


IRTOUCH multi-touch screen enriches user interface experience b

supporting two touch points, enabling gesture commands, such as

zoom, rotate and drag. Fully compliant with Windows 7, the
IRTOUCH platform seamlessly supports multi-touch applications on
Windows 7.

s Best Optical Performance
e High Reliability
e Enhanced Sunlight Performance

» Multi-Touch

Sizes Available: 6.4"-100"

See us at Display Week 2010 Booth 1311

www.irtouch.com www.irtouchusa.com




COVER:  Afier decades of being behind the

scenes, fouch has come 1o the forefront of display

development, impacting svstem design and user

imterfaces, and increasingly being integrated

into the display itself.

CHREDIT: Cover design oy Acapelia Studios, Inc
Special thanks 10 Kevin Gilespie for nis
irational suggestions.

Next Month in
Informarion Display

Digital Signage

« Indoor Digital Signage

* Outdoor LED Displays

+ Digital Signage Marketplace
Plus

+ SID 2009 Honors and Awards

« Display Week First Looks

« Symposium Preview

« Exhibit Preview

o Jowrnal of the SID May Contents

Information

DISPLAY

VOL. 26, NO. 3

16

22

40
42
46

48
48

Editorial
The Limiiless Herizon for Touch
Siephien P Arwood
Industry News
Jenny Donelan
Guest Editorial
The Best of Times
Geoff Walker
Aunniversary of a Prediction
Pau! Drzai:
Froniline Technology: LCD In-Cell Touch
Imagine being able 1o tonch the surfuce of any display with vour finger or a stvlus and have the
location af your touch insianthy identified down 1o the exact pixels. Imagine s happening with
ne cover glass or special coarings ar any other obstruction in frons of the displav, and with mini-
mal charige inside the display. That's the promise of in-cell touch. The problem ix that the pronuse
remains maostly oui of reach. This article exploves thar pronise and its current stams in detail.
Geoff Walker wid Mark Filin

Frontline Technology: Projected-Capacitive Touch Technology

Projecied-capacitive touch has grown exiremely rapidly from obscuriry in 2006 10 the number-two

touch technology i 2009, This article examines all aspects of projected-capacitive touch technology,
onpvaller, and module derails.

Crary Barreni and Rvomei Omoie

Display Murketplace: The State of the Touch-Sereen Market in 2010

Tineh seveens are in widespread uve, due 1o the intuitive interfaces they enable, which can save time

and increase productiviry.

products increasingly being designed around towech screens. Towch-screen devices are also widely

LY LAY R

delving in

Falitng componeni prices have alse sprrred adoprion. with consumer

perceived as cool and fun.

Jennifer Ce

Enabling Technology: Touch Screens and Touch Surfaces are Enriched by Haptic Force-

Feedback

Tactile feedback can enable move effective use of touch screens, particularly in automotive uppli-

cartons where driver distraction is o problem. The number of 1echnologies used 1o produce haptic

effects continues to increase, providing many options and ppportunities for svstem designers.
Bruce Banter

Journal of the SID April Contents

Enabling Technology: Beneath the Surface

Surface computing iv ahout infegraring the phy. world through the use of
vision-based rouch, While Microsaft's Surface product is the best-knenen implementation of sirfuce
compuiing, i1 1s far from the onlv one, Expanding wniversiy vesearch on fouch continues io wuke

al warld and the vivs

based 1ouch as a_foundation, which i nurn will help move surface computing toward

Jull commerciafizarion.

Geoff Walker and Mark Fihn
Making Displavs Work for You: Taking Touch to New Frontiers: Why It Makes Sense and
How to Make It Happen
Touch injerfuces are appearing in evervihing from consumer devices to indusirial equipment, not
wse 1 provides a mruhy bener form of human-device imerac-

because touch iy in fushion,” bur bec

rian. This aricle examines the advaniages of gesiire-based touch inrerfaces and the kev steps 1o

building a device with a grear touch experience.
Murk Hambiin

Display Week 2010 First Looks: Green Technology
Do Carkner

Display Week 2010 First Looks: Touch Technology
Jenny Donelan

STD News: Latin Display 2009
Official SID 2010 Housing Request Form
Sustaining Members
Index to Advertisers
For Industry News, New Products, Current and Forthcoming Articles,
see www.informationdisplav.org

Inforrmarions Displuy



The Limitless Horizon for Touch
by Stephen P. Atwood

If you are just opening this March issue, T 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
outstanding array of submissions and we just could not
bring ourselves o cut anything out. Touch technology has
been around for as long as T 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 carcer. 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 number of very talented engineers have been hard at work innovaung for
the past several vears and, with some assistance from the semiconductor and materials
industry, have circumvenied 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 hecame 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 of this deterred vou, then the
eventual degradation of the screen due o stylus-induced wear was disappointing.

Projected-capacitive screens, with their matrix of absolutely addressed conductors
and rigid glass surfaces. have really changed the experience. Now there is little
calibraton error or drift. the contact with your finger can be very light, which allows
for more precise selections, and T have yet to see a pro-cap screen worn out by normal
usc. That said, we arc far from the ideal solution because the typical pro-cap screen
does not support stylus use and 1s more expensive than a similar resistive screen.
Efforts to remedy this situation are revealed in the Frontline 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 beginning 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
ok a lot of hard work and creatvity to get to where we are today. But don’t fet me
leave vou with the impression that resistive screens are outmoded either. Engineers
have made great strides with resisuve technology, employing more durable materials,
better optical coatings, and even high-resolution matrix addressing w 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
evervthing that needs 1o be discovered? 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 evervthing or meets the needs of all applications.

(continued on page 35)
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Tyvco Electronics’ Elo Touch-
Systems Rolls Out IntelliTouch
Plus Technology

by Jenny Donelan

IntelliTouch Plus technology from Elo Touch-
Systems, a pioneering touch technology com-
pany founded in 1971, s, according 1o Elo,
the first surface-acoustic-wave (SAW ) touch
technology with multi-touch capabilities. and
also the first SAW technology to receive the
Windows 7 logo, IntelliTouch Plus records
twao simultaneous touch locations anywhere
on the screen with three axes of touch. The
technology is designed to offer OEMs. appli-
cation developers, and other customers tools
to leverage the Windows 7 touch interface.
IntelliTouch Plus will be commercially
available early this year, in the form of screen
components in sizes ranging from 17 through
32 in. for consumer touch monitors as well as
all-in-one touch computers running Windows 7.

In additon. a 22-in. open-frame touch momtor
will be available later in 2010,

A new Elo TouchSystems touch driver. also
compatible with Windows 7, will be available
this vear for current Elo monitors and will
offer the addition of digitized gestures to basic
single-touch functionality. No new hardware
is needed. This proprietary technology will
enable real-time single-finger gesture recogni-

tion on all Elo touch monitors, a capability the
company says can be casily imtegrated into all
Elo touch monitors for compatibility with the

Windows 7 operating system. W

News Briefs

FlatFrog Laboratories AB, a developer and
manufacturer of optics-based multi-touch Kits
and subsvsiems, recentlv announced that it
has raised €12.5 million (approximately
USSHE million) in new equity from interna-
tional strategic and institutional investors.
Proceeds from this new round of funding will

be used to commercialize FlatFrog's product
fine of large, high-performance multi-touch
m-glass displays. Tyco Electronics, Ltd., a
Switzerland-based designer, manufacturer,
and marketer of engineered electronic compo-
nents and undersea telecornmunication sys-
tems, has acquired Sensitive Object, SA, a
France-based developer of touch-input tech-
nology, for approximately $62 million. Elo
TouchSystems (mentioned in article earlier)
is also a Tyeo business. Amazon.com has
reportedly bought Touchco, a small start-up
company that makes flexible touch screens.
According to a February 3, 2010, article in the
New York Times, " Amazon Said to Buy Touch
Start-up.” Amazon.com will merge Touchco
with the Kindle hardware division., Lab 126,
m California. Touchco makes flexible, see-
through, and pressure-sensitive touch screens.
The company’s touch-screen technology can
reportedly make a distinction between the
singular pressures applied by either a finger
or stylus. This news was unconfirmed by
Amazon at press time. H
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The Best of Times

by Geoff Walker

It's hard to imagine how the touch industry could be 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.

» Touch is growing 3X (units) to 10X (revenue) faster than the display industry.

» Existing touch technologies are being refined and enhanced.

* Projected-capacitive-touch revenue has rocketed from $20 million o $600 million
in 3 vears.

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

« Display Week has dedicated one of the four half-day Sunday Short Courses 1o
touch.

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

exclusively for touch.

Touch startups are being funded or acquired when they rarelv would have been in

the past (FlatFrog, Touchco, Sensitive Objects ...}

= New conferences and shows devoted to touch are being created worldwide.

One of 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-
nesses. 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 be touched with any object including a small-tipped throw-
away stylus — at any cost! Yet all of these characteristics are in strong demand from
smartphone OEMs.

Anaother factor 1s the variation in requirements across different touch applications.
For example. how many simultaneous touches does a touch technology need to
support? ThL answer depends on the application and the device size. In small,
narrow-bordered mobile devices such as smartphones and tablets. the ability to
recognize and track many touches is particularly useful when implementing “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 the maximum number of touches that the other hand
can apply is limited to five, and since it's only onc hand, three or four is probably a
practical hmit. In desktop monitors and all-in-one computers, there are zero applica-
tions today that require more than two touches. so the device OEMs currently have
little interest in incorporating (more expensive) touch screens that can support more
than two touches, In large-format (>30-in.) displays. the majority of applications
today are “point-and-click™ that require only a single touch (excepting CNN-TV's
multi-touch display, of course). On the other hand, it's not much of a stretch to
envision multi-player games and educational applications on large-format displays
requiring 4-10 touches in the near future.

In reality, the maximum number of touches is just one of more than 40 characteris-
tics that define a touch sereen. Ultimately, what really matiers 1s the user experience,
which depends on all of the touch screen’s characteristics. the user interlace. the appli-
cation, and the operating system all coming together 1o work in harmony to do what

{continued 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 U.S.
baseball player Yogi Berra: “Tt's tough to make predictions,
especially about the future.”™ While we hear predictions all
the time from various sources, it's uncommon for these

L 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 over time. For this column. I'd like to
celebrate a prediction made during a kevnote 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-display (AMLCD)
technology into notebook and desktop applications (the Ist and 2nd waves). He
presented an impressive array of statistics showing progress in AMLCDs. including
dramatic performance improvements in response time, brightness. contrast ratio, color
depth. and viewing angle. President Lee also noted the industry’s multi-billion 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 vear. 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 the 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 30-inch and smaller sizes. CRTs
hield over 70% of the market share for televisions, with AMLCDs, plasma displays.
and projection displays fighting tooth and nail for the balance. Most commonly,
commercial AMLCD TV sizes topped out at around 42 inches. while plasma and
projection displays were available up to 60 inches. While evervone 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 why Sang-Wan Lee’s predictions were so astounding at the
time. Looking ahead to 2010, 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.

«  Anarget of 100 million AMCLD televisions by 2010 was achievable —
conventional forecasts were in the 60-70 million unit range.

*  The retail price for a 32-inch AMLCD would be less than 51000,

«  Commercial LCDs would compete head to head with plasma/projection units
in sizes up to 70 inches.

«  The industry would continue to invest in large, new-generation fabs up to
Gen 9.

«  New applications would emerge based on this availability.

Attending the talk, I disunctly heard the audience audibly reacting to these claims -
the price poinis. unit volumes. and commercial sizes were viewed as extremely
(continued on page 45)
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LCD In-Cell Touch

Imagine being able to touch the surface of any display with your finger or a stvlus and
have the location of your touch instantly identified down to the exact pixels. Imagine this
happening with no cover glass or special coatings or any 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 reach. This article explores that
promise and its current status in detail.

by Geoff Walker and Mark Fihn

TIE term “in-cell touch™ generally refers

to the implementation of a touch sensor inside
the cell of a liquid-crystal display {LCD).
While the term and technology have been
applied to touch sensors integrated into
plasma-display panels, electrophoretic
{electronic paper} displays. and OLEDs, this
article examines only the application in LCDs.
LCDy in-cell touch currently exists in three
forms, only one of which is physically inside
the LCD cell. The three forms are as follows:
« In-cell: The ouch sensor is physically
inside the LCD cell. The touch sensor
can take the form of light-sensing ele-
ments, micro-switches. or capacitive
clectrodes.

= On-cell: The touch sensor is an X-Y
array of capacitive electrodes deposited
on the top or bottom surface of the color-

filter substrate. Strictly speaking, when
the electrodes are an the bottom surface
of the substrate they are physically inside

Table 1: The difficulty of integrating each of 11 touch technologies as
out-cell touch is shown as green (easy), vellow (medium), and red (hard)

Touch Technology

Optical

Difficulty of Out-Cell Integration

Cameras & reflectors can be mounted on top of the LCD
cell; no cover glass i is required o

Traditional Infrared

A PCB must surround the entire LCD; no cover blme is
required

Geoff Walker is the Marketing Evangelist &
Industry Gurie ar NextWindow, the leading
supplier of optical touch screens. He is the
Guest Editor for this issue of Information

Display, is a recognized touch-indusiry expert |

wha has been working with 1ouch screens for
20 vears. He can be reached ar 408/506-7556
and gwalker@nexiwindow.com. Mark Fihn
is publisher of the Veritas er Visus newsler-
ters, focused on the technologies and markets
related 10 flexible displays, display-related
standards and regulations, 3-D displays,
high-performance displavs, and 1ouch
screens. He can be reached ar 254/70]1-0603
or mark @ veriiasenvisus.com.
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Surface Capacitive

| The metal LCD frame cannot contact the

touch-screen glass and musi be grounded

Surface Acoustic Wave

The reflectors and transducers on the touch-screen glass
must be protecied

Waveguide Infrared (RPO)

Waveguides and sensors must be mounted on the surface
of the touch-screen glass; TR LEDs must he attaf,h{,d 10
the edge of the glass e
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the cell = but this 1s still usually calied
“on-cell”™ because of the type of elec-
wrodes. (This is a good illustration of the
tact that the terminology for in-cell touch
is still evolving.)

« Out-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 directly
on top of the LCD during module manu-
facturing. Unlike the other two, this con-
figuration typically requires an addinonal
picce of glass — even though it is techni-
cally possible to use a film—film resistive
touch screen in this case.

Because these terms and the technology
that they describe are guite 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

Qut-cell is basically just the integration of a
touch solution at the LCD-module manufac-
wurer. This 1s not fundamentally ditferent 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 W inte-
grate, Table 1 categorizes all current touch
technologies in terms of the difficulty of
integrating them as out-cell touch.

As shown in Table 1. resistive and pro-
jected-capacitive touch sereens are the most
likely candidates for out-cell integration.
These two most commonly used technologics
accounted for over 95% of the ol number of
touch screens shipped in 2009, Bath are ofien
attached to LCDs by third-party integrators,
s0 it is easy for the LCD-module manufac-
wrer to do the same. Projected-capacitive
sensors are increasingly being made on con-
verted color-filter fab lines, so LCD manufac-
turers have easy access to the technology. Al
of these factors are causing a number of well-
known resistive and projected-capacitive
touch-screen manufacturers to begin o work
closely with major LCD manufacturers on
out-cell integration. Among the other touch
technologies. only optical seems to be gaining

any accepiance from the LCD manufacturers
in terms of out-cefl integration.

In-Cell and On-Cell Touch Technologies
There are currently three different touch tech-
nologies being used in in-cell and on-cell
touch. They are sununarized as follows:

« Light Sensing (In-Cell): This technol-
ogy, also called "optical,” uses the addi-
tion of a photo-transistor inlo some or all
of the LCD’s pixels. The screen can be
touched with a finger. stylus, light-pen.
or laser pointer. The touch-sensing array
can also be used as a scanner. A cover-
glass can be used o protect the LCD's
surface.

