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SUMMARY OF INVENTION

In an attempt to provide a writing or marking implement with increased utility, the present
invention, in one broad form, provides a pen or a cartridge for a pen including an inkjet type printhead as
an alternative to a conventional nib or point of a pen or pencil. The provision of an inkjet type printhead
enables more variation of and easier control over the characteristics of the markings made as compared to

conventional pens and pencils.

The invention also provides, in one broad form, a pen including a marking device and
operative to mark a visible path onto a surface, the marking device electronically controllable to change
at least one attribute of the path, the pen including a user interface whereby a user may modify the at least

one attribute.

The marking device may be integral with the pen or may be part of a user replaceable

cartridge.



conventional pens and pencils. The invention also provides, in one broad
form a pen including a marki ng device and operative to mark a visible
- path onto a surface, the marking device electronically controllable to
change at |east one attribute of the path, the pen including a user
interface whereby a user may nodify the at |east one attribute. The
mar ki ng device nay be integral with the pen or may be part of a user
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In a preferred embodiment there is a stylus nib movable along a first axis which includes a slot
or groove extending at other than 0° or 90° to the first axis. A capper device is mounted in front of the
marking device and is rotatable about a second axis parallel to the first axis between an open and closed
position. The capper device includes an arm engaging the slot or groove, whereby movement of the stylus

nib along the first axis moves the capper device between the open and closed positions.

The cartridge or pen may include a power source for at least the marking device and

preferably for the user interface. The power source may be a disposable battery or a rechargeable battery.

Where a cartridge is provided, the cartridge preferably includes an electrical input for

receiving at least one control signal for changing the at least one attribute from the pen.

The marking device may act onto the surface or a transfer device may be provided onto which

the marking device acts.

Where a cartridge is provided, the cartridge may include non volatile memory which stores at

least data relating to the modifiable atiribute or attributes.

The marking device is preferably an ink ejection type printhead but other marking devices



The cartridge or pen may include a power source for at |east the marking
device and preferably for the user interface. The power source nmay be a
di sposabl e battery or a rechargeable battery. Were a cartridge is
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The user interface may include a display for displaying information relating to the at least one

attribute.

The user interface is preferably operable to cycle through the stored sets of at least one
attribute.

The invention also provides a pen including a marking device and operative to mark a visible
path onto a surface, the marking device electronically controllable to change at least one attribute of the
path, the pen including a user interface whereby a user may modify the at least one attribute and at least

one sensor device capable of sensing images including coded data.

The pen preferably includes a decoder to decode the coded data and to change at least one

attribute in response to the decoded data.

The pen may include a receiver for receiving commands from an external control source, at

least one attribute being changed in response to said received commands.

The pen preferably includes a memory for storing different sets of attribute values. The

memory may store at least one user defined set of the at least one atiribute.

The pen preferably includes a transmitter for transmitting sensed image data, coded data or

decoded data to an external control source.



path, the pen including a user interface whereby a user may nodify the at
| east one attribute and at | east one sensor devi ce capabl e of sensing

- images including coded data. The pen preferably includes a decoder to

decode the coded data and to change at |east one attribute in response to
t he decoded data. The pen may include a receiver for receiving conmands
froman external control source, at |east one attribute being changed in
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par al | el I nes. Adjacent ink €jection devices of each group may be | ocated
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devi ces ng%vfgggpnnected to a common supply of ink. Preferably each set

i ncl udes® i "t nmore than one group and nore preferably each set has a
different ink SAl Q#lo%( it UchillE magtbg%[) 8&ddSto aT&‘ﬁm{éﬁ\éﬁ;ﬁ@Soniﬁk. Pre@t Bl eact £t
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sets. Théckydedpdcendf g fhary @ grodp nd moreprpferably pagh 555 hagardiffrgratink spRlY flfeat i ng
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passageway at a S&con I nt erconnecti ng passageways of each set
Preferably there are four sets and twelve groups.

Preferably each group of devices is supplied with ink from a common gallery, all of the
galleries being at a first level in the printhead, galleries for a set of devices being interconnected in part
by at least one interconnecting passageway at a second level, the interconnecting passageways of each set

passing beneath galleries of at least one other set.

The printhead preferably includes a first layer of solid material, an ink ejection device layer

above the first layer and a second layer of solid material below the first layer.

The galleries are preferably slots extending through the thickness of the first layer and
preferably the interconnecting passageways are grooves in the lower surface of the second layer which

extend only partway through the thickness of the second layer.

Preferably the second layer includes linking passageways linking the galleries with the
interconnecting passageways, the linking passageways extending through the thickness of the second
layer.

The first, second and an ink ejection device layers are discrete layers or part of an integral

device.



passi ng beneath galleries of at |east one other set. The printhead
preferably includes a first layer of solid nmaterial, an ink ejection device
- layer above the first layer and a second |ayer of solid material belowthe
first layer. The galleries are preferably slots extending through the
t hi ckness of the first layer and preferably the interconnecting
passageways are grooves in the |ower surface of the second |ayer which
ext end onfREOPHFt way t hr ough the thicknéss of the second | ayer. Preferably
t he secongplep¥¥scRIFTION ©F DRAWINGS Passageways |inking the galleries wth
the interconnecting passageways, the |linking passageways extendi ng through
the thickness of the second |ayer. The first, second and an ink ejection
devi ce | aBigrrs] sives diesprieaiclayepes a@gprdppataa fft empedimeptefthainveniany i ce. NPS057- SG
6 BRI EF DESCRI PTI ON OF DRAW NGS Figure | shows a perspective view of a pen
according_to firs enbogt:hrrenthof .tlclalreilnventi on. Figure 2 shows a plan
view of tHEHEROCHR VIeH of PHRPE I "Fiflir'e 3 shows a side view of the pen
shown in figure 1. Figure 4 shows an end view of the pen shown in figure
1. Fi gur erifurshamess idp 0® BB pel Showh Mgl 12 cartridge for use in the pen
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the cartridge of figures 5 6 & 8. Figure 15 shows a second expl oded
per spect i Mgura/$ showsah expirded @fspdctie visarof # cadgjdgeddr ufeiigapengeogrding tog sgeond Fj gure 16
shows a pén%gd%hnqwtggm‘;e%npri nt head used in the cartridges of figures 5 6 &
8. Figure shows a perspective view from above of the printhead of figure
16 in an open position. Figure 18 shows a perspective view from above of
t he pri nt¥igead shbwsan gxpladediBrspastive veeveos egpnpggtdﬁngm third embodiment of the invention.

Figure 10 shows an axial cross sectional view of the pen of figure 9.

Figure 11 shows a perspective view of a pen according to a fourth embodiment of the invention.
Figure 12 shows an exploded perspective view of the pen of figure 11.

Figure 13 shows an exploded perspective view of part of the pen of figure 11.

Figure 14 shows a first exploded perspective view of part of the cartridge of figures 5, 6 & 8.
Figure 15 shows a second exploded perspective view of part of the cartridge of figures 5, 6 & 8.
Figure 16 shows a plan view of the printhead used in the cartridges of figures 5, 6 & 8.

Figure 17 shows a perspective view from above of the printhead of figure 16 in an open position.
Figure 18 shows a perspective view from above of the printhead of figure 16 in a closed position.

