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Webinar Logistics

 Turn on your system sound to hear the streaming presentation.

« If you have technical problems, click “Help” or submit a question
asking for assistance.

« Participate in ‘Group Chat' by maximizing the chat widget in your
dock.
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Don Wilcher

Visit ‘Lecturer Profile" in your console for more details.
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Course Kit:
The ELEGOO l\/Iega 2560 Project: The l\/Iost Complete Starter Klt w/Tutorial

E
- s:urr::nr
FERRRERERE
Hi
M EEEEEERRLR
= LAt
T
- P

M EEERREERIE

@ g ., - ee—

oo
o il El E"UUU
=1
CTT L
EEEEn

VIDEO

N
U




C C Continuing '
E Education Sponsored By ' X
Center conronarion &5 g

Course Components:

ELEGOO UNO R3 2.8 Inches TFT Touch
Screen with SD Card Socket w/All
Technical Data in CD for Arduino UNO R3

TWTADE SSR-40 DD 40A DC
3-32V to DC 5-60V SSR Solid
State Relay + Heat Sink
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Agenda: HJ

*TFT LCD Touch Screen Basics
*TFT LCD Touch Screen Types
a) Resistive
b) Capacitive
*Mini Lab activities:
a) graphics
D) text
Lab Project: TFT LCD Touch Screen Controller
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TFT LCD Touch screen Basics

A TFT LCD Touch screen is:
« a Thin Film Transistor (TFT) screen with a touch technology.
designed to be active matrix. Active matrix:

a) can retain certain pixels on the screen

D) able to address other screen pixels using minimum

able to display content and act as an interface device .
an optoelectronic component that used organic LEDs (OLEDs) for
touch screen illumination (backlighting).
able to deliver sharp images.

Source: Techwalla: https://www.techwalla.com/articles/what-is-a-tft-touch-screen
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Question 1
Thin Fast Transistor is embedded within a touch
screen.
a) True
b) False



Continuing
Education

Sponsored By w !
Center CORPORATION /

TFT LCD Touch screen Basics. . . e

01 HTR

s HMI Droid - 173 demo

EEEEE
= =

Climate control
@ Power
Warning
@ Fault oif
@ Overcurrent ® Manual

Operation mode

+ Enable alarms Auto

Temperature log Setpoint
30°C

21.0°C

Process value

20.0°C

120°C

Power

@ System.R64512: Protocol status

TFT LCD Touch
screen examples




C C Continuing L
E Education Sponsored By w !
Center conronarion &8

TFT LCD Touch screen Basics. . .

Ucglib Box3D

18§20 SI VS 1S DA MO

@ O LI 0OF 09182181 @

TFT LCD Touch
screen examples
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TFT LCD Touch screen Basics. . .

A Thin Film Transistor is:
* a special type of metal oxide semiconductor field-effect transistor
(MOSFET).
» made by depositing thin films of an active semiconductor,
dielectric layer, and metallic contacts over a supporting substrate.

Glass is a common substrate used in TFT based LCDs.

11
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A TFT Construction

oD
G |

NMOS FET & s

oD
G |

PMOS FET

OS

Source: Thin Film Transistor: https://en.wikipedia.org/wiki/Thin-film_transistor

TFT LCD Touch screen Basics. . .

top-

bottom-

staggered coplanar ”
i gate
_8 source = | drain | | ]
© channel
(@) amorphous substrate
8 | [ [ | ’_/—\_/—\_|,—|,—|
© ﬁ ﬁ
(@)

e.g. glass

e.g. metal

amorphous silicon (a-Si)

insulator/dielectric
- gate material (e.qg. ITO)

12
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TFT LCD Touch screen Basic. . .
A TFT LCD Construction

1 - Glass plates

213 - Horizontal and vertical polarisers
4 - RGB colour mask

56 - Horizontal and vertical command lines

7 - Rubbed polymer layer

8 - Spacers

9 - Thin-film transistors

10 - Front electrode

L ]

