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1. Description 
 
The IoD-09 (Internet of Displays) series is a range of 
miniature display modules Designed and 
Manufactured by 4D Systems. 
 
The IoD-09 modules features a Ŧǳƭƭ ŎƻƭƻǳǊ лΦфέ ¢C¢ [/5 
display. They are powered by the WiFi enabled 
ESP8266, which offers an array of functionality and 
options for any Designer / Integrator / User. 
 
The IoD-09 modules can be easily programmed using 
4D Systems Workshop4 or the Arduino IDE installed 
with the ESP8266 core.  
 
The feature rich 4D Systems GFX4dIoD09 library 
enables speedy development of applications by 
providing extensive primitive graphics functions, 
enhanced graphics via Workshop4, SD card access, 
and much more, all integrated into a single library. 
 
The on-board SD card socket enables the use of FAT16 
or FAT32 formatted cards for extensive storage 
capabilities. 
 
The IoD-09 modules feature 12 pads, 6 on each end, 
for easy and simple connection to an application or 
mother board, or for connecting to accessory boards 
for a range of functionality advancements. The IoD-
09TH features Through Hole (TH) pads with male pin 
headers mounted, and the IoD-09SM features Surface 
Mount (SM) pads. 
 
This range of modules has been designed to minimise 
the impact of display related circuitry, and provide a 
platform suitable for integration into a product.  
 
The IoD-09 modules can act as master or slave devices, 
they can be effortless connected to the internet, can 
display a raft information and graphics, along with the 
capability to communicate to SPI, I2C, and/or 1-wire 
devices, as well as having general GPIO for digital 
control/input. 
 
More information on the Espressif ESP8266 SoC can be 
found on the Espressif website http://espressif.com, 
and from the ESP8266EX SoC datasheet itself: 
http://www. espressif.com/sites/default/files/docum
entation/0a-esp8266ex_datasheet_en.pdf  
 
NOTE: The IoD-09TH module is recommended for all 
applications, whereas the IoD-09SM module is 
designed for integrators, due to the nature of its 
Surface Mount pads. The IoD-09TH is easily 
programmed with the 4D-UPA, and should be the 
module of choice for most applications. 

 

2. Features 
 

Å tƻǿŜǊŦǳƭ LƴǘŜƭƭƛƎŜƴǘ [/5π¢C¢ ŘƛǎǇƭŀȅ ƳƻŘǳƭŜ 
ǇƻǿŜǊŜŘ ōȅ ǘƘŜ 9ǎǇǊŜǎǎƛŦ 9{tунсс {ƻ/Φ 

Å ул Ȅ мсл wŜǎƻƭǳǘƛƻƴΣ Ŧǳƭƭ ŎƻƭƻǳǊ ¢C¢ {ŎǊŜŜƴ  

Å .ǳƛƭǘ ƛƴ ²ƛCƛ ǎǳƛǘŀōƭŜ ŦƻǊ ΨLƴǘŜǊƴŜǘ ƻŦ ǘƘƛƴƎǎΩ 
ŀǇǇƭƛŎŀǘƛƻƴǎΦ  

Å улнΦмм ōκƎκƴκŜκƛ ǎǳǇǇƻǊǘ  

Å LƴǘŜƎǊŀǘŜŘ ¢/tκLt ǇǊƻǘƻŎƻƭ ǎǘŀŎƪ  

Å ²ƛCƛ нΦп DIȊΣ ǎǳǇǇƻǊǘƛƴƎ ²t!κ²t!н ŀƴŘ 
²9tκ¢YLtκ!9{Σ ŀƭƻƴƎ ǿƛǘƘ {¢!κ!tκ{¢!Ҍ!tκtнt 
ƻǇŜǊŀǘƛƻƴ ƳƻŘŜǎ 

Å пaōƛǘ όрмнƪōύ ƻŦ CƭŀǎƘ ƳŜƳƻǊȅ ŦƻǊ ¦ǎŜǊ !ǇǇƭƛŎŀǘƛƻƴ 
/ƻŘŜ ŀƴŘ 5ŀǘŀΦ 

Å мнуYō ƻŦ {w!a ƻŦ ǿƘƛŎƘ улƪō ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ 
¦ǎŜǊΦ 

Å мнǇƛƴκǇŀŘ ŎƻƴƴŜŎǘƛƻƴΣ ŦƻǊ ŀƭƭ ǎƛƎƴŀƭǎΣ ǇƻǿŜǊΣ 
ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀƴŘ ǇǊƻƎǊŀƳƳƛƴƎΦ 

Å hƴπōƻŀǊŘ ǇǳǎƘκǇǳƭƭ ǘȅǇŜ ƳƛŎǊƻ{5 ƳŜƳƻǊȅ ŎŀǊŘ 
ŎƻƴƴŜŎǘƻǊ ŦƻǊ ƳǳƭǘƛƳŜŘƛŀ ǎǘƻǊŀƎŜ ŀƴŘ Řŀǘŀ ƭƻƎƎƛƴƎ 
ǇǳǊǇƻǎŜǎΦ  

Å 5h{ ŎƻƳǇŀǘƛōƭŜ ŦƛƭŜ ŀŎŎŜǎǎ όC!¢мс ƻǊ C!¢он ŦƻǊƳŀǘύΦ 

Å 5ƛǎǇƭŀȅ Ŧǳƭƭ ŎƻƭƻǳǊ ƛƳŀƎŜǎΣ ŀƴƛƳŀǘƛƻƴǎΣ ŀƴŘ ƛŎƻƴǎΦ 

Å пΦл± ǘƻ рΦр± ǊŀƴƎŜ ƻǇŜǊŀǘƛƻƴ όǎƛƴƎƭŜ ǎǳǇǇƭȅύΦ ! 
м!ƳǇҌ ǎǳǇǇƭȅ ƛǎ ƘƛƎƘƭȅ ǊŜŎƻƳƳŜƴŘŜŘ ŦƻǊ ǎǘŀōƛƭƛǘȅΦ 

