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Application Note FAN4205

Storing 65k Color Bitmaps in Flash Memory: 1.8”
TFT and ST Nucleo-L476RG

This application note discusses how to setup a 1.8" TFT
display with the ST Nucleo-L476RG microcontroller. An
example of loading bitmap images stored in flash memory onto
the LCD can be found at the end of this application note. A
further demonstration of this display's features can be found
here.
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Storing 65k Color Bitmaps in Flash Memory: 1.8" TFT and ST Nucleo-L476RG

The display used in this project is a 1.8” TFT with 128x160 pixels of resolution. The microcontroller used
is the Nucleo-L476RG from ST. The TFT display will be interfaced with the microcontroller via a 4-wire
serial connection and programmed using the Arduino IDE platform.

In just a few steps the TFT can be wired and programmed to display up to 65K colors and 128x160 pixels
of resolution. This display is a good option for storing 16-bit color bitmaps as they will take up less space
in the flash memory. Various wiring and interface options are available, from 3-4 wire serial, to 16/18-bit
RGB and 8/9/16/18-bit MCU parallel. The 4-wire serial interface is fast when interfaced with the ST
microcontroller, however for additional data transmissions speed the parallel options are available.
Additional features of this display are below. As always, check out the data sheet for the specs of this
specific display. (datasheet)

e 45 pins, 34.0x47.0 mm

o 128(RGB)x160 pixels, TN

e |LI9163 controller

e  White LED Backlight

e Transmissive/Normally White
e Serial and Parallel interfaces
e 3.3V(TYP)

What You'll Need

1. First you will need an IDE to program the display. This ST microcontroller lets you use a range of
IDE’s so it is up to personal preference. | am going to use the Arduino IDE, any IDE that supports C++
and is compatible with the ST microcontroller will work. There is a list of options on ST’s website.
We will come back to this after the hardware is setup.

2. Below is a list of the physical materials you will need to setup the project.
Qv [ Descripon [ Note |

E17RG11216LW6M300-N 1.8” TFT display Focus LCDs

ST Nucleo-L476RG microcontroller with USB Cable ST

45-pin FPC connector board 0.5 mm pitch

Male-to-Male Jumper Wires

55Q resistor

Soldering Iron

Solder

Solderless breadboard

[ERNY [FEENY PSRN [FERNY PN RN IR
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Wiring

There are 45 pins on the ribbon cable connected to the display. You will need to connect a 45-pin FPC
connector board to convert the ribbon cable to usable pin outs to connect to the microcontroller.

( FocusLCDs.com
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Figure 1: 1.8” TFT with FPC cable

There are only a few connections that need to be made between the display for the 4-wire serial
interface. The unused parallel data pins will be pinned to GND.

Consult the datasheet for a detailed explanation of each pin assignment and their functions. The 4-wire
serial data pins are connected to the ST specific serial inputs for the “Hardware SPI” programming
option. While any pins can be used, their location must be defined in the “Software SPI” programming
option.
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Pin Assignments

Pin definitions and connection points are described in the table below. We will use the 4-wire serial
interface for this example to save data pins on the microcontroller. A more in-depth description of each
of the pins can be found on the datasheet. All unused pins are connected to ground.

1 GND Ground Ground
2 LEDK Backlight cathode GND
3-5 LEDA Backlight anode (3.3V, 60mA) 55Q resistor - 3.3V
6 IMO Parallel interface selection GND
7 IM1 Parallel interface selection GND
8 IM2 Parallel or serial selection, serial = high 3.3v
9 RCM1 RGB or MCU GND
10 SPI14W 3/4 wire serial selection, 4-wire = high 3.3V
11-12 VCC Supply voltage (3.3V) 3.3V
13 SDI SDI (MISO) D12
14 RD Read enable 3.3V
15 DC/SCL SCL in serial interface (SCLK) D13
16 WR/RS D/CX in 4-wire serial interface D9
17 CS Chip select D10
18 Reset Reset pin D8
19-35 DB17-DB1 Data pins for parallel interface GND
36 DBO SDA pin for serial interface (MOSI) D11
37 PCLK Clock for RGB GND
38 DE Data enable GND
39 HSYNC HSYNC for RGB GND
40 VSYNC VSYNC for RGB GND
41-44 Not connected

45 GND Ground GND

The Nucleo-L476RG has dedicated serial input pins specific to the board. The pin locations can be seen
below and are described in the table for how they are connected to the display. These and other
hardware pin definitions can be verified on the board.
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Figure 2: ST Nucleo-L476RG 4-wire Serial Hardware Pin Definitions

After the screen is connected, and the Tl microcontroller is plugged into the computer you will see the
white LED backlight come on. That is a good sign that things are connected correctly.

