POSITIONING SYSTEM AND METHOD FOR LED DISPLAY RELATED
APPLICATION [0001] This patent application claims priority of U.S.
Provisional Application Serial No. 60/591110 filed July 26, 2004 titled
"Positioning Sysismiene\idsthoc:fenhpRRigntay korhieh isibyr e same
inventors as this application and which is hereby incorporated herein by
reference. This patent application claims priority of U.S. Application Serial
No. 11/189,168 filed July 25, 2005 titled "Positioning System and Method for
RIED DHppi&y! [QdkiitoNs by the same inventors as this application and which is
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video terminals, computer displays, and projection displays uses such an
approach. Such CRT displays have one or more electronic guns from which
ldiddrond HielN\Gdeldeated towards a faceplate that has red, green, and blue
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deflected.by high voltages and/qr by magnetic. me and are usually
TR B L R e R TRk D Rl ure between 30
to 100 Limes a second. The observer sees a solid image due to the
pecsisteoverpionsian prepsrtiesvof the human eye. CRTs are bulky and
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approach to Creating a disp g pixel by pixel and line by line is to use a
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The observer sees a solid image due to the persistence of vision properties of the human eye. CRTs are
bulky and require large amounts of power. This may present a problem.

[0004] Another approach to creating a display pixel by pixel and line by line is to use a deflected
light beam. Light particles or photons have no electronic charge and hence electrostatic or magnetic
means cannot be used for deflecting a light beam. However, scanning displays can be created using
lasers and other light sources and using rotating mirrors to deflect the light beams. Rotating a mirror

may present a problem.



[0006] Figure 1 illustrates a network environment in which the present
invention may be implemented; [0007] Figure 2 is a block diagram of a
computer system which may be used for implementing some embodiments

mmﬂngepﬂpnoﬁﬁmfﬁg}ﬁg\%ﬂu@trates one embodiment of the invention
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Invention showing detal a substrate of ¢ |sp ay; [00 %)I%Irgea%t

IRSIPAREE S ERSH BLiRiERt of the present invention showing a two rail guide
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m&g&g&gdshowmg a flexure-type guide technique; [0012] Figure 7 illustrates
e embodiment of the present invention showing a double paralleloqram
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sembadhndentstofitthe imgamntion showing a voice coil drive technique; [0014]
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[%‘ 15] Flg e 11 illustrates one emBoéﬁmen he pres invention sn owing
IEPalEel®6il motor located in line with the transport of the payload; [0016]
[pegore 12rilustratRsuane @nbadidnant of thepsasentinse RiionhowingiBzuide
dansport, base, and a substrate; [0017] Figure 13 illustrates one

embodiment of the invention showg& details of a sinusoidal scan; [0018]

[P lke 14 IRUS A BIRE BRI %%ﬁ@ﬁ?ﬁ%ﬂﬁﬁﬁ%&ﬁﬂﬁ&%@f&ﬁ&%ﬂé’e guide
teibplacement of a flexure system; [0019] Figure 15 illustrates one

[e0ippdimentefthednventiershewiag datrilz-afprstittrRehWaceddse
dlsHe?cemeﬁpt orfea} flgxbjlr F\éﬁtem and [0020] Figure 16, Figure 17, and
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tebimbuer similar terms refers to light emitting devices. There are a variety of
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locaztied beneath the payload and between the flexures;

[0015] Figure 11 illustrates one embodiment of the present invention showing a voice coil motor
located in line with the transport of the payload;

[0016] Figure 12 illustrates one embodiment of the present invention showing a transport, base,
and a substrate;

[0017] Figure 13 illustrates one embodiment of the invention showing details of a sinusoidal scan;
[0018] Figure 14 illustrates one embodiment of the invention showing details of a displacement of
a flexure system;

[0019] Figure 15 illustrates one embodiment of the invention showing details of position and force
for displacement of a flexure system; and

[0020] Figure 16, Figure 17, and Figure 18 illustrate calculations and graphs for embodiments of

the invention.



LEDSs), visible light emitting lasers, vertical cavity surface emitting lasers
(VCSELSs), quantum dots, resonant cavity light emitting diodes (RCLEDS),
organic light emitting diodes (OLEDS), electroluminescent diodes (ELDSs),
Ip@pmm[egggmm@ﬂconductor light emitting diode, etc. For convenience in
hﬁratm varl Odl ent the inv: qd S|m|l rt%;msw
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[pe22]316 efgike syisiens30Rtisoaometiat irRimoxeidetath el @ahnliquss eh@isyistembe
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in moving the light sources 306. Additionally, the design may benefit if the

1958bn of tRETigHISERIFE BSOS Hreds Wit SREIER Y Toreiay e In
tipissembodinentfdhpdsiticn feedbadiene thilois e BilOais deitived. telbmwportable

peplcations.theinize.a0ehvaighi.atihg m%%@&&@b%%&%&mm&&@ BSthis

Il to allow operation with less ower, Fin the otlon d ould be
O e S Ue LT Yo B B B syt ot D
GPisistingt et PO B @Sy HERF e O %é@%ﬂ%ﬁ%bﬂt@béﬁ%? oA Ape 16 of
g acsigioals sucheasy analagiDdéloetan Black ss2notinuksaykame whaidisigivale it

NALYeRS tMn?rgﬁggll ?O\Q’Qﬂm@ AQlles tﬁgﬂgﬁﬁ CHIVGS A% INRUKRLGING kﬂ%’lfémgn

position sensor (from information. Controller 304 is in bidirectional
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Green LEDs, and column 412 of Blue LEDs; a second array of LEDs column

Wi %&i@‘ﬁ%c%ﬁﬁﬂﬂf?ﬁ(ﬁbw@@%éﬁli@%%%& Ar A HoB R [E P EpyEer
ik adniver3dhi Sontroller 304 outputs control data which goes to the LED array 306. LED array 306

also receives controlled motion from motion device 316. The LED array outputs an optical signal
which goes to the position sensors 310 and an optical output which goes to the optical system screen
308.

