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L ook at Smart Glass in awhole New Way
d 0 alongjourney to outdoor applications

Although outdoor applications for liquid crystal smart window just become a hot tdpistability for outdoor

applicatons is actually aesolvedproblem for 3G Switchble Film. An actualquestionshould behow Scienstryto

approveitl n 19906s of | ast century, stabilization technol
been sucassfully developed, especially for automobile paand coating materials fase ofexterior walk. Coating

stability isincreasedy many timesSince then, it is hard to sdecolorized caraunningin strees. The $milar UV

stability technologiediavebeen alsaeveloped in ScienstryPatentecandor patent pending technologiesldV stability
becoms an important feature &G Switchable FilmFollowing information will show a solid proof fautdoor

applicatiors of 3G Switchable Filmlt is neededd look at smart glass in a whole new way!

1. A brief history . There are three generatgf liquid crystal smart film utilizing microdroplet technology far The
generatios arenormally classified by independent patmir paterd creatingtypes of products. One independent patent
mayfollow with hundreds of improvemepiatents antechnologies. LCMD (Liquid Crystal Micro Droplet) is a general
term and encompasses three generations of LCMD film technologies, including 1G(Né&gtic Curviinear Aligned
Phase)2G PDLC(Polymer Dispersed Liquid Crystaihd 3G NPBELCD (Non-linear Polymer Dispersed Liquid Crystal
Display)technologies.

1G NCAP, 2G PDCL 3G NPD-LCD
) ® 3
Refractive index I pof Refractive index np of
polymer matrix is polymer matrix is

constant gradually changed

Figure 1A and 1B

As shown inaboveFigure 1Aleft, NCAP is characterized by a matrix of liquid crystal droplets dispersed in a uniform
waterborne solid polymeandPDLC is characterized by a matrix of liquid crystal droplets dispersed in a uniform solid
polymer formed by a phase separatiés. shown iraboveFigure 1Bright, NPD-LCD is characterized by a matrix of

liquid crystal droplets dispersediimn-linear solid polymer formed by phase separation. The common denominator
amongthe three technologies is the use of liquid crystal micro droplets, whishul t s i n t he use of
those technologies generally. Althout® and 2G&ilms have been known for approximately three decades, no outdoor
applications were heretofore known becauseanfow temperature range apdor UV stabilites of such devicesThis is
becaus&NCAP and PDLC technologiegere unable to produgegoductswith a wide working temperature range, as some
inherent characteristics tfeoldertechnologies prevented these systems from having a wide working temperature range
Such internal factors include the fact thaequired ratio for reactants unable to be maintained for matching the

refractive indexes between liquid crystal and polymer, resulting in impurities developing in the droplets. For about 30
years, NCAP an®DLC have only had a working temperature range from 0 °C to 50 °C, which is far narrower than what
is required for outdoor applications. Outdoor application of LCMD requires a working temperature range of
approximately-30 C to 80C (elick here for deta)l

In contrast to NCAP and PDLC, NPBCD has a no#inear or gradually changing polymehasewith an onionlike
structure and only requires refractive index matching betleeid crystalandaninner layer othe polymer phase. It
does not need a matching with an entire polymer phase. Thetefcentradictorybetweernchemical requiremerior
curingand optical requiremefor matching refractive indexes between liquid crystal and the paymer bodyis no
longer existed in NPELCD system In the formulatiorof NPD-LCD, chemical requiremetfibr curingcan be easily met
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to obtain a high degree of polymerization resultinthedropletswith high purityof liquid crystal Actually, a wide
working temperature rangedicatesa high purity levebf the droplets ofiquid crystalin 3G Switchable Filmbecause
any impurity will reduceoriginal temperature range of nematic phase of liquid crystéth a wide working temperature
range outdoor applicationsecomepossible, which naturally leads to a neeturtherimprove capabilities oantr
moisture, antheatand antUV.
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According to chemicadystens, each generation of LCMD has its expected life time. Obvidnkbrentchemical

defecs, such as waterborne polymer used in 1G NCAP filmeagahtradictory between chemical requirement and

optical requirement existed in 2G PDLC filshorterthelife times of earlier generations. Oppositely, 3G Switchable

Film had shown its great stabilityith an improvedcchemtal systenby its wider working temperature range. The pictures

at above left show an early glass dome with an etched circuit. It still wakksofilay after about 25 years! Sure, it will
continue to work many years to come. Furthermore, pictures in above right show an actual window film which has beer
installed in Scienstry and worked for 17 years so far. It should be noticed that this 3GBiteihm is not laminated in
glass, instead, only glued on an existing window facimgutside andhorth. It is important to point out that those samples
shown in above pictures are only early developments of 3G Switchable Filnp andidclude Sciensr y 6 s | at er
technologies yet. However, it is very valuable to demonstrate essential differences between generations. If a technolog
good in principle, three decades are enough time to develop its products. Oppositeyrafv working tempature

range and short life time are existed for three decadeserttust be principle problems which are impossible to be
resolvedwithin the old systemdt takes time to prove reliability, especially for outdoor applications. The solid proofs for
outdaor applications not onlgieedto showin independent patents wittew theories and technologies, but alsedto

showwith successful large projects and toughest tests.

2. Inherent chemical defectsare existed in earlierlG and 2Ggenerations Inherentchemical defectareresponsible
for anarrowtemperature rangendashort life for 1G NCAPFirst, snce there is alwaysaceof water existed in
waterborne polymeused, such as polyvinyl alcohat, 1G systemliquid crystalin the NCAP systermayundergo a
hydrolysis reactionvith the waterIn following reactiona molecule ofiquid crystalreact with a molecule ofvater to
form a corresponding carboxylic acid:

RiICDN + HLOU R;COH + NH;
Here, RCD N represents liquid crystal molecule anacarboxylic acidRiCO,H is a by-product The tydrolysis of the

nitrile group(CD N) is a very typical reaction which can easily occur urgdesrmal condition, especially @nelevated
temperature.

