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Introduction
Liguid crystd digplays used in modern portable computersfdl into two main types— “active’” matrix
(aka TFT) and “passive’ marix (ak.a DSTN). While both of these technologies have been widdy
availablefor anumber of years industry leaders continueto investigate and develop display
modificationsamed a improving theend-usars experience. The portable computer indugtry hes

recently benefited from theintroduction of animproved passive display cdled “ FastScan™ (a

refinement of “Memory Addressing” or MA digolays). This paper will illustrate how each of these

White Paper
displaysfunction, and provide abasis of comparison for eva uating the merits of eech digplay type.
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Pixels Thetiny screen dotsthat meke up the picture on the diplay.
Contragt: A messure of the brightness difference between pixdsthat are*on” and thosethat are“ off”.
Contragt isusudly expressed asaratio, such as“20:1" or “100:1”. The higher the contragt, the more
diginct and defined the display images gppear.

Definitions
expressad in milliseconds. Slow responsetimes are responsiblefor “ cursor ghogting” or “ submearining”
(seebdow). Thefaster the responsetime, the dearer and more reedable the moving imeges gppear.
Submarining: Describes the effect seen when the cursor disgppears whilein mation, only to regppear

whenyou dow down or sopit. A cursor “moves’ viaanimation, Smply asat of ill picturesflashing
by. When the user movesthe mouse, the cursor is undrawn and redrawvn inHbetween locationsto
smulaemoation. If the screen hasadow responsetime and the mouse is moved quickly, some of the
cursor "inbetweens' are shown so briefly that they scarcdy havetimeto appeer a dll.
Crosstalk: The*ghogt lines’ that continue aong the rows and columns beyond the borders of

intentiond screen objects. These shadowy linesare vishletrailing out acrossthe screen, pest the edges
of awindow, and arevery obvious, thusdigurbing, to theuser. Thelesscrasstdk, the better theuser's
Liquid Crygal: A uniquefluid containing rod-sheped cryddsthat influencelight thet is shined through

Responsetime How quickly adigplay can react to acommand to changeapixd’sdae Thistimeis

visud experience

them.

Polarization: Theprocessof digning light to enable dl wavesto vibraiein the sameplane. Normd

light haswavesvibrating indl directions. A palarizing filter blocksdl thewaves exocept those vibrating
initsorientation plane.

If asecond filter isset a right anglesto thefirgt one, it will block the remaining light. (Thiswill comein

handy later on.)
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General All LCD pandsare made up of a“sandwich” of glass liquid arystd fluid, polarizing filtersand a
becklight. Turning on or off tiny dots (pixes) produces an image by sdectively passing or blocking light
from the backlight.

Twisted Stacks

Inther neturd sate, theliquid arystdstrapped in the display sandwich tend to dign with each ather (A).
When they comeinto contact with afindy grooved surface (cdled the dignment layer), they fdl into
(B), andthenlieinthe grooves (C).

If the arygtd s are sandwiched between
two dignment layers sst 9P gpart, they
assumea“hdicd gack” shape.

When palarized light is shone through
thepand, the hdlicd stackstwig the
polarization angle.
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But, when avaltageis sant through the
liquid, the stacks bresk gpart and the
light goesthrough withits polarization
undltered.
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To produce animage, the glassisdivided up into agrid of dectrodes, which correspond to the pixds.
We cregte the displayed image by turning the dectrodes off and on wherewe want the dotsto belight or
dark.

Inacolor digalay, each screen “dat” isactudly three sparate pixds, eech with ared, green, or biue
filter printed on the glassin front of it. Thesethree primary colorsare mixed in various amountsto form
the variety of colorsthe user sees.

Themgor difference between active and passive displaysisthe method by which the voltage reeches
the pixdsout on thegrid of the screen.
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Response time
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Inapassvedigilay (the most commonly used typeis*” Dud Super Twisted Nemetic” or DSTN),
trangparent dectrode Sripes are fabricated on theindde of thetwo glass panels. One sheet’ sdtripesrun
horizontdly, the other runsverticaly. Voltageis passed through apecific pixd by running it down the
desired column, through the liquid crystals, and acrossthe row. The screen must be congtantly (and
rapidly) refreshed, to hold the crystdsin their sacked or undtacked states. Thedriver circuitry
continuoudy scans across and down the display, “reminding” the pixesto day either transparent or

opacue.

“FastScan™”

“FastScan™ isarefined verson of the passive matrix display.

