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(Editor's note : there is a list of related articles with links at the end, below the

“About the authors”section.) Silent Switcher°2

. family reduces radiated
Touchscreens (sometimesspelled as touch screen) are everywhere: they are EMI onanyPCB
embeddedin phones,office equipment, speakers,digital photo frames, TV

control buttons, remote controls, GPS systems, automotive keyless entry, and

medical monitoring equipment. As a component, they have reached into every

industry, every product type, every size, and every applicationat every price

point.In fact, if a product has an LCD orbuttons, a designer somewhereis
(Geetcrates
 

probably evaluating how that product, too, can implement touchscreen

technology. As with any technology, there are manydifferent ways to  
implementation approaches, many promises of performance, and many

different technical considerations whendesigning a touchscreen. Recent Posts

Is Optical Computing in Our Future? / Just give mea
decent data sheet, please / Five things to know

Knowing whatyou need is an importantfirst step in designing a touchscreen about prediction and negative-delayfilters / Did the

product. Vendors in the touchscreen supply chain frequently offerdifferent DopplerEffect even exist before railroads? / Diapers
with RFID: Trivial Pursuit or Widely Useful?

Anatomyof a touchscreen

pieces of the puzzle, often times combining several to create a value chainfor 
the end customer. Figure 1 shows a blowupof the touchscreen ecosystem. This
ecosystemis the same whetherit is in the latest Notebook PC orthe latest Rackiit Coniiants

touch-enabled mobile phone.
“stop” in the Nameof Noise: Do I Shut Off That
Switching Supply? — JWEasyTech on What Does
Your Noise Nemesis Look Like?

Planet Analog - Is Optical Computing in Our
Future? | Newslinks onIs Optical Computing in
OurFuture?

Bill_Jaffa on Just give me a decent data sheet,
please

alberttynzov on OutPersonals.comGay Dating Site
Unveils Site Makeover

qwerty567 on OutPersonals.comGayDating Site
Unveils Site Makeover
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Figure 1: Touchscreen contoller “autopsy” Select Month is

(Click on imageto enlarge)
 

Petitioner STMICROELECTRONICS,INC.,
Ex. 1007, IPR2021-01160 Page 1 of 6

f  

F
in

d
 a

u
th

e
n
ti
c
a
te

d
 c

o
u
rt

 d
o
c
u
m

e
n
ts

 w
it
h
o
u
t 

w
a
te

rm
a
rk

s
 a

t 
d
o
c
k
e
ta

la
rm

.c
o
m

. 

https://www.docketalarm.com/


Petitioner STMICROELECTRONICS, INC., 
Ex. 1007, IPR2021-01160 Page 2 of 6

There are six key elements:

1. Front panelor bezel : The front panel or bezel is the outermostskin of the end

product. In someproducts, this bezel will encompassa protective clear overlay

to keep weather and moisture out of the system, andto resist scratching and

vandalism to the underlying sensor technology (see item 3 below). Othertimes,
the outmost bezel simply covers the edges of the underlying touch sensor; in
this case, it is purely decorative.

2. Touch controller : The touch-controller is generally a small microcontroller-

based IC that sits between the touch sensor and the embedded system

controller. This IC caneither be located on a controller board inside the system
or it can be located ona flexible printed circuit (FPC) affixed to the glass touch
sensor. This touch controller takes information from the touch sensor and

translates it into information that the PC or embedded systemcontroller can
understand.

3. Touch sensor : A touchscreen “sensor”is a clear glass panel with a touch-
responsive surface. This sensoris placed over an LCD so that the toucharea of

the panel covers the viewable area of the video screen. There are manydifferent

touch-sensortechnologies on the markettoday, each using a different method

to detect touch input. Fundamentally, these technologiesall use anelectrical

current running through the panel that, whentouched, causes a voltage or
signal change. This voltage changeis sensed by the touchcontrollerto
determinethelocation of the touch onthe screen.