Programming the ST Nucleo-L476RG

Now it is time to program the microcontroller. For this example, | used the Arduino IDE. There are
alternative IDE’s that you can use to program the display. | chose Arduino IDE from preference and the
accessibility of a variety of examples for TFT’s . I'll briefly explain how to add the Nucleo-L476RG ST board
to the Arduino IDE if you choose to go this route. If you choose a different IDE then you can skip to part 2.

1.) First open the Arduino IDE and go to File > Preferences

The Preferences window should appear as below. Near the bottom of the menu there is an option for
“Additional Boards Manager URL’s.
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Preferences

Settings  Network

Sketchbook location:
C:\Users\Warehouse\Documents\Arduing

Show verbose output during: [+] compilation upload
Compiler warnings: None

Display line numbers

D Enable Code Folding

Verify code after upload

[ use external editor

|:| Aggressively cache compiled core

Check for updates on startup

Update sketch files to new extension on save (.pde -> .ino)

o o

Editor language: System Default

Editor font size: 13

Interface scale: Automatie 100 © % (requires restart of Arduing)
Theme: Default theme | (requires restart of Arduino)

x|

Browise

(requires restart of Arduino)

Additional Boards Manager URLs: |

More preferences can be edited directly in the file
C:\Users\Warehouse\AppData'\Local\Arduinol 5\preferences.bd

{edit only v Arduino is not running

Click on the options for the Additional Boards Manager and the option for the list of “unofficial boards

URLs”. It will bring up a list of the devices compatible with the Arduino IDE.

Preferences
| Settings  Network

Sketchbook location:

C:\Users\Warehousa\Documents\ Arduino

Editor language: System Default
Editor font size: 13
Interface scale —- e

Browse

(requires restart of Arduino)

& Additional Boards Manager URLs
Theme:

Show verbose | enter additional URLS, one for each row
Compiler wam|
Display lind
[] Enable Coq
Verify codd

[ use extern ICIid( for a list of unefficial boards suppert URLS I

|:| Aggressive '
Chck fOT Lyessmasmmrmss sy

Update sketch files to new extension on save (.pde > .ino)
Save when verifying or uploading

Additional Boards Manager URLs:

More preferences can be edited directly in the file
C:\Users\Warehouse\AppData\Local\Arduino15\preferences. tat
edit only when Arduing (s not running

oK Cancel
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Copy and paste the STM32 core URL into the additional boards manager section in the Arduino IDE. The
URL is as follows:

“https://raw.githubusercontent.com/stm32duino/BoardManagerFiles/master/STM32/package stm index.json”

Press Ok and then restart the IDE. Next you can verify that these boards are installed by going to Tools >
Board Manager and scroll to the bottom to see if the STM32 Core based boards are added to the IDE.

|
& Boards Manager x|

Type Al se| | Fiiter your search...

Industruino SAMD Boards (32-bits ARM Cortex-M0+) by Industruino
Beards included in this package:
Industruino D21G.

More infg

STM32 Cores by STMicroelectronics version 1.7.0 INSTALLED

Boards included in this package:

Nucleo F2072G, Nudeo F42921, Nudeo F767Z1, Nucleo H74321, Nucleo H743212, Nudeo L4962G, Nudeo L496ZG-P, Nucdeo LARSZI, Nudeo
L4RSZI-P, Nucleo FO30RS, Nudeo FO91RC, Nucleo F103RE, Nudeo F302RS, Nudeo F303RE, Nudeo F401RE, Nudeo F411RE, Nucleo F446RE, Nucleo
GO71RB, Nucleo LOS3RE, Nucleo LO73RZ, Nucleo L152RE, Nucleo L452RE, Nudeo L476RG, P-Nudeo WBS5RG, Nucleo LO31K6, Nucleo L412KB,
Nudeo L432KC, Nudeo F303K8, STM32F030R8-DISCVL, STM32F072B-DISCOVERY, STM32F100RB-DISCVL, STM32F407G-DISC1,
STM32F746G-DISCOVERY, STM32L475VG-DISCOVERY-IOT, Discovery LO72CZ-LRWAN1, STM32F030F4 Demo board, BluePill F103C6 (32K), BluePill
F103C8, BluePill F103C3 (128k), BlackPill F103C8, BlackPill F103C8 (128k), Maple Mini F103CB, HY-TinySTM103TB, RobotDyn BlackPill F303CC, Black
FA407VE, Black F407VG, Black F407ZE, Black F4072G, Blue F407VE mini, DIYMROE STM32F407VGT, FK407M1 STM32FA07VET, Sparky V1, RAKB11
LoRa Tracker (16kb RAM), RAKB11 LoRa Tracker (32kb RAM), Armed V1, RemRam v1, RUMBA32, STEVAL-3DP001V1, PRNTR F407 v1, EExtruder FO30
V1, Malyan M200 V1, Malyan M200 V2, VAKE v1.0.