= Voltage Sensing (In-Cell): This tech-
nology, also called “switch sensing.”
uses the additon of micro-switches for
X and Y coordinates into each pixel or
group of pixels. The screen can be
touched with a finger or a stylus, within
the damage limits of the LCD’s surface.
A cover-glass cannot be used o protect
the LCIY's surface.

« Charge Sensing (In-Cell): This technol-
ogy, also called “pressed capacitive.”
uses variable-capacitor electrodes in cach
pixel or group of pixels. The screen can
be touched with a finger or stylus, within
the damage limits of the LCD’s surtace.
A cover-glass cannol be used to protect
the LCD’s surface.

« Charge Sensing (On-Cell): This tech-
nology, also called “capacitive sensing.”
1s basically the same as today’s projected
capacitive, It uses an X-Y array of
capacitive-sensing electrodes on the top
surface of the color-filter substrate. The
screen can be touched only with a finger,
A cover-glass can be used 1o protect the
LCDs surface.

Table 2 shows which LCD manufacturers
are working on each of the three m-cell/on-
cell technologies. This List, based on invest-
sation donc by the authors, s undoubtedly
both incomplete and maccurate because not
all manufacturers are forthcoming ahout their
in-progress research. The authors take full
responsibility for all errors and omissions.

The theoretical advantages of in-cell wuch
have always seemed very attractive. These
include the following:

« Minimal or no added size. thickness, or

weight (and therefore no effect on the

end praduct’s industrial design) in order
to achieve the wuch functon.

+ Theoretically unlimited (controlier-
dependent) mulii-touch functionality.
since each pixel or group of pixels
should be individually detectable.

« Concepuually very high touch-perfor-
mance, including low parallax error
{assuming no cover-glass). very accurate
and Hnear touch-point data {duc to the
unchanging underlying pixel matrix}, and
potentially higher resolution than the
LCD {through inter-pixel interpolation
when a sensor is present in each pixel).

+ Theoretcally 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 o be compromised 1o some degree.
The next several sections of this article delve
into each of the three technologies and their
advantages and disadvantages in more detail.

Table 2: In-cell and on-cell
touch technologies are being
investigated by various LCD
manufacturers. The manufacturers
with the most significant development
efforts are shown in bold; green
denotes each manufacturer’s primary

™MD

focus.

Charge

Sensing
LCD Light Voltage tin-cell or
Manufacturer Sensing Sensing  on-cell}
AUO v v
Chi Mei Innolux
CPT
HannStar v
LG Display v v

EC

Samsung v

Seika-Epson
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Light Sensing
The concept of putting a light-sensing element
into each pixel. unnounced first in a press release
by TMD in 2003, was the first in-cell technology
to grab the world’s interest. TMID) was also the
first to issue a press release describing the
coneept of antomatically switching between
sensing the shadow of a finger in bright ambient
light and sensing the reflection of the backlight
from a finger in dim ambient light. In those
carly days, light-sensing in-cell touch seemed
to be destined to take over the touch mdustry
and make all conventional touch screens obso-
lete. By the end of 2007, most of the other
major LCD manufacturers (AUO. LG Dis-
play, Sharp. erc.) had demonstrated similar
technology. A conceptual illustration of light-
sensing in-cell technology appears in Fig. 1.
The first commercial product using any
form of in-cell touch was developed by Sharp
in 2009, The product, the PC-NI70A nethook
shown m Fig. 2. uses light-sensing in-cell
touch in a 4-in. continuous-grain {CG) silicon.
854 x 480 wouchpad LCD. This LCD per-
forms the same functions as a conventional
opaque touchpad. with the addition of stylus
support, two-finger multi-touch gestures, and
limited scanning (shape recognition}. The

product, retailing at around $800, is available
only in the Japanese domestic muarket. Sharp
has made it clear that the PC-NJT0A is a
“technology experiment” rather than a high-
volume commercial product.

The development of this product by Sharp
iltustrated several fundamental issues with
light-sensing in-cell touch. These 1ssues,

which have generally been acknowledged
and/or confirmed by other LCD manufactur-
ers, are as follows:

« The original concept of using reflected
backlight to sense touch in low ambient
light does not work if the on-screen
image is hlack. Sharp’s solution o this
problem was 1o modify the netbook’s
LED backlight to emit more infrared {IR}
light (which significantly increases
power consumption) and w modify the
in-pixel light-sensors to be more sensi-
tive to IR, Because the LCD is transparent
to IR, this solved the problem of being
unzhble to sense wouch on a black image.

+ In bright ambient light, it is ditficult to
distinguish between the shadow of a
touching object and the shadow ol 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
o reliably detect touch over the range of
full sunlight to total darkness turned out
to be much more difficull than expected.

« Putting a light-sensing element in every
pixe!l turned out to be impractical
hecause it consumed too much of the
aperture {reducing efficiency) and
required too much processing power.
Sharp’s solution to this problem was to
use one light-sensing element for every
nine pixels. This reduces the impact off
the problems but has the disadvantage of
also reducing the touch resolution to the

A Photo sensor .~

T
il

ITO

-

Fig. 1: In this concepral illusiration of light-sensing in-cell rouch, a photo-sensing element

accupies a portion of the aperture of one subpixel; the element is connecied 10 X and Y conrol
Source: DisplaySearch.

lines so it can be read mdividualiv.

16 Informarion Display 3/10

I

point where {a) scanning an image of
something placed on the display is no
longer practical and (b) the quality of
digital ink (when using a stylus) is not
good enough.

+ The display function and the touch func-
tion tend to interfere with each other.
Expressed by Sharp as “severe electro-
magnetic interference (EMI) problems.”
this prevents the nethook’s touch fune-
tion {rom operating as fast as a normal
opaque ouchpad. 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 25% of the
speed of @ normal touchpad. which made
It quite annoying 1o use.

+ The amount of processing power needed
to operate the overall touch function
{e.g.. process multi-touch gestures, run
the scanning function, etc. )} turned out
be much higher than anticipated. This,
along with the addition of IR LEDs 1o
the backlight, resulted in high power
consumption, which noticeably shortened
the nethook’s battery Iife.

Sharp was not the first to recognize the

| “can’ttouch a black image in low ambient

light” problem. Planar observed the same
problem and published a paper in 2007' which
proposed a novel solution: inject IR light into
the edge of a cover glass and use frustrated
total internal reflection (FTIR) to provide the
reflected IR that's sensed by the in-pixel light
sensors. This eliminates dependence on ambi-
ent light and the backlight. In 2009, Planar
sold the intellectual property for this idea to a
company whose identity remains a closely
held secret. Whether it will be available for
heensing to LCD manufacturers remains o be
seen.

One fundamental problem that Sharp
avoided by using CG silicon is that of the
mobility of the backplane. The level of
mobility needed to implement light-sensing
in-cell technology hmits the practical imple-
mentation 10 CG or LTPS, which. in turn,
limits the maximum size of a fight-sensing
in-cell touch sereen to about 20 in.

The net effect of all the above-deseribed
problems is that the development of light-
sensing in-cell touch has slowed down a great
deal since initial demonstrations. The current

i consensus among the major LCD manufactur-

ers seems to be that commercialization of



light-sensing in-cell touch 1s sull relatvely far
in the furure,

Voltage Sensing

The basic concept of voltage-sensing in-cell
touch is the same as that of the emerging
“digital-resistive” touch wchnology. In
essence, an X-Y switch matrix is overlaid on
the LCD. In the case of an external digital-
resistive touch screen. the mawrix is formed by
patterning the normally continuous transpar-
ent I'TO conductors on the substrate and cover

sheet of an analog-resistive wuch screen into
intersecting strips. When a finger or stylus
forces an intersecting pair of strips together, a
cireut is closed (1. e., the voltage measured
between the pair goes from an open-circuit
voltage of a few volis 1o a closed-circuit
voltage of zero volts).

In the case ol a voltage-sensing in-cell
touch screen. micro-switches are added 10
each pixel to form the switch matrix. When a
finger or stylus pressing on the surface of the
LCD closes one or more micro-switches, the
same voitage measurement 1s made. In both
cases. the controller isolates and drives each
column separately such that multiple row
cireuit closures can be detected on one column
without interference from other columns,
thus inherently providing multi-touch. A
schematic illustration of a voltage-sensing
in-cell touch design is provided in Fig. 3.

The advantages of the voliage-sensing form
of in-cell touch include the following:

+ The relative simplicity of the controller
(compared with the much more complex
controller required lor lighi-sensing
in-cell) potentially allows integration
directly into the LCD driver IC.

« The voltage-sensing switch matrix 1s
totally independent of ambient and
hacklighting.

« A voltage-sensing in-cell touch screen
with one sensor per pixel should be opu-
mual for use with a stylus, since subpixel
resofution can be achieved by inter-pixel

interpotation.

The disadvantages of voltage-sensing in-

cell touch include the following:

« A cover glass cannot be used because the
surface of the LCD must be depressed in
order to actuate the micro-switches.
Because the polarizer (top surface) on
today’s LCDs typically has a pencil hard-
ness of only 2H or 3H. this 15 a signifi-

Fig. 2: Sharp's PC-NJ70A nethook is the first commercial product 1o use anv form of in-cell

touch. A light-sensing, in-cell touch screen is integrated in the 1ouchpad LCD, circled in red in

the photograph. Source: Sharp.

cant limitation. For example, AUO's
spectiication on one of its voltage-sensing
in-cell touch screens s only TOOK ouches
at fess than 40 grams. This is radically
less than the typical 30-milhon/80-gram
specilication on a [ive-wire resisive
touch screen. While a harder polarizer is
an obvious solution to this problem. until
there 1s more demand for touch, the
polarizer manufacturers have no motiva-
tion to increase hardness and the LCD
manutacturers have no motivation to use
more expensive, harder polarizers.

« Pressing the surface of most LCDs
causes significant liguid-crystal pooling.
which is visually distracting. Eliminat-
g the pooling can be accomplished by
changing the cell-spacer structure andfor

changing 1o in-plane switching (IPS). but
there are intellectual property (1P}, cost.
and other restrictions on doing so.
Again, until there is more demand for
touch. there is little motvation for the
LCD manufacturers to make such
changes.

Adding micro-switches decreases the
aperture, which makes the LCD less
efficient.

A finite pressure is required to activate
the micro-switches, which means thar
multi-touch ge
cult to perform than with zero-pressure

stures can be more diffi-

capacitive touch screens.
The maximum size of a voltage-sensing
m-cell touch sereen is limited by the

resistive and capacitive {RC) loading of

fnjormarion Display 3716 11
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Data lines

Top view

Side view

Y-sensor line

Gate line

Sensor
(micro-
switch)

Main column spacer
{Cell gap uniformity)

Color filter glass
Common electrode

{Indium tin oxide)

Liquid crystal

X-sensor line

TFT glass

Sensor switch
{Conductive CS)

Fig. 3: In this schematic illustration of veliage-sensing in-cell iouch, bwo micro-switches are shown occupving a portion of one subpixel in the
top view at left. The side view ar right shows the implementation of a micro-switch using a conductive column spacer. Source: Samsung.

the connecting traces, as well as by the

space required for the wraces. Currently.,

the practical size limit is about 26 in.

Even though there are some significant dis-

advantages, the advantages of voltage-sensing
in-cell touch make it fairly compelling relative
to light-sensing in-cell touch. Nevertheless,
the number of LCD manufacturers who are
working on voltage sensing is the smallest of
all three in-cell technologies. The authors are
not sure why this is the case; we speculate that
it may be due to some [P considerations
related to digital-resistive technology.

Charge Sensing

Table 2 clearly indicates that charge sensing is
currently the most popular of the in-celi touch
technologies. The basic reasons are that (a) it

15 closely related 1o projected-capaciuve ouch
technolozy, which has rocketed from obscu-
rity 1o the number two spot in the touch indus-
try since the launch of the iPhone in 2007 and
(b light-sensing in-cell touch (the former and
carliest favorite) has wrned out to be much
harder to implement than expected.

As previously deseribed. charge sensing 1s
heing developed in two forms: in-cell and

on-cell. The primary difference between the
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twao is that in-cell charge sensing relies on a
change in capacitance caused by the user
pressing on a moveable clectrode, while on-
cell charge sensing relies on the user’s body
capacity changing the capacitance between a
pair of fixed electrodes.

In the in-cell configuration (Fig. 4), con-
ductive column spacers located on the under-
neath of the color-filter substrate are added
imto each pixel or group of pixels. Each
spacer has a corresponding conductive elec-
trode on the TFT-array substrate. An electric
field is established between cuch pair of elec-
trodes, which produces a base value of capaci-
tance (stored charge) for each X-Y location,
When pressure is applied to the surface of the
display with a finger or stylus. the movement
of the conductive spacer causes the value of
the capacitance between the elecrrodes o
change. This change is measured by a con-
troller and used to determine the Jocation of
the touching finger or stylus. Because the
conductive spacer 1s shorter than the main
column spacer, the capacitive electrodes cannot
contact each other and create a short circuit.

In the on-cell configuration (Fig. 5). two
patterned layers of transparent [TO conduc-
tors are deposited at right angles to each other

on top of the color-filter substrate {underneath
the polarizer) with an insulating layer (dielec-
ric) between them. An electric field is estab-
lished between the two conductive lavers, which
creates a base value of capacitance (stored
charge) between each X-Y intersection. The

| capacitance of the human body 1o ground

causes a finger placed on top of the polarizer
1o change the value of the capacitance between
the intersecting electrodes under the finger.

| This change 1s measured by a controller and

used to determine the location of the touching
finger. The number and spacing of the elec-
trodes determines the touch resolution.

While bath of these configurations use the
same principle of measuring a change in
capacilance between transparent clectrodes.
the controller and the interface it presents o
the host system are typically unique to each
LCD manufacturer and may even differ
hetween in-cell and on-cell.

The advantages of the charge-sensing form
of in-cell and on-cell wuch include the
following:

+ The base technology of determining the
location of a touch by measuring changes
in small values of capacitance is well-
understood and becoming increasingly




common due to the recent exwremely rapid
growth of projected-capaciuve wuch.

+ Charge-sensing touch is totally indepen-
dent of ambient lighting or backlighting.

= A thin (eypically 0.5 mm) cover glass can
be laminated on top of the polarizer o
protect the top surface of an LCD with
charge-sensing on-cell touch: thisis a
significant advantage over either charge-
sensing in-cell or voltage-sensing in-cell
touch.

= Existing color-filter fabs can readily be
modified to support manufacturing
charge-sensing on-cell touch screens.

The disadvantages of charge-sensing in-ccll

and on-cell touch include the following:

+ Because the capacitance values being
casured are very small (typically lesg

than 1 pF), charge-sensing touch is very
sensitive 1o electromagnetic interference.
It can be very difficult 10 make a charge-
sensing svstem work properly, especially
as the size of the LCD increases or with
noisy LCDs.

« A significant amount of processing
power is required in the controller for a
charge-sensing touch system. The con-
troller tor on-cell charge sensing can be
very similar 1o that for standard projected
capacitive. while the controller for in-cell
charge sensing has more unigue require-
ments due o the higher level of integra-
tion with the LCD.

« The resolution that can be achieved with
charge sensing s typically lower than
can be achieved with either voltage-
sensing or light-sensing in-cell touch.
However, this is less significant with
on-cell touch because the wouch screen
can only be activated by a finger (an
inherently low-resolution pointing device).

« The conductive spacer electrodes used 1n
in-cell charge sensing can cause some loss
of aperwre, which reduces efficiency.
Similarly, the ITO electrodes used in on-
cell charge sensing reduce the transmis-
sivity of the LCD by a few percent.
which reduces elliciency.

« The touch ohject in in-cell charge sens-
ing can only be a finger. which in many
applications (e, g.. mobile phones in Asia)
is a significant limitation.

» In-cell charge sensing will not work with
a cover glass, so the LCD can easily be
damaged.