4. Liquid crystal display : Most touchscreen systems workovertraditional LCDs.

LCDs for a touch-enabled product should be chosenfor the samereasons they
would in a traditional system:resolution, clarity, refresh speed, and cost. One
major consideration for a touchscreen, however,is the level of electrical

emission. Because the technology in the touch sensoris based on small

electrical changes whenthe panel is touched, an LCD that emitsa lot of

electrical noise canbedifficult to design around. Touch sensor vendors should

be consulted before choosing an LCDfor a touchscreen systein.

5. System software : Touchscreendriver software canbe either shipped from the

factory (within the embedded Osof a cell phone)or offered as add-on software
(like adding a touchscreento a traditional PC). This software allows the

touchscreen and system controller to work togetherandtells the product's
operating system how to interpret the touch-event informationthatis sent

from the controller. In a PC-style application, most touchscreen drivers work

like a PC mouse. This makes touching the screen similarto clicking the mouse

at the samelocation on the screen. In embedded systems, the embedded
controller driver must compare the information presented onthe screen to the
location of the received touch.

The “big three” of touchscreen technology

- Resistive Louchscreens are the most commontouchscreen technology.
They are used in high-traffic applications and are immuneto water or

other debris on the screen. Resistive touchscreensare usually the

lowest-cost touchscreen implementation. Because they react to
pressure, they canbeactivated by a finger, gloved hand, stylus, or other
object, such as a credit card.

— Surface-capacitive touchscreens provide a muchclearerdisplay than the
plastic cover typically used in a resistive touchscreen.In a surface-

capacitive display, sensors in the four cornersof the display detect

capacitance changesdue to touch. These touchscreens can only be
activated by a finger or other conductive object.

— Projected-capacitive touchscreens are the latest entry to the market. This

technology also offers superioroptical clarity, but it has significant

advantages over surface-capacitive screens. Projected capacitive sensors
require no positionalcalibration and provide muchhigherpositional

accuracy. Projected-capacitive touchscreensare also very exciting

because they can detect multiple touches simultaneously.
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How touchscreens work

Let's look inside the two most commontouchscreentechnologies.

The most widely used touchscreen technologyis resistive. Most people have

used oneof these resistive touchscreensalready, in the ATM at the bank, in the

credit card checkout in moststores, or even for entering an order ina

restaurant. Projective-capacitance touchscreens, on the other hand,are not as

broadly available yet, but are gaining market momentum. Manycellphones and

portable music players are beginning to cometo market withprojective-

capacitanceinterfaces. Both resistive and capacitive technologies have a strong

electrical component, both use ITO (Indium-Tin-Oxide, a clear conductor), and

both will be aroundfor a long time to come.

A resistive touchscreen(Figure 2 , left side) consists of a flexible top layer, then a

layer of ITO (Indium-Tin-Oxide), an air gap and then another layerof ITO. The

panel has4 wiresattachedto the ITO layers: one ontheleft and rightsides of

the 'X' layer, and one onthe top and bottom sidesof the 'Y layer.

Figure2. Stackup layers for “resistive”(left) and “capacitive” (right) screens

(Click on imageto enlarge)

A touchis detected whentheflexible top layer is pressed downto contact the

lower layer. The location of a touch is measured in twosteps:First, the 'X right’

is driven to a knownvoltage, and the ‘x left’ is driven to ground andthe voltage

is read from a Y sensor. This provides the X coordinate. This process is repeated

for the other axis to determinethe exact finger position.

Resistive touchscreens also comein 5-wire, and 8-wire versions. The 5-wire

version replaces the top ITO layer with a low-resistance “conductive layer” that

provides better durability. The 8-wire panel was developed to enable higher

resolution by enabling better calibration of the panel's characteristics.

There are several drawbacks toresistive technology. Theflexible top layer has

only 75%-80% clarity and the resistive touchscreen measurementprocess has

several error sources. If the ITO layers are not uniform,the resistancewill not

vary linearly across the sensor. Measuring voltage to 10- or 12-bit precision is

required, whichis difficult in many environments. Manyof the existing

resistive touchscreensalso require periodic calibration to realign the touch

points with the underlying LCD image.
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Conversely, projected-capacitive touchscreens have no moving parts. The only

thing betweenthe LCD andtheuseris ITO andglass, which have near 100%

optical clarity. The projected-capacitance sensing hardwareconsistsof a glass

top layer(Figure 2, right side), followed by an array of X sensors, an insulating

layer, then anarray of Y sensors onaglass substrate. The panelwill have a wire

for each X and Y sensor, so a 5 x G panel will have 11 connections (Figure3),
while a 10 x 14 panel will have 24 sensor connections.