Figure 19 shows a perspective cross sectional view from above of the printhead of figure 16 in an open



Figure 19 shows a perspective cross sectional view from above of the
printhead of figure 16 in an open NPS057-SG 7 position. Figure 20 shows a
- perspective view frombel ow of the printhead of figure 16 in an open
position. Figure 20a shows a plan view from bel ow of the printhead of
figure 16 in an open position. Figure 21 shows an expl oded perspective view
from above of the printhead of figure 16 in an open position. Figure 22
shows a PEPSHEEti ve view from above of’ the MEMS inkjet |ayer of the
print heaqmg{ionfi gure 16. Figure 23 shows a perspective view of a pen
according to a further enbodi ment of the invention. Figure 24 shows a
perspective view of a pen according to a further enbodi nent of the
i nvent i orFigureR0ghowe a Bspetivandevalrqrebelrend the printhepdaf/figrire 1 ip &@hoPaERosiHYt ng to a
further enbodi ment of the invention. Figure 26 shows a perspective view of
a pen accordi to a. further ' f AV, ' L Figure 27 shows
a col or c&'tf 2? %?ho‘ivfsaep la\'/’vivfeﬁ%ggrb?lgggp%%@%aﬁgﬁ?%ﬁ&fﬁ ’ﬂ}aﬁg&%n \gsétﬁotn ion. Figure 28
shows a perspective view of a pen according to a further enbodi ment of the
i nvent i OrFighiel2N sidws Gredipleded péripgetive viddfranabage o thp erisipacdfifigge 14 iewn apbn t he pen of
figure 28 vxg'.th the cap off. Figure 30 shows an expl oded perspective view
of the fﬂﬁﬂ#@'ZQ pen. Figure 31 shows an expl oded perspective view of parts
of the figure 29 pen. Figure 32 shows anot her expl oded perspective view of
parts of Hidue 20 isigus epe2Peciedview fringabbe oBBe MiEdASnkien bydn ef thepxiptherd efffignerigpect i ve
view of parts of the figure 29 pen. Figure 34 shows a perspective view of a

pen according to a further enhodi nent . of t i nventign.. NPSO57- SG 8
DETAI LED %%@F}WF BRfrppett RETY aﬂﬂﬂ“@ﬁt‘g%ﬁmﬁ‘wg%fgh%%‘?mwm etTMis a
trademark of Silverbrook Research Pty Ltd, Australia. BASIC PEN &

CARTRI DGt HRWET herde il OHEWESE a bert dacofilip Oy fudhep@ibodihdil oficiavetliong to a fir st
enbodi nent of the invention. The pen has a generally tubular pen body 1112
in which is located a replaceable cartridge assenbly 1t%4. The cartridge
1114 i nclFiggesS show mRersBechs Kewiof £ gen aggojingdo hirgher embsdigiany °é THYAYEd 1120 and is
designed to be discarded when the ink supply is expended or the stylus or

print heaq:ié&{:e%6 R WRI S peciid VievPord BUH de@bdidyitéiDrthePGhHRAGImER SRS BekndioAl O t he pen
body. However the pen may be nmanufactured as a throwaway itemw th the

cartridge and pen body integral or not end user separable. The ink supply
1116 conpiigused staws ot grad for tro Wit veripwsismbottinepts gfheiAvepiione| osed at one end by a

Figure 28 shows a perspective view of a pen according to a further embodiment of the invention with a

cap on.

Figure 29 shows a perspective view of the pen of figure 28 with the cap off.
Figure 30 shows an exploded perspective view of the figure 29 pen.

Figure 31 shows an exploded perspective view of parts of the figure 29 pen.
Figure 32 shows another exploded perspective view of parts of the figure 29 pen.
Figure 33 shows another exploded perspective view of parts of the figure 29 pen.

Figure 34 shows a perspective view of a pen according to a further embodiment of the invention.



first end cap 1124 and at the other end by a second end cap 1126. The tube
1122 is preferably made of a thernoplastics naterial but may be nmade of
other materials. Wien made of a plastics material the tube is preferably
extruded so as to have a constant cross sectional profile. However the tube
may be injection nolded. If nade of nmetal, the tube nmay be al so extruded.
The tube 1122 has a nunber of ribs 1128 which divide the interior of the
t ube i nt d'PPSUPC separate chanbers 1130,8 1132, 1134 & 1136. These ribs al so
provide r, ReE BdpivENTSt S si npl est the
chanbers dﬁﬁ“’h%?%ﬁ?@ane cgﬁgféelg‘é? ﬁ“%ﬁ?‘éﬁ?ﬁu vely there may be

di ff erent col orede: MehogtTis agaddmadioé fibverbrookRastardhForlid dbstiakia. and a sui t abl e
printhead it is possible to produce al nbst any desired col or using a

conmbi nati on of Cyan, Magenta, Yellow and Bl acK (CWK) col or inks. The
chanber BB&@P@UWREQDWWW%I y half of the tube volume whilst the
three remainin ch £ eac cu In a
CWYK col or prin 1% esqao showa nhllﬁ&accooyuggr)tggﬁﬁi &bg?@%ntégﬁn%%@%n@hyiﬁglf%r and
so bl ack ai gekerwuhlmlabeensl‘toc}y ébll2| in v@hhrm@pateﬂm@pmem tFfedgersssmbly thdr TBol or s

stored in,chapgy %cl%c]e?%n Er&%d’ppl% 1li163§ry1u4 ﬁlb\i\dllslancbﬁnﬁiéw A06 &Idagldésigﬂerd 6 bee nunber
and rel ative vol unes of ers as .de.

current disexded yhenihe ‘fﬂé%“mﬂ}‘ Pﬁl‘@?‘?d at tf“f? °§ P‘i‘(“ﬂlf# ?r%gaé'ﬁgedt‘?ﬁ‘ oar‘}gg §e in
addi ti on vkige Rberedkin@ M, pet faodglemwre@elthebhemtywbmmmtube agla thiodheobay mrom@eheen
chanbers. The Iore i.nk not all have the same vol une and
t he bl aclfam]aﬁeanﬁg ry“(te‘(’{rra1 ﬁné)g gsreise&g%gsed) need not have half of the

avail able volu Wﬁb Bll IQfé &ﬁﬁl@sg?ﬁ elfRgake }ﬁﬁ&@@&s‘ lbbﬁwhlghhﬁcl&&p@ Ofidlch @By apf
printing using 'ack decrease and s

col or ed |ﬁ|1ﬁkeqﬁ‘ﬁ9p bl%ﬁ’dé‘ th"S‘i’tPﬁ" If”Pilrblyﬁ1 seofkh eP%fapdb%oThe t‘i‘bﬁ Iltzza\sr%efgrg’&b‘f’%%ga n equal
anount, ttﬁmﬁo@labt&s lﬂﬂerfaﬂﬂlﬁﬁﬁy lWﬂMde $f@ther ridrials (Wehen tnhadetof a plhgicgeaterigitipphbe iof _

magent a e? g, eé%ldecﬁ'?e o ve ae donsta-lr_llfI ﬁrosfs fsgcﬁ%] ﬁilﬁ%ﬂw;velll% tubémw%g:tl&p

subst ant P51 T end cap 1124
i ncl udes nwmaci IIf reeide ofimetab the nmm/ lzealsamnmvdarhp b 1132 hase n@ﬁ@m@%l 1§§W]E‘F|’e ink is

ﬂzﬁg g >T/0 Vc\iggdg\r{ﬁggtgneog?f’iggglb%not R s'e&l‘a& Jhmﬁ&téghw\laﬁomh l&Onl3g ti(;n;asglritakmsms ;eﬂ are
nmovab A et wee e

Pk ant PreEOBa e PR A8 oo paik gt SRPRY e saroap UL SRt e

respect i \ik. ARGOEVelSterOmayctieatifemt coldne ige dosach éabee Apithl @B olots aed sevitatieaped to

substanti 1au:3 1e¥1d ?t 19%@?1?19 I?o grfodl}cpghnggwggﬁed%;or histng PENbingtEA OWCBIQ Magenﬁal leries

1178 (seé’ communi cate the chanbers with the print head
1120, boﬁ@@‘W@éBiaﬁé(CfMﬁ@celﬁﬂmﬁf the cap 1126. The prl nthead is preferably

an ink jet type printhead and. nore pr | onechani cal
system ( MEMB) b€ shpmpsid iy occupie gpigRTaigly F’ﬁ{é]afg} é’ung{){‘ qﬂlﬁﬁheﬁ TG HeChani cal
act uat or shdwbérh edch bdeady ohysihieaftthertgbeoblué dn 4 G YK aslocurintingrvevige himsle nbylalllmm i nk
J et ty I'IIB d ncgrg Eh%n ?0"1l rax?cp ;Ol t)fac?‘\/ng'v‘!o@lg lbg StOIA§ m%H%elh/ﬁWwﬂﬁ&@%ée%eﬁéo%rﬁ ave a

pe
| ower power consunpti on conpare
stored in chambers 1132,1134 & 1136. It will be appreciated that the number and relative volumes of the

[

chambers may be varied as desired. Some current desktop ink jet printers utilize six different colored inks
in addition to black and, if desired, the tube may be divided into seven chambers. The colored ink
chambers need not all have the same volume and the black ink chamber (if black ink is used) need not
have half of the available volume. As color becomes more accessible, the proportion of printing using
black ink may decrease and so the ratio of black ink to colored ink may change. Similarly, whilst color
inks are supplied in equal amount, there is no reason why, for instance, that a larger supply of magenta

could not be provided.