[0026] Figure 4 illustrates one embodiment 400 of the invention showing more details of a
substrate 402. The substrate 402 has mounted on it: a VCSEL 404; a first array of LEDs column 408
of Red LEDs, column 410 of Green LEDs, and column 412 of Blue LEDs; a second array of LEDs
column 418 of Red LEDs, column 420 of Green LEDs, and column 422 of Blue LEDs; six driver chips
414 for driving the first (408, 410, 412) and second (418, 420, 422) of LEDs; and a connection 424
from components on the substrate 402 to a controller (such as 304 in Figure 3).
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414 for driving the first (408, 410, 412) and second (418, 420, 422) of LEDs;
and a connection 424 from components on the substrate 402 to a controller
(such as 304 in Figure 3). 3 [0027] This discussion will now detail several
[_embpdimemsﬂa&Jnﬁ)ﬁnvmm&%gwgﬂmmmm RY ALl @ @fing and
SISl gRs SmRediment of (e dmenton 490 In SO e neRr melon.ion
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[0030] To provide for pure linear motion using a flexure-type guide, a second pair of “arms” may
be employed as shown in Figure 7 illustrating a double parallelogram flexure guidance. At 702 isa
side view of the double parallelogram flexure guidance system. As explained later, a flexure-type
system exhibits a fundamental (natural) frequency where displacement amplification at resonance may
be utilized to advantage. At 704 is a first rigid structure to which a first set of plate springs 706are
attached. The first set of plate arms 706 are then attached to a second rigid structure 708. Attached to
the second rigid structure 708 is a second set of plate springs 710 which are also attached to a third
rigid structure 712 which may be a substrate. At 714 on the substrate is an LED payload with the
optical axis in the plane of the page for Figure 7. The arrow at 716 indicates the direction of travel for
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be employed as shown in Figure 7 illustrating a double parallelogram flexure
guidance. At 702 is a side view of the double parallelogram flexure guidance
system. As explained later, a flexure-type system exhibits a fundamental
';(mtural) frequency where displacement amplification at resonance may be
fe°C aadariane. ARt a st dad studua i whicha fist el ofe
sprln s 706are - attach \E tirst set ate arms are't
ta%baméa%%ll%wwaggtﬁwa FéStFO‘gS‘Rha% ditesuped duEisuts ﬁ>g d*t 802 is a top
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tech ngue may be used for both linear and rotar motion req uirements.
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mechanica ltiona niques may use motors o
dtier structures, for example, but not limited to, stepper motors, piezoelectric
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drive element, such as a lead screw, which is connected to the payload

9038k thé 1385 sy BT HRBORSF TR AITRECG P fhia K AnS R (TSRS Ygice coil
frictiaM Gvidsysear fivllthe. mechanical

[0037] In the present invention, a flexure-type/VCM system is disclosed that takes advantage of
natural frequency amplification or resonance of a flexure to lower driving energy. An assumed percent
damping of 0.5% and 0.9%, for example, would result in amplifications of 100x and 56x respectively.
Driving the mechanism at resonance may not require a full duty cycle, so a sinusoidal or pulse wave
input can be considered. The resulting power and space savings may be substantial.

[0038] Figure 10 illustrates one embodiment 1000 of the present invention showing a voice coil
motor 1016 having a single drive coil 1006 located beneath the payload 1008 and between the flexures
1010. At 1002 is shown a bottom view indicating the direction of motion of the LED payload and
stage 1003 (voice coil not shown for clarity). At 1004 is a side view showing a single voice drive coil

5



design. [0035] A piezoelectric drive may be used where small precise
movements are needed for positioning as may an electrostatic type drive.
[0036] A detailed discussion of one embodiment of the invention using a

flesurat¥ReMRINR CAlIPRIRY (MLWsystam follaws A4 ilnithenpiesent 0os.
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voice Ccol own r arlt IS a side view
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ned to match the scan re%uwements for an LED display. For example, if
[a%bﬂz réfeSh! ralE E G e g AL A EHRAIS etesH }‘é§8ﬂ%{hsé18“6f1%i‘)f—la£%ﬂ‘it
Pahdiztel g6, bR paylord A3prdpriatdlysctAta Bk 22 eptoFidepapivad willcoiosses
ihe l’%@ﬁ@t@&e E@ﬁﬁ&(&h t@ﬂ@hulaﬁ&%waﬁd% Mﬁ§ Iﬁoﬁﬁg@m Lmk ﬁﬁglﬁl@d—ﬁ@e LED

0 ay illuminate the scan on e forward an ward motion

e B R R e e R R R
‘EWﬂﬁé@l?ﬁeN?tﬂWoﬁ’ﬂfékﬁfé%ﬁf}iﬂﬁféﬁﬁ’%hOW|ng a voice coil motor 1116
lwaated indinehwithethe-typasootsofithespaypagalidad .1 At Ld 5dis shegied 1, the

RQHAM. Y'ﬂ%ﬂ%‘l IRAUOG RS AIREHuRT @%l?ﬂxﬂe}%ap&ﬁ% b PayleathLiQS

and stage 1 (only one voice coil shown for c arlty At 1104 is a S|de VIeW

SR HYCERS ViRe Eive IR 1896 R TERING A S 9 S Sl B (e vlsiss
Himespiih 221 2THhedyBbD qoeyioadas disonHudiratedidd 08/J004hk Pighrendi2izing of the
igstaiesigne,gmediment 1200 of the present invention showing a transport
nd a substr te 1208 be seen, ahas
A o B VO R A TR (o BB B8 e sl
st20A bl g amotinhed tHe e paylsaes 1121@.@%@(1_1&198@%@%6\@&%9 lip It
ithissepnbodiaenhisagsubstrate boGutmving te rovusioh RéaB@mifines cogis, is
e%@%lzgﬁlv%ﬁe%a%%&lt?@gwliu@{g%%f)ttlg @5“&1@0%@ r}ég['\éhd to the left as shown here

in Figure 13. At 1302 is shown the motion x(t) with respect to time t. At 1304 is shown the velocity

v(t) with respect to time t.

