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(54) Title; ELECTRONICALLY CONTROLLABLE PEN

(57) Abstract: A pen including a marking device (1120) such
as an ink jet head and a stylus (1154) for contacting the writing
surface, the pen being operative to mark a visible path onto the
surface, the marking device being electronically controllable to
change an attribute of the path such as colour or line thickness.
The pen includes a user interface such as buttons or a sliders
(1404, 1406, 1408) and a display (1410) whereby a user may
modify the attribute. A sensor is capable of sensing images in-
cluding coded data or colour which can be stored in a memory
or transmitted to an external control source. A user can select
attributes by cycling or searching through stored sets thereof.
Stored sets of at least one attibute being searched may be se-
quentially deposited in the path or displayed.
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2 3 APR 2004 WD 01130590 PCT/ AU0O0O/ 01278 -1 ELECTRONI CALLY CONTROLLABLE PEN
FI ELD OF | NVENTI ON The present invention relates to inplenents for placing
mar ki ngs, such as witing and drawi ngs, on substrates, and nore
particularly to devices capable of placing markings with select ablle APR 200k
characteristics, such 5 as color, line wwdth, and style. Marking includes
t he deposition of material, such as ink or toner, or the nodification of
the substrate itself, such as by thermal or electrostatic nmeans. CO PENDI NG
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co-pending applications are incorporated herein by cross-reference. 15
Vari ous net hods, systens and apparatus relating to the present invention
are disclosed in the follow ng co-pending applications filed by the
applicant or assignee of the present invention on 15 Septenber 2000:

PCT/ AU0OO/ 01108, PCT/ AUOO/ 01110 and PCT/ AU00/01111. The di scl osures of these
co-pending applications are incorporated herein by cross-reference.
Various nethods, systens and apparatus relating to the present invention
are disclosed in the 20 follow ng co-pending applications filed by the
applicant or assignee of the present invention on 30 June 2000:

PCT/ AUO0/ 00762, PCT/ AU00100763, PCT/ AU0O0/ 00761, PCT/ AUOO/ 00760, .
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PCT1AU00/ 00754, PCr/ AUOO/ 00755, PCT/ AU00/ 00756 and PC / AUOO/ 00757 The

di scl osures of these co-pending applications are incorporated herein by
cross-reference. Various nethods, systens and apparatus relating to the
present invention are disclosed in the follow ng co-pending applications
filed by the applicant or assignee of the present invention on 24 May 2000:
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PCT/ AU0D0100589, PCT/ AUO §94EABER PEN00/ 00590, PCT/ AUOO/ 00591,
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The invention also provides, in one broad form a pen including a marking
device and operative to mnmark 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 nodipfiyAPRHE0kat

| east one attribute. The marking device may be integral with the pen or may
be part of a user replaceable cartridge. 30 Accordingly, in one broad form
t he i nventWoAr/®s%¥o provides a cartridge for a pen, th&C&FAPWNAYe i ncl uding
a marking device and operative to mark a visible path onto a surface, the
mar ki ng device electronically controllable to change at | east one
attribute of the path. The pen or the2eartridge may include a non marking
styl us ni [PCT/Rtep/0815¢. UBCTHAUGONASS6pr PEBAEDNI0PS57.nDREIMUSORI5 TN g PRT/AVI0ORPSSAXI S
relative tpriDG0BR I be@fioleEy, OPcPRDo0bh el PalAuoabosssl hecwhydonsssni b may be

fixed. In &%BUBO%@% rep &y @@%Jgg’sr mpg?ﬁug&/(ﬁgdfs ?&? édéésng P%ﬁ%b(&&g@ze bot h
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01/ 30590 W@T’MW@MW’A‘@O’% S @HPW’EYP t Rl 0%*«1 PREYAHROR hg devi ce
part &f a riTepomeibse PCAUN/OGE, ACPBINYWOHM, SBCIBAIONNHTECh PEEAE@SH0The rel ati ve

posi tion %TEAB&)/O&&Y | Ucidtond3to, 2 FCR/ABBI®SAS Obciiiotboss7s € PEBAUESsE ONPr essi ve
force appligd ! oo&)gég n%é‘%t%ﬁ/g%kf P%li'/fagr%/&593nn %}09/509%' d%QT/A{E&E?%pf ormation

sensed ma CT’lﬁ\g urn it may
al so be uSREHAUPRHAL r WT’W’SQS?“H TGV e HI00/B08%60 s iIFCEAVOORPIEN/ of f

swi t ch maypdraubamosse PCTauarnos16rtT/sSU@I0es 110 PCRANgIY. of nore than a

pr ede|t0er mﬂ@ﬂsc]o@fw& Btse Qipemyﬁupiﬁﬂ%ns%fe ch«Q&ra@ﬁ %l-ehl%y d%sg’efg'énc@-ppl i cation of nore
than a predeterm ned conpressive force to the stylus nib. The nmarking

devi ce preg K%?BMWRHC' udes a cappi ng devi ce novabl e bet ween an open

posi tion, ich the printhead may deposit ink on the surface, and a
cl osed p05| t i on Cumwenyghrwink and yeiting Appireenty ek gens bpencily drarelptvlyistatic ‘?ﬂ’l‘f“'ﬁi@pom ting

i nk. | n t heatph ofte kkafderkies st Aarki6Hipdd theygpradexe.i ACenchl, Géuatbie e belbrgpd pengenerailyi S bet ween
the open %ﬁb@&ﬁﬂmmﬁﬂ&Fémlé’agéc%ﬁdaleaaotm @hemﬁmmofh&n@&m&ved by

novengnt of the st SoneStylus nib

movab!%e al BHGeLet 8 Fy '&%""é“e%ﬁ'pé?f '1P 'gfa"‘ﬁé’g‘g%& s"°s° maffg'gs ma? “ext endi ng at
ot her t hanus@® changirg(het apientafien of jthe drpplegpgrit.cthe %W;*amfmgma’é%dd‘é f?'@" %‘G‘hl"é’tf in front
of the nar st WaiBMbifcbalbti@ pénS aré SiiaklakitheuifiOswdiara@ caed@abksanerey ppatale el to the

first axi Susg%we%&h@{a &&&%@M csll,p&@ﬂseraaﬁéou el 2 s Ghe ARNC €

i ncludes an_arm e'rlg gin %? lgyoo& eby novenent of the stylus
‘nib al ong t'orfs 'fe%fﬁ‘? \‘/’8@ 'ﬁ%"cé \isk deV| ce bet ween t he open and

cl osed positions. The cartridge or pen may include a power source for at

| east2g he sumMArVOOIRVENBONMND preferably for 20 the user i nt erface The
power source may be a di sposable batter rec bl.e batt ery. Were a

cartridge is prd¥PHEE™PHEOES A Vil Y BF 'Fé‘?‘%’l"ﬁf‘i’ hi E:“f' Jully; e %) pre rical
i nput for imeetond augbrep fornp, graddes bse orarrtridgs|for g P@WW*‘%M’“‘@%WW“‘{%@ at | east
one attri bakmatite1®iBohvemiofamid. 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

25 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.

30 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.

The pen or the cartridge may include a non marking stylus nib. The stylus nib is preferably
movable along a first axis relative to the cartridge body or pen. Alternatively the stylus nib may be fixed. In
35 the preferred form the stylus and marking device are both part of a user replaceable cartridge but the stylus nib




The marki ng device nmay act onto the surface or a transfer device may be
provi ded onto which the nmarking device acts. 25 Where a cartridge is

provi ded, the cartridge may include non volatile nenory which st @riesPRai(L

| east data relating to the nodifiable attribute or attributes. The marking
device is preferably an ink ejection type printhead but other marking

devi ces may be used. The invention in a further enbodi nent provides a pen

i ncl udi ng WO AP ng devi ce and operative to 30 mark XCVAEIIESpath 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 attri3ute, and at |east one sensing

devi ce f or m&e&ymit bfthe paragiate mankingdslicpert @ p difposhlile cariifize] east one attri bute may be
nodi fi ed, based on the sensed i nage or col or, Thei pen prfef er abl“n\(.hi ncl udes a
menory for st orithepsisge spees spictyjpres BdPlaye PR’ SetY St T BUTeE "afd a 2 3
APR 21104 3Gesiik/ca(is80c PCTIHrAIDOMO $tAFGib, ot bothy mayrbe pfevidedy Bt infesmationseriseg imay | y

i ncl udes ageutdi REES netbhd Miaehe EREBAR off SFAGRY Mo bERLIAS cosNMmadblyoftia gats ensi ng
devi c§ Ong of .the sensor device(s) may be capable of sensing inmages

i ncl udi ng EBHST data rel ati ng to attri butes. The sensing device may be

| ocat ed adj acent aqdt JaRst RRcl mBObelt@dd GE ardfor il upshaEnGsE dmo@Nian € pAde@fmikhe pen 5
with the narkin eVi I . e A ensi ng
device is ﬁ’?"é‘?‘é%éogimém gfo“éersg&?ygv g%‘ﬁ%ﬂﬁ%g&?ﬁ% ”3’%‘%‘&“@3@?’%@% f(e)ary;ﬁtrh? ace. The
user interfd#&®npy include at |east one slider or at |east one control