Second, an esterification reaction is involved ingy&tem, where the carboxylic acid reagith a hydroxyl (alcohol)
group in the polyvinyl alcohol to formnester derivativ&:CO;R. and water:

RiICOH + ROHU RiCO:R; + HO
Here, ROH represents an alcohol group in potylialcohol; RCO:R; representanesterproduced

It should be noted that in the first reaction, hydrolysis of the nitrile groupupsesiolecule ofwater, and in the second
reactionor esterification produces molecule ofvater. Overall no watas used up or producedndthewater is only
acting like a catalysfThat means that tface ofwateris exisedin the system, it will promote the decompositiorenfire
liquid crystalto the end.
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Due to theselestructivereactions exigtdin the NCAP system, optically aste molecules ofiquid crystal are
decomposed into neactive compounds, which makee liquid crystafilm to lose its optical properties resulting a short
life time. Being chemically unstable is a serious systematic problem, becausbdimthid phase anthesolid phase are
destroyed by their own components.

There arenherent chemical defeatsisted in 2G PDLC system toBincea PDLC system optically requires a reflective
index matching between liquid crystal and polymsed thechemcal system useth PDLCpr act i cal |l y can
optical requirement. In other words, there aflict betweerthe optical requirement anithe chemical requirement,
becausa chemically required simple ratio 1dt 1:2betweernreactardc a n 6 ucegpreasidn matching required by

the optical requirementTo meet the optical requirement, chemical system bristjustedrom its ideal position|t is

the adjustment that ma&kenany problems fothe system including marrow temperature range, instable for moisture, heat
and UV and short lifeOn the other handtheoptical principleof PDLCc a n 6 t adow hazeand ®w voltage driving.

The manufacturers of PDL{Em must shift the ratio away from the optimal ratgguired by chemical equatian
Although this shifting compensation can still ctine PDLCpolymer system such apoxysystem it makeshe
polymerizationn a nonideal condition. In other words, some exteactand such aspoxy or hardener will remaiin the
system. More seriously, these extra reactailtdrave destructive reactionsausng a series of problems for PDLC
products

The extra reactants of epoxy or hardener leave their active functional groups in the liquid crystal phase, and act like an
impurity. These polar functional groups seriously affect the purity dfghil crystalin dropletsresulting a narrow
temperatureange This situatiorhasmoredestructiveeffectthanwaterin 1G NCAP system, because these functional
groups, likeacid (CO;H), amino { NH>), thiol (-SH) or epoxy {CHOCH,) groups aremorereactive tacyanogroup

(-CD N) in molecule ofliquid crystaland toelectrochemical reactions. Electrochemical reactioagoccur with polar
molecules. These polar molecules are first ionized thraugtox reactioron electrodes. The ionized molecules can
induceliquid crystalmoleculego changeLiquid crystalwith a conjugated structuris vulnerable to be attacked by ionic
impurities. The more impuritighe greater the curreis; the higher voltage the higher ratinduced redox reaction will
occur.Therefore, the necessafgrmulation of PDLCbecanes areasorcausig a narrow working temperature rarayed
shorens dife time. The PDLC principlealso requires a high voltage driviag shown in following figure

Beside problems created by the formulation, optical principles of PDLC and NCARa&ks@roblems preventing their
products to reach a higterformance level. First, orientation or alignment of liquid crystal molecules inside a droplet is
determined by the joined forces, or surface energy and electrical energy. In theofistage, ilustrated in Figure 2A,

liquid crystal molecules are basically aligned parallel to a film surface. Due to shrinkage during curing and thermal
process, droplet have a slight ellipse shape. There is an important characteristic for the normal mode of L@&VD, tha
liquid crystal molecules prefer parallel alignment with an elongated surface of a droplet to keep a minimum internal
energy. When an electrical field is applied to the droplet, the liquid crystal molecules in the droplet turn to a vertical
alignmentillustrated in Figure 2B. However, in this situation, some liquid crystal molecules still prefer a parallel
alignment with the droplet surface, resulting in a tilted alignment to the film surface (horizonal line), especiallyat the t
ends. The tilted @inment produces haze, because there is no matching between liquid crystal no and polymer np. Since
the vertical alignment is voltage dependent, increasing voltage can extend center region of vertical alignment, illustrate
in Figure 2C, therefore increade transparency. The higher voltage applied the better transparency that can be obtainec
Of course, this applied voltage must be controlled within the limitation of the ITO coated film. Therefore, PDLC and
NCAP need a high driving voltage, normally B times higher (such as 7000 V) than 3G Film, to create the

configuration in Figure 2C and obtain an acceptable transparency. Since surface tension always exists and influences
liquid crystal, configuration D is impossible. In this imagining confagion D, all liquid crystal molecules are aligned
perpendicular to the film surface, so the constant polymer refractive index (np) could perfectly match the constant
refractive index of liquid crystal (no), and then a haee clear state would be obtath Under the actual situation where
liquid crystal molecules in the center part of the droplet are perpendicular to the film surface but tilt near the tivo ends o
the droplet, as shown in Figure 2B and 2C, matching the refractive index in PDLC is aalxeddh the center area of

the droplet. The areas near the two ends of the droplet are always mismatched and produce haze. In other words, the
constant polymer refractive index (np) never matches with the varied liquid crystal refractive index (nopticais

situation determines that in PDLC, it is theoretically impossible to match the refractive index for an entire droplet. NCAF
has this exact same problem. That is why both PDLC and NCAP do not haviedeaard wide viewing angle states. It
isveryunder st andabl e that for about thirty years NCAP ar
principle problems have been recognized for many years, but there is no way to solve them within the systems.
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Figure 2

Furthermore, polymeaunsed inPDLC systems chemically too close thquid crystal therefore, the polymer phase has
considerable solubility tthe liquid crystal Both liquid crystal or unreacted extra reactangs/be existed irthe solid

phase like a plasticizer amdsily exchange in bothesolid phase antheliquid phase, resultinthe unwanted side

reactions occurred in everywhere in the sysiteh.e above expl anations briefly di
principle and its physicand opticaproperties. Due to these conflictsddimitations, it is extremely difficult to find a

good formula for PDLC productPracticaly, it is impossible to meet all optical, physical and chemical requirements at
the same timeTherefore, ifs so difficultto obtainawide temperature rangar a good clarity witha lowdriving voltage
These are reassmvhich preventNCAP andPDLCto reach a higiperformance levedndoutdoor applications.

