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The Limitless Horizon for Touch i
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by Stephen P. Atwood

lfyou are just opening this March issue, I hope you notice Managing Editor: jenny Damian
that it is thicker than the previous few. The reason is fairly 5{}3;9g4.g523. jdom1an@pcm4] Loom
Simple. Our Guest Editor Geoff Walker brought to us an Administrative Assistant: Ralph Nadell

outstanding array of submissions and we just could not ; Sales Manager: Danielle Rocco
bring ourselves to cut anything out. Touch technology has 53168 Director: Michele Klein

been around for as long as I have been in the display busi-
ncss. In fact. I've worked full t.ime at three different touch

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

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

 
Editorial Advisory Board

I
l

l

l Stephen P. Atwood. Chair

1 Creme/?i;om'Jr Corp, U. SA.and I have had the privilege of meeting many of those inventors. 373°C Fina“
But I doubt any of those early inventors could have envisioned the massive scale of U”“"""”’_“3" “f T‘''‘“‘ ‘H D""”‘”* USA‘

adoption and utilization that has taken place around mobile devices. Sccntingly, ;_ Allan Kmfiz
almost overnight everyone is using touch with ease to navigate complex interactions C""‘”h“’"' U‘S'A‘
with their iPhones. PDAs, and other devices. Early complaints about accuracy. Larry web”
response. uncertainty. and image quality seem to have evapotated 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 innovating for

the past several years and, wiI'_h some assistance from the semiconductor and lnat.eri:1ls

industry. have circumvented these problems enough t.o 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 gesturczrecognition software and became frustrated by the ort~screen keypad when

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

Guest Editors

Solid-State Lighting
Jcflrey-‘ Spindler, Eastman Kodak Co.

Flexible and Ultra—l.,ow—Powcr Displays
Rob Zehner, E Ink Corp.

3-D Technology
Brian T. Schowertgcrdt. Um'vé'rst'r_t' of

t

Comnirartt, U..S'.A.
l

things was like using a shotgun to hunt ants. Sure you could get the target. but the l Washmgnm
collateral impact was substantial. And. even if none of this deterred you, then the OLE‘? Tmhnokhgy, _
eventual degradation of the screen due to stylus-induced wear was disappointing. Mm Hack‘ Llfljiletgfli Display Corp‘

Projectcd—capacitivc screens. with their matrix of absolutely addressed conductors LCD T°°h“°l“’33' I I

and rigid glass surfaces. have really changed the experience. Now there is little Sh”;F:::aw”’ U"”""‘”"-“' {if Calm’)
calibration error or drill. the contact with your finger can be very light, which allows

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

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

does not support stylus use and is 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 l referred to in the hcginning of this editorial. If you talk to him, he can expound

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

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

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

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

bctltsr optical coatings, and even high—rcsolutjon matrix addressing to produce

accuracy similar to that of pro-cap screens.

Green Manufacrurir: g
Greg Gibson. A-’:axTECH FA5

Touch Technology
Geofl Walker’, .Nt=xfWt':tdow

The opinions expressed in editorials.

So, does this mean the quest is basically over? Are we at the shores of the touch» columns. and feature articles do not neces-
sarily reflect the opinions of the Executive

Editor 01' Publisher of Irtfonnation DIspl.'a_y
technology journey and ready to unload the boats for good’? Have we discoverecl

everything that needs to be d.isco\-cred‘? Not a chance! If you have read any of our

previous issues on this topic you kriovt-‘ the theme: Touch keeps getting better, but

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

Magazine, nor do they necessarily reflect
the position of the Society for Information

Display.
 

(t'ontirttred on page 35}
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Tyco Electronics’ Elo Touch-

Systems Rolls Out lnteliiTouch

Plus Technology

by Jenny Donelan

IIttcll.iTouch Plus technology from Elo Touch»

Systems. a pioneering touch te.chnoiog_\_i com-
palty founded in I971. is. according to Elo.
the first surface-acoustic-wave (SAW) touch
technology with multi-touch capabilities. and
aiso the first SAW technology to receive the

Windows ? logo. lnteliiTt)uch Plus records
two .'-iil't"Ii1l[iJlnC(}l.l.‘i touch locations ztnywhcre
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 W'indow.~; 7 touch interface.

Inte|liToLtch Pius will be commercially

available. early this year. in the form of wreen
components in sizes ranging from J? through
32 in. for consumer touch monitors as wcll as

all—in—one touch computers running Windows 7'.

’Tl'll_lCi'l it

it ('_"i_ir'1ta1 .

In addition. it 32-in. open-frame [ouch monitor

 
will be available latter in 2t}l0.

 
be used to commercialize Flad-‘rog‘.s product
line of large. higlt—performarice n1ulti—touch

A new Eio TouchSysterns touch d.ri\=cr. also
compatible with Windows 7, will be available
this year for current Elo tnonitors and will

offer the addition ol‘ digitized gestures to basic
single-touch functionality. No new hardware
is needed. This proprietary technology will

enable real—time sirigle—fi ngei‘ gesture recogni-
tion on all Elo touch monitors, a capability the
company says can be easily integrated into all
Elo touch monitors for compatibility with the

: Windows 7‘ operating system. I

News Briefs

FIatFrog Laboratories AB. a developer and

manufacturer of opticsrbased mu|ti—1ouch kits
and subsystems. recently announced that it
has raised €125 million (approxintately
USSL8 ntilliont in new equity from interna-
tional strategic and institutional investors.
Proceeds from this new round of funding will

tL.r.':nt'i't':l~;
liitttg .51 i l'1l"I'tr'-_"l'}l.
ll‘):-.-lI1'L!l'l}

iqttiprnt .-tl
- ll.-"tItt'll'tt;'lL'l om-

tt'iLilti—tout‘}'~. pt'oi:lr.irl...

See Us at Display Week 2011} in Seattle

in-glass displays. Tyco Electronics, Ltd.. a
‘ Switzerland-based designer. manufacturer.

and marketer of engineered electronic compo-
nents and undersea telecommunication sys-

. terns. has acquired Sensitive Object. SA, a
France—hased developer of tou-:h—input tech-

; nc-logy. for approximately $62 million. Elo
' TouchSystems (mentioned in article earlier")

is also it Tyco business. Amazon.-'.:om has

reportedly bought Touchco. a small .start—up
company that makes flexible touch screens.
According to 11 February 3. 2010. article in the
New Yorlr Times, "Arrta7.on Said to Buy Touch

Start-up.“ Arnazon.co:n will merge Toucltco
with the Kindle hardware division. Lab I26,

in Calilornia. Touchco I1'I'.ll-{CS flexible. See-

through. and pressure—sensitive touch screens.
'- The coinpan}-"s touch—screen technology can

reportedly make a distinction between the

singular pressures applied by either a finger
or stylus. This news was unconf"trtned by
Amazon at press time. I

1-Touch”!



 

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.

very rapid rate.

- New touch technologies are being created.

- Touch is growing EX (units) to IUX (revenue) faster than the display industry.

- Existing touch technologies are being refined and enhanced.

- Projected-capaciti\-'e—toueh revenue has rocketed from $20 million to $600 million

in 3 years.

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

- Display Week has dedicated one of the four half-day Sunday Short Courses to
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 rareiy would have been in

the past (FiatFrog, Touchco. Sensitive Objects ...l.

- New conferences and shows devoted to touch are being created woridwidc.

 

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, rnuhi-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.

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

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

support‘? The answer depends on the application and the device size. In small,

narrow-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 one hand. three or four is probably a

practical limit. In desittop monitors and all»in~one computers. there are zero applica-

tions today that require more than two touches. so the device 0EMs currentiy have

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

than two touches. In iarge-format (>30-in.l displays. the majority of applications

today are "point-and-click" that require oniy a single touch (excepting CNN—TV’s

multi-touch display, of course). On the other hand, it's not much ofa stretch to

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

requiring +1-10 touches in the near future.

In reality, the maximum number oftouches isjust one of more than 40 characteris-

ties that define a touch screen. Ultimately, what really matters is the user experience,

which depends on all of the touch sc reen's chat';.1C.le.ristic s. the user interface. the appli-

cation, and Lhe operating system 2.1} coming. together to work in liannony to do what

fcmitinired on page 45}
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especially in light of the current worldwide economic crisis:
- Consumer—device manu facterers are adopting touch at a
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Anniversary of a Prediction

by Paul Drzaic

President, Society for Information Display

’T‘here‘s a quotation generally attribttted to the famous U.S.

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

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

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 prover: to be true over time. For this column. I‘d like to

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

that to my mind fits the ‘'astonishing’’ description.

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

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

back at the penetration of large-area active—matrix liquid-crystal-display {AMLCDJ

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

presented an impressive array of statistics showing progress in AMLCDs. including

dramatic perforinance 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 {(10 million LCD monitor units were shipped that year. Based on

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

television market. sapplanting 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
held over 70% of the market share for televisions. with AMLCDS. plasma displays,

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

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

projection displays were available up to 60 inches. While everyone was relatively

confident that CRTs would continue to lose market share to flat-panel displays, it was

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

gies would win.

That landscape explains why Sang-Wan Lee’s predictions were so astounding at I_l1e

time. Looking ahead to 2010. he made the following ciaimsz

- AMLCD televisions would attack both CRTs at the low end and plasma}

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

* A target of H10 million AMCLD televisions by 20l0 was achievable -

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

- The retail price for a 32-inch AMLCD would be less than $1000.

° Commercial LCDs would compete head to head with plasrnarproiection units

in sizes up to 7'0 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 distinctly heard the audience audibly reacting t.o these claims —

the price points. unit volumes. and commercial sizes were viewed as extremely
tcoirtirmcd on page 45)"
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LCD In-Cell Touch

Imagine being able to touch the surface of any display with yourfinger or a stylus and

have the location. ofyour touch instantly identified down to th.e 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 ctirrent status in detail.

by Geoff Walker and Mark Fihn

'Ii‘-lEtcr1'n “in-cell touch“ generally refers - On-cell: The touch sensor is an X-Y filter substrate. Strictly speaking. when
to lhe implementation of :1 touch sensor inside array of capacitive electrodes deposited the electrodes are on the bottom surface

the cell of a liquid-crystal display {LCD}. on the top or bottom surface of the color- of the substrate they are physically inside
While the term and technology have been
applied to touch sensors integrated into

plasma-display panels. electrophoretic Table 1: The difficulty of integrating each of 11 touch technologies as
{electronic paperjclisplays, and 0LED~:., this out—ccIi touch is shown as green {easy}, yellow (medium), and red (hard)
article examines only the application in LCDS.

LCD in-cell touch currently exists in three
fonns, only one of which is physically inside
the LCD cell. The three forms; are as follows:

- In-celtr The touch sensor is physically
inside the LCD cell. The touch sensor

can take the form of light-sensing ele-
ments. micro-switches. or capacitive
electrodes.
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the cell — but this is still usually called
"on—cel|“ because of the type of elec-

trodes. (This is a good illustration of the
lact that the terminology for in-cell touch

is still evolving.)
- Ora‘-cell: This new term, coined in 2009

by AU Optronics Corp, describes the
configuration in which :1 standard touch
screen { usually only resistive or pro-
jected capacitive} is laminated directly
on top of the LCD during module manu-
facturing. Unlike the odter two, this con-
figuration typically requires an additional
piece 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 quite new. there is still
quite a bit of variation in their use in technical

and marketing documents. Caution is advised
while reading any relevant material; "on—cell"
may often be used to describe something that
is actually “out~ceil,"' and vice-versa.

Out-Cell Touch

Out-cell is basically just the integration of a
touch solution at the LCD-module manufac-

turcr. This is not Iundatnentally di tierent than
the touch integration that is often performed
by third-party integrators today. The major
difference is that it is likely to be lower cost,

which means that out-cell is probably going to
become a general trend. one most likely to
occur with technologies that are easy to inte-
grate. Table l categorizes all current i.(lUCl'l
technologies in terms of the difficulty of
integrating them as out—cell touch.

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

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

touch screens shipped in 2009. Both are often
attached to LCDs by tbird—party integrators.
so it is easy for the LCD-module manufac-
turer to do the same. Projected-capacitive
sensors are increasingly being made on con-
verted color-l"tltcr fab lines. so LCD manuf£tt:—

turers have easy access to the technology. All
of these factors are causing a number of well-
known resistive and projectecl—capacitive
touch-St:I‘ct:n manufacturers to begin to w’l.“.'l(
closely with major LCD rnanulacttrrcrs on

out-cell integration. Among the other touch
technologies. only optical seems to be gaining

any acceptance from the LCD rrtanufacturers

in terms of out-cell 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 sutntnarized as follows:

« Light Sertsing {ht-Cell): This technol-
ogy. also called "optical." uses the addi-
tion of a photo-transistor into some or all
of the LCD’s pixels. The screen can be
touched with a finger, stylus. light—pcn..
or laser pointer. The touch-senslttg array
can also he used as a scanner. A cover-

glass can be used to protect the LCL)‘s
surface.

- Voltage Serm'ng (In-Cell): This tech-

nology. also called “switch sensing._"
uses me addition of micro-switches for

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

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

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

ogy, also called “pressw cap:.tt:ilive,“
uses variable-capacitor electrodes in each
pixel or group of pixels. The screen can
be touched with a finger or stylus. within

the damage limits of the L2CD‘s surface.
A cover-glass cannot be used to protect
the l..CD‘s surface.

- Charge Sensing (On-Cell}: This tech-
nology, also called "capacitive sensing.”
is 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 he used to protect the
LCD‘s surface.

Table 2 shows which LCD manufacturers

are working on each of the three itt-cell!'0t1—
cell technologies. This list, based on investi-
galion done by the ttttlhtirs. is utidoubtcrlly
both incomplete and inaccurate because not
all manufacturers are forthcoming about their

in-progress research. The authors talte full
responsibility for all errors and omissions.

The theoretical ad vantages of in~cell touch

have always seemed very attractive. These
include the following‘.

- Minimal or no added size. mickness. or

weight land Ehcrt:lhrt: no e1'Tt:r:l on the

end producfs industrial design) in order
to achieve the touch function.

- Theoretically tmlimited {controller-
dependentl r'nulti~tot.tch functiottalityt
since each pi xel or group of pixels
should be individually detectable.

- Conceprually very high touch-perfor-
malice, including low parallax error
(assunting no cover-glass). very accurate
and linear toLtCh~p0inl data (due to the

unchanging underlying piscl matrix}. and
potentially higher resolution than the
LCD {through inter-pixel interpolation
when a Scn.‘t01' is present in each pixel].

- Theoretically tnuch lower cost‘ for the
touch function. since the changes in an
L.CD’s manufacturing cost should be
minimal.

In reality, all ol‘ these advantages have
turned out to be compromised to 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-ceil

touch technologies are being

invcsti gated by various LCD
manufacturers. The manufacturers

with the most significant developme.nt

efforts are shown in bold; green

denotes each manufacturer's primary
focus.

Charge
Sensing

LCD Light Voltage lin-cell or
Manufactttrer Sensing Sensing on-cell]
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frtline technology

Light Sensing
The concept of putting a light-sensing element
into each pixel. announced first in a press release
by TMD in ’3003. was the first in-cell technology
to grab the world's interest. TMD was also the
first to issue a press release describing the
concept of automatically switching between
setising the shadow of a linger in bright ambient
light and sensing dte reflection of the backlight
from a finger in dim ambient light. In those

early days, light-sensing in~cell touch seemed
to be destined to take over the touch industry
and make all conventional touch screens obso-

lete. B y the end of 2007, most of the other

major LCD manufacturers (AUO. LG Dis-
play. Sharp. etc.) had cletnortstratecl sirrular

technology. A Conceptual illustration of light-
scnsing 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—.s'\E.l?0A netbook
shown in Fig. .3‘. uses Ii ght-sensing in-cell
touch in a 4-in. continuous-grain (CG) silicon.
854 x 480 touchpad LCD. This LCD per-
forms the same functions as a conventional

opaque touehpad, widt die addition of stylus
support. two-linger rrtulti-touch gestures. and
limited scanning (shape recognition). The

product. retailing at around $800, is available
only in the Japanese domestic market. Sharp
has made it clear that the PC-NJ?-GA is a

"technology experiment“ rather than a high-
volume commercial product.