Å aƻŘǳƭŜ ŘƛƳŜƴǎƛƻƴǎΥ  
ό¢I ǾŜǊǎƛƻƴύ омΦу Ȅ мсΦп Ȅ ммΦтƳƳΦ 
ό{a ǾŜǊǎƛƻƴύ отΦл Ȅ мсΦп Ȅ рΦфƳƳΦ 

Å ²ŜƛƎƘƛƴƎΥ Ϥр Ǝ ό¢IύΣ Ϥр Ǝ ό{aύ  

Å wƻI{Σ w9!/I ŀƴŘ /9 ŎƻƳǇƭƛŀƴǘΦ 

Å  ό5/¢π/[.ύΥ млпΦн Ȅ тнΦм Ȅ тΦуƳƳΦ 

Å ²ŜƛƎƘƛƴƎΥ Ϥор Ǝ ό5ύΣ Ϥпф Ǝ ό5π/[.ύΣ Ϥпр Ǝ ό5¢ύΣ Ϥру 
Ǝ ό5/¢π/[.ύ 

Å пȄ ƳƻǳƴǘƛƴƎ ǘŀōǎ ǿƛǘƘ оΦнƳƳ ƘƻƭŜǎ ŦƻǊ ƳŜŎƘŀƴƛŎŀƭ 
ƳƻǳƴǘƛƴƎ ǳǎƛƴƎ aо ǎŎǊŜǿǎ ό5 ŀƴŘ 5¢ ƻƴƭȅύΦ 

Å wƻI{Σ w9!/I ŀƴŘ /9 ŎƻƳǇƭƛŀƴǘΦ 

 
NOTE: Arduino is a trademark of Arduino Team, and all 
ǊŜŦŜǊŜƴŎŜǎ ǘƻ ǘƘŜ ǿƻǊŘ ά!ǊŘǳƛƴƻέ ƻǊ ǳǎŜ ƻŦ ƛǘǎ 
logo/marks are strictly in reference to the Arduino 
product, and how this product is compatible with the 
aspect of the product but is not associated with the 
Arduino Team in anyway. 

9{tунсс κ 9{tунсс9· ŀǊŜ ǇǊƻŘǳŎǘǎ ƳŀŘŜ ōȅ 9ǎǇǊŜǎǎƛŦΦ 

п5 {ȅǎǘŜƳǎ ƛǎ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 9ǎǇǊŜǎǎƛŦ ƛƴ ŀƴȅǿŀȅΣ 
ƻǘƘŜǊ ǘƘŀƴ ǳǘƛƭƛǎƛƴƎ ǘƘŜƛǊ ǇǊƻŘǳŎǘ ƛƴǎƛŘŜ ƻǳǊǎΦ

http://espressif.com/
http://www.espressif.com/sites/default/files/documentation/0a-esp8266ex_datasheet_en.pdf
http://www.espressif.com/sites/default/files/documentation/0a-esp8266ex_datasheet_en.pdf
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3. Hardware Overview (IoD-09TH) 
 

 
 
 
 
 
 
 
   
 

w9/haa9b595 ht9w!¢LbD /hb5L¢Lhb{ 

tƛƴ {ȅƳōƻƭ Lκh 5ŜǎŎǊƛǇǘƛƻƴ 
1 GND P Supply Ground. 

2 RX I 
Asynchronous Serial Receive pin, TTL level. Connect this pin to the Transmit 
(Tx) signal of other serial devices. Used in conjunction with the TX pin for 
programming this module. This pin is tolerant up to 3.3V levels. 

3 TX O 

Asynchronous Serial Transmit pin, TTL level. Connect this pin to the Receive 
(Rx) signal of other serial devices. Used in conjunction with the RX pin for 
programming this module. This pin outputs 3.3V levels. 

4 RESET I 

Master Reset signal. Internally pulled up to 3.3V via a 10K resistor. An active 
Low pulse greater than 2 micro-seconds will reset the module. If the module 
needs to be reset externally, only use open collector type circuits. This pin 
is not driven low by any internal conditions. The host should control this pin 
via one of its port pins using an open collector/drain arrangement. 

5 5V P Main Voltage Supply +ve input pin. Range is 4.0V to 5.5V, nominal 5.0V. 

6 GND P Supply Ground. 

7 GPIO16 I/O 

I/O pin. Can be used as digital input or output. Can also be used for PWM 
and 1-wire device interfacing. This pin is available to the user. This pin is 
tolerant up to 3.3v levels. 

8 GPIO12 I/O 
This pin is the MISO pin used on the SPI Bus.  This pin is tolerant up to 3.3v 
levels. 

9 GPIO14 I/O 
This pin is the SCK pin used on the SPI Bus.  This pin is tolerant up to 3.3v 
levels. 

10 GPIO0 I/O 

I/O pin.  This pin is also used for flash programming.  This pin is tolerant up 
to 3.3v levels. This pin can be used for I2C communications. NOTE: Special 
Pin 

11 GPIO13 I/O 
This pin is the MOSI pin used on the SPI Bus.  This pin is tolerant up to 3.3v 
levels. 

12 GPIO2 I/O 
I/O pin.  This pin is also used for boot selection.  This pin is tolerant up to 
3.3v levels.  This pin can be used for I2C communications. NOTE: Special Pin. 

