-1- METHODS OF FORM NG TRACKS AND TRACK ARRANGEMENTS
This invention relates to the formation of printed
circuit board tracks (and other tracks required to

f have defined el ectrical or mechani cal properties) by -
tthe deposition of liquid to fofrh™dots on a substrate.
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subsf ourse, a printed circuit'board technology, should be able to form
tracks at a wide range of angies or directions and not simply vertically. This
presents real difficulties for ink jet printing techniques where parameters such the
smoothness of a track edge will vary widely depending upon whether that edge is

30  parallel to the grid (defined by the nozzle array and the direction of substrate
scanning) or at an arbitrary angle to that grid;

SUBSTITUTE SHEET (RULE 26)



seanning) or at.an arbitrary angle to that grid.
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s/ n. 1)hdepgsitiabeiquiddo form linear tracks at one or more directions with respect to
~ an axis X; each track having a minimum frack width T,, = s(3n-2)ln; and the
minimum spacing of tracks along the axis X being T; = s/n. In a preferred
30  example, the dot diameters: s, 1.5s, 2s and 2.5s are employed.
By choosing dot diameters D; = 2s(1/2 + i/n), it is arranged that a track
edge can be located to within s/n of any desired location.
In another aspect, the present invention consists in an arrangement of
tracks having defined electrical or mechanical properties formed by the
35  deposition of liquid to form dots on a substrate at a regular array of deposition
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30 exanple, the dot dianeters: s, 1.5s, 2s and 2.5s

are enpl oyed. By choosing dot dianmeters D, = 2s(1/2 +
i/n), it is arranged that a track edge can be |ocated _
to wthin s/n of any desired |ocation. In another
aspect, the present invention consists in an
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decr e%lsv'nmmd@fﬂwd@ectrical or mechanical properties formed by the deposition of

liquid to form dots on a substrate at a reguiar array of deposition locations

mutually spaced by a distance s, the track being inclined to an axis X; the track

_ comprising a repeated dot pattern comprising at least three dots in a line parallel
30  tothe axis X, the first and third of these dots béing of diameters which are equal

and which are less than the diameter of the second dot, each succeeding

repetition of the dot pattern being offset from the preceding pattern a distance s

in the direction orthogonal to the direction X and a distance equal to or greater
than s in the direction X.
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25 In still another aspect, the present invention

consists in a linear track having defined electrical
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I'iquid to formdots on a substrate at a regular array

'of deposition locations nutual ly?spaced by a-distance

s, the tr akieferablygthiersef coroprises redotalidreetirs Bine 2s(W2 k i/n), where i is
conpr L Si : fattern conprising at | east
threehz%@qaﬂieggfﬁh@d%gf I1"el 30 to the axis X, the

first and Advandagsousihicthe dobpatidre takegs diie thirmra teesangleiath

are equal pan ich gre ss than efdigneter of the
second dot>° bg&nﬁétﬂibg‘e’dr‘%"f'épé‘t'i"Hj"Or?qo °the dot

pad t ewith Befsriy thef pastern beioghprdgresaietemimuyed dortiecneasing angles and

di sta . [ i i ON.: t ,

i ol el pbyfet Py B oLyl 4pEARR Yoy dbcledBing angloss

in the dirlegtetanotier SipBSH e friesSHEREN(iRUCEN<ES in 4 substrate having
Prefe ! - ' o=

2 1 BHed B, 2SO R Hellnd Bkn S EHBLEES Pmcehapical

( n- 1) propenian fergesiiy the depesitimt ofdmuiddn forvattats onheestfbstrate at a
ak~on I f - . .

u0 D g aftaf of depgsition loggtions muyially sppcedby.a staggp 8. the track

i n° t hbayig are edgdbeing inulioen s ads X; therttack @dfje comprising a repeated
i ncregsj . in_t pattern ' .

or ogr 22l R ARE 184 il OB ARG el Bfipe gus X, the
anot hdimmetgre of thet duds incesasimg alongethe iline, each susteeding rapetition of the
subst ﬁa_ttg vy . trac N~
havi ng&t efl ﬁ'e%l&ggi; gc?értiq%grf {%ﬁrﬁgﬁﬁ?ﬁ?ﬁg;ﬁ%ﬁeﬁ igghe d",'ec“-c’"

f 6% medrtihggonattodae diseatioonX afd & digtardeteguélde wr gotaderdharas in the
subst gat @ At @ 10 regul ar array of deposition.

l'ocatrons nutually spaced by a distance s, the track

havi ng an WBdyid abethegaspest.ithe gresentdinventips chnsistadn &8 nediod of
edge A . o .

" east R 43P baiceh tib ponal il Relin SERAL UGG or

di anetmechani¢al prepediinssy the depesitinn ofllignig to fierni dote oneestibstrate at a
sygcepd) Lid QR of ‘hel e

78 8 2B HEpacR lodctEng RhudP sh 4l (373 Bhihed Saratiel o
di r ecn gNis ¥ the megthwdrramarisingtibe dteps of defining anet of n dot diameters D
di st apg Wy t g vt ' (i '

%l ar T Ao | 8 RnRng B 0 oy L S4AG Bl of ot
consi 8trespertive gislen ofithefgapdatfiogatines spaged by @siwbersunweof the

pl anaf; ' AEAY] [ epfical or
mchaﬁ‘iaﬁﬂagﬁﬁé%ﬁ@‘%%?‘ﬁ%"@@%ég"t Bl o | quid to

f 8 m dot s '§rbtill asgther spast. 4he presentieantian comsisty ira method of

S:Pgls rderﬂinﬂiboel R5AL SaREHbY BbinbriSRE Hetbtéls: %sgbﬁiha WCria o
addressable pixels to a substrate, said grid having a predetermined spacing s,
where s is a distance; selecting for each pixel a dot of one of n predetermined
sizes, wherein n is an integer greater than 2; forming the dots on the substrate

30  and thereby forming the track; wherein at least one of the predetermined sizes of
dots has a diameter greater than s 2.
Preferably, the diameter is not less than 25, and the predetermined size of
a dot for each pixel is selected such that a straight-line track edge is

approximated by said dots to within s/n.
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an‘axis X; the nmethod conprising the steps of defining

a set of n dot dianmeters D, = 2s(1/2 + i/n), where i

is arunning integer fromO to (n-1); formng pairs of
~dots at respective sides of the gap at |ocations

spaced by 2s; the sumof the di amePers of the pair of
dots equal | iimgtilbanotier Bspect, (& presest inventionaioneistsas RERbthod of
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adj acepdny@ of aWe{decgnﬁpiPél)&?E- \Qﬁ&leﬂ tﬁg btettfer pixel to the
.,;aIODTOX%QImI}]tagd b)é}f(adiot Ihsald pryane §Psig) eachygioup overiap and each
‘nei ghb @"Biok 8Icianagiarsd wbpteityn isgaraintbgler breateritithn 2 ; wherein each
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eFigure 4 depicts another track printed according to the present invention.
Figure 5 depicts tracks at four different angles with a first drop set.
Figure 6 depicts tracks at three different angles with a second drop set.
30  Figure 7 depicts a further track printed according to the present invention.
Figure 8a-d depicts a corner printed according in a binary scheme.

Figures 9 to 11 depict addressable edges achievable according to a printing
scheme according to the present invention.

Figure 12a to 12¢ shows how an error may be minimised.