The development of dtis product by Sharp
illustrated several t’uttda.mental issues with

light-sensing in-cell touch. These issues,

 

which have generally been acknowledged
andior confirmed by other LCD manufactur-
ers. are as follows:

v The original concept of using reflected
backlight to sense. touch in low ambient

light does not work if the on-screen
image is black. Sharps solution to this
problem was to modify the netboolt‘s
LED backlight to emit more infrared (IR)

light (which significantly increases
power consumption} and to modify the
in—pixel ligltpsensors to be more sensi-
tive to IR. Because the LCD is transparent

to IR. this solved the problem of being
unable to sense touch on at black image.

- In bright ambient light, it is difficult to
distinguish between the shadow ofa

touching object and the shadow of 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 essettcc, using a photo-sensor
to reliably detect touch over the range of

full sunlight to total darkness turned out
to be much more difficult than expected.

- Putting a light-sensing element in every

pixel turned out to be impractical
because it consumed too much of the

aperture {reducing efficiency} and
required too much processing power.

Sharps solution to this problem was to
use one light-sensing element for every
nine pixels. This reduces the impact of
the problems but has the disadvantage of

also reducing the touch resolution to the

Photo sensor

 
Fig. I: In rliiv mm:-epmal' illush-alien of ligl1I—.t-m.i'ing t'n—cell traticla, rt plmrn-.cei:.ting :"lL’}“!i£’lIl‘

occupies a portion of the aperture‘ ofoite subptLet'; the é’l€m€l'Il' is contracted to X and Y control
J't'ne.c so it can be read t".-idi 1:t'aluall_\=. Source: DispLa_t-‘Search.
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point where (a) scanning an image of
something placed on the display is no
longer practical and {hi the quality of
digital ink (when using a stvlttsl 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) problcnts.”
this prevents the netbool-c‘s touch func-

tion from operating as fast as at normal
opaque touehpad. 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 :2 normal touchpad. which made

it quite annoying to 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 to

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

the backlight. resulted in high power
consumption. which noticeably shortened
the netboolt‘s battery life.

Sltttrp was not the “T81 to recognize the
“can’t touch a black image in low ambient

light" problem. Planar observed the same
problem and published a paper in 20071 which
proposed a novel solution: inject IR light into
the edge of a cover glass and use frustrated
total internal reflection {FTlR) to provide the
reflectcd lR that‘s sensed by the in-pixel light

sensors. This eliminates dependence on ambi-
ent light and the bacltlight. in 2009. Planar
sold the intellectual property for this idea to a
company whose identity remains a closely

- held secret. Vllhcthcr it will be available For

E licensing to LCD maztttfacturcrs remains to be= seen.

One lundarncntal problem that Sharp

: avoided by using CG silicon is that of the

mobility of the bacltplane. The level of
mobility needed to implement light—scnsing
in—ccll technology limits the practical imple-
mentation to CG or LTPS, which. in turn.

limits the inaximum size ofa light—seusing
in-cell touch screen to about 20 in.

The net effect of all the above-described

problems is that the development of light-
scnsing in-eel! toticlt has slowed down a great
deal since initial demonstrations. The current

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



light-sensing in-cell touch is still reiutivel}-' far
in the future.

Voltage Sensing
The basic concept of t-oltage—scnsit1g in—cell
touch is the some as that of the emerging

“digiLa]—resistive“ touch technology. in
es-senoe._ an X-Y switch matrix is overhlid on

the LCD. In the case titan external digital-

resistive touch screen. the ntzttrix is ‘Formed by
patterning the nonnztllv continuous transpar-
ent ITO conductors on the sttbstrate and cover

sheet of an anal tlg-1't:.\'i.~«'iiv't.' touch .~'.c:'ccn into

intersecting strips. When 21 finger or stylus
forces an intersectiltg pair of strips together. a

circuit is cioscd (i.e., the voltage measured
hetvvcen the pair goes from an open-circuit

vol tags of a few volts to £1 closcd—circuit
voltage of zero volts).

In the ('.:1.\‘l.’ oft: vt'iltage—scn.<;ing itt—ct:ll
touch screen. micro-switches are added to

each pixel to form the switch matrix. When a
ringer or stylus pt'essing on the surface of the
LCD closes one or more mit:ro~.<\.vitchcs. the

same voltage rneasurement is made. In both
cases. the controller isolates and dri ves each

column separately such that multiple row
circuit closures can be detected on one column

without interference from other columns.

thus inherently‘ providing muIti—loueh. A
schematic illuslrutitln ofu \-'ollugc—scnsing
in—cell touch design is provided in Fig. 3. l

The advantages of the vo}t2zgc—sensEng Icon
of in-cell touch inciudc the follotviitgz

 

- The relative sinipiicity of the controlier
{compared \.'l:'i[l'l the much more complex

t.'onu‘ol.lct required for lighl—st:I1sitIg
in-cell} potentially allows integration
directly into the LCD driver lC.

- The voltage-sensing switch matrix is
totally independent of ambient and
hacklighting.

« A voltage-sensing in~celi touch screen

with one sensor per pixel should be optj-

trial for use with a stylus, since sauhpixel
resolution can be achieved by intenpixc-I

intc rpolalion.

 

The tiisadvantages oi‘\'olt:1ge-sensing in- .

cell touch include the foilowing:
» A cover glass cannot be used because the ‘

Surface of the LCD must be depressed in
order to actuate the micro-switches.

Because the polarizet ttop surface] on

today's i.CD.'iI.}'plC2iii}'l1:l$ at pencil h:3rd-
ness ofonlv Ill-I or 3H. this is :1 signir‘a— i

 

 

 

cant lll'niI.'£lli0t1_ For example. AUO‘s

spccilicutiort on one oi" its \-'tll|.’dgt'.’-St.2lISil'|g
in-cell touch ;~'t.1'::erts is only lO(lK touches
at less than 40 grants. This is radicaily
less than the typical 30—mi1lion!80—gram
speeilieatioit on at five—wirt' resistive
touch screen. While a harder poiarizer is

an obvious solution to this problem. until
there is more demand for touch. the

poiarizer manufacturers have no rnotiva-
[ion to increase hardness and the LCD
irtanufacturers have no motivation to use

Irtore expensive. harder poiurircrs.
Pressing Ihc surface of triosl LCl_)s
causes significant liqLaid—crvstal pooling.

which is \.'iSt.1itii5-' distracting. Eliminat-
ing the pooling can be accomplished by
t'hztngin_e_ the e-.-.ll—spaccr structure andfor

 

Fig. 2: Sim:-p ’.t PC-NJ ?()A ttetbo.-ak it the firs: crtiitmcrcial product to use .r_m_\' form .of1‘rr-cell
tottdt. A l'ig}tI—s'en.tin_t?. :'n—rv?1l form’: .t'er.t'ert is i:itt'grr.t!ed in the tonr.‘lt;ract" LCD, circled in red in

the photograph. Source.’ Sharp.

changing to in-pianc swi1ching(ZPSJ._ hut

there are intellectual property {II-‘L cost.
and other rcstrictitms on doing so.
Again. until there is more demand for
touch. there is little ttiotivation for the
LCD manulacturers to make such

changes.
Adding mic:'o—sw1tchcs decreases the

aperture. which makes the LCD less
efficient.

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

multi-touch gestures can he more diffi-
cult to perform them with zcrti-pressure
capacitive touch screens.

The tnaximutn size of E1 voltage-sensing
in-cell touch screen is limited by the
resistive and cagiacitix-‘e (RC: Eoading oi"

htrrrrmwmti Di.<:pr'a\' 3/’! Kt H



fontline technology

Top View

Data line

Gate line

 

Side View

Y-S6030!’ line

Sensor

(micro-
switch)

IS

Liquid crystal

X-sensor line

Main column spacer

(Cell gap uniformity}

TFT glass

Color titter glass
Common electrode

{indium tin oxide)

Sensor switch

(Conductive CS)

Fig. 3.‘ in this schematic illustration of voltage-senstrrg in-eel! totrctlt, two micro-switcltes are shot-vrt rJcc‘tt;)_t-’irtg a portion of (me strbtrixei in the

top view at left. The side view at right shows the implernentatiort cfa nticrr)-switch using a co!tdttctt't*c coftmtrt spacer. Source.‘ Srtmmtig.

the connecting traces, as well as by the

space required for the traces. 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 compel ling relative
to liglwsensing 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-cell touch
teclmologies. The basic reasoiis are that ta} it
is closely related to projected-capacitive touch
technology. which has rocketed from obscu-
rity to the number two spot in the touch indus-
try since the launch of the iPhone in 2007 and

(hi light-sensing in-cell touch (the former and
earliest favorite] has turned out to be much

harder to implement than expected.
As previously described, charge sensing is

being developed in two Forms: in-ct-.‘|l and

on-cell. The primary difference between the

J2 Ipgpmriuttr-n fJt'spia_r 3/ft)

two is that in-cell charge sensing relies on a
change in capacitance caused by the user
pressing on a moveablc electrode. while on-

ccll 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

into each pi ytel or group of pixels. Each
spacer has a corresponding conductive elec-
trode on the Tl"-'1"—array substrate. An eiectric

field is established between each 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 electrodes to
change. This change is measured by a con-
troller and used to detemtinc the location of

the touching finger or stylus. Because the

conductive spacer is shorter than the main
column spacer, the capacitive electrodes cannot
contact each other and create 21 short circuit.

In the on-cell configuration (Fig. 5]. two

patterned layers of transparent ITO conduc-
tors are deposited at right angles to each other

i on top of the color-filter substrate (untlemeath
the polarizcr} with an insulating layer (dielec-
tiic) between them. An electric field is estab-

lished between the two conductive layers. which

creates a base value of capacitance {stored
charge) between each X-Y intersection. The
capacitance of the hurnan body to ground
causes a finger placed on top of the polerizer
to change the value of the capacitance between

the intersecting electrodes under the finger.
This change is measured by a controller and
used to determine the location of the touching
linger. The number and spacing of the elec-
trodes dctermines the touch resolution.

While both of these configurations use the
same principle of measuring a change in
capacitance between transparent Cl&3CIF('IdKZ.‘§._

the controller and the interface it presents to
the host system are typically unique to each

LCD manufacturer and may even differ
between in—cell and on-cell.

The advantages of the charge-sensing form
ofin-cell and on-cell touch include the

following:

- The base technology of dete-rntirting the
location of a touch by measuring changes
in small values of capacitance is well-

understood and becoming increasingly



common due to the recent extremely rapid

growth of projected-capacitive touch.
' Charge-sensing touch is totally indepen-

dent of ambient lighting or hacklighting.

v A thin ("typically 0.5 mm) cover glass can
be laminated on top of the pnlarizer to

protect the top surface of an DCD with
charge-sensing on-cell touch; this is a
significant advantage over either charge-
sensing in-cell or voltage-sensing in-cell
touch.

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

The disadvantages of charge—Sensing in-cell
and on-cell touch include the lollowingz

- Because the capacitance values being
measured are very small {typically less
than 1 pF‘,t, charge-sensing touch is very
sensitive to electromagnetic interference.

It can be very difficult to make a chargcw
sensing system 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-scnning touch system. The con-
troller for on-cell charge sensing can he

very similar to that for standard projected _

capacitive. while the controller for in—cel|
charge sensing has more unique require-
ments due to the higher level of integra-
tion with the LCD.

- The resolution that can he achieved with

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

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

can only be activated by a finger (an
inherently low—resolution pointing device].

o The conductive spacer electrodes used in
in-cell charge sensing can cause some loss
of apcrrurc. 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 ei‘ficicncy.

- The touch object in in~cel| charge sens-

ing can only he a finger. which in many
applications te.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.

 

- Pressing the surface of most UCDS causes

significant liquid-crystal pooling. which
is visually distracting. This is most evi-
dent when no cover glass is used (in-cell")
but the use of a thin cover glass {on-cell)
does not completely eliminate the problem.

- The maxirnuin size of a charge-sensing
touch screen is limited by the resistive

and capacitive (RC) loading of the con-
necting traces. In-cell charge sensing is
also limited by the space required for the

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

The only LCD manufacturer who has
announced actual available IJCD products

 
Fig. 4: In the ."n—creIl‘ coitfigut-arirlnfnr charge .t'cnsin_i;, tronduaitte rrolmnn s'pac‘er.s_f0r each

pixel or group o_.t'pr'xe1.r are located on the underside ofrhe color-filter suh.rrt‘a!e. and there is a
mrrcxpandiiig conductive electrode on the TFT—arra_\.= substrate. Premting the surface of the
display causes the capacitance bernzwr the electrodes to change. Source: LG Display.

using chargemcnsing touch is AUO. Sizes
include 3.0 and 4.3 in.

Technology Comparison
Table 3 presents :1 comparison of the charac-
teristics oI‘1hcthrt-cin-cell touch technolo-

gies. The red-yellow-green ratings (worst.
middle. best} are relative within the three in-

cell technologies. not within all touch tech-
noiogies.

Opportunities
At least two areas of current research still hold

promise for in-cell touch technologies. as
follows:

Top polarizer

Touchscreen Layers{

LCD Liquid Crygal ; 
[TO {Y}

Insulator

lTO (X)

Color Filter

TFT Array

Fig. 5: In the on—c'el'I configuratiorrfor charge—seir5ing. the capacftancre (gfllite hmric.-it bod)‘ to

ground catues afinger placed on mp of the pntarfzer {top l'a_w'rJ to change the value of the
capacitance hem-can. the inzer.cectt'n.g electrodes under theilinger. Sourrses Walker and FElm.
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- Applications such as tablet PCs that l
benefit from multiple input capabilities
(e.g.. touch and stylus) may drive strin-
tions that combine niultiple in—cell tech— l

nologies, creating ti hybrid technology.

0 Recent developments in multi-color
suhpixel structures may create some
interesting opportunities in light-sensing
in-cell solutions. An RGBW structure.

for example, could enable the photo-
ll'EI.l'l$i$¥.m‘ to be located in the white

suhpixel, which would improve sensing
performance while reducing some of the l
shadowing and power-consumption

problems.

both manufacturing ntaterials and pro—
cess than conventionally applied touch-
screen sensors. (The controller portion
may be comparable to that of C(II‘I\’t'.‘l‘l~
tional touch screens.) However. the cost

of modifying the backplanc andlorfror1t—
plane of an existing LCD design to add
in-cell touch sensing is at least $l—2
million. due to masking. Given the very
large number of different LCDS that

exist. it is unlikely that an LCD manufac-
turer will rnake these modifications

throughout an entire product line. it is

more likely that only selected LCDS used
in highwolume products with a high
demand for touch will be modified for
in-cell touch. In other words. it seems

unlikely that inwcell touch is going to
become the standard for touch in all

l.2CDs_
- The lack of standards for die interface to

in-cell and on-cell touch limctionality
could be a significant impediment to the
spread of the technology in the future. if

LCD manufacturers develop their own

Fundamental Issues
Previous sections have described the advan-

tages and disadvantages of each oi‘ the three
technologies being used in in-cell and on-cell
touch. However. there are several highcr-
level issues that affect the entire in—cel1i

on—cell touch picture as follows:

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

 

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

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

yellow in the middle.

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

22:2;

Characteristic Light Sensing Voltage Sensing

 Size limit {in.)

Touch object

Touch force

Touch resolution

Cover glass

Durability

True flush surface

("zero bezel")

Transniissivity loss

External EM! sensitivit

Internal EMI sensitivity _

Atnhient light sensitivit_
Flexible substrate

Controller complexity

I4 fnformatiryn Di.r_:JIa_\' 3/‘I0

 

unique. interfaces to the touch function
{which seems to be the case thus far}. it

will greatly limit the ability ofdevioe
()EMs 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-cellilon-cell touch technologies are
going to dominate the touch industry
and completely eliminate all other

technologies.