Figure3. Signal intensity at rows and colunins denotelocation of touch

(Click on imageto enlarge)

As a finger or other conductive object approachesthe screen, it creates a
capacitor betweenthe sensors andthe finger. This capacitor is small relative to

the others in the system (about0.5 pF outof 20 pF), but it is readily measured.
One commonmeasuring technique knownas Capacitive Sensing using a Sigma-

Delta Modulator (CSD) involves rapidly charging the capacitor and measuring
the discharge time througha bleedresistor.

A projected capacitive sensorarray is designed so that a finger will interact with

more than one X sensor and more than oneY sensorat a time(See Figure 3).
This enables software to accurately determinefingerpositionto a very fine

degree throughinterpolation. For example, if sensors 1, 2 and 3 see signalsof 3,
10, and 7, the centerof the fingeris at:

{(1 * 3) + (2 « 10) + (7 « 3)|/(3 + 10 + 7) = 2.2

Since projected-capacitive panels have multiple sensors, they can detect

multiple fingers simultaneously, whichis impossible with other technologies.

In fact, projective capacitance has been shownto detect up to ten fingers at the
sametime. This enables exciting new applications based on multiple finger

presses, including multiplayer gaming on handheldelectronics or playing an
touchscreenpiano.

Without question, touchscreensare great looking. They have begunto define a
new user interface and industrial design standard that is being adopted the

world over. In everything from heart-rate monitors to the latest all-in-one

printers, touchscreens are quickly becoming the standard of technology design.

Beyondjust looks, however, touchscreens provide an unparalleled level of

security from tampering, resistance from weather, durability from wear, and
even enable entirely new markets with unique features such as multi-touch

touchscreens. With touchscreens making their way into so many typesof

products,it's imperative that design engineers understand the technology
ecosystem and technologyavailability.

About the authors

Steve Kolokowsky is a Memberof the Technical Staff in Cypress Semiconductor's
Consumer and Computation Division (CCD). Steve's focus is high-speed USB

peripheral products. He has participated in the design of manyof today's

highest-selling MP3 players. Steve has a BS in Systems Engineering from

RensselaerPolytechnic Institute in Troy, NY. He is based in sunny SanDiego,
California, USA and canbe reachedat syk@cypress.com
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To find a good printer in Canada. | would suggest using the following companies:
TorontoPrintingCompanies | CalgaryPrintingCompanies | WinnipegPrinting

Companies | MontrealPrinting Companies | ReginaPrintingCompanies | Saskatoon
PrintingCompanies | QuebecPrintingCompanies |OttawaPrintingCompanies |
EdmontonPrinting Companies |VancouverPrintingCompanies | These companies
provide the best and mostaffordable price in whole Canada. Other printing
companies | suggest would be PrintQuoteServices | PrintingCompany. |BestLocal
Printer | Some otherlocal cities have great printers as well such as the following:
CharlottePrinting |DallasPrinting | NashvillePrinting

If you are looking to print custom stickers. The following is my best choice: Label
andstickerprinting |PrintCustomSticker|PrintStickers | No only they offer the

best sticker printing quality but also unbeatable price.

Nowadays,it is hard to find quality print trader. This is my recommendation for
best print trader in the united statesBestPrintTrader|LowestPricePrinting
Wholesale |PrintOutsourcing |PrintBrokerTrade

Lastly, all print should comes with a state of the art PrintManagementSoftware.|
would highly recommendthisprintsoftwaretool.
*Log in to Reply

LEAVE A REPLY

You must Register or Login to post a comment.

This site uses Akismet to reduce spam. Learn how your comment data is processed.
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