11 - Rear electrodes

13

Source: Thin Film Transistor: https://en.wikipedia.org/wiki/Thin-film_transistor



Question 2
What transistor is used for a TFT?.
a) MOSFET
b) BIJT
c) none of the above
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Types of TFT LCD Touch screens
There are two variations of TFT LCD Touch screens: Resistive and

Capacitive.
Resistive TFT LCD :
a) touch screens consists of several very thin layers
b) pressing the touch panel, top layer bends thus _
making contact with the bottom layer. —t
) Touch action closes a circuit thus allowing current \J i T
flow. copattom [ g
d) Effective as simple panel controls or keypad . I
replacements. i st Aot
lasulating pad:
E Resistive Touch Screen

Source: Digi-key Tech Forum: https://forum.digikey.com/t/resistive-touch-vs-capacitive-touch-whats-the-difference/1063 15
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Types of TFT LCD Touch screens. . . N
Capacitive TFT LCD : o
a) typically made of two layers
. surface insulator
ii. Transparent conductive layer

b) human body (finger) is a conductor, when
touch panel is touched, panel’s electrostatic
field is distorted.

C) Touch screen's controller can determine the
distortion - sends instructions to the system
accordingly.

d) Capacitive Touch screens can accept

Multitouch controls.

Capacitve Touch Screen

Source: Digi-key Tech Forum: https://forum.digikey.com/t/resistive-touch-vs-capacitive-touch-whats-the-difference/1063 16
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Types of TFT LCD Touch screens. . . N
.

Comparisons:

Resistive Touch Screen Capacitive Touch Screen
Advantages Inexpensive Higher touch sensitivity

Better resistance to dust and water Supports mulit-touch

Can be used with gloves Good visibility even in sunlight
Disadvantages Low touch sensitivity Cannot be used with most gloves

Unable to support multi-touch More expensive

Foor visibility in sunlight Does not work well with pointed objects

Source: Digi-key Tech Forum: https://forum.digikey.com/t/resistive-touch-vs-capacitive-touch-whats-the-difference/1063 17
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Example: Resistive Type
ELEGOO UNO R3 2.8 Inches TFT LCD

LCD Data Bite

LCD Data Bit4
LCD Data Bit3

LCD Data Bit5

Types of TFT LCD Touch screens. ..

SD-card Chip Sellect Signal

SD-card SPI Bus MOSI Signal

LCD Data Bit?
LCD Data BitD

— LCD Data Bitl

— SD-card SPI Bus MISO Signal

SD-card 5PI Bus SCLK Signal

01 HTR

Touch Screen with SD Card Socket

LCD Data Bit2

i
UL

3V3I_WR/3V3I_RD
3V3_CS/IV3_RS
SD_S5/5D_SCK
sSD_DG/sD_DI
+3.3V/GND

| §
%
L
2

-

(T " - 3 | '_ - : "'_."._tL
|
Reset Signal No Connected
Read Signal
Chip Sellect Power VCC
Ll Write Signal
Command/Data Sellect Power GND

Source: Elegoo TFT Touch Screen: https://www.elegoo.com/products/elegoo-2-8-inches-tft-touch-screen 18
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- =y
Example: Resistive Type TRRRE LCDPins_[instruction
LCD_RST Reset Signal
ELEGOO UNO R3 2.8 Inches TFT LCD LCD_CS Chip Sellect
Touch Screen with SD Card Socket . e
] rite Signal
LCD_RD Read Signal
GND Power GND
5V Power VCC
3v3 No Connected
LCD_DO LCD Data Bit0
LCD D1 LCD Data Bitl
LCD_D2 LCD Data Bit2
[ N LCD D3 LCD Data Bit3
\ . 5 4 !
% m . Il o LD Data Bk
4 =) LCD_DS LCD Data Bit5
3 2 LCD_D6 LCD Data Bit6
A : - LCD D7 LCD Data Bit7
- - SD_SS SD-card Chip Sellect Signal
% SD_DI SD-card SPI Bus MOSI Signal
= SD DO SD-card SPI Bus MISO Signal
SD_SCK SD-card SPI Bus SCLK Signal

Figure 1. Interface Definition E|egoo_(20'| 7, P 1)
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo. 19
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Types of TFT LCD Touch screens. . . o T 0

