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path onto a surface, the marking device electronically controllable to
change 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 inciuding a user interface whereby a user may modify the at least
one attribute.
The marking device may be infegral with the pen or may be part of a user replaceable
cartridge.
Accordingly, in one broad form, the invention also provides a cartridge for a pen, the

cartridge 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.



at | east one attribute of the path, the pen including a user interface
whereby a user may nodify the at | east one attribute. The marki ng device
may be integral with the pen or may be part of a user repl aceable
cartridge. Accordingly, in one broad form the invention also provides a
cartridge for a pen, the cartridge including a marking device and
operativeyhsgark a visible path onto a surface, the marking device

el ectronically controllable to change at |east one attribute of the path.
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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 attribute or attributes.

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

may be used.

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

one atfribute, and at least one sensing device for sensing images or colors or both.



receiving at | east one control signal for changing the at |east one
attribute fromthe pen. The marking device nmay act onto the surface or a
transfer device may be provided onto which the marking device acts. Were
a cartridge is provided, the cartridge may include non volatile nmenory

whi ch stores at least data relating to the nodifiable attribute or
attribute&n¢;Ee mar ki ng device is preferably an ink ejection type printhead
but ot her marking devices nay be used. The invention in a further
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provi des a_gen i ncluding a marki ng device and operative to mark a visible
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| east one at t r Thsunventiop alpeampyides epan dnctufiog dwearbidedkvidaand 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 cne 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 attribute.

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

decoded data to an external contro! source.

The pen preferably transmits sensed image data, coded data or decoded data to an external
control source together with the value or values of the at least one attribute of the path at the location of

the sensed image.

The pen may include a position sensing device or a motion sensing device or both and at Jeast

one attribute is dependant on the relative position of the pen, the relative speed of the pen or both,



The pen may include a receiver for receiving commands from an external
control source, at |east one attribute being changed in response to said
recei ved conmands. The pen preferably includes a nmenory for storing
different sets of attribute values. The nenory nmay store at |east one user
defined set of the at | east one attribute. The pen preferably includes a
transnitt@£¢&€r transmtting sensed iqyge data, coded data or decoded data
to an external control source. The pen preferably transmts sensed i nmage
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Preferably there sets an ra each group of devices

is supplied mﬁtﬁhﬁgﬁy&&@gkasggﬁ@pp?gﬁglery, all of the galleries being at
a first level in the printhead, galleries for a set of devices being
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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 Jayers or part of an integral

device.



extend only partway through the thickness of the second | ayer. Preferably
the second | ayer includes |inking passageways linking the galleries with
the interconnecting passageways, the |linking passageways extendi ng 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. UPl14-SG 6
BRI EF DESERI EJ1 ON OF DRAW NGS Fi gure 165hows a perspective view of a pen
according to a first enbodi nent of the invention. Figure 2 shows a plan

vi ew of tBREPDRSERMMON BFDRAWIRGE: Figure 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. Figure_.5 shows a perspective view of a _cartridge for use in the pen
shown in I%‘?“é‘ij{ps owjs a perEReayp Xe OAPSRR YNGR A PRIt OHES et THIo%i ew of a
cartridge of figure 5. Figure 7 shows a side view of the nib area of the
pen of figuke showdalplin PRP 6F thedlen MRWE RUBUPL entations. Figure 8 shows an

expl oded perspective view of a cartridge for use in a pen according to a
second enbodinent of the invention. Figure 9 shows an expl oded perspective
vi ew of FHEP HOBSsUE Hey elgheper dipyrindapsoli nent of the invention. Figure 10
shows an axial cross sectional view of the pen of figure 9. Figure 11 shows

a_Per SPeGiides Jhth Bls RnRERe AAGRAAINEGLAG @ Tourth embodiment of the
invention.” Figure 12 shows an expl oded perspective view of the pen of

figure 11. Figure 13 shows an expl oded perspective view of part of the pen
of fi gur digute 5 sEpvgamerspedive hiowefl agartridesior sxpliogetshperis et i.ve vi ew of part of
the cartridge of figures 5, 6 & 8. Figure 15 shows a second expl oded
perspecti Vi I h artri figures 5, 6 & 8. Figure 16
shows a pFIY nedvslﬁéé%@%%?)!%fé ﬁgélpgljr;?e%tfv élaﬁoéascﬁ%&{fﬁgeg'artri dges of figures 5, 6 &
8. Figure 17 shows a perspective view from above of the printhead of figure
16 i n an Rigrer? shosiatsidoview offfiegibragea dBthaiea wifigare P &Mt p@etat weons ofafis®em above of
the printhead of figure 16 in a closed position. Figure 19 shows a
perspective c¢ross sectional view from above of the printhead of figure 16
in an ope“rﬁguti&fﬁ@@@ ?‘pESEéiipffﬁ%ﬁt%"e Ve BT SS BRI A R T TE i ew f r om

bel ow of ethelingani ofthedaehtiof. fi gure 16 in an open position. Figure 20a shows
a plan view from bel ow of the printhead of figure 16 in an open position.

][:: 83:: g ]2_ i%%r%%gﬁowg gré%)l()glde%%grgpeagg %i \g gtt aI p\éne ac\({cl’r n\{\é t]:) Iz; thi?d gnl?b%\c{i%elgfof tLeh ijewe tlioln.n thead of

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



position. Figure 22 shows a perspective view from above of the MEMS i nkj et

| ayer of the printhead of figure 16. Figure 23 shows a perspective view of
a pen according to a further enbodi nent of the invention. Figure 24 shows a
perspective view of a pen according to a further enbodi ment of the
invention. Figure 25 shows a perspective view of a pen according to a
further ephpgdiment of the invention. Jf:i gure 26 shows a perspective view of
a pen according to a further enbodi ment of the invention. Figure 27 shows
a col or cgkelod Or use with various enbodi nents of the invention. Figure 28
shows a perspective view of a pen according to a further enbodi nent of the
invention with a cap on. Figure 29 shows a perspective view of the pen of
figure 28FigiredP sheve 2 @eippedive view fpmybplow of he giifgiced dfizwx [ inaleberpesiigiect | ve vi ew
of the figure 29 pen. Figure 31 shows an expl oded perspective view of parts
of the fi | spective view of
parts of %%%O%%S?g%g‘Eg%g&%l%ﬁéﬁflgg%}%ﬂlgﬂg\%\g& éeﬁgiﬁﬁggggeggﬁﬂ%%'ed perspective
view of parts of the figure 29 pen. Figure 24 shows a perspective view of a
pen accorkigumltshova af explothd pereprtyvel viese fibm afovd diiéhe prinlend éf Gipure 14R1 4 & 8 DETAI LED
DESCRI PTI (NG PREFERRED AND OTHER EMBODI MENTS Note: MenmjetTMis a
trademark of Silverbrook Research Pty Ltd, Australia. BASIC PEN & CARTRI DGE
CONSTRUCTION Figures i to 6 show a pen 1110 according to a first enbodi nent
of the i nigwA2ehows Thasppetive Yiemsronpabgereé tha MEYIStinkipt laxer ofslgrpribibehy ofiflei 16.n whi ch
i's located a replaceable cartridge assenbly 1114. The «cartridge 1114

| ncl udes 1nri£l§h05l§,lg§‘lar i:xlf'él'vﬁl wosfta¥|nua%cop-inb t(g'zg' 1andb Rl’i Qt ad 1t120 and is

desi gned 19 b8 4T SLAPEAY THER PHE T oRIPE I Tl RSP %P e styl us or
printhead are danaged, with a new cartridge being inserted into the pen
body. Hovigiyues24tstvevs p geispadiye iev ofa peif sa@idingeda @sheBeriboditiant aftke/indehitm Wi t h t he
cartridge and pen body integral or not end user separable. The ink supply
1116 conpri ses an el ongate hollow tube 1122 which is closed at one end by a
irst endigs 1oy - B VHEOTOPHRE-oBINY b DL eRsHBoE AL R P26 The t ube
1122 is preferably nmade of a thernoplastics material but may be nade of