[0044] A detailed explanation of the operation in such a mode will now be given.
[0045] If d; is the distance traveled to create pixels for the ith column, then to create equal size
pixels,

d; = d, a constant.
d; = [ vdt (Equation 1)
where the upper limit of the integral is t; and the lower limit is t;
and d; = distance traveled to create the ith column
t; = time when the energization of the ith column ends

ti.; = time when the energization of the (i-1)th column ends.
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[0042] In such a flexure-type/VCM system with LED payload 1212 is shown
in Figure 11, the mechanical amplification is approximately 40dB (or 100
times) that which would result from a non- resonant mechanical system. The
non-linear motion resulting from the single pair of parallelogram plate springs
fh%]a(l)st%‘é‘ X%iiac%orr%modated by optical correction and/or Liming of the
energizing the' LEDs in the LED payload 1212. [0043] Figure 13 illustrates
one eBAFA¥AP1300 of the inventior&haiihg details of a sinusoidal scan.
THee dlexuyra systamm, tgs shown in Figure 12, creates sinusoidal motion as
showrw'g Figure 13. It is possible to create an image accurately by changing
the time for which a particular pixel column is energized. The LEDs are
energized dAYPart of the motion to FiB#HYACANd to the left as shown here
[W4ahure h3InA¢mIB@mensbfchenntretivoionnd thavithinespecttio sihywale Attd @O 4ight
ils. shywa, the velegityy\(Dyith raspect e {imede[QadhAidetailrd-axplanation.
cﬁle%en%ﬁ’%etﬁa}?r%g L%sstﬂghx?‘e%%ohfé? will Q%‘.’"x%?#iﬂ% Ded90ER] M Sar'tfng}?or‘%'l'%i&%&
raveled to create pixels for the ith column, then to create equal size pixels,
geondy aa teMBiaRigere 13 The (EEeizion Ey VRS fee tHED(p pres e ptegight is
ilsatcardahtiaeol westlimiibiate pic@rdchesldisigacea dravekedhtaicieated thedith position.
%%&aﬁoﬂ m&Viren G SNgiization Qb G QIR QLIS 56 Lz Hle At thar

_ e energization of the (1-1)th column ends. 6 The distance X(t) is given
RSNPLXRE) S B R - (B SRR DS BV P S s givesie By Wi “2raggifian and
thawghn (wi) it Eephatidon S)rfoR48hipoitierembodiment of the invention, assume
[Jeatpt timg zeippiihsisHbsHatadstadskight i.e. x(0) = a, and the velocity is
zero i.((gé g;[(t)lfcg.eTtJ}Setseut?estgggg srtlacrtaemO\r/iQegot%the left, in a negative
direction, unti‘il it reaches the extreme leftmost end. The LEDs get energized
startingf#AY t=0.00034 seconds as sH&#iM Pigure 13. The energization
[(vassing theis Eb{s)iteenikt lightar dataepoitiligbi)is nittiaseokdameedocdiapositive

a ‘alHéQﬂl &Iiggop&qgr%tk%lp ﬁe%%%@&&%g?g (I)Itqg %%Mobﬁﬁ@%&ﬁ 1%1&”1(3 motion

position. e eneé%lzatlon stops after column 1 (ﬁhe leftmost column) is
tPéB%P?E‘d“&‘t‘f‘:f)%ﬁ 3§8 é%?fa%g ﬁ?(ﬂﬁ%rt the motion to the right side which are reasonable

choices.
[0049] From the equations above it is possible for the controller to know the values of t; and t;
since all the other quantities are known. The product of time and velocity is constant, so to have the
same apparent size column width, when the velocity is the highest the time interval for the column is
the shortest. Conversely, if the velocity is low, the time interval is large. However, the longer the time
interval the brighter the column may appear to a viewer. Therefore, a correction that depends on the
column position may be applied. Figure 13 shows that the velocity is highest at the center column of
the image. This implies that the center will be apparently less bright than the right and left extremes of
the image. A correction factor can be applied to the excitation values for the LEDs to correct for this.
[0050] Figure 14 illustrates one embodiment 1400 of the invention showing details of a
displacement of a flexure system. At 1402 is shown a three dimensional view. At 1404 is shown an x-
7z plane view.
[0051] Figure 15 illustrates one embodiment 1500 of the invention showing details of position and
force for displacement of a flexure system. This illustrates the non-linear behavior of a single
parallelogram flexure guidance type system. At 1502 is shown z versus X position. At 1504 is shown
force versus x position.
[0052] Figure 16 illustrates calculations 1600 for one embodiment 1602 of the invention.
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point the velocity is zero. The substrate starts moving to the right and goes
past the zero position and to the right until it reaches the extreme right
position. [0047] Some applicable numbers are as follows: w= 2icf where fis

ﬂeque@@yelmw@@memaﬁmﬁ 1%&4@& (Emuatien: 4y (00ARL Invthisn.
paipdiment UP&%&%&E‘&%@ r%fﬁL‘%% n.of tt@mo%onwn %5‘? i 1‘&%5’ St
[ﬁosmve a negatlve Sg Bt zero that t(he region erew =
iDveRtPR60-tdokties RBEP TR TH dtﬂsﬁatfdﬂtﬁéﬂr@ﬁelaﬁﬂ Wthe 12%2&9}3@@?61% a30Hz
2X31r5/360 for the motion to the right side which are reasonable choices.