 
I = Input, O = Output, P = Power 

microSD Socket 
 

USER I/O ς 2x 6way headers 
нΦрпƳƳ όлΦмέύ ǇƛǘŎƘ  

Ceramic chip antenna 
 

4Mbit Flash 
Memory for the 
ESP8266 
 

ESP8266 SoC 
 

лΦфέ ¢C¢ [/5 

Pin 1  
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4. Hardware Overview (IoD-09SM) 
 

 
 
 
 
 
 
 
 
 
 

w9/haa9b595 ht9w!¢LbD /hb5L¢Lhb{ 

tƛƴ {ȅƳōƻƭ Lκh 5ŜǎŎǊƛǇǘƛƻƴ 
1 GND P Supply Ground. 

2 RX I 
Asynchronous Serial Receive pin, TTL level. Connect this pin to the Transmit (Tx) 
signal of other serial devices. Used in conjunction with the TX pin for 
programming this module. This pin is tolerant up to 3.3V levels. 

3 TX O 

Asynchronous Serial Transmit pin, TTL level. Connect this pin to the Receive (Rx) 
signal of other serial devices. Used in conjunction with the RX pin for 
programming this module. This pin outputs 3.3V levels. 

4 RESET I 

Master Reset signal. Internally pulled up to 3.3V via a 10K resistor. An active Low 
pulse greater than 2 micro-seconds will reset the module. If the module needs 
to be reset externally, only use open collector type circuits. This pin is not driven 
low by any internal conditions. The host should control this pin via one of its 
port pins using an open collector/drain arrangement. 

5 5V P Main Voltage Supply +ve input pin. Range is 4.0V to 5.5V, nominal 5.0V. 

6 GND P Supply Ground. 

7 GPIO16 I/O 

I/O pin. Can be used as digital input or output. Can also be used for PWM and 1-
wire device interfacing. This pin is available to the user. This pin is tolerant up to 
3.3v levels. 

8 GPIO12 I/O This pin is the MISO pin used on the SPI Bus.  This pin is tolerant up to 3.3v levels. 

9 GPIO14 I/O This pin is the SCK pin used on the SPI Bus.  This pin is tolerant up to 3.3v levels. 

10 GPIO0 I/O 
I/O pin.  This pin is also used for flash programming.  This pin is tolerant up to 
3.3v levels. This pin can be used for I2C communications. NOTE: Special Pin 

11 GPIO13 I/O This pin is the MOSI pin used on the SPI Bus.  This pin is tolerant up to 3.3v levels. 

12 GPIO2 I/O 
I/O pin.  This pin is also used for boot selection.  This pin is tolerant up to 3.3v 
levels.  This pin can be used for I2C communications. NOTE: Special Pin.  

 
I = Input, O = Output, P = Power

microSD Socket 
 

USER I/O ς 2x 6way castellated  
ƘŜŀŘŜǊǎΣ нΦрпƳƳ όлΦмέύ ǇƛǘŎƘ  

Ceramic chip antenna 
 

4Mbit Flash 
Memory for the 
ESP8266 
 

ESP8266 SoC 
 

лΦфέ TFT LCD 

Pin 1  
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5. Hardware Description 
 
The IoD-09TH is a Through Hole design which features 
DIP style male pin headers, designed to plug into 
female connectors, onto jumper wires/harnesses, into 
a breadboard for testing, or directly into PCB holes and 
soldered in place. 
 
The IoD-09SM is a Surface Mount design, which 
features castellated pads, which can be soldered to 
wires or male pins, but are designed to be directly 
connected to a host PCB, and soldered in place. 
 
The IoD-09TH is designed to be programmed with the 
4D-UPA programming adaptor, and simply plugs on 
and off easily. The IoD-09SM cannot easily connect to 
the 4D-UPA, as it has no pins. Wires can be soldered to 
the IoD-09SM and then connected to the 4D-UPA 
programmer, but the intent of the IoD-09SM is for 
integration into a product, and programmed in place. 
 

5.1. Mounting the Hardware  
 
The IoD-09TH features male pins, which are at a 
ǊŜƎǳƭŀǊ лΦмέ όнΦрпƳƳύ ǇƛǘŎƘ ǎǇŀŎƛƴƎΣ ŀƴŘ ŀǊŜ ŘŜǎƛƎƴŜŘ 
to plug into another PCB (headers or directly into 
ǇŀŘǎύ ŦƻǊ Ŝŀǎȅ ǇƭǳƎ Ωƴ Ǉƭŀȅ ǎǘȅƭŜ ƳƻǳƴǘƛƴƎΦ ¢ƘŜ ƳŜǘŀƭ 
casing features shapŜŘ ΨŦŜŜǘΩΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ƳƻŘǳƭŜ ǘƻ 
sit down onto a surface, giving the rear electronics 
space. A hole can be formed in the host PCB, to give 
access to the electronics, if direct mounting to PCB 
pads is selected. 
 

 
 

 
 

 

The IoD-09SM features surface mount castellated 
pads, and is designed to be soldered in place onto a 
host PCB. This module can be mounted on a PCB in 2 
main ways.  
 
A hole the size of the front of the metal frame could 
be formed in the product, and the IoD-09SM placed 
through the hole, and the surface mount pads being 
soldered to the back. Illustrated below. 
 

