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e Simple Switch
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e Schmitt Trigger Inverter
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 Debounced Switch 1

» Slows the transition (filters it)
e Delays the switching time
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* Debounced Switch 2
* SR latch
e Requires an SPDT switch

VDD VDD

to logic/
A1 processor
spoT A B 8 input
B
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* Photo-Transistor
* Converts light to current
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* Opto-coupler
* Transmits a signal using light
* |solates Supplies

oo
L~
_T_ !
to logic/
processor

LE&Z% > input

4

|
Al

CE 3101 8 Ot



* Slotted Opto-coupler
* Transmits a signal using light
* |solates Supplies
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* Rotary Encoder
* Direction
e Distance
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» Reflective Coupler
* Line sensor
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* Photo Resistor
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* Photovoltaic Cell (Solar Cell)

* Generates a voltage that is the In of the photo-current
e Put cells in series to generate usable voltages
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* Moving Coil Microphone

Flexible
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* Electret Microphone
* Sound pressure moves the diaphragm = dC

Protective Felt FlX@d Q
Q=CV
Charged Backplate V - Q/C
Diaphragm == | dV = Qdc

Plastic Spacer
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* Logic Interfaces — Discrete
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* Logic Interfaces — IC

# TEXAS

SCEAD35A INSTRUMENTS
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Figure 2. Digital Switching Levels
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* Logic Interfaces
* Open Drain

Racalver
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CE 3101

* Logic Interfaces
* Open Drain
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e Technologies

Resistive

Capacitive

Optical

Surface wave
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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

PLASTIC FILM WITH

TRAMESPARENT, RESISTIVE
COATING ON BOTTOM SIDE

COMDUCTIVE ELECTRODE Y=

ON BOTTOM SIDE P !

PLASTIC FILM WITH
COATING ON TOP SIDE
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e Resistive Touch — 4 wire

* Measure Y position

Vee
* Place a voltage across Y terminals Y+ T:”—o
; \ o Vier
* Where touched, X+ terminal will
measure relative voltage s INPUT REF+
X- (VIA MUX)
-O—\.Mﬂ—wv—*_.ww._c \ ADC
1 TOUCH REF-
* Measure X position SCREEN

Y=
GND F”
e,

Src: Analog Devices

* Place a voltage across X terminals
 Where touched, Y+ terminal will
measure relative voltage
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e Resistive Touch — 4 wire
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e Resistive Touch — 4 wire
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CE 3101

e Resistive Touch — 4 wire

* Pro

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

* Con

Surface easy to damage
Low endurance

Limited light transmission
SINGLE TOUCH

25
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e Resistive Touch — 5 wire

1 layer of resistive material
* 1 with connections at 4 cornerr

|—|—l:_‘.-r,:r||_'.|.-c;li'.rr,- coaling
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e Resistive Touch — 5 wire

* Measure Y position

e LR-gnd, UL-Vdd

e LL-gnd, UR-Vdd
Where touched, wiper terminal will
measure relative voltage

* Measure X position

e LR-gnd, UL -Vdd

e LL-Vdd, UR-gnd
Where touched, wiper terminal will
measure relative voltage

CE 3101 27
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e Resistive Touch — 5 wire
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CE 3101

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

 Damage to the top layer does not impact performance
Better light transmission

SINGLE TOUCH
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e Surface Capacitive

* On glass

all 4 corners
9

uniform electric field

|

+
&4 Uniform Electric Field

Uniform conductive material R
Common ac voltage applied at i é‘]

Uniform Conductive Coating on Glass

« Electrodes

When touched, finger modifies the field (creates a capacitor)

- current from each corner

CE 3101

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

|
Setup a sine wave on all 4 corners ? ™

 Electrodes

i=Cdv/dt \} E

When touched, finger modifies C
-2 Ai

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

1
Controller Board Amplification & | [ Analog A | Corner
Gain States Filter to DC < Corner 2
Touch
HOST | «— l Shield | Screen
. Drive Signal [~ | Comner3 |
Com |«|- Firmware <«|-AD  Comer4
Src: Information Display
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CE 3101

* Projected Capacitive — Self Capacitance

Self capacitance touch
sensing

~7°

Q Pump a fixed charge
onto a wire in ]
space. Measure the —— e
resultant voltage =3 -
and you can infer
the capacitance to Earth Earth
ground.