The first end cap 1124 is shaped to substantially seal the ends of each of the chambers. The
end cap 1124 includes small air inlets 1140 to allow air into the chaxhbers as the ink is used. To prevent
drying of the inks through evaporation (the inks used are usually water based) a movable seal, not shown,
is provided between the ink and the end cap 1124. As ink is used, the seal moves along the respective



such printers, which nakes themattractive for use in portable devices
where available power is limted. For a better understanding of MEMS ink
. jet devices and nethods of fabrication, reference is nade to our earlier
US application 09/575,141, the contents of which are incorporated herein by
reference. The printhead is bonded to the end cap 1126 but nounted on a
flexible printed circuit board (PCB) 1144 which includes control and power
cont act s NPS¥BSG A stylus nib 1118 is ndunted on the end cap 1126 so as to be
capabl e of‘ a smal | amount of axial novenent. Axial novenent of the stylus
nib 1118 8™ontrolled by integral arnms 1148 which extend laterally and

axially away f rﬂ{g‘skéaf?d LANGS 1884 8o sfhkk%d%i Mbitstidlg sb@adch 3Pk Binbérs band 1184
(see figure 15). use, pressing %/Pl us a aj nst Yﬁﬂ%rat% cpuses

the arns pryidel wih @bﬂﬂlea%dl qs?f\/@“lteﬁé) %’]?‘911 cqigthy apders SPVIUE i s
pref er ablyyaof QJnHaldo By ﬁle@d:rﬂ(bf ihe aapmmizcd Thgpridfhea it prefemiip kraisk jeCtypratrietheadiand nost

pref er abl Ace MO k@@ Rt - 5 turn
and prow‘%’ Sﬁﬁy?gﬁﬁ’ﬁlﬁgﬁmf ltesysiﬁesrrle{l\){ﬂfl%%a %é‘ﬁjf{rgfr% t he e?lf exibility of the
styl us nlubn@mwmmdm&rsaatbmah barheating obthe inkuesharaedly jused R anoslipls et §Pe

surface. l‘l.{lt HER ﬁt@qva{'ﬂgﬁe Sk ¥l @Iﬂﬂ&%a%)fnkﬁ% hta.\l'e)ﬁﬂgwe\‘\b&‘?nr &Mﬂ&bﬁﬂtﬁbﬁﬂ'&eﬁ td10
movenent F 3 first end cap 1124 is

S e| ve a.s
butt on orsuckyr I’Pt?rélé’YhWP W’éﬁs Hﬁ?ta@ia?“’i@%se R ablf)get"fcgsr‘g’e Va’ YR TRV h?“rtrgn t he
end of thwgy eed%der%adbrsaﬁdmgtofmwsbﬂc meﬁée&acﬁrmddmy@mamrore&reQWaﬂh@F toqur t he end
cap. Locati.ng the. ¢ o . .s of a button
P . &Pr?l?{gis aP|§B 1o%gf{7¥ l!Hn Ehe c%lggtsngp\;hui%qg%c&zgrg@& ﬁé etnﬁfy%fé}éﬂ &

or cylin ery’to easily eng by el'ectrical contacts in

the chamber. % r?xntﬁéa& ;s b@xgﬁe& Q)Qhebé’im Eﬁrﬁﬁ@lﬂu tnbB@anE a @i @Hn{eﬂ‘éﬁcun Basy
engagenent with one termn One or two wires or other electrical paths

1139 ar e PFRViferhidifiicges C%HIr?é‘EEOWGFern%‘i‘S Yéth F terninals of the battery

1138 with the PCB 1144. A.nib c 15 v
printhead 1120,4 P‘Q‘,]Bs‘i'iﬁﬂsa\%’am?feg?ﬁé i cap i%?éo ks g%ﬁi%%geeo?? gl}’éehaa%lé%%
provi ded akilimauehentvakielmoéngent of ge stgnghii 188 isghnitoHe bs'tllyﬁlg(i%alm b44 whigh g¥tepf ect s.

The apertu ia om! r $38st R Nidnd i 132 ﬂéu?@lS QneXpel
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resilientrns AR idprbie@bly Bkhe bgz:ﬁ@s%udnnﬁoagrgaifhynelﬁmpmmd material, st mreterabbzp\cmlsz

Vhere the bat te "é%tt 1% f]yg%dfy @ maxnnun of Xmoun ﬂg' %nﬁ\dang%gk?& sgrﬂgfegd%&k% {hp uQPthh

t er mi nal s2fSPogf onnect 4, the cartridge need
not ot heraMite tanGaiditt bfeth@syiusbmwccgquatew ewdl gnugt oS euehnsts i fg)sulsgate

connect ed, k.Q. Fmsugme st;}htl%lbnﬁa@ be RRAWIHNEYsiBally 56 Fhotetefblnegle the path for the
other term na via swtches if desired, in which case the free NPS057-SG

10 end of the patheen cwgagasha@edmmlm snfab tintoe r dytindethigpechiaeld 3&ite 1160 of

the body 111 ch ro dto
control tbﬁ‘éeryp‘Palyﬁ’feng'aﬂf op g’ gﬁ’f o’fd?cap i ,{rgg h anééqe(]:i: %“’r%c Lf'; 5%@“ %)I%{bef: %ﬁ%yreggl i ng
the ink joet Laetngaedntery ifh ehaP@B egablet bush qsmwsw&ahptm @révlrndv%bt&reﬁ’affeat 8b¢ he

easily engaged by electrical contacts in the chamber. Merely sitting the battery on the end only allows

easy engagement with one terminal. One or two wires or other electrical paths 1139 are provided which

connect one or both F terminals of the battery 1138 with the PCB 1144.

A nib cap 1152 extends over the end cap 1126, printhead 1120, PCB 1144 and stylus nib
1118 and an aperture 1154 is provided through which the free end 1156 of the stylus nib 1118 projects.
The aperture 1154 is oval in shape and allows the printhead 1120 to expel ink though the aperture below

the stylus nib.

The cartridge 1116 is positioned in the pen body 1112 and secured in place by one or more
resilient snap action arms 1158 integrally formed on the nib cap 1152. Where the battery 1138 is securely
mounted on the end cap with both terminals in electrical connection with the PCB 1144, the cartridge
need not otherwise engage the pen body 1112. Where only one terminal is connected to the PCB, the pen

body may be used to provide the path for the other terminal, via switches if desired, in which case the free



control circuitry for the ink jet actuators. The on/off switch is
preferably controlled so that ink is only ejected when the stylus nib is
. pressed on a substrate. Pressing the stylus against a substrate results in
a conpressive force in the stylus nib. In this enbodinent this results in
novenment of the stylus and the on/off switch may be activated by the
novenment sensing the conpressive force or by other neans. Were the
styl us |5"‘P§é6§?ant| ally fixed, nmovenerf of the stylus nib relative to the
rest of teggoﬂﬁerba{téyéﬁ es a‘f:%%ﬁinliﬁimuﬁed il B cIBEBeRNdedribigathaci rcuitry may be
per manently connected to the battery or the pen may be provided with a
Sﬁpal’ ate "nmast efy anﬁiﬂé&xfofne §Mﬂitﬁ&ﬁnmﬂﬁ1@ﬁﬂct&mﬂiﬂy 1@duirad ﬂﬁ’&&ﬁrﬁl’thmﬁlﬁéaﬁ 1@Woﬁ/6ﬂﬂ al | ows
teuserto the _pen in a no S
touch scr¥ish aB? °‘§“‘B¥f‘§6?1’é’?l?’%%t6%ﬂ?%eé?cqa§?6 ngjg\% CE e p’&t%gd st mﬁorﬂora bht may be
used t o enswi eronitry forithrtiningt afuatbrs.cThe @noff awitchiid prefbeblze%ptr@lleﬁ eqithiytdnkeis 0111W1er e
there is AQOYRLAARIEHRI: B xgédema bl tpbe@& rgttﬁ@mnmgan@t PREABRSAkIsY 5 O

t he prlnt ad or C|rcu erab I'ncl ude "sl eep. node"
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r.int evi c lay in
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wi |l be swailbiml | as to be unnoticed by a user. If the pen |ncI udes a notion
sensi ng device, such as an acceleroneter, then this sensor can "wake up"
the pen on sensTigCRend piinthatseirenity mayde PFmEENty o ¢ e barery Pt Pea Y, i n

