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The Limitless Horizon for Touch

by Stephen P. Atwood

If you are just opening this March issue, i hope you notice

that it is thicker than the previous few. The reason is fairly

simple. Our Guest Editor Geoff Walker brought to us an

outmanding array of submissions and we just could not

bring ourselves to cut anything out. Touch technology has

been around for as long as l have been in the display busi-
ness. In fact. I‘ve worked full time at three different touch

businesses and consulted with several more during my career. I can even remember

some of the first demonstrations of various acoustic and capacitive touch technologies

and I have had the privilege of meeting many of those inventors.

But I doubt any of those early inventors could have envisioned the massive scale of

adoption and utilization that has taken place around mobile devices. Seemingly.

almost overnight everyone is using touch with ease to navigate complex interactions

with their iPhones. PDAs. and other devices. Early complaints about accuracy.

response. uncertainty. and image quality seem to have evaporated like snow on a

warm day. Of course. we know those issues have not really evaporated; rather. a

significant mother of very talented engineers have been hard at work innovating for

the past several years and. with some assistance from the semiconductor and materials

industry. have circumvented these problems enough to please consumers. One of the

most frequent complaints about early PDAs was the accuracy of their resistive screens.

If you had an early PDA device with stylus input. you no doubt struggled at times with

the gesture-recognition software and became frustrated by the on-screen keypad when

the stylus picked the wrong letters or numbers. Similarly. using your finger to select

things was like using a shotgun to hunt ants. Sure you could get the target. but the

collateral impact was substantial. And. even if none ofthis deterred you, then the

eventual degradation of the screen due to stylus-induced wear was disappointing.

Proiected—capacitivc screens. with their maLrix of absolutely addressed conductors

and rigid glass surfaces. have really changed the experience. Now there is little

calibration error or drill. the contact with your finger can be very light. which allows

for more precise selections. and I have yet to see a pro—cap screen worn out by normal

use. That said. we are far from the ideal solution because the typical pro-cap scrccn

does not support stylus use and is more expensive than a similar resistive screen.

Efforts to remedy this situation are revealed in the Frontline r{technology feature

“Projected-Capacitive Touch Technology" written by Gary Barrett and Ryomei

Omote. Barrett. incidentally. is one of those fundamental inventors of touch technol—

ogy I referred to in the heginning of this editorial. If you talk to him. he can expound

on the many technical and business challenges the industry faced in its infancy. It

took a lot of hard work and creativity to get to where we are today. But don‘t let me

leave you with the impression that resistive screens are outmoded either. Engineers

have made great strides with resistive technology. employing more durable materials,

better optical coatings. and even high—resolution matrix addressing to produce

accuracy similar to that of pro-cap screens.

So. does this mean the quest is basically over? Are we at the shores of the touch—

technology journey and ready to unload the boats for good?’ Have we discovered

everything that needs to be discm-ered'? Not a chance! If you have read any of our

previous issues on this topic you know the theme: Touch keeps getting better. but

there is no one technology that does everything or meets the needs of all applications.

2 Information Display .tWt’J
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'I'yco Electronics” E10 'i‘ouch-

Systems Rolls Out lntelliTouch

Plus Technology

by Jenny Damian

littt‘lliTouch Plus technology; l'r-zatn lilo Touch-

Sysicms. a pioneering touch :cchnolngy com—
pany founded in ill—fl , is. according to Elie.
this first surl'acc-attnustir-\\-'a\-'c {SAW}. touch

tuclinnlogr with multi-tnucli cupaliilitics. and
also the first SAW tucltttolog}; to rat-cite the
erldtm's 7 logo. ltiiiflli'l‘t‘nttch I’Ius rttttords
tum siiiiuitzincous tout'h locations unywhers.
on the screen with Lhrcc arcs of touch. The

technology is design-3.6 to sift-‘3' OL’Ms. appli—
cation (lc‘flclopcrs. and other customers tools
to leverage the Windows '3 touch lil'llCI'lilL‘L’.

Intclli'l‘ouch Plus will he ct'immcrciall)’

availahie early this year. in the form or“ s:
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News Briefs

FlalFrog Lahnralories AB. a developer and
mmiuluctutc: ofuptigs—tiztsetl tnulli—itJuCh Lita
untl suhxystttms. rtuemiy announced trial ll
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U888 million-i it:- now equity from interna-
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The Best of Times

by Geoff Walker

It‘s hard to imagine how the touch industry could he any

more exciting than it is right now. Consider the Following.

especially in light of the current worldwide economic crisis:

- Consumer—device manufacturers are adopting touch at a

very rapid rate.

* New touch technologies are being created.

0 Touch is growing 3X {units} to lth {revenue} faster than the display industry.

- Busting touch technologies are being refitted and enhanced.

- Projected—capacitive—louch revenue has rocketed from $20 million to $6M! million

in 3 years.

- The pace and scope of university research on touch has accelerated.

- Display Wee ' has dedicated one of the tour half-day Sunday Short Courses to
touch.

' SID has designated touch as a special area of focus and created symposium sessions

exclusively l‘or touch.

- Touch stanups are being funded or acquired when they rarely would have been in

the past tFlaLFrog. Touehco. Sensitive ()hieets ...l.

' New conferences and shows devoted to touch are being created \l’t'il'ldWlClC.

 

{hie oi the several factors driving this excitement is that there is no perfect touch

technology. Each of more than a dozen technologies has specific strengths and weak—

tiesscs. For example. there still is not one touch technology for a smartphone that has

high durability. high optical performance. multi~touch a flush surface (edge—to—edge

glass or plastic}. and can he touched with any object including a small—tipped throw—

away stylus — at any costl Yet all of these characteristics are in strong demand from

smartphone ()Ekiis.

Another factor is the variation in requirements across different touch applications,

For example. how many simultaneous touches does a touch technology need to

support”! The answer depends on the application and the device size. In small,

narrow-hordered mobile devices such as smartphones and tablets. the ability to

recognize and track many touches is particularly useful when iitiplerncnting “grip

suppression" algorithms {see the article in this issue on projected-capacitive touch

technology for more details}. in nethooks and notebooks. one hand is almost always

used to hold the, screen steady. so tl e maximum number of touches that the other hand

can apply is limited to live. and since it's only one hand. three or four is probably a

practical limit. In desktop monitors and all—in—one computers. there. are zero applica—

tions today that require more. than {Wit touches. so the device ()EMs currently have

little interest in incorporating (more expensive) touch screens that can support more.

than [we touches. ln large—format t>30-in.i displays. the majority of applications

today are "point—and—click" that require only a single touch (excepting CNN—TVs

multi-toueh display. of course). On the other hand. it's not much of a stretch to

envision ntulti-player games and educational applications on large-format displays

requiring 4— | ('l touches in the near future.

In reality. the maximum number of touches is just one of more than 40 characteris-

tics that del‘ine a touch screen. Ultimately. what really matters is the user experience.

which depends on all of the touch screen's characteristics. the. user interl'aec. the appli-

cation. and the operating system all coming together to Work in harmony to do what

tt-rintimred on page 45} .
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Anniversary of a Prediction

by Paul Drzaic

 President, Society for Information Display

There‘s a quotation generally attributed to the famous U33.

baseball player Yogi Berra: "It‘s tough to make predictions.

especialiy about the future.“ While we hear predictions all
the time from various sources. it"s uncommon for these

fie predictions to accurately portray the future. Even rarer. and
astonishing, are the predictions that appear controversial or even outrageous when

they are made. but are proven to be true overtime. For this column. I'd like to

celebrate a prediction made during a keynote address at the SID Symposium in 2005

that to my mind fits the “astonishing" description.

President Sang-Wan Lee of Samsung Electronics provided the talk I‘m referring to.

His address was entitled "LCD Revolution — The 3rd Wave." and it provided a look

back at the penetration of large-area active—matrix liquid-crystal-dispiay (AMLCD)

technology into notebook and desktop applications (the lst and 2nd wavesl. He

presented an impressive array of statistics showing progress in AM LCDs. including

dramatic performance improvements in response time, brightness. contrast ratio, color

depth. and viewing angle. President Lee also noted the indusuy‘s malti-hillion dollar

investment in AMLCD manufacturing capabilities. At that time, this meant 20

companies operating 79 manufacturing lines worldwide. including one Gen 7 and four
Gen 6 fabs. Over 100 million LCD monitor units Were shipped that year. Based on

these successes. President Lee projected that AMLCDS would next. dominate the

television market. supplanting CRTs. plasma displays. and projection displays.

It‘s important to note Lhe electronic-display landscape in 2005. The retail price for

40—42—inch LCD televisions was approaching the $2500 range. It was possible to

purchase LCD TVs for less than $1500. but only in 30inch and smaller sizes. CRTs
held over TOG/r- of the market share for televisions. with AMLCDs. plasma displays,

and projection displays lighting tooth and nail for the balance. Most commonly,

commercial AMLCD TV sizes topped out at around 42 inches. while plasma and

proicction displays were available up to 60 inches. While everyone was relatively
confident that CRTs would continue to lose market share to flat-panel displays, it was

not at all clear how quickly that erosion would take place or which mix of technolo-

gies would win.

That landscape explains wh),I Sang-Wan Lees predictions were so astounding at the

time. Looking ahead to 20] 0. he made the following claims:

' AMLCD televisions would attack both CRTs at the low end and plasma!

projection screens at the high end. competing in cost. quality. and size.

' A target of |00 million AMCLD televisions by 20l 0 was achicvahlc —

conventional forecasts were in the 60—70 million unit range.

- The retail price for a 32-inch AMLCD would be less than Sl000.

' Commercial LCDs would compete head lo head with plasmafprojection units

in sizes up to 70 inches.

- The industry would continue to invest in large. new-generation fat-s up to
Gen 9.

° New applications would emerge based on this availability.

Attending the talk, I distinctly heard the audience aodihly reacting to these claims —

the price points. unit volumes. and commercial sizes were viewed as extremely

6 Inforimtrion Display 3H0
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LCD III-Cell Touch

Imagine being able to touch the surface ofan)‘ displav with yourfinger or a stylus and

have the location. ofyour touch instantly identified down to the exact pixels. Imagine this

happening with no cover glass or special coatings or an)! other obstruction in front of the

display, and with minimal change inside the display. That’s the promise of in-cell touch.

The problem is that the promise remains mostly out of match. This article explores that

promise and its current status in detail.

by Geoff Walker and Mark Fihn

TIE rcrm “in-cell touch" generally refers - Orr-cell: The touch sensor is an X-Y filter substrate. Strictly speaking. when
to the implementation of :1 touch gentsrtr inside : array of capacitive electrodes deposited the electrodes are on the bottom surface
the cell of a liquid-crystal display {LCD}. on the top or bottom surface of the color— of the substrate they are physically inside
While the term and technology have been
applied to touch sensors integrated into ————_-—-—-————-———-—-_—.

plasma-display panels. electrophorctic l Table 1: The difficulty of integrating each of l I touch technologies as

{electronic paper) displays. and OLEDs. Ll‘tts . out-cell touch is shown as green (easy), yellow {medium}. and red (hard)
article examines only the application in LCDS. ;

LCD in-cell touch currently exists in three 1
terms. only one of which is physically inside
the LCD cell. The three {or-ms are as follows:

Touch Technology Difficulty of Out-Cell Integration 

 
- lit-cell: The touch sensor is physically

inside the LCD cell. The touch sensor

can take the form (flight-sensing ele-
ments. micro-switches. or capacitive
electrodes. |

  
 

 

Optical _ _ Cameras & reflectors can be mounted on top of the LCD
cell; no cover glass is required -
 

Traditional infrared A PCB must surround the entire LCD; no cover glass is
required '

 

 

  

 
 

 
 

 

Geoff Walker is the Marketing Evangelist & Surface capitalise _
industry Gum at Nextlv'l’inclow, the leading
supplier of optical touch screens. He is tin--
Gites; Editorfln‘ this issue of Information
Display, is a recognimd ronr‘lt—indnstrr expert
who has been working with touch srreensfor
30 years. He can he reached at 1108506- 3556
and git-‘allcerGIlnextwimlowrom. M’arlc Film

is publisher of the Veritas et Visns newslet-
ters, foctrsed on the technologies and markets
related inflexible displar-s. displa_\‘—related
standards and regulations, 3-D displat-‘s,
high—pt'rj'rmnance displays, and touch
screens. He can he reached at 2541’??? 49603
or mark CT ve rituseti'isns. cont.

_ The metal LCD frame cannot contact-fire

E touchscreen glassand artist be grounded
 

Serfacc Acoustic Wave The reflectors and transducers an the touch—screen glass
must be premixed - '   

 
Waveguides'and scrim must be mounted on the surface
of the {much-screen glass; {R LEDs must be attached to
the odor.- of the glam ' '

Waveguide Irritated (RPO)
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the cell — but this is still usually called
“on—cell” because of the type of elec—

trodes. (This is a good illustration ofthe
fact that the lertrtittology for in-cell touch

is still evolving.)
- Ont-cell: This new term. coined in 2009

by AU Optronics Corp. describes the
configuration in which a standard touch
screen {usually only resistive or pro—

jected capacitive} is laminated direCLly
on top oi" the LCD during module manu-
facturing. Unlike the other two, this con-
liguration typically requires an additional
piece of glass — even though it is techni—
cally possible to use a film—film resisrive
touch screen in this case.

Because these terms and the technology

that they describe are quite new. there is still
quite a bit of variation in their use in technical
and marketing documents. Caution is advised

while reading any relevant material; ”on—cell"
may often be used to describe something that
is actually “out—cell." and vice-versa.

Out-Cell Touch

Out-cell is hasicallyjust the integration ot‘a
touch solution at the LCD-module manufac-

turer. This is not fundamentally di l‘l‘erent than
the touch integration that is often performed

by third-party integrators today. The major
difference is that it is likely to be lower cost.

which means that out-cell is probably going to
become a general trend. one most likely to

occur with technologies that are easy to inte-
grate. Table | catcgorires all current touch
technologies in terms oftlte difficulty of
integrating them as out—cell touch.

As shown in Table l. resistive and pro—
jected-capacitive touch screens are the most

likely candidates for out-cell integration.
These two most commonly used technologies
accounted for over 95% of the total number of

touch screens shipped in 2009. Both are. often
attached to LCDs by third—party integrators.
so it is easy for the LCD-module. manufacv
turcr to do the same. Projectedncapacitive

sensors are increasingly being made on con-
verted color-filter fab lines. so LCD manufac—

turers have easy access to the technology. All
ol‘ these t‘actors are causing ti number of well-

known resistive and projected—atpaciti t-‘e
touch-screen manufacturers to begin to work
closely with major I.CI) manufacturers on

onuccll integration. Among the other touch
technologies. only optical seems to be gaining

 
 

any acceptance from the LCD manufacturers
in terms ot'out-cell integration.

III-Cell and Orr-Cell Touch Technologies
There are currently three different touch tech-

nologies being used in in-ccll and onwcell
touch. They are summarized as follows:

« Light Sensing {In-Celt): This technol-
ogy. also called "optical." uses the addi—
tion of a plioto-tranSistor into some or all

of the LCD‘s pixels. The screen can he
touched with a finger. stylus. light—pen.
or laser pointer. The touch-sensing array
can also he used as a scanner. A cover-

glass can be used to protect the LCD‘s
surlace.

. Voltage Sensing (ht-Cell): This tech—
nology. also called “switch sensing."
uses the addition of micro-switches for

X and Y coordinates into each pixel or
group of pixels. The screen can he
touched with a finger or a stylus. within

the damage limits of the LCE'J‘s sun"ace.
A cover-glass cannot be used to protect
the LCD's surface.

. Charge Sensing (In-Cell): This technol—

ogy. also called “tircssm capacitive.“
uses variable-capacitor electrodes in each
pixel or group of pixels. The screen can
be touched with a finger or stylus. within

the damage limits of the LCD‘s surface.
A cover-glass cannot be used to protect
the LCD‘s surface.

- Charge Sensing (On-Cell]: This tech-
nology. also called "capacitive sensing.”
is basically the same as today's projected

capacitive. lt uses an X-Y array of
capacitive-sensing electrodes on the top
surface of the color-filter substrate. The

screen can he touched only with a linger.

A cover-glass can he used to protect the
LCD's surface.

Table 2 shows which LCD manufacturers

are working on each ofthe three in~ccllfon—
cell technologies. This list. based {in investi—

gation done by the authors. is undoubtedly
both incomplete and inaccurate because not
all manufacturers are forthcoming about their

iii—progress research. The authors take full
responsibility for all errors and omissions.

The theoretical advantages of in—cell touch

have always seemed very attractive. These
include the following:

- Minimal or no added size. thickness. or

weight {and therefore no elTect on the

 
 

 
 

 

 

 

  
 

 

 

 

 

ettti product‘s industrial design) in order
to achieve the touch function.

- Theoretically unlimited t controller-

dependent] mold—touch functionality.
since each pixel or group ot‘rtixels
should be individually detectable.

- Conceptually very high touch-perfor-
mance. including low parallax error
{assuming no cover-glassl. very accurate
and linear touch—point data (due to the

unchanging underlying pixel matrix). and
potentially higher resolution than the
LCD {through inter-pixel interpolation
when :1 sensor is present in each pixel).

- Theoretically much lower cost for the
touch function. since the changes in an
LCD’s manufacturing cost should be.
minimal.

In reality, all of these. advantages have
turned out to be compromised to some degree.

' The next several sections of this article delve

into each ofthc three technologies and their

advantages and disadvantages in more detail.

 

Table 2: ln-cell and on-cell

touch technologies are being

investigated by various LCD
manufacturers. The manufacturers

Bith the most significant development

efforts are shown in bold; green

denotes each manufacturer‘s primary
focus.

Charge
Sensing

LCD Light Voltagetin-cellor
Manufacturer Sensing Sensing oft-cell)

Chi Mei Innolux -

CP’T

 

 

KHannStttr

LG Display

EC

 

  

 

Samsung 
 

 Seiko-Epson
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ron technology

Light Sensing
The concept of putting a light-sensing element
into each pitei. announced first in a press release

by TMI) in 2003. was the first in-eell technology
to grab the world‘s illler'es‘t. TMI'} was also the
first to issue a press release describing the

concept ol' automatically switching between
sensing the shadow ofa linger in bright ambient

light and sensing the rctiecnon ot' the backlight
iron: at linger in dim ambient light. In those
early days. light—sensing in—cell touch seemed
to be destined to take over the touch industry
and make all conventional touch screens obso-

lete. By the end of letl'r‘, most of the other
major LCD manufacturers {ALTO LG Dis-

play. Sharp. etc. _I had demonstrated similar
technology. A conceptual illustration of light-

sensing in—t'cll technology appears in Fig. l.
The first cutiiniercial product using any

form of in—cell touch was developed by Sharp
in 3009. The product. the PC—NHOA netbook
shown in F 3. uses light-sensing in—cell
touch in a 4-in. continuous-grain {CG} silicon.
Fifi-4 x 48f} tottchpatl LCD. This LCD per—
forms the same functions as a conventional

opaque, tottelipad. with the addition ot‘s‘tylus
support. two-linger tnulti-touch gestures. and
iirnitcd scanning {shape recognition}. The

product. retailing at around $800. is available
only in the Japanese domestic market. Sharp
has made it clear that the PC.‘».\EJ'}t'tA is a

"technology experiment“ rather than a high—

 

\'olume commercial product.
The development of this product by Sharp

illustrated several fundamental issues tt-itn

light-sensing in—eeél touch. '[licse issues.

