METHODS OF FORM NG TRACKS AND TRACK ARRANGEMENTS Thi s
invention relates to the formation of printed circuit
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defined el ectrical or nechanigal properties) by the
deposition of liquid to formdots on a substrate.
I nkJet printing is a well-known technique for printing
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parallel to the grid (defined by the nozzle array and the direction of substrate

scanning) or at an arbitrary angle to that grid.
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snoot hness of a track edge will vary w dely dependi ng
upon whether that edge is parallel to the grid
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25 gler?lgg{a:ilié ﬁgac\%&édﬁw ? ggs@arfdérénﬂl\é Rietlod datsird) i GeY of Béffing a
set of n dot diameters D; = 23(1/2 +i/n), where i is a running integer from 0 to (n-
1); depositing liquid to form linear tracks at one or more directions with respect to
an axis X; each track having a minimum track width T,, = s(3n-2)/n; and the
minimum spacing of tracks along the axis X being Ts = 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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an axis X; each track having a mnimumtrack wdth Tw
= s(3n-2)/n; and the m ni num spaci ng of tracks al ong
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In still another aspect, the present invention consists in a linear track
having defined electrical or mechanical properties formed by the deposition of
liquid to form dots on a substrate at a regular 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
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 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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with dots in the pattern being progressively renobved
for increasing angles and dots in the pattern being
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anot her aspect, the present inyention consists in a
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In still another aspect, the present invention consists in a method of
forming a track, said method comprising the steps: 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 thereby forming the track; wherein at least one of the predetermined sizes of
dots has a diameter greater thans 2.

Preferably, the diameter is not less than 2s, 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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not Figwregtifiepietstanpangied track printed with a conventional binary printhead.

25  Figure 2 depicts a track printed in a conventional greyscale method.
Figure 3 depicts a track printed according to the present invention.
Figure 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 12c 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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In still another aspect, the present invention _
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given value s. Looked at another way, the width of the track varies considerably

with the track being at some point two dots wide and at other points three points
wide. For the very narrow tracks increasingly required in the fabrication of
elctronic circuitry, this variation in track width leads to an unacceptable increase
in resistance 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
generally give the required efficiency in circuit board utilisation.

Figure 2 illustrates a 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 smaller dot diameters are

provided, in this case two such smaller dot diameters. With a printed image, the
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di aneter. Droplets of liquid are deposited from
nozzl es 10 using any appropriate ink jet printing
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s and the dots forned by the gjected ink droplets lie
on a rectangularwgrld havi n paci ng s
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t the verticadl daﬁemsh«m tnrthe ldraving psearbmati rwe:eadsﬂryy be eqUalhe s. In the

k b d d
oA TP TR ARt oihfedR O ol SFpBIPa e dLigils contred
| Bf regrRl mlaYe rte€ ehiafgsti dmttilmétabnlbéartg Sut egluaklods. MpBInext size
circultr this variation in track width |eads to an

u ﬁ%@éme lig cheranessasthat WW%@P@%@B%‘E qhtrerfal RVP’H%@ﬁ @gljacent
eg}i§ $heAes bylupo! dneddutPteP 8f l"ﬁ@%ﬂf(hrﬁf tﬁ&"tadndt Jliina% P to say,

inter-track spacing is equal &

nis nexdidet diaetergs chesan sethet Da ovoeﬁsarslrmlaéy ithe eemammgkdots
s S [ o 0
ggﬁééér:ﬁkﬁehsso év%%t({w gﬁ?@%k%})g’ggﬁ ?5 %, g%c%él% tH&C%qj?cent grid
bequatest UaklngaAaILmas D=+ QS| aad :D4|=| 2 ﬁsI Gam«amllsmgpto awvaketn of dot

atte nt th rre V\Athanurrber of
e iern TaBl bRsart fal D6 df BB b i B

typ| caip; a pgnEeryAy, V\Ihléﬁe i |§fa9©ﬁh|n§Qrﬁte§éraﬂﬁ@thTto (n-1)

corresq_onds to the dot dianeter s 2 of the binary

syst emlNPIAes PREered wWhichmargsed fo fasmn the nairene clasely spaced tracks
s %h g rrgﬁ?g?r‘éggﬁ‘m%é s@&rFtHat Fﬁé't ;ﬁﬁgern bP bt éﬁo&?cg%g ty'fRe

di anet ers. rinte
t Heapiety fropmh singipnoza (thatis ¢ bay expﬁmb@lwmnm thtuce a

o SRR 4 1 308 P B 8L Py pen

s westasiingisdquenze Dty Dp) B thissdsvepdingeaneiddsscehding 8equence

t rfr%(r:nkthteosrrllgﬁas? got cglamepe(? g ﬁ{evlgrdgest dot diameter and back to the
smallest 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
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

appropriate to use the characteristic dot patterns shown in Figure 3 at the edges
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strai ghtness, actually has very little effect upon the

conductivity of the track since each of these snmall est
wa@lei058815e5 typically abuts only one of the neiptibeBRI0BEOOSTS

dots. An arrangenent accordi ng8to the present

| rofehe imde tnadK wittopodiiblg ether dbepattdrh ir bR DFf tHe track region.