Sensor
CS

Sensing
TFT

TFT Glgss_

Fig. 4: In the in-cell configuration for charge sensing, conduciive column spacers for each

| pixel or group of pixels are located on the underside of the color-filier subsirate, and there is a
- corresponding conductive elecirode on the TFT-array substrate. Pressing the surface of the
| display causes the capacitance benween the electrodes 1o change. Source: LG Display.

« Pressing the surface of most LCDs causes | using charge-sensing touch is AUQ. Sizes
significant liquid-crystal pooling, which include 3.0 and 4.3 in.
is visually distracting. This 1s most evi-
dent when no cover glass is used (in-celly | Technology Comparison
but the use of a thin cover glass ton-cell} | Tahle 3 presents a comparison of the charac-
does not completely eliminate the problem. | (eristics of the three in-cell touch technolo-

+ The maximum size of a charge-sensing gies, The red-yellow-green ratings {worst,
touch sereen is limited by the resistive middle, best) are relative within the three in-
and capacitive (RC} loading of the con- cell technologies, not within all touch tech-
necting traces. In-cell charge sensing is nologies.

also limited by the space required for the
traces. Currently. the practical size limit Opportunities

is in the range of 22-24 in. Al least two areas of current research still hold
The only LCD manufacturer who has promise for in-cell touch technologies, as
announced actual available LCD products follows:
{z-- e — ) Top polarizer

Touchscreen Layers{ 1 ITC (Y)
_ ITO (X)

LCD- Liquid Crystal Color Filter

TFT Array

Fig. 5: In the on-cell configuration for charge-sensing, the capaciiance of the human body 1o
ground causes a finger placed on top of the polarizer (1op laver) io change the value of the
capacitance between the interseciing elecirodes under the finger. Source: Walker and Fihn.
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= Applications such as tablet PCs that
benefit from multiple input capabilities
{e.g.. touch and stvius) may drive solu-
tions that combine multiple in-cell tech-
nologies, creating a hybrid technology.

+ Recent developments in multi-color
subpixel structures may create some
interesting opportunities in light-sensing
m-cell solutions. An RGBW suucture,
for exampie, could enable the photo-
transistor to be located in the white
subpixel, which would improve sensing
performance 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-cell
touch. However. there are several higher-
level issues that affect the entire in-cell/
on-cell touch picture as follows:

+ The sensor portion of in-cell touch is

almost certain to cost less in terms of

hoth manufacturing materials and pro-
cess than conventionally applied touch-
screen sensors. (The conwrolier portion
may be comparable to that of conven-
tional touch screens.) However, the cost
of modifying the backplane and/or front-
plane of an existing LCD design to add
in-cell touch sensing is at least $1-2
million, due to masking. Given the very
large number of different LCDs that
exist. itis unlikely that an LCD manufac-
wrer will make these modifications
throughout an entire product line. Itis
more likely that only selected LCDs used
in high-volume products with a high
demand for touch will be madified for
in-cell touch. In other words. it scems
unlikely that in-cell touch is going to
become the standard for touch n all
LCDs.

The lack of standards for the interface o
in-cell and on-cell touch functionality
could be a significant impediment to the
spread of the technology in the future. If
LCD manufacturers develop their own

Table 3: Some of the characteristics of the three technologies being used in
in-cell and on-cell touch appear in terms of best (green) to worst (red), with
yellow in the middle.

Characteristic

Size himat (in.)

Touch object

Light Sensing Voltage Sensing

Finger. stylus

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

22-24 22-24
Finger, stylus .

Touch force

Touch resolution

Cover glass

Durability

True flush surfuce
("zero bhezel™)

Transmissivity loss

peure |

External EMI sensitivity

Internal EMI sensitivity

Ambient Hght sensitivity

Flexible substrate

Controller complexity
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Some

Medium

unigue interfaces to the touch function
{which seems to be the case thus far), it
will greatly limit the ability of device
OEMs to second-source LCDs with
in-cell or on-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. It
therefore seems unlikely that the three
in-cellfon-cell touch technologies are
aoing to dominate the touch industry
and completely eliminate all other
technologies.

Conclusions
Although in-cell touch has been cagerly
anticipated for more than 7 years, it still has

- some distance to go to reach full commercial-
~ization. Light-sensing in-cell is probably the

furthest away because it has the most un-
resolved problems. Voltage-sensing in-cell
has potential. but there are no announced
LCDs or end-user products that incorporate it.
Charge-sensing in-cell and on-cell are the
closest o commercializadon. with a few
announced LCDs that will probahly ship in
mobile phones during 2010, The focus of
most of the LCD manufacturers working on
in-cell touch is now on mobile displays
hecause sizes larger than 10 in. have proven to
be guite difficult and there are no clearly iden-
tified high-volume touch applications.
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Projected-Capacitive Touch Technology

Projected-capacitive touch has grown extremely rapidly from obscuriry in 2006 to the
number-two touch technology in 2009. This article examines all aspects of projected-
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 & seismic change in the wouch-screen busi-
ness. Projected capacitive (pro-capl. the
touch technology used in the iPhone touch
screen, has become the first choice for many
small-to-medium (<10-in.) touch-equipped
products now in development. The technol-
ogy is not just Apple-trendy but incorporates
some of the hest characteristics of competing
touch technologies.

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

= High durability {Jong life)

» Excellent optical performance (high

transmissivity)

« Uniimited mult-touch (controller-

ependent)

Pro-cap touch screens can be made entirely
of plain glass, allowing them 1o be immune to
most chemicals, operated in extreme tempera-
tures. and sealed 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 be virt-
ally unbreakable and have the flexibility to be
contoured or bent. The sensing range of
pro-cap touch screens can be extended, allow-

Gary Barrett is the Chief Technology Officer
at Touch Internaiional. He can be reached
ar 512/832-8292 or gharrent @ iouchintl com.
Ryomei Omote is the General Manager of the
Sensor Module Engineering, Industrial Mate-
rials and Inpur Device Business Unir ar
Nissha Printing. He can be contacied at
+&81-75-823-5271 or r-omote @ nissha.co.jp.
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ing them to he used with cotton or surgical
gloves. 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 (noise sensitivity)

* Finger-touch only falthough this may be

changing)

» Relatively high cost (dropping rapidly)

Because they must sense changes in capaci-
tance as small as a few femtofarads (107 F),
pro-cap touch screens are very sensitive 1o

| electromagnetic interference (EMI). This
. makes integration challenging, particularly

when the touch sereen is bonded 1o an LCD,
and also makes screens larger than about

22 in. (diagonaly very difficult 1o build. Pro-
cap touch screens rely on human-body capaci-
tance to cause a touch to be recognized. so
they currently reguire a human as the touch
object. Finally. a typical smartphone pro-cap
touch screen (3.5 in.) is currently about three
times more expensive than its analog-resistive
equivalent — although that difference could
drop by half in as little as 2 vears.

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

| Mature readers may remember novel room

- lamps that could be trned on by touching a
growing plant, and every reader has probahly
| used capacitive elevator buttons at least once
| in his or her life. These primitive capacitive-

sensing applications typically used a solid-

| state timer (such as an NESS5 integrated

0362-0972/03/2010-01651.00 + .00 © SID 2010

circuit, first available in 1971} that “clicked”
at a steady rate as determined hy the time

| constant of an external resistor-capacitor (RC)
- network. A microcontroller 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
body 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 vears later, the same function is
typically accomplished by using a simple
capacitive switch 1C.

Self-Capacitance

- The type of pro-cap described above is called
- self-capacitance” becaunse it is based on mea-

suring the capacitance of a single electrode
with respect to ground. When a finger is near
the electrode, the human-body capacitance
changes the self-capacitance of the electrode.
In a self-capacitance touch screen. ranspar-
ent conductors are patterned into spatially
separated electrodes in cither a single layer or
two lavers. When the electrodes are in a sin-
ele laver, 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 usuaily arranged in
| alayer of rows and a layer of columns; the
| interseetions of cach row and column repre-

sent unique touch coordinate pairs. However,
self-capacitance ouch-sereen controllers do

| not measure each intersection: they only
| measure cach row and column: Le.. each indi-
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Fig. 1: Capacitive sensing is a very old technology. This schematic shows how a 1970s-¢ra

capacitive-sensing lamp could be tumed on by touching a plani. It functioned by using body

capaciry 1o change the click rate of a imer. Source: Barren and Omote.

vidual electrode. This works well when only
a single finger is touching the screen. For
example. in Fig. 2, a single-finger touching
location X2,Y0 can be sensed accurately by

measuring all the X electrodes and then all the
Y electrodes in sequence.

Measuring individual electrodes rather than
electrode intersections is the source of one of
the major disadvantages of two-laver self-
capacitance wuch screens — the inability 10
unambiguously detect more than one touch.
As shown in Fig. 2, two fingers touching in
locations X2,Y0 and X1.Y3 produce four
reported touch points. However. this dis-
advantage does not eliminate the use of two-
finger gestures with a self-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. In this situation it
does not matter that four points resulted from
two touches: as long as pairs are moving awa
from or toward each other (for example), a
zoom gesture can be recognized.

Mutual Capacitance
The other more common type of pro-cap
today is “mutual capacitance,” which allows
an untimited number of unambiguous touches.
produces higher resolution. s less sensitive o
EMI, and can be mare efficient in its use of
sensor space. Mutual capacitance makes use
of the fact that most conductive objects are
able o hold a charge i they are very close
together. If another conductve object, such
as a finger, comes close w two conductive
objects, the charge field {capacitance) between
the two objects changes because the human-
body capacitance “steals” some of the charge.
In a mutual-capacitance touch screen. trans-

parent conductors are always patterned into

spatially separated electrodes in two layers.
usuaily arranged as rows and columns.
Because the intersections of cach row and
column produce unique touch-coordinate
pairs, the controller in a mutual-capacitance
touch screen measures each intersection indi-
vidually (see Fig. 3). This produces one of
the major advantages of mutual-capacitance
touch screens — the ahility to sense a touch at
every electrode intersection on the screen.
Because both self-capacitance and mutual-
capacttance rely on the transfer of charge

erween human-body capacitance and cither a
single electrode or a pair of electrodes, this
method of capacitive sensing is most com-
monly called “charge transfer.” Tahle |
compares the key characteris
capacitance and mutual-capac
in touch screens.

ics of self-

itance as applied

Scanning

Pro-cap touch screens are “scanned.” meaning
that cach individual clectrode or electrode
ntersection 18 measured one-by-one in an
endless cycle. Self-capacitance touch screens
are scanned using a straightforward serial
method because every electrode is connected
individually 1o the controller. Mutual-capaci-
tance touch screens. on the other hand, require
a more-complex scanning mechanism that
measures the capacitance at cach row and
column intersection. In this type of scan,
often called “all points addressable,” the con-
troller drives a single column (YY) and then
scans every row (X that intersects with that
column. measuring the capacitance value at
each X-Y intersection. This process is
repeated for every column and then the entire
cycle starts over. This makes a mutual-capac-

Ghost Points

Fig. 2: When a self-capaciiance touch screen is touched with two fingers thar are diagonally
separaied. a pair of “ghost points ™ are created because the controller only knows that iwo

- columns and vwo rows have been touched: it cannoi 1ell which coordinaie pairs belong 1ogether

because i1 is only scanning individual electrodes, noi electvode iniersections. Source: Barren

and Omate.

fugormation Display 3700 17



frontline technology

Fig. 3: In a munal-capacitance touch screen, every electrode intersection can be unambigu-

ously identified as a touch point. Source: Barretr and Omoie.

itance controller relatively complex with a
high processor load. but, in return, it supports
unlimited multi-touch. Scanning rates in
current pro-cap controllers range from
approximately 20 to 200 Hz; a typical smart-
phone touch screen may have nine columns
and 16 rows, for a total of 25 electrodes and
144 ¢lectrode intersections.

In both types of pro-cap touch screens, 1o
determine an exact touch location, the values
from multiple adjacent electrodes or electrode
intersections are used to interpolate the exact
touch coordimmates. The results are extremely
precise and the resolution 1s usually at least
1024 % 1024 (10 bits). Scanning also has the
advantage of being free of coordinate dnft. This
is passible because the rows and columns are
physically fixed and each measurement is made
in a small area. Without the issue of coordinate
drift, pro-cap touch screens do not have to be
calibrated by the end-user as long as the touch
screen is securely attached o the display.

Touch-Screen Construction

In the short time since the introduction of pro-
cap touch screens in iPhones. a myriad ot con-
struction methods have been developed. All
nro-cap touch-sereen designs have two key
features in common: (1) the sensing mecha-
nisim 1s underneath the touch surface and (2)

there are no moving parts. The most common
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design incorporates the simple concept shown
in Fig. 4.

Some of the newest products under devel-
opment use a single-sided design. where all of
the touch screen’s layers are on one side of a
single substrate. In this design, currently the
thinnest possible for pro-cap, all of the layers
are deposited by sputtering. There are innu-
merable variations on the basic design of the
two-layer pro-cap shown in Fig. 4. For
instance, micro-fine {10 pm) wires can be sub-
stituted for the spurtered ITO. Many mobile
phones and most current signature-capture
terminals use [TO on separate sheets of PET

for each of the layers. Also common are
touch screens that use one two-sided or two
one-sided [TO-coated sheets of glass.

Touch-Screen Conductors

Patterning ITO on glass with line widths of
20 pm and resistivity of 150 (Y77 s commonly
accomplished using photolithographic methods:
for example, using photoresist on an LCD fab.
When the substrate 1s PET, line widths are
typically 100=200 um and patterning is
accomplished using screen-printing. photolitho-
graphy, or laser ablation. Research is in progress
on fine-line patterning on PET with line widths
of 30-50 pm. When used. the third unpat-
terned LCD shield layer typically has a resis-
tvity of 150-300 &Y/, Standard-width (not
narrow-border) signal fines at the edge of the
sensor are typically constructed of a molybde-
num/aluminum/molybdenum combination.

Touch-Screen Conductor Patterns

ITO lavers in pro-cap touch screens can be

erched in several different patterns, all of

which cost the same to manufacture, and it is

+ difficult to say that one pattern out-performs

another since wouch-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-mm-wide ITO spaced 5 mm apart on one
side of a sheet of glass and 15 rows of S-mm-
high ITO with 37-pm deletions between them.
The space between the 10 columns 1s filled
with unconnected (floating) ITO in order o
maintain uniform optical appearance. This
design works well. but the geometry requires
substantial processing power (o generate accu-
rate coordinates.

Table 1: A comparison of the key characteristics of self-capacitance and
mutual-capacitance as applied in touch screens.

Characteristic Self-Capacitance

Mutual Capacitance

Electrode tvpes Sensing only

Driving & sensing

Number of layers 1 or2

2

Sensor design

Multi-pad or row & column

Any design with unique electrode
mntersections; vsually row & column

Scanning method

Each electrode individually

Each electrode intersection

Measurement

Capacitance of electrode to ground

Capacitance hetween electrodes

Ghaost points
column

No in multi-pad: Yes in row & No




The most common pattern is an interlocking
diamond that consists of squares on a 45° axis,
connected at two corners via a small bridge.
This pattern is tvpically applied in two lavers —
one layver of horizontal diamond rows and one
layer of vertical diamond columns (see Fig. 5).
Each laver 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 4—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
miore 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 horder area around the wouch-
sereen active area. Historically. connection
traces have been silk-screen printed 1 mm
wide with a T-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 o add muluple layers of
thin films in the border area. which adds cost,
Fine-line silver printing with 50~100-um lines
and gaps achieves a lower cost than the sputier-
ing technigue, but polyimide tails remain the
most common method of ataching to the lines,
which requires the material to protrude beyond
the edge of the substrate and is also expensive.

Cost can he reduced substanually if a device
does not require flush mounting and can allow
for a larger border area under the bezel.