 

which have generally been acknowledged

andlor confirmed by other LCI.) manufactur-
ers. are as follows:

- The original concept of using reflected
backligéit to sense touch in low ambient
light docs not worlt il‘ the tin—screen
image is hlaels. Sharp's solution to this
problem was to modify the. netbook's
LEI) backiight to emit more infrared {IR}

light {which significmtly increases
power consumption] and to modify the
iii—pixel light‘sensors to be more sensin
tivc to IR. Because the LCD is transparent

to lR, this solved the problem or” being
unable to sense touch on a black image.

- In bright ambient light. it is difficult to
distinguish between the shadow or a
touchingr object and tilt: shadow til a
proximate. {non-touching] object. In dim
ambient light it is difficult to distinguish
between a reflection from the backlight

and a reflection from an external light
source. In essence. using a photo-sensor
to reliably detect touch over the range of
full sunlight to total darkness turned out
to be much more dil'lieult than expected.

- Putting a light-sensing element in et-‘ery
pix-e} turned out to be impractical
because it consumed too much of the

aperture (reducing efficiency": and
required too much processing power.
Sharp‘s solution to this prohtem was to
use one light—sensing elemcnt t'or every
nine piseis. This reduces the impact oi'
the problems but has the disadvantage of
also reducing the touch resolution to the 
 

  
S‘- Photo sensor m '
 

 
 

Fig. I: In flirt conceptual til'ti's'tr'ttttrlri rlliiti’hf-s‘r’ristng iri—r'el’l mirr'h. rt [whirl/int?!Lil"??? element
occupies a portion rir'the aperture i'gr'oiie .strltpisel; the element is (raritie't'ie‘d to X and l't‘onrrnt
finer .ro it can he read radii-idea it.

It) hit- armttrr'r-n Drtpi’cty .0’.’ {I

Source: Di t ,rilctt‘Srral-(slr.

 

point where tal scanning an image or
something placed on the display is no
longer practical and lb} the quality ot‘
digital ink twhen using a stylus) is not
good enough.

- The display function and the touch I'unc»
lion tend to interfere with each other.

Expressed by Sharp as "severe electro—
magnetic interference {EMU problems."
tb;s prevents the netbool-t‘s touch flinc—
tion from operating as last its a normal
opaque touchpad. One of the authors

spoke with an engineer who had worked
on the development of the product at
Sharp: the engineer said that on average.
the touchpad worked at about 356; of the
speed of a normal toucbpad. which ma le

it quite annoying to use.
* The amount ol' processing power needed

to operate the overall touch function
tr1.\t'..pl'OCCSS multi-tonch gestures. run
the. scanning function. etc-.1 turned out to

be much higher than anticipated. This.
along with the addition of IR LEDs to

the backlight. resulted in high power
consumption. which noticeably shortened
the netbook's battery iii'e.

filiarp was not the first to recognire the
"can‘t touch a black image in low ambient

light“ problem. Planar observed the same
problem and published a paper in 2007' which
proposed a novel solution: inicCt IR light into

the edge 01‘ a cox er glass and use frustrated
total internal reflection tFTIRl to provide the
reflected IR that‘s sensed by the iii—pixel light
sensors. This eliminates dependence on ambi—
ent light and the backliglit. In 200‘}. Planar
sold the intellectual property for this idea to a
company whose identity remains a closely
held secret. Whether it will be available for

licensing to LCD manufacturers remains to be
seen.

Ont: i'undutrictltzll problcttt that Sharp
avoided by using CG silicon is that ot' the
mobility of the heels-plane. The level of

mobility necdcd to implement light—sensing
in—celi technology timits the prtietical imple—
mentation to CC: or I.TPS. whicit.intt1m.

limits the maximum sire of a Eight—sensing
ltl—Ccli' touch screen to about fill in.

The net effect {it alt the above—descrihed

prohlems is that the developtrrcnt ot‘ light-
sensing in~ceii touch has .sltnXCCl down a great
deal since initial den'tonstrations. The current

consensus among the major LCD manufactur-
ers seems to be that commercialization of



 

light-sensing innecll tuucl‘. is stili relatively tar
in the future.

Voltage Sensing
Thc httsic.‘ concern 01" voltage—sensing in—eetl
tau-ch is the. same as :htn ut' the emerging
"digital—resistive“ touch teehnn! g3. ln
esseiiee. alt X—Y switch matrix is overlaid on

the LCI). In the case of) an external digital—

rcsistive touch screen. the matrix is 113111ch by
patterning: the imnnaiiv continuous It'aitspaf—
ent lTU ennduettn's on the substrate and eewer

 

xhcci iii an unaltig—rcsisiive much sereen inm
intersecting: strips. When 2: finger or stylus
furees an intersecting pair Of strips together. a
circui: is clascd (in. the voltage titettsurcd

hezween {he pair goes from an upen-circuit

mltagc oi a ten-- mlts tn a clnsed—eiretiit
voltage tn" 72m volts}.

in the Case (ll-i! \-'tii1ui__‘e—st'.nsitig iii—cell
much screen. itticrn-switches are added to

each pixel to iiiirm the switch matrix. When a
finger or st'yius pressing on the surface Lit'the
1C1) Cii‘HCR mu: tn' mnrc micrti—switcites. the

same vcitage measuremeni is made. In both
cases. the cnntrullei' isolates and drives each

column separatei}; such that tzittltiple rm»
circtiil closures can be detected tm one culttmn
without interference {mm other cniumns.

thus inherently providing multi-tnucit. A
schcttnttic illustration ut'ti vultu‘: scnsing

in—cell touch design is provided in Fig. 3.

 

The advantages ut‘ the vintage—sensing {cat-2n
ul' invcell much include the {Mimi-inc:

. The relative simplicity of the ctnitrtiiier
{compared with the much more complex
controller rcquired I'ur heirs—sensing
in-‘eellt pntentially allows integration
clirecdy inm the LCD driver 1C.

- The \rottttge—setisittg switch matrix is
Lutaliy independent tit" amhient and
iiattticlighting.

- A Vintage—sensing iii—eel! touch screen
with one sensor per pixel should be upti-
tinti t'nr use with a stylus. sinec suhpixel
restiiutiozi can he. achieved by inter—pixel
interpriiatitin.

The t'iiS.’z£i\-'EJ[‘.[ZI‘:‘.L"..‘« nt' voltage—sensing in—

cell ttiucit include the following:
. .-’\ cm-‘cr glass cannut he. tiger-j because the

sttri'aee of the LCD must he epressccl in
‘JI'CldI' {it actuate the liliCfiI—thICI'IL‘k.

Hecause the puiarizer itttp sLtri'a ei Ul'l
ttitlav's LCDs typically hits a pencil hard—
ness rtt' :ml} :H in fiil. this is n signifi-

  
  

  
 

Fig. 2: Sharp‘s P(——.-\-'.;" WM lie-'Ihririk t's' rhefim commercial product in use (Irii'fi'irm f‘;_.f"t'n-rc’li
Frittr'h. .1 .ligilt-.ss'ttsms‘. in—(‘r-‘H inm‘lt .i'r'rr'r’n iv firmer—rural" in the mm hpnd LOU, ('i'rr'i'r'd in we! fr.‘

3 the phmrigmph. Source: Shari-i.

ermt limitatinn. lint erampie. Al 50's 
specification tut [IllL' [it its vu! ge—sttnsing

 ri

in-eell touch screens is only IIHIK touches
at Eess than 40 grams. This is radically
less than the typical Kit—miIlinttlHO—graln
specit'ictttitnt on a live—wire resistive
much screen. While. a harder ptilarizer is
an obvious solution in this prnbleir. until
there is more demand I'm lunch. the

ptilarincr mannt'aetLtrerx have he motiva-
tion to increase hardness and the LCD
nizintit'at‘turcn have no motivation [0 [19-6

mtire cvpensive. harder palariycrs.
- Pressing the surt'aee 01' must LCLJs

causes significant liquid—crystal pooling.

which is visually distracting. Elittnintl—
ing the pooling can he accompéishefl; by
change-in}: the cell—spacer structure drlt'lr'liél'

changing in ll'l—pidtlc switching: t'iPS]. hut
tiict'e are ilitL‘lIL‘ctuai pt'ugicrty tll’i. Littsi.
and titl'ler restrictium tin dtiing sti.
Again. LiI'IEll there is more demand for
much. there is little nmtivntinn for the
LCI.) manufacturers [i‘ make such

changes.
Adding micro—switches decreases the

aperture. which makes the LC!) less
efficient.

A finite pressure is required to activate
the micro—switches. which means that

mLtlti—ttiucit gestures can he more dii'li»
cult lu perl'ttrtn than \i-‘iLh item-pressure
capacitive touch screens.

The maximum size ut‘ a voltage—sensing
in-cell lunch screen is limited h_\-' the
:‘Csix‘tiVL' and L‘IipélL'ELlH.‘ tRCt loading; at

htmrmwmn {0‘1”}ch .ix'r'rr H
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Fig. 3: hi am- .s't'hé'matit' illustration of lioirage—smsing iii—cpl! mach. two harm-stwitcsltm' um .s'l‘mti'n m rippling a portion tgl'onc .s'iibpixiei’ in the"

tap New at l'tjfi. The? side view at right shows the intpicincitmtiou of a Jinnah-switch mint- u tsrmdai'iirc col’wiiri spacer. Source: Summing.

the connccting traccs. ac. wcil as by thc

aimcc rcquircu' l'oi' thc ti'acca. Currently.
{Etc practical sizc Eiinit in abt‘attt 26 in.

 

livcn though thI‘C arc somc significant diu-
advantagcx. thc advantages. c1" voltage-sensing

in-ccEl touch maltc it fairly compelling rclatit-c
[o light—causing iii—t‘cil touch. Neverthcfcss.
thc numhcr CI LCD manufacturers who arc

marking on voltage scnsing is the. smaEEcst of
ali tlircc iii-cc}! tcclinologics. Thc authors arc
ntil surc why this, ix thc case; m; spcculatc that
it may be duc to some. IP connidcratioha
rclatcd to digital-resistive tcchnologflt.

Charge Sensing
Table 2 clearly indicatc: that cltztrgc hclihillg is
currently thc Inost popular oi" Lhc in—ccli Ltitrch
tcciihulo'i'cs. The haxic rcaaons arc that ta] it 

is closcly rclaictl to proicctcti—ctipacitivc touch
taciinailoc}: which has rockctcd from ohsctl-
iii}; to thc nun‘thcr two spot in the touch indus-
try «inc: the launch t'it‘thc il’hmic in 2007‘ and

(hi light—scribing in—ccll touch iEch‘ l‘unncrahd
c cs: t'avoritcl has turncd nut to hc much

hard-ci- to implement than emit-cred.
Ar, pt':\'it5u.~ly dcsclihcd. chargc scnxing is

hcitig dct‘cltmcd in two forms: in—ccil and

 

on—ccii. 'E'hc nrnnat‘y tiil'l'crcncc licttt'ccri thc

[2 MI: :riiiuftnn J’Jrvpid)‘ .070

two is that in—ccll chztrgc naming rclies on a
change in capacitancc causctl hy thc the.“
prcsa‘ing on a ititwcahlc clcctrodc. \xltiic on-
ccll chargc mining rcl'scs on Elm uht‘r‘s hotly
capacity changing thc capacitance hctwccn a

pair of fixatl elcctrudcs.
In thc in-ccll configuration (Fig. 4']. con—

ductive column spaccra located on the under-
ncazh of the colur—liitcr substrate arc. added

into cach pixcl or group of pixels. Each
apaccr has a corrcsptntding conductivc clcc-
trodc on thc TFT—at'ray wharf-arc. An clcctric

tick} i5. catahiishcti bctwccn cach pair of cicc—
trudca. which nmducca a hasc valuc oi capaci—
tancc t'eetorct chargci l‘orcac'n X—Y location.

What prcasurc is anpiicd to this sut'facc o? thc
display with a fingcr or stylus. thc mm'cmcni
of thc cunductivc spacer causes tlic \aluc of

the. capacitancc hctu'ccn the ciectrt'idcx to
change. This change is; mcaaurcd by a con—
trollcr and u<cd to dctcrminc lhc location 01'

Elm touching r‘mgcr ur stylu». Hccausc ihc
conductivc spaccr is shortcr than lhc main
column :sflflCCt'1ii]Ct.‘3{‘JtJCil.i\-'C ciccu'titlt‘: catmitil
contact cach othcr and crcatc a short circuit.

In the tilt—cell configuration (Fig. F 1. two
pattcrtictl laycrs of tmmpat'cnt [T0 conduc—
tor.» arc dcponilctl at right anglcs to each otlicr

 

 

on top of thc color-filter substrate ['Lintlcmcath
thc polarizct'l with an insulating Iaycr (diclcv
tt‘icl betwccn thcnt. An clccti‘ic iicld is catah-

iishcd hctwccn the two contltlctix'c htycrs. which

creatcs a base value ui‘ capacitance lattircd
chargcl bcm'ccn cacl‘t X-Y lEtLCI'SCCllttll. T'hc
capacitancc. ol‘thc human body to ground

cautc: a fingcr piaccd on 101} of thc polarirci-
to chaitgc thc valuc oi' Lhc capacitaticc hctwccn

thc intcraccting clcctrodcx untlcr thc lingcr.
Thia Chang-c. in I'IiL'ElriLlFL‘Li by a coiitmllcr and

uscd to dctcrmihc thc location 01' [hi3 touching
linger. "l‘hc numb-er and spacing ol' the elec-
trndca dctcrniincs the touch l'thllLlLlUn.

While both of thcsc configurations use. thc

saint: principlc ul' I}'lflu:~Lll'iE‘Eg_ a change in
cariacitancc hetwccn tranxparcnr clcctmticn.

thc controllcr and the. intcrt'acc it prc'xcnts to
thc hast ayatcnt arc typically un'rquc to catch
LCD ittattut'ac'tui'cz' and ma}- L‘VL'E'E tiit‘t‘cr
hctwccn iii—cull and on—ccli.

The atlrantagcs of thc chargc—nchaing form
ol' in-ccll and on—ccll Lttijci’i includi— the

following:

- Th: haac Lcclniologv or tlctcrmitting ll]:
 location ot' a tour:

in small valucx nl'capacitancc ER wall—

llndcmond and Manning incrcaaingly

by measuring changcx



 

Common due to the recent eittrett'tel).r rapid

growth ol‘ projected-capacitive touch.
- Charge-sensing touch is totally indepen-

dent of ambient lighting or hecklighting.

- A thin {typically 0.5 mm) cover glass can
be laminated on top ofthe polarizer to

protect the top surface of an LCD with
charge-sensing on-cell touch; this is a

significant advantage over either charge-
sensing in-cell or voltage—sensing iii—cell
touch.

. Existing color'~t':ltcr t'ahs can readily be
modified to support manufacturing
charge-sensing (in-cell [ouch screens.

The disadvantages of charge—sensing iii—cell
and tin-cell touch include the following:

- Because the capacitance values being
easel-ed arc ve '- small {typically less

than l pFl. charge-sensing touch is very
sensitive to electromagnetic interference.

It can be very difficult to make a charge—
sensing system work properly. especially
as the size ot‘thc LCl.) increases or with

noisy LCDs.
- A significant amount of processing

power is required in the controller for a
charge-sensing touch syslcm. The con-
trollcr for tin-cell charge sensing can he

very similar to that for standard projected
capacitive. while the controller for tit-cell
charge sensing has more unique rcq uire-
ments due to the higher level of integra—
tion with the LCD.

- The resolution that can he achieved with

charge sensing is typically lower than
can he achieved with either voltage-

sensing or light-sensing in—cell touch.
However, this is less significant with
on-cell touch because the touch screen

can only he activated by a finger [an
inherently low—resolution pointing device].

. The conductive spacer electrodes used in
in‘ccll charge sensing can cause some loss

of aperture. which reduces efficiency.
Similarly. the. ITO electrodes used in on-
cell charge sensing reduce the transmis-

sivit}; of the LCD by El. few percent.
which reduces efficiency.

' The touch object in in~ce|l charge sons—

ing can only he a finger. which in many
applications tee. mobile phones in Asia}

is a significant limitation.
' innccll charge sensing will not work with

a cover glass. so the LCD can easily he
damaged.

 
 

 
 

 

 

 

 
 

 
.TFT Glass

 
Fig. 4: h: the tin—cell r'mifigumrinnfar charge sensing, conductive mlmun spacersfbr earl:
pixel or group rir‘pt'xelx are located on the underside oftlte (-nlortfihcr substrate, and there is ct

- Pressing the surface of most LCDs causes

significant liquid-crystal pooling. which
is visually distracting. This is most evi-
dent when no cover glass is used (in-cell]
but the use ofa thin cover glass ton-cell}

does not wmpletely eliminate the problem.
- The maximum size of a charge~_ensing

touch screen is limited by the resistive

and capacitive tRC) loading of the con—
necting traces. lit-cell charge sensing is
also limited by the space required for the

traces. Currently. the practical size limit
is in the range of 22—24 in.

The only LCD manufacturer who has

announced actual available LCD products

corresponding conductive electrode on the TFT—armv substrate. Pressing the surface of the
display causes the capacitance between the electrodes to change. Source: LG Displqv.

using charge—sensing touch is AUG. Sizes
include 3.0 and 4.3 in.

' Technology Comparison
Table 3 presents a comparison of [he charac-
lcristics ol‘tlic three iii—cell touch technolo—

gies. The :‘ed-vellowwgreen ratings (worst.
middle. best) are relative within the three in-

! cell technologies. not within all touch mill?
nologies.

Opportunities
At least two areas of current research still hold

promise for iii-cell touch technologies. as
I follows:

 
 

 

Touchscreen Layers{ 1:

LCD

 
 

Top polarizer

ITO (Y)

Insulator

ITO {X}

Color Filter

TFT Array

Fig. 5: In the tin—cell configuratinnfor charge—sensing. the capacitance ({f‘the human body to
ground mines afingcr placed on mp of the polarizer {mp loverl to change the value of the
capacitance between the intersecting electrodes wider thefinger. Source: Walker and FElm.
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fro technology

both manufacturing materials and pro
cess than conventionally applied touch-
screen sensors. (The controller portion
may he comparable to that of con ven—
tional touch screens.) However. the mom

of modifying the backplanc and/or front—
plane ol‘ an existing LCD design to add
in-ccll touch sensing is at least 31—2
million. doc to masking. Given the very
large number of different LCDs that

exist. it is unlikely that an LCD manul'ac-
turer will make these modifications

throughout an entire product line. it is
more likely that only selected LCDs used
in high—volume products with a high
demand for touch will be modified for
in-cell touch. in other words. it seems

unlikely that inwcell touch is goingr to
become the standard for touch in all
LCDs.

The lack of standards for the interface to.

in-cell and tin-cell touch l'unctionality 5
could be a significant impediment to the l
spread of the technology in the future. If

LCD manufacturers develop their own

- Applications such as tablet PCs that

benefit from multiple input capabilities
tag. touch and stylus} may drive solu-
tions that comhine multiple in—eell tech—

nologies. creating a hybrid technology.
it Recent developments in multi-color

suhpixcl structures may create some
interesting opportunities in light-sensing
in-cell solutions. An RGHW Structure,

for example. could enable the photo-
transistor to he located in the white

suhpisel, which would improve sensing
perfomiunce while. reducing some of the
shadowing and power-consumption

problems.

 

 

Fundamental Issues
Previous sections have described the advan—

tages and disadvantages of each of the three

technologies being used in in-cell and on-ccll .
touch. However. there are st: 'eral higher- i .
level issues that affect the entire iii—cell!

on—cell touch picture as l'ollows:

 

- The sensor portion of in-cell touch is
almost certain to cost less in terms of

 

Table 3: Some of the characteristics of the three technologies being used in .

in-cell and oat-cell touch appear in terms of best (green) to worst (red), with

yellow in the middle.