 
 

 
 
A hole the size of the rear of the module, with enough 
clearance for the electronics, be formed in the 
product, and the IoD-SM sits in the hold with the 
surface mount pads being soldered from the front, and 
its electronics accessed through the hole. 
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6. Hardware Interface ς Pins 
 
¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ƛƴ ŘŜǘŀƛƭ ǘƘŜ ƘŀǊŘǿŀǊŜ ƛƴǘŜǊŦŀŎŜ 
Ǉƛƴǎ ƻŦ ǘƘŜ ŘŜǾƛŎŜΦ 

 

6.1. Serial Port ς TTL Level Serial 
 

¢ƘŜ 9{tунсс tǊƻŎŜǎǎƻǊ Ƙŀǎ ŀ ƘŀǊŘǿŀǊŜ ŀǎȅƴŎƘǊƻƴƻǳǎ 
ǎŜǊƛŀƭ ǇƻǊǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ Ǿƛŀ ǘƘŜ ƘŜŀŘŜǊǎ ƻƴ 
ǘƘŜ Lƻ5πлф ƳƻŘǳƭŜΦ ¢ƘŜ ǎŜǊƛŀƭ ǇƻǊǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ 
ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ŜȄǘŜǊƴŀƭ ǎŜǊƛŀƭ ŘŜǾƛŎŜǎΦ 

¢ƘŜ ǇǊƛƳŀǊȅ ŦŜŀǘǳǊŜǎ ŀǊŜΥ 

¶ Cǳƭƭπ5ǳǇƭŜȄ у ōƛǘ Řŀǘŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ǊŜŎŜǇǘƛƻƴΦ 

¶ 5ŀǘŀ ŦƻǊƳŀǘΥ у ōƛǘǎΣ bƻ tŀǊƛǘȅΣ м {ǘƻǇ ōƛǘΦ  

¶ LƴŘŜǇŜƴŘŜƴǘ .ŀǳŘ ǊŀǘŜǎ ŦǊƻƳ олл ōŀǳŘ ǳǇ ǘƻ 
фнмслл ōŀǳŘΦ 

¶ {ƛƴƎƭŜ ōȅǘŜ ǘǊŀƴǎƳƛǘǎ ŀƴŘ ǊŜŎŜƛǾŜǎ ƻǊ ŀ Ŧǳƭƭȅ 
ōǳŦŦŜǊŜŘ ǎŜǊǾƛŎŜΦ ¢ƘŜ ōǳŦŦŜǊŜŘ ǎŜǊǾƛŎŜ ŦŜŀǘǳǊŜ 
Ǌǳƴǎ ƛƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ŎŀǇǘǳǊƛƴƎ ŀƴŘ ōǳŦŦŜǊƛƴƎ 
ǎŜǊƛŀƭ Řŀǘŀ ǿƛǘƘƻǳǘ ǘƘŜ ǳǎŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƘŀǾƛƴƎ ǘƻ 
Ŏƻƴǎǘŀƴǘƭȅ Ǉƻƭƭ ŀƴȅ ƻŦ ǘƘŜ ǎŜǊƛŀƭ ǇƻǊǘǎΦ ¢Ƙƛǎ ŦǊŜŜǎ 
ǳǇ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ǎŜǊǾƛŎŜ ƻǘƘŜǊ ǘŀǎƪǎΦ  

 
A single byte serial transmission consists of the start 
bit, 8-bits of data followed by the stop bit. The start bit 
is always 0, while a stop bit is always 1. The LSB (Least 
Significant Bit, Bit 0) is sent out first following the start 
bit. Figure below shows a single byte transmission 
timing diagram. 
 

 
 
The serial port is also the primary interface for User 
program downloads, and configuration via the IDE.  
 

 
 

6.2. System Pins 
 
Ҍр± όaƻŘǳƭŜ ±ƻƭǘŀƎŜ LƴǇǳǘύ  
aƻŘǳƭŜ ǎǳǇǇƭȅ ǾƻƭǘŀƎŜ ƛƴǇǳǘ ǇƛƴǎΦ ¢Ƙƛǎ Ǉƛƴ ǎƘƻǳƭŘ ōŜ 
ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǎǘŀōƭŜ ǎǳǇǇƭȅ ǾƻƭǘŀƎŜ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ 
пΦл ±ƻƭǘǎ ǘƻ рΦр ±ƻƭǘǎ 5/Φ bƻƳƛƴŀƭ ƻǇŜǊŀǘƛƴƎ ǾƻƭǘŀƎŜ ƛǎ 
рΦл ±ƻƭǘǎΦ bƻǘŜ ōŀŎƪƭƛƎƘǘ ōǊƛƎƘǘƴŜǎǎ ǿƛƭƭ ōŜ ŘƛƳƳŜǊ ŦƻǊ 
ǾƻƭǘŀƎŜǎ ǳƴŘŜǊ рΦл±Φ  
 
