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reservoir has an enlarged transverse Cross section

al on g @y C%@-LTJIBQR‘ plglfohaissta #nd Laﬁﬁtﬁ@ 3B that kit Bk 69 ¥Rl o8d okt FonBRGEe
BY G Oh | bl D D Bs ttttgappcﬁpof &b&%ﬁg@%m@t@mﬁ%@ Entrstg@ &@mtge@stm

t
:: I,?gt%eaé{g tﬂereg.h tﬂ% %mtédﬁtancrcas]?s%le cagac% whﬁe a{lnmnF 'g% rﬁahvegy flifiy encrs thc er

C ArpPosest aetheghimppiding adjogposing eof afgie geg °ha§&’ﬁ I%Brﬂfeﬁi* 8 méﬂ&‘&% e 6%“" dee
b eimtheside paids teemetd to ofnove Fefoorphnsqs akep repladigeshs °ﬂw%a%% the fhigner

C ap&ad o dch\addiof (B catriligd Wilon @ tokda e & @ll goint aitashpportdia the npmagditgendbe
S URR@ cheBd tndtforcd BBor el othIPAAL, Aild G @AEdRfRIAO SorifdPindeeinel u@fnk t he
pep.ghassis. In a hbtpage pen, inserting the cartridge
fromthe side avoids the need to renove the force
sensor when replacing the cartridge., Again, the |

© hi rn PG e A HEAEROe EA ReE Hgeai1 ow

| Prefeble hepmyieamaledyedid stlpoiith ¢ o serses espspBlYs bad dhe fepyidesidelfhin o stylus
NBudh it thepmitcisitiond Sd cithe E@ugdtabods Ag dhg @het dadof frorlamtc Sl Siepges gt force
t bﬁsopgsdarﬁ:rly a6k eMigii:Jn&ts tuR@rce ﬁjas&'ra@@ﬂiy s dﬂéld@eaﬂ@ Enbrib@ Teceive an
I %Jt %%2?% §c sLth@ a.tld %mmﬁ@r@&%rt&é/ the 1&%&%&& ﬂ@ lall (Mtput Eu ,nn.lﬁ m@@aﬁ&e bt t@g e
I Sps ad%earu:[gl e]_i; aeutun%tgle oppoflrﬁ eng gf%w elonga(t)e c¥rlni ] su‘gﬁ%t &Quput

e FmOlr ectroni
o B CREPRRFS <! ‘1°’61?°Eeé‘ °§t€‘-‘rf%"8f fozce %”é‘i‘f‘ﬁi";?a“*f‘é{ﬁ‘b‘”tﬂ’ﬁ " tri dge
is held in the stylus 20 such that the nib is at one
end ofrrdidaely Bt daga teridyoisiyas@ingling: ivelod biade mexber. D Mitthgepreferred
e leah 88516 RS Y AHES sk CprbxPiafe e SICRAS O 2 AES LRy betwhen the
S ‘ﬂﬁ@: sﬁ'ﬁpaggll § mouﬁdﬁgbliség Ehg Qon&%%%gge m&ﬁ@clay benﬁgﬁnegﬁae’r oad

e to be sensed
b i orsP BT A mer B P0G, o Pt o o
output signal indicative of the |nput force, the | oad
beari rfgafeppéiw@e ircuitonig atpp:pq:g&quﬁém}gwglﬁ Howevam e c@@ttrf W@d alsobea

€ kpRgateer itiadtite fird Gasing tiehit. Trhstthertoptien, Mgy w0 engptical force sensor.
c mmes BrSreredErmAtd 163k b QPRABE B o Htrudiod QitGUIAL BLHr edpthe Gt waih
t h e e ag HM@J{J%F@L&QO ¥Jc Eaﬁt%%eqlgsrats&hag g'&rusugéxtcgiuéfc&éa@pét% its

n ate C € IS DlLase al%a tDSt

b rsl.lc %lecf.t of Oﬂ Frigaﬁes the munq S e ]L:rusmn from(ah %ad bearing
e FeFFhefa e pstisrley Pf&tgr@d fraps thooysipgds aé"tﬁ‘fs‘f forcs °Lﬁ?“5&<n%‘ﬁ+a‘t1"éd PhY
Nibbpremmgon fromttle load briadyg inpnperatadrpmmtd ol vesefr etdagins He taar#ﬁgfe

S btk a sP SrilcbhRsiia $6ins thd Bddin gl Agreddis aG RS te hverided oMY atagic

C At diddenagaldst Lhg, | 0ad bearing member. Typically,
this bias is between 0.1 Newtons and 0.2 Newt ons

(approx | g -20g). 30
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Preferably, the circuitry is a piezoresistive bridge
circuit. However, the circuitry could also be a
capacitative or inductive force sensing circuit. In
anot her option, the circuitry may be an optical force
sensor. In a further preferred form the |oad bearing
menber has a protrusion with round end for engagenent
with the cartridge. In anoth%r preferred form the
cartridge has a simlar protrusion extending centrally
fromits 35 end such that e di I f

ot ot 1 Ul B e T s Pkl el nR Lo e o
f POy Pueferatty s dpdberaipg igber FETRRP @ AP E Y R ﬁi BpYEy
preferred form the housing defines a recess for the
Ci I CUI dpyicubady@refefdd BritedmB ek o0but sidndl Gonptheairquitrs fuppprt § hargyrifsh e
| pagduReakiyng menber extends proud of the recess for
engagi ng the cartridge. Preferably, a stop surface
posi tioned around the o eni%% to thq,&ggpggu%ngages
the caFPryaaets PrMi ™ Cr 48P e G0 fat ronrof —t he

f or ce 2detpeare rwspfptesiinsapgt forp Typj cal |y, the force

S €NS 0k seaag iy forroiverting i fujupforredudo 4 signebladirative o therpnt fpreFa’d or ce
of 5 Newt f8ge: (Rl i@ XeceivinpDQppli fordPind hrdebsafayially triageriing B the
beaflAQ IRk iGA A% 4P t0 100 mcrons relative to

t he chassi In a2 particul arly preferred embodi ment,
t he o@?ﬁﬁ%ﬁgfﬁﬁ%.mgﬁgﬁ??ﬁ%g%#f§Uitry support a hand

witing 5 recognition facility. In a second aspect
t he presdingto i froBreldtd prost BAFretE &vestion grvdes 8 BBl 4 SEIIT
conpr iasdlaagte boda | oad beari ng nmenber for receiving an

i Nput 2 fiPExGRiing BonbRNGOI HEddnGtdbddy;f Or converting the input
for e , i MuQyifh ShiBleoliRbtidbinkg; Of the input force;

and, 10 a Lo £o.1LANSL AL, GOURIAG f ALl SEELMING, A0
appl i é§"force an at | east E%rtlaf M}tragsﬁ;rglqgﬂ&&
to th&®or B sEs MR ar ALt HES TRt For de™
whrdipllycppsfertintg & togh fohd berdnems s et e YaBaf 186 ce are not
co- | i meaplied Pecnd iy fr@argnotdotie] v rel at ed aspect, the
present invention provides an electronic stylus

CONMPI iydih Alise of A Bredtinsl] QRER IR sRR Yot and okt bEN @IdH e G bra@M
nggd IE fﬂegp g%dytwrﬂt% thee ling Qagrzla‘a{g&? g&o@éﬁ wnd re%laJe.oﬁlg feggtﬁle&:’:’]rgup 'HQ;%ad

for re I'ng an 1 npu rce, .a sensor. circyit I
COFRERYT PG R AT A B i Lgrh e e ot b
t bpist Py fhordfigiseratential g damage P g BES FRANEP EFEERIITGm B

I @esH vridrygpedimitsaid plo bred thf Srsereirgipn g nissasietesic grpltcespf of tpgntire
nkdp, and at least 20 partially transferring it to the
| oad bearing nenber as the input force; wherein during

! h | d f i | stit'de o frection
use re%rrgb?}p %t%rﬁe%?:ﬁgrrcgughélgg %1 Jeg%t cIOIBi@LHJd er Qs Qs JLQ:I dire

co-linear. e u orce transfer co i ng,
C e ereei e B PSR b0 Tt P R L A o

r expreidin wheft pialsthorprresseis thpypliohiorery hwrmcélafg' Bt e s P4 PATTR

| Senib@ BRRAL@Ane@f ek bovep begiiom at ilihié pdintyuehdhat e dnme forse is peependicylanty the
NBYieSeL Prefdiblyl € bB@R:d EQIIDNREhes@bt cubit it BA busha@ methitads dorddained
C%Eu!s{ Iétgagcﬁspfachgen; iptﬁdenl) foén%e btﬁelr PP GhaR0s Q::mé AHSdikhehE) Ge bIAEA
Ss'.:e%{ilonlél Fa.veh aa?r ugte Etealal lcrosg s(.)eclz J;]& o Q#}l.lcbe) c nl?alé{tﬁ'icgorrl%;ﬂaethé 1<§id éeﬁ'ﬁgmember and the
pSTERITHT 107 “dafage to the Torce Sensor. The” @
dleserel peatEinti poraygbenont begsins EPR YT R AB B EC Y B SR A Th

| fessionvif e foreprvadsfereaklinehe sensor circuitry, which
necessitates the replacenent of the entire PCB. 30

Pr e]t e mmeygml%ogim&m th@rfo@ce bR S8 is DOURIid Rent that BR O hpPIRE R
can L L i fefofald fob e

stlg ew t 0 a‘t‘ﬁﬁ gmgmbeﬁ %ﬁ%%tﬁhlfe %?dég%.&%lmgmae}' f(iqﬂl}1 r"%’%‘?’”‘% referred
form the elenent is a double bowed section that bows
outwardly when axially conpressed by the applied
force. Ina particularly preferred form the | oad

beari ng



menber engages one of the bowed sections at its md
poi nt such that the input force is perpendicular to
the applied force. Preferably, the bowed section that
does not contact the | oad bearing nenber is

constrai ned 35 against |ateral displacenent in order
to stiffen the other bowed section. In sone

enbodi nents, the bowed sections have an arcuate

| ateral cross section to reduc@ contact friction with
the | oad bearing menber and 8he lateral constraint.
Opttieficrepsyre 2ofs prch thagiinpprdosse isRrgrerioris forthe aprlied forqe) Etgferably, the

pr lotiutisiud has fog viscodmindiow shepgfotedy.eln powweidoding e th hydeuigfiii § @silicon
f Ofel: @referbb@iis hifauifs OhidDik doftfned i DredeNoirSi18R pAINQAHABHY Bxibld he

f OfffBrarde GRNEE tﬁJ ap;ﬁéh%?ie bdtGn foShy@anfVHla Rhibd 1 RRBRAL. dpfRdily, the

s usge to create hydraulic
§rau lcl}gnd ao%rau'cct? on e gaﬁ %xgeanb

pr Sure acting beari ng menber. In a

partr cularly preferred form the O 8 hydraulic

prie o embodigentsh ey § e brifg pigl. PRjionally, the aib of the

p efep@nichytiih Siall folt tritgs nibSk 4 tebdlarfird pgrgrige dprghetoaltie yib toddnighe load
hyddriad Hhehnber dadhletiatGhe BIRAS theQiMridEh Sod%lttls Yib @unhitd tR\AppSAA RRE to the hydraulic

10 f 005&:&‘11% Prdsdihy %@%&Eﬁ?ﬂ [I{%Iéhﬁm} tb%on%eglﬁ@r% z&o&n&ﬁ'f&h&ys a
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o 5 i
Pl Ifegaglﬁ!heapgcmu‘y igan mtesgrateg cr.rcr.1¥‘. (Ié)tmarntex ont a?’ a{pl{mted rlzuicurt o f m?]peaac cg

con
a YelPER bose raralichip ﬁb’r‘"ﬁl‘r@mﬁﬂ‘@ﬁfﬂi}eﬁ’ﬁ?’gaﬁ tﬁ@' applied force acts

on the hydraulic fluid via the flexible nmenbrane.

Opt i 0N kdmy gmbbdirgent) th ipgib@tidgimemtferd cahi n@lvearg o $00chicro@sg4latisg toOR elbdg@e

| aad. BaskiyNG iR RS imikdko $FBuR b8 Nne du HABRGH, TR,

t Qﬁbo%lﬁnf HLL Sulpt s1gn§1 ﬁ%m Bl 828588 bh L¥EurRld HAGGiakiiy T -

Optionally, the nib of the electronic stylus is a
ball point witing nib with a tubular ink cartridge
ext endP AGFPEH Tt FE AT B SRETH PRSP TET MERF Ty menber
such t#fapinghe end of the cartridge opposite the nib

t r ans v i§z8 bebrdemade nbeidy foang e tieGoutilydor Ry:tHn @ linpig fott o be sensed,
C @id [Rhd bBgag vRERF B SRk agaihdiBe RMLRUEL-Sh@Rab; from the
circui gy support a hand witing recognition facility.

Pref or ablon. e SLLGULL Sl 5,20 L0k SOL 21 atz% gireuit (19

nount e he pl ane of
t he PCB {8 PH-FaTea s Pt it Bniprd VP PR PR eisFier ‘§‘° vrectHe
elertsitals Weely. | n sone enbodi nents, the | oad bearing
menbertedmminnionieeligsed @y thi POt MRtCHmBs Wil hevehoptef thedoaf frging

e knogaditin theltBusRORYN. thai@R big@N@hd Hom tle BiRuit-FiPitticatfvOdt GRinguSorce.
l[imted to a maxi mumof 5 Newtons. In a particul arly

pr ef e rr{ o%mg 8 ggosQ{ relatflz?i s‘gec} [ﬁ\?&rg%ilx i.Ever}non éJrogidcs an clcctromcfstgllus crmp{lsmg:

circui cognition

In a Pﬁf?&mﬁ rect the present |nvent|on provi des a

f or ce o enti ytegpagrdbedng: a housing; 20 a

| cad Ixad telnige tsmbdd @6vatiyonsadat v tiaelehitet oy fonredeiiies 4n Gpig fongpafdr
I SR o @e BNind 166 bibarinh QEnG& bl vidBa HAIRIB directiof d7@e hukShce;
bear i ng ggg@er bei ng bi ased agai nst Lhe darectlon ?f
t he |np sQur c oto tector for
sensi i §h°f°ed ?/mecior (i Sﬁmsmgllﬁv%sm{b HETT5h g‘?m &ngtt e o ght source;
and, CFPEvitepyefegf ‘”@6?%“%%‘1‘“?1’@‘3"%\8 sprgeh @@heéll‘mc'rdlf"fcfﬁ'h‘li*ﬁ%ft“igb‘ﬁ
Ie&eh$MSewge@ by the photo-detector into a range of
25 OUtHpUbmiBiGERY Sehsedh) @6 ghivbldetebibt @aribs vlithlAdvEaRhtio DR Ida@bé@ing

S R0 iV R PRAQr ASISECE R 5Pl Lir YV hdloatD VIR f0rd.
the | oad bearing nmenber within the housing such that
the output signal fromthe circuitry is indicative of
the input force. According to a closely rel ated
aspect, the present invention provides an electronic
stylus conprising: 30 an elongate body; a nib
extending fromone end of the el ongate body, a | oad
beari ng nmenber novably nounted to the el ongate body
for receiving an input force caused by contact on the
ni b, the | oad bearing nenber being biased agai nst the
direction of the input force;
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a light source; 35 a photo-detector for sensing |levels

of illumnation fromthe |ight source; and, circuitry
for converting a range of illum nation | evels sensed
by the photo-detector into a range of output signals;
wherein, the illum nation | evel sensed by the

phot o- detector varies with novenent of the |oad
bearing nenber within the el ongate such that the

out put signal fron1the C|rCU|Pry is indicative of the
i nput force. tical force 1SEen S
nor e r@%@t"p"f%fﬁ‘i’ie Sﬁ“"ﬁ 15 B “"i‘“gglf”sﬁp ’e€ ST PhE afs‘lﬁ n‘i
ambotoREEcrsfiess gomple-drtendeieaaravifegents ofs glerp-aFraic eneth Rapflliess

d @tfleiauto the s rElstietgBmilisso th tolgrangipadwapicestrespive Poppamipsgisip be hifk e
f WholighfoQre@R bregi@f | €ction on the nib is relatively small,
so the tolerancing in a piezo resistive conponent

rFl(re :? : s ! %elrag)ly thfb L‘%t 5fmce hgclétgto the housBr %1\/1? atlgg % ?eg? p%'? of Fllé load bea.rmg

f Gember Faaffﬁwatlﬂﬁ PRy dﬁ‘f‘“"f lé*a@ftedﬁ%imthf’"afg 5f°h ot |‘h88%i‘bffgﬂéﬂe‘h"§‘
mbsiver the LPy eofrepaditie photofidpaton yg fighephesfeard i, the doadpeprparaseber 185 an
t hgrmboliGE v icsiigatkoh Meitzht bdee duChchinhebrphagiengnide e veas
DelseR betlrdSind tigh Ehire SR KGR 10ARE of ARt PO loBt btk eRG R BF s tratevithin

TYLLNGL I aﬁaﬁﬁp%hsa'ffm],mfem% bLa%qut@ﬁgﬂla% wlmr;pﬁg mps%gan
iy

a %%%ﬁl'!sg{gﬁ Eémsfavht é maxanu{n Ccte Ehe sens%rﬁs to sense \{xcgmg thb C an
PR 5] BRSPS R D7l B el v “‘e%ght souree
p lrd tho phete tiateettr vhen g inpyiipree igghe st foyepopudybedged! breyngringrbe foils

t BlRAsRS thelbi ikt froh hephbiOdtséda ghen ttingt fp@tidtzrgul ar | y

preferred form the | oad bearing nenber is biased with

a Spr 'dﬂg,emehl}ehe%g,c sl lsa*aayImsqmeaemf@a%u&ghcqam&;@mm@gm

se sSor _i.s e
b a“i“ﬂ‘é‘ trfvé I%g gﬁmcr?]ns }mﬁuﬂ the Gp some emb?dm%ents §1& {Jlb ?the ehe.ctronm ﬁy‘ijus is
h 6Pj‘§ PAGEIRE oD %fbbélfft"t!ifaémgwiﬂ?deﬁ%ﬂ% g aib f‘m?d ‘51}%3? Peﬁ‘?“ém‘r’@
abuckoreteh cowplinkis ¢ dviachhbiedypt that g qves e ond pche popiddetyieseits Sejet ect or
when the input force is the maxi rumforce, and the
| oad hﬁ@eﬁ]iyr}g frine=Tasal=YeR cf)dﬁkdm)ﬁ 103 BseQ REGAAMESce bATNektheg tﬁﬁpmﬁ Golrgg e

f fnq ggrécmgly E}E}Qltepe}ngtﬁgrtf& tthQ Eutpmgﬂzl d:om%le ELQIQWSU M aGfnd {m%ng ero.
'y, the light source is a . In sone

f?‘é’&’ﬂ“" fe‘nts, the | oad bearing menber has a maxi mum
travel of 100 microns within the housing. In sone
enmbod itadrsttisaspedt freprqyininvestiontppypident freasprppp pstemidy SoMRTEing s g
bal | pGhdbbarivirichbeniyy raditnewi iipkk facstobbwisaly | nk cartri dge
ext endidkgy flckorhBe ifbhidord: @WaK Qipht Bighalli@Rtvdredd o nber
20 Suqlaou;hn@gwtglaﬁmgr%% %opgan.émﬁungthgxﬁﬂum&oab@%g bl an

t
outer s&ctlfnlq'or recefvh.né anfa%:he% contact %rce. amli a co]!{a%sgg ]g tE()JR %IS alljlowewé s euter Jegxbn to

ense
nﬁszfﬁﬁlafﬁf%f s sa°fl°ﬂ5”hﬂéw06*ff§f°fffaeg5°ﬁ?ib%{“m§°6‘o In a
particularly preferred enbodi nent, the out put si gnal
from taberdigd 16 Cdlbiseliylrafates bbfRpOtictpre@nt vnthn yortided an glectrania @G RentpTig:
faci | iddbngadBad:n @ fourth aspect the present invention

provi qgﬁ»ex%%]gﬁo oneseﬁmagem@gm&plaae comorl sing: a |oad

bearin causetﬁ:. co tact

sensed® faP’E,glﬂe’f‘ti'eS}mfméeF mého ﬁhﬂéget Hg” ff%é’m% ﬁ‘fq %fcf) rce
a?’i’é‘tﬁt“but signal indicative of the input f orce; a

coupl icirgnHarvinrgingtie tippiiede DHerduiPrg Fiaﬂﬁl@dicatﬁr@ﬁféerﬁw*tqu%g t he

I Nput aboafi€aing ad ke sdoba €br RBMLERR Ge IRRITRE g theddad be3 iz Butb@ fan
S&Q} Jﬂc@cgl fcrr Qleivin %&b&%%e e Q!Ldla%apgggge@@[t forfa%ﬁgthﬁﬂgr s&ttion
C O mDve gﬁ. Ve { %E lIl,nE:{ Secﬂ?ﬂh hen.%.le COII-‘!&GE 9)1133 exgedg a %& e r S e Ct I O n t O

nove re e i nner section en the contact
force exceeds a threshold. According to a closely
rel ated aspect, the present invention provides an
el ectronic stylus conpri sing:
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an el ongate body; 35 a nib extending fromone end of

the el ongate body; and, a | oad beari ng nenber nounted

to the elongate body for receiving an i nput force

caused by contact on the nib; circuitry for

converting the input force into an output signa

i ndi cative of the input force; a coupling having an

i nner section for transmtting the input force to the

| oad bearing nmenber, an 40 outer section for

recei ving the contact forcelbn the nib and a

col l apsible section for allowing the outer section to

nove r khegihy avalagsitle dedion bbtRnrethe dhagitic Grve witgwiltalives worrddytamic

f QiR BAROS %d%recﬁterﬁ:ﬁﬁcﬂlﬁd@lﬁidd: be hnsmiil td S @kck. I HI@eva, any loads that
L(Je&@é lhg hﬁd, ﬁe%ﬁ]teés gﬂvhgl%; tﬂ@ ﬁpstatx&?sh&k Qa&g Qﬁ{ 81L1£1§f01fce%e%1§er section

%" °°‘3mﬁ ° °‘(’J‘e‘t""‘e“t“’\r/1\n% H‘E %'%t Slt‘%"%‘%‘s Ehol HX o fb‘g‘* St“?"é’r?‘é’arﬁs T "d"‘tqge
HE“%%hsor However, any | oads that exceed the
threshold, regardl ess of whether they are static or
shock k@ad, the edithphiblSdedigalhys 2 fe@k@Ble ddnreOll ok entbetdbeht e 5 Of

t Nirormbid Bub e Sedohs ichIR PSS tib QURY hcoleRiBds 2 BRQEI S @lGhd pRRmed ThE

t %@%&ﬁgﬁe gg% ble s':?'r.b g A %ﬁers of(s&@te!&&ng@ ecgtgthee ti‘t’aﬁclr &),Q{OJ anc?the outer

QTP R ?‘w% o g 5 R ] AL P e Dpforat

d P SF A Rdned fo e EHeqpTeof BRePRFhfREce B0 foippomety okl lopeps dhreshold.

C Grttmctnbofligeng ahedofueddld Srudurd defprasdietiogly wherthegprtactfgree frese¢sed 10

e nibaididNeékraply, tida GsfoelblodriohbIng a fdirbL a6t Bp suFecel biR@IaERS cablbther

S tof Mt Fie® BB A Bat ASTNESBs LSl L ch SRS hORpuFHE clch@ the

0 lT!IL'cglIolcl crg'a%glgf ﬁ?cp ion §G%QI Cil;c Igl.%hméchse Iﬂ%%ﬂ&ély B’%&'}éi m"tﬁ:@ ménnng:mber
y de

eélr co ?_]thes surgace ﬁlﬁ sllp

qbsta*t %“ﬁ‘éﬂ“te"e “gh“{' gté T “t é“’"é"f%"“‘“‘“r‘té’ta‘ T R &) et

ofm%hﬁw%%ﬁPﬁ%@”Wﬁﬁ%%MFHMQWB§F“?ﬁepronnte buckl i ng at a
| ower threshold. |In other enbodi nents, the deformable
St r uctin4 RrticilyreRed @i Sab ¢oGrfthgl is}bia&&h:%ﬂns{ﬁ&@sa@:@dﬁiﬁ%ﬁbefx ayeeily,
%568 5he@een 6. NG SR Aad 2 NERRS GfoRRI1M-20H N8 sl @ EDbAREL, B nib of the
Stitcu&tcl;ttla W 18sh : gnﬂﬁtﬂ LIV ltl{tgm@gt | LRadY b5 RAGER thtr@aagad

egtl‘mg Itsn‘énb Sr%&:? :}étéee coupsqg is aéetaﬁtélile%f»ot that ?tf overrLgE ofr the n(%e (Ppots h Ehe
|Hbut force exceeds the threshold created by friction
between the slip surfaces. Ina particularly preferred
form kel ieSirde beedai is dARBIRE Fo senteS mainu@ lf@s bfis Glesgdne@pex. 500 g).

t i?xgmtjy,\fhe ioiacibgﬁﬁk nﬁﬁ&%&m toll Mﬁm@m&o&mt
respectively define the slip surfaces, the slip

ts ﬁref Iaﬁgs bcf.tllarggre eITe galltbF :ment, el ot?'t%u!t svcgg:il oo tltlargtgc?lgl rel?%gr‘t: a|d19 mthl;F

t Feesdspilidong i s bi ased agalnst the | oad bearing
menber. Typically, this bias is between 0.1 Newtons
and 0.2 Newtons (approx. Qg -20g). In sone

enbodin it Spect hbestht dheddbn pholdifos o Brebbor BRIy Shyikis 1S @

bal | 9&&& witing mb with a tubul ar ink cartridge

ext en fromthe nib toward the | oad bearing nenber
such ﬁh% Tﬂ%“@%UBW?Wﬁgﬁgmgﬁﬁ@?ﬁ%ﬁ%ﬁ1e boot that fits
over t@reprgonging Hdnpsidre miodrpetrs g Sticdverhi tryifye 25
Typi Ca&kduyfing forlrepsriiGrscte inge g o the Igad bearinf mgeredd, t 0 Sense a
maxi md mmfnx%fﬁl&es&fmm%um QS o PPedbetwR e igYsing anfPh@bupling to
I ARV 1@ foLcQt@ te DRBLLR G ABRGE hﬁﬁbﬁc 155 Ye8o thRodpfy 100
mcrons relative to the housing. In a part|cularly
preferred enbodi nent, the output signal fromthe ,
Ci r cuitEPSaRitsipEsh rolagd HRSFrEeREL FHEon Oy ps GG TTE Ut comprising:
facility. In a fifth aspect the present invention
provi des a force sensor assenbly conprising: a

housi ng; 35 a | oad bearing nenber for receiving an

I nput force to be sensed,
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circuitry for converting the input force into an

out put signal indicative of the input force; a
coupling for transmtting the input force to the | oad
beari ng nmenber, and, a conpressible reservoir

contai ning dilatant fluid nounted between the housing
and the coupling to restrict the input force to the

| oad bearing nenber caused by shock |oading to the
coupling. 40 According to a cl?osely rel ated aspect,

t he pggégq&b%pventlon prOV|H%s an el ectronic stylus
conprisin el ongat e, body; a ni b extendi ng
from &8 “EREES™ tRE ¥EHYEEE¥EYy, and, a | oad bearing
me b e r2 [g9PhgIvRErEmpen b tefeShargeit RIS FSPivingAn g But spispiGY Hpfect

| opbenibf or ce caused by contact on the nib; 5 circuitry
for conuey b chertalBe hdfIdie kol GfuthifthiGhdBliveQbthdpht £5de:gnal

i ndi catly %ﬁﬁg of uaJs;Qiﬁmé tﬂuﬂ#&t b0 ﬁ;@bad bl QURLA g for

transmt

gresaigle reservmr conpauung IIE) Tnt fﬁxd moun Qbetween %%ﬂ*}smﬁ and mtgcouplmg to
d i‘“’F“a"f F b P ek o ETHEE e R Y *%0%%%@“?% d the

coupling to restrict the input force to the | oad
beari ng nmenber caused by shock | oading to the
coupl iAngtent 18 “shvatlidc@n@Nuid (Qhon NeF¥6uh Aulid Wn6:K @RbsOncdcasks il e

' §fsﬁ'éar ngg rolNQMr ol ﬁ%&ls W Qale‘éﬂf?cé East\ézlcr?éﬁ%%hétﬁé fibifl &aﬁ&é%%fﬁqmd

Above a cxi%ca?ihear ratf iﬁ dlgnabﬁtg%: t&leepgrghcs 8 thgl)mmates and f] ifﬁudg?hfvesp a rs!.:)l}d cles
behaves as a liquid. Above a crltlcal shear rate
fri ct Meneviyebropserer e frarat ingiise Shoghlediepvrardditons] stop epntpifies 2
f dilthrgifuiieh@siesredigween S:0dldmeht thak Bouple thiphitay @4 throcls@ilct rhaRBTid
danRQQitehidd @B bornbiddh § Boxit1S ROGKuc] DREH G opeibn S bnit® MBhne
Sﬁu%ac@&@ Eaghcmd At déormsql:\ Jengu.Q %tmor/clmwt Q‘ mgéﬂldﬁéb IIJ)VQ:%%H:& grces to be
m@tecni'onr. F]xe ca%d{gcqetge f%rce Felnson ggfl;ll'xl?i a?n%%né I;}zlg) Qﬁlo%:*ilrsn &Y e §1llat?]nt %I%; gg K
FﬁFﬁEHEF?BHﬁﬁmﬁFE%?BP@“ﬁﬁﬁﬁF%ﬂ@gmﬁﬁ?ﬂﬁ@“ﬁﬁ? figg prd thereby
opcties fpreesfoset-he pen the dilatant fluid sack acts as
a liquid and deforns in response to novenent of the
cart r bekgiy, i@lcbnQhsBE reRQbI R ErO1.QESindi - BB betd LRI dodigd

f zﬁegtggr Lnﬁ' e cgl.@fLJg ';vheg ggm;;upforgehs%ot a&,ﬁé& ednéﬁg%?[cssxblmggonacompmssm 1o

t
e ? AL tcouglmf tgpiﬁctg 815%%3 tgeqoa§ l?eaensnfjmeQO W}%‘l a stf,aﬁy ap;hw gl?]n oglge mgut force.
rat Ehe g Rt ﬁ@““%‘i?sé’ﬂféﬁ?""i’)’ls SePUFFE o 5 PPYE B & SPPRIE HidPe by
PPRstng & bipsefyayifiem frofoesing § epiridir the ey betfiast thespupling prid fad bearing member
Coaieds s foldd ienor pisiel. Yekmiblydrthe cilinitrp s ayidzordsistive Wehidgrpiromt Hpweger, &e
Gifitr) LIS Be alolp@itdti QAL AR b GensiFBIRFRE lin 2086k opthd thE QickfitlyimiBd
% &th]cb %rc\l, Q@&lt In g ﬁtl;hg!%reker?‘ed ﬁ)% th@ﬂﬁlbéaﬁg menﬂagqastd Brgtrusmn w1th round

co ese

Ceno ¥ F{ eug?%eme t w%] vfxe cougl'éﬂg OIn another qgenfzcifs rm1 the ccalp]ﬁéhaa‘r : n ﬁ:éaéﬁs)mu
EERAL AR ML R LR L
feepinisiaefomie bfddparigchoplos i1 the dyerredhimpreys pidllaant fludiapoyiingd | s
Seeut echotsige hd 18 TAQE S dpgicRiRt plefi@:d @I bt HomB)g detiieh rtcksefor the
cagaaam kB Quntie erld biR® SidnANERNm fhE RANbAE mbHVkSkiidG: plo@i JABY BB iol

gngapco&ﬁ&g%ga?bmﬁc c&&}égébfc;;g 911195 %aﬁmggggnh@ sﬁ&m%and
O it e i s S oy B e °éﬁ'i=?°8‘f§[*%g ovever

t he C|rCU|try could al so be a capacitative or

I nduch # aeicufady peegerrgidmes, itha cpuiding ichipsed asaihshthedord belrip meypder] Hypically,
ti@iaGh Hetvbth b. I NewiiRYind30 NBRond QR 10£20e). nQnG emiBBRAGA) he nib B da
CEL ARG 1 BTG E: Rkink Q5 i a LBy hOAL i RERLI NG ARIRCEw-RAR 108
protrusion with round end for engagenent with the
coupling. In another preferred form the coupling has
a simlar protrusion extending centrally froma
flange such that the distal end of the protrusion
engages the rounded end of the protrusion fromthe

| oad bearing nenber, and the conpressible reservoir of
dilatant fluid is positioned between the housing and
the flange. Ina particularly preferred form the
housi ng defines a recess for the




35 circuitry, the rounded end of the protrusion from
the | oad bearing nenber extends proud of the recess
for engaging the coupling. Preferably, the
conpressi bl e reservoir has an annul ar shape and is
positioned around the opening to the recess and
around the central protrusion fromthe flange of the
coupling. In a particularly prgferred form the
coupling i s biased against ng | oad bearing nenber.