%ﬁé @s W th the Eew ous figures, nozzles 10 are
et pREmIsineaY Py chpsen tﬁ&pzln@S%gfaiéaengy of anegjcoverage.
Spﬁr@ mghiaf ﬂﬁéé]@wi%trgéérﬁe\?a%lé’\@vhtl? tr{eeér?é it Qf ?Eﬁnre 3atan

substrate. This grid is depicted are alt
wiaPiteey aleisst ood that the di menS| on in the di rectl on

5 orthogonal to the nozz e that is to say the
vertical dinension in 1t-wne§{§y %rgg) need not
necessditianyarbitragy anglet hespreferret laerangemegeguarantees a minimum

 PRERe LB adBlp(o AR BeBiel S R e reechebibine

D dtiegrragidsdineasioalif 4 nos-sqldredRgistis empfoyéd). di aneter is
chosen so that the circunference of the dot overl aps
the adjacent grid squares by up to one quarter of the

10 Wi dt h ofhet drat dépidted %ﬂﬂ@rf@uré@@at 'assptaemg‘"@f ngﬁﬁlrée?ﬂe centre of

dot dianeter is chosen so that
t FECP SRhiSARPEOHBALE Y BHBIRPSErn sackxisoTbis eduatesidy dimrace s.

arghe’ SRR HolelBE LRUIACTAk0 8F bEARIB Eome LN

val ues D3 ner a
n regolgtian. dhardeteare, déposited by be lrﬂ@eirprmh head Imts thedsentre of each

Qioqa%gédsre%gab?%s%(g%ven by: D= 2s(1/2 + i/n), where i

is a runni t fromO to (n-1) The dot patterns

15 whi ch dihe am@emenft depicteden FajureW pred sl ah uﬁefé%@éd track width.
ordered It will be seen that th

tr acﬁ are 3
ol e o detin $7S e dhi pSeanding e dessend o seaupmesco dot
NeFrhétefs DAIDS, B! @t%ﬂh( déﬂﬁ/@(hb' thtk defglUBT: |Q§e5@ of inserting an

represent at'i on igure 3) form an-ascendi ng se
Dincregse lﬁamétﬁré?sdn @Qj%@nde rthe SeenitaticdiaDéted) tHBZsequence is

D e fromthe
N A L e
20 bms;mdaot hdosmmededhai‘mtdé of 83eqiperidelif ]lcﬂhéireft -hand
Lty to form

t t t [
P BlGRP L BALRE A S0 Gapaes 1,2 dhe ebiorina’ B giseguence in
( et ngm&melcgndt@)lmhﬂ THiis dpproiagh carl Bb%x?é?ﬂe@'lﬁtr’eﬁﬁcmg the dot

gentr étonthe mninumtrack width for the rea
t

§ tentre dithe pgrrnditasriididessepdipg sequencecisa oot Ofadlgr@eter D2,
Wlth?lé Bot thefilkobBé@fhg WitR@ual size dots in the left-hand and right-hand
25  neighbouring grid columns to form an incrementally wider track.
Figure 5 illustrates tracks formed at four different angles. In each case
n=4 and the drop diameters are:
Do =1.0s
Dy =1.5s
30 D, =2.0s
D3=25s

Figure 5 shows (at A) parallel 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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wi dt hs can be forned by repeating the characteristic
dot patterns shown in Figure 3. In certain cases, and

wo ypsosisby with [arger track areas, it will bePCT/GB2005/000515
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appropriate to use the characteristic dot patterns

shown | igure 3 at the edgesof the wide track with
pB@%‘?rBIEE" E’@%ﬁrw%ﬁa%f@éﬁheﬂhﬁ pakermkeing affest & distaneg sk

r ﬁs:lizzfmalwg]ggﬁe%mhgggﬁd a%ﬁétsﬁdészﬁguu@@vﬁb%?&%ntz‘? vertically.

optim se I Cl ency area coverage. he m ni mum

track 6 (Bhanenaagemest izishawnivithdhe serpatisatraeriri gur e
3matnam. aRpbigr LS. = = s :
SPRIRPDAOR] Brterakentas iyl id dlingng . gstance
a3si verinatly spraviding @frack andts oparctdr 2. Ittioinpertant talinabeitbat this

f..S/ i th ' l.aced. by .t t h id
aPiSred GHblers SeBLeLyHBRUG Giang¥ i YeakiThe)”  The gri c
depi ct at(Cyah raerafngggueasisisﬁowh vﬁtf@thé:té;}i@tk;@ pfieepi t i.e.
the centr ac IS appr oxi nal e )mm apart 1.n
eBortSatecBoctin B cluiafeet 4 4 5HReB i zontah dndhg Brpipg)end a
C gidthce RVRH@EAlIYD Broliding & 448k @h?l%fiﬁ%bn QT ARV tRATAS

resol uti on. The dots are deposifted by an inkjet print
hefgrent@pglere ashigved wihowecehapgetim dagiwidiBsabl e

I xel s- I ' | es
B oy B SBgEn AT TBfend (P AT BrmBlte®y BALHITD
case, the ascend@ndPand; desPendDiag , sefuendas, Bf ,Ddot

dj ters D 2, D3, D4, stil| define the track edge,
ot RRES 48 Brttn g Riyocstsiveby AR iprligieaR R REfS from
t (@ DtEE{A.Me'ﬂTO el,ectd.aee'tkfeeBh%la|fr''orrillikl"\altl”.ezI @ﬂ;}), Hﬁt_stiﬁmeﬁ%ﬁﬂt@ﬁ‘éﬁn be
i's th the increased track width arisin rom.the