ELEGOO UNO R3 2.8 Inches TFT LCD %J
Touch Screen with SD Card Socket R

Item Description
Display Type 2.8 inch a-si TFT LCD Module
Glass Type TFT
Display Resolution 240XRGBX320 Pixels
Back light 4 chip HighLight white LEDs
Control IC ILI9341
Interface 8 Bit parallel interface
PCB Module size 78.22mmxX52.7mm
LCD Area(WxHXT) 50mmX69.2mmXx2.5mm
Active Area(WxH) 43.2mmx57.6mm
Module weight TDB
Table 1. Basic Specifications Elegoo_(ZO'] 7, o) 1) :,,"F: HEAELALE

Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo. 20
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Types of TFT LCD Touch screens. . .

ELEGOO UNO R3 2.8 Inches TFT LCD
Touch Screen with SD Card Socket

Specification Min | Type | Max | Unit
Power Voltage(VDD/VCC) 3.3 5 5.5 VDC

MCU Voltage = 3.3V 3 3.3 3.6

10 Pins Voltage

MCU Voltage = 5V 4.5 5 5.5 ¥
BackLight Voltage 2.8 3.2 3.3 V
Current Consumption - 120 & mA

Table 2. Electronic Specifications Eleg00.(2017,p .1)

LIRS ¥
Fass@ame®s s

Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo. 21



Question 3
Which statement is correct. A
a) Resistive Touch Screen has good visibility
even in sunlight.
b) Resistive Touch Screen is expensive.
c) Resistive Touch Screen has better resistance
to dust and water
d) none of the above
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Mini Labs

Learning Objectives:

Mini Labs will explore the following resistive TFT LCD Touch screen characteristics:
a) graphics
b) text

Source: Elegoo TFT Touch Screen: https://www.elegoo.com/products/elegoo-2-8-inches-tft-touch-screen 23
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SPI 3
sketch 21a | Arduino 1.8.1) ° e
R e = ’ Mini Labs -
File Edit Sketch Tools Help e o o “‘J
New Cirle N Examples from Custom Libraries

Adafruit BuslQ
Adafruit ESP2266
Adafruit GFX Library
Adafruit GPS Library
Adafruit L9341

Open... Ctrl+0

Arduino IDE Setup: .

;
: « Software preparation in User
; Manual (Elegoo 2017, p. 6)
| o : « Import Libraries in User manual
SaveAs..  Ctrl+Shift+S N e ] (ElegOO 2017, p. 7)
;
;
;
,

Open Recent
Sketchbook

Examples

Close Ctri+W
Save Ctrl+5

Page Setup  Ctrl+ Shift+P Adafruit MQTT Library
Print Ctri+P Adafruit NeoPixel
Adafruit PN532
Adafruit ST7735 and 5T7789 Library
Quit Crl+Q | Adafruit STMPE610
Adafruit TFTLCD Library
Adafruit TouchScreen

Preferences  Ctrl+ Comma

graphicstest

rotationtest

AIM-for-Things-Arduino101 graphicstest
AN_275 rotationtest
= BLE i titbmp tithm P

Blynk b tftbmp_shield

DHT sensor library ‘ tf'tpa?nt , tI:thmFl 5h IEld
Elegoo _TFTLCD } tftpaint_shield —
titpaint

Grove_LCD_RGB_Backlight-rmaster
tftpaint_shield

GUlslice

»
»
#h Arduing Mega or Mega 2580, 4 HardwareBLESerial b
»
>

IRrernote

Keypad
¥

24
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.



C C Continuing '
E Education Sponsored By ' X
Center conronarion &5 g

Mini Labs. .. -
Arduino IDE Setup: ’

« Software preparation in User
Manual (Elegoo 2017, p. 6)

« Import Libraries in User manual
(Elegoo 2017, p. 7)

Example Files on CD [ Name
Examplel1-5imple test
I2€LEGoD Examplel2-DisplayString
snte » ) Examplel3-graphicstest
o Exampleld-Touch
e Yo Examplel3-5howBMP

Examplele-Phonecal

(S

25
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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Mini Labs. ..