Charge Sensing Charge Sensing
(In-cell) (On-cell)

22—24 22-24

Light Sensing Voltage SensingCharacteristic

 
 

Size limit tin.)
 

  Finger, stylusTouch object Finger. stylus
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 Touch resolution

 
 

 
 

 

Cover glass

Durability

True flush surface

{“2ero bezel")

 KW?"""" __ Ame
External EMl sensitivity

Internal EMI sensitivity

Amhient light sensitivity

Flexible substrate

Controller complexity
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unique interfaces to the touch Function
{which seems to he the case thus far}. it

will greatly limit the ability oi‘device
GEMS: to second-source LCDs with
iii-cell or tin-cell touch.

- There is no perfect touch technology;
each technology has advantages and dis-
advantages. This is the reason there are

so many different touch technologies. ll
therefore seems unlikely that the three
in-cclllon-cell touch technologies are
going to dominate the touch industry
and completely eliminate all other

technologies.

Conclusions

Although iii—cell touch has been eagerly
anticipated for more than 7 years. it. still has
some distance to go to reach full commercial—

' iaatiori. Light—sensing in—cell is probably the
furthest away because it has the most im-
resolved problems. Voltage-sensing in-cell
has potential. but there are no announced

LCDs or end—user products that incorporate it.
Chargc~sensing iii—cell and on-cell are the
clusest to commercialization. with a few

announced LCDs that will probably ship in
mobile phones during 2010. The focus of
most of the LCD manufacturers working on
iii-cell touch is now on mobile displays
hecause sizes larger than l0 in. have proven to
he quite difficult and there are no clearly iden-
ti lied high-volume touch applications.

' References

'A. Abileah and P. Green. “Optical Sensors
Embedded within AMLCD Panel: Design and

Applications." International Conference on
Comptrtr’r Graphics and interactive Tech-
niques." ACM SIGGRAPH {2007}. I

 
Submit Your News Releases

Please send all press releases and new

product announcements to:

lenny Donelan

information {Moldy Niall-{:32 inc

41 l Lafayette Street, Suite 2m
New York. NY 10003

Fax: 2t 2.4eo.54so

e—mail: 'irlririelan@pcm41l.com __

 



ionary sf'ste .
' i - 'vie'wingangte

 
See Us at Display Week 2010 in Seattle

Seattle is famous for technology as well as great food

and drink—mend of course for its stunning Pacific North

west location. This exciting, eclectic: city is an ideal

place tor the electrol'ilc display ctmtntuniiy to come

together to share inventions and ideas.
Displav Week is the once-a-year, can't—miss event

for the electronic intormation-disniay industry. the

exhibition is the premier showcase {or global infor—
manon-display companies and researchers to unveil

cutting-edge developments in display technol-

ogy. More display innovations. are intro—
duced yea:- at'ter year at Dispiav \-\ieek
than at am} other t'r'ispiay show in the

world. Disgzfiay Week is where the

world got its first took at technologies
that now shape the. display industry, such as: HDTV,
LCD. Plasma. DL.i-‘_. LED, and OLED. to name last a iew.

'Ei'S? looks like these are why over €1,500 attendees will DlSPLAYflock to Seattie for Dismay Week 2010. VWEEKm
 



 

Proj acted—Capacitive Touch Technology

Projected-capacitive touch has grown extremely rapidlvfrom obscurity in 2006' to the

number-two touch technology in 2009. This article examines all aspects ofprojecred-

capacitive touch technology, delving into sensor, controller; and module details.

by Gary Barrett and Ryomei Omote

T-IE ADVENT of the iPhone has ushered
in a seismic change in the touch-screen busi-
ness. Projected capacitive {pro-cap}. the

touch technology used in die iPhotte touch
screen. has hecomc the first choice for many
smallvto—mediunt (<l0-in.l [ouch-equipped
products now in development. The technol-
ogy is not just Apple-trendy hut incorporates

some of the best characteristics of competing
touch technologies.

The three most important advantages of
pro-cap technology are as follows:

- High durability (long life)
- Excellent optical performance (high

transmissivity}
° Unlimited mulli-touch {controller-

cpcndcnt)

Pro-cap touch screens can he made entirely
of plain glass. allowing them to be immune to
most chemicals, operated in extreme tempera—

tures. and scaled to meet the requirements for
most wash-down and explosive environments.
Pro-cap touch screens can also be made
entirely of plastic. allowing them to he virtu»
ally unbreakable and have the flexibility to he

contoured or bent, The sensing range of
pro-cap touch screens can be. extended. allow-
 

Gary Barrett is the Chief Technologv Officer
at Touch International. He can be reached

or 5 l 3832—8292 or gborretr@ront'hinrlcom.
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Sensor Module Engineering. lmltttfrial Mare—
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ing them to he used with cotton or surgical
glows. Pro-cap touch-Screens have the capa-
bility of sensing as many fingers as can fit on
the screen.

The three major disadvantages of pro-cap
technology are as follows:

- Difficulty of integration {Itoit'ic scnsitivityl
- Finger-touch only (although this may be

changing}
’ Relatively high cost {dropping rapidly]

Because they must sense changes in capaci-
tance as small as a few I‘emtofarads (10‘15 F).
pro-cap touch screens are very sensitive to
electromagnetic interference (EMU. This

makes integration challenging. particularly
when the touch screen is bonded to an LCD.

and also makes screens larger than about
’12 in. (diagonals very difficult to build. Pro-
cap touch screens rely on human-body capaci—
tance to cause a touch to he recognized. so

they currently require a human as the touch
object. Finally. a typical smartphonc pro-cap
touch screen (35 in.) is currently about three

times more expensive than its analog-resistive
equivalent ~— although that dii'l'ercncc could

i drop by half in as little as 2 years.

How Capacitive Sensing Works
Capacitive sensing is a very old technology.

: Mature readers may remember novel room
' lamps that could he turned on by touching a

i grinning plant, and ct'cry reader has probably

 
used capacitive elevator buttons at least once.

in his or her life. These primitive capacitive—
sensing applications typically used a solid-
statc timer {such as an NESSS integrated

li362-(l9'i’3l03i’30l (Hi | o$l .t'll’] +110 @310 30”}

circuit. first available in 197} i that “clicked"

at a steady rate as determined by the time
constant of an external reSlSttIr-ctapacilor (_RC)
network. A rnicrocontroller was then pro—
grammed to monitor the clicks from the timer
and when the rate increased or decreased. it

would react. A wire (or piece of ivy. in the
case of the novel lamp) was. routed to a touch
point and when a human touched it. additional
hotly capacitance was added to the RC
network which. in turn, altered the click rate

and caused a touch to be detected (see Fig. 1].
Now, over 30 years later. the same function is
typically accomplished by using a simple.
capacitive switch lC.

Sell'~Capacitance
The type of pro—cap dcscrihed above is called
“self-capacitance“ because it is based on mea~
swing the capacitance o!" a single electrode
with respect to ground. When a finger is near
the electrode. the human-hotly capacitance
changes the self-capacitance. of the electrode.

in a selllcapacitance touch screen. transpar-
ent conductors are patterned into spatially

separated electrodes in either a single layer or
two layers. When the electrodes are in a Sill}-

glc layer. each electrode represents a different
touch coordinate pair and is connected indi-
vidually to a controller. When the electrodes

are in two layers. they are usually arranged in
a layer of rows and a layer ol'cxtlumns: the

intersections of each row and column rcprc-
scnt unique touch coordinate pairs. However.
sclllcapacitancc touch-screen controllers do

not measure each intersection: they only
measure each row and column; in. each indi—



 

 
 

ivy Networkl—.-_
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Fig. I: Caprir'itirc searing is a t‘d-‘i'j' aid It‘f'i'Tiit’ltIKJQII. This schematic s'hmt'i hair a remit-1w

t'npncnice—sensing iamp mtn’d be iiihtr’d on by: touching a plant. it'r'tmcrimied by rising bodr
t'apttcirt' to change the ci'i'<'i; rate .ujf'a timer. Srmrui‘ Barrett and (in-lure.

\‘liltiul electrode. This works well when only . spatially separated electrodes in two layers.

a single tinger is touching the screen. For usuaiiy arranged as rows and columns.
example. in Fig. 1“ a single-linger touching Because the intersections of each row and
location X2.Yt’l can he sensed accurately by l column produce unique touch-coordinate.
measuring all the X electrodes and then all the pairs. the controller in a mutual-capacitance
Y electrodes in sequence.

Measuring individual eiectrodes rather than

touch screen measures each intersection indi-

vidually {see Fig. 741. This produces one or‘

the major advantages of mutual-capacitance
touch screens «— the ability to sense a touch at

clecrrodc intersections is the source ot'one. oi

the major disadvamttges or‘twtnlayer self-
every electrode intersection on the screen.

Because both selt"—capacitance and mutuat—
capacitance rely on the transt'cr oi' charge

capacitance touch screens — the iitahilily to
unambiguously detect more than one touch.
As shown in Fig. 2. two tingers touching in
locations X2.Y0 and X i .Y3 produce four
reported touch points. However. this dis-

 

 
 

between human—bod} capacitance and either a
singic electr:.sde or e. pair of eicetrodes‘. this
method of capacitive sensing is most com-
monlycalietl "chargetransfer." Table l
compares the key characteristics or sell;
capacitance and mutual-capacitance as applied
in touch screens.

Scanning
Pro—cap touch screens are “scanned." meaning
that each individual} electrode or ciectrode

intersection is measured one-hy-one in an
endless cycle. Self-capacitance touch screens
are scanned using a straightfom'ard serial
method because every cécctrode is connected

individually to the. etuttroiiet‘. h'Ittttttti—capaci—
Lance touch screens. on the other hand. require
a more—compicx scanning mechanism that
measures the capacitance at each row and

column intersection. In this type of scan.
often called "all points addressable." the cott-
troller drives a single column {Y1 and then
.caits every rout- Oh that intersects with that
column. measuring the capacitance value at
each XAY intersection. This process is
repeated for every column and then the entire

cycle starts over. This makes a mutual—capac-

 

 

advantage does not ciiminale the use ol‘ two—
linger gestures with a sell-capacitance touch
screen. The. secret is in software — rather than

using the ambiguous locations of the reported

points. software can use the direction of
movement of the points. [n this situation it
does not matter that four points resulted from

 
 

two touches: as long as pairs are moving away
from or toward each other (for example]. a
mom gesture can he recognized.

 
Mutual Capacitance
The other more common type of pro—can
today is"rnt1tttal capacitance." which allows

 
Em uniimited number of unambiguous touches.

produces higher resolution, is lexs sensiti\-'e to
EMI. and can he morc L'f‘t‘icient in its use oi'

sensor space. Mutuai capacitance rnttit'cs Lise.
oi'the fact that. most conductive objects are

 
LlhlL' to hold a char c ii they are yer} close
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sat-r;  togc her. ll'antit‘rter ‘onductit-‘c ohieet
as a linger. comes ciose to two conductive

  
ohiects. the charge lieid {capacitance} hem-cert ' Fig. 2: Him: (1' triflrcpariranre mm'i; screen it touriieti with iii-nfitret’rs that are tt'iaeonrilir
the two. ohiects changes hecause the human-

body capacitance. “steals" some or the charge.
in a mutuaécapacitance touci: scree ‘-.. trans—

parent ctttittitt'tttt's are aln it_\'.\ patterned into

ti'cparar'i’cit rt pair of “chm? points .. Urc created became rim r'mm'niitvr unit knows the” in'o
. r'nimnns and two J'ritt‘fi‘ irrit'r' been tom-lied: ii (rumor lei} which coordinate pairs belong together

il'et'ti‘risc ii is mri‘.‘ .tr'mirtinc iritiit‘rdiirti chair-mics; mil r'i’crfrmdt’ intersections. Smurf! Barrett
and (Minn-z

infr'l'rliLIHrrrf i): epic-tr Exit;- 17



 

frontline technology

 

  
 

 
 

 

 
 

Fig. 3: in u married-tapart-ironic tom-ft screen. ct'crj' electrode intersection cart by wtwnbitrtr—
(ma‘lt' identified as a much point. Srtm't't’: Btrr'r'crr trim" ”nitric.

italiec controller relatively contp‘izett with a

high processor loud. but. in return. it supports
unlimited multi-toucli. Scanning rates in
current pro—cap controllers range from

apprositttt-ltcl)‘ 20 to 300 Hz; a typical striati-
phone touch screen may have nine coiurrins
and lo rows. for a total of 35. electrodes and

1:14 electrode intersections.

In both types of pro-cap touch screens, to
determine an exact touch location. the values

from multiple adjacent electrodes or electrode

intersections are used to interpolate the exact
touch coordinates. The results are extremely

precise and the. resolution is usually at least
I024 x “124 t it} hits]. Scanning also has the
advantage of being tree or" coordinate dril't. This
is possible because the rows and columns are
physically tired and each measurement is made
in a small or _ Without the issue ol'coortlinate

drift. pro—cap touch screens do not have to he
calibrated by the end-user as long as the touch
screen is securely attached to the display.

 

Touch-Screen Construction

in the short time since the. introduction ol'pro—
cap touch screens in iPhoncs. a myriad of con-
struction methods have been developed. .-’-\|l
pro-cap touch—screen designs have two key

I'eattires in common: t ll the sensing mecha-
nism is underneath the touch surface and (2!

there are no moving parts. Tire. most cotntttou

M hula-riitttrmn Dragnet- .ix’ro

design incorporates the simple concept shown
in Fig. 4.

Some ol the newest products under develn

opmcnt use a single—sided design. where all of
the touch screen's layers are on one side of a

single suhstratt’. in this design. currently the
thinnest possible for pro—cap. all ol" the layers
are deposited by sputtering. There are innu—
met'able variations on the hasic design or" the

two-layer pro—cap shown in Fig. 4. For
instance. micro-fine I'll} um] wires can be sub—

stituted for the sputtered ITO. Many mobile

phones and most current signaturc—capture
terminals use ITO on separate sheets ol' PET

 

for each of the layers. Also common are
touch screens that use one two-sided or two

one-sided {TO-coated sheets ofglass.

Touch-Screen Conductors

Patterning W“ on glass with line widths of
20 pm and resistivity of 15.0 slit: is commonly
accomplished using phrttolithogmphic methods:
for example. using photoresist on an LCD fah.
When the substrate is l’E'l‘, line widths are

typically lllll—Ztltl pm and patterning is
accomplished using st‘reeri~ttiinting. pl'iulolitho-
graphs-3 or laser ablation. Research is in prt'tgress
on line—line patterning on PET with line widths

: ol' 30—50 pm. When used. the third unpai—
temed LCD shield layer typically has a resisA
tivity of [50—3th (M: Srandard—tt'idd‘t {not

narrow—border} signal lines at tltc edge. ot' the
sensor are typically constructed 01' a molybde-
nnmtaluminumrmolybdcnum combination.

Touch-Screen Conductor Patterns

ITO layers in pro-cap touch screens can be
etched in several different patterns. all of
which cost the same to manufacture. and it is

5 difficult to say that one pattern outperforms
another since touch-screen sensors and con-

troller electronics are highly interrelated.
The pattern used in the original iPhone is

one of the simplest. consisting of 10 columns
of l-nim-widc 1T0 spaced 5 mm apart on one
side ot‘ a sheet ol' glass and i5 rows at 5-min—

high lTO with Ill—um deletions between them.
The space between the 10 columns is filled
with unconnected tlloatingi ITO in order to

maintain uniform optical appearance. This
design works Well. but the geometry requires
substantial processing power to generate accu—
rate coordinates.

 

Table 1: A comparison of the key characteristics of self—capacitance and

mutual-capacitance as applied in touch screens.

Characteristic Sclf'— Capacitance Mutual Capacitance 

Electrode types

Numher ol' iavcrs l or

Sensing only 

 

Sensor design

Scanning method

Multinpad or row 8: column

Each electrode individually

Dr;- ving é: sensing 

 

Any design with unique. electrode
intersections; usually row 6; column

Each eiccit'ntic intersection 

Measurement Capacitance of electrode to ground Capacitance bettt-‘een electrode.
 

 

Ghost points
column
No in multi—pad: Yes in row 8;

 

 

 



 

The most common pattern is an interlocking.t
diamond that consists of squares on a 45° axis.
connccled at two corners via a small bridge.
This pattern is typically applied in two layers -
one layer of horizontal diamond rows and one

layer of vertical diamond columns (see Fig. 5}.
Each layer adheres to one side of two pieces
of glass or PET. which are then combined,
interlocking the diamond rows and columns.
The diamond size varies by manufacturer but

is in the range of¢~8 mm: almost all pro-cap
controllers work with the diamond pattern.

Border Area .

One of the most important cost drivers in

pro—cap touch—screen design is the border area.
Unlike conventional analog-resistive touch
screens. which have only four or five signal
lines. pro—cap touch screens often have 40 or
more connections because each row and
column must be connected to the controller

(or to an intermediate capacitive-to-digital
signal-processing chip). This can require a
significant border area around the touch-
screen active area. Historically. connection
traces have been silk-screen printed 1 mm

wide with a l—mm gap using silver inks.
The latest mobile phones always require a

narrow border. To achieve this. a technique
similar to that utilized for TFT—LCDs is used.

This technique requires the touch screen to be
sputtered and etched to add multiple layers of
thin films in the border area. which adds cost.

Fine-line silver printing with 50—l00—um lines
and gaps achieves a lower cost than the sputter-
Eng lecitnique. hut pttlyimidc tails remain the
most common melhod ol‘ attaching to lht: lines.

which requires the material to protrude beyond
the edge ofthc substrate and is also expensive.

Cost can he reduced substantially if a device

does not require flush mounting and can allow
for a larger border area under the bezel.

  
 

Cover Lens and Touch Surface

Mobile—phone touch screens typically use a
plastic or glass “cover lens" that is laminated

to the touch screen. This allows product
designers to make the touch screen flush with
the lop surface. of the device housingr (as in the
Phone}. The cover lens can be screen—printed
on the rear surface. iii-mold decorated thD}.

or. more commonly. a decorated Iilm can he
laminated to the rear surface. The decoration

hides the touch—panel circuitry. incorporates a
logo. can have ruby coatings for a camera. and

can act as a diffuser for hackligltts. A glass

 

Transparent Thin-Film

Conductor (lTO)

Thin—Film SeparatOr

   
' FEgg. 4': The pro-cap design concept shows mo transparent conductor Lovers separated by an

insulator. all under the touch surface. {Mme that the transparent conductors are shown as solid

sheets when inflict they are acrurtl'lv patterned.) In some cases: an additional unpanemed ITO

cover lens is typically 0.55. 0.75. or i.l mm
thick for mobile devices and up to 3 mm thick
for kiosk applications. The dielectric constant
of the cover lens and its thickness have a

direct bearing on the sensitivity of the pro-cap
touch screen ~— a thinner cover lens auditor a

higher dielectric constant results in better

performance. Plastic (PMMA) can be used in
place of glass; however. it has a lower dielec-
tric constant and must he halfthc thickness of

glass to achieve the same performance.
When glass is used for the cover lens. some

designers choose to chemically strengthen it

to reduce the chance of breaking. Float glass
(sodavlimel or aluminum silicate are the most

commonly used types ol'glass. Chemically
strengthened float glass is half as likely to break

Layer-1
Diamond Rows

-- 31:4}ka .yfsf‘cxyfaiyjiééc
- ._.:>_'/;s;i'/<%<:':><:>cs?)_<'>c=oc 

 

 
Interlocking
Diamonds 

layer is added at the bottom ofrhe stock as a shieldfiir LCD noise. Source: Barrett and Omotc.

as plain float glass: chemically strengthened
aluminum silicate is less than one-diird as likely
to break. Sonic cover-lens designs have become
extremely complex with multiplc holes and
slots. rounded corners. and even bent edges.
All of these processes must be performed

before the glass is chemically strengthened.