R i e L
th®nib of the electronic styI us is a ball point
witing nib with a tubular ink cartridge extending

from t m@ically, lthe foowvarse istdaBzuted@ thnsda madiBudiS@d df S wIBIEpR . BUG-h

5 t Niadferdo}) Be 1642 biRtink REnbhrSan 20wl €5 12 (0 2R rDOR 1 vk Ralingf I t S OVer

the end of the cartridge opposite the nib. Typically,
the force sensor n ured to s

for co. BFPEABRETRE TRABrs: Pty s s PRy s
| g¥EHedri®g menber can nove up to 100 microns
relative to the housing. In a particularly preferred
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S Ui GifelentPof hﬂﬂﬂedﬁm \t’ljl BGy bertﬁé’éwinﬁ \ba?raf tx%ilel dm@ Yorith Je@relgRloEtEe
DE,&Q&H&W ngj DRAW NGS Enmbodi nents of the

nvention described by way of exanple only
tgﬁre wéihéﬁt’:cg“t" act’ g “Fcconmpanyi ng drawi ngs in whi ch:

FiFg@ﬂfFéShT"sgﬂBii%““t*ﬁ% structure of a conplete tag;

FiFgpure Bshows gipoymsbolaniggligbol unit cell; 15 Figure 3 shows

NiFpee $Yevs Qt bitdfltrdng 6 £4plis; Fi gure 4 shows the bit

OIFlRt i MG b An sl ; Figure 5 shows a tag with all

bithgfmgisg‘tm Eég%%n%dtﬁx §g}& . ag group made up of four

“t he conti nuous tiling of

{
tg%m'xﬁmm&ewfﬂgf“%ﬁ°ﬁ%8m?ﬁoms the interl eaving of
cStﬁigi’/iifF%"%th‘}ﬂP‘e“Bﬁm@ BIH4 B 33§ 5 Figure 9 shows a
c Ggevirhas ¢ @draut layol] gure 10 shows a tag and its eight
I Fgedioabes ane ng R@Hitucbiadekilbad lapslitdwith isSorepmiigpadnei Ng
Diriurd 1 EB¥s 2 nib Fld GbveBn ke RPANGy 2usti D and el evation of the
p%@m@ﬁlshgws%épéh&dsb?gmer tla%'ga?méllgetdsm s&tl;'cg pen hel d by a

y Lnc netoavvriting surface; 25
§1 tﬂ?‘sigmﬂ Bssselmf‘ TFss section through the pen;

FF‘@‘E?%ATﬁ%ﬁ“?”?ﬂ‘a“‘hdb‘tweﬁ??&”ﬁ‘ifﬁe@ﬁd partial perspective
oFig 14iés apyettorm anftpipyend sbBal pesspegtih wyitt tesrplds ntlivpinisioendifield afviei of the
p erspediv sevn iidithd dutie; fi el ds of illum nation and field
oi:;giw 18 Wa RiftiallpBectin® 648 Ok MhiNEOWBSHRYR kB L) &, out | i ne;
Fh%HJ ﬁlsélnixlizcﬁedger&%iéhﬁle &@Jm%&%%t ive of the USB cable

a n of the pen; 30 Figure
%Mq%”ﬁ“@;?‘ °‘°‘”‘°‘°“°e“r°§ edp’tive of the pen conponents;

FFigfy 18 1?@%%%“1%@# F<EHIR PEAP oo PSS BB BP0 Do pen:
FFigperri@is 0@xploded perpetive pidhe oftigmgindiudi nal cross section of
t FigireCa P aRkpiad flerPA@RE ofiHa Brcbiiclioradaghtipf t he pen; Figure 19
| Bigu21 8 %RIRAR GerPRE S &@1@ ik i@ nuvk n@mpatagtsgsm@aa@ﬂb ly;
thﬂ sea pglgﬂ.l}l T%& per?;%@ctn% gpa neivs‘1 tgkr %@g% tenlgygt%g c mbtell?d%f ttxeocﬁrgen%ly
S GRS o B

Figure 23 is a partial perspective of the packaged force sensor on the main PCB;

Figure 24 is a longitudinal cross section of the force sensor and main PCB shown in Fig 15;

Figure 25 is an exploded perspective of the cap assembly;

Figure 26 is a circuit diagrat of the pen USB and power CCT’s;



35 Figure 21 is an expl oded perspective of the ink
cartridge tube and nib engagi ng renoval tool; Fig 22
is a partially sectioned perspective of a new ink
cartridge engaging the nib end of the currently
installed ink cartridge; Figure 23 is a partia
perspective of the packaged force sensor on the nmain
PCB; Figure 24 is a |longitudinal cross section of the
force sensor and main PCB shown in Fig 15; 40 Figure

g%g;%g P I BTN ﬁmgnaaggng Y
SR MRS LN

I Offigyie RLiek ravarkee efithe 89 ontiesedidcayit sigfch Tfﬁemkﬂﬂ@d&hd barr el

NOtigie DO 2 skib @vdtien o2fBenk;S @ partial | ongitudi nal cross

5S ef@gd adls astde etlebe%on oRhJ—nngdstheﬁﬁﬁOf {qgﬁof @@Jpﬁc@lsenﬁp I din g,

28 | A\ of the pen optics adjacent a
E“Sﬁpeﬁpﬁde&’[!fmif(ym °rf§erp§% e.. figure 29 is a side

eI Fég'\‘l“éi’% iHr{ongpdifel feessseipg ot e P wﬁllﬁ’ &% a side el evation
Of Figd @ irrispierpfiierepraiaty QS theforeff oo 848 t he opti cal
S EES0 B4 is a sfEprgtirrereBitatiosof atp-lentipd iddhatidp ex dpewtspye of t he
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pabgielyyh bt he pen inserted; Figure 33 is a scherrati c
r q:pg §6e T]a sc%eni\agc represerbtgnone of I oub? %ow ng %sanoée ford Q%§en%g‘xb FI gur e 34

oadi fig i nk
c 5 th”F 17’7&(5@ S%?ﬂﬁ“?%?%%a“%ﬁ%‘?’“h“fﬁ“ PFIYUFE™8s5 is a ‘
s Chran#th ite imgdeleestitoat thedyiragfo fogpe B crviRelihery 1 A
C stut B30 eherharid repregentgignof wi attdmatiye voefizarktion ofi e lodpppliq Rycefssor dodpling;
P Iriut DA 2 Sipk bR skt EitheyBlicl cGupihy &Grjaﬁﬂ’ﬁﬁa'hﬁﬁge and the force sensor;
[ 3RLes8N Al @ettlofe@evﬁ&enaaogq&%b Ssgkz% igaght -angl e force
S %n o OXO isa sclﬂpmalxc sgﬁofu view % Hl pu?f rce act?g oan thg’ qg:gemﬁ InCdetait of f]w force

representation o drau or ce sénsor coupling;
FiGHF &89 B i s a | ongi t udi naI section of the hydraulic
f Sieeetderburiccuipliprasiionte P Fryogpaibopghempy b Boog

| Fisgefidradinsticnepn geved habromsofhirgflecibdrefigat | ve

C @iphrt 9 aadhdnQiit s@fion tikveor Iy Gkl bohder chipd-8Ltic8 ABBHI coupl i ng;
F'F%E 8 i3l & s@nmg&fm%[@a sLneod usBERLGR sdfor dhib &g IiiRddbrise;

I [ enso r
415 % §% o{" sense% I?orcg xéerstlxs%ﬁl ffc; I V\}% 1.ian§l g{ta%)htgthe cg'i;'xggg o S 9 S
oF gﬁfsé“ t%‘ifﬁ\a‘“" Tﬁ’i‘eﬁ‘ﬁ‘f; S““&‘b"‘ﬁ“’%"f&“"% Elffg"f’r‘ﬁfs T %‘g’%‘f GRP mg’ew of

t R AUt “7E o %ﬁ-‘]é’m%i’éfeF‘ﬁ’g“eﬁﬁ°ftﬂF|‘émtfPaﬂ‘ﬁ‘§ésrmgéﬁﬂdei"ﬁeé“b‘a%t ai l
offigtrbr isfshenpis sectim MgO¥! thpidigyerisa gith a3@p shifagp dfrastly4derquesd g the back
S Gligsdiie nse6if;i ON Vi ew- of an alternative force senor

W@gg}g 49 Q mm‘e &et;@u .t;ectl;mh\gewl oﬂﬂl-ﬁtrce%.l;ol' w1@ @ﬁ[ob R8ace dlIEOIﬂMI'&ICA 2 tHc
%cfsu%ceotfh]&ese%' on view of the force sensor chip
de

rofI'1e; Fi gure 43 is 3%?“ gemattl C hsect{ﬂg
vi B Bfs SPHE "6?"%"%‘&"?‘5&%0%‘%“? TR AR T SCT TR PO i e
Fibryjertiecapling s a schematic section view of the force
S g il ispicngdgpridsiamisc dewg orn whvlgpsdstde: hy dr aul 1
C Qigpd 92 BGsn carthid Q) WihQo1ABIbIE Semdat Rl Odilapetf stBeNsed force versus
twgzgesfs% t@nmenmugpbmﬂn&lerimuo@medm the cartridge; 25

lF%qulrSQSasﬂﬁ&ctloncﬁp?siblaekt‘nﬁémﬁs sedscteseCtl on vi eWS Of

raul I'c_coup I|n i gur
4TRR 4 TR B S \é’ﬁf’r R hb"ﬂftpse s
Mt 1§ meanyisT eige atopidrd eegorrenbr ane; Figure 48 is
S Cipedvel i & eB@6h bfaRoptidaBMte@dnsot Ne force sensor with a stop
SEf 68 Qghn&amhae dégeaﬁn%ﬁmg&a@outo@ms PRt BRS knsorsUr f ace of

t Egure%@ $§ ghemg%*, a,egion cﬁ' a Qﬂén?ﬂ %to ﬁ}a‘g&? ?ulg m&e to%m%c%s%l; 1on

VI éw 0 orce Sensor Wt op surface
directly referenced to the 30 back surface of the
sensor chi p;



10

15

20

25

35

40

Figure 50 is schematic section view of a stop surface
arrangenent for the force input nechani smof the
hydraul i c coupling; Figure 51 is pen cartridge with
col | apsible element in an un-coll apsed state; Figure
52 is pen cartridge with collapsible element in a
col l apsed state; 35 Figure 53 is a stick fiction

col | apsi bl e el ement in un-coll apsed state; Figure 54
is a stick friction coIIapsi?le el enent in collapsed

t at 0 ct f
S ?‘g&rg S'Qfssral %ﬁla&c I,isactxon|<s]:1t)vs.u.npgs'iooqgT'r cartrigge w1th rotru? ﬁrﬁ aalg]cloi-f%odag% al_.%Sngé

stl’ﬁ’fé60 is epbjogfigjamanthe peucledoRitian vi ew of an optical force
s €iieg 1, shofFithy cherings @R ornsstion pptiesh Bsbeteirar tiskodan opti cal force
S s 62A 4 6 Ekiio i @ridnscodyBuctts diihglaekhegdfete siddoock di agr am of

t &%m@@eia%sdog PersPiiv J&em Qa@:lplcﬁ 3lin de@OONSRAS M drlo@r € 58
ISF eacm_ormtle%m%% a dilatant fluid o-ring to
reve put toforc Isensord 0 14 Figure
597 igpeg 654 sb U B AP TIE® "sfg'%%s%sﬁ“"?ﬁ% W Boot or cartridge
WiFighre FhA dta perpdetiyn ofte opkies estsrbipifiad fé"mt‘tﬁ Fbéﬂi‘é‘?"l"(‘f‘ﬁ ring; Figure
6 (Figixs 668 stk c@lpdeed cirtRigprrepprii G hf telamicpe bl baated it thrrtheests molfipegyur e

6 Figtb QW ista B&tok Jadfelive @ therbieh s@QNRLEH patilippdaild fighe biogwis fidking;
p%ur@g“]g isk Df‘lton?;g ecth: of %r&a%en@%’%&sﬁtn@[y Q3 NRWatsR BoMaL | OUS

C R SRl 15, PACKAYS LREGESED ROl s 63

£om per
BIF{FF @&aﬁ“‘aﬂfe&me € Hr S1% ERVR e "”‘*rf“’ e "%ﬁa‘“’i s atop
D G2 EAR: dnd/1B a5t enluiged pavial PPFoPRETRS shywing fhe @1&@8( ¢ prghe ghagsis P?’?f%bemg
p evapegisialute bfbak haddighassi s nol di ng and el astoneric and
C &fure 71 2Gain8 peB ReAivé F thdprqd@F IHPI@ G| 348 to@fe babdp@1dDPL | CS
a%@@'gﬁlis\én énja}cgédgguar ﬂé%ﬁte@ﬁhe%%ﬁthg%el@hgﬂew the &hs's“ﬁoﬁlm@ 6B

an..enl arg a wn@PLI CS
§uren€ is aper% tiwe?f%l &Ee nhéim&ﬁ%g:xpsgrgi%ie %E]j§;rm)%oggl gure 67A

?g%f"’ﬁéstaf"iﬁ‘ﬁcb"éi’@‘ﬁéa&fs YR BPe 8 “H ST CE S ¥hsor assenbl y
p&lﬁF?’él‘slayhﬂ&f%’s‘,’f%ﬁﬂrﬂléwwweh‘ém&??&é@t s mol ding; Figure
6 FikBe 163 zgiadrmtof rpipemg pee tfithe Elugdothivhdlef or ce sensi ng
assenmbly installed in the chassis nolding; Figure 68

| HrRaRd byPrRefoect i ve of the battery and main PCB
p%s &1' al l%%ﬁove %egmgelntkox? 19 wéllrs]uitg 0 mgcﬁpaa&hﬁth@ si eé”l&*ietpagg gygé,{{ ﬁm@@

a bo tive
R S D ST B East  Err Nee T R
emraqd@e@maﬁvdﬁafa!ecwéﬁ@p%ﬁ%@adgﬁ%gﬁ“ﬁgmt“ﬁ’é BT HEYt ake
0 Accbidigetc hagsmgnventkindiingt gsiiveil o g Netth& cpitged and seal ed to
t he base nol di ng; FingrraGE SEREACEGODDIG om per specti ve of
tlﬂ,gm{%%ct | abel being fixed to the base nol di ng;

Flrgs sec%?n amlsd pcec%n'g%gegb%e g@gage sghm RELAREEL] beﬂsngq;ph&m

FIDﬁcLIﬁt go %Ig‘;lg)gsas;w gaflg;‘lni?e:f%l}:e ?e;]@r%?s r%ﬁﬁence og{ments%}ft%?boveg{;%ibueg
i H@@Yﬂtceﬁﬂ‘@v@?ceﬂt%m&fﬁa‘g%‘fl eoniprs oG lereer R @“ém%fd"e ow)-
p 8hspet oy eithe Netfalreodep feersrdBmiab synshederi equbrane edzite) ik fqam
N e Ao lds B the idd ity kot tRp sl Boe Bfon rBatiae tdjvirhaglhﬁ%lﬁg devida B mbve,exd the
pqe@ﬁ&e@mth@&m%dem%&ﬁﬁbw@md Figure 76 is a diagram
erati onal states of the Bl uetoot h rmdul e.
DE‘F)&T E "BESCRI PTI ON As dj scussed above nyen oﬂp
i Shafispies wihrecetie fBE PRABIBBEHTPSA S T ITé e“}i(’sdés “@‘h""“ "‘“‘a“"““‘ i
Ne'lkp afEgeh tag ylesteaspdes, jo perjuiofiph itk adiSens fesiapyidegtifiey o e rrgipy é"ﬁ‘tﬂF‘@ﬁh
hashebegige sphemOteirdgdichy sy soncoimB e Ritire@ftengof bcrm@enfa*d@tcmge
agehkdeelobihg, However, it will be readily appreciated
that electronic styli have nmuch broader application in
many different fields. Accordingly, the present
invention is not restricted to a Netpage context.
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NETPAGE SURFACE CODI NG | NTRODUCTI ON 30 This section
defines a surface coding used by the Netpage system
(described in co-pending application Docket No. NPSI
bQUS as well as many of the other cross referenced
docunents |isted above) to imbue otherw se passive
surfaces with interactivity in conjunction wth

Net page sensi ng devi ces (described below). Wen
interacting with a Netpage coded surface a Net page

sensi ng devi ce generates.a lﬂqg str i

i ﬁad]ix tégdst rg)écsebtsit‘nﬁa ;?aﬁegl vihalbcﬁxitfil.tts two &s toﬁ ements klih g.rst Enadw}'el me t g:a

r ekt Taweets afley ajg Fodhlowibin @dprag "ﬁ@“ﬁfé Wﬁee &“F §f°ﬁ{5‘weﬁ1§°“"%f‘ﬁiam°ﬂ
t brehe Bpto Bdigiard Te: sperk kindaf cldmre is 8 @avmilan dFact aerodas enpgrdes e ilug Hie
I Gy QbresencoblRALE CODI NG The Net page surface coding

c %%& §r£ i§ e;?!sen@d gl% §ogedrs)tlr1§cg ﬁ:@ucﬁ i \Ivaly 0Gh aﬂcfw 1Itﬁg Soquugﬁo@ Eh oﬁ;tﬁg

enca cation in J .
?P&%r& égtcm and sl 6ﬂﬁcullﬂr%& %u o%tlcal Wstfiuhwlg gnagg)\lé:%ﬂ g tp(éng;g&:tpea%aggﬁ-@d Sl(ﬂ

ik tmmélfypwd f’ﬁ’éhcf”éf@F wite ?:‘Bﬁ‘lwgffnﬁ’feﬁg“ﬁ?’ﬁi & tag. In the
Netqfage™®yst em the region typically corresponds to
t highrea Robv$ 1R s@Xdre it cadrblett the208. dEgrd) eftthe Surblagkoizcles 208 Intarget Thites
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active area, An active area is an rea within which any captured input should be itnmediately forwarded to
the corresponding Netpage server for interpretation. It also ailows the Netpage sensing device to signal to the

user that the input will have an immediate effect.

Table 2. Mapping of fields to codewords

A 10 ) cort.:'le.':\;;)r.d lty'pe (b*007) 2 all
10:2 % coordinate 9 12:4
19:11 v coordinate 9 124
B 1:0 codeword type (b°01") 2 ail
2 tag type 1 0
52 x coordinate 4 30

L
“the nominal tag sfze is 1.7145mm (based on 1600dpi, @ dots per macradot, and 12 macrodots per tag}
- *CCITT CRC-16 [7}




A 1:0 codeword ty pe (b'00")

2 all

10: 2 x coordi nate

9 12:4 19:11 y coordinate 9 12:4 B 1: 0 codewordtype

(b"0Ol'") 2 all 2 tag type 1 0 5:2 x coordinate 4 3:0
"the nomnal tag size is 1.7145mm (based on 1600dpi, 9
dots per macrodot and 12 macrodots per tag) 'CCITT
CRC- 16171 0O 19 6 tagtype 1 1 9:6 y coordinate 4
3:0 10 active area flag 1 all 11 active area map
flag 1 all 19:12 active ar%g<nap 8 all 19:12 data
fragment 8 all cop 1:0 codeword type (b'10"); 2 al
9:2 encodijng fornat & al | ®#89P: 10 reglon flags 8'al
19: 18 tag [srze adjusggent 2 10 Co, 1°0 Qodemorgjtype
(b'10') 2 Jall 15h2§%ao L 76 a|uqtmcnt 14 19f 16
region ID4 3:0 QO 110 L:ad@marfblatype (bt10')) 2ma||'
19: 2 regi on—+b—18 Lr-4 = 0 I ewgrd {ypo (b, ;107) 2
all 19:2 rlegion ID 14 39 iﬁwafﬁmmqg codewor|d tVpe
(b 11"y 2{all 19 21201 pideReakBp 57: 40 Da, 1: 0 an
codeword tlype (b -1} )R all—19-2 Hegron—+b-18—75 58
Dta 1: 0 cddeword tyﬂ%“(b %mWﬁmﬁﬂall 19: 2% redi on*'l D |18
93:76 Dit| It codempgdf/q@mhgwggw%)g al} 32 pegipn
ID2 95:94 19:4 CRC 16 Not e thati the can
be noved ijnto a g} obxd codeﬂms@mwo maxi n¥ se || oc#l
codewor d utitizaty { wln ) &%as[aﬂlCcn ajTow Tapger
coor di natds and/ of 16-b ata fragnents (pdtentially
configurafgly in conugmct @&mwmmhmmcocrdimate 1:0
pr eci si on)—Hewever—thi-g—reduces— iugep HdEﬁLE f
posi tion decdding frhmr =§FﬁﬁﬂW5@1°)
15:2 tag size adjustment 14 15:2
19:16 region [D 4 3:0
Cuo 1:0 codeword type (b°10°) 2 all
19:2 repion 1D 18 21:4
Cut 1:0 codeword type (b°10°) 2 all
19:2 region ID 18 39:22
Do 1:0 codeword type (07117) 2 all
19:2 region ID 18 57:40
Dy 1:0 codeword type (b*11%) 2 all
19:2 region 1D i8 75:58
Dy 1:0 codeword type (b’117) 2 all
192 region ID 18 9376
D1 1.0 codeword type (b”11°) 2 all
3.2 region ID 2 95:94
19:4 CRC 16 all

Note that the tag type can be moved into a global codeword to maximise local codeword utilization. This in
tum can allow larger coordinates and/or 16-bit data fragments (potentfally configurably iz conjunction with

coordinate precision). However, this reduces the independencs of position decoding from region ID

decoding and has not been included in the specification at this time.

EWMBEDDED DATA
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the "region includes data" flag in the region flags is
set then the surface coding contai ns enbedded dat a.
The data is encoded in nultiple contiguous tags' data
fragnments, and is replicated in the surface coding as
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encoded in such a may that ? randontand partlal scan
of t e surf

a
eb gtcgt ﬁﬂdfl escdatae b fxg n% tgeqe I.S se xﬂhe surface ,; %mg cana em%%ﬁeq Qa'ta
s cTatﬂatﬂ i gpoadsride vty @%@aﬁﬂa éa& ﬁtﬁ‘t’é“%"a‘t lafepltﬂ%*ﬁtht Birsalreds
f magrvertesit wibiid reports to the user when sufficient
f rragBdales dah & vRodBiEedichh @iyt veadm widipirGUtan et @Ffce cofig cahbinn

| Que LARYdE: dta cafoe 2GRl t'ehﬁ@thacntﬁ‘la &fa h‘h@s&ﬁ&@@yﬁteﬁ-@@se&ﬂbﬁ &e dadh
?éo a re?.EQv% R %&sk a %éoﬁs tb e - 57 g&gsstmtﬂnﬁagttﬁs Q@toan o b AGIR RS

con uou
S d%ﬁ S\hro‘@ in T"&blf %bzﬂ%la E)tﬁté k etn%udeélﬁg Ftté data_ Tﬁe%[c]) ata 1§ ca:.tc:offfl gmgm data
C et phb eontfeaous eprp of BT TRIEH MP%@W dt teq bd@as f‘tfﬁ""%‘. whose
Wiittelgdr pposgigetetis tiphagie doorliine didided By 5 3itlsix qachhiges the flafs fsorrangsdyiato s i
1 GheledIBd 23 dinag within GOEHifl yR@td@aM t hi n i ncreasing y
c a%t%agraéu&nay R ol @l ®od L ABIRRL 2o TBYe 2REmATks$Sderd Biofid @ Meissing

oSS F Al AL HE AL SRR R BAES N Hovey sy, Lhe

m_SSi gl g/f ; re yegﬁaﬂbl e
f PEAPEARBTHER = REpY 5 PR RIS ST PR T 2o
i sectegleclhetre plihe wpeblogipratodst Bekh Ragih Sibltkibriegesdre S%tefb‘“k Vhose
C Girvkdr gpordink®s: isste blody'h cobtimeldisida by tharveperblodk FizeqWithingesh sippifoek the T
S liszRan @ inb MGISHPBANQ & bookifueanEOidain fcoaditk. bl ock. A
bl’[’&(‘s ergg‘chcglt’l:gﬁatekgltl@ lﬁi&p&ﬁ@ap&alﬁy t\M@@éﬁwxﬁﬁt Mﬁﬁlﬁgga%ﬁaﬂy along the
CotPeso%F ce kedling. he bl ock' s coordi nate divided by the
“SI'Ze. Wthjn each super.bl ock the dat a S
a‘i‘?fbeé‘if ‘T‘ RS B Y R PP ARY Ry BB eaT R AT
vwﬂfOH’i’aFPﬂtaFﬁcW@a’gﬁntﬁ‘@°f§Pf‘t§%?“del‘?at°§m°ﬂ‘?é‘ super bl ock i s
replicated in the sa;bfea%bmdldmgm&ﬁ may tines as it
will fit, kpeludi-ng-partiably-alongthe— —of—th
surface ¢
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size 20 i|nkormation, jantl noihetyre xithe datd vtk seperplepk.
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type 8 Theg type of the datd igpfhe superblock. .Valugs
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total 200 [ g 160 | The block data.
CRC 16 A CRCS of the block data.
total 200

CRYPTOGRAPHIC SIGNATURE OF REGION ID
If the “region is signed” flag in the region flags is set then the surface coding contains a 160-bit

cryptographic signature of the region ID. The signature is encoded in a one-block superblock.