L frpeaith s Fiowe S SR suiCHing FpcgingipaRer Biuo. Di. s Ds,
dD?,@ ,®,, B} t6 bRVidd18n aRGE of @fctdn Equence in the

| eft-hand nei ghbouring colum and a dot dianmeter D1 at

t he " bElguRmM B ishowsat fA)s Eanec(E)itracks ef minjmumwitdh gibisdvith five
CG%t"’éT%bs-Thi s approach can be extended by replacing the
dot at the centre of the ascending and descendi ng
sequence by a doDyefs di aneter D2, this dot then
cooperating with equ1al size dots in the | eft-hand and

ri ght-hand nei ghBaar-#% grid col ums to form an
increnental ly w pg= 1.8ack. Figure 5 illustrates tracks
formed at four different angles. In each case n=4 and
the drop di anetePs~#€% D0 = 1.0s

D4 = 2.6s

At (A), tracks are shown formed from the repeating drop pattern D4, D4, D,
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, D1, D3, D4, D3, D4, Dy offset a distance 4s vertically, providing a track angle
of arctan 4.

At (C), an arrangement is shown with the repeating pattern
Do, D4, D2, D3, D4, D3, Do, 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

may be formed in a single pass of the print head as a single dot is displayed in
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DI = s D2 = 2.0s D3 = 2.5s Figure 5 shows (at A)
paral l el tracks having a width 2.5s at an angle arctan

wQ200508M01 | be seen that the tracks are fornedpdT/GBRA0RO00515
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repeating droppattern D1, D3,,DIw th each repeat of
the pattern being offset 1:, ance s hori zont

t RectAEdieA30I8 RIRG). Ongt efn%é*%be(rtqﬁ@’ea?f@rrﬁ@egr ta%zeg May be

VEishla édj ||rV a réépéc@)/eDgfke?rthf&ﬁHﬁnlb thé c‘éh%‘ﬁhdﬁﬂat QretyQ@ale at least
repea pattern

P8 AReepreraTably AWl myre(efithe méectﬁte'mlngq daﬁoh%ve a diameter that

d I
ClsobREg tapVEL2] Thho Yo LAUh Pl 0o Jubsrate that
ammgf%seé)yaa:smbatarmahy régular aincmlrﬁmges i hos,rZscand.dsh. At

O, t h
et t o1 Nl ARFBOES o 285 3AARES e bk SRSRY o B geige to within
hefi a_?rmlhlewfare(the atpbmmﬁamzbrngf)a de@llrem teh};ddedg;eeloé@tuon to within s/n.

t , | an O arcta
AGsicRn e Serl o Koo dhie SR B pdirats Ak RUG0 aPhlss g tracks
Chap@ Spadbd Wite s émarehmtéﬁht%éﬂd s’iﬁa‘bﬁ‘@&h%@)’wth(gfbméggor(@wentlonal

illustrate exanples of the pattern , , ,
Domysgale displaydhapis eqoal, irdhesimallegbeass; 0 $/fe pattern

bei : . -
02 7 WSS KORIBY AR A S O s
detrwoﬁimerhéhatatheeadgesam Ispa¢e@padtea$1 3sTapest. Alhisiepses that both
D DO L. D1, D2, D3
LR6US, G {PApl BRf SRS BY HESheRRlS 668 (@Bmft aaes Fafitacy.
6 shthetad(jl@ssablﬁt)y cﬁrmlro@ﬁ)f d!dtﬁ&kan @dgaiwill ﬁulm\sbr@ttdﬁ in greater

Dgetan gwt%Sre&ect tg?%gurg\tB kOA'f'QU'Eer ébkﬁ’eéﬁef'gé‘ﬁ?ﬁ/vﬁh‘?‘% Iarﬁg(gner printed
f fisrd biRane F?g’%lré 39 aflf QBcHRHIY Wftﬂ the mdﬁgﬂle Bt ¥z64 a8&F8ing to the

repeat of ‘the pattern belng fset a stance s
hgrqsg@htlaverylogs Alérthecélguges are displayed at the same pixel grid

addressability.

For the binary (prior art) print of Figure 8a to d, where a single dot size is
displayed, it is clear that an edge 10, 12 may be addressed to a single point in
the pixel. Thus, for example, if an edge is required to be addressed at a point
equal to x% across a pixel, as shown by hatchedline 16, the error is equal to -
((x/100.s)-(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
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 + rsd/100.s) — (rld/100.s - s))
where rsd is the radius of the smallest drop and rld 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. rld=140%
of s and the radius of the smallest drop is 0.2s i.e. 20% of s, the maximum error

displayed is equal to +/- 0.15s i.e. 15% of s. This maximum error would be the
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At (B), an arrangenent is shown with the repeating
pattern DO, D1, D3, D4, D3, D1, DO offset a distance

walsoogestspral | y, providing a track angl e of ar ceenGB2008000515
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(O, an arrangemsnt I's shown_ 'th the repeati ng
pattern D1
RS haRatesR pf e i oeh Al Arels (aa Beaoe The fargest and
agfmafdsteroggai n, note that these different angles are
achi eved W t hout a chan%wl ntrack wwdth, Simlarly
angl esltadh beeaprarepiaifial thare de @r Rty lipyjtation te ithg mjrfnmum drop

rﬁ@@ﬁfe' tAgt cz)a?/p@e bR cldatsin PSS tH ol PRl S Pea cﬁ% ftHéltrQ%ﬁve air drag