figures e %rosld&hﬁthﬁ%ébaﬁﬁdﬁasaegf Mdﬂ%wmt ProWSIOHRE & instek oot swiittiSdlle@ckhd Werds ovi ded
with a for g§ rip 1162, . Thi ﬁge{ ? vgt 1 62hencou gerson he user to hold
the pen % 9AP ‘f‘é‘ﬁ‘f"é‘[“?’l‘)‘ﬂg%o ehSuc oL FSg "L 24P45R 148 °h T REPF MPhead
1120. Howeuer Qthtrheclanisasmagbé wwad ofenstifemo priming of treeen, @Wlﬂ beexplaiaeddaterhWherpen i s
confi gur gfl, S04 Q@%ﬂé@ﬁ s§sttéﬂl Hl%h {llllcxtQheVﬂeJ) s p%&ne@t@s{)ﬁ’uﬁmg pﬁxﬂ@acﬂﬁﬁ’bB Qi”culumér from

the printhead t \per at -any orientation, as shown in ure 7.
Fi gure 7 behovaferithieinglidp| geeprinage’r Bt F‘Wb‘“&d’ﬁidhﬁmﬁ’ﬁfp‘é?s‘ af the ﬁ‘F“Eé’a'o‘i Yistent
ori ent at icef&mwe lbaﬂd'y pnlef Brejhg ﬂfé@ﬂhﬁﬁlﬁ redult®th, “wikE@f’ of thk 26 8ricallfagenpabdprinfing nk from
the printhead i ne 1170. .Pa 4 S an

ri entat |1%H1 \%i“flﬁs gevwf ’yt? dep%m 5°aboves ?rﬁltemgpcrglsﬁ? Iﬁhcg%tgv\ﬁaﬁ’gaﬂg g{g?&g eet 1166
r epr esentastive angdowilldn sainalias 1vibe hintotiesd &y ¢ bies Iithgypen dichydestatyeotipy semmsélaﬁce Paper

sheet 11GG,remf Qc%&é}&ﬁete@rlhéﬂrtﬁlﬁﬁhﬁl; R PwiMe tuf 0 Ben ohls¥ilsilg mblidd abévetalfeciedle Of
the printhead. As seen, the stylus nib does not obstruct the path of the

ink to tHEesheldper at any or| ent ation. Fi gure 8 shovvs a cartridge 1172

simlar to that of f| 88X U t
i ncl ude a batte/? eg ca%"ireS1 ge | ?Lﬁérw senoté C% bhq%?eagcgi (%Vlldgcgl to
t he cart it gdings gxﬁp Um g4is fingepgr® 116hehcaungesiike tgamah%th«t Ben gy @ q“ﬂeréqiw Pited with

the same juEheh). lll-lé%OMer}m%JaEQfﬁnﬁ&&v@rtﬁe &Qﬁtﬁtlﬁ@?jﬂl@@& idldot ritic8 andeh$i NPl €
pl ug and has ng provision for_receivi Q_gctthepa er pmgeatdlt&rﬂethere IS no

e| ect ri cXFn s 6enteEed; sg thatghe stylus nib will not obs ath of fro paper at
any orientation, as shown in figure 7.

Figure 7 shows the stylus nib resting against paper at three different orientations, indicated by
numbers 1164, 1166 & 1168. The path of ink from the printhead is indicated by line 1170. Paper sheet
1164 represents an orientation with the stylus nib above the printhead whilst paper sheet 1166 represents
an orientation with the stylus nib below the printhead. Paper sheet 1168 represents an orientation with the
stylus nib to the side of the printhead. As seen, the stylus nib does not obstruct the path of the ink to the

paper at any orientation.

Figure 8 shows a cartridge 1172 similar to that of figures 1 to 6 except that the cartridge does
not include a battery. The cartridge is otherwise substantially identical to the cartridge of figures 1 to 6
and so the same parts are identified with the same numbers. The main differences are that end cap 1174 is

a simple plug and has no provision for receiving a battery. In addition there is no electrical connection or



NPSO057SG | 1 wires extending to the PCB 1144. The cartridge 1172 is
i ntended for use in a pen body which includes a power source, either a
" battery or a wired connection. The body of the pen includes electrical
termnals for contacting with the PCB 1144. The ink supply 1116 may be the
sane length as that of the self powered enbodinent or it may be a
di fferent Ien%th The battery in the pen nay be di sposable or a
rechar gedi®®>fype battery. The cartrildges preferably include identity
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wide band. The light source device 1218 emits electromagnetic radiation at some or all of the
wavelengths to which the sensor device responds. The image sensor device 1216 is preferably comprised
of one or more charge coupled devices (CCD) or Complementary Metal Oxide Semiconductor (CMOS)
image sensors. The light source 1218 is preferably comprised of one or more LEDs which emit
electromagnetic radiation at one or more pre-selected wavelengths. The light sources and image sensors
may be provided with one or more filters to filter out unwanted wavelengths. In some circumstances it
may be desirable to have a first set of image sensors responsive only to infrared radiation and a second set
only responsive to visible light. Similarly it may be desirable to have a first set of light sources which
emit only to infrared radiation and a second set which emit only visible light. Other combinations of

wavelengths are possible and the device may be responsive to more that two bands of wavelengths.

In our earlier applications PCT/AU00/00565 (docket no. NPS001), PCT/AU00/00560 (docket
no. NPP001) and PCT/AU00/00569 (docket no. NPT002) we have disclosed a system referred to as
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slides in slot 1260 of the body. The PCB 1254 includes contact pads 1262 which engage contacts 1146 of

the cartridge 1114 to receive power and to control the printhead 1120.

The potentiometer is capable of adjusting one characteristic of the ink deposited by the
printhead 1120. This may be the amount of ink deposited, the width of the line produced, the color of the
ink deposited (in a color cartridge) or any other attribute.

As mentioned earlier the cartridges may include information which identifies one or more
characteristics of the cartridge, such as whether the cartridge is a mono or color cartridge, the maximum
width of line possible, etc. The processor 1256 of the pen PCB 1254 can obtain this information from the
cartridge and change the relevant attribute of the printhead 1120. The cartridge 1114 may include an area
1268 which indicates the attribute that may be modified. The information may be printed on the cartridge
body directly or attached by way of a sticker. The body may include a transparent area 1264 adjacent the
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i nk deposited (in a color cartridge) or any other attribute. As nentioned
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capper 1183 includes an arm 1185 which engages the slot 1181. Thus as the stylus nib moves in and out
relative to the printhead the cépper 1183 is caused to rotate. When the stylus nib is under no load and is
fully extended the capper is in the first position and when the stylus nib is depressed the capper is in the
second position. The capper 1183 may incorporate an on/off switch for the printhead 1120, so the
printhead can only operate where the capper is in the second operative position. The slot may have an
oblique portion to open and close the capper and then a portion extending axially where no movement of

the capper occurs with stylus nib movement.

PRINTHEAD AND CAPPER CONSTRUCTION
The construction and arrangement of the printhead 1120 and capper 1183 are shown in figures
16 to 24 inclusive. The printhead 1120 is an assembly of four layers 1302, 1304, 1306 and 1308 of a

semiconductor material. Layer 1306 is a layer of electrically active semiconductor elements, including



fully extended the capper is in the first position and when the stylus nib
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the device when turned on. However, generally, all higher level control, such as what color inks to print
and in what relative quantities, is carried out externally of the printhead. This may be by circuitry on the
PCB 1144 or pen PCBs such as 1212 of the figure 9 & 10 device or 1254 of the figure 11, 12 & 13
device. These higher level controls are passed to the printhead 1120 via contacts 1312. There is
preferably at least one set of contacts 1312 for each set of ink ejection devices. However each line or

each individual ink ejection device may be addressable. At its simplest, each set may be merely turned on

or off by the control signals.

As seen in figure 16 in plan view the printhead 1120 has a substantially octagonal profile with
tabs 1314 and 1316 extending from opposite faces of the octagon. It will be noted that tab 1314 is formed
of layers 1302, 1304 and 1306 only, whilst tab 1316 is formed of all four layers 1302, 1304, 1306 and
1308. This enables the PCB 1144 to be bonded to the layer 1306 without extending above the top of layer
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of overl a‘iﬁ’BFsﬁﬁn PI°Rditca is a function of
radi al di S08Abesifs gerettngulenyiapundeddest emers3thg inngy spricn B3P 9Ehsslots Ké8 ader t ur es

may be def) ﬂﬁﬁj sxpféce of WP 1ef:ARky Bk hr¥fuafahPdRftbrBdor thd\@Hthadd’s@ens e300 tedidih enstrtngeach

other. It wl e appreci ated that t
the capper rotatesg out the central axis 1300. o%ve\(/)elfl Eh?sl 19not essenttxgl In the embodiment shown,

®Wit h

each face of the octagon has a slot 1328 but this is not essential and, for instance, only alternate faces may

have a slot therein. The symmetry of the legs 1322 and slots 1328 is also not essential.