Curved Substrates

As the industrial design of consumer products
has become a bigger I'actor in the purchasing
decision. curved substrates have become very
important. Pro-eap is one of the few touch
technologies that allows the sensor to be
curved. Two—dimensional surfaces are

straightl'itm'ard lo produce by sputtering [TU
on polycarbonate or some other film and then

Layer—2

Wishffih“
/.w 
was;

‘t'g. 5: The diatomic} pro-cap sensor pattern it‘jortmd by two interlocking diamond-shaped
law-rs: Source: Iiarrertand Urnotr’.
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frontnlie technology

putting the film into the cover-lens mold.
'l'hrec—tlittiensional til—II} surl'aces are more

chalienging; one solution under development
uses a molded or flexible substrate and elastic

Conductive material such as PEDOT.

Controller Designs
There tii'L‘. approximately i? vendors selling

pro-cap controllers today. several m‘whom
offer both self-capacitance (one or two
touches] and mutual-capacitance tunlimited
mtilti—ttutch‘i types. Mutual capacitance is first
hccotrtirte the standard because ot‘thc strong
Ittarkct momentum toward mttiti-touch driven

by the Apple iPlione and WindoWs 7. Avail-
able pro—can controllers range From dedicated

controllers that are specific to a particular-
sensor size and row—column configuration. to

fully [.n'ogrummahlc microct‘introllers with
advanced built-tn gesture—recogtlitiotl capabil—
ities. Current controllers are limited to a

maximum sensor size of around if) in. at hcst:
however. most controllers can be combined to

support larger sensors. At least ottc controller
supplier has announced that il is developing'
singlc~ehip controllers that can support scri-

sors up to E7 in. Figure 6 illustrates a typical
controller implementation in a mohiie phone.

 
 

Historically. pro-cap has aitt-uvs been
linger—touch only; it has supported only clcc—

l1‘iCuii}f tethered pens. (which .‘dFC highly desir—
able. on signature-capture Lertninalsl]. This
has heen a relatively si gnifi cant sltot‘tcottting

of the technology. particularly with mobile
phones in Asia. where users ol'tcn write Katiji
characters on their resistivc—touch-scrcen—

equipped phones. In 2009. Atmcl anttt-tnnccd
its pro~cttp controller's ability to respond to a
conductive stylus: this resulted from the 3x
increase in signal—to—noisc {SIN} ratio it was
able to tichie -'t: tii'ont 351 to 3.0:] ]. The littti~
ration is that the stylus tip diameter must be

“—3 mm. which is considerably larger than the
typical {lit—mm PDAi’smartphone stylus-tip

ditiitietcr. The market acceptance. ofthis
styitts sire is still to he determincd.

Another attribute or" pro—cap technology is that
the touch setter; does not actually have to he
touched to bc ttctii'aled. The. touch screen‘s

le\'cl of sensitivity can be controlled by the

  

electronics. In most cases. software is designed
to require it pltvsical touch to activate a llJllClitil'l.

However. the sensitivity can be increased so
that the simple placement of a hand near the
touch screen tin the Zraxisi can be detected.

This is common}: eailed “proximity sensing.“

  
Fig. (i: Most pro-cap controller tinpr’ciueutatitiris- are on the touct‘t-s‘creen ttttt‘. located close to
the sensor to minimise noise pickup. This photo .thmrs rm t’t‘rtttiflt’t” riftt much-screen Iriiifrrlm rt

mobile phone. The controller is it PSoC r'hipfimn Crpress Sciiiicruidtictm: The 35 pins (thing
the .I'mt'r’i edge ofrhr’ mil connect to the sensor tttim’ columns plus our) grounds in the middle:
to mat-t split inn: om groups at" eight on the {Ni and rich“. Titc connector in the upper-leli

.r'rirncr tut—the toil runner-ts to the pliant-"s main hoard. Snort-e: .-’\"is.i'iiri Printing.

2t! humiliation Driphiv .i’f't’t'l

 

 

 

 

 

 

The selection oi at controller vendor typi-
cally depends on two lactors — performance

specifications and the minority and mphisticth
tion of the customer. Some vendors are more

oriented toward proposing a total solution for

inexperienced customers tdevicc OEMs}.
which naturally resttits in less flexibility.
Some controller vendors work mainiv with
sensor triantttactttrers. who. in turn. work with
the device OEMs. Other controller tcttdors

work mainly directly wiih the device ()[iMs
The int-st important controller performance
specifications include powct' consumption.
scan speed. masimum number of touches.

capacitattee-incdsuretttent sensitivity. and chip
size. The standard hardware interface l'or

mobile—phone controllers is llC: the standard
interface for PC controllers is USE.

Controller Firmware

Contrtfilcr limits-are tcspecially algorithms) is
evolving very rapidly in the pro-cap touch-
creen industry. much taster than sensor or

controller hardware.

(.‘onvcntionally. touch controllers have gen-
erated only one X-Y coordinate pair. With

pro—cap. ct'nitrollers must now he capable of
_t-.nct':ttirtg at least twtt pairs and utter: up to It!
or more pairs. lit smaii-Lo-medium (< |{l-iri_l
devices. the output fomtat of the coordinate

'atzt varies depending on the controller sup—
plier. In largcvarca (Mil—inf] devices. Windows 7’
has now established a coordinate data-format

standard to which most controllers capable of

supporting large—area screens are expected to
adhere. Microsol'l has also established a stan—

dard {part of the Windows 7' Touch Logo
specificationl on the minimum number oi'
points per second per touch :50} that a multi-
toucli controller must deliver.

  

Number of Touches

How many touches are. enough? On one
hand. some industry participants believe that

(“'0 touches on a mobile phone are enough:
tablets and nethooksi‘notebooks used in

gaining may require {our touches and PCS

with lS—irt. or larger screens may require it]
touches. Windows i' supports up to ltltl
touches. The reality is that today. other than
multi-pluyet‘ games. there are very tow apply
cations tit." make use of more than two

touches. Other than ohserving that all humans
have it] fingers. rial-iodi- seems to have any

lcnr concept of how real-ti'orld applications
will use that many touches.



 

(in the other hand. it is clear that as the

border width gets ever smaller on mobile devices.
touch screens Irtust reject the unwanted touches
caused by lingers holding the det'iee 11.11..

“grip suppression"1. Apple's patent applica—
tion on the ii—‘hone pro—cap touch screenE says
that the controller is designed to support up to
l5 touches for this purpose. consisting 111' “ill

tinge:.'." palms. and 3 others. Related to
this many tontrollLrs are L“ tpable ol' sL11ding
a messa~1'" indicating when a large number 111
locations are beingl aLt.i\'a1.ed at the same time.

011 mohitc phones this attributeis nit-en us-LL.

to determinL that the phoneis 111.11: to the race
or the device has been put away in a pocket.
signaling, that all touches should be ignore:

Business Model

There are at least 36 suppliers in the. pro—cap
touch—screen industry today. Table Ibeloo'
lists some 111' the leading suppiiers. Relatively

t'ett ot" their: are currently capable ol' stippiy-
111:. nodules (integrated sensor and controller

assemhlies']: some examples include Cypress.
ELAN. Mclfits, N—tt‘ig, Nissha. Synapties.
\N’aCotri. and Zytronie. The remainder of the
1111.1 split more or less evenly between sensor

 

 

and controller suppliers. Some of these have
ambitions to become module suppliers
because {theoretically .1 it is easier l'ot' 11'1odule
 

Table 2: Each of the leading

suppliers in the pro-cap touch-screen

industry listed below has shipped
more than 3 million units.

 

 

 

 

 

 

  

 

Sensors Controllers Modules i

("an-do Ant-11:] \l-oig l

laid—iiLLh Systenis Br{itadeohi—m Nis—sha '
Printing :

EELY Cirque Synaptics '

liint'i'lu';IIIIIIIIIIIII_ _E\prcu Waco—m '

.lTouch EETI Zytronic

Nanjing Wall\' ELAN

Nissha 111111111117 N'leli'a—s
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Synttpliesl'i’K Soiutions 

\A-‘intek

Young Fast
Optoelectr'onit's 

 

 

 

 

 

  
i—____

   
 

l F1g 7: .S'ritortplimie 111111111er 111111'h'—.1'c1'et’11 modules 111111111fl1r111rrd hr .-'\1'1‘.1h11 Priming 1' 11111111 of
a pm—my 11011101 11 decorated {01'1”1' Ems 1’111111'111111111'111 “in” 5"11111101 11111! 11 r-miirflnllr’t 11111111111111”:
the I-PC {flexible prirttrdrtrr'uit}1l11'11111r11l'r’1 11p rlrr» touch-screen1"r11111e11111'1m'1'.
Printing.

makers to support their coin plete product. and

the margin is higher. l-lowcver. becoming a

module supplier can be eliuiltniging. lt
requires a high level oI'L'spertisc in 'Z-Ml
engirtcetine. the ability to modify the
firmware of any contrt-EIL‘I used it: the module
fin order to achieve. unit'on‘rtity 111' in wt across
controllers). knowledge oi" and ability to sup—
port any US with which the module is used.

and module manufacturing expertise. Figure
7 shows some representative modules manti—
factored by Nissha Printing.

Dex-ice Cilia-1s today want more module

suppliers be.
But this may be. the case only for a in» years.

1!" pro—cap touch becomes as popular
anang—resistivc touch. then the device DEA-ls
wilt probably want to buy the controlier Willi

software themselves and buy the sensor sepa—
rately. In other word's. the market may L's'olve
into a more standardized cL'inimodity market.
This is 111' course worrisome to potential mod—
ule stimiiiers.

 

 
Lause that makes tlieir'job easier.
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Summary
in the last 3 years, pro—cap has grim-'1;
extremely rapidly to become the number-two
touch teclintdogy. Pro—cap is used in two

Sourr'r'. .-'\'i.\‘.1'l111

forms. self—capacitance and mutoalvcapaci-
tune-1:: only the latter supports unlimited multi—
toocli. Mam- dit'let'ent Loristrueliozi methods

are used. the mosi common one today"is mul-
tiple sputtered layers on one side of a: sub-
strate The most common pattern used tor the
sensor' s transparent Ltmtlttetotsis an inter-

loLking diamond. Achieriou narrow borders
eontrihutes substantially to diL‘ cost or "1 pro—

eap touch screen. The design oi" a pittstit‘ or
glass cave-1' lens has become an important part
oE'pI'LscaptouL‘h screens used in mobile
devices. Proncap eontrtiillct' hardware and

firmware are L't-L'ilt'inf: titpidly; the latest eco-
L‘i'aliori supports the use ol' a L'oi1LiuL'ti\-'L'
with a 2—3-111111 ‘Lip. While very few appliea—
lions today make use of more than two
touches. mobile devices can make use of

additional touches in pt'oridinn "grip supnres—
Some current pro—car1 sensor and Lon»

iroller suppliLrs would iike to income 111r1du'1e

stylus

slot."

suppliers. but doing so requires a signiz'ictmz
investment in additional expertise.
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The State of the Touch-Screen Market in 2010

Touch screens are in widespread use, due to the intuitive inteifaces the)? enable, Which can

save time and increase productivity. Falling component prices have also spurred adoption.

with consumer products increasingly being designed around touch screens. Touch-screen

devices are also widely perceived as cool andfun.

by Jennifer Colegrove

ONE OF THE DIFFERENCES between
the touch—screen market and the display
market is the relative degree of consolidation.

The display market has consolidated to the
point where the top 10 suppliers account for

over 905?: of iota! display rcucn ue. while. the
touch-screen market. by comparison. is made
up of around 170 suppiicl's. with the top l0

accounting for less than 504’} of the total
market revenue. In OLher words, the touch-

screen market is highly fragmented.

There is also a significant geographic
difference between the touch-screen market

and the display market. The top 10 display
suppliers mentioned above are concentrated in
only three countries — Taiwan, Korea. and
Japan, while the |?0+ touch-screen suppliers

are spread across more than a dozen countries
(see Fig. I}.

Historically. the touch industry has been

centered in Japan and the L'I.S.. but over the
past several years there has been rapid growth
in Taiwan. China. and Korea.

Long used in industrial equipment. kiosks.
and other non-consumer products. touch
screens have rapidly been penetrating areas
such as mobile phones. ponahie navigation

devices, gaming, and other applications. Over
the next several years. touch screens will
undergo strong growth in largesize E) E0~in.}

 

 

Jennifer Colegrove is Director of'Dis-piar
Techiwiogir-s at DispiarSeart-r’t. She can be

reached or lit.’ntt_\‘_cm’eg t'ot‘c Git" displat'sear’ch.mm.
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applications such as retail. ticketing. point of
infomtation, and educatitmitraining.

Among the 20 touch-screen application
categories that [)isplaySearch tracks, Lite
mobile-phone categoryr is forecastcd to he the

 
  

largest in terms of shipments and revenues
during 2009-2015. There were about 220
million touch screens shipped in mobile-

phone applications in 2008, which is a 16%
penetration rate. DisplaySearCh forecasts that

I Japan

eAme-ricas

e Taiwan

[3 China

E3 Korea

13 Europe

I: ROW  
 

  
Fig. I: The geographic distribution ofrnnch-scrt’en suppliers simm- Japan It'irh the highest
percentage. Source: Dimitri-Search 2009 Trim-it Panei Market Anah‘sis Report.
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Fig. 2: Displa_t'$ea rch divides touch into ten categories with M sub—technologies. Source: Dirpl'aySew-ch 2-009 Touch Panel Marker A noit'sis.

The market for touch screens is relatively

small compared with the display market [$3.7
billion rs. $90 billion in 2009}. but its growth
rate is much faster.

the penetration rate oftouch in mobile phones
will reach nearly 405?. hy 2015. Other large

applications in terms of revenues are vertical hility is having profound effects on the con—
markets such as retail and point-ol—salcs sttmcr portion of the touch-screen market.

1 of [inflected-capacitive touch tcchnoiogy and
(P05), factorylindustry automation. point—of— i DisplayScarch forecasts Lin-1t the unit ship—

i
i

the widespread adoption of mtiiti-totich capa-

Irmovntions and Changes in the
Touch-Screen Market

The touch-screen industry is a rapidlyF changing

information {POI}. and sclf—check- in. as well ments of touch modules (define as the com-
as growing consumer markets for notebook hination ol‘a touch sensor and a controller)

PCs and PM P/M’PJ players. will grow at a compound annual growth rate

There are over a dozen touch—screen teeh— i {CAGRJ of 17%: to 1.4 billion uniis by 2015. industry. but not all of the touch-screen tech-
nologies in use, and no single. technology can more than thrtc times faster than the display nologics have experienced the same degree of

meet 1000'? of the requirements for every market (Fig. 3}. Similarly. touch-module innovation and change: the following sections
application. As a result. there has been an revenues are expected in grow at a CAGR of discuss theories with the most significant changes.
accelerated stream of innovations in touch- 14’??- to $9 billion in 2015. which is over 10 Projected Capacitive: Projected—capacitive

screen technologies in the last few years. times faster than the display market. touch has grown very fast in the last few years
As shown in Fig. 2. DisplaySearch groups

touch technologies into ten categories: resistive

(both analog and digital). surface capacitive. .- 10,0003 _ Mum—touch moduie revenue
projected capacitive. infrared ( traditional Total touch mow“; revenue

infrared J. optical imaging {camera-based}. 0,000.0 mammoth-touch “In _
aconsnc wave {both surface-acousticvwnvc '

(SAW) and bending—wave [acoustic poise
recognition {APR} and dispersive signal
technology {DSTH E. digitizer. in-celi. combi-
nation. and others.

One of the more interesting variables in the
touch industry is the number of suppliers for
each touch technology. There are over 60

companies supplying resistive touch screens,
over 30 companies supplying projected

capacitive. and over 20 companies supplying 2 zponn

surface capacitive. E
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 A significant number of companies support _ 1'000‘0
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three or more. such as 3M and Bio 'I‘ouclt— Year

Systernsl’l’yco Electronics. :

 

  
Market Outlook Fig. 3: Dr'spla_t‘-Search's it-orldwide much—Screen ret-enuefiirecos! .t'hows total revenues topping
The combination of the rapid popolarizntion $0 billion but 2W5. Source: Displat'Search 2009 Touch Panel Market Analysis Report.
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since it was first popularized by Apple's iPhone
and iPod Touch starting in 2007. Projected
capacitive is the first serious challenger to the
long-term dominance of analog resistive in the
touch-screen world. Not only have more
resistive touch-screen manufacturers moved to

produce projected capacitive. but proiected—
capacitive technology has evolved to the use. of
a single substrate tthe ITO coating layers are
on one suhsuate}. In recent years. film-based

projected capacitive made with micro-line
wire has become available in very large sizes
of more than lot} in. At the Consumer Elec—

tronics Show in January Elllt’l. there was an .

astonishing range of products using projected—
capacitive touch screens. Projected capacitive .
is now the number two touch—screen technol-

ogy and. as such. is attracting large numbers
of new competitors into the market. {See the

 
Frontline Technology article. “Projective- t
Capacitive Touch Technology." in this issue

I'or more details on the technology.)
Matti-Touch Resistive: .Vlulti-touch resis-

tive ii rst appeared in the marketplace in ship-
pahlc form in 2009. Although the technology '

had been used in a commercial product (a music
controller from Jazz-Mutant. now a division

(11' Stantum'} since 2004. it only came into
prominence when projected capacitive became
significant. (_For more on this product. see
”Developing the. First Commercial Product
that Uses Multi-Touch Technology.“ in the
December 2007 issue of lrtjomton'on Display.)
Multi-touch-rcsistive technology is created by

patterning indium tin oxide (ITO) transparent
conductors on PET film andi’or glass. The
advantages ol this modification ol' analog

resisti 'e are that it supports multi—louch and is
significantly lower cost than projected capaci—
tive; the disadvantages are all the same ones
as analog resistive (tag. low durability and

poor optical performance}. It remains to be
seen if the cost advantage of tnulti-toucll
resistive will remain significant as the volume

of projected capacitive rockets upwards.
Optical Imaging: Optical—imaging touch—

screen technology can be very cost-effective
in large sizes (>l0 in} because it requires
only two cameras and an infrared (lRt source.

Initial suppliers of opticalviniaging touch tech—
nology included CEutada-based SMART
Technologies and New-Zealand—based Next-

Window. Along with multi—touch resistive.
projected capacitive. traditional infrared. and

SAW touch technologies. optical imaging is _
aiming to ride the wave ol' Windows 7. '
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Microsoft's first operating system to suppon

multi-touch. launched in September 2009.
As optical imaging has taken off. more com-
panies are entering the market. For example.
Taiwan—based Quanta has started manufactur—

ing desktop and notebook PCs that include
optical-imaging touch. Quanta uses Pixart
Imaging as its touch-controller lC supplier;
Pixart Imaging licensed SMART Technolo-
gies” DViT (Digital Vision Touch] technology
and related know—how in 2009.