Online help

Mare info

Select version ~  In=all Remaove

After this is installed go to Tools and choose the Nucleo-64 boards and below choose the Nucleo-
L476RG. The settings are chosen below.

File Edit Sketch Tools Help 1
Auto Format Curl+T
Archive Sketch
sketch_dec10) Fix Encoding & Reload
. Manage Libraries.. Ctrl+Shift+ i
!/ put Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L
oty WiFi101 / WIFiNINA Firmware Updater
void loo| Board: "Nucleo-64" >
// put Board part number: "Nucleo L476RG" 3 Nucleo FO30R8
U(S)ART support: “Enabled (generic ‘Serial’)” 3 MNucleo FO91RC
'} USB support (if available): "None” 3 Mucleo F103RB
USB speed (if available): "Low/Full Speed” E Nucleo F302R8
Optimize: "Smallest (-Os default)” b MNucleo F303RE
C Runtime Library: “Newlib Nano (default)” 3 MNucleo F4D1RE
Upload method: "Mass Storage™ 3 MNucleo F411RE
Port: "COME™ 3 Mucleo F446RE
Get Board Info Nucleo GOT1RB
Programmer. "AVRISP mkil” 3 aeeaaie
Nucleo G474RE
Burn Bootloader
Nucleo LO53R8
Mucleo LO73RZ
Mucleo L152RE
Nucleo L452RE 2]

® Nucleo L476RG
P-Mucleo WB55RG
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2.) Now that the board is available on the Arduino IDE it is time to program the display driver that in the
TFT. | have prewritten files that specify the register setting and definitions for the ILI9163 LCD driver.
You can download the example from Github. This library is reliant on the Adafruit GFX library so you
will need to download and add these files to the Arduino IDE as well.

The example is to draw customs bitmaps on the display. To create the bitmap we will need an image
that fits into a 128x160 pixel range. The bitmap in the example was created on Paint and saved as a

16-bit .bmp file because the display supports up to 65K colors.

& o -
[ 5 sove e «
| Q: Y K v 1 | > ThisPC > Deskiop > New folder v O] | Search New folder »
Copy Resize
Past Select g
e clect o) rotter @ Z Y Oganize~  Newfolder -
Clipboard Image Toals ™ This PC ~  Name Date madified Type size
FOCUS LCDs B 30 Objects Ko ftems match your search
CDs MADE SIMPLE® I Desktop
[ | Documents
« $ Downloads
D Music
&=/ Pictures
B videos
& Acer (C)
= NODE _L476RG (I
v o< >
File name: | bitmap1 =
Save as type: [16 Color Bitmap (*.omp;*.dib) ~
Monochrome Bitmap (*.omp;*.dib)
16 Color Bitmap (*.bmp;*.dib)
A Hide Folders 256 Color Bitmap (*.bmp;*.dib)
24-bit Bitmap (*.bmp;*.dib)
JPEG (*jpg;*jpeg;*jper”fif) "
GIF (~gif)
TIFF (*tif;~tiff)
PNG (*.png)
2, = 17122 x 80piHEIC (“heic)

Then we will convert the image into a readable Hexadecimal file. | used the LCD Image Converter
application to do this. You can download this application and upload the bitmap image of your

choice.

‘ LCD Image Converter — O X

File Edit Image Font Options Help

Image * bitmap1 £
x 5
FOCUS LCDs
Chs MADE SIMBRLEY .

«.

Size: 122x80 Scale: 1x
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Verify that the conversion options are set to R5G6B5 color, Little-Endian and a block size of 16-bits
for the 16-bit color image.

bitmapsh §
: + .

