ROTATABLE PRI NTHEAD ARRAY CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the
wheweflids7df U. S. Provi sional Application Nos. PCT/US2006/015969

60/ 674, 584, 60/674,585, 60/674,588, 60/674, 589,

60/ 674, 590, 60/674,591 , and 60/674,592, filed on

April 25, 2005. The disclosures of the above

appl i cati ons ar e ROTATABLE RAINVEHIEAD ARRAS er ence.

FI ELD [ 0002] The present disclosure relates to a

pi ezoel ectric m crodeposition (PMD) apparatus and nore

particularly, to a printhead alignnent assenbly for a
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m sal i gnment of a substrate to be printed upon. Manual

aboie spphcdtiorls dreiinddrpedtedhdfain byubfdrentes may be
costly, time consumng, and may still result in

errors. As such, there exists a need for efficiently
accounting for, and correcting, possible sources of

error in drop placenent. SU ﬁ5[0005] According to

the present disclosure, a printer apparatus my
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(PMD) apparatus and more particularly, to a printhead alignment assembly for a

PMD apparatus.

BACKGROUND

[0003] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0004] In industrial PMD applications, drop placement accuracy is
important. There are a variety of causes for inaccuracies in drop placement.
These causes may include misalignment between printheads in an array, as well
as misalignment of a substrate to be printed upon. Manual adjustment of
printheads and/or substrates may be costly, time consuming, and may still result
in errors. As such, there exists a need for efficiently accounting for, and

correcting, possible sources of error in drop placement.



fromthe chuck, a printhead carriage franme coupled to
the rail, and a printhead carriage pivotally coupl ed
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of applicability will beconme apparent fromthe
description provided herein. It should be understood

that the description and specific exanples are

i ntended for purposes of SUMMARM i on only and are not
intended to limt the scope of the present disclosure.
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[0014] Figure 7 is a perspective view of an actuation
assenbly shown in Figure 3;

DRAWINGS

[0007] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0008] Figure 1 is a perspective view of a piezoelectric microdeposition
(PMD) apparatus according to the present disclosure;

[0009] Figure 2 is a perspective view of a printhead carriage assembly
according to the present disclosure;

[0010] Figure 3 is a fragmentary perspective view of the printhead
carriage assembly of Figure 2 including a printhead alignment assembly;

[0011]  Figure 4 is a perspective view of a printhead assembly from the
printhead carriage assembly of Figure 2;

[0012] Figure 5 is an exploded view of the actuation assembly of Figure
3 and the printhead assembly of Figure 4;

[0013] Figure 6 is an additional, more fully exploded, view of the

actuation assembly and printhead assembly of Figure 5;



[0015] Figure 8 is an additional perspective view of

the actuation assenbly shown in Figure 7; [0016]
wWoe@anes® is a partially expl oded perspective RCBUSIING/O015969

t he actuation assenbly shown in Figure 7; [0017]

Figure 10 is an additional partially expl oded

perspective view of the actuation assenbly shown in
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printhead alignment; [0019] Figure 12 is a schematic
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frame shown in Figure 14; [0024] Figure 17 is a
apsanplychiows i gursf 7t he pri nt head carri age shown in

Figure 14 with the printhead carriage renoved. [0025]
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[0018] Figure 11 is a schematic view of a printhead alignment;

[0019] Figure 12 is a schematic view of a printhead phase
misalignment;

[0020] Figure 13 is a schematic view of a printhead pitch misalignment
and a printhead pitch alignment;

[0021] Figure 14 is a perspective view of a printhead carriage frame
according to the present disclosure;

[0022] Figure 15 is a top plan view of the printhead carriage frame
shown in Figure 14;

[0023] Figure 16 is a perspective exploded view of the printhead
carriage frame shown in Figure 14;

[0024] Figure 17 is a perspective view of the printhead carriage shown
in Figure 14 with the printhead carriage removed.

[0025] Figure 18 is a perspective view of an alternate printhead
carriage frame according to the present disclosure;

[0026] Figure 19 is a perspective exploded view of a printhead carriage

adjustment assembly shown in Figure 18;



adj ust nent assenbly shown in Figure 18;[0027] Figure

20 is an additional perspective partially expl oded
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shown in Figure 19; [0028] Figure 2 1 is a perspective

view of a coupling elenent shown in Figure 20; [0029]

Figure 22 is an additional perspective partially .

expl {@B27]vi efigofe 2Ods pni additierdl perspentive adriallynexrioded view of

assenbly shown in Figure 19; [0030] Figure 23 is a
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assenbly shown in Figure 18 in an actuated position;
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t he nthead~carri age ‘adj ust ment assenbly shown I n
FPilﬁur .18; [0032] Figure 25 is a schematic view of an
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[0033] Figure 26 is . a perspective view of an alternate .,
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the printhead carriage frane of Figure 26; [0036]
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carriage franme of Figure 26; [0037] Figure 30 is a
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rame according to the present disclosure;

[0031] Figure 24 is a perspective view of a portion of the printhead
carriage adjustment assembly shown in Figure 18;

[0032] Figure 25 is a schematic view of an alternate printhead carriage
adjustment assembly;

[0033] Figure 26 is a perspective view of an alternate printhead
carriage frame;

[0034] Figure 27 is a top plan view of the printhead carriage frame of
Figure 26;

[0035] Figure 28 is a perspective exploded view of the printhead
carriage frame of Figure 26;

[0036] Figure 29 is a sectional view of the printhead carriage frame of
Figure 26;

[0037] Figure 30 is a perspective view of an alternate printhead
carriage frame according to the present diéclosure;

[0038] Figure 31 is an additional perspective view of the printhead

carriage frame shown in Figure 30;



[0038] Figure 3 1 is an additional perspective view of

the printhead carriage frane shown in Figure 30;[0039]
WOr@ine®s3? i s a perspective view of a portion PET/UR®06/015969

printhead carriage frame shown in Figure 30; [0040]

Figure 33 is a schematic view of a non-conti guous

printhead array; [0041] Figure 34 is a schematic view

of afogBg]er rEiyinee 3arisna Emadpectivay viear bhlal pogionchf the printhead

apparatus according to the present disclosure; [0042]

cEirBieSratfe isho@nfih tzg:y schematic view of the
pr%ﬁt head array v%l e pitch apparatus of Figure 34,
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aﬁgyar atus of Figure 34; [0044] Figure 37 is a
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shown in Fi g’yre 1; and [0045]  Fi gur
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[0044] Figure 37 is a perspective view of the calibration camera
assembly shown in Figure 1; and
[0045] Figu're 38 is a perspective view of the machine vision camera

assembly shown in Figure 1.

DETAILED DESCRIPTION

[0046] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses.

[0047] The terms “fluid manufacturing material” and “fluid material’ as
defined herein, are broadly construed to include any material that can assume a
low viscosity form and which is suitable for being deposited for example, from a
PMD head onto a substrate for forming a microstructure. Fluid manufacturing
materials may include, but are not limited to, light-emitting polymers (LEPS),
which can be used to form polymer light-emitting diode display devices (PLEDs,

and PolyLEDs). Fluid manufacturing materials may also include plastics, metals,



materials may include, but are not Iimted to,
light-emtting polyners (LEPs), which can be used to
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fluid rraterlal itself nmay forma substrate, in as nuch
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“mcrostructures” should not be construed to be

matevidl edelf enaynforped substrate, Bi &enfiefh as the fluid material also includes

surfaces suitable for receiving a fluid material during a manufacturing process,

such as, for example, when forming three-dimensional microstructures.

[0050] The term “microstructures,” as defined herein, generally refers to
structures formed with a high degree of precision, and that are sized to fit on a
substrate. Inasmuch as the sizes of different substrates may vary, the term
“microstructures” should not be construed to be limited to any particular size and
can be used interchangeably with the term “structure.” Microstructures may
include a single droplet of a fiuid material, any combination of droplets, or any
structure formed by depositing the dropiet(s) on a substrate, such as a two-

dimensional layer, a three-dimensional architecture, and any other desired

structure.
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m cr odeposi tion, (PVMD) apparatus 10 may. i nclude a frane
S350, TRDTEHG AP siPFaas B PRI hadne i Stoiage ddisesnar Any other
16, and a vision system 17. Frame 12 may support a _
magienreapabie of siorpng imstrugtienspedata siruairas apgycapable of being

i ncl ude an X-stage 20 and a Y-stage 22 nounted
attegsetddy Xgehagt pRépassyorn speEcial putposet camputeecond rail s

24, 26 generally parallel to one another and extending

acr ofgp5R]WM A selenf iRmegdrd 19edgiiézdelectric microdeposition (PMD)
apparatus 10 may include a frame 12, a printhead carriage frame 14, and a
vacuum chuck 16, and a vision system 17. Frame 12 may support a substraie 18
for printing thereon. Frame 12 may include an X-stage 20 and a Y-stage 22
mounted thereto. X-stage 20 may include first and second rails 24, 26 generally
parallel to one another and extending across a width of frame 12, generally
defining a print axis. Y-stage 22 may generally extend along the length of frame
12 and may be generally perpendicular to X-stage 20. Y-stage 22 may generally
define a substrate axis. Printhead carriage frame 14 may be located between
first and second rails 24, 26 and slidably coupled thereto for displacement along
the print axis, generally providing for printing on substrate 18.

[0053] With additional reference to Figure 2, printhead carriage frame

14 may include a printhead carriage 15 having a base plate 28, an upper plate



defining a print axis. Y-stage 22 may general ly extend

along the length of frane 12 and may be generally
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define a substrate axis. Printhead carriage frame 14

may be | ocated between first and second rails 24, 26

and slidably coupled thereto for displacenent along
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substrate 18. [0053] Wth additional reference to
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head carriage 15 having a base plate 28, an upper
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oBefingc dke o sadeodled: B 3bry; ek ?f;?é‘é’ﬁqxétuﬁtabove”‘?%nthead
al i gnnent assenbly 40. An opening 44 may be | ocated

aligneenp rasembly @@neAammqtha@@\p@ssmhlﬁf H6a h&wrgmfsﬁ%ater detail in
assenbly 40. A printhead assenbly 46 (shown in greater

Fbetrai 4) imayFippssethtpughnyopeming t44 @ngh mgyediengoupledntp printhead
may be coupled to printhead alignnent assenbly 40.

al¥iment hissahihe 4mSCh/nild aher abeve ndestription ngdferences a single
print head assenbly 46 and printhead alignnment assenbly

pﬁﬁtlhr?'taﬁe %e‘t‘ﬁ‘tﬂ?r@é and; rﬁfﬁﬁeécﬂ‘ \fBniidnt 'a@'s!él“hb?y abhtis understood,
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coupl ed thereto. Printhead 52 be mat ed to datu

bl oc E0GBHusi Withaagdiiendli wielsoaai %’gF&%@e%uP@tﬁﬁad rggpembly 46
i nclude a series of nozzles 53 generally arranged in a
maywiriciidewa $oldyrd8i katihg a rd&%ugubkmklﬁ@lmpvaplgoeﬁqlpléd thereto.
seen in Figure 6, printhead 52 and datum bl ock 50 may
PPBthead 52 may be mated to datum block 50 using a precision bonding
procedure and may include a series of nozzles 53 generally arranged in a row
(shown schematically in Figures 11-13).