,b u: ton or at leaﬁ\}a m%ﬁﬁg d%lai&e%?ei?era@l??wl@éeij i ﬁgplﬂg Qe m&v flEtH’e@Letn !Qﬁl&pt:rp&sitio{hne utsert "
interface may include a display for _dis | J.nf.or ion r ng to the
at | eL@t oﬁ@ghl'hf Peipthepd 'Bﬂtd?s'élj'ﬂ‘e%d’?es'r“fafehf"gra f%ésé'%g’f'lsmﬁ"r g?chrmacbcf N g%%%’ lg%l eto
cycl e t hr oedkhead frem depasitingdrkset s of at | east one attribute. The invention

al so provides a ﬂth; iree(grl?d"]glimntq aﬁ I'}’nB.I’ eiicg%tge \éi)qg{eanaag be%ﬂéi’p\ér?anti(glo@rk a
visible path onto a Psu_r ace, ff Flép mar Ki ng device electronically controllable
to change atsitipnsResferabjylis meverpepyitacicvestby PpvemLef He sWHE™ pen i ncl udi ng a user
interface wher eb% a%re&éeﬁ%m%@?ﬁgn@?&ifsys&l@%bﬁu}waﬂl@ﬁoﬁggﬁggxiﬁ;h;cﬁ inbddte R at | east

one sensor 15 device ca sensin mnqq(ﬁs |,nclrgegi_ cptgled kldat a. The

pen plef er 9P et grpder han for Ao fhe fifst s ASHRIME T ETHEW F4l°R CHRd™ 6% change at
| east one aévice i istratatable ghowt @ soed exis prrellet th the fifet exischettfecpl entopen afelosep pasitiopalie | ncl ude a
receiver LQKppiBge&ﬁée\lxicm@s GORHBRES ThE QENoAG0oRs hifehiahove@i lof B styRObib eng hat | east
one attribuyte being chan i .qd recei ved commands. 20 The
pen pref erg'f)s_a?'sfn?lvc udes a ‘ﬂ%h%?%%?ego z’t%ociol&?l%%%'fer ent sets of attribute
val ues. The NeNDYE cartridge or pen may include a power source for at least the marking device and preferably for

20 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.

25 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
30 - 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 sensing device for sensing images or colors or both.
At least one attribute may be modified, based on the sensed image or color.

The pen preferably includes a memory for storing at least one user defined set of attributes and a




may store at |east one user defined set of the at |east one attribute. The
pen preferably includes a transmtter for transmtting sensed i mage dat a,
coded data or decoded data to an external control source. The pehd APR 2004
preferably transmts sensed i nage data, coded data. or decoded data to an
external control 25 source together with the value or values of the at

| east one attribute of the path at the | ocation of the sensed imge. The
pen may i nwbwd®s® position sensing device or a notion FEA3NMY28evi ce or
both and at |east one - attribute is dependant on the relative position of
the pen, the relative speed of the pen or both. The position or speed of
the pen nay be derived fromthe sensed-position of the inages or it nmay 30
be deri vedusdr aetinad teh@ridally acieRCatiRds defived fiud a8 BRSO CkolorFengd by théfskreing dawcent | on al so
provides, in one broad form an ink ejection type printhead having a
plurality of i ke efjthecsensasdevigeld) imap e cansble of seraipg ipages ingydiag cofed datg fRting Oact j o
devi ces arstasaged in a series of groups, each of the groups generally
extending along non parallel lines. 2 3 APR 2004 WO 01/30590Q FCT/ AU00/ 01278
-5- Adj acent i nihesewres deyer mpebrilecaed adipcent e warkjne deyise oS oBEI ¥ PR A EUEH al ter nat e
Si des Sof awithatdimérking devire located @rthe ather erdiofthe pbi. ne. A set of the devices may be
connected .to a common supply of ink. Preferahly each set includes devices

n suppl .
of nore than ondhgFwsteiedrrd rGTRY PreRrel BBTIE NS 4015 BRI 14T different ink
supply to the Ogﬂ@%crﬁﬁ;fﬁe m;g'hrﬁludes.n 16 heGREr Pt e B BHRI Bfid ol BE@FARkY part of
t he same set and adj acent groups belong to different sets. The groups of
di fferent ¥8pLasteecoBtPiPably arranged in a repeating pattern. Preferably
there are 4 set spapgd in&faQl Y Rolude RIRHIS! ftdisYayR@ Gl m@tiaURaia] 10 AR\ 168 Snd S
suppl{(f:d V\nntnpmg nk froma common gallery, all of the galleries being at a
first'1evef T the printhead, galleries for a set of devices being
i nterconnect ed i1he Rafiderty is leferki®APrabRiycickRoukinbeaboeORE BRL angnep@id8ageway at a
second | evel, the interconnecting passageways of each set passing beneath
gal l eries of at Theimeptioppie provides p pegdncludingia @arkipg detiqs @M @PFRERTRPEIA WOl A udes a
first | ayebndd sufedd, ih€imdimig@evica blecraitaliy Réatraliatgectd thange o dpost one atriyedf thabptvike  t he
first l aye&n%ﬂdi@ A6F Macl éfeby Obser $2) lln&;lf)nﬁ; £ lehsdne %l)t@é’\‘ni R@ad bre Sduso? AYET . _ The
gal | ejlf%es are pr ef efr'abl sl otlsd, exotdeedr"gidtla ng through the thickness of the first
layer "And PFET@PEBT g Ema R ONNE & EShtiect i ng passageways are grooves in the
| ower. surface - of 1y, & pS RGN RILAY Bdooddid Lhbdaielcaibrlia@ BldYo chiagdal M@ yneldiib@tigh t he
t hi ckness of t'hetse(‘iogdded ayer. Preferably the second | ayer includes |inking
passageway & FPRRIONY “CRE G4 leries with the interconnecting passageways,
the |inking passageuansin@t & RehiveJortrkti@rGbmriah® frbrdnhnCdEres son@dl scidxea £&coNd
ayer The L1.f.5t, 56900 40420, LK SLASKhR device layers are discrete
| ayers or par o? an i egrg(f evi ce.

20 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 control source.
The pen preferably transmits sensed image data, coded data or decoded data to an external control .
25 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 least one

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

The position or speed of the pen may be derived from the sensed position of the images or it may

30 be derived from the data encoded in the sensed images.

The invention also provides, in one broad form, an ink ejection type printhead having a plurality of
ink ejection devices and a central axis, the ink ejection devices arranged in a series of groups, each of the

groups generally extending along non parallel lines.



20 2 3 APR 2004 WD 01130590 PCT/ AU00/ 01278 -6 BRI EF DESCRI PTI ON OF

DRAW NGS Figure 1 shows a perspective view of a pen according to a first
enbodi ment of the invention. Figure 2 shows a plan view of the &J&APRSWB%
in figure 1. Figure 3 shows a side view of the pen shown in figure 1. 5
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 figure 1.
Figure 6 sWOWs30s19 expl oded perspective view of a cart rACAGPIWI2| qgure 5.
Figure 7 shows a side view of the nib area of the pen of figure 1 with
paper at various orientations. Figure 8 shows an expl oded perspective view
of a cartridge for use in a pen accor8i-ng to a second 10 enbodi nent of the
i nvention. Fi guragjadnt sk ejesiondinvicesqd bachchedp paybsloated ¢makerngte sides o f ragial liwerer cc cor di ng
to a thirdgabgdi nent 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 accor diAset of Ge devkdumy be comzed formepromog fuppthef inknRreferbly Gach set Felydesr ¢ 12
shows an exRlogtaRe RET hD §6UpladiGnoripRIMEI calthi@ hRQ BiffEnt kik @pplyQo thelotherlskrs. Fhegur € 13

shows an e&égleé% ed Bel S.gt%,a& a,?of\{heew of anPa%,azemg{mpmﬁng%@ffe% ddogure 11. Figure

14 shows a1 S TRRPTrBaEd Her Spectt Ve Vi ew the cartridge of
figures 5,6 & 8. megéugsl&ﬁﬁeleﬁtsalmfeablﬁaﬁﬁged e;x;suaagieﬁknper spective view of

part of the cartridge of figures 5, 6 & 8. Figure 16 shows a plan view of
t he print head ummblmﬂitrheetsamnﬂ%w@@ of figures 5,6 & 8. Figure 17 shows a
perspective vie ove t he pri e f [ i en
position. 20 Fi g"'f’g EhB °PJ°“°ef3’s FEREL P‘v'gqr\?igew 8 aﬁméglvdé R%%“mgso

print head ing ?‘laéﬁ‘r‘@dl'e‘h‘i Rrinthpads pRfienford 5% PRI EFS b““ﬁ'—‘f"ﬁfﬂ“@“"fg‘ R bNALIeas ofer spect i ve
cr ossi®ect inabmhecting pastafevgymt alzowelea, the nercpmdicing heagkwaf of sagyyet eassir@ bereathan  open
position. gndeAPRe2Rdonie01/ 30590 PCT/ AUO0/ 01278 -7- Figure 20 shows a
perspective view frombel ow of the printhead of figure 16 in an open

posi tion. Fi gur erh2pinthek preferatdy ippludes a frstdayer pf sofidiniotetiab op injfeicetiamdepipe layeriaoxed of
figure 16 jndiirdRyPRe RscRAdlhyed Pilid kGl bewaik fishaus an expl oded perspective view
from above of the printhead of figure 16 in an open position. Figure 22
shows a per spectThy eall¢rieca Hrafembly slpte gxiending theqygh toptiigkneps ok hefrst faysy and Pﬁ?’“‘i"he
print{gad @é infefcgiidcting bssagdvaysiapFodve? B I 1EWE susfac off themid leyer whick\extad ody pen
according [ Q.8 M%htﬂ%c&gggmsggma y@f the invention. Figure 24 shows a

~ perspective view pen according to a further enbodi ment of the

i nventi on. 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.