35  Figure 13 depict the range of dots that may be produced with 16 grey levels
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‘centre of an adjacent pixel of s; wherein the dots of
each group overlap and each dot has one of n

di aneters, wherein n is an integer greater than 2 ;
wherein each 20 group has an edge approxi mated by said
dots; wherein the distance betwe8n the two edges is
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convd®™& B4l greyscal e nmethod. Figure 3 depicts a

t BackFigure nBeaskpass GiedionBiatieh bhan BES HEMinimtve MdtRand arbitrary form,
Figure 4 s.anot her track printed according to

depi ct.

t he W@?QWP%E’\V%N"FB‘I‘P" Figure 5 depicts tracks at
four diff ®efartingmalatp td\l"-'igbre&!,ftlhéréﬁs S & Ebnvenlibikll ik jét printing
depi (it tra8ks at . ttgreg |,ff§g_ent angles with a second.
dr op '&&IMAugjorfogning taCs Bing inany printiag. thatis to say witkka single dot
accordiimglet. @rbpletsif @§E0tare BaiRIZIte®From ridz8lek 8 08Rim@ any appropriate
gﬁpl Gt s, gpcrgr nfir‘aﬁr{ nt eﬂ?ﬁa?cco%gl ng in a binary schéene.

gurdsiebpriiing fechiagiogy. theseawzaes 40 atkyeRacd it adighance s and the
accoradtstgrrhed By Pid djédtog inkstER8t. 1IBGHA RctBighar bi®having a spacing
pr esent |n%en don, FiLgure iLZa to 12c .shows how.an
er r or® TfiP HeecHon plong B nessleaay andidigesion in e oriegenal
of dalirectidnathicmis deeerpiimstitoeie whtelof S6arfiirtyofl taY 8litSstrate past the

SUBSTI TUTE._SHEE ULE 26) -6- Figure 14 depicts a .
Cwo- SR SPYERO HIelEaussEbpEdtRgel B6eh: SHESReAsion may typicaly
i ﬁvemlbsicxtre s. uﬁmg lbeexndiérs'tmdahatgdwgarﬁﬁe forinea ek aRph&lhgdhich is less
in a,pinary schene.. Fiqure and Figure 17 are_inages
of ¢ ARKEe hoPele SHocng 5N GMEE YRS Ty B U TRORe passes
5 Fi giitte ddzkkepraytovet the dubstraé) on of an gap of m ni num
wi dt h andI a{}]’i’bi trar fo;g actc.or?li ng. to this invention
Referring"l ﬁ?réa?qgé"}eg' aghAatis of pwpiferm size Ayp| tas 2. Each dot
conv entilapsdhe iedge pleddjaprannbixaity distahed which is0équiaPtosNg—s). The
ac ' "hipary” printing,,that is to sa ith a
gpng@eﬁé{dn&(ﬂegﬁgﬁ’ rtfac%P glo'lrz'gf' bire qthawp(ljmygipgs ée’ﬁﬂ’gimee%e” that
f r omahsarpé @sintO(forsixagpémnthose p'rant}wd at@nﬂb)iaﬁiprdmgation to the line 2
printdng. t o] nozzles 10 are spaced at a..
i ot ShASor RGN orad e 8P Gs B9t o sbBlipasniperaton at a
dr oplgives vielue sohookedext tanntiiet way,ghe didiia vl the teack pasesghnsklerably
int j j 0 07z array and.a_ . .
di rren%;lhgﬂr]}é ﬁ%&l{ tﬁ%ngg%ﬂt %% Egpﬂwo Jo?s wide a¥\d at other points three points
25  wide. For the very narrow tracks increasingly required in the fabrication of
elctronic circuitry, this variation in track width leads to an unacceptable increase
- inresistance and high frequency emissions. It will also be apparent that the
minimum inter-track spacing is equal to {s-2 (s 2-s)),. At most points along the
tracks, however, the inter-track spacing is significantly greater. This will not
30 generally give the required efficiency in circuit board utilisation.

Figure 2 illustrates & prior art attempt to print the same tracks, now with a
number of different dot diameters in “grey scale” printing. In a typical
arrangement the largest dot diameter corresponds to the dot diameter s 2 of the
binary system illustrated in Figure 1, but a number of smalier dot diameters are

35  provided, in this case two such smaller dot diameters. With a printed image, the
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direction which is determned by the rate of scanning
of the substrate past the nozzle array and the
frequency of droplet ejection. This dinmension may
typically 15 also be s. It wll %understoodthat
dots can bqforrred at a spacin ich is less than
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Che nyoereaends toREe 3 A ¥itnine bARICGE rlyedWigdis {ate tustratea
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el ct r'Befitee émmqmp the fr@tloalonaogml torthe nazdle wirdy (that is to say
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e 1grid Hua The BRI 0B BMolch D b SEreaBliS Fhi goxt size

| debeiameteyds ém%ﬁenysoghatéhe necuqumnce abf dfef dot ma@psu the adjacent

- Ci r C Wil sROAE | ples a.

o olrgharsta A tggz'p pltot th %ﬁé q95rte|F #{gHéS w‘fnrcr!gh {) tbe@-, %Tthﬁt is to say,
nunbdie BExt gpt ?'@F"@Fﬁr *%I@!OSGD sodhatik 5 h 5§g$neryla$yz; alh@remam!ng dots
pri ntardghoskR s8 I t, rge
di aneter cor rseséggﬁ Ogéfltlap N S@f‘%f\ﬂ?@, 4 tr%]sg) éw% @‘F atdf?ée"t grid

bi nafU¥gEttaking valyes F’:;u"e&!s and [ gyadide. Gendratising mmb@Ue afof dot

s08! ldnelers, ﬂmmé §deh Jﬁéﬁhés?e Qét%ﬁ%grs %Cﬁlrtﬁt@év%n e

two such snal | er dot
 the SUBSYPI TUSEVBHEN), wirge ki iunning igtegyr fsnleo (n- 1)

h f |
:uto P ralo alc':1t e‘rﬂﬁé' hgtr %égtlesﬁe%qﬁﬁlkﬁ gré l?selartﬁ %{' a ¥ I gzlr Filag?a\y aﬂzced tracks

howe {8 Nighty ofared.gwil berseen anatttrmepatmh bescns petatfuced B the
when d@p&ﬂ@ﬁoﬁ' HEE IE%zﬁg UhaPi t Pé‘){ %1(/&%%%!:(‘309&1' rﬂ)ﬂolée the

ggr ceived strai % t ness, ‘actua

f e[RPIERSOHAIOA ST Eigmeria) fountap astending Secarehcslmc B, DfENd a

of t BesRngnglskgséncdas, 5] 1S onI

of the nei gﬁ Sr i n? K { Rﬁy@lr'srcgér?&éﬁﬁg 85?‘%1‘1@ Yeguence

the Bredbesmaficd @ﬁmﬁqqto Hevatgestdst didnbetdr and back to the
smaliest dot diameter has particular preferred characteristics in the ability to form
narrow closely spaced tracks over a range of angles (with respect to the grid

30  axis).

