected, click on “Start Project” and select “No” in the initialize default
peripherals dialog.

[ Board Project Options: NUCLEQ-F411RE

0 Initialize all peripherals with their default Mode ?

X

Figure 8: Default Initialization Dialog

Peripheral Configuration

In this section the peripherals will be configured. Start in the “Pinout & Configuration” tab, and under
that select “System Core” to access the GPIO.

In the datasheet for the G126FLGFGS164T33XAR there are 3 pins that need to be configured to
control the display. The AO pin is the register select pin which determines if the SPI transfer is a
command (LOW) or data (HIGH). A0 will be initialized to idle high to avoid accidentally sending a
command. The next pin is RESET (NRST), which is active low. This pin will also be set to idle high to
avoid accidental resets. The chip select signal (NCS) will also be configured as a GPIO to have finer
control of when it gets activated. NCS is active low and like the other pins, it will idle high. These
settings are shown in the image below.
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[ STM32CubeMX stm32f411_spi_demo.ioc:

-
sTmz2 O
CubeMX

TM32F411RETx -

NV
¥ RCC
v SYS
WWDG
Analog
Timers
Connectivity
Multimedia
Computing

Middleware and Software Packs >

Pinout & Configu \

o) I—

STM32F411RET NUCLEO-FATIRE

File Window Help

stm32f411_spi_demo.ioc - Pinout & Configuration

Clock Configuration
v Software Packs

x Hello Tony

Project Manager
Vv Pinout

GPIO Mode and Configuration

|Group By Peripherals

Search Signals

‘ [ Show only Modified Pins

[P TS.anat oGP0 o[GRI0 m[GrI0 P [iaamu[usor Label Noded

7
PB12  wa Low Output ... No pull-... Low NeS ]
PCO n/a Low Output . No pull-.. Low AD
PC1 na High  Output ... Nopull-. Low NRST
OIS ™ T T BT

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

X

SHoxQO9xLbs

GENERATE CODE

Tools

£ Pinoutview ¥ System view

va

Figure 9: GPIO Configuration

Once the GPIO pins are configured, the SPI peripheral is next. In this application, SPI2 will be used as
SPI1 is unavailable. Again, in the “Pinout & Configuration” tab, select the “Connectivity” section to
gain access to SPI2 configuration. Under “SP12 Mode & Configuration” (center section) set the

Hardware NSS Signal to disable since a GPIO (NCS) will be used to select the ST7565P display
controller. Next, set the basic parameters for Motorola, 8-bits, and MSB first.

[ STM32CubeMX stm32f411_spi_demoiioc: STM32F411RET NUCLEO-F4TIRE
File Window Help ‘ Hello Tony
P 32F411RETx - NUCLEO-F411RE
Pinout & Configuration Clock Configuration | Project Manager
Vv Software Packs v Pinout
Q| v 3 SPI2 Mode and Configuration
——
o N Mode [Transmit Only Master v
I Hardware NSS Signal |Disable v I
Analog
Timers
121 Reset Configuration
2c2 .
12€3 { s
SDIO
VET o
spu [~ Basic Parameters
SPI5 Frame Format Motorola
USARTY Data Size 8 Bits
¥ USART2 First Bit MSB First
SIS n  Clock Parameters
USBOIG.FS Prescaler (for Baud Rate) 4
Clock Polarity (CPOL) High
Muimedia 2 Clock Phase (CPHA) 2 Edge
nced Parameters
Compuing CRC Calculation Disabled
NSS Signal Ty Software
Middieware and Software Pac... > LA

stm32f411_spi_demo.ioc - Pinout & Configuration GENERATE CODE

£ Pinout view

X

SHoX09x L/

Tools

£ System view

va

Q[

Figure 10: SPI Configuration
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The clock parameters are critical to the correct communication between the display and dev board.
Set the Baud Rate prescaler to 4 so that the serial clock is within the ST7565P clock limitations.
Looking at the ST7565P datasheet for the SPI clock timing diagram, it is shown that the clock idles

high, and that the data is read on the second edge. Set Clock Polarity to High and Clock Phase to 2
Edge.

Sl XD7><D6><DS><D4><D3><D2><D1><Do>

1 2 3 4 5 6 7 8

Figure 11: SPI Clock and Data Timing

Configuring USART?2 is straight forward as the default parameters require no changes. See the image
below for configuration. Though not used in this project, the USART is included for debugging.