[rt—Cell: ln-cell touch has been a kind of

Holy Grail in the touch industry for the last
3 years — it just seems natural for touch to be

totally {and invisiblyi integrated into the
displays. Research continued during 2009 on
iii-cell in all three technology variations —

photo—sensor (also called light sensing).
sensor switch [also called voltage sensing),
and capacitive spacer (also called charge
Sensing]. One key tnilcstonc occurred in May
2009 when the first actual product using any

form ot‘in-cell lOtICl‘t started shipping. The
product. a nethook from Sharp that sold only

in the Japanese market. used a 4—in. 854 x
480-pixel LCD equipped with photonsensor
in-cell touch in place of the conventional opaque
touchpad. AL? ()ptronics Corp. {AUG} also

- announced an in-cell touch-enabled display in
2009. LG Display recently announced it will
mass produce 13.3-in. capacitive in-ccll by the
end of this year. In-ccll touch is likely to

appear in several mobile phones in 2010.
(See the Frondine Technology article. “LCD
[ti-Cell Touch" in this issue.)

Surface Acoustic Wave: Surface acoustic
wave (SAW) has been one or" the workhorses

of the touch industry for over 20 years. it has
been widely used in kiosks and other public

applications. Until 2009. it has always sup—
ported only single—touch. Elo TouchSystems
changed this when it announced in December
2009 the launch of littelliTouch Plus. a two

touch implementation m‘SAW. (Scc this

issue‘s Industry News for more information. _I
This was particularly significant not only
because of the technical innovation that it rep-
resents. but because it allows SAW to com—

pete with optical in the desktop space.
Matti-Touch: Multi-touch is defined as the

ability to support two or more simultaneous
touches. Although multi—touch was invented

many years ago. it remained an obscure
: curiosity until Apple launched the iPhone in

2007. When Microsoft launched Windows ”F
in 2009. multi-touch became a “must-have"

 

characteristic of many consumer touch

devices. lt is worth pointing out that multi-
i touch is generally not very significant in most
' vertical applications. There just are not that

 

 

many situations where the user of a device

such as an ATM or airport check-in terminal
needs to touch more than one spot on the
screen at a time. Multi-touclt is not a touch

technology in itself: it is a characteristic that
is supported by various touch technologies.
including projected capacitivct traditional

infrared. optical imaging. bending wave.
surface acoustic wave (recently). in-cctl
touch. and. of course. multi-touch resistive.

it should he noted that just because a given

touch technology is capable of supporting
multi-touch, not every implementation will
expose multi-touch to the user. For example.
at the Consumer Electronics Show in lanuary
20] 0. one vendor was demonstrating a touch-
controlled recipe reader intended for kitchen
use. When asked if it supported multi-touch.
the vendor said that there was no need for

multi—touch in the simple. straightforward user
interface and that projected capacitive was
used in the device because of its high durabil-
ity and high optical performance.

Taiwanese Players Entering the Touch
Industry
In 2008. there were 37 touch—screen manufac—

' turers in Taiwan. seven of which were pursu—
ing projected capacitive. including J-Touch.
Young Fast Optoelectronics, Wintek. and
TPK Solutions. Recently, color~filter makers

[Condo and Sinteltt. equipment makers {Usan
Technology and Mirlc Automation ). and
driver-[C supplier Sitronix (which partnered
with France—based Stantum on multi—touch

resistive controllers) have all started to

explore the touch market.

Apple’s iPad: A New Wild Card?
In January. Steve Jobs announced that
Apple’s iPad will be available at the end of
March low. The il’ad will have a 9.51m.

LCI) and projected-capacitive touch screen.
Apple's iPhone had a big impact on the
mobile—phone business and on smallwsized
projected-capacitive touch screens. How will
the iPad impact the mini-notebookltahlet PC
and medium—sired touch—screen markets“?
Will it also stir a new round of "rnevtoo"
followers to make similar devices? These

questions will be answered during the nest
year or two. I
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Touch Screens and Touch Surfaces are

Enriched by Haptic ForceuFeedback

Taci‘ilefeedbarrk can enable more efi‘ecrt’tre use of touch screens. parrictdarfv in atom-native

applications where driver distraction is a problem. The number affechnoiogies used to

produce haptic effects continues to increase, providing many Options and opportunitiesfor

svsrem designers.

by Bruce Banter

HE TERM HAPTICS comes from the

Greek Word haptikos {from haptesthai. to
grasp or touch). For touch user interfaces. the
term typically refers to a tactile sensation or
three-feedback that users experience when
touching the surface. Conventional touch
screens do not provide the tactile sensation of
mechanical buttons and knobs. resulting in a
less satisfying experience. Haptics techno?-
ogy can reproduce the same fee] or tactile
sensation as mechanical buttons and knobs

or generate new sensations ttot previously
possible. Tactile sensation can be more
emotional and personal than sight or sound
and can therefore enrich the user experience
and perception of the interaction.

l-laptics have been utilized in automotive
applications for some time in rotary controls
with joystick types of Inc-Lion. Conventional
rotary knobs are limited with fitted detents

.:"uatttps"] and degrees of rotation tend—
stops]. BMW‘s illt‘ive. launched in ElliJl. was

the first ltaptic interface that provided differ—
ent feelings {feedbackl for different functions
with one control. The device operated with
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rotary and four-axis joystick motions to con-

trol the functions on the display. The concept
has evolved into the Ct'.):\tAND controller in
the Mercedes S-Class. the Muiti Media litter-

thee {MIMI} in most Audi models. and the Remote.
Touch conu‘ollcr in several Lexus ntotkls. Sonic

' automotive ()EMs believe that these types of
rotary-.{ioystick inputs are similar to compute:-
niouse controls and provide more intuitive and

; comfortable operation than touch screens.
l-Eaptics was presented as a key enabler for

i touch user interfaces in the arliclc “Tactile-
Fectlback Soiutions for an Enhanced Liser

Experience” in the October 3009 issue of
hifitrinorion Dismal-f This article expands on
the information in that piece and presents some
new information on additional haptic tech-
nologies and the use ot" baptic three-feedback

in automotive touch—screen applications.

Touch Screens and Touch Surfaces

Touch screens and Silli‘fttt‘t‘s are increasingly
repiacing the coin-entional mechanical buttons
and knobs in autotttotivr controls becattsc at

their abiiity to provide a reconfigurable user
interface iL‘ii that bicnds tvttb the vehicle‘s

theme or sit-ting while improving cost and
reliability Automotive. [.Tls have been chang-
ing to meet customer expectations for better

interaction. The prt‘ulit‘eration of portable
devices in vehicles is also driving. the need to
reduce dt'i -'er distraction and keep attention on

ogreiiafitnsflo l (Ltizttsi .on T or; f..- SII'} jttétt

 

the road. Touch screens are enabling the
customi‘ration and adaptability of the UI for
it‘rtpro 'ed prescntatitni of information and user
inputs. The main disadvantages of touch
screens have been fingerprints on the screen
and the lack ot'tactilc feedback.

Hapties are being utilized to provide unique
itaforruatiot't to automotive users. Sliding
motion inputs such as radio volume Ol’ fan

speed can be enhanced by increasing the rate
and intensity of feedback as the linger moves
across the surface to correspond to the loud—
ness of the radio or speed of the fan. Users
are able to [cam and identify features coded
with unique itaptic effects. The muscle ment—
or}- of hatttic effects can easily be recognized
and quickly understood even without confir—

mation of Sight and sound feedback.
The type and size or infotmation displays

impact the necrl for touch screens and ltaptics
Automotive (:lEMs initially began using
smaller LCDs and ULEI) displays for cluster.
radio and climate controls without touch inter-
action. Over time. the. "center-stack" area has

evolved into a major control. navigation. and

communication hub with display sizes contin—
uing to increase. providing increased room for
user interaction. Eight—inch LCDs arc becotrt—

ing common in automobiles today. Adaptive
j and reconfigurable L'ls are required to provide

an increasing amount of information to the
driver and passengers. Multiple screens are



 

being utilized to present different types of
information. Touch screens. proximity sens—
ing. and haptics are key parts of providing
unique experiences for each screen.

The trend of vehicle-interior styling is

toward organic and flowing lines. The center—
stack area is being blended into the instrument

panel and the center console. creating coin-
plcx surfaces that leave little room For flat
glass panels. Molded surfaces are the trend
with decorative finishes. Projected-capacitive
touch screens (one of the few touch technolo-

gics that can he applied to a curved surface}
are being dcveioped for several applications to
match the trend. Applying touch. haptics. and

motion to a complett surface is challenging,
and haptic design considerations must be
incorporated during the initial stages of the
vchiclc—intcrior design.

Adding Hapties
Optimal Lil experiences employ the senses of
sight. sound. and touch. The move from
mechanical buttons and knobs to touch screens
and surfaces can result in the loss ot‘tactilc

feedback. Users have been programmed to

expect tactile confirmation of inputs with
mechanical switches. Studies have shown

increased input speed. increased accuracy,
and test» frustration w .cri haptic feedback is

part of thc Ul.3 Some current automotive
applications ol' touch screens and surfaces
utilize only sight and sound because they are
the easiest to implement. Several user clinics
and studies have been conducted by auto-

motive ()EMs to understand user preferences.
and they indicate that users prefer the combi-
nation oftactilc forcc~fccdbaclt and sound."

The type of haptic effect can vary in com-
plexity from simple vibrations to multifaceted
c feats driven by complex mathematical

models {see Fig. ii. Simple rumhlc vibrations
have been used in mobile phones for several
years. but they are evolving to more intricate
effects. Highniidclit y force-feedback has been

shown to produce a more authentic response
and engaging user experience. The new
gesturenricli uscr interfaces that are beginning
to appear in consumer products will undoubt-

edly require high—fidelity feedback.

Producing Haptic Effects
Most haptic ct‘i'ccts are produced by stimulat-

ing the nerve receptors in the iinger by motion
of the touch surface or vibration of the skin.

Movement is generated by pushing or pulling
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Fig. I: The spectrum ofhaprt'c‘f'cedback ranges from simple vibration: to compiler multifaceted
events. with the latter being perceived as a more authentic representation of the original tactile

the surface with either a pri me mover or mag-
' netic or electrostatic attractive forces. Control

of the movement is accomplished by varying
the amplitude. frequency and duration of the

driving current or voltage. The seven meth-
ods currently being utilized to produce haptic
effects are shown in Table 1.

2%: following paragraphs discuss each of
these seven methods. tScc the aforemen-
tioned October article for additional details on

inertial, piezo. and surface actuation i.

Inertial Actuation

Eccentric rotating mass {ERM} inertial actua-
tors havc been used as vibrators in mohilc-

phone applications for many years and dirty
are starting to be used to produce haptic touch

 
feedback it is designed to replicate. Source: Inuiwrstoo Corp.

screens. Immersion Corp. has long been a
leader in this lcchnology, ol'l'cring its T8201!)
sortware development kit (SDKi and associ-
ated design support.

Piczo Actuation

Piczo actuation is generated by piezo-ccramic
elements that deform with applied voltage.
The piezo elements are applied to the touch
surface. and haplic effects are created by the
“citing motion of the elements against another

surface. SMK is a leading supplier of resis—
tive touch screens; it has been including picm
fot'ce-lcedback as an option in its resistive
touch screens for a number ot‘ years. SMK‘s
first automotivc haptic touch screen was intro—

duced with “PulseTouch” in 2004 in Alpinc‘s

 

Table 1: inertial actuation and Capacitive Electrosensory interface

(CEI) are but two of the seven methods currently being used to produce haptic
feedback.

Haptic Method Description 

Inertial Actuation Shaking the surface or the entire device with oscillating
rotary or linear—mass actuators 

Piezo Actuation 

Moving the surface with electrostatic attraction

flexing the surface with piezo disks or strips

 

Lateral Actuation Moving the surface laterally with electromagnetic actuators 

Electro-Activc Polymer Actuation Moving the surface by contraction and expansion 

Bending Wave Moving the surface with piezoelectric sensors 

Capacitivc Electrosc-nsory
Interface (CE!)

field

Generating electrostatic pressure and stimulation in
finger nerve—endings through the application of an electric

:w
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enabling technology

nism can be incorporated into the touehw
screen et‘stnponents without the need for a

lVl‘i-IJBUU aftermarket audio head unit.

Detetopmcnt has continued with several auto-

motive l’ JEM applications currently in progress.
SMK's piezo-ceramic actuators are a

proprietary material that can he applied in a
thickness of 1 mm to resistive film—glass or
glass—glass toiich screens. Accelerations of
20 can he created with high bandwidth to

actomplish high—fidelity effects. SMK has
works with Immersion to provide 25 haptit:
effects. that can he emhcddcd in applications.

separate actuator. which results in a very thin
profile. High reliability has been demon—
strated with more than 3th.} million actuations

achieved during testing. Pacininn offers hard—
ware and software developrrtcnt support.

Lateral Actuation

lateral actuation is accomplished h_\-' electro-
rrtt'elinraicul actuators [but more the touch sur-

face in a lateral direction to produce the haptie
effect. The small lateral motion {0.2—0.3 mm}

stretches the skin ofthe finger and the tactile

receptors. Immersion has developed this tech-
nology and provides implementation support
with mechanical. hardware. and software

design. it has been very active in characteriz-
ing and replicating various tactile feelings into

; haptic effects. An SDK is available to imple—

5 tnent an embedded control design and
customize buptic effects.

The motion of the touch surface is con-

trolled by the actuator flex frame or hy a:
separate sliding or flexnre mechanism with
the actuators providing the only force. Multi—
ple actuators can he used to move more mass.
llaptic touch screens of 3.0 in. have been

successfully developed. Accelerations of

Their latest generation of printouts inciudes a
gesturewecognition touch screen with two.

Iinger triulti-toueh that changes the haptic
feedback according to the pressure applied.

The change in resistance triggers the change
in the hupiie effect. Projected"capacitive
touch screens that incorporate SMK‘s piezo

actuation are also under development.

Surface Actuation

Surface actuation. developed by l-‘aeinian
Corp. is it techlmlog} that shows greed

promise. The ()etober fighter-nation Display
article explains the operating principle in
more detail. but the basic. premise is electro—
attrartive force between two surfaces with a

charge differential. System response time is _
fast from t} to 500 Hz. The actuation mecha— i
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Fig, 2: firtim't'strltt 's‘ .1 f H) Touch Sense Jit'fifcliéa’l'S {upper left}. rircnmjoc'frrt'rcf by Johnson
Electric. provide lateral movement of much surfer-es. Lateral ts-hlw-to-tidr') mat-mien: of the
mm‘h smffur‘c’ stretches fftr’ skin and stimrrlrrir’t the nerve i'erwptm't m fir/Prince tttt'ttr’r' .s't’tts'tri‘ioits
{lower left}. An exploded diagram of a replica! nutomotiw LCD tt.s‘.§'(’!n.’r’3f_t Nights illtr.\l'l"{1.l£'.\' the
corrihtnotimt oft: ffltr’rfif lira;nh"__feedharl nwr‘hanrsm behind the [(7). (t rcx'i'srr'rr' mmli-sr-r'ec'n
on mg: of the LCD. and capacitit'e—\‘cm‘ine harsh? hurt/im- surrounding the LCD. Source:

immersion Corp.
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several (is can he produced to generate high—
titlclity hnptic effects. lmtnersion‘s Al it}
actuators (Fig. 2i have been tested to auto-
motive-grade requirements and have com—

pleted 1 million test c_\.'cies.J This technology
has become the benchmark for liaptic touch
screens. particularly with regard to the I‘Itielity
and strength ofeffects and the maturity of
support and capability data.

Electro-Activc Polymer Actuation
Electro—actit-e poiymer actuation {Ell-KM!
creates motion by applying: a charge to eiec—
trodes separated by a dielectric polymer film
to create an attraction force that causes the

polymer film to contract in thickness and

expand in area. The motion is directed in

 

the desired uses by attaching frames and

materials. This technolog developed and
licensed by Artilit'ittl Muscle. is available in

 

several types of actuators; the company‘s
Z. 'lotle and. Reflex l-[l(‘ actuators are. used

for touch—screen applications. The Relies
actuator's output is claimed to be directly
proportional to the input signal. providing fast

response time and the ability to reproduce
almost any waveform.

Bending-Wave Actuation
LiK-hascd :\'X'l' has adapted its bending-wave
technology that was originally developed for
loudspeakers to produce both touch-point
location and haptic effects: thut not simultane—

ously] in touch screens." In the former case.
XXT licenses its bending—wave technology to
EM Touch Systems lor its l.)ispersi\-'e. Signal
Technology {DSTl totich screens; these use
piezoelectric sensors at each corner of the
screen to convert the mechanical energy from
the bending waves produced hy a touch into
electric signals that are used to calcttéate the
location of the touch point. In the latter case.
the same bending—wave. technology is: licensed
to PV'issha Printing for use in high-fidelity
lraptic touch screens. A wide variation of
tactile sensations can he produced as a result

of the \‘s'ltlL‘ bandwidth provided by tilt: system;
it can even be extended into the audio range to
ailow the touch screen to also protide audio
feedback. Most baptic effects are produced

below 500 H73. localized feedback is possihic
with different effects in different locations.

Capacitive Electrosensory Interface
(“anaeitivc Electrosensort Interface tCEl l or

E-Sensc is yet another type of httptic technol—



 

nu}- that was clcwlnpcd by chdcn-haxcd

Scmcg" Instcad (if rum-iris: tht‘ much surf-tutti.
this. tc-chnttlt'igy gcnct'atc: clcctrustatic prcsw
aim" in the fikin 01‘ inc finger hy catahliuhing a

charge Jit'i't‘r-ciitiztl that cry-(tics tl Ci‘tllnmb
t'mrcc between the E—scnac laycr intcgrzttctl
intu Iht: touch sun'acc and [hit tingcr t.i.~'.suc.~..
Tin: l'nt'tta: 35 Ilmdttletttzd in 1‘rcqucncit‘h whcrc

Lit-c human \‘ibzatittn pctccptitni in [hunt \t‘lthi—
ti\‘c: Ihc (Tfii‘illatinfl i'ttrcc cau‘scs thc skin In

\ ibrtttc and the: nct'vc :ndings intcrpt'ct thin at
touch ecnsatinn. lilcctricwi'icld strcngths an:
hclnw the inuulzliinn hi'cakdtiwn m there. ix nn

clcctt'ic arc hctu'ccn the tingcr zinc; il'iL‘ much
scat-en. The. E‘ingcr times not ham- to actually
he. luucliing the (urine? In gtfint‘raic the. 'j'nrcc.
i')iiTcrc-nt arcas-t ni'thc touch scrum: n: xut‘l‘ncc

can bc conti'olicd individually to gcncrtttc
small tactile.- arms that Emma calls “hauls.“
Thc NL’lISuLl-‘lnh art: l‘ILM it]! with fight ltlllL'ltC‘;

(H' swiping gestures. Virtuai surl'acc tcxturcs
can he crest-ed on [he much surfacc in art-as

bcing touch-cal. Scllhfi‘g pi'm idcs design and
:ttmptmcnt suppt‘i't t'tir intcgratitm {\i' thc tcch—
noltigy.

Visteon: Cuntributing to Haptics L'scr
Research

Vixtctm Corp. is a major supplicr of auto—
motivc L'l controls {as Shawn by the: example
in Fig. 3] and has hccn at leader in act-cloning

much commit with haptic feedback. The
company has dcwlopcd several tuttcli—st‘rcen
products that include haptic i'ccdhack 10
identity and salve chailcngca ll“. implementing
the 1:3: nuiugy and gain user insight. Dr.
Michael Tfichit'han its hash leading the cum—

paity'i UHL‘J' tchcarch cfl‘tn'h tn gain t'icht‘t'
innight into thc L‘ttl'éhutrlci"fi ncrccptiun at
thEiCT.C.Cl21".=nl(‘._fl_\-‘. in an interview with the
author. Dr. Tachirhart said. "This research

lit-ins \"istctm tlisctavcr factors that dutcrtnmc
the ultrihutca that individuals ttcrccit'c when

us' 1:: hantics. Thcsc findings [ina nE' which
guide. the

 
 :tndiacltiacdi are. uzcd ‘tt'

 
at: '_<'\ _\'-t

~\-'t;i<anmt:nt u} iiaptic sulnlmns that can bu.
[ailt'arcd in mcct thc dQRH'CCl til‘i_it:.cti\‘;.‘.q m" CIiE'

 

malt-urn.”