Mating TFT LCD Touch screen to Mega 2560 (Elegoo 2017, p. 11)

TFT LCD Touch screen

Mega 2560

26
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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i (s Example 2: DisplayString Text (Elegoo 2017, p. 9) -
: 000000005z :
6/0l6/0/0/6/0,0,%,
oz 225 S0 @ com? = O X
| : | Send
14-;: ; IFT LCD test
1 Using Elegoo 2.4" TFT Breakout Board Pincut
1534 59 | TFT size is 240x320
i ;- B Found 0x5341 LCD driver
— |

e n
§ ‘4 = I

Hel 1o

“ Autoscroll [ Show timestamp Mewline « | 9600 baud e Clear output
27

Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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Question 4 A
In reviewing slide 27, the TFT size is.
a) 640 x 320
b) 240 x 330
c) 240 x 320

d) none of the above

28
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Mini Labs. ..
Example 2: DisplayString Text (Elegoo 2017, p. 9)

Code activities to explore:

tft.printin("Hello World!");

tft.printin(01234.56789); Change the text and display on the TFT LCD Touch screen
tft.printin(OXDEADBEEF, HEX);

Line 112: tft.setTextColor(GREEN); tft.setTextSize(2); Code used to change the color and the size of the
text.

Lines 133 - 146 with the DisplayString Text code can be explored.

Lines 147: Change the timing of displaying the text with this line of code with the DisplayString Text code
can be explored.

29
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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Mini Labs. ..
Example 2: DisplayString Text (Elegoo 2017, p. 9)

Code activities to explore:

Lines 133 - 146 with the DisplayString Text code can be explored.

30
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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Mini Labs. .. -

01 HTR

Example 4: Touch (Elegoo 2017, p. 11)

B

!

H
f

QR4 6265301 _G4/Z

PR T TATAN

31
Source: Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.
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) thtpaint | Arduino 1.8.15 (Wind: & ° [ i i3 i
i i {1 1N
File Edit Sketch Tools Help Adstitio Ardiine M I nl La bSo ° L A H
Adafruit LSMIDS0 Library 01
New Crl+N A T —
Adafruit microbit Library
Open... Ctrl+0 01 HIR
Adafruit MOTT Library |}
Open Recent
Adafruit NeoPixel
Sketchbook 1
Adafruit PM532
Exarnples '}
Adafruit 5T7735 and ST7789 Library
Close Ctrl+W
Adafruit STMPEGTO
Save Ctrl+5
z Adafruit TFTLCD Library
Save As... Ctrl+5hift+5
Adafruit TouchScreen
PageSetup  Ctrl+Shift+P AlM-for-Things-Arduino101
Print Ctrl+P AN_275 . . .
Touch application can be found through:
Preferences  Ctrl+Comma
Blynk | > | > > f H
e ana Examples>Elegoo>TFTLCD>tftpaint
Elegoo TFTLCD 4 graphicstest
Grove LCD_RGE_Backlight-master 3 rotationtest
GUlslice | titbmp
HardwareBLESerial 1 tftbrmp_shield .
IRremote b tftpaint _ tftpa I nt
Keypad 1 tftpaint_shield
LCDWIKI_KBY
MCUFRIEND_kbw
pleLib
REL_nRF2001
Arduino | TFT Touch Shield v2.0 CoM7
TMRpcm
TouchScreen
USBHostShield2
INCOMPATIBLE

o

7y

32
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Lab Project: TFT LCD Touch Screen Controller. ..

Block Diagram

TFT LCD Touch screen Shield

DC-Motor: Fan

Mega 2560 Solid-State Relay

33
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Lab Project: TFT LCD Touch Screen Controller. ..

Button Simple: TFT LCD Touch Screen
Controller Operation

Red is Default Color

Turns Square Red/Digital
Output 22 OFF

Turns Square Green/Digital
Qutput 22 ON

34
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Lab Project: TFT LCD Touch Screen Controller. ..