3. How doesNPD-LCD technologysolve these problen2Since 1G and 2G of LCMD invented, many artighes
attentions on physics and optiafsthe microdroplet displayd.ittle attention is pai@n chemistry Actually, to reacha
high-performancdevel, along-life time or outdoor applicatios) chemistry plays a key ral&lPD-LCD technology was
inventedbased on a deep study of NGAB nd P DL C6 sA nain putpdse ahNPILCD is to solve therinciple
problems irthe old systers, to extend theiperformances angpplications, and to establish a unified system and theory
for both normal mode and reger modeof microdroplet displaysAlthough reverse mode of NPDCD is too expensive
asacommercial produabow, thetechnology to form aeverse mode is very important to understand thelinearor
oniontlike structure According tophysicochemicaFCK (FriedelCreaghKmetz) rule for multi-liquid phasesit is
allowedto form dropletof liquid crystalif surface energy oéncapsulatingolymeris greater thasurface energy of
liquid crystal,butforbiddento directly form dropletsf liquid crystalif surface energy ancapsulatingolymeris lower
thansurface energgf liquid crystal It only needs taneet FCK ruldor making a normal mode of LCMDHowever it
needs to meet both FCK rule amderse modesquirement. The reverse mode requiresshdtce energy of
encapsulating polymeés smaller than surface energy of liquid crystiadiroplets Due to contradiébn of thesetwo
requirements, many people thought impossible to make reverseomo@®ID. Scienstryovercame this difficulty by
cleverly designed notinear systemof which anencapsulating copolyméiasa higher surface energy at beginning of
droplet formation and then surface energy of the encapsulating copolymer is redsroati¢othan surface energy of
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liquid crystal in droplet Actually, droplet formation and conversion of surface energy are smoothly conducted in a single
curing stepThe nonlinearor onionlike structuregraduallychangs its surface energfrom a high surface energto low

during the formation of droplet$herefore, forming microdroplets of reverse mode is a solid prabiasfonlinear

systemlf first and secondeneratios are valuable for successfully introducing basic products into the market, the third
generations valuable for solvinghe commorproblems and optimizing LCMD systeamd bringing 3G Switchable Film

to outdoorNPDL CD o v e r ¢ o mmjerpréberhsCstich as low transparentgrrow working temperaturligh

driving voltageandshort lifetime by ingenious desigin chemistry Since hoseintrinsic problems cannot bresolved

within the olcer principles,anew principle omewtheoly must be created firsall of breakthroughs of NPIDCD are

made with new optics amtewchemical approaches.

In a NPDLCD system, theopolymeis form a nonlinear solid phase or nemomogenous phase. A multiple layer shell
structure of droplets formed like an onion, which is different froatonsistent polymer phase PDLC system The
refractiveindexesof the nonlinear phase gradually chanfyem the inner layer to outer layer while remaining totally
transparent. Liquid crystal polymers may be used as an inner layer mataiiadle processnayproduce not only
normal modeNPD-LCD products but also reverse mode products. Reverse modd.NBroducts are transparent
withoutapower, and can turn to mikhite under an electric field. Thronlinearsystem has many advantageshigh-
performance

First, there is only a need to match the refractive index of the inner layer of the polymeth(ithe refractive index of
the liquid crystal (). When a liquid crystal polymemdbr comb shaped polymareused as inner layer matesathis
mat chi ng becomes abacausdiquid coystedandiliquidl crystal patymersshave siarilmolecular
structuresandtheliquid crystalmolecules may insert into braregof the comb polymerThereforethephase boundary
becomes blurryThe refractive indexeare much easier to lmeatched This automatic matching occurs at the molecular
levd, so a high transpareym become possible

Second, ratching refractive indexdsetween inner layer gfolymerandliquid crystaland curinghe entire system of the
polymers become two independetiitings no constrain is existed between themymore Not only polymers in same
family group may be used, but alsgpobymersfrom different family groupsnay beusel in NPD-LCD system depending
on their reactivities. Therefora high-purity of liquid crystaldropletsmay be easily obtainednd this high purityn the
dropletsis a foundatiorfor obtaining avider working temperature ranghe ndependent curingpens a door tase
differentpolymerfamilies in onesystem. In order to build a stronger polymeatrix and havedditionalfeatures
involved,such asantimoisture different polymer families such as polyurethane, acrykgiexy polycarbonate,
polyethylene silicone and fluoride containing polymers may be ugsdatie system Such copolymer may combihéghly
active polymes and inert polymestogethe to block penetration diquid crystalthroughmembranes of thpolymer
matrix. NPD-LCD utilizes inert polymers teffectively increase anthoisture capability, becauige inertpolymers have
widely used imonstick cooking ware and underwater cabl@e inert polymers also have relatively lower reactivities
which are naturally fit the nelinear theoryTheoretically there are no extra reactants existing in both the polymer phase
andtheliquid phase, therefore, liquid crystal molecules are no longleerable to be attacked by ionic impurities. This
situation greatly improves the operational condition madtea longservicelife possible A clean polymephasealso
offers a high insulation leveBG Switchable Filnhas been tested in water withautotablechange(click here for vided
and everconducted ainderwater projection without any protection in edgési here for vided

Third, light travels straighy through a normal transparent media but penetrates-aream media in a curved way. Once
light can turn inside a nelimear media, incident angle losses its meaning. This is an important new means for widening
the viewirg angle. When a liquid crystal polymer or comb shaped polymer is used as an inner layer material, the border
between solid and liquid phases becomes highly similar in molecular structure. This high similarity allows light to pass
through without scatterind his technique not only widens the viewing angle,mbayalsotheoreticallyeliminates haze.

Since the notlinear system does not requiiguid crystalnear two ends in a droplet to be perpendiculéinésubstrate

to create a clear state, NRIZD donot need a high voltage drivimgither

As illustrated in Figure 3, the third generation of LCMD or NBCD system creates a highly similar boundary interface
including the areas near the two ends, and it allows liquid crystal molecules to align withdsraf the comb shaped
polymer to achieve a match within an entire droplet. In this way, although there is a boundary, there is no sudden chan
in the refractive index, so that light can pass through the boundary without scattering. This technigwansegs

polymer refractive index (np) to match a varied liquid crystal refractive index (no). Theoretically, such system can achie
a match within an entire droplet; therefore, provide possibilities for features efreazgarity and wide viewing argl

On the other hand, there is no need to create extended center region of vertical alignment in a droplet to increase
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clearness, and overdriving is not necessary for lED, so a low voltage driving is possible. A low voltage driving is
very important fature for outdoor applications, not only because of technical advantages, but also government
regulations.