[ STM32CubeMX stm328411_spi deme.ioc: STM32FATIRETk NUCLEO-F411RE o &

st @ File Window Help & Helio Tony @ n D X O Q k ‘W

GENERATE CODE

Clock Configuration Project Manager Tools
v Software Packs

System Core

Analog

ky/

a ‘Basic Paramets STM32F411RETX
P asic Parameters
SPI5 Baud Rate LaFPe4

Figure 12: USART2 Configuration

Finally, the clock will be configured. The default settings for the clock peripheral are good for this

application and will not be changed from the default values. The image below shows the clock
configuration.
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[ STM32CubeMX stm321411_spi_demo.ioc™: STM32F411RETk NUCLEO-F4T1RE
=
ST 'li File Window Help & Hello Tony
ubeMX

! stm32f411_spi_demo.loc - Clock Configuration
Clock Configuration

Project Manager

Pinout & Configuration

X

SHox0O9x s

GENERATE CODE

Tools

-:"‘v' B ofisE

v oy v

Figure 13: Clock Configuration

Project Management
The next section to configure is the “Project Manager” tab. Under the

tab will be 3 sections on the

left-hand side of the window. Make sure “Project” is selected. Here is where the project settings will
be entered. Provide a name for the project and then select the toolchain from the drop-down menu.

Keep “Generate Under Root” box checked.

[ STM32CubeMX stm326411_spi_demoiioc™: STM32F411REE NUCLEO-F411RE

ST™ ."

Hello Ton
CubeMX 1 4

File Window Help

F411RE stm32f411_spi_demo.ioc - Project Manager

Pinout & Configuration

X

SHex0O9xL4s

GENERATE CODE

Project Settings

Project Name

Project Location [

Application Structure [Advance:

[ Do not generate the main()

Toolchain Folder Location [

Code Generator

Toolchain / IDE Ijsn.mcmsme v| 4 Generate Under Rooj

Linker Settings

Advanced Settings Minimum Heap Size fx200

Minimum Stack Size fox400

Thead-safe Settings
Cortex-M4NS

[ Enable multithreaded support
Thread-safe Locking Strategy [Defautt

Mcu and Firmware Package

Mcu Reference [STM32Fa11RETx

Firmware Package Name and Version [STM32Cube FW_F4 V128.0

Use Default Firmware Location

Firmware Relative Path

Figure 14: Project Settings
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In the next section “Code Generation”, make sure the radio button “Copy only the necessary files” is
selected and that the check boxes “Generate peripheral code initialization as a pair of ‘.c/.h’ files”,
“Keep User Code when re-generation”, and “Delete previous generated files when not re-

generated”.

[ STM32CubeMX stm32f411_spi_demo.ioc™: STM32F411RET NUCLEO-F411RE

Pinout & Configuration

Project

STM32Cube MCU packages and embedded software packs

® Copy only the necessary library files

Window Help

stm32f411_spi_demo.ioc - Project Manager

Project Manager

Clock Configuration

X

@Hoex09x s

GENERATE CODE

x Hello Tony

O Add necessary library files as reference in the tooichain project configuration file

Cenerated mes

Generate peripheral initialization as a pair of ¢/ ' files per peripheral
] Backup previously generated files when re-generating
Bl Keep User Code when re-generating

Delete previously generated files when not re-generated

Advanced Settings

HAL Settings

[ Enable Full Assert

Set all free pins as analog (to optimize the power consumption)

User Actions.

Before Code Generation

After Code Generation

Template Settings

Select a template to generate customized code

Settings

Figure 15: Code Generator Settings

The final step in setting up the project is to click on “GENERATE CODE".

o

MX

STM3? File
Cubel

CI— ,

[Z] STM32CubeMX stm32f411_spi_demo.ioc: STM32F411RETk NUCLEO-F411RE

Window

Vv Software Packs
SPI2 Mode and Configuration

Vv Pinout

Mode [Transmit Only Master

System Core >
Analog >
Timers >

Hardware NSS Signal [Disable

Figure 16: Generate

13

: ¥ Pinout view

o X O«

x Hello Tony

GENERATE CODE

Project Manager Tools

H £
EREREREEBEEEEEE
Code
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Once the code generation is completed the following dialog box will allow the project to be opened
within the STM32CubelDE.

