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e Resistive Touch — 4 wire

2 layers of resistive material

1 with connections at top/bottom

1 with connections at sides

Separated by air/spacers Flasdbie hard-coatad
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PLASTIC FILM WITH
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COATING ON BOTTOM SIDE
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ON BOTTOM SIDE e !

PLASTIC FILM WITH S ELO
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5
Src: Analog Devices

EE 4980 — MES 3 © tj



e Resistive Touch — 4 wire

* Measure Y position

* Place a voltage across Y terminals

Vee
E |_0 VRer

 Where touched, X+ terminal will

measure relative voltage
(VIA MUX)

‘ REF+
ADC

* Measure X position

Y.
GND Fll
e,

* Place a voltage across X terminals

REF-

Src: Analog Devices

* Where touched, Y+ terminal will
measure relative voltage
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e Resistive Touch — 4 wire

EE 4980 — MES

AUX/VBATIGPIO
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INPUT
MuX
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X— Y- GND X+ Y+ Vcc

DUAL 3-TO-1 MUX

* REF— * REF+

12-BIT SUCCESSIVE

L APPROXIMATION ADC
WITH TRACK-AND-HOLD

Src: Analog Devices
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e Resistive Touch — 4 wire

EE 4980 — MES

AUX/VBATIGPIO
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Cs! DiMf DOUTH SCL
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Src: Analog Devices
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e Resistive Touch — 4 wire

* Pro

* Flexible screen material
* Any material can be used for touch
e Can be very accurate

* Con

e Surface easy to damage

* Low endurance

* Limited light transmission
e SINGLE TOUCH
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e Resistive Touch — 5 wire

1 layer of resistive material
1 with connections at 4 corners
* 1 layer of conductive material [T conueive coatina

Flaxible hard-coaload

Separated by air/spacers outar mamérana

Top Sheet 5ens Electrode
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v ..-‘f # L substrate :
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LL+ Connecting Wire |—I“-5|.L1;:“-:_'| spacer dots

Src: ELO
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e Resistive Touch — 5 wire

* Measure Y position

* LR—gnd, UL -Vdd
e LL-gnd, UR-Vdd

* Where touched, wiper terminal will
measure relative voltage

* Measure X position

* LR—gnd, UL-Vdd
e LL-Vdd, UR-gnd

Where touched, wiper terminal will
measure relative voltage

EE 4980 — MES
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e Resistive Touch — 5 wire
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e Resistive Touch — 5 wire

* Pro

* Flexible screen material
* Any material can be used for touch
e Can be very accurate

* Con

Surface easy to damage

Better but still limited endurance
Better light transmission

SINGLE TOUCH
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 Surface Capacitive e e e

:
Uniform conductive material /§
* On glass R\
Common voltage applied at
all 4 corners
9

uniform electric field

When touched, finger modifies the field (creates a capacitor)
— current from each corner

Calculate position based on relative current values — 1/r
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 Surface Capacitive

Uniform Con u(l on Glass
» Setup a sine wave on all 4 corners ?ﬂ
\. « Electrodes
e i=Cdv/dt
* When touched, finger modifies C g
-2 Ai

* Calculate position based on relative current values — 1/r
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 Surface Capacitive

EE 4980 — MES

1
Controller Board Amplification & | [Analog 4 . Corner
Gain States Filter to DC < Corner 2
Touch
HOST Shield | Screen
Drive Signal « Comer3 {
Com |«|- Firmware <«|-AD . Comer4
Src: Information Display
14
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* Projected Capacitive — Self Capacitance

EE 4980 — MES

Self capacitance touch
sensing
:’\‘\)//(“

7 : \ : =T
Q Pump a fixed charge Q vour finger \
onto a wire in capacitively couples

space. Measure the —— e to the wire and ———
resultant voltage - - provides another ac -
n an infer ath h.
?hfcyaopuazn:ar:SQQto Earth Earth 2;;)123::2 increases Earth
<
ground. as measured voltage
decreases identifying
Figure 1 a touch

Src: Design News
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* Projected Capacitive — Self Capacitance

EE 4980 — MES

Self capacitance touch screen

X-
wires

mXT295

21
-

Figure 3

16

1.

Dump charge
onto all X&Y-axis
wires.

Measure the
voltage on all the
X~-axis wires.

. Map an X-axis

touch profile.

. Measure the

voltage on all the
Y-axis wires.

. Map a Y-axis

touch profile.