ot her natmfurelsShowd\ BeaspBRtevie ofd pl .8 tdingSo NMBIRF dndbbodilnbl oftthtiBvehtion. Pr ef er ably
extruded so as to have a constant cross sectional profile. However the tube
may be injection nolded. If made of netal, the tube may be al so extruded.
The tube Fiere27ipss acqiesqise for be with yagious pibpdigrente Bf thednveitiee t he interior of the
tube into four separate chanbers 1130, 1132, 1134 & 1136. These ribs al so
provi de rg:gi. G L4 i Nk i 1. i t the
Chanber s A oty RErERARE s Pajelohds ¥ Mok ke fbr dd el ERIFE,

di fferent®¥ored inks in each chanber. Wth four colors and a suitable

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



printhead it is possible to produce al nost any desired color using a

conbi nati on of Cyan, Magenta, Yellow and Bl acK (CWK) col or inks. The
chanber 1130 occupi es approximately half of the tube volunme whilst the
three remaining chanbers each occupy one sixth of the tube volune. In a
CWYK col or printing device black is normally printed nore than col or and
so bl ack &ﬂ%s uld be stored in chanbey 1130 with the three other colors
stored in chanbers 1132,1134 & 1136. It will be appreciated that the nunber
and relative volunmes of the chanbers may be varied as desired. Sone

current OSSKAIOED Dakckﬁtnmmﬁmesemsdmng crHEREMBeDMENTS0l Oored inks in
addition to bl ack %e&qtiﬂ” esired be divided into seven

chanbers. The cBP® Rsa?ﬂ%ﬁhﬁg’é‘iﬁgﬁﬁmﬁ‘ﬁwlﬁ%@ésuf% same vol une and

t he bl ack ink chanber (if black ink is used) need not have half of the
avai | abl eBasgl Rened: CARIRIDGE CONSIROIOBS NDre accessi bl e, the proportion of

printing using p%%ﬁ‘&ob%wrﬁ%& ﬁ?@ﬁc@t\?\rﬁlﬁ%f?:'ﬁ‘i’i:s?ﬁnbtoﬁiﬁﬂm{tﬂ%m@inv%tmlﬁ'ﬁ,IQFenamgl n equal

colored ink Y ange. Simlarl I nks are su

anmount , thesgallystubic pen Begk Khtpyin Wltlﬁh i Mpsytedn eplageptis Caémﬂ@rag%&“b% dﬂ)b“r yheof

magent a  damritgesl 11’1@t1ncbﬂes[llh (inéd sdﬁfy 1178 ﬁtyfub his t11 BNEld dfthedd 126 addSis 843%@@% b
substanti al | th S 0 chof [ ers. end cap.,1124

e uaos Bisalse S nd AF (PR St B SO b PR T e e SRRk s
used. To heinginested mtbrtbﬂ weg boly. Hévevar thepet maydughndacapdaat thow-apthieni wikshaused ar e

usual 'y vakgle RRSEModPintBNAPAL rAQRE scpBQie. ShOWN, i's provided between the
i nk and the end cap 1124. As ink is used, the seal noves al ong the

respective UP14T1§&k%u§dmanbeéompH@emmgamoﬂade@p 2428 ik aosad ﬁ eneseh@w to
substanti |f§r evvays

e Co oy P e SR R s e S AR S B e e B it BiRR B
1120, bortbkeopiagtics peterfial bus menkk rofle pinthecagieribli 2Bhen Tade qfe plnatlbﬁewnalshqwleﬁser abI y

an ink j q;reférMﬂeexgﬁde@Edﬂ'ﬁqghﬁpgcon% @roﬁrsgr.fn@l{a?ﬂl)fﬁe q{ome&f ﬂ%@&&éﬂ!‘%ﬁ&ﬁw cal
system ( MEMS) ‘based i nk MEMS based i nkjets ex usi ng%mschanl cal

act uat or smcfl‘?ffl Hempade H%‘Wt%ﬁheﬁ@ﬁﬁahbe alip extpyded; ?hf Tubg §122 g‘r‘sr"‘é\‘ﬂ‘l}eg/"fﬁ’é%ﬂ Yhifbost i nk
jet type diydel it @feSor Gl th @bk ligo BMBdepaaddd EhamiPdss selm;mMEm4 l:xamed Th@éé]riﬁi gishave a

| ower pOV\B}é’V fé%gﬁﬁmﬁe c‘ﬂf?mb%EOs q%l%ﬁelgécji‘ghl nk, iy % smp {est%l E)r\FM.'Il have tﬂa same ccflor?e%‘r][ ed.

attracti v e’in Where aval
For a betmleﬁltmﬂﬁéqiis@emdﬁhge féfferWEMinnkijnetaclddvmheeswﬁn@urrmlm@nﬂs& giftable

fabri cat ippmedi 6f £ p6RBR tb H&E’%lnIoE% Hesir&idolot Gding SPcBRbitch 3 COMS MafdRa ket No.
| JO52US, theeacont gnts of §m ch areag?ne(?grpgrate %rel noby rg%erg%g{é; The

print head eﬂ%w*&ﬁér@&@%‘fﬂr@lﬂéﬂ%ﬁ cap 1126 but nounted on a flexible printed
circuit board {‘hEe)CEf)mberlﬁmdoV(\:@uﬁ%?Fpgpo()%ljm%t% %al?(j._frf]tf evglume x@ulst }:Eeﬂ%gmgﬁq%tgﬂs ]il' 1:6 A

stylus nib 1118 I's nounte BIE g
smal |  anohamtberfeach gscipy onereytis piethe tubeAriuab. hnm@hlﬁﬁrrploxxfrmtutgeies‘tqﬂ'aglsls nerpally1 18 i s

control I egt By mbR GBIt aﬁ& msbl;cH& wmfd%b st @NHlamieRt 186 Ahch Yo BRA oBXd Rl away

fromthe inner end of th }/ us to bear against a land 1184 (see figure
15). In stored in chambers 1132, 1134 &1 36. 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 chambers 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



use, pressing the stylus against a substrate causes the arns 1148 to bend
and allows the stylus to retract. The stylus is preferably fornmed by
injection nmolding of a thernoplastic material, nost preferably Acetyl.
This movenment is typically a maxi numof anount 0.5 mm and provi des sone
feedback to the user. In addition the flexibility of the stylus nib
accommodafes.a smal |l anmount of roughn fs in the substrate surface. If
desired the stylus nib may be fixed with substantially no novenent all owed.
The firstengmdrcap 1124 is shaped to receive a small button or cylinder type
battery 1138. The battery may nerely sit on the end of the end cap or it
gay be insert edT&i sdmyﬁdbdapu msas ﬁllé’tﬁﬂib;ﬁﬂ td fhbit&hfﬁal@ﬂdal et Pf thh@ﬁhﬁilbiarﬂguttlhel
attery in na als o utto cylin al type
battery tprov ec(l: Wi lrlﬂg)anaﬁewaﬁs Jﬁ? &seeb yguree] éﬂ;l?% ammumc e %l)] ghalmner% Hlth t¥-?1 3?7‘%“ cf: Mer el y
sitting tHe0, berdedioyhedige Frld@f tn dapoli P& Thd brivibsad leersfyraléngalgleneme peinthend ome

term nal . ndDe@anl} mwvuereal%mgaha@&h@ster@tmg)lbggah kRt MM baRd ﬁif(ﬁts BfpeMhided
whi ch connect one or both term nals, of the atteﬂ¥ 1138 w t'h the PCB 1144.
Iy