odi nment the invention is I ustrate
7incTRases ta @lkepinteaban Lpachievable welecihgisaepuised Bomtthe print head

ggﬂ d?ﬁs&@@ﬁea&oglef r@%]h%sdtﬂe dubstih ép'ﬁ%%rké(]ﬁﬂmt on the smallest

essa a nu er of predetermn
ddropsvahave wmuldabe @rayrida3m dwhich avqul;tpmvtcﬂe\mdpn siee of the order 23

contrast t h nvent i gpal yscal e at | east. ape,

SR S Ble. s dhshiate. I3 361 70 Ue 91 SRR 0T Shatfa it S Buer 30% of
hthesgril. di aneter that is greater than s 2. The dots

shown pave di rreters on the suybstrate that increase

2 O bs A mEPRgTtE GRmAm g sl i1or & shsatayeq Eaoeswhariinere is no

re'ﬁiurehv\%'nﬂﬁartdlﬂs &pﬁi(@hdi@‘maﬁl B@éc@'ﬁéﬁl@% UBE the smaller dot sizes.
addressability of an within s/n and therefore

t Héh%éfr‘%ﬁpmqr&wcbﬁleatne@s ItrWéUJI berapprran deat| the smaliast dot in the
c?“e)?drﬁ‘ple%ﬁll gﬁp BEcr$ %létﬂ)‘amlﬁggé{ . dne &k Ef’ea‘?:*?dé {d & higher
t o0 add é/ eb

ress an e enabl es e tr S to be space
vvresrstwmlth@rmagﬂ aés-dasgiitedsyitle refgrenbato wigune a bi nary

| . : o -
Che”onar sueE ot dneYaeRLR YRR wh{ o Sp 30t pbiioe wit
t referehas to Wigyres 8l toel 1. digiere 9at toi & dppiefscan édck rdyeihaving a line
R Pereiated oy el Fiae s5oRd JBECE SEtiapy spproxmated by dots.

appe Gixdt prafed 10ys firsd @ath lréﬁ)ééﬂfcﬁthbcpl)‘éél @nhanddﬁsrs@%nd)brome 12
accuracqy The addressability of a row of dots to an

olfq¥anad in BECRIAERFE WAl P rriasireRtedoegBedIEsaRIl: ABssRRChe Seen,
t QhBtedBAG 8ot Radh géélﬁalll%cre-g%sfﬁ sfzb%Ve?% s?HQIYéraﬂo‘E %ﬁB‘Where the

printed first 1n bihary, Figure 8, and secondly w
t Renafiestidophes @odiamiererequattor sliang the laigesidienwter is equal to 2.6s

U8Rt Ao USSR B NET B 08B e 0. e

pmaxtmurh d?rogus&meﬁefotea Yls/imaher e a single dot size is

ghgflezg'ﬁg’?%}rgé #éf Zorfpér%ﬁte ?ﬁ S|mqérly ?ben%xfir?eed to within a
distance of s/n as depicted self evident manner in Figures 10 and 11.

By adding in further predetermined dot sizes at a regular increase in size
it is possible to further improve the edge addressability. There is fundamentally
no inherent limitation to the edge addressability that may be achieved.

A further advantage of the present invention lies in the ability to
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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the pixel. Thus, for exanple, if an edge is required
to be addressed at a point equal to x% across a pixel,

wa@sgoosiognsmr by hat chedl i ne 16, the error is equaPCT/GB2005/000515
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((x/100.s)-(s-s 2)) or + (s 274x/100. s)) Clearly, at
vl e Rge o Sl SR 9IS A0 gsdduce the best

sfigni ficant constraints on inmge quality and the
| ocati on of the edge. For a conventional greyscale

i mage, In\giggle By BF'&tFWQ erﬁfe ®GER coluan &5 Proghiced Ry ajsingle dot
Ofehdiating efn?difiGt ROpSssitie lt'@%’odlf?rlﬁe J’@Jrﬁ%ss@hethat the dot size
di'spl ayed at the centre of the éach t he addressabl e
pps@@uged D dherslet aavneréfm@nelein@er@us/modtfgedtm@eéqwtqreﬂse or reduce
( S (; r
Qﬁe %ﬁ etl:lréa t Eg&ﬁgﬁ%ﬁeesr%rrg Illeeét t%g%péroamﬁ)a%d"v‘ég cﬁeglcted in
r Etgutfs121¢ the | argest drop as percentages of s. For

e AR S KT bl AR e o e

gbep.lemed gn 28 image b&@:%ag«/é basist he naxi mum error "
ot mlhrepsB R A aademetis Alteisy 16 BE.TsSitavention serving
NtoEret tH “ceh8¥ of grRit§” Wﬁa&l@ﬁmﬂlf%h% tH@W@@ﬁtm@Bﬂdots used to

smal l est drops. It wll be apparent that there

niy Be ragk Usinsba Rrat thﬁédnmmmﬁm@wo@vaﬂablméomr?é@arwer the
bgagd eehRf“EOPRRES if Repdbiio %ﬁﬁf ﬁﬁé@rﬁdm‘?eﬁtg%?éé ¥€drop as

air drag increases to a point that an unachiev
vdemﬁedylnu lSigureq (18 the meﬁi tisengiersnof theadotscarergiverein the table