When “’1" Haptlcs Take Off?
l'lahtic: iILLb gaincd acccptunct' itt ttiuhiit-
nhtincs but has hccn sltm' an takc [iii in tuuch

scrccns for tilhc'i' applicatinnfi. Many cninpa-
nits an: evaluating haptic implcmcnzatitans
and weighing [11: risk and cost at" adding the
icattn'c. What :1z'c ;ltc can.» and (it-ugh

 
 
 

 

 
 

 
 

Fig. 3: A littf‘fit' .fmacl'! xt'rt’tm .t't'tratwi il‘t' l-‘Iis'It‘rm a! the (:‘rJJM'rttnr’r Elr’t'trrmtm .B‘J'ims' in January

JPN} .sltmvt‘ {H} ummmm‘rr "itn’ittttimrtr’m" pmiri‘ dwuinmirwiug' iii.» implr ”irritation with: :‘i-in.
iiiin'r.f_.'}tm'timi much ,tt'ré't'n {1.5 part {ff-(m (”H'Ii‘l'ali'd t‘mh’ml {twirl imm‘c’c} 'tt‘th’tm‘ tltt' (tr'gctttir' mid
flowing .lirici' Q!" U ”mullet-n center-wrack. Sntu't'c,‘ Hats-rm.

challcng .. it: add thc atitiititmai hardware and
 

software and will cumurncrx 52: win: 1:] 1h:

t'catui'c'? Adding motion in mnst :tsseti'thlic‘s
ht rc-clc gn. Wiii

light and .ltntmti cc. —
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hack hc sufficient Ina satisfy ct'inzxutt'icia'.‘ Thu
research accnis‘ to indicatc that conseumcrs

pit-.1111 tactilc t'ccélmck UHL‘L‘ titty at: aware of
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 giCn'.’ The supra”? 33 reliabilit) data i5 fJT'OW—
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haw. Mccltat‘acaé hutium anti knnhzx hat-c
functioned well: and are \t'sll—ttndcz'sitmd from

a cost point tn” vicw. \{3 why t'cpiacc :hcnt'.’
The El’honc ts'iggcrcd the migration to touch
scrccnt anti away I'rnn‘: tht‘ iixcti U ml

incchanical huttuns (ll-Nix arc waiting (tr
t'ur'ucccding cautiously tn .532 if the casts and

risks 01' impleu' uniting. hantic {Schni’kl‘ftgit‘fi
hc __;u.'~:Liiic-' .

.-'\LlIf1!‘.1('tIi\.i‘ pr'f‘dUL‘i"? have much inngct'
dcwlopmcnt cycle: than cattatinic:
and industrial L‘LH‘Ith‘lS. hut acttimtitivc UI’LMS

hat-c awake-1m} In th: benefits ttt' intrgt'ating
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dm'icm Savant] DEA-1a art: studying hnptic
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eblnaing technology

Conclusions

Time will tell which httptic technologies
provide the best value and the most consumer
acceptance. Each technologv has advantages

and ch‘tllengcs but the application will dictate
the best lit. Haptics should grow in accep-
tance as consumers begin to experience the

advantages. The main key will he to use
liziptics notjust to replace the feel of mechani-
cal buttons but to create new holistic and

engaging user interfaces. Developers will be
able to move in creative directions that are not

possible with touch screens alone or mechanim
cal buttons. Implementation costs will decline
as volume provides economy of scale and

new. more cost—eflcctive methods and contpo-
nents are developed. Httptics is truly an
enabler of touch screens and the futures of

both these technologies are intertwined.
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Beneath the Surface

Surface computing is about integrating the physical world and the virtual world through the

use of vision-based touch- While Microsoft ’3 Surface product is the best-known implementa-

tion ofsniface computing, it isfarfrom. the only one. Expanding university research on touch

continues to make use of vision-based touch as afoundotion, which in tum will help move

surface computing ton/‘orclfiill commercialization.

by Geoff Walker and Mark Fihn

T‘IE TER M ”surface computing" (some- I
times called “tabletop computing”) describes I
a specialized computer graphical user inter—
i'ace (GUI) in which i ll die keyboard and mouse

are CtimpieLel y replaced by a touch-sensitive
display and (2) users interact with common
and intuitive objects rather than conventional
GUI elements such as windows. icons, and

drup~down menus. The goal of surface com-
puting is to integrate the physical world and '

the virtual {digit-ail world more closely so that
digital information becomes immediately and
easily available when users interact with a
physical object or an environment.

Conceptual Examples
One example of surface computing is a hori-
zontal touch diaplay that has been used on a
trial basis in retail mobile-phone stores. The

userlpt'ospect places two physical phones on
the display" s surface. The. software driving
the display identifies the phones and immedi— 

 
Geofl" Walker ii‘ the Marketing Evangelist &

ludustrt' Guru at NextWindow. the leading
supplier of optical touch screens. He can be

reached or 408/500 .7556 or gwalkerét?
nexmindonzcom. Merit Film is publisher of
the Veritos er Virus newsletters,focused on
the technologies and nurltets related toflexible
displays. display—related standards and regula-
tions, 3-D displtit's. ltigltwpmfiirmoncc displays.
and mnclt screens. He can be reached at

354/79l coat or marklit uct’imset trims. com.
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ately displays a compari son of the two

phottes‘ features. specifications. and pricing.
The user can then interact with the informa—

tion using his hands to explore details or

modify the way the phones are compared.

: Another example involves placing a digital
camera on the display surface and having the

' photos in the camera automatically copied to
the display. where the user can interact with
them using mttlti-touch finger-gestures such

as flicks. pinches. rotations. etc. The photos
can he transferred to a mobile phone simpl y
by placing the phone on the display surface
and dragging the photos over to it.

History
Around the niitl~| 9905. a vari ety of com panics
and institutions began conducting research on

5 surface computing. including Alialeavcfrout.
Microsoft. MIT Media Lab. Mitsubishi

Electric Research Labs (MERLJ. New York
University. Sony Computer Science Labs. the

University of Toronto. and Xerox PARC. l‘:
MERL‘s announcement of the Diamond'l‘ouch

3 interactive table. in 200] heralded one of
 
he first commercially available surface-

cornputing products. but it was viewed as a
research curiosity and was not fully commer—
cialized. Microsoft’s hypenfilled announce—
ment of the Surface produm in May 2007
caught the ptthlic‘s attention in a big way.
The widespread publicity that Microsoft‘s
announcement received caused the Surface

product to become synonymous with surface

0362-09'l3l03l20l0—031‘il.00 + .00 {Q SID 30H]

computing. However. innovations related to

surface computing are not unique to
Microsoft. and there are numerous other

efforts enabling the technology.

Technology
As with all touch-screen technologies. there
are two interrelated components — the display
device and the touch—sensing device. On the
display side. surface computing can work with
any type ot'display. including flat. pane-l. rear
proiection. and front proicction. 0n the touch
side. the choices are more limited. While

some early implementations such as

DiamondTahle used capacitive sensing.
essentially all current implementations of
surface computing use infrared (IR) vision—
hased sensing; this requires one or more 1R
imaging cameras to be positioned so that an
image of the entire screen can he captured.
This means that today all surface computers
use either rear or front projection. which elim-
inates true "tabletop" use — unless the surface
computer is itself-a table. like Microsoft

3 Surface (illustrated in Fig. 1).

IR Light Source
There are currently three methods of supply-
ing the [R light that is received by the vision-
based camera in surface computing. These
methods. Diffused Illumination tL‘IIJ.
Frustrated Total internal Reflection (FUR).
and Diffused Surface Illumination tDS‘I}. are

explained in the following: paragraphs.



 

- DI: Diffused illumination can he used
with either front- or rear—illumination

systems. Rear 1)] {used in Microsoft
Surface] utilizes infrared light projected
on the screen from below the touch sur-

face. A diffuser is placed on the top or
the bottom of the touch surface. When

an object touches the surface, it reflects
more light than the diffuser {or objects in
the background]. and the extra light is
sensed by a camera. Dopcnding on the
diffuser. this method can also detect hover

above the screen and can identify objects

placed on the surface. In the case of front
Dl. infrared light is projected on the screen
from above the touch surface. such that a

shadow is created when an object
touches the diffused surface and can then

be similarly recognimd by a camera.

- FTIR: Populari mi in the touch-screen
world by Jeff Han when he was at NYI.‘
(he‘s currently the Founder and CEO
at Perceptive Pixel}. the concept of
Frustrated Total internal Reflection is a

physical condition related to differences
in the refractive indexes of adjacent

materials. When light passes from one
material to another with a higher re frac-

tive index at an angle ofincidcnec
greater than the specific angle (described
by Snell‘s Law). then no refraction
occurs in the material. and light is
reflected. This method traps infrared
light in an acrylic overlay. which is

frustrated (scattered) at the point of a
touch; the scattered light is then recog—
nired by camera—based imaging. Figure
2 illustrates the concept.

- DSI: Diffused Surface Illumination uses

it Special acrylic to distribute the 1R
evenly across the surface. This method
relies on small particles inside the acrylic.

which function like tiny mirrors. When
lR light is injected into the edges of the
acrylic {as in FTIR}. the particles redirect
the light to the surface and spread it
evenly. When a user touches the surt'ace,
the light is scattered and seen by the
vision-based camera as a blob of IR light.

Significance
Vision-based touch systems have not yet
achieved any substantial commercial penetra—
tion. The technology is in a state somewhat

similar to that oi" projected capacitive (“pro—
cap”} in the early-to-mid 20005 — it‘s a niche

 
technology waiting for a breakthrough. [n the
case of pro—cap. the breakthrough was Apple's
decision to use it in the iPhone; that decision

had an immense effect not only on the tech-

nology. but also on the entire touch industry.
The authors believe that vision—based touch

has even more potential to change the world

than pro-cap. The latter is. after all. simply a
substitute for a mouse and keyboard in inter-
acting with the standard GUls running on the
il‘honc OS and Windows. Interaction with

computers has not been changed in any funda-
mental way by pro-cap touch screen 5 it‘s just
been made simpler and more fun. especiaity
on small mobile devices. in contrast. surface

computing at its core is an attempt to totally
change the way people interact with comput-
ers. Putting a digital camera down on an
interactive surface, having the photos it con—

tains spill out onto the surface. interacting
with the digital photos on screen through
multi—toueh gestures. and sharing the photos

with several other people in a tabletop envi-

  
 

ronment is very different than tapping icons
and selecting menu items on an iPltone.

There is one other charactcristic of vision-

hased touch systems that‘s significant. and
that is the fact that they can be assembled
from inexpensive standard parts and open-
source software.4 No other mttlti-touch—

capable touch technology can he obtained in
this way. As a result. the majority of touch
research being conducted in university
research labs uses vision—based touch as its
l‘oundatitm. This means that there is an

expanding body of work being developed on
vision—based touch along with steadily

increasing knowledge and understanding of
the technology: this increases the probability
of a breakthrough that will drive the technol-

ogy toward full commercialization.
Hardware and software developers remain

excited about viable commercial uses of

surface computing and continue to innovate.
A few data points on progress in this area
include the following:

 
Fig. I: Sfi'lc'rllflitlc‘ffli'fllai of Microwfi '.r Surface computer product. The components tnntibt-‘rcd
in bin? are mfollon‘s: l I l acrylic tabletop touch surface ti-‘trl’i o diffitscr: (3] 850mm infrared

light source directed at the underside ofrlw mm‘h surface; {3} inti'ar'ed camera forte: offotrr with
a combined total resolution of 1'280 X 960 pixels}: M i Toms Instr-mitems' DLP projector
rimming at I024 M 768 pixels; {5,} desktop computer running a customized wrtfmi of Microsoft
fista. Soon c: Microsoft.
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enabling technology

Total Internal
Reflection

Baffle Diffuser

 

 Scattered Light

 
 Acrylic Pane

Projector

Video Camera

I‘ U. 2: Tilla‘_filg1trre iiiua‘n'tti‘c'S' hott' FYYR cam be Hard to some touch. A rear-projr't'lioir .l't'i'é’cfit

[diffuser-J is (touched mm a small air gap to the underside of'a .s'i'ir'r'r of'at'n'iic. Infrared LEDJ
mice: light into the pair's-lied ruler rit'thc act't‘lic.‘ TM (.‘tit‘lSt’.§' the light to remain trapped
it'ithiii the sheet. a baffle Mort-x light lt‘ifh to higher angle ofinrideticc near the edge of
rite acift'r'tr. When flfmg’f’t' market the .t'tlrfiir-e ot’ihr- march}; ii 'fflrmtrores " TM’ and (sunset-
light to rather out through the alert-fir towards rt vision-bated r'oiimri equipped with an M’

bandpassfilo/r. Siiiirr'r’: Mwiir) Research bibrii'am rt, New York Unit'm'.\'it\'."‘

- MERLE: DittmondTouch interactive

tahle. mentioned earlier in this article.

has been licensed exclusively by startup
Circle. Twelve. Inc. which is marketing
it as a collaboration tool. The Diamond—

'lotreh tattle enables multiple simultane—
otts inputs such that each user can be
separately identified. The technology
Ltscs front projection anti capacitive
sensing.

- SMART Technologies otters a vision-

hascd direct—much technology. which is
cuttttttercially available and widely ttsed
in education and collaboration applica-
tions. SMART tillers touch tahlcs and

rear—ortiiertion interactive Whiteboards
that incorporate the technology.

° GestureTek markets a mtilti—iotich table

in sizes from 3.0 to 55 in.: installed appli-
cations include waytinding and entertain—
ment. GcstoreTek holds the world‘s

record tor the largest stirlace—con'tpuLint.I
table at 6 rn long {located at the Eureka
Tower in Melbourne. Australiai.

- i-licrosot't has expanded the concept oi'
sttrl'ac-' computing to go beyond just
tabletop applications. demonstrating 

ideas z'elt, ccl to spherical stlrt'accs {both

.i-if trait-riitiiririn Dixplliv Kilo

on the exterior. as with a globcl and on
the interior {as with a dome}.

- Microsott has demonstrated surt'ace

computing using photo~sensors
located behind thin—frmn—t‘uctor LCDs

{'t'hinSight"t. By using- an electronically
switchable. diffuser. Microsoft has also

demonstrated that images can he recog—

nized and displayed well beyond the.
surface ot" the screen tSecondLightr‘].
The recognition of physical objects.
eithcr as an interface dcx‘iec tltat can

identify objects. or as a projection dcncc
that inserts data on surfaces heyond tlte

 
! surl'acc ol'tl'tc screen. is a computation-

ally iorntidaitle. user-interface task.
- Several recent projects hare investigated

the possibility of linking together geo-
graphically separated surface computers
in order to create a shared workspace for
remote collaboration. as it' participants
are co-loeated around the same tabletop.

Conclusion

In the almost 3 years since Microsoft announced
Surl'aee. titer-e has ‘oecn at: ace-clertttitti:r Jlow
ot' ideas and it‘tti'trmtttiott ahout surface cont-

puting - just {13' Gotigiing "touch tahle"! The

 
 

 
 

 

 

 
 

 

 

technology holds the promise ofchanging the
way people interact with cottiputers. going
well beyond {for example} applying touch in
the replacement of conventional User inter—
faces. in appliances. There is an expanding

hotly ot' wot-lt- on multi-aouch. object recogni—
tion. direct manipulation. M.) and 3-D
gestures. and related fields that continue to
cnaltlc innovation in the area of surface

; computing. The technology is ripe For a
hrcak through.
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editorial

a'rllill'iillc'dfi't’mi’ page 2

As you will read in this issue. the field is
awash in both st'imcwhat whimsical work such

as Stir-lace Computing. as examined in the
Enabling Technology article. “Beneath the
Surihce" by Geoff Wail-Let and Mark Fihn. as
well as in E‘tltll'L' practical challenges. including
the actual emulation of a physical control
mechanism. which audtor Bruce Banter

describes in the Enahting Technology piece.
“Touch Screens and Touch Surfaces Arc

Enriched hy l-laptic Force-Feedback."
One of the more fundamental amhitions of

touch inventors is the complete integration of
touch and displays. By complete I mean the
display and touch mechanism heing all one
physical component. the essential elements
heing indistirtgiiishahlt- from each other to the

user or system designer. In what seems like
the distant past. when others and myself
worked on doing this with CRTs. we experi-
mented with using layers ofthe anti—rel’iective

coating on the Face of the CRT to also serve as
3 capacitive touch sensor. It worked. but then
LCDS took” over the world I'more or less]. and

we moved on to other more commerciatly
viahle endeavors. The. touch people never

forgot this concept. however. and numerous
groups” continttetl to experiment with sct'icirics
to integrate touch mechanically. optically. and

electrically into LETEZK. You may have seen
these demos at Sil') over the last it) ycttrs.
some working better than others. Within the

past year. [his work has finally resulted in
commercial success. Now a possible. new

paradigm of product designs is about to emerge
in which the bezcls can be even thin—net and the

touch screen is the display. The current and
future state of this work is ahly described by
Geoff Walker and Mark Film in their Frontline

‘l‘echnology article "LCD [rt-Cell 'l‘ouch." Do
not miss this atticlc — in-cel. is coming for real.

If you tire not already familiar with the rich-

ness that well—engineered touch interfaces can
bring to a product. take a look at author Mark
Httnthiin's article titled "Taking Touch to
New Frt‘niticrs: Why it Makes Sense and i-low

to Make it Happen." Here. Mark explains the
ins and outs of user interfaces enabled hy
touch. Among his past experiences. i'lamhlin

was part of the. core main—touch engineering
team at Apple. where he led the design and
process development of the touch screen in
the original iPhone and subsequent touch
prt'itluets.

I cannot begin to address all the other
nuggets of innovation going on in the touch

 

 
 

world or even the rest of the nuggets in this
issue. hut in case you think l‘m getting too
effusive over this topic. l invite you to read
out Display Marketplace article on “The State
of the Touch—Screen Market in El] ill“ hy-

l)ispiay Scareh‘s .lennil'cr Colt-grove. {he
now measures the total market in the mid—

blllions of dollars. with a growth rate that other
display market segments are Very envi-ous (ii.
In units. the numbers are staggering. while the.
number of different suppliers con—tinues to he

very large rover ltltll. There has been only
limited consolidation during the last few years.
with more evidence than ever that no one

tcclmology or supplier can supply solutions

for all the applications out there. Touch is one
til those elusive technologies where so far the
one penultimate embodiment has not yet
emerged and may never. With so. many

unique and diverse approaches. the solution
space is almost as broad as the Supply base of
commercial offerings. For me. this is actually
refreshing and I enjoy seeing so many entrepre—

neurial et‘i'ons succeeding alongside each other.
[ ant extremely grateful for the limitless

hard work and enthusiasm our guest editor
Geoff Walker brought to this issue. As one of

the leading innovators himself, Geott' truly
shows his passion for the industry \t-‘hcrcver
he goes. I hope you enjoy this issue. We
continue to welcome your comments and
feedback on all that we do Ell ID.