20




Figure 25 shows a perspective view of a pen according to a further

enbodi nent of the invention. Figure 26 shows a perspective view of a pen
according to a further enbodi nent of the invention. Figure 27 gh R
color card for use with various enbodi nents of the invention. f igure 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 28 wooesodhe cap of f. Figure 30 shows an expl odear/peqspatti ve vi ew of
the figure 29 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 the figure 29 pen. 15 Figure-83 shows anot her expl oded
perspective view of parts of the figure 29 pen. Figure 24 shows a

per spect i ve BRIERPESCRIPTENORRRAYWINGRg to a further enbodi nent of the

i nvention. 2 3 APR 2004 WD 01/ 30590 PCT/ AU00/ 01278 -8- DETAI LED DESCRI PTI ON
OF PREFERRERigMDolI5RsgeNRGIM MEM:Scd@inio a MR Bhisdli@ of lhe infendn.t r ademmar k of
Silverbrook Research Pty Ltd, Australia. BASIC PEN & CARTRI DGE CONSTRUCTI ON
Figures 1 t$ﬁ§ ow a, pen %&10 ngrgigg to a first enbodi nent of the

i nventi on. m%éﬁwﬁﬁ? A" SUHEAEPA T Y T libul ar pen body 1112 in which is

| ocated a repl aceable cartridge assenbly 1114. The cartridge 1114 i ncl udes
an i nk supplEreut3 $@ws asidg fiewof the fgn shavingn fgprell.pr i nt head 1120 and is designed to
be di scarded when the ink supply is expended or the stylus or printhead
are danmgged, Figdels bhods M ey viembrlte pAgRwR g 1] Nserted into the pen body.
However the pen may be manufactured as a throwaway. itemwth the
cartridge a bod i.ntegral or no : rable. 10 The ink
supply 1116 é%“??%?‘?%’sea n"éﬁv(’)e%é’gatcaer%ﬁ%lrp'%W%p'ggegﬁﬁ%%gﬁ i'ch i s closed at one
end by a first end cap 1124 and at the other end by a second end cap 1126.
The tube 1129gue$ sigpemeriopyd perspestine vigr of 3 carttidged figfFSast i cs material but may be
made of other materials. Wien made of a plastics material the tube is
preferably emjuendeds Sske a6y df Ge fiBar odhearosfigam i witipagSit @8 driedtidns.pr of i | e.
However the tube may be injection nolded. If nade of netal, the tube may
be al so extr ) ;*g ﬁMﬁp@ i jch 15 divide
the int iorﬁgfgﬁcépﬁﬁﬁggﬁnto §58§§ggﬁaratehﬁﬁgw%t$§rl %%?ﬂ%gSZ, 1134 &
1136. THese FEHEBEE BEE0 de rigidity. The chanbers are filled with ink.
At its sinplest the chanbers all have the same colored ink. Alternatively
t here may beFigheffsipwemtexpipddd perpettivemiks ofia pene@adingsdrethitd embodiignt ¢f the myentiogol or s and a
suitable printhead it is possible to produce al nost any desired col or
using a combipatibAHwh ok @R seYRHAGHRN Srtne p&lof file @nd Bl acK  (CWYK) col or i nks.
20 The chanber 1130 occupi es approxi mately half of the tube vol une whil st
the three renai nin chanbers qach oc%ﬁg¥ﬁﬁqg %Léthth Ihqitube vol une.. In
a CWYK col or FE¥s 1A EPHif PERGSIES B PE PR P2 iof W P PP HY 84™ W% t han col or and

so black ink would be stored in chanber 1130 with the three other colors
stored in Figure 12 shows an exploded perspective view of the pen of figure 11.

15 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.
20 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.




chanbers 1132, 1134 & 1136. It will be appreciated that the nunber and
relative volunes of the chanbers may be varied as desired. Sone current
desktop ink jet printers utilize six different colored inks ip zaﬁgliz[}ﬂiion to
bl ack 25 and, if desired, the tube may be divided into seven c%anbers. The
colored ink chanbers need not all have the sanme volunme and the black ink
chanmber (if black ink is used) need not have .half of the avail able vol une.
As col or woousmwe® nore accessi ble, the proportion of marmuvemy278si ng bl ack

i nk may decrease and so the ratio of black ink to colored ink may change.
Simlarly, whilst color inks are supplied in equal anount, there is no
reason why, for instance, that a | arger7supply of magenta could not be
provi ded. 3CFighte@0 $hbwsa berertiveviay frehillididw bishephiaipicf figore Hibbabmnposiadnl y seal t he
ends of each of the chanbers. The end cap 1124 includes snall air inlets
1140 to .all 1 I26as|uﬂ&9latnn@wﬁm\g%ﬁ]ﬁ%r?nﬂeﬁ%fﬁgqgldiﬁanléﬁeﬁgositigﬁp prevent drying
of the inks rough evaporation (the 1nks used are usually water based) a
novabl e seal, not shown, is provided between the ink and the end cap 1124.
As ink is ustere?2{ phavsaperplodehremsrectys Hefromabevs € dppithrad of iprrdfigat PPt econd end
cap 1126 is also shaped to substantially seal each of the chanbers but is
provi ded 35Fipiet2bshpasapageiaryiw kdw'Bove sfaie MEMpUIkit 1dyErof tedprigiikadobignr k. cat e t he
chanbers with the printhead 1120, bonded to 2 3 APR 204 WO 01/ 30590

PCT/ AUOQ{ 01248 -.9- [ A ke Phibodi inkhead is

pref erably antiptokibpER B R anER0 e hiod a8 R LILOR

m cr oel ectronechani cal system (MEMS) based i nkjet. MEMS based inkjets expel
i nk usi ng e ey 2 PR VP 8 2perafraing A frdsteimer Ao gYe i Ne i nk, as
currently used by nost ink jet type printers currently available. As such
MENVS based i Fikire2b shoWa\perspectiveOine pf apevaerprdiogpn 8 ferist smpwlins g nigginsaitiano such
printers, which nakes them5 attractive for use in portable devices where
avai | abl e powgLe dsSholvd APkt Rlive ieQbf sPeAELIIRE to ¥ RARF Sdbsuihidhi Blhe@hvendEMS 1 Nk | et
devi ces and net hods of fabrication, reference is nmade to our earlier US
applications, Docket No. |JO52US, the cqontents of which are incorporated
herein by reF‘é‘F"’e?ﬁél@‘.”“fﬂg'cﬁﬁg’h‘FWé Fpee %%'3%’3°{%"fvﬁ'5°“énd cap 1126 but
nounted on a flexible printed circuit board (PCB) 1144 which includes

cont r ol 1&nd . PiewsAs siowsu rersiessivelvie 6f 2 parCrecarding 19 |a fpghengnihodinkent@f thednventiomyitbaraRt- t he end
cap 1126 so as to be capable of a small ampbunt of axial novenent. Axial
nmovenent of ERge BlnbhtbheeQivelded Bt theperd P Rdufe @k hitGhedp oftNt €gral arms 1148 which
extend laterally and axially away fromthe inner end of the stylus to bear
~against a land 1184 (see figure.15). In_us ressing the stylus against a
substrate caﬁ‘§‘§%3°f1??§£aélf’f?§’d°fg°4‘8“[“’5V')B‘é?{ﬂ"’gﬁ“(’f%% 'ows the stylus to retract.
The stylus is preferably fornmed by injection nolding of a thernoplastic
mat eri al , no&ieurptlelons alstpiodsdeaipsrive vighifgarypieear29pes- 15 typical ly a maxi num
of amount 0.5 nm and provi des sone feedback to the user. In addition the

flexibility @fgurc§2h§ow§;ny$&|&plm%eﬁﬁﬁﬂmﬁaﬁ§of&eﬁgﬂﬁbépeﬁlTDUnt of roughness in
the substrate surface. If desired the stylus nib nay be fixed with

subst antial | y. no venment allowed.. The first end 1124 is shaped to
recei vegg srréﬂ“ egg?"twf)?ﬁmger’°x8§°°€?‘?3§?"vfv%ve"f%mﬁ%fg?%"ﬂ%f' The battery nay

nmerely sit on the end of the end cap or it may be inserted sideways into a
chanber in tﬁguremhccvapgerspective view of a pen according to a further embodiment of the invention.




20 Locating the battery in a chanber enables both terminals of a button or
cylindrical type battery to be easily engaged by electrical contacts in
the chanber. Merely sitting the battery on the end only allows @asAPR 200
engagenment with one termnal. One or two wires or other electrical paths
1139 are provided which connect one or both termnals of the battery 1138
with the PCB 1144. A nib cap 1152 extends over the end cap 1126, printhead
1120, PCB woa#3ea9d stylus nib 1118 and 25 an apert ur @CI/AS#0/061258 pr ovi ded

t hrough 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
t hough the aperture below the stylus ni-l8&- The cartridge 1116 is positioned

in the pen body 1112 and secured in place by one or nore resilient snap
action arns PEBMLEDRESGRIETION QRARREERREP ANROTHER EMBSODIMEAGS \\here the battery
1138 is securely  GRUDBLEONQN whddBaiR SRR MbLn PO LA, Auiti nal s in el ectrical
connection with the PCB'1114, the cartridge need not 30 otherw se engage
the pen body 1112. Were only one termnal is connected to the PCB, the pen
body may be BaSieRENGECARIRDGE GeNsTRNENQYat h for the other terminal, via swtches
if desired, in whi . L1 er m nal
nmounted in the cl o@%’cfg g%& sﬁorla%d)g %ﬁ?%ﬁgggg%ftﬁ%%’%ﬁr{mﬁogm%gﬁggﬂ?%ﬁgl ﬁas:{] t he
mi ni mum P unc &M NP Pedgdy B pAChdbIged  eplpreRtls P ER A 'iyg“é'ﬁr %?W"gdﬁ
switch and ciltlé inklodesanfing supgp Hil§. shlbsinihd 1 48 lawd privthead 1820 apekis designert 1 be dbppededdB or t he
printhead it aknk subghGOdxRAdedbrehe b6 or PRthGaOR dafdgeds ithGUiévl caryfidfe®Einglidieted ikthd et