This explanation concentrates on the minimum track width for the reason
that it is straightforward to produce tracks of larger width. Such larger track
widths can be formed by repeating the characteristic dot patterns shown in
Figure 3. In certain cases, and typically with larger track areas, it will be

35  appropriate to use the characteristic dot patterns shown in Figure 3 at the edges

SUBSTITUTE SHEET (RULE 26)



with reference to Figure 3. As with the previous
figures, nozzles 10 are illustrated schenmatically at
a nozzle spacing s, this spacing defining a grid 32
with reference 10 to the substrage. This grid is

depi of #d vﬂée fatieivith %'oEQSN %ﬁhértdo‘("bét‘erﬁ’@m%ﬂg %Eg*é’eﬂthe track region.

that the dinmension in di rection orthogon
nozzITBosg Pher detpatterns 'tnav Qayhcfmto\ﬁmnmi%@fﬁ@amﬁ as@a coverage.

i n t hee iR rabR %tﬁ‘ QAbhiBRARS RAh 'tﬂé’arpﬁ':?%ﬂ'\&lt of plg%reaé gt an
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chos ethes grid Hamersfon-if 8 res-sq8areid| gridl iy empleyedenai ni ng
dots are chosen so as to overlap by 50% and 75%
respectively the adjacent grid squares, taking val ues
M8 2s andThe grd Aepicteddn the tglrss isepttacspacinglal 860dm fi.edibie centre of

20 CBOP812 gy 06 3k USRETH o TR B
r unnithg shewe gdd cbuidnmhowever,(bre azl)o , TH40 do288§0mpi er semebtheh

are FRSILAR TR Bie'ufo BBGIRKA o a3 el PR EfHEapte of each
of hd?f ?:mddmaseufeuyx&lme dr opI ets froma single nozzle
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D sent e BténGeniShe deited R Ao s brbdlfcet an incraased track widh.
D1 mwli [0)=3 se@utl‘mhm %Jisd@esc%lacasn@wmandmdaddm@%eqﬁE;ces of dot
CL, B ERI50, 310, ARRRO oA HET6, ST i an

back inceeaskd dlmm @s tn ietseditenvet the “berdraiadismeter & the sequence is

pr ef W%ﬁ’tﬂ tﬁ@ ?é:z}s%ﬂ' %‘i:l( ﬁﬁdt Qng H fr%% tk\g ﬁéggg@];\g%@ ‘QS same row of

narro ose Space rac S ov

2O t ther grihafor tho:ilameteg Dis ﬁoBOthakem) of Elsequmqel iatted Iettrhand
conc | wfar the ea

et "PERBAFRRRR o B BT B IS i of §3gence n
wi dt the @Mahéggd icoturvere R'hasxmmbrtbachcmn bieeaxterrdesl bylrgplacing the dot

t {
205 o 5 BB ] 5 om0
t r ac Ithl-‘ad@tatbgan ceopsiralingowittBéqueh pize p:llotsan ¢hd leftemmdtdmd right-hand
h Fi h
25 S uBbRE ST ARBR ) ifip BAG P iRy otk ack
Wi th possFiguse ﬁﬁllmetramsurapm foemnad at fout bifenantnglesf Ihitach case

traclﬂ &%%% r; r dot patterns may be chosen
to optimsee P yrea coverage. The m ni mum

track wi dth achi evabl e V\DJhﬁ(h;e arrangenent of Figure
3 at an Dy = 1.5

30 ' D, =2.0s
Ds =2.5¢

Figure 5 shows (at A) paralle! tracks having a width 2.5s at an angle
arctan 2. It will be seen that the tracks are formed from the repeating drop
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arbitrary angle is: 5 T', = s(3n-2)/n At an arbitrary
angle, the preferred arrangenent guarantees a m ni mum
spaci-ng of tracks parallel to the grid axis of s/n

(with s being replaced by the other grid dinension rf

a non-sguared grid is enployed).-26 The grid depicted

in t h@2Herg e D R: with eachrepeatpf the ptnp being offséthedistance s
cent r aoffontf ' Iyl umapart in .
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rodu hRa r Ldih, i1, be seen
Phat " SHrercht ahgi i Bcfieb @ttoullh Shihae h bl wias >
~ sequences OF (Goan atpngament & SHiownBith B3 rep¥hting phattérn

defi ng tonept r e [ ad of jnserting an

i ncr eg%'e[g]" dlg'al?rbcéifj &r 6%?% %ﬁé@%ﬁlf@ﬁg@"@ﬂt@hy Q’éﬂler%l'ﬁw'ng) and a
di anefi§ianre 46 hertaalinamodding a tiatk aingle df ectamar asmdthat this

t 10R.C Ky i Sd ; . earance in the sane

r ow o?iwgl‘gh?%@él_%ﬁ b Jeg%%p Gt g A%k Vgt he " end”

of a sequelfteedipgrantsc(A).eB) ahd() illustiathbramiplegoChk Wallern:

and a dot dianeter B gt bhe "B_egi ni ng" _of '‘a sequence

in the right-hand g1 d' tot uh~" “ThPet appPoackze Bh Be

ext entitdel§ in el natterrbeingprgtessivklytrbmotdior thcPbasiliangles from
ascengngq .ndl'tfjtﬁé:c?ﬁé‘éitﬂ@aﬁ gyenc E‘X dot of diameter

D2, this/?ot t hen coopera@ Erérq/\ﬁa fe(gt)racf‘:’t%inztﬁeéféf"%mi%n be
the |"€PPatRdndhun Hioureyhshowmat (25 thesiegbistng pat@rin), Oy, D,, D,, D,
col unms o, D bi Ly, Wi der track. Figure 5 '
il 'usr?zrsgies&ﬁogﬁg@m#@%%r@gﬁgé%k 8%16|tarlj$'ffer ent angles. In

each case Figiia ghowsiat (Al (B) alidd(G) tracls GHrRinintdm Width 96s with five
D, = dbt8ses30 D2=2. s D3=2.5s Figure 5 shows (at A .
paral l el tracks having a width 2.5s at an angle

arctan 2. It will b®oSeen that the tracks are formed

filsom t he repeating gﬂgpl 4§UBSTI TUTE SHEET (RULE 26)

-g_ pattern D1, D3, D, 'wth each repeat of the

pattern being of f seP:& 1%t ance s

D;=22s
D4 =26s

At (A), tracks are shown formed from the repeating drop pattern D,, D,, D,

20  with each repeat of the pattern being offset a distance s horizontally 2s vertically.
At (B), an arrangement is shown with the repeating pattern
Do, D4, D3, D4, Dy, Dy, Dy offset a distance 4s vertically, providing a track angle
of arctan 4.
At (C), an arrangement is shown with the repeating pattern
25

Do, D4, Dy, D3, Dy, D3, Dy, D4, Dy offset a distance 5s vertically, providing a track
angle of arctan 5. Again, note that these different angles are achieved without a

' change in track width. Similarly, angles can be increased or decreased by
omitting or repeating drops in the repeating pattern.