Conclusions

Although inwccll touch has been eagerly
anticipated for more than 7 years, it still has
some distance to go to reach full commerciah

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

l..CDs or cr1d—user products that incorporate it.
Charge-sensing in-cell and on-cell are the
closest to commercialization, with a few

announced LCDS that will probably‘ ship in
mobile phones during 2010. The focus of
most of the LCD manufacturers working on
in-cell touch is now on mobile displays
because sizes larger than 10 in. have prover: to
be quite diffzcult and there are no clearly iden-
tilled high-volume touch applications.
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See Us at Display Week 2010 in Seattle

DISPLAY WEEK 2010
The SID International Symposium, Seminar & Exhibition

Seattle is famous for technology as well as great food

and drink-—and of course for its stunning Pacific North-

west location. This exciting, eclectic city is an ideal

place for the electronic display community to come

together to share inventions and ideas.

Display Week is the once-a-year, can't-miss event
for the electronic information-display industry The

exhibition is the premier showcase for global infor-

mation-dispiay Companies and researchers to unveil

cutting-edge developments in display technol-

ogy. More display innovations are intro-
duced year after year at Display Week

than at any other display show in the
world. Display Week is where the

world got its first look at technologies
that now shape the display industry, such as: HDTV,

LCD, Plasma, DLP, LED, and OLED, to name just a few. ;

First iooks like these are why over 6,500 attendees willflock to Seattle for Display Week 2010. 55' )

Washington State Convention and Trade ' 5 eattle, ‘Washington, 13.5.
May 23-23, y



 

Proj ected-Capacitive Touch Technology

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

number-two touch technology in 2009. This article exam.ine.<; all aspects ofprojec:red-

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

by Gary Barrett and Ryomei Omote

T115 ADVENT of the iPhone has ushered
in it seismic change in the touch-screen busi-
ness. Projected capacitive (pro-cap"). the

touch technology used in die iPhone touch
screen, has become the first choice for many
small-to-niedium (<l 0-in.} touch-equipped
prtiducts now in development. The technol-

ogy is not just Apple-trendy hul incorporates
some of the best characteristics of competing
touch technologies.

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

- High durability (long life)
- Excellent optical perfortnance {high

transmissivityl
- Urtlitnited rnulti-touch {controller-

dependent)

Pro-cap touch screens can he made entirely
of plain glass, allowing them to be immune lo
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 he virtu-
ally ttnbrealtable and have the flexibility to he

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

Gary Barret?! is the Cl2iefTecl1nolog_v Ofiicer
at Touch lrttemational. He can be reached

at 5 I 3832-8292 or gbarrerr @ Iouehinrl. com.
Ryomei Ornate is the General Manager of the

Sensor Module Ertgirieerittg. Industrial Mare-
rials and Input Device Busirtess Unit at
Nisslia Printing. He can be contacted at
+8} — 75-83-52 371 or r—omo1e @'= rilss}ia.r*o.jp.
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irig them to be 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 I although this may be

changing}

- Relatively high cost (dropping rapidly]

Because. they must sense changes in capaci-
tance as small as a few femtofarads (l0“5 F},
pro-cap [ouch screens are very sensitive to
electromagnetic interference {EMF}. This

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

and also makes screens larger than about

22 in. (diagonall very difficult to build. Pro-
cap touch screens rely on human-body capaci-
tance to cause a touch to he recognized. so

they currently require a human as the touch
object. Finally. a typical smartphone pro-cap

touch screen £3.13 in.) is currently about three
times more expensive than its analog-resistive
equivalent —- although that dillerence could
drop by half in as little as 2 years.

How Capacitive Sensing Works
Catpacitivc sensing is :1 very old technology.
Mature readers may remember novel room

E lamps diet could he turned on by touching a
growing plant, and every reader has probably
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 NE555 integrated

0362-09T2.l03f2{}l{l-(ll (:5 l .00 + .00 6 SID 2630

circuit, first available in l9'll ) that “ciicl-ted”

at a steady rate as determined by the time
constant of an external resistor-capacitor (RC)
network. A rnicrocontroller was then pro-
grarruned to monitor the clicks from the timer
and when the rate increased or decreased. it

would react. A wire lot‘ 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. I].
Now, over 30 years later. the same function is
typically accomplished hy using a simple.
capacitive switch lC.

Self»Capacitance
The type of pro-cap described above is called
“self-capacitance" because 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. transpar-
ent conductors are patterned into spatially

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

gle layer. each electrode represents a different
touch coordinate pair and is connected indi-

vidually to a controller. When the electrodes
are in two layers, they are usually arranged in
a layer of rows and a layer ofctilumns: the

intersections of each row and column repre-
sent unique touch coordinate pairs. However,

= self-capacitance touch-screen controllers do
not measure each intersection: they only
measure each row and col umn: i.e.. each indi-



 

Finger Adding
Capacitance to

Ground

MicroController NE555TimerIC RCNetwork

Fig. I: Capacitive serrsing is or ve.t'y ofd rcc‘h:iolog}=. This scliemaric shows how .5.‘ I 970s—era
copac'trt'vt=—$enslng lamp could be turned on by tom_'hr'ng a plant. It functioned by using body
mpaciry to change the click r-are cfa timer. Source: Barrett and Omorc.

vidual electrode. This works well when only

a single finger is touching the screen. For
cxampie. in Fig. 2. a single-finger touching
location XILYO can be sensed accurately by

mcasuri rig all the X elcctrtidcs 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~layer self-
capacitancc touch screens — the inability to
unambiguously detect more than one touch.
As shown in Fig. 2, two fingers touching in
locations X2,Y0 and XLY3 produce {our
reported touch points. However. this dis-

spatially separated electrodes in two layers.
usually arranged as rows and columns.
Because the intersections of each row and

column produce unique touch-coordinate
pairs, the controller in d. mutuai-capacitance
touch screen measures each intersection indi-

vidually (sce Fig. 3). This produces one of
the major advantages of mutual-capacitance
touch screens — the ability to sense a touch at

every electrode intersection on the screen.
Because both self—capacitancc. and mutual-

capacitanoe rely on the transfer of charge

 
between human-body capacitance and either a
single electrode or a pair of electrodes, this

4 method of capacitive sensing is most com-

monly called “charge transfer." Table 1
compares the key characteristics of self-
capacitancc and mutual-capacitance as applied
in touch screens.

Scanning
Pro-cap touch screens are “scanned," meaning
that catch individual electrode or electrode

intersection is 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 to the controller. Mu1ual—capaci—
tance touch screens. on the other hand. require
a more~c.omplc-at scanning mechanism that

measures the capacitance at each row and
column intersection. In this type oil" scan,
often called “all points addressable." the con-
troller drives 3. single Column (Y) and tltcn

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-capao

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 front
two toucltes; as long as pairs are moving aw'ct_v
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 "inutual capacitance.“ which allows
an unlimited number of unambiguous touclies.

produces higher resolution. is less sensitive to
EMI. and can he more cflicicm in its use of

sensor space. Mutual capacitance makes use
of the fact that most conductive objects are

'.xl.1lc.lo hold a charge il‘ they are very close Ghost Points
together. If another conductive object. such
as a finger. comes close to two conductive
tihjccts, the cltargt: 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 and Ornate.

Fig. 2: Win-it ct sefflcapaciraiictv much s<‘.‘i~m'n is rouclied with rwofirigers that are diagoriallr
separated. a pair of “glmsi pm‘.-t.r5 " are created because the controller rmly lmows that two
colttnrns and two rows have beer: touched,‘ it carmor tell which. (.'o(3rdina.Ie pairs belmig together
because it is mu'_t- scanning indiividual electrodes, not elecnodc inrers.ecn'on.r. Source.' Barrett

i‘.=ri'ormcm'mi Displtr_i' _i’J'l0 1.7
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Fig. 3: in :1 mutual-t'apacitwtce touch screeti, £"l*£’?'_l.-‘ electrode irttersectiort can be l.omtmbigu-

oy.t't"_t‘ identified as a !out:h point. Source: Barrett and Omaha.

itance controller relatively complex widt a

high processor load. but. in return. it supports
unlimited mnlti—touch_ Scanning rates in
current pro—cap controllers range from
appmximately 2010 200 Hz; atypical smatt-
phone touch screen may have nine columns
and 16 rows, for a total of 25 electrodes and
H-4 electrode intersections.

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

from multiple adjacent electrodes or electrode
intersections are used to interpolate the exact
touch coordinates. The results are extremely

precise and the resolution is usually at least
I024 x 102400 bitsl. Scanning also has the
advantage of being free of coordinate drift. This
is possible because the rows and columns are

physically ti:-ted and each measurement is made
in at sntali arett. Without the issue ofcoordinate

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

Touch-Screen Construction

In the short time since the introduction of pro-
cap touch screens in iPhones. a myriad of con-
struction mcthocls have been developed. All

pro-cap touch- screen designs have two key
features in common: ( ii the sensing mecha-
nism is underneath the touch surface and {2}

there are no moving parts. The most common ;

I8 Irtfortrtrlrfnrt Dt'.tpIa_1‘ .‘l/‘III-'

: Electrode types

Ghost points

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-line (l0 pm": wires can be sub-
stituted for the sputtered ITO. Many mobile

E phones and most current signature-capture
terminals use ITO on separate sheets of PET

 

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

I one-sided ITO-coated sheets of glass.

II
tt

Touch~Screen Conductors

Patterning ITO on glass with line widths of

20 pm and resistivity of 150 {H5 is commonly
accomplished using photolithographic methods;
for example. using photoresist on an LCD fab.
When the substrate is PET, line widths are

typically l0(}—200 pm and patterning is
accomplished using screen-printing. pl1otoliIho-
graphy. or laser ablation. Research is in prOgn‘:5.‘5
on fitze—line patterning on PET with line widths

of 30-50 pm. When used. the third unpai-
terned LCD shield layer typically has a resis-

tivity of 150-300 Q/Ci. Standard-width (not
narrow-border) signal lines at the edge of the
sensor are typically constructed of a molybde-
nurnlaluntinuinfmolybdenum combination.

Touch-Screen Conductor Patterns

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

diflicult to say that one pattern out-performs
another since touch-screen sensors and con-

troller electronics are highly interrelated.

The pattern used in the original iPhone is
one of the simplest. consisting of 10 columns
of I-mm-wide ITO spaced 5 mm apart on one
side of a sheet of glass and 15 rows of 5-mm-

high [T0 with 3'i'—ttrn deletions between them.
The space between the IU columns is filled
with unconnected (floating) [T0 in order to

maintain uniform optical appearance. This
design works well. but the geometry requires

substantial proccssing power to generate accu-
l rate coordinates.

Table 1: A comparison of the key charactcri stics of se1f—ca.pacitance and

mutual-capacitance as applied in touch screens.

Characteristic Self—Capa<:itanee Mutual Capacitance 

Sensing only

Number of layers l or 2

Driving & sensing

2

Sensor design Multi-pad or row & column Any design with unique electrode
intersections; usually row & column

Scanning mctltod Each electrode individually Each electrode intersection

Measurement Capacitance of electrode to

column
No in muiti-pad; Yes in row &.

ground Capacitattce between electrodes

No



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

layer of venica} diamond columns (see Fig. 5).
Each layer adheres to one side of two pieces
of glass or PET. which are then combined,
interlocking the diamond rows and columns.

The diamond size varies by manufacturer but
is in the range of 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 toucl1—screen design is the border area.
Linlike conventional analog—resistive touch

screens, which have only four or five signal
lines. pro—cap touch screens often have 40 or
more connections because each row and
column must be connected to the controller

{or to an intermediate capacitive-to-digital
signal-processing chip). This can require a
significant border area around the touch-
screen active area. Historically, con1'3t:Ction
tmces have been silk-screen printed l mm

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

narrow border. To achieve this. a technique
similar to that utilirflil for TFFIJCDS is used.

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

Fine-line silver printing with 50-100-um lines
and gaps achieves a lower cost than the sputter-
ing technique. but polyimide tails remain the
most common method of attaching to the lines,

which requires the material to protrude. beyond

die edge of die substrate and is also expensive.
Cost can be reduced substantially if a device

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

Cover Lens and Touch Surface

Mobile-plione touch screens typically use a
plastic or glass “cover lens” that is laminated

to the touch screen. This allows product
designers to make the touch screen [lush with
the top surface of the device housing ( as in the
iPhone). The cover lens can be screemprinted
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 t.ouch—panel circuitry, incorporates a
logo, can have ruby coatings for a camera. and
can act as a tliffuser for hacklights. A glass

Transparent Thin-Film

Conductor (ITO)

Thin-Film Separator

 

 
Fig. 4': The pro-cap design c0.nc.'ep.' shows two transparent conductor l.:z_\=er.t separated by an
inn.-l'ator, all wider the touch surface. {Note that the transparent conductors are shown as solid

.slieer.~: when infacr they are uctuall__v paIJeri1ed.l In some cases. an adriitfoiwl trrrpatteroed ITO
layer is added or the bottom of.-The 3'It.t.t:lt' as a sl1ield_.I"0r LCD noise. Source: Barrett and Om-91.9.

cover lens is typically 0.55. 035. or L1 mm
' thick for mobile devices and up to 3 mm thick

for kiosk applications. The dielectric constant
of the cover lens and its diickness have a

direct hearing on the sensitivity of the pro-cap
touch screen - a thinner cover lens andjor a

higher dielectric constant results in better

pefiorrnance. Plastic {PMMAJ 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-Iimel or aluminum silicate are the most

commonly used types tif'gla.s.‘s. Chemically

strengthened float glass is half as likely to break

Layer-‘l
Diamond Rows

as plain float glass; clternically strengthened
aluminum silicate is less man one—d2irid as likely
to break. Some 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 stre.ngtl'tened.

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

straightforward to produce by sputtering [T0
on polycarbonate or some other film and then

Layer-2

Interlocking

-::»<2<>= _ »<>~.»<><>« 3‘ Diamonds

Fig. 5.‘ The diariwttd pro-cafl l‘e'ns'rJr pattern isforrnrcd by In-'0 interlocking diarnorid—shttped
la.\‘e'r's. S0l.l'l'('t".' Bai‘rerIand0nio1e.

hll'i::mari'tiir Di.r_nlu_v .i‘x’M 1'9
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putting the film into the cover-lens mold.
'l"l1rec~dimensional (3-1)) surfaces are more

challenging: one solution under development
uses at molded or flexible substrate and elastic
conductive material such as PEDOT.

 Historically, pro-cap has always been
l'mgcr~touch only; it has supported only elec-

trically tethered pens (which are highly desir-

able on signature-capture tenninalsll. This
has been 3 relatively significant sltortcorning

of the technology, particularly with mobile
Controller Designs
There are approximately E7 vendors selling

pro-cap controllers today. several of whom
ollcr both self-capacitance (one or two
touches} and mutual-capacitance (unlimited

multi—touchl types. Mutual capacitance is fast
becoming the standard hecausc nfthc strong
market momentum toward multi-touch driven

by the Apple iPhonc and \Vindowt~ 'l'. Avail-
ahlc pro-cap controllene range from dedicated
controllers that are specific to a particular
sensor sire and row-column configuration, to
fully programmable microcontrollers with
advanced built-in gesture-recognition capabt l-
ities. Current controllers are limited to a
maximum sensor size of around I0 in. at best:

however. most controllers can be combined to

support larger sensors. At least one controller
supplier has announced that it is: developing
single-chip controllers that can support sen-

sors up to I? in. Figure 6 illustrates atypical
controller implementation in a mobile phone.