reaches the substrate. The current |limt on

e smal | est drop volume would be around 2pl, which
vvoul d proyNdeber of etb- @pmaspércbh(epdjr detype3a dramemen(mrh)e
substrat e/ —This, —fora 70 mmrgridspacing zgoquates| t o
j ust over Oo/nnf the grid 1t is inportant to renmehber
that for & displayed i#age, where tlhere i s5ho
requi renent Tor dots t® touch, It nay be aggeptablie to
use t he smaHHer—doet—stzes—Vhere—the dots %tnduc{
electricify it will be’apparent that the sr?al | est dot
in the above exanple wbll only touch a neltghbourl ng
dot in ongaxrs teading toa higherreststgnce—+nhe
i mage, as|described with reference fto Figure 2. An

aspect of [the present Tnvention wl| now B83furt hef
described|{Wth referenge to Figures| 9 to h3g Figure 9a
to d depi ¢ts—an—track geﬂge havhg—a-+Hne T

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
emissions.
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10 approxi mated by dots and a second line 12 simlarly
approxi mated by dots. The first profile 10 is fixed

wawrdoossspect to the pixel grid and the secondp@r/aBedos/noosts
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12 is varied in accordance WI a desired edge

pethed TR f'ﬁcfﬁﬁpfge@@ el Py S MGk Pt head

tb@pdsﬁﬁrigl £ dot dpteshes tive @umt@r Figdkah5ti® pimteimm b.ha and the
age equ e 1

| argest dianeter is e Pﬂ’to 6s then the profil 2

: HER BidB J2RGNY, 4ens13p) migraneapd ﬁﬁotrﬁlpsor@agé contrast,
' Flgﬁre 1695 BEoHrrad ﬁdlﬁg"trabﬁ fhﬁf%ﬁe\ﬁé’raefoﬁﬁr'ib a(T&?rdlngfto th%l present

addressability o simlarl
t BVeRtan. nThe Hack aﬁéeﬂ gore unifarn d@@ﬁhc&heat@mf taeiteaskt printed in

oF eg@{- e:ﬁpﬁﬂeg'# %%PJCQS agtqat pﬂX cﬁytr?r?(g SHted s?‘d%rtwgirde The upper

ned dot "si ze I ncrease 1 n
' trad:ls mavesa piteh 637 Lwrnhwhilst e lmerttdaeksdg\ee an inter track spacing
ﬁ#@{ b| lity. There is fundanmentally no inherent
i'on to the edge addressability that may be
ac hi evedanothéruadpeet ofatiisamiengion odttdrition maamﬁbcmsedaidt iupon the

ljes in the abil t te for d di
olrfdss BeispiER brb i i aimamen fare. roberiaun ABRIApSL here
ha¥li jiothaheled &b ieBRMmblisH ackinmelgR g% b@wvélerdmo fréckaeher thi track

centred on the grl d and can accuratel appr.oxi mat e t he
sREATRIG NSt sirRigBt knessi Agcardimprte dhis mveawp vmhz%get qfp dot

FH@H{tﬁer]s:tp’ = 08@ /9% |ﬁn$%r¢é?5$|§§FdFﬁl% xtefcg'aﬁfrem #lo pﬁ@fﬂ pairs of

has an error ih the or scanni ng tion

sdots ang {mqurﬁh respeptivel sides pf eugap aHecatmg@ase@ bv2soltis

f fe Fl I

o e g FARER sty B otk Gk Mair drdedlRiS 282h 1.
edbis is tlustnated $n pignidel ¢ &dwihgrea tsaak@raar@ameyem—:fﬁoahedgrom a set
elegment it i.s possible to nodify the al gorithm such
tﬂgér‘?et(ﬁf@shaymgid?galﬁmfgfféed by the dot generating

el ement is ppeidied either to increase or reduce the
size of the_dot, such that the profile is better

appr oxi mat e91 =ak4 Bepicted in Figure 12c. The change

may be pern@gen«pgén that it is applied to every future

i mge or be varied on an image by i mage basis. It

is also th| k-o?z%trrangerrents accordl ng to the present

i nvention sgr\u?g to shift the "centre of gravity" of

a track by ying the weighting of dots used to
f or m t Hevilt bathat aUsitingr sidepof eechigepd paico ofdots iaad Formed, with

aX@ntl’ épacgcri %E/niéaaénlv rt‘hderalrshlso /D4, D1 /D3 and D, /D, are employed.
These pairs are characterized in that their diameters sum to s + Ds. This can be
more generally expressed as 2s(2n-1)/n.

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

It will be understood that this invention has been described by way of
examples 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
used to fill in the bulk of the track. Multi-layer printed circuit boards can be
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trade nane "LEOPARD' it is possible to print fifteen
different sizes of drop as depicted in Figure 13, the

wo ypsosis9ti anet ers of the dots are given in theCt/aBk@s/000515

10

15

20

below. In Figure 14, the dot_sgjzes can be used to
generate very slight anpgles,to a track. These angles :
cImed. Witk e akeveRdescabEe lechnlaugn alsr{ep B ftrats qiterconnecting
agiay loptrsufiilg paeens. cur ves, which can naxim se

efficienc o? the track and m ni mse HF

eni ssi Bhd Tyrfhasesameple, canductive iagks aan baformesings only by the
PHirédtrintg fthhitles thalHalk bB8R e8GR ih WB&II4batIsS b FRiirect
on the substrate. Figure 15 is ﬁr_l nted in binary and

t iRshpiaess Thus éhexahipverdescebryl leghniauerean beemnaleyeagis form an
a n , S a

cgﬁ1 éﬁ%%ﬂr?é‘%%‘ge??%é?ﬁ‘em ﬁ{@g{]vﬁc’zﬁbg&{@l}%ﬁhg according to

t he pr @&ulst therpresentamentibe has heén Hescrivedmbevemithaespect to

' h t k_printed bi N :
bR od oS BRI B LB S
lTbasm@fEmT inEjeaﬁﬁm Hesde othep 'nt?hnds{(ofiﬁéhm_‘atin‘ghif\é ggtgstére elnvisaged.