Correction to Poly-Si Article
We're always pleased when we get reader
feedback. and when an error is spotted. we're

eager to set the record straight. l n this case.
we were aierted to some inaccuracies in our

Enabling Technology Article titted “An LTPS
chrxiew“ published in the December issue.
ll't particular. we were reminded that:

- {le Lowdemperature polysilicon {LTPSJ

has an higher electronic mobility than
amorphous Silicon ta-Sil. hut tut higher
holc mobility as well.

' t3] Amorphous-s‘ilicon {ti—Si] does not
contain any crystaliine structures.
Rather. it has a randomized structure of

the silicon lattice. Poly—Si consists of a

polycrystalline phase — many small crys—
tallites. but with randomized orientation.

° t3] While LCD manufacturers are not

generality integrating drivers with a—Si
today. Sarnoff iahs did develop a process
for a—Si driver integration in the past — it
is possihlc to achieve this.

 
 
 

 
 

 

You can read a corrected version of this

article on—line at wow.ir.formtitiontlisp'ittyorg.
For a more complete explanation ot‘thc

various types of sentict‘ntduetor titalerials
being used for active-rttatrix switches in LCDs
and { llfills. we invite you to review “Ftexihle
Transistor Arrays." hy‘ Peter Smith, David
Alice. Curt Moycr. and Douglas Loy. in the
June 2005 issue of Infrlrttttirimt chit-plat: I
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Taking Touch. to New Frontiers: Why It

Makes Sense and How to Make It Happen

Trmrrlt infeifaces are appearing in etteijt=fhin.g_fr()iii transmitter devices to industrial equipment.

not because mud: is ”irrfasfiimi," bur because it pmt‘ides a truly berrerfiirm {ifhill??flf1—d€l-‘l(f€

interaerinn. This" article examines the adi-‘am‘ager ofgesture—baked row-h inrerflmer and the

kev Steps“ to building a device trim a great touch experience.

by Mark Hamblin

THCH INTERFACES art" Ila: more than
"fashionable" t'eaturcs Ltscd as a selling paint
in! cans'tintcrs. They are truly a more
intuitive harm or" human—device interface.

cmnpareti It! rntmy alternatives. While the
keyboard and tittiusc still have their place with
the PC. much interfaces can sprcaii mine

pcrvasivcly iElEU entirely new tippiicatierts by
replacing simple. “low-tech" interfaces such
as bltllttns. dials. and even paper.

EXul?1PiL‘.5i include the clectrnmcehaniea?

interface I'tiund N's a Wufii’lil'lg-‘Tl'tilt‘ititzc (liai.
the htttlrmlntcnu based ititcrl'aee ran some

medical equipment. and even the ntmvinterac—
rive paper-inased itttet‘l'ace iii a restaurant
menu, all 0:" which ma} snmcday he replacets
h)' a Wt'll—ticsigttcrl. well—itnpleinented much

interface. There are Live reasons why this
cmilti happen. as i‘nllrtvvs.‘

- Touch can simpéil'y iritcractittn with a
device.

- Licsttirc—hascti time?! interiaccs are ittnre
intuitive.

- Touch provides for more acccssiblc
inter—laces.

- Tritich helps "t‘mtzrcpmnf‘ a device.

Mark Hamblffl is the Founder of Touch
Rt".‘(iiuil:"efl. Inc. a much .\_‘.'.\'l't’l?l.\ mrmrrf'a: -
tut-er burr-d in 5cm Franc-isn't: that: lir-_,I'i.:mat'ed
in Elli-l8. H:- tm be (citric/1:1: cim‘ 43.9’335-9i'23
I’Ji“ ”Kirk{I'i'I/i-lil'r";ii't"1'.('{JL'L

.36 Ear}; imam -r: Dirpl‘m' 3‘3} U

 

 

' Fig. I:

- Touch enables convergence Ltf'titlter
functions into a device.

Simplified Inter-face.
A well-iiriplctrlented teach in tcrl‘acc can be
much. simpler to use than a conventional
mechanical or hULmIl—hélscd interface because

it can show the. user only these centrols that

j are relevant {it a particular Operation. while all
L'i‘lfii'tils in a ctmvcntinna? inter-rate arc 

always present. This. characteristic alsti

: makes it easy l0 expand the ittterl'ace‘s
f l'ttrtctienality because :Itltlititinul functions can

remain hidden until they are needed. A lttuclt
' interface can also be implemented as a

f sequentiai guide in help a user easily get
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through a series of control steps. similar to a

“setup wizard“ on a PC. Such featurt‘s
improve the user experience by making the
device easier to understand. As device mak-

ers continue to build more functionality into

their devices. the need for simple, interactive
touch interfaces will continue to grow.

One example of how touch can provide a
simpler interface can be seen on a wall-oven
produced by Jenn-Air in 2009, which features
a 7-in. projectcd-capacitive touch display
(Fig. 1). Although the Jenn—Air overt interface

appears much simpler than the typical non—touch
interfaces found on other ovens. it includes

additional functionality such as a step-hy-step

guide for adjusting cook settings based on the
food category, type. and desired degree of
donericss. Buttons or controls that are not

relevant to the immediate process are elimi-
nated. which streamlines the interface. reduces

visual clutter. and prevents user confusion.

Gesture-Based Touch Interfaces

Touch—interface gestures. defined as
two-dimensional finger motions. can further
simplify an interface and provide an intuitive

user experience that goes beyond the typical
“button replacement“ found in most simple
touch interfaces. Gestures allow a sense. of
control over lntcrface elements that mirror

physical elements, allowing for a concept
known as "direct manipulation.“ For exam-

ple. swiping emulates the finger motion
involved in turning the page of a book. while
dragging an interface object around a screen

rnin'ors moving physical objects. Gestures
and direct manipulation allow users to

employ intuitive actions they already use in
the physical world rather than having to learn
new actions.

More Accessible Interfaces

Interactive touch interfaces provide a signifi-
cant benefit over conventional static interfaces

because they can he configured individually
for each user. Test and image sizes can be
enlarged for elderly users. languages can he
changed as required. options can be simplified
for beginning users, and pop—up help menus
can appear automatically. The device can
even automatically make these reconfigura—

tions upon sensing intonnation about the user.
Accessibility will become increasingly impor-
tant as touch interfaces move into more

devices in our lives and face an increasingly
diverse user base.

 

 

“Futurcproofing” Devices
A reconfigurable touch interface without
hardware dependencies can provide the ability
to modify and improve the interface over

time, and even upgrade and change the func-
tionality of the entire device. New features

. can he rolled out to devices after the initial

sale. bugs can be fixed remotely by updating
the software over a network connection. inter-

face reconfigurations can be made after actual

field usage data is collected. and new applica—
tions can be loaded on a device through an
online store or other provisioning system. As
device manufacturers continue to add more

complex features and interfaces to their prod—

ucts, this ability to futurcproot'thc device will
hecontc increasingly important. This advan-
tage has already been realized in automotive

and GPS applications. for example.

Convergence of Other Functions
A touch interface is really just a blank slate on
which the control of any application or func-
tion can exist. This allows a touch interface

to he the common element through which
various functions can converge into one

device. In the past, the need for different
physical interfaces such as huttons determined
the need for products and applications to be

separate. For example. in a business environ-
ment. at physical business-card file or phone
list t paper interfaces) is often located beside a

desktop phone (button interface). Neither of
these two products provides an interface that
is convenient for the other. But ifa gesture-

SOFTWARE lNTERFACE
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hased touch interface were implemented on

the desktop phone. integrating a graphical—
user—interface (GUI l based electronic contact

directory into the phone's calling functions

would probably improve the utility ofthe
phone and the contact list. as well as being an
obvious workflow improvement. In ways
such as this. touch interfaces can facilitate

product convergence between high-tech and
low-tech products.

How to Create an Interface with a

Great Touch Experience
Device GEMS seeking the benefits of adding
touch interfaces to their products are often

faced with the question of how to do it. They
typically look at some of the leading touch
products on the market, Such as the Apple
iPhone. as the benchmark for the “touch

experience“ — which can be defined as the
collection of factors that affect the ease-of-

use. intuitiveness. and overall user experience
ofthe touch interface. OEMs looking to

create an iPhonc—like interface on their prod—
uct often quickly realize that creating an
intuitive. easy-tomsc touch interface is not as
simple as buying a capacitive touch sensor

and ”slapping it on top” of an existing prod-
uct. lt is a complex endeavor involving
hardware. software. integration. optimization.
and testing.

The following paragraphs provide IO best
practices for delivering a great touch experi-
ence with a wide range of products from

medical devices to mobile phones to home

PHYSICAL INTERFACE
  

Touch '81 Elements .'
_ (diners. scrolling-etc.)W 322:3.(fizzy—w-
  

 
  
 
 

      
Fig. 2: A block diagram of rt much interface shows the (outpatients that nurst be? considered
when creating a great touch experience. Source: Touch Revolution.
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mkingdisplays work for you

appliances. The touch—interface. hlock
diagram shown in Fig. 2 shows most 01' the
components that are discussed in the follow—
ing paragraphs.

1. Holistic Design Mindset: Stan. with the

goal of creating a great touch (jet-ice. not just

adding touch [t‘ an existing design. The
design must he approached holistically.
l‘flCR’It‘s that must he considered from the

heginning ot‘ a project include user demo—
graphics. the product's industrial design.
system hardware selection. supported features.
and even the product‘s price—point.

2. Touch-Sensor Technology: Different

touch technologies have different advantages
and disadvantages. and there are many to choose
from — projective capacitive. surface capacitive.
analog and digital rcsisuve. surface acoustic
wave. optical. ctr. It is important to note that
no one-Iouch technology solves ali problems.

3. Touch-Friendly Operating System:
l'leycloping intuitive. attractive. gesture-based
touch GLfls and applications can he dil'licuit.
especially for OER/ls who are new to working
with touch interfaces. Giving the users the
touch experience they now expect can he
made easier through the use of alt operating-
system {052' software platform specifically

It-Liiit for touch. These platforms. such as the
Googlc Android. Apple‘s iPhttnc US. and
Windows 7 {to some extent}. make the soft—

ware dcvciopcrs' job easier by pro—integrating
litany common totlcli user irttcri'ace (Lil)
elements such as sliders. selection switches.

and gestures such as “ilick to scroll.” "swipe.“
and “pinch to zoom."

4. Integration Testing: [1 is exceptionally
important to plan for sufficient integration

testing when developing a touch device.
especialiy when using a capacitive touch
sensor. issues such as RF-EMl affecting the
touch sensor. software driver optimizations on
the LCD and touch controller. cable—routing.
application performance :tt‘t‘ccting touch
responsiveness. unwanted optical interaction
ctwccn the LCD and the touch sensor. ESI)

concerns. we. are quite common. The only
way to find and fix these issues is to allow
significant time tor quality—assurance testing
and to have engineers with t c right hack-
ground do the troubleshooting. The amount

o‘i' effort required to integrate all the hardware
and software pieces into a cohesive. respon—
sive. and field—ready- product is otter: under—
estimated. resulting in deiayed. ovcr~hudget.
or even cancelled products.

315' fifth-i'niih‘iun Dirlriirrt .iz’tt'i'

5. Graphics and Processing Horsepower:
A post-trial touch interface can consume a lot
of processor cycles. [t is important to con—
sider where this processing takes place — in
the touch—screen controller‘s (“l-3L5. the host‘s

CPU. or the host‘s grannies processing unit

{GPL‘E}. An advanced GLTI is pointless tmlé‘ss
the hardware has enough horsepower in the
right places to run il well, without lags
delays. or choppincss. Cutting hack on hard-
ware performance to sat-c cost can severely
limit the potential of your GUI.

6. Display Selection: Cht'iosing the right
display to use in a touch device is. especially

dii'licult because tit‘the numerous dependencies
hetwecn the display and the touch sensor.
Important factors to consider include under—

standing RF-EMI interference issues between
the display and the touch sensor. matching the
active area and viewing angles. minimiaing
optical tosses. and hondingtscaiing the display
and touch sensors properly. among many odicrs.

7. Medmm'mi Integration: Most touch

sensors (projective capacitive inciudcdl are
mad: of glass. which has many benefits but
also adds significant constraints when being
integrated into a product. The touch sensor
must be integrated correctly to prevent break—

age in the event of mechanical stresses. {0 pre—
vetit slight deflections ol'the sensor that could

intcrl'cre with the sensing haseline. to prevent
dust or other contaniinatit'm from interfering

 

 

 

 

with viewing quality. and to prevent ESF}
from damaging the touch sensor or system.
among others. Environtncntaliy stating the

touch screen iii required by the device appli—
cation! can he more difficult than scaling just
a display. depending on the touch technology.

8. Industrial Design: By their very nature.
touch deyices are intended to be highly inter-
active with the user. This means that

t-rgtiritiiitiCs. usability. and intuitivencss are
critical. This is important not only for the
GUI design. but for the physical design as
well. It' the device is portable. hon tloes the

User hoid it? Is there room for a firm grip
2 without touching the screen'.‘ it" not. does the

 

 

'-_-in¢ns;agtoyarya

 

touch screen use multi-touch to provide "grip
suppression Is it designed for users or" all

ages. sizes. and disabilities?
9. Optimized Touch Software: With an

advanced touch interface. there are many soft—

.. I?

wnrc layers invt'ilvt‘d in translating the motion
ul' your linger on the touch screen into a
responsive action on the LCD and in the
application software. The (“tram-arc running
on the touch controller. the touch and display
drivers running in the ()5. and the application
software itself must all he tested and opti—
mixcd for responsiveness. Any lags in this

software. stack will result in a suboptimal
user esperience.

m. Great GUI: That a touch in teri'at'e.

snottld include a grcat (ilil scents fairly

 
' Fig. 3: This inut'hv.tt.'reert interface for r: h‘rtthfi‘r-drl't‘?‘ ti-‘ttt innit'n its a demonstration product

at the EMU Consumer Electronics Shim: in has l’i’crts. Sour.- {’J Tom-h Rei'riitttttm.



 

 
obvious. but than} 03le still do not seem to |
get it. A touch interface should he much more
than just a series til “virtual buttons“ to pro—

vide an intuitive. accessible. inviting. fun. and
satisfying user experience.

Resources

The above "Top it} Keys to Great Touch
Design“ is an excellent start. but certainly not

complete. Delivering a great touch product to
market can be a daunting task. especially l'or
()L-‘Ms new to the world of touch. There are

lTlall}' helpful resources OEMs can use to
make their touch application a success. A
numb-er ol‘ touch—controller lC companies
offer solutions pic-integrated with a touch
screen and OS drivers, minimizing sourcing

and technical integration challenges. Some
LCD and touch-screen makers are beginning:
to offer integrated display—and—touch-sereen
modules. in deciding on a development strat—

egy. OEMs must carefully consider the trade—

 
 

nt‘t‘s between emt. schedule. reliabiiiti . and
overall project risk. While. bringing touch
interfaces to new applications can he difficult.
a well—executed touch product can provide a
big payback by attracting new customers.
enabling ncw product features. and even

opening new sources of revenue.

Future Touch Applications: The Focal
Point of Innovation

The future of touch is bright — there will be
new technologies. new companies. and new
markets. But perhaps even more exciting than
the evolution of the touch industry is the

impact that touch will have on other industries
and applications. Touch interfaces have
already helped revolutionize the mobile-phone
industry. greatly affecting consumer usage
models. netu'ork bandwidth requirerrients. and
even enabling major shifts in brand market-
share and revenue streams. Touch is likely to
do the same for other markets as well.

Take. for example. the home appliance.
market. and the toucltvsereen washer-dryer
pictured below in Fig. 3. shown as a demonu

stration product at the ltlltl Cousuitter
Electronics Show. Not only does this product
have a better. more use r-{t'icndly interface
compared to the (liiil—fll‘l(lubUIl'I'tll—thcl‘cd

interface. of most washing machines today. but
the touch ittterl'ace adds nevi functionality to
the appliance. With the washer connected via
Wil—‘i or a .‘lG network. the user could down—

load laundry-specific applications such as a
stain-removal guide. a |attltdr}'-s_\-'mhol
decoder. and even an e-cotnmerce portal for

purchasing laundry supplies. The user could
also install applications for other home—related
functions such as lighting control or energy
monitoring. All of these possible features
create new opportunities and potential
revenue streams for the. appliance. maker.
product user. application developers. and
numerous other third parties. I
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Green Technology

For Ilieflr's'f nine in. the liisrmjv of the Symposium. the Sor'iervfor Information Displcrv

has designared a group of special sessions to explore green technologies in fire display-

ina’urrrjv. These include Novel Power»ReducIirm Techniques, Green Technologies in

Display Marnifacruring, Low-Power EvPaper and Orher Bisrable Displays, Power-Saving

Device Designs, and Green Rm'iiimlogies in Acrive-Marrix Devices.

by Don Carkner

REDUCING the environmental impact
of new display components. including a focus
on lower power consumption and sound recy»
cling practices, is now the mission ol' almost

 
 
 

 

novel device sti'ecrnres {but allow higher effi-
ciency operazion. A strong trend is under way

0 adopt light—emitting diodes {LEDsl il'v :i
replucemenl light soorce for laackliglll units in

 

every participant in Lhe display industry. It is _
not oniy good business to give. consumers and f reduction and for the very thin packages that
svséem designers what they want. it is also such designs enable {see Fig. I]. with many

rapidly becoming mandated in many jurisdie— - observers predicting colnpiete peneiraiion

tions. [fa company is not thinking "green" i within a few short years. Another trend in the
today. it is not really engaged in its market- 5 making is evidenced by the emergence of
place or preparing itself for the future. energy, mated-ah, and biomass-saving bislahle

..=\ccor(lingly. Display Week‘s 20H] technical e-paper displays. as the publishing industry
prograrti committee decided to create a new prepares to undertake the massive transition
forum to heip bring the display industry‘s from being paper—based to electronic.
green technology ideas to light. and the focus

l.\ expected In he enthusiastically received by Featured Papers
conference goers eager to [ind new Ways to The Display Week sessions. will feature
eonserve energy in terms of hoth process and several overview presentations on green
product. technology and design in the display industry,

from marq uee manufacturers such as Sainsung.
A U0. and Philips. An invited paper {SessionHighlights and Trends

The Symposium will contain five sessions in i ‘9) from Dr. Jon Souk oi SflmHing. "Green

the Green Technology track. with 30 papers Technoiogv in LC‘Ds." will provide a compre-
eovering lopics ranging from power—saving hensive overview of the current slums and
circuitry and drive techniques to materials and liiture prospects for green technologies and

trends in the LCD inanut'aeiunng il'IdUslry.
Sharp will present a paper. "Power-Efficient

LC TV with Smart Grid Demand Response

 
energy reducrions during manufacturing to

 

Don Corker is Principal Technology!fin-
(Hill-W Hi”. (1 ”leather :inhe 3N) prrigrum

rein-Hon Diiplor il’i'witiflt‘iicrriring snbcnnmrii— ; Hg. 1: Samstmg It LEDQOOO is an example-
iw'. and Program l’ir'rl-("hair-fin Green filer-l» : oft: supervrhrn LED—edema: LCD T1" the: is
iioi’ocievfoi' 5!!) 2f” fir”. ”r can he reached at designed in be energv rffiir'ir’nr. Image

(ion.car-lrim-(ri-chlnu'mn m- ififfn’ ,1 in: «H l .8. warmest .S'ennsnne.