 

phones in Asia. where users often write Kanji

characters on their resislivc-touch-screen-
equipped phones. in 2009. Atmel annotmced
its pro-cap controller's ability to respond to a
conductive stylus; this resulted from the 3X
increase in signal-to-noise {S/N) ratio it was
able It: achieve (From 25:] to tttltl }. The limi-

tation is that the stylus tip diameter must M
2-3 mm. which is considerably larger than the

typical 0.8-mm PD Aisrn artphone stylus-ti p
diameter. The market acceptance of this
stylus size is still to be determined.

Another attribute of pro—cap technology is that
the touch screen docs not actually have to he
touched to be activated. The touch screen‘;

level of sensitivity can be controlled by the
electronics. In most cases. software is designed

lu require a ph_vsi:.‘ztl touch to activate a lluttclion.
However, the sensitivity can be increased so
that the simple placement ofa hand near the
touch screen (in the Zmaxisj can be detected.

This is common|_v called “proximity sensing,"

 
Ffig. 6: Most prrrcap controller t'mpIcmt*tttart'on.t' are on the totn:lt—.s'crceu toil, located r:lo.s'e to
the .rtm_rot- to mim'm.=‘:,c rmise pt'r‘kup. Tltir pltom .'i'.l1mt'.€ on exontplc of o tou.nl:—.rt"t-cm tailfroni o

mrrbile photte. The c'tJr1lroHerf.s'tr PSOC chipfrrirrt C_\-prc.\‘s' 3emtt:oridtrt'I(:r. The 25 pins along
the lower edge of the rail cortrtert to the sensor [ nine mltmtrls plus nun gmttrtds in the huddle,‘
)6 row: split into rim groups of eigltt on the left and right}. The cmtrrector in the rapper-left
cm-m.=r of the torn’ crmnccts tn the pltorte ‘s main board. Sotrrt‘t°: .-’\«":'s.sha Prrrt.rin_,=:.

2f} Fnfnrrrtuti:-n Di.rptlu_v .i‘.r"lt’)

The selection til‘ a controller 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 tdcvicc 0EMsi.
which naturally results in less flexibility.
Some controller vendors work mainly with
sen sor manufacturers. who. in turn, work with

_'3 the device OEMs. Other controller vendors

' work mainly directly with the device GEMS.

 
Z" The most important controller perlorrnattcc

.-zpcciiications include power consumption,
scan speed. maximum number of touches.

5 capaciLance.-measurement setisitivity. and chip
size. The standard hardware interface for

rnohile—phone controllers is l3C: the standard
interface for PC controllers is USB.

Controller Firmware

Controller firmware {especially algorithms) is
. evolving very rapidly in the pro-cap touch-

screen inclustry. much faster" than sensor or
controller hardware.

Convtzntionally, touch controllers have gen-
erated only one X-Y coordinate pair. With

pro-cap. controllers must now be capable of
generating at least two pairs and oltcn up to It)
or more pairs. in small-to-medium (<l0-in.)
devices. the output format of the coordinate

data varies depending on the controller sup-
plier. ln large-area (>lt.'|-in.) devices. Windows 7‘
has now established a coordinate data-format

standard to which rttost controllers capable of

supporting large-area screens are expected to
adhere. Microsoft has also cslablisltcd a stan-

dard (part of the Windows 7 Touch Logo
specification) on the minimum number of

points per second per touch (50) that a multi-
louch controller‘ must deliver.

Number of Touches

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

two touches on a mobile phone are enough:
tablets and netbooksfnotehooks used in

gaming may require four touches and PCS

with |5~in. or larger screens may require l0
touches. Windows 7 supports up to I00
touches. The reality is that today. other than

mnlti-player games. then: are very i'cw:1ppli-
cations that rnake use ofrnorc than two

touches. Other than observing that all humans

have It} fingers. nohody seems to have any
clear concept of how real-world applications

_ will use that malty touches.



 

On the other hand, ll is clear that as the

border width gets ever smaller on mobile devices.
touch screens must reject the unwanted touches
caused by fingers holding the device (t'.e..

“grip suppression”). Apple's patent applica-
tion on the iPhone pro—cap touch screen‘ says
that the controller is designed to support up to
15 touches for this purpose. consisting of “l 0

fingers, I palms, and 3 others." Related to
this, rnany controllers are capable of sending
a message indicating when a lurge number of
locations are being activated at the same time.
On mobile phones. this attribute 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 today. Table 3 below

lists some ofthe leading suppliers. Relatively
few of them are currently capable of supply-
ing modules (integrated sensor and controller

assemblies): some examples include Cypress.
ELAN. Melfas. N—trig. .-‘Eissha, Syttaptics.
Wacom, and Zytronic. The remainder of the
36 is split 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

[T)igi’Tech Systems Broads-om Nissha
Printing

EELY Cirque Synapties

lnnolttx Cypress Wacom

ITouch EETI Zytronic

Nanjing Wally ELAN

Nissha Printing Meifas

Touch lnternatiorial Pixcir

Tl-‘K Solutions Synaf-tics

Wintck

Young Fast

Optoelectronics

E
E

Fig. 7: Smarrplmne pm—cop .fr;Inch—_rcreen modules inanttfactttred t‘)__i.'- Nf.t.t'lta Printing ('mt.€f.tt of
a pm-cap serzsor, :2 decorrrted cover l.'en_c laminated m the .ren.mi' and at coiiirraller moimred on
the FPC (flexible printed circuiti that makes up the touchscreen corirtertor tail’. Source: Nisslta
Printing.

makers to support their complete product, and

the margin is higher. I-lowever. becoming a
module supplier can be ehalleiiging. It
requires a high level of expenisc in EM!
engineering, die ability to modify the
firmwa.re of any controller used in the module

(in order to achieve uniformity of input acmss
controllers). knowledge of and ability to sup-
port any 05 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 because that makes their job easier.
But this may he the case only for :1 l'-ew years.

If pro-cap touch becomes as popular as
analog-resistive touch. men the device GEMS
will probably want to buy the controller with

software themselves and buy the sensor sepa-
rately. ln other words. the market may evolve
into a more standardized commodity market.
This is of course worrisome to potential mod-

ule suppliers.

Summary
lo the last 3 years. pro-cap has grown
extremely rapidly to become the number-two
touch technology. Pro—cap is used in two

forms. self—capacitancc and mutual-capaci-
lance; only the latter supports unlimited multi-
touc|i_ Many different construction methods
are used, the most eorrtmon one today is mul-
tiple sputtered layers 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 to the cost of a pro
cap touch screen. The design of a plastic or
glass cover lens has become an important pan
of pro-cap touch screens used in mobile
devices. Pro-cap controller htirdware and
tirmvvarc are evolving rapidly; the latest gen-
et‘al.ion supports the use ol'a 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 "grip suppres-
sion." Some current pro—cap sensor and con-
troller suppliers would like to become module
suppliers. but doing so requires a significant
investment in additional expertise.
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The State of the T0uch—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 increast'n.gl3.= being designed around touch screens. Touch-screen

devices are also widely perceived as cool andfun.

by Jennifer Colegrove

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

The display market has consolidated to the
point where the top 10 suppliers account for
over 90'”ii.~ of total display revenue, while the
touch-screen marittn, by t:on1par1son, is made
up of around 170 suppliers, with the top 10

accounting for less than 50% of the total
market revertue. In other words, the touch-

screen market is highly fragmented.

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

and the display market. The top 10 display
suppliers mentioned above are concentrated in
only three countries — Taiwan, Korea, and

Japan, while the |?0+ touch-screen suppliers
are spread across more than :1, dozen countries
(see Fig. 1}.

Historically, the touch industry has been

centered in Japan and the 1.3.8.. 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. portable navigation

devices, gaming, and other applications. Over
the next setattral years. Louch screens will
undergo strong growth in large-size f> E0-in.)

Jennifer Colegrove is Director oj'Dis';1l'a_r
Tet‘itItologiz'.r arl'Jisplo_rSearc.-#1. Site can be

 

applications such as tetaii. ticketing. point of
information, and eclucationttraining.

Among the 20 touch-screen application
categories that [)ispla_~,ISt:areh tracks, the
mobile-phone category is fnrecastcd to he the

I

|EIII
II

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

phone applications in 2008, which is a 16%
penetration rate. DisplaySean:h forecasts that

I Japan

EAmet'icas

e Taiwan

E China

Korea

13 Europe

:3 Row

t'eac1'ted atjemr\‘_co.legrot=e@displa)=sear'ch. Fig. I: The geograpltic dtstribmion ofrnuch-screen supplier-.t .si‘toia'.r Japan trith the itighest
percentage. Source.‘ Dispt'a_1-‘Search 2009 Touch Pane! Market Ariaij‘-si_t Report.
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LE; Comoinaiiorts‘ of ‘

Teennot agree 5 
Fig. 2: Di_rpla_t'Searcl1 divides touch‘ into ten categories with I4 5trb—ft?chnoIogi.cs. Source.‘ Di.rpl.'a_i'Scarch 2009 Totrclt Panel Market Analysis.

the penetration rate of touch in mobile phones

will reach nearly 40% by 21115. Other large

applications in terms of revenues are vertical
markets such as retail and point—ol-sales
(P05), factorylindustry automation, point—of—
information {POI}. and self-check-in. as well

as growing consumer markets for notebook
PCS and PMPIMPJ piayers.

There are over a dozen touclvscreen tech-

nologies in use. and Ito single tecltnology 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 years.
As shown in Fig. 2, Display-Search groups

touch technologies into ten categories: resistive
(both analog and digital), surface capacitive,

projected capacitive, infrared (traditional
infrared). optical imaging (came.ra-based}.
acoustic wave {both surface-acousticvwave

(SAW) and bending—wave [acoustic pulse
recognition {APR} and dispersive signal
technology (DST)] i. digitizer. in-cell. combi-
nation, and others.

One of the more interesting variables in the

touch inclustty is the number of suppliers for
each touch technology. There are over 60
companies supplying resistive touch screens.
over 30 companies supplying projected

capacitive. and over 20 companies supplying
surface capacitive.

A significant number of companies support

only a single touch technology, a smaller
nttniher support two. and very few support
three or more, such as 3M and Elo Touch»

Systernsf'l'ycn Electronics.

Market Outlook

The combination of the rapid popttierization

of projected-capacitive touch technoiogy and
the widespread adoption of multi-touch capa-

bility is having profound effects on the cow
sumer pOl‘El0I} of the touch-screen madtet.
Disp|aySearch I‘orecnsts that the unit shipw
merits of touch modules {cleft ned as the com-
bination of a touch sensor and at controller)

. will grow at 3 compound annual growth rate
(CAGR) of 17% to E.4 billion units by ZUIS,

more than three times faster than the display
market (Fig. 3}. Simiiarly. touch-module
revenues are expected to grow at a CAGR of
14% to $9 billion in 2015. which is over 10

times faster than the display market.

10,000.0 1 Muliidcuch rnoduie revenue
@ Total touch module revenue

9,000.0

3,000.0

The market for touch screens is relatit-'cl_v

small compared with the display market ($3.7
billion vs. $90 billion in 1009'}, but its growth
rate is much faster.

Innovations and Changes in the
Touch-Screen Market

The touchscreen 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: Projccted—capacitivc
touch has grown very fast in 01: last few years

7,000.0

6,000.0

5.000.0

4,000.0

3,000.0
ModuleRevenue(5million)

2,000.0

1 ,000.0

0.0

zaesn-.1 20:39 me 2011
Year

 
2012 2013 2014 201 5

Fig. 3: Displa_vSearc-it '3 woridwide touch-scram revenuefim'cas.' shows total re venues topping
$9 billion by 2035. §iottrce.' Dt'spla_t'Scw'ch 2009 Touch Panel Math’! Arwli-‘sis Report.
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since it was lirst populanbued by Apples iPhone
and il’od Touch starting in 2007. Projected
capacitive is the first serious challenger to the
long-term dominance of analog resistive in the
touch-screen world. Not only have more
resistive touch—screen manufacturers moved to

produce projected capacitive. but projected-
capacitive technology has evolved to the use of
it single substrate t the [TO coating layers are
on one substrate). In recent years. t'tltn—based

projected capacitive made with nticro-iinc
wire has become available in very large sizes
of more than I00 in. At the Consumer Elec-

tronics Show in January 20 I 0. there was an

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

ogy and, as such, is attracting large numbers
of new competitors into the market. ("See the
Frontline Technology article. “ProjecLive-

Capacitivc Touch Technology," in this issue
for more details on the technology.)

Main’-Touch Resistive: Multi-touch resis-

tive first appeared in the marketplace in ship-
pahle form in 3009. Although the technology

had been used in a commercial product (a music
controller from .lazzMutant. 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 300? issue of lrlfonnarion Di_rpla_v.)
Multi-ttiuch-resistive lcchnology is created by

patterning indium tin oxide (ITO) transparent
conductors on PET film andlor glass. The
advantages of this modilication of analog
resistive are that it supports muiti-touch and is
significantly lower cost than projected capaci-
tive; the disadvantages are all the same ones
as analog resistive (.-2. g.. low durability and

poor optical performance}. it remains to be
seen if the cost advantage of tnuh.i-touch
resistive. will remain significant as the volume
of projected capacitive rockets upwards.

Optical.’ Imaging.’ 0ptical—imaging touch-
screen technology can be very cost-ei’i"ective
in large sizes t>l0 in.) because it requires
only two cameras and an inlrared (IR) source.

initial suppliers of opticalwimaging touch tech-
nology included Canada-based SMART
Technologies and .\lew-Estland-based Next-
Window. Along with mu|ti—touch resistive.
projected capacitive. traditional irtt"rzu'cd, and

SAW touch technologies, optical imaging is
aiming to ride the wave of Windows 7,

24 Irt_{-mnorinn D:'spla_v 3/it’)

= curiosity until Apple launched the iPhone in

Microsoft's first operating system to support

multi-touch. launched in September 2009.
As optical imaging has taken off. more com-
panies are entering the market. For example.
Taiwari—based Quanta has started mattufact.i;tr-

ing desktop and notebook PCs that include
optical-imaging touch. Quanta uses Pixart
Imaging as its touch-controller IC supplier;
Pixart Imaging licensed SMART Technolo-
gies DViT (Digital Vision Touch) tochnoiogy
and reialed know—how in 2009.

In-Cell: In-cell touch has been a kind of

Hoiy Grail in the touch industry for the last l
3 years — itjust seems natural for touch to be
totally {and invisibiyl integrated into the
displays. Research continued during 2009 on
in-cell in all three technology variations —
photo-sensor (aiso eailed light sensing).
sensor switch (also called voltage sensing),
and capacitive spacer {also called charge
Sc-.nsing]_ One key milestone occurred in May

2009 when the first actual, product using any
form ofin-cell touch started shipping. The
product. a netbook from Sharp that sold oniy
in the Japanese market. used a 4-in. 854 x
480-pixel LCD equipped with photo-sensor
in-cell touch in place of the conventional opaque
touchpad. AU Optronics Corp. {ALTO} also
announced an in-cell touch-enabled display in
2009. LG Display recently announced it will
mass produce 13.3-in. capacitive in-cell by the
end of this year. In-coll touch is likely to

appear in several mobile phones in 2010.
(See the Frontline Technology article, “LCD
In-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 years. It has
been widely used in kiosks and other public §

applications. Until 2009. it has aiways sup— ’
ported only single—touch. Elo Touchsystems

changed this when it announced in December E
2009 the launch of lntelliTouch Plus. a two-

touch implementation of SAW. tSct: this i
issue‘s Industry News for more information.)
This was particularly significant not only
because of the technical innovation that it rep-
resents. but because it allows SAW to com-

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

ability to support two or more simultaneous
touclies. Although multi-touch was invented

many years ago, it remained an obscure

2007. When Microsoft launched Windows 7
in 2009. multi-touch became a “rnt.tsl-have”

 

characteristic of many consumer touch

devices. It is worth pointing out that multi-
totich 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 ajrpon check-in terminal
needs to touch more than one spot on the
screen at a time. Mu|ti~touch is not a touch

technology in itself; it is a characteristic that
is supported by various touch ltzchnologics.
including projected capacitive, traditional

infrared, optical imaging. bending wave,
surface acoustic wave (recently), in-cell

' touch. and. of course. rnulti-touch resistive.

it should he noted that just because a given
touch technology is capable of supporting
multi-touch, not every implementation will
expose mtzlti-touch to the user. For example.
at the Consumer Electronics Show in January
2010, one vendor was demonstrating a touch-
controlled recipe reader intended for kitchen
use. When asked if it supported muiti-touch.
the vendor said that there was no need for

multi-touch in the simple. straightforward user
inter1*at:e and that projected capacitive was
used in the device because of its high durabil-

ity ancl high optical performance.