A nib cap“S‘f& gichagical agatop fathert tha béfriﬁat%ﬁ tfi% a3 sl by 199, MpieBYRe 44 and
styl us nigointets birfn@ynatainble. 33 etich MEMSIH:SA ikiztspiae\dl [ded pdvief aughiptidaicefpatde free

end 1156 Cfgéhlq ntgrs VE’ Jhlﬁ?&k&lﬂ%ﬁﬂeﬁgé&%ﬁ_ 20(58 eqr? cﬁ'tabl Ig%&sqgﬁxre ayahlglil% ]b“;_.)véelr 1|s Val in

shape an e prin ap ert ure bel ow
the styl Ufgr ﬁbﬂb‘-er mdmdwfwﬁ%ﬁglekmdmcqs sndwﬁwtia crﬁfﬁédcathms meﬁ@nqsemnaﬂewmlllz and

secur ed i i ECBpIRYMioRd) BodkEt N¥DIIE2US kel chit@Rlof $ieireAbdolpSdte@hidi®n thkeedcit €gr al I'y
formed on the nI% cap 1152. Wiere the battery 1138 is securely nounted on

the end cap wi t Dhelypihtieatl @rtghdead kosthd did @4peia e but bune:a PR € Géxitd privet BirduiiBoaRCB 1114,
t he g:artr(bgg)ellquﬁ1 (iilm&%des%%%%faﬁ@%efwgggselIzlg]e pen body 1112. Were onIy one

termnal 1§ connect body may be used to provide the

path for the ot R%{glug fib fﬂ IQQé modﬁ’[e@ 0§We Elﬁhﬁﬁlhg s@%ﬁ& B@Qpablerbf Mhﬁlr}mgﬁégf the
free end of the battery es a termnal mounted 1n the closed end 1160

of the bdiplmoygment 6&1@%@% it stylup i O R s Artrod by f”l‘Fé‘a‘rﬁ“Hi He$qvhithreeibnal ity
requir ed litaalzond miuy tub@ ﬁpfm it ieaghd losthasnymsnd Bdfaf agaifishh uaﬁdn] Rm GeciguUisE. Iy f or
IC(;QE); Bl)lr Ia‘ugs]eg {e%;%g ' sthus a amC ;[a:_'s!u siga%escaus 3 tﬁe 1]95 ktbrgx? d al 0 S ?'xa stgfut S%éenfa%n / of f
swi tch i sThpstglieis arbfesablm Eurpeddly Ilrmtlw@dmtof P tlvkrmosiasoﬂmgtenaé }nest pefirabl dnctylhe

styl us nifsl fovBhRES eﬁlmg@ aanﬁﬁgataf%am 0% BSShd gmtnb@s sShe/fediBacREAMOSE. T
substrate results in npressive force in the stylus nib. In thls

enbodi nerflditiqy; e Flﬁ%hﬁﬂt)f ef ‘l’“fh St}ﬁ"’b‘“\/'é'ﬁﬁ?‘ff’mlﬁ?datleh% Slgatlwll?é}m EPugtpess e Sbpirayi ¢ ch
may be achifiatfesidoytht igusmibmeiybafised Bith sibBiidlg né hevenemylioessi ve force or by

ot her means. \A@%rfﬁst Elpi Eqﬁ MJ-I E%l{l&p?df 3 k‘l Q? $e65r!sHaﬁl{)uﬁXn %r c)§ﬁ1ger a\é{iﬁ{eg%qﬁ'?]so& t he

stylus nib relative to eres ‘ %CB and
pri nt headatsny payinmeraly sifgy the andmé theraivecar ¢rytwhﬁ@@neftmctemwh@atyambelrlyﬂlepndt he pen

my be n;apmﬁcgmua&r,amaemmte@b E‘ﬁﬂ{t@ﬁnma@ Iafmu&omnc)tlﬁmmaﬂ?mm@fy@@beof a
mast er on/ Qf f svm gwsthe user to e.th eepenlnt;non Barkln node,

such as &7 ﬁ%gége\% Y ﬁle%’{”ﬁ“ TERCS B e yeﬁ rUBRPe Bigant e rnd gpyeliovs

easy engagement with one terminal. One or two wires or other electrical paths 1139 are provided which
connect one or both 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 1114, 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

end of the battery engages a terminal mounted in the closed end 1160 of the body 1112,



device. O her nechanisnms nmay be used to ensure no printing of the pen, as
wll be explained |ater. Wiere there is no override type system such that
the pen is permanently "on", the printhead or PCB circuitry or both
preferably include "sleep node" type circuitry which turns off nost of the
electrical circuits to conserve battery power. Pressing the stylus nib
results i, ake up" of the electri caI1 systens and printing. Being a solid
state device, the delay in comencing printing caused by changing froma

sl eep node t 0 am a ribdhdehe FROR: Mihirum BficERa1S Feduire A8 cdn@olIR PR isGRGvEY 2

user. If th n_incl udes tjion sensi ice, .such as. an

accel er onsﬁ’ftglrd?'gf'ﬁcgwylf%ic “glgﬂ%g? mlééfha"‘“wﬁﬁgﬁﬁgsgtoﬁ@ebr e@tsgi}‘i‘%ﬂrw&mﬂ‘f i on
above a sqoetoil tiresitry farhireaisihiol dtuatds. The /o e@irh iisrpréfirgly @strdle’so3thdt v ipeny body
1112 iS NOL$WIIELS dgal; ' LSe RLQYI i.L ' ip 1162.
Thi s finger srrp dres gﬁ?%hff%éé%iﬂ?fﬁﬂ%ﬁ*f%@ RS e bR P T8 o
with theowppssiys fogjern the 1glunpibia thisyabpdiment Hisgesults)ip onovempsenf éfte styjup and the

ori ent at | @aQkitdhheay e BetivEed Wt thChdvih & lby 8dadind R compRBsive Jor&OR bl QUErasta0 t hat

the stylus, nib will not abstruct th h of ink fromthe printhead to th
papor ot i S APt e bt en BT e e ook e o Bt e o1y s

ni b restiaglablgai nst paper at three different orientations, indicated by

nunbers 1164, 130Gk a;&&%thealﬁflzg%mﬁaﬁay%z pdnfHedily QLG «Hhd &&anqﬁé pt%%inggdi cat ed

by line 1170. Paper sheet represents an orientation wt e stylus

ni b abov&*PrEidphvikatePaRtewmpstest onpEisichdijevdton pi asiep gy diswtiehallowyihegissrént at i on
Wi t h t he 8¢ it pan iniaholeh@iae bée, pich B4 foead .witﬁ)aﬂ@llél; &k’eﬁﬁibf alﬂeﬁ&;ldl SREBBLHDS an )
orientatign with the . stvlus nib to the.side of the .printhead. seen, the
oty us i BBl kDol 870t B bV Bt o e PP RAD R i)

ori ent at iteme is ¢ gpawride rasshishans sugh thatrthertiewl i @erbdrgtlySondi thaprintheadton BEB cifcuiry gur es 1
to 6 exceapt frdidibly) ROudeatibdpl IS FRESrcuilP which Ghdd 8 RosPE hO¥mricANGcfi@ld 11 dge
is otherwi se substantially idenfical he cartridge of figures 1 to 6

al to t )
and so t HESXRRPIHYPTEr Sroeme il ive PRI tnwkar L4 1he SRy ems aMdrifien
di f f er encemgasdidistaailevindheolpy thtddménsing gintingtpdsed Yyl chpgianfonh@scep Mo@rtOM Si on
for receiyi t I LI } . trjcal connection or
W res exta\eﬁﬁl‘gi%r?ge {31‘(?;1 b% Ege Hﬁptfibg%m OHL%E b%: grg{e?iﬁtjtgee&ﬁ ﬁ{f&l%g ]%Oﬁ%esﬁn e d O’ use in
a pen bodychih it preflsrernairialendhis ssaspepanSwake sr’ the pantpe sengingaetion ahove p specifigd ed
connect i Qireshdilie body of the pen includes electrical termnals for

contacting with the PCB 1146. T i nk supply 1116 may be the sane |ength as
that of the sel tﬁfﬁ%ﬁ"éﬁ%@ﬁfi-%%%ffmb?ﬁ%gﬁﬁéﬁ“ S‘I'mqe?mrjrg? igsteadyis groyided ent

| engt h. it alfiager erpy1165 Thisdingemripnia2 dreouticspiaad ehobl thepen @ch atigesbl with t ype
pattery. dnEahlI86% REHELAMNS HRRVHAR LAFRLL b¥ind Bh ¥ AALIGER {3 coded

or stored in non-vola menor y identifies one or nor

char act ereisis pendigwssd sp fat thextsiysinfppall nog pleiuchthe pitealtidkromiles pelathead fodbpepapss atla nono
or col or ang@iehtidod@esholviR fg@x7.num wi dth of line possible, etc. In addition
the cartridges i nclude circuitry f.or nonjitori. ink levels in each
chanber or for Igg%e%c? f“ﬁsgtge g“ﬁ mg’ﬁeslgm AEISE PP ffr"i‘{ %ﬁf c.hﬂ.%ﬁf griepigyoqs dpgfe tﬁcﬁbymay be
made avainkmbyrsel 164 1149a% 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
wires extending to the PCB 1144. The cartridge 1172 is intended 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 terminals for