Circuit Schematic Diagram

TFT LCD Towch screen Shisid

Input Output
TWTADE 55R
Mega 2560 22 - 1( }—I : Ii
E | L ¢ “;.l‘| 'I+. Lt} _*L _|

|— t . f--j SVDC
ol v q-O—

35
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Lab Project: TFT LCD Touch Screen Controller. .. R e B0
. |
MCUFRIEND_kbv- ter fil
_kbv-master files
aspect kbv
e button_simple code
diagnese_Touchpins —_
drawBitmap_kbv H#if &
Font_simple = ) i i )
GLUE_Demo_220x176 tine ofe soatioll Bl
4 #include <MCUFRIEND kbv.h>
PEOE DemnaZe i £0 5 MCUFRIEND kbv tft;
* MCUFRIEND.kbv-master » L T R | 1iocinds cIoushierecn. b
' GLUE_Demo_480x320 #define MINPRE
GLUE_Demo_800x480 B #define MAXPRESSURE 1000
gaphletion _ /{ BALL Touch panels and wiring is B ER
graphictest_slim 11 !/ copy-paste results from TouchScreen Calil native.in
LCD_ID_readnew 12 const int ¥P = 6, ¥M = &2, YP = A1, YM = 7 JID=0x534
LCD_ID. readreg 13 const int TS _LEFT = v TS BT = , TS TOP = , TS BOT =

readpixel_kbv
scroll_kbv
showBMP_kbv_Uno
showBMP_not_Uno
testcard_kbv

Touch_shield_new

Source: MCUFRIEND_kbv - https://github.com/prenticedavid/MCUFRIEND _kbv: >

TouchScreen_Calibr_native
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Lab Project: TFT LCD Touch Screen Controller

Modifying Button Simple code (sketch)

BH#if 1

#include cAdafruit GFX.h>
#include <MCUFRIEND kbv.h:
MCUFRIEND kbv tft;
#include <TouchScree
#define MINPEESSURE 2
#define MAXPRESSURE 1

Place cursor here :
and hit the enter 1e * * all, Touch panels and wiring is IC:":"E;_E'_-]?
key 12 e, X B . m

Typeth|s Code at ||ne’|0 ‘ | 10 #define Ouat 22 //f :'ii_l'it&.l Pin 22

37
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Lab Project: TFT LCD Touch Screen Controller. .. s

Modifying Button Simple code (sketch). . .

13 woid loop(void)
4| §
75 30l down = Touch getX¥():
on_bktn.press{down £& on btn.contains(pixel x, pixel wyj):
off btn.press{down && off btn.contains(pixel x, pixel vj):
if {on_btn.justReleased())

on_btn.drawButtoni();
if {off btn.justReleased())

off btn.drawButtonf() ;
if {on_btn.justPressed()) |

on_btn.drawButton(trus);

tft.fillB=ct (40, 80, 160, 80, GREENW);

Type thlS COde ‘ digitalWrite (Cut, HIGH); // turn on pin 22
at line 85 o I T
: if {off btn.justPressed()) {
off btn.drawButton{true};
tft.fill1Psct (40, 80, 160, 80, RED):
Type this code ‘ digitalWrite(Out, LOW): // turn on pin 22
atline 90 ;

38
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Lab Project: TFT LCD Touch Screen Controller.

Final Build

Click here to
check out the
Final Build videol!
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Question 5
Instruction code digitalWrite(Out, HIGH) will turn the
Mega 2560 digital pin 22_
a) toggle
b) off
c) on
d) none of the above

40
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Thank you for attending

Please consider the resources below:
« Techwalla
https:.//www.techwalla.com/articles/what-is-a-tft-touch-screen

« Thin Film Transistor
https://en.wikipedia.org/wiki/Thin-film_transistor

« Digi-key Tech Forum
https://forum.digikey.com/t/resistive-touch-vs-capacitive-touch-whats-the-difference/1063

« Elegoo TFT Touch Screen
https://www.elegoo.com/products/eleqoo-2-8-inches-tft-touch-screen

* Elegoo.(2017). Elegoo 2.8 inches touch screen user manual - Arduino version. Elegoo.

 Final Build YouTube Video
https://www.youtube.com/watch?v=0wwsFdxcz4A

41
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