SCCITT CRC-16 7
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CRYPTOGRAPHI C SI GNATURE OF REGON ID If the "region is
signed" flag in the region flags is set then the
surface coding contains a 160-bit cryptographic
signature of the region ID. The signature is encoded
in a one-block superblock. "'"CCOOTT GRGL6171 0 21 In
an online environment any signature fragnent can be
used, in conjunction with the region ID, to validate
the signature. In an offlln%&e%V|ronnent the entire

SL A G Gan DO G LSC oSl ad., usedel@%%@ammlﬂhe Bl B9se

a LR E R e Al T Rt ed usl [rre ing

pulmsw%lgﬁaﬁuf wviREat th*rf?ﬁrgﬂ%ﬂﬁ%ﬁa%b& frecesy o SP‘%‘%P 81
| rvan dNjele paidped Bine heoroessrOig mbjic Semeterp et Thig is gifopsgshin Bfre fehin

C NBGHe SulffeTBiR RcuaPseperdibgpsagphic cafciddnapBvgiediockhidl. 5

NRSLORIISrhichiG By inSorpSiftlaiinidfile YpplictGO¥iQb-aL @ONPs LG, t he

appl ication wi tF} docket no. NPSlOI US. MM DATA If

dded data type is then the superblock

R ERE
taln Internt emc NE)
4{' ngidsi\(/iu atype'ls IE)LR%F%“% ilgerb ek con'g?_u L/Iul%:x t aﬂﬁ(tm ME
B&«L@f%«k@ F‘°|°|°fd“'g ¥t P ep s N ﬁ*f*wﬁfé'tmwﬂr*@@i"éﬁ“&%
( WktifEyns QITRE) PartOpe Forminf frtmet Mssapafioditsh BFC B Nxagber g&%uf‘é’%
REs 2&4hed, INavnBednstdiO 3G} ipuphle Ged @ MAORKGnsos @EMEY - @it wo: Nedla
rTQpaN RFB%@ ﬂ%lﬁkﬂQ%) D Abidtdd REUs DS SV Y folt@b ofbkebder followed by =

%édg Hi?[r s(ehélam a van;P liekgﬂ\IéQ&mn(%s\@egéd@ by lﬁ@@s‘é‘mg 13:@5 Gi“hglgélﬁs

c Slﬁ:g af gvma le: g)lgﬁ @g«as ec%f; ocfe‘ sifeam arecgd'ed bg a ?Ebblt alze il b format.

| i ui AR £ SR °t‘eé‘><‘{”ag§°ﬁ‘l"ﬂd‘dﬁ’|‘“€é%°g°é%?“ by
aRTG24pi (pee Baves, PG Sreitsgidiff. DaFiam “AoMBUE Gogent-Byprces Bisgtory g fompation”,

V &F¢C 2, Bptbr@agide) dbdRTe 28HE€ Divis@, F eld@tHogtsr sarhMiviekieded by
a pheDire 266,28 whift: P st AR subige MEeJJ&ﬁufbﬂﬁbrﬁmiﬁwpfoﬂ eRxEE,

D i R s | ude text, inage,
gﬁg% %d&é/dg %ogogﬁ&l&;gﬁﬁéﬁtp?g%%q% E{%(:: 2425 (see Howes,

NCOMNG SRR Wson, "A IVIIME Content - 9<%pe for
D‘Tﬁe@ﬁﬂt Eikcite CoadoDd: (PRE) st@ﬁbrts the %&gzﬂ%ed&pﬁa&ﬂ% afy (P 8.)ed-a nd
RFC 2426 (see Dawson, o aggS 'l; Howes, "vCard M ME
DiStior wfoyordspRishvrge tveﬁﬁaz: F46" " BTSRRI podopeydsg furthermore, PEC
dessr dpaenderids@ithes smtcymmﬁmmlmhwe@w feyonptanf(eyr naget iugriose

S Wirikidddbdyordd@s ma X Pn@ne unifcelto B1€H HEO GroO0M ROt colls to overlap in

| Rf QR0 2R el m ght appear on a business card.
Ncun%el c ﬁbhlﬂpw EMJ) (35 g%&%féﬁmtz&o Tl;giﬂxgyg.{: l‘scﬁlgmsa

Engl ne nro tsthee od

ngéadkcfdﬁ\é?d lﬁlg\ﬁ éc)theéa grgulp utﬁ%&g tlﬁes‘ t%qﬂ eB
c@‘tﬂ@Wﬂ? dheserdr® epodedyie ik P@‘:erj’éﬁ“ﬁpf’%‘jmé"" °°&‘?”§}de( I*%‘ag up also
ReadinSahtdre A ad Bdeinmrds Doe Eiiest eiemispded wipie e WM CEhe
I QaiGhRScbdRGrdR frwolnfg Son Wd eBoodtd EsREFEAR G figeid cadeviokls, @dihd romminipgve can

| @é/egea&ed Ln§ preRRISL AR nd iR ma@g@aue bty swpeserEcvar i abl e
18%0535 a Igml 0932 uxiu%e é{tazi&d}{esses 8 s%lx? Thm:l)xltentgﬁ‘lthla qut &1 Ieggct t&@ﬂﬂu

Tt PG EE s S EHFEe 75 b5kttt PR A o B o
WHEthPG restoprbla pagesize e iupbr o vaigly corBeipbit B st %’f“i"’f’f@‘s 8?43“’
f ouking bragiBe vidh@lkb atjc GGl FrodmntobthaBrodwordirrddoar pblaeddpsy d
u Bdsﬂi}be Nétnzk e Ar3Q-sHbHH Pt s, |oﬁlﬁﬁ§:&dnd§1@jwﬁta Hebd® Sppear in
"‘%Qf&&;d]btlbﬁe tag group, and four unique B codewords.
T q) g\ﬁgcoded using five of DEC s six supported
GE‘B[“S’ EOTEROP I RE tag group also contains eight
f| xed C and D codewords. One of these can be encoded
usi ng the remaining one of PEC s variabl e codewords,
two nore can be encoded using PEC s two fixed
codewords, and the remaining five can 30 be encoded,
and pre-rendered into the Tag Format Structure (TFS)
supplied to PEC. PEC inposes a limt of 32 unique bit
addresses per TFS row. The contents of the unit cell
respect this limt. PEC also inposes a limt of 384
on the wwdth of the TFS. The contents of the unit cell
respect this limt.



10

15 ;

20

25

Note that for a reasonabl e page size, the nunber of
vari abl e coordinate bits in the A codeword is nodest,
maki ng encoding via a | ookup table tractable. Encoding
of the B codeword via a | ookup table may al so be 35
possi bl e. Note that since a Reed-Sol onon code is
systematic, only the redundancy data needs to appear
in the | ookup table. II\/AGINGAND DECCDI NG
CONSI DERATIONS 0 22 The mn# mlmaglng field of view
tio

required to rant ee .acqui an.e e as
a q? %ﬁ@‘{ngplaggg ﬁe? g eggeql(ue gguartuﬁc 204U 'STE of an 5175115 [Ja% ifg dlamgg oth

al P6w; G (B 284), mraalﬁg/foraulbiugmgﬁtm tkaeee\n/&emfetched@wdmw of
codi ng and the fjel g radot

S ﬁrg& ben Iflacrf%?iaﬁ]g oﬁ IQZK thJS %vesare%uued\fiqg' d“a' FMF dmmé f view of
5. TArr sivepalish nesgp a@i’ﬁ\’ﬁé%f"‘gﬂﬁeﬁ’@ﬁ“f f%@f@%ﬂgé% H‘Ff“é‘i?%ffj’i‘*’%“gfaﬁ - asUffige o
priegesatsor sipf1atgelgodi ng for different sanpling rates,
assumng an S | nagel‘aéeepﬁgﬂ ra@esz‘l%eo:rble}(ggres@ﬁtm&codﬂ;ébi S

4. Pitch ranges achigva res D
for different sarrpldi'f"“"m|rs’3'z§1"ip£"§rat dftp%‘ 1@9&;,%385&9@& 9

macrodot pitch = 9 dﬁ‘&f"%“‘“g\f‘f‘s@%" nﬁ’"‘d‘r’gtt ‘ﬁﬁ%seﬂ”%‘?‘ﬁ‘émm’
ni b-t o- FOV separ at i dmagesetspryire = 1F3rmvgle sensor size 128
pi xel s sanpttngJrate prreirange 2 40710 49 2_5 27
to 36 3 1Dsgpling |G.ven the. present. surfiace. codi ng,
cor r espondj. ngadedodi ng Sequence I;&ctas:ngé ol ovvs LR
| ocat e t ar gets—efi—~conptete~tag—rnfer pelbpeurve
transformfromtdrgets 10 sanpl e “48¢° decode any one
of tag's fpur,scodewords det er m newgodeword type and
hence tag i ati - i
| ocal (A apd B) cdodewords codeworfi®iédundancy is only
12 bits, so only detect érrors on decode error flag

b qgvelpt%l‘&zeht%acg @om ﬁe clrﬁ:spoﬂﬁé &Eomgﬁﬁlu&@g: aXplwd: 0cat i on,

with referenI gcg ntatlon infer 3D tag
cate etso mp
transform from ofi e ﬁ determne nib x-y
(E ﬁets

| ocati on fro‘ﬁﬁ“tpgsﬁmﬁ"" ""f and 3D transform

det er m ne acefnkendseed el s P Focati on with
ref erence ®odeaoing sodeward i ampoe regenmeipat e | ocal f eedback
based on niebsugfdabdberod F@ikeSicd (B D Codevabels €r M Ne tag type

fromA COdeV\Qgeq‘)rdrgtﬁﬂﬁQloﬁs@BQZEQ?%Qﬁi?de&@%Er ed global (C
and D) codewor.ds gg}g;yv alignment, wth

on decode

reference to rd redundancy
is only 12°bf ‘?g‘ ‘5%{)(?1 ?:"t°11 &ﬁ‘ (o}mg‘:mt%u"bse lent CRC
verificati owﬂfVﬁ3PFﬂgﬁﬂéif°§&F°mé’F‘?“ﬁ?f€EFﬁs error correction

determine nib x-y location from tag x-y location and 3D twansform

¢ determine active area status of nib location with reference to active area map

+ penerate local feedback based on nib active area status

¢ determine tag type from A codeword

o sample and decode required global (C  and D}  codewords
{modulo window alignment, with reference to tag type)

s although codeword redundamcy is only 12 bits, correct  erors;
subsequent CRC verification will detect erroneons error correction

» verify tag group data CRC

+ on decode error flag bad region ID sample

o determine encoding type, and reject unknown encoding

¢ determine region flags

s determine region ID
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25 wverify tag group data CRC on decode error flag
bad region I D sanple determ ne encoding type, and
rej ect unknown encodi ng deternmi ne region flags
determne region IDO 23 encode region ID, nib x-y
| ocation, nib active area status in digital ink

route digital ink based on region flags Note that
region | D decodi ng need not occur at the same rate as
posi ti on decodi ng. Note that, decodi ng of a codeword

can be avoided.if.the.co 7 il

i denti cal t'om:‘:(lxrﬁmgm{B ﬂébx q%" %%%&5%%%&@ oi{%)gl

NETPAGE PEN ™I TY_ SSFRHHEW The Net page pen is a
el thtreglendB dagingwesdnptaggritibs pamg e rosiiprderdgor ks i n

C 0%t B Gibchdig ofM dodbward tag pedkicdE thp exgevord B(ousdip baidetic{l S already-
l\l@ﬁcgag,edc&mjr@ce Codi ng and Net page Surface Coding
Security sections above). The pen incorporates a
conventional ballpoint p g&rp%l dge for marking the
surface, a notion sensor for 'sSinultaneously capturing
tﬁ@wﬁ%bﬁ)ﬁ{“@ﬁwpath of the pen on the surface, an

| deebieyresienmrn-strgine vrRisuarREwrS frpks i ceiﬂém“?nf"w Fieged Hetpage
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n @@ iteambotdeidh § trpeddistad.jaaihdibatetiby (e forgy stnpyr, erereoptivivislylere ¢ he
i et }eéu}é afifcent thiBc B )40l &6@gs the deGesOMth its fiStofiriwan@etiBe both the
p Q&lm‘& l)inQ sthke, thm Se-hRcs pcﬁm of BuRRSR th@fmsetohﬁe 1 The plifds
g Seger{t y&eam%%@sﬁaﬁlﬁe@ §os1§on§%l§s@£ﬁu9ef to a pms@ﬂ@ &6k RRSiks boks QRam
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tf‘°a Sw%servef I ig{etpsa erAécgtrer:]c %secuon I.rt\nie Feng;ng aPP[lcanon Ié)?c e{ o, ).

NBYe prapge stpg dspribes & fetifs af Qe BT FRteEY ﬁ&ﬁﬂ.‘%@d‘%‘ﬁ m‘ oLt ¥4
Desole dstdelisiiged bNRS dowi B vwp DEut Fivstetpd pryitiedorg fepserlam descri bes
aTiE Pdnis@BlesOf positich &l @Fjcierdi Blghirge (Gonie MPHDRalovy Neefcesrerd t O
a&clgiitegirelba@&ucei -l SE‘AQS recEﬁQJhandﬁtﬁEnQ&@anh Gerif) @dnil-PiktkrRGnabips. @
S e e ecﬁaﬂgsug:org gzﬂrerlimde %VLSJ?JBHW &ﬁhcgi% qg’ﬂo@fg mgﬁy thg ;]gxgis Iogﬁ c e

n
hclzonthct \F%Ltthe pa() % %rﬁ}]mlg?rar %TBe Sfﬁlbchtz ce %ove t.hr Tugace o?lt.h or tafb et elo fV Y
61"""5&‘?9 Egitipoaapery @%‘PB%FH é"é%hwamse &P&R‘Wﬂgt P E'i‘?(“ég ‘é‘&%‘ﬁ se
ha)ddwpq thethesier npodesbthavigyrreh by ased 16 Jovharersoqur et making thgwm O s
Th@undNet RRal) @ofdld todd SGoSHR{Ie fitdforirolbetrvianpeaerol fiy example an air brush
I Ricedacti ve applications. In hover node the pen is not

[ 'ﬂle mglgt{gsta%g%too\ﬁﬂrgdn u-LntLr@1Fagﬂm£snlﬁQ m}ﬁk Qﬁa r?gq&wustmlleltpage
ierver a{‘)”gexrﬁ)erahng oethe om a age server €. pen bueffetp ca?thred d Qaﬁ ink iri mon. gtl al ng

poSi . .lnclu
i P@Oﬁe%eﬁ epera%tv%?ea I‘ie%agb%wef %ﬁﬁ? ffa&*&ﬂs dJgjyt 1%“%! % of an
| Tie eon Sedppligbvith afppitinie eradiej oppodf’ ke Hedpetyins ABitie o VAR el Fhededs
b@nrikE@ cha 1 SBRDE® alchipute bihisiGFovidds to@uticatiam mipport Gpr blaeppi@aperapd
ogccegsl&ﬁqetpgg,%;,@ggce of the nib fromthe coded surface

lél l egl 1s Q eu}eyél}e] g refhgrgeableoogtjterybﬂh Qa\é rptyiot a@a@é@iﬂi& ig Lprepfa&:[ble %’H}l‘ e

us | on,
sﬁ’%‘r%ff’cf%afgﬁ thg %%a%be R ‘333 °°"P°6?°E f‘%a‘ﬁ%lnﬁ“?“fagi?ﬁ YireT FaE
i Bjeods iThe g2 ﬁ%lllaw"ﬂﬂéw E&B-qompatbladeit 9% &0 2llowdiiq ba piemgi éﬂ’iﬂw‘ed
opépoatridrvgiledf®d i ne from a Net page server the pen
Dtk fof bap seraftle daBbpadi @ prbtatingita b ind thé¥QEEmY ki@ bvhdh @e capR iR Hd
e RinORELAL kﬂgapgmr%&@w&gqm@wmgw@ﬁ@ server the pen
transmts digital 1nk in real time. The penis supplied
with a docking cradle or "pod". The pod contains a
Bl uetooth to USB relay. The pod is
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connected via a USB cable to a conmputer which provides
comruni cati ons support for |local applications and 35
access to Netpage services. The pen is powered by a
rechargeabl e battery. The battery is not accessible to
or replaceable by the user. Power to charge the pen
can be taken fromthe USB connection or from an
ext ernal power adapter through the pod. The pen al so
has a power and USB-conpatlgIe data socket to allow it
t% m%§5%£nally connect ed “and powered while in use.
serves the dual_ purpose of protecting
e S R B = T L B OB BB e PP
arveradsefbgnd atid riigg islaen¥en to | eave a power - preserving
steadogomsdserp lunpapped. 0 24 PIN FORM FACTOR The overal |

Weieahii 51(0455gaunde<§th£1§ﬂaﬂﬁdilc§m ﬂ@peﬁ 4o m:%mlaazfmﬁ'xfozaﬁle sfha‘}@to grip
l\e&dn@% Faa B fbd ﬁ;aeﬁomrrem;hthe A gﬂgnl:apﬂﬁje for R

z;l.nterrlal comeentsh L\Etongag pe!:t 1 e atur{l}le( conforms 10 a fr1an ularC$ FAIJe\Itweeu thun(%fg

éﬁ rangul ar profi gives b

“ﬁ‘ﬁ?@r“%ﬁf“"éﬁ“ﬁ%ﬁ?ﬁﬁ‘ﬁ&ﬁal I y conf ort abl e shape to grip

and use the pen in the correct functional orientation.

| 1As shovna Figore &, ypaabdcOaites Qi ae fon Dt 2 @@GBIFTAD cAbout3defrbtfrom the
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ngfeéa ilmga&vgpltai i&w{a{r %gl}élh&@ mﬁ& pp%&h@%%&v!r@ﬂ%e%&%ﬂo is able to

er
una%le @ paf on gae ?8 ey ha& Qelen oamnésF f\(}\lkﬂilstas etric tu.ﬁg "h'hé sha ppé |9]f ﬂ%f 68\,\[}) hel%;

n Bﬁ‘i“"ﬁ’é‘}e P?S‘l“‘i“&‘ltfy ’the W6 i Shnd e gircewse "F’ar"ffh‘ir opepiEng tha pep rppgide-

t éowat dhetrirdimbtion (hrd@8ownhlartthaabdwablq i et tepev e redagl €)  but

S Blle ) MOGISIRE © Sit oBer AtAp @d of ADFeR 400, RS b sectibly st @IGNLBRAIR pen

Ofs iR Y ki Yoo ieh £l BVEYarl KiRY, 5106, 0 PGk (as IR afeP?BEr0Rfed

%Lngtjar analas,) oue ﬁm Wo b b sd n%nmépﬁndg§4lggg§ns Ln obscﬁxm&

ﬁﬁgtto%g{ r,]!w rat:onmo Eef céu e 0 ep%n as aqlE fle:n ﬂltjg syﬁ;tel'fx E)iescnb%dm
Be™x he pen correctly in the user s hand 408 and to
d| scourage the user fromusing the pen "upside 15
d&satvvn in Figee 19,042 giiplp@inioDGen hubR SoloheshtGumpldinf4Ib etibbed by z base
Adhd1naBd3khodsd thelotn@BBHoGrertsATHY Bik LaSiride LAV ball FHR 06 AR stk ik S

d:@!?hla eta% izb Bf a2 %%fgulgjfr br@ss geQiQn Elﬂ:gg p&;\ﬁ&tl&?ly Q&%e ﬂ%grq ’gnp This in

ahlm provﬁ%%gace Eor&hf mam%C%E%LSJ rt&el %/nn?fﬁf %ea en and ot er :txttelg %4 getha base oiT%
Iﬁ& R ERTC B te e e ppen hrehinge Ramf?f‘y FApPR T ERPREREPECS 42

t npbEHH N balew B st (Eidoskegtd)nomfial Rithe Thenh pliDs HE vt peg 440 &p
enwebt backhhegovethedtkitridab 416l ©\Wrevbit 2onfad biieiShe N mABRELM00he WRG Burface
t e R id oeraell QWBEhumAitckl bration motor is also included
|4 bsshﬁowps@@@&@ mtlﬁwgag%eﬁ &%Qpéggnea;mo@gn Qeqhq Ff}%‘ééﬂ.@rﬁgml n

Zigterpwmgow 4!32]( belfnhrgc\:lgb 41&A§1]1d two nea.tﬁ ed i qugﬁtmn LEDs Z!—3 4?635:11&' ﬁET gxe two

assi s nolding
éﬂ%"f“ﬁ%’é oy mamﬂ%gézs ety %@%L% (¢ TG poiform
cmpesiaeiriddst. 4Ffhe i nk cartridge 414 for the ball point
Mislhe fA B banSREYUDay beihbiEat anfasptetfagthusdy refldarion fbh e 803 XEB AR Bf
Ll ARGy ALEnsd ' )98 i Glolo @ onDHEBGEAED balsin ANSHRENt | Y

\%ﬂgljﬁ ne.u ﬁué grip. This in 25 turn provides space
0"%1 beﬁ gm : CB 422 in the centre of the pen and for

EBDa?Cf( ?ATEE% in the base of the pen. By referring
tFéf‘“Fngﬁ‘é"gTﬂ'aﬂ orgst seqsiafrfhrpigh Geraire-fitlg Aftthe pini+@0 (althctles cppatt A roztd op
pileaciettid dag. Tha geedremiatagredpd tras LR 644 imitrat sevesel sl ysinh edicomy
tafintebid) adduBrich WAt Haht HBS PR Gl tht OEDRQHA Rknic R ke to T B@us Makator
nol di ng 428 of the pen 400 is swept back bel ow the
ink cartridge 414 to prevent contact between the nib
nmol di ng 428 and t he paper surface when the pen is
operated at maxi num pitch. 30 As best shown in Figure
14b, the imaging field of view 430 energes through a
centrally positioned IR filter/w ndow 432 bel ow t he
nib 418, and two near-infrared illum nation LEDs 434,
436 enmerge fromthe two
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bottom corners of the nib nolding 428. The use of two
i1 lumnation LEDs 434, 436 ensures a nore uniform
illTumnation field 438, 440. As the pen is hand- held,
it maybe held at an angle that causes reflections from
one of the LED s that are 35 detrinental to the inmage
sensor. By providing nore than one LED, the LED
causing the offending reflections can be
ext i ngui shed. PEN FEEDBACK ? I CATIONS Figure 17 is a
S{a

| Q@ngn!wI th’m @t?tlxbe%%ﬁ.ﬁgsﬂllﬁ %E&Ee s&xﬂl orﬁpge ée?ﬁ%}uﬁiggapmaer gﬂf lI)aItery

t

R“'é"‘ﬁs‘ m‘“eﬁﬁé"a %ﬂef“’ﬁfé %&" 3 ?“ & ERE U BEW LEDs 444
té Y“ﬁ‘ﬂf’"c‘a‘t“é 4%@ aedlo hepiegthpuvey iaforpgtiop ¢l tBrutey for Argpogppgirerification
| rifnetiong idiriye trmseltidog Thiowmstem /A ubad dpin tnpigd Btevded B igiatibn Gat izbde dihd
t @NSRkdnGdn BOheIIEY Bdibatols @44t N BhSdveM ol Sribledd HEnE aﬁﬂfapﬁgsystegﬁndicates to
Wighdowdl2 in the tube nolding 416. These signal
status i nforﬂateh%ls o the user including power-on,
battery Ievefl’ FALSMT 88 digital ink, network
connecti on oﬁe‘f‘f?’i‘é”"”f’%’i”’tc“"&r error wWith an action. A
vi brati on nofeteakgeimgmgdad t o haptically convey
information to the user for inportant verification
f wabeRe TRy transactions. This systemis used for

I Mgtb%%ﬁ) 'thQJer%grQ&tpbd\ﬁ% S]lol;ll'g ln%%&rés gﬂaﬁd 52 h&tand\geéug,%s 4?2%0 mdwate
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i ﬁfd‘iee B & elymer fpeping §‘@1““g\ﬂﬁ‘e ﬁ*‘ese Slw'éfa‘ijséwf%\?ét%é%mﬁﬁi%?ﬁ‘“dmg
s PraraiElpte ppsichatreusmittqigitapink by lpmieatite(plisatge pda LEM 4Qetsition  To
aeknowliedgessarer ansacti on 10 POD FEEDBACK | NDI CATI ONS
Tud shdwid @ Flirk Bf thelpenn a bdI@: bGINBEEA52G: 106 /iR (op S0 98/6¢ te Bon,
FhihH fnofirhre 3026k bgaésfm ﬁrreﬁg%rm@nd%pe@@ TLBEEASCn geléut?b FefReabyaghi g@t e
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30 by both genders from5 years upwards for personal
educati onal and busi ness use, so many markets have to
be catered for. The pen design allows for substantia
user custom sation of the external appearance of the
pen 400 and the pod 450 by havi ng user changeabl e
parts, nanely the cap 410, an outer tube nol di ng 466
(best shown in Figure 16 and 49) and the pod jacket
468 (best shown in Figure Bgﬁaﬁd 32). These parts are
aq{ufagxgmh& 160thd pbH 48 hadbBen WAL as DAS Ohinte pradhs b fias S}SdaB G- L O
oduce a variety of high quality graphic inmages and
3§ textures over all surfaces of these parts. These
parts BPELEREESies to the pen, allow ng the user to
change* ftye&nsips preeablatite whenever they wish. A nunber of
| i censee4somdlyé®; 3t ovi de enhancers for the sal e of
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NI'CAL DESIGN 40 PARTS AND ASSEMBLI ES 0
Refefring to Fi gure 16, the pen 400 has been deS|gned
ad™eg aﬁ"r“ﬁ% %W‘Fé‘ Bira e b%ﬁb}’ﬂﬁ’éﬂsl’ PHUT A B FEEgt hepenisto
a8wreml 4s pageibleghnse pigt drepepked asslowship pyctigar. (bhe opetficghoprponspivisthajigper
asseNMlpyn, ndifely the fre SnsGraPenty $7 Aty vikatidn mcgon ¢ho alt lae spiiRg datacts
assRIRLut 2446480 YWiRigGd 620 QlpehSvel NiBecNBkalhg REEB otd B id a @dst €1 Y
4 2ot BLANEL MP&%@.#(Q . THDLALAYS. RAE REER: A6R) S0GH, aS

e- e ¢ and pronote longevity in
th‘S Pgs ??n gm&ﬁ“?@“%@seﬁﬁ%les and the other major

parts can be identified in Figure 17. As the form
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and sone chip capacitors 502. The flex PCB 496 is 75
m cron thick polyimde, which allows the two infrared
LEDs 434 and 436 to be mani pul ated. Stiffeners are
required in certain areas on the flex as backing for
the attached conponents. The flex PCB 496 is | aser out
to provide accuracy for nounting onto the barrel 30
nol di ng 492 and fine pitch connector alignnent FORCE
SENSI NG ASSEMBLY AND | NK CARTRPDGE Fi gures 20,23, 24

and 64 show th onent s. #Ad_ i nst i O
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b Q@finer 402z B4 kit Schiket Nk Qd1EAd S@ANPI. and t he boot is
Cm IL}Q; the end of the cartridge. The boot 702 is

eas TAN
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S ukfrae: 6B ze vik he i ta@{dgd 41 47T keSneth! p@intr srmiveeiios ipfrmpdigo byo eripping
7Qns 50 BRY R 2480t i Ng the spring 700 from overl oad.
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P Shohmekinic ot esrE P UL A RRTE 5 S P ‘P%%%
prEe i eﬁmﬁfb]’elﬁ?ddlme’idﬁéﬁ‘mméﬂ?s B¢ to pressagtE e Sprecd EHE Y
Th@e@aﬂﬁﬂﬁﬂims@mmh@mpsﬂﬁwbﬁcwﬁwaﬁﬁmw§€@4@Eﬁvﬁﬁﬁ§ﬁﬂﬂ
f Qfla fietc bR a0 bdd 28 dihs Qi forNefis@. bonds 604 connect the
40 Chidt. 2Bt O the spring contacts 478. The chip sits in
the recess 564 formed in the rear nolding 566 shown in
Figure 62B. A 20 pressure relief vent 584 in the base
of the recess 564 allows air trapped by the chip 526
to escape. The front nolding 606 shown in Figure 62C,
has slots 608 in its underside for the sprung contacts
478 and a central aperture 610 to hold the ball 524.
Location details 612 nate with correspondi ng details
in the coaxial conductive tubes 498 as shown in
Fi gure 24.
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As there is only 10 mcrons full span novenent in this
system the nmounting of this assenbly in the pen and
25 use of axial preload is tightly tol eranced. The
force sensing assenbly is nounted in the top of the
pen so that it can only stress the pen chassis
nol ding 416 (see Figure 16), and force wll not be
transmtted to the main PCB 422. The force sensor is
a push fit onto the end of the enner conductive netal
Ee 508 al so tragpl ng the f%tajner spri n% 504, which
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p t, an accurate axial preload force of between 10 and
or%?msmc E,tm(()mthe force sensor. 40 INK CARTRIDGE 0 28
cartridge 414 is best shown in Figures 21A
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conparable W th standard baIIp0|nt ink cartridges.
This capacity neans that refill cycles will be
relatively infrequent during the lifetinme of the pen.
FORCE SENSI NG MEn1OD Pressing the nib 418 against a
surface will transfer the force to the ball 524 via
the gripping arns 530. The 20 force fromthe nib adds
to the preload force fromthe spring arns 532. The
force sensor is a push fit into the
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end of the coaxial robe assenbly 498 and both directly
connect to the PCB with spring contacts (478 and 512
respecively). Figure 24 shows the limted space
avai l abl e for an axial force sensor, hence a packaged
design is required as off-the-shelf itens have no
chance of fitting in this space envel ope in the
required configuration. 25 Thif force sensing
arrangenent detects the aX|§$ orce applied to the
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C Mer cQ—énELE éwé}f:vztabn%nﬂ@ &tﬂ&@éﬁﬁ‘g m%@m&@bﬁo £ ﬂIe Je—d;%préglfbo st

d agai nst t ia the
’fmg’qibﬁl eﬁfj 3 BewW ca dﬁe b Eo gxe same p;%:fgm édim e Fl ur e
3%‘7% PR R e g{f@t&’ Capply ey e s 5? vi de

t Fresasrideto gyl degter v b eiemabpdna {6 @ reolg Sppdided 14 Erdive
t e witiivt o regligre 2 nstlingras@zetradh essghen thive frephioadingeartifips S
NRLLSSH Fiakss, th heloenhy 7602n ﬂﬁsroﬁ(ﬁﬁ with 4 R calify rrisRg retaﬁﬁérmg
d‘u§ %Un%éﬁgam@:*%%& e LAEPARL 1S necessarily a conpronise

ﬁmmﬁﬁ%mﬁrma&‘I, g.€asy manual insertion and renoval of
t Hpensurlng the cartridge is held securely

Wi FF&EIF”SFP%?\}“@F"“‘YK"“n%‘ﬁiuf“ﬂ)‘&&fhﬁ@ e R lles® Mges In Fleure 3

i THisi v ditcesctopine Fiveper tbe B sarttidanand (e foes prescr: [Fessegupling s somevwhat
din@aealea Bt vBg@ S therd it antdrhedizebddt 700 he 4 dteed dbhvatn rldigpo the side
I Qﬁgé Bigirided. Sro Gt WRECHE DERailed shaldSER Ttk ipet ual HRGEAUGSS i B e

Boudl, LEGTE OB xega%!@ %s Je odt I&kion L«,g@g kottﬁécte.r& eﬁﬁqx'tfﬁlé
‘é‘ﬁ}"% “‘f“B?‘*%“g Ff@%’*fpa%%fﬁ\/%’ﬁm ﬁ’f‘e ht‘*“' .*‘“ﬁ%léerg%m‘g{ﬁ% r| dge

fron1the top' or apex 420 of the pen's substantlally
t £ fuiiahly bcarensorSerdfy s e@tis agiticop gigreresisiivg bridge fr® pensor, Fpfeas manufactured
PoyEHdkBRd (S Hdki G, 70Re Gakor FEDPIR @Belwi@Ma bdp/idhae/ a8 for
of the cartridge 414, thus providing a conveni ent
mechani sm for seating the cartridge against the force
sensorbal |l 524 after insertion. A cartridge travel
stop 10 712 is formed on the chassis nolding 416 to
prevent overloading the force sensor 526. Since the
cartridge itself provides the face agai nst which the
pre-load spring pushes, the boot is elimnated and the
cartridge couples directly with the force sensor. As
the cartridge is no |longer constrained to a single

di aneter along its full length, its central section




nol di ng 466 al so provides the user with access to the
pen's product |abel 652 (see Figure 71). Skilled
workers in this field will appreciate that the chassis
nol di ng 416 and the base nol ding 528 coul d be nodified
to provide the user with access to a repl aceable
battery. 20 Referring again to Figure 34, renoving the
external nolding 466 (not shown) can al so provide the
user Wi th access to the top- Io%dlng pen cartridge