Db5 όaƻŘǳƭŜ DǊƻǳƴŘύ 
5ŜǾƛŎŜ ƎǊƻǳƴŘ ǇƛƴǎΦ .ƻǘƘ Ǉƛƴǎ ǎƘƻǳƭŘ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ 
ƎǊƻǳƴŘΦ 
 
w9{9¢ όaƻŘǳƭŜ aŀǎǘŜǊ wŜǎŜǘύ  
aƻŘǳƭŜ aŀǎǘŜǊ wŜǎŜǘ ǇƛƴΦ !ƴ ŀŎǘƛǾŜ ƭƻǿ ǇǳƭǎŜ ƻŦ 
ƎǊŜŀǘŜǊ ǘƘŀƴ нǎ˃ ǿƛƭƭ ǊŜǎŜǘ ǘƘŜ ƳƻŘǳƭŜΦ LƴǘŜǊƴŀƭƭȅ 
ǇǳƭƭŜŘ ǳǇ ǘƻ оΦо± Ǿƛŀ ŀ млY ǊŜǎƛǎǘƻǊΦ hƴƭȅ ǳǎŜ ƻǇŜƴ 
ŎƻƭƭŜŎǘƻǊ ǘȅǇŜ ŎƛǊŎǳƛǘǎ ǘƻ ǊŜǎŜǘ ǘƘŜ ŘŜǾƛŎŜ ƛŦ ŀƴ ŜȄǘŜǊƴŀƭ 
ǊŜǎŜǘ ƛǎ ǊŜǉǳƛǊŜŘΦ   
 
DtLhл όCƭŀǎƘ tǊƻƎǊŀƳƳƛƴƎύ 
¢Ƙƛǎ Ǉƛƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ǳǎŜŘ ŦƻǊ ǘƘŜ CƭŀǎƘƛƴƎ ƻŦ ǘƘŜ 
9{tунссΩǎ CƭŀǎƘ aŜƳƻǊȅ Ǿƛŀ ǘƘŜ ǇǊƻƎǊŀƳƳƛƴƎ 
ǎƻŦǘǿŀǊŜΦ ¢Ƙƛǎ Ǉƛƴ Ƴǳǎǘ ōŜ ƭŜŦǘ ŦƭƻŀǘƛƴƎ ŀǘ ǇƻǿŜǊπǳǇ ǘƻ 
ŜƴŀōƭŜ ǘƘŜ 9{tунсс ǘƻ ōƻƻǘ ŎƻǊǊŜŎǘƭȅΦ hƴŎŜ ǘƘŜ 
ƳƻŘǳƭŜ Ƙŀǎ ōƻƻǘŜŘΣ ǘƘƛǎ Ǉƛƴ ƛǎ ŦǊŜŜƭȅ ŀǾŀƛƭŀōƭŜ ǘƻ ōŜ 
ǳǎŜŘ ŦƻǊ Lн/ ƻǊ DtLh ƻǇŜǊŀǘƛƻƴǎΦ 
 
DtLhн όCƭŀǎƘ aƻŘŜύ 
¢Ƙƛǎ Ǉƛƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ǳǎŜŘ ǘƻ ǘŜƭƭ ǘƘŜ 9{tунсс ǿƘƛŎƘ 
ƳƻŘŜ ƛǘ ƴŜŜŘǎ ǘƻ ōŜ ƛƴΣ ŀƴŘ ǘƻ ƭƻŀŘ ŦǊƻƳ CƭŀǎƘ 
aŜƳƻǊȅΦ ¢Ƙƛǎ Ǉƛƴ Ƴǳǎǘ ōŜ ƭŜŦǘ ŦƭƻŀǘƛƴƎ ŀǘ ǇƻǿŜǊπǳǇ ǘƻ 
ŜƴŀōƭŜ ǘƘŜ 9{tунсс ǘƻ ōƻƻǘ ŎƻǊǊŜŎǘƭȅΦ hƴŎŜ ǘƘŜ 
ƳƻŘǳƭŜ Ƙŀǎ ōƻƻǘŜŘΣ ǘƘƛǎ Ǉƛƴ ƛǎ ŦǊŜŜƭȅ ŀǾŀƛƭŀōƭŜ ǘƻ ōŜ 
ǳǎŜŘ ŦƻǊ Lн/ ƻǊ DtLh ƻǇŜǊŀǘƛƻƴǎΦ 
 
GPIO12 (MISO) 
This pin is the MISO SPI pin, which is used for the 
Display, the microSD card, and is also available for the 
User to connection additional SPI devices to the bus. It 
is used in conjunction with the other SPI pins, and 
requires GPIO0, GPIO2 or GPIO16 for the Chip Select 
for any additional devices. 
 
GPIO13 (MOSI) 
This pin is the MOSI SPI pin, which is used for the 
Display, the microSD card, and is also available for the 
User to connection additional SPI devices to the bus. It 
is used in conjunction with the other SPI pins, and 
requires GPIO0, GPIO2 or GPIO16 for the Chip Select 
for any additional devices. 
 
GPIO14 (SCK) 
This pin is the SCK SPI pin, which is used for the Display, 
the microSD card, and is also available for the User to 
connection additional SPI devices to the bus. It is used 
in conjunction with the other SPI pins, and requires 
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GPIO0, GPIO2 or GPIO16 for the Chip Select for any 
additional devices. 
 
GPIO16 (User GPIO) 
Input/Output available to the user. This pin can be 
used as a digital input or digital output to connect to 
ǎŜƴǎƻǊǎΣ ǊŜƭŀȅǎ ŜǘŎΦ ¢Ƙƛǎ Ǉƛƴ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ŦƻǊ Ψм-
ǿƛǊŜΩ ǇǊƻǘƻŎƻƭ ŘŜǾƛŎŜǎ ŀƴŘ ŀǎ ŀ t²a ƻǳǘǇǳǘΣ ƻǊ ƛǘ Ŏŀƴ 
be used as the Chip Select for the SPI bus. 