contacting with the PCB 1146. The ink supply 1116 may be the same length as that of the self powered



pen via the contacts on the PCB 1144. Alternatively the pen controller
decrenent a cal cul ated, assuned or cartridge supplied initial ink volune
the ink volunme as printing occurs. In one formthe cartridge nay store the
initial ink volune in non-volatile nmenory and the pen may extract this
information fromthe cartridge when the cartridge is installed. This
enables the,gartridge to be a relatively "dumb” device. PEN WTH SENSCR A
pen with a built-in optical sensing device is showin figures 9 and 10. The
pen 1200 &asdiRedd O may Ml Aiithekndidh. TR talkdsRink piPhell RUbispR4 AR t
nol di ng 120§. The penmfzoo usesl%gl cart!r???%ge fgﬂ(;Bayt he é%rre ag ecgaﬁ%e\%\lgpi n
figures 1"R¢*6T i . e. a self powered disposable cartridge. The pen al so
i ncl udes an opt Meahrtrigen siefrgphpiadidagentd 2fGnmaritn lafd cedsdmt siofe t ran-RERe Tidday and - an
opti cal j . i . i Yol vice 1216, a
| i ght sou‘?@%% ev?%%%ﬂ%@_‘f”%g%%ﬂ.lﬁ& (EZ!HEJI" %gg‘%‘l%g’&%@%‘g?%%@%gﬁg’%ﬁ%t°{ cé’[r%r chip
1222, di sPiriee hepgcinpoovidtped dnepaspibly [etc. fppiditionhe sargigges rady inglpegirquigy fommieined t o
the PCB iliddiis Micidh WWfitdr ok B2@tectihf ohelPaRk R inin@itathls SafdrHEbrARS Be rdile AEIRR BhOTEL er
1230. The irr.a%g sensor dﬁ%qg 1‘%116 r%y be resle%]fsi ve to narr ow, band of
el ect r omelghEFi'E Peky 3P AETANR BEPP agolerdEementh el BETHL T ce 1218
emts el edtdzenapgliedtinidal ik dblathe tha inktvolsoeres wintig] decwnf It dne favaviel cemgizshisat o whi ch
t he sens ke S.  The . r Vi .6 ] S..Dr bl y
gﬁorgfﬁyaﬁ& e SHRRIR nor tb@auiermagﬁp oy 78 2 pen ny(éé%% btk (ofhe

conprised of one or nore charge cou evi ces ) i mage
sensors. °ffydlee phegphe °§Bﬁ$"c‘%‘ﬂ%‘2‘g‘é Thig engplesiths cargidge bppreldel “gimtgdevicsr nore LEDs
which emt electromagnetic radiation at one or nore pre-selected

wavel engtesn.wiHsENSoRght sources and i mage sensors may be provided with one

_OI‘ more fil ter SAt n“d%lalbhiﬁ-gn oopt'ilc%lfsyngn\ga e&iceeqss ?\w\'lﬁlﬁe egt)bn% 10.I ﬂe%gﬂgoo%lagacu tances
it my be desirable 1o have a fir Set- of e

n
- a C ge sensors responsi ve onIy
t o i nfr arrediinsdRetchasys melding 3204 wd o fiont meldingd A6y The pay 320 sievacartrigze R8s tylsanclas ght .

Similar! Yshdvin i Miresd & RS skiffoh@ed diyRsabidMBridde. f i rst set of Iight sources which
emt only to infrared radjati on and a?%%cond set which emt only visible
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1214. Theo keyes firsl pad of 1ipi8 Sourpesywhigke entiienily treiofrared 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/ATU00/00565 {docket no. NPS001), PCT/AU00/00560 (docket no.
NPPO01 and PCT/AUQ0/00569 (docket no. NPT002) we have disclosed a system referred to as netpage which

includes a pen for sensing invisible tags printed onto paper. The pen 1200 may include all of the finctionality of the
netpage pen disclosed in our earlier application and, in effect, be a netpage pen with a controllable marking
fumction.

Light emitted by the light source device 1218 is guided by the optics molding 1214 to lens 1232 and
then to the substrate in use. Light received by the lens is guided by the optics molding 1214 to the image sensor

device 1216. Where there are multiple light sources or image sensors, the optics molding inchides beam combiners



by the |ack of material or by the provision of material substantially
transparent to the light used by the inage sensing device(s) 1216. The PCB
is nmounted in slots 1234 in the chassis nolding 1204 with the aeri al
extending in a slot (not shown) in the upper surface of the chassis
nol di ng 1204. The chassis nolding slides into the body nolding and is
retained jiJ, Qﬁsition by the front nnlq%ng 1206. The front nolding 1206 is a
snap fit in the body nolding with a ap fitting (not shown) engaging in
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char acterﬁr%cf’ﬁs?fa?) w‘{]ﬁ%d'?cﬁig i BELIeHees BIPISERY™ENS, i nt head 1120. This may be the
anount of ink deposited, the width of the line produced, the color of the

i nk depos¢anggo dRPRINTEENDOr cartridge) or any other attribute. As nentioned
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nono or geh bas acmptermbdigebody haS2 irewdiciaminkwirdidpe T4 islrwe:vq@ioﬂslchhﬂge Bil€mayThe
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may be maglidr iR Gpped Refadert G IWBdyl 1052 418 Ys ddeneftéd 101l etk Eilae: 1084, trhd ﬂi@@ 125%0dy

tr anspar et Bl AR D uorl Sl e Bl iapac g BB et ot oo 1260

i s Vvisi bltes caififiigg ] 114 reckimspoaroed togorgol thy prioteadrli2dge whose col or  out put may
be nodified rray'[ﬂl%@ent@oxﬂeﬁf ﬂ%ﬂbfitd}"a@ﬁsﬂﬁé oftd &Qraéltg'@gc W&%k'dﬁpo\!] eﬁ' ltﬁe t hrough

area 1264. The user can select any ‘color nerel | 1 der 1258
so that iBiasad ! 13qeThissus by de amguntad ok depqeites. @ﬁd‘i‘%?ftheé'é‘? Ei?d“"eA: th“b“r‘?@r pidhet r i dge
Wi th adj usid@fdsitedl(in 8 eolsicatirdg anmpaue adivwedge represent| ng the line width

ext endi ng axi al memonec'l a%er?(ert hg:r att.ri but % abl e. PRI NTHEAD

AND STYLUS NI B Figures: Thang 5 Shaw Mfaadry %“’%""%&efier FBA"AY PRI JEent
print head:hg@p@riglci/q)fljlg: qqqn'[;igtf, &ich gsswhethgr 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
slider 1256 through which the area 1268 is visible. Thus, for instance, a color cariridge whose color
output may be modified may have a rainbow stripe at area 1268 which is visible through area 1264. The
user can select any color merely by sliding the slider 1258 so that index line 1266 is adjacent the required
color, A mono cartridge with adjustable line width can have a wedge representing the line width

extending axially. Obviously other attributes are controllable.

PRINTHEAD AND STYLUS NIB

Figures 14 and 15 show in detail a preferred arrangement printhead and stylus nib for use in



UP14- SG 13 the cartridge and pen of the present invention and as used in
the cartridges of figures 5, 6 & 8. As such the sane parts have the sane
ref erence nunbers. The printhead 1120 is nmounted on PCB 1114 and is
received in a recess 1176 in end cap 1126. Both the printhead and the
recess are non-circular too aid in correct orientation. The end cap 1126
includes fQue.ink galleries 1178 Mhnnn each exit into the recess 1176 at

i nk outlets 1180. These outlets Ricate with ink inlets 1182 of
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four |ay sem conduct or Layer
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MEMS i nk g cﬁﬁﬂe}i@ih tﬁlﬁ\ééoﬁ@?osﬂa&ﬂ-@he dagpter183 AQBinLadraRGR Or/SP R 10Fthe phirRid D
standard % %gduct OJ brication techni %ues Layers 1302 and 1304 are

el ectri caI RERFRY 2R © ﬁ@pebartﬁ VieFPetaticaBRTE Pt 86 Puetd gperas gesitiay st s uppl y
t he i nk tnmythine an pikige redion @mpdemii cles tlik3derfand it dy@rtion kxténtih@ixgallyt Bse noThe

| ayer 13%%&%& b QapBlr S Gl WGl s it A 1%3@ and forns a guard with apertures

1312 above each ink ejection device allowink to be ejected from
the printhead. The |ayers 1302, 1304 and 1308 need not be the sanme materi al
as the IADMT“T@GBDG‘PPP BEPNSARUGIONC onduct or  but by using the same material

one avoi ds pr oblierBastrctidh 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 tayers 1302, 1304, 1306 and 1308 of a
semiconductor matetial. Layer 1306 is a layer of electrically active semiconductor elements, including
MEMS ink ejection devices 1310. Layer 1306 has been constructed using standard semiconductor
fabrication techniques. Layers 1302 and 1304 are electrically inactive in the printhead and provide
passageways to supply the ink to the ink ejection devices 1310 from the ink inlets 1182. The layer 1308 is
also electrically inactive and forms a guard with apertures 1312 above each ink ejection device 1310 to
allow ink to be ejected from the printhead. The layers 1302, 1304 and 1308 need not be the same material
as the layer 1306 or even a semiconductor but by using the same material one avoids problems with
material interfaces. Further, by using semiconductor material for all components the entire assembly may
be manufactured using semiconductor fabrication techniques.