LC align with polymer branchasahighly similar

Figure3

Pursuing a low voltage driving is a lodgeamin the field. The feature of low voltage driving not only saves energy, but
also extends the lifetime, because it reduces electrochemical reactions to a low level. Hbedneng voltage is not
only depended on droplbbundariedbut also depended on sizes of droplets. ditimg voltage is inversely proportional

to sizes of dropletdt is known that driving voltage is related to sizes of single droplet by the following equation:

d fKEz—l
V= P-p+2) g
3a Dic Ae g,

where Vs is switching or driving voltage for a bipolar droplet, d is sample thickness, a is the droplet radius, | itethe drop
aspect ratio, K is the mea panrdassht iegsstivities of pdlymer and lodiystalh e |
regi ons r e s piethetdielacte Bnysotropy af the liguid crystal. All droplets in an LCMD do not switch
simultaneously because of different droplet sizes and shapes. The above equation shows that switching voltage is
inversely proportinal to droplet size (radius a). The larger the size is, the lower the voltage required. When a system ha
large range of size distribution, the electryatical cure is less steéglick here for dedil).

For a long time in this field, there is no way to control droplet $ize so chaknge, even thghysiochemistryprinciples

do not allow to form same sigef dropletsin any ofnormalphase gparation It is impossible for 1G NCAP or 2G PDLC

film to achieve a low voltage drivingith this inherent limitation irthe principle. 1G NCAP uses a mechanical dispersion
technique to form droplets and sizes of droplets could be several times difference. 2G PDLC uses phase separation, a
physicochemicaprocess, to form droplets and it is also impossible to form uniform droplets, because according to phast
diagram, droplets separated at different time have different surrounding enviroanedi®plets formed earliare

earlier to glow their sizes thatroplets formed later

OO O O O O
O O O O
OO "0 o O O O O

Figure4A PDLC Figure4B NPD-LCD
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It is very challenge situation to solve this problem because of lack o&tleabpossibility. Again, with ingenious design
in chemistry by utilizing a cage theory of soluble polymer, 3G NIPID successfully achieves a way to form uniform
droplets and achieves a low voltage driving in both principle and produttieilCagetheoly utilizes a dissolved soluble
polymer to form a uniform network in entire system at early state of phase separation. When this network has enough
density, separated droplets are isolated by the netiworied earlier like many micro cages. Each cage alhbyvs to
form one droplet of liquid crystal. Sintleis system begins with a uniforstate or everywhere is identicandeach cage
and its surrounding environmems same conditiarfor dropletformation Therefore, all dropletsan beformed in
identical size. Of cause, all of theories created for NPOD have tough jobs to findptimalcombinations and
conditions Although we stillhaveto conduct thousasif experimentsit is much bettesituationin comparing withthe
old generations lackf mossibility. The thedlesand practice areot only tenable in optics, but also proweith producs.
The experiments form a foundation of mathematical modeling for predi€tdiowing teston a full sizeof 3G
Switchable Filmshows that driving voltagis about 10 ¥XC. A linear rising straight line indicates thertlinear theory
and thecage theory work fine.

As showninbellowpi ct ures, the testing equipment was designed
able to obtain data for transmittance, opacity/haze, response time, viewing angle, voltage effect, frequency effect, powe
consumption etc. Near 20 yeawssped, there is still no comprehensive LCD testing equipment in the market for sale like
this multi-functional testing system. Actually, no one can always generate smart ideas and great theories without
experiments and testing. Great achievements of Sojeare based on a long term of R&Key members of Scienstry

R&D team were from Nobel prize winneros | ab with crec
synthesizing very complicated compounigiast parameters which we are monitorarg unfamiliar with LCD

colleagues, because of a deep study on chemistry. In LCD field, there are a lot of scientists and engineers in physics,
optics and electronics, but little in chemistry, especially scientists at decision making positions.

The Data Chart of Optical vs. Electrical Characteristic Test
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We often met such cases of which we nggioduce products wittomespecial features, but there is no equipment
available in the market, therefore, we have to design and timagke equipmeniy ourselves. Fgpast25 yearsof

business, Scienstry created over 50 types of LCD manufacturing machines with special functions, and some of equipm
worth over a million USD. Scienstry alsesolvedmany top challengesid made many innovatioria LCD machine

design For example, we we first successfully to distribute millions of dry micro spacers on LCD egagthout two of
spacergontacing each otherWe are also first to pair LCD panels in submicron leSeienstry still have an entire LCD
production line including manufactag equipmenof glassLCD display. Over 25 years, our R&D covers synthesis and
purificationsand testing for raw materials, equipment design, process design and control, new displays, testing design ¢
control.Due to deeply understandiimgchemistry, waunderstood and blocked all possible destructive side reactions in

3G Switchable Film. That is why NRDCD not only ha a greanonlineartheory as a foundatiobut also may produce
products with great featuresactly predicted by ththeay, and showits reliability andadvantagefrom beginning

Other manufacturers diieolder generations of LC films normally only monitor less than 10 parameters in their film
productions, but we monitor and control oved harameters in film manufacturing/e everinvented new

manufacturing methods for glass manufacturing and window manufacturing business, such as Switchable Projection
Window and Switchable Projection Paridew methods allow to reduce 50% manufacturing dds. echnologies

developed irscienstryhave manyealworld applications suchsentire buildingadvertisingand liquid resin lamination.
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Wi t h many orfnov&8ionsjeventionsang pasentsver 25 years of efforts, 3G Switchable Film eventually
overcomes all of limitationand defectén principles ofthe earliergeneratios and resolveall of fundament probles 3G
Switchable Film achieves a widerking temperature range froiB0 to 80C andsuper stabilities for moisture, heat and
UV, and enable to be used ouater windwsfor a long termUsing in outer windowsot onlyhas gprivacy function, but
alsohasenergy saving function. Unlike other energy saving funstionwindows, it saves energy by scattering sunlight,
instead of absorbing sunlight. Therefore, windowames are not hot and no negeduseadditional energyo cool the
windows downlmportantly,3G Switchable Film/Glass does not chasgectrum of natural light and provide a healthier
' ighting for huma nidgsOnéhe dthenhantingre emaergy saping aaytbe aghieved throiigh
dynamic controbf opacityin daytime and nightime, as well as summer and wintkfis unigque to save energy by
scattering which does not change quality of natural lightother window treatmestike window tinting film orlow-e
glass or other switchable window technologiegesamefunction and efficiencyclick here for deta)l