r tracks, have.an inter spaci,.ng .0 mm . In
B8 PR AGERLE TR RS (R Rt Bt 2N SRS GANCGARdeting track.
f othETempnedtion Mwhitd the pedsent SspTealiotmal) disdbe bhBert P are
between them |In certain applications there will be

t Rosadrwhich ax8yrfane; textute af profilgrs gravinedfiase @ singde pass of a print
X v . i
AREAK DuchXBrestt ArbfEs nRRFreRlfed R s B ibpgdstifunctional
dpuipeses §.gbcreating pusmps+or seidier, wells toricontaining other mpterial,

| - . | S ]
 BIS86e RARL A hhendS: 1fe Plefiftind) &bt ane

| genegatidreof eptal didpiahsior inegespmojettet lontal b aoefhes. sSF@rfoptical
the pair,of, dots equal s, 2s(2n-1)/n. ,This is, .

| PRRBTs n8 fishreve Y Be Btk e my pikbleb yerans mage deta.

f oLeed cfrﬂ.@Dﬁnﬁ?tdli:%fla)fﬂhéemé és having dot dianeters:

DO = S D1 =.1.4s = 1.8s = 2.2s D4 = 2.6s5 It wll

be t haBYy&rmung & same er difegant Rrigagempaisraf tigrcks) it kepgated

f RiyERd thréé inensional structures may be constructed .
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centres spaced by 2s. Only the pairs DO /D4 , D1 /D3
and D2 /D2 are enpl oyed. These pairs are characterized

WO noosiostsot hei r dianmeters sumto s + D4. Thi s ce@r/ia82005/000515
nore general ly expressed as 2s£2n-1)/n. Figure 14 al so

i ates the feature that by forning two gaps of
t&éﬁgée formclosely together, a track can be

produced of narrow width and arbitrary form It wll

be understood that this invention has been described
bi- way Adnetded e faraing py agangemant of tracks hayinpsefined electrical or

devel opigRR %ﬁcélr}ﬂ'oB@r%E | t‘éﬂh%%ﬁoéfi&*n epﬁcﬁjc-m oefoﬁwcrb@%n a

departing fromthe sco e | nvent
| ar ger stbsitgte &pen@ozdets mitpabe sprasddyabtistansess éhe method

boved
001 ESRDHA A By 156, OB 2 Buc02
bul k of/n}, wéhere atska ruvinirtg int@ﬁefrop’rm tu (ml1)c depositindliguid o form

. ' |
Con, e W oo b BEn PR Feclong LuRSsd R I A0S i
gat ¥ er trac(:jk E?{mg Elunhhﬁlnmetmme iéth m@dm-z)mt éerzoﬁtﬁlbsnnggnum
e orne
Phat Chaacitlogr P e e S K BairB Tam ey so py

i ndirect techniques. Thus t he above descri bed
t echni ques can be enp d}'/,ed to forman etch mask, used
s@bseq 9'|h9dt360¢>r61ma todriatne || Waereinibrslot digmelers; gel.5s, 2s

presengng Q\%nérb%?n gvedeen descri bed above with
respect to dots prin ed on a substrate and especially

dots printed on a substrate |n a single pass of an

'gkj et errﬂatn g(tjop &sﬂm c%?mgé e%%ﬂ?crﬁ?{)} ’F’%PE%@E\?J

dots are env eterm™irac
to be brdpleftfﬁ.‘k fb:mecm bg ttrm:uepasaiohy.)f ¢iquiduo forngddtsatka substrate at

O her Ilcatlons t he eet appl i cati

et BRRgE R RS dhosoR Todaond Tl shabed By pigidance s,
t ext ur theddotdhaling & det of A@et a@ehé‘tér@rn a= 26(112 @ iRASWhére ids a
print head. Such textures or roflles may be required

for ar forEWQc'nfﬁﬂebBQE‘so & (’T'u)n@?‘? BHRANIHRHEOEY I @“"@ linear tracks
creat i BeftHfBaSatioPenBALAS With Weddest {oP4n SHQP(:'aFIeréQt eﬁ@ﬁéck

material, pressure pads, separators, nses
i nvent h@wnmyra@kswdﬂbwems é&n-a)/n:r@dg@trleasittworhra@ks havmg a

opt i catn Rha¥%s ?aﬁs",’"‘a@%géé%qf gf:t-,ed. dpto a surface.