Rotation of the capper is caused by engaging arm 1185 in the angled slot 1181 in the stylus
nib. Rotation of the capper is ultimately limited by the legs 1322 and slots 1328. To prevent damage to
the capper, printhead or the stylus nib, the arm 1185 has a narrowed portion 1334. In the event that the
stylus nib is pushed in too far, the arm 1185 flexes about the narrowed portion 1334. In addition, guard
arms 1336 are provided on either side of the arm 1185 and also serve to limit rotation. The recess 1176
into which the printhead is inserted has an opening in which the guard arms are located. If for some
reason the capper is rotated too much, the guard arms contact the side of the opening and limit rotation

before the legs 1322 contact the ends of the slots 1328.



capper noves nore than the inside when rotated so the apertures need to
increase in wdth as the radial distance increases. The capper is
substantially planar with eight |egs 1322 extendi ng downwards fromthe
peri phery of the |ower surface 1326. These | egs are spaced equal ly about
the circunference and engage in corresponding slots 1328 forned in the
peri pher al e of the upper surface 1329 of the upper l[ayer 1308. The
slots aré"’?‘@l‘g @ngul ar with rounded i nder coners. The inner surface 1330 of
the sl ot q,ng%quq,mbpe inner surface of the legs may be arcuate and
centered on t printhead's center 1300 to aid in ensuring the cagper
rotates about tWailscénperainayabei tarndB@Q it i-deaiablerthat ke priptsheproeniipastiatn tihell the | n t he
enbodi ner;{yl 5 Elgvf%]presse% :Qnsi Q%an{e ’fﬁé%tyﬁm%i%%? HRSa ﬁmﬁlg 8- of}-%gh IEb‘ktlos& hiig i s not

essenti al or In tance only alternate faces P’ ot therein.
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ﬁg fit l Ontn%f i f&ﬁs CRRM Qhe basme&tbae@lmbymmg@gbmgseardmmg&s elebmtdhle"oreen@h@ds ZI gt

I n e u (o) €, S 1 €l y
the. | egs M3yt ios Bt myoh Py b v AEREG ohEortHhTEE Ml T

print head
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narrowed portion 1334. In addition, guard (? vi ded on either
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i nto whi GlRo tN& AR bi/6it M@atkoickange®r t ed has an opening in which the guard arns
are located. If for sonme reason the capper is rotated too nuch, the guard
arnms contact the side of the opening and limt rotation before the |egs
1322 contProwrHEADGNKRASAGBWAYShe sl ots 1328. NPS057-SG 16 PRI NTHEAD ACTUATI ON

Wi | st the pen desi rabl e t hat only
act uat e when thg* pg‘ftg‘flaéjgasgl? d"ict)eéénb?oioé g%cf e?até)aldﬁvsl a4 egs?dfag %rd t%glg%?gl us nib
may causrabless ipsupplying bk fto Swicjectivntdoviess odere & dlﬁerenhm}‘es}nli piecHion pryiceseaie
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styl us the cantil evered arns used d| rectly
as el ect rdlf@QPtlﬁlfﬁﬂT@éb%ﬁ‘ﬁlglﬁ?? ea"hAP‘f’é’Pﬁ’iétﬂ?e{'/é'llﬂ? £ qsfg’reé‘f‘% I ?)%8161 agajeept may be

acted up@sibyotphsibie.nner end of the stylus nib. Wiere a force sensor is
utilized, it may be used nerely to turn the printhead on or off or to
(el ectroni cal | yJhec@nturfade of the bottomt leyenf302 fslpravjdewithofuniple infets 1 2 ghhete gy ce

resulting. (R/alashgq 19*81‘? the GbF gl;rfagéqfo{' Qﬁp?oxmta%[y Hal¥SthePiBfeness I076nel 1QeE B303 QRS eh  MBY be
used by a contr to control her at'tributes, suc ?tbegﬁék% e, w dth.
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PRI NTHEAR, thilk sR0omSASRVSYE 1Ih83anpr134stlbtﬁﬁd inhiescedtharegiof. fTbere e a oohter ofjhales

ej ection devic ar,r ang ed rad Be PRI yi ng
ink to t M 8‘]“’8%?5 IBrIihec%v?’eéeﬂgou er e rﬁfe}g%j&?%f fzgrm% %g@l%% H E)%Ifsg%ﬁ on devi ces
are lower layer 1302 seals against the end cap 1126 so these grooves define sealed passageways

' As mentioned above, there are four ink inlets and twelve lines of ink ejection devices 1310, so
three lines of ink ejection devices need to receive ink from the same ink inlet. Referring to figure 21, a
first set of three lines of ink ejection devices is numbered as 1370, 1371 & 1372. This set receives ink
supplied by ink inlet 1182a. The second layer 1304 has a slot 1350 extending through its thickness under
the line of ink ejection devices. The outer end of the slot 1350 is aligned with the ink inlet 1182a and so
supplies ink to the devices of line 1370 above it, as seen in figure 19. The other end of the slot 1350
aligns with hole 1356 in layer 1302 to communicate with groove 1342. The ends of groove 1342 have
holes 1358 & 1360 to the upper surface and these communicate with slots 1352 and 1354, respectively.
These slots supply ink to lines 1371 and 1372, respectively. The supply of ink from opposing ink inlet
1182c to respective lines 1376, 1377 & 1378 of ink ejection devices is accomplished with a mirror image

of the slots and grooves.

Ink inlet 1182b communicates with slot 1362 and so supplies line 1373 of ink ejection



interleaved. In conventional printers the ink ejection devices are arranged
in parallel rows and so all the different inks nmay be supplied to each row
fromeither or both ends of the row. In a radial arrangenment this is not
possi bl e. The rear surface of the bottomlayer 1302 is provided with four
ink inlets 1182. These inlets are oval shaped on the rear surface for
approximately half the thickness of the layer 1302 and then continue as a
circul ar MBp¥fE@re 1340 through to thellpper surface. The rear surface of

the | ayerdefiégzﬂ@llﬁrgr d06t AP UB6IERRNR:Sates it hole3 b4 uﬂ-&% 1@61331 Thid4Blel BeAt ed in
the central region. There are a nunber of dfromt e

grooves tCPt‘F"B‘lH’g‘i‘ite*E Hih gropye 1344 3 ophererad pf %?.Pr"%é“ﬁ‘asai’rﬂ?pgg?é e’“ﬂ‘u 4R WEFPRSLr f ace
of the |s@wes whidy &mmlBitates @R lsHt BGRI Ths tslot 1868 extehde aplerllh2H13560 axtdhlézfeofgnlooves
defi ne seal ed passagewa ment i on r VPP lets
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ej ection lnie\lB@eﬁmézeldeItleaCh@@éWbaInmk)rWmn'@mm%?félotsﬁw §opVest . Ref er r| ng to
figure 21, a first set of three lines of ink ejection devices is nunbered
as 1370, 1371 & 1372. This set receives ink supplied by ink inlet 1182a.

The secorﬁ?"FW&FAIWTWP&”é'F%'E‘KBSO extendi ng through its thickness under
the line of ink ejection devices. The outer end of the slot 1350 is aligned

with the dJjik doflrbivid potBritibniiéksSO  supplies ink to the devices of line 1370
above it, as seen TP figure 18 The other end of the slot 1350 aligns with

hol e 1356 in | aligure BB30@wstacfour oot en d:@@éawgtah)egb@mﬂ@%@@ﬂ@repl’méﬂ@fnﬁfrobf groove
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as a hole 1366 extendi ng Ig ugtge% surface
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achi eved i mage arrangenent o s and grooves.
ATTRI BUTE@HWW@“WK CoI or control via potentl oneters Fl gure 23 shows

a four color pen 1400 haV|n pen bod c col or

i nk cartridge 14YMlbeqnprecigiatt ﬁ(%‘?r nglgb@n%/ﬂ %is gﬁ\‘sé‘gé?’gﬁ%og gonpat “(*—.gﬁﬁ oneters
1404, 14 predbBers The conproit el GrespkBle @OB) atoibutem theurelative atnennt tof Gyenand

bri ght neﬁage\él?al 4 Yelish %;I{()Vgicsy depc-)lgngl. Qﬁéﬂ'p&% b%lp§(91ide5] Q'ktﬁ"gr?%lﬁy to allow the

potentiometers to change any of HSV, RGB or CMY.