In order to addalue toouterwindows window projection technologyasdeveloped in Scienstry toth.was extremely
difficult to solve the viewing angle problem of projection, becallsle n o wn opti cs even lcvas 0t
alsodifficult to show clear mjected images in both sides of a window veittual brightness arabsolutely wide viewing
angle This challenge includes two tough difficulties, one is that the film itseBtinave absolute view angle first and

then switchable glass panel needs to clearly display projected images in both sides. Thedsroasidered

impossible, because projection setting is asymmetical projector is placed in one sideprojection fim, and there is

no known optical theory angdrojection screesupporing such effort. The latter is a loAgsting problem existed in smart
glass field and no one knows why front projection always generatsibtie liquid crystal smart glass was invehte

With a strong R&D capability, Scienstry loves to meet such challenges. As mentioned before;ltheanaystem

created by Scienstiig a great tool which enables to create such optigalchas. Theoretically, although projection

situation isasymmetical, it is possible to generate a symmetrical spherical scattéraids,a scatteedenergy is

uniformly distributed irthe spaceWe fully utilized characteristisof cervical propagation of ndimear system to

increase chaos level of intet scatering withinactive layer o8G Switchable FilmA high level of optical chaos may
compensate asymmetrical differericem anasymmetrical setting of projectipgo that any incident light beam coming
from any angle may generate a spherical scatterieglitiall A projected image has same brightness and same sharpness
at any viewing angle, which is called VAI (viewhagngleindependent) brightness and sharpnééth lots of

mathematical modelingnd experiments, such effortgeeatlysuccessfulFollowing picture in left is a testing result from

a large projection company and shows exact 50% gain for a front projection. Such result shocked the projectim world
projectionscreerever had this functigwhich is exactly pedctedby the NPBLCD nontlinearoptic theory and matched
with measuements Following picture at right providesvisual experience of absolute wide viewing anglis.areason

why 3G Switchable Film becomes best for front and rear projectitiok fiere for articlpand(click here for videpand

360 degrees viewclick 1 here& click 2 herefor videos).NCAP film does not have projection capability at all. PDLC

film normally has an oval scatterinifpat is, a rear projection h@8%- 80% scattered lighwhich istoo bright anda front
projection haonly 20%- 30% scattered light energyhich is too dark. A major advantage of spherical scattering is that a
shortthrow projector may be uséd avoida strongeflectionfrom a projectoto viewers Oppositely, there is serious
problemfor both front projection and rear projection with@ral scatteringbecause projector must have a horizonal
setting which generates a strong reflection to viewer
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Spherical scattering provides an additional proof for thelimear optics of NPELCD technology. First proof is that
NPD-LCD technology may form a reverse mode NPOD device. The unique capability spherical scattering is also a
foundation for energy saving by rejecting infrarelick here for deta)l It is first time to utilize switchable saating

function for purpose of energy saving. Many advantages are introduced in the field of energy saving, for example, unlik
absorbing function of love glass or window tinting, scattering infraredednot make windows hot and a full spectrum of
visible lights geting into roomsis betterfor living and plantgrow.

Since liquid crystal switchable glass was invented three decades ago, no laminated smart glass may be used for front
projection, because images of front projection are always very blurrgndl&nows a reason how the blur is generdted.

is proven that 3G Switchable Film itself H280 degree view and same sharpraggssame brightness projection at any
angle. However, none of laminated glass panel with a liquid crystal switchable filmpronage clear projected images in
afront projection. This situation had been lasted for near three decadebagiitterystal microdroplet disply was
inventedSci enstry used a | aser test a reft)top\die agmiRiechsgart glsass o wr
generating blur by totalinternal reflection. It is obvious that Wang Ring is an interference signal, because an incident
lase beam inly in central pointScienstry discovered an optical mechanism of blur generation on projected images anc
revealed that the blur is generated by a total internal refle&iomechanism of generating blur is discovered and method

of avoiding tte blur is introducedthereforewe resolved thisonglastingproblem with multiple patented technologies

An improved front projection may h@roven by same laser testing shown in following picture (middle) withaoéntral

bright point. And a compaon of clarity of front projection between a laminated smart glass and Switchable Projection
Glass (SPG) is presautbelow at right with aingleprojected image on two differetyipes of glaspanelsThe

improvements are obvious, the blurry image issghon left side of the picture and a clear image is shown on right side

of the pictureBesides resolving the problem of blurry images, Switchable Projection"Giéss has many other

advantages including lower haze anB0% reduction of production co@tlick here for deta)l

With ingenious desiggiand many years of hard woidPD-LCD technology eliminates all conflicts from physical,
optical and chemicakquirementdy creatingan opersystenmwith great freedom to improve all properties. This freedom
is extremely importarfor improvement. In thelose systems dheearlier generations, optical, chemical and physical
relationshipsare tied togetheghangingany component will destragbalancewhich is obtained with a great effort
therefore, a formula must be kept for many yearsfNPD-LCD systemoptical, chemical and physical relationshge
independent and do nobnstrain and conflickach aber. Any componentanbe changed or adjustddany new

materials for new features, suchaadi-moisture ananti-rUV, can beeasly added into the NPILCD system without
affecting its optical performanc&hat is why 3G Switchable Film has released mamiesof productsrom NPD-100 to
NPD-500serieswith continually improved featurem fact,theopen systersreates a huge space for future development,
so that3G Switchable Film/Glass is no longer limited fiodooruse insteadgoesto very broadareaof outdoor
applicationsHavingfreedom is good for continugldeveloping neweaturesto meet new challengealthoughusing

more novel or complicated materiafenincreasdhe cost. However, manufactusamaydigest thancreasegart ofcost

by an enlargegroductionto meetgreaer demands from themerging markets

In the field of liquid crystal switchable film, it is easy to emphasize one feature by scarifying other features, such as
providinga bettertransparency with a poaropacity, cdled shifting but it is difficult to improve all features, suchas
bettertransparency ana betteropacity, called net improvemenScienstry offers net benefits to customers Wigher
seriesof productsthat means a higher series wiltludeimprovements insome of features, but no feature is reduced. For
example, since each droplet contrilsgeatteringatan opaquetateand also contributehazeata clearstate, reducing

9
SCDOGQRE (Review)


http://www.scienstry.us/
mailto:info@scienstry.us
http://scienstry.us/Being%20Green%20and%20Informative%20with%203G%20Switchable%20Film.pdf
http://scienstry.us/Switchable%20Projection%20Glass.pdf

EScienstry, Inc.

usage of liquid crystal or density of droplets will automaticallyvie a better clarity but cause a poorer opacity. Such

www.scienstry.us, info@scienstry.us

tradeoff is notinvolvedin the different series of 3G Switchable Film, because the-NE€D open system has a great
freedom to provide a net improvement. Actuathgking a shifting is very easy abdng a net improvement is difficult.
Since reducing feature is always easy, therefore, there are many choices for 3G Switchable Film if reducing feature is

preferred.