Cover Lens and Touch Surface
Maobile-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 wuch sereen (Toush with
the top surface of the device housing (as in the
iPhone). The cover lens can be screen-printed
on the rear surface. in-mold decorated (IMD),
or, more commonly. a decorated film can be
laminated to the rear surface. The decoration
hides the touch-pane! circuitry, incorporates a
logo, can have ruby coatings for a camera, and
can act as a diffuser for backlights. A glass

Transparent Thin-Film
Conductor (ITO)

Thin-Film Separator

Surface

Touch

laver is added at the bottom of the siack as a s

cover lens is typically 0.55.0.75, or L.1 mm
thick for mobile devices and up 10 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 sereen — a thinner cover lens and/or &
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 be half the 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
{soda-time) or aluminum silicate are the most
commonly used types ol glass, Chemically
strengthened float glass is half as likely 1o break

Fig. 4: The pro-cap design concepr shows we transparent conducior lavers separated by an
inswdator, all under the touch surface. {Note that the transparent conduciors are shown as solid
- sheets when in fact they are actually panerned.) In some cases, an additional unpatierned ITO

hield for LCD noise. Source: Barretr and Omoge.

as plain float glass: chemically strengthened
aluminum silicate is less than one-third as likely
to break. Somie cover-lens designs have become
extremely complex with multiple 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 factor in the purchasing
decision, curved substrates have become very
important. Pro-cap is one of the few touch
technologies that allows the sensor to be
curved. Two-dimensional surfaces are
straightiorward w produce by sputtering [TO
on polycarbonate or some other film and then

R R S O o A

Layer-1 Layer-2
Diamond Rows ) olumns
R TP Interlocking
D A Diamonds

“ig. 5: The diamond pro-cap sensor patiern i
lavers. Souwrce: Barrett and Omoie.

s formed by nwe interlocking diamond-shaped
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putting the film into the cover-lens mold.
Three-dimensional (3-1)) surfaces arc more
challenging: one solution under development
uses a molded or flexible substrate and elastic
conductive material such as PEDOT.

Controller Designs

There are approximately 17 vendors selling
pro-cap controllers today. several of whom
offer both self-capacitance (one or two
touches) and mutual-capacitance (unlimited
multi-touch) types. Mutual capacitance is fast
hecoming the standard hecause of the strong
market momentum toward multi-touch driven
by the Apple iPhone and Windows 7. Avail-
able pro-cap controliers range from dedicated
controllers that are specific 1o a particular
sensor size and row-column configuration, to
fully programmable microcontrollers with
advanced built-in gesture-recognition capabil-
itics. Current controllers are limited to a
maximum sensor size of around 10 in. at best;
hawever, most controllers can be combined o
support larger sensors. At least one controtler
supplier has announced that it 1s developing
single-chip controliers that can support sen-
sors up to 17 in. Figure 6 illustrates a typical
controtler implementaton in a mobile phone.

Historically. pro-cap has always been
finger-touch only: it has supported only clee-
trically tethered pens (which are highly desir-
able on signature-caplure terminals!). This
has been a relatively significant shortcoming
of the technology, particularly with mobile
phones in Asia. where users often write Kanii
characters on their resistive-touch-screen-
equipped phones. In 2009, Atmel announced
its pro-cap controller’s ability 1o respond w0 a
conductve stylus: this resulted from the 3x
increase in signal-to-noise (S/N} ratio it was
able 1o achieve {from 25:1 to 30:1), The limi-
ration is that the stylus tp diameter must be
2-3 mm. which is considerably larger than the
typical 0.8-mm PDA/smariphone stylus-tip
diameter. The market acceptance of this
stvhus size 1s stll to be determined.

Another attribute of pro-cap technology is that
the touch screen does not actually have w be
touched to be activated. The touch screen’s
level of sensitivity can be controlled by the
clectronics. In most cases, software is designed
to require a physical wouch W acuvate a functon.
However, the sensitivity can be increased so
that the simple placement of a hand near the
touch screen (in the Z-axis) can be detected.
This is commonly catled “proximity sensing.”

Fig. 6: Most pro-cap controller implementations are on the touch-screen 1ail, locared close 1o

the sensor 10 minimize noise pickup. This photo shows an example of a touch-screen tail from a
maobile phone. The coniroller is a PSoC chip from Cypress Semiconducior. The 25 pins along
the lower edge of the tail connect 1o the sensor (nine columns plus two grounds in the middle:

16 rows spliv inte nwo groups of eight on the lefr and righri. The connecior in the upper-left

corner of the tail connects o the phone’s main board. Source: Nissia Printing.
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The selection of a controtler vendor typi-
cally depends on two factors — performance
specifications and the maturity and sophistica-
tion of the customer. Some vendors are more
oriented toward proposing a total solution for
inexperienced customers (device OEMz).
which naturally results in less flexibility.
Some controller vendors work mainly with
sensor manufacrurers, who, in turn, work with
the device OEMs. Other controller vendors
work mainly directly with the device OEMs.
The most important controller performance
specifications include power consumption,
scan speed, maximum number of touches,
capacitance-measurement sensitivity, and chip
size. The standard hardware interface for
mobile-phone controllers is 1°C: the standard
interface for PC controllers is USB.

Controller Firmware

Controller firmware (especially algorithms) is
evolving very rapidly in the pro-cap touch-
creen industry, much faster than sensor or

controller hardware.

Conventionally, touch controtlers have gen-
erated only one X-Y coordinate pair. With
pro-cap. controllers must now be capable of
generating at least two pairs and often up to 10
or maore pairs. In small-to-mediom (<10-in.)
devices. the output format of the coordinate
ata varies depending on the controller sup-
plier. In large-area (>10-in.) 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. Microsoft has also established a stan-
dard (part of the Windows 7 Touch Logo
specification) on the minimum number of
points per second per touch (50) that a2 mult-
touch controller must deliver.

Number of Touches

How many touches are enough? On one
hand. some industry participants belicve that
two touches on a mobile phone are enough:
tablets and nethooks/notebooks used in
gaming may require four touches and PCs
with 15-in. or larger screens may require 10
touches. Windows 7 supports up to 100
touches. The reality is that today, other than
multi-plaver games. there are very few appli-
cations that make use of more than two
touches, Other than observing that all humans
have 10 fingers, nobody seems o have any
lear concept of how real-world applications
will use that many touches.




On the other hand, 1is clear that as the
horder width gets ever smaller on mobile devices,
touch screens must reject the unwanted touches
caused by fingers holding the device (ie..
“erip suppression”). Apple’s patent applica-
tion on the iPhone pro-cap touch screen' says
that the controller 1s designed to support up to
I3 touches for this purpose. consisting of “10
fingers, 2 palms, and 3 others.” Related o
this, many controliers are capable of sending
a message indicating when a large number of
locations are being activated at the same time.
On mohile phones, this atribute is often used
to determine that the phone is next to the face
or the device has been put away in a pocket.
signaling that all touches should be ignored.

Business Model

There are at least 36 suppliers in the pro-cap
touch-screen industry woday. Table 2 below
lists some ot the leading supplicrs. Relatively
few of them are currently capuble of supply-
ing modules (integrated sensor and controller
assemblies): some examples include Cypress,
ELAN, Melfas. N-trig. Nissha, Synaptics.
Wacom, and Zytronic. The remainder of the
3618 spht more or less evenly between sensor
and controller suppliers. Some of these have
ambitions to become module suppliers
because (theoretically) it is easier for module

Table 2: Each of the leading
suppliers in the pro-cap touch-screen
industry listed below has shipped
more than 1 million units.

Sensors Controllers Modules

Cando Atmel N-trig

DigiTech Svstems  Broadeom Nissha
Printing

EELY Cirque Svnaptics

Innalux Cypress Wacom

ITouch EETI Zytronic

Nanjing Wally ELAN

Nissha Printing Melfas

Touch International

Pixcir

TPK Solutions

Synaptics

Wintek

Young Fast
Opioelectronics

Fig. 7: Smariphone pro-cap touch-screen modules manufactured by Nissha Priniing consist of

a pro-cap sensor, a decorvated cover lens laminated 10 the sensor and a controller mounted on
the FPC (flexible printed circuir) thar makes up the touch-screen connecior iail. Source: Nissha

Printing.

makers to support their complete product, and
the margin is higher. However. becoming a
maodule supplier can be chullenging. It
reguires a high level of expertise in EMI
engineering, the ability to modify the
firmware of any controller used in the module
{(in order to achieve uniformity of input across
controllers). knowledge of and ability to sup-
port any OS with which the module is used,
and module manufacturing expertise. Figure
7 shows some representative modules manu-
factured by Nissha Printing.

Device OEMs today want more module
suppliers be
But this may be the case only for a few years,
If pro-cap touch becomes as popular as
anatog-resistive touch. then the device OEMs
will probably want to buy the controller with

cause that makes therr job casier.

software themselves and buy the sensor sepa-
rately. In other words, the market may evolve
into a more standardized commodity market.

| This is of course worrisome 1o potential mod-

ule suppliers.

Summary

In the fast 3 years, pro-cap has grown
extremely rapidly 10 become the number-two
touch technology. Pro-cap is used in two

forms, self-capacitance and mutual-capaci-
tance; only the latter supports unhimited mult-
touch. Many different construction methods
are used, the most common one today is mul-
tiple spurttered lavers on one side of a sub-
strate. The most common pattern used for the
sensor’s transparent conductors is an inter-
locking diamond. Achieving narrow borders
contributes substantially 1o the cost of a pro-
cap touch screen. The design of a plastic or
glass cover lens has become an important part
of pro-cap touch screens used in mobile
devices. Pro-cap controller hardware and
firmware are evolving ramdly; the latest gen-
eration supports the use of & conductive stylus
with a 2=-3-mm tip. While very few applica-
tions today make use of more than two
touches, mobile devices can make use of
additional touches in providing “arip suppres-
sion.” Some current pro-cap sensor and con-
troller suppliers would like 1o become moduic
suppliers, but doing so reguires a significan:
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 interfaces they 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 and fun.

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 90% of total display revenue, while the
touch-screen market, by comparison, is made
up of around 170 suppliers, with the top 10
accounting for less than 50% of the total
market revenue. In other words, the wouch-
screen market is highly fragmented.

There is also a significant geographic
difference between the uch-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 170+ touch-screen suppliers
are spread across more than a dozen countries
(see Fig. 1)

Historically. the touch industry has been
centered in Japan and the U.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, portahle navigation
devices, gaming, and other applications. Over
the next several years, touch screens will
undergo strong growth in large-size (>10-in.)

Jennifer Colegrove is Direcior of Display
Technologies ar DisplavSearch. She can be
reached ar jenmy_colegrove @ displavsearch.
com.
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applications such as retail. ticketing, point of
information, and education/training.

Among the 20 touch-screen application
categories that DisplaySearch tracks, the
mobile-phone category is forecasted o be the

- largestin terms of shipments and revenues

during 2009-2015. There were about 220

o million touch screens shipped in mobile-

phone applications in 2008, which isa 16%
penetration rate. DisplaySearch forecasts that

1.8%—'}

B Japan

B Americas
O Taiwan
O China

O Korea

O Europe
O RoW

- Fig. I: The geographic distribution of touch-screen suppliers shows Japan with the highest
percentage. Source: DisplavSearch 2009 Touch Pane! Market Analysis Reporr.
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Fig. 2: DisplavSearch divides touch inio ten categories with 14 sub-technologies. Source: DisplavSearch 2009 Touch Panel Marker Analvsis.

the penetration rate of touch in maobile phones
will reach nearly 40% by 2015, Other large
upplications in terms of revenues are vertical
markets such as retail and point-of-sales
(POS), factory/industry automation, point-of-
informaton (POI}. and self-check-in, as well
as growing consumer markets for notebook
PCs and PMP/MP3 players.

There are over a dozen touch-screen rech-
nologies in use, and no single technology can
meet 100% of the requirements for every
application.  As a result, there has been an
accelerated stream of innovations in touch-
screen technologies in the last few vears.

As shown in Fig. 2, DisplaySearch groups
touch technologies into ten categories: resistive
{both analog and digital). surfuce capacitive.
projected capacitive, infrared (traditional
infrared), optical imaging {camera-based),
acoustic wave {both surface-acoustic-wave
(SAW) and bending-wave [acoustic pulse
recogniton (APR} and dispersive signal
technology (DST)]}. digitizer, in-cell, 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 6{)
companies supplying resistive touch screens,
aver 30 companies supplying projected
capacitive. and over 20 companies supplying
surface capacitive,

A significant number of companies support
only a single ouch technology, a smaller
namber support two. and very few support
three or more, such as 3M and Elo Touch-
Svstems/Tyeo Electronics,

Market Outlook
The combination of the rapid popularization

of projected-capacitive touch technology and
the widespread adopton of multi-touch capa-
bility is having profound effects on the con-
sumer portion of the touch-screen market.
DisplaySearch {orecasts that the unit ship-
ments of touch modules {defined as the com-
hination of a touch sensor and a controller)
will grow at a compound annual growth rate
(CAGR) of 17% to 1.4 billion units by 2015,
more than three times faster than the display
market (Fig. 3). Similarly, touch-module
revenues are expected to grow at a CAGR of
14% 10 $9 billion in 20135, which is over 10
times faster than the display market.

The market for touch screens is relatively
small compared with the display market (3.7
hillion vs. $90 billion in 2009}, bur its growth
rate 1s much faster.

Innovations and Changes in the
Touch-Screen Market
The touch-screen industry is a rapidly changing
industry, but not all of the touch-screen tech-
nologies have experienced the same degree of
innovation and change: the following sections
discuss the ones with the most significant changes.
Projected Capacitive: Projected-capacitive
touch has grown very fast in the last few years

10,000.0 + E=EE Multi-touch module revenue - 50.0%
Total touch module revenue

9,000.0 == multi-touch % + 45.0%

8,000.0 - 40.0%
z
£ 7.000.0 - 35.0%
£ ,
@ 6,000.0 - 30.0%
g
§ 5,000.0 t 25.0%
[:1}
ﬁ 4,000.0 - 20.0%
=
B 3,000.0 + 15.0%
=

2.000.0 r 10.0%

1,000.0 - 5.0%

2008 (h)y 2008 2010 2011 2012 2013 2014 2015
Year

Fig. 3: DisplavSearch’s worldwide touch-screen revenue forecast shows toial revenues lopping
U89 billion by 2013, Source: DisplavSearch 2009 Touch Panel Market Analvsis Report.

Inforrmarion Display 3700 23




display marketplace

since it was {irst 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-sereen world. Not only have more
resistive touch-screen manufacturers moved (o
produce projected capacitive. but projected-
capacitive technology has evolved to the use of
a single substrate (the ITO coating layers are
on one substrate). In recent vears, film-based
projecied capacitive made with micro-line
wire has become available in very large sizes
of more than 100 in. At the Consumer Elec-
tronics Show in January 2010, 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, 1s artracuing large numbers
of new competitors into the market. {See the
Frontline Technology article, “Projective-
Capacitive Touch Technology.™ in this issue
lor more details on the technology.)
Multi-Touch Resistive: Multi-touch resis-
tive first appeared in the marketplace in ship-
pable form in 2008, Although the technology
had been used in a commercial product (a music
controller trom JazzMutant. now a division
of 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 Informarion Display.)
Multi-touch-resistive technology is created by
patterning indiam tin oxide (ITO) transparent
conductors on PET film and/or glass. The
advantages of this modification ol analog
resistive are that it supports multi-touch and is
significantly lower cost than projected capaci-
tive; the disadvantages are all the same ones
as analog resistive (e.g.. low durability and
poor optical performance). It remains 1o be
seen i the cost advantage of multi-touch
resistive will remain significant as the volume
of projected capacitive rockets upwards.
Optical Imaging: Optical-imaging touch-
screen technology can be very cost-efiective
in large sizes (>101in.) because it requires
oniy two cameras and an infrared (IR} source.
Initial suppliers of optical-imaging touch tech-
nology included Canada-based SMART
Technologies and New-Zealand-hased Next-
Window. Along with multi-touch resistive,
projected capacitive, traditional infrared. and
SAW touch technologies. optical imaging is
aiming to nide the wave of Windows 7,
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Microsoft’s first operating system to support
multi-touch. faunched in September 2009,

As optical imaging has taken off, more com-
panies are entering the market. For example,
Taiwan-bascd Quanta has started manufacrur-
ing deskiop and notebook PCs that include
optical-imaging touch. Quanta uses Pixart
Imaging as its touch-controller 1C supplier;
Pixart Imaging licensed SMART Technolo-
gies” DVIT (Digital Vision Touch) technology
and related know-how in 2009,

In-Cell: Tn-cell touch has been a kind of
Holy Grail in the touch industry for the last
3 years — 1t just seems natural for touch 1o he
totally fand invisibly) integrated into the
displavs. Research continued during 2009 on
in-cell in all three technology variations —
photo-sensor (also called light sensing).
sensor switch (also called voltage sensing),
and capacitive spacer {also called charge
sensingl. One key milestone occurred in May
2009 when the 1irst actual product using any
form of in-cell touch started shipping. The
product. a netbook from Sharp that sold only
in the Japanese market. used a 4-in. 854 x
480-pixel LCD equipped with photo-sensor
in-cell touch in place of the conventonal opaque
touchpad. AU Optronics Corp. (AUQ) also
announced an in-cell touch-enabled display in
2009, LG Display recently announced it will
mass produce 13.3-1n. capacitive in-cell by the
end of this year. In-cell touch is likely to
appear in several mobile phones in 2010
(See the Frondine Technology article, "LCD
[n-Cell Touch™ in this issue.)