[60R4P] Frem U?@kﬁﬁiﬂ@ﬂl@ﬁﬁéﬁ%‘!&é&h%e%ﬁi@EJ&BJE‘%&QW@%‘S{ o e ALY B8

values of t; and t;_I| since all the other quantities are known, The product of
R ERE %IHB’&W%H&QW doT3rggathee YhkE e BiL B EBihN
Kyiththmplerihidriel cltguidative thigirest dbrsrihviahoterve for ththiodhamapsotie
ORAiestfaonversely, if the velocity is low, the time interval is Iarge However,
nger.the t|me interva the ter the cp pear i aviewer.
[%?()Iflo foreJf hgsca frechio gtﬁ/ale epen g‘ oc# e cgﬁnd? s,ltlonefl'ﬁlaf/:S Hbe plied.
[#950ke 1?%6?/\@1{%%%3{??@ Ve RS IFpREt8e they léélhﬂéﬁ‘rt%’l‘ﬂ}ﬁ‘fﬁs é‘FSfﬁ@d may be
dppage. ﬂbh&im}kiesvmhﬂme memtaem\n/élkwlaﬁ(_appammhnéass benigm than theudgho4-
aadileftiextcanes ababe et A cRIRCien[aaiRn 6apybe applied to the

excitation values for the LEDs to correct for this. [0050] Figure 14 illustrates

B mbSHREnt EAEt b tRETAGERGSH %H%WH@CH&%ﬁfé‘%foémdﬁ‘ﬁ}j‘fﬁé‘é%%t of
rgpflexure \systemoiAhd A0 sshowmvarthheendinfiegisidnal widhes, AevidQ4 lisnts, and

SRRWh Athe Fzgm@?wx%\@edﬁ@@&]d@&we% daolustrates one embodiment 1500
Bébtf '”VE”IE!%S opin dl?r%af'sg quSHSIL%{}a?eQ% force for dis H'IS‘%%%%Q‘W the
re sys IS If ates non-linear behavior of a singie
tb‘éﬁ‘&ﬂ@lb@ﬁé‘&ﬁwﬂéﬁwé@mﬁﬁcEWB@WEWYOAWSOQoléaéﬁéﬁmozlﬂ/&%@étﬁomects S
osii0M-AthlS4 is4shomnCiaiass 1egsLG s RaSEa. Q0D igkel@mputer systems
IH'HI%tfé}Fﬁ%f%ai‘éw&E'%hs 1%91%959[ @fseaﬁytba%m%g 31@91%11%{1 tﬂfg E‘&%’lﬂf?&ct&l to cach

[0053] Figure 17 illustrates calculations 1700 for one embodiment 1702 of the

‘?H\?&Hﬂ&n’?etmkﬁﬂﬂu‘f@ Y i {OF SEE8RPab FRERSFRY CATEHIRGtiOHE: 1800 ¥8F one
aynivocityent £80Zkoftheigmbiertiowluds dllestratedothbcormpetations iNustiate ork

(@@mimﬁﬁm (NI QR BHPRATINGrABOGR systemwdR0S5] QRsifion of

kill in §he %rt w reC|ate that the E)resent an(?r](tlon iS not I|m|t dto a
g OI‘ CI'S. ers m represent, TOr €xgm; 1S storaﬁe Sg%t aloneg, or sﬁg}rage and
B system an any equency ¢an b& chosen’ a & Wi

w@n@ﬁfmgrﬁqvehﬁeﬁ{se, the clients may have computing, storage, and viewing capablhtles

The method and apparatus described herein may be applied to essentially any type of visual
communicating means or device whether local or remote, such as a LAN, a WAN, a system bus, etc.
Thus, the invention may find application at both the S servers 104-1 through 104-S, and C clients 108-
1 through 108-C.
[0060] Referring back to Figure 2, Figure 2 illustrates a computer system 200 in block diagram
form, which may be representative of any of the clients and/or servers shown in Figure 1. The block
diagram is a high level conceptual representation and may be implemented in a variety of ways and by
various architectures. Bus system 202 interconnects a Central Processing Unit (CPU) 204, Read Only
Memory (ROM) 206, Random Access Memory (RAM) 208, storage 210, display 220 (for example,
embodiments of the present invention), audio, 222, keyboard 224, pointer 226, miscellaneous
input/output (I/0) devices 228, and communications 230. The bus system 202 may be for example,
one or more of such buses as a system bus, Peripheral Component Interconnect (PCI), Advanced
Graphics Port (AGP), Small Computer System Interface (SCSI), Institute of Electrical and Electronics
8



Furthermore, other drive and guidance means, as described above, are also
within the scope of the present invention. [0056] Thus a positioning system
and method for an LED display have been described. [0057] Figure 1