“{eveﬁm fﬁg ""‘}’ls 8 RhRLELAR! VG 2Ra) Al B8l 68 QadiBiRland fkbosys ONI'Y

actuators. T ISR/QJ
ej ected V\henlg‘fg'he stylus n pressed on a substrate. Pressing the stylus

agai nst a suB‘é‘F’f"ﬁ'@}/“P‘é“é‘iﬁF??"Fh a conpressive 7 3 APR 2004 WO 01/30590
PCT/ AU0Q$01278 - 10mcfi Sy 118 dolifises brVeiohee RbtiBw rube ¥ 1320%inEh £ ARG SHBAE bytalbksB
e

results in novene of tylus and the o f i . e cijvated
by the noven&H;®® g{% %"36%"’?1&&{ I%"éj%é'oa e 7R izg‘r{ché%\dﬁr ’%P'S'c?f%aeaﬁy 'ﬁmégﬁ}sf Wher e
the stylus i shermeplasiice mperialhuy iy e sadel of st apitly When mapreof §tP§‘l“Ef§‘aﬁ‘i'”b‘h? Bhedt i ve to
the rest of phenpeexridsd P06 wae 4 @lptas. crofshecti@Braiifed Honeven thi) @bedmag ibe @igttor y  nmay
be per manen:[' ln%ld%apﬁ R%Bﬁgefta% the Eub@mﬁ%; gﬁrei/u'u&ﬁ_ 4. Th BbelI8Th HAPYnuliRe of}éibs?"l&\uhgfdhw th
a separate ster” on switch. Provisi ster..on/. SWi.tC

2 one e udHP: BB Pt b leoaic gt Bl tho URH S gRuBlle LN | |
a touch scr eaigidigyf Thy cpampasosn filled wisth itk 24 its sipplest E‘Eg‘P‘E‘E‘F albhaye the sype AT ®rs  may
be used to emnneHia@veR) herp kabybt diff@enOblodedligks hefth clavsber\Mith folol@xdpd avinbicprinddadk . \Wher e

there is no ;OV&HE kR Bfoss 35 i&H cidd GlnglaRBhbirhddR oS, MBRE KEBRERBIYK " ON"
t he printhead or P‘ﬁi ircuitry or both preferably include "sleep node"

type}circuitr( i urns of f nost of the electrical circuits to conserve
batterygpower. 10 IiERaibdd130R6usids ¥bprbRimRb1P haif bk tube Volbme WRliEhellftce réthainfaf€
el ectri .Cal S%ﬁd&xgerrrssea%rz)gcu@rol nti)!lhn& 'the%%clz O&uﬁ? I§ QMKchlgt %ntgg&lvi(c:eeblack ig t\'&maqwl ay 1n
commenci ng prrnting cau ed” ?3%] changing froma sleep node to an actl|ve node
Wi ll be so sPHMdm9e thay cglofgad sq Hiars ik Wiyl bpysjored in champer 113p with{he thice pihqr eolops sigfadin 5
not i on sensi ripmbesilizg 34 $41439. Ineill berrpraciated tex bameti@r and tela@n voluisof therhambaymag g n
"wake up” thee PRk 20RsisE Bokle BGreMBsild ik RORNSrs amﬁmeskf&inadmmmfezgmd, to Bk bgs_t
seen inggigures. 1 & e_pen.body 1112 | VTR e ek sl s igad i's
provi d,eg%wi tH ‘fg"“i‘é“"‘%ﬁ]“%‘:e‘?“?%‘.‘”g&ﬁfé% é'n. ?ngﬂs]pgigc%r gri E 1162 encour ages the
user to hold sf“l"fé’db'%"ri"‘q‘PFLéf‘FF‘ shaather S Piaskinkyps tRD P58 nos k) G of phe prailable volume.

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.

30 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) 2 movable seal, not shown, is provided

between the ink and the end cap 1124. As ink is used, the seal moves along the respective chamber.

The second end cap 1126 is also shaped to substantially seal each of the chambers but is provided
35 with passageways 1178 (see figure 15) which communicate the chambers with the printhead 1120, bonded to



1118 above the printhead 1120. However, the orientation of the pen is not
critical and the pen is configured so that the stylus nib will not
obstruct the path of ink fromthe printhead to the paper at any23 APR 2004
orientation, as showmn in figure 7. Figure 7 shows the stylus nib resting
agai nst paper at three different orientations, indicated by 20 nunbers
1164, 1166 & 1168. The path of ink fromthe pri nthead is indicated by |line
1170. PapeWOMa®BP0 1164 represents an orientation with YFAWMAREs nib above
the printhead whil st 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-$%rinthead. As seen, the stylus nib
does not obsttheties end bictheran HZQ)fl’h‘tmleﬂﬁaﬁiéPte@mb‘h@Wﬁémm““‘aﬁyﬂd“E?quﬁqfﬁaa‘t/iaon 25
Figure 8 shom:@xe&aﬁ&ﬁahxdg@s:&iwm hskdBlinkjdt. OMENISR base finkfels @kpelaiak dhing @redBaniea C e pt
that the car ta&l&agg%ﬂxgr b)ﬂ\%tm%&'}}x% H.CL? \%eng%s%dqag)ﬁost Jﬁ@t t)%@érﬂl{enls ggr@ntly §Va19£lper Wi se

substanti a entica e Cal’tl’l ur es

sane
parts are | déﬁﬁﬂc‘f#@ﬂsmﬁk’f%‘"‘s‘a\%’ mﬁﬁﬁ‘@?“§p“°"f??é"’“ff‘ﬁf°ﬁ“"aP’f“fe@r“@ﬁ&'@%"sé*}”é t hat
end cap 9174 aivgctiee fgivsrid @righledeyicesawhere Inaibablp powprriohinited. Brna Petier upderstenidipd of YIENS
bat t eLy- In aﬁq&tdia&% hdRER & fmﬁcawne.eﬁredc&alm&qage]g&nieom %hc\(bioﬁsﬁﬁoc&l(gegdi ng
to the PCB The car.t 0 e or use in a pen body
whi ch i ncl udjelégﬁ%sﬁhoemc/c’exlfentss()ofuﬁ"éhe s '?Oﬁa%dherem\’:pégeﬁe;al?ct ery or a wired connection.
The body of the pemhapamlemdﬁsnde&teaﬂnueaaluzsa&mlﬂaiosaﬁaibxes@mae.mw@d(vm)h t he

PCB 1146. T ?MI“ELC n&#&?&L&A go“;gpc\émgglﬁge sane length as that of the self

power ed enbodi ment a different length. The battery in the pen
may be dDsposabl e @rstymsrmenlrsaﬁgembd@tﬁeyma;bamseasyobeﬁwal@aumll ghges ofpridf er abl y

i ncl ude i dentylolherde Mxa iR O [haasryﬁs ROASHs Qhroida®y ﬂggrall Brm Qs Mith Bftdnd BrerHBTOT Y
whi ch identi fltF mg;gmnere f&ehggsacg?a;al gt&s{a d?léli éee?glﬁeal }fnluge?ﬁré UCh as

whet her the Jar¥¥ |ycfaaé’q| S a nono Wi dth of
| i ne possi bl dhe sglugasaipsha gligpte Fagses hhame Bt Pl‘ﬁﬂé&d aery "1°ﬁ‘é‘|“ifﬂé¢"i°f BT § f or
noNi t ori ng i nikeferably @kngd byrinj@adlmoldingetls @rrmoplastic ortcrtiehaOtdfangly Weoh Tnmaverknt kas 1 un

out. Thiyg i nfy Tahmnma&em (11 andapv@idés@éaleeeedbgk R uRER a¥ien hdRxiGRPEAct s on

the PCB 1144. AI ative t he n ecr. t d 2 3
APR 2004 WO d%° *5?3 % )"%b 11%70 oo rf“gl;msssurre or car’tlrflgc beglhggf)%l :%ed

initial ink VW%%WES“PSHWWGPGH@‘??“W nting occurs. In one formthe
cartri dge may stor E érs endlcgl E 1s sha Fe5 e%lim?smaﬂ letgtpOl' cav\gé hl;ee%mgy'lﬂnd the

pen may extract thls e cartridge is
i nstall ed. Tma@ry@ﬁaﬁv@@"t’w& ee%\?fflr F'Hg@%m%@c 'as“?eéf‘%‘ft"‘fyvé‘f’ff"*“‘&i‘j'rfb‘“e Je¢Pce. PEN

W TH SERBOR SLotiygei baviedy lin aachignberd ebablesbodpdrmiaaisiof sianaiongliddaal tgpe batsry tbowasiiyn

figures 9 andenéa&d b}-llﬁcuﬂﬁnzo&agg(}n h@-@haﬁbebmdzyely smmgdlerlﬂtc%'%azm end Gthﬁaﬁl;v§eaﬁ70| di ng

1204 and a fro 1206 o gﬂ% em%gf%? £38 t{)lrg,glgd MQ@Oache sane
I sposa

agement gte naLOneor two wn'
as shown in flﬁﬁ 3} w%"f“ f‘f ower e e cartridge. The

pen al so |ncI?&ﬂ‘é@“&‘?ﬂ“@ﬂ%qf@%?a“w&%‘hb%ééﬁe 1210 which conprises a PCB
1212 and an  opt1 calufld /et e LSy Ffﬁ@lp;.aéezumacadﬂqgﬁa,@@mummwsor

devi ce 6, a |light source evi ce. 6 fSI n 18 r%,% _%220 I adi o
transni ter cRiFFT2HH is prrddst dgpuah i tholee end | 5 QE‘P‘i s Proipcl The pRediye 1206
is 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 integraily 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
30 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.