3G Switchable Film is most features rich product in the market. It ends a historyviid i@h a high haze, low opacity,
over driving, unsuitable for projectisand short lifetime, and create great emerging markets for various outdoor
applications with advanced features, NPOD technology first alloww LCMD products for permanent udgasially,
NPD-LCD resolves four fundamentaproblemsn the field ofLC smart windowthat is unstable for moisture, heat and

UV and unusable for projectio®@nce these problems are resolved, applications and markets are greatly indeased.

may just lookata room for uage ofglass, indoor usenly includes mirrors and partitionput outdoor has much greater
use, such asuter windowsUnique front and rear projection capability mak& Switchable Film very useful for
storefront advertisingc(ick here for videptradeshow andall advertising €lick 1 here& click 2 herefor videcs).

Although market pactice in past three decades has proven that without a googdheof i ni t el y

cangt

going to outdoor is very serious movemedrgn years ago, Scienstrydalready success on major features,doutid not
saythatNPD-LCD technology hd alreadyresolvel the old probleraand alreadyor outdoor applications, evéwPD-
LCD technologywasdeveloped to solvthoseproblemsof theold generations. This is not conservative but highly

responsible, becauSeienstry pursuits a neaero defect in all applications. Therefore, we never have massive defects

happened in UAE and ChinahensomePDLC manufacturers attergd for outdoor applicationsScienstry approach
is doingtough testing firsfclick here for deta)l andfollowing with small projects and thdakinglarge projects
Although it takesa muchlonger timeto do so Scienstry does nateed to outdatthe older series of produstoo soon
because Scienstry ésleader in quality for a long time

4. On UV stability for outdoor applications. A best way to prove that UV stabilifgr outdoor application a8G

Switchable Film isonducting aveathering test aimulationtestor field test Many testing companies may provide such

tesk. The industry already has a system to predict a lifetintlesteindardizedtesting procedures. Many companies had
already coducted and passestich tests foBG Switchable Film for a various of purposes including applications of

sunroof,building wall, train, cruise ship and automobile. It is necessary to point out that the toughest application and

testng is for automobile, beause it hashe smallest space and highéstperatureln pastsix years hundred of cars

equi pped with Sdavearsatfielg tessedveridhveidet gl as s

SCDOGQRE (Review)

Type of LQVID Film 1 month | 4 months | 28 months| 52 months
1G NCAPfilm Failure
2G PDLC film Failure
3G NPDLCD film Good Reduced | Failure
Without patented technologie
3G NPD-LCD film Good Good Good Failure
With patented technologies
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Besides UV simulation testing, Scienstry had conducted a real sun test with the toughest condition, or put 3G Switchak
Film directly under sunshine in Texas, USA without any protecAboyve pictures show actual situation of the sun test at
summer (left and winter (right). The testing lasted four years and four months, and the result Bh@mted his test

provides veryaluableinformation for glass industrip evaluate outdoor applicatigrnsecauséhe resulreaches a similar

level of UV stabilty like aninterlayer material. Therefore, by cross refereadaminated glaspanelwith 3G Switchable

Film for building boatand car uses may lbeasonablgonsidered.

Analysis for outdoor applications. Since 3G Switchable Film is usually usadirectly undethesunshineSci enst r vy
sun test datarovide afoundationfor acalculaed lifetimeof 3G Switchable GlassAs we know, weathering mainly deal
with UV radiationfrom the sunbothglassandinterlayermaterialmay provide some protectisto 3G Switchable Film,
because glass and interlayeayabsorb considerable amount of UM a laminated glasthere isamutual helped
structureaglass layemayprovide 100%absorptiorfor harmful UVB and 25% absorption for UVA, aadinterlayer

may absorb 98% UV. An overdllV intensityatfter filtration of glass and interlayer is only 0.005 or 0.5%rdafinal UV
intensityof sunlight. If takinghalf lifetime 26 weeks of 3G Filmas a bas#o calculag, a calculated lifetime of a lamiteal

3G Switchable Panel will beZ)0 weekg26 week / 0.005)or 433 years.This result shows thamostchallengeor

outdoor applicatiosiof liquid crystal switchable filmactuallyis atemperature rangéut 3G Switchable Film haglready
resolved tle problemof working temperature rangelong time agalt is necessary to know that automobile application is
tougher than the sun testing, because temperiatarearis higher tharambienttempesture. However, 400+ years of
calculated lifetime from theun testing should have enough room to compensate a high temperature for 10 years of
lifetime for automobile application, which is equal to only 2.5% of calculated lifetiitiethe sun test resujlus
automobile application is in a laminated or seatedcture andplus less than 1% defective rdéen not film problem)

of field tests on hundreds of cars also suppoabimve analysis

5. 3G Switchable Filmhasmany successe We passed many tests or qualifications for the wolls project Of
cause, largeompanis may build a great confidence to use 3G Switchable féilitheir large projectfor outdoor
applicationghrough comprehensive tests and reviewing our successful history.

(a). About 15 years ag8G Switchable Filntnas beemvidely usedin all kinds of outdoor applications lilauter
windows sunroofs, building wallars, yachts, trains, airplanete. as small projectSincealmostno defect was
reported withinlast5 years osuch outdoor usesplus third party comprehensivesting, 3G Switchable Film has
graduallybuilt its reputation for outdoor use&s a film manufacturerif a defect is found, we are always first to be
noticed for analyzing and resolving problenreplacinga defective partThose practiceon small projetsactually
becometruefield testing and great resulisve built agreatconfidence on botBcienstryandits customes. Therefore,
Scienstrywasreadyto win large projectsand then we too& journeyto setand break the world recath smart glass
field.