Figure 1

33

4

7
Q vour finger \
capacitively couples

to the wire and —
provides another ac T
path to earth. Earth

Capacitance increases
as measured voltage

decreases identifying
a touch

Src: Design News
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* Projected Capacitive — Self Capacitance

Self capacitance touch screen

) &
wires 1. Dump charge

onto all X&Y-axis
wires.

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

3. Map an X-axis
touch profile.

4. Measure the
voltage on all the
Y-axis wires.

LLirinl 5. Map a Y-axis
mXT295 /94 ' touch profile.
2T
TTrrrrT /2
Figure 3

Src: Design News
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* Projected Capacitive — Self Capacitance

11
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* Projected Capacitive — Self Capacitance

* Single Touch only




* Projected Capacitive — Self Capacitance

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




* Projected Capacitive — Mutual Capacitance
* Reduce the apparent capacitance

Ves
. - A
Projected capacitive touchscreen. No
touch /~ Time
|
Ves
P ) 7 "
Touch |/
"I » Time
Flald |.'uu:||||'.: '
= —»| [— Delta
Dislactric Src: MDPI

front panal

L/

Collected charge

Diive pulios
‘ ~_100KHz??
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
/ —ITO

\ —— 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 full screen cycle rate

CE 3101 41 © tj



* Projected Capacitive — Mutual Capacitance

e Controller
Sense Analog- Digital
Electrodes Analog Front- to-Digital Signal
End (AFE) “| Converter | 7| Processor
(ADC) (DSP)
W'
Sensor
Driver Host
Interface

Capacitive Nodes

Touch Sensor

CE 3101

Touch Controller
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* Projected Capacitive — Mutual Capacitance

* Controller

FIGURE 1-1: SYSTEM BLOCK DIAGRAM
™ i
( MTCH6301 {  TouchSensor |}
[ ]
User Configuration Data E E
g —— : :
H , | e : g
2 L { MultiTouch g F] . : H
8 Decode g|| pPy TXDrive 4 :
g e { :
B g | & ; :
) () 1M E { i
a g E,
- ] X
Gesture Engine g‘ %‘- ADC /| sense
™ F) E
Module AR
Touch Data [Master Controller]
1
1
1
1
1
1
H
1 MICROCHIP
Yemm - | PICKit™ Serial UsB
Analyzer
Corpection only for initis | tuning or configuration
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* On Panel

* Projected Capacitive — Mutual Capacitance

Cover Glass [Lens)

Discrate Sensor (plastic)

Polarizer

Color Filter Glass

|aue

Color Filter

1153

LC Material

TFT Cireuits

Aedsig

TFT Glass

Polarizer

Back Light Unit
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CE 3101

* |n Cell

* Projected Capacitive — Mutual Capacitance

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

Full In-Cell

| Cover Glass |Lens) |

-

[ Polarizer ]

| Color Filter Glass

Transmitters (Tx) and
Receivers (Rx) in the Cell

a-—

[ Color Filter

TFT Circuits

[aueg

- Aejds] ——— -

TFT Glass
Polarizer
Back Light Unit

|| 3 — -

-
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Hybrid In-Cell

| Cover Glass {Lens)

[ Polarizer
Receivers {Rx) on the Cell

| Caolor Filter Glass |
[

Color Filter | Transmitters (Tx)

in the Cell
TET Circuits | T

TFT Glass |

Polarizer ]

Back Light Unit |
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e Surface Acoustic Wave

A 4
SUrface WAVEe =

WWWWWWWWWWWA A~

Y transmitting transducer
]

. 4
Glass

\

.\'H
e ——- e 1 Reflector

~ € 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

CE 3101
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