é lﬁhﬁg he er nal nolg P enoved, nost_of the
gt ‘“{""ﬁtﬂ’“ s s UEER P HHEeat ZP’S °é°° ER o SR Loe gepgpisted
reﬁﬁ?@@“?ﬁém%§WﬂWFﬂB€“B§BsI|d|ng it forwards agai nst
the pre-load spring 700 to extract its tail 718 from
t hes emGEFiGRNE B sl fofed Gsnsol RHke habdsikes A@nal FidebPY\BnCiSng
st o éJr k. @ﬁn \le@eacgﬁkr mez g‘tﬁn thxt.l{ q{{% &gﬁcsglﬁtﬁuﬁé 'thg 120 55&?\%'1& M-ohl%glﬂl -200
pi éafcr I n e hét/adrooma oﬁ%%lg %2 Ehe em(@:bag L % :s?ugr'tﬁ)ver gmmmTEBI}Jen cartridge
& e il eoagy 1t A ¢ i g DB USROS 1 it
pr ewwdiigrresut fe yepdgrd Helerila Bjcrpensor packagsyi24 op el B2 6 dthet lprigithdially (see
C afiglra 92 ad IBLH p@litdaitedly CaFaot B3y, abd@anidaanf off@Ad colph@ Chiedhghism
10C @ bdiwebnGlg Ban cdrilided 45 AOke fordbuBA3ONALI € 1O require the user
to remove the external nDIding 466 to repl ace the

fgg E [ 3‘23):10*%43' gnger ?eaa L hectll;] U% o§ \émd?u¥le- avoﬁl.g ﬁu% g{ec% %tweeg the
fr 8‘H‘l‘dﬂ‘1 ‘6%\?13 the f°ff%1f"fsi’f tfy e 'R OF Prsgsfepbor 73l reandg dpwayapdg when
pr @bipspafiresiomithy cprifdBOviagisfooh 2. Fhederie dhaehsmifted [irdughg rightymele, providing
15 c aw¢ deqpired ddppliagightwiee thataltlidggi 4 i Qe fodOsenbdr 426l n@unta kethd FCB 422. Each
€ asoky @13 ahD730 8 HAled frduh Q1R shebt] CGQuztTfeachFLIRGE clRee DREET kil

CORlsk N Jhe..fir ce sensor 526 is ideally nounted
perpendicularly to the pen cartridge 414, as

illustrated in Figure 33. This allows dlrect coupl i ng
betEREETT SR &sigeft 1 arrpliggerating b Frardentie fonguagpwardt e force
20¢ O‘EIf?PIie‘h gpd elgningiizprenatrad! ficjon dlaplemd tip trro bowiRfedhles pinteh € peesias, to
arelimiadreanahegbigtbtiidioqs thd OBty Qclf £40 brovida 8 cutleBRIENS S:0i6l). FThEidaDetivdan
I' ethettbrbe @hsthrQovt P@anS kRl 53D ol BELE RBo:GE i &nﬁlﬂﬂﬁuse dQufdnde of the ball

W LRk BNSm&QRst rai ned space of the pen's tubul ar
noul di ng 466, it can be advantageous to nount the

force sensor 526 in any desired position relative to
25§ i RETSEPY oR Bt Yib = opiyy 1 the hasPaoy e 4fode TP TV iRy high the double-

| eba% touniagpiece33s opetiies. cont act force being transferred

along the cartridge 414. A suitable force sensor 526

f Otthe fekl@rrAGA14 B thbost bdzin&amp B2 QRS theShipNR pibde 8 YR velR GO the

S Q%@ge 414 %ngn Is%ﬁ:ram@ﬂ H @G Ihyt(vgghde é}:Qcmw umMel%%ﬂa(ol§ ggce However,

T e e e e
r?€ &t Blrew 45195t 97t e cerdigns frcten o g Aubie et deiep pingizes
f@W@é sensor. However it will be appreciated that
many other force sensors are also suitable. As shown

I Mrddo@ldb&v o&@lmg&ntb@ 78R fﬂy@d‘uglt Jf'@J%WLdg Ik slfrﬁg LR W unconstrained
35 p%fﬁ!ﬁ@cgﬁ:y %@Mb%c&éﬂc aw:lagﬁ sok&)épr%h Qt%l IS%@ cnoﬁgh(o gruiag?tbeglgﬂ;l

neSS|
Pl Al B ) A bt o i s h s S o
h &3PS it BteRrTe fsepeme ipigheicping aﬁréthfec}?%&w@ﬁﬁmggﬁw | Fen
j ths tor By &35 iSepseinéf ethqyedty, hadotbieibog@upligpies 72 ¢tnan ebg very stiff spring.
C @ofil@elstfr shdafhQd ki Lebifnt B@Ecief Qidon@elapiSquénbi&lof iR the3 @ orce
40 abgye the FCB 422. It is therefore possible to nount
t he standard Hokuri ku force sensor package 526 on the
PCB 422, either longitudinally (see Figures 37A and
37B) or possibly laterally (see Figure 38), and
provi de an off-axis coupling nechanism 10 between the
pen cartridge 418 and the force sensor 526. Figure 36
shows a force transfer elenment in the formof a
doubl e- bow coupling piece 726 between the cartridge
414 and the force sensor 526. The |lower, or force
transfer bow 730 expands downwards when subject to
force fromthe cartridge via the boot 702. The force
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with the walls of the cavity. The doubl e- bow desi gn
acts as a centralizer, preventing the cartridge 414
from nmovi ng upwards when force 20 is applied, and
elimnating an area of friction. The top of the upper
bow 728 can be pinned, if necessary, to elimnate
anot her point of friction (or the cavity itself can
provi de a curved ridge contact). Friction between the
fore transfer bow 730 and tﬂf‘ball 524 of the force

S %?c cgcre segs%p Sg%’]siownn'af‘l{gxresgg (i? an§ 5‘3 h&%ﬁ gﬂ%‘:@& diI [hcech%Ls nﬁot‘@%ﬁ?é de

orce sen
R RS U B e R R e
f erfdenicintenesarvthetioyee popsondpfi edthe 4286t % FCOBBW- coupl i ng

pi ece 726 operates. The pen cartridge 414 or the boot

7 ggcoﬁg&g %@Jﬁﬂ)e&)‘f tﬁenlg’asgﬁsthé%rﬁehen;ohﬁé G @kkfaled Mgh ot REBCBAZ0and is

anQ f?re 1%&!21%/ @a%l'eé to(ﬂf F&t&ﬁnorectgerfgrgelsgg@ﬁé J:lé;t be%éc?gﬁtﬂc%/ed tosthe chassis

U P l:‘ld-llll% 5flﬁ &ccatusﬁ ét wgl\?eaﬁulﬁegtﬁcl agoree V\ﬁné it a\% gom tf:le mo&ld%go because
the ratio of the length of t he cartrldge toits

d iconabt tlis pricepal] teerPGR 422 n@ g fogyicly hitachedgy g yssis mpulfipgdtifoéd sdhgf clips
t Bingd 8t chad Souliad Hé dndgrenddSbelliv BiERIPSeT] Pabovasp bdphvgided as part of
CeOlnkRl bl 41% u@gegéu%@&cht,n@ QUD€ PO QG @i float within the

mcupu rﬂo %EG wil h lti ma agcﬂdr pch Igl%mgig leeﬁre %Wp&oaytm l&cﬁgn d8 {h@ﬁ@e sZna)ﬁ

avihg two spring constants. Wen
u 8onstralned 35 by the cavity, the double bow can

aede e@dRdidents BBSOR Bifrey 372Q8 S0, SRFbiRG forck {at Eﬁ@h&ﬁe‘_ﬂy}kﬁ&n 8O fattridge or
eﬁ)gtbbgﬁto thQseQ&@fG%ta%ﬁlraLlﬁ @Juphh%] As Fithla Gcgﬁe ‘JOQ cd‘uﬂhlné thik hl@ws the force
sensor ty be pﬂsﬁlonc&? co?vaenté'S thhn % cons%mfts ogfge peg EGFJ g acﬁ[e& QQQ f:rob]ems

unct | on
Rt et T BRI b b R a SO T R e
doedrhesiypaiid bpl Pryeigieeer P2gidtwhen  the top bow 728
is constrained by the cavity, the double bow coupling
pite g@erd RBuihithe @i isggwainFiprres 3B, pTBfandsi§ uiing ghe Hokpuskn EHHIP Eree
b&ns&taisdudsedasv@dig)Rlatond to @i Qdulle Ho@ SARRA t AshbicBaureneiioad, ohkrikighrange
oﬁéé{u}c @agsofs L Q%%ﬁ&ﬂlee Shqunsok B 6 8Sdsedivith §rR@Roti@B batifoOFifES24. 4de

C%rl‘lgi 4Fleeds to, ﬂogt ATS m%un ggl’égagthe egx;&?og Eehiéc?tﬁa 0§Jp QM& 7k4ri:rquE W &S pen

I
Bt G AT e BTt Ll ShoREla, the
PCB 422 via a set of sprung |eads. [ revent tmtf
DR O Pod A OF 8 B AP couRecREror dBfn {1 “Bé*‘ttv@eeﬂs‘i“ha FdF &8
sehgor o5 athchriofieen(ite hp;o;tzushcamun@eoﬂf- P> 2pEpbnt & &1 f“f“%m
BirowgDatapearsé ip thi: tvetoivilgd aslip@ots. Ghe itchaed prevan iujthe fydratlin Buid or gel
f BE L8 SRBABEariA3B o S AL, fThd bSitBut Wenkt rork 5o RCR6 4 Bsnardl

'érecuht‘?oﬁt?cis%ﬁeﬂcgﬁﬁlwla%(ms%! dered to it. Furthernore, the
force sensor 526 nust be securely attached to the

C”Hg acl on of thy “;8:%' foqne Q‘%n ig bsengo?‘%‘g’ ematlcaﬁMsigwn iQ §1gu§el§ Qd aggttl Et inl%c

force pushln rom

pap%maie@% thesq %é"hﬁ@ “ﬂé d g il te SEiney g}g“atTP%ﬁH "&‘et‘“ tﬂﬁe
civ Bas o fievren oeifuidgt oM BW e a set of clips 10 fornmed in
the chassis noul di ng 416 and extendi ng bel ow t he PCB
42R1e 4PiciGent & siadtigovith e yrdiftdbbiribsenya p36. Bife balt Preace ira gisips
r@ﬂ&xﬂial@lﬂ adkd Boss-{eQioRRRE At ehaRdtiod heartif@aB 422. The
PCB 422 can then float within the tubular body 466,
V& e nfofndiBth Mu@ RGH 975, (RBE Ble ARG itk Bendoh) G1ic6r® B h@onur sb:h e
pen, at the location of the force sensor 526. The
enbodi ment,s .shoywn in Figures 37A to 50, re-direct the
force (at Ieast partlally) fromthe cartridge or 15
boot 702, to the sensor 526, via a hydraulic coupling.
As with the double bow coupling, this allows the force
sensor to be positioned conveniently within the
constraints of the pen body, and addresses ot her

probl ems such as danage fromthe decel erati on shock
when the pen is tapped or dropped, and a relatively
undanped transient response which limts the
avai | abl e sensor bandw dth. The general |ayout of the
design is shown in Figures 37A, 37B and 38 using the
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20 sensor discussed above in relation to the double
bow coupling. As previously nentioned, other high
range pressure sensors are also suitable. The sensor
526 can be used with or without the ball bearing 524.
The PCB 422 needs to float on its nmounts so that the
and stop behind the over-nould 734 brings all the
axial pen force onto the pen chassis (not shown)
rather than the surface-noug oconnection to the PCB
422. Figur and 39 ] t he hydraulic coupling
in nore de?é?%%é$ﬁggFﬁ Ef:e{r]tridge 418 has a nib at its
distal 25_end and a boot 702 at the opposite end. The
boot pushegmgmﬁPﬁ%ﬁ%r 732 onto a menbrane or ge
surface 742 through an aperture in the over noul ded
package 73HissPH¥ ficr eased pressure in the hydraulic
fluid or gel 736 acts on the ball bearing 524 of the
f or ce senséiis B2G2 of Phgungsrit put si gnal from the sensor
526 is transmtted directly to contacts on the PCB
422 vi a pi Asis Bddhjectddyetfagatd obihe tolf in pliveriew,pyafitctife dinrd@entsizon
the force sensor is schematically shown in Figures 40
and 41. Itrasd !l be 30 appreciated that these sketches
are sinplified and wi thout the right-angle bend. The
right angl g /knasthe fluid path has no effect on the
fluid at low flow rates. Figure 40 represents the

S I’I'L.Ifjt%to io% c%%u{ Qrcqu]th%mrtei is%gre @EBMJ dé&i‘inggiﬁaf(gf Eﬁ;_gr@ignt;[ l%&lts

b%:!.owthast%é(}ann ﬁa 'a%rtge}glcu%}m%pn‘s is?ﬁpr OX1 mat el y.’ as It
CroSs-sec |5n§? ar ea nornm O the direction of travel

hardly changes.. Pressure throqﬁgout the fluid or get
736 4 ISRt T b S BRI BB Ty g 2
g élalpo ftiad with i fuiipr S5 FS and Y5 prpsvpe/agy dirprdy gahe seppr Gip S{fe g effertve
| Siapthiagn sj3¢ @SSl @p burfact dféhe gobrichif526.s t he i nput force; Fo
is sensed force; Al is the area of the plunger; 5 An

| Shetdhferenpd tejv@ isRfla ShsbrfediBe 1Al RainHF24 irh @itHo@ kb ball Beajdleddthat the top
\ Lu_@:ﬂye of @k ptﬁ)fSEﬁ‘féés inM Bt Q |a QE!&! Eﬁg‘mesfk &eforms hl;gla Uﬁlocﬁ%cﬁ'ﬁﬁﬂéﬂ&k ch:p is
Tm:ltugly rée%!ﬂgg IéfgS% eteill.{lgad%i‘g erUet an%l;r@ @Ae Jyﬁcalttjc;}& sél&p!lehe%&n @;9&1&? Fiém?b

here 't erire aring Ratlo Exper i ment al .
LG PP AN EE R S R o e ey
s ittt thp eentgg obihe chip and it wil] fo dessppsidm St iTpiFe THbERI IR SEhE e
h éiffiranidrol e first pasehind so il provideradiffeyyrbecttigratlg g b practicfiyeslisetipy pfithy sepspr
t bvefictens@ponb Gie prsSired tBethydrdulicl c@@lling\is tHaw i B gufel 48| ks @portgheth vent
7 86ca 38 ks bhQm BE BSSIH® 1RO Swifl bl RGlrd Hro@Bind RRasensor chip
526, so the effective diaphragmsize (Ao) is the top

S .!!Hyfsén‘;& c}ﬂf SZB %oﬁi@@é q{ffergaél Breélgfﬁcan g—J]lﬁeddi{Jwg‘glr, %QP&SQG&\A@ Gekk

e T B b s b Rea MR 2 1 GBS Ml o
5967 Ao | FBYGEST GHEs #UEs fdfiters P BEF GIRE
| fidekraga (oresifagsofrensof bhép) § b MBa d&8 P12 hi p is 15 actual ly
sensing a pressure instead of a force. Conpare the

t Thpiflwédr efl Gr60ehs@nadbs sthefilbedtompessiyhy Ofili bhigled shouldibe trmeved) Rith o
t Qcudm 1f YelHsrd | THPE 5B bBveSBRHR Mo theietrifRa arfd B®felultify preRure head
F&gf&@hégﬁmgﬁgdgﬁglection in the pressure sensor case
w | be less at the centre of the chip and it will be
| ess sens&%% e Ryl sinpler. This di aphragm di aneter
is al so erent fromthe first case and so w |
provide a different gearing ratio. A practica

real i sati Srofe THEYENSEP! configured to respond to
the pressure in the hydraulic coupling is shown in
Figure 44. It is inportant to vent . 20 the cavity 748
beneath the force sensor chip 526 with an aperture

t hrough the noul ding 734. Any sensor chip 526
responsive to differential pressure can be used.
However, high sensitivity are less preferred. The
back of the chip nust be open to the anbient air
pressure. The range of pressures is in the
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order of atnospheres, so high-sensitivity sensor chips
are | ess suitable, eg. 500g force over a 4mm
di aphragm (top surface of sensor chip) is 1.3 MPa =
181 PSI = 12alm 25 The fluid or gel 736 in the casing
734 shoul d be inconpressible. Al bubbles should be
renmoved, with a vacuumif necessary. The difference
bet ween various fl uids is the sheer force and the
resulting pressure head g sy and Ioss of

L)

?n pz%nstzrg Le qgsz 1%&%%5*3? rhcme g mﬁ’h Eﬂl %oval to |§: § su.iiﬂ:rl?é tEor ge recgurements
h etarae roressnscr 825; Hetoynpter Rudnor splhpay o7 yspdcaphibe gt o aﬁifrnsrdtfedrras
prdegiérna quigblp@l fy ke eipiteatsl e for the requirenents of the
force sensor 526. However other fluids or gels may be
used and t he &8s uesintderddes te enraihdBleedr Ah@rmores@ledy the Mgy a

suitable fil Iuecﬁsqrbctetteg:@a@iﬂraes@rtmob'rcakLovver viscosity

decreases the strength of the chj
correct!ly, “t HEEHIP ‘%”ﬁé%%@“?%mkg ?Se"m dgp ERE e

easi er it is stietradie ofticpffifer viscosity causes nore
h ysteres I Sl @ScSndaryl ¢ &f@:ts%%ﬁﬂ &cqﬁdn@@ @l stHdR@s) related to the effective

return-to- Zerﬂmm§§A&k£ léﬁuﬁ&d&ﬁhﬁééﬁ of the input
force, iii Secondar ects (resonant frequenci es and

st andi ng m&véﬁT”PéFéﬁeﬁwﬁﬁwfﬁ'@Q??QET?V%Wm@1%§F?ﬁtty
of the coupling fill should be m nimsed. 10 |v Losses
in the high frequenci es can hel to da
ey
oAyt oty stiffapsrdiio v te osaiffation flefugnese wiadh fs Wa‘fsrae’e t Copygely, a stiffer coupling
S @krasss GsbRERAH DS EColfosdh] oOhsnen-AwsDfob 6y congeaiensd hyrge (ol rgponse
Sts kRS S Jhe HOWRPse]. s DS Ehohik febiid hn befiv@Epd @RBY in thakkce hignbt Sod
u HJQ’%BL ﬁr@%‘( & ciu;meglgi §91ré/45 sl@w§att!rpfc£1 &b rcgﬁg'ts@ulblfa gnal HAGHQASAS
t eﬁdeceleratlon orce component of the pen-down
actTon” (for convenlence the pen down response 15 is
referred to ponse hj
e AT o8 P e b ST RRORE e
| PR ariens avg shewn iy Fgees3PA 0 #iCh  br eakage. Fi gure 45 shoms a
typi cal tap response output signal that illustrates
t heizuF oA bsiporeser TSFiere it TS widr altertyyos §F 19FE| 784 J&° Hisp is
applyy tofiglicdich Gor | andittbstrfcOie @l te@ing e sy ckilatrhse dricfidnuri which s igably
738ssirablir €ee of the primary options are shown in
Figures 46A to 46C. 20 In Figure 46A, the input piston

7&%@&@[&%@: a:prﬁ l’otcg]!? 19 dﬁfeétlgr oﬁ% Edava;d{?@m@@ QLAvebhersd. Fhd ddBhragm 754 is

cas 134, Ri.SLO overly.sQnplicated for a
o'gytrerel]’aélttﬂ 1'Ekeesmékrana orssgaee mput% %S| %f%s w |l cause

frlctlon - eS|G%bIe

4%%11—3 416% gmvrs ﬁ Sttrﬂlua%')rrjé gd Egné 6¥52 c&mq)%n%ugxt | 5 8echamsm can %cgnage &?bgs: 50
bt & i Iibrreirle syrep seeppin ofdie Sp3pireay At Ao g gecd P Eyjo high het it
Oinkryorer gtbefuaernsthigsiop p@ §is st obmatensl growafh e de ¢fdhe Plgert7>4 ogn kg
| defipbibed 201 1@@S the 2Bind-éofftinitrt 46 Covplhp Wi raud iti@ (Haquagyespbde cinigh
pltég);rq,@rte ﬁZn@(i%n 0915!43 0 a&zrueaa mat:-gni &a FRCRARILS bR t6Bkkink €341RE R, 41)

S AT S e
%ﬂ@??ﬁte° '.. |nterferes with force transm ssion

and the exhaust of material around the sides of the

pl unger 752 can be restrained as it lowers the spring
constant of the coupling and reduce the frequency

r Wlep designse f forediwput rgtheh o ik $€. deuntredni copiderafgns e t he
exhausted material and wall expansion of the casing
734 (see Fig. 41) 30 increases the volune ratio (see
N cal cul ated below). Sone increase is tolerable and in
fact m ght be desirable for protecting the chip.
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When designing the force i nput nechani smof Figure
46C, the relevant considerations are: 0 34 i Shear
forcel/ piston effect ii Strength: plunger coll apses
into the fluid iii Gap provides a vent for the fluid
to oscillate in and softens the coupling - undesirably
| owering the oscillation frequency (see above). 5 iv
Gap magni fies the volunme ratio of the input piston
relative to the output pi ston o perfect piston
behaviour). Volume ratio: N°% (Xin x Ain) / (Xout x
Aout), whefe REH@ABRIEER 2 i spl acement, 10 Nis
appr oxi mat &l ysua: piededticaiagged in@ithe Biput f orce of 5009 is

appr oxi mat g} Y, %&dggagc{n{%}%m adPro ssgua@mqmsgﬁens&bao&h@uu@émmy

magnlflcatlo it means, in this
case, t hat t gleoscﬂ&ilmgnﬁ-equen%@seeabové of the sensor

di aphragm 7&54Ga Mics @4 volemegratiQ ofZhe iyt pisimirelelivy tpehe EPREPIFEML |

This al |l ows apdraidiseibrich. St op protecti on nechani sm

(see Fig. 37B) to be used that does not have such

crPPPCHP t ol erance requirenents. The surface of the

di aphragm 754 can be: 15 i Just the soft bulk materi al

of the senM-tufed*sii coRet * i4ou0S] WiEre ohe's \ifet Frish dispifopment

menbrane iii Silicone with say an epoxy (etc) painted

over it. iv The outer part of the fluid would be

e xtis B iael KN fnfhp@ foblsrB@E B adploB@tdy@immicon) Anel ded

film 20 A thin nmenbrane over silicone option is very

f ﬁJ?Q:I d g%mt tﬂlb@clayﬂglqﬁgm; (’JMoﬁtﬁﬁ g&e ad iD@eaS] sﬁﬂﬂgasamﬁt el maﬂﬂ)ys

P r:tngvemgx of @\L g?s ’dl fglvet ah)% nﬁpaglltrld%%oteggn@ @h.lé aﬁcmjs 9§e§ter
tnlgﬂ?l

stretc useg thatg asnnsot have I tﬂ:gj %Ier [ 1!e qm:lmre_:]nts

pft8’§’§°d?h8“‘ge%$m( T/ conti'guration 1S sho
gures 47A to 47C. In Figure 47A the input force F;
q|sgrle oty derhregRsiatr = or stretching the film 756. In

F| gure 47B, the film 756 initially bulges outwardly so

that the pi urfggie sofggl magel of ey gertitEthe fil m

stretchi ngu anRhcohddie 2 @h mémbrabes USed to raise the fluid

pressure. sho 2o gure 47C, the film

756 bul ges”’ \cg)@wéexwhsa "SPORTC dﬁadute% & si des of the

pl unger 752 \ibeeprerpat O&tm:ﬁu’fi H@#"é’ﬁ exfrehardgpd iy pqurtace treatmont,

di spl acenment 4-@kQake! atively high. In this case,

considerations i to iv discussed above becone

r é|thisparbraE RIS SROPorEER B REHT Cie \CtPiED" SENStIRE P 2ipady pre-

f otigd, sp @esthf eppliedigreecdoiorpih smighiniz she Alotand potaghpslatefep fuldg@ressure. The

S QNSO Eim bafifliafof & ibbyh iCIOiR 46 wlaer. tuhmyue aTAL thd iGhgGor@ F; istida@o F, used

b @;Pém&&@ e 56305 fJ: lIt&"xgué 3‘)5 ml AR 75@&%@3/ Mgeszreﬁchﬁ@ i dRARGE 752

acts 0 reducegh %B]r chg I’f?m ) on 1s used%) rm;rn;tﬁ ﬂm &:s’jxk k#o»%be'r Qs shown in

rerts s 26 S B R 00 p1 O R TSR T P
ol elfinless clisslagymert.qarej efativelyhiieh i fhid 6. e%ilﬂﬁ&n%‘& Hotsed HeveorPp
S5&vartFor exanpl e, at 500g the 10 micron deflection is
conposed of no nore than 2 mcrons in the chip 526,

t be st RRIDREAQY BusliGiedkS bei ng in the noul ded casing. 0
35 STATI C OVERLQAD PROTECTI ON To protect the chip 526

7 ch§£-§1;3[‘.tﬁg Ol iscﬁaqge@ Brd 90 Shrsod iOBediiN@lptel & 1S Sibtrida N inbIRbel(He
aL %%ythe 1351% og' g!'i'cly%tdaxga e t 91&: segsor becomes a problem The Hokurike chip (referred to
above) breaks at a static deflection of ~50 microps at an applied force of 4.5kg. Most of this deflection is in
the moulded casing 734, not the chip 526, For example, at 500g the 10 micron deflection is composed of no

more than 2 microns in the chip 526, the remaining 8 microns being in the moulded casing.
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m crons defl ection) would have to engage the casing
somewhere between at 10 mcrons and 21 m crons.
Fabricating an end-stop to this accuracy is difficult
Firstly the end-stop has to be referenced with respect
to 5 the back of the noul ded casing 734, as the
internal deflection of the chip 526 relative to the
package is small. Tests confirmthat an end-stop
referenced to the front face does not protect the chip
526 as effectively. Figure§548 and 49 show end stop
arfr&HgReNP S or8B™ ef erenced to the back of the moul ded
casing. Testing has shown these arrangenents to be

s Ueret fhg khirg26 frmotaticcvitlprd at dnéstephiapis get aopigally et st i feqpating to 16
| odldss Wwiidctr@Utoul® KRES Sigat€the tafidgBbde@lic@Ne@ee Rt 101QK10M land 21 microns.
O ¥tk eQRlend 48360 thid BRGE is 62RuwS Iﬂ@su,hde B8 tolbbWBrerEH0 witd rQPkct 1o

7 ?*é bﬂF f‘&{e I:nm.ﬁ!gd %&g’ISWasttEZyu&m% déﬁ@é’uyn 0 a c§1 % ¥e1a£v@[$% pagljage is small.

trave

e ﬁiff"é‘@"t”h“%a‘ S TV G VORI %%fé?i“\’faée dé?ﬁ@%i ﬁ’ét?*f'étﬁ@t"'“? 5&% SR
exceed the full scale operating range of the sensor
5FEeHP g ftehaornd p areprgras B8 reRrePet® §‘RE‘E‘%‘1§ hgypoufdpfgesiot niStire
arke seorrel thest aypreantt ke syyesprfubad protessitts. the Climt et stapir lerdSwithat egpsssive
t Reciint® in Skt dpGatichl M@ Clhnkey758 hMASMBRde the ehd sip U@ alGpaiit Vithid g €ery
4 :lilﬂ)rt tanc Bmvep@!hé bo5 2:& ﬁ;s c@n@ﬁcat&% %:Q{fufa&l&@ but gngccs@MngQJcm&ln&gc

C ohe £ . - LA3E D 702 which is pre-1|oaded
agganlte%gggtﬁn %%e;kf %géaﬂg %{}gt Eg%%?e | oad spring 700. The

e Q‘d S¢I99s91 er% §etagfe§ ]gket% ?f%f%)lsqo?%n]; 911%1 g(])p?m the pFn cmi%xt Bongg ressufe orrxTEeth:

t ﬁiﬁf‘ *b%‘ﬁffy %*2““84 A Gt oiar te Bt %@“*&F 57rﬁatT %reF%f B
a Ko bsp 792 rrbjebcrrdader eeeinstibe blbS2heydiericdopiesering &R Thelen ey 738
S @RS Of oxidBa fupthapedttaiint withia sibp stofe@d i@ tqp IfD tr@agénie@ With the boot 702.
DXhASb kS 1400 o RRHARGEEa (ko SRE Konke B 1R PoshiSheoelid @ ket sk

dggdggﬂgllbgéﬂc%gg&g;cgoq force sensor as well as fluid coupled
sensors he fluid or gel 20 transmts the

d ck just as well as the direct
%\?ﬁgﬁlﬁ‘%% QO(?EOCE i ng. However, the nenbranes in the
E qoang; Jz)ilproglgn for dr? n dc%pecdl?orrce gain(sorraéat {llea.srﬂu}dg%uﬂed s%fscljg f{:l)u% or é;nl

S H‘Wﬁﬁ“ ‘ih‘hde‘teﬁré“"f ?hﬁfii“gés welhe te H‘éafté“eﬁi“”é’alﬁ%‘ﬂ?% F‘@‘i’e&f‘éé{’ﬁ I‘“@“br"mes w
p & it conpliesrtond th brepk tafie thpoghrolymbifider &g woldlepdroparrbile b &t Yanegp pen
P &6 in theHiguirds et e@te Yig seriilbeblc pat® bthbHian M G M vEtlcG @triiied M bagdrf redkt
of the fluid coupling hel ps because it nagnifies the

f Bdrthuldif1 the HafRShEliflati SfAE BEBM conpiz hAS baeNViCriagafiielthd failure

XQMbogaidadtmOut / Ain = N x gr = di splacenment

magni fi cation where: N = volunme ratio gr = gearing
ﬁst 3 30 assumi ng no secondary effects. 0 36 So for

t i spl acenent magnification = 10 (say) Xin @00g =

10 x 10 = ons, An fitted to prevent
di spl ace g(°‘6fo‘ﬁ?“§/AB‘| ﬁ\g"r% %ﬁ‘?’a R FSERIORRY | |y

manuf actured than one configured to stop 10 micron

di spl acene®¥%. From Figure 50, the ordinary worker

wi Il appreciate that a 100 5 mcron gap between the
fl ange 758"vflpdrgiopl unger 732 and the stop surface 712
of the end stop 738 is far easier than a 10 mcron
gap. DEFORMARBLE:##0RCE SENSCOR COUPLI NG For direct
coupling between the pea cartridge (or boot) and the
force sensgiminghdeomangeds. | S nounted so that the plane
of the chip 526 is perpendicular to the axis of the
cartridge 414 (see Figure 33). This coupling is
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10 sonewhat i ndependent of whether the assenbly

i ncl udes the boot 702 over the end of the cartridge
414. The force sensor 526 deflects in response to an
applied force F. As discussed above, the sensor may
break when the applied force exceeds the elastic
limts of the sensor. 15 As shown in Figure 33, the
force sensor 526 nay be recessed to prevent excessive
def |l ecti on. However, even |f ¢ he force sensor is
protected fro n._excessi. force, an inpul se
may still %ﬁng?PF%?%ﬁﬁ“¥%a ?e@& fh sensor, such as
when the pen is dropped on its nib 418. To prevent an

i mpul se f r BREFCEAN* g PH&PSr ce sensor, an el ement may
be i nserted between the nib and the 20 force sensor

t Matendstan fited Itd mpyere digntacegpprdssos [this diFesh¥oR A e prsily [Tenufepipyes ten one
f edufgred 8 si@bOnMieroadisplackientt. FroeShyat 6. théldnidery eakel @i sppledial that a 100
e L:@EEE Bb bdrerR TGO B of R pRASOBDanl 5B BekQY120F hidAa il sk

gmgmgggmg@% ,.the nib by collapsing, thus preventing
t he |npulse ron1propagating to the force sensor. The

nglsplmvp HRCEs%ng Jay be designed to collapse
pernanen enporarlly 25 If the coll apsible
elenent is designed to CO||2§§$ gernan%ptl ) the it
i & f‘fff%f"“%‘gﬁ’ebr"‘tiﬁe?% SFHBGFBOY SR PR T T EAT T TOggE o T e

splwe &f thetphip 828 i Refprigjilaf tg thy piseol By catiey G Ber Fisgre B% Tie coupin i
I epbaedtdinéeniof/wibtre the rssemblnifriadys thedbeot V03 kvestheppl ofth cgrtridge 414.
exhausted or the nib is damaged. 30 Figure 51 shows a
PRR s& Lt BORaALA re\égoxshm aLppid AT As GQhsbeR RSl MheQenbh BIRALK
(B p GRS PRR LB TR B g conoi St Of B set of
cartridge 414 The struts 770 transmt axial forces

t Prsbavg Hdigere BHke g paosotfy haprPeecesif GE°ER: S pEve FPFEE SuFgofen
Wi thi1forad serga B Stoigatet ifvenh engebsgiventattc ifvom, an ippdise apyestill g ewdfioggr eadbretighe
hame, sk Bl pg istilgpeh adnd 4182 shown in Figure 52, when
exposed to an excessive force or damagi ng inpul se F.