In a monochrome pen the minimum functionality required to control the printhead is an on/off
v switch and circuitry for controlling the ink jet actuators. The PCB or the printhead itself incorporate the
35 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 compressive




connected to the PCB 1212 via wire 1228.  The PCB optional ly includes an
accel eroneter 1230. The inmage sensor device 1216 nmay be responsive to a
narrow band of el ectromagnetic wavel engths or to a wide band. TigeARR Bt
source device 1218 emts electromagnetic radiation at sone or all of the
wavel engths to which the sensor device responds. The i mage sensor device
1216 is preferably conprised of one or nore charge coupled 15 devices (CCD)
or CMOS i nW@eV¥8Msors. The |ight source 1218 is pref e®§BAYIRHri sed of one
or nore LEDs which emt electronmagnetic radiation at one or nore

pre-sel ected wavel engths. The |ight sources and i nage sensors may be
provided with one or nore filters to fikli0er out unwanted wavel engths. In
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the |ight udkedhestylugmpevil mmgmmw-m@mw@WIﬂ@amw PEmatoR 2siik9imt ed i n
sl ots 1234 i mfigher.chassis mol ding 1204 with the aerial extending in a slot
35 (not shown) in the upper surface of the chassis nolding 1204. The

chassi s nol di ng s| Fighes? shpisghe sylvs Bib arytingrageiast pger Ahires Gffreat ogipniaieps. iidicsd Y t i on by
‘the from@0 nolnchbag kL0686 &TiNGS. The @4ttt of ik irokh hQpriktRAGis indicaged Byia11770. Papérishett iS4 body
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body nol di ng. °"efﬁ’"°“ e con cartridge PCB
1144 to recelﬂPéD%m?f‘hFPW’rfé%af‘FéYV“Eéﬁ@é‘&s"wmfwé‘%‘é‘r’f‘?‘?wméﬁd to
control the operani on of the printhead 1120. Control of the printhead

depends gn the application and the processor and will be discussed in
| ater s i ons of fxmress %%aﬁgtﬁilge 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

30 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 embodiment of it may be a
different length. The battery in the pen may be disposable or a rechargeable type battery.

The cartridges preferably include identity information hard coded or stored in non-volatile memory

which identifies one or more the characteristics of the cartridge, such as whether the cartridge is a mono or

35 color cartridge, the maximum width of line possible, etc. In addition the cartridges may include circuitry for
monitoring ink levels in each chamber or for detecting when an ink has run out. This information may be made

available to the pen via the contacts on the PCB 1144. Alternatively the pen controller decrement a calculated,




5 CONTROL OF PRI NTHEAD Figures 11 to 13 show a pen 1250 according to a
further enbodi nent of the invention. The pen has a sinple tubuI? ﬁﬁg‘m
1252 in which an ink cartridge 1114 is received. The cartridge 1 i

a nonochrome ink cartridge or a color cartridge. The body 1252 i ncl udes a
PCB 1254 on which is nmounted a processor chip or chips 1256 and a
potentioneter 1257. The potentioneter is positioned to |ie under the upper
10 surfacevobiibse body 1252 and is connected to an extP€rAEN03378 der 1258.
The slider 1258 slides in slot 1260 of the body. The PCB 1254 i ncl udes
contact pads 1262 whi ch engage contacts 1146 of the cartridge 1114 to
receive power and to control the printfiead 1120. The potentioneter is
capabl e of asuator dafyidgds@pplidd arfitACibkevousd theGinkOkbluhd s piintihg ocesdsent ook thacartridge
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informati on which identifies one or nore the characterl stics of the
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1254 car? obt ai n t H R PIFFRGPIHROPYSH sqnpng e iR 5 shoy jn fiepres 3&‘“@5‘3 %ﬁgh&e
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area 1268 Whiagdus dowd infliueal 86 id. hQIf pdwkred dipdsiecha@geray be nodi fied. The
information may be printed on the cartridge body directly or attached by

way of a sticker. Thigenisselirclydgs anopticpl sepsingopackasg i |9avhich comprises PCB6R1 280 Atent t he
slider 1256 éphtaDidding 1243 T PCB @212 firelnded BiBage Sensor Gdviod 1216, Fhtight sourfeoteviceri@iBance, a
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itsheL attri 3“%18@131¢@Je?esp0ﬁ9 hed lﬂié-L @k&kﬁm@&k\i{ H@%}W WohiSr MrBehiriegbiprs 14 and
sho n al Ir rred arrangenen 1.N or use
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i nk out P&t s emgo infrartradiationsnd aspegnd ses r‘?’h‘EPrﬂ“k’.‘&f‘é"’s“Vﬂ light- Gtk compipagieng of 4 ¥sisnetss
printhead 1120 posste addi: dsvicy e fesplnsideld Boré tat (WO bunds@Uivavatengihss| ot 1184 of nib cap
1152 and held in place by surface 1190 of 2 3 APR 2004 WO 01/ 30590

PCT/ AUOO/ 01278 - 13 owrsastice ppgicaiqps PEH/SB00/0§362 (dpekst pg- NERPRD-SGT/AVND05P9 Gerkh Bar

agai nst | and NPHBYan&PCE/AYi0g/e056%idocigtng NEE0OR) vy hayeidisslared| s systéfifyeferred to as netpage which

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

marking function.

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 includes beam
30 combiners and splitters and filters as required. The lens is preferably part of the optics molding and the front
molding has an aperture 1233 through which light passes from and to the optics molding 1214. The aperture
1233 may be defined by the lack of material or by the provision of material substantially transparent to the
light used by the image sensing device(s) 1216.

The PCB is mounted in slots 1234 in the chassis molding 1204 with the aerial extending in a slot
35 (not shown) in the upper surface of the chassis molding 1204. The chassis molding slides into the body
' molding and is retained in position by the front molding 1206. The front molding 1206 is a snap fit in the body
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front portion 1186 of the stylus nib is circular in cross-section but the
back portion 1188 has a flat portion 1191 which slides over surface 1190
of end cap 1126. The stylus nib includes a slot 1181 which extendsAPR 2004
obliquely along the flat surface 1191. The 5 printhead 1120 includes a
rotary capper 1183. The capper is novable between a first and second
operative positions. In the fast position the ink ejection nozzles of the
printhead woauswsered and preferably sealed to prevenjordivghsishsof the ink
in the printhead and ingress of foreign material or both. In the second
position the ink ejection nozzles of the printhead are not covered and the
printhead may operate. The capper 1183_jgcludes an arm 1185 whi ch engages

the sl ot 118Holdingits a &ap i (ﬁ%&ﬁe@&g&gm&%m@oﬁﬁé %wfn |1ﬁéde>/ﬁznt@12t he

printhead th lus.nib is
under no | oa g%(gg,ggg,g? u|[1141¢§ al‘Jf"ggnded ltg‘ﬂté"eé%tve e“r'e’&é“f'en TR am“rdg%%“ﬁgédﬁl on and
when the st yidecepry “‘F%%P@%@éﬂhﬁtﬂézoc%’pﬂ?m\eSﬂnmﬁdﬂmd@eéwdwmé%n The
capper 1183 prevyssor ard @iibpdiscesied inddter @ftioBbhf thisdatuimedd f or t he print head 1120, so
the printhead can only operate where the capper is in the second operative
posi ti ong Th sI oto Syzrhave an oblique portion to open and cl ose the capper
and then a § ShPER=Rdi ng axially where no novenent of the capper
occurs with st yI usfngmebmmmemmben 1255 adtirlidy Id-dEedMRer AU ARIP ERinfehelD TRGEahb:ON The
constructi on, gige as.ﬁ@w@r@atm il JA%PJMLJ‘QW.S Jn;:g\Q-,d %Qcaﬁadgp?{u kP are

shown in figur i ncl usi ri.n I’s. an assenbl y of
four layers Tﬁ'@%‘ ’?3’64"" d%%ﬁ ?ﬁﬂ%ghﬁ)‘f"%’a&%’%‘; ﬁ%{?f"b‘?" WHSY B PP 2 Layer
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standard semapirlwes ¥ss nitkted ofdcl 2R 129 whiG e IMESs 11463Y B Sruitg 0214 1ile304 are
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the ink to the |ndk°ej ec |or§°a‘gw ces 1310 fromthe ink inlets 1182. The
llayer 1308 is al sornebdusaiicierad daphbi aaa;ashaé%ne cem&rfs&roﬁaeﬁk&b@&e@lbmetdﬂnﬁmrt ures
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1120 has f oufflipapessibla) ctst Ehe pro@ord2d oft theeperi REB 1254 emtobtomthisl mfoimeds frdrd hécaaridee
arranged i Nt gnd cavge the Ricsat afibu@ 3k paifmeyhilmhnex&tsdgd $114 243 Gotudé ah ﬁdh@ds |w){xclpUt war ds
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ej ection devic I's. connect e

devices 30 ¢ 6%%%“@?’ &ty "tfi‘)s"flf‘?é The by "ia’h‘Rd‘id’n‘} @FSPQE"(‘M?P F%fd@“‘a‘ "é"é‘fde‘d?54 “ﬁ‘r{'g*\e i ect i on
devi ces. The whighithe aje264 ipyisitdhe Viug éos inslBk(r calprevartridgevherg@iir aurputaray @miedified meyi des of

a radi al |i niave adaibe¥sipe Sddlel B68§ Whick |s GiSRE thrB@E”u&'H@m&isa&nQJlecttakﬁiﬂEr ne@pbers. (Is
there any Ogliaﬁé’ thd sﬁ&ﬁ 99875)) thatTnEg( li;’lélﬁ VseadjaJeﬁt Egﬁqu{% 68&* *m&-h?a&tidrge with %c? e qes 1310

are arrggged sy *. the center at a
spaci ng“of 35“'3 i W‘ qve bé’ Toﬁ?'%‘?f‘f“lft“éed'“‘f K4 exdin e?b"b’fsy ?*F'ﬁé%b“‘e‘oﬂ"" i nk
gj ection detingd®le1310 may be nore or less than 12. Sinilarly there may be
nore or less than four ink inlets 1182. 35 Preferably there are an equal
nunber of |i peentRaEaniishBk inlet 1182. If a single ink is used in the

cartridge the ink inlets need not feed equal nunbers of "lines" of ink
e] ection devi ces. Figures 14 and 15 show in detail a preferred arrangement printhead and stylus nib for use in the

cartridge and pen of the present invention and as used in the cartridges of figures 5, 6 & 8. As such the same

30 parts have the same reference numbers.