[ Code Generation X

The Code is successfully generated under :
C:/Users/tonys/STM32CubelDE/workspace_1.14.1/stm32f411_spi_demo
Project language : C

Open Folder | | Open Project

Figure 17: Code Generation Successful

STM32CubelDE

[ workspace_1.14.1 - stm32f411_spi_demo/Core/Src/main.c - STM32CubelDE - o X

File Edit Source Refactor Navigate Search Project Run Window Help & Hello Tony

N R S R R T C AR R B Rt R NI R TR SRR R A i ) q ®|@E

¢ Project Explorer X E8Y § 0 Rmaincx [{st7565h 47

v [ stm32f411_spi_demo 1 /* USER CODE Bi
& Binaries

= B = Outline X (® Build Targets A |
~ SRR e % §

mainh

spih

usarth

) Includes
v @ Core
v Inc gpioh
) gpioh #7565
SystemClock Config(void)  void
main(void): int
SystemClock Config(void)
Error_Handler(void) : vc
ert f W1, wint32.1) : voi

B mainh
W spih
[ 75650
[B) stm32f4cx_hal_confh
[ stm32fdocith
i usarth

v s
[§ gpioc

Q) mainc

Moo TEEEELE

@ spic * Incl
[4) st7s65.c 20 #in(imj: msxn;vh

21 #include “"spi.h”
i eI 22 sinclude "otart.h"
o stmfan e

23 #include “gpio.h”

g sysealls.c 24 sinclude "5t7565.h"
4 sysmem.c 25
4] system stm32fdxcc 268 vat e .
9 usartc

& Startup

8 Drivers

& Debug

[ stm326411_spi_demo.ioc

= stm326411_spi_demo Debug.launch

& STM32F411RETX_FLASH.Id
& STM32F411RETX_RAM.Id

(*] problems &) Tasks @ Console X [T Properties “B-8v=o

i Build Analyzer X g Static Stack Analyzer () Cyclomatic Complexity =y
No consoles to display at this time.

R

Memory Regions Memory Details
Region Sartaddress  Endaddress  Sae Free u

<

Writable Smart Insert 95:29: 2567 =]

Figure 18: IDE Project

Now that the project setup with STM32CubeMX is complete, the project can be opened in the IDE.
There will be several pre-generated files including header and source files for the different

peripherals. Modification will be made to the main.c file along with the addition of st7565.h and
st7565.c files.
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Add Files

Two files need to be added to the project: st7565.h and st7565.c. Place these files in the Inc and Src
folders of the project. Then right click the top-level project file in Project Explorer and select refresh
to update the project with the new files. Contact Focus LCDs to obtain the individual files or the
complete set of project files.

Currently, the st7565.h file contains the command definition for the ST7565 controller chip along
with display specific definitions. Function prototypes for interfacing with the SPI bus, for controlling
the display features, and the graphic functions are all included in this file. The st7565.c file contains
the definitions of the functions used to send commands and data over the SPI bus and controlling
the display. The graphic functions have not had their code added at this time but might be included
in a future release.

Modify the Code

In main.c a few modifications are needed to complete the application. The #include “st7565.h”
needs to be added to the code. After the generated includes, the previous line gets placed between
the USER CODE BEGIN/END includes comments as shown below.

189 /* USER CODE END Header */
19 eI e e e e e e e e e e e e e */
20 #include "main.h"
21 #include "spi.h"
22 #include "usart.h”
#include "gpio.h"

27 [/* USER C
28 #include
29 /* USER CODE END Includes */

L Private WpedEl s e e s e St e S 4

Figure 19: Include the st7565.h Header File

The final modification is to add the code for initializing the display and updating what is displayed on the
screen.

89 /* Initialize

90 MX_GPIO_Init();

91 MX_SPI2_Init();

92 MX_USART2_UART_Init();
93

* USER CODE BEGIN 2 */

95 uint8_t setContrast = @x1C; // middle contrast/brightness
96 ST7565_Init(setContrast);
97 ST7565_UpdateDisplay();

99  /* USER CODE END 2 */

Figure 20: Display Init and Update Code
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Change the Optimization Settings

The next step in creating the firmware is setting the optimization level. The typical setting is -02’ for
a good compromise between execution speed and code size. If left at *-O0’ there would be no
optimization for execution speed and code size. Depending on whether debugging the application
code or releasing the application code the optimization settings can be adjusted. In this application it
will be changed to -02’.

First, in Project Explorer right click on the project and select properties.

In the pop-up window, select C/C++ Build->Settings. Then in the Tool Settings tab on the right, select
Optimization and set the Optimization level to -02.

LCDs MADE SIMPLE"®

< FOCUS LCDs

10¢ | Properties for stm32f411_spi_demo [m) X
lt.pef\lte(text Setting f= 4 v g
Resource
Builders
v C/C++ Build Configuration: |Debug [ Active ] ~ | Manage Configurations...