]ﬁl'éﬁfé’@r&&%ﬁ]f}%tw@ﬁlﬁ%GMHMWQF&QQ&ED which-ihsdgamiguessliescrined P4
nletwork enggro m%nt 100 has a netw rk 10%]8 at c%ngects

m@i’v(%%gmféqﬁ }Elu tlr%u Oﬁ Vﬁlha Str1 I(J:][e ﬁrréputlni6§0}|1-1"CI61 rou tor om?ac
%‘é?éﬁ?h%%&‘éb‘&%@de%%\ﬁw@é@?ﬁg%?é@m egﬁfé%ésﬂas doith &férrg%?@fﬁﬂck&
200 iachlack eiadraphian nwdhicle, Tvayxbeplke piesentative af anyratiheaelients
NPT SEIVES ﬁ%}ﬁ) QWi TR BRG] 25 Mﬁ?&%yﬁléﬁnﬁ% AuRSYELS Ray

other Figures. More details are described below. [0059] Referrlnﬁ back to

sy et AT O GTAGARON S PG HERH o . i
dewih nighedescfibedanaybeddpldl idkdicT et tretwdrk @pwironmedtido0 Yealoard.

m&vwgﬁkylﬁaaamg CRIHRQGIR I oBEIRIRFS éli%olsmough 104- S and C clients
1thr ﬁ{l 108-C. As shown, .se er? uters ste the orm 8
stal ood that

serv]ers 104 Y Stgh Ko a8 Shd B Gieh %‘% 1"t rolﬁnh é““ "
EEAMEEBE 45 BSERY &Pﬁéﬁ‘%}w Kdsetbloikhopt WHEH lhﬁé?%éﬂlﬁraéiai’ﬁm@?%
GoMporate, bﬂﬁedemﬁyueﬁkfont@dkhaba&Qﬂm&lﬂmJ)mhermtwaﬁlﬁdﬂ}&m igbtdd&onh in

RIS 0NG. Q"R hOJn&Q@tel{?&ﬁl?&tzh@ oG N%ﬂl&lefﬂ"&ﬁ‘fbé%ﬁgn\@/d@%ﬁ %Sone

Network (WAN), eI ite link, fiber network, cable network, or a combination

S Kildrd %‘i‘ﬁé‘i‘ét tl?%@%&‘i%@%ﬂ%d?‘é@éﬁt%W&%%‘B?ée e dale n
wystem@alonelbkstonagecand acddeputingerdsourvdgdodkidewise fdhe cliemtdan in
d&@ﬂl R&%&P@Wiaﬂcéﬁﬁﬁgﬁp%% wiewing. capabilitiglimthe Meathashand

apparatys descriped; herejn o Y b%ﬁ%ﬂh%%? e?%%@é‘&{e%%? YPe, f visugl
communlcatlng means of device' w |ocal br remote, such as'a Uﬁl\?
unfaiRfoed S8 ehsristbodifeenty migs bieiliredrtohariesicrh P pliedtioer dictotpdipiger
SBasgryers bddadcthinughidQénty, fandis aipats hoBredethiiougind 08-C. [0060]

[Ei%tﬁ! MINOBACK I GO B Lads AHES 2SI ALSS RLAMASE ﬁ%&%@a@g Aﬁnbohc

diagram form, which may be representative of any of the clients and/or

f§%‘i‘°\?é‘f§t§ﬁ‘6ﬁfr?l?ﬁ“t‘%lﬁr@‘1 OTREME R BRI TS S PREHIEVEreBh Ceysta aleorithmic
tepriegentationpanchmaysbecifnpieae ntedbinteovarietdiofryvayis iatig Byt parxicusg
&B%ﬁt@&%%&{m [Hb%%%ﬁﬂﬁﬁ%é&ﬂﬂ&ﬁ@?k&c%ﬂﬁ%@f%&ﬁﬁﬁm it {EPAY)
eal em om. ACCess iviemaor
B SO0 (e T A AT e e 0 sired
rﬁwkf,»niﬁbmctaer@@Om%%@wwmnmlmmzﬁehm@éeﬂ%@u§J sually, though not
egasiAaLyt priséIdoh teyiers (R2Brand commLsicatons d30usidag bt sraaiefored,

RGN B IRLEXRAMPIRy, ANERL JQBE‘?H%EM%&P%E% AR ASYSICMARHS times,
Peripheral Component Interconnecé(PCl)) Advanced "Graphics Port (AGP),

REASEIIE SPR BRI SSY SEEMIREPRSCE [BeE &N stisntl 8t Eiedties Sreents: sym ols,
dElectronies8, numbers, or the like.

[0063] It should be borne in mind, however, that all of these and similar terms are to be associated
with the appropriate physical quantities and are merely convenient labels applied to these quantities.
Unless specifically stated otherwise as apparent from the discussion, it is appreciated that throughout
the description, discussions utilizing terms such as "processing” or "computing" or "calculating" or
"determining" or "displaying" or the like, can refer to the action and processes of a computer system, or
similar electronic computing device, that manipulates and transforms data represented as physical
(electronic) quantities within the computer system's registers and memories into other data similarly
represented as physical quantities within the computer system memories or registers or other such

information storage, transmission, or display devices.



Engineers (IEEE) standard number 1394 (FireWire), Universal Serial Bus
(USB), etc. The CPU 204 may be a single, multiple, or even a distributed
computing resource. Storage 210, may be Compact Disc (CD), Digital
[W&rgatile Qiab@d\{@)@m;ﬂn@iﬁig&%@am@mmr@ﬂs@ ﬁﬁfﬁ%aﬁ% ﬂmﬁyention.

|cks vdeo recorders, etc. 0 mi be for exa

B SR AR A R O M b ongra-
Hm@rﬁ@ﬁ@aﬁbﬁ%ﬂ%@bfﬁfgﬁﬁﬁé@#@éﬁéﬁ%ﬁ@%ﬁ%ﬁam@gfégﬁ%awmﬂaéomputer-
Seme;athunoegahentgarangerenioafpoemponen tsoiaghadd]oaksdiagsam foor