Src: Design News
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* Projected Capacitive — Self Capacitance

EE 4980 — MES

- H 0
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- E E ~
- e
20 measurements Source: 3M 20 measurements
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* Projected Capacitive — Self Capacitance

 Single Touch only

Ghost Points



* Projected Capacitive — Self Capacitance

e With SW can do 2 touch swipes (pinch, expand)

Ghost Points
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* Projected Capacitive — Mutual Capacitance
* Reduce the apparent capacitance

Projected capacitive touchscreen.

£
'
Flald cougling «
o - ot
X a Disdeciric
AT :Irllr':.':-_'a-'d :_':_' S i =, frant panal
WA BE AP a e Caon,
Duiva l'"lih‘\- Drive alecrode RacEive alectiode
buriher -

V " Collocted charge
‘ Diive pultos
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Figurs 1

Src: Embedded Design
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* Projected Capacitive — Mutual Capacitance

* Single intersection — 2 layer ITO

Src Electronic Design
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* Projected Capacitive — Mutual Capacitance

* Matrix Structure

~——Glass
/ —IT0

—— Glass/Film
——ITO

Src: Cypress
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* Projected Capacitive — Mutual Capacitance

* Matrix Structure

 Drive 1 row — Scan each column
 Measure capacitance

* Provides for multiple touches as each row/column can be
detected

e Operate at a 20 — 200Hz cycle rate
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* Projected Capacitive — Mutual Capacitance

* Controller
Sense Analog- Digital
Electrodes Analog Front- to-Digital Signal
End (AFE) “| Converter | °| Processor
(ADC) (DSP)
W
Sensor
Driver Host
Interface

Capacitive Nodes

Touch Sensor

EE 4980 — MES

Touch Controller
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Source: The author
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* Projected Capacitive — Mutual Capacitance

e Controller

EE 4980 — MES

FIGURE 1-1: SYSTEM BLOCK DIAGRAM
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Gesture Engine fé‘ %'- ADC /| sense
1K
Module L% L]
Touch Data [Master Controller]
1
.
n
]
.
"
H
1 MICROCHIP
AT TR, | PICKit™ Serial UsB
Analyzer
Connection anly for initial tuning or cnfiguration
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 On Panel

* Projected Capacitive — Mutual Capacitance

Cover Glass [Lens)

Discrate Sensor (plastic)

Polarizer

Color Filter Glass

| o

Color Filter

1153

TFT Cireuits

Ae|dsig

TFT Glass

Polarizer

Back Light Unit

EE 4980 — MES
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* Projected Capacitive — Mutual Capacitance

e |n Cell

 Critical to design as a part of the display — noise, interference

Full In-Cell

| Cover Glass [Lens)

-

[ Polarizer ]

| Color Filter Glass

| {olor Filter Transmitters [Tx) and
™LC Material with Tx and fx In the Cell . Rk e
-—

TFT Circuits

[aued

- Apjds ————-

[ ]
| TFT Glass |
[ Polarizer ]
| Back Light Unit |

|| 30— -

-

EE 4980 — MES 27

Hybrid In-Cell

| Cover Glass (Lens)

Polarizer
Receivers (Rx) on the Cell

| Color Filter Glass |
[

Color Filter | Transmitters (Tx)

T —EIEEL_‘H___., in the Cell

[ TFT Circuits ]
| TFT Glass |
[

Folarizer ]

Back Light Unit |
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e Surface Acoustic Wave

h\tiv,;'"":.
SUrface wave -

WWWWWWWWWWWA A~

Y transmitting transducer
]

" 1
Glass

\

‘“"'H
B — - e 1 Reflector

~ c X transmitting transducer
Src: Touch Screen Basics
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* Infrared

Optical (Infrared Optical Imaging)

Infrared LED / Image sensor

Triangulation

Retroreflective tape

Src: Touch Screen Basics
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* Sensor Comparison

Yes
Infrared 2 & 8 & ki 2 & 8 &3 '\ & & &4 ik (expensive)
Surface
Acoustic Wave | ik i i * % * ok i % i ek Na
(SAW)
Surface * ok * * e e e hhkkhkk | No
Capacitance
. Yes
Resistive 7 i i ' 2 8 & ' 8 & & ¥ b .
(expensive)
Projected Ahkkk | dokdok *kk *dkkk hhkkhkk | Yes
Capacitance

EE 4980 — MES
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