The printhead 1120 is mounted 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
four ink galleries 1178 which each exit into the recess 1176 at ink outlets 1180. These outlets communicate
with ink inlets 1182 of printhead 1120.

35 The stylus nib 1118 is mounted in a slot 1184 of nib cap 1152 and held in place by surface 1190 of




2 3 APR 2004 WO 01/ 30590 PCT/ AUO0/ 01278 -14- The layer 1306 incl udes a tab
1311 on which there are provided a nunber of sets of electrical cagntro
contacts 1312. For clarity only four contacts are shown; it mnllzﬁéWRZWL
appreci ated that there nay be nore, depending on the nunber of different
color inks used and the degree of control desired over each individual ink
ej ection device 1310 and other requirenents. The printhead is nounted on

t he PCB lilwdotizesdoondi ng the 5 tab onto the PCB 1114. PR&ABISE78 | ca
contacts 1312 engage correspondi ng contacts (not shown) on the PCB 1114.
The | ayer 1306 includes control circuitry for each ink ejection device to
control the device when turned on. Howe®er, generally, all higher |evel
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30 connected to the same ink inlet constitute a set of ink ejection devices. The ink ejection devices 1310 are

arranged on alternate sides of a radial line, which results in closer radial spacing of their centers.(Is there any
other reason?). The twelve “lines” of ink ejection devices 1310 are arranged symmetrically about the center
1300 of the printhead, at a spacing of 30°. It will be appreciated that the number of “lines” of ink ejection
devices 1310 may be more or less than 12. Similarly there may be more or less than four ink inlets 1182.
35 Preferably there are an equal number of lines for each ink inlet 1182. If a single ink is used in the cartridge the

ink inlets need not feed equal numbers of “lines” of ink ejection devices.




wi dth as the radial- di stance increases. The capper is substantially planar
with eight | egs 1322 extendi ng downwards fromthe periphery of 35 the

| ower surface 1326. These | egs are spaced equal |y about the circurfflekRng#,
and engage in corresponding slots 1328 formed in the peripheral edge of the
upper surface 1329 of the upper layer 1308. The slots are rectangular with
rounded i nner corners. The inner surface 1330 of the slots 1328 and the
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between the apertures 1318 overlies the apertures 1320 in the upper layer 1308. Thus ink cannot escape from

the printhead and foreign material cannot enter into the apertures 1320 and the ink ejection devices to possibly
cause a blockage. The apertures 1318 are preferably formed in the capper 1183 using standard semiconductor
etching methods. In the embodiment shown each aperture is equivalent to a series of overlapping cylindrical
30 bores, the diameter of which is a function of radial distance from the capper’s center 1300. Alternatively the
apertures may be defined by two radially extending lines at a small angle to each other. It will be appreciated
that the outside of the capper moves more than the inside when rotated so the apertures need to increase in

width as the radial distance increases.

The capper is substantially planar with eight legs 1322 extending downwards from the periphery of

35 the lower surface 1326. These legs are spaced equally about the circumference and engage in corresponding
slots 1328 formed in the peripheral edge of the upper surface 1329 of the upper layer 1308. The slots are
rectangular with rounded inner corners. The inner surface 1330 of the slots 1328 and the inner surface 1332 of




The rear surface of the bottomlayer 1302 is provided with four ink inlets
1182. These inlets are oval shaped on the rear surface for apero&j mely
hal f the thickness of the |ayer 1302 and then continue as a 30 é' 8
aperture 1340 through to the upper surface. The rear surface of the |ayer
1302 al so has four grooves 1342, 1344, 1346 and 1348 |ocated in the
central region. There are a nunber of holes that extend fromthe grooves
through thgolepssy 1302 (see figures 21 and 24). The | geausithigce of the

| ower | ayer 1302 seals against the end cap 1126 so these grooves define
seal ed passageways. As nentioned above, there are four ink inlets and
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interleaved. In conventional printers the ink ejection devices are arranged in parallel rows and so all the

different inks may be supplied to each row from either or both ends of the row. In a radial arrangement this is

not possible.

The rear surface of the bottom layer 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

30 circular aperture 1340 through to the upper surface. The rear surface of the layer 1302 also has four grooves
1342, 1344, 1346 and 1348 located in the central region. There are a number of holes that extend from the

grooves through the layer 1302 (see figures 21 and 24). The lower surface of the 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

35 three lines of ink ejection devices need to receive ink from the same ink inlet. Referring to figure 21 a first set




25 The display may be omtted and the user nmerely rely on drawing a sanple-
line to obtain the desired attributes. The potentioneters may

rather than rotary potentioneters. It will be appreciated that er col or
control nodels may be used. Instead of controlling HSV the potentioneters
may control Red, Geen, & Blue (ROB) attributes or the relative anmounts of
Cyan, Magenta and Yellow (CW) inks deposited. The pen may be provi ded

Wi th an abiyoigiysd0 al |l ow the potentioneters to 30 chaegRuadbzef HSY. RGB
or CW. Color control via cycle buttons Figure 24 shows a pen 1420

i ncluding a pen body 1422 and a repl aceable four color ink cartridge 1114.
The pen body 1422 includes a col or disp%Ty 1424, preferably an OLED and
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the respective control. A further variation provides a display which outputs numeric values of HSV or text.

25 The display may be omitted and the user merely rely on drawing a sample line to obtain the desired attributes.
 The potentiometers may be linear rather than rotary potentiometers.

It will be appreciated that other color control models may be used. Instead of controlling HSV the

potentiometers may control Red, Green, & Blue (RGB) attributes or the relative amounts of Cyan, Magenta

' and Yellow (CMY) inks deposited. The pen may be provided with an ability to allow the potentiometers to
30 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

35 values. The contro! button 1426 is operable to place the pen in a “select” mode, whereby the buttons 1428 and




provided for cycling through col or conponents individually, such as hue,
saturation and value Col or control via sanpling Netpage sensing 25 Figure
26 shows a pen 1450 having a four color ink cartridge 1114 and gagm@ 2dy
1452. The pen body incorporates the sensor package 1454 described with
reference to figures 9 and 10 and which is capable of imging a substrate.
The pen body includes control buttons 1456 and non vol atile nmenory (not
shown). Theooysesvei s operable to "pick™ a color from amrgrabjemcirs by
"clicking” the stylus nib 1154 agai nst the object either alone or in
conjunction wth pushing an appropriate one of buttons 1456. A color card
1510, shown in figure 30 27 may be providded with a rai nbow of pre defined
colors 1512 1h30rcais @he \pbrl B chydRCthip@h the Blflabasotkd abies with ae ERS lam disphyag 514 f or
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In will be appreciated that a single pen may provide control of color, line type and line width, and
20 other attributes as desired, with a single display and three control buttons, with the selection button causing the
pen 1o cycle through available attributes, such as color, line type and line width. Additionally buttons may be

provided for cycling through color components individually, such as hue, saturation and value

Color control via sampling

Netpage sensing
25 Figure 26 shows a pen 1450 having a four color ink cartridge 1114 and a pen body 1452. The 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 1154 against the object either
alone or in conjunction with pushing an appropriate one of buttons 1456. A color card 1510, shown in figure
30 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

35
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15 appropriate instruction back to the pen. In this regard reference is
made to the figures 9 & 10 enbodi nent which includes appropriate_h rg re
(transmtter and aerial) for transmtting and receiving inforrmti&?’né?stD VZV@‘\
external device. Wiere a pen is connected to a conputer systemthe
attributes of what is printed may be set by the wuser using the conputer
rather than controls on the pen 20 The color card may al so include areas
whi ch al | owoleigosepser to set any other attribute of thepdsiBefssignt ed, such
as line type or Iine width. 25 30 The di splay may be used to display nodal,
sel ection, and status information, including: node nane current
color/texture for draw nglpainting _gurrent line width for draw ng
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Fi gures 28etodesddtaghows a pen 1470 including a replaceable four color ink
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its tSp end. Thenplematypssroriael|igaedy cad @e s dpsipeludy tve sompnand gisy- Te fignt r ol

butt on 1478ea intlads disspiivalynt &rdeodantt b iplada it dolonseladtion M@ &gbk'Omcda whiktrigt PCB

14SP dt oge;eiaﬁarmwna&aesaags ez,goaﬁcm& &x&fom&J?l& aus@lrmeqm,rm.ée&?ea coﬂher«ghhmesﬁo 1479
| NCl ude a s/

ng a smal l
nunber of E&F 6°°1° ‘go"seéfnﬁe'?mgt %]'rdf B’t’J '&1%" g 8“7’%‘? ‘?Ierfﬁq tﬁeag'sdl‘ cgnt act
pads 1482 *fiwo'fdsebefm acting with the cont act pads of the ink cartridge 1114
and fﬂf receivi r}ng Rx%\’ée(/angqg thg%orrc%; %&igb%sm rok ﬁ{f %pcqu%llgoge va-l!';gearesensor

device 1474 is nount secon ga ges wth contacts
(not  showijddHr #shee ‘F% T‘?f““i‘?& inchidgan JERRSodE vt HFsﬁ PEatrt 1 57 mglck e frea

manuf act ur adeploadrderss of FatrgplrehePBRjukRye- be  provi ded on whi ch all conponents are
nount ed. The sensor d vLce 1474 incl udes a chassi n&l dl%?ﬁg Thi s

mol ding is seat €d°TAY PLREIDY CRHERL™ o ERIeH e E“"b i"’ﬁe &RH3Yy and is

i n a subst eanwmited oy nftiagecselvan J 8¢ seives detentipes thsfupcton gpsepiated) with theriagh ﬁ&gﬁs‘@éﬁ‘sor
capabiz® 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.