Taiwanese Players Entering the Touch

Industry
In 2008. there were 37 touch-screen manufac-

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

{Condo and Sintelcl, equipment makers (Usan
Technology and Mirlc Automation), and
driver-[C supplier Sitronix (which partnered
with France-based Stanturn on multinoucit

resistive controliets) have all started to.5

explore the touch market.

Apple's iPad: A New Wild Card?
ln January, Steve Jobs announced that
Apple’s iPad will he availabie at the end of
March 10i0. The i[’ad will have a 9.67-in.

LCD and projected-capacitive touch
Apple's iPhonc had a big impact on the
mohile-phone business and on small-sized

projected-capacitive touch screens. How will
the iPad impact the mini-notebookrtahlet PC
and medium—si2cd touch—screen niarkets?

Will it aiso stir a new round of “me«too"
followers to make sintilar devices’? These

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

Enriched by Haptic Force-Feedback

Tacrilefeedback 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 hapfic effects continues to increase, providin.g many options and opporIum't‘t'esf0r

system designers.

by Bruce Banter

'I:IE TERM HAPTICS comes from the
Greek word haptikos (from haptesdiai. to
grasp or touch). For touch user interfaces, the
te.rm typically refers to a tactile sensation or
force-feedback that users experience when
touching the surface. Conventional touch

screens do not provide the tactile sensation of
mechanical buttons and knobs, resulting in a
less satisfying experience. Haptics 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 interaction.

Haptics have been utilized in automotive
applications for some time in rotary controls

with joystick types of motion. Conventional
rotary knobs are limited with fixed detents

t_“butnps"') and degrees of rotation {end-
stops]. BMW‘s iDri ve. 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 Cliiej‘ Engineer at Teclt—D—P.
He liar been active in developing HM.’ cori-
trolsfor more than 20 years and was previ-

ouslt‘ ChiefEitgirteei' at Methods.’ Electror1ic.s'.
Lear. and TR W. He can be contacted at

248/763- 7838 or bruo-2.bariter@ ietrhdp. net.
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rotary and four-axis joystick motions to con-

trol the functions on the display. The concept
has evolved into the COMAND controller in

the Mercedes S-Class. the Multi Media Inter-
face (MW) in most Audi models, and the Remote
Touch controller in several Lexus models. Some

automotive GEMS believe that these types of

rotaryfjoystick inputs are similar to computer
mouse controls and provide more intuitive and
conifortable operation than touch screens.

Haptics was presented as a key enabler for
touch user interfaces in the article “Tactile.-
Feodbaclt Solutions for an Enhanced User

Experience" in the October 2009 issue of
Information Dt'spla_r.l This article expands on
the information in that piece and presents some
new information on additional haptic tech-
nologies and the use of haptic force-feedback

in automotive toueh—scrcen applications.

Touch Screens and Touch Surfaces

Touch screens and surfaces are increasingly
replacing the conventiontil mechanical buttons
and knobs in automotive controls because of

their ability to provide a reconfigurable user
interface (U1) that blends with the vehicles

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 to

reduce driver dist raction and keep attention on

(i36"—fJ'9?3![}3f?.l!i{l—f|2o$ l .00 + _{'|l§ G SEE) 2010

the road. Touch screens are enabling the
customization and adaptability of the UI for
improved presentation of information and user
inpuLs. The main disadvantages of touch
screens have been fingerprints on the screen
and the lack oi‘ tactile feedback.

Haptics are being utilized to provide unique
information to automotive users. Sliding
motion inputs such as radio volume or fan

speed can be enhanced by increasing the rate
and intensity of leedbaclt as the finger moves
across the surface to correspond to the loud-

ness of the radio or speed of the fan. Users
are able to learn and identify lcatures coded

I with unique haptic effects. The muscle mem-
ory of liaptic effects can easily be recognized
and quickly understood even witliout Confir-

mation of sight and sound feedback.
The type and size of information displays

impact the need for touch screens and haptics.
Automotive OEMs initially began using
smaller LCDs and OLED displays for cluster,
radio and climate controls withotit touch inter-

action. Over time. the “center-stack" area has

evolved into a major control. navigation, and
communication hub with display sizes contin-
uing to increase. providing increased room for
user interaction. Eight-inch LCD5 are becom-

ing common in automobiles today. Adaptive

and reconfigurable Lfls are required to provide
an increasing amount of inforrnation to the

driver and passengers. Multiple screens are



being utilized to presctit different types of

information. Touch screens. proximity sens—

ing. and haptics are key parts of providing E
unique experiences for each screen. ’

The trend of vehicle-interior styling is

toward organic and flowing lines. The center-
staek area is being blended into the instrument

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

gies that can be applied to a curved surface)
are being developed for several applications to
match the trend. Applying touch. haptics. and

motion to a complex surface is chalienging,
and haptic design considerations must be
incorporated during the initial stages of the
vehiclcdntci-ior design.

Adding I-laptics
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 tactile

feedback. Users have been programmed to

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

increased input speed. increased accuracy,
and less frustration when liaptic feedback is

part of the UL: Some current automotive
applications of 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 OER/ls to understand user preferences.
and they indicate that users prefer the combi-
nation of tactile force-feedback and sound."

The type of haptie effect can vary in com-
plexity from simple vibrations to multifaceted
effects driven by complex mathematical

models {see Fig. ii. Simple rumhle vibrations
have been used in mobile phones for several
years. but they are evolving to more intricate
eftccts. l-li gh-fidelit y force-feedback has been

shown to produce a more authentic response
and engaging user experience. The new
gesture-ricli user interfaces that are beginning
to appear in consumer products will urtdoubt- I
edly require high—fidelity feedback.

Producing Haptic Effects |
Most haptic clients are produced by stirnulat- '
ing the nerve receptors in the linger by motion
of the touch surface or vibration of the skin.

Movement is generated by pushing or pulling

fl
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Fig. I: The spectrum ofhaprfcfeedback ranges front simple vibration: to cornplcx rnultrfacered
eirwits. with the latter being perc.'ei'vcd no a more ourheruic representariiin of the origiriol tactile
feedback it is designed to repheate. Source: Intnirrsion Corp.

the surface with either a prime mover or mag-
netic or electrostatic attractive forces. Control

of the rnovernent 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.

"file following paragraphs discuss each of
these seven methods. (See the aforemen-
tioned October article For additional details on

inertial, piece. and surface actuation).

Inertial Actuation

Ectlentric rotating niass IERM} inertia} actua-
tors have been used as vibrators in mobile-

phone applications for many years and they
are starting to be used to produce haptie touch

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

Piczo Actuation

Piezo actuation is generated by pie2o—ceramic
elements that deform with applied voltage.
The piezo elements are applied to the touch
surface. and haplic 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 piem
force-feedback as an option in its resisljve
touch screens for a number of years. SMKIS

first automotive haptic touch screen was intro-
duced with “PulseTouch" in 2004 in Alpine‘$

Table 1: Inertial actuation and Capacitive Electrosensory Interface

{CED are but two of the seven methods currently being used to produce haptic
feedback.

Haptic Method

incrti al Actuation

Description

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

Piezo Actuation Flexing the surface with piezo disks or strips

Surface Actuation Moving the surface with electrostatic attraction

Lateral Actuation

l'£let:tt'o-Active Pol _vmcr Actuation

Moving the surface laterally with electromagnetic actuators

Moving the surface by contraction and expansion

Bending Wave Moving the surface with picZ0t:lCCtTiC sensors

Capacitive Electroscnsory
Interface {CB1}

field

Generating electrostatic pressure and stimulation in
linger nerveendings through the application of an electric
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Development has continued with several auto-

motive OEM applications currently in progress.
SMK’s pieao-ceramic actuators are a

proprietary material that can be applied in a
thickness of 1 mm to resistive film-glass or
glass—gIa.ss touch screens. Accelerations of

20 can be created with high bandwidth to
accomplish hi ghwfideiity effects. SM K has
worked with Itriinersioit to provide 25 haptic
effects that can be eiribeddcd in applications.

Their latest generation of products includes a
gesture-recognition touch screen with two-
finger multi—touch that changes die haptic
feedback according to the pressure applied.
The change in resistance triggers the change
in the haptic effect. Projected-capaciuve
touch screens that incorporate SMK.’s piczti

actuation are also under development.

Surface Actuation

Surface actuation, developed by Pacinian

Corp, is a technology that shows great
promise. The October Irtforoiation Di_rpta_\'
article explains the operating principle in
more detail, but the basic premise is eiectro-
attractive force between two surfaces with H.

charge differential. System response time is
fast from G to 500 Hz. The acttiacion mecha-

Laterai actuator ‘t of 4 “
.. . - - lSliding rnechartis

Backtighting LEDs -4: ‘ ' ' ' l _ _
. ' ' piezoelectric sensors at each corner of the

: screen to convert the mechanical energy from

Lateral motion
stretches 5|-tin
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Electric. provide lateral moveiiicitt of toirdi ,t'trt_'faC::’.s'. Lafciiai’ 1.’.t‘icl'c—!o-_tia'c) m()|r'(.’m(’!!I of the
ioitcit _ttn_-fstrre !.‘i‘i'e1cite.t the .t'l'c.5n and .ttimitiate.t' the nerve i‘ecep.ror.t to prodttcc ictctiie sciisrtiioiis
( .lower left}. Ari expioded diagram of :2 it-'pir:rii aiiminorivc LCD a'.$‘.i‘r?mbl'_l‘ (rig,-lit) tilus'traIeS the
combiiration ofa. lateral hoprirfeedback nirect'1arii'_i'm behiiid the LCD. or resisrii-at toii,ch—sci'ecii
on top rffthe LCD, and capacirii!e—.sen.ting backlii‘ bi.tti‘ori.t mrrotindirig the LCD. Sottrce:
iiiimcrsilim Corp.
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5 mechanical actuators that move the touch sur-
face in at lateral direction to produce the liuptic

5 effect. The small lateral motion {(}.2—0.3 mm)

nism can be incorporated into the touch-
screen components without the need for a

separate actuator. which results in a 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-

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 into
haptic effects. Art SDK is available to imple-

ment an embedded control design and .
customize haptic effects.

The motion of the touch sttrfacc is con-

trolled by the actuator flex frame or by a It
separate sliding or flcxtirc mechanism with
the actuators providing the otity force. Multi-
ple actuators can he used to move more mass.
Haptic touch screens of 30 in. have been i

succcssfuily developed. Accelcrations of

Housing

touch screen

Capacitive
touch-sensor
flex-circuit

Inner haze!

Outer bezel

 

severa! Gs can be produced to generate high-
fidelity haptic effects. lmtnersions Al 10

actuators (Fig. 2'} have been tested to auto-
inorive-grade requirements and have com-

pleted I million test cycies.‘ This technology
has become the benchmark for haptic touch
screens. particularly with regard to the fidetity
and strength of effects and the maturity of
support and capability data.

Electro-Active Potynter Actuation
Electro-active polymer actuation (EPAM)

creates motion by applying a charge to elec-
trodes separated by a dielectric polymer film
to create an attraction force that causes the

polymer film to contract in thickness and

expand in area. The motion is directed in
the desired axes by attaching frames and
materials. This technotogy, developed and
licensed by Artilicia1Muscle. is available in
severat types of actuators; the company‘s
Z-Mode and Reflex HIC actuators are used

for touch-screen applications. The Reflex
acttiatoris output is claimed to be directly

prttportional to the input signal. providing fast
response time and the ability to reproduce
almost any wavei’oi'tn.

Bending-Wave Actuation
LEK-based NXT has adapted its bending-wave
technology that was originally developed for
loudspeakers to produce both touch-point
location and haptjc effects {but not siniult.anc-
ously) in touch screens} In the former case.
NXT licenses its bending—wave technology to
BM Touch Systems for its Dispersive Signal
Technology (DST) touch screens; these. use

the bending waves produced by a touch into
electric signals that are used to calculate the
location oi" the touch point. In the latter case.
the same bending-wave technology is licensed
to Ni.-ssha Printing for use in high-fidelity
haptic touch screens. A wide variation of

tactile sensations can be produced as a result
of the wide bandwidth provided by the system;
it can even be extended into the audio range to
allow the touch screen to also provide audio
feedback. Most haptic effects are produced

below 500 Hz; localized feedback is possible
with different effects in different locations.

Capacitive Electrosensory Interface
Capacitivc Electrosensory Interface (CED or

E-Sense is yet another type of haptic technol-



ogy that was developed by Sweden-hased
St=nseg__" Instead of nioving the touch surface.
this technology generates electrostatic pres
sure in the skin ofthe finger h_v estahtishing a

charge differential that creme.-; at Coulomb
force between the E-sense layer integrated
into the touch surface and the linger tissues.

The force is modulated in frequencies where
the human vibration perception is most st:rtsi~
tive; the osciilating force causes the skin to

vibrate and the nerve endings interpret this as
touch sen sation. Electric-field strengths are
below the insulation breakdown so there is no

electric are between the finger and the touch
screen. The finger does not have to actualiy

he touching the surface to generate the force.
Different areas ofthe touch screen or surface

can be controlled inelividiiaily to generate
small tactile areas that Scnscg calls "tixcis."

The sensations arc best 31:31 with light touclics
or swiping gestures. Virtual surface textures
can he created on the touch surface in areas

being touched. Senseg provides design and
component support for integration of the tech-
nology.

Visteon: Contributing to Haptics User
Research

Visteon Corp. is a major suppiier of auto-
motive [II 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—scree:i
products that include haptic feedback to
identify and solve cltallenges in impiementing
the technology and gain user insight. Dr.
l\-1icIiaeiTschirhart has been leading the com-

panvs user research efforts to gain richer
insight into the constimefs perception of
haptic technology. In an interview with the
author. Dr. Tschithart said. “This research

helps Visteon discover factors that determine
the attributes that individuals perceive when
ltsiltg llaptics. These findiI1gs[maIty of which
are as _vet unciisciosed] are used to guide the
development of haptic solutions that can be
tailored to meet the desired objectives of car
rnakers."

When Will Haptics Take Off?
Haptics has gained acceptance in mobile
phones but has been slow to take oil" in louelrl
screens For other applications. Many compa-

nies are evaluating haptic implementations
and weighing the risk and cost of adding the
fezltttrc. What are the ctists and design

 

 

Fig. 3: A lraptic muclw screen shown hr Vr'.s'mon at the Cwt.s't:mer Elecrro:u'c.s' Shots-' in .lanttur_v
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mttIltfmit‘ritm totich s't'reen as part ofcm lilffg razed control pwtcl housed ittitliirr the orgwtic and

challenges to add the additional hardware and
software and will consumers see value in the

feature‘? Adding motion to most assernblies
Icttttircs new or significant re-design. Will
some combination of light and sound feed-

back he sufficient to satisfy consumers‘? The
research scents to indicate that consumers

prefer tactile feedback once they are aware of
the po.~;sihilit).'. How eliablc are the technolo-
gies‘? The sttpponing reliability data is 5:_row-
ing, but many ofthc Lechittiitigies are very
new. Meclianicai buttons and knobs ltave
functioned wetl and are well-understood frorn

a cost point of view. so why repiacc them’.-'

The iPhone triggered the migration to touch
screens and away from the fixed U] o]'

_ft'owt'rig lines cjfa modem t'crtIer—:.'Ia(.'k. S(3Ltt!‘£Ift'.' l»’i.s‘teon.

mechanical buttons. ()EMs are waiting or
proceeding cautiously to see if the costs and

risks of implementing haptic technologies can
hejustificd.