(b). For Beijing Summer Olympic2008 3G Switchable FilnfGlassas a new world recongere installed in 24 major
airports in China, includinthe largesBeijing Capital Airport andshanghai Pudong Airpoftlick here for videh

(©). In 2010, 3G Switchable Film wagialifiedand exclusively used in World Expo Shanghai 20¥@hin total five gold
medal winners for design pfavilions, 3G Switchable Film/Glass were heavily used in two of the gold medal winning
designs.(click hereto see detd)l

(d) In 2011, a super luxury cruise ship called SWIFT (& fnultthundredmillion USD project) was built in UAE, with
100% coveragef 3G Switchable Glass (curveshdlaminated glasss from inside to outsidewith functions of touch
clear, touch opaquét has zeralefectreportin 6 yearsafterits launchingn a high tempeature and high humilityegion
This project has proven that agh qualityhaswin abig marketandset a new world record fdnelargest project in
business of smart film/glass and repltiee old record of 24 Chinese airpoitéis project alsgroclaimsanew era of
outdoor applications for liquid crystal switchable film/gla&gempts of usingPDLC glassn sameconditiors were
quickly failed, evensurprisingly failedundera shield of 3G Switchable Gladsollowing pictureshow the luxury ship.
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(e) In 2012, 3G Switchable Film had passethprehensivetests and obtained a certificate from CNAS (Chinese National
Glass Quality Supervision and Inspection Center) for application on high speedXbminsa hundrethousand USD

and over200 square metes of laminatedglass vere usedor the comprehensivéess includingimpacttest andribration

test. Neaizero defects is founsince then

(f) Since 2012, 3G Switchable Film/Glass has been testedugyal large glass companies for automobile applicatidn
passed theiinternaltests withall requirement®f OEM, several famous car manufacturgsindreds otars equipped
with smart glass erefield tested inservalcountries from coolregionlike Norway to hot regin like South Afica. Near
zero defects is found in five yearbtestuse.Massive applicatiois on theway internationally It is necessary to mention,
these tests were initiated withostof other brand names bfjuid crystalswitchablefilms available in the market, but
after a few of tests, only 3G Switchable Film fieft further testing.

(g) Started in 2013, 3G Switchable Film/Glass has been used as traffic signs in Ndnosg signseplacel old signsto

make sure thanydisplayed information is currently meaningfilor exampl e, a <SBe Qarefulonmith a b
SlipperyRoad may be onl y di Petureswutdbelowishow thed at cema dinhelofearday, a road may be
used.t has been proven thtte signs of3G Switchable FilGlasswork well at- 30 C.Zero-defect is reportedihe

projecs arefor updating laws for traffic signs in EU region. If updatedyrketsize could be over hundredsllions

USD.

(h) Intheearlyofyear2 0 1 4, Scienstryo6s pr e gived kegnbte dpeech inEaengy w a
Harvesting Europe 2014, international convention and tradeshow in Berlin. It is first international convention
especially held fothe sector of smart glags the world. Dr. Wang reviewed most achievements in the field and
explained how Scienstry overcome mofkproblens inthe field of LC smart filmand introduced new outdoor
applicatiors of 3G Switchable Film/Glass. The title of his speech ¥ e w A ppslofi3G &witchable Film
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Face Huge Mar ket sgreatrebpoess tmespekcHdic hee &vvhe speech Since then,
outdoor applications of LC smart film become a hot tojpithe end ofyear 2014USGlass magazine readers
selected the Laminated Switchable Glass from Scienstry Inc. as one of the most significant products of 2014
3G Switchaké Film has beemnvolvedin a fair portion of outdoor applications such as sunroofsoaier
windowsworldwide and has a neaero defect rate for many years.

Dr.Wang’s

in c nd T
of Energy Harvesting Europe 2014 in Berlin G

o : . 2o\

New Applltl::aat;n;uogfe?ﬁasr:el::hable Film READERS ) b
\CHOICE Y

METAL & GLAZING

Go Outdoor with Scienstry 3G Switchable Film

MAGAZINE

(i) Started in2016, 3G Switchable Film/Glagsis beemsedona new world record projeeindoutdoor applicationor a
project forbuilding advertisingvith a coverage afulti-tensthousand®f square meterwith smart ceilings andmart
wallss. Scienstryds pumedihets lohndbllars h nvaichitdeiuracemplexin Manila, Philippine
into TV displaysForbes magazine (Oct. 20&6ition, Philippine) uses six pages to introdtigis uniqueproject.All of
ceilings and walkin commercial areas amadewith 3G Switchable Panefsr projectionand energy savingscienstry
cooperatd with theworld top projector manufacturers and projection compamiesenable to syncretiziousands of
industrial projectors together generate single pictureTesing showed thaBG Switchable Film/Panshould have a

l ong term of upatentedstabtlizatiorfechnatogiedor mgistue, heat and U\Each oftheworld-class
projecs had conducted comprehensive testd calculatioabefore3G Switchable Film was qualified ftlnoselarge
projects Picture at beloweft showsthat3G Projection Films/Panels aaeclear moden day timein this buildingand
picture at belowright showghat3G Projection Films/Panels aagprojection mode, which enalslto turn entire building
to displays with fronprojection(or rea projectior) andto allows 360 degree viewSix industrial projectors are installed
in each of polygonal box hanged from the ceiliégch of the industrial projector is 10 tismorepowerful than éanome
useprojecta. Building advertising without bothering use of internal spacesgeagrate a goadcome for a building.

6. 3G Switchable Film faces great emerging marketsWhat market effect do we have once 3G Switchable Film is
suitable to be used wutdoor? The emerging markets may be 100 times bibgethetraditionalmarket Scienstry had
madeseverafundamentabreakthroughto enlarge tempaturerange from-30 °C to 80 °C (or from22 °F to 176 °F)
which allows to use itin any place suitdb for human activitiegp resistmoisture and watexhich allows 3G Switchable
Film to be usecitherin laminatedglassor in air for a long term, and to improve UV stability over 50 timéxdéch have
been hoped for decadfes outdoor applicationdt is importance to know that these successes open a dovamgrtypes
of outdoor applications including automobifcienstryhasturned predicted emerging markets into realitfhrough
strong demaridg, we know what kinds of products the emerging keds like anchow bigdemand areandwhere new
world records areNVhatwe would like to mentiorhereis an important philosophy new product determines its new
applications which in turn determine the emerging markets. Without a breakthrough iprinciple andoroperty, it is
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impossible tchavethesenew applications, because smart glass markedlhesdybeendeveloped for over 30 years. With
this philosophy, Scienstry keeps making records for world largest projects, fromthouliand square regsof single
project to multitensthousand square meters, especifyoutdoor applications.