Surface Acoustic Wave: Surface acoustic
wave (SAW) has been one of the workhorses
of the touch industry for over 20 vears. It has
heen 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 IntelliTouch Plus, a two-
ouch implementation of SAW. (Sce this
1ssue’s Industry News for more information. )
This was particularly significant not only
because of the technical innovation that it rep-
resents, but hecause it allows SAW 1o com-
pete with optical in the deskiop space.

Mulii-Touch: Multi-touch 1s 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 7
mn 2009, mulu-touch became a “must-have”

| characteristic of many consumer touch

| devices. Itis worth pointing out that multi-
| 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-touch is not & touch
technology in itself: it is a characteristic that
is supported by various touch technologies.
including projected capacitive. traditional
infrared, optical imaging, bending wave,
surface acoustic wave (recently ), in-cell
touch. and. of course. multi-touch resistive.

It should be 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 January
2010, one vendor was demonstrating a wouch-
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
intertace 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

(Cando and Sintek). equipment makers {(Usan
Technology and Mirle Automation), and
driver-1C supplier Sitronix (which partnered
with France-based Stantum on multi-touch
resistive controllers) have all started o
explore the touch market.

Apple’siPad: A New Wild Card?

In January, Steve Jobs announced that
Apple’s iPad will be available at the end of
March 2010, The iPad will have u 9.67-1n.
LCD and projected-capacitive wouch screen.
Apple’s iPhone had a big impact on the
maobile-phone business and on small-sized
projected-capacitive touch screens. How will
the 1Pad impact the mini-notebook/tablet PC
and medium-sized touch-screen markets?
Will it also stir a new round of “me-to0”
followers to make similar devices? These
questions will be answered during the next

vear or two. B
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Touch Screens and Touch Surfaces are
Enriched by Haptic Force-Feedback

Tactile feedback can enable more effective use of touch screens, particularly in automotive
applications where driver distraction is a problem. The number of technologies used to
produce haptic effects continues to increase, providing many options and opportunities for

svstem designers.

by Bruce Banter

HE TERM HAPTICS comes from the
Greek word haptikos (from haptesthai. to
grasp or touch). For wouch user interfaces, the
term typically refers to a tactile sensation or
torce-teedback that users experience when
touching the surtace. Conventional touch
screens do not provide the tactile sensation of
mechanical buttons and knobs, resulung 1na
less satisfving experience. Haptics technol-
ogy can reproduce the same feel or tactile
sensation as mechanical buttons and knobs
or generate new sensations not 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 interacton.

Haptics have been utilized in automotive
applications for some time in rotary controls
with jovstick types of mouon. Conventional
rotary knobs are limited with fixed detents
{("bumps”}) and degrees of rotation (¢nd-
stops). BMW’ s iDrive. launched in 2001, was
the first haptic interface that provided differ-
ent feelings (feedback) for different functions
with one control. The device operated with

Bruce Banter is Chief Engineer at Tech-D-P.
He has been active in developing HMI con-
trols for more than 20 years and was previ-
ously Chief Engineer at Methode Electronics,
Lear, and TRW. He can be contacted ar
248/763-7838 or bruce. banier@ echdp.ner.
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rotary and four-axis joystick motions 1o con-
trol the functions on the display. The concept
has evolved into the COMAND controller in
the Mercedes 8-Class, the Muld Media Inter-
face (MMI) in most Audi madels, and the Remote
Touch conwoller in several Lexus models. Some
automotive OEMs believe that these types of
rotaryfjovstick inputs are similar to computer

mouse controls and provide more inwitive and |

| comfortable operation than touch screens.

Haptics was presented as a Key enabler for

- touch user interfaces in the article “Tactile-

Feedback Seiutions for an Enhanced User
Experience” in the Octaber 2009 issue of
Information Displav.! This article expands on
the information in that picce and presents somc
new information on additional haptic tech-
nologies and the use of haptic force-feedback
in automotive touch-screen applications.

Touch Screens and Touch Surfaces
Touch screens and surfaces are increasingly
replacing the conventional mechanical buttons
and knobs in automaotive controls hecause of
their ability to provide a reconfigurable user
interface (UT) that blends with the vehicle's
theme or styling while improving cost and
reliability. Automotive Uls have been chang-
ing to meet customer expectations for better
interaction. The proliferation of portable
devices in vehicles is also driving the need 1o
reduce driver distraction and keep attention on

O36Z-0972/0372010-0265%1 .00 + .00 @ SID 2010

the road. Touch screens are enabling the
customization and adaptability of the UT for
improved presentation of information and user
inputs. The main disadvantages of touch
screens have heen fingerprints on the screen
and the lack of tactile feedback.

Haptics are being utilized to provide unigue
mformation to automotive users. Sliding
motion inputs such as radio volume or fan
speed can be enhanced by increasing the rate
and itensity of feedback as the finger moves
across the surface to correspond to the loud-
niess of the radio or speed of the fan. Users
are able to learmn and 1dentfy features coded
with unigue haptic effects. The muscle mem-
ory of haptic effects can easily be recognized
and quickly understood even without confir-
mation of sight and sound feedback.

The tvpe and size of information displays
impact the need for touch screens and haptics
Auwtomotive OEMs initially began using
smaller LCDs and OLED displays for cluster,
radio and climate controls without touch inter-
acuion, Over ume, the “center-stack™ area has
evolved into a major control. navigation, and
communication hub with dispiay sizes contin-
uing to increase, providing mncreased room for
user interaction. Eight-inch LCDs are becom-
ing common in automobiles today. Adaptive
and reconfigurable Uls 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 kev parts of providing
unigue experiences for each screen.

The wend 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 com-
plex surfaces that feave Hinde room for fla
olass panels. Molded surfaces are the trend
with decorative finishes. Projected-capacitive
touch sereens (one of the few touch technolo-
cies that can be applied 1o a curved surface)
are being developed for several applications o
match the trend. Applying touch. haptics, and
miotion 10 a complex surface is challenging,
and haptic design considerations must be
incorporated during the initial stages of the
vehicle-interior design,

Adding Haptics
Optimal Ul 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 of wactile
feedback. Users have been programmed 1o
expect tactile confirmation of inputs with
mechanical switches. Studies have shown
increased input speed. increased accuracy,
and less frustration when haptic feedback is
part of the UL? 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 OEMs to understand user preferences,
and they indicate that users prefer the combi-
nation of tactile force-feedback and sound.’
The tvpe of haptic effect can vary in com-
plexity from simple vibrations to multfaceted
effects driven by complex mathematical
maodels (see Fig. 11, Simple ramhble vibrations
have been used in mobile phones for several
vears. but they are evolving o more intricate
effects. High-fidelity force-feedbuck has been
shown to produce a more authentic response
and engaging user experience. The new
gesture-rich user interfaces that are beginning
to appear in consumer products will undoubt-
edly require high-fidelity feedback.

Producing Haptic Effects

Most haptic effects are produced by stimulat-
ing the nerve receptors in the finger by motion
of the touch surface or vibration of the skin.
Movement 1s generated by pushing or puliing
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Fig. 1: The spectrum of haptic feedback ranges from simple vibrations to complex muliifaceted
events, with the latter being perceived as a more authentic representation of the original ractile

the surface with either a prime 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.

The tollowing paragraphs discuss each of
these seven methods. (See the aforemen-
tioned October article for additional details on
inertial, piezo. and surface actuation ).

Inertial Actuation

Eccentric rotating mass (ERM) inertial actua-
tors have been used as vibrators in mobile-
phone applications for many years and they
are starting to be used to produce haptic touch

feedback 1t is designed 10 replicate. Source: Immersion Corp,

screens. Immersion Corp. has long been a
leader in this technology, offering its TS2000
software development kit (SDK) and associ-
ated design support.

Piezo Actuation

Piezo actuation is generated by piezo-ceramic
elements that deform with applied voltage.
The piezo elements are applied to the touch
surface. and haptic effects are created by the
flexing motion of the elements against another
surface. SMK is a leading supplier of resis-
tive touch screens; it has been including piezo
force-feedback as an option in its resistive
touch screens for a number of years. SMK's
first automotive haptic touch screen was intro-
duced with “PulseTouch™ in 2004 in Alpine’s

Table 1: Inertial actuation and Capacitive Electrosensory Interface
(CEI) are but two of the seven methods currently being used o produce haptic
feedback.

Haptic Method

Description

Inertial Actuation

Shaking the surface or the entire device with oscillating

rotary or linear-mass actuators

Flexing the surface with piezo disks or suips

Muoving the surface with electrostatic attraction

Lateral Acwuation

Moving the surface laterally with electromagnetic actuators

Electro-Active Polymer Actuation

Moving the surface by contractuion and expansion

Bending Wave

Maoving the surfuce with piezoelectric sensors

Capacidve Electrosensory
Interface (CED
field

Generating electrostatic pressure and stimulation in
finger nerve-endings through the application of an electric
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IV A-D300 aftermarket audio head unit.
Development has continued with several auto-
maotive OEM applications currently in progress.
SMK’s piezo-ceramic actuators are a
proprietary material that can be applied in a
thickness of I mm to resistive film—glass or
glass—glass touch screens. Accelerations off
2G can be created with high bandwidth o
accomplish high-fidelity effects. SMK has
worked with Immersion to provide 25 haptic
cffects that can be embedded in applications.
Their latest generation of products includes a
aesture-recognition touch screen with two-
finger multi-touch that changes the haptic
feedback according to the pressure applied.
The change in resistance triggers the change
in the haptic effect. Projected-capacitive
touch screens that incorporate SMK's piezo
actuation are also under development.

Surface Actuation

Surface actuation, developed by Pacinian
Corp.. is a technology that shows great
promise. The October Informarion Display
article explains the operating principle in
more detail, but the basic premise is electro-
attractive force between two surfaces with a
charge differential. System response time is |
fast from 0 to 500 Hz. The actuation mecha- |

nism can be incorporated into the teuch-
screen components without the need for a
separate actuator, which results in 2 very thin
profile. High reliability has been demon-
strated with more than 200 million actuations
achieved during testing. Pacinian offers hard-
ware and software development support.

Lateral Actuation

Lateral actuation is accomplished by electro-
mechameal actuators that move the touch sur-
face in a lateral direction o produce the haptic
effect. The small lateral motion (0.2-0.3 mm)
stretches the skin of the 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 inwo
haptic effects. An SDK is available 1o imple-
ment an embedded control design and
cusiomize haptic effects.

The motion of the touch surface is con-
trolled by the actuator flex frame or by a
separate sliding or flexure mechanism with
the actuators providing the only force. Multi-
ple actuators can be used o move more mass.
Haptic touch screens of 30 in. have heen
successfully developed. Accelerations of

Lateral mation
stretches skin

Actuator
controlier

\Resislive
touch screen

— Capacitive
touch-sensor
flex-circuit
Inner bezel

Cuter bezel

Fig. 2: Immersion’s A110 Touch Sense Actuaiors {upper left). manufactuved by Johnson

Electric, provide lateral movement of touch surfaces. Lareral ( side-1o-side ) movement of the

touch surface stretches the skin and stimulaies the nerve receptors 1o produce tactile sensations
tlonver left). An exploded diagram of a tyvpical awiomotive LCD assemblv (right} illusirates the
combination of a lateral hapiic feedback mechanism belind the LCD, a resistive 1ouch-sereen

on fop of the LCD, and capacitive-sensing backlit butions surrounding the LCD. Source:

Immersion Carp.

28 Informarion Display 3/10

severa!l Gs can be produced to generate high-
fidelity haptic effects. Immersion’s A110
actuators (Fig. 2} have been tested w auto-
motive-grade requirements and have com-
pleted | million test cycles.® This technology
has become the benchmark tor haptic touch
screens. particularly with regard to the fidelity
and strength of effects and the maturity of
support and capability data.

Electro-Active Polymer Actuation
Electro-active polymer actuation (EPAM)
creates motion by applying a charge to elec-
trodes separated by a dielectric polymer filim
to create an attraction force that causes the
palymer film to contract in thickness and

| expand in area. The motion is directed in

the desired axes by attaching frames and
materials. This technology, developed and
licensed by Artificial Muscle. is available in
several types of actuators: the company’s
Z-Mode and Retlex HIC actuators are used
for touch-screen applications, The Reflex
actuator’ s output is claimed o be directly
proportional to the input signal, providing fast
response time and the ability to reproduce
almost any waveform,

Bending-Wave Actuation

UK-based NXT has adapted 1ts bending-wave
technology that was originally developed for
loudspeakers to produce both touch-point
location and haptic effects (but not simultane-
ously} in touch screens.” In the former case,
NXT licenses its bending-wave technology to
3M Touch Systems for its Dispersive Signal
Technology (DST) touch screens: these use
piezoelectric sensors at each corner of the
screen to convert the mechanical energy from
the hending waves produced by a touch into
electric signals that are used 1o calculate the
location of the touch poine. In the later case,
the same bending-wave technology 1s licensed
10 Nissha Printing for use in high-fidelity
haptic touch screens. A wide variation of
tactile sensations can be produced as a resul
of the wide bandwidth provided by the system:
1t can even be extended into the audio range to
allow the touch screen o also provide audio
feedback. Most haptic effects are produced
below 5000 Hz: localized feedback is possible
with different effects in different locations,

Capacitive Electrosensory Interface
Capacitive Electrosensory Interface (CEID or
E-Sense is vet another tvpe of haptic technol-



ogy that was developed by Sweden-hased
Senseg.” Instead of moving the touch surface,
this technology generates electrostanic pres-
sure in the skin of the finger by establishing a
charge differential that creates a Coulomb
force between the E-sense layer integrated
into the touch surface and the finger tissues.
The force is modulated in frequencies where
the human vibration perception is most sensi-
tive; the oscitlating force causes the skin (o
vibrate and the nerve endings interpret this as
touch sensation. Electrie-field strengths are
below the insulation breakdown so there is no
electric arc between the finger and the touch
screen. The finger does not have to actually
be touching the surface to generate the force.
Different areas of the wuch screen or surface
can be controlled individually w generate
small tactile arcas that Senscg calls “tixels.”
The sensations are best felt with hght touches
or swiping gestures. Virtual surface textures
can be created on the touch surface in areas
being wouched. Senseg provides design and
component support for integration of the tech-
nology.

Visteon: Contributing to Haptics User
Research

Visteon Corp. is a major supplier of auto-
motive Ul controls (as shown by the example
in Fig. 3} and has been a leader in developing
touch controls with haptic feedback. The
company has developed several touch-screen
products that include hapuc feedback o
identify and solve challenges in implementing
the technology and gain user insight. Dr.
Michael Tschirhart has been leading the com-
pany’s user research efforts to gain richer
msight into the consumer’
haptic technology. In an interview with the
author, Dr. Tschirhart said. “This research
helps Visteon discover factors that determine
the attributes that individuals perceive when
using haptics. These findings [many of which
are as vet undisclosed] are used to guide the
development of haptic solutions that can be
tailored to meet the desired objectives of car

s perception of

makers.”