[0055] As seen in Figure 6, printhead 52 and datum block 50 may be
isolated from the rest of the printhead assembly 46 and from printhead alignment -
assembly 40 by a spring bias mechanism 54. Spring bias mechanism 54 may
include a mounting plate 56 coupled to printhead assembly body 48 by four
springs 58. Each spring 58 may be a compression spring having first and second
ends 60, 62. First end 60 of each spring 58 may be coupled to printhead
assembly body 48 and second end 62 of each spring 58 may be coupled to
mounting plate 56. As a result, mounting plate 56 may be generally movable

relative to printhead assembly body 48 with approximately six degrees of

freedom. Datum block 50 may be coupled to mounting plate 56 forming a



isolated fromthe rest of the printhead assenbly 46

and from printhead alignnment assenbly 40 by a spring
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i nclude a nmounting plate 56 coupled to printhead

assembly body 48 by four springs 58. Each spring 58

may be a conpression spring having first and second
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coupled to printhead assenbly body 48 and second end
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seat kinematically against datum surfaces, discuss
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base plate 28. In addition to providing a nounting
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ate 28 may provide a common prinary datum reference
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erence to their datum |nthe array
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ri ntheads 52 to ret hrou nce they are ..
al RNgEaS BRel0 vt horeliiouatpiee heharpdioperly aligned to
Print head assenblies 46 and thus printheads 52, may
carey aut amgat funsiienal Rintheacdppsemplies 46 hard Hays arﬂmhaad%l& may
arbitrary angle of attack with respect to the print
bevarsangéhi gersargllye pargliebéo wechasther dndattan aHwutrdesangld of attack
print resolution of the array.
with respect to the print axis. This angle may be set according to the desired
print resolution of the array.

[0057] Each printhead alignment assembly 40 may include a socket 63.
Socket 63 may include an actuation assembly 64 and a locking mechanism 66.
With additional reference to Figures 7-10, actuation assembly 64 may include an
L-shaped member 67 having first and second legs 68, 70. A free end 72 of first
leg 68 may have an aperture 74 therethrough and may be pivotally coupled to
base plate 28. Actuation assembly 64 may further include a phase adjustment
assembly 76 and a pitch adjustment assembly 78.

[0058] Phase adjustment assembly 76 may be located near first leg 68.
Phase adjustment assembly 76 may include a PZT actuator 80, an adjustment

mechanism 82, a pivot arm 84, a pivot assembly 86, a secondary datum 88, and

first and second return springs 90, 91. PZT actuator 80 may be coupled to and
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additional reference to Figures 7-10, actuation
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| a second end 103 of pivot arm 84, discussed
1@%&%“%&% PIYOE grmifft coenarally Beoing e6RpREY| daiurpBS dgward pivot
having a first 'end 107 coupled to secondary datum 88
agidBh AdiusimeshmepbanisouBReay ingluder sphera) member 95 and an
general ly urgi ng secondary datum 88 toward pi vot
adjustment screw 97. Spherical member 95 may generally seat against pivot arm
84 and a ramped surface 93 of secondary datum 88. Adjustment screw may vary
the vertical extent of spherical member along ramped surface 93 to control an
initial orientation of secondary datum 88 about pivot 105.
[0059]  Pitch adjustment assembly 78 may include a linear actuator 104
fixed to base plate 28 and a tertiary datum 106 coupled to second leg 70 of L-
shaped member 67. Linear actuator 104 may be located near and selectively
engagable with tertiary datum 106 near a free end 108 of second leg 70. A pivot
110 (seen in Figure 3) may be located in aperture 74 of L-shaped member 67,
generally allowing pivotable rotation thereof when linear actuator 104 acts on free

end 108, discussed below. Pitch adjustment assembly 78 may also include a

return spring 112 to urge tertiary datum 106 into engagement with linear actuator
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arm 84. Adjustnment nmechani sm 82 may include a

spherical nenber 95 and an adj ustnent screw 97.

w®piveniasas nmenber 95 may general ly seat agai nSPCPUSIING/015969
arm 84 and a ranped surface 93 of secondary datum 88.

Adj ust nent screw may vary the vertical extent of
spheri cal nenber along ranped surface 93 to control an

1041 t Returar spirigati i 2mmay ke aocatapsessinuspy dlawing pifiret end 114
105. [0059] Pitch adjustnment assenbly 78 may include a

cbuprartodiseadife IP4nd bRoha paisel tRifled b Alhaped member 67.
tertl ary datum 106 coupled to second Ieg 70 of Lshaped

sol eﬁl U LADEQ ARG Lﬁﬂf;v?fe ]30 bﬁlehﬂﬁﬁ%ﬁg 6%e?ﬁayarﬁjclude a

| y ‘'engagabl e 5 tert datum

HGHE 1?}39%%6%@2&%%8&«8%&%&} E¥hase rﬁsgﬁgbgﬁ. Magnetic

rrerrber 67, .generally allow ng pivotable rotatio
SAChaRisn | Ti18cRaY provise # nmneygtfgr%acftmemé rﬂ?tlifDEp'OCk 50,

d| scussed bel ow. Pitch adjustnment assenbly 78 may al so
discubseld kelowt ur As spudmgdaien t blook g80t mayi hey caastustédcirom a
into engagenent with |inear actuatorl1l04. Return spring

paianagnetitematariEuehsB8G8S. ng having a first end 114
coupl ed to base plate 28 and a second end 116 coupl ed

to Lisdened AmmieRlpdint @@szﬁwm éHbvfﬁ(?ngFg b& used to both

| ocki'ng mechani sm 66 rray I ncl ude a magnet |

BER 390 B PSP, o o
S EH R AL R R B 5, B0 o Bt b

aramagnetic material, _such as 430 SS. [0061] A
gnﬁeﬁlepsaﬁtmaw@lwaﬁ%%p@ﬁmpno@f roiytheag etativecle the target
both I evel and set a working gap of the magnetic clanp
medetielrto dre egtabligheal by thes ptiriang dahin préapsic the bade plave 28 that
t he permanent magnet touch the datum bl ock.
holds magnetic clamp mechanism 118. This may generally allow all of
printheads 52 to be at the same Z dimension within about 25 microns of one
another. Additionally, when a single surface blotting station is employed, all
printheads 52 may not blot properly if they have a different relationship to the
blotting cloth. If the air gap is too large, the magnetic retention force drops off as
a square of the distance. Thus, preferably the gap is between 25 and 50 microns

to stay in a high force region of the magnetic clamping curve without touching
metal to metal.

[0062] In operation, when a printhead 52 is determined to be offset
from its target position, it may be adjusted using the features discussed above. A
target position of printheads 52 may generally be defined as an ideal relative

alignment between printheads 52 in the printhead array relative to one another

(shown in Figure 11). Specifically, datum block 50 may generally extend over
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Thus, the gap may allow the Z position of the

printhead relative to the target nmaterial to be
we@siahldiszhed by the primary datum poi nts on t hEBCHES®06/015969

pl ate 28 that holds nagnetic clanp nechanism 118. This

may generally allow all of printheads 52 to be at the

same Z di mension within about 25 m crons of one .

rapgoeks clareimeackeaisny 11&mnd may geeraliy abat seeondary mgd tertiary

station is enployed, all printheads 52 may not bl ot

gatoper 8§, 1061 h&yprimiveach 58i piiase Misaliginatérin@hbwnt scHematically in

blotting cloth. If the air gap is too large, the

REY | t bSrredted Agsi s8f Adjastnfe 1e se
e T O R s Ao Waichya) e A pha

[ [ €. i
RSl FRERE iy bk WheR Sirbll S POSERH s, Pl tinearty offser
. ,L0062] ln operat.jon, when printhead 52 is ., .

b b tREF o stibro Poilr agafiing e Rl igaior o4 2 misalignment

may .be adjusted using the features discussed above. A
ararisqussediRalon. o PHtheadesR arbadinegdy displagedy@s indicated by
defined as an ideal relative alignnent between .

the ianomsaind=igdre 1l , thyephasenadjesichent eagemblya? 6 vas desaibed below.
anot her (shown in Figure 11). Specifically, datum

bl ocl{0663)ey Meeinetia! ¢dlxmpx hesttha@ish MR ehaE 158 FAlsed to release
nmechani sm 118 and may generally abut secondary and

dafiirni 60k 961 We%ec@f%ﬂmh;@rrh?{gﬂ&ﬁgrégnmﬁﬁi% inH%?/rt%% to each

m sal i gnment (shown schenmatically 1 n Figure

PSR 62 AP se P R B Sl o B ise win

sall gnment ey occur
53 is.linearly offset frogmthe targe osi ti.on.
Ui PERLPHNAFaFuAtdo it Pise 5PTh sl -8R i to O Ibf,
are discussed bel ow. A Pri nthead 52 may be linearly
Bycsindathal magnetigdfieldt iadthey magnedicr damp machgnisen 1118 Bjjows for
phase adj ustnent assenbly 76, as descri bed bel ow.
releess pf Megpiinthead famemmeh &oimssodkes 688y tb eepasitietptinthead 52.
rel ease
[0064] Once released, PZT actuator 80 may engage first end 90 of
pivot arm 84, causing pivot arm 84 to rotate about pivot 96. Second end 103 of
pivot arm 84 may then engage secondary datum 88 causing it to be displaced
and engage datum block 50, causing a linear displacement of datum block 50.
[0065] More specifically, the distance (d1) between the center of pivot
96 and PZT actuator 80 attachment to first end 92 of pivot arm 84 may be less
than the distance (d2) between the center of pivot 96 and the location of
engagement between second end 103 of pivot arm 84 an secondary datum 88.
As such, displacement imparted by PZT actuator 80 may generally be amplified
when applied to secondary datum 88. In the present example, d1 may generally

be four times d2, resulting in approximately a four times amplification of the

displacement imparted by PZT actuator 80.
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dat um bl ock 50. More specifically, the magnetic

retention force inparted to each printhead 52 (datum
whb@el)escan be varied automatically by pul se- wdt/S2006/015969

nmodul ation of bucking coil current to vary force from

as high as 80 Ibf to O Ibf. Bucking the magnetic field

in the magnetic clanp nechanism 118 all ows for rel ease

of tje0eB] nt Wimeh prntheados2l (ahdocorsesperidirid daturhoblock 50) has
reposition printhead 52. [0064] Once rel eased, PZT

réqadhert of cRrelRd Phadeepbsifich @RBwROiPTFigieoty 13r @ﬁ%h%ic clamp

causing pivot arm84 to rotate about piVvot 96.