T‘Poepregelflﬂ!: ag L g’t 141 Qr f9 Fe sgugg a.tﬁe%(ngnq 1!11 gp?ms%&eﬁ bét\%en the nib and the

per rranen ace I.tudl n
7%@6 Fte?ff’/f/aﬁ”ﬂ g ﬁogap? % &osslg g%%nin ﬁenflgznput 8rce 19 aliove atSﬁta thfe%xld The

sefrsthie clenmst ipdsdgnadto ‘t’f’f“[?ﬁ‘tﬁl“”ieﬁ{j;°ftah‘élp"é“’f Prigfugine ar%m"a*ﬁé"”éré’fg» s
amevefiglte infpgse frvperraxdatde ofbe Phescear t ri dge. 0 37 The
exanpl e shows two struts, but additional struts can be
USE d:v_llapl’iimaale&ﬁl IE.&SI b dRkighhE B3 c&lﬁyégp%ﬂngigﬁy Qﬁemﬁi_r;ﬁny_l ar, the nib
418 itself can be used as the coll apsible elenment. Ina
et BB Sl e el R SR PR o
efrEifeentivey e e Ble T gippd deigned F?o‘iﬁréePé‘:"tb@rFﬁj(ﬁ"a‘fef pRpn e fnk supply is
celesapaihbhies éveaent 766 suitable for insertion between
the pen cartridge 414 and the force sensor. The

Cl@éu @pélwg &Jnﬁ&ﬁ? ﬂtfl \mz}ﬁaﬁ m@e@'ﬂ %d]lﬁ)ts@le Qtfmelﬂ 7@311"1[3 c@lﬁpmfsl@ Q&:elz 63
coxglsts o6f a sett o s tsl 790 _[OHI;]'J.E n%lb 1?3§st R{I‘Bm[i |7§1 o§ & le)é-ﬁ%e 4?42 C}‘hél\éu&tb‘ﬁp %th

i ne
| aélﬁ‘gf?“teﬁt&i“"ﬁ‘éﬂ“t ﬂ&ﬂ“sd%’g Feoge W&“‘%ﬁ“&%&%‘t‘m TR % %1??5“ cput are
ket of baycelickiitg Beltrb e iR Fighd SZayARPPRedra fgEeceTe P
fdangier SBUSAT T bilnd Wdtion I64 ¢ i RGiriddo Y4 & end@silgtigideet @ong the
Sll)rjglﬁldma@eﬁls 343 @WK ihdlindsl sQ:HJnQG’J%ximM@JYOI&)éﬂQﬁ e 248 c@dbling the struts

OXFEASLMPbOL fouRLeolBRRL N0 [ 1pUl SE F. The stick
friction a e slip surface 776 and the force of the
el astomneric sleeve 772 keeps the rods 762 and 764
fromslipping except when exposed to an excessive
force. 15 Wien the excessive force is renoved the

el astonmeric sleeve 772 aligns the rods to restore the
un-col | apsed state of the coll apsible el enent.
Locating features 774 on both rods 762 and 764 prevent
the sleeve 772 from noving away fromthe slip surface
776. Figure 55 is a sectioned perspective of the stick
friction collapsible elenent 766, and shows the

el astoneric



20 sl eeve 772 surrounding the mated rods 762 and 764.
OPTI CAL FORCE SENSOR The Hokuri ku force sensor

di scussed above is piezoresistive. Sensors of this
type present several challenges. They necessitate a
preci sion-assenbly and the required formfactor is not
currently available in a standard 25 part. Hence to
prototype the part and tool up for vol une production
is costly. Furthernore, |ts ull -force deflection is

- ST Lample GO SO, b%&ﬁ&!o&lsﬂ&Ln%E apcing to prevent
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breakage. To avoid these problens, this aspect of the

i nvention provides an opti cal force sensor that uses

t He? Phirrefeiaier eniimgs hia 615 tel ek beerd f5lte agianle domes T2 ballpoint
| ipgpvirtridant it thp bpgping pugeheding: thED) 41 8anklsa beyuivd s el ellgditalenen306.
Figure 33 shows a typical configuration of a force

S g‘%% k3 sﬁn?w@a Q%Jmﬁgl]awmﬁeuleﬂen%@suﬁ‘aag }:olr Lllsg'% be‘!’vaeé'n (ﬁ:LJUarQldg 414
g 66 the fgrcey sensor Tﬁe co]$ 55%? ementd"gg conixsts of il Fd?r o? mfi ’I%? 79515 ]:plttl m

ce sen
béf Qr“ém S‘f%‘*ﬂ&%‘“&%ﬁ%’i"h g’eeE‘tﬁﬁtr?é‘Hé‘iéfs‘* %ﬁﬁ gelpsy t°é1re W%datﬂ’émm%
need for fine tolerancing of the coupling between the
f Gheceemers @i4S@rsmia nglel tihes G@avetoni Bkgdll (1edmict Mee HoIpt fordeOZnsantviitigrly
O Llippise, bub® decighkd th lslg,@e stihdidip Figudosd, F\Jhgll-bﬁpeﬁd 26l ex@R M éﬁﬁraﬁﬁéﬁ

t rh%g}%@ le;ea.,Lck fﬁ—lﬁ&ou & t@@lﬂiﬁtﬁface 7%&@(&9&%&%%%:8 e?a%can%zr{[ s'lGegile %ZkeﬁééLes rthe
o ]go\é an%’fo%ﬁ éﬂm ﬁ; i ptagl écelhw el € oseél ) eaah gcesswe( 8rﬁe the | eft )

through whi ch the end of the core 786 protrudes and

e MGeeghs sxewiie Fproe I eempeh hedmionpeiiciyeye 178 plighrdlstrds tg oostarhBym-cflippsed
Fhtgtnt @e SBpsivlEligne@t hedingfhdreof74 dnlh@h 166 762 and @RAGRGE The Wbetel T728r0m
S Rbviid ey Bk thedi) smce 8. The ot her end of the housing 416
al so has an opening (on the right) through which the
8% ?uga 5r5 gsﬁgeicn%lfted %err]sﬁecnve c()f%.e stic] 81%@1 I{]cgﬁa%s‘,}‘t‘lp glgmerltﬁgﬁe %ugéﬂ%t% the hl]a,stcr{nﬁnc
cﬁ??7ﬁ5§m%ﬁm%$é??ﬁ?%m%89“ﬁhlch faces a LED 780 on one
side and a photodetector 778 on the 5 other. As the
cearrcrirdggesssbd pushes agai nst the core 786, the core
786 pSd) fc @ biReted kiR 1@@!01’3%%7&430:@%13@)@%@&%& chailailges

i 'ﬁle}pﬁegg&[etalpg&mtl gssetngg ant‘l | %SJII@I‘R&L] Irfagtgr 1{ I?t &ﬁeﬁtly%@a?%%llpﬁgndard
Hemg }}ro?oq%e t[re pa.% an toroﬁ)t? F)t volu.me7% uceon ig cos lft ermore, its full-ft ce

noves ative 1ot

I
L %c"/"%ﬁ el EqubrﬁﬁJTaﬁﬁ"é?“’é*’c‘,‘T”ﬁr‘" PFRE RS ampunt of | ght
detected 10 by the photodetector 778 is therefore.a
f Toneotid Geve obbldmh ship oSttt df dia ifatide HEvies e opfiB6 foarn eknfae g @seo fhe

t @R dn Qfcal GUPER betweddAB 1S AR dode (IEDRnBRAdiLS:. 782 and
t he shape of the housing surrounding the LED 780 and

t {
lhg%re QP sggwgg ica. oont% dau%n 01.8 fd orce se};rs?gblg c0up1 g ]gmth a Cpten cartrxd IZLI- \Y_llthm apen

6%Y| 411‘? of °6‘F”d$ Y Y ‘éadef‘észmg 79Ph@ﬂ“éth%f?ft‘" Sgppor t° e’g”t't’ta'“’ tgvel ppierp)
afPffeeeﬂt@demﬁyr?ed  elévrineip fap fiopq for tinf tolprpmeing EMe conpligk tetwpeg the Sree
ensorend ivé dug@zeliyy ineiwbtriQy which olifs de eldidgev@d)i ng | ens or a
diffuser in front of the LED. The force sensor has a

e{ﬁ@r\g afd Xdﬁ%ﬂﬂli& a ﬁglefmm.sa alpstﬁ t@&g r? fut | tnsa&eocat tetd%ﬁg
Vﬁ%ld %ousmégloﬁ 'ghx Fne Ic,)f thael oulsmérft% has agopg: w{u oh ﬂfz gri.d 8f e core

| PR IETeP SREEES Yithée (%f‘f‘tiud@t?a(t’fé’e':tﬁor31107"’3z g Fisuqie Thegihir iy offiggore
iesgagefig ening @4t hat when maxi num external force is
applied the core 786 is displaced so that 20 the
aperture 782 aligns with the LED 780 and phot odet ect or
778 and maxi mum |ight strikes the photodetector 778.
The aperture 782 is nade wi de enough so that
transverse novenent of the core 786 in the housing 416
does not affect |ight transm ssion.
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If the maxi num external force is Fina: and the length
of the aperture is a, then the required stiffness k of
the 25 spring is: (EQL)k = Finar/a During use of the
pen, axial cartridge novenent up to 100 microns is
acceptable, and this inposes an upper |imt on the

| ength of the aperture. Al though this would seemto

i npose severe nechani cal tolerancing 30 requirenents
on the length of the novablﬁéco?e the length of the

C hﬁm{ enty\% khg Qmslalg!tll‘% §l§o hgsqg opg m@ﬁ&:) E:u!&?gh Lvﬁcﬁ% chepznd LfQJ% core

sprl not necessarl Wien the force
*““???&ﬁﬁﬁgﬁmm°ﬁ%wfowé° ES not need to be in
contact with the spring. Instead, the external spring
WHiibgdantp vfhe bogdia an dpdytare F5@ whichdacds p LENJE0 @ gmbidptd afpivigdefeeir 8 on the
seasor can also be relied upon to pre-load the core
against the force sensor spring. However, the aperture

f lﬂs E Dm%déc 4548 S!Png %%}ns? thp c%re 7 %n&ﬁore %H g.\hhes agaéu‘r:}%:h epm]zﬂéqgﬂgoeqo&pmgses

s dripreytea e i e teptief i 315’ cafdegfiat: e"}s t‘?f By R aRR e pegried
f regusnesreohnet relafe s EP &0 aas phofodntraitr 7765t s 2oaqepe wf Lighy fgected
albl yyddodbr@teIMTiythdrafpred En@iat of gpoqiienef dowr 78ndl hpent theppplied force.
events, and any requirenent to lowpass filter the

f %e&ﬁi ezcl\i gngmute &2 Eﬁxﬁmgﬁpelgpthesngusmgsurmax%mg &Qﬁtb%so'ﬂd MM&&:@H}I

hi g& de termme ho muti?x(fié:t g!g‘% e ljamtogetecbor:}g as a ﬁmc%on d)?ﬁ %ta)npf ﬂ{ne core ‘1382

sensor
( 5%?9“"“7’8’@ “ih’o‘s U FRrered oy e PfEE)Pft%t)"f\RP PFP a“ d s Syt odified b usag o
i el feys or ejdiffuserdnipntafibedBRA| 0g-t o-di gital converter
(ADC) 790 to sanple the photodetector (PD) 778 signa
V\h’ile@t}cersﬁ@f RSLP%& dgnﬁﬁm faﬁﬁé Cthe Sﬂe@fbahz J]htﬁtto%@ relailvé & HRUEP tHo and
c ytotose@tmr bR soqamt@nrztr@gmtna fo@ce M mpte@g&e tbﬁtoqa 15l kP ho SRR £l

épc chosen so. that whens a%. ex e d The core.786 ig displaced so that
prog §'2° na i's typlcall

aF‘gts"’rt‘"avxizﬁ%g‘%’t IR DR 0 @ﬂdg@ﬂ%h&t%ﬁ%ﬁt@flﬂw%
582 BareiisdsiitredPikePes sty wyerentvhrent ot «Felo e a4 4
S edes rofaifgliktt ep@idion. | Nt ensiti es, and conbi ne successi ve
ADC 790 sanples to obtain a higher-precision si gnal .

Inthe limt caser ADC 790 can bg a s

CBHBAT AP FemGor ot 7 86 SR UG-GO 01 By ofee
afrgssipperate in nmultiple nodes. For exanple, when in
pen-up node it can sinphy* HédBoking for a pen-down
transition, while in pen-down node it can be sanpling

t Btgmé & o(f fe pcéln g)[i’a@!:armdw [EOOSII:QAt ggh@ foo chl%&'ts%c%ﬂbm éld%‘l!lsmos@s am upper
pEtmt on thmen%he cterﬂ%tgLeon r[@ ou%he SwouEl sEem 1o imy pcbse seveere me%) c{al ttaera.ncmg

consu ensor can

t ﬁ‘é“ftma*&t% % lopeh: of 8% BEerTEre R é?ﬂt&r"éﬁ% th@?beff‘t&ﬁ*tt"t*so*rtbﬂf“’?fo e the
ajspsibiott siriog. tie is aynecqhriit sodWhea the fore sererr iy epsembledgihctopri dpcsaiotmecthie
Use@thortedt Wil thexpdif. NiBstegitthd bx@itlsp g fwBigi pre8@dstitie Peg Sartfidpé agiildaheREA
7 Qsor cahlifo e Aidi8pon HGRFR thd'Bd 2gdhs® B HBASY: Sride! Bowd B @ HAE R
SR }Faé té’ﬁe% &%tg&% Qcm% Q%ét% kb |\§ cfﬁﬂegén&%&woé e fixed

trans RCt I on- DI LATANT FLUI D STOP As
preV|oust dlscussed di rect coupling between the pen
C B £FP  graPipdcH » W iet Js dafpringd fthf xpeetesl fsqppeisputenta fiefoipsmal Sig
t hreingre v e late@y D&etwig pdngonsol tblatvetth ed ply aaerenht t¢ InepassHilgy
SdForteSicfaRs pamctiosll ar to the axis of the cartridge 414
(see Figure 33). This coupling is sonewhat independent
of whether the assenbly includes the boot 702 over

the end of the cartridge 414. The force sensor 526.
deflects in response to an applied force F. As:

di scussed above, the sensor may break 25 when the
appl i ed force exceeds the elastic limts of the
sensor. As shown in Figure 33, the force sensor 526
may be recessed to prevent excessive deflection.
However, even

—E




if the force sensor is protected from an excessive
static force, an inpulse may still be sufficient to
break the '.. sensor, such as when the pen is dropped
on its nib 418. 30 A dilatant (or "shear thickening")
fluid is a non-Newtonian fluid whose viscosity
increases with rate of shear. Dilatant fluids are

‘typically dispersions of solid particles in a |iquid

at a critical particle conce tration which allows the

P 8PrgLI|e 9) s?o%s ; J:Qght[egekjﬁak dlélamg‘f tileQd%e§ 1arA fgr%tse%ﬁg ch %ol&a.{ 5 us& gﬂ?se-

C er
D T Taps SR 1y B 5070, s e o pis oo
f PSP D EP ReEne Méotﬁef?cw <E‘P)é’§8 sigrebdishcrrare b Bipfdistah e FD
f 1708 @ Bubre h awregedass @ltzgcteford beinklstnhipdigghhetARE 74ve Sitis dnplifipdby
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wat er, industri al diIatant quids typically consist
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é"r‘n“g}é‘és e comhi st e ARG R ?5‘?‘1’“5 et HHPERCTID ﬂ$“§'e1“ “’ﬁﬁm case

addPt Gheeh begtippie POB@eoNt ai ning a dilatant fluid 40
796 can be inserted between the boot 702 (or cartridge
4 k) for@REsol BRrofieOFIC Bun HQNFRMe i Riple ASdesS FHMAmP) wizh GBEnSp e it

TRE sl @'io@i.!}hfg fofrl ;HA Sl r%@smﬁ@&]hﬂpﬁ p&‘&%%lo&%gm'b&mﬁm&% %:Jé?éaz
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cartridge) and the force sensor 526 through the hol e

i Atetipres senpel edel PeeralivPied b g feptesy feedbrerpiprethecitadsffungfon fgrpappiiahforce to
t bretodtiedta@ trgnd and thisldatibe@sed o Bgpral@tsan @dofBet fettigps otineng 7de i e
| Boso@ERB Mk @ zorOfoRMRNRB cofpld, Hi\R1isE Aloddrkifl GRd debedr function
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pfeedient 3 ghivreipingis are i indipendenpaf whethet dhe aseprely indingdas Eipipot 702 over
ptohed the qagidicler. f or ce sensor. The thickness of the
o-ring does not need to be finely tol eranced because

t {e et ehfack dsﬂ@&g NG90, RLELARIS ! lased,swlsgd £AL e Ledgem%%k

st the 6_|largely i ndependently of
ﬁh anhed o w\?\%\gf&?aﬁn&ﬁm“‘%STﬂS %624 of the force sensor

526 needs to be sufficiently proud of the force sensor
r &TRYR o Files el fohrg sorspré 26 Yeorunid tngrevet pippssivydeectiop. Jowever, oven
ai€ bolbmrochart @ prattotel Bash exgeiive staie foat, anitpufst ey elill BOGT @t ek the
t faRo:-RRDEs wild Ae ANE &b oSs@iPp41412 When the force sensor
i's preloaded 15 If the boot is provided with a pin

A‘«%&atan?(sor s Me ; . g7) %ull.%gg n%n-ﬁemﬂoman%ﬁ gx‘?ose vrscosng Lengreafoes vr&'m#h n:% og sgear
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AV Koe partigfesitq tepgh. 2t £ o Bl raig fapperticles sy idet te difld rehcafhghor g ghe fluid
sensors s526. ACAP2 ABSEMBL M B0tol hewepah: redqs as®eimst yd 4¢ Buid
Rl StaSoifl AfRsgh thBdsiCkhdWg Jita@S: 15 OMistsi dP a Fok@hHhBiisgRion HRRES
%ﬂai%%%ﬂpwgny Ghsist BF ;BQH glsp%m&? B afeH oy\'giteg Becgé réxagﬁe us

e top end of e pen 456 during operation.
V&%ﬁﬁﬂogﬁm%a Dt prOV|des a switch to the electronics

to signal the capped state (described in 'Cap

Dereet: fagpee Cite G tehsor§2dion arimpulye koaidjtionaiAtor (9P cherotitew dilatant fluid
eb@sd 10 RRfdd Gt i ibib70D @oartridg i tipand 18€5Ehisof 40, of SHRG EnIFRRAS 58.
e dihSr HAROSWM §-CHNIGN. dali 70CARNSEHS deflfacl, BARE inR 1R 0- ARG
outer 514 netal tubes to short circuit then1(see
Figure 26). The conductive 25 elastoneric nolding 522
is pushed into a base recess in the cap nolding 410.
It is held captive by the clip nolding 544 which is
offered into the cap and soaps in place. A netallised
trimnolding 546 snaps onto the cap nolding 410 to
conpl ete the assenbly 472. The cap nolding 410 is

| i ne-of -draw and has an aquagraphic print applied to
it. The trim 546 can be



metallised in reflective silver or gold type finishes
as well as coloured plastics if required. 30 PEN
FEEDBACK SYSTEMS - VI BRATORY The pen 400 has two
sensory feedback systens. The first systemis haptic,
in the formof a vibration notor 446. In nost
instances this is the primary user feedback system as
it isin direct contact with the users hand 408 and
the “shaking' can be instantly felt and not ignored or
m ssed. PEN FEEDBACK SYSTEMS# VI SUAL 35 The second

sy ol direptgongetppragmte foprdPIcentciriee) a efercef sepsarPigftbrqygh the hole in the
i naiddlat or wi ndow 412 in the tube nolding 466 on the
top apex 420 of the pen 400. This w ndow aligns with a
i grtgng Rk’u&?ﬂp%%xl J}fraact})gethccﬁgééﬂlﬁﬁ OrFBL gcksqga éﬂr@ md%&rxgshn {onse to

transmt %m

[ r 0
5 miWﬁment o) the ca%'{:{ge 4} 2!? mr:ﬁ normalﬂ %r e & % be lmnsm.itte %iémfl §e to
p o?i‘sf"??én‘&‘i‘“ & tpmpgiyg fopplge ojows, ﬁ?)‘l“%‘b‘?)‘é‘r"é‘@ "6f§f't“te¥i Brrdeps dyrospgnse to the
hakigh sit@ 8:tegpprefeniing mpysmenq o ize ceridds & therebly profectilnéhm fotchrensgap 410
is stowed on the top end 456 of the pen. 40
OP1e GafdkabdfoahfNrid) docéh ot sERIG: 40 81y koREREIVUAS tﬁe%reﬂadfsﬁrﬁgeﬂﬂ fi6dd S
10 n a&!&%g@%f#t‘ﬁc% A ?egsmj S%Q'geﬂfgnd%é(nﬁén%mf the!. c‘é—nn?t I-&owevt?retﬁc bﬁl 524 of the

%E%Sr""is‘ﬁﬁ 6 ags ?ﬁn‘% Bt S&%‘i‘%‘@ & ?ﬂsﬂl% &ﬁf"ﬁaie?sﬁfﬁ“?so f°8‘5‘g€l}‘i é‘%‘?ﬁ‘

| MHGESCOERT e Pasidontyyilatag dpih 796 Seotseo e beg 7ORiE oyter B2 oreen the force
Tadolse isBreloa@dt | cal Specifications Mgnification 0.225
Focal length of lens 6.0 mMm View ng distance 30.5 nmm

15 Tokal bostrsab%dédevﬂgi Jﬂn 74@- and¥Wn P%Q‘@ 54 L ﬂ‘gclk@agﬁg%h 502 miFhted.
[bﬁgrp is glt)re filgpgl:egren;l'%éé %ﬂ @é&’ asngxl;ng (t:nl ﬂgﬂfﬁ 619 bu&J ker Q-rmg ff‘fords

Wavel en e sensor <l ze
P|§°atf’”’3|"ztl%”f‘ffﬁ’“e’r‘ﬁ“’rﬁl‘stch ranges 15 tg45 deg RoII range
30 to 30 deg Yaw range O to 360 deg M ni num sanpling
r tseAPBMBEY pi xel s per macrodot  Maxi mum pen vel ocity

20 0. The ¥ @p dosediyN7LINEEECS AN il Tl shoids VIR EMALE I dfiefas combine to

S GckideO4 on 3 WM APbkBRa RER t09 R bR p@&ﬁ ARk Wnkd capped, it
Fi pg)U1Ee§ §5\A&Zl'% t@@lgcugnzcﬁb m@ﬂ éh g%zgc?stag destmnagd J\l%ﬁep%gcﬁontc@c%’ section

p rblelcr)]v!:g eigcooc{llctwe e?aséolﬁusenc Lfggm%ﬁz]% %suilf g c?i]:gtu? L:%%ons aét& 8p nsmé wlg.i;]n
A A AN A e
25 avhitdmerisimeldioiei3? inpueibd i) e e ol haltienst 14 Ftes brleativbe de olip
pintoling B4ehich s Otfcked Mm@ K &5 an@fnaph REladp.e R mdfded trbQnciding 1 snaya hto the
sa@%gmmcﬁléemm&%nbr ightly illum nate the
S %J ch%ldQétaO Me Q% c!;.]awtamﬁ]a a%l!tagrapgl]; pr}ﬂl aﬁﬁﬂed‘tﬁg p ‘I’hemr%t%ﬁ can be
metallised in reflective silver or gold type finishes as well as coloured plastics if required.
30  PeENFEEDBACK SYSTEMS - VIBRATORY
The pen 400 has two sensory feedback systems. The first system is haptic, in the form of a vibration motor
446. In most instances this is the primary user feedback system as it is in direct contact with the users hand
408 and the ‘shaking’ cam be instantly felt and not ignored or missed.
PENFEEDBACK SYSTEMS - VISUAL
35  The scoond system is a visual indication in the form of an indicator window 412 in the tube molding 466 on
the top apex 420 of the pen 400. This window aligns with a light pipe 448 in the chassis molding 416, which
transmyits light from red and green indicator LEDs 452 on the main PCB 422. The indicator window 412 is
positioned so that it is not covered by the user’s hand 408 and it is also unobstructed when the cap 410 is
stowed on the top end 456 of the pen.
40  OPTICAL DESIGN
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spectral em ssion peak of the LEDs is matched to the
spectral absorption peak of the infrared ink used to
print Netpage tags to naximnm se contrast in captured
i mges of tags. The brightness of the LEDs is matched
to the small aperture size and short exposure tine
required to mnimse defocus and notion blur. A
| ongpass It filter 432 suppresses the response of the
i mage sensor 490 to any col oured graphi cs or text 15
spatially coincident wth |ﬁ$ ed tags
it abrn Dot o0 TR BT St RSB TP E e
4 3gosut bes, yplbangthi. ] badh sphrld ilppinapica to czpBiee shaw imppgrp pREeicd 6
thefo@@elcdrmaionbabsor pti onpeak of the infrared ink to '..
"Al'l om ng bum bl ur radi tion and filter
Pitch, roll _and vawﬁ?eyép%%%de%“@% e axis of the
pen. 0 42 wﬁcmose cont wast in captured i nmages of
tags. The fHt+er—alseo—agts—as—a—+obusi physi cal
wi ndow, pr eR?é‘Hf“F‘h@“ﬂnscont dfffants fromentering the
opti cal ass\@mgy,stﬁ,zeo T 4 MG NG SYSTEM A ray trace
of the optiic path-is shown-in-Figure-28. The inmage
sensor 490 Tou! aek@ERgHS | magk®®ensor with an 5 active
regi on of Iy squ . Each pixel is 101im
squar ed, fgmg r%t t(%)%gof 93%_ Turning to Figure
29, the Iqrmptﬂﬁaelcis shoy\mﬁ-ﬁm’det ail. [The di mensions
are: D =3 mmRt—=-3-593 g — R2—=—150 mm 10 X=0. 8246
nm Y= 1. Onﬁjr-'li"p"?““mf) 25 6fbl’f‘?s gi ves al focal |ength of
6. 15 mm andviddagst ers thewinﬁ’age fromihe object plane
(tagged surface548) —toi-the+rmage—phane (i mage sensor
490) with IS ERSPIEC £ sar‘ﬁ?l’”‘f‘?@‘”f‘sr equency to
successf ul(lpga@gcode al | [hgmges 15 oveer the specified
pitch, rol . 188 i s biconvex,
Wi th the nddteer ved sul fHe® deaci ng tihe i mage sensor.
The m ni mymp j pRJT NG T1el-¢;0f, o ew 430 required to
guarantee jacquisition of "an entire tag has a dianmeter
of 39. 6s (sl’aw-ramgam ng be¢twe®@regmacrodots in the tag
pattern) gtowmn DitT atiTgnent  between the
surface cca‘[m“m%ﬁ’lh%gﬁm wé#pgg%“\’??r%d\%v. G ven a macr odot
spacing, s Maﬂfauulﬁksmoc@hl ssgsves a required field of
view of 5.Faun—20—The-tequiret—paraxial magnification
of theotlcal stemis defined by the mnlrrum
s PR 5’ ‘fNoﬁ"aX' Yrequency of 2,25 pixels
nierEgse s#omag thepen opiifp frproxigid eiFspresd 74 4 4% T %the Horeee Ben
4 8fed §no purfhch 848 bdimsgico traibd s fockSy oins (88 Opiy thyi st ragion Tiqgyigage
t Ebﬁsozi mgjs.ﬁ@ 1S54 04 RQRPhQY:SabIA dpid biAME Bbomiraig)esitfe regertd pah arg f
J@4i0 of the dianeter of the inverted

' E?sgnfe-ld sgcloxal éj‘fm@et a3 tg&y' éﬁ%@m ﬁ?éﬂ;%ger sad thh:L B@ﬁeﬂi‘ ARELS oRf
a an
e uEBYe %&E{sﬁw e T P g s e &l
| nfalgl‘éetpye 1% SrosHDiT chRiTHy @phpidmapds of gy The b&&eesmf FelEDs is mpjched
Ofohe kmalt @erAIC GG a@osa TGl Ningist lar aheaigt BT h| s
ahlloew&s fel Btk 2 Subprebodiirdspbide (N R sendodWOBBEACObint ROHHIO Y ek
tbgnaﬂj cmﬁenpxtdth ged lta&%&i%nysaﬁﬂégﬁlﬁnmgfon mo§ @L éumﬁtengbl%t HERG

| gﬁ 'ﬂzggransmlssmna%( df Sﬁlter:z is matc en% tgggspec&a%at%ﬁlépg%u [p aa’% é §1e %ﬁa&eﬁ %IO

sing any ormat 1 on Vi ew.
The .t ens 488 IS made from Pol y- net hyl - net hacryl ate
( PNMfhg 70dmyiiG@dl | y used for injection noul ded opti cal

Silumination and filter
®Pitch, roll and yaw are relative to the axis of the pen.




conmponents. PMVA is scratch resistant, and has a
refractive index of 1.49, with 90%transm ssion at 30
81O0nm The lens is biconvex to assi st noul di ng

preci sion and features a nounting surface to precisely
mate the lens with the optical barrel nolding 492. A
0.8 mmdi aneter aperture 494 is used to provide the
depth of field requirenments of the desi gn. The
specified tilt range of the pen |s 15 0 to 45.0 degree
pitc g gr ees. .
Ti |“t il °t”§1”t iy “H’F‘B"s s @‘ ?‘é flpde r’*ﬁ‘s ??s&% REBsrerae
t|PF@Bmﬁ%F@EFWBFﬁﬁ@mﬁﬁﬁﬁﬁwéms mm away fromthe foca

35 TH NG S speci fied aperture thus provides a
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5ac Qﬁ%r@l@h & 14095xéljsrsqu51@cg Ez{d§pu@ltls lbtnr?sqﬁawgﬁl aTf ﬂé& [)f 99/f T;LQLJIJ'tg%lgure
Du %9 thglegs 98% ssgh%‘%{re %e'ta}{ 'I%e dzmansmnp desi gn, the pen

operat es correct over a praf ch range of 33.0 to 45.0
degr ees. Refler g to Figure 30, the optical axis 550
is pitched 0.8=d€jmees away fromthe nib axis 552. The
optical axi eaptbddne ni b axis converge toward the

10paper surfacexkBsM th the nib axis 552 perpendicul ar

to the 40 papelyoqdie distance A between the edge of
the field of VI 430 cIosest to the nib axis and the
nlbaX|S|tseIfO|s mm O 43 The |ongpass IR

fi FEssesg So gt ﬁféd%m'arﬂd Eﬁfesghﬂ irapeq fog e RRisF g‘rre EHLPHESBD to
p| A%impeerlavediepd sspsor €98) vdth thyrprreptermpling Haicor o aassfulpivesnde elbiinges
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user open
2 opttcEl ea.rrcl moldmg 492, P

A 0.8 mm diameter aperture 494 is used to provide the depth of field requirements of the design.