When Will Haptics Take Off?

Haptics has gained acceptance in maobile
phones but has been slow o take olT in touch
screens for other applications. Many compa-
nies are evaluating haptic implementations
and weighing the risk and cost of adding the
feature. What are the costs and d

sign

Fig. 3: A hapiic iouch screen shown by Visteon ar the Consumer Electronics Show in January

2010 shows an awtomotive “infoiainment” panel demonstrating the implemeniation of an 8-in.

mudiifunciion touch screen as part of an imegrated control panel howsed within the organic and

flowing lines of a modern center-stack. Sowrce: Visteon.

challenges to add the additional hardware and
software and will consumers see value in the
feature? Adding moton to most assemblies
nt re-design. Will
some combination of light and sound feed-
back be sufficient to satisfy consumers? The
research seems to indicate that consumers

requiTes new or s

prefer tactile feedback once they are aware of
the possibility. How reliable are the technolo-
gies? The supporting reliability data is grow-
ing, but many of the technologies are very
new. Mechanical buttons and knobs have
functioned well and are well-understood from
a cost point of view, sc why replace them?

The 1Phone triggered the migration to touch
sereens and away [rom the fixed Ul of

mechanical buttons. OEMs are waiting or
proceeding cautiously to see if the costs and
risks of implementing haptic technologies ¢
be justified.

Automotive products have much longer

development cyveles than consumer electronics
and industral controls. but automotive OEMs
have awakened to the benefits of integrating
the latest consumer-clectronics technology
into their vehicles. They understand that
consumers want Lo interact with their vehicles
the same way they do with their electronic
devices. Several OEMs are studving haptic
touch screens Tor user interactions and prefer-
ence. The first major applications will be in
201 2-model vehic
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Conclusions

Time will tell which haptic technologies
provide the best value and the most consumer
acceptance. Each technology has advantages
and challenges but the application will dictate
the best fit. Haptics should grow in accep-
tance as consumers begin to experience the
advantages. The main key will be to use
haptics not just 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 mechani-
cal buttons. Implementation costs will decline
as volume provides economy of scale and
new. more cost-effective methods and compo-
nents are developed. Haptics 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 phvsical world and the virtual world through the
use of vision-based rouch. While Microsoft’s Surface product is the best-known implementa-
tion of surface computing, it is far from the onlv one. Expanding university research on touch
continues to make use of vision-based touch as a foundation, which in turn will help move
surface computing toward full commercialization.

by Geoff Walker and Mark Fihn

T—IE TERM “surface computing” (some-

times called “tabletop computing™) describes
a specialized computer graphical user inter-
face (GUI in which (1) the keyboard and mouse
are complelely replaced by a wouch-sensitive
display and (2) users interact with common
and intuitive ohjects rather than conventional
GUI elements such as windows, icons, and
drop-down menus. The goal of surface com-
puting is to integrate the physical world and
the virtual {digital} 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-
zaontal touch display that has been used on a
trial basis in retail mobile-phone stores. The
user/prospect places two physical phones on
the display’s surface. The software driving
the display identifies the phones and immedi-

Geoff Walker is the Markeiing Evangelisi &
Indusiry Guru ar NextWindow, the leading
supplier of oprical 1ouch sereens. He can be
reached at 408/506-7556 or gwalker@
nextwindow.com. Mark Fihn is publisher of
the Veritas et Visus newslenters, focused on
the 1echnologies and markets related 1o flexible
displavs, displav-related siandards and regula-
nons, 3-D displavs, high-performance displays,
and tonch screens. He can be reached ar
254/791-0603 or mark@ veritaseivisus.com.
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ately displayvs a comparison of the two
phones’ leatures, specilications, 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 multi-touch finger-gestures such
as flicks, pinches, rotations, ere. The photos
can he transterred o a mobile phone simply
by placing the phone on the display surfuce

and dragging the photos over to it

History

Around the mid-1990s. a varicty of companics
and institutions began conducting research on
surface computing, including AliasiWavefront,
Microsoft, MIT Media Lab. Mitsubishi
Electric Research Labs (MERL ). New York
University, Sony Computer Science Labs. the
University of Toronto, and Xerox PARC.'*
MERL"s announcement of the DiamondTouch
interactive tahie in 2001 heralded one of

the first commercially available surface-

| computing products, but it was viewed as a

research curiosity and was not fully commer-
cialized. Microsoft’s hype-filled announce-
ment of the Surface product in May 2007
caught the public’s attention in a big way.
The widespread publicity that Microsoft's
announcement recetved caused the Surface
product to become synonymous with suriace
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computing. However, innovations related (o
surface compuling are not unique o
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 of display., mcluding flat panel. rear
projection, and front projection, On the touch
side. the choices are more limited. While
some early implementations such as
DiamondTable used capacitive sensing,
essentially all current implementations of
surface computing use infrared (IR) vision-
hased sensing; this requires one or more IR
imaging cameras o be positioned so that an
image of the entire screen can be 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 4 table, like Microsoft
- Surface (illustrated in Fig. 1),

IR Light Source

There are currently three methods of supply-
ing the IR light that is received by the vision-
based camera in surface computing. These
methods, Ditfused [Mumination (DI).
Frustrated Total Internal Retlecuon (FTIR ).
and Diffused Surface HHumination (DSI). are
explained in the following paragraphs.



« DI Diffused HNumination can be used
with either front- or rear-illumination
systems. Rear DI (used in Microsoft
Surface) utilizes infrared light projected
on the screen from helow the touch sur-
face. A diffuser is placed on the top or
the botiom 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. Depending on the
diffuser, this method can alse detect hover
above the screen and can identifv objecis
placed on the surface. In the case of front
DL infrared light is projected on the screen
{rom above the touch surface, such that a
shadow is created when an abject
touches the diffused surface and can then
be similarly recognized by a camera.

« FTIR: Popularized in the touch-screen
waorld by Jeff Han when he was at NYU
(he’s currently the Founder and CEO
at Perceptive Pixel), the concept of
Frustrated Total Internal Retlecuon 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 refrac-
tive index at an angle of incidence
greater than the specific angle (described
by Snell’s Law). then no refraction
oceurs in the material. and light is
reflected. This method waps infrared
iight in an acrylic overlay. which is
frustrated (scattered} at the point of a
wuch; the scatered light 1s then recog-
nized by camera-hased imaging. Figure
2 illustrates the concept.

« DSI: Diffused Surface Hlumination uscs
a special acrylic to distnbute the IR
evenly across the surface. This method
relies on small particles inside the acrylic.
which function like tiny mirrors. When
IR 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 surface,
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 of projected capacitive (“pro-
cap’j in the early-to-mid 2000s — it's a niche

technology waiting for a breakthrough. In 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 ta change the world
than pro-cup. The fatter is, after all, simply a
substitute for a mouse and kevboard in inter-
acting with the standard GUIs running on the
iPhone OS and Windows. Interaction with
compulters has not been changed in any funda-
mental way by pro-cap touch screens: it's just
been made simpler and more fun., especially
on small mobile devices. In contrast, surface
computing at ils core is an allempt 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-touch 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 iPhone.

There is one other characteristic of vision-
based touch systems that’s significant, and
that is the fact that they can be assembied
from inexpensive standard parts and open-
source software.* No other multi-touch-
capable touch technology can be obtained in
this way. As a result. the majority ol ouch
rescarch being conducted in university
rescarch labs uscs vision-based touch as its
foundation. This means that there is an
expanding body of work being developed on
vision-hased touch along with steadily
mereasing knowledge and undersianding of
the technology: this increases the probahility
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:

| Vista. Souwrce: Microsoft.

Fig. 1: Schematic formar of Microsofi s Surface computer product. The components numbered
in blie are as jollows: (1} acrvlic 1abletop touch surface with a diffuser: (2] 850-nm infrared
light source direcied ar the underside of the 1ouch surface; (3) infrarved camera (one of four with
a combined toial resolution of 1280 x 960 pixelsi; (4 Texas Instruments” DLP projecior
running ar 1024 x 768 pixels; (5) deskiop computer running a customized version of Microsofr
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enabling technology

Total Internal
Reflection

Acrylic Pane

Baffle Diffuser

i
/ / Scattered Light

Projector

Video Camera

Fig. 2: This figure tllustrates how FTIR can be used 1o sense touch. A rear-projection screen

(diffuser) is anached with a small air gap 1o the underside of a sheet of acrvlic. Infrared LEDs
inject light into the polished edee of the acrviic; TIR causes the light to remain rapped

within the sheet. A baffle blocks light with a higher angle of incidence near the edge of

the acrviic. When a finger touches the surface of the acrviie, it “frusirates” TIR and causes
light 1o scaner out through the acrvlic 1owards a vision-based camera equipped with an IR
bandpass filier. Source: Media Research Laboratory, New York Universite.”

« MERL’s DiamondTouch interactive
tabie, mentioned earlier in this article.
hus been heensed exclusively by startup
Circle Twelve, Inc., which is marketing
it as a collaboration tool. The Diamond-
Touch table enables multipie simultane-
ous inputs such that each user can be
separately identified. The technology
uses front projection and capacitive
sensing.

+ SMART Technologies offers a vision-
hased direct-touch technology, which is
commercially available and widely used
in education and collaboration applica-
tions. SMART offers wouch tables and

projection interactive whitehoards
that incorporate the technology.

» GesmureTek markets a multi-touch table
in sizes from 30 1o 53 in.: installed appli-
cations include wayfinding and entertain-
ment. GestureTek holds the world's
record for the largest surface-computing
tahle at 6 m long (located at the Eureka
Tower in Melbourne, Australia).

« Microsoft has expanded the concept of
surface computing o go bevond just
tabletop applications. demonstrating

ideas related 1o sphencal surfaces (both
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on the exterior, as with a globe) and on
the interior (as with a dome).

« Microsoft has demonstrated surface
computing using photo-sensors
located behind thin-form-factor LCDs
(ThinSight’). By using an electronically
switchable diffuser. Microsoft has also
demonstrated that images can be recog-
nized and displaved well bevond the
surface of the screen (SecondLight®).
The recognition of physical objecis,
cither as an interface device that can
identify objects. or as a projection device
that inserts data on surfaces heyond the
surface of the screen, is a computation-
afly formidable user-interface task.

+ Scveral recent projects have investigated
the possibility of linking wgether geo-
graphically separated surface computers
in order to create a shared workspace for
remote collaboration, as if participants
are co-located around the same tabletop.

Conclusion

In the almost 3 vears since Microsoft announced
Surface, there has been an aceelerating low
of ideas and information about surface com-
puting — just v Googling “touch table™ The

technology holds the promise of changing the
way people interact with computers, going
well beyond (for example) applying touch in
the replacement of conventional user inter-
faces in appliances. There 1s an expanding
body of work on multi-touch. object recogni-
tion, direct manipulation, 2-D and 3-D
gestures, and related fields that continue 1o

- enable innovation in the arca of surface

- computing. The technology is ripe for a
hreakthrough.
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editorial

continued from page 2

As you will read in this 1ssue, the field 1s
awash in both somewhat whimsical work such
as Surface Computing, as examined in the
Enabling Technology article. “Beneath the
Surface” by Geoff Walker and Mark Fihn, as
well as in more practical challenges, including
the actual emulation of a physical control
mechanism, which author Bruce Banter
describes in the Enabling Technology piece.
“Touch Screens and Touch Surfaces Are
Enriched by Haptic Force-Feedback.”

One of the more fundamental ambitions of
touch inventors is the complete integration of
wouch and displays. By complete | mean the
display and touch mechanism being all one
physical component. the essential elements
heing indistinguishable 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 layvers of the anti-reflective
coating on the face of the CRT o also serve as
a capacitive touch sensor. It worked. but then
LCDs took over the world {more or less). and
we moved on to other more commercially
viable endeavors. The wouch people never
forgot this concept, however, and numerous
groups continued o experiment with schemes
o integrate touch mechanically, optically, and
electrically into LCDs. You may have seen
these demos at SID over the last 10 years,
some working better than others, Within the
past vear, this work has finally resulted in
commercial success. Now a possible new
paradigm of product designs is about to emerge
in which the bezels can be even thin-ner and the
touch screen 1s the display. The current and
future state of this work is ably described by
Geofi Walker and Mark Fihn in their Frontline
Technology article "LCD In-Cell Touch.” Do
not miss this article — in-cell 1s coming for real.

If you are not already familiar with the rich-
ness that well-engineered touch interfaces can
hring to a product, ke o look at author Mark
Hamblin’s article titled “Taking Touch to
New Frontiers: Why It Makes Sense and How
to Make It Happen.” Here, Mark explains the
ins and outs of user interfaces cnabled by
touch. Among his past experiences. Hamblin
was part of the core multi-touch engineering
team at Apple. where he led the design and
process development of the touch sereen in
the original iPhone and subsequent touch
products.

I cannot begin o address all the other
nuggets of mnovation going on in the wuch

world or even the rest of the nuggets in this
issue. but in case you think I'm getting too
cffusive over this topic. T invite you to read
our Display Marketplace article on “The State
of the Touch-Scereen Market in 20107 by
Display Search’s Jennifer Colegrove. She
now measures the total market in the mid-
billions of dollars, with a growth rate that other
display market segments are very envi-ous of.
In units, the numbers are staggering, while the
number of different suppliers con-tinues to be
very large (over 100). There has heen only
limited consolidation during the last few vears,
with more evidence than ever that ne one
technology or supplier can supply solutions
tor all the applications out there. Touch is one
of those elusive technologies where so far the
one penultimate embodiment has not yel
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 [ enjoy seeing so many entrepre-
neurial efforts succeeding alongside each other.

I am extremely grateful for the limitless
hard work and enthusiasm our guest editor
Geoft Walker brought o this issuc. As one of
the leading innovators himself, Geoff truly
shows his passion for the industry wherever
he goes. I hope you enjoy this issue. We
continue to welcome your comments and
feedback on all that we do at /D.

Correction to Poly-Si Article

We're always pleased when we get reader
feedback, and when an error is spotted, we're
eager 16 set the record straight. I'n this case.
we were alerted to some inaccuracies in our
Enabling Technology Article titled “An LTPS
Overview™ published in the December issue.
In particular, we were reminded that:

e (1) Low-temperature polysilicon (LTPS)
has an higher electronic mobility than
amorphous Silicon (a-S1), but an higher
hole mability as well.

= (2) Amorphous-silicon (a-Si) does not
contain any crystalline structures.
Rather, it has a randomized structure of
the silicon lattice. Poly-Si consists of &
polyerysialline phase — many small ervs-
tallites. but with randomized orientation.

¢ (3} While LCD manufacturers are not
generally integrating drivers with a-5i
woday, Sarnoff labs did develop a process

for a-51 driver integration in the past — it

is possible 1o achieve this.

You can read a corrected version of this
article on-line at www . informationdisplay.org.

For & more complete explanation of the
various types of sermconductor materials
heing used for active-matrix switches in LCDs
and OLEDs, we invite vou 1o review “Flexihle
Transistor Arrays,” by Peter Smith, David
Allee, Curt Moyer. and Douglas Loy, in the
June 2003 issue of Information Dispiav. B
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Taking Touch to New Frontiers: Why It
Makes Sense and How to Make It Happen

Touch interfaces are appearing in evervthing from consumer devices 1o industrial equipment,
not because touch is “in fashion,” but because it provides a trulyv berter form of human-device
interaction. This article examines the advantages of gesture-based touch interfaces and the

key steps to building a device with a great touch experience.

by Mark Hamblin

’I:}L'C H INTERFACES are far more than

“fashionable™ features used as a selling point
for consumers. They are truly a more
intuitive form of human-device interface,
compared to many alternatives. While the
keyboard and mouse stll have their place with
the PC, touch interfaces can spread more
pervasively into entirely new applications by
replacing simple, “low-tech™ interfaces such
as buttons. dials, and even paper.