Color control via cycle buttons

Figure 24 shows a pen 1420 including a pen body 1422 and a replaceable four color ink
cartridge 1114. The pen body 1422 includes a color display 1424, preferably an OLED and three control
buttons 1426, 1428 & 1430. The pen body includes non volatile memory in which is stored a plurality of
different color values. The control button 1426 is operable to place the pen in a “select” mode, whereby
the buttons 1428 and 1430 cause the pen to cycle through the available stored values, with the display
1424 displaying the corresponding color to be printed. The buttons 1428 & 1430 cause the pen to scroll
through the values in different directions. The button 1430 may be omitted if scrolling in one direction is
acceptable. Once the desired value is displayed, it may be selected via the button 1426 and the pen will

then produce the selected combination until it is changed.



di splay 1410 which displays a color corresponding to the settings. The
display 1410 is preferably an organic light emtting di ode (OLED) display
capabl e of displaying the required colors. Alternatively, the display may
be a conbination of several different colored pul se wi dth nodul ated LEDs or
a color LCD. A passive display may be provided with a graphical
representation of the effect of each control printed on the surface

adj acent NPR¥7-P@spective control. A fuddher variation provides a display
whi ch OUtL%&rﬂHE@Jdnﬁolyék}@éb&ion@VG Saturation and Val ue (HSV) or text.
The di splay nay omtted and the user may nerely rely on drawing a
sanpl e |ine to mitaihsiohes desisp2irciading i bet sy 19Henporwhcdbméredonely be
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scroll through e va directions. The button 1430 may be
om tted |Cfmﬁ§b<rf@ﬂtrlihmiqu“4l??te@‘i*f@lemwé??ﬂ‘if@ﬁmf"és acceptabl e. Once the desired

val ue is displ i, it may be selected via.the button 1426 and the.pen will
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volatileggoory in which is stored a plurality of different Iine types,
such as solid |line, dotted line, dot - dash Iline etc. The control button
1438 is operable to place the pen in a "select" node, whereby the buttons
1440 and Coictzoatroloda $dmplingn t 0 cycle through the available stored line
types, with the display 1436 displaying the corresponding line to be
printed. The buttons 1428 & 1430 cause the pen to scroll through the types
in opp03|1Ye€’”¥ﬁsF'€E’€'| ons. Once the desired value is displayed, it may be

sel ected via t hgelatstsadvs h4H3B1480M6hvinp @ foRddlonink kartriigert 1 pr ad e e bbdyel 42 Tect ed
i ne

pen body incorporates the sensor package 1454 described with reference to figures 9 and 10 and which is
capable of imaging a substrate. The pen body includes control buttons 1456 and non volatile memory
(not shown). The pen is operable to “pick” a color from any object by “clicking” the stylus nib 1118
against the object either alone or in conjunction with pushing an appropriate one of buttons 1456. A color
card 1510, shown in figure 27 may be provided with a rainbow of pre defined colors 1512 for use with
the pen. The card also includes an area 1514 for setting the brightness of the color and an area 1516 for

selecting a line width and/or style.

The sensor package 1454 may be capable of detecting and decoding netpage tags as described
in our earlier application PCT/AU00/00569 (docket no. NPT002) and a “color card” may be provided
with a series of color samples, each of which is also invisible encoded with netpage type tags. The tags
for each color sample may merely indicate function rather than position, such as “set the color to X”

where X is the color of the sample. The pen includes memory in which the function associated with a



type until it is changed. It wll also be appreciated that the line wdth
may be nodified in a simlar nmanner, wth the pen having a nunber of |ine
wi dt hs stored and which nay be selected by the user. Qther control nodels
are within the scope of the invention and the inventionis not limted to
control of attributes via potentioneters or control buttons. In will be
appreci ated that a single pen may provide control of color, line type and
line w dt¥s07&RAd other attributes as désired, with a single display and
three control, z%’étcgc?er@stor 6 o4 e péﬁtk%%&l‘h% @H&rttﬁbnlser%w dhéks ke Resedicolo® CyCl €
t hr ough N T A attributes, such as color, line type and |ine width.
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either alone or in conjunction with pushing an appropriate one of buttons
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appl i cati on PCTAKuw@yah0BE Dy By oREMe Aol HRPTHEHS Py Igre eotf‘%l’arecﬁ F My be
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~encoded with net t nerely
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X i s the abbdmenfhithisclsknpipwpridihiardyang (frameshitiet @ad weeipbioy ransmiiae e TBR/IE unct i on
associ at egls wi t l(;ht?m]\gggg,w&@‘g 19 particular tag code is stored. To set the
pen to a particular color the user nerely clicks the desired color and the
pen senses and d@@,@ﬁls&l it fvBnebdgto aAmpalet SEtaA the writhtes ofcihetrieprinfed minebeseslbpr car d
(not shown s %/{ﬂé’ctg laera?v&r% %oqsonéhgﬁ) The first area includes tags

equi val enf face™ i or sel ection node" or " pi ck" node
whi | st the secopd coﬁlf ga?? hlgpzll%qfcﬁldggga%v@ﬂﬂ%ﬁ@\l ﬁ@hseltg stthy sTaRiMief theSet t he
color to the curren node. To select a color the user nmay
merely " clirneew\tedow}tqﬁémf%eﬁmalw@é’ cI ick on the desired color sanple and

then click on t l‘[]‘1(13e d?s%lg}? Il;]lgy be?lsee% to dasplay modal, selection, and status information, including:

. mode name

. current color/texture for drawing/painting
. current line width for drawing

. current brush for painting

. first few words of current text selection

. image fragment of current image selection

. Universal Resource locator (URI) of hyperlink selection
. pen status (power, communication with printer, etc.)

° €Iror messages

Sensing with sensor at top of pen



In a further variation the color card may include a series of different

col ors whose values are encoded in a single tag. The card may include an
area encoded with these tags so that a user may click the area and upload
a series of colors rather than just one. Alternatively the tags nay operate
as in the netpage systemwhere the tags are decoded and transmtted to a
net page server. The server determ nes the function associated wth the tags
and trandfif®sSG an appropriate instrucfon back to the pen. In this regard
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fragment egdagds With @tacts mgﬂloﬁﬁbﬁ(ﬁielm PCRI e Ias afegs@yided fr bascaltnginuficiRhd of

hyperlink sele tu ion with printer, etc.
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33 shows a pen 14 %CQISOI' de; gqﬁﬂgncﬂldgs%ghagﬁserﬁ@élﬂg 1](4@4J This %ani is@gateﬁ A dkdeslae 1114,

The pen body 1 I'nc es an optical sensor _ device its top end.
The pen Wrsdyerpaherdefibepea bedylapg is ingf sglmaatgﬂﬂvlﬁ’?ép%fﬁ’an éfh?f&ﬁtpf"eﬂﬂed&ar}‘?aéﬁsei% 8. The

di spl ay apgvieefkmfilng Byl @l TND sRéor 436 s rReférithsd REEBhdletBEhtor. Obg@diler Wi t h
a control|er chi or chbgw 479. The chip(s) 1479 include a small anount of

non vol athP‘f%r““?"Fﬁ ¥ Y of storing a small nunber of color (or other .
attribut es) sa Ie%rlso 1n-|g_q§84 ﬁ%} e&geﬁSS @%‘cﬁq\stloog@&@ n%éﬁ%éntfsgﬁchqw amd [ ng

with the contac cartri and for_ receiving power
and cont mwitdhj lﬂgalrtiﬁleheérbptrw@etéﬁ mﬂlli% andrfhe FEBnAS? o ok dhe inpep ?@‘W’rﬁ%ﬁt‘%d on a

? eco ggB P%m&é{ﬁi‘hevymt&mw@ﬁ dagesy apeﬁ but GRREAGY 8 céniDdssit oM A lan nohingflig2st  PCB.
WO
S w%{c}? melru es a ens 1192rls Ei%aﬁy moun% tfhea gr;[duoii’ Ith@%en and bears against the PCB 1482,

The molding 1492 includes a stand-off ring 1496 to prevent the lens 1494 contacting a generally planar
substrate. Light enters the lens 1494 and is focused/directed onto the point, line or image sensor 1486.
The lens molding 1492 may be pressed into the pen, compressing the switch and causing it to change

state from open to closed. On release of the compressive force the switch urges the molding 1492

outwards.