The specified tilt range of the pen is 15.0 to 45.0 degree pitch, with a rolf range of 30.0 to 30.0 degrees.
Tiiting the pen through its specified range moves the tilted object plane up to 6.3 mm away from the focal
plave. The specified aperture thus provides a corresponding depth of field of /6.5mm, with an acceptable
blur radius at the image sensor of 16pm,

ns with

Due to the geometry of the pen design, the pen operates correctly over a pitch range of 33.0 to 45.0 degrees.
Referring to Figure 30, the optical axis 550 is pitched 0.8 degreos away from the nib axis 552. The optical
axis and the nib axis converge toward the paper surface 548, With the nib axis 552 perpendicular to the

paper, the distance A between the edge of the field of view 430 closest to the nib axis and the nib axis itselfis
1.2 mm.
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Power USB: 500mA. External power adapter: 600mA at
5.5VDC. POD DESIGN The pen 400 is supplied with a USB
tet hered pod, which provides power to the pen and a

Bl uetooth transceiver for data transfer between the
pen and the pod- Referring to Figure 31, the pod 450
is a nodular 15 design and is conprised of severa
l'ine of draw nol dings. The pod tower nol ding 554 hol ds
the pen at a 15 degree fron1¥e?tical angl e, which is

b olthe on ra.%?i[‘&tm 4%uii 1539{&3“ éh ﬂea%gﬁ’%\fﬁggﬂfgrgmsaggsn%ﬂﬁ%gmﬁp 0 abrasion and

perspective, isTin ‘T? 1({ e CgD
ASEENBL ¥ e s SEREOTERRIER & FEATHE Bau A% o gy
f obPeEsk wiige rfipetis) indexobleply Fogh Sy By bptstilA Fupfpms Be thest yspesit O
filstrederi Nt o the pod tower nolding 554 to provide a
pQSIjEid.LM@A’ISﬁQQQTH‘MOr the pen when inserted into the pod.

Thé]tAgge-E BP9 is W ked fYRLA %miééeté? ﬁﬁns&aagndaﬁt e LERBLAGES:

%{agon \mlzll glflégence half m%:gg/ haﬁl ’iméle 3%5 H Fraes g gg;l ecErg Qatp%(-l*[ Qﬁﬁﬁeach

ndﬁ"ﬁl?fi’iﬁ“ﬂ?@mi‘%‘at‘gy &P%&efﬁ?d‘é‘hom in Figure 32. \Wen a
pen i s present, theyOESRTEREINR HEEMBAXi al netal barrels
498 around the ink cartridge 414. These act as

conductors to provi he_battery 424. 5 The
pod PCB 560 is offeﬁgjI %hpai&ﬁcth%mﬂggmﬁmg‘m ower nolding
554 and snaqnped into pl chﬁﬁxw&mumgx char ging contacts

562 on th IICL al—eoentact—ptece—516 culgn \f
pads on t ar?fod PCB 560 a‘{érl ng assenbly. The

under si de (@WperkiBer-pREuCB-1450ssicncl udes several arrays
of red, grﬂeﬂﬁand bl-ue LEDs 564 whi-ch—indicate

several chaPgirgfstat es| 148 enpty to full. Blue is
t he def aul tHumGilryargl ng' and "pod enpty' status col or

and they gre trd Ttte _LBI a_transtucent
b 60 C Worst
el ast oneriic °faFe ﬁ?perame ‘%)610 as an 11 uni nat ed_we_ar ound

the pod bdsersckBai®l| di Nngs-B68. Despite a reasonabl e

centre of [gramMkty With @ pen inserted, a cast weight
570 sits itprthe base nplding 568 tg |ncrease

stabi | ity |&krddegniop t hbD@h%ﬂwdeoma’?fﬁéﬁmﬂthw%mfgal li ng
over when |knocked. The bnmm#hd*ﬁﬁgﬁ%&sésc@rews into
t he t ower motdimg—554—t gt
pi pe 566 éﬁ“ﬁ%@ 560 af Rerp ﬁ‘ie%bjafl‘ett%ﬁc'fgﬁmmfﬁg’é}“ Bower
cabl e 572 i s connected {U° T PEiistape BeQ the opsy is not user
PERSONALI $ATI ON | n | i ne{ weele t he mar ket

di fferentifgtjon abitity ’Bj;gmpen the pod T'nciudes|a
pod j acket ol di ng 468- user rermvabl rml di ng
is printed with the sang E"éﬁ’ﬁ‘é@‘?"%\”ﬂ?"%’ P12 “pat tern
as the tube and cap noldings of the penit is
seppksckd Wi th-as a kit Therefore the pattern of the

p’% pen Q@ 0} st@:ﬂgd 1919 g Uﬁi{tﬁhetemﬁ‘o@,%hﬂ:ﬂ;ﬁ%cs Lcnv@rtto tﬁ: gnqalngywtooth
C Oans]._ccwc]: fé{' da \rbglns eT ct{wﬁn t}ile éacn aud?' tgc I‘FLICI- ?ﬁeﬁg{mé %Q: rguxc tpe gmd 4E(Pis ahmogular

usi on
shiig “@ﬂ\??”i“’&ﬁ‘h‘gfﬁm th‘&;‘f‘“‘éT“%‘B“%l’i“W tP‘FFf '§°‘d"’p F%B‘ﬂ"éfhe pegacals
biseesrien gripbgle meith isbpintreonmin o @ pen pidvns eps @fractiopREEsPes e, but also
j sokettymledi ng 468 can be supplied as an aftermarket
aeBaseaty I N any nunber of patterns and inmages with
LRE.LaR, ARSEIRLY, 18 s lobe [ube 1ol ding 466 as_

d Seﬁ tomenccaﬁop 1§p éuC ?# Ixs gtgtf ﬁt‘tecl_‘ 150 ﬁjgi\l tlowaerS mc% % g& a posmve stop for

rrca ons
the pen when inserted mnio the pod.
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Processor ARM/ (Atnel AT91FR40162) running at 80MHz
wth 256kB SRAM and 2MB flash nenory Digital ink
storage 5 hours of witing capacity Bluetooth
Conpliance 1.2 USB Conpliance 1.1 Battery standby
time 12 hours (cap off), >4 weeks (cap on) Battery
witing time 4 hours of cursive witing (81% pen down,
assum ng easy offload of digital ink) Battery
charging time 2 hours Batte ?ﬁh:lfe Typl cally 300

LA SUSL 880, B AL e
Cﬁ’b%ﬁ?ls toprotpiate 2 ‘3’@65%?5&5" it §°1W 42 ‘1‘ Aiin Efﬁ’Pr“b‘h Flggs 39 e 2
( beh Porpsent, PENofELEECTRONR @GS aBs@RKroDid ASR MRl Ee@@tiss a
bicamtorb agiiampho thdbcgpen el ectroni cs. The el ectronics

dﬁé b&Bc &6 mg@ﬁd DR deSoddRSSrhans BHRE sufhdt Gt pﬁals&mg charging
%tgc‘;s Q%Son the meg?contaatr gée 5 é ahagg Qlﬁl po adsA}RM7 OJBCE Ca?s?:ﬁ:%r

he
RATLEL S G O 6?7%@#“““*6
nisYeRtpbanaing statey fpre eopigto BNl iSig Pefaly ighargingjqed lf%?ﬂte*é s@layyeleyand
Nty e P BE RS G traBlB Pt eldbBmeARNT pivd BTRERROGESS @k
US@snead3. At mel AT9 1FR40162 m croprocessor (see Atnel,
Aﬂ-ea;'l't ABM[I&-EE Uqu P‘éragl{ﬂ&pﬂ)te{ &Lr[e@g Shst we1éh;r59(;-£ tﬁﬁ’ Qélb@sg molding 568 to

Pr el

lflC{eaSE 7 Vl:\»;}\x&mﬁi le.san the c:hancgI (():f }‘.ha % 5/) éalhtngao\rﬁ whe)l kntockedr }‘he baéei molding 568

fﬁ“‘*‘ff@“i"é‘? ‘“ﬁ’&‘f“)"““ﬁ%ﬁﬁﬁ? PR aev=iahe> B GO ine Sof i T ] peds B!

i ‘Fﬁ?@?‘ﬁb‘iﬁ‘éﬁt%%w wrreRRNMe PRI BFEYY ocessor, 256kByt es of

omrsolripaT®NNgl e wait state SRAM and 2MByt es of

exx ik Kvidthe nfalk @ GillerdRRBARA LDt oPthehes BBk in@ilatsP pd KRG Ring 46411155 user

%a&‘oﬂé@@ EQS&&I%%C g fifind Qe MRact NG R Buddfas 6NBe RED, AQhgs drbS
{lssup Leq ek[ setting up the Jupiter inmage sensor

5p§n4l dec i mges of Net ge coded | reSS| ons,

vah‘ffﬁm%féeé’ft@?a ée”f"FPc?M PPHE %é z‘e“"f%%@' R PP TRR s

afd rodye aveid poglsiog whris dhere Igmulivle prpduityiethq paegpyinmpent Heey glfogiotv&is

i prpkuct Yeeam wds@a gatenit foltbfugr.ce sensor data received from

tiEpol 1BIké€ RoiSifHABKEN bBIFA QR 0 RSSOt acliy in afy @lntbir Bgpatlds sbhe

RONE L BNA0EIRN 72 oo DbV @80 s aibQORILRS S NY and

sending digital ink via the Bluetooth comuni cations
nodul e 578, and 25 rogr.anm the force sensor

m cr opr ocessor 582. Tﬁ‘ %ﬁmf R%%?%processor 574 runs
froman 80MHz osci |thiad 0Ekectricdl SpomatR cates with t he

gus & on? Yoganfriubs umér the stop [L“Eese

Jupi ter ipage :

Prdcessor ARM7 (Atmel AT91FR40162) mnning at 80MHz
with 256kB SRAM and 2MB flash memory

Digital ink storage S hours of writing

capacity

Bluetooth Compliance 1.2

USB Compliance L1

Battery standby time 12 hours (cap off), >4 weeks {cap on)

Battery writing time 4 hours of cursive writing (81% pen down, assuming casy
offload of digital ink)

Battery charging time 2 hours

Battery Life Typicalty 300 charging cycles or 2 years (whichever
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sensor 576 using a Universal Synchronous Recei ver
Transmitter (USRT) 586 with a 40MHz cl ock The ARW
574 comuni cates with the Bl uetooth nodul e 578 using a
Uni versal Asynchronous Receiver 30 Transmitter (DART)
588 running at |15. 2kbaud. Conmuni cations to the PMJ
580 and the Force Sensor mcroProcessor (FSP) 582 are
performed using a Low Speed Serial bus (LSS) 590. The
LSS is inmplenented in software¢ and uses two of the
m croprocessor' s gener al puf‘fbose | o0s. The ARW/

i croprocessor 574 is pnogreredo% itk AG port .
This i s donre—when-the !mr‘rnnrnr‘gccnr s—..gn the main.g

o TOooUt =T

PCB 422 by| BovesisemeoBiar e | pHeRABG vy Siie-fop Bymer 1673)  on
the PCB. 35 JUPI TER 'VACE SENSCR The Jupiter I'mage

S@MGKQ@&B(&gngN 10/ 778, 056 (Docket Nurrber NPSO47)

lclo%l%.meb% is g blogkll iﬁgmr 9315 nelec omrcs [11]? p ctromcs rljlesx r}it)r%le 861 \éaesgdtméound five

Sensor array, “an ana
dlmQ‘Ffe%'t‘P”SJBﬁsﬁf&ter (ADC) a frame store buffer, a
sinple i rragéhﬂmﬂeé%l%mmpaw&oréﬂphase l ock Ioop (PLL). In
t he pen, Jupletiodge sers@sd image piocessed 876 USRT' s ¢l ock |ine and
i ts internalmeBlboothQor3Bn@taiRadlshs, i t s cl ocking

requi renenf g, Jmagemggmt%@??g%awe sensor array are

stored in the frame store These i mages are
decoded by t1 °m73\ﬁﬁ7"‘1"‘rqf°8’f’%sﬁci‘ essor 574 with help from
the Callisto i mage processor contained in Jupiter.

J eptMerRoRReeFESPl s t he strobing of two infrared LEDs 434
and 436 at the sane tine as its inmage array is 5

X2 6% 86eh an SNE AP TP RS hiciHfrocds RS SAd MO T IR MRSl Lo IRY.
bz@’!‘f)hﬁ%& nguxmaMﬁLMI Mcs%%h@%ﬂnelﬁ@%&%p@éjn&ugg

P 50%? rl]‘he A%PI%%H 691rrlco%§rat?s € CARK\% E;@gﬁ;woé %f a:t state

ccur at certain
m@zﬁ‘ﬁé‘“ﬁ@ﬁe%%@”ﬁmw B seieesrkes- Ext er nal  devi ce
( BeaicRBRessBi Tt & @ the drePithepry it IsBaiedn-Biveet rev c, 6- Sep-
2004) as tshetdwetdpthngeataodd er 578. It r equi res an
ext ernal  SMacddinf in@Sdbe RRER EYedQfyelseR, AR 4siltBccRoth 8. 1}.(1533 10
programc OdE'Ocesy;]gq'eaﬁley& @l&%ﬂ'Segﬁ‘%gilsfmtunﬁ&ﬁlu%%tdg@lLQ( sgéam glong

specificatio IS O,

Enhanced Dat" lalf‘ﬁifsemfdétf)ﬁgp' g%%&?émsf’méﬁ'“\?\ﬁmsﬁr A1 ows
comuni cat'i HHPEP LRV SsKBHYC THUDSEA5GHz- chi p ant enna
486 i s usedcopprespiipandyending digital inrde tBBlyetodigetkpunications module 573,
conmuni cat i eds. The Bl ueCore4 is capable of formng a
UART t o USBprkkainBl@€tme bk s@isol SicrbpsBidhodser al | ow USB

comuni cations via data/power socket 458 at the top

Jpen 456 ternatives to Bluetooth jnclude
i A8 RSty 8 et R o | S S 2 BB
(567 8 ysing %‘é’é’erFaE%Ehm°8“@‘2‘E‘”1°iTW’1“‘é¢F @§'§T) P9 &g 2 AR Udrplock. The
NRMAS T kagnmunicates with the Bluetooth module 578 using a Universal Asynchronous Receiver
Hitralnsoni tier/ (QARI B R fanning 8 €15 0¥eHE OTot it PEcASA 2/ tik PRy Aghexd. da térde Sensor
| beleero@Qe (F5B) 5£25R Berfodrbdiling 48 02spdea s bls 136) 563 Bid pssflmrﬁléAPM,

ht & Rvate Lol LOURES %sspr 59!5%&999&41@2& 15/inde)c. htm )
'l ance ttp://ww, zi gbee. OE%)EJs

see
%%"%W m$°f°%r°°§sﬁ?é§g el e AGPTe l&%%dmtﬁg@mL e &
Bsfg@guamﬁg]af% b)gﬁ)@ng bzxe pads 592 (sec Figure 63} on the PCB.
Rerrpr lepgmeog y pr ess. com of upl oadst i ng/ pr oduct s/ cywusb69
Jbe 1l Jrage@Ensora [sccABSHTDDT3l06s (BdcRidabed SPsBirsiRedis 3R (See

%&ﬁaﬁgﬂo@%m@&s; QOIAJEAAAAM& ERAD G| au e dh A e AL o
#:ue%!or%%xgezr a simy le 1ma e r Cessor %ﬂ f‘i loc 1005 gﬂ,ld plrn éhi; ?eﬁ &%}%ﬁr lésﬁt&i nl )

CDMA (see CC]\/A Devel opment Group htt p*//ww. cdg. or
and Qual comm http://ww. qual conm con), and UMIS (see
3rd CGeneration Partnership Project (3GPP),
httn://ww. 3eop.ore). 25 PowERVANAGEMENT CHI P The pen
uses an Austria M crosystens AS3603 PMJ 580 (see
Austria Mcrosystens, AS3603 Miulti -
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St andard Power Managenent Unit Data Sheet v2.0). The
PMJ is used for battery nmanagenent, voltage
generation, power up reset generation and driving
i ndi cator LEDs and the vibrator notor. The PMJ 580
communi cates with the ARM/ microprocessor 574 via the
LSS bus 590. 30 The PMJ uses one of two sources for
charging the battery 424. These are the power fromthe
power and USE jack 458 at the top of the pen 456 (see
Figure 15) and the power fré#fmthe pod 45Q via the t WO
c GIBTiedopiios apd jis intsmal B 1y sspste i} "@ﬂ?ﬂ'@ﬂ“ﬁt}“mf‘ﬁ SBREPEREY §és
t R@sopedy «& sthridibthetirmqleyuiey Thos fntages a7e dacPded prdie ARMT mpifrepkacegsor
Clslid"&tﬁlﬁelpﬁG@ﬁ&fﬂﬁm:mﬁgHﬁrﬁc&Ebfcoﬂﬂddlﬁmﬁ@t ant voltage nodes
I&pne:r l:olntllots th@strl)bEHg %M@M&@DJ B0k HEH wbYmd 1S as A VEEe array is

m Croproces A ) 0 ge
WP (8 °‘“%°fn§°§° Pzt o 8 38 (DR Al SEloo AR

dé‘feéf’ﬁtﬁﬁeﬁé’ P SAPRRET &P FUEUFHEI S i s | eft . The PMU

5 SOUEgRRIOMIBATREMPRSLY owi ng separate vol tages: 3. OV

f riedpenses L R Blh@bret-hemiRviEe (30 C3RoFtearyd-Eaemh! Rdvadheduprtbér- 10
a %54)% ¥ et bR QRS 78. 1t3eq b of kAl it B N6y ddvibeesod 1olotids

> Rk L oo BRICGS: sRENEBuetddtil i BpocBEbn AR ldnipliaifio 80 T OT

rﬁ’” d f
PRt o FBAE) el PR gl PRI O o

c zfr? 4prEz i aptenpr SRt ‘E‘“& opfppen forge Brtop? AP0 f or t he
BlTbreRBofoe4 is Bialyle biGutipe aJABT o &15B fgidse AThis is gsempalipy B commyiieaions

C QA iy pb@F sodid 158 hitlte AR peg ¢85 VOl t age. 1. 85V from an
L 62 £0Vks o BiRtookibRubieBire GOL AN a¥eHANS @ Rards subs R WEH SODII(S-Fo ke B,
P %5% 1 ;Voé}esstLP:g! Al}lzgf\f!tv%pc? qﬁplﬂ EQAQ reée\é SVQJfgﬁﬁﬂﬁzdexé&nl)ﬁﬁmm 19 Ree

of, anl Il ed et Js@%mm}z@é gore

vélelEa b gt o sl d
AR LRI N R T

viRaﬁqSh@ LSS bus 590. |Indicator LEDs 444 and the
V s/ Bidv 0 Eypiitoau il Gty redahs Fywesbpo fSipdfias el as mabtle sigidprs such as GSM
O%MSQQan&hﬁp RN, g&&gﬂd corl@x. M), BROEEEGARE et~ | Nt O

{t)nr/ QSWWQIQ Wil e o FER gﬁﬂh@deﬁhtﬁ? @Hﬁﬂ gee@ﬁﬁﬁ. ngaﬁnmbcs&o{bu S

OV\‘F(%& camqu%~I com a% SQ@J, 3rci‘/(glxela§<ge

UItra low power node when
tP§m?55§‘ﬁP’§}§‘§‘é ) %‘m—‘ﬁ%ig?gé’—rgbn. 10 When the cap 472 is

r @RV AGRVENTHEF e | s an RTC wake-up alarm the PMJ 580
I EECAb@S an A0 W tosySHs SEYEMU 58IG: fuptiMitedyestepotSéd’ Ydhsor
ms&ﬁ&ﬁﬁ%&ﬁzﬁe@meﬁ Bk 1A Gl WL 0). ITAL PBSY isisell BSRMeryCXi@c@ent, Tdirkes
%n ?10[; %er'ﬁiﬁgé@t genmit{c;{ 8@&1@1&@&1@9& Lﬁ%ﬂ]d Whvidatd- @SEL State

e can al so
Rk afmmd'mﬁ%'g‘f"%mm%ﬁs crqg;?fsc\:/rfvg ﬁﬁ@%g{s&}é‘ééo sg e .or
byPhe MUgsseqae P o BOBERH e L R I R op of
t HSE jaekri58ahetop pidhe pon A6 (SesSimura Hol2ap Ry s frogtdie porgt) "(“é"é
Flo@mfcﬁre 9 498 (1B FiOROE TS ENS DR SHRSYSHEN pdtyerr Hatyrydest vsiegrisde
su&m,%sn@m SRNRISAS Blted ilDRAnHAK itrikin fe@raey Bo®rsGr 500

mlcropn% /659(9 574, ﬁMb mH.E‘lQ; a g.%g?%er ﬁ%%l?_{%ia?)gfll?@@gf[g m.lacx%rrclesfsc:r teor
P R L ﬂ?efn“' P B

i npl ement ed usi ng op-anps and
a ThegMUSSCaeprates fhe ﬁil‘t’:‘i‘”éﬁ?a&‘,"é@'é%sr 582. The pen uses a
Silicon Labcmiton ind90 GBOSRME KQvolrse antike g Isndrpigpeess

M Cr opr oCes SN 558z LOS @ethSbrels@:@an®@Orcd seipoiilat agt ampldior (3.0V for
C8051F330/ 1 M@&L@ nﬂ?@gscmns%sﬁer&edk),m an b Qi EBOSAE BT S

an 8051 mcro ols 0 1a8 ip flash nenory, 10
bit ADC and (ﬁ% ol bcﬂﬁiég%ioa ani nternal 24.5MHz

osci | | at or ér?Hﬁ&‘??&DB bl Bé PRATS2. 768 kHz
tuning fork.




The Hokuri ku force sensor 500 is a silicon
pi ezoresi stive bridge sensor. An op-anp stage 600
anplifies and |ow pass (anti-alias) filters the force
sensor output. This signal is then sanpled by the
force sensor 25 m croprocessor 582 at 5kHz.
Alternatives to piezoresistive force sensing include
capacitive and i nductive force sensing (see Wacom
"Variabl e capacity condenser ahd p0|nter US Pat ent
Application 20010038384, fild Qmﬁ nber 2001, and
Wacom Tec Hnb? OE@V a buck converter for the 7 corevo tage.
ht t p: / / W waEE AresiBo Rekr/ it ewereigl i sh/ t ech. asp). The
f or ce sensaor 5.1¥ fon @ preoeadaitc BRE:d BRI digrwipesf ur t her
( Ol Gvle@b Jr rebek de tr@ik) e ATt @1 fzOME B8 VEbig RBze ANGHiPEOTHIGISS

5 %%nage%&m& £6 b IGRREL: vxeén&ees fioglrme 7 S G dhetks dufibo.

cstPr Lg@ agd thu gig%or mtotor 496nare dnvenr f% u.nlgzg sxﬁ]cu Q}Lu;s §i|' the k’ﬁ?%

eneration
B st e G PT AT | et FEHTL Hy . s SAE"

t shpel afitesend Hlageasey: 8t pei epfory thiliva fopy pewsr repdsdesyits cap assembly
magzio@r ocessor's 582 on chip tenperature sensor and

10t m/ﬁn ﬂzes:apu%gentoaed 6P 8 BSATC Rt QY aldnh) @e PMITEINPRIER: bifo@er on signal
eSP@ Qom%:n o%e shusor %mox%prgcgsgop%Z §1§ E‘li%.’gé é@gyc@nﬁllslhglas ek ARI\I‘h €

rce I t £ed
1cir?;i16fﬁsor 8?4 u:taﬁeéet srtﬁtz élPtl llgl Saée (:5;trab cy R Bﬁ yc & cfn)éls% be m%ftgd%% %
a rfﬁlWﬂ‘*é’P 2 & By @oSBEFO" "YS 5’53‘1*?’@‘15% r‘V&‘@‘ ‘§%°Ff§idi~ 2op of th po e s e
M BB egroesssO <BBRrad®muni cates with the ARW
15 Mrpokdd pev@e e®serm 574 via the LSS bus 590. There are two
S e[ﬂ%r@ets&sol' Rk u)%nsés b S8 iR HBReED 500 BasHDABMirike, HFD-500

m F%rczlp .ng'%gpsdmw h&gg p/I)dgen"g/thgs lﬁBMZ) an mipﬁﬁepﬂﬁ Q\Q§§%Q£‘ 605 4.

ce sensor sanple is

r é‘ﬁweﬁ‘eg?‘sm?%’éﬁ?s "g'aéfffaseft'sﬁ‘““‘“ f’rﬁcessor?o i ndi cate that a
p&e Rt F Tiisodohemprion GRS IERR Y fof B s BloppTeERr g ote"
20 nileoipicn CWSKEH/! UGB Srester Y. e PPOTPPHiRTE ! Pirorqereuy i on
byehih e kA, 106k DO BORBSO 11t chbihs an infal THRME ocitier @esg gys an
'eggmeﬁmﬁgmz al so provides the real tine clock
f l’iﬂecl—go 3&!r&e£3¥sotf SQJ 15 stl]i%n p%es%QJQ bndJeQQlSor RIQL &Lng Elggg GO@ E}nph&s and

per for e cessor
P e S Pl Ao s e Skt 5 S,
25 tlﬂ*f?%’@“‘ﬁ?ﬁ?%atsﬁ% a result, the force sensor

MASTOveCTEEEtv faredesitedcids catcivoR MfpREY oKl Fee o o
O 1TV ititak capbele:ondfRivFandpbidter”, 375 Poanepglidatich @M 003 8384 8 Npremter?Ptie
S QRIS om Gk R, RGPS B acdaSdngdRRScod/edzBitt-aayyer  LDO

S %9 r@tsﬁsoi &8&5&@' Sﬁ%&ogﬁ %rtﬁ?’(d@dal? ﬁl@l% the %Q:U fxé%ﬁ and Itbcﬁces the

30 \M%méﬁ r%ueﬁ o theFm t L nj? }ramt y C snrgna éém%sgl Jupi ru|1\1/4|!721£ s%;!sgrg'}%tm used
THRmiREA e U6t e eegﬁm? Srfrdtie 6%“@1&1‘6%?‘““% Hae PRFEE & %ﬂﬁsgadrm the

Mmifee eprotessEses 8§32 on dfif Enpetatie segynddiisiigg lofonpgute f the
t adBdhn@fdbperi@ée of tFe@@ sehSr aid aingltibr. The nitset of t@ dkce Fignbl & dynenmtaliy
t faemimbg epu&emosmmpmcesewweﬁ&&m E&&&alﬁs&?@m rp t he§ QRM?
ens 1) n% es \Q!ﬂ Q ':rrﬁé %&% 4%1&'151@1, S
35 oy el R B )

Tﬁ%)r Eheﬁ F.r%tvvt) Waﬁ@@gﬂp lﬁes p@ee senfohmcr r%ocessorgéﬁ 7
( mlcg)arp(@ss% §1)4 Qg ﬁuugqﬁ%mqaqaté yeat AYE sa(npf ’@{ﬁ?dé foTan otb.er to
Ofiddieate thasepavvatuesveOpponerdt s in the design are the
b atd ke YerdPhlcroploR QorBBE SEn0S SRS EMuROD. circtil 1§ thy AM7atiGdprotEBtroT4-
40 44& fmgenjomcmp{agm S LikMEoviidd B8 Sa OB 10bTistlea Ry BE. pMADIC ne
gl&gﬁ PRt agn BOUEL nERASE! OlunlQinbih RAG0d Rbkfih 8446

ur es an show top and

per spectives respectlvely of the main PCB 422 The
main PCB 422 is 15 a 4-layer FRA | .Ommthick PCB with
mnimumtrace wi dth and separation of 100 microns. Via
specification is 0.2mm hole size in a 0.4mm pad. The
main PCB 422 is a rectangul ar board wi th di nensi ons
105mm x 11 MM The nmmj or conponents which are sol dered
to the main PCB are the Atnel ARM/ m croprocessor 574,
t he
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AVS PIvMJ 580, the Silicon Labs force sensor

m cr oprocessor 582, the op-anps for force sensor
conditioning 20 anplifier 600 and the CSR Bl uetooth
chip 578 and its flash nenory 594, antenna 486 and
shi el ding can 612. The force sensor 500, the vibrator
not or 446 and the coaxial conductive tubes 498 use
sprang contacts to connect to pads on the nain PCB
422. Al of these itens are shed down onto the main

P@B& uﬂn%g fonAstabeg\ﬂt, rﬂé*ﬂﬁ% §élls§r IIH‘P(J}) Jesrs]cg ue%& @ réazfam Bn%en&@ %471& g:I agd

ar.e connecto ol der ed

£ 8 L A e B RSk BBl B B Bepierg 86
45"8“%%&"?‘ FEPNGTE0 35 ts PYREsOReen Th I3 timers a‘ﬁtﬂﬁlenal&w&"éﬁsvu&fgmt

h akiftesde ponmodtoppwebbGe ARME 74 abl e harness to the

b attictegrsyirch @2 & Rit@R bythc\brde @bkorGBdRlpRoetsit S320M@hed h@apRQ4bly A2 %0

S m(eg 6 G:heR Bt ;ealm&mmmr&uﬁ@ﬁ 2 GonsorSnidrRBoebs s S8 biar® W sl GRM7 572
f&lﬁ%%§%ﬁ¥ma m& %kmﬁ%$ﬁ§5%64 shown in Figure 5.