 

6.3. SPI 
 
There is 1 hardware SPI channel (HWSPI) which is used 
to drive the screen, and the SD card. The SPI channel 
is capable to communicate at speeds up to 80Mhz. The 
SPI channel is Master only, and can be used by the 
User for additional SPI devices, however is shared with 
the Display and the SD Card. An additional GPIO is 
required for each additional SPI device to be added to 
the bus, to act as Chip Select. 
When communications to the Display are taking place, 
the SPI bus must not exceed 39Mhz, due to this being 
the maximum stable speed it can operate.  
When communications to the SD card are taking place, 
the SPI bus must not exceed 30Mhz, due to this being 
the maximum stable speed it can operate. This may 
need to be reduced further depending on the 
capabilities of the SD card being used. This is 
configurable in the GFX4dIoD09 library. 
 

bƻǘŜΥ ¢ƘŜ {tL ŎƘŀƴƴŜƭ όI²{tLύ ƛǎ ŘŜŘƛŎŀǘŜŘ ǘƻ 
ƳŜƳƻǊȅ ŎŀǊŘΣ ŀƴŘ ǎŎǊŜŜƴΦ ¢ƘŜ I²{tL ŎƘŀƴƴŜƭ Ŏŀƴƴƻǘ 
ōŜ ǊŜŎƻƴŦƛƎǳǊŜŘ ŦƻǊ ŀƭǘŜǊƴŀǘŜ ǳǎŜǎΣ ŀǎ 5ƛǎǇƭŀȅ ŀƴŘ {5 
ŎŀǊŘ ǿƻǳƭŘ ǘƘŜƴ ōŜ ƛƴƻǇŜǊŀōƭŜΦ 

 

6.4. 12C 
 
Lн/ ƛǎ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ Lƻ5πлфΣ ǳǎƛƴƎ DtLhл ŀƴŘ DtLhнΦ 
¢ŀƪŜ ƴƻǘŜ ƘƻǿŜǾŜǊ ǘƘŀǘ ǘƘŜǎŜ Ǉƛƴǎ Ƴǳǎǘ ōŜ ƭŜŦǘ ǘƻ ōŜ 
ǇǳƭƭŜŘ ƘƛƎƘ ŘǳǊƛƴƎ ǎǘŀǊǘǳǇΣ ƛƴ ƻǊŘŜǊ ŦƻǊ ǘƘŜ 9{tунсс ǘƻ 
ōƻƻǘ ŎƻǊǊŜŎǘƭȅΦ tǳƭƭ ǳǇ ǊŜǎƛǎǘƻǊǎ ŀǊŜ ǇǊŜǎŜƴǘ ƻƴ ǘƘŜ Lƻ5π
лф ǎƻ ƛǘ ōƻƻǘǎ ŎƻǊǊŜŎǘƭȅΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǊŜǉǳƛǊŜŘ ŦƻǊ Lн/Φ 
¢ƘŜ Lƻ5πлф ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ мллƪōƛǘκǎ ŀƴŘ пллƪōƛǘκǎ 
ōǳǎ ǎǇŜŜŘǎΣ όƘƛƎƘŜǊ Ƴŀȅ ōŜ ǇƻǎǎƛōƭŜΣ ǊŜŦŜǊ 9{tунсс 
ŘƻŎǳƳŜƴǘŀǘƛƻƴύΦ 
¢ƘŜ ¢· ŀƴŘ w· ǎŜǊƛŀƭ ¦!w¢ Ǉƛƴǎ ƻƴ ǘƘŜ Lƻ5πлф 
ό9{tунссύ ŀǊŜ ŀƭǎƻ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ Lн/Σ ƛŦ ǘƘŜǎŜ ŀǊŜ 
ŘŜǎƛǊŜŘ ǘƻ ōŜ ǳǎŜŘ ƛƴǎǘŜŀŘΦ bƻ ǇǳƭƭπǳǇ ǊŜǎƛǎǘƻǊǎ ŀǊŜ 
ōǳƛƭǘ ƛƴ ǘƻ ǘƘŜ Lƻ5πлф ŦƻǊ ǘƘŜǎŜ ǇƛƴǎΦ 

6.5. 1-Wire 
 
1-Wire communications are available on GPIO0, GPIO2 
or GPIO16, for communicating with Delas 1-wire 

compatible devices. A library for the IoD-09 has been 
created to aid using this communication bus type. 
 

7. ESP8266 SoC 
 
The module is designed around the ESP8266 SoC from 
Espressif. 
 
The ESP8266 is a 32bit RISC Microcontroller with built 
in WiFi controller, and GPIO capability, however some 
GPIO are utilised for on board features, such as the TFT 
LCD and microSD card. 
 
The TFT-LCD display interfaces to the ESP8266 using 
SPI, along with the microSD card. This enables high 
speed transfers for these peripherals, providing fast 
graphics and fast SD card access. 
 
Powerful graphics, text, image, animation, internet 
access and countless more features are available to 
the user via the 4D Systems GFX4dIoD09 library and 
4D Systems Workshop 4 IDE. Alternatively, the 
Arduino IDE can be used, and the User is able to write 
drivers/software for the module as they require. 

 

8. SD/SDHC Memory Cards 
 
The IoD-09 module supports microSD memory cards 
via the on-board micro-SD connector.  
 
The memory card is used for all 
multimedia file retrieval such as 
images, animations and data 
files.  
The memory card can also be 
used as general-purpose storage for data logging 
applications.  
 