Build Variables
Environment

Logging i85 Tool Settings | # Build Steps Build Artifact | &} Binary Parsers| @ Error Parsers
Settings
C/C++ General ® MCU Toolchain Optimization level Optimize more (-02) I
2 = i
CMSIS-SVD Settings @& MCU Settings ] Place functions in their own sections (-ffunction-sections)

(2 MCU Post build outputs

Project References
v 3 MCU GCC Assembler

Run/Debug Settings

Place data in their own sections (-fdata-sections)
[[] Assume loading data from flash is slower than fetching instruction (-

(2 General
(= Debugging [] Disable "strict aliasing” optimization (-fno-strict-aliasing)

(2 Preprocessor

(2 Include paths

(2 Miscellaneous
v 83 MCU GCC Compiler

(2 General

(= Debugging

(2 Preprocessor

2 Include paths

(% Optimization

Figure 21: Optimization Levels

The final step is to build the project. This step ensures that there are no missing dependencies. If
there are any errors or warnings, resolve those issues before continuing with the firmware project.

In the Appendix, additional information is included to support expansion to graphical application.
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FOCUS LCDs

LCDs MADE SIMPLE®
The following images show a simplified, monochrome Focus LCDs logo on the graphic LCD with the
various backlight colors.
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Figure 22: Graphic LCD with Logo, no Backlight

Figure 23: Graphic LCD with Logo, Green Backlight
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Figure 24: Graphic LCD with Logo, Blue Backlight

Figure 25: Graphic LCD with Logo, Red Backlight

17

www.FocusLCDs.com


http://www.focuslcds.com/

FAN3207 & FOCUS LCDs

Summary

In this application note it was shown how to connect and drive a graphic LCD. This application can be
used as a reference to drive any of the Focus LCDs graphic display that use the ST7565 controller
chip. An STM32 Nucleo board was used as the development board to drive the display. Wiring the
display to the development board required a small piece of prototyping board for the connections.
The tools provided by ST Microelectronics aided in the development of the application firmware by
generating all the low-level peripheral code.

Appendix

Turning the code into a larger graphical application requires several modifications. Making the code
modaular is the priority by splitting out the functions into 3 levels. The code presented in this
application note was just to show how to set up a development board, connect to the display, and
drive an image to the display.

The lowest level of code above the SPI interface code would be the ST7565 header and source files.
The header file should just contain the command (and associated data) defines along with the
external SPI handle and function prototypes. The source file should only contain the command and
data functions. This would be the only level that interfaces with the SPI peripheral. By setting up the
code this way allows the ST7565 files to be used with different graphic LCDs that use the ST7565
controller chip.

The second level should be header and source files specific to the graphic display. In this case a
G126FLGFGS164T33XAR graphic LCD. In the header file should be the specific definitions for the
display (i.e. the resolution) and the function prototypes. The only functions that should be at this
level in the source file are the display initialization, brightness setting, a way to clear the display, and
a function that either takes a single data or a data array to write to the screen. These functions will
have specific code for the display used in the project.

The final level will be the graphics code. Functions that provide the basic graphic features of drawing
a pixel, line, rectangle, circle, and bitmap should be placed at this level. This is the level that should
have the frame buffer where all the drawing functions write their data. If the lower-level functions
that this layer accesses are generically named or function pointers are used, then the graphic display
can be replaced easily with another graphic display.

Building the display and graphics code in this way allows the easy replacement of the LCD with
another that uses the same controller chip.
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LCD Handling Precautions

Do not store the TFT-LCD module in direct sunlight, best stored in a dark place

e Do not leave it exposed to high temperature and high humidity for a long period of time

e Recommended temperature range is 0 to 35 °C, relative humidity should be less than 70%

e Stored modules away from condensation as formation of dewdrops may cause an abnormal
operation or failure of the module.

e Protect the module from static discharge

e Do not press or scratch the surface and protect it from physical shock or any force

Disclaimer

Buyers and others who are developing systems that incorporate FocusLCDs products (collectively,
“Designers”) understand and agree that Designers remain responsible for using their independent analysis,
evaluation, and judgment in designing their applications and that Designers have full and exclusive
responsibility to assure the safety of Designers' applications and compliance of their applications (and of all
FocusLCDs products used in or for Designers’ applications) with all applicable regulations, laws, and other
applicable requirements.

Designer represents that, with respect to their applications, Designer has all the necessary expertise to
create and implement safeguards that:

(1) anticipate dangerous consequences of failures
(2) monitor failures and their consequences, and
(3) lessen the likelihood of failures that might cause harm and take appropriate actions.

The designer agrees that prior to using or distributing any applications that include FocusLCDs products, the
Designer will thoroughly test such applications and the functionality of such FocusLCDs products as used in
such applications.
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