A further embodiment of the invention is illustrated at Figure 7. The tracks

30 may be formed in a single pass of the print head as a single dot is displayed in
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horizontally (in the drawing) and a distance 2s (thus
giving arctan 2) vertically. At (B), an arrangenent is
shown with the repeating pattern Do, D1, D3, D1, Do
of fset a distance s horizontally (in the draw ng) and" -
+a distance 5 3s vertically, prtwiding a track angle

of aéal?:h<’9élicﬁ§ess|ablel §:xélmv.'ﬁfet ané ruentidice dr@@éteﬁmhhéd dot sizes may be
di fferent an le is achieved without a change in track
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I epesHsl- BBd PréfbRIbiy W, orlnoreldt thé&Bredefermitled déts Phle Bldiatneter that

di stance s horizontally (in the draw ng)
di stiarffeatas thas 6 dal THe ‘%%‘%\?Fﬂ‘ﬂﬂd‘aé(etq‘ﬂ@ﬁt%@"eth@f substrate that

& Cliadtedse W@'sﬂbstﬁhﬂ?&llyﬁ‘@étﬁar@n@hﬁtf 8r§ﬁt55329 lafid| '2555
achi eved w t hout acan%elntrac wi dt The
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Do, d&k and @?erefore tHel approxitRation & a desireB3raclkled§® Id@afutﬁh to within s/n.
dots in the pattern_bei n?éﬁ:s I‘eSSI vely renoved f
T

or
| ncrABSIHES SReR GO Figke o acksesHe) Bdaeenables the tracks
angl Hel PEcbdMth & srh&ler nﬂ@:‘-ﬁadknsptabﬂzg AR RitH a2 GEAP8r conventional

r epeat ed. Thus Fi qure shows at (D) the repeating
192t tERYSCAlS digRiay t'slf’/ﬂ“abﬂ‘ thersmnallggt casg, o34t o provi de

an angl e Wwhers £tratk 3. prE\Iﬂ@éH maﬁhﬁﬁ%peﬁhﬂd éﬁgeé ﬁ}s ;ﬁ@ﬁiarred in this
(C) tracks of minimu five Si z

Do _ergbodlrgeg that Tezgigegzare sga@gsat[%a st 35 apart. '[Bgfis-engurgg that both

At (éﬁgestcbﬁﬁsap@fcﬁurﬁé\t@%yfr@éﬂ&ﬂvé ASBd thléﬁ@é@f&éiﬂ& ‘acouracy.
of

dro att each repeat
patltO ePn b %@dDd(%‘F?S?Bi"tyaOfoq %#c‘s?t%t%ﬁ‘? FQ Y"%’l'lt?%/d%”bed in greater

eI tdetd@il With resplec( 1B)Figare &g H@GI@T’EﬂtTHeSe ﬁb@’ﬂé@ sw%ayh édiBer printed
r epe tin of fse

i ot B biydrptted iapd SeeaRiuri 1 rlele Gt gies Hpording to he

ar ct@gseht MNvetlign. AN &e JQURIRE e | GisPBEMN aM tHe tdathe pixel grid
repea%%% g‘? tern 25 Do, D,, D2, D3, D4, D3i D2, D1,
"stance 5s vertically, providing a track

angl Iéoroﬂxeabmh@n(pﬁlor wlé,\immt otregireaga td@lS aviidird f@&ﬂ@ﬁa dot size is
A9 F5pRi. 155 Bl 48 o LR i S08 bt it
om t thierpgxedr Thivesp dat exagnle, oip ani etigehe requiedttonge padrésded. at a point
equal to x% across a pixel, as shown by hatchedline 16, the error is equal to -
({(x/100.8}-(s-s 2)) or + (s 2-(x/100.s)). Clearly, at certain values of X, for
example 80% the error is quite large either -0.38s or +0.61s. This places
25  significant constraints on image quality and the location of the edge.

For a conventional greyscale image, where a plurality of dots smaller than
the size of the grid spacing s is used, and the dots are displayed at the centre of
the each of the addressable pixels, the maximum error is given by the equation:
+/- ¥2((1/2s + rsdf100.s) — (rld/100.s —~ s))

30 where rsd is the radius of the smallest drop and rid is the radius of the largest
drop as percentages of s.

For the situation where the radius of the largest drop is 1.4s i.e. ld=140%

of s and the radius of the smallest drop is 0.2s i.e. 20% of s, the maximum error

displayed is equal fo +/- 0.15s i.e. 15% of s. This maximum error would be the
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A further enbodi nent of the invention is illustrated
at Figure 7. The tracks 30 nmay be forned in a single
pass of the print head as a single dot is displayed in
- SUBSTI TUTE SHEET (RULE 26) -10- each addressabl e
pixel. One of a number of predet&tnined dot sizes may :
be dfype ar?%rdieﬁs #fribe puenber oof pree llevelnusah beadent Be largest and
the conyfithRpal greyscale at |east one, and

preferably t or nore of the predeterm ned dots have

a di anet erlt tilbbe appargnt that therbam amafiuralrhant@tmhstosth@mmmum drop
have %Imtﬂ%t%&p b% %fec%ﬁbgﬁ%éag? th tehvao ur_nSLe Igggrreggesgﬁﬁy refative air drag

substanti al | anoun
2.5s. IngiepsRp DQ'BbV’@t downscmwbmmdacﬂw i$ heyuired from the print head

addr et%Sé\Jﬂ.;'uH ttﬁ{e lfop?éi r@g ttﬂe\égu%)mr&ﬁ zéeé gﬁﬂglatt F e{sspnt {Swe smallest

t he approxi mati on of |re rac
Wi t hi 998 Nﬁlumwo@g@ewomi.fwlmm ngldrpeoﬂde & hlios size of the order 23

abi I'i iy dn%@@dﬁ&ﬁﬁe al“hi§ 48 9??}3{ gﬁd £ aem Cﬁ%ﬁs&ﬁ) {tﬁ?gver 30% of

spaced with a snmal i'nter aC|
bi nar‘?e@F‘ convent i onal 10 greyscale display that is

equal , ing Eﬁmﬁﬁﬁﬁﬂlt%treﬁ@ I’Q—Jt g&rrh drl\‘%g g %}Egce:%g@ there is no

provi ded that has two par al |
i n t HESUIresReN dpmeats tq fauchi ik mae’mcaptabbpamsd thd simabertdot sizes.

3s apahbre thBidotLBMHUEE elebREit JP.‘PWHI b@g&?a? &%H%ﬂge Shallgst dot in the

appr oxi mat ed b respective
accurdoy® e’Fﬁ’EP ol @gyatawph we@hbcwrmgwtxbin oite 8xi$ deamiing to a higher

edge mslbﬂanb@irﬂﬁé ‘i‘fﬁh@&e %s'dés&fb%atvﬁfh P %Zerﬂ:%t Q'Fklﬂu\aéb

respect to Figure 8 to Figure show a
cOrner prift 8 ecfqus‘{‘eli?feﬁﬁrﬁdﬁ“jﬁntl@" ik 0w, barfdrther described with

sec orrdfeyenuettb FGéIReQB' tb' 1@' Flg@% 98 & Qsdegﬁ:gé)&rq 'tl%gk %83% lﬂgwng a line

prese I nvent Ti gures ar

the s n%"%?%!’é‘? e&r Py d°‘z§o?ﬂde§ $46ANG ling 12t@tmllaﬂ¢ appmryated by dots.
(pri Gihedirst)profile N0 iofixdd @1 RsBacttS trﬂa pl%\%{?@ a%dﬁh@ glegond profile 12
dot 20ds|aed it is clear