Automotive products have much longer

development cycles than consumer clcctronics
and industrial controls. but automotive 0EMs

have awakened to the benefits of integrating
the latest consumer-electronics technology
into their vehicles. They understand that
corisumers want to interact with their vehicles

the same vvay they do with their electronic
devices. Several OE-,?\«1.-: are studying haptic

touch screens for user interactions and prefer-
ence. The fit'st rnajor applications wiil he in
2012-model vehicles.
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Conclusions

Time will tell which haptic technologies
provide the best value and the niost consumer

acceptance. Each technology has advantages
and challenges but the application will dictate
the best fit. Hnptics should grow in accep-
tance as consumers begin to experience the
advantages. The main key will be to use
liuptics not just to replace the feel of mechani-
cal buttons but to create new holistic and

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

possible with touch screens aione or mechani-

cal buttons. Implementation costs wili decline
as volume provides economy of scaie and
new. more cost-effective methods and compo-
nents are deveioped. I-laptics is tmly an
enabler of touch screens and the futures of

both these technologies are intertwined.
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Beneath the Surface

 

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

use of vision-based touch. While Microsoft ‘S Surface product is the best-known implementa-

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

continues to make use of vision—bas'ed touch as afoundotion, which in turn will help move

.rurface computing toworrifuli commercialization.

by Geoff Walker and Mark Fihn

Tl‘-IE TERM "surface comptzting" (some-
times called “tabletop computing”) describes
a specialized computer graphical user inter-
face (GUl} in which {1} the keyboard and mouse

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

drop-drawn 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 :1
physical object or an environment.

Conceptual Examples
One example of surface computing is a hori-
zontal 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‘ 5 surface. The software driving
the display identifies the phones and immedi-

Geofi Walker is the MaJ'ioeting Euoitgeiisi &
iridustrr Guru at Nextwiitdow. the Leading
supplier of opticni touch screeits. He can be

reociteo’ or 408/506~ 7556 or gwaiker@
nexrwindonncom. Mark Film is publisher of
the Verims er Virus netr.sietrer.r, foi.“.n.-ted on
the iecitrtoiogies and marlets reiweci to flexible
dis}r1io_t‘.t. di5pia_\'~reiated standards am} regula-
tions‘, _i'~D dis'pia_\'.t‘, itig}i—pe13‘ormartce zii‘.rp1u_w;,
and touch .st*t‘eens. He can be reached at

254/79! -i}6{)'_i or mai':1'&!‘:=ci'itaSeit‘isus.c‘r;-M.
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ately displays a comparison of the two

phones‘ features. specifications, and pricing.
The user can then interact wim 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. etc. The photos
can be transferred to a mobile phone simply
by placing the phone on the display Surface
and dragging the photos over to it.

History
Around the rnid~l990s, a variety of companies
and institutions began conducting research on
surface computing. including Aliaslwavcfront,
Microsoft. MIT Media Lab. Mitsubishi

lilcclric Research Labs {MERL}, New York
University. Sony Computer Science Labs. the

University of Toronto. and Xerox PARC.”
MERIJS armouncemcnt of the DiamondTouch
intemctive table in 200] heralded one of

the first commercially available surface-
cornputing products, but it was viewed as a
research curiosity and was not fully commer-
ciali7.etJ_ Microsofi’s hype-filled announce-
ment of the Surface product in May 2007
caught the puhlics attention in a bi g way.
The widespread publicity that Microsoffs
announcement received caused the Surface

product to becornc sytionymous with surface

U362-09'i2i(.l3i2(llO—O3%i .00 + .00 @ SID 3010

computing. However. innovations related to

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

efforts enabling the techrtolog .

Technology
As with all touch-screen technologies, there

E are two interrelated components — the display
device and the touch-sclising device. On the
display side, surface computing can work with
any type of display, including flat panel. rear
projection, and front proiectiort. On the touch
side. the choices are more limited. While

some early implementations such as

Dia.mondTahle used capacitive sensing.
essentially all current implementations of
surface computing use infrared (IR) vision-
hascd sensing; this requires one or more LR
imaging cameras to be positioned so that an

. image of the entire screen can be captured.
This means that today all surface computers
use either rear or iront projection. which clini-
inates true "tabletop" use — unless the surface
computer is itsclfa table, like Microsoft

Surface (illustrated in Fig. I).

IR Light Source
There are curncntly three methods of suppiy-
ing the IR light that is received by the vision-
based camera in surface computing. These
metltods. Diffused Illumination (DI i.
Fmsuated Total internal Reflection (FTIR).
and Diffused Surface Illumination (BSD. are

explained in the following paragraphs.



 

- DI: Diffused Illumination can he used technology waiting for E1 breakthrough. In the ' moment is very ditferent than tapping icons
with either front- or rcar—illttmination ‘ case of pro—cap. the breakthrough was Applc’s l and selecting menu items on an iPhone.

systems. Rear Dl { used in Microsoft decision to use it in the iPhone; that decision There is one other characteristic of vision-
Surface} utilizes infrared iight projected had an immense effect not only on the tech- based touch systems that's significant. and
on the screen from below the touch sur- nology. but also on the entire touch industry. that is the fact that they can be assembled

face. A diffuser is placed on the top or The authors believe that visiombased touch ! from inexpensive standard parts and open-
the bottom of the touch surface. When has even more potential to change the wortd i source software.‘ No other multi-tottch~

an object touches the surface, it reflects than pro-cap. The latter is. after all, simply a capahie touch technology can he obtained in

more light than the diI"1’user {or objects in substitute for a mouse and keyboard in tntcr- i this way. As a result, the majority of touch
the background]. and the E‘-itlra light is acting with the standard GU25; running on the research being conducted in university
sensed by a camera. Dmnding on the . il‘honc OS and Windows. interaction with ' research labs uscs vision-based touch as its
diffuser. this inethod can also detect hover computers has not been changed in any funda~ fotindatiort. This means that there is an
above the screen and can identify‘ objects mental way by pro-cap touch screens; it‘s just expanding body of work being developed on
placed on the surface. In due case of front been made sirnpler and more fun. especiaily vision—hascd touch along with steadily

Di, infrared iight is pmjected on the screen on smail mobile devices. in contrast. surface increasing ltnowiedge and understanding of
from above the touch surface. such that a computing at its core is an attempt to totally the technology: this increases the probability
shadow is created when an object ‘ change the way people interact with compttt- of a hrcakthrough that wiil drive the technol-
touches the diffused sttrfacc and can then crs. Putting a digital camera down on an ogy toward full cormne1'cialization.

be similarly l'L‘.t.‘.t‘1gni?.C£l by a camera. intcractivc surface, having the photos it com Hardware and software dcvclopcrs rctnain
- FTIR: Popularizod in the touch-screen tains spill out onto the sttrl'at.‘e. interacting excited about viable commercial uses of

world by Jeff Han when he was at NYLI with the digital photos on screen through surface computing and continue to innovate.
(hc"s currently the Founder and CEO rrtulti—touch gestures. and sharing the photos A few data points on progress in this area

at Perceptive Pixel}. the concept of with several other people in a tabletop envi- inciude the following:
Frustrated Total Internal Retiection is 21

physical condition related to differences
in the refractive. indexes of adjacent

materials. When light passes from one
material to another with :1 hi no refrac-
tive index at an angle ofincidertce
greater than the specific angle (described
by Sne|l’s L,-aw), then no refraction
occurs in the materiai. and light is
reflected. This method traps infrared
light in an acrylic overiay. which is
frustrated (scattered) at the point of a
touch; the scattered light is then recog—
nized by camera—hased imaging. Figure
2 illustrates the concept.

- DSI: Diffused Surface Illumination uses

a special acrylic to distribute the 1R
evenly across the surface. This method
relies on small particies 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 sL1rfttt:e,
the light is scattered and seen by the
vision-haseti camera as a blob of lR light.

Significance Fig. I: Scl'ternzrticfor'rrtar ofMz'cro.r0fi '.t .S'utrfat‘e contgmtcr product. The L‘t).l’?1p0HE.l'lf5 ritinibercd

Visiort-based touch systems have not yet I in blitz’ are as-_,t'IolltJtt‘.t: I’ l’ J ar.‘r_t*Zt'c tabletop match .mrfar'e it-‘Mt ct a'{ffir.v.‘cr.' 5'2] 85(l—nm infrared
achieved any substantial commercial penett‘a— light Sf‘-'£t'r'c‘¢.’ directed at the imr1'er.tide ofthe rrmrrlt .t'nr_fac:=: I 3 ,1 in_fi'r.tr'ed camera forte offotrr wttfz
tion. The Lt:chIt0l0g}' is in 3 state somewhat ' a r:0mbi'ned total remtlmion (K1280 X 960pi.te1si: .1’ 4 It Te.r::z.t l'.>t_ttrtrin£nts" DLP projector
Similar to that of projected capacitive ("p1‘0— rurtrtlng ct! I024 X 768 p'trcl.r,' r 5) derlcmp conipuier rtmnirig ct Ctr.tromr':.ea' iaerrfori of Mi'r:rn.t.r}fi‘
cap“) in the early-to-mid 2000.»; — it‘s a niche ' t-"Lita. Source: Micromft.
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Fig. 2: This figure iilustrarm how FTIR cam be tra'£’d to sense touch. A r£ar—pr0je'ct‘icm .t't‘recn

(difi"I1.5‘crj is fl‘!I.(.lt.‘ir.t’Ll with :2 small air gap to fl}? tmdcr.-tide’ ofa sheet‘ qfiacrglic. Infrared LED;
inject light into the polislted edge’ oftlte acrylt'c; TIR CtIl£S€.)' the light to remain trapped
within the? sheet. A hafllc blocks light will: a higlter angle Qfiricidenra near the edge? of
rite acrjrlic. Wham a_;'ir1gé*rt0ttt’l2eS fht‘ mr;{ctr.'e of the acr_i=lic. it "J’rustrare.s' " TIR and coarser
light to smarter out through the acrylic towards :1 v:'sion-based cantata equipped it-it}; an IR

bondpct.€s_filIer. Sotzrce.‘ Media Research l.'.abm'at'nr_1=. New York Univer.rit*_v."

- MERL’s DiamondTouch interactive
table. rncntioncd carlicr in this article.

has hccn licensed exclusively hy startup
Circlc Twclvc, Inc, which is marketing
it as 3 collaboration tool. The Diamond-

Touch tablc enables multiple simultane-
ous inputs such that each user can be
Scpanttcly identified. The technology

uses front projcction and capacitive
sensing.

- SMART Technologies oI'[cI's a vision-

hascd dirccbtouch tcchnology. which is
commercially available and widely used
in t:(.lLIL'Eill{)l'1 and collaboration applica-
tions. SMART offers touch tables and

rear-projection interactive whitchoards
that iI2Cor;_)0ral€! the technology.

- Gcsturc'Fcl< markets a multi-touch table,

in sizes from 3010 55 in; installed appli-
cations include wayfinding and cntct'tz-tin-
rncnt. GcsturcTck holds the world's

record for the largest surface-computing
table at 6 m long [located at the Eureka
Tower in Melbourne. Australia}.

- Microsoft has expanded the concept of
surl'ztct' contputing to go beyond just
tabletop appiicatioiis. dcmonstrming

ideas related to spherical surfaces (both
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on tho cxtcrior, as with a globe) and on
the interior (as with a dome).

- Microsoft has demonstrated surface

computing using photo-sensors
locatcd bchind thin—form—facIor LCDS

iThinSightfil. By using an electronically
switchable diffuser, Microsoft has also

demonstrated that images can he recog-
nized and displayed wcll hcyond the

surface of the screen (S-:conclL%ght“').
The recognition of physical objects.
either as an interface device that can

idcntify objects. or as :1 projection device
that inserts data on surfaces beyond the
surface of the screen. is a computation-
ally formidable Ltscr-irttcrfacc task.

- Several recent proiccts have investigated
the possibility of linking together geo-
graphically separated surfacc computers
in ordcr to create a sharcd workspace for
remote collaboration. as if participants
are co-located around the same tabletop.

Conclusion

In the almost 3 years since Microsoft announced

Surface, then: has hccn an accelerating ilow
of idcas and in formation about surface com-

puting — just try Ctoogiing "touch whit"! 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 uscr inter-
faces in appliances. There is an expanding
body of work on multi-touch. object recogni-
tion. direct manipulation. 2-D and 3-D
gestures. and related fields that continue to
enable innovation in thc area of surface

computing. The technology is ripe for a
hrcakthrough.
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As you will read in this issue, the field is
awash in both somewhat whirnsical work such

as Surface Computing. as examined in the
Enabling Technology article. “Beneath the
Surface" by Geoff Walker and Marl: 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 piecct
“Touch Screens and Touch Surfaces Are

Enrichcd by Haptic Force-Feedback."
One of the more fundamental ambitions of

touch inventors is the complete integration of
touch and displays. By complete I mean the
display and touch mechanism being all one
physical component. the essential elements
hcing indistinguishable from each other to the
user or system designer. In what seems like
the distant past, when others and niysclf
worked on doing this with CRTs, we experi-

mented with using layers of the anti—reflc-ctive
coating on the face of the CRT to also serve as
a capacitive touch sensor. It worked. but then
LCDS tool; over the world l more or less}. and

we moved on to other more commercially

viable endeavors. The touch people never
forgot this concept, however, and numerous

groups continucd to experiment with schemes
to integrate touch mechanically, optically, and
electrically into LCDs. You may have seen
those demos at SID over the last IO years.
some worl-ting better than others. Within the
past year, this work has finally resulted in
Commercial success. Now 11 possible tiew
paradigm of product. designs is about to emerge
in which the bezels can be even thin—ner and the

touch screen is the display. The current and
future state of this work is ahly described hy
Geoff Walker and Mark Fihn in their Frontlinc

Technology article "LCD In-Cell Touch.“ Do
not miss this article — in-cell is coming for real.

If you are not already familiar with the rich-
ness that well~c-nginecrcd touch interfaces can
hring to a product, tukc ‘.1 loolc at author Mark
Haniblin’s article titled “Taking Touch to
New Frontiers: Why It Makes Sense and How
to Make It l-lappen." l-lere, Marl: explains the
ins and outs of user interfaces enabled by
touch. Among his past experiences. Hztmhlin

was part of the core rnulti—touch engineering
[cam at Apple. where he led the design and
process dc.vt:lopmcnt of the touch screen in
the original iPhone and subsequent touch
products.

l cannot begin to address all the other
nuggets of innovation going on in the touch

world or even the rest of the nuggets in this

issue. but in case you think I'm getting too
effusive over this topic. I invite you to read
our Display Marketplace article on "The State
of lht: Touch-Screen Market in 2010" by

Display Scurcl'i's Jennifer Colcgrove. 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 i
number of different suppliers con—tinucs to be

very large {over 100). There has been only
limited consolidation during the last few years.
with more evidence than ever that no one

technology or supplier can supply solutions

for all the applications out there. Touch is one
of those elusive tcchnologitzs where so far Lht:
one penultimate embodiment has not yet

emerged and may never. With so many
unique and diverse approaches, the solution
space is almost as broad as the supply base of
commercial offerings. For me, this is actually
refreshing and I enjoy seeing so many entrepre-
neurial efforts succeeding alongside each other.

I am extremely grateful for the limitless
hard work and enthusiasm our guest editor
Geoff Walker brought to this issue. As one of

the leading innovators himself, 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 an ID.

Correction to Poly-Si Article
We’t’t: atlvt-'ay\\' pleased when we get reader
feedback. and when an error is spotted, wt-‘re

eager to 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 rcrnin®d that:

- (I) Low-temperature polysilicon (LTPS__l
has an higher electronic mobility than
amorphous Silicon {a-Si), but an higher
holc mobility as well.