. The color of the line produced by the pen may be controlled in a variety of ways. As
mentioned, the controller chips 1479 are capable of storing a number of different colors. The color to be
printed may be selected from the stored colors by use of the control button 1478. The selected color is
displayed on the color display. It is also possible to sample and store custom colors in the memory using
the image sensing device 1474. The user may “click” the optical sensor device 1474 against a sample of
the desired color. This causes the switch 1490 to close and the color detected by the image sensor 1486 is
passed to the controller chip(s) 1479. The controller chip then sets the color to be printed and displayed
to the sampled color. The user may change colors by “clicking” on a different color sample or by using

the control button 1478 to select one of the stored colors.

Colors sampled with the sensing device may be stored in the memory for later use. After
“clicking” on the sample the user may depress the button 1478 to store the sampled color in memory,
preferably within a preset time, such as 5 seconds. If the button is not pressed the color is treated as a

“temporary” color and is not stored. The memory may only be capable of storing a small number of



and a single PCB may be provided on which all conponents are nounted. The
sensor device 1474 includes a chassis nolding 1484. This nolding is seated
in arecess in the internal end of the pen body and is in a substantially
fixed position. There is provided an i mage sensor capable of sanpling any
visible color. The sensor 1486 is preferably a RG photoreceptor. O her
point, line or imge sensors may be used. The nol ding 1484 includes a
recess 14%8%98/Cwhich is |located a novedtent switch 1490. This switch is
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When in the second mode the pen preferably indicates this by way of the indicator 1506. The

indicator may be inactive in the first mode and flash or change color in the second mode. If desired the

indicator may be omitted.

To cycle through the available sets of attributes the user merely draws a line on a piece of
paper or the like. As discussed above, the printhead is only activated when the stylus nib is pressed on the
paper. Thus cycling through the sets can be triggered by the commencement or ceasing of drawing. In the
preferred form the user draws a line and lifts the pen. The attribute set just drawn is set to the “current”
attribute set on “lift off” of the stylus nib. If the user presses the button 1504 the pen continues printing
with the “current” attribute set, i.e. the line just drawn. If the button is not pressed then on “put down” of
the stylus nib the “current” attribute set is changed to the next set in the memory and that new attribute set

is printed. By drawing lines one after the other the pen is caused to cycle through the available attribute



user may be pronpted to manually delete a color and to then resanple the
color to be stored. Other deletion schenes are wthin the scope of the
invention. Oher nodes of operation are possible; for instance, the pen my
automatically store all sanpled colors rather than requiring user input.
The pen may provide two or nore separate nenories (even if there is only
one physical nenory device). A first menory may be used to store "favorite"
colors AREPSTHe second menory for sto”PPng "tenporary" colors. The sensor
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li ne wi depgnonmarkigaidy| es or any ot her characteristic which may be
The user can load virtual colors, textures and line styles into the universal pen from printed

palettes. The stylus can optionally indicate its current settings via an LCD or LEDs.

STROKE EFFECTS

The pen of the present invention is capable of many varied stroke effects. Some, such as color
and line width are independent of time and position. Others, such as printing a dotted line are dependant
on time and/or relative position of the pen. The figures 9 & 10 embodiment optionally includes an
accelerometer array. This array may be used to derive the relative position of the pen as it moves over a
substrate. Thus a dot — dash line may be drawn with equal length dashes despite variations in pen speed.

Many other effects are also possible, these including:
Stroke style

Color texture (flat, image, procedural)



changed, or a conbination of such characteristics. The pen nmay have a
nunber of groups of attribute sets, such that a first group allows color
sel ection, a second group allows line style selection and a third group
allows Iine width selection, for exanple. Selecting the appropriate group
to nodify may be achieved using the control button 1504. Alternatively,
one may %%gle t hrough all nenbers of all groups sequentially. |ND RECT
PRI NTI NG NBF®f8tigh direct printing of i2Ak onto a substrate is the preferred
printing method, indpsettexnld bt inRge, hoced@@pi bl e. A snmal | Menjet printhead
can be used to construct” a universal drawng inplenent. A snal
cylindrical roller iSibiskpE@DisRE, 3Diskdpe, bha@tapage. The rol ler spins freely
about the axis of the stylus, so that as the roller is dragged across the
page, it automatically orhesmnhigesistskeidtso that it is at right angles to the
direction of notion. The Menjet printhead is nounted behind the roller. It
prints onto the back of tDetermings|“tapf andgeraersigeesr ol | er transfers the printed
i mage onto the page. A small cleaning station cleans any ink off the
surface of the YayinesWleafither it has contacted the page, so that the
printhead always prints onto a clean surface. The printhead reproduces a
contone col or i mage VM&GA*thered bi-1evel OW or CWK. The stylus can be
programed to produce anyt%gég{gp, textured continuous |ine or paint
stroke. The rate of prin§|ng I'S dictated by the speed of novenent of the
roller relative to the page . lQmufpan be determned in several ways, e.g.
fromthe actual rotation of the roller, or by continuously imging the
surface and detecti g RViERI Griehttioh€ Ssame way as a second- generation
optical nouse, or by sensing and decoding the map of a self-nmapping
surface. The stylus can airReeal’emspai t ched i nto non-mar ki ng node, obviating
the need for both marking and non-marking nibs. The user can |oad virtual
colors, textures and |i ne“Ghtokbredpaintit 0 t he uni versal pen from printed
pal ettes. The stylus can optionally indicate its current settings via an
LCD or LEDs. STROKE EFFECTIShefiige pen of the present invention is capable of
many varied stroke effects. Sone, such as color and line width are
i ndependent of time and pREPCPENSCxhers, such as printing a dotted |ine
are dependant on tinme an‘lgghrglative position of the pen. The figures 9 &
10 enbodi nent optionally iMaudes an  accel eromet er array. This array may
be used to derive thqﬁ&ﬁggtive position of the pen as it noves over a
substrate. Thus a dot - dash line nay be drawmn with equal |ength dashes
despite variations in penpogpeed. Many other effects are al so possi bl e,
t hese including: Stroke style Color texture (flat, inmage, procedural)
Specific style/current style

Tilt
3D nib shape
Force (“pressure”)
Stroke width
Opacity (airbrush)
Simulated physics of nib, ink, paper, brush, paint and canvas
Transfer of ink/paint from nib/brush to paper/canvas
Striated brush stroke
Layering (stroke on canvas and stroke on stroke)
Diffusion

Viscosity



NPS057- SG 23 (Opacity texture (flat, imge, procedural) N b shape (2D
shape, 3D shape, orientation) Determ nes stroke width Determnes "cap" and
corner shapes Varying style with Tine (speed) Stroke width Opacity
(airbrush) Space (including orientation) "Reveal" image "Checkered paint”
Dashed |ine Rainbow colors "Inmage hose" Location On/off Specific
style/current style Tilt 3D nib shape Force ("pressure”) Stroke width
Opaci ty MNE$®b$tish) Sinul ated physics & nib, ink, paper, brush, paint and
canvas Transfer of iy {n?ai nt fromnib/brush to paper/canvas Stri ated
brush stroke Layering (stroke on canvas and stroke on stroke) Diffusion

Vi scosity NP8057-SG 24peiM-MufiolokbR] ka- Munk col or nodel

Simulated lighting

Light source direction and color

Color physics of media

Layering topography
Examples

Pen

Ball-point

Calligraphy

Pencil

Graphite

Color

Charcoal

Oil paint

Water color

Crayon

Pastel

In this regard reference is made to our earlier applications USSN 09/112,777 (docket no.
ART24), USSN 09/112,797 (docket No ART30), USSN 09/113,091 (docket no. ART47) and USSN
09/113,054 (docket no. ARTS2).

MOTION SENSING

The embodiment of figures 9 & 10 optionally includes an accelerometer. This accelerometer
may be used to provide relative motion sensing/positioning within a pen stroke or a number of strokes.
This motion may be recorded and used to provide a digital ink record of the user’s strokes. Relative
motion sensing may be achieved by other means , such as gyroscopes or use of a rolling ball in contact

with the substrate.