19&‘1%‘94%? nocient.erignt eepsishat andralgss, hanriheld. i!é%?dﬂs’l@%@x%ﬁl’y

for exa (g? a traditional keyboard. Thus, many variations on the system of

TPSBIAFS S ek OARiBY T@é‘%‘ifﬁ%?cﬁh‘?ﬁ&é?%f"ﬂ?’s@ﬁ@gfﬁé R ARy
ithednve®igvsitds o dabyunaderstoddettvad-ardy ives derntEFR@NIs edebyidiibsmasable

&BQMM@@@J@-&HI%&&@ dmessepbﬂmﬁ&@?gsaﬂ%ﬁ@ﬁh)@Spt1cal cards, etc., or

F””yher sufthﬁedfersé‘tgfﬁ'oéle&?rnﬁ’uﬁﬁ%ﬁs %fe%fig gt “”me’i‘e)rus remofe to
etific dlé? alls are set forth . order to provi oroug rstanding ot

tﬂ?é%‘i‘@‘ééht invention. It will be evident, however, to one of ordlnary skill in
[leesqrt thahthgpiesenhinigniepimaydiadeaciiced indiaulythesel spasibarticular

AEIRAlS: oA INRIRNGESWELKIP dWPp§§£§9§%M9%Q%¥W&%g§Q{P§’YH n

block diagram form, rather than in detail, in"order to avoid obscuring the
Y5FECRS ﬁ“\}ér‘n‘i‘f"otﬁ“?ﬁé%eé’fﬂb"ddﬁHﬂ%VrREO‘éeréOBé%]é?'i’b?a“?ﬂs%ﬁﬁf&?é"rﬂp(ﬂ%‘?&ﬁ%
appable thostooh drdirmiyed kilthadhEoarkimpeaaticd thenirtheditignording tt iketordyent

ingﬁﬁt&fﬂ%fthﬂfﬂ@ﬁt&fe@ 8 lﬂ%mﬂ@lt&mﬁyyb@f l&ﬂg&@&hﬁﬂg JE@E[@Q}LG@J@% processor, or
Mechanical, 2 'eCéitﬁ%'waaré‘QHStQEwa?QaS&?gﬁggi( & MAdG withoy t Aing

I’ﬁ]ﬁ’?e Slgfi)tg)él (()) e presen invention ome portlons (0}
WESEHSHIBR thra) isaiiprear AtarHt At ivig PRyt ﬁ@’éﬁ@f@y’fﬁ%ﬁethﬂ than those
deprese ntationgs iohoeperedionssony igirexasnplecdatabitgwitiioracemputer

&%@Mﬁ%’abl&%ﬁﬁuﬂ@ QHLRBES %%?&T 'HQ;%“Eré‘élgsﬁﬁgRﬁ%%'&E%%E‘%eﬂsgtﬁ&é?%%%rk

used by those of ordinary skill in the atab%socessmg arts to most effectively

%%%%VW%@SS%@@B‘F?R&PW&W‘ES B EFP%FB’?%%? SKHPT? st cahi
adgdrittiheawiveng cand gemer allyrcceris eived fohal ayselficopsistemidegoenioe are
lgﬁapgﬁr&gdmgg@l%mqe{mlt The acts are those requiring physical
Eip”'alf[ins OfJ%hX§'ﬁ ”a%fc‘)““es R Sually; houu%h ”Oémnﬁge% & f% &?wrmen in
gua tities orm 0 electrical or m gne IC S|gn S C pa
@m@@pmﬁwmﬁe@ﬁ%mﬁé@ TEsRoERired Stanta et prerfises ﬁﬁ&ﬁiﬁlﬂ&t@dﬂeﬁgﬁl&% to
iposasm canvementcat Hmeslplpﬁimip;a%ytf@f FRaASONSyalf carnmaepHeags, il for

IEIBL IO NSSRRIYPEIR 35D sté’rf'i‘J“ﬁ?a&'ﬁ@ﬁeé%spr%é’emk%W&nSP@%%%E%nB@&'Qﬁh

numbers, or the like. [0063] It should be borne’in mind, however, that all of

TR S AT AT RIS B g Ml %lf‘ﬁpfﬁ@aée&ﬁ?&fr’@fée?fﬁ\%|cal
meantities danduages meréhusorvénjgntdabbiscagplied tothesstquantitiesbed herein.

Mﬂiﬁﬁ%&@%ﬁ‘%ﬁﬂ){cﬁtﬁ{% Qhetpdse as ARRRI NI QDL AbARN BS IO rdleifm,

appiicialedthat thiouahout the description, discussions uliizing ferms such
ﬁ ocessin l‘oo’r comBU% Gt “eaiculatin uS? Y

a shorthand way of saying that executlon of the software by a computer causes the processor of the
computer to perform an action or produce a result.

[0067] It is to be understood that various terms and techniques are used by those knowledgeable in
the art to describe communications, protocols, applications, implementations, mechanisms, etc. One
such technique is the description of an implementation of a technique in terms of an algorithm or
mathematical expression. That is, while the technique may be, for example, implemented as executing
code on a computer, the expression of that technique may be more aptly and succinctly conveyed and
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"determining” or "displaying" or the like, can refer to the action and processes
of a computer system, or similar electronic computing device, that
manipulates and transforms data represented as physical (electronic)