ngélfthu H of 1 PIYRF p@r f@a%ﬂgée'iﬁgi érgf To& ggﬁfgn SH6Q0 4 gl [Is,, corrected

causing i1t to aced engage d

5 aysin I'i near.di spl.acenment of datum bl ock
PB8ft6lio0ado PRt e, 1dHeR i) PoBBRG Sltart el be removed from
bet ween t he center of pivot 96 and PZT actuator 80
”%ﬂ&r%ﬁw@f?tmﬁ oMerhanisend 182 wrelamping Hrintbaade§2be Besayse the
than the distance (d2) between the center of pivot 96 .
maghetipeclampameshanisie i g8 gesasnelestrovmemaneat miagreds, 12 holding
of pivot arm 84 an secondary datum 88. As such,

fatce i Hadrsafs”. | Thetris eif tHey poWér RClosBtcOTheSOMMYorEfResdd 52 remain
be anmplified when applied to secondary datum 88. In

clahpdd ﬁﬁPBéiti@%@Wé@; usb bf Eﬁy?lsag@?%%&??ﬁte Fsr%‘éhefi(j: 'Shtick to lock

d2, resulting in approximte our ; o7

g [ i i rt -

tac JIQEHor Og?og]ggf) E@ﬁgn&g#?ﬁﬁ ﬁzg"ﬁfes C%fﬁg aﬁé’neuz m?y dehmmate

[ di,ng dat ym bl ock, 50) has reached a correcte
TR B RPN SHBli 4T RIghrSS EpTTRE B NECEIF Clamps or
chgnism 118 may be reactivated and | ock datum bl ock

'Oggs-i NO@O'@&W ddvagnglisshaeldipg. foras: ef megoetic clamy menheaaism 118
in position, current nmay be renoved from magnetic

may iepvarirchauiosmticaly and-dynanpcaily. pini thishveadndz thBetmusiag force
the nagnetic clanp nechani sm 118 uses

mely o rempeedanementainelitie prirhdad $2 position adjusted and then

reapplied once printhead 52 is in position.

[0067] A printhead 52 pitch misalignment (shown in Figure 13) may be
corrected using pitch adjustment assembly 78. A pitch misalignment may occur
when a row of printhead nozzles 53 is rotationally offset from a target. Details
regarding determination of the misalighment are discussed below. To correct
pitch misalignment, a printhead 52 may be rotated as indicated by the arrows in
Figure 13 using pitch adjustment assembly 78, discussed below.

[0068] Magnetic clamp mechanism 118 may be caused fo release
datum block 50, as described above. Once released, linear actuator 104 may
extend to engage free end 108 of second leg 70. When linear actuaior 104

engages free end 108, L-shaped member 67 is caused to rotate about pivot 110.

Second and tertiary datums 88, 106 engage datum block 50 and cause rotation
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force is "fail-safe". That is, if the power is lost to
the PMD, printheads 52 remain clanped in position.
wWe\b@oe/ 116538 of an el ectro- pernmanent nagneti ¢ chRPCRUBH06/015969
| ock the printheads 52 in position once they are
properly aligned may elim nate nmechanical distortion,
strain, and hysteresis common in nechanical clanps or
thergod.. Videlh piriathelady52 éamdhgorresportdihglidaturhdieek 650) has reached a
magnetic clanp mechani sm 118 may be vari ed
couteetat piteh Iposiivn hoam pakFigure 113)1 Ma@n@ﬁﬁﬂﬂémptﬂh@chamsm 118
clanping force may be renpved nmonent arlly whi |

rR&y %@%Qcﬁ\?&té§ Qﬁ’&' bERdRdh L6k afrd % é’S/] e do?f’eg;{i’%dé ZEgDSItIOH, as

once printhead IS In position.

al e
eSofbld n;f%%.”?”%%‘ 3 %lwﬂtadi\%i@%ﬂ?ezéﬁiaebangﬁ may be
msal r when a row of printhead nozzles
aé'?mg @é#%&%ﬁ%&r et froma target. Details
regar di determ nation of the m salignnment are
di scmg@@% beRef@rring haskriecFigure ¢h pringhead omiage 45 may further
printhead 52 nmay be rotated as indicated by the arrows
include qureiddife ydateg 1861 cMiddleuplatent 3Gsmeaybinglud®, three outrigger
di scussed bel ow. [0068] Magnetic clanp nechani sm 118
MBuNting Seidag 148, M MEame dalund lRkihg hendSerdessy i ’f@éﬂ (seen in

above. Once rel eased, |inear actuator 104 may extend
n e e 0.
i%rs L90° UGS olhfng paSSR 4467 5ED 194 KR By boarin

B 4350 SR BB V8 oo SRERE R . 150 may e

a fota reo When printhead 52 (and
C@!\? b@%‘”@eers MY Peer@aydﬁg%éé relahye &I PENHWadcardage frame

pitch position (shown in Figure 13), nmagnetic clanp
1f’rec haekisen rmmheé@/ 16d, ri&&c frayainstiicdenteriaisk stéed wiisds! acét may be
50 in its corrected position, as described above. The
Metgaetic adiddiet platea i shayebe of essuffidiedt tivknessay sbhpport printhead
carriage 15.

[0070] As previously mentioned, printhead carriage frame 14 may
contain printhead carriage 15 therein. With additional reference to Figures 14-17,
printhead carriage frame 14 may include a base frame structure 160 having an
upper surface 161 and four walls 162, 164, 166, 168. Upper surface 161 may
include air bearing rotation surfaces 172, 174, 176 and locking members 175.
Walls 162, 164, 166, 168 may generally be located around sidewalls 32, 34, 36,
38 of printhead carriage 15. Wall 164 may include arms 178, 180 extending
therefrom. Locking members 175 may be electromagnets and may selectively
engage and become locked with locking members 151, 153.

[0071]  Locking members 175 may impart a magnetic retention force to

each locking memebr 151, 153 that can be varied automatically by pulse-width
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aut omat ed, as di scussed bel ow. [0069] Referring back

to Figure 2, printhead carriage 15 nmay further include
w@2006ddses pl ate 136. M ddle plate 136 may i ncl BAPUSI0E®15969

outrigger nounting portions 148, 150, 152 and two

| ocki ng nmenbers 151 , 153 (seen in Figure 15).

Qutrigger nounting portions 148, 150, 152 may

rm@arlatl@ plibrskingLoiliggrentde asydree traer as 6“9'7\@3 8o Bi'to 0 Iot,

beari ng pucks 154, 156, 158 may be hei ght adjusted to

Buekirlg inel magratic Galdr i‘natge lasking Inagrinbers 47 prellowisdad release of the

carriage frame 14. Locking nenbers 151 , 153 may

lddkﬂiﬁﬁ%nﬁdjréqw,sssﬁl di scs and may be nmagnetic.
e pI ate 136 may be of a sufficient thickness to

SUpp r | Nj rlﬁﬁ'ﬁhé’%{ béﬁ&@e]aﬁjuém]aséénﬁﬂf‘wg%éy be coupled

ment one print carriage frame 4 may contaln

USRI éﬁ?vsﬁf?b‘%{ﬁ"%mb%&%"e? M BBterg sarmiage 1.

|nclude a base frane siruct 160 hav n
UL FArRGE 18NSRt Gasermal d 826 nait ROl 4n; gggagement
Upper surface 161 may include air bearing rotation
mﬁmbarc d84] 7ixst Bng segenchrink| assembliefe s s1885angaan sactuation
162, 164, 166, 168 may generally be | ocated around
nm'cﬂhawiﬂnhsma;, HngRemad oiembentt8ladnaprinchigie Hims 192, 194
Wall 164 may include arns 178, 180 extending

ekiepiofig adnglsiakivap 3EERE A ? Wnbeslééﬁﬁﬁé QEHBBGPéspectlvely
and may sel ectlvely engage and becone | ocked wth

' .
ﬁé@%ﬁ%rt a ?rggr]@%)( %éfdentl on élr;gk@g eacﬂ Iﬁl éﬁi}ggnclude a
b { t .
BERSERtino 3l Bhnor TRl BB dPR ik sbu ourioer
forcefroma§ h as 80 Ibf to O I bf. Bucking the
MEHEgIROTHOR ﬂslt "B | ocki ng menbers 175 al l ows for

rel ease of the
[0073] First and second link assemblies 186, 188 may each include a

link member 200, 202 having spherical bearings 204 at first ends 206, 208 and
second ends 210, 212 thereof. Spherical bearings 204 may be coupled to
engagement member 184 and printhead carriage frame 14, creating a pivotal
‘engagement between link members 200, 202 and engagement member 184 and
printhead carriage frame 14.

[0074] Actuation mechanism 190 may include a linear actuator 214 and
a bias spring 216. Linear actuator 214 may be coupled to upper surface 161 of
wall 164. Linear actuator 214 may include an arm 218 rotatably engaged with a
first side 220 of engagement member actuation arm 196 and may be retracted in
a direction generally opposite bias spring 216, as indicated by arrow 221 in
Figure 14. The rotatable engagement between arm 218 and actuation arm 196

may include a hephaist bearing 219 having a first end coupled to arm 218 and a
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| ocki ng nmenebrs 151, 153. [0072] A printhead carriage
adj ustnent assenbly 182 may be coupled to upper

wabacs7161 of wall 162 and may be engaged wi PEIT/US2006/015969
printhead carriage 15. Printhead carriage adj ustnent
assenbly 182 may include an engagenent nenber 184,
first and second |ink assenblies 186, 188, and an

sesdndeéma sonplelaoiamtivaifsh afind®Geneneamacthator X34 may also have a

i nclude arnms 192, 194 extending al ong sidewail 34 and

rdtatiabled EhijagéPBRe withdsxed fand? strdbturé el?aQ)EMrnglh }heé)ﬁ@ist bearing
actuation arm 196 may extend between arns 192, 194 and

a
258y ﬁiéokﬁg@g@ %}13 § ‘?ﬁ%ﬁ B %rP%EtéhQBn ]s:éﬁiﬂﬁ“nfa;]\/gi a fiPeCse gZ coupled

por se outrigger ortion 1

t herein,, [.0O Eirst and second |lin ssembl i 18
10, SFeRRfd it 2P b ent Thehber BRRBcM, 158 A a second
spheri cal bearings 204 at first ends 206, 208 and
e 225 souRlas! 1o PO RS rackisrprinad FaRds MRS 204
may be coupled to engagenent nenber 184 and printhead
car r [0878] f r Anpegatian, geirthead cprmageall 5 angydrenstjusted using the
bet ween 1ink nmenbers 200, 202 and engagenent menber
feh@feardisqusseti elaavec aMoragpetifisatly, e fifth7df piatheatiicanriage 15
mechani sm 190 may include a |linear actuator 214 and a

mﬁya@ a8jushs B}@otdﬂn?%ﬁntﬁéé&%ﬂ'iag’el% MRYoURh #HURSE f BRtuation
pper surface” 161 of wall 164. Linear actuator 214 may
B 5 AN AL ERE AL o, o By pu
SR 598 Bl AR 505 R 4L OBBRRISS P g isplcer,
lirlﬂlict1 %pg_rg;tp% az%lo? 2%3 gr%g;/e g?vrgt a%%h?ggﬁer?c{awb%éﬁngg %0?1(,: t:ggéiing nrotation
of engagement member 184, which translates rotation to printhead carriage 15,
indicated by arrow 229 in Figure 14. More specifically, as arm 218 is retracted,
first end 206 of link member 200 may rotate about second end 210 in a
counterclockwise direction and first end 208 of link member 202 may rotate about
second end 212, resulting in rotation and linear translation of printhead carriage
15. Due to the linkage arrangement, the displacement of printhead carriage 15
may not be purely rotational. Translation of printhead carriage 15 may include
some x and y offset, which may be predicted by the motion created by the
adjustment assembly 182. The translation may be accounted for by a
coordinated move of substrate 18 and printhead carriage 15.