We may understand such emerging markets from analyzing a few of industrial sectors. Figure 5 shows 16 industrial
sectors which 3G Film has been used. If wleudate one percent of each of selected markets, 1% of the calculated market
size is around billions USD. For example, the sector of laminated LC smart glass is listed at top right of Figure 5. With
three decades development, this traditional marketisabo 1 bi | I i on USD. I n past, LC
windows. If we look at normal glass usages for indoor and outdoor (including outer windows), it is not difficult to find ou
that normal glass is mainly used for windows facing to outsidéraeichal uses are only small portion like partition and
shower bath. A main function for the old generations is switchable privacy and a main use of the old generations is
internal window for conference room. An embarrassing situation is the major functinf ol d gener ati or
used where the privacy is mostly needed, or outer windows. If entering the traditional market from here or outer windov
with 3G Switchable Film, the traditional market will be immediately enlarged several times. Therswugpuld not feel

much competition, because other films candét do this |
Super UV Stable 3G Film Laminated LC Smart Glass (traditional)
Switchable Projection Window Transparent TV, OLED TV
Switchable Projection Glass / Vehicle (car, ship, train, Airplane)
: / Heads-Up Display
3D TV, 3D Monitor
S———— | Application Fields of Reverse mode NPO-LCD
3G Switchable Film
Touch Screen NPD-LCD Traffic Sign

Active Matrix (small, hand held) / \<\-l Automatic Fishing Machine

Building/Advertising (Billboard, Window Film)

Indoor Projection (Banner, Sales Counter)

Special Laminated Switchable Glass

Dot Matrix Display (indoor & Outdoor) (Building Glass | Advertising J Save Enerav)

Figure4.

Switchable Projection Windo{sPW)is a newly invented product aitd applicationis very usefulin many places.

Unlike regular windows with simple open and close functions, it has 12 funatidodingwriting board and TVIf

1/1000 homes and offices in US use SPW, thiillien-dollar market, evemuchgreater if including public uses in

stores, schools, hosgls, companies, malls, airports and buildings. And other countries have similar markets too. You
may reviewthis application irdetails click here for vide@andclick here for article

Letds | ook at appl Auaenbbilecapplication issinietested aithimbjar gldss cenpdnies originated
with famous car manufaaters. The market size of automobileis00 billion USD with annual production of 78 million
of cars. Each of the large glass companies is only able to handle a few of brand names of cars. With the leading of the
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large glass companies, automobile apploicadf 3G Switchable Film will be never limited in a few of famous brand
names of cars. Basically, all of car manufacturers will follow, just like other modern technelseggda automobile
industry, such as antilock brake or airbag. Therefore, nevecipartis for mass production may take advantsgkthe
market effect and join thbusinessThe new application has a huge market. After a few of years of field testing with
large companies, such applicatiors baenbasicallyaccepted by OEMs through ¢gr glass companies. Several famous
automobile brand names are involved in this applicaBare for each brand namermally has multimillion or multi
tensmillions USD.One percent of market size of smart automobile glasaiigbillions USD.This marke is actually
competing for a super stability.

It is importanto emphasize another breakthrough for projection capability on laminated liquid crystal switchable glass.
SinceLCMD types of display/film/glass were invented 30 years ago, 1G (NCAP) and&}Rilm/glass have almost

no or poor projection capability, therefore, their major application is privacy fglassloor use onlyAlthough 3G
(NPDLCD) film has a good projection capabil i teywords,a s | a
laminated glass panel with any type of LC switchable films does not have front projection capability. However, if a
laminated switchable panel is used as a window, a front projection is mainly needed, because a projector needs to be
instalednsi de of a room. No one knew a reason why a | amir
before Scienstryds discovery and invention. Scienstr)
images and resolved this prebi and obtainethultiple patents for thigpplication The projection capability perfectly
combines with its original switching capability and privacy function when usegl&sor outer windowsNow such

walls and windovs have a strong performance featunggh wide operational temperature rangagh stabilities for heat,
moisture and UV. Therefore, window advertising and building advertising become available. In addition, a few years ag
major projector manufacturers knew @chievemerston projectionand developed commercial projectors which are

about 10 times or 100 times more powerful than a home use projector. Projection companies or projector manufacturelr
are able to synchronize thousaraf projectorsto generata single picture. Now, this technology has been used on
building advertising to convert multibillion doll ar si
utilizes building surface as a display without blocking windéerslay time, ther®re, does not reduce value for office
spacesand may generate additiondl% revenue for a commercial buildibg advertisingSome of these emerging

markets are patent protected for making, using and selling. For sah@applications, a free licengiris possible, if 3G
Switchable Films used.

It is first time to show that glass building surface is so valudihiis. applicatioris so welcomédor projection, advertising
and real estate busine&snce building surface is much greater than internaisglnis market is so optimistic, because it
is a new way to generates money witlodd resourceplus it hagyreatenergy saving functio(click here for deta)land
privacy function. Switchable Projection Windg&PW) and Switchable ProjectidPanel(SPP)have energy saving
function too Unlike an absorption function déw-e coating,SPW and $Pdo not absorb lighinsteadyejectover50%
infrared by scattering, therefore, window surfaces are not hot ag lglass. Unlike passive function of lesvglass, in
winter, a lowe glassalso block heat resulting more energgefrom a heaterSPW and SPP may save energy in both
summer and window andth day time and night time by adjing} its opacites. It is considered by some professionals as
best energy saving material with its dynamic functiatisK here for deta)l

With aboveanalysis, an overall picture of emerging markets should be clearer. One may easily findtbatehata big
difference betweea growth modebf theold marketandnewgrowth modebf the emerging marketdn generalthe

bottom line of yesterdaypy s st andards i s really di flhpast,amajordpplicationeft t
privacy glass was faglass forconference roonSuch usds hardly to have a large project, but napplications like

building wall,automobile and building aévtisingare belonged ttargebusinessOnce a door for outdoor applications is
open, the projects usually are large, and large compargasilling toparticipae. Therefore, its jumping growth model is
totally different from past slow growing model. #Wia common knowledge, whiost recognize the advanced

technologies, who may get a great benefit from the emerging markets. With above mentioned achievements, Scienstry
plays an important role in leading the industry with its independent patents andpeai@ingtechnologiescovering

over $0 billion of emerging markst That is why we think that all of these new applications are depended on new
features and new properties of new products. On the other hand, traditional smart glass market is also growing with mc
smart film manufacturers joining in the market, but theg/inatough situation with tough price competition. The

markets are clearlgividedinto two ends, a low end with traditional pure indaseand a high end with advanced

features for privacy, energy saving, projection and outdsemew features detemine new applications which

determine new markets
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