Absolute positioning within a stroke is more desirable. The pen of figures 9 & 10 has netpage

functionality it is capable of detecting and decoding invisible tags printed on a substrate. This netpage



Simul ated lighting Light source direction and color Color physics of nedia
Layeri ng topography Exanples Pen Ball-point Calligraphy Pencil G aphite
Col or Charcoal O paint Wter color Crayon Pastel In this regard
reference is made to our earlier applications USSN 09/112,777 (docket no.
ART24), USSN 09/112, 797 (docket No ART30), USSN 09/113,091 (docket no.
ART47) and USSN 09/ 113, 054 (docket no. ART52). MOTI ON SENSI NG The
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COMPUTER INTERFACE

The pen of figure 9 &10 is netpage enabled and has two way communication with a netpage
server. Using appropriate software it is possible to control the attributes of the marking device from a
netpage application. For example, the user may pick a color, a palette of colors, nib styles or line styles

and download these into the pen’s memory.

The netpage tags may encode a function or location; the pen may have stored in memory
functions, so that the pen can be controlled by sensed tags without the need to revert to a netpage server.

Location code interpretation usually needs to be carried out by the netpage server.

The netpage system includes a feature referred to as “digital ink” whereby the system records
the path of the pen, to enable recordal of signatures. The pen of figures 9 & 10 provides the ability to also
record the “style” of the digital ink. The pen may transmit to the netpage server information relation to

one or more attributes of the visible markings placed on the substrate. These attributes include but are not

limited to color, line width and line style.

Communication of the pen may be by infrared, short range (Digital Enhanced Telephone,
Bluetooth) or long range Code Division Multiple Access (CDMA), Global System Mobile (GSM) radio
transmission, via a local relay (Bluetooth to mobile phone)or via a temporary or permanent wired

connection. A temporary wired connection may be useful for downloading an entire palette.

CONCLUSION

Whilst the invention has been described with reference to ink jet type marking devices, it is to
be understood that the invention is not limited to ink jet type devices or devices which deposit material
onto a substrate. The invention includes devices which alter the substrate, such as thermal printers and
electronic paper type (e ink) printers, which change the state of electronically changeable elements of a

substrate. For a better understanding of electronically active inks, reference is made to US Patents.



"inaging the surface of the substrate and using the texture of the substrate
to detect novenent. As nentioned above, use of netpage tags enabl es

absol ute positioning within a page. This enables the pen to be controlled
by a netpage application to mark a netpage surface. The user noves the pen
over the page. As the pen noves it detects tags which enable its absol ute
position on the page to be established. The netpage application controls
the pen t"¥SPR&SR the page according to%ts position. As such the pen can be
used to "¢ @1‘#%@4 6,194851 %ﬁg@sﬁb}’s [2013b4, 8918 426 arill (Y61 $850M BssignbiBro EhE6ARdEatiOr t i ON
of the p é&f UTER"'| NTERFACE, The Een of figure 9 &10 is netpage enabl ed
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wi dth and |ine nmuni cati on of the pen may be by infrared, short
range (E)@?F%Py%%%%ﬁék "M%l ephone, Bluetooth) or |ong range Code Division
Mul tiple Access (CDVA), dobal System Mobile (GSM radio transm ssion, via
a local relay (Bluetooth to nobile phone)or via a tenporary or permanent
wired connection. A tenporary wired connection nay be useful for

downl oadi ng an entire palette. CONCLUSI ON Whilst the invention has been
described with reference to ink jet type marking devices, it is to be
understood that the invention is not limted to ink jet type devices or

devi ces which deposit material onto a substrate. The invention includes
devices which alter the substrate, such as thermal printers and electronic
paper type (e ink) printers, which change the state of electronically
changeabl e el enents of a substrate. For a better understandi ng of
electronically active inks, reference is made to US Patents. NPS057-SG 26
6,017,584, 6,124,851, 6,120,839, 6,120,588, 6,118,426 and 6,067, 185, al
assigned to E Ink Corporation, the contents of which are included herein
by reference.



It will be appreciated that whilst the enbodi nents described each only

i ncl ude sonme of the features of the invention, sonme or all of the features
di scl osed wesodrwe or nore different errbod'bmsnts may be conbi ned together.
The present invention has been described®™w th reference to a preferred
enbodi mrent and nunber of specific alternative enbodi nents. However, it

w Il be appreciated by those skilled in the relevant fields that a nunber
of other enbodinments, differing fromthose specifically described, wll
also fall within the spirit and scopecoAimshe present invention.
Accordingly, it wll be understood that the invention is not intended to
be limted to the specific enbodi ments described in the present

speci fi catfeon i ncl ugJ g uments i ncorporated by cross- reference as
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a menory for stonng ferent sets of values o
attri but e,taHgmbuieet ]é?,staipﬁlf?dr'i‘?)ae’éh Pt Bring ditferent; fam theesst of Affdbute; yylesapplied do g c| e
t hrough sairdedbigpated sets by sequentially marking separate parths, the set
of attribute values applied to each path being different fromthe set of
attribl@e values applied to the preceding path. 10 2. The pen of claiml
wherein the user_interface includes at |east one slider or at |east one
control  Button 187 peof Flaimst whggin Gp nyge interfprg ingludgs @hlepst enqeliden pr at deest I qoafel 3.
The pen ofbutdnai attehst whekdRi MAd bih@stwsedontdlbof.ace i ncl udes a di splay for
displaying information relating 15 to the value of at |east one attribute.
4. The pen of claim1 wherein the nenory also stores at | east one user
defined set of the value of the at |east one attribute. 20 5. The pen of"
clai m 1 wHer ei n Thheen of i d wherein thefusey inferdzes inglfides i dispay fprelisplayingrinformationirgating can
al so by cysthediue byat R bk | Y di spl aying information on a display. 6. The
pen of claim1l further including at |east one sensing device capabl e of
sensing images or colors or both and nodi fying the value of the at |east
one attribute based on the sensed images or colors. 25 7. The pen of claim
6 wher ei n4t he ndhopey ofdladm | sherin the aembre alsd staeyat leseme def defied sg of thovalwe af thes  of

the at at least one attribute.

20 s. The pen of claim 1 wherein the stored sets of values of the at least one attribute can also be cycled

by sequentially displaying information on a display.

6. The pen of claim 1 further including at least one sensing device capable of sensing images or colors

or both and modifying the value of the at least one attribute based on the sensed images or colors.

25
7. The pen of claim 6 wherein the memory also stores at least one user defined set of values of the at
least one attribute and wherein a user defined set includes values derived from the sensed images or colors.
8. The pen of claim 6 wherein the or at least one of a plurality of sensor devices is capable of sensing

30  images including coded data relating to attributes.

9. The pen of claim 8 further including a decoder to decode the coded data and to change the value of



| east one attribute and wherein a user defined set includes val ues derived
fromthe sensed i nages or colors. 8. The pen of claim6 wherein the or at

| east one Rfsogygal urality of sensor devi c?é i ® capabl e of sensing 30 inages
i ncludi ng coded data relating to attri bufes. 9. The pen of claim8 further

i ncludi ng a decoder to decode the coded data and to change the val ue of
NPSO57-SG O 28 the at | east one attribute in response to the sensed
decoded dafndat 16h§ one HRBbuRERreHonse kAthd Bedsed débddbtfdatal NCl udi ng a recei ver for

recei ving commands from an external control source, the value of the at

| east one attribute being changed in response to said received commands. 5
11. The pen of claim1l including a position sensing device or a notion
sensi ng delll.ce oOfFhelpot bf dainal 1 thlrther ixxcallding agéceilydxcdoratceivibg sdmnpinds fovint aniekiexrha congrol
dependant of the
pon or bt hes T A8 ik AhaB R el g e Besp o WL BELUEPRRREE T oot
one attgi bute |ncludes mar ki ng or not marking. 13. The pen of claim1l
further including a non marking stylus nib. 14. The pen of claiml| wherein
t he marki ng. deving pisxﬁoflbﬁfnil ﬁatluangths@&nana;pdsag @éviek 8r £iddtioh bl devideor b&h anliftR pen
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of claim l&betherein the function of the user interface is at | east
partially dependent on 20 information derived fromthe cartridge.

10 12 The pen of claim 1 wherein the value of the at least one attribute includes marking or not marking.
13. The pen of claim 1 further including a non marking stylus nib.
14. The pen of claim 1 wherein the marking device is part of a user replaceable cartridge.

15
15. The pen of claim 14 further including means for deriving information from the cartridge relating to

the value of the at least one attribute.

16. The pen of claim 15 wherein the function of the user interface is at least partially dependent on
20  information derived from the cartridge.