[0076] During movement of printhead carriage 15, air bearing pucks

154, 156, 158 may allow for rotation of printhead carriage 15 on air bearing

rotation surfaces 172, 174, 176. When a desired position has been attained, air
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may i nclude a hephai st bearing 219 having a first end
coupled to arm 218 and asecond end coupled to
w@edosaatsron arm 196. Li near actuator 214 nmay aPGDURENE015969
a rotatabl e engagenent with base frane structure 160
t hrough hephai st bearing 223. Bias spring 216 may be
an extension spring having a first end 222 coupled to )
beaseg qrutksi #184,22860f158ngwyelasht priniead eatriagei 6b tar gir bearing
196 and a second end 226 coupled to a post 228 fixed

rédtation stfhessl 1zar 174996l rame 14. [0075] In operation,
printhead carriage 15 may be adjusted using the

feat di pUgE eslicihcexdRpR SREWATihCRigYes 1BRA1 4 Pinthead
of pp?ﬁqeag car‘r%iqage 156)r(mybbe adj ust edbby rotati ngcm

t ' r j
Rl &3 hiEndssd daftdldd Satbe Bo BhlfhaPBe coupled to
218 pul I actuation arm 196 to d .| near :
PR3, apenabie: Oadn K DS SEPiAr 8o haY HeSsTiaRE sbave, tegarding
menbers 200, 202 may pivot about spherical bearings -
protheagagarriager dkame otf-of Peinghrpchwaimiagapid2 1aay ki rgenerally
translates rotation to printhead carriage 15,
réctdngualae dhdmbar having 20senes—ofysidewalls 308 806, 308, 310. Printhead
specifically, as arm2 18 is retracted, first end 206

cfridgenB02Zendiebe 2ther@lly sitilak eo phatiestecamdgend aad may include
a counterclockwi se direction and first end 208 of |ink

pRRFREN 3@%\@’: déﬁe’?ﬁﬁli&b%t sﬁS\‘Rlﬁniﬂ F@ﬁr@_ . AESiHthb&d carriage

I'n rotation near translation of printhead
arria 15, [ j. e

Gl aiastmal e el e M RIALHERY B as Friffe 300 and may

purely rotational. Translatiaon of inthe cagrriage
chstaimpimEeetlcoaae SaAprant Soubling; BRrhesdneafige 302 to

predi cted by the notion created by the adjustnent

pssthesgl cariage frame 80&ns| ati on may be accounted for by

a coordi nated nove of substrate 18 and print head

car r [@Q@#8]15. With0 paltiddlarn rgferenaaeiot Figunesi Mohedd, 22, and 23,

carriage 15, air bearing pucks
printhead carriage adjustment assembly 312 may include a frame assembly 314
and an actuation assembly 316. Frame assembly 314 may include an outer
frame 318, an inner frame 320, and coupling elements 322. Outer frame 318
may be fixed to printhead carriage frame 300 by printhead carriage mounting
plate 324 and may include a generally rectangular body having first and second
sidewalls 326, 328 extending generally upwardly therefrom. Outer frame 318
may further include an upper plate 330 extending from first sidewall 326 to
second sidewall 328 and a lower surface 332 forming an air bearing surface.
First and second sidewalls 326, 328 may include apertures 334, 336, 338, 340,
342, 344 therethrough.

[0079] Inner frame 320 may contain printhead carriage 302 therein.

Inner frame 320 may be located between upper plate 330, lower surface 332 and
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154, 156, 158 may allow for rotation of printhead
carriage 15 on air bearing rotation surfaces 172, 174,

waZ®s/1Wseh a desired position has been attai neRCT/US2006/015969
ai rbearing pucks 154, 156, 158 may | ock printhead
carriage 15 to air bearing rotation surfaces 172, 174,
176. [0077] In an alternate exanple shown in Figures

firsBard sedond ishichedld 326; BR8gdnherdnama@E20mpy linclsde apertures 346,
printhead carriage 302 and may be coupled to PMD

3@@%@%@2, 384 5@ gEREREAY coirBEpGdihg t6 Aperidesc33fass, 338, 340,
above regardi ng printhead carriage frane 14. Printhead

3%%{/ Iéiﬁi‘ge . e 328 Fﬁgbé}.& rgeegfggélﬂ}é '(Sgétagﬁgf.ﬁ?rbody with a

g a series of side

Printhead carr,iage 302 _may, be .gen 1.0 :
oA GREnCaPTEEdErier 20 WA TRt el 2b2 therein. A
al i gnment assenblies 40 (shown in Figure é{) A -
lopter sURage 308 ofi Inger Bamesi2mavAeclAgialr Bearing pagis 357 for riding
fixed to printhead carriage frane 300 and nmay contain i
oyeri mittaetidmedowieaguriace 38Reard NackwnmMads et faitiewenting relative

carriage 302 to printhead carriage frane 300. [0078]

mélbmep@beivwesrainneefrarren820 and Butprfesmd 31820, 22, and
23, printhead carriage adjustnment assenbly 312 nmay

i ncl fr - Na@¢ tayat d ' 2
t@pgﬁe il r@feﬁéﬁ@é Yo Fifurad 28na¢ tat daupling S6iBhients 32

316. e assenbly 314 nmay”include an outer frane
fr n i
il Rl AR poI I 8, ShaBAl ndgrtres 4o
fra 3 b ripthead carriage unt i ng. pl at.e 32
3ﬁéyg§%08g%eggggéﬁ r &0 ym%cg%{ﬂ'ﬂﬁlﬂlgf’o%%y'rﬁ' riffﬂn?w% outer
and second sidewal | s 326, 328 extendi ng general ]y
framea3 t.y Mare speetirallafospling slaments 381 mayr9ardy include a flexure
i ncl ude an upper plate 330 extending fromfirst
elenmbnii860 gaderadly fevingl asWdsivapdd gadfiguration.| diexure element 360
surface 332 formng an air bearing surface.
may be formed from high fatigue strength sheet metal and may include a base
portion 363 having an inner leg 362 and two outer legs 364, 366 extending
therefrom. Base portion 363 may be fixed to outer frame 318. Outer legs 364,
366 may be coupled together and fixed to outer frame 318 as well. Inner leg 362
may be fixed to inner frame 320, thereby creating a rotatable coupling between
inner frame 320 and outer frame 318.

[0081] With reference to Figure 22, actuation assembly 316 may
include a linear actuator 368, 370, housing members 372, 374, and engagement
blocks 376. Housing members 372, 374 may be coupled to outer frame 318.
Linear actuators 368, 370 may be arranged generally opposite one another and
coupled to housing members 372, 374, and therefore outer frame 318.

Engagement blocks 376 may be fixed to inner frame 320. A spring 377 may be

fixed to inner frame 320 at a first end 379 and may be fixed to housing members

18



First and second sidewal |l s 326, 328 may incl ude
apertures 334, 336, 338, 340, 342, 344 therethrough.

W@ 0®8ajesrhner frame 320 nmay contain printhead PEF/USAQE015969
302 therein. Inner frame 320 nay be | ocated between
upper plate 330, |ower surface 332 andfirst and second
sidewal I s 326, 328. Inner frane 320 may i ncl ud
34Be BV dr 88d Iagref@aguigsfanes218 264 S%mdg@?féﬁﬁm ySpring 377 may
corresponding to apertures 334, 336, 338, 340, 342,

ba4an ekiemsion sping 820 mrawgermrenya pgmim al fbpcer ergiraaglﬂluﬂear actuators
body with a generally open center portion 358 housing

3pBi B70CAE ef a anenBldht él?a‘germen& thlowks 378! f BieaBeAcoflers 375
i nner frane may i nclude air bearing pads 357 for

rﬁ%ﬁ%@%g?ﬂ%ﬁtB%&@ E[lng novenegi etméen 876.

f O »
LQPE&%@@ @@%ﬁﬂsﬂ“ﬁyﬂénéé%‘%a%@&p%q%é 2 el 9y st
t&%m%iée?%%%ﬂ vl 9 P8Rk mipdion hiy a8 iosgiaria 4g0 and outer
and may generall oupl e inner frame 320 to outer
freman318138.In MtheSéqb‘écllmeafaactyathauﬁﬁS ng/ @ Iredy i @p2ngagement
may each include a flexure el enent 360 generally

blocksrBY6a EHgagameenididotkg87&maynimariether sppiedferde @bthner frame
may be formed from high fatigue strength sheet netal

320d wHdh i eteBy Q:ah@é@ 8 otate Yelftideh@vVoiigr aran@ B, |RJseen in
362 and two outer egs 364, 366 ext endi ng t herefrom

S L PO o A8, Bt ¥l e >
ekfgdefafds f%@est?ae'gﬁeva@@%?e&i B otk B pdBMisdiGe ago.may be

coupling_between inner frane 320 and outer frame 318.
gﬁﬁe%iy \%@t%qr%%f%ﬁ%\ée 1oy oniey frane 318q cPinge i Rsithrad parriage 302

316 may
is contained within inner frame 320, as inner frame 320 rotates, printhead

carriage 302 is caused to rotate as well. More specifically, flexure elements 360
are caused to splay open like a “wishbone,”' providing a biasing force against
rotation of inner frame 320. A constant center of rotation may be maintained by
linear actuators 368, 370 acting as a force couple.

[0083] This force couple may be achieved through precise placement
of linear actuators 368, 370, so that equal and opposite forces may be applied.
However, due to variation present in manufacturing operations, it may be
necessary to adjust linear actuators 368, 370 for positional errors. In order to
compensate for positional errors, linear actuators 368, 370 may provide different
forces from one another. Using linear encoder 375 located above engagement
blocks 376, a commanded rotation may relate to some linear distance traveled.