° (2) Amorphous—silicon (a—Si} does not
contain any crystalline structures.
Rather. it has :1 randomized structure of

the silicon lattice. Poly»Si consists ofa

polycrystalline phase — many small crys-
tallitcs, but with randoniized orientation.

0 (3) While LCD manufacturers are not

generally integrating drivers with a-Si
today. Sarnoff labs did develop a process
for a-Si driver integration in tllc.pa.'t1— it

is possible to achieve this 5

 

You can read a corrected version of this

article on-line at vvww.inforrnatiti|idisplayorg.

For a more complete explanation of the
various types of semiconductor materials
being used for active—rnutrix switches in bCDs‘.
and ()l.lEDs. we invite you to review “Flexible

Transistor Arrays,“ by Peter Smith, David
Alice, Cun Moycr. and Douglas Loy. in the
June 2005 issue. of Iitfomzation Di.tp1a_v. I
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Taking Touch to New Frontiers: Why It

Makes Sense and How to Make It Happen

I’}Ju(.‘h interfaces are appearing in etterythin.g_fr0tn c0rtst.tmer devices to industrial equipment.

not because rottch is “infasht'0n," but becattse it‘ prowides a Truly berterform ofhttman—devic.'e

t'rt.rert:tert'0n.. This article examines the advantages Qfge.s*ture~based tout:'h t'tu.‘et_'faee.r and the

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

by Mark Hamblin

TEJUCH INTERFACES are fat more than
"f'a.~;hionable" features used as a seliirtg point
for Consumers. They are truly a more
intuitive form of human-device interface.

compared to many £ll!.{.!Fl13li\-‘CS, While the
keyboard and mouse still have their place with
the PC, touch interfaces can spread more

pervusivelg,-' 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 huttonfrnenu based interface on some

medical equipment, and even the non-interao
Live paper-based interface of a restaurant
menu, all of which may someday be replaced

hy at well-designed. well—implt:mented touch
interface. There are five reasons why this
could happen. as follows:

- Touch can simplify interaction with a
device.

- Gesture-hased touch interfaces are more
intuitive.

- Touch provides for more aettessihle
interfaces.

- Touch helps "[°ut'ureproot" at det-'1' ee.

Mark Hamblin is the Fotmder of Touch
Revoltttiott, Inc, at touch s'_t'stems mant«_rfat‘—

tttrer bt2.tt'd in San FI'aIl'(‘l.§‘C0 that }te_fottna'ed

- Touch enables con vergence of other
functions into a device.

Simplified Interface
A well-implemented touch interface can be
much Simpler to use than a conventional
tnechanical or huuonwhascd interface because

it can show the user only those controls that

are relevant to as particular operation. while all
the controls in 3 conventit‘nn:1l interfatte are

always present. This characteristic also
tnalt-es il. easy to expand the in1cn"2icc's

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

sequential guide to help :1 user easily get

=£S.{3" 5-03” 550' 
in 2008, Hz» we be coritactm’ at 4 I5/33.‘?-9 I23 5 Fig. 1': One portion nfthe totteh ittterfare rm rt 2009 it-'al'i'—m't=ti_frnrn Jemt—.4.ir itie.lttdr’.< :2
or marl." (ei tottclirei-'. com.
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through a series of control steps, similar to a

“setup wizard" on at PC. Such features
improve the user experience by making the
device easier to understand. As device mak-

ers continue to build more functionaiity into

their devices. the need for simple, interactive
touch interfaces will continue to grow.

One exanipie of how touch can provide :1
simpler interface can be seen on a wait-oven
produced hy Jenn-Air in 2009, which features
a 7-in. projected-capacitive touch display
(Fig. 1). Although the Jenn-Air overt interface

appears much simpler than the typical non-touch
interfaces found on other ovens. it includes

additional functionality such as a step-by-step

guide for ad_iusting cook settings based on the
food category, type, and desired degree of
clonericss. Buttons or controls that are not

relevant to the immediate process are elimi-
nated, which streamlines the interface. reduces

visual ciutter. and prevents user confusion.

Gesture-Based Touch Interfaces

Touch-interface gestures. defined as
two-dimensional finger motions. can further
simplify an interface and provide an intuitive
user experience that goes beyond the typical
“button replacement" found in most simple
touch interfaces. Gestures allow a sense of
control over interface elements that minor

physical elements, allowing for a concept
known as "direct manipulation.“ For exam-
ple. swiping emulates the finger motion
involved in turning the page of a book. while
dragging an interface object around at screen

mirrors moving physical objects. Gestures
and direct manipulation allow users to

employ intuitive actions they already use in
the physical world rather than having to learn
new actions.

More Accessible Interfaces

Interactive touch interfaces provide a signif-
cant benefit 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 he
changed as required. options can be simplified
for beginning users, and pop-up help menus
can appear automatically. The device can
even automatically make these reconfigura-

tiorts upon sensing inforrnation about the user.
Accessibility will become increasingly impor-
tant as touch interfaces move into more

devices in our lives and face an ittcreasingly
diverse user hasc.

“'Ftttureproofing” Devices
A reconfigurable 1'0t1ci't interface without
hardware dependencies can provide the ability
to modify and improve the interface over

time, and cvcn upgrade and change the func-
tionality of the entire device. New features
can he rolled out to devices after the initial

sale. bugs can be fixed remotely by updating
the software over a network connection. inter-

face. reconfigttrations can be made after actual
field usage data is coliected. and new applica-
tions cari 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 ahility to futurcproofthc device. will
become increasingly important. This advan-
tage has already been realized in automotive

and GPS applications. for example.

Convergence of Other Functions
A touch interface is really just a blank slate on
which the control of any application or func-
tion can exist. This allows a touch interface

to be the common element through which
various functions can converge into one

device. In the past, the need for different
physical irtterfaccs such as huttons determined
the need for products and applications to be
separate. For example. in a business environ-
ment. at physical business-card file or phone
list I paper interfaces) is often located beside a

desktop phone (button interface). Neither of
these two products provides an interface that

' is convenient for the other. But if a gesture-

SDFTWARE MTERFACE

hased touch interface were implemented on
the desktop phone. ‘integrating a graphical-
ttser-interface (GUI) based electronic contact

directory into the phone's calling ftmtlliolls
would prohabiy improve the utility of the
phone and the contact list. as well as lacing an
obvious workflow improvement. in ways
such as this, touch interfaces can facilitate

product con vergence between high-tech and
low-tech products.

How to Create an Interface with a

Great Touch Experience
Device GEMS seeking the benefits of adding
[ouch 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 bench mark for the “touch

experience“ — which can be defined as the
collection of factors that affect the ease-of-

Lise. intuitiveness. and overall user experience
oftlte touch interface. OEMs looking to
create an iI-‘hone—lilte interface on their prod-
ucl 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. it is a complex endeavor involving
hardware. software. integration, optimiztttion,
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 to home

PHYSICAL INTERFACE

 
Fig. 2: A block diagram nfa much interface shnn-'5 the compotrents that rntrst be considered
when creating a great touch e,t‘perierrr.'e. Source: Torre}: Rem-lrrrion.
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making displays work for you

appliances. The touch-interface block
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

goal of creating a great touch device. not just
adding touch to an existing design. The
design must be approached hol.istit:ally.
Factors that must be considered from the

beginning of a project include user demo-
graphics. the products industrial design,
system hardware selection. supported features,
and even the product's priee—point.

2. Touch-Sensor Technology: Different

touch technologies have different advantages
and dis2td\-'aIttage5. and dtere are many to choose

from — projective capacitive. surface capacitive.
analog and digital resistive. surface acoustic
wave. optical. etc. it is important to note that
no one-touch technology solves all problems.

3. Touch-Friendly Operating System:
Developing intuitive. attractive. gesture-based
touch GU15 and applications can be diflicult,
especially for OER/ls who are new to working

with touch interfaces. Giving the users the
touch experience they now expect can be
made easier through the use of an operating-
system tOS_l software platform specifically

built for touch. These platforms. such as the
Google Android, Apples iPhone OS. and
Windows 7 t to some extent}. make the soft-

ware developers’ job easier by predntegrating
many common touch user interface {Lil}
elements such as sliders. selection switches.

and gestures such as “I’lici< to scroll.” “swipe."
and “pinch to zoont."

4. Integration Testing: It is exceptionally
important to plan for sufficient integration
testing when developing a touch device.
especially when using a capacitive touch
sensor. lssues such as RF-EMI aflectirtg the
touch sensor. software driver optimizations on

the LCD and touch corttroiier, eabie-routing.
application performance affecting touch
responsiveness. unwanted optical interaction
between the LCD and the touch sensor. ESD

concems. etc. are quite common. The only
way to End and fix these issues is to allow
significant time for quality-assurance testing
and to have engineers with the right back-
ground do 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 often under-
estimated. resulting in delayed. over-budget.
or even cancelled products.

38 Information D:'.rpia_\‘ _i./ft)

E 5. Graphics and Processing Horsepower:
" A powerful touch interface can consume a lot

of processor cycles. it is important to con»

sider where this processing takes place — in
the touch-screen eontroller‘s CPU. at host‘s

CPU. or the l1ost‘s graphics processing unit
(GPUJ. An advanced GUI is poi ntiess 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 to save cost can severely
limit the potential of your GUI.

6. Display Selection: Choosing the right

display to use in a touch device is especially
difficult because of the numerous dependencies
between lhe display and the touch sensor.

important factors to consider include under-
standing RF-EMI interference issues between
the display and the touch sensor. matching the
active area and viewing angles, minimizing

optical Iosxs, and hondingfsealing the dispiay
and touch sensors properly. aunong many timers.

7. M'echan£calIn1egmt‘iort: Most touch
sensors {projective capacitive included) are

made of glass, which has many benefits but
also adds significant constraints when being
integrated into a product. The touch sensor
must be integrated correctiy to prevent break»
age in the event of mechanical stresses. to pre-
vent slight deflections of the sensor that could
interfere with the sensing baseline, to prevent

= dust or other contamination from interfering

with viewing quality. and to prevent EST)
from damaging the touch sensor or system.
among others. Environmentally sealing the
touch screen (if required by the device appli-
cation) can he more difficult than scaling just
a display, depending on the touch technology.

8. industrial Design: By their very nature.
touch devices are intended to be highly inter-
active with the user. This means that

ergonomics. usability, and intuitivcrtess arc

' critical. This is imponant not only for the
GUI design. but for the physical design as
well. lfthe 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 to provide "grip

sttppression“? Is it designed for users of ail
ages. sizes. and disabilities‘?

9. Optimized Touch Software: With an
. advanced touch interface, there are many sot‘t~

ware layers involved 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 suboptimal
user experience.

If). Great GUI: That a touch interface

should include a great GUI seems fairl y

 
i Fig. 3: This muc.h—.t'crcen i'nrer'frIcé.'_for rt washer-dt'_\=er teas _rhowrt' as 11 demonstrartort product

at the 20} 0 Consumer Elecrrrlnitrs Show in Las l»’c_ecI.€. Source.‘ Touch Rt’l'f}h'.£ff0n.



obvious. but many OEMs still do not seem 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
Dcsign“ is. an excellent start. but certainly not

complete. Delivering. at great touch product to
rnarket can be 3 daunting task. especially for
OEMS new to the world tiftouch. There are

tnany helpful resources OEMs can use to
make their touch application a success. A
number of touch-controller IC companies
offer solutions pre-integrated with a touch
screen and OS drivers. minimizing sourcing

and technical integration challenges. Some
LCD and touch-screen makers are beginning
to offer integrated display-and-touch-sc1'ecn

modules. In deciding on a development strat-
egy. 0EMs must carefully consider the trade-

offs between cost, .-;chcdu}e.. reliability. and
overall project risk. \Vhile bringing touch

interfaces to new applications can be difficult.
a well-executed touch product can provide 3.
big payback by attracting new customerts.

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 [Ouch 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-
sharc and revenue streams. Touch is likely to
do the same for other markets as well.

 

Take, for example, the home appliance
rnatket. and the touch-screen wa.sheI'-dr_vci'

pictured below in Fig. 3, shown as ti demon»
stration product at the ZOE El 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-

Iozid laundry-specific applications such as 21
stain-removal guide. a laundry‘-synihttl
decoder. and cvcn an e-commerce portal for

purchasing laundry supplies. The user could
also install applications for other home—related
functions such as lighting control or energy
monitoring. All of these possible features

create new opportunities and potential
revenue streams for the appliance maker.
product user, application developers, and
numerous other third parties. I
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Green Technology

For Ihefirst time in the history of the Symposiunz, the Socierygfor Information Display

has designated a group of special sessions to explore green tech}-toiogies in the display

industry. These include Novel Power-Reduction Techniques, Green Technologies in

Di-spZt:z),= Manufacturing, Low-Power E-Paper and Other Bismble Displays, Power-Saving

Device Designs, and Green Technologies in Acrive—Matrrfx. Devices.

by Don Carkner

REDUCING the environmental impact
of new display components. including a focus
on iower power consumption and sound recy-

cling practices. is now the mission of almost
every participant in the display industry. It is
not only good business to give consumers and
system designers what they want. it is also

rapidly becoming mandated in many jnri selle-
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 cornrnittee decided to create a new

forum to help bring the display indut-'.try’s
grccn technology ideas to light. and the focus
is expected lo be entlmsiastically received by
conference §__'oc.rs eager to find new ways to
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
covering topics ranging from power-saving
circuitry and drive techniques to materials and
energy reductions during manufacturing to

Don Corker is Principal Technologisrfor

CHEM Hill. a member ofthe SID program
selection Display Mwtufoctrrring subr_'ommr'r—
ree, and Program Vice-Chairfiyr Green Tea}:-
.-‘:0l'0gic.sfor SH) 2W0. He can be reached at
drJ.n.rarkner€l=ch2nL com or 10303) 7..i’t‘>-43 I8.

40 infiirrrturlrm Displm‘ .Wt‘}'

l
l
i

i Fig. I: 3ams1mg'.r LEDQOOO is an example

' novel device structures that allow higher effi- I
ciency operation. A strong trend is under way

to adopt light-emitting diodes (LEDs3 as a

replacement light source for baeklight units in l

liquid—crystal displays (LCDSI. both for power ‘reduction and for die very thin packages that .
such designs enable {see Fig. I]. 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
c-paper displays, as the publishing industry
prepares to undertake the massive transition

from heing 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.
AUG. and Philips. An invited paper {Session
9) from Dr. Jun Souk of Samsung, “Green
Technology in LCDS," will provide a compre-
Itcnsive 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

ofa super-thin LED-edgeii! LCD TV that is
dengned m be energy efificient. lrnnge
courses)‘ Samsung.

0362-09?2lO3f2Ul(}-l)4ll$l .00 + .00 ii} SID 1010



FunetitInalit_\-'." by Louis Kerofsk_\'. on the hot
topic of Smari—Grid functionality. There will

also be papers on novel LE]J—ba<:l;light lech-
nulogies from Chiao Turn; and Chung Hua
Uniirersities. New power-saving drive tech-

niques will he discussed by LG Display, and
Aik-‘lC}LEDs._ another topic that looms large in
terms of iuttire power reduction. by Liniversal
Display Corp. (U¥)Cl. There will also he a

.5t:lt:Clit)n of papers from Europe and the UK.
on novel C-paper approaches.

Seiko Anianzc: frtnn the SE$i3’liCJ.m(.ltJCL(II'

Energy Lab in Japan will discuss low-power
operation using the interesting new E620-
based amorphousvoxide TFT device. An-
Thung Cho frorn ALJO will talk about two

forwa1'd—iooking technology developments —
in-eel} light sensing and in-cell solar power
generation — iinagine a display that gC.TI('.I'.'lIt‘.‘S
ii:-. own power‘.