The printhead 1120 has four ink inlets 1182 and the ink ejection devices 1310 are arranged



material interfaces. Further, by using sem conductor material for al
conponents the entire assenbly may be manufactured using sem conduct or
fabrication techniques. The printhead 1120 has four ink inlets 1182 and the
ink ejection devices 1310 are arranged UP14-SG 14 into twel ve sets, each of
whi ch extends roughly radially outwards fromthe center 1300 of the
printhead,,,,Every fourth radial |ine L ink ejection devices 1310 is
connected to the sane ink inlet. Ink €'ection devices connected to the
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formed of off bytbs ®@ni@@Mals1304 and 1306 only, whilst tab 1316 is forned of
al'l four IayersAsls%an f%§914s %meﬁﬂgprm&éqaizomg ﬁu@m 1§§ct4gns1 feéelRe Wil 4 to be

bonded to the I%}é1 out extendi ng above |'ayer 1308.
The oct adﬁ’ﬁ afl4g lﬁéﬁ W"P‘l‘i“& féFHSOPﬁ‘PS%faﬁF pfdhe °ﬁta$°6c“é\‘f“i“ ﬁi]n‘ltel‘léhab'ﬁlf H‘tl?ﬂégﬂm?dn t he
recess 1lB8Qérni1doheasenddasqs onl126lst AN 16 Bp@aed dfl8 out fiyed 502, p@f eaoabddy f or ned

of the s 44Es. %ﬁmn%ig&%%%rl i {Tﬂ% Ee bogc.!led ?sthetlgly%r 1@5& \QiEhout extending above the top of layer
1308. The octagonal shape with tabs also aids in locating the printhead in the recess 1180 in the end cap
1126.
The capper 1183 is also preferably formed of the same semiconductor material as the print
head and is mounted on the printhead for rotation about the printhead’s center 1300. As with the non
electrically active layers, the capper need not be the same material as the print head or even be a
semiconductor, The capper may be rotated between an open position (see figure 17) and a closed position
(see figure 18). The open position is shown with the closed position show in dotted outline in figures 16
and 18. The capper 1183 has twelve radially extending apertures 1318. These apertures are sized and
arranged so that in the open position all of the ink ejection devices are free to eject ink through the

apertures. In the closed position the apertures 1318 overlie material between the lines of ink ejection



head and is nounted on the printhead for rotation about the printhead' s
center 1300. As with the non electrically active |ayers, the capper need
not be the sane material as the print head or even be a sem conductor. The
capper may be rotated between an open position (see figure 17) and a cl osed
position (see figure 18). The open position is shown with the cl osed
position %qu%i n dotted outline in fi ggres 16 and 18. The capper 1183 has
twel ve radially extending apertures 1318. These apertures are sized and
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Whilst the pen may be turned on, it is desirable that the print head only actuate when the
stylus nib is pressed against a substrate, The stylus nib may cause a simple on-off switch to close as it
moves into the pen. Alternatively a force sensor may measure the amount of force applied to the stylus
nib. In this regard the cantilevered arms 1148 may be used directly as electrical force sensors.
Alternatively a discrete force sensor may be acted upon by the inner end of the stylus nib. Where a force
sensor is utilized, it may be used merely to turn the printhead on or off or to (electronically) control the
rate of ink ejection with a higher force resulting in a higher ejection rate, for instance, The force sensed
may be used by a controller to control other attributes, such as the line width. Rotation of the capper may

also cause an on/off switch to change state.
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devices. The inner end of slot 1362 communicates with hole 1364 in layer 1302, This hole 1364

communicates with groove 1344. The other end of groove 1344 has a hole 1366 extending to the upper

surface which communicates with slot 1368. The slot 1368 extends under lines 1374 and 1375 of ink

gjection devices and so all three lines receive the same ink. The supply of ink from inlet 1182d to the

lines 1379, 1380 & 1381 is achieved with a mirror image arrangement of slots and grooves.
CONTROL OF ATTRIBUTES OF PRINTED INK

Color control via potentiometers

Figure 23 shows a four color pen 1400 having a pen body 1402 and a replaceable four color
ink cartridge 1114. The pen body 1401 includes three rotary potentiometers 1404, 1406 & 1408. The
potentiometers control the hue, saturation and brightness value respectively. the pen body also includes a

display 1410 which displays a color corresponding to the settings, The display 1410 is preferably an
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then produ@figd N4, The pen body 1434 includes a color display 1436, preferably an OLED, and three control

buttons 1438, 1440 & 1442. The pen body includes non volatile memory in which is stored a plurality of

different line types, such as solid line, dotted line, dot — dash line etc. The control button 1438 is operable
to place the pen in a “select” mode, whereby the buttons 1440 and 1442 cause the pen to cycle through
the available stored line types, with the display 1436 displaying the corresponding line to be printed. The
buttons 142.8 & 1430 cause the pen to scroll through the types in opposite directions. Once the desired
value is displayed, it may be selected via the button 1438 and the pen will then produce the selected line
type until it is changed. It will also be appreciated that the line width may be modified in a similar
manner, with the pen having a2 number of line widths stored and which may be selected by the user.

Other control models are within the scope of the invention and the invention is not limited to
control of attributes via potentiometers or control buttons.

in will be appreciated that a single pen may provide control of color, line type and line width,
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net page type tag: The tags

alternative structure of the color card (not shown) may include two command areas. The
first area includes tags equivalent to a command of “place in color selection mode” or “pick” mode whilst
the second area includes tags equivalent to the command of “set the color to the current color®, or “set”
mode. To select a color the user may merely “click” on the first area, click on the desired color sample

and then click on the second “set” area.

In a further variation the color card may include a series of different colors 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 may operate as in the netpage system where the tags are decoded and
transmitted to a netpage server. The server determines the function associated with the tags and transmits
an appropriate instruction back to the pen. In this regard reference is made to the figures 9 & 10
embodiment which includes appropriate hardware (transmitter and aerial) for transmitting and receiving

information to an external device,
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Sensing with sensor at top of pen

Figures 28 to 33 shows a pen 1470 including a replaceable four color ink cartridge 1114. The
pent body 1472 includes an optical sensor device 1474 at its top end. The pen body includes a color
display 1476 and a control button 1478. The display and control button are mounted on a first PCB 1480,
together with a controller chip or chips 1479. The chip(s} 1479 include a small amount of non volatile
memory capable of storing a small number of color (or other attributes) samples. The PCB includes
contact pads 1482 for contacting with the contact pads of the ink cartridge 1114 and for receiving power
and controliing the printhead 1120. The sensor device 1474 is mounted on a second PCB 1483 which
engages with contacts (not shown) on the first PCB. Two PCBs are provided for ease of manufacturing
and a single PCB may be provided on which all components are mounted.

The sensor device 1474 includes a chassis molding 1484. This molding is seated in a recess in
the internal end of the pen body and is in a substantially fixed position. There is provided an image sensor
capable of sampling any visible color. The sensor 1486 is preferably a RGB photoreceptor. Other point,
line or image sensors may be used.