For I'Sp ays may be static or
t hey may d| splay variable inmage data. OLEDs or LEDs

il di iRlar antggr%enpagc:edrding 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 mechanical
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 D, s and the
largest diameter Dnax ~ 3s ; and repeatedly forming a dot pattern
comprising at least three dots in a line parallel 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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By formng the sane or different arrangenents of
tracks in repeated |l ayers, three di nensional
W@ 00808139 es may be constructed . CLAINMS 1. A nmep¢diDdBeG05/000515
form ng an arrangenent of tr_au‘:gg havi ng defi ned
er

el ectrical or. mechanical  pro 1es,. by the depasit,ion

of 11 QBRGETDDeiTS STSR oL irEpTacasng Bettem Atsian5e saa the

nut ual lye@iRAGRthoaBna tdittsd airsdtion X hfitea dRitivise equUapto &1 greater
the steps of defining a set of n dot dianeters D =

psS O} .
2s( 1/ 2thanjg imtheghfepon Xi s a running integer fromo to
(n-1); depositing liquid to formlinear tracks at one
or nore directions with respect to an axis X; each
t Pack Aduethgdacaerdingie Glpiat R, whenrein the set spraprisgy p dohnd

e ™ L SISCLI8 B et 638 g gt e 1),

the dot dianeters: s, 1.5s, 2s and 2.5s are enpl oyed.

3, An arr n f rr hayi f| [ gal

of- mecAdPRar Bororsiie biEapTe iR (R dcRBHuEiRkSs R om ot
| i qui dohe ahglerofdots on a substrate at a regular array

of deposition |lqcatio nmut yal | y, spaced by_.a di st ance

s, the dots hay%’ 12@%' prh’_'d' '1di'a‘jpét er 2D84—-’ (1/2

+ 1/ n) withtRE<Lini thé attefnbtind Brogréstilely fehfiVed foitintikasing angles
the arrangenent conprising linear tracks orientated at

ori ent 80¢ 8Rts iRithe PAdAPLEING Rrogressively repealed frdqcrepsing
track g\,:;\}glieQ_g a track width Tw = s(3n-2)/n; and at

| east t tracks having a nmutual spacing T5 along the
axis X of T =s/n. 4. An arrangenent according to

- So2 ™ B 8 b 83l GEBHED e ppa omea by
track hHavdempsitiohiofdiduieltedorm detls onra swedtaate abh regular array of
ti by the.d it f liquid to f dot
B tbsErBoRtNN ARIEIn L Pedter P dElAI R 5 ST R
s, thejddiasktdah BhisIché ek Esmprising b $epéatédi dotpathea

conprising the steps of defining a set of at |eas i
t hree §8MPHSIREEL (a8t threqAatsdn @H%emue&q th&étx'%a'ﬁ?étfﬁt and

Dm s ggfaymﬁeé@aa@?egg &L@érﬁéte@ﬁﬁicﬁ%ré o808 and which are less

r epeat form ng attern conprising at le
t hr ee dharstherdiametenef fhersecbed dob eable sastasding nepetitian ftthe dot
and 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.
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,Dy,D;,...Dy, ...Dnq, ... D;, ...D2, D1 ,Dp
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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third of these dots being of dianmeters which are equal
and which are |less than the dianeter of the second
waledos/0g@eh succeedi ng repetition of the dot patP@r/GB2005/000515

bei ng of fset fromthe precedi pattern a distance s
in the directi nort tot irecti
dit &t anfsubgiiaie %'W&%Hﬁ Samaieest dre Hackhavii defhed

X. A nBlcb@RaPsCAEShdHicd) Qrdaeﬂiéﬁﬁrmé@gymé?déé&n&mtof liquid to
conprises n dot diameters Di = 2s(1/2 + i/n

i s a riaimdR)s pﬁtae'ﬁg*strp;q)@ﬁ q)rqggla( RIray of Aemlg»ghlocatlons mutually
accor dbﬁ‘é’cetdooﬁ aisfﬁr@e é"'ft’r?é ﬁéék H\ﬁndjgﬁ eB@é b@fn@ |ﬁéﬁﬁ%§ to an axis

the format one
n. , .X the tprk edgp cqntuorwrtgwa eﬁne@tedndqtht@ttsm F@f‘ﬁ”%é@ ﬁgleast

pr ogr eﬁﬁéggbee ihSTRESrAIR 1d PEIBRK WU RO NI RS

in the ern being progressively repeat
decr eamcregasa‘rg;dalelsg the lineneach Stumledlmg\rbpqit'@efdf hlzeldot pattern

Slegggir g'glﬂ ng]rSe{TF?ma}Eé ?)gelc‘e@r Op??gtie'gr? % rqlsgérgﬁeb% th%l?ﬁ"rgfztlon

r egul abrtaddgonal of theafestién Xrandacdisianos equéaitaldrygregiaciddn s in
by a dist ? the track being inclined to an axis

X; the'?%% ieBXpri sing a repeated dot pattern

conprising at least three dots in a line parallel to

the axis X, the first and third of these dots bei ng of

di aneters which are equal and which are |ess than the

diygnet ﬁgnefhoﬁtb? d\%ﬁﬁi@@%ﬂ O?ﬁt@@&f‘? 1{\/?% Eﬁl‘étﬁﬁfj‘stﬂ‘i’ctur‘:ég%\/fn'g%ﬁned

of 'the t pattern set rece
pat t er elegtritaboramechanical properigs Iacthecdeposmnogbh@;uld ttcoform dots

than- < o SRR R RoflekaRal Br BB lofrudtsiRbEply gpacec

g \ﬁﬁgbg landisthrces st paraligdito araxis Xidhe thethed eompm;mg the steps of
s
(e 1) Z aatiind msst BEpaiok el dte s ot APEV2 i e wheRS gofinning