- % %ﬂ?ﬁﬂéagﬁ‘%fpg ith 2 §e§qugf3@9péﬂ¢ﬂes$abﬂltl’ héS can be seen,

|§.’50xelwheT¢1 each ﬁmrhmrmjmr méreé?d% RAER dver raeé]Hélfe? qjo{ Qn@%here the
to X% acr oss

addr
sh Om%ﬁia‘ﬁgﬁactoé ﬁgg cﬁ%’“f@ Eglp@ a5, anpd the I@r@g@ dl{ar@eter is equal to 2.6s
((x/ mam %:)e prefils 12)1)ayd?e addréss%d(t?wggi /§r% z]whé% Bah |ﬂ¥s ceis 3. The
cert Qr xanpl e othe error
qui t Zﬁifkaﬁr{ge i s the{ef)o "8gé SZ'P +0. 61s. This pl aces 25
ls,| gni fi carthe caﬂds@asabmtysoblprofmge fhag| sutnlilarﬂﬁ@et @é‘lned to within a
2@03%3‘? vent| ona reyscal e
é\}}]er f ts}apsea:ﬁ &egﬁzite({i: gel{)?vn Manpgl apg,lgqrﬁ% 0 apgd1.
3, Ze| of tg B agdlng i ;ﬁaﬂwm@redeltemmobot andstana rdghisr MtRase in size
| splqy b
addr éssg’ F%Bfﬁutg gﬁj&'?é?t'wgmﬁg%mﬁ Falies?'%bﬂgy V'@ﬁargys fungamentally
equatpdmerent limitation to the edge addressablllty that may be achieved.
A further advantage of the present invention lies in the ability to
30 compensate for drop landing or other dot positioning errors. Figure 12a depicts
track having an inclined track edge 2. Each dot is perfectly centred on the grid
and can accurately approximate the smoothed profile 2 using 3 different drop
sizes. In Figure 12b, one of the dots formed by the print head has an error in the
Y or scanning direction. If the same algorithm is used to produce the image as
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+/-1/((1/25 + rsd/ 100.s) - (rld/100.s - s)) 30 where

rsd is the radius of the smallest drop and rid is the

radius of the largest drop as percentages of s. For

the situation where the radius of the largest drop is -
1.4s i.e. r1d=140% of s and thgoar.adi us of the

smal L,gad R thé.rqa of FRure? P26, WerSthelig JGHs M pFEdURE the b
di spl ayed is equal %’é %ur . 158 |ee. el‘5/oo s'? Tﬁ?‘gug& he best
maxi #im error woul d be the SUBSTI TUTE SHEET ( RULE 26)

-11- sameyy gaan@%@s%sprﬂtnng h@hw@&!h &tng% Gy pto‘aa%ba stglngle dot

bet ween the | argest fr smal
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the pigupd 1:¢ad to ensure the droplet reaches the
substrate The current limt on the smallest drop.
vol urtBe &BefIee By DeRaimansnt infpatdis gpalied torayenuiityedoage or may
Si zebgfva,t.ézﬁg@@,d%ag@by pﬁ@gybggtge substrate. This, for a
8 pmagrid s acin Ic)Fguat es to just over 30%of } the
é 10 ltis I§o trﬁ%% ﬁgnqeénqrg%ﬁ%qmg tyiherpsesept invention serving

di sp Itcayrﬁw tHeTegBire VNGECItY" E Barack bg @nocﬁfﬁiﬁg Itrt@wa@hu rtgpéf dots used to
dots_ to he accept abl use t he

dot ~ 58 Fafjes eingil oot Eeaéoﬁaﬁ'atereﬁlgfcttq"et)qum gt fnder the

be amﬁaé eu@tnet hEORARDS ita Ipessibldab print Fileen aiffekeht sizes of drop as
e wll dot in one

exa hbourin axj s

" eadERePs i PhetS e st Hampiers ALUIedgs Braiven in'the table
déschbeloed with reference to Figure 2. 15 An aspect of

the present gveptie. Wetre o desecr-bed
Wit hp referen Nurﬁ?ero ‘"h'ym@‘etsdf’em E’fd) qYu 2 d?ﬂ'eteérpg‘j .
depicts an ttack edge hading a line [0 appr¥xi mated
by dots and @ Second Tine@ 1Z simlarly appr &g nated |by
dot s. The fi+st pluf_tlc 1+0—-s—Fi—ed f - )
the pixel gr and the second profilel 12 s varjed]in
accordance Wth a desired edge addr espabi | i tA%. As can
be seen, 20 Wwhere each dat has a reguf ar 1 n@rease i1
si ze over a smatHer—dot—gne-where—the—swat-pst—dot
has a di amet a_t_eq.uaL_t_o_s,_and_Lh_LLaLg_esl_cﬁz[mj_gr_l S
equal to 2.65 then the pgrofile 12 may be ad®} essed|to
within s/n, Where nin thi's case is 3 The {f@Exinum
error i's therefore—%-stu 17

10 124
11 130
12 135
13 141
14 146
15 151

In Figure 14, the dot sizes can be used to generate very slight angles to a
track. These angles can be modified in succession, thereby producing accurate
and smooth curves, which can maximise efficiency of the track and minimise HF

20  emissions.
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The addressability of profile 10 may simlarly be

defined to within a 25 distance of s/n as depicted

sel f_evident: manner in Figures 10 and 11. By adding ‘in
further predeterm ned dot sizes at a regul ar increase -
insize it is possible to furth& -inprove the edge

addr essabifigyrgs hée d7i detficinactuanimaigey printedi by eneikjet print head

| H 3 t 1 . I i | .. t ITH e .

achi eyga A uf et ag At satonsieyHatsy Ll oy and ne
| i es ¥acke Ravemiwirthyrapgingdgtwesm titsmiceorisoandiz8pmicaovs. By contrast,
or Othﬁl.rg\(/aid%is%oérbr}é ! hgigg%rarcmlgﬁgﬁgg U{E\ ?@%ﬁ a%g%d?rtysto the present

track, i an I ncliin trac
pet f BYaJioRehibe digcl haste mare dinifamal width taatatianbling track printed in

appr ogharat e i e [ ng 3. .different

drop s‘?ges.F Idlﬂﬁe Ei guﬁ e %5@?[9{?!%% ocgf% rﬁ%ﬁl‘.é Pg%‘ﬁg SI'%"} Er\é&'dﬁy The upper
t he pfackt PR¥mA PSR CAAT Bmownhilst thehiowelvtracksseRa rinngter track spacing
di r ecdfiz@Bum! f the same algorithmis used to produce

the i mage as SUBSTI TUTE SHEET (RULE 26) -12- used to

for :jn t he it'lzﬁ%h'é'f asfegtipldhisdnventior rattehigon ¢anebeXodeser! mRlupon the
- proodugRkd Menh@fles Hul | pri nti ng, er.e
each colum is prS %Jt%géﬂ@b%éégr%t\ﬁ%@%@t I 5%'3%’35?3{0@“0”3 there
el emHit bg thej needde astnblish 8 minignuny gamhbetwiego tird haeksyahere the track
t hat ddges getndiiskg; indsod i : gener.at i
el ene tb i S rrl:)disgriﬁ ggggﬁshegeﬁdlﬁ%éér @gss'@petgrhgﬁe‘ﬂbc%sqﬁ’é" dot
si.ze GRS Lot 28(1éh+ i/Rhtwhenel isagtinting intedeefrbaT 0 to (n-1); pairs of
appr et @k eskmetSatd e ectitdl sil i . The._chapge ,

oy el Seiiee siuEs oo sl eFancliSpebafize. wis

t
Hﬁgggﬁﬂfgﬂ%ﬂn&?‘gét hgrsuatioldhe giemeiergef e paiafelobaaiumls 292n-1)/n.