The molding 1484 includes a recess 1488 in which is located a movement switch 1490. This
switch is sandwiched between the molding and the PCB 1483 on which the image sensor 1486 is
mounted. The switch 1490 is normally open but is closed by a compressive force. A lens molding 1492,

which includes a lens 1494, is slidably mounted in the end of the pen and bears against the PCB 1482.
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then sets the col or printed and he sanpled color. The
user may "ERERGEe ?f’éﬂfE?rb§ StBVd Oé*lef deletiopehepps age ‘ﬂihfﬂfﬂéersé‘?ﬁ? Ofdléﬂ W"t@&npl e or by
using the conttmﬁér ddes OMoptdifd 4O p&ableChr ﬁlﬁtﬁlc@fhetpbﬁ me} QUi@shticeM Glofe. alICOl Or s

Zfa'[ne):’ edC}MIant’l r?e co rsYithee Ithalg regll?ﬁlu%gcu%errru?‘;){lt qge getrl%a()?%rokrl e oeor ql%gqslé ara];eor{lerr!o?igser use.
{even 1f there is only one physical memory device). A first memory may be used to store “favorite” colors

and the second memory for storing “temporary™ colors.

The sensor may be used to sample attributes other than color, such as line width and line style.

LINE STYLE OR COLOR CONTROL BY DRAWING

Figure 34 shows a pen 1500 having a pen body 1502 and a replaceable cartridge 1114, The
cartridge may be a monochrome or four color cartridge. The pen body includes a control button 1504 and
an indicator 1506. The indicator may be a single or multi color LED assembly and may be separate or
incorporated into the control button. The pen includes controller circuitry for controlling the printhead
1120 and non volatile memory for storing attributes of the line printed. The pen has two modes; a first

mode in which it prints the currently selected set of attributes and a second mode for selecting one of the



on the sanple the user may depress the button 1474 to store the sanpled
color in nenory, preferably within a preset tine, such as 5 seconds. If
the button is not pressed the color is treated as a "tenporary" col or and
is not stored. The nmenory nmay only be capable of storing a small nunber of
colors, such as 5 or 10; storing nore colors may be possible but makes

sel ection,Rfsd he desired color nore difficult to the user. \Were the nenory
has reached capacity, the pen may inpl'enment one of a nunber of schenes for

dfel teL i ngI sg)rﬁtsgtrcﬁ ldmmle@ thd jon mkalau;saaem& Qibdd Aaals@a\tﬂl H0Lend aneéh\ateh Qnsema?/ bet

0 e ol dest col or ol or : e c eas
frequent IR/tREEY, °°'grt°(L,§utt753 ?&9 Iﬁb {pe f??&“‘f)&‘&? H%‘X‘ﬁﬁ?{} 8y ¢ r’l‘hal ly

del et e a mohabprsedraser & unliely to ercenéalmpj/ gess ihe butwh bnt ntleealsae/ #s¢eaibéed OneObdagdn idel et i on
schenes %@toi!"bhﬁé ]S'én tl% zﬁl‘ﬁ%ﬁ th%fre(fupg t‘!v@leagggttb Q}QratquQu? fhe G?Bq al%t)vs %Fﬂ'ﬁ lon are

possi bl e; for instance the pen nay automatically store a col ors
r at her th‘%é.‘ﬁ‘ofl?e}ﬂj’ﬂ‘?rl ng user input. The pen nay provi de tvvo or nor e separate
menori es (even @ere is only one r@%’s,i al mam)r%/ device). Afir

nenory may be u ° SFea1danodp 4G By e fates this by Wil the dndisprer W@%P"y f or
storing "ihdienpomay lge"macmleorr the firkheods embitash srajanecolts S0thd ©ccadfipdeelf désired thait es

ot her thaigdl&%ggybe%&ﬁ@d as line width and line style. LINE STYLE OR COLOR
CONTROL BY DRAW'NG Figure 34 shows a pen 1500 having a pen body 1502 and a

repl aceabl e carity byQQQhrgtﬂgﬂ%e avdiBble Sl dr bifhaRs MBYsePBerBly MRRNOS NEOHE ﬁéce t)p ur
color cartrid i.ncl.udes, a contral u%(ton 1504 and

i ndi cat orP®R%HEe l*lkﬁ e‘\S dﬁ‘éﬂsi‘fg Wﬁ?mlﬁl?fadals lyggiwted P’“h‘??ﬁll‘etsfyh‘é Bb HrpreESE‘H’“af‘%"s enbl y
and may hepes. eqhasrcatlmg tiroughi theos parba trizgerédrtly thetebremancandetit@l cebdifztoOdrawidd1 @ (e n

| ncl udes GaRh Al M oS B 4 ik ohPfins R Ght it PR 1404 AR, pd 12BN non

volatile menory tor storing I'ne print epen has two
nmodes; a qttf“i"%ecs*"t o e offh °f\f3fﬁ SFYFPS pib- 15 h fyes presses @@Pﬁ‘@d??ﬁﬂ’%@héﬂfﬁs gretingo

a]E tri but esmantcareseaabete RIS e ﬁl@:'d&@hllﬂﬂ? BU6n i@flott;ﬁae&iﬁéﬂonsﬁt &an%p[] ed set
of attri en;, n the i rst. node IS set.In the
Second molfeiah s Bear TPt ehs e o hars i Bt o SR BrETERADTy  he
cont rol buplirmd E}B@dvmgslmbmaamithentherhb ggem cguglo b}hatthrough tha ovaiteble atgland he user
is unlikely 0 @Gk glamaJ ﬂeycolgfsexﬁé Widig ts&gpo by lﬁér chaacgﬁs%fc LYicRGGESSI b e.

One location 1s the of pen 1508 IS requires two hands
to oper at€aENedr C?lﬂlénaﬁvltﬁfa‘w%ahaawwe B @srdpa bave a\mbﬁr Sgeuns 2hHTbYHRSE i n t he
second noda tmahefu@@aoup BRfwe Eak sMedn&db eea&ragmhlbwlﬁ;wbmle\aau s@ctidrn@d h M@ gatpor 1506.

The i ndi L. nactive i rst nonde an h or change col or
T the s eiBicns it Spbdiolt Fifolrdedie gl sy B bty g e SRGE ¢

t hr ough tubieg ahﬁamnacril ttere | Y4 ofltapativilb ateemayt heleuthnghrel alepbay afusl! ardupne on a
pi ece of pakely. 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 commencenent or ceasing of

drawi ng. mmrdcherinpuef erred formthe user dravvs aline and lifts the pen.

The attribute set just drawn is set to the "current"”
Although direct printing of ink onto a substrate is the preferred printing method, indirect

printing is possible. A small Memjet printhead can be used to construct a universal drawing implement. A
small cylindrical roller is in contact with the page. The roller spins freely about the axis of the stylus, so
that as the roller is dragged across the page, it automatically orients itself so that it is at right angles to the
direction of motion. The Memjet printhead is mounted behind the roller. It prints onto the back of the
roller, and the roller transfers the printed image onto the page. A small cleaning station cleans any ink off
the surface of the roller after it has contacted the page, so that the printhead always prints onto a clean
surface, The printhead reproduces a contone color image via dithered bi-level CMY or CMYK. The
stylus can be programmed to produce any colored, textured continuous line or paint stroke. The rate of
printing is dictated by the speed of movement of the roller relative to the page. This can be determined in
several ways, e.g. from the actual rotation of the roller, or by continuously imaging the surface and

detecting movement in the same way as a second-generation optical mouse, or by sensing and decoding



attribute set on "lift off' of the stylus nib. If the user presses the
button 1504 the pen continues printing wth 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 menory and that new attribute set is printed. By drawing |lines one
after theyqibger the pen is caused to cycle through the available -attribute
sets. The attribute sets nay be colors; line widths, line styles or any

ot her chahe@ipaih sdfintppihl GiaclBY be changed, or a conbination of such
characteristics. The pen may have a nunber of groups of attribute sets,
such that a fir She sgihoum b bowstck:a lids noaedatkirizin@te, oBviSieCBatke@fodbigih @hrkioyws | i ne

style sel ggti third group allows line width selection, for
exanpl e. a% P'Aegﬁﬂﬁ%qﬁﬁe appropriate group to nodify may be achieved using

the control but trmséri%oaﬂ&ﬁmm ié‘}‘thﬁés &eqmy%«esqmgm uhlb&gap%np“ rifeqrber s of