FLEXt1 uprter 1 mage sensor 576 i s nmounted on

the flex PCB 496 as sho W$$$gure 19. As the

c FEEERPET PE04BESTHES oni ng tol erance in the pen is

b&teinere tvo PORe indhp beb, @8 ma B BatedFifule@3) udehe fex SERTSOFigudO0), T htger

f dopnare RBord 86 titlals Qe the bddely LRtk Gtk seldd 610 Qe vilfah:GHoiG4#h@Pnet O

DE.RLAR ol 48 (i GRPE whiQ alaliEn & HBLGe: SERIL Lo it Pl asoBYpubAYi N @

f&gﬁﬁ e connectlon bet ween the i nage sensor and the
the positioning tolerance of the nmai

P‘Et@‘ TE “'ﬁ‘{ii' Sh%"f t?f’tail“é’&t?’mP%‘P““"f‘*ﬁ"é"e%"r‘yr"éf&etmﬂﬁll’ F‘ﬁﬁﬁg‘rﬁma’b?@%“ﬁ@s

optipedRY Digem thigs BC vith griaimg b frsotidtiyapdsoparetyr oftl Qaricropf Vg precdfication

LiEDSnm/8ld sizg g 0.4:86pad. dhdnafniPUR42¢)is 8 Gaafur Hoyes Snedpaididnor S

50zZmare 35 nmounted onto the flex PCB 496. The flex is

aI‘hg mi.]@yo%lfmuglg Iwyul:hme g)%erm PRAre) %M téekﬁtm%l@&l‘éﬂ&? Qlfcgfﬂgtesgopj‘i@ lﬁxe

Tﬁ% EP EI%SO !:he SII?QIE,C[)S I'orce sensorm% io;'nrecesso?.%ﬂ! :EPB?;} amgsfforgj cg %rlsor condltlonmg

en.
PP R b 9 o i g g s 12
ClonPBTTEr P03 Forgey shotprd i apiherdpeal Fopdiefise e Siope serggooptiyss to
orgetto pads ok bepinPie e Alelthdans areofshed fven RGBe fufigRCB 422 by the
Shdsdsfopaieg 416 Fwades0 pl aced at the connection pads 620 to

M Eard t&mtmct&ps&ﬁcee@ batoleR b GK @SS, £OHex ﬁd%%om&mﬁbeﬁép% Hddse
1&@45% It.hQ togI % (m%%ngba lﬁ'bie%argess) c%ectﬂ %lﬁp % E Earr%s o Q’QS

qﬁmﬁgggmﬁ’“FFaeaﬁ #ane ayout ur1’ng nmanufacture

ﬁmrectangular in overal |l shape. 49
G"lsTF?é‘effdl °é‘5t““PBBPﬂ@ 2 8 o WYAEIR PE A & hreerors ‘ECBY WigE ng
&reydeRl t he i mage sensor 490 and then has two arns 622

ahchufitd dnafeR@bor 176 @xi@hicddh GOGS Pabed L Bovafd Higha bo. Bakd e 492

Qb tote}ﬁﬁe hat Iyeftg Sfkedn E.Damé SA RN mﬁ%@em;f Aag gﬁﬂe@f’éﬁ 496 alows
ed of

%Jgégigag th 1 Alcrm% 9& thJe eair%lk 81 ed to & u:u]g%e sensor @BY S ﬂgﬂble conne%mn

bff%eewea%% s"”ﬁ"d f“‘ﬂ f“e THRFCR 7é o et s EhE oy g
8 cyFpr Ak ErEert e Pt e f| ex PCB 496 using a chip on flex
PERBr{eGakyr 1A piBtoadied LEDs B4ind436, b Givididc@ipybass tabreitols 512 @
Hafiel @b e iR PEPB6. I15e 13t MeLhy@R bR iR Bfb@Xn PERiARGiANG. tdse

E}@}Q(gﬁeg A% ﬂtvh:ﬁ mgdll gn.l]a{s & 1s\M)t Feﬁummmggaﬁer 91% Efgﬁ geﬁt St1gég§12%n t he
t

besi de
alaced beérxﬁ)ﬁm d1screte cog%oneaag SJZa rdg %ﬁd Qe lma e sensor 4 %r dgjlieeg %Jrej‘se secnénﬁ

o e ae ﬁt‘ﬁeﬁ\ba‘ﬁ‘i al?fedp# ta% cgRgectiny Paé%”%tz 6"‘1"? Wh% Ferotfigiclgss oy
praseploro by the ppein R{PE226 28 igare 88)LRheRfBtdgizn kxk beguptiriyel PEB: kgt he
apibd radfactrarykebingdQabshly ensaptnocadi stiar rel i s then gl ued
in place to provide a seal around the 10 i nage sensor
470. The horizontal positional tolerance between the
centre of the optical path and the centre of the

i magi ng area on the Jupiter die 628 is +/- 50 mcrons.
The vertical tolerance due to the thickness of the
die, the thickness of the glue |layer and the alignnent
of the optical barrel 492 to the front of the flex PCB
496 is +/- 5 mcrons. In order to fit in the confined
space at the front of the pen, the Jupiter die 628 is
designed so that the pads required for connection in
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provi de a charging voltage so that the pen can
recharge its battery, provide a relay nechanismfor
transferring stored digital ink to the Netpage server
via its Bluetootb/USB adapter and 20 provide a relay
mechani sm f or downl oadi ng new program code to the pen
via its Bluetooth/USB adapter. POD Again referring
to Figures 31 and 32, when the pen 400 is inserted
into the pod 450, power is prowlded by 25 way of two
sprung _contacts 516 in ch connegt to
S A b S S DS o
C 3 o Geybat raydh dongs gty qah%lhﬂéwl %%'P ‘h*ﬂ‘?éﬂﬁﬁ%%e“‘P "r%?“d‘?ﬂé‘h“ﬁoaﬁ
45Qdegen ghredtin @atoftie armm@anmapfgmgl% i Bye pipldppatiohBde Gy PCB g Rat pad at
POQNGest pli@ sPGEmhas a tethered cable 572 which ends in

t \Aﬁe &an gl%grttl%r xgnoun% gntd i A&k P%@ﬁ usmé\a chip |o%x£ﬂ§&)@i&ﬁﬁg} EnShisQ
0 I’{ Wgé)sﬂgn%re hj a‘l’te’F'ﬁ %2'8 fs 8llt?ed oz%to%lge\@@)é@h s dsl‘ﬁgs &b b e ofe e&ﬁ@@

See,. S
30ME| m@ﬁ pags 01513 flex W?e ﬁ‘hefett'aégat Ea%%}o F g&J&n tge die, ’ghe thre-b I i tth n
t hecapded & prmis keosiont Two powiedsles e e %PrCBtnﬁé“’ Botr St o
t h@go|e PCB t6 B¢ opieh Birgfi4gRg The(Sbtiag bapkl & ehen dlviedin plagene provfdeyt sed] dqand the
p QQag@slardormema B 205tk 36 bl Gletatie R4t Qoo Fthotobtieat hdBBudithe gnire of
P the a,gﬁg]g areL1 gn%l Jdplggchecﬁ% 94 sb- s, %&eﬁgaﬁoﬂm&éﬁ tho tiidedd Bf the

od. te the statu r )
o &fﬁfﬁﬁl"mg%is m—g}ﬁ §1u3?3631dga&§1 nceﬁ)beag é%ﬂ% #d hgl;%éig‘% PCB §496
CSR-BirissBoPede DA B REF AT e o tp o i i R o

oftiB} thpebdorndulied dhesphneatiorgisthe Nywagepet 3 Hiaprd d‘ﬁ‘é?ﬁ’”ﬁ%‘“‘“‘fﬁﬁ*@dl
Bleoeotefmdassbze f uncti ons as a USB to Bl uet oot h
br‘ﬂhg&?e-thm@ém-ﬁ&@ns iYL 8uikdtd 118 fod ad exiqliirlifietheytet N t he
pen. The fi, r%smgﬁmﬁngwgbLo%natttﬁmexueghargpmrbmy pod. At
the other en g%@d@aﬁ&@oqg%%ge sé&éﬂwaa

4-wayj ack SOERE SIX Wres going in

pod, the fou‘l‘SBBS‘BWU&?)ad\?ﬁ‘eFé‘% and two fromthe 4-way

j ack sockete. pr@ide Gy Fihavise Soiverieadity ngv jregrag °°L‘3§l‘h?:p§’b‘imé“" 462
(Fi gure 15) wmuetolvasBdBierA connect or on one end and a
4-way jack on the other end. The 4-wayjack can be
cqppected to either the pod or the top of the pen. The

third c abl u wer o .
Mg%re E’ é 1gurﬁs 3?@& !az \gmxp c pen 4&1015. msertcg atg]trlilg ﬁ%@ E: véh%;%!a (:%iyld

4 vwé_gf Jtv\g éﬂﬁmﬁ)‘ﬁm{"ﬁ é16 &t&ﬁ éci;d wglmonnefﬁ? tge tﬂo m@ con uc&vc tu es g la}

C Cirviinds eekteirge tphe ST it e THRRovp G Bt 45B d thiysen i°8 pregps ’il’f?é‘d‘ﬁ%

5 148 6us pds@NNECTI ON OPTI ONS Figure 61 shows the main

C h[@{;g& G 1R L BRABGkch Qi HORE doBtSorsl Oe istalUeB ¢ piuga Mgk oo 2 4-
QOJ Rl.d 88 mlkai 'i*ﬁsvxswa% acyﬁeagmm Lae ke £ @R o0 ek (6 &Kol ass i he
098 msc?ted mto the poed ] ch%dt pﬂsﬁ@s i:m & Qeq:gd aﬂ'd'ig the pen

{: a relalyﬁncchamsm for

e st on o .
10T ploRes é’&“f!fi’;%e ‘P%Pé“’aﬂ%Bhﬂé’&’sm"ﬁ‘B\RE‘r“h“gﬁ“ﬁ@‘” en |y ‘*c?ewsa e
f e ipdivesor USE 4535 PR e pofsThgy md}c@est%ﬁ*m%%ﬂ %ﬁlgﬁﬁ‘m USB
p eweiuniefionsDO0OMA nmust be available in order to charge
th;gumn Option 2 shows a USB connection fromthe

115 14, 4] Jt m
%%Iﬁ 5%0 Lok gged%ﬁgl Ac%& @m. 18Rl %m&ﬁfﬁg fg%d@ﬁ%

TH‘éed 5‘3“81"’3?108 Tth‘shﬁ'é“e °éeﬁ’%e“°° ] %’la%:aa ggvﬂl 5“’%&? uetooth. The

pédE™E power ed by the plug pack. The pen is charged
Three cables are provided with the pen. The first cable 572 is tethered to the pod. At the other end of the

cable is a USB A connector and a 4-way jack socket. There are six wires going into the pod, the four USB

wires and two from the 4-way jack socket.



15 from the plug pack power Option 3 shows a USB
connection fromthe host 630 to the pod 450 and a pl ug
pack 632 attached to the pen 400. The pen 400 is in
the pod 450. The pod and the pen comunicate via

Bl uet ooth. The pod is powered by the USB bus power.
The pen is charged fromthe plug pack power. 20
Option 4 shows a plug pack 632 attached to the pod
cable 572. The pen 400 is %é the pod 450. There is no

e secmai c%'ie is a%S]Pc?:ﬁ 4&? (Jg eq%t gnneEth 051_? A gld gnh 9 4 \9:19 ﬂck on

cH%fr"@%&ldf F‘E)f‘ff""tyl’f@‘ cﬂﬂbﬁ@“”ﬁ%FEF?e‘ 8\?9@?"‘1 or teyep p 81"1""6 shovvs a
USE: @igigeble b ploapeck prymctbls éootiteysn) WEG@hgs drtopaevernitist e @eend aefias 2
P evad B4 od tBe ofh@bnd. Tk 4twhgach@the 4bBcted Tdriheiaptd 46B0thearpalf thetpen
5 pe@s 400 communicate via USE, allowing a wired, 25
N@gﬂoc’;,g%pl cation |ink. The pen | s charged fromthe
1 g"f*h r, As a resuclut tuhe NRX| | 1JSB povver of
r‘?’i‘? eSS BHTETR BPEEF pe“n ar ge pen.
Qotl on 6 sMosenskevi Ui copeire ‘@3211“&&5?0&‘2:‘1‘%’6‘14?0 T}t“’ﬂ"’é‘mﬁé*r’f‘ﬂw
400. The penpod®0 Theponié5p ant the Hedrf0 copoytiicaS G Blugtppg. Phe prdiiss
10 char ged fr omotvhi bpthd IR Pa GdeROME en is chigheh BFm (B:AIFRA RS fawe s a
options are aghmShuh usHQWEN L 0nd dus bk iR ERlipekDpen.
mnd that { hg gou%gli aQJSh §om%&¥ﬁoﬁq’%l\.{o'st%30lt&§e pélﬂ 4Wd ajpﬁg}hck

connect or (a

is a connect®f a“F"ﬁ“t"’tﬁ“ §°d %’8 %2 Eﬁ’s%“ 4Ld‘f‘ﬁ§ Bl s T °d a g%"en

fromits 4- \A‘E&’E}m‘j"’aﬁé"a@éﬁ@‘hnﬁ’f’ pof o @fered by e ﬁ‘&d‘“’ﬁ "rf’é’t‘f‘ihiiﬁ‘}
15 when there i%mgheclaambetvor in this jack. BATTERY AND

PONER CONSWUMpEdn@io 35 UBR Eotediibd Tgjm thohobtisTPuLT 1@ pBB 50 abdu@hnp@ek

400 cont ai NSg3Rahchds kbicdd P AR %@ﬁﬁ@@h@ﬁ%4ﬁ2%ertﬂamapen

nom nal c ap &EL‘U‘&%.(CQC v:a%ﬁgoothnﬁlg%nd ls LOw%rea?[z Bas o §W€a Irfe pen is

90. 5mm | ong X nmm t hi on the
pen design, %f%’mﬁeglﬁ%ﬁsp%wﬁ current requirenents for
20 yarious peh Y 4BleHerBORH (¥ euprRekio thypod BYe 5 fhapen 00 i in the
Battery dr aimd4or et cdmgpnicatoh pofiblq betrtegnttis god 2l¢e pep. Thapodys
St at e Not es pvBadt by the pigcCap ped ciRed fhsthafif pkbdd Pen
Active Pen, [&% 5938wsh USEHRhheddNMiGH td hol?610 tdl@,penhﬁoyiflfégenﬁ@ is not

decoded tags P e g
62.9 Pen Ig Jfée]pol;so TﬁJLoJ{QH%ﬁ thgpexE tféslcoHB Q@&Qﬂh ":lﬂa In zgxﬁmd

deco
25 Bl uet oot h NI¥*Ed °ﬂ?f§“@‘?é‘6‘h§1 eélést ]ﬁfgfdéo %’fg%b 0 A3 Hout
Bl uet oot h CoFfEERImIE El“ﬁ@f??%ﬁ“@@?ﬁﬁ%‘ﬂ“é‘t?‘qe‘r? ﬂhﬁﬁl‘hﬁﬁ\‘)\er,
no di gital *iQpliont6go@s 16 plughiagneB atachetooibd roeidl- Bhapet48bt it in the
Connect ed ( Siad 456. rheBlntiset-aoiflam GopRect @i N | ow power
Sniff state (ﬂher]comghdd@gh%&hnom %tv@g' iBhdlR b6t il mind that the

30 connected i wgguermwzx mgck%ﬁm% asﬁot% e Ugalésstpwes)me

Elleil:J \?:) rO Et 2 c gggag:gn%?g%o n ijgc&lce 30, the penis pgwereg ﬂ'om iE] g—way _;agk (and not from

its pod connection) when there is a connector in this jack.

BATTERY AND POWER CONSUMPTION

35  Referring to Figure 68, the pen 400 contains 2 Lithium polymer battery 424 with a nominal capacity of 340
mAh, It's dimensions are 90.5mm long x 12Zmm wide x 4.5mm thick.
Based on the pen design, Table 4 shows the current requirements for various pen and Bluetooth states.
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1. Sumof all current drains at battery. The Bl uetooth
currents can be concurrent with and additive to the
Pen-state currents. PEN USAGE SCENARI OS 5 Sone general
usage scenarios are sumuarised here, show ng the
energy requirements needed to fulfil these scenarios.
Worst Case Scenari o Summary: The penis used
intensively for 4 hours (cursive witing) and will sit
capped for one nonth (31 days)? trying to offload
stored digital ink. 10 The tgy requirenment for this
scenario iémﬁﬁéﬁﬁﬁy‘?ﬁ&”ﬁ%ﬁ?ﬁ@?gﬁﬂﬁhnh hour battery
woul d achi eve 35%| of energy requirenent for
sce¢nario. Single Wrking Wek Case Scenario Summary:
Th¢5PEn i s used fdMCursive witing for a total®¥f on

hoUbe.@agay for fiVe.daws. and is capped for theio

rej on . ks E oo I
15| Theener gy requifreivent for this scenario i|g456mAh
Thenom.par 340 p;‘n% TS Sofilid OUT 0 ACNT BVE 44370 OT
energy requirenent This scenario._ S ngl e Morking
V\éekenlﬁestcrzcapped DLernrng.dkAﬁ\idgtamsg Hours Case Scem@ei o 20
Su |||t:u%&f The pen s Stve Wi l‘l‘llg 2%8

t of &1 one hour gend‘%z)’/‘°tfr{5’fg“1‘d|“&? S%fys. and i g Cipped
f of Bizmtm&esmdcm ng Btuktmxca%ot al time for scendrdoo i s

seven I‘IQ\IC L_\’) anorﬂ\:;ranun r anpnt F or—t-hs
< oy Illb CTTIeT ToygyguriToTTre it TTIT O

sc pREsed C?ng“tfsaln#\ﬁ*“ﬂWO%'ﬁ% ipAY PORSCRARHRR [ t er y
wo pFigeecgic hi eve 220<ﬁm‘nloeinergy reqw rement for {this
scepario C i3 € N~SCHTYARE

= A eké_dl\%vgg 1355 %’gﬁnmg%ﬁ war. ow{f:rgtrr%srtﬁ;ses that
sof bwabe causnai Ng OBhAkClepLOUeESesser Advetiie Netspage pe
40Dsame)  Net page pod 450. 10 The pen contains a numbe

of l-m—c+ Oprocessors as-—detailed—in-the Electrionies
T COoOOoOOUT P \YARLEAYE™]

De s?'@q‘?"‘é EurPn de $ Bl 9l Bt Soieeot NeqEk ARgsYs Ef’a"é e |pg&h
S OTT. ST oCatliciiedt BHEHE St bRy, (TWEBI 104 T biddrtinthGn K2ontuktent viith Rig b/ he
CPU BJ4.i hergafter CPU), the Force Sensor

mﬁ.ﬁ\[ %%&%@t&r 582, and al so software runnl ng in the

Bl ueCor e Luet ooth nodul e  tod 1o fI6
( ﬁ%‘}eé?f’f‘ &FE° SRR LR E] ‘“"eéﬁ"&’ﬁ‘g%fe“%‘%%“‘ﬁeﬁlé% &850r's Has
afredsoci at ed flash nenory which stores the processor
speot ¢ascemofet ware, together with settings and ot her
P Siinfiafl T@é ten ich@ddantensMAIR foPBiaurBtud e Oatiey) i Billal G@edlil ode thigh (31
fh;ymﬁomoie@gg@mt'he nodul e manuf acturer, and this
f een T [ Squ r[tlpol; th}.g: O?T%&qggsggh %PH%M E{mfh{h@m‘ bah@} vl%@lgghxggg%

dont i ns a ¢S
BPﬁ%T%Eﬁﬂe%&ﬂg‘é“Wr eafter pod Bl ueCore). The Net page
p &ipele Wesking WreleCagd Segarionc| udes sof tware running in the VM
0 ﬁmtda@ Tharge iBlsad &Oarsiye writige forla @t2Nd b Brgres dpder 5pQ6s. bnd gyaped bosthe
areNatipRage %@g@ﬁ&sﬁuﬁ&aﬁ&n&% a stream of correl ated
PoR Icz!.tefgp @Jﬂgnt fo cnang Q 4P lTﬁeﬁmlﬂEa@Mm@HE @gers(vﬁﬁ@achmve 75%

fte%rgg Ve ‘ﬁ’ ng above). This streamis referred to as
Df Note“t hat” Di'nk may include sanples wth zero

force (so called "Hover D nk") produced when the
[\ﬁipmkiﬁé?peﬁ Npt Capped During Working Hours Case Scenario

(D

be
(D

= 3

Summary: The pen is used for cursive writing for a total of one hour a day for five days. and is capped for the

remaining time. Total time for scenario is seven days.
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proximty to, but not marking, a Netpage tagged
surface. The CPU conponent of the Netpage pen software
is responsible for Dink capture, tag i mage processing
and decoding (in conjunction with the Jupiter inmage
sensor 576), storage and of fl oad managenent, host 25
communi cati ons, user feedback and software upgrade. It
i ncl udes an operating system (RTOS) and rel evant
hardware drivers. In addltlon,olt provi des a

manuf act ur and mai nt enan®e node for calibratjon
CWP"’@KIWF?“G’% fopsis RatEia f S HRAB N B DPTR P EPRAk Bopr PRty PR AFBIET
Th¥s FEorreasSengbler hifiseragpr ocessor 582 conponent of the
Net page pen software is responsible for filtering and
preparing force sanpl eprieint b N CPU. The pen

Bl ueCore VM software is responsible for bridging the
CPU UART 588 interface to USB when the pen is 30
oPEFEETHEOTH 1 €FNEed node. The pen Bl ueCore WM
software is not used when the pen is operating in

Biris @%iored ven spiyare comiithe thy exdhwiBi e Bpmenicyiossedrt ipjker Notpisgpen 400 and

r eapesidd. e for sensing when the pod 450 is charging a
p% pé}lQ&tams a(ﬁ%t:rro%érépggassgrb & dEQQi i B PectfbRics DR LB dedrkned aYave.

IP]{ t{%gc:%lélngofgv%e mglges\é\g&%ta@ t on%% giRMb eP ﬁhere’%tew the

escription B SO t
L e
upeselatia Breder pi BeCehle %15% gregessor hes prrpesociaisd faphanemasiieh stores
| bag@essor shaifc ofvetedoectiepgih sethiads hrd otpropetsistgmdatt o Eis pep PledCerelEs tifae
S Rbistainedae supp kbl Bgmodide dafBactre 665 SRR SBis lcQEIGRE OGCEFHOI
SBapagepldsi@t € upgrades are delivered to the pen via

U@é cﬁg%&fc%nLamsC Q'%EE eCor%lue?opth mo h &geaﬁe?od (3& ClcsI %t 919 hgpa& pen

ng receive a new
s??FYWF°e‘“°f“FFﬁ B PresFEe P &F PR BB’ t he next
stufediemaeg bst 43¢ PKP&“GW‘W@ toggp@pRe He @ perr L ORTEPR PRER 8 Beh k
penks rgprafdd (Gakkmeet OveNET FACE TEYETENM rdvERy EPS 3@ th Rk
Neay;aﬂge saPRIR WRIOEDL WaE @0 chiBd ‘tieGt IJkeGrotBed e malle@ade Pen is in
&nu@stbh@am\auﬁ:@:piga&gqarsmﬁ&f tware system conprising
bl e?tgﬁ onentaoytée a e ensgigrglg% re%p%gs‘éﬁ §0§DEKTJ;}>%11'& tgé &&y\ﬂrcﬂgsxﬂggnda

erVLeW oA %ﬁsrs {i’B rage d %flo na el th
NETBRE “H5eT "Wgh%"é‘tpmﬂé%a LR S SFot RS oef"t Wair e
f ormpsiigisns. vy Reterhendspigract yreeds JEETUAS 0Pt SPPm (RIFQS) and relevant
i lntderd dive. Teddiiddet praide » panzcgofstyaeintcdare nedt foqgelbraton t he
Cd'oﬂﬁ&auﬁrﬁ:ﬂ' &LBA GadicdFan iRatkis . ThEFolNetepagriroededdy $52 &fmonent of the

kJalvse J ondiHRGE Mekid Gl depbinsfe8- QR BAPIRNAS the BALPU. The pen
t lgl 1s T I‘mbgfoFg-ldEi& th%E’IP&gﬁ“ 5%@{'&([& §, USQ {vheJl &&J@A is

a‘gg cat| ons. ay_ | sted service running
rafine R poEeg mp - REROTe A *Ff’ 15(“6 I & P BPUef oot h
t Byeptdldegy) . The rel ay provides w de area networking
SHi poid Blasore B iscdgirqigresbdneblegargendig trie ehmpokd 8 isplersiog apadf OBl nk
CRRSUFFRHE Sod ( SEGER aptSophiety ARG EniR@iEMEvEh BF ho® PN USB.

PPl &aleh QR Spkion oF Btk MBI i 8bRMerdEVi CE Wi I | be a

%%Sb%p%g{p%%o%%p &%”pgm&agb m%%% p%gn o%%,nﬁ% M%L@ﬁgﬁﬁapd

can a | so

peeRfagerie d‘?"‘%‘f‘“ ¢ S‘ﬁ&?*‘a‘%}‘?‘“%ﬂ“é‘\‘i F ?1‘@ S?“F?ém’f)‘%‘]ﬁmﬁ“tsﬁ SUCEE s
tupsraARRye deirereil to élspebya ity pore foprgunichfien Bickievs BYstoottopPiFe ¢FFon
t1@indRRGy acktWefiatc® B nctvistind itngp &l batbstald orl s shdotpaage cycle
%@M@p&cw@o@mﬁhm ofa@t.nanent |y, and provide both

&3@&. LPA=Sa4 Vi ces forDi nk based applications (such
as han witing recognition and form conpletion), and
dat abase functionality for persisted DIink (such as
search, retrieval and reprinting). 15 Loca
applications may receive the Dnk streamfromthe
Net page relay and use it for application specific
pur poses (such as for pointer replacenent in inmge
creation/ mani pul ati on applications). | NTERNAL DESI GN
The Net page pen software is divided into a nunber of
maj or nodul es: | mge Processing
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20 Dink storage and offl oad managenent Host

Communi cations User Feedback Power Managenent

Sof tware Upgrade 25 Real Tinme Qperating System

Har dware Drivers Manufacturing and Mai ntenance node
Force Sensor M croprocessor software Pen Bl ueCore VM
software 30 Pod Bl ueCore VM software The renai nder of
this section gives a brief overview of these ngjor

sof tware nodul es. | MAGE PR§CE§SI NG The p05| tion

I Iljtl\elglr t%g%m os?ﬂ:ware 1sée51§nl# ? cgvlératg ]El con %%ega?%rdso ¢ 8 ?rte%vc%:rn%il nan
aNeRssr&ilas ﬂEPfNe‘Paé Gew |T”|‘ﬁ§°§%"'§“g(‘,5&|8‘f ?V%rﬁevb‘ifthfsﬁ%s‘e%‘ﬂf“'{“@i‘m%“’

| Nerge r8endbifed é%swu:@shmrf@ar# freteges sPierycedskeispeejficaroehy ftsgntyriace to

I BSRGRGIsdRlvE: f @roudiBleyS eRgnckdmBgestscapt ured by Jupiter,

' ﬂéﬁﬁie ka2 G (ﬁaﬂﬂle foFSGARI TG £bAGSs, an@ShobnlB A Gk BRSS!