uint16_t bitmap[9760] = {
OXEEEE, OXEEEE, OxELff, OxEELf, OXEEEf, OxEELff, OXEEEE, OXEELf, OxEEEE, OxEfEff, OXEELf, OxEEEE, Oxffff, OXEEff,
Oxffff, Oxffff, Oxffff, Oxffff, OxXffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, OxXffff,
Oxffff, Oxffff, Oxffff, Oxffff, OXEfff, Oxffff, Oxffff, OxEEff, OxEfff, OxfEff, OxEEff, OxfEff, Oxffff, OxXEEff,
Oxffff, Oxffff, Oxffff, Oxffff, OXffff, Oxffff, Oxffff, OXEfff, Oxffff, Oxffff, OxXffff, Oxffff, Oxffff, OxXffff,
Oxffff, Oxffff, Oxffff, Oxffff, OxEffff, Oxffff, OxfEff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Ox£ffff, OxEffff,
1 OxEEEE, OXEEEE, OxfLEE, OXEELE, OXEEEE, OxEEEE, OxEEEE, OXEEEE, OxEEEE, OxEEFE, OXEEEE, OxEEEE, OxEEEE, OXEELE,
11 Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, OxEfff, Oxffff, Oxffff, OxEfff,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, OxfEff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff,
OxfEEE, OXEEEf, Oxffff, OxXEEff, OXEEEf, Oxffff, OxEELf, OXEEEf, OxEfEf, OxfEFf, OXEEEf, OxEEEf, Oxffff, OXLEEE,
Oxf£ff, Oxffff, Oxffff, Oxffff, OxEfff, Oxffff, Oxffff, OxEfff, OxEfff, OxEfEff, OxEEff, Oxffff, Oxffff, OxEfff,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, Ox0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, Ox8410, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, 0x0010, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff,
Oxffff, Oxffff, Oxffff, Oxffff, OXffff, Oxffff, Oxffff, 0x0010, Ox0010, Oxffff, OXEEff, Oxffff, Oxffff, OXLfff,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, Ox0010, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff,
2 Oxf££f, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, 0x0010, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff,
21 Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxc€ls, 0x0010, Ox0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
Ox££££, Oxffff, Oxf££ff, Oxffff, Oxffff, OxEEfff, Ox£E£f, 0x0010, 0x0010, OxfE£ff, Oxffff, Oxffff, Oxffff, OxEffff,
Ox£EEff, OXEEEf, Oxffff, Oxffff, OXEfff, Oxffff, OxEEEf, 0x0010, Ox0010, OxfEff, OXEEEf, OxEEfEf, Oxffff, OXEEff,
24 Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, OxfEff, 0x0010, Ox0010, Oxffff, OxEEff, Oxffff, Oxffff, OxEfff,
Oxf££E, OxEfLff, Oxf£Lff, Oxffff, Oxffff, OxELfff, OxEELf, 0x0010, 0x0010, OxfEff, OxfLff, OxfELff, Oxffff, OxIfff,
2 Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x0010, Ox0010, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff,
Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, 0x8410, 0x0010, Oxffff, Oxffff, Oxffff, Oxffff, Oxffff, ¥
>

4| static co

Then choose the convert option and the LCD Image Converter will create a .c file with the image
information in hexadecimal. Since the image is only 128x160 pixels and up to 65K colors the file size is
small. Open the file in a notepad or editor and then copy and paste the image information into the
Arduino IDE .h file named “Bitmaps.h”.

Now in the main program you can compile and run the code to upload the bitmap image. As you can
see the bitmap only takes up a small amount of the microcontrollers flash memory storage. Through
the same process additional bitmaps can be added as well as other functions that demonstrate the
abilities of this display.

€ TFT_bitmap | Arduino 1.8.9 - m} b4 ‘
File Edit Sketch Tools Help

TFT_bitmap

4 // Software SPI

fine TFT_MOSI 11
TFT_SCLE 13 // Clock out
@ TFT_MISO 12

0x0000
0x001F
0xF800
0x07EQ
0x07FF
0xF81F
OxFFEQ
0xFFFF

5l

F

-

//ILI9163 tft = ILI9163( CS, TFT_DC, TFT_MOSI, TFT_SCLK, TFT_RST, TFT_MISO):
//Hardware SPI

34 IL19163 tft ILIS163(TFT_CS, TFT_DC, TFT_RST);
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Hardware and software definitions are available. The wiring is set up so that the 4-wire SPI pins are at
the correct location for the hardware definition. The hardware option is much faster than the
software and is the recommended option. The example in the image above is using the software
declaration of the data pins connected to the ST board. Verify that these values are correct as shown
above.

Summary

This 1.8” TFT is a good option for displaying 16-bit 65K color images. This is compatible with most
microcontrollers as it saves on-board memory. This is beneficial for storing bitmaps on flash memory
because the screen is small and the 65K color bitmap image won’t take all the on-board storage. This
display also has a version with a resistive touch screen. This would be a good option for a digital push
button. This is discussed in Focus LCDs' application note FAN4206.
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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.

Designer agrees that prior to using or distributing any applications that include FocusLCDs products,

Designer will thoroughly test such applications and the functionality of such FocusLCDs products as used
in such applications.
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