I't i SThisdis flusthatel i0Figard 78BS | h

preSeF. invegti,on sgr_vi ng to éﬁria?ltgs'?ﬂgjeﬂgegﬁl%r%r@?dmma set
gravi’ t;v.e%cfts aY’P%é’Rt‘E@“W?R!F:fyi ng the wei ghting of dots
used to formphesdrack. Using-a print head, :
comercial ly ayailable from Xaar under the trade nane
"LECPARD" it i 156‘3@% ble to print fifteen different

ghzes of drop Bs=10@picted in Figure 13, the typical

di anet ers of tlge_ ots are given in the table 15

bel ow. Nunber of “$ub* dropl ets per dot (dpd) Typi cal
diameter (pn) D4=%%bBs 2 55 3 68

It will be that at either side of each gap, pairs of dots are formed, with
centres spaced by 2s. Only the pairs D, /D4, D4 /D3 and D, /D, are empioyed.

25  These pairs are characterized in that their diameters sum tos + D4, This can be
more generally expressed as 2s(2n-1)/n.

Figure 14 also iliustrates the feature that by forming two gaps of the same
form closely together, a track can be praduced of narrow width and arbitrary
form.

30 It will be understood that this invention has been described by way of
exampies only and that a wide variety of developments and modifications are
possible without departing from the scope of the invention.

Thus for larger track areas, it may be preferable to use the above-
described techniques to define the track edges, with alternative dot structures

35  used tofill in the bulk of the track. Muiti-layer printed circuit boards can be
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478 587 69 7 103 8 110 9 117 10 124 11 130
12 135 13 141 14 146 15 151 In Figure 14, the dot
sizes can be used to generate very slight angles to a
track. These angles can be nodified in succession,

t hereby produci ng accurate and tgnoth curves, mhlch

can Aenidd, Gathehd blsoveldiscitied tBENIIG RS al ) Gsdd BIcRRaA€ inftrconnecting
20 em ssions, SUBSTI TUTE SHEET (RULE 26) -13- Figures

15 t §25 P NSWANILANERS: i mages pri nt ed by an i nkj et

print heath degesrekadipié, 8sHduliviePackB chi BeIoRd it @nly by the
Fi gure 15 Jﬁ grl nt ed |[i1‘§b| n%é\?/ and the tracks have
wi dt HTPSRGNHEY IReiauss desptperkip defally BWSaISCB‘}y indirect

cent nédhiqueki Q'h[1§thbﬁabo$e GeQ@fbbﬂ%&?ﬂfHu@g chf 86 leniPidyddqd form an
via a,routine a o the present 5 invention.

cor d
The EfdRasi;dIsg ﬁB[?sé"qH ""FVdPrfl?rW “ﬁ‘“ﬂh‘{% ragkgt of the
track pri miigt ing présehinventidnstebh dé8BliBddSabdve with respect to

pl ur f,track rinted side by side. The u

P ac Retsatpled.on fstsie 304 Srmcaabis Pt s metbaaie e singe

have pass bfrﬁreihkjet peit HeRd Cather m@ft’uc&&ﬁpgéne'r%lm@ﬁﬁé IS are envrsaged
an be focused

ﬁ_ﬁ_\ 3 J,nvetlon ?ép

360 Thadtm G Breinaiea fo bE Mud 1t ReCiganb ocuging track.

t hemOtfhér applitations &pwhick &id graseritRPpreativh kaylfsd ﬂikﬁoﬂﬁﬁéft are

to e abllalg1 ap between twq tracks,

e’ TR VDI Al Tl o Brofi P e arsindrgpass of a prin
this head' GSIIOthExtumsthl peoflied may ba rélfiired %radfﬁét%f;ﬁxr&ses or functional
2s(1/2 + s.ar i.nt eger from

(o 1PEebspt 8, preRiag blmpS 1 spliBR wefls B nivG Ol bstera,

05 t peesgare EdAds| sepEratorss osleased] Thy arB&ntubﬁ may also be used in the

generation of optical displays or images projected onto a surface. For optical
displays, the displays may be static or they may display variable image data.
OLEDs or LEDs may display the image.

By forming the same or different arrangements of tracks in repeated
20  layers, three dimensional structures may be constructed .
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.15t hen ensured that the sumof the diameters of the
pair of dots equals 2s(2n-1)/n. This is illustrated
in Figure.18, where a track arrangenent is forned from
a‘set of five dots having dot dianeters: Dos D, =
1-.43%@@& =1.8s D3 =2.2s D4'22.6s It will be
t hat her side of each gap, pairs of dots are
forrred vvith centres spaced by 2s. Only the pairs Do

E % D2 /D2 are enployed. 25 These pairs
are chara aﬁ‘ Pifarming &n Erangemeet i trecks kaving defined electrical or
D4. This Qﬁé‘cfﬁﬂlcaﬁ%ﬁeﬂlﬁﬂ%yath% ﬁwﬁcﬁ?&?ﬁuiﬁ% form dots on a

2s(2n-1)/n. ure 14 al so rates t
t hat by fo'i”ﬂ?‘r‘ée {'R6" pegre SdFUtUHsz spaged by ardistancess:| the method

t oget her, antprieinly tﬁ@ﬁteb@ oPHEHINES s8f of Madd é‘&Véﬁqﬁﬂé‘ttgrtstb AGs(1/2 +

arbitrary form 30 It will be ‘understoo

i nventi on #iket Q%%h'%WFrﬁéﬂteﬂ?fm 0P (ndYateplositing fduid to form

and that dineardteackt Gﬁé’oﬁﬁoﬁi@(‘!{?écﬂaﬁ@mﬁr Fgct to an axis X each
nodi fications,ar.e possible w thout dep I ng faro

scope of th‘@E PAYES A 'B‘H'mufﬂ drack sidth Ty gesr(?'l!-ﬂi(nkam thegpinimum

it may be spaehgobbbckstdlonibtbe R XBANG T, d&a¢r | bed
techniques to define the track edges, wWith alternative

dot structures 35 used to fill in the bulk of the

tracke. MilA nnethayl e!t:c@ﬂlrigtta EISh £ UHerdlR HeFot SR OErs:

SUBSTI TUT RUL 26) -14- forned, W th ﬁ@rs.s,1.ss,zs
above- des s al so used to create

interconnectrng VI as or insul ating patterns. In a
e tracks _can be forned not

furt con
only ?‘%@{?‘?’F’ E?f‘f H%Rgaying Ariinedcaleqtical oneeshaniest
descri bed Drovedasaformednm thel depobition BigLRIAb forth dots on a substrate at
t echni ques,. reghé’rsarl; oé,a ove deraocrrbed t echni ques can %

t

enpl oyed to Form an Bt eROHiYKlociong utvally ppared by aglistance s,
f or m condtfstdatehavieg kset s B&tduérh@teﬂ;’ BSLRE(1D¥ G, '\Prfbre iis a

has been spect to dots printed :
‘on a su bs?‘?gﬁg .Rﬁgegggagg t h”’dtgf’ SRR cgmPasing linear tracks

subst.r at eofigntatediat grrentatnmssmﬁf reapedt RKe hxip i Ei IeE@!&ﬁ're track
other et Raglsy 8tra8R WRIRY, L BAS)MOLSd 1&g 52 esdﬁaving a

mutual spacing T; along the axis X of Ts =sin,

4. An arrangement according to Claim 3, wherein the dot diameters:; s, 1.5s,
2s and 2.5s are employed.

5. A method of forming a linear track having defined electrical or mechanicat
properties by the deposition of liquid to form dots on a substrate from
nozzles mutually spaced by a distance s, the track being inclined to an
axis X; the method comprising the steps of defining a set of at least three
dot diameters D; where the smallest dot diameter Dmn s and the
largest diameter Dypay  3s : and repeatedly forming a dot pattern
comprising at least three dots in a line parallet to the axis X, the first and
third of these dots being of diameters which are equal and which are less

than the diameter of the second dot, each succeeding repetition of the dot
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10 The term"track” is not intended to be limted to
~an electrically conducting track. Oher applications
in which the present application nmay al so be of
benefit 'are those in which a surface texture or
profile is required froma singlie-pass of a print

head. SucBafténtueiRsoset RoMIthe BecdBivg BatéAGHISEAC §in the
artistic pur poses, or functi ona pur po

L | poses e. (.
creat i ng HlRGONENogensl & thegireptiont X and gksiancerRaust teer greater
mat eri al , tHdn PnARS directidads, separators, or | enses. The
invention may al so be used in the generation of

optical displays or images projected onto a surface.
fgr @tical meflﬂma @bw{ainglttb €lhin) h\ad\mtﬁeim dii}té%ghﬁﬁiéé%é%got
ey may djsplay variaple i at a. s or
iy ool SiPRIE Bt 2SS + 5. e | 82 ruERIBO BcGer rom 0 to (n-1).

di fferent arrangenents of tracks in repeated 20

| ayers, three_ dinensional structuyres pay, be
constfuct ethghge5er¢iNgpo P (’“%Bf_qt_ﬂ E‘g)dO? patterp;takiegghe form at

1. A net hedeafigle@r:ni ng an arrangenent of tracks having
defined el ectri cal

or chani_cal properties he
deposi tion of quuiDd't%' rmdéts: ﬂ-a"%ubﬁ#-gd@ rom
nozzl es Mtba!otglinsrwﬁatbrg})fefﬁg @i@résmiﬁr;e;rtdved rartifdgasing angles
conpri si ng_the, steps ining a set o t ,
i aret or o op AdtsJ fHElo et Bond bRindssRely rBrodled fir deprpasing
integer froghed. to (n-1); depositing liquid to form
linear tracks at one or nore directions with respect

to an axis X; each track having a mninmnumtrack wdth _
T, B.s(3Alkehntrackravirgedefined seciricsipacheuhanitaltprapdriies formed by
al ong the i el = S/ N hpd_,according, .
to Claim Y,@(&vﬁer é'lgﬁ OF E%UT%got_mg{'gﬁtgt% é’résg’d%?ra e reggl%r affay of
zﬁnd. 2. 53 ??Dozqu: lM@psgjutmlyapamdgymdistaobe &1 thekmack being

avi ng de ct .k AL I [
formod by hacs@ ol Koo ool BGRARIET relaffidt slem
subst r at e campPriging atjepalrtheperdpls igfa linepasaliel iorthe exiaiX, dresfirst and
mut ual | y ' . : [ :
set of b JRRT e AugbEhaFGamplert WhicH ke ol R uRich are fess
a runni n§hanihe giameteroehtbe second doj. each suceeeding eepmtition of the dot
CONri Si NGatrbaing SekfomQhé précdiRg pafterR’a cﬁi{E id Qittthe
with respect to an axis X, at |east one trac avi ng
a track widigsfionpribogens iofediregion X% and a gistancgequebioles greater
havi ng -a tkaH ¢IlthSBRedtda X, along the axis X of T. =

s/ n.
9, A track according to Claim 8, wherein the set comprises n dot diameters
D; =2s(1/2 + i/n), where i is a running integer from 0 to (n-1).

10. A method according to Claim 9, wherein the dot pattern takes the form at
one angle of:
Do,0¢,Dp,...D¢,..Dq4,...D00, ...D;, Dy Dy
with dots in the pattern being progressively removed for increasing angles
and dots in the pattern being progressively repeated for decreasing
angles.
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4. An arrangenent according to Claim3, wherein the
dot dianeters: s, 1.5s, 2s and 2.5s are enployed. 5.
A nethod of formng a linear track having defined
electrical or mechanical properties by the deposition
grld o formdots on a substfate from nozzles
mJt uaI y s}bae'é?}faé? havipg fareeddhereon lableastaarie thaskigving defined

i nclined té!eélﬂcal%}(hﬁecﬁambﬁlepr&%rﬁé@fo?@gﬁ’ Bg%r\e{]d&?;}olgﬁlon of liquid to

steps of defining a set of
di anet er S form wiRksr@n @ Bubsirale pa reaidar adiay ok teposidion. losations mutually

and the aﬁ@&b%/ Q'o@é@ﬁc%r s %ﬁaa@hawﬁ‘gn Egé)%eﬁ gs%g?esd to an axis

forrringadot F) tern risin eas
inaline ﬁe{lﬁ% Bek edgp Fcﬂﬁp%ﬁtnga I@thaliﬂd tﬂotmtterannmmnrimngcht least

of these df [ I
whi ch are | Ieegsdlﬁst E%nmiehgérgﬁﬁ{%rﬂgﬁ htﬁg dga g‘zégg% oé e dots
each succdBUFAYNG 8loagithe e, 6Ach BucagedingURSTaWGEHSHBEFattern
(RULE 26) belfly offiitk i8I thE %'réksédi?mfgfpsa%rrf 3 BElatnES shh gﬁe {11 [Hon

pattern a djstance s in the direction or

the directQ5RINA fRythe direstiom¥andfdistance equay tceart greater than s in
than s in thégirditiopat.i on X. 6. A nethod according to
Claimb5, wherein the set conprises n dot dianeters D,

= 2s(1/2 + i/n), where i is a running integer fromoO

~to (n-1). 7. A nmethod according to Caim®6, wherein

the d pa&terntakestheformat one angl e of.
Do, D, %P2, .A method of gefining a gapbetweaptwolpi@wer stiuttaratdiaving defined

in the patellﬁitrlibab@# MECEEH!@&HI ﬁﬁ)?ie}&%'s%yr tﬁ%‘ﬂgﬁ&it ogu of équd to form dots

i ncr easi ng} &I} and dots iI'n the férn
progr essi V&I hofate @ @Gﬁiaﬂéﬁﬁbﬁwqﬁgsltlm ificationsBmutally spaced

linear tr agka dlﬁ‘éhékgs dedrairg b &4 86L K. 9%' 8 hoa%ﬁgn?)?isnﬂs Ihe steps of

ropertie ar ne t he deposition o
Sot s on a d§h'ﬂ;’§9 raieégfa't‘ dgt diggatess Dar"r%i}(”@f'* Ihdepbsret ili®| running

| ocat i ons integardtdny 036 as-eyl f&v‘mﬁ% ﬁbl?& &l St r E;ISEC!ILE §%§S of the gap

being incljned to an e track conpri

r epeat ed @k) CRUANSSP Ce‘iB?‘ré?-l tgf"ﬁgmaftf “I"%d@fneﬂ&m@éthjacnw of dots
in a Ilneenaalmgzé(th fohe axis X, the first and third

of these dots being of dianmeters which are equal and
which are |less than the dianeter of the second dot,

each succeeding repetition of the dot pattern being

of f se{s.f r % J?md o% ?o(l:'mmg e?trggkt ggiranm&hgclj i:t:ar%gﬁsemgs ti‘lsenstctar?s(? assigning
a grid of addressable pixels to a substrate, said grid having a |
predetermined spacing s, where s is a distance; selecting for each pixel a
dot of one of n predetermined sizes, wherein n is an integer greater than
2; forming the dots on the substrate and theréby forming the track;

wherein at least one of the predetermined sizes of dots has a
diameter greater thans 2