Examples include the electromechanical
interface found on a washing-machine dial.
the button/menu based interface on some
medical equipment, and even the non-interac-
tive paper-hased interface of a restaurant
meny, all of which may someday be replaced
by a well-designed, well-implemented touch
interface. There are five reasons why this
could happen, as follows:

« Touch can simplify interaction with a

device.

» Gesture-based wuch interfaces are more

intuitive.

» Touch provides for more accessible

interfaces.

« Touch helps “fatureproof’™ a device.

Mark Hamblin is the Founder of Touch
Revolution, Inc., a touch svstems manufac-
twrer based in San Francisco that he founded

in 2008, He can be contacted ar 415/335.9]23

oF mark @ I/FH."';? Fev e,
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+ Touch enables convergence of other
functions into a device.

Simplified Interface

A well-implemented touch interface can be
much simpler to use than a conventional
mechanical or button-based interface because
it can show the user only those controls that

| are relevant to a particular operation, while all
: the controls in a conventional interface are
always present. This characteristic also

| makes it casy to expand the interface’s

| functionality because additional functions can
| remain hidden until they are needed. A touch
| interface can also be implemented as a

| sequential guide to help a user easily get

Fig. 1:

One portion of the touch interface on a 2009 wall-oven from Jenn-Air includes a

streamlined representation of temperature senings. Source: Jenn-Air.
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through a series of control steps, similar to a
“setup wizard” on a PC. Such features
improve the user experience by making the
device easier to understand. As device mak-
ers continue to hutld more functionality into
their devices. the need for simple, interactive
touch mterfaces 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. projected-capacitive touch display
(Fig. 1). Although the Jenn-Air oven interface
appears much simpler than the typical non-touch
interfaces found on other ovens, it includes
additional functionality such as a step-by-step
guide for adjusting cook settings based on the
food category, type, and desired degree of
doneness. Buttons or controls that are not
relevant to the immediate process are elimi-
nated, which streamlines the interface. reduces
visual clutier, 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
“hutton replacement” {ound i most simple
touch interfaces. Gestures allow a sense of
control over interface elements that marror
physical efements, 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
mirrors moving physical objects. Gestures
and direct manipulation allow users
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 benelit over conventional static interfaces
because they can be configured individually
for each user. Text and image sizes can be
enlarged for elderly users, languages can be
changed as required. options can be simplified
for begimning users, and pop-up help menus
can appear automatically. The device can
even automatically make these reconfigura-
tions upon sensing information 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 hase.

- can be rolled out to devices after the initial

.

‘Futureproofing” Devices

A reconfigurable wouch interface without
hardware dependencies can provide the ability
10 modify and improve the interface over
time. and even upgrade and change the fune-
tonality of the entire device. New features

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 ¢an 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 futurcproof the device will
beconie 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 apphication or func-
tion can exist. This allows a touch interface
to be the common element through which
various functions can converge into one
device. In the past, the need for different
physical interfaces such as buttons determined
the need for products and applications to be
separate. For example. in 2 business environ-
ment. a physical business-card file or phone
list (paper interfaces) is often located beside a
deskiop phone (button interface). Neither of
these two products provides an interface that
15 convenient for the other. But if a gesture-

based touch interface were implemented on
the desktop phone. integrating a graphical-
user-interface (GUI) based electronic contact
directory into the phone’s calling functions
would probably improve the utility of the
phone and the contact list. as well as being an
obvious workflow improvement. In ways
such as this. touch interfaces can factlitate
product convergence between high-tech and
low-tech products.

How to Create an Interface with a
Great Touch Experience

Device OEMs 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
of the touch interface. OEMs looking to
create an iPhone-like interface on their prod-
uct often quickly realize that creating an
intuitive, easy-to-use touch interface is not as
simple as buying a capacitive touch sensor
and “slapping it on top” of an existing prod-
uct. fis a complex endeavor involving
hardware, software, integration, optimization,
and testing.

The following paragraphs provide 10 best
practices for delivering a great touch experi-
ence with a wide range of products from
medical devices to mobile phones 10 home

SOFTWARE INTERFACE

PHYSICAL INTERFACE

e
Touch Ul Elements
(sliders, scrolling, etc.}

A AT

Fig. 2: A block diagram of a touch interface shovws the componenis that must be considered

when creating a great touch experience, Source:

Towch Revolurion.
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making displays work for you

appliances. The touch-intertace hlock
diagram shown in Fig. 2 shows most of the
components that are discussed in the follow-
ing paragraphs.

1. Holistic Design Mindset: Start with the
zoal of creating a great touch device, not just
adding touch to an existing design. The
design must be approached holistically.
Factors that must be considered from the
beginning of 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 resisuve, surface acoustic
wave. optical. erc. It is important to note that
no one-touch technology solves all problems.

3. Touch-Friendly Operating System:
Developing intuitive, attractive, gesture-based
touch GUIs and applications can be difficuly,
especially for OEMs who are new o working
with wuch interfaces. Giving the users the
touch experience they now expect can be
made easier through the use of an operating-
system (OS) software platform specifically
built for touch. These platforms. such as the
Google Android. Apple’s iPhone OS. and
Windows 7 (to some extent}, make the soft-
ware developers” job easier by pre-integrating
many cammaon touch user interface (U
clements such as siiders, selection switches.

and gestures such as “flick to seroll.” “swipe.”

and “pinch to zoom.”

4. Integration Testing: 1t 1s exceptionally
important to plan for sufficient integration
testing when developing a touch device,
especially when using a capacitive touch
sensor. [ssues such as RF-EMT aftecting the
touch sensor, software driver optimizations on
the LCD and wouch controller, cable-routing,
application performance affecting touch
responsiveness. unwanted optical interaction
between the LCD and the touch sensor, ESD
concerns. ¢1c.. are quite commaon. The only
way 1o find and fix these issues is o allow
significant time ror quality-assurance testing
and to have engineers with the right back-
eround de the troubleshooting. The amount
of effort required to integrate all the hardware
and software pieces into a cohesive. respon-
sive. and field-ready product is ofien under-
estimated. resultung in delaved. over-budget
or even cancelled products.
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5. Graphics and Processing Horsepower:
A powerlul touch interface can consume a lot
of processor cyeles. [t is important to con-
sicdler where this processing takes place — in
the touch-screen controller’s CPU. the host’s
CPU, or the host's graphics processing unit
(GPU}. An advanced GUI is pointless unless
the hardware has enough horsepower in the
right places to run it well, without lags.
delays, or choppiness. Cutting back on hard-
ware performance Lo save cost can severely
limit the potential of your GUL

6. Display Selection: Choosing the right
display to use in a touch device 1s especially
difficult because of the numerous dependencies
hetween the display and the touch sensor.
Important factors to consider include under-
standing RF-EMI interference 1ssues between
the display and the touch sensor. matching the
active area and viewing angles. minimizing
optical losses, and bonding/scaling the display
and tuch sensors properly, among many others.

7. Mechanical Integration: Most touch
sensors (projective capacitive included) are
made of glass, which has many benefits bur
also adds signmificant constraints when being
integrated into a product. The touch sensor
must he integrated correctly to prevent break-
age in the event of mechanical stresses. to pre-
vent shight deflecuons of the sensor that could
interfere with the sensing haseline. to prevent
dust or other contamination from interfering

| active with the user.

with viewing quality, and to prevent ESD
from damaging the touch sensor or system,
among others. Environmentally sealing the
ouch screen (if required by the device appli-
cation) can be more difficult than sealing just
a display, depending on the touch technology.
8. Industrial Design: By their very nature,
touch devices are intended to be highly inter-
This means that
crgonomics, usability, and intuitiveness are
ceritical. This s important not only for the
GUT design. but for the physical design as
well. If the device is portable, how does the
user hold it? Is there room for a firm grip

| without touching the screen? If not, does the

touch screen use multi-touch o provide “grip
suppression”? Is it designed for users of all
ages, sizes, and disabilities?

9. Optimized Touch Software: With an
advanced touch interface, there are many sofl-
ware layers invalved in translating the motion
of your linger on the touch screen into a
responsive action on the LCD and in the
application software. The firmware running
on the touch controller. the touch and display
drivers running in the OS. and the application
software itself must all be tested and opti-
mized for responsiveness. Any lags in this
software stack will result in a sub-optimal
User experience.

10. Grear GUI: That a touch interface
shoald include a great GUT seems fairly

Wash Type

Ferimaoent Famn

Dt - F

_}nad size_

 Sensor ﬁrym;

Duration

| Fig. 3: This tnuch-screen interface for a washer-drver was shown as a demonstration product

at the 2010 Consumer Electronics Show in Las Vegas. Source: Touch Revolution.



obvious. but many OEMs still do not seemi to |
get it. A touch interface should he much more |
than just a series of “virtual buttons™ to pro- |
vide an intuitive. accessible, inviting, fun, and

satisfying user experience.

Resources

The above “Top 10 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 for
OEMs new 1o the world of touch. There are
many helpful resources OEMs can use to
make their touch application a success. A
number of touch-controtler IC companies
offer solutions pre-integrated with a touch
sereen and OS drivers, minimizing sourcing
and technical integration challenges. Some
LCD and touch-screen makers are beginning
to offer integrated display-and-touch-screen
modules. In deciding on a development strat-
egyv, OEMs must carefully consider the trade-

offs between cost, schedule. reliability, and
overall project risk. While bringing touch
interfaces to new applications can be difficult.
a well-executed touch product can provide a
big payback by attracting new customers,
enabling new 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, network bandwidth requirements. and
even enabling major shifts in brand market-
share and revenue streams. Touch is likely o
do the same for other markerts as well,

Take, for example, the home appliance
market. and the touch-screen washer-drver
pictured below in Fig. 3. shown as a demon-
stration product at the 2010 Consumer
Electronics Show. Not only does this product
have a better. more user-friendly interface
compared to the dial-and-button-covered
interface of most washing machines today ., but
the touch interface adds new functionality to
the appliance. With the washer connected via
WiFi or a 3G network, the user could down-
load laundry-specific applhications such as a
stain-removal guide. a laundry-symbol
decoder. and even an e-commerce portal for
purchasing laundry supplies. The user could
also nstall applications for other home-related
functions such as lighting control or energy
monitoring. All of these possible features
credte new opportunities and potential
revenue streams for the appliance maker,
product user, application developers, and
numerous other third parties. W

KONICA MINOLTA
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SENSING AMERI
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Green Technology

For the first time in the history of the Symposium, the Society for Information Display
has designated a group of special sessions to explore green technologies in the display
industry. These include Novel Power-Reduction Techniques, Green Technologies in
Display Manufacturing, Low-Power E-Paper and Other Bistable Displays, Power-Saving
Device Designs, and Green Technologies in Active-Matrix Devices.

by Don Carkner

REI)UCI?\'G the environmental impact

of new display components, including a focus
on lower power consumption and sound recy-
cling practices, is now the mission of almaost
every participant in the display industry. Itis
not only good business 1o give consumers and
svsiem designers what they want, it is also
rapidly becoming mandated in many jurisdic-
tions. If a company is not thinking “green™
today, it is not really engaged in its market-
place or preparing itself for the future,
Accordingly, Display Week’s 2010 technical
program committee decided to create a new
forum to help bring the display industry’s
ereen technology ideas 1o light. and the focus
is expected to be enthusiastically received by
conference goers eager to find new ways
conserve energy in terms of both process and
product.

Highlights and Trends

The Symposium will contain five sessions in
the Green Technology track, with 20 papers
COVETINg LOPICs ranging from power-saving
circuitry and drive techniques to materials and
cnergy reductions during manufacturing to

Don Carker is Principal Technologist for
CH2M Hill, a member of the SID program
seleciion Display Manufacturing subcommiz-
tee, and Program Vice-Chair for Green Tech-
nologies for SID 2010, He can be reached ar
don.carkner@ch2m.com or (303) 736-43]8.
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| novel device structures that allow higher effi-

iency operation. A strong trend is under way
o adopt light-emitting diodes (LEDs) as a
replacerment light source for backlight units in

such designs enable {see Fig. 1), with many

| observers predicting complete penetration
| within a few short years. Another trend in the

making is evidenced by the emergence of
energy-, material-, and biomass-saving bistable
e-paper displays, as the publishing industry
prepares 1o undertake the massive transition
from being paper-based to electronic.

Featured Papers
The Display Week sessions will feature
several overview presentations on green
technology and design in the display industry,
from marquee manufacturers such as Samsung,
AUO. and Philips. An invited paper (Session
93 from Dr. Jun Souk of Samsung, “Green
Technology in LCDs.” will provide a compre-
hensive overview of the current status and
future prospects for green technologies and
trends in the LCD manufacturing industry.
Sharp will present a paper, “Power-Efficient

| LC TV with Smart Grid Demand Response

- Fig. I: Samsung's LED900O is an example
- of a super-thin LED-edgelit LCD TV that is

designed 10 be energy efficient. Image
courtesy Samsung.

O362-0972M32010-040%51 .00 + 00 © 51D 2010

iquid-crystal displays (LCDs). both for power
| reduction and for the very thin packages that |

|




Functionality.” by Louis Kerofsky, on the hot
topic of Smart-Grid functionality. There will
also be papers on novel LED-backlight tech-
nologies from Chiao Tung and Chung Hua
Universities. New power-saving drive tech-
niques will be discussed by LG Display, and
AMOLEDs. another topic that looms large in
terms of future power reduction, by Universal
Display Corp. {UDC). There will also be a
selection of papers from Evrope and the UK.
on novel e-paper approaches.

Seitko Amame from the Semiconductor
Energy Lab in Japan will discuss low-power
operation using the interesting new [GZ0-
based amorphous-oxide TFT device. An-
Thung Cho from AUO will talk about two
forward-looking technology developments —
in-ceil light sensing and in-cell solar power
generation — imagine a display that generates
its own power!

The Case for Green

We seem o be immersed daily in exhortations
on the need o reduce emissions and conserve
resources, and many people have taken such
advice to heart by altering patterns in their
daily lives. Now these concerned consumers
are taking the next step, which is holding
manufacturing companies and the devices
they sell accountable in a simitar way. Indus-
try players are developing strategies. tech-
nigues, and trends that are being used in order
to meet both consumers” and the shareholders’
requirements, and these sessions will allow
such players to educate the industry on their
plans and efforts. B

| INFORMATION :
DISPLAY ON-LINE
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Touch Takes Off at Display Week 2010

Due to the large number of touch-related svmposium papers and exhibitors at last vear’s
Display Week, the Society for Information Display has inaugurated sessions devoted
exclusively to touch technologv in 2010. The sessions are: Touch Technology Development,
Multi-Touch Svstems and Developments, and Display-Embedded Touch Solutions. There is
also a touch poster session with nine presentations.

by Jenny Donelan

INTEREST in touch-interface technology
has skyrocketed during the last 2 vears at
Display Week. In 2009, 54 exhibitors were
on-hand to show touch screens, controllers, or
other touch-related products and services.
{representing more than 25% of wotal
exhibitors at the show). Prior 1o 2009, the
number of wouch papers submitted each vear
could be counted on the fingers of one hand.
In 2009, there were 16" papers and in 2010
there will be 21 {including posters). All this
activity is a bit akin to a gold rush. in that
there’s money to be made and lots of people
are after it —1f only they can find the right
spot (i.e.. the best solutions or killer applica-
tion). At this time. these solutions, including

SLve,

iterations of technologies, such as re:
capacitive, acoustic wave. and more. are
numerous and, in the end. some will undoubt-
edly achieve more traction than others. Prac-
tically evervone involved 1n touch technology
can find something promising this vear at
Display Week 2010, which will be a fascinat-
ing stage on which many of these companies
and technologies play out,

“There 15 incredible interest and expansion
in the touch market right now.” savs Bob
Senior. an Executive Vice President with
Notse Limit and SID Program Vice Chair (or
Touch. But why now? Touch has. after all,
heen around about as long as there have been

Jenny Donelan is the Managing Ediior of
Information Display magacine.
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facio kevnote session. an invited pape

| personai computers: even multi-touch is about
| a quarter-cenwury old. While the technology
has heen vsed for many yvears in applicatons
such as banking ATMs and educational
platforms. 1t was not as much of a draw for

| personal computers and other devices until a
couple of recent commercial implementations
- ook hold. One is obviously Apple’s iPhone
(sce Fig. 1) and other portable devices that use |

multi-touch. Another is Microsoft’s support
for multi-finger touch 1n the user interface for
Windows 7. as well as its Surface computing.
Senior also cites Hewlew Packard’™s Touch-
Smart technology. incorporated in its line of
TouchSmart PCs, as a factor in raising the
general awareness of touch.