Where a pen is connected to a computer system the attributes of what is printed may be set by the

_user using the computer rather than controls on the pen

20 The color card may also include areas which allow the user to set any other attribute of the line

printed, such as line type or line width.

The display may be used to display modal, selection, and status information, including:

. mode name

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

. current brush for painting

. first few words of current text selection

. image fragment of current image selection

. URI of hyperlink selection
30 . pen status (power, communication with printer, etc.)

d €Iror messages

Sensing with sensor at top of pen




of sanpling any visible color. The sensor 1486 is preferably a RGB

phot oreceptor. Other point, line or inage sensors may be used. The nol di ng
1484 includes a recess 1488 in which is |ocated a nmovenent sw tciz J1APRO04
This switch 15 is sandw ched between the nolding and the PCB 1483 on which
the i mage sensor 1486 is nmounted. The switch 1490 is normally open but is
cl osed by a conpressive force. A lens nolding 1492, which includes a |ens
1494, is swodmdobyy nounted in the end of the pen and bearavwg®#rdst t he PCB
1482. The nol ding 1492 includes a stand-off ring 1496 to prevent the |ens
1494 contacting a generally planar substrate. Light enters the |ens 1494
and is focused/directed onto the poi-ng,- line or inmage sensor 1496. The | ens
nmol di ng 1492 nayighe 220 3phesech 1ANtipludilza rprrablcddonpioesisiangzed ihe. Bwpanch and
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on the col or di s possi b store custom
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causes t hroviashioh Glch kil QBpdnéntsak astednd t he col or detected by the image sensor
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sanpl ed vmtrgmétlge se sing device may be stored in the nenory for |ater use.
After "cliC |ngay 'ON t he sanpl e the user nmay depress the button 1474 to
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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
30 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 1474 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 colors, such as 5 or 10; storing more

35 colors may be possible but makes selection of the desired color more difficult to the user. Where the memory
has reached capacity, the pen may implement one of a number of schemes for deleting a stored color to make

space for the new color. Deletion may be of the oldest color stored, the color least recently used, the color




" The sensor nmay be used to sanple attributes other than color, such 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 aceable cartridge abf by,
The 10 cartridge may be a nonochronme or four color cartridge. The pen body
i ncludes a control button 1504 and an indicator 1506. The indicator may be
a single or nulti color LED assenbly and nay be separate or i ncorporated
into the ceotot/sdsedoutt on. The pen includes controll er ocrQwbddiyssf or
controlling the printhead 1120 and non volatile menory for storing
attributes of the line printed. The pen has two nodes; a first node in
which it prints the currently selecteghset of attributes and a second node
for sel ect kddOrequamly @ded, ledd CAIGIAMIBOhSREr nQf belfPonipled foi akthigSielerd K Ebldpe4a td GennNOTr Al | Y

N the {1l RAS At bSePGher libib B RO SONTRUR R Gudiser Presses  he

control button referably the contro utton 1504 is |l ocated on the
pen such that i romeosdaBlof biB@tich Bre pésSRd; for Bistanté kel plirhay adtnadalis@ Al &lpisa pr ess t he

but t on but cfols s Lﬁa Ashdihe @sgrqxﬁ,&%hbmmam&dm@m%mc tnmnés %oen%eme pen
1508, alt% u IS requlres two hands Eét?{fﬁ ar the nib area
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i ndi cat es mdwoxy fdygtoripg{pempdrary”lgedors. ndi cat or 1506. The 20 indi cator may be
inactive in the first node and flash or change col or i cond node. |If
desired the i naﬁrh?:sé‘fs?fr‘mwﬁﬁ“‘g SR f‘?‘g“ée““\‘b %’ﬁ‘g‘?”é“?ﬁ?'@u“@ﬂ’ af"]é’esf&@al | abl e sets
of attributes the user nerely draws a line on a piece of paper or the

i ke. As dL|mmsedccabmmotbmmwh@t head is only activated when the styl us

nib is pressed a cyc ug e
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t hr ough al indiemmyebsontied.al | gr oups sequentially. 2 3 APR 2004 V\D 01/ 30590
PCT/ AU00/ 01278 -21 | NDI RECT PRI NTI NG Al t hough direct printin ink onto a
substrate is thelOF¥E BRI AHUORCTIRG HRERBLST MR REL 500 HSH Pﬁ"? ° possi bl e.
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i npl ement . cyfing Birbbdh the Gfsl ch W lirigfeith by 64 doftientefient & cQORloBGIwingl Ih the fréi@repRfe. The

rol | ess spi RgudaR6l Vit Whs de&h. A% aRiv@f seljiEurh YolsH > theSQurrl P Alerib@S sel FA&uie

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 sets. The attribute sets may be colors,
30 line widths, line styles or any other characteristic which may be changed, or a combination of such
characteristics. The pen may have a number of groups of attribute sets, such that a first group allows color
selection, a second group allows line style selection and a third group allows line width selection, for example.
Selecting the appropriate group to modify may be achieved using the control button 1504. Alternatively one

may cycle through all members of all groups sequentially.




5 roller is dragged across the page, it automatically orients itself so
that it is at right angles to the direction of notion. The Mnjet
printhead is nmounted behind the roller. It prints onto the back 2f ARhEQ,
roller, and the roller transfers the printed i mage onto the page. A snall
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 cl ean
surface. TWeopsdsstt head reproduces a contone col or i maggyAtosoidhst her ed

bi -1 evel CW or CMYK. The stylus can be programmed to 10 produce any
colored, textured continuous |line or paint stroke. The rate of printing is
dictated by the speed of novenent ofsf{he roller relative to the page. This
can be detgpRachashriv@ several ways, e.g. fromthe actual rotation of the
roller, or by continuously inmaging the surface and detecting nmovenent in
the same way as “é“‘°“§'é‘t‘,‘i?mﬂ’!“g‘é?fé‘g‘8f“? HosEt it herefoe pamting rprthods pdiece BATpES and
decodi ng t pesibleap sofll Menge Ipfintha@ipgan b ussdtof ca@uct al hrdversal Yrhwisg ioglemeat domie swi t ched
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position. Qhers

such as pri.nting.a d d a re dependant on tine
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a dot - -dagfudnloNfe BRY ol cSHiAYRIY Whabiby ROMAce 1@ RELd: HeSRaSH dlesRL §& vari ati ons
| n pen Speed«:)'n héaepa%on%turé |;noueszl.c fr%cgessinagn%deacl mothe Osc; ISE}—e i} heac% i ncluding: 25 30
St roke styf%€ LETETORYH PE™ F 2t "e nmage, gproé’ecf“ura P géggci ty texture
(flat, image, prieafiilcalakso beVvikhd R Bn-mehsShdad) SoviatdPih Ra{I6Y bo@ bR aad | ON)

Det eryg nes_stroke . wi dth Determnes "cap” and corner shapes Varying style

with Time [Speed &troke width 2 3 APR 2004 WD 01/30590 PCT/ AUOO/ 01278 - 22
5

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
20 line width are independent of time and position. Others, such as printing a dotted line a re 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:

25 Stroke style
Color texture (flat, image, procedural)
Opacity texture (flat, image, procedural)
Nib shape (2D shape, 3D shape, orientation)

Determines stroke width
30 Determines “cap” and corner shapes
Varying style with

Time (speed)

Stroke width




10 Opacity (airbrush) Space (including orientation) "Reveal" inmage
"Checkered paint" Dashed |ine Rainbow colors "inmage hose" Location
On/off Specific style/current style Tilt 15 20 25 3D ni b shape 7 FaPR &k
("pressure") Stroke width Opacity (airbrush) Sinulated physics of nib,

i nk, 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 wonoksyp Diffusion Viscosity Mxing Kubel ketiundoimel or nodel
Sinul ated |ighting Light source direction and color Col or physics of nedia
Layering topography Exanples Pen 2 3 APR 2004 5

.22.
Opacity (airbrush)

Space (including orientation)
“Reveal” image
“Checkered paint”
5 ' Dashed line
Rainbow colors
“Image hose”
Location
On/off
10 Specific style/current style
Tilt
3D nib shape
Force (“pressure’)
_ Stroke width
15 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
Layeriné (stroke on canvas and stroke on stroke)
20 Diffusion
Viscosity
Mixing,
Kubelka-Munk color model
Simulated lighting
25 Light source direction and color
Color physics of media
Layering topography
Examples

Pen




10 WO 01/ 30590 PCT/ AU00/ 01278 Bal | -point Calligraphy Pencil Gaphite
Color Charcoal GO paint Wter color Crayon Pastel -23 In this regard
reference is made to our earlier applications USSN 09/112, 777 (ddckaRR A8k
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 15 The
enbodi nent of figures 9 & 10 optionally includes an accel eronmeter. This
accel er onefyglo15p89¢ be used to provide relative notion pgenAwwdA@7ROSI ti oni ng
within a pen stroke or a nunber of strokes. This notion may be recorded
and used to provide a digital ink record of the user's strokes. Relative
notion sensing may be achieved by otdyer nmeans , such as gyroscopes or use
of a rolling ball inggptiact with the substrate. Absolute positioning
within a stroke is nore desirable. The pen of figures 9 & 10 has net page
20 functionality -it casigegpabl e of detecting and decoding invisible tags
printed on a substrate. This netpage functionality provides the pen with
the ability to fix it%"Hosition on a netpage encoded substrate absol utely
(and thus absolutelmﬁﬁ%&pin a stroke) using the absol ute positioning
encoded in the tags. ternatively the pen may rely on the grid based

| ayouts of the tags tocgmrovi de absol ute positioning within the stroke

wi t hout decoding the tags. Absolute positioning within the stroke may be
achi eved using ot her @495, such as inmaging the surface 25 of the
substrate and using t?faksxture of the substrate to detect novenment. As
nment i oned above use o %etpage tags enabl es absol ute positioning within a
page. This enables tWaepast to be controlled by a netpage application to
mar k a net page surface. The user noves the pen over the page. As the pen
noves it detects tagsC®®tch enable its absolute position on the page to be
est abjq4 shed. The nete&ge application controls the pen to mark the page
according to its position. As such the en can be used to 30 "reveal" an

i mage by rubbi ngnthbegsd ikriBe ©MRIE tololir@arkiecedppiicaiads USEN /1277 Dfockdnm. sRIGO. COVPUTER
| NTERFACE $0& BRI 8 (dbdkd WcCarrady BssnSoon 84002 @i6ck& e bAraer) aRtudsisook WRs4RY

communi cation wth a netpage server.
(docket no. ARTS2).