all groups uentially. IN hough direc tlng of ink
onto a sdﬁ?f“?sa stylus ?ﬁ%"“ﬁ‘i"’@%‘ ’é‘ii‘Faéeo“SﬁWeﬁttsF‘H’@gsﬂ‘éf“h%) oilE®Prect printing is
possi ble. A small Menj et printhead can be used to construct a universal
drawi ng i A small cylindrical roller is in contact with the page.
The roller spins ?reely about the axis of the stylus, so that as the

roller i S dr aggﬂda pﬁ@ﬁﬂlﬁe@r&s&hﬁmﬂﬁ@@,m daﬁ)ab&léfﬂﬂﬂtvﬁriéalstfol(e Sebt& Rbrie, ichﬁﬁ‘s'cBImSO t hat
it is at rectio rinthead is

tl
nount ed be ne I@Ee f ofﬁe ndlg nt OF?me arnd RPLioy %ﬂ}%mt%‘g’ 358%’1?’1%? ‘?"t“%%me sl %el“da“%md t he
roller t r@ﬁﬁ@é ot Fedatipy positierd ofi thfagﬁe Ot fizuteh @ & ¢ embodinsmredptiongllyeiaclidagarst at i on

cl eans anycddmeff eray t1he arrhlf rﬁz@q\a@u@ﬁt J&@verﬂ%' cbifve %s&i@ﬁ of the J&R@s 19195”&9&%19:9 the
page, so that the printhead alwa prints onto cl ean " surface.

pri nt head™PEPF J4Hs 5 %‘H’F&ﬁéb%%?‘ﬂ%w‘ihﬁﬁ‘ﬁ‘élewaﬂﬁ Jsenite yprigtions 8\ SPEE%( or
CMYK. TheMang bitretfeccare e p@sing tasnethding pr oduce any col ored, textured
continuous line or paint stroke. The rate of printing is di ct at ed by the
speed of nopvenefitokoftylt he roller relative to the page. This can be
determned in several ways, e.g. fromthe actual rotation of the roller,
or by continuously |ﬁ‘ﬁ§|‘f‘ﬁ‘§‘mﬁ(ﬁ§ igagefriReedugid  det ecting novement in the same
way as a second-generatjon optical nouse, or by sensing and decodi ng

UP14- SG 22 the map BIPaC‘S”E"@F (ﬂﬁa’ﬁﬁen@"‘é’?%’?)ace The stylus can al so be

swi tched into non- n‘B][I%I VI ati ng, thi need for both marking and
non- marki ng ni bs. The G%&} can a“ae"’ PYURIol ors, textures and |ine
styles into the universal jjnted palettes. The stylus can
optionally indicate its c%%?@rﬁ{ssgdg%ﬁdﬁgs via an LCD or LEDs. STRCKE EFFECTS
The pen of the present inwephih@AcaySentaR@Plgpedf nMany varied stroke effects.
Some, such as color and line width are independent of time and position.
O hers, such asvgyihdwhilengtha dotted line a re dependant on tine and or
relative position of the pen. The figures 9 & 10 enbodi ment optionally

i ncl udes an Time (speed)

Stroke width
Opacity (airbrush)
Spage (including orientation)
“Reveal” image
“Checkered paint”
Dashed line
Rainbow colors
“Image hose”

Location



accel eroneter array. This array may be used to derive the relative position
of the pen as it noves over a substrate. Thus a dot - dash |line may be
drawn with equal |ength dashes despite variations in pen speed. WMany ot her
effects are al so possible, these including: Stroke style Color texture
(flat, image, procedural) Opacity texture (flat, inage, procedural) N b
shape (20;shape, 3D shape, orientation) Determ nes stroke width Determ nes
"cap" and corner shapes Varying style"with Tinme (speed) Stroke w dth
Qpacity (airbrush) Spaceogbfgcl uding orientation) "Reveal " inmge

"Checkered paint" Dashed |line Rainbow colors "lInmage hose" Location
UP14- SG 23 on/ of f Speci fi spesifiy krgb/amedtemle style Tilt 3D nib shape Force

C pressure") Stroke width Opacity (airbrush) Simulated physics of nib,

i nk, paper, brush, paTitt and canvas Transfer of ink/paint from nib/brush
to paper/canvas Striated brush stroke Layering (stroke on canvas and
stroke on stroke) 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
Mixing
Kubelka-Munk color modet
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



D ffusion Viscosity M xing Kubel ka-Mink color nodel Sinulated Iighting
Li ght source direction and color Color physics of media Layering

t opography Exanples Pen Ball-point Calligraphy Pencil Gaphite Color
Charcoal GO paint Wter color UP14-SG 24 Crayon Pastel 1In this regard
reference is nmade to our earlier applications USSN 09/112,777 (docket no.
ART24), USNsH9/ 112, 797 (docket No ARE%O), USSN 09/ 113, 091 (docket no.
ART47) and USSN 09/113, 054 (docket no. ART52). MOTI ON SENSI NG The _
enbodi ment of figurescfiyé 10 optionally includes an accel eroneter. This
accel eroneter may be used to provide relative notion sensing/positioning
within a pen stroke oFP=#l nunber of strokes. This notion may be recorded

and used to proyj igltal .ink record.of the. user: I . Rel ative
nmoti on sensi ng #atgﬁﬁ%mgaag F]Ig\%c]f [B"Sl/de(%? ﬂuerrear}}eeraaﬁghc?mg%@%sigg?fglﬁ g}seid%‘ 'S"r use
of a rol | MRG4hAISEN| O 1 ERIT déocket WotARTBMe USEND 89/ 1141081 (dadkstolou ABTHD St USHN ng

wi t hin a.@mmg&ﬁ(&ﬁhﬁgigRﬂg?irable. The pen of figures 9 & ;Olhas net page
functionality -it is capable of detecting and decodi ng invisible tags

printed & %$§}&ate. This netpage functionality provides the pen with
the abili 9'?@? RCits position on a netpage encoded substrate absolutely
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 ¢ & 10 has netpage
functionality —it is capable of detecting and decoding invisible tags printed on a substrate. This netpage
functionality provides the pen with the ability to fix its position on a netpage encoded substrate absolutely
{and thus absolutely within a stroke) using the absolute positioning encoded in the tags. Alternatively the
pen may rely on the grid based layout of the tags to provide absolute positioning within the stroke without
decoding the tags. Absolute positioning within the stroke may be achieved using other means, such as
imaging the surface of the substrate and using the texture of the substrate to detect movement.

As mentioned above use of netpage tags enables absolute positioning within a page. This
enables the pen to be controlled by a netpage application to mark a netpage surface. The user moves the
pen over the page. As the pen moves it detects tags which enable its absolute position on the page to be
established. The netpage application controls the pen to mark the page according to its position. As such

the en can be used to “reveal” an image by rubbing the stylus over the relevant portion of the page.

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



(and thus absolutely within a stroke) using the absol ute positioning
encoded in the tags. Alternatively the pen may rely on the grid based

| ayout of the tags to provide absolute positioning within the stroke

wi t hout decoding the tags. Absolute positioning within the stroke may be
achi eved usi ng other neans, such as 1imaging the surface of the substrate
and usi ngygihgstexture of the substrat to detect novenent. As nentioned
above use of netpage tags enabl es absolsute positioning within a page. This

enabl es therpge“tye beme G’l@ﬁal ok | 86 plyma tﬂﬂs"ﬂﬁlﬂ@@te agpbi &%ﬂ B3 miaBor idondo NEL page

surface. The user ve p ves it detects
tags whi cnegrn"é A el 'f%soa%?é]fﬂf}fg‘ %8 fﬁ“’cﬁlﬁngﬁs‘?ﬁeﬁt ﬁ%&e %b"‘geémdé B %hed. The
net page alppted tvablon ineoadik andllise siire pen t o mark t he page according to its
position. As such the en can be used to "reveal” an inmage by rubbing the
stylus over theCPaP@iaiom opte pinoreyest bytirfearedadert rrGENPETERCNTERFACE ke pen of

figure 9 @&bMA, SSHGtRRGRNDNEEN, @d 2251 RS (HIWRNAY mEIRRTFLAL A QEéml%rBr?