Quantitiasyvithi Mﬁalmlg&ﬂt@r SYSIRRSIRAISIBIS: A5 MAMEKIas F QNN in the
oA similady, repiesenied asphvsical dupntities within the comeuter system
memories 6r reglsters or othrer such Information storage trangmlssmn or
Tarepry BEGCEsvaTOnBA] B ABparats s fardRHofRirg the %ﬁé%{ﬁ)aﬁgtﬂ@r@h
TaR, implemeitthe, pigsehininy entiematithisxgpparaty ddraydoes speciallyderstood as
EORSUEYRIR A SN IR TR VIS P ROSGS- Ll P A G AORIISE. 28R R RuEPse

computer, selectively activated or reconfigured by a computer program stored
Wﬁlfﬁéhéé‘?ﬂ}ﬁ‘tﬂ‘é‘is OBHER S TOMBTHEr Brograbhi e B%‘@ﬂb?é&“ﬂe&%?ﬂﬁm&r

gebd@btetstorage medium, such as, but not limited to, any type of disk

['tmdsading Kloppy:disksi.hardediskss GReIAIgkBcRAMNRAGAiskFeRE @MYe or
ries D ROMSs), and rr&algngtl j{ﬂcal isks, read-o I}lg memorfes
1fting information in & form rea E terl)n or exam a machine-
8?\2 frandom access memories é’) el%c%rlca yp ogrammaﬁ)‘f
rFéé@%ﬁl‘fﬂWfé MEHES (RhRY IW)%‘}%Yé&ﬂKﬁI Iprstora agstess prarfrartiablanagnetic disk
steage otk anmar s (i bRROMS) nlhASHemer ekas canagnat acotdpiicalother form

3o fg*gd’s%ﬁaﬁf?é/ényﬁr%fr Wedia sHilaple ot staring glegtipnicpstructions

cal to the computer or remote to the computer.

[BRg8tith mésa{ﬁﬁd&?stbﬂ%l%cﬁ’#’é‘é’ént‘@& FraPasiimeps ﬁbt%ﬁ@?@%‘lﬂfi‘}tel%{t%“'gﬁr Bhgpses
partschidathedorpe(te barttrerdpar attsdod arid s g enerabplinpose ystemgon.

RORYeRR:USEshVth BIRGHAMS (s RGEAFEANEEWIHEhG t8AChINg B esRNefolfiment;
(0)V/ conven ent tO construct ecCl aratus erfor

l}?]g%yerq Lr,ll?lle T arg rln_.bo 1ments utua ore C?l? ve a}\fzego apgne em th 1m£'i]y that

or exampie, a e me S accor
thresda gt walﬁi@ﬁbeézﬁ% qm'pﬂé?ﬁ@#f@dﬁ?r ﬁ’éﬁ‘ﬂPWﬂ@efda&FwFfW}%? act etc. described

ip rﬁgﬁaﬁiﬁi&lﬁl@ea{ gﬁmpmb ptl rmﬁmem‘b@ﬁnbytﬁ%ﬁ@ mbiﬂ&ﬁiﬁﬁlﬁhﬁay include a
\Q%@)’%@E‘Sﬁﬁ&%ﬁ‘%ﬂ%r 0L dmaryskilkinthe Ayl immediately

reciate that the invention can be practiced with computer system
(OB Mguraishe StHRM A REEE REdRBLET HER MG RERA-Fradldevicises
dengttiprlocessor systems, microprocessor-based or programmable consumer
electronics, digital signal processing (DSP) devices, set top boxes, network
PCs, minicomputers, mainframe computers, and the like. The invention can
also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a
communications network. [0066] The methods of the invention may be
implemented using computer software. If written in a programming language
conforming to a recognized standard, sequences of instructions designed to
implement the methods can be compiled for execution on a variety of
hardware platforms and for interface to a variety of operating systems. In
addition, the present invention is not described with
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reference to any particular programming language. It will be appreciated that
a variety of programming languages may be used to implement the
teachings of the invention as described herein. Furthermore, it is common in
dhamisto speak of software, in one form or another (e.g., program,
procedure, application, driver,...), as taking an action or causing a result.
Such expressions are merely a shorthand way of saying that execution of
Yhatdottoiaed By a computer causes the processor of the computer to perform
an action or produce a result. [0067] It is to be understood that various terms

and iachnigtesiAe 389 By ihoseknawisdgeahle in the art to describe

communications, protocols, applications, implementations, mechanisms, etc.
One SR YEEHIIGRE R tHY YR BHBHCGHEH ?Mﬂl&ﬁ?é?ﬂ%?t@ﬁ%? JR8eknRIath
séntngeof an algorithm or mathematical expression. That is, while the

technigy&simaYdacor farceaiHAe: dNPIBRENIES i XERUIRChi COIRi RN Bf said
Somputer, the expression of that technique may be more aptly and succinctly
conveyed and 10 communicated as a formula, algorithm, or mathematical
expre 83T ThUd cBfeofoBaHRaAr ki s R ke recognize a block
denotingAmBaeciasian @ddishesfunchiomwhasedmplementation in hardware
and/or software would take two inputs (A and B) and produce a summation
output (C). Thus, the use of formula, algorithm, or mathematical expression
ZasTg‘ééQﬁ‘?baﬁ‘b%%f FEHS bETHAEPEBEI as dHETIfY Yiphg SR PEmBbHRe ft fH o umns
debEDhbrewarenanid/orsgoftware (such as a computer system in which the
techniques of the present invention may be practiced as well as implemented
asan, embodiment), 100681, 4 maching readable medium s undarstogd o,
include any mechanism fors oring or fransmfftmg infornTation in a form
peeiabie BymevRchifeeable wrediido ey X e mestipreiontitraehinid flesganie
smeditsm includes read only memory (ROM); random access memory (RAM);
magnetic disk storage media; optical storage media; flash memory devices;
electrical, optical, acoustical or other form of propagated signals (e.g., carrier
tvdearrAnarad SignaIE e st igRdNS e st 069 4 DB YRS tHcure:
description, "one embodiment” or "an embodiment" or similar phrases means

shahihgieatuig@libeingdeancribed.aredpeluded inal ieast paeiembesimant. «ype
of the invention. References to "one embodiment” in this description do not
structure. . . .

necessarily refer to the same embodiment; however, neither are such
embodiments mutually exclusive. Nor does "one embodiment” imply that

dhere igpautia single emkodimaotabthe inveniar. dHenexarapleladaalidigially
&VMQW%@?}%&}FM@& ribed in "one embodiment” may also be included in
other embodiments. Thus, the invention may include a variety of

combinations and/or integrations of the embodiments described herein.
T00%O3pPhras eofeétinotvendiappd ratustfortd gk temiking dicddsifasedehsplayt

ﬁﬁV%Q@%the plane of flexing

8. The apparatus of claim 5 wherein said position sensor is in communication with one or more LEDs

in said columns of LEDs.