pat t er ﬂwté@é?ﬁfﬁ)rh b&oflgzﬂm f@tfmFih%é)ﬁ)&\ﬂf@{!ﬂfq Gg@{at r%be;cﬁ@é s;dtetBZ)f the gap
Wi ots in the pattern

bei ng Bl GBS SRACH Bl Asw kie U5 of Her damelrys ShfeRaEpgots

gots [ gqhgﬁn@gg(ﬁtﬂ/,{)el ng progressively repeated for
ecreasi ng

13. A method of forming a track, said method comprising the steps: 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 thereby forming the track;
wherein at least one of the predetermined sizes of dots has a

diameter greater than s 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 track edge
is approximated by said dots to within s/n.
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angles.11. A substrate having formed thereon at | east

one track having defined electrical or nmechanical
w@empestshes formed by the deposition of |iqui dP€DGB2I0RN000515

dots on a substrate at a regujgr array of deposition

| ocations nmutually spaced by a distance s, the track

havi ng an edge being inclined to an axis X; the track

edge camethod R@cerdirgpedtisich d8t wiakinahs edgsTies 3t 84 aAdle to the

| east three dots, in line parallel to the axis X, the

di amet 88 nghet fﬁ%ﬁ@'qw -easing along the line, each

succeeding repetition of the dot pattern being offset

fromthe preceding pattern a distance s in the

dil f-ect Adnelbed iregerdig todlaine 13 whereinah strudwig ia fermadifens a

equal r il [ td - A

nmet hodb@FQigye?{lﬁ' nrg agtdghg% r lgt%hﬁ%%g%aﬁﬁgge%ﬁy ?% Sr es

havi ngcoreg¢spoadinglte dhe fracht edge.nechani cal properties by

the deposition of liquid to formdots on a substrate

at a regular array of deposition locations nutually

spé.cedAbyethodios bppozinsatingea straight ttackatgaxansa Xubdtiate, said track

met hod _conpr.i sing the steps of fining a se f n dot

o it 894° Brind sdPiRaféy Hisa MyrlRLoriats dhoh ot Rayha SRé of n
i nt egediahictgnsOwhere mislgreafed tHENZ $3fd netffd ¢lphsristg the steps:
respective sides of the gap at |ocations spaced by 2s;

t he suftfPeNipge Q!!da‘?féldgf%sség'etﬁ'?@'i)& q SB‘PS"%?@%QB hayigg a
2s(2n- dpddRterdhed sgaRIHS défcufé?i'hg!tﬁ@ p@siﬁgﬁﬁk?ﬂé ?ké*ile with

met hod conprising the steps: asSigning gr _
addr estrspeet toisail addrgssabiepixelsadeterniaing fgr eacthagddnegsable pixel
pr edet i ' . j\Si [ i

oL Pt RAENRES AR Aty SORLEncor i HANRGIs e poter

pr edet apprioriethted bg s, dottresad pixel osbya dohinesypeighgbaartney pixel;

than 2; farning the dots. the substrate and thereby
f or mi ng"% ASPLV9E doHB saiddeteriinddPihe of the
predeterm ned sizes of dots has a dianeter greater

thgn s. 2. 14. A nmethod according to Caim13, wherein
t he di Methed ageordipg te glaim 18awhetein atleast opa efdhe n diameters of

accor dyp@ ié grédiér thudd @ C ai m 14, wherein the
predeterm néd size of a dot for each pixel is selected

such that a straight-line track edge is approxi mated

2405, MR Breh ) PRI RS B Shltes o
dots is not less than 2s.

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.  Atrack 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 pixel of s; wherein the
dots of each group overlap and each dot has one of n diameters, wherein
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axis of the addressable grid. A nethod according to

Claim 13, wherein a structure is fornmed froma
w@basagisvy of | ayers and wherein each | ayer haBCEGB2005/000515

respective edge corresponding o the track edge. A

nmet hod_of a roxi matin ht track edge on

Subst r Bgban SHPGE Rl B bRFHE oA CEPHANGS By Ge

pl ur al approgimaled sy saricdbtslavheramitng drbehcefbaiwekmirel tdbSedges
where n i s greater than 2: said method conprising the

st eps: IS IhQAIdeG S -gri d of addressabl e pixels to a
substrate, said grid having a predeterm ned spacing s;
calculating the position of said profile with respect
to said addressabl e pixels; determ ning for each

addr essabl e pi xel whether a portion of profile

adj acent or within a pixel would be better

approxi mated by a dot in said pixel or by a dot in a
nei ghbouring pixel; and displaying a dot in said
determ ned pi xel. Method according to Claim 18,
wherein at |east one of the n dianeters of dots is
greater than s 2. Method according to Claim 18,
wherein at |east one of the n dianeters of dots is not
| ess than 2s. Method according to any one of Claim18
to Caim20, wherein at |east one dot is displayed in
a nei ghbouring pixel which is not an adjacent pixel.
Met hod according to any one of Clains 18 to 21,
wherein the dots approximte the track edge to within
s/n. A track arrangenent on a substrate, said
arrangenent conprising two groups of dots, said dots
being arranged in a plurality of addressabl e pixels,

t he addressabl e pi xel s have an inter dot spacing,
nmeasured fromthe 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, whereinn
IS an integer greater than 2 ; wherein each group has
an edge approxi mated by said dots; wherein the

di stance between the two edges is of the order s/n.
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