During setup of the stage motion controller, the rotation of the stage can be
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include a linear actuator 368, 370, housing nenbers

372, 374, and engagenent bl ocks 376. Housi ng nenbers
WQI®6/1B845 may be coupled to outer frame 3 18. BECTES006/015969

actuators 368, 370 may be arranged generally opposite

one anot her and coupled to housing nenbers 372, 374,

and therefore outer, fr

mgEoIRS A SRERRE nﬁ\epelméé“psw@”&%ﬂeé?ﬁét%ﬁﬁé‘@ biffeen angle
fixed to inner frame 320 at, a first end 37 %i)

of rotation @NEoERFIHPT RAANGN, 3 With PEsItioR, %@@P f agaﬁ/ moment
frame 318 at a second end 381 . Spring 377 may be an

meyt i sesoive mutamaticaliyayOgee ér desijedpositian haasr beer attained, air
urging |inear actuators 368, 370 into engagenent wth

bé @aBst3s7 aeksb8tardd fGRF" andodmusind padewd6 henay be turned
coupl ed to upper plate 330 generally above engagenent

@go%ékl g%ne[r(?% 3bp r@lﬁﬁ{/é‘ié Blier Wagke 8. bearing pads

7 are Yn an state, they nay generally provi de

F?énﬁﬁﬁé' " TifiRay SOuRRE R, PP ey RATRL % Bier JHRE "on the

}g76 B e?nn%\ggmgﬁnent I gf@h%ggngﬂ%ngqﬁggq@q%fsgalgogéocorrect for

which is thereby caused to rotate relative to out
inacapacisein the twansationakmpiios ofxither thaduiniaad ABEK glage or the

that the actuation shown in Figure 23 is exaggerated
stilmstrate| steigeat | Eropsurtpak eausdcanaanguantmisalighmenhdretween the
frame 320 may be generally 1.5 degrees relative to

pAntheadf drede ard ubSirare19rarstineath aayaivag@eo302Yaw errors may be
contained within i nner frane 320, as inner frame 320

o Fpo HERe Al 297 SRBrAE daap aagbog' e done
GRS PO e P i 0 Y o oo
am?nst ant center, of

Ta Subeteta ans o thahpiEt JtEuaBs Al 86l Toe vaw angle

about a vertical centerline relative to PMD apparatus 10 may be measured and
stored in computer 922 as a motion map. These measurements may be taken
using a device such as a laser interferometer.

[0085] Typical error magnitudes for precision X-Y stages may be in the
range of 20-40 arc seconds. This error range may result in a print position error
of 40 to 80 microns in PMD apparatus 10 (Figure 1). This error may be
eliminated by rotation of a printhead array in an angular fashion. The amount of
rotation may be the sum of the rotation error for the printing axis along X stage 20
and the rotation error for substrate 18 at a particular distance along Y stage 22.
Using a map for each axis computer 922 may dynamically sum calculated errors
and command a printhead rotation to compensate for the errors. The printhead

correction angle may be in increments as small as 0.02 arc-seconds. The
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[0083] This force couple may be achi eved through
preci se placenent of |inear actuators 368, 370, so
wao bawb/1e5eml and opposite forces may be appl i edPCT/US2006/015969
However, due to variation present in manufacturing
operations, it may be necessary to adjust |inear
actuators 368, 370 for positional errors. In order to
copsatNSAbg Heoapiesi ati ammterval ofr approkimately20Mtimes per second,
368, 370 may provide different forces from one

wRRALAGY tralrs|i8 td iaﬁebﬁ{GqWﬁéctiéﬁ?m lties pritheablcareay every 0.5 mm
engagehent bl ocks 376, a commanded rotation may rel ate

le | : . i SRidier/&dc. t Nsing thi
of faB8r B thd SibsfieRLATED Pl 2 o PAEI B0 P fickydte, ! eing this
benoni t ored and mapped. A rel ati [
er e B R lEh PanGPag: TG bF: S el Y Bt Gor structural
~position. Wth position feedback, the applied nt
irfagplasiionda B ARRAEivE 1 cpsoTietedvialins BUnEoRroY, stages
has been attained, air bearing pads 357 may be turned
20 CEXYelatink ieaniideah adentadion mesy be acoewrigdfelN, " | ocki ng
inner frane 320 relative to outer frame 318. [0084]
Li nefp08®]t uRefeaidpdo Bighrends, ran alermaleve pristheadameay rotary
"on the tly." Under this node, small rotations nmay be

syRERPAEH }‘néRPbé Q[idaaY copledBaE PMID iappardius Kestage 401 at support
ransl ational notioh of either the printhead array

rajlﬁg%(ﬁ%?ﬁgé zg?rﬁ%@ﬁt ﬁﬁf%@aﬂdg‘%s ey iﬁhflguafeg'#f.e F”t‘ihtgead array

etween the printhe rfay an

ubstrate 1 re kno as.yaw errors., .Y or, :
rSanpoesm 190 Boek DRLCRr IofeH SO @Y i #pe® printhead
stages. A mapping nmay be done for both the printin .
cariage(410 havig ppRincadcasserhliesagt? crRiainad thergHy & linkages
al ong) and the substrate axis (axis that substrate 18
Al 4 a4 50 . alireaairootign difves $06y 408 maydbe engagedmdihcand displaceable
centerline relative to PMD apparatus 10 nmay be
alBP@sSsUissbra RalisS402 e4i04.n Laskaydsed18221@snay et ¢aupledpo printhead

These neasurenents may be taken
carriage 410 at first ends 418, 420 and may be coupled to linear motion drives
406, 408 at second ends 422, 424.

[0087] In operation, after a rotational error is determined, linear motion
drives 406, 408 may be displaced along support rails 402, 404 in directions
generally opposite one another. As linear motion drives 406, 408 are displaced
relative to one another, linkages 414, 416 are rotated, thereby causing a
corresponding rotation of printhead carriage 410. Once in a desired position,
linear motion drives 306, 308 may be stopped, fixing printhead carriage 302 in
position.

[0088] With additional reference to Figures 26-29, an alternate

printhead carriage frame 514 may house printhead carriage 515 containing

printhead assemblies 516 therein. Printhead carriage frame 514 may be coupled

21



using a device such as a laser interferoneter. [0085]

Typi cal error magnitudes for precision X-Y stages nay
wheoosnidshe range of 20-40 arc seconds. Thi s erPCF/USANEE 5969

may result in a print position error of 40 to 80

mcrons in PVMD apparatus 10 (Figure 1). This error nmay

be elimnated by rotation of a printhead array in an

tangMDhieppaaiue 10 imaanrairsimier tothal gaserbedeegaidingupsinthead

of the rotation error for the printing axis along X

cerdgge Zfarmedi4.hePritihatd ocardagers foma lirtlude ea ticalar ody 518

particul ar distance along Y stage 22. Using a map for

KRpporiayivericHINWes fidRdairy afhiinings! 3920 sndvadapubptesbcond set

errors and command a printhead rotation to conpensate

d%ir b&¥i srﬁzsmoﬁﬁ‘t‘e(ﬁd éﬁﬂi@é%%&&ﬁfa%%tﬂéiﬂe%ﬁﬂl e may be

In increments as snm ar c-’seconds.

Thec i op.. | ed n-i pt erval . .
appr ibpﬁgi el 5’”%{?@%@%@5@% f@t’?:onéwmﬁ'iq%‘ﬁ Wg[yde an actuation
translate tq an angular, correction in the printhead, )
%SPHfP'Sév% o SOtﬁ?ﬁqﬂY fiermm%"ﬁhQ% CElfiRde RS, vipfemiding a pitch
printing at a rate of 1 meter/sec. Using this nethod,
gsijusimesd of prindheard sariags hySmadicluatianjassesbly S24cedyninclude a
for structural irregularities in PVMD apparatus 10.

rBpiec Winding|526, aanaghetinslugrb2ghe stopd30Yantl agesptivdl edeoder 532.
relative to an ideal orientation nay be accounted for.

NSRBI rI2enanayp hd dHbaniée. t@garmth@édlaée{rﬁﬁge frame 514 and
printhead array rotary system 400 may be slidably

P. t ;

R S50 578, Me), BREAORNSE 10 o Gy B0 of SR body 518 to be
igure 1). Print.he arr r ry system 400, may. .
B e Mt rting 256” or Stbe 5D eyl St i Rliatpead carriage

carri a%e 410 havi ng printhead assenblies 412 contai ned
framee &4, apddnay rgesssallys extengygver girtiar Redy & &qrlimjitirg travel of
406, 408 may be engaged with and displ aceabl e al ong
pinghrad camiege SAdihraggh abi engagesnerthetwaen migp 580 and magnetic
coupl ed to printhead
slug 528.

[0090] Printhead carriage circular body 518 may include slots 532, 534,
536 housing printhead assemblies 516 therein. More specifically, printhead
assemblies 516 may be contained in housings 538, 540, 542 extending into slots
532, 534, 536. Housings 538, 540, 542 may be slidably engaged with linear
bearings 544, 546, 548. Slots 532, 534, 536 may further include linear actuators
550, 552, 554 therein for translation of housings 538, 540, 542 along slots 532,
534, 536, providing a phase adjustment of printhead assemblies 516. Further,
any initial offset in positioning due to assembly variation or any other source may

be accounted for using the vision system described below to reference a fiducial

mark on a lower surface of printhead carriage 515.
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carriage 410 at first ends 418, 420 and nmay be coupl ed
to linear notion drives 406, 408 at second ends 422,

WA 2006/1f@3087] I n operation, after a rotational BCT/U820068015969
determ ned, |inear notion drives 406, 408 nmay be
di spl aced al ong support rails 402, 404 in directions
general |y opposite one another. As_|inear notion
dr i Jee9#p6, WIiis addiioniak pefacenter &9 dtigwest 30 ord @otaie lternate
| i nkages 414, 416 are rotated, thereby causing a

priFRREAS RARGIL fr-Ph&td N nedy ouse hernthead réargagdd G280costaining
in a desired position, linear notion drives 306, 308

RN f a§§é’rﬁ§g§98]4%ivt@'tb n géﬁé\hﬁ e Figae’ 429Pridfheddcarriage frame

position. additional treference to Figures

6-29 . an r ) d :
6 Roley uf Prafhed B RIP e rdtR S RGLAIR) I ATamid S to that
assemlies 516 therein. Printhead cargi.age fr 4
dqReybBY Tedal PUMHABCSATHRER B T RHARBACLSAHAdFS g8 may
that described regarding printhead carriage frame 14.
bepriiotatablyd codpledade Brimhaay rawiegge frams r&lt-ar '\g‘éfﬁy sgegifically,
supported vertically by a first set of air bearings
prifead ¢arrateafraneoB14 maydncudetfrasft and régraweh gssepmblies 632,
nmounted to printhead carriage franme 514. [0089]

63 hid BRRUIHIsehUict 638 688 4whizh dovpevate tarfoms aysririthead array
assenbly 524 for rotatably driving printhead carriage

variable Qigcgﬁ’ é%gﬂné'ntpégﬁé'?aﬂgl HRENBIEd 9dlowr | Nt head

carri Actuat'i on assenbly 524 may include a

ana 100930 B8 BlisRofP a5l ntab Hgiteoag rabERal #sembly 632
mg}/) lijdgz?tle EMT Ig{gjt ead,ﬁdgﬁ%(g%g%c{j;%%gn%ngégﬁgrgﬂlyggﬂew& member
548 OTRSB0ldSyAD ARGEn FosioN B4Erans hdaWeE PFIaTE48. Upper porton
644 may include slider portions 648, 650 at ends 652, 654. Slider portion 650
may further include a leveling mechanism 656 to adjust vertical orientation of
second end 654, and therefore angular disposition of front wall assembly 632.
Additionally, slider portion 648 may also include a leveling mechanism (not
shown) so that front wall assembly 632 may be adjusted vertically at both ends
652, 654. Lower portion 646 may include a shelf 658 for supporting a portion of
adjustment assembly 642, discussed below.