14. A method according to Claim 13, wherein the diameter is not less than 2s.

15. A method according to Claim 13 or Claim 14, wherein the predetermined
size of a dot for each pixel is selected such that a straight-line frack edge -
Is approximated by said dots to within s/n.
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direction orthogonal to the direction X and a di stance
equal to or greater than s in the direction X 9. A
track according to Caim8, wherein the set conprises

n. dot--di aneters D, = 2s(1/2 + i/n), where i is a

running integer fromO to (n-1)..4810. A net hod

according to Caim9, wherein the dot pattern takes

the format one angle of: _

Do, Di16p2, A method acgprding to Claim 13, wherein the edgetibs dbars angle to the
the patte%gBQ§&mgmﬁﬁ L8RdA4el Y renoved for increasing
angles and dots in the pdattern being progressively
repeated for decreasing angles. SUBSTI TUTE SHEET
(RULE726) A rhéthod ]acccﬁ'dﬁlﬁkﬁ Ué’iﬁeﬂqﬁh‘ub{é% £9frﬂapre DR HRA from a
at | east one track having definéd electrical or

nmechani caPys?ly et layers apg whetpim gachhayerdips < respestive edge
l'iquid tocofresgBndPldo Bt PackWiiRkr ate at a regul ar array

of deposition |ocations miutual'ly spaced by a distance

s, the track having an edge being inclined to an axis

X, the. tr acke®@af 6RHBKINHIAG a%tr%@ﬂ?ﬁé&ded&torp@ftflﬁ&r%te said track

conprising at |least three dots in a |ine para

the axis R%99¢ hengieRAwisaledpy apiraily of dethcgash dohlaving one of n
al ong t hedldnﬁ@erseﬁﬁ&eﬁﬂ@@?@ﬂéﬂﬁaﬁ oP&did FledbddontftRirithe steps:

pattern being offset fromthe preceding pattern a
Ap

di st ance &s¥8Mpg @ girof addrsssabig P'H@@G?]EISUP@’ al¢yesaid grid having a
di recti onppedefsimingdl $pacing S: @élé'lﬂbtlrk:ﬂh@ 'bogifiSﬁb%ald BAfRileSwith

in the directjon defini ng
bet ween t W%F’a‘ﬁéﬁ@qd}iﬁ%ﬁs@"@?‘% ARigraEiNgfen Sach addr essable pixel

el ectri cabvhemerrecpbarmnmbrqawmﬁdenesr Withik B%l@%ﬁlbtﬂe%btter
of liquid_to f e at re

o ray ot GEELRARAEY 8 daf PR G5By § bl teiduiing pive

di st ance and pispidyingla da irBsaidb@mXinet bienet hod
conprising the steps of defining a set of n dot
diameters D, = 2s(1/2 + i/n), where i is a running

i nt egér f Mathdd dawofdinglip; Clbiar 18, whepsih bsicakt ¢He oF td n diameters of

respectiv [ at | ocations spaced by
2s; the sg?nt%ogsfq??eré Eg]‘r%tg%rs of the pair of dots
equal ling 25(2n 1)/n. 13. A nethod of form ng a track,

Zgid(rjessab e p| Xe sﬁ:,trgptgtélg'g‘sira greaﬁgt %m{]‘%l?‘ﬁéﬁﬂgiaggemm of

dots is not less than 2s.

S’

21. Method according to any one of Claim 18 to Claim 20, wherein at least
one dot is displayed in a neighbouring pixel which is not an adjacent pixel.

22.  Method according to any one of Claims 18 to 21, wherein the dots
approximate the track edge to within s/n.

23.  Aftrack arrangement on a substrate, said arrangement comprising two
groups of dots, said dots being arranged in a plurality of addressable
pixels, the addressable pixels have an inter dot spacing, measured from
the centre of a pixel to the centre of an adjacent pixef of s; wherein the
dots of each group overlap and each dot has one of n diameters, wherein
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predeterm ned spacing s, where s is a distance;.
selecting for each pixel a dot of one of n
predet erm ned sizes, wherein n is an integer greater

- than 2; forn1ng the dots on the,substrate and t her eby
formng the trac wherein a égst one of the

pr edet er ni 'ﬁésda'H"ﬁée%er Qfeaé%tﬂéafhé whereif) eagh arpuphaspe edge

than s 2. éﬁbroﬂnﬁﬁ&@dsa&tmédwweh%gd%ﬁﬁc&%em thb o edges

the dianmeter_is not | ess than 2s.

accor di ng £8f kﬁea?rﬂ?rl?!“or C ai m 14, vvher e| n the
predeterm ned size of a dot for each pi xel is

sel ected such that a straight-line track edge is
approxi mated by said dots to within s/n. SUBSTI TUTE
SHEET (RULE 26) -18- 16. A nethod according to Cl aim
13, wherein the edge lies at an angle to the axis of
the addressable grid. 17. A nethod according to Caim
13, wherein a structure is formed froma plurality of
| ayers and wherein each |ayer has a respective edge
corresponding to the track edge. 18. A nethod of
approxi mating a straight track edge on a substrate,
said track edge being approximated by a plurality of
dots, each dot having one of n dianeters, where nis
greater than 2; said nethod conprising the steps:
assigning a grid of addressable pixels to a substrate,
said grid having a predeterm ned spacing s; :
calculating the position of said profile with respect
to said addressable pixels; determning for each

addr essabl e pi xel whether a portion of profile

adj acent or within a pixel would be better
approximated by a dot in said pixel or by a dot in a
nei ghbouring pi xel; and displaying a dot in said
determ ned pixel. 19. Method according to O ai m 18,
wherein at | east one of the-n dianeters of dots is
greater than s 2. 20. Method according to Caim18
wherein at |east one of the n dianeters of dots is
not less than 2s. 21. Method according to any one of
Caim18 to Caim?20, wherein at |east one dot is

di spl ayed in a nei ghbouring pixel which is not an

adj acent pixel. 22. Method according to any one of
Clains 18 to 21, wherein the dots
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approximate the track edge to within s/n. 23. A track
arrangenent on a substrate, said arrangenent
conprising two groups of dots, said dots being
arranged in a plurality of addressable pixels, the
addr essabl e pi xel s have an inter dot spacing, neasured
from the centre of a pixel to the centre of an

adj acent pixel of s; wherein the dots of each group
overlap and each dot has one of n dianmeters, wherein
SUBSTI TUTE SHEET (RULE 26) n -19- n is an integer
greater than 2 ; wherein each group has an edge
approxi mat ed by said dots; wherein the distance
between the two edges is of the order s/n. SUBSTI TUTE
SHEET ( RULE 26)