Support is available for off-the-shelf high capacity HC 
memory cards (4GB and above). Memory cards up to 
32GB is size can be used, as FAT16 or FAT32, however 
it must be noted that only a portion of this can be 
utilised by the FAT16 file system.
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9. Display/Module Precautions 
 
¶ Avoid having to display the same image/object on 

the screen for lengthy periods of time. This can 
cause a burn-in which is a common problem with 
all types of display technologies. Implement a 
screen saver feature if possible, to prevent this 
from occurring, or considerably slow the process. 
[/5Ωǎ ǎǳŦŦŜǊ ŎƻƴǎƛŘŜǊŀōƭȅ ƭŜǎǎ ǘƘŀƴ h[95 ŘƛǎǇƭŀȅǎΣ 
however it is still recommended to implement a 
screen saver if possible. 

 

¶ Moisture and water can damage the display. If 
water is to enter the display either from the front 
or from the rear, or come in contact with the PCB, 
damage will certainly occur. Wipe off any 
moisture gently or let the display dry before 
usage. If using this display module in an 
environment where it can get wet, ensure an 
appropriate enclosure is used. 

 

¶ Dirt from fingerprint oil and fat can easily stain the 
surface of the display. Gently wipe off any stains 
with a soft lint-free cloth. 

 

¶ The performance of the display will degrade 
under elevated temperature and humidity. Avoid 
such conditions when storing. 

 

¶ Displays are susceptible to mechanical shock and 
any force exerted on the module may result in 
deformed zebra stripes, a cracked display cell and 
broken backlight 

 

¶ Display modules have a finite life, which is 
typically dictated by the display itself, more 
specifically the backlight. The backlight contains 
[95ΩǎΣ ǿƘƛŎƘ ŦŀŘŜ ƻǾŜǊ ǘƛƳŜΦ Lƴ ǘƘŜ Specifications 
section is a figure for the typical life of the display, 
and the criteria are listed. 

 

 
 
 
 
 
 

10. Hardware Tools 
 
The following hardware tools are required for full 
control of the IoD-09 Display Modules. 

10.1. 4D-UPA Universal Programmer 
 
The 4D Systems 4D-UPA is an essential hardware tool 
to program, customise and test the IoD-09TH Display 
Module. It is not plug-and-play compatible with the 
IoD-09SM Display Module due to the nature of how 
the Surface Mount version attaches, however it could 
be wired up to program the IoD-09SM if required. 
 
The 4D-UPA is used to program the IoD-09TH via 
Workshop 4 and/or the Arduino IDE. It even serves as 
an interface for communicating serial data to the PC. 

 

 
 

The 4D-UPA is available from 4D Systems website, 
www.4dsystems.com.au 
 
Please note, the 4D-UPA can be used as a simple 
interface to power the IoD-09 or to connect to other 
devices.  
 
The 4D-UPA programmer features an Auto-Reset 
circuit (credit ς NodeMCU), but also features Reset and 
Flash buttons, for flexibility. 
 
Alternatively, other programming devices could be 
used, including programming from a host controller. 
Please refer to the ESP8266 datasheet for more 
options on programming this SoC. 

file:///C:/Users/James/Dropbox/4D%20Projects/Documentation/uLCD-32WPTu%20Datasheet/www.4dsystems.com.au
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11. Programming the IoD 
 
There are two L59Ωǎ ŀǾŀƛƭŀōƭŜ to program the IoD-09. 
Using the Arduino IDE, or using the 4D Systems 
Workshop4 IDE.  
 
Using the Workshop4 IDE provides additional 
graphical benefits over using the Arduino IDE, 
however the Worskhop4 IDE is only Windows based 
(unless via a Virtual Machine). 
 
If using the Workshop4 IDE, Workshop4 installation 
will call the Arduino IDE in the background for 
programming the board (handled automatically and 
invisibly). Some minor setup is required to install the 
board into the Arduino IDE, using the Board Manager 
and installing the JSON file. See the following section. 
 
If the Workshop4 IDE is not going to be used at all, 
then the IoD board needs to be added into the Arduino 
IDE in the same way, using the Arduino Board 
Manager. More details below. 

 

11.1. Arduino IDE 
 
The IoD-09 is Arduino IDE compatible. The IoD can be 
directly programmed via Arduino IDE like any other 
ESP8266/Arduino module. 
  
The IoD-09 must be added to the Arduino IDE. This is 
typically done using the Boards Manager.  
Advanced users who wish to use the Github main 
repository are welcome to, which also supports the 
IoD-09, however is not classed as Stable by the 
ESP8266 community so should be used with caution. 
 
The easiest way to install the IoD-09 into the Arduino 
IDE, is by installing the Stable release JSON file 
provided by the ESP8266 community. This is done by 
starting up the Arduino IDE, going File, Preferences, 
ŀƴŘ ŜƴǘŜǊƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭƛƴŜ ƛƴǘƻ ǘƘŜ Ψ!ŘŘƛǘƛƻƴŀƭ 
.ƻŀǊŘǎ aŀƴŀƎŜǊ ¦w[ǎΩ ŦƛŜƭŘΦ LŦ ȅƻǳ ŀƭǊŜŀŘȅ ƘŀǾŜ ŀ 
listing in there, simply add a comma after the last one, 
and paste this new URL in at the end: 
 
http://arduino.esp8266.com/stable/packa
ge_esp8266com_index.json  
 
Click OK on the preferences window to close it. 
  
Go up to Tools, Board, and click on Board Manager. 

 
 

Once it loads, scroll down to the bottom, and you 
should see a listing for esp8266. Click on it, and then 
on install, and install the latest version. 
 

 
 
Once this has been completed, click Close, and then 
shut down the Arduino IDE. 
 
The Arduino IDE should then be set up to start using 
the IoD-09. 
 