[0093] Adjustment assembly 642 may include a linear slide bearing
660, a rail 662, a slide assembly 664, a pivot assembly 666, a printhead carriage
mounting assembly 668, and a locking mechanism 670. Linear slide bearing 660
may extend along shelf 658. Rail 662 may generally extend along a majority of

the length of wall member 640 and may be located above linear slide bearing

660. Slide assembly 664 may include first and second end portions 672, 674
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frame 514 and may generally extend over circular body
518, limting travel of printhead carriage 515 through
wa@arooengagenent between stop 530 and magneti c sSPCMUSD86/015969
[0090] Printhead carriage circular body 518 nay
i nclude slots 532, 534, 536 housing printhead
assenblies 516 therein. Mre specificall pri nt head
witk senrintermediabe paytidre 676ntherekeiweanh au&rs% geotegged manfuiator 678
542 extending into slots 532, 534, 536. Housings 538,

loe4fxd Sétveanyiireeesd boaldny6Engadastenwntdiate periontgzs ands second
544, 546, 548. Slots 532, 534, 536 may further include

r 5 er, 0 r [ d
TSR0 EULEE, S0 Joodg. 1RAACHAPCSEoRd Sort gl ona. an

in @/elﬁ%tgg%%pgﬁgzg adj ust nent of pr| nt head assenblies

y initial offset in positioning due to

) {
AccoliIa T grishea Sekonti engnbe @Héﬁ?a%a‘éﬂbg@vbsﬁsm include

to reference a fiducial mark on a lower surface o

syppatt membersG86a§883nsuntedda lowet poriigas theyeaf. Support members
reference to Figures 30 and 3 1, an alternate

686, 688emdycle rslidgblyf cangled 10 timgarhslide hearinghed@  Intermediate
carriages 628 containing printhead assenblies 46

pém@heens el anelutie an e 889)slidRblyrddupistl warail GeE Phatassembly
614 may be coupled to PVMD apparatus 10 (Figure 1) in a

668 M/ inel eI ﬁ‘i(/ol&ﬁ] hg?é E%vir?ﬁ:’s@'eﬂas W9‘4n%983&ﬁ|1d second

carri age rarre carri

S B8 AU %é@%gﬁgﬁ@ AR g oy

i ncl d ront and rear wall assenblies 632

ingfhestiim ohOSERBR! beadaes sdauaYe fis s 604596 cRupled to
a printhead arr J/ vari abl e pitch adjustnment apparatus,

uppesc postianso of oslide] @esembiy tfﬁSTa@(ﬂldt sepend refdrpartiens B72, 674.
Figure 32, front wall assenbly 632

Printhead carriage mounting assembly 668 may include mounting blocks 702,

704 for coupling adjustment assembly 642 to printhead carriages 628. Mounting
blocks 702, 704 may be coupled to pivot member second ends 698, 700, allowing
printhead carriages 628 to rotate relative to wall member 640. Locking
mechanism 670 may be coupled to intermediate portion 676 and may include
clamping bolts 705, 706, 707 for fixing adjustment assembly 642 relative to wall
member 640. Clamping bolt 706 may be tightened to globally secure slide
assembly 664, generally allowing minor adjustments of first and second end
portions 672, 674 relative to one another through actuation of actuators 678, 680.
Clamping bolts 705, 707 may be tightened to secure first and second end
portions 672, 674 relative to one another.

[0095] Referring back to Figures 30 and 31, rear wall assembly 634

may include a wall member 708 and a pivot assembly 710. Wall member 708
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may include a wall nmenber 640 and an adj ust nent

assenbly 642. Wall nenber 640 may i ncl ude an upper
WEIbi10137644 and a | ower portion 646. Upper poPCT/0820661615969

may i nclude slider portions 648, 650 at ends 652, 654.

Slider portion 650 may further include a |eveling

mechani sm 656 to adjust vertical orientation of second
maythéfided imdidenalledssembliegd36, 638s pBivoi peseblyf f Hhmay include

wal | assenbly 632. Additionally, slider portion 648

pBY nfdriBelisNZh 20712 havisy ifingt erdddnotssigwin) ast oseconsioends (not
that front wall assenbly 632 nay be adj usted

s%g{//ﬁi; ﬁjg%ﬂagleakl@tﬁfehto% af6ther.6 Pivot lrR¥RbeRPT12,0M HARy be in the

e a shelf 658 for supporting a portlon of

foi%i ﬁ%st}}} ﬁg%’ﬁagﬁyﬁrg{ érﬁd@ﬁﬁg sﬂ% ﬁ)é%(?@c?% | member 708.
MRSBGnG1 YoBes 724, ?ﬁ%?n%ﬁ%%#n‘*a@és@%"ﬂrﬁénanées@ﬂﬁﬁb%n ) and
668, and a | ocki ng nechanism 670. Linear slide beari

peihendcasiagas 628, clgwing prinbsad qaarlqtgwmr%i@efﬁkﬂv to wall

extend along a majority of the Iength of wall nenber
nfedfbeni?dD8ay be | ocated above linear slide bearing 660.
Slide assenbly 664 may include first and second end

por t jo0YB]6 7 Bid6vaNidsBeaiblibs t3eBdBanay rerch molugiééwall members
t her ebetween, a first notori zed actuator 678 | ocated

7g§t WaB Ak tlen%]ﬁw%?éﬁs' ?Q 67342354 (ipHR" SREHREE786T Y89 Nthereof.

nd a s co tori ze act uator 680 | ocat ed

Bgé%g’ secgﬂgoggg] Bf;WaéIo&eﬁrgp (ﬂ%ﬁ dﬁ%@ll@ﬁﬁlxse%g&ged with
el 355, 3L Sdrerdgs oéuﬁgqufﬁ@%@%# B 5 ong e
may be sl |_dablé coupled to linear slide bearing 660.

langtte ofiereling rg r7f32;r73676 may include an arm 689

slidably coupled to rail 662. Pivot assenbly
[0097] In operation, when a printhead carriage 628 is determined to be

offset from its target position, it may be adjusted using the features discussed
above. Specifically, when a printhead carriage 628 has a pitch misalignment
(shown in Figure 13) it may be corrected using adjustment assembly 642. More
specifically, printheads 52 may be adjusted to correct the pitch thereof by rotation
of printhead carriages 628 about pivot members 712, 714.

[0098] Printhead carriages may be rotated about pivot members 712,
714 through the use of adjustment assembly 642. Slide assembly 664 may be
permitted to move along rail 662 by releasing locking mechanism 670. Locking
mechanism 670 may be released by loosening clamping bolts 705, 706, 707.
Once locking mechanism 670 has been released, first and second motorized
actuators 678, 680 may drive slide assembly 664 along the length of rail 662 to a

desired position for pitch correction.
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666 may include pivot nmenbers 690, 692 having first
ends 694, 696 and second ends 698, 700 rotatable
WO edoat1ieses t o one anot her. Pivot nmenbers 690, 6BRI/IS3008€15969
in the formof hephaist bearings and may have first
ends 694, 696 coupled to upper portions of slide
assenmbly first and second end portions 672, 674. '
Pri nf0088d c s slisigeasasmmbly 664 devetsohlpng 6ail 669, primthade carriages
nmounti ng bl ocks 702, 704 for coupling adjustnent
626 aeavbdtatcti@bdut pivathbebedrs 21 2] 20k froh? 8 firdfpoiticto (Figure 30) to
bl ocks 702, 704 may be coupled to pivot nenber second

a eS8 9Sosit &P ( F@u‘ré’le')? %E"g, ngﬁr'i‘tﬁégd‘:@érhhg@ﬁ%z@zﬁ Potated, they

rotaterelatlveto 40. Loc gmsc ani sm

oS afiy o hetl eBlEe g Hefitel ‘%“4@22 2@§‘22'ﬁa<¥rder to
a a‘ggﬁjfﬁbﬂ's SR SR ISP IBES P N8 GREtREaR, 2% Afilmermber

s|lide assenbly 664, generally allow ng m nor
64Qyjtiansiaias sal@mgflevgltnggam@ne‘saé%ncveén@Spprmtr@ag 6a1Piagey 4628 are
relative to one another through actuation of actuators
rogatgd. 680. C anping bolts 705, 707 may be tightened to
secure first and second end portions 672, 674 relative

to qoe1eopt herSlided esenByf actuafion Raskbé QcEd)ﬂ\bhﬁﬁeoBQy adjusting

and 3 1, rear wall assenbly 634 may i ncl ude a wal

TGS Aot Rt 50 emy;%rg%ferg%gg@gﬁgfws pr o
TR0 ABIsIGh B N i -

r.ot at e atli% one anot her. Pivot nmenbers 712,
V'sf‘ﬂs %3? &SRR Pe of hephai st bearings having

first ends (not shown) fixed to wall nenmber 708. '

Moud@PHl ol ocKidher phintezel aagypanay e ednfiguredcamdoatigsous or

(not shown) and printhead carriages 628, allow ng
nopr¢antigeads caraysagddoré2entiguoust atrays ehay iinelutle g@ds in the print

swath between the printheads 52. A schematic representation of a non-
contiguous array is demonstrated in Figure 33. A non-contiguous array may
result from physical size limitation imposed by the printhead 52 used requiring
gaps to achieve the desired number of jetting arrays in a particular space. The
gaps may require a change in the printing method that alters the relative
movement of the printhead array to the substrate to insure all areas of the
substrate are printed. The method of pitching may be generally unaffected by
this arrangement.

[00102] An alternative printhead carriage adjustment apparatus 800
is shown schematically in Figures 34-36. Printhead carriage adjustment
apparatus 800 may include first and second printhead carriages 802, 804, a

beam 806, and an actuation assembly 808. First printhead carriage 802 may be
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menber 708. [0096] Sidewall assenblies 636, 638 may
each include wall nenbers 728, 730 having | eveling
WO 2006416832, 734 on upper surfaces 736, 738 theP&DiIS2006/015969

Slider portions 648, 650 of wall nmenber 640 may be

slidably engaged with leveling rails 732, 734,

enerally allow ng wall nmenber 640 to travel along the
fixedgtch acfirst eida ioh dpaaan 180673nd segond| powhpad recarriage 804 may be
operation, when a printhead carriage 628 is determ ned
dlidably cdupded td mcsacond dide o bepns 806 generdllyneppdsite first printhead
adj usted using the features di scussed above.

hd Boal |y, when a printhead carriage 628 has a
pItC m sal i gnment (shown in Figure 13) it may be

corr SI n e

specﬁplbgg Y, %F"ﬁﬁ?@a Q%ﬁﬁgy"%ﬁ ag‘%st é@b? o cacg‘rrae'cr:t bearing

t he there b tation of thead ca .
s OnF pyp! penvebl 61 EheltysP hod sgpdi @ﬁ{%asﬁ Fecharisms

carrl ages, may be rotated about pi vot menbers 71

&1y &]éﬁ R degging gssamlis AR Hnay Secsaynledipa fiss a@d of beam 806

assenbly 664 may be pernmitted to nove along rail 662

near edirsbena gf fitst krintheadutaariager8620 Piveicasembiy 8Bhamiayrinclude a

670 may be rel eased by | oosening cl anping bolts 705,

hepbaist bearingc816 adkiplegl e eh#oors 81 8 76F bﬂMhbaérbarrla%e adjustment
rel eased, first and second notorized actuators 67

HPAraraY 800! AR BbAABIRSREMNA ¥ebd 8ha's f|Lé1%rin%d“a§§embly 802,

rail 662 to a desired position for pitc

p‘rfgxll@ﬁ@()ézﬂﬁ%{r@%?%buﬁﬁng Hqubé"ﬁv% ly 664 travel s al ong

hea rriages 8 are rotated about

pi vo fromag first 05|t|on Fi g »
30) E[ggfx&@econ? BQP@%H”(’W%’ES@ﬁ 4 %aydPP'ng [prear actuator
carriages 628 are rotated, they becone angul arly

SHS EdmowaRleclink 8RR stidablyr @omigd toqide rgr@qa\aaeﬁzﬂdn printhead

array variable pitch apparatus floor 818. Linear actuator 820 may include a first
arm 821 coupled to first printhead carriage 802 and may include a second arm
823 coupled to movable link 822. Link 822 may either be manually moved
around groove 824 or motorized through various methods to achieve coarse
rotation adjustment of beam 806. First arm 821 may be extended or retracted to
achieve a fine adjustment of beam 8086.