"
por?ucrﬁ) :%rlicaugls rgla ) zﬂl%@g Tfkgél%%&q démé tla:ur& b}%)A %&
ARPeER ‘E“‘Wﬁy ¢ ﬁh"é%aly PRLEETG §""at“6“”?5‘ﬂ“§§"“6°§ﬁ o} rgk 1ls) °‘o“’f"“ e
Nest! Plalerenstms fres esdlgpfesersseeetiyr apnbisebiqui dfbp ey v@rdc‘mc i pe a
nssitop/targop Kl blvippearith 2 Netagredk tﬁlucmaledluyw eddyriled agyDitren
Neb paghe asSass. @EayE [Bovid the@w vt fcceRCOMANBLeBicek B QbEd BhG1otdOf

t DecidhQ MRS RAG 6 b ADDBHSE ace. Ensuring such Dink is

rl?%)fige searerﬁ%rs1stt13|ljur%5err|$a§£1t§nas‘%gggvidé bo app{matgog s%rv?&l.s %% ﬂ{(b%ﬁgp Taac@.ﬁ
R PR R R ﬁaamwmawﬂg?v%@w DB Bt
Qs seqyeb. (Eiiqigk andl gyorgiinglat page server via a Netpage rel ay.
Thybasepoifdidnoadt rpeie GeBi8k skgm fprathea & ptep Blagdnd usc it fhrappfiretyn specific
SafpbsWy@id as f¥Rd itk AplidEmett tnSmap et oaimOiuibaipitiidnd)l 1t can
%@mg@that fink has been received and persisted by
arbel\ﬁe a e ensoﬂ%aererls(?wdedu%anumeg rm§atulreearred inreal tine

a catrons requirin Tt me response to DI nk
(for exarrpl grasedrofFHE i cati ons which use the pen as a
r epl acenent Pepyorege spdpfford mgneemehl e poi nter, such as
gr aphi cs edH¢si egmunggpipdsi cati ons). This may be nornal
Dl nk or Heves-fdanlc (for applicati ons, supporting
hover), andpdh8nabikity of the Netpage pen software
to stream,DLpk 1.0 ‘*JCh applications is orthogonal to
t he storage and off 1 oad requi rements for persistent
DI nk TRV CEE & 10 The Net page pen sof tware
comuni cat'e¥ ke Riehe Net page rel ay either thr ough
Wi rel ess Bl Mebigotilg addGimeame ek i on, or through a wired
USB conneet FoeB senddd Mi@dppaksh seromnect i vi ty is provided by
the pen Bl pefRicee vidRBwgONNectivity i s provided by
using the Bl yst oot (}1\4 e in "pass through" node. The
Communi cat i ons. mod the sof t e is, responsi bl e
ORI ABt§Ftop %i‘f?%?ﬁ”?ff’\’eﬂ‘é“’ R mf”?rm%i‘“f‘ﬁ%" F¥nk storage
AMFEBPFFBEd nanagenent nodule to the relay. It also
Fhapeiitcheisfommstiveig &einit st produbed ad fetsige aNewiee Bgged sdrfoe is produced by
Fetolding b bhdlgs @ tafped iSheSslc@fMed dyins tupiaef Imkda Gamdr 576.r ust ed
FBd 1Y procB Rk R le QR poRle ke RSy fblge G LGP e ik il Gt O
lélla:oed{‘i.ng tags, estimating the pose of the pen, and ¢combining this information to obtain position samples.
DINK STORAGE AND OFFLOAD MANAGEMENT

l Any Dink which corresponds to physical marking of a Netpage tagged surface (e.g. excluding Hover DInk)

must be reliably and transactionally recorded by the Netpage system to allow for aceurate reproduction of the
Netpage tagged surface. Ensuring such DInk is recorded is the responsibility of the DInk storage and offload

management software. It persists DInk in flash memory on the Netpage pen, and amranges for offload of
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speci fication. The conmuni cati ons nodul e i ncl udes
third party software (nanely the ABCSP stack, see
CSR, ARCSP Overview, ANl |) provided by CSR for
comuni cation with the pen Bl ueCore. Bl uetooth
communi cation is only perfornmed with Bl uetooth paired
devi ces, and uses the Bluetooth encryption facilities
to secure these comunications., 20 USER FEEDBACK The
hbtpage pen provides tmo LE (red and green) and a

r?:tkffl thaﬁg%xtxel%a aTNotpalge TElay. Thrs% cess is Iauseaxch%naﬁ the e]ir goﬁgap ack

or convertin %nals
frnannar%errdgwwle%ﬂdﬂr%%* ?‘ﬂ% PP R TR,

t kevepr ovi ded nechani sms. POAER MANAGEMENT 25 The

Netiiz ae)ee fieified 10r8al @neltd applitands r mﬂ&ﬁeﬂbmdmctn& etk (hitegmplesi gn
Al ol QNG Rk WAL 26 1PNt 5 WEURDr e pBint B 000 & rafdfcs iRy S -

FQ: hc%&%Wmayg&%rm%ﬂk gr%vegﬁé{q}arj aﬁsh&gcrng s%ﬁ'{ug ho%ermgae ataxh:?yf

not in use to s
C ébﬁ Nﬁtgge Igfn é%e 1o ﬁbie%n gnk éo gapglicétmns 18 ortha%mal tE Se sto\t}\aée andg)ggad
whgreepts foperpigopt Ginka i r ed.  The CPU itself can be
poveCegdiovienavhen t he pen is not perform ng higher
f UBQteipREEa sofvae @fchnnidabeviiod Netp@b MayeBeOougiOVBIeNBIMost:  ar e
t REufERLES o PR RS wirkl (55 RQ6E BRIt 2B RectBilds TRAMB by the pen
Managenea ou%mvgy é&%rrﬁa}r &%ﬁ%ﬁeﬁ%\rﬁruw prsmougmaen 30

response ; ﬁ Bﬁgﬁe b
B B BORETBEETPBPe SR %""ﬁ‘é“‘“%"ﬁe CUrrent

p EPFaE8 o4 prBe iR SRS Al F°|‘ngeiﬂhétﬂls°rf€ﬂﬁé°r“ mpeggRrat frpriowlily Pt ng
0 fuinteirios A eesdelispd knioyhiestallrdysomdlaliopshenms witripdrrarsprdnediuser

I Qudiicktief] The Eoiddinidatops diolileSncRaCd@arty boftb (haing) £ ABZSHEATKAGE S

t gk, fuGh bioling Sn9f i ol Y rof HEmRRMES wid/RORAYSINRRE, Biaeks €

t 10 CI
eom%&c\rrogi%on? srrorérgé rgra Er%m ﬁrraéao%%%%ra#ﬁg m%\g{ep gtgglurppg%qa RED

s&??ﬁﬁ%@”ﬁ?ﬂ #8"8 upgradabl e, obt ai ni ng new sof t war e
i FEFgEEPNFa its Bluetooth or USB connections. The
Stfetpispeclpygiane L Gulae siew) mésihotsitibgorborfeefattatie wey
t Renaomiae ashues cparpl Bl ceivitiRgRds fovioder fot@:re modules into user
Capmuiscat-RNss ARAM8, val idating these inmages agai nst
|gﬁbﬁgggm&g§cksuns and arranging for the pen to boot
froma revis en i q n validate 40 ¢
THE NEgERRPa ?"3 %E“dﬁ 8¢ essd %Sl E) r%se n s aTger ?Vmg 2 mimber o
c BHe dreEms fe t"ﬁ‘ A prepherp et ROR AR ACHRIPS ' FHFEOYRE T FLOREY
oBleCoresan bepiaggdino odaw shrappie i poonddary e il iymoygpapired. gy PREt=cliesn
O R@bsittel @Rn @hatthelpbiaopifoln®a tighedivom lhdeed thepniq @t dradn c@nponbds
SW &é‘Ebch s Qﬁ&pr&c&\%@ S@-anmﬁ)\%r@ﬁliagew @mﬁ seRERn a8 poRB loythe CPU in

p%p getm%um.ﬁﬁ no outstanding D nk renains to be

D‘il‘l:ﬁ ﬁowfar aﬁaﬁimgnt m%dr.llf: 58 %2%1 Ig fﬁ]na?agg & qur};ent of st% hagd I Q:mze f I’La|
R 8388 YWt ohing B Reered RfpEPE ISR S °°meser°gﬁ frfgﬂﬂﬁya‘?hrt feritys module
ainrelingie memneshefrititys ofetdy e lave Menggaet redult topravide epfigabpower
Safdt Wak B reqipgfattiondkt hough under sone circunst ances

| borfRYeR&afECESSary to repeatpairing operations. 5 It
SHPHetpa%etpen 50 aremEe?dH:pgadJ;DE tam?.ugae! | at magesgjra 1& Elgetol\ﬁ&ﬂﬁge

pen s asl c oql are ot field
ufﬁ@uraaaahfe%ﬂvrﬁé’g%%%ﬂ‘? farmr‘rrefwglarr%éﬁr &R O fRET e
aritthetGonyhpmiajons wqdle, prlifating thospjgpass asrrattmcwrécheéﬁrrwr aegsgite
nizeld bet fakn 8 vindinag e si0f tesvatlidatdlnages for the Force

S8R 8Rvard TpErhdd RERE BSRQ fusgely dFBRBRT witOhorndh e thradidue ridGumithde

pl%!;f Ema&t cax‘i ﬁ@ﬁm’%‘g‘n‘i@@&? Wil Gt 941 Ep‘é@:‘oﬁ anli ﬁﬂgofﬂo@{] %o&rebé? the actual

tware Upgrade nbdule reprogranms the Force Sensor
m cr oprocessor in the field when a new i nrage contai ns
revisions to the Force 10 Sensor m croprocessor
software. REAL Tl NE OPERATI NG SYSTEM
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The Net page pen software includes a Real Tine
Operating System (RTOS) for efficient nmanagenent of
CPU resources. This allows optiml handling of
concurrent DInk capture, persistence, and of fl oad
despite the |atencies involved in inmage capture,
flash mani pul ati on, and communi cati on resources. 15
The RTCS for the Netpage pen software is the uC OS |
RTOCS from M crium Systens (see® Labrosse, J.L., McroC

CSIP The Real |inme Kernel, d Editi HOVE Books,
S 5 b R L el i b pialaast i A0S

s Gflpafpdy Bispimplifes ppseawtet frefpterue] RIUdpmasilleere 57 F@ﬂ“&%ﬂd“él as

S w gy @devsyiivipte dopds. Rristing prichapraeknantoifeiglas end pead to stryye seftpree
NeRe8e, Difough ierp@ia circitAlMA REy bEXhMERE @t pditre ofNedopage pen
S QMR8 bl n MGl A BS HB bIAMRER e nl sHBES, stk bastt doot REIE, krPREfeR| S

(bot b i r I Taleh al toit)

r ol Mot ls ok Qaldis e %E%g?{llg.%% BRI 400 Thi s
| T G D PPt sty S ek 08 g P
e Jenagss frethe 146 e s ik Wopese Byt sofgage Jopebjand thy Softypry Praspde medyla |

d keprgaatns the Roree Sresprandproprgeessdn @ g fighi vihews adwppggecontle rpgenns (GG oree
t h@sopaifopBl&taGaiv@e 578, the Force Sensor m croprocessor
582 ThibG oM srManagenment | C 580, and other internal

S nms. 25 NMANUE URL ,
NP g e ey Tt g A e Ao o cru
TR G VRGP PR PRI EHES. PP T eofpy dop e
C Blotelsyyplied it imagrcarntiest Hibimepuiaih AdicyniR R PR ES-anal ysis. A
d @IpIRDYSETo the Betpayviphel sofwaryiethe WSS R TABfriMicitry Pristevg Gerdebrosse, 1L,
MBiRE ONRTER AN DR E ernel) d BdBiordCMECRRbYs, GRBINA S R DIV30) dikE girestel C
aﬁ%aé&%&%&ﬂ%&@@éoh&ﬁedm@?ofww code Qlﬁlliyd b?!“ﬂal@l&g lﬁgreﬁ #ad cbsﬁ’omized
use J@ﬁ&%&¥erbrook engi neers under control | ed
conditlons. The mechani sm for pl aci ng the Net page pen
sOFPURFB*T"t 0 30 mmi nt enance node is not described
h8te ¥etragepeaREm SERE O eREPRICESSie - SEhitre P ETES ce
Senrse o ithkpird pr oosssdhe e peg 4@QNnThh depes iR 186, CPRN BhaREYd
Wbgb Briveed thric@dulatgs camtthnibB 6 p0Rdadhighd: el &iefs G2 manckik e oiitramape d
f EQdR Stii]@e ﬁﬁ]&@oreﬁ@@ ﬁgfoéggoﬁ{i@:g@{es_s& @SZR{e@aﬂQ&m@erﬁﬁt e
of ;force sanples to be included into the Dink stream
as recorded t he pen. It is also responsible for
i MEEFASTRRY R MARREYE 6%t he CPU 574 in response 35 to a
B Nelrsgaen 40 ey puc éfo 2 eroginbpanlisurie and aintynppee podefor fptppy elifraien
CRktdiggonifielé filmapatysh édeptyfefl peh gill npyenvmier mapfdurieg admaintprens pgade.
PlciN: BhAEE6RIE M- HdeAAARR mbiténfaanly Bbatelokeesed & Sivapadsl e
oéugiﬁeﬁm&epcgnﬁﬂé DB idons A0 Wkbhani9th foﬁﬂti_ﬁg\/@ @Qpa%d’berﬂ‘ of¥darte Intdal
MRCHLAL nb Mool p M sOf tware i's highl'y resource
Imte ut can access the Bluetooth functionality,
t FPECSPBPBOPRL g A EMEI | 40 nunber of GPI O pins on
t FreFose Fropt wiuerpeesor SE ixspinfepondsaiFPU wkedpisililiniog 4 juarniipg fho force
stafa bivgdredeionibk Forge Brmso0i0 drdper topeircB] stra@efiiese fappleyitocbe inchidey into the
NBRGEGRn Bided@h ByGhe bdrer LR rdppisibic foOinitidie; a WBBpeORET 574 Glaesponse
P Ok EL@% o, i Bifer RED inBle QG R CPBRis beerRiionBle G GORE M
SOFr WARE The Net page pod 450 contains a CSR Bl ueCore
Bl Getooth nmodul e, but no general purpose
MR PEPPERSEYET ™ The pod Bl ueCore runs Net page pen
SHE pomBlpcEorp incapablg of\Ainping Firita ampeyft phaedivare in 3 viprd SPBHES(VH v gM
St BYigihenud heitd, podn 45 the Blugdad figtiorglitathqliepodb(QEd a small
CRter @bbrb Rk ok ASpelBECo:ERSmAR 2t Ik @e el £ea boftwsd Vall (G o Ge e d

i i i e pen BlueCore.
T SR Bl bl Ry R BRRB Rl R P e
host PC. Note that BlueCore provides a split stack
nodel for the Bluetooth network stack, and the
majority of the Bluetooth network stack will in fact

“be running on the host PC (where it has considerably

greater access to resources). PEN ASSEMBLY SEQUENCE



The various sub-assenblies and conponents are manual ly
inserted into the pen chassis nolding 416 (see 10
Figure 65). There are no special tools required to
insert any of the assenblies as there is extensive use
of snap fits and bunps on noldings for |ocation. The
only assenbly tool needed is a cold staking procedure
required after a testing to seal the pen assenbly. The
assenbly sequence for the pen is as follows: PEN
CHASSI S ASSEMBLY 15 The el as¥®n®ric end cap 460 is fed
t hPERRYIFCSRE VYSefF¥8F e 634 at the end of the chassis

o [T Nagpedbb &5 tuaefeing 2 CRP L@ B G uprerth revdplet Yaimo geepml fumposseireprogessost
I N TR pi@eCofelrihd 1EPagABDEMBEe Ya itf MEL. Tfpisét0 e BSS@EIM B sGOF HRA DS
i S pﬁﬁsofxs%atggg\%en 40d, b&a&uﬁg& pbSLED] 4586 Blcald Phati®s dhdVSmAREKdMT €

dna?agfxgt rUE&co o eg.rgcu npogiﬂa%ow an#]%eq? ;—(h %Iote at
Emgfwr%‘rdes it °§éyf‘1‘h‘53?’?"8§2 PR i PSS %*‘g&tﬁ

of fegrodgacy H‘"Eﬂé“'tbﬁé'ﬂntﬂéﬁl thy fostPRrévhera it i“"é‘f‘mﬁ‘m ng’ﬁ”gef 2§78 to resources).
accurately |ocated @HYSSSEMBLYSHQUENCEpOXY i S applied
ar OaRiods Ae asRasEs a6 cotifd@ntod by ikeliintghe b RaR Holdilze1shde X

10 in Fltgura(%k)a%e Q’Qﬂi speéa@@éls retqlﬂ@d b Hﬂg %ygﬁ{a %%blrcg a@ﬂgn‘! 1\1, %‘WGQQQf
p artl

a and ci1_1 mnldmgn}oglg Atlon 'lﬁc onig assemLICtSol neccé? LIX A{%g rocedhre

pt1cs assenb
th?q“ﬁﬁf'%fﬁ"éﬂ‘g?’ls"é&he%g“&’@% protruding is i nsert ed into
t h&reapradsegerprdtiteienly »4167and snapped i nto place. The
| RranEDssis434vMmnd 436 are then mani pulated into 30

U'l

15 CI 0@ bIRBmdASRd &b 4608 fod GrniiRan@fertird ¥4 DAY dhBf tndBRAMiGHo Gy AORd Ao

sh@wmgd&m@hg,qgcge @@gm FORCE SENSI NG ASSEMBLY | NSERTI ON
As,s) % % Figures 67A and 67B, the force sensing
ass 'y 4 is fed through bet ween the chassis
nofheﬁﬁ“ﬁﬁsseﬂﬂfés‘“ﬁfi’ﬁ'“iaﬁ@ ‘Gptical barrel noul ding 492. The
assenbl y 47AThednsdy offsriaric Borrptg piep it hrdarelgpdeghesdindst 35

20i s secur ed *i Fretnfecdditr & petd iop plaeih the fooiref thavergl dokigs.chassi s

nmoul di ng bet wR e with ize B4 isdAEdp © PRI he 1k @dlding 8 Zousately
The vi brati oigca{gpgﬂggwogﬁsﬁ with el astoneric boot 644 is
assenbl ed into an chass

boot 644 ha Epmgus a{:p &Iﬁlt?base ofﬂtlelg lmoﬁlgot%l?onﬁa'%ex ll:llt-{]p?aéczf d
whi ch secur e¥ ’é‘agr‘iﬁ{’sffrﬁ°‘ﬂ%‘tai“‘}ﬂ”8°”{aﬁé°“ H%8%i s 416 and

2orients it correctly. A light pipe noulding 448 is

pl @oedsseyrrotekmonchassi s noul ding 416 and is a force
fit. 40 PCB AND BATTERY | NSERTI ON The end of the

6%%‘%#@;& 5623 %&ﬁaséeﬁbhoﬁé @{n@gmifamwﬂe;ﬂtmédp%dag@ﬁ@&a Rk
[ I,
_, P B bRl B M0 0, S B B NP1
&@f"‘ﬁ%rﬂmzf§‘d“t‘ﬁ%° §fb°!:fk°é‘f‘m%§ B THREEBEAS side of the
P@RC&%SWW"WW“‘%\’CC%& bl e when the board is in the

chassi s noul di ng 416. The battery 424 has foam pads
t Qus o i€1Gdured 1€ anl GBPAIRRIA beBsind Rescn@ 474 QWE throtSch BtveQifths tHags PCB

a rﬁgmlﬁl@ 416‘1&1!'1:]&3 Io;tﬁcam}[e@%m&g @E ’ﬁﬁ@se@%&tﬁﬁ! Mvomgn émI thel f&oe Sensor

I t he
35 =) Cf’lﬁc%ﬁjgé t!?e cca're% ox%elt"ltatlon into tEe Lf 45515 rr]ngult}mv%,b%twegnu bs 64(8 and a Sflpgort et GQZ in

40
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t ooy Heest Jygagqe prafsos the ypport fetail 64 @BichtsCr@res the motor 446 info the chassis 416 and
orients it correcily.
A light pipe moulding 448 is placed into the chassis moulding 416 and is a force fit.
PCB AND BATTERY INSERTION

The end of the optics flex PCB 496 is offered into the flex connector 614 on the main PCB 422 and secured.



Fi gures 70A and 70B shows a cold stake tool 646
sealing a cold stake pin 648 to an aperture 650 the
base noul ding 528. The cold stake 648 is used to help
| ocate the PCB 422 into the chassis noul ding 416 and
with gentle pressure the walls of the chassis 416
expand enough to allow snap fits to engage with the
PCB and 10 hold it securely. The PCB can still be
extracted by flexing the chassies walls in the sane
manner if necessary. The bathtery can be tacked in
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agahaidhe batreedn 28 epiye Eipge R H’é"e%séé”é‘“ﬁﬁ‘feiﬂ F°ﬁt§e§‘”15?’8 to
f orppvgriseal ed pen unit TUBE MOLDI NG ASSEMBLY As shown
20 1 Nfigmle Gillbhd®s #/pBqduck 1021 6b1tEIRy apADdGH tRGasdBdbiing 516 Sdbicltko @i @ cold kreke 648.
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caRemd@opt, as well as the pen functions during those
p@gp&sﬁmt es. CAPPED 40 In the Capped state 656, the

F’eﬂﬂec Oes sﬁ&%rtf,@r%?& pé& t%ﬁu%tag S 81w SRr T €SpOndi ng
Pen are hect e niect | ng,
35 Connectl on Ti meout or Not Connect ed 0O 58 HOVERI In
the Hoverl st at e NEBAGEERN MadaR PAWERFFAJENI ng very | ow
f FeguBRIRYs apiowhevecyped tasthd pef cart slipt, © el thaakn finc®agdiring ose
powerstates.
CAPPED
40  Inthe Capped state 656, the Pen does not perform any capture cycles.

Corresponding Pen Blustooth stafes are Connected, Connecting, Connection Timeout or Not Connected.



cycl e per second). Each capture cycle is tested for a
val i d decode, which indicates that the user is
attenpting to use the Pea in hover node. 5 Valid Pen
Bl uetooth states are Connected or Connecting. HovER2
In the Hoverl state 660, the Pen is perform ng capture
cycles of a lower frequency than in the Active state
662 (of the order 50 capture cycles per second). Each
capture cycle is tested for a walid decode, which
indicates that the user is ¢¥ntinuing to use the Pen
i nBAG%er node. After a certain nunber of failed
d e Boid 8svprl stitdd58, hePererfirgingvoy ko figency coirs ¢yl tle drdor df Ecaptune
howgik per®dd). EMR babitle HQNs BlctlBl00H fec@it, 3@ Sdick-Lt: R § hibhting
or G RAPEG NG mode!l DLE 1N the Idle state 664, the Pen is
no n e cycles, however, the Pen is
R’ahggengloetcmh t:ges arﬁgomegﬁ or onnecn%ébl e to start t he first of
a ﬁﬂﬁﬁer of capture cycles within 5ns of a pen down
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CayaRterd 8 Ghass o @bBnaltd diphidd Qi rfdad r@hiSRentd ARSI, Ble BenbA Lol her
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An Inquiry can last for 10.24s and is repeated at a
randominterval. Initially the Inquiry nmay be repeated
on average at 5s intervals for the first 3 attenpts,
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40 (based on the USB specification). The VCHG signa
can al so be connected to a higher voltage generated by
boosting the USB VBUS vol tage (nmaxi num chargi ng
current would be | ower than 500mA). Alternatively, O
60 the VCHG signal can be connected to a different
voltage, e.g. froma DC plug pack 632 (see Connection
Options section) connected to the pod 450. In this
case, the pen is a self-powered USB device fromthe
point _of view of the USB h8%t 630. WWen F
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four-pin external USB interface depending on product
configuration. 15 The above description is purely
illustrative and the skilled worker in this field wll
readily recogni ze many variations and nodifications
that do not depart fromthe spirit and scope of the
broad inventive concept. 0 61 WE CLAIM L An
el ectronic stylus conprising: an elongate body; a
repl aceabl e cartridge having a nib at a first end and
an opposite second end, said nib extending from one
end of the elongate body; a retaining boot coupled to
sai d second end of the cartridge, said retaining boot
rel easably retaining the second end of the cartridge;
a | oad bearing nmenber for receiving an input force; a
force transfer coupling for receiving an applied nib
force fromsaid retaining boot, and at | east
partially transferring the applied nib force to the

| oad bearing nenber as the input force; and a sensor
circuit for converting the input force into an out put
signal indicative of the input force, wherein during
use, the applied force and the input force are not
co-linear. 2. An electronic stylus according to claim
| wherein the output signal fromthe sensor circuit
supports a hand witing recognition facility. 3. An
el ectronic stylus according to claim1l wherein the
sensor circuit is an integrated circuit (1C nounted
on a PCB (printed circuit board), the plane of the PCB
being parallel to the longitudinal axis of the
el ongate body and the cartridge.



4 An electronic stylus according to claim1 wherein
the | oad bearing nenber can nove up to 100 mcrons
relative to the el ongate body. 5. An electronic stylus
according to claiml1 wherein the force transfer
coupling is an elenment configured for elastic
deformation in a direction skgw to the applied nib
force. 6. An electronic st§lus according to claim5b
wherein the elenent is a double bowed section that
bows outwardly when axially conpressed by the applied
force. 7. An electronic stylus according to claim®6
wherLRin the | oad bearing nenber engages one of the
bowed sections at its md point such that the input
force is perpendicular to the applied force. 8. An
le| ectP Bfftrericsyt (98PisEEor ding to claim 7 wherein the
boweeh degteibaly; t hat does not contact the | oad bearing
me nb @ Fepl!ao%abﬁ @Jﬂé&g@ @dvﬂ@;dm@g iR $Ad hdh Ggfpadne oS Pdnd GRITB Rk tenkifg
ﬁ01 nJ&ﬂmao mep t he other bowed section. 0 62 9. An
SFectToni ¢ et ﬁ S according to claim8 wherein the
bowedrE@ias roetr‘rgur’ﬁ%\\? éaldaSFFO%ﬁ‘eB‘?PéfheCﬂF%e Pl e RS et B on
rétgninrgetd seend cdnl teodutrfdge ction with the | oad bearing
Me b @foa et nglheebérair ee&kugmﬁlﬁmﬁ nt. 10. An electronic .
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uses the applied force to create hydraullc pressure
actlng on the | oad bearing An el ectronic
25ty G%c“?SE‘E‘tSFt&FSr?@“"TngE’I"’é‘r’mrh“T‘if“\}\ﬂ"e‘?”@r“ﬁ‘g‘fahféo"ﬁkfd?“é%f'ﬁc‘b‘t
sypp@s sunewrdiod rscogifohatiftat t he i nput force is
perpendicular to the applied force. 13. An electronic
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tha ylohreateilporxcand fhieadrides si | i cone gel . 15. An el ectronic
stylus according to claim 11 wherein the hydraulic

f | ui gn é e%%oﬁg Ql;l% a&ggm% c]%mrl %ﬁg&ﬁ/ tgé 1bad @ttarmgl n@ﬁ&:‘r caQﬁB\k 'u@tl) '1()6

efine exi menbrane such that the applied
“Wﬁ?%@mﬁﬁ?ﬁl8ﬂgﬁﬂeﬁhydraul|c fluid via the flexible
menbrane. 16. An electronic stylus according to claim
511 Whedl@iolic 16 abtydingdd blkig | febdidistkharartSrathier @0dtihgfs rlchdne

cclngﬁged P&Q{c d&grm%m%nimcgoz skem tﬁl aﬁa@r&or n@%rge sty | us

accor |ng to claim1 wherein the sensor circuit is a

pi ezoresi stive bridge circuit.
6. An electronic styhus according to claim 5 wherein the element is 2 double bowed section that bows

outwardly when axially compressed by the applied force.

7. An electronic stylus according to claim 6 wherein the load bearing member engages one of the

bowed sections at its mid point such that the input force is perpendicular to the applied force.

8. An electronic stylus according to claim 7 wherein the bowed section that does not contact the load

bearing member is constrained against lateral displacement in order to stiffen the other bowed section.
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9. An electronic stylus according to claim 8 wherein the bowed sections have an arcuate lateral cross

section to reduce contact friction with the load bearing member and the lateral constraint,

10. An electronic stylus according to claim 6 wherein the load bearing member is a rounded

protrusion for contacting the bowed section of the force transfer coupling.

1L An electronic stylus according 1o claim | wherein the force transfer coupling is a hydraulic

element that uses the applied force to create hydraulic pressure acting on the load bearing member.

12 An electronic stylus according to claim 11 wherein the hydraulic pressure acts such that the input

2.

force is perpendicular to the applied force.

13. An electronic stylus according to claim 12 wherein the hydraulic fluid has low viscosity and low

shear [orces.
14. An electronic stylus according to claim 13 wherein the hydraulic fluid is silicone gel.

15. An electronic stylus according fo claim 11 wherein the hydraulic fluid is contained in a reservolr at

least partialy defined by a flexible membrane such that the applied force acts on the hydraulic fluid via the

flexible membrane.

16. An electronic stylus according to claim 11 wherein the hydraulic fluid acts directly on the load

bearing member.

17. An electronic stylus according to claim 1 wherein the sensor circuit is a piczoresistive bridge

circuit.