NOTE: For advanced users, the Github repository for 
the Arduino esp8266 core (non-stable version), is not 
classed as being stable by Espressif. Use at your own 
risk. 
 
https://github.com/esp8266/Arduino 
 
Follow the instructions on their Github readme. 
 
NOTE: The ESP8266 Core is not maintained or created 
by 4D Systems. It belongs to esp8266.com. 
 

11.2. Additional Libraries 
 
Check out the GFX4d library from the 4D Systems 
github page: https://github.com/4dsystems  
 
This contains the library specifically for the IoD-09 and 
some demo applications. 
 
This library can be downloaded and added to the 
Arduino IDE, like any normal library. 
 
Navigate to 
https://github.com/4dsystems/GFX4dIoD9 
and download the repository, using the 
download/clone button. Save the zip file to your PC. 
 
Open the Arduino IDE, and go to Sketch ς Include 
Library ς Add Zip Library 
 

http://arduino.esp8266.com/stable/package_esp8266com_index.json
http://arduino.esp8266.com/stable/package_esp8266com_index.json
https://github.com/esp8266/Arduino
https://github.com/4dsystems
https://github.com/4dsystems/GFX4d
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The library will then be installed, and will be available 
for you to use. There are example applications 
available in the examples folder. 
 

11.3. 4D Systems ς Workshop 4 IDE 
 
Workshop 4 is a comprehensive software IDE that 
provides an integrated software development 
platform for all 4D Systems Intelligent Display 
Modules, including the IoD.  
 
Workshop4 allows rapid development of applications, 
and on the IoD can take full advantage of the available 
extended graphics functions. 
 
The Workshop IDE can create/edit Arduino code and 
verify/compile and then load the code into the Lƻ5Ωǎ 
ESP8266 processor, without having to use the Arduino 
IDE directly. It makes it possible to create both simple 
and complex graphical user interfaces. 
 
When Workshop4 is started, it presents the User with  
a screen to start a new project, or to load a project. 
Upon selecting to start a new project, another screen 
is displayed, presenting the wide range of 4D Systems  
products available to be programmed or configured by 
the Workshop4 IDE. 
 
The Workshop4 IDE can be used to program the IoD-
09, just as the Arduino IDE does. This is possible due to 
the integration of the Arduino compiler via the 
Arduino IDE, which allows Arduino sketches to be 
written and compiled from within the Workshop4 IDE, 
which then provides WS4 the benefit of adding 
graphical widgets and features to the IoD, which 
would otherwise not be available when using the 
Arduino IDE. 
 
If you use the Workshop4 IDE, you can program the 
IoD module and have the opportunity to create 
graphics which you can call using Arduino code via the 
GFX4dIoD09 library. Many options are possible. 

 

 
 

bƻǘŜΥ ²ƻǊƪǎƘƻǇ ǊŜǉǳƛǊŜǎ ǘƘŜ !ǊŘǳƛƴƻ L59 ǘƻ ōŜ 
ƛƴǎǘŀƭƭŜŘ ŀǎ ²ƻǊƪǎƘƻǇ Ŏŀƭƭǎ ǘƘŜ !ǊŘǳƛƴƻ L59 ŦƻǊ 
ŎƻƳǇƛƭƛƴƎ ǘƘŜ !ǊŘǳƛƴƻ ǎƪŜǘŎƘŜǎΦ ¢ƘŜ !ǊŘǳƛƴƻ L59 
ƘƻǿŜǾŜǊ ƛǎ ƴƻǘ ǊŜǉǳƛǊŜŘ ǘƻ ōŜ ƻǇŜƴŜŘ ƻǊ ƳƻŘƛŦƛŜŘ ǘƻ 
ǇǊƻƎǊŀƳ ǘƘŜ Lƻ5Σ ƻƴŎŜ ƛǘ Ƙŀǎ ōŜŜƴ ǎŜǘ ǳǇΦ tƭŜŀǎŜ Ŧƻƭƭƻǿ 
ǘƘŜ ǎǘŜǇǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎŜŎǘƛƻƴ ǘƻ ƛƴǎǘŀƭƭ ŀƴŘ 
ŀŘŘ ǘƘŜ Lƻ5 ǘƻ ǘƘŜ !ǊŘǳƛƴƻ L59Σ ǇǊƛƻǊ ǘƻ ƛƴǎǘŀƭƭƛƴƎ ǘƘŜ 
²ƻǊƪǎƘƻǇп L59Φ 

 

12. Starter Kit 
 
4D Systems highly recommends all first-time buyers of 
п5 {ȅǎǘŜƳǎΩ ŘƛǎǇƭŀȅǎΣ ǘƻ ǇǳǊŎƘŀǎŜ ǘƘŜ {ǘŀǊǘŜǊ Yƛǘ ǿƘŜƴ 
purchasing their first 4D Systems display solution. 
 
The Starter Kit provides all the hardware that is 
required to get the User up and running. 
 
Not all development environments and features will 
be needed by every User. However, by purchasing the 
display solution in a Starter Kit allows you to take full 
advantage of all of the features of the 4D Systems 
Display Solution and try out each of the 4D Woskshop4 
Environments prior to settling with the preferred 
feature-set. 
 
Starter Kits typically include: 

¶ IoD Display Module 

¶ 4D-UPA Programmer 

¶ 4GB micro-SD Card 
 
Please refer to the 4D Systems website for current 
components included in the Starter Kit, if available. 
Simply select the Starter Kit option when purchasing 
the chosen display module on the 4D Systems 
shopping cart, or from your local distributor. 
 

  






