[00105] Second actuation mechanism 815 may include a linear
actuator 817. Linear actuator 817 may be engaged with second printhead
carriage 804 and beam 806. Linear actuator 817 may generally provide for
slidable actuation of second printhead carriage 804 along beam 806.

[00106] In operation, pitch of first and second printheads 802, 804
may be adjusted by actuation assembly 808. More specifically, as movable link

822 travels along guide groove 824, arms 821, 823 may act on first printhead
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accommodat e the angul ar di spl acenent of printhead
carriages 628, wall nenber 640 transl ates al ong
wo ewehiasgs rai |l s 732, 734 as printhead carri ageRCBRS2086/€¢15969
rotated. [00100] Slider assenbly actuation may be
acconpl i shed by adjusting a voltage signal to comuand
the notorized actuators to nove in or out. |nformation
cariayb 80 Tiausihg mitatioronf ficat gnd aeconshprintieadeeariaged 802, 804
obtained froma vision system described bel ow.

ah@BEAM SOBe Mirdr hastdater r8R0s iy further orefing roéatioms of beam 806
contiguous or non-contiguous arrays. Non-conti guous

th‘?&ﬁ@r%’ %&%ﬁsi@ﬁz‘f&x}j&r BR b arinespi i NiasS Webhh Bienvesatdshesecond

prit schemati c representation of a non

¢ . . . .
ofRo8 4205l 55 b BETRBHR £ bt ELGUIS 87 facnieve proper
loagiRg 6 SREPRE panTsaCLRATIRaS B AR VS 0 S mitiRgR Golifhoe 802

in a particular space. The gaps may require a change,,
This pioseps imay g abtameatedthrough sse efiher ¥isign gstem, discussed
novenent of the printhead array to the substrate to
béloswrie eddordribasredtiarishis whsfirshtpeintieadcaniage 8PReand second
met hod of pitching may be generally unaffected by this
pAvithaBd @aRiige BG4 ARd o Mitidbtraoverhbiieofisdcohtiqrintisedd cagage 804
adj ust ment apparatus 800 is shown schematically in

t@%@ﬁ BS %ﬁqg%lgﬁ’?hﬂt head carriage adjustnent apparatus

mayel nc rst and second printhead carri ages
802, . 8Q a beam 806 nd,. uat [ an ennl.y 808, ;
Fi r st rﬁmt hea S(,\%‘?'H%@é%é%%s%é ﬁéﬁkeﬁﬁo@h%r% fink 822 is
si de of beam 806 and .second printh car.rjage 804 ma
COEP G 4bF yoeEI BUENIGS Qus BRI Phangr PHBkiEEogNayS Thay be
general ly opposite first printhead ) o i
complete. At this point linear actuator 820 may be used in combination with the

vision system to rotate beam 806 to the final precise angle of adjustment that
achieves pitch accuracies for the printheads within 0.5 microns. Once the
appropriate pitch has been obtained the printhead carriage adjusiment apparatus
800 may be fixed for printing.

[00108] Referring to Figures 35 and 36, it should be noted that
printhead carriages 802, 804 may be aligned to be generally in phase with one
another. More specifically, printheads (not shown) in each of printhead carriages
802, 804 may be aligned such that they print over the same area, resulting in a
greater print deposition concentration, as indicated schematically by print
deposition areas 830, 832.

[00109] Referring back to Figure 1, vision system 17 of PMD
apparatus 10 may include a calibration camera assembly 900 and a machine

vision camera assembly 902. With additional reference to Figure 37, calibration
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carriage 802. [00103] Actuation assenbly 808 nay

i nclude an air bearing assenbly 810, a pivot assenbly
wW@1®s/186305 f i rst and second act uati on mechani snBCBL&2006/015969

815. Air bearing assenbly 810 may be coupled to a

first end of beam 806 near a first end of first

rinthead carriage 802, Pivot assenbly 812 may inc|ude ,
Grieishaream By PPt dnay dnclids & saliRralon| easpeis B04rand & mounting
printhead carriage adjustment apparatus 800 and beam
Howte906 Megphag shecigre POPInay inaudectiist and setpnd gortions 908,
providing a rotational coupling therebetween. [00104]

FilQ.st actuati on nmechani sm 814 may include a |inear
actuator 820 and a novable |ink 822 slidably coupled

to gyode¢1Q) ooveriftdpdriion’ H08 heay Y FixsdvVeRy vaBliemPERsdk 16 and
apparatus floor 818. Linear actuator 820 may include a

Jécgﬁﬂ BbiibA2316 orHﬁg &5k Lsgdéira%sfé%@léat ﬂ&eg%t Cﬁéﬁibﬁgg?sgonounting

and may include a Seco coupl t'o nova

j j i ual 1.y. nov.ed ar oun .

HisKE e, M Sufingr PRl fPibigh TodP iR el RYaboTSsEond portion
hi eve coqarse rotatiqn adjustnment of beam 806. First,

S0 relsiverdy fisst B9tiohdH8 or Mobiiag: ¥fHiqtyea8hp avay Alpe riclude a
adj ust nent of beam 806. [00105] Second actuation
fighgishnars $12 fery crawlinationa of | crlibratian wameragagsembly 900 and
Li near actuator 817 may be engaged with second
npachind eisibre eamiesay asSEmblyred ) etiso86d beloweaCaibratiinodamera 904
817 may generally provide for slidable actuation of

ns@cbadixed it sbeast pafionam®, 3P by ﬂ%r@ﬁﬁ‘@b%%se}lb@%&@@relative to

In operation, pitch of first and second printheads

vﬁwggums%dka% *?ﬁ Piresidf \ggﬁ?%ﬂ&f@%{wﬂdi@ﬁ%ﬁgléﬁ 888er surtace of

re specifically, as no
vacuum chuck 16.

[00111] Vision camera assembly 902 may include a low resolution
camera 914, a high resolution camera 916, and a mounting structure 918. Low
resolution camera 914 may have a greater field of view than high resolution
camera 916. More specifically, low resolution camera 914 may have a field of
view of approximately 10 mm by 10 mm. This range may be generally sufficient
to accommodate loading errors of substrate 18. Mounting structure 918 may
include a bracket 920 and first and second motors (not shown) for movably
mounting bracket 920 to second rail 26. The first motor may provide for axial
translation along second rail 26 and the second motor may provide for vertical
translation of mounting bracket 920 relative to second rail 26. Calibration camera
904, low resolution camera 914, and high resolution camera 916 may all be in

communication with a computer 922 on PMD apparatus 10 (Figure 1).
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822 travel s al ong gui de groove 824, arns 821 , 823 may

act on first printheadcarriage 802, causing rotation
w@Boobi1tests and second printhead carriages 802, BOHUS29d6/015969

beam 806. Linear actuator 820 may further refine

rotati on of beam 806 through extension or retraction

of arm 821 . As beam 806 rotates, second printhead

car r j08gd2p04 nimy dperaiionecaliyrationi nameracd04t orays e tuped to

achi eve proper phasing of second printhead carriage

d&Rfmir Bintiead pobitibaingdr Calibraticn cantera@e4daay behfosused on any
process may be automated through use of the vision

ofﬂﬁﬁé@@bdgi zlg'rgﬁpe BN ggrgﬁl%oﬂgteh‘ﬁﬁe’ ?él_éfi\i’éﬁgggitiﬁn%etween

prin carfiage and second print

carri 80 d.to initia
PiRhRefREe o CAPiayioRabA el ER4TAY rerdle, fARY gy are sent to
[00107] As geperal |y discussed above, after nption, o
COMANISE B2 to! SWNSNON BE PRSP BTERS st Sa T e e 52 1 an
of the printhead arrays nmay be conplete. At this point
efrpnisafounct printheagizdbaniyabe wsiusted asod@saiiedorbaye: h Calibration
the vision systemto rotate beam 806 to the final
caherd S04amngye pwdviddj pesitienmdl feralbaak hiwires cpirection of printhead
accuracies for the printheads within 0.5 mcrons. Once
p(t,g]ﬁo,@ppropri ate pitch has been obtained the printhead
carriage adjustnment apparatus 800 may be fixed for

Chou 133! ot cdoriol EbbYeiedibraich bamer s§5EmEly, 900 may also
g2 i meur F12° T duaimal BIZTRalbiny 8 Ro Eiginahine vision
ot LTS St Dl 55 fobiEoo an

print deposition concentration, as indicated
mechimeatvisien | garbgraprassemidp 2. i oRneeeselahe®, peEdiioning between
calibration camera assembly 900 and machine vision camera assembly 902 is
known, relative positioning between printheads 52, calibration camera assembly
900, and machine vision camera assembly 902 may be determined by computer
922 and may be used for printhead 52 and printhead carriage adjustment, as
discussed above. Further, relative positioning between vision camera assembly
902 and printhead carriage frame 14 may be known through the use of common
optical strip 923. This may generally allow computer 922 to determine relative
positioning between substrate 18 and printheads 52 and determine any
positioning error therebetween, discussed below.

[00114] As noted above, machine vision camera assembly 902 may
determine positioning errors between substrate 18 and a printhead carriage.