MOTION SENSING

15 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 nétpage

20 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

25 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

30 “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.




- Z3 APR 204 WO 01/ 30590 PCT/ AU00/ 01278 -24- Using appropriate software it 'is
possible to control the attributes of the marking device froma nfigﬁgf@[‘
application. For exanple, the user may pick a color, a palette of
nib styles or line styles and downl oad these into the pen's nmenory. The
net page tags may encode a function or |ocation; the pen may have stored in
menory functions, 5 so that the pen can be controlled by sensed tags
wi t hout th¥omeee¥9%t o revert to a netpage server. Locat i RIT/AD6E278
interpretation usually needs to be carried out by the netpage server. The
net page systemincludes a feature referred to as "digital ink" whereby the
systemrecords the path of the pen,-24- enabl e recordal of signatures. The
pen of fi gusinggppBpdatelsOftvaredyis dessibld faaorgrbli thei atfbuteofthesraprking leyicel front ieetpagst y| e of
the digit aAppucﬁk., poT BEmAE Be BBYnad FidklASdTdrla phi€ite b 1610k &b PG 156 E)(é8 find bid¥hiedaaL | ON
relation to. ane or .more 10 attributes of the visible markings placed on the
substrate. “THese pe‘t’frlmbﬁt es include but are not limted to color, |line

wi dt h ag(é CITI ne Sxth%lesage (R HAY RS faridtibn 6fiocitBR 1D e mERBNR StorBYin inditry andshs, Short _
range , eueto Qlea 542 NG, e n 1 Qve , sion, via
a local relay & Bl %"ﬁq{dby "%‘dfags otnt‘e ortvie%ﬁc%ﬁatépq ﬁa%@%?m %er manent
wired conn@%‘?‘i"‘éfﬁ““sﬂ"i???Pﬁt?rb%ﬁa?‘%“‘rbéﬁe’t?f?i‘?ﬁé‘?&’ﬁ on may be useful for
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devi ce® WhiwGbuteablR isiblb Rarapd Ricdth @ subdid) TRS: alrfbeEsTRIuddDit s n@ hiSie@ddole@l ect r oni ¢
paper typehrﬁa@xdlh%)lmegry% nters, which change the state of electronically
changeabl e el enents of a substrate For a 20 better understandi ng of

el ectronical | y amiminwiration ks he paafn@yte dg énfrargl, shetl @ngeQDET, Batteni o long rdde/, 584,
6,124, 851, CD§1A139‘4)8§<90 trﬁsn;ligign ALY locﬁyrélay&Blﬁ&ﬁtha@%oﬁe %Ze)olgﬁya tﬁlﬂrmﬂ%' gned to

E Ink Corporation, the c ent s rein by reference.
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i ncl ude sone of the features of the |nvent| on, sone or all of the features
di scl ®8ed conctwsmnor nore di fferent enbodi nents nmay be combined 25
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1t will be appreciated that whilst the embodiments described each only include some of the features

of the invention, some or all of the features disclosed in two or more different embodiments may be combined
25 together.

The present invention has been described with reference to a preferred embodiment and number of

specific alternative embodiments. However, it will be appreciated by those skilled in the relevant fields that a

number of other embodiments, differing from those specifically described, will also fall within the spirit and

scope of the present invention. Accordingly, it will be understood that the invention is not intended to be

30 Jimited 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.




Repl acenent page 22 APR 2004 -25 CLAIM5S 1. A pen including a marking
device and operative to mark a visible path onto a surface, the nmgrikARRI00,
device being electronically controllable to change theR F%#’-ﬂ" e | east
one attribute of the path, the pen including a user interface reby a
user may nodify the value of the at |east one attribute; ZAP'R& ik further
including: a nenory for storing different sets of val ueg f thg | east
one attribute, and a sel ection node whegein a user nay cause the pen to
cycle through said stored sets by sequentially marking separate paths, the
set of attribute values applied to eatamsith being different fromthe set
of attribute values applied to the preceding path. 10 2. The pen of claim
1 wher ei f- t he Aiseincldipecpaieng derie | ersraiye to wak ¢ Vighle p&h préet sugzee.dte Magdgt one
control .ton or | lider t I ton. 3.
The pen oF ustaneer b ARE & lshneah S bR} ARG SUMER g

di spl ayi ngning QliseBhti@0e Wiktedy 4 Rk a9 nfoBifyl thévai@biu Ofeast die atdifbutb,east one
attribute. 4. The pen of claim 1l wherein the nenory al so stores at | east
one duser def i nigdesittheohcltdre: val ue of the at |east one attribute. 20 6. The
pen of claim1l wherein the stored sets of values of the at |east one
attribute can AeFopdorsipenedifaspt sgf wer ofitheyt leasipe 4YiPre 3t or mati on on a
di splay. 9. The pen of claim1l further including at |east one sensing

devi ce capabl e atlegiemsodegyherpingesr vy cewt te sende cyble thrrugndidvordi fofs by geaquéngiallyal ue
of the at | east one attribute_based on the sensed. i rr_atges or colors. .25 10.
The pen &RIUEATARIE Pitbfetneicholeiduiserins gPrLpdip cach pithdheing diffprent fom fheoset W dfiribyiss | ned
set of v one attribute and wherein a user defined set
i ncl udes%@%%%@gd é?‘?@%%fd{l‘gga?n&'the sensed i mages or colors. 2 3 APR 204

Rep] acenent page 2 2 APR 2004 -26 11. The pen of claim6 wherein the or at
| ea one of a plurality of sensor devices is capable of sensing inmages

i ncl udi ng cod ehati LI e Sdntbim 8
T g e e e e

val ue of v ot 1dad 3 slidn endat kdst k@ urblbui@sponse to the sensed decoded dat a.
13. The pen of claim1l further including a receiver for receiving commands
froman external control

3. The pen of claim 1 wherein the user interface includes a display for displaying information relating
15 to the value of the at least one attribute.
4. The pen of claim 1 wherein the memory also stores at least one user defined set of the value of the at

least one attribute.

20 6. 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.

9. 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
10. 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.




source, the value of the at |east one attribute being changed in response
to said received commands. 10 14. The pen of claim1 |ncI udi ng a pd3iAPR @bk
sensing device or a notion sensing device or both and r?‘@hﬁf’a t he at
| east one attribute is dependant on the relative position o e pen, the
rel ative speed of the pen or both. 15 15. The pen of CQ qugrel n the
val ue of the at | east one attribute includes marking or not mar Ki ng. 16.
The pen of claiml further including a28en nmarking stylus nib. 17. The pen
of claim1l wherein the marking device is part of a user replaceable
cartridge. 20 18. The pen of claim 14 further including neans for deriving
i nf or mat i1dn fr%ﬁpﬂ.nlwécluaﬁtwhm@llg@eloedt et prg of opluralffeofiseriseralevides is papabdgof paERE one
attribute. 4’1 n of claim314 wherein the function of the user
i nt erfacémi"gs?S ’3?1“ “@é’g‘fedBﬁ??la%f}glt?/a“a‘g‘ﬁ?ndant on 25 information derived from
the cartridge. 2 3 APR 2004 | NTERNATI ONAL SEARCH REPORT I nt er nati onal
application No. | PCT/AU00/ 01278 A. CLASSI FI CATI ON OF SUBJECT MATTER Int.
G .'5 B43K 8/ 2%e peh 6f Oflm 82¢khdiGncluding BcABL0 Betbdr@hetcodel] Bitedmt atchmpathe RRat ent
Classification (IPC) or to both national classification and | PC B. FIELDS
SEARCHED thd ahlerstione didbutrinresatrisote thosesedidecddqddrtassi f i cati on system fol | owed by
classification synbols) B43K, B41J Docunentation searched other than
m ni mum docunentation to the extent that such documents are included in the
fields sear che 'l?x gén%%l ugm'ﬁﬁ'th cﬁ)dgg§1%ce%pf§1"{]eée§ Maﬂ& ﬁtoﬂecm E)&In%[ &ﬁttrdlonal
search (nanme o ase an where practi cabF’ search terns used) DWPI:
| PC AS ABGNME, AN ORI ()x(eE&xElﬁfERémg dbbged Alrekpothmﬂ?R@ﬁeﬂ,coﬂlﬁrﬁsb, COWVPUT)
AND ( CONT ROL+ OPERAT+, MODI F+, CHANG+, ALTER+, SELECT+, BUTTOM, | NPUT+)
AND!Q ATTRI BUTE, CHARACT ERI +, FEATUR+, OPTI ON+, ALTERNAT+, VARI ABL+,
COLOURY) ) C DERED. TO BE RELEVANT Cat eqor
docurent , i  HP AgHeE &flfnﬁrfm;%ﬁléfg%&weaﬁ?% i o B fropae gk Eyighr ol 3o
passages g@fngmtat ofRe il PR dopShBn @A A 23 v Ak RSTELINGS, B retivdsp@B ol el 1996
or both.

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

20
18. The pen of claim 14 further including means for deriving information from the cartridge relating to

the value of the at least one attribute.

19. The pen of claim 14 wherein the function of the user interface is at least partially dependant on

25 information derived from the cartridge.
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