4f} hijurrrrirriurs Uit‘pflr‘. 3.7M}
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iquid-crvstal dispiavleCl)s1. both {or power
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Functionality." h)‘ Limis Kumt'fikyi ml the hut
Ionic m" Smart—Grit: t'unclit‘muéity. Thcrc wit!

film he [13518214. (m llOVc‘i LED—hackiight tach-
mtltsgics from Chian Tung and Chung [-{tia

 linivcrsit . \icw pau-‘cr-qm'mg drive. lCL‘h-

niqucs will he (.liSCLIRS'CLl by LG Dismay! and
AMULEI'FH. anothcr topic that looms large interms at I'Lnur't‘ pnwcr I'L'LilJClifll‘l. hy l'nii-‘crsul EXPERIENCE
Display ('nrp. {UHF}. 'I'hcrt; will '4th ht: 5: i DOMECH’S BROAD SPECTRUM 0F OPTICAL

scichitm m" pupcrs from Europe .mti [ha [F.K.

 

um nuvcl cmpapui' approaches.
Scikn Amanm from the Scmimndurmz'

Energy} l..21h lTl Japan u-iié déscu» inw—pmu‘r

UpCTEtLiUII using the. iattcrcsting new EGZU—
[mac-LE eimomhmus—uxidc TFT €.l€\'lL'{'_‘. An~
Titling Chc from ALEE} wiEl talk alum um

f'nrxx-‘drd—lonking Inc-.lmolngy dm-clmpmcmx —
iii-Cull light musing and iH-Ccll solar power
gcsictutican ~ imaginu :1 display that generates
in own pimcr‘.

The Case for Green

We scum ta! has immsrscd daily in cth‘tutiom
on :hu need to reduce L‘missitmfi and mnsm’vc

retaourcca, and man): [maple haw-c [aka-3:1 such
advice to lIL'aI'L by altering: puttums. in their
daily livcs. Now these concerned consumers
3r: taking the next Step. which is balding
manufacturing companies and the devices
the}: hé’ll accountable in a similar Wily. Indus-
li'y piuyurs 1m: devaluping strzzicgicfi, tech—
niques. and trends that are bring Lined in order
to mac: hath ammunwrs‘ and the. diarehoidsrx‘

ruquircmmts. and these .‘iL‘XSiUlES will uElow
such piuycrs. to educate Ihr.‘ industry on their

plans and uf‘fkarlh. I
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Touch Takes Off at Display Week 2010

Due to the large number oftrntcl’t—related 5‘_\-’H?p()5tlmi? papers and exhibitors at last _i-‘em"s

Display Week. the Sociert‘for Information Display has inaugurated sessions devoted

exclusively to touch technologv in 20H“). The sessions are: Touch Technologt‘ Development,

Mufti—Touch Svstems and Det-‘elopmenrs, and Displa_t‘~Embedded Your}: Solutions. There is

also a touch poster session with nine. presentations.

by Jenny Donelan

INTEREST in touch—interface Lemming;-
has skyrocketed during the East 2 years at

Display Week. In 200‘). 54 exhibitors were
oat—hand to show touch screens. controllers. or

other touch~t'elutcd products and services.
{representing more than 25¢? of total
ethihitors at the show]. Prior to 2009. the

numher of touch putters submitted each year
could be. counted on the lingers of one hand.

in 2009. there were 16" papers and in 2010
there will he 2] {including posters). All this
activity is a bit akin to a gold rush. in that

there's, money to he made and lots. ot‘ pet'tple
are til'tcr it — if only they can [ind the right
spot tie. the best soiutions or killer applica-
tion]. At this time. these solutions. including

iterations of technologies. such asr ' '
capacitive. aetiustic writ-e. and more. are
numerous and. in the end. some wil‘: undoubt-

etlly uchieve more traction than others. Prac-

 

tically everyone involved in touch technology
can iintl something: tirotttisittu this year an

Display Week 2050. which will he at E'aseinab
Eng stage on which than}: of these companies

and technologies play out.
"There is iticrcdillle interest und cspunsion

in the. touch market right now." says Rob
Senior. :‘in Executive Vice President with

Noise Limit and SID l’rttgruttt View Cilalir [in
Touch. But why non-1’ 'l‘ouch hus. utter all.
been atrountl about its long its there have been
 

Jenn} Drmelan it the rll'ftlffleL’l-Ji\f‘r Editor .--_:.I"
lntm‘rttzttion Dispiuy ntacarinr.

42 frilliii'flltli‘lflh' Disrn'rn' .w‘flt)

personal computers; even Inuiti-toueh is about
El quunerfiecntury old. While the technology
has been Used for many ycttrs in applications

such {is banking ATle and educational
plutt'orttis. it was not as much of a draw For
personal computers and other devices until it

couple of recent commercial irtaplemcniations
tool; hold. One is ohvionsiy Apple's iPhone
(see Fig, Hand other portable devices that use .

multi—touch. Another is Micmsol‘t’s support
for multi-fingcr touch in the user interface for
Windows 7’. as well as its Surface computing.
Senior also cites chi'ett l’uthird's Touch—

Smurt technology. incorporated in its line ot'
TouchStnztrl PCs. as :i l'uetor in raising the
gcncral awareness of touch.

Clearly consumers witnt touch and manu-
facturers want to provide it. The attachment

ratte. or percentage oi' devices tltttt ship with
touch. has multiplied greatly over the lust
coztnlc of years. according to Senior. One of
the ongoing challenges for” this tm‘ltttolog}:

5 however. is finding a solution that works

across the widest possihlc range of display
devices. “There is no silver bullet technology."
suys Senior. Accordingi). Display Week
2030 will he the idcnl venue. to ettitrnine the

evolution Ell'iLi potential oi" the tlit't'et'cnt cur-
rentl} u\'tliltthlc techtioéogies.

i A Touching Story
- Starting oi'i' tit-e Lou-eh sessions wiil h’ a o'e 

_.lat".!u keynote session. 2m im'ilc‘d pilot-rt from
' Miermol: Rcsearch‘s Hill Huston His pre-

lHoZ-ll‘filfflyltlHi-t’l-‘llSl _i't[i + .{itl “-7.3 SH) It'll ll

' sentation‘ “A Touching Story: A Personal
Perspective on the History ot'I'oueh Interfaces
 

    
i'i‘r'gJ: The- use oftntrlil-trmr'l'i in the i'Plione

fired the public imagination and helped bring
about general acceptance of the martin-much

g interface image courteo- A Ts- T.



 

Past and Future" will provide an excellent

out-orient: oi' the {aetors icao’ing up to today's
touch revolution and will include it sub—theme

on the nalurc ol‘ innoyatioo itself. Buxtoo’s

paper will trace the long {JO-plus years]
history of touch. including the story behind
the “piricli—gcsttu‘c" used to scale photographs.
etc” which was first demonstrated in i983.

He will rc'oort on touch scrccns tl'tul hcgan to
he developed it“.- the second hall' of [he l9oi'ls.
with cat‘ly work being donc by IBM. the

University at Illinois and it: ()Eiatya. Canada.
As he discusses solutions that werc discovered

decades ago. but have only come to the fore—
i‘t'onr no“: he will explain mat such a lengthy

incubation time l‘or ilic dcycltiipmcti: of new
technology is not at all unusual.

Mum-Touch and Embedded Themes

[1: terms ol' ihcmcs J'or suhmitlctl papers hoth
multi-iouch and embedded touch were strong

Ram su‘ojects this year. Accordingly. each
has a session dcdicalcd to it. Multi-touch is

 
“hot." ol'course and cmhcddcd or "in—ccll"

touch — incorporating the touch into the

display itself rather than as an overlay -
“that‘s the nirvtina ol' loucl‘i." says Senior.
Ira-cell touch will enable designs that are more

elegant —- and less cspcnsivc. For more about
in-ceil technology. see "LCD [rt—Cell Touch“
ili this issue. The multi-touch scssion includes- _
the invited papers. "What Multi-Touch Is All
Ahotit." by Jeff Han from Perceptive Pixel.

5 ant} "ln-Cctl Embedded 'l‘ouch—Scrccn Tech—

nology for Large-Sized LCD Applications“ by g
Sciki Takahasl from Samsuog. The embed-
ded session has six papers. including “Novel

LCD with a Sensing;r Backligltt” by Kworiiu
‘r'i I'rom Samsung Electronics and "Embedded

i Si—Bascd Photonic Sensor iii TFT-LCD

Technology integrated as a Multi—Fimction
Touch-input Display" by Ari-Tilting Clio t'rom
AL? tiptronics Corp.

Although Display Week 20 | 0's technicul

i symposium is rich with offerings in many
areas. attendees should be sure to attend at

least a few of'thc touch sessions because the

_\'f.‘.ét|' to some will undoubtediy he a pivotal
one for touch. The featured papers will
tlescrihe not only where the technology is
headed. but where it came From. and how

certain types ol‘ touch solutions may risc to the
top over the next few years.

References
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 LatinDtsplay 2009
he Daniel den Engelsen

LatinDispla)‘ 300‘}. the premier Society for
lniorntation Display conferenee in the South-

ern Hett‘risphere. look place in Sim Paulo.
Brazil. on November 16—19. 2009. The venue
for the third annual ei'ent was the Pcrdizes

campus oi‘the Pontil‘ieia Lniversidade
Catoliea de Silo Paulo tPii —SP}. where the

organizers held 31 S}-‘1‘Ilp(3$lulll with oral

presentations. 3 poster session. and an exhibi-
tion run in parallel to the conference. The
Display Escola iDisplt-t};‘ School 1. :2 speeittl
program for those who wanted to learn more
Jhout displays. took place on Noventlter 1‘.)

ELI another campus ol t’LIC. having nitottt
35 people in attendance.

LatinDisplay 3009 had approximately 280

participants over the 3 days — a record for this
eonl'erence. Lattintnspluy has definitely come

of age as 11 member of' the family ol'SlI}
ennferenees. There are several reasons behind

this growing popularity. First. Ltttintlispluy
has a unique coolers-nee lt‘t‘mttla; it is hesi—
eally a one-truek conference with no parallel
sessions. featuring oral presentations in)-

 

J'ttmoLJs display experts From all over the
world. Second. the speakers are carefully
selected and instructed to present topics in a
way that will he or“ interest to a hrond audi—
enee ot" attendees. including students. com—
pany managers. university pro l'essors.
bunkers. and government authorities. as well
115 experts from display—related institutes and
industries.

The highlighted areas at |.trtinl)ispluy2t]{19
were OLEI'Js. e—Readers. and displays for
medical applications. Apart from a gripping
lecture or Dr. Manjtt REJJL‘SWBTHTL Senior
Scientist at Kodak. on the uttttlysis ot‘tLlLEIZ)
materials. the focus on OLEDS was on light—
ing applications. 1)r. Gopalt-tn Rajeswaran.
Vice President of Moser Baer, reviewul

recent developments. in organic solid-state

lighting and Dr. Tom .Vlttnters. Produet
N'larteger at Philips Lighting tor (.lLliD-hased

liglatirie. tiescriheti Philips‘s u£'[i\ ities in this
field.

Ken Werner. Senior Analyst at Insight
Media. (lesct'i'netl the developments in the
field ofe.~pttpet. notably e—Readers. 'l'hc

avalanche of products now on the marl-Let
demonstrates that e—pttpt‘r technology is
illiiiLli'll’lg.

44 !r{_r'r;r-itt.-t.ft.r.-lz Ditpfot 3:"! ti

   
Show: atfar right during: the ope-nine ct-t'emmtr of MFEIIDla'lJlrtr 2!}le it- Dr Victor Pelle'grini

. .Mwnritww. ('hrtii'mwt qftl'ie t'oltfl'n’nt'c'.

The third highlight was a presetttattion from
Dr. Adi Abilealt. Chief Scientist at Piztnar

Systems. on displays for medical applications.
His presentation was also the perfect tntroduc~
tion for 21 Subsequent panel discussion on

displays and information syst ems For health—
eare and hospitals. That discussion featured
Ken Werner. John .laeohs oi' Displays-Lenten.

 

Gabriel Maren of Apple Computers. Adi
Aiiileah. and Cecil Chit ot' USP in Brazil.

ilt ttt'ttlition to these highlights. there were
many other invited lectures with content that
was ol' interest to specialists as well as a broad
audience. The lively QJSEA sessions alter the
presentations slum-ed that audience members
were highly engaged. Perhaps Ltttinlhsplay‘s
 

 

 

   
 

 
Dr. Ernst Lin-tier rgt Stuttgart Unite-nit! interim his lecture or: nigh-;ii’r_g’o,-'ritoiit.w Lt'YJs' at
LtmIIDisplm' :(JUFJ'.



  

successful. one-track formula is ready to be

copied by other chapters of the SID.
It should be noted that a second attractor

for LatinDisplay is the current policy oi'tlte
Brazilian government to attract the display

industry to Brazil Lt! counteract a trade deficit
of about USSZ billion due to huge panel

imports. The policy and financial instruments
that are available in Brazil to attract display—
related industry were presented by Dr. Mar—
garida Baptiste ofthe Banco Nacional de
Desenvolvimento Economico e Social“

tBNDES) and by Dr. Pedro Alem of the
Agencia Brasileira de Desem'olvirnento
Industrial (ABDll.

The poster session during intinDisplay

20W) ('4!) posters in total} was a good opportu—
nit y tor young scientists to show their newest
results in supporting technologies for displays.
solar cells. and lighting. Awards were given
for both the best student and non—student

posters.

The exhibition parallel to LatinDisplay

2009 was modest. with only If: booths.
Nevertheless. the central location ol‘ the venue

supported networking activities between the
participants. and for this reason the exhibition
was an attractive place to show services and
products.

Finally. the hospitality ol' the Brazilians.

especially the hostess ot‘LatinDisplay 2009.
Professor Alaide Pellegrini Mamlnana. amid
the warm Brazilian culture. once again
provided the finishing touch to a successful

LatinDisplay.
Please visit the Web site of LatinDisplay

3009 to learn about forthcoming LatinDi splay
conferences at littp:i’i’www.hrclisplaycomhrl

latindisplay. l...atin[)isplay Ztlltl has been
scheduled for November Io-l‘). Alaidc and

Victor Pelligrini Mammana look forward to
welcoming you to Brazil for the next and most
cxciting Latinl.)isplay yet. I  

Daniel den Engelsert is Chairman (lithe
Program Committee oj'mtinDisplolt‘ 2009'.

 

I For daily display
industry news, visit 
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the user needs. In my mind‘s- cyc. I can see
what I like to call the "psychic touch screen" "."‘
lt knows who! the user wants. and it just does

it. It doesn‘t care how many fingers are used.
how dry the fingers are. how hard or sol't or

quickly or slowly the screen is touched. where
it's touched, what it's touched with. whether a

hand {and maybe also a beer can} is resting on
the screen. whether die device is in bright sun-

light. or anything else. When users are inter—
acting with touch-screcn-equipped devices.
they do not want to be thinking about touch or
fingernails or anything related to the touch
screen. Theyjust want to use their devices!

We have a long way to go to get to that point.
but that's partly what the current excitement
of the touch industry is all about. Touch is
accelerating and exhilarating.

This issue of infer-irration Display focuses
on touch. In the Frontline Technology article
“LCD ln-cell 'l‘ouch." my colleague Mark
Fihn (Veritas et V isus'} and I explore the latest
tatus of LCD in-cell touch, the holy grail of

touch for the past 7 years. In the next Front—

linc Technology article. "Projected—Capacitive
Touch Technology." Gary Barrett tTouch
International) and Ryomei ()mote (Nissha

Printing) together provide a thorough explana-
tion of projectedcapacitive touch technology.
cun-entl y one of the hottest topics in touch.
In this issue‘s Display Marketplace article.

Jennifer Colegrove tDlsplaySearch) delineates
the current state of the toucli market. as well
as recent events in a half—dozen touch tech—

nologies. in the Enabling Technology article.
Touch Screens and Touch Surfaces Are

Enriched by Haptic Force—Feedback.” Bruce
Banter tTeeh-D-PJ describes several new
technologies that are being employed in haplic
ti‘orcc—fccdhack} touch screens. as well as

what‘s happening in automotive implementa-
tions. And in ti second Enabling 'l‘eehnology
article. Mark Film (Veritas et Visusl and I look
beneath the surface of Microsoft‘s Surface

product and other similar vision-based touch
technologies. Wrapping up this issue is Mark
l-lamblin"s (Touch Revolution) Making Displays
Work for You article. in which he explains

why touch makes sense as at replacement for
conventional buthI’I-fll’ld—Sthch interfaces and

provides some eminently practical guidelines
for applying touch in those environments.

I hope that you find the articles in this issue
o interesting and exciting that you‘ll he eager

to join me and the rest or" the touch industry in

thc pursuit of the psychic touch screenf I

 

 

  

Geoff Walker is the Marketing Evangelist 62
Industry Guru at Ne’.chinern: the leading

supplier of optical touch screens. He is a
recognized toneh—indttstn‘ expert who has
been working with much screens for 20 foams.
He can be reached at 408.606— 7556 and

g wolkcr® nextwirto’ou: com.
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aggressive. and viewed by some as "wishful
thinking There was certainly no consensus
that these predictions could he met.

Now that it‘s 2010, we can look back and

see that these prwictions were not only true.
but could have been more aggressive! Accord—
ing to market research firm DisplaySearch.
Llnit shipments reached 100 million in 2003

(2 years earlier than President Lee predicted}.
the $|000 retail price is available for 46-inch
panels (32-inch panels are available for less
than 5500!}, and AMLCDS have far more

market share in televisions than all competing
technologies combined. Digital signage is an
exciting new application area, 70-inch LCD

panels are lacing sold through retail channels.
and Gen 5; through Gen l0 fahs now represent
the state of the art.

All participants in the AMLCD industry
must take credit for this achievement; Mr.
Lee hiinsclt' declared that success would

require innovation and investment from across
the entire industry. Still, this was a hold

prophecy presented over 5 years ago by a true
visionary. and one that has unfolded despite.
the doubts of many at the time.

in this 20l0 year. I will note that Sll) has
another senior executive from Samsung.
Dr. Sang Soo Kim. providing a keynote
address. indications are that he will also be

addressing the growth potential ot‘anothcr
emerging technology — this time organic light—

emitu‘ng-diode (OLED') displays. 1. for one.
will be very keen to hear his predictions for
the future and to see if history can repeat
itself. I

ini'nriiuiti'rm Dix-plot .a‘IJr'; 45
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with Lowest Surface Roughness Metal &0xldes

EC» l.!il'i.l.T.0.TM to LC. Epoxy 8: Air EMUEMP Shield 8: Heaters

§> Complete Coating Solutions For Your Innovations Anti—Reflective 8: Hot Mirrors

Stock items for immediate delivery

THIN FILM DEVICES, INCORPORATED
1180 North Tu stin Avenue ' Anaheim. CA 92807

Phone1714-630-7127 - Fax:714-630-7119 - Email:sa|es@fidinc.com

Visit our website: www.tfdinc.com

Acrosense Technology(Dti) - Taiwan Manufacturing

Group International, LTD - China Manufacturing

TFD 8: Taiwan video tour: wwwyoutubexomm‘dinc

 



 

 
Maximizing battery iife is a key goal for portable device manufacturers. 3M Display Films can

heip. For exampie, 3M offers film combinations that can increase notebook batiefy life 14 to 17

minutes beyond that of a standatd tiim stack. With the ability to increase brightness up to 44%

more than that provided by standard film stacks. these unique film combinations improve energy

efficiency. The films enable notebooks, cell phones and other display devices to operate longer

on battery power. Go to vikuiti.com to learn more about how 3M films can improve the energy

efficiency of your LCDS. 
Making displays more energy efficient since 1993.

 VikUitlEOi‘fl See Us at Display Week 2010 in Seattle
3M. ifikuiti and the Vikuit! "Eye" Symbol are trademarks of 3M.
© 3M 2010
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