Clearly, consumers want ouch and manu-
facturers want 1o provide 1. The atachment
rate, or pereentage of devices that ship with
touch, has multiplied greatly over the last
couple of years, according to Senior. One of
the ongoing challenges for this technology.

| however. is finding a solution that works

across the widest possible range of display
devices. “There 1s no silver bullet technology.”
says Senior. Accordingly. Display Week
2010 will be the ideal venue to examine the
evolution and potential of the different cur-
rently available technologies.

A Touching Story

- Starting off the touch sessions wiil be

ade

from

| Microsoft Research’s Bill Buxion. His pre-

(0362-0972320H0-04251 .00 + .00 © 51D 2010

| sentation, “A Touching Story: A Personal

Perspecuve on the History of Touch Interfaces

Fig.1: The use of multi-touch in the iPhone

| fived the public imagination and helped bring
| abour general acceprance of the multi-touch
| interface. Image courtesy AT&T.



Past and Future™ will provide an excellent
overview of the factors leading up to today’s
touch revolution and will include a sub-theme
on the nature of innovation itseff. Buxton's
paper will trace the long (40-plus years)
history of touch, including the story behind
the “pinch-gesture™ used to scale photographs.
ete.. which was first demonstrated in 1983,

He will report on touch screens that began o
be developed in the second half of the 1960s,
with early work being done by IBM. the
University of Hlinois, and in Ouawa. Canada.
As he discusses solutions that were discovered
decades ago. but have only come 1o the fore-
front now, he will explain that such a lengthy
incubation tme for the development of new
technology is not at all unusual.

Multi-Touch and Embedded Themes
In terms of themes or submitted papers, both
multi-touch and embedded touch were strong
R&D subjects this vear. Accordingly. each
has a session dedicated to it. Multi-touch is

“hot,” of course, and embedded or “in-cell”
touch — incorporating the touch into the
display itself rather than as an overlay -
“that's the nirvana of touch,” says Senior,
In-cell touch will enable designs that are more
elegant - and less expensive. For more about
in-cell technology. see “"LCD In-Cell Touch™

in this issue. The multi-touch session includes |

the invited papers. “What Multi-Touch Is All
Ahout.” by leff Han from Perceptive Pixel,
and “In-Cell Embedded Touch-Sereen Tech-

nology for Large-Sized LCD Applications”™ by |

Seiki Takahasi from Samsung. The embed-
ded session has six papers. including “Novel
LCD with a Sensing Backlight” by Kwonju
Yi from Samsung Electronics and “Embedded
Si-Based Photonic Sensor in TFT-LCD
Technology Integrated as a Mulu-Funcrion
Touch-Input Display™ by An-Thung Cho from
AL Optronics Corp.

Although Display Week 20105 technical
symposiom is rich with offerings in many
areas, attendees should be sure to atiend at

least a few of the touch sessions because the
vear to come will undoubtediy be a pivotal

| one for touch. The featured papers will
© describe not only where the technology is

headed. but where it came from. and how

| certain types of touch selutions may rise (o the

top over the next few years.

References
'G. Walker, “Display Week 2009 Review:

| Touch Technology.” Informarion Display

(August 2009). B
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LatinDisplay 2009

bv Daniel den Engelsen

LatinDisplay 2009, the premier Society for
Information Display conference in the South-
ern Hemisphere, ook place in Sio Paulo,
Brazil, on November 16-19, 2009. The venue
for the third annual event was the Perdizes
campus of the Pontficia Universidade
Catdlica de Sao Paulo (PUC-SP}, where the
organizers held a symposium with oral
presentations. a poster session. and an exhibi-
tion run in parallel to the conference. The
Display Escola (Display Schoaol}, a special
program for those who wanted to learn more
about displays. took place on November 19
at another campus of PUC, having about

35 people in attendance.

LatinDisplay 2009 had approximately 280
participants over the 3 days — a record for this
conference. LatinDisplay has definitely come
of age as a member of the family of SID
conferences. There are several reasons behind
this growing popularity. First. LatinDisplay
has a unique conference formula: 1t 15 basi-
cally a one-track conference with no parallel
sessions. featuring oral presentations by

famous display experts from all over the
world. Second, the speakers are carefully
selected and instructed o present topics ina
way that will be of interest to a broad audi-
ence of attendees, mcluding swdents, com-
pany managers. university professors,
bankers, and government authorities. as well
as experts trom display-related institutes and
industries.

The highlighted areas at LaunDisplay 2009
were OLEDs, e-Readers, and displays for
medical applications. Apart from a gripping
lecture by Dr. Manju Rajeswaran, Senior
Scientist at Kodak, on the analvsis of OLED
materials, the focus on OLEDs was on light-
ing applications. Dr. Gopalan Rajeswaran.
Vice President of Moser Baer, reviewed
recent developments i organic sohid-state
lighting and Dr. Tom Munters, Product
Manager at Philips Lighung for OLED-based
lighting, described Philips’s activities in this
field.

Ken Werner. Sentor Analyst at Insight
Media, described the developments in the
tield of e-paper. notably e-Readers. The
avalanche of products now on the market
demonstrates that e-paper technology 1s

maturing.
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Shown at far right during the opening ceremony of LatinDisplay 2009 is Dr Vicior Pellegrini

- Muammana, chairman of the conference.

The third highlight was a presentation from
Dr. Adi Abileah. Chief Scientist at Planar
Systems, on displays for medical applications.
His presentation was also the perfect introduc-
tion for a subsequent panel discussion on
displays and information systems for health-
care and hospitals. That discussion featured
Ken Werner, John Jacobs of DisplaySearch,

Gabriel Marcu of Apple Computers. Adi
Abileah, and Cecil Cho ot USP in Brazil.

In addition 1o these highlights. there were
many other invited lectures with content that
was of interest to specialists as well as a broad
audience. The lively Q& A sessions after the
presentations showed that audience members
were highly engaged. Perhaps LaunDasplay’s
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SID news

successful, one-track formula is ready o be
copied by other chapters of the SID.

It should be noted that a second attractor
for LaunDisplay is the current policy of the
Brazilian government to attract the display
industry to Brazil o counteract a trade deficit
of about USS2 billion due 1o huge panel
imports. The policy and financial instruments
that are available in Brazil o attract display-
related industry were presented by Dr. Mar-
aarida Baptista of the Banco Nacional de
Desenvolvimento Econdmico e Social”
(BNDES) and by Dr. Pedro Alem of the
Agencia Brasileira de Desenvolvimento
Industrial (ABDI).

The poster session during LatinDisplay
2009 (40 posters in total) was a good opportu-
nity lor young scientists o 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 16 booths.
Nevertheless, the central location of 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 of the Brazilians,
especially the hostess of LatinDisplay 2009,
Professor Alaide Pellegrini Mammana, amid
the warm Brazilian culture. once again
provided the finishing touch 1o a successful
LatinDisplay.

Please visit the Web site of LatinDisplay
2009 to learn about forthcoming LatinDisplay
conferences at htup//www brdisplay.com.br/
latindisplay. LatinDisplay 2010 has been
scheduled for November 16-19. Alwide and
Vietor Pelligrini Mammana look forward (o
welcoming vou to Brazil for the next and most
exciting LatinDisplay ver. B

Daniel den Engelsen is Chairman of the
Program Commitree of LatinDisplay 2009.

For dmly display
industry news, visit

www.informationdisplay.org

guest editorial

- continued from page 4

the user needs. In my mind’s eve. | can see
what [ like to call the “psychic touch screen™.”
It knows what the user wants, and it just does
ir. Tt doesn’t care how many fingers are used,
how dry the fingers are. how hard or soft or
quickly or slowly the screen is touched, where
i's touched, what it's touched with, whether a
hiand (and maybe also a beer can) is resting on
the screen, whether the device is in bright sun-
light, or anything else. When users are inter-
acting with touch-screen-equipped devices.
they do not want to be thinking about touch or
fingernails or anything related wo the touch
screen, They just want o 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 wuch industry s all about. Touch 1s
accelerating and exhilarating,

This issue of Information Display focuses
on touch. In the Frontline Technology article
“LCD In-cell Touch,” my colleague Mark
Fihn {Veritas et Visus}) and [ explore the latest
status of LCD in-cell touch, the holy grail of
touch for the past 7 vears. In the next Front-
line Technology article. "Projected-Capacitive
Touch Technology,” Gary Barrett (Touch
International) and Ryomei Omote (Nissha
Printing } together provide a thorough explana-
tion of projected-capacitive touch technology,
currently one of the hoteest topics in touch,

In this issue’s Display Marketplace arucle,
Jennifer Colegrove (DisplaySearch) delineates
the current state of the touch market. as well
as recent events in a half-dozen rouch tech-
nologies. Tn the Enabling Technology articie.
“Touch Screens and Touch Surfaces Are
Enriched by Haptic Force-Feedback.” Bruce
Banter (Tech-D-P) describes several new
technologies that are being employed in hapuc
{tforce-feedback) touch screens, as well as
what's happening in automotive implementa-
tions. And in a second Enabling Technology
article. Mark Fihn (Veritas et Visus) and I look
heneath the surface of Microsoft’s Surface
product and other similar vision-hased touch
technologies. Wrapping up this issue is Mark
Hamblin's (Touch Revolution) Making Displays
Waork for You article, in which he explains
why touch makes sense as a replacement for
conventional button-and-switch interfaces and
provides some eminently practical guidelines
for applving touch in those environments.

I hope that you find the articies in this issue
sovinteresting and exciting that vou ! he eager
to join me and the rest of the touch industry in
the pursuit of the psychic touch sereen! B

Geoff Walker is ihe Markeiing Evangelist &
Indusiry Guru ai NexiWindow, the leading
supplier of optical touch screens. He is a
recagnized touch-indusiry expert who has
been working with touch screens for 20 vears.
He can be reached ar 308/506-7556 and
gwalker@nextwindow.com.

president’s corner

continued from page 6

aggressive, and viewed by some as “wishful
thinking.” There was certainly no consensus
that these predictions could be met.

Now that it’s 2010, we can look hack and
see that these predictions were not only true,
but could have been more aggressive! Accord-
ing to market research firm DisplaySearch,
unit shipments reached 100 million in 2008
(2 years earlier than President Lee predicted),
the $1000 retail price is available for 46-inch
paneis (32-inch panels are available for less
than 55001, and AMLCDs have far more
market share in televisions than all compeung
technologies combined. Digital signage 1s an
exciting new application area, 70-inch LCD
panels are being sold through retail channels,
and Gen & throuch Gen 10 fabs now represent
the state of the art,

Al participants in the AMLCD indusiry
must take credit for this achievement; Mr,
Lee himself declared that success would
require innovation and invesument from across
the entire industry, Sull, this was a bold
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 2010 vear. I will note that SID 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 of another
emerging technology — this time organic light-
emitting-diode (OLED) displays. 1. for one.
will be very keen o hear his predictions for
the future and w see if history can repeat
iself. B
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Cytec Indusiries, Inc.

Dawsar Technologies, Inc.

DisplaySearch

Domech. Inc.

DTCATRIE

Endicon Research Group, Ine.

ENEA

Epoxv Technology

FIMI

Global Dispiay Solutions

1GNIS Innovation, Inc.

Industrial Electronic Engineers, Inc.
{IEE}

Industnial Technology Research
Institute

Instrument Systems GmbH

IST (maging Systems Technology}

Japan Patent Office

Kent Displays. Inc.

Kuraray Co.. Lid.

LG Display Co., Lid.
LXD, Inc.
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Micromic Laser Systems AB
Microvigion

Microvision. Inc.
Mitsubishi Chemical Corp,

Nano-Proprictary, Inc.
NEC Corp.

NextWind
Nippon Seiki Co.. Lid
Noritake lron Corp.
Novaled AG

Optical Filters. Lid.

Parker Chomerics/Silver Cloud
Planar Svstems. Inc.
Plaskolite, Inc.

Palytronix, Inc.

QuatComm

Ouanum Dati, Ine.

Radiant Imaging. Inc.

Schot North Amenca, Inc
Sharp Corp.

Tannas Electronics

Technology Research Association for

Advanced Display Materials
(TRADIM}

Tejin DuPont Films Japan, Lud.

TFIY. Inc.

TLC Internatonal

Taoshiba America Electronic
Components, Inc.

TPO Dhsplavs Corp.

Trident Microsystems. Inc.

Umiversal Display Cowp.
Vestal Electronics 4.5,

Westar Display Technologies
WINTEK Corp.

M.

Display Tarwan .25
Display Week 2010 .
Daontech....... 41
ELDIM 5.4, .. .15
LEuropTee 7
Global Lighting Technologies .7
IRTouch. o €2

Konica Minolta.

Merck, .
Microsemi..
SID Hotel Reservations .
SLENCIL Co..
Thin Film Devices
Touch Internatonal ..
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Palisades Convention Managememn
411 Lafavene Sweet. Zad Floor
Mew York, NY (M3

Fenny Donelan. Managimg Editor
2124609700

fax: 21 2/460-5460

jdonelan @ pemd | Leom

Sales Office — Eurape
George Isancs

2 Park View Count

The Paddock. Eawon Ford
St Neots, Cambrideesiure
PE197SD UK.

F44( (- 48021 8400
ceorge @gandg.demon.co.uk

Sales Office = China & Taiwan
Joy Wang

ACE Forum, Ine.

3F-2 Noo 5, Sec. 1, Pa-Te Rd.
Taipei 104, Taiwan
+AEA-2-2302-A940 3 204

Fax: +886-2-2393-0667
caceforunt. com.iw

Sales Office - U.S.A,

Palisades Conventon Management
411 Lafavette Sireet, 2id Floor
Mew York, NY 10003

Michete Klein, Director of Sales
2I2A60-8090 %216

fax: 21 2M460-5460

mekiein@pomd L com

Sales Office = Korea
Jung-Wan Suh

Sinsegi Media. Inc
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22.5" Capacitive Touc
With LM TO™

Display Products: (.All-

P

Transparent Conductor ITOIZOAZO . + Patterning Transparent Conductors

with Lowest Surface Roughness Metal & Oxides

I.M.IT.0.™to LC, Epoxy & Air »  EMI/EMP Shield & Heaters
?

Complete Coating Solutions For Your Innovations Anti-Reflective & Hot Mirrors

Stock items for immediate delivery

THIN FILM DEVICES, INCORPORATED

1180 North Tustin Avenue + Anaheim, CA 92807
Phone: 714-630-7127 - Fax 714-630-7119 « Email: sales@tfdinc.com

Visit our website: www.tfdinc.com

Acrosense Technology (Dti) « Taiwan Manufacturing
Group International, LTD + China Manufacturing
TFD & Taiwan video tour: www.youtube.com/tfdinc




Maximizing battery life is 2 key goal for portable device manufacturers. 3M Display Films can
help. For example, 3M offers film combinations that can increase notebook battery life 14 to 17
minutes beyond that of a standard film 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 19983.

vikuiti.com See Us at Display Week 2019 in Seattle

3M, Vikuiti and the Vikuiti “Eye” Symbol are rademarks of 3M.
@ 3M 2010
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