9. The apparatus of claim 1 wherein said movable structure is a rail type linear motion device having

one or more rails and said moving mechanism is one or more voice coils.
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described. 11 CLAIMS What is claimed is: 1. A light emitting diode (LED)
display apparatus comprising: a substrate having a plurality of columns of
light emitting diodes (LEDs) mounted on said substrate; a position sensor in

GPMMERIEALOR WHESaith substraterpdigete tonpingh position of said substrate;

a movable.strHct re.i corpmunication with said substrate; and a moving
rcceivin 1Splay mmiormaton; .
mechanism for moving said movable structure. 2. The apparatus of claim 1

furthe P EofEFRIFNER frivaPTEHebINg LRHsBY RicRire Dy fisssmiEativdes GEDs)
himbsdoased spermeaid position. 3. The apparatus of claim 2 wherein said

mova%@vﬂé‘éﬁf&%ﬁbﬁﬁeﬂ?ﬁﬂng type structure and said moving mechanism for
moving said movable structure is a flexin% mechanism for flexing said flexin

type SHUCHAEO AT THE HE3aPatiid BrEking's WHRsh dda shiy tyiggosiion of said
structerais alocpiates springttypastractre Bd Thelapparanysrof claim 3
wherein said flexing type structure is a double parallelogram flexure-type

1slt.rl.{(lglture h6.dT appar tus. of cﬁaim 5 rein said cq]lumns %f Lg}) are
i Eaeld SR iheran i e e Conpos e et Hexibly Suiie
apparatus of claim 5 wherein said columns of LEDs are oriented to emit light

Rubsiantaby atclhght aneleitosihiefiptanawihiexing Sesheiappar atideiselatmeat
S\Q{Qq;lr&gglg,g]gcglqesistilggb%l@ﬁg&ljg,ﬂ@communication with one or more LEDs in

said columns of LEDs. 9. The apparatus of claim 1 wherein said movable
structure is a rail type linear motion device having one or more rails and said
MmoVingnatedhdnism 18 ehacor smdreovoiceidoibstbR kbagkdnetaoddetienlight
emitting diode (LED) display comprising: receiving display information;
sen 'in a .ositi(an C&)f bdstr?te having a Pnluralit of columns of light emitting
N § 15% eé)bttl g dio e(?]%Bg 1S a&a&;j%ra% {:0_ prising:
iode S)“mounted on sail strate,;
means for receiving display information;
means for sensing a position of a substrate having a plurality of columns of light emitting
diodes (LEDs) mounted on said substrate;
means for moving said substrate; and

means for driving zero or more LEDs in said plurality of columns of LEDs based on said

position of said substrate, said velocity of said substrate, and said received display information.

15. The apparatus of claim 14 wherein said means for moving further comprises means for flexing a

flexible structure.

16. The apparatus of claim 15 wherein means for flexing a flexible structure further comprises means

for flexing said flexible structure at said flexible structure’s resonant frequency.
17. The apparatus of claim 15 wherein said means for flexing is based on said position.

18. The apparatus of claim 14 wherein said means for moving said substrate is means for moving said

substrate on a linear rail means using voice coil means.

19. The apparatus of claim 14 wherein said means for moving said substrate is means for moving said

substrate on a flexure type structure means using voice coil means.
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moving said substrate; and driving zero or more LEDSs in said plurality of
columns of LEDs based on said position of said substrate, said velocity of
said substrate, and said received display information. 11. The method of
claim 10 wherein said moving further comprises flexing a flexible structure.
A2-he meihodof claim hlwhereln, said lexing luiher comprises fexing,, o
said flexible structure at said flexible structure's resonant ir equenc
IortR B Bickisi 1o WrbrRSAUSAT TADVIRG S&ity sedsteuhls @%&%@%ﬁa@hf@éw type
Jrasiiien.ndalAeligghhemitting diode (LED) display apparatus comprising:
means for receiving display information; means for sensing a position of a
substrate having a plurality of columns of light emitting diodes (LEDs)
mounted on said substrate; means for moving said substrate; and means for
driving zero or more LEDs in said plurality of columns of LEDs based on said
position of said substrate, said velocity of said substrate, and said received
display information. 15. The apparatus of claim 14 wherein said means for
moving further comprises means for flexing a flexible structure. 16. The
apparatus of claim 15 wherein means for flexing a flexible structure further
comprises means for flexing said flexible structure at said flexible structure's
resonant frequency. 17. The apparatus of claim 15 wherein said means for
flexing is based on said position. 18. The apparatus of claim 14 wherein said
means for moving said substrate is means for moving said substrate on a
linear rail means using voice coil means. 19. The apparatus of claim 14
wherein said means for moving said substrate is means for moving said
substrate on a flexure type structure means using voice coil means. 13 20.
The apparatus of claim 14 wherein said means for moving said substrate is
means for flexing a double parallelogram flexure-type structure at
substantially said double parallelogram flexure-type structure's natural
resonance. 14
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