The Case for Green

We seem to be immersed daily in exhtirtations
on Lhe need £0 reduce emissions and conserve

resources, and many people have taken such
advice [0 heart by altering patterns in their
daily lives. Now these concemed consumers
are taking the next step. which is holding

maaiufacturing companies and the devices
they sell accountable in a similar way. Indus-
try players are developing strategies, tech-

niques. and trends that are being used in order
to meet both cotisumers‘ and the shareholders‘

requiremenm. and these sessions will allow
such players; to educate the industry on their

plans and efforts. I
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Touch Takes Off at Display Week 2010

Due to the large nttmber of touch—related symposium papers and exhibitors at last yearir

Display Week, the Societyfor Information Display has inaugurated sessiorts demoted

exclu.stTvely to touch technology in 2010. The sessions are: Touch Teclmology Development,

Multi~T0u.ch Systems and Developments, and Displo)-'—Embedded Touch Solttfiot-ts. There is

also a touch po.rter.res.rt'm1 with nine pre.s‘entations.

by Jenny Donelan

INTEREST in touch-interface technology
has slcyrocketed during the last 2 years at
Display Week. In 2009. 54 exhibitors were
0:‘l—hE'tt1d to show touch screens. controllers. or

other touch-related products and scn'iCt's.
(representing more than 25 of total
exhibitors at the show}. Prior to 2009, the

number of touch papers submitted each year
could be counted on the fingers of one hand.
In 3009. there were 16] papers and in 20l0
there wiil be 21 (including posters). All this
activity is :1 hit akin to 3 gold rush. in that

there’s money to he made and lots of people
are after it — if only they can find the right
spot {t'.e.. the best solutions or killer applica-
tion). At this time these solutions. including

iterations of technologies. such as resistive.
cztparritivc. acoustic wave. and more. are
numerous and. in the end. some will undoubt-

edly achieve more Lraction than others. Prat.‘-

tically everyone involved in touch technology
can limit sotnething promising this year at
Display Week '.3[ll0. which will he £1faSL‘ll11i{-
ing stage on which many of these compunitis

and tcclinologics play out.
"There is incredible interesl and expansion

in the touch market right now." says Rob
. enior_ an Executive Vice Prcsiclcnt with

;’\it=isa.: Limit and S18 l’rot__'rartt Vice Chair for
Touch. But why now? Touch has. alter all.
been around about us long as there have been

Jenny Drmelan is the iliunogirig E.s.’i'to:- of

lnlhrtnuiimt l)ispEny rrtagazine.
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has been used for many years in applications
such as banking ATM.<. and educational
plaLforrns._ it was not as much of 21 draw for

E personal computers and other devices until a

couple of recent commercial implementations
2 took hold. One is obviously Apple’s iPhone

{see Fig. I l and other portable devices that use

mu|ti—touch. Another is Microsoft's support
for multi-finger touch in the user interface for
Windows 7, as well as its Surface cotnputing
Senior also cites Hewlett Pucku.rd"s Touch-

Smart technology. irlcorporztled in its line o1"
TouchSmarl PCs, as at factor in raising the
general awareness of touch.

Clearly. consumers want touch and menu-

facturers want to provide it. The ai[laCl‘lmt:I'!E
mic, or percttntagc oidcviccs that ship with
touch. has multiplied greatly Over the last
couple ofyears, according to Senior. One of
the ongoing challenges for this technology.

' however. is finding a solution that works
across the widest possible rattge of display
devices. ‘There is no silver bullet technology."
says Senior. _Accordin_2_ly. Display Week
2010 will be the ideal venue to examine the

evolution and potential ufthc difi'erent cur-
rently available technologies.

A Touching Story
Starting off Lhe touch sessions will he :1 dz’

= __f:.-no l<e_vrmte sessiot}. an invited puma" from
Micmsofl Researclfs Hill Huston. His pre-

f.}362-{l'9?3.n'{}3t’20l0-(‘I-’l3$l .00 + .00 ~13‘ SID lillil

i personal Computers; even rnulti-touch is about | sentation_ “A Touching Story: A Personal

Q aquurt,<:r-century old. While the technology Pcrspcctivcon the History of Touch lnterlaecs

Fig.1: The use o:’ritultt'~trJttt‘h in the iPlm.ne

fired the plablir.‘ imamnoiiort and helped bring
about general’ acceptance of the multi-touch
interface. Image mttrre.c_\' A TE: 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 ofinnovatiou itself. Buxttnfs

paper will trace the long (40-plus years}
history of touch, inclttdittg the story behind
the “pineh—gesture” used to scale photographs.
are. which was first demonstrated in I983.

[le will report on touch screens that began to
be developed in the second halfof the l9o(ls,
with early work being done by IBM. the

Lfniversity of Illinois. and in Ottawa, Canada.
As he discusses solutions that were discovered

decades ago. but have only come to the fore-
front now. he will explain that such a lengthy

incubation time for the development of new
teehnology is not at all unusual.

Multi-Touch and Embedded Themes

In terms til" themes for submitted papers‘, botli
mulli-touch and embedded touch were strong
R&D suhiects this year. Acooidingly. each
has a session dedicated to it. Multi-touch is

" . Iaasuuiw-Innusnt lEE|.'|.'-|3|?Yl5!uuk
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“hot.“ of course. and embedded or "in—cel|“

touch — ineorpomtlng the touch into the

display itself rather than as an overlay —
'‘that‘s the nirvana of touch." says Senior.

In-cell much 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 rnulti-touch session includes

the invited papers. "What Multi-Touch is All
About." by Jeff Han from Pereeptive Pixel,
and “ln-Cell Embedded Touch-Screen Tech—

nology for Large-Sized LCD Applications" by
Seiki Takahasi from Samsung. The embed-
ded session has six papers. including "Noxrel

LCD with a Sensing Bacldight“ by Kwonju

Yi from Samsung Electronics and “Embedded I
Si-Based Photonie Sensor in TFT-LCD

Technology Integrated as a Multi~F1Inetioe
'1"oueh-input Display“ hy An-Thong Clio from _
AU Oplronics Corp.

Althtlugh Display Week 2010's technical
symposiutn is rich with offerings in many
areas. attendees should he sure to attend at

 

least a few oftht‘ touch sessions because the
year to come will undoubtedly be a pivotal
one for touch. The featured papers will
describe not only where the teehrIolof__'y is

I
II

iIIII

headed‘ but where it came from. and how

certain types of touch solutions may rise to the
top over the next few years.

' References

‘G. Walker. "Display Week 2009 Review:
Touch Technology." Inforrriotinn Display
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LatinDispla_v 2009
by Daniel den Engelsen

LatinDisplay 2009, the premier Society for
lralormalion Display eonlcrenee in the South-

ern Hemisphere. took place in Sat: Paulo.
Brazil. on November lo-l9. 2009. The venue
for the third annual event was the Perdizcs

campus of the Pontiffcia Universidade
Catolica de Sao Paulo ('PL=’C‘—SP). where the

Orgattizers held :1 sy1‘rip0siu111 with oral
presentations. a poster session. and an exhibi-
tion run in parallel to the confcrcrice. The
Display Est.‘0lil (Display -School}. a special
program for those who wanted to learn more
about displays. took place on Noveinhcr I‘)

at another campus of PUC, Itaving about
35 people in attendance.

l_.aIinl'Jlsplay 2009 had approximately 280
participants over the 3 days —— a record for this
conference. LatinDispl-ay has definitely come

 
Shown arfrxr right dtrring the opreiting ceremon__\' of LatinDi3plo_t= 2009 is Dr Victor Pellegrirzi

; Manrmana, (.'hai.=‘man of the conferettc‘c.

of age as a member of the family of SID The third highlight was a presentation from Gabriel Maren of Apple Computers. Adi
confcrcnccs. There are several reasons behind ., Dr. Adi Abilcah. Ci1iefScienlist at Planar Abiicah. and Cecil Cho oi" USP in Brazil.

this growing popularity. First. LatinDisp|ay Systerns, on displays for medical applications. In addition to these highlights. there were
many other invited lectures with content that

Cally a one-track conference with no parallel " ti on for a subsequent panel discussion on was of interest to specialists as well as a broad
sessions. featuring oral prCSL‘.l”1l3ll()ElS hy displays and inforrnation systetns for health» 5» audience. The lively 0&A sessions after the

famous display experts from all over the care and hospitals. That discussion featured i presentations showed that audience members
world. Second. the speakers are carefully Ken Werner, John Jacobs of Displaysearch. I were highly engaged. Perhaps LatinI)isplay's
Selected and instructed to present topics in a
way that will be ofintcrcst to a broad audi-

ence of attendees. including students. com-
pany managers. university professors.
bankers. and government authorities. as well
as experts from displaywclatcd institutes and
industries.

The highlighted areas at [.tninI.)isplay 2009
were 0LEI).=., c—Rcaders, and displays for

medical applications. Apart from a gripping
lecture by Dr. Manju Rajeswararl, Senior

Scientist at Kodak. on the analysis of ULED
materials. the focus on OLEDS was on light-

in g applications. Dr. Gopalan Rajeswaran.
Vicc President ofl\-loser B-acr, rcviowetl

recent developments in organic solid-state

lighting and Dr. Tom Muntcrs. Product
Manager at Philips Lighti ng for C}L.ED-based
lighting, described Philips‘.~: activities in this
field.

Ken Werner. Senior Analyst at lnsight

Media. described the (.lt:\-'t:lt,‘If.1I‘.t'1t.’l'1tEs in the
field of e-paper. notably c-Readers. The

avalancite of products now on the market I

dernonstrates that c—paper te.t‘hn0l0_,<_1y is Dr. Ernst Lander of Stuttgart E.-'niverxi!.t‘ begiris bis" lecturr! on lrighqwrfunitaiirre L(7B.s' at
maturing. Lcttin!Ji.~;pla_v 2009.

has a unique. conference fttnnulaz it is hasi— His presentation was also me perfect introduc-
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SID news

successful. one-track formula is ready to be

copied by other chapters of the SID.
It should be noted that a second attractor

for Latinflisplay is the current policy of the
Brazilian government to attract the display

industry to Brazil to counteract a trade delicit
of about U532 billion due to huge panel
imports. The policy and financial instruments
that are available in Brazil to attract display-
related industry were presented by Dr. Mar-
garida Baptista of the Banco Nacional de
Descnvolvimento Economico e Social"

{BNDES) and by Dr. Pedro Alem of the
Agencia Brasileira de I)esenvolvirnento
Industrial (ABDD.

The poster session during Latinhisplay
2009 (40 posters in total} was a good opportu~
nity for young scientists to Show their newest
results in supporting technologies for displays.
solar cells. and lighting. Awards were given
For both the best student and non—student

posters.

The exhibition parallel to Latinflisplay

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 LatinD-isplay 2009.
Professor Alaide Pellegrini Mammana. amid
the warm Brazilian culture. once again
provided the finishing touch to a successful

LatinDisplay.
Please visit the Web site of Latinflisplay

3009 to learn about forthcoming l_.atinDisplay
confeI'ences at http:.?l'www_brdisplay.com_hrr'

latindisplay. l.-atinE)isp|ay Znltl has been
scheduled for November I6-l9. Alaidc and

Victor Peliigrini Mamtnana look forward to
welcoming you to Brazil for the nest and most
exciting L:1tinI.)isplay yet. I

Danie! dent Engelsen is Chtrirrnon of the
Program Crmmtittee of Lar1'rt.-Display 2009.

 

 

guest editorial

conntmedfrom page 4

the user needs. In my minds eye. l can see
what 1 like to Call the “psychic touch screenW_"
If l'mow.s' what the user‘ wants. emu’ it just does

it. It doesn‘t care how many lingers are used,
how dry the fingers are. how hard or soft or

quickly or slowly the screen is touched. where
it's touched, what it's touched with, whether a

hand {and maybe also a beer can} is resting on
the screen, whether 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 to the touch
screen. Tl1cy_iust want to use their devices!

We have a long way to go to get to that point.
but that’s partly what the current excitement
of the touch industry is all about. Touch is

accelerating and exhilarating.
This issue of l':;for'm.tm'on Display focuses

on touch. In the Frontline Technology article
“LCD In-cell 'l‘occh," my colleague Mark
Fihn (Vet-itas et Visusi and I explore the latest

status of LCD in-cell touch, the holy grail of
touch for the past 7 years. In the next Front-
line Technology article. "Projectcd—Capacitive
Touch Technology." Gary Barrett (Touch
Irllematiunall and Ryomei (_)moLe (Nissha

Printing} together provide a thorough explana-
tion of projected-capacitive touch technology.
currently one of the honest topics in touch.
In this issue's Display Marketplace article,

Jennifer Colegrove LDiSpla_VSettrchj delineates
the current state of the touch tnarkct. as well
as recent events in a half-dozen touch tech-

nologies. In the Enabling Teclinology article.
"Touch Screens and Touch Surfaces Arc

Enriched by I-Iaptic Forcc—Feedbaclt.“ Bruce
Banter (Tech-D-P} describes several new

tcclinologies that are being employed in haptic
tforce—fccdhack} touch screens, as well as

whats happening in automotive implementa-
tions. And in at second Enabling Technology
article. M ark Fihn l\-’eritas ct Visus} and 1 look
beneath the surface of Microsoft's Surface

product and other similar vision-based touch
technologies. Wrapping up this issue is Mark
l-Iazrtblirfs (Touch Revolution) Making Displays
Work for You auiiclc, in which he explains

why touch makes sense as a replacement for
conventional button-and-switch interfaces and

provides some eminently practical guidelines
for applying touch in those environments.

I hope that you find the articles in this issue
i so interesting and exciting that you"|! be eager

to join me and the rest of the touch industry in

the pursuit of the psychic touch screcnf I

Geoff Walker is the Matiwitfng Evangelist &
lndus.rr_t-’ Guru at Nertwindow. the lending

siipplier Qt’ optical’ much .t'crt°ens. He is a
recognized tot:ch~industr_r- expert‘ who has
been working with much screennifor 20 __\-ears.
He can he reached of 408/506— 7556 and

gwalker@nt'xrwindou'.c0ni.

president’s corner

crmrirmedfrrint page 6

aggressive, and viewed by some as "wishful
thinking." There was cenajnly no consensus
that these predictions could he met.

Now that it‘s 20l0, we can look back and

sec that these predictions were not only true.
but could have been more aggressive! Accord-
ing to market research Fm’: Di splay'Search,
unit shipn1entS reached I00 million in 2008

(2 years earlier than President Lee predicted),
the 15 I 000 retail price is available for 46-inch
panels (32-inch panels are available for less
than $500!), and AMLCDS have far more

market share in televisions than all competing
technologies combined. Digita] signage is an

exciting new application area, 70-inch LCD
panels are being sold through retail channels.
and Gen 8 through Gen 10 fabs now represent
the state of the art.

All participants in the AMLCD industry
must take credit for this achievement; Mr.
Lee himself declared that success would

require innovation and investment from across
the entire industry. Still, this was a bold

prophecy presented over 5 years ago by a true
visionary. and one that has unfolded despite
the doubts of man}-‘ at the time.

In this 2010 year. 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

addrcssin g the growth potential of another

emerging technology — this time organic light-
cmitung-diode (OLED) displays. 1. for one.
will be very keen to hear his predictions for
the future and LG see if history can repeat

‘ itself. I

Information Di.£';Jfa_1' .i';’l'(J 45
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THIN FILM DE-VI_C_E-S-, INCORPORATED
1180 North Tustin Avenue - Anaheim, CA 92807

Pisone:'/14-630-7127 - Fax:7'i4-630-7H9 - Emaii:sa|es§-‘tfclinccom

Visit our website: www.tfdEnc.corn
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Maximizing batter}; life is a key goal for portable device manufacturers. SM Display Films can

help. For example, 3M offers film combinations that can increase notebook battery life 14 to 1?

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 vikuiticom to learn more about new 3M films can improve the energy

efficiency of your LCDS. 
Making displays more energy efficient since 1993.

Vii><LIitl.COlTi See Us at Display Week 2010 in Seattle
3M, trilruiti and the Vikuiti "Eye" Syrnboi are fradernarirs of 3M.
® 3M 2010
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