Essartidly, the responsetime of the digolay istheamount of time it takesfor the crystdsto sack up or
fal apart in reaction to the gpplication and removd of thevoltage. Toimprovethe“ FagtScan™”
responsetime, alower viscosity (less* gooey”) LCD fluid is used, dlowing the crystdsto sack and
ungtack morequickly. Also, the glass plates are squeezed doser together, increesing theintengty of the
dedricfidd.

Unfortunatly, this attention to response time reduces digplay contragt. Although the crystals ungtack
fadter, they ds0“re-gtack” fagter when the voltageis rdeased, fading out asthey outrun the frequency of
therefresh. However, by adding asmdl amount of static RAM to the driver dircuitry onthe pand, the
“frameraé’ (the gpeed a which the screenisrefreshed) isbumped up from 120Hz to 150Hz, reducing
flicker and increasing contragt by “reminding” each pixe more frequently whet color it should be.

To achievegreater contrast for “FastScan™,” the number of pulses ddlivered to each line per framewas
incressed from oneto four. The RAM added to the pand dlowsthe driversto send pulsesto multiple
linessmultaneoudly, so they send four pulsesin the sametimeinterva that aconventiona DSTN screen
can send only one.
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L ooks better ...

...but hard to make

Active Matrix
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An active matrix display adds atiny trandstor to each pixd, actudly fabricated out ontheglass. (These
“Thin HIm Trandstors’ account for the common abbreviation “TFT display”.) Thetransstors
cortinuoudy hold the valtage on the pixels, o the screen doesn't need to be congtantly refreshed.

Becausethe trandstors can ddiver amoreintense dectricd fidd totheliquid arysds, responsetime and
contrest are greatly improved. Theincreased current dso dlowsthe use of adifferent type of liquid
crystd maerid that has aninherently wider viewing angle than the type used in passve screens.

Unfortunately, these improvements don’'t come chegp. A 1024x768-pixe color pand has 2,359,296
trandstorsfabricated onit. The process of manufacturing eech pand issimilar to that for Large-Scade
Integrated (L) devices Snce each screenisessentidly a10 or 12-inch chip! Thismicrascopic
manufacturing processis very ddicate, and any tiny impurity or glitch in the procedure resultsin anor-
functiond pixd. A few such pixdsare normdly tolerated, but if there are morethan afew, the screen
can't beused.
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Summary
Findly, the spedifications of the various screen types are asfallows

DSTN " FadScan ™" TFT
Crosstalk 5-30% 5% <1%
Response Time 300ms 150ms 50ms
Contragt 30:1 401 150-200:1

"FastScan " isthenewest in Toshibal s expanding family of display technologjies " FastScan ™ isa
hybrid passive digolay that offers many of the festuresthat performance cusomers are seeking.

Notice

Theinformation in this publication is subject to changewithout naticeand is provided “ASIS’
WITHOUT WARRANTY OF ANY KIND. THEENTIRE RISK ARISING OUT OF THE USE
OF THISINFORMATION REMAINSWITH THE RECIPIENT. IN NO EVENT SHALL
TOSHIBA BE LIABLE FOR ANY DIRECT, CONSEQUENTIAL, INCIDENTAL, SPECIAL,
PUNITIVE OR OTHER DAMAGESWHATSOEVER (INCLUDING WITHOUT LIMITATION,
DAMAGES FOR LOSS OF BUSINESSPROF TS, BUSINESSINTERRUPTION OR LOSSOF
BUSINESSINFORMATION), EVEN IF TOSHIBA HASBEEN ADVISED OF THE
POSSBILITY OF SUCH DAMAGES.

TOSHIBA, SATELLITE, Portégé, TECRA, LIBRETTO, INFINIA, EQUIUM, MAGNIA AND/OR
OTHER TOSHIBA PRODUCTS REFERENCED IN THISDOCUMENT ARE THE
REGISTERED TRADEMARKS OR TRADEMARKS OF TOSHIBA ORITSAFALIATES ALL
TRADEMARKS, SERVICE MARKS, AND TRADE NAMESIN THISDOCUMENT ARE THE
MARKSOF THE RESPECTIVE OWNER(S), AND ANY UNAUTHORIZED USE THEREOF
ISSTRICTLY PROHIBITED. NOT ALL PRODUCTSARE AVAILABLEIN ALL GLOBAL
MARKETS MODEL NUMBERS, SELECTED HARDWARE CONFIGURATIONSAND
SOFTWARE APPLICATIONSPRE-INSTALLSVARY BY REGION.
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