het page server %P‘%t p% %rlate software it s possibl e to control the
attri but &SGR HE fﬁ’g PR R Y el EY e W Iircariading gp Ft anpl e,
t he user maye.pick a color, a palette of colors, nib styles or Iine styles
and downl oad these into the pen's nmenory. The netpage tags nay encode a
function or location; the pen nay have stored in nmenory functions, so that
the pen cENHE'¥bntrol |l ed by sensed tags without the need to revert to a
netpage server. yuhGkh oo Rdg.| AEHR GhaldaM HHAL Y RERAS 1l BeDf i GAM 11 €d

out by t he net page server. e netpage systeminc ire' Peferred
to as " dib§ivpderstoos et tmeeetw ig 19k lingifed ttaink Jeéw@swesphéevpatvmcbfdenohemmnl to

enabl e r agrdabsr@t, THht GRakibd BSudes hb@lc&ﬁﬂn&faltéﬂtlgl-&ﬁl%&tgg siféh AOMBMAHEES abdd1©
ability teeeca(l scoaUPég é iS rteco d the " g’if gﬁ gi tal ink. The pen
may transit oY BPH & HA A e M ‘é}i’ cﬂa’?ﬁ‘gél?'e eoéﬁle‘i“@i“ 'y grgneegple e&i‘f@“ﬁ)? am)re
at t ri but esbstfte. tFae a \bptsr pidersiamlingi af gctpiiedigdiciive itMvcrefuhxstis abde. to TIeBdents.
attribut &b 56 6168 51, 8ol NOlbo, 543! mﬂs%ﬂs oA 6?6’) Q5 s dsf36ea 8 SR cﬁ\p?r pne

styl e. Copmmuni cati on of pen maybe by I nfraré ort range

Bl uet oot Hje CB?teqtsdﬁtjthlhaﬁi;’éc}“dG@%ﬂmbymmt adio transnission, via a I ocal rel ay
(Bluetooth to hon terrporar ermanent wr

connection. A {ng ’i/’re?)ﬁt%i té"h‘%ﬁ@‘&f?@‘t“%@ @‘bﬁ%g’Fthnbf’G?lu‘tﬂd% g4 ng an
entire ;fahedst:éthe @@i@nl.@nm all\Bhihe Shtubhdisclosed @ndvb onmdragitrbas emidaisess bgd W t h
referencq}e‘g@ngidggt()%&tertype mar ki ng devices, it is to be understood that the
invention is not Timted to ink jet type devi ces or devices which deposi t

material  onto EeSphsk idt@ion Iﬂ%eéd"&’e@d?ﬁ)écpﬂnﬂ Retdides adﬁytt&esem\st;uuﬁ!tt dlqt er the
substrate u er np |nters and electronic (e 1nk)

c
printers® Spc?ﬂg‘ha@mf“h"é ofirgeniss Heyyeuss ¥ ol Eeatltpvmet?ﬁaﬁg'é%|5§“@| iaient s of a
subst r at eclevig rﬁelas the hnenbetofdeesdndndinets, differiab &6 ORI spalfically aatié® wilnis,

refer enceyy §ltl‘ﬁpglg sISth ér@ SE)O%L %PE’!? present invention. Accordingly, it will be understood that the
invention is not intended to be limited to the specific embodiments described in the present specification,
including documents incorporated by cross-reference as appropriate. The scope of the invention is only

limited by the attached claims,



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 descri bed
each only include some of the features of the invention, sone or all of
the features disclosed in two or nore different enbodi ments may be

conbi ned g@get her. The present inventi,gn has been described with reference
to a preferred enbodi nent and nunber "of specific alternative enbodi nents.
However, it w | kcLlheveppreciated by those skilled in the relevant fields
that a nunber of other enbodinents, differing fromthose specifically
descri bed, wi || lal s& perfiadhldingiatntaiking tdbvéce Sqnd mdeﬂatl\&ndmaﬁewelbmfpath Bto @Elﬁ!ﬁ&nt

i nventio I dersto t hat v n_is not
int endednt%1 %%&BF%‘H& ecw&nqcaWeéoétrée?@fI%? 0c&e 5 aQ(ileaSt nts® ebgtgralflghe RE" pr esent
speci f i calpsleing a upey M%@?eﬁ@efGWW A% HP@B’GIP% iew e@ ablybut?r od s—sqnsﬁ@eem@r as
appropr i ademing TSk QPBurHEr bbi@nd BVREYit, Bt QR Miribiid BEkdaed ﬂ'Q¥en§Jan%E Lached
claims. UPl4-SG 26 CLAIMS 1. A pen including a marking device and operative
to mark a°Vi'sible path onto a surface, the marking device electronically
controll able 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, and & sensipBfoflahGeuldin nSSPS Bk sﬂzvo@%ﬁmpgﬁgc&'s% %0cfbes RO N and
for nodif g at |east one attribute based on the sens or "col our.

2. The perPBE octesingimastiipsuding cqdprdatasglating tojagribytes.one of a pl ur aI ity of sensor
devices is capable of sensing imges including coded data relating to
attributes. 3. The pen of claim2 further including a decoder to decode t he

coded data and _T;O Cﬂ@B& fcl%ﬂm;m(guu%xg%tdg Iflekgvotd%fodg %e dQ(P(Qi? he, decoded

data. 4. A pen according to any prece il toﬁ & menory
for stor|ah§a“WFW@P‘@HWS@@IS@OBF%?P@#%Me val ues. 5. A pen accor ding to
claim4 wherein the nmenory stores at |east one user defined set of at

| east one attribute. 6. A pen according to claim4 or 5 wherein the user
interface is opgrabAe to ¢ throu the tored sets of at_| east one

attribute. 7. A'pen accordi 8" Y Ifr?i & iR Ehh NEE A P B SlOBRE at

| east onehf&te!“rsrﬂtbgftaém'alteefalegﬁcl ed by sequenti aI | y depositing paths of ink. 8.

A pen according to claim6 wherein the stored sets of at |east one

attribute are cycled by sequentially displaying information on a display.
5. A pen according to claim 4 wherein the memory stores at least one user defined set of

at least one attribute.

6. A pen according to claim 4 or 5 wherein the user interface is operable to cycle through

the stored sets of at least one attribute.

7. A pen according to claim 6 wherein the stored sets of at least one attribute are cycled

by sequentiaily depositing paths of ink.

8. A pen according to claim 6 wherein the stored sets of at least one attribute are cycled

by sequentially displaying information on a display.

9. A pen according to any one of claims 5 to 8 whercin a user defined set includes

attributes derived from an image or colour sensed by the sensing device.



9. A pen according to any one of clains 5 to 8 wherein a user defined set
includes attributes derived froman imge or col our sensed by the sensing
devi ce. UP14-SG 27 10. A pen according to any preceding claimfurther
including a receiver for receiving comuands from an external control
source, at least one attribute being changed in response to said received
comands. ,llss A pen according to any gr eceding claimfurther including a
position sensing device or a notion nsi ng device or both and at | east
one attribute is dependant on the relative position of the pen, the

rel ati ve speed of the pen, or both. 12. A pen according to any preceding
cl ai m wherei n ato.l eagkn @d@&diag b mtgr@edurgcdmide@meiamm a REeivaP Rir MREKhNY. 13.
A pen accordl ?fgﬁ 9 ne\éteglrlece cl ai mtf urt hg}u incl g}l ng.a non- nmar ki ng
stylus ni B, 14" "R"pén ac%ocroﬂmﬁ G BARFIE LR FoRe Shapge Feéfi"ﬁsett‘héa‘%r ki ng
devi ce isre‘fﬁafpftcoeﬁnalahuser repl aceabl e cartridge. 15. A pen according to
claim14 further including neans for deriving information fromthe
cartridge relating to at |east one attribute. 16. A pen according to claim
15 wherein the funn‘gl on of the user interface is at least partially
dependent on i nfbr e PTG ARY PEeang ti#a fuderinciudigga position sensing device or a

motion sensing device or both and at least one attribute is dependant on the relative position of the pen,

the relative speed of the pen, or both.

12. A pen according to any preceding claim wherein at least one attribute includes marking

or non-marking.
13. A pen according to any preceding claim further including a non-marking stylus nib.

14. A pen according to any preceding claim wherein the marking device is part of a user

replaceable cartridge.

15. A pen according to claim 14 further including means for deriving information from the

cartridge relating to at least one attribute.

16. A pen according to claim 15 wherein the function of the user interface is at least

partially dependent on information derived from the cartridge.