More specifically, low resolution camera 914 may take an initial image of

substrate to determine the location of a fiducial mark 924 thereon. Fiducial mark
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[00109] Referring back to Figure 1, vision system 17

of PMD apparatus 10 may include a calibration canera
wa@s®etdsys 900 and a nmachi ne vi sion camera assebP@l/YSB0R015969

Wth additional reference to Figure 37,

cali brationcanmera assenbly 900 may i nclude a

b 904 d t t 9
R bestTal: % SBBTRAYRRhEIBENT 1 My Béseoa%a form of an
portions 908, 910. [00110] First portjion 908 may
¢tched ahsomacmarkingunass than gesesbecaiion ooa fmla%ﬁpardxe%él has

slidably coupled to first portion 908. Munting
Barudetermir®@l maohireivisioer camelfauassemibipiooR gnibsulsdiiala )8 may be
for driving second portion 910 relative to first

tpaidlated ﬁﬂ%aﬂ\ﬁl?htﬂe@@luﬁbh WsHrhge 996 camypivice angétdisd dmage to

fiduci al mark 912 for coordination of calibration

By 95585%) %raﬁ@% @D%aﬁ?%hf g6ridntation tmggg%éaégefm'aymacmne

902 | scusse bration camnera
R S Bl marc o2 my

rection gener endi cul ar. to an upper surface
G605, e RidonBY. [k mausiot THciah mark S bs eoalyzed to
may include a | ow resolution camera 914, a high |
gedeoninei teiatemalr arionatioanel subsiiatei 1§, sas weelluras . position of
Low resolution canera 914 nay have a greater field of

substvatehdB dlogy the swbstratenaxianeAn diditionddfiducial mark 926 may be
specifically, lowresolution canera 914 may have a

lbegtbd 6h wllewrate &PFHs@i@t @it ! thel Qotaiiohxl %(Pleﬂ'fﬁtloﬁh'd%termlnatlon
range may be generally sufficient to accommobdate

#l&@ﬂ?ﬂﬁ\aﬁgée 858, 856 W@%@é'%"ﬁ% rs {Hd ngoé;g(g tér:‘% 8?slﬁom one

a brac and S
a[(;g&ft)ﬁers %H] éé%wtg{)n\/%g%{gﬁgg ra \pb%gg}é@ttoiégaattpoﬂdsumﬁ mark 926
without the assistance of low resolution camera 914 based on the orientation of
fiducial mark 924.

[00115] Once the rotational orientation of substrate 18 is determined,
the printhead carriages disclosed above may have their respective orientations
adjusted to account for the positioning error in any of the variety of ways
discussed above. Additionally, the machine vision camera assembly 902 may
periodically provide images of fiducial marks 924, 926 to computer 922 to
determine positional errors throughout operation of PMD apparatus 10. For
example, fiducial marks may be analyzed to determine any thermal growth of
substrate 18. This may be determined by variation in size of and/or distance
between fiducial marks 924, 926.

[00116] The use of the various camera systems and adjustment

mechanisms may be automated into a ser\/o-loop control system by computer
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transl ation al ong second rail 26 and the second notor

may provide for vertical translation of nounting
whe@ekhets7920 rel ative to second rail 26. Cali br@r/Usw06/015969

canera 904, |ow resolution canera 914, and high

resolution canmera 916 may all be in conmunication wth

0 ter. 922 . PNVD aratus 1 Fiqure 1).[00112

Fo o, e ey et PR Hohs,CaamayPri W elea i allow for
%eternine,%rinthead ositioning. Calibration camera

M pdiusieeRisqiaPaafpads on tedhdstsautemglieallysadjust for
in an array to determne relative position between
V@riatione Hupristheadgosiioat dansed yetharreakexmansimmer edrdraction, or for
i mages that are sent to conputer 922 for determ nation
tbérmalsixpaosioerafdhs phieting evatpriainthaeeas bddn Idddednomp td system.
is found, printheads 52 nay be adjusted as descri bed

above. Calibration canera 904 may provi de positiona

f eedback during correction of printhead position. [001

13] As noted above, calibration canmera assenbly 900

may al so include fiducial mark 912. Fiducial mark 912

may be vi ewed by machi ne vision camera assenbly 902 to
coordi nate calibration canera assenbly 900 and nachi ne

vi sion canera assenbly 902. Once rel ative positioning

bet ween cal i brati on canera assenbly 900 and machi ne

vi sion canera assenbly 902 is known, relative

positioni ng between printheads 52, calibration canera
assenbly 900, and machi ne vision canmera assenbly 902

may be determ ned by conputer 922 and may be used for
printhead 52 and printhead carriage adjustnent, as

di scussed above. Further, relative positioning between

vi sion canera assenbly 902 and printhead carriage

frame 14 may be known t hrough the use of common

optical strip 923. This may generally all ow conputer

922 to determne relative
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positioni ng between substrate 18 and printheads 52 and
determ ne any positioning error therebetween,
walt@ensesesl bel ow. [00114] As noted above, nmachPeEUS2006/015969
vi sion canera assenbly 902 may determ ne positioning
errors between substrate 18 and a printhead carri age.
More specifically, |ow res%@lw canera 914 may take
an initial imge of substr determi ne the
| ocation of a fiducial mark 924 thereon. Fiducial
mar kY¥hatigglale@edisl |, e.g., approximtely 1 m®, and
may be in the formof an etched chrone nmarking. Once
the general |ocation of a fiducial mark 924 has been
det erm ned, machi ne vision canera assenbly 902 and
substr at e AlGrintng Sspdratrsdcrhgibing t hat high resol ution

canera 916 can provide a detailed imge to conputer

922 to detaedqgcuecomgaﬁéﬁoes oft'd 5%@@@%%5%9'1 the

use of a machine visSion algorithm Icated as

an "X" in_Fi ' I al 4 may include a
variety of Hgg%héc&qﬁééﬂxé)é@sg@a#%%gl al mark 924 may
be anal yzed to deternine rotational orieptation of
subst r at 6 CRIIMaRAG,ERITAgE TTaTRS AUPRHIA B Bilbalfat e 18
along the substrate axis. An additional fiducial mark
926 may bé pdcthead errriggespivelaly teoupied 40 sdid Hprimieead carriage
rotational orientation determ nation. Fiducial marks
frafs. 926 nay generally be located in opposite corners
fromone another. Hi gh resolution canmera 916 may be
used to locate fiducial mark 926 w thout the

assi stance of |ow resolution canmera 914 based on the

orieptati ol j r . : .
ot B! ek ppRla Bt B, LRIl pariag
> [ rri i.scl osed above nay have their
b%g’i%@{{f’“ pbg&g&f’ @ﬁtsgﬁqagﬁéthgaﬁgg(r&ge( %a'ggcount for the
positioning error in any of the variety of ways
3. The printing apparatus of claim 1, further comprising a motor
coupled to said printhead carriage frame and in driving engagement with said

printhead carriage.

4. The printing apparatus of claim 1, wherein said printhead carriage

includes at least one slot therein housing at least one printhead therein.

5. The printing apparatus of claim 4, wherein said at least one

printhead is slidably coupled to said slot.
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di scussed above. Additionally, the machi ne vision
canera assenbly 902 may periodically provide i nages of

w0 pabeaials mar ks 924, 926 to conputer 922 to dePEr/DbI966/015969
positional errors throughout operation of PMD
apparatus 10. For exanple, fiducial marks may be
anal yzed to determ ne any thermal growth of substrate
18. ®hi s ithg pdniirkg eappanelgsbof aimats, ofurther seerapesing a motor
and/ or di stance between fiducial marks 924, 926.

eh§8dddb witfheaids printhebiecarsingeusaicanater sgsfiguredatodtranslate said
adj ust nent nechani sns nay be automated into a

pffthéad ! H6my ﬁ%‘rﬁdgﬁ'of%ﬁﬁiﬁﬁt.by conput er922. This may
el 1 mnat e possible sources of human error. It also may
allow for alignnment adjustnents to be nmade "on the
fly" to automatically adjust for variations in

ri nthead_position caused by, thermal expansi.qn o .
I(C:)ont act i g‘ﬁg Rﬂ”tmraﬁﬁ?éﬁ% gfe?('ﬁ%g? d\‘h%g'f} ﬁ%'ap‘?ri"ﬁp??l% carriage
material that has been | oaded onto the system CLAI M5

frame: inchides dirsleand secand fapiq mm@ergﬁp@cgglpsoaﬂ from one another,
conprising: a chuck configured to support a substrate

saidgprisvineach cauiagespderding patweén saidsfirstianth sekond frame members,
printhead carriage frane coupled to said rail; and a

andisnpivettl coaplinggeoyidingtplvptal anyae@nent etween ianfilse pdrtion of
carriage franme. 2. The printing apparatus of claiml,

s eﬂrﬁtﬁb&ﬁb&rrfﬁ@bf&d&é@ﬁd it FiRSE niemb&ar i ngl y support ed

y said printhéad carriage frane. 3. The printing

apparatus of claiml1, further conprising a notor
coupled to said printhead carriage frane and in
driving engagenment wth sai . . -
! V%B. g If‘ﬂe rinting e\llﬁn)parat%sloq claim 7, wherein said first frame member
includes a first longitudinally extending member and said second frame member
includes a second longitudinally extending member, said first and second

longitudinally extending members being generally parallel to one another.

9. The printing apparatus of claim 8, wherein said first longitudinally
extending member is configured to be displaceable relative to said second

longitudinally extending member in a direction generally perpendicular thereto.

10.  The printing apparatus of claim 8, wherein said pivotal coupling is

slidably engaged with said first longitudinally extending member.

11.  The printing apparatus of claim 8, wherein said frame assembly
includes first and second laterally extending members extending between said

first and second longitudinally extending members, said first longitudinally
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printhead carriage. 4. The printing apparatus of claim

1, wherein said printhead carriage includes at |east
wWo@r®6816T5 t herei n housi ng at | east one print heBdI/US2006/015969

therein. 5. The printing apparatus of claim4, wherein

said at |east one printhead is slidably coupled to

id,.slot. 6. Th intin ara sof | ai m .
Srioile Tbamiver STHEDY Sruitted B 5aG A sdeand lataaly sxtending
carriage, said notor confi gured to translate said
'B?mﬁﬁ%ad along a length of said slot. 7. The printing
apparatus of claiml1l, wherein said printhead carriage
frame includes first and second frane nenbers spaced
apart from one another, said printhead carriage
ext enidi. ng Ted \miﬁﬂn?aapbérafu‘st oRkife PO rthe AMBONRTENRS & second
and a pivotal coupling providing a plvotal engagenent

dﬂ%t&?%uﬁh@ réénfl@@z'ie?%% %gvo%h/d aalcht B8R0 SBREA aﬁ@rnﬁﬁdof said

said first Trane™ne printing apparatus o

nmber includes a
pﬂn ({Hq %%rgggé%%%ﬁaé& ﬁ%?%é’f% er and said second
frame nenber includes a second |ongitudinally
extendi ng nmenber, said first and second | ongitudinally

ext endi ng rrenbers bei ng gtener ally parallel to one

anot Her . ~ oTherRaniing mppaatee pdiclaitns 1 owherein el printeadrcarriage
said first longitudinally extending nmenber is

inaiudesyar ledgitedinal diispéstendinigealoabad ilemgthothesést, SarP shgitudinal
| ongi tudi nal Iy extending nenber in a direction

agisnieavihg \a fisst ReRAtatidnowheh &fafd 9rlnﬂ=féadTé@rrlﬁbé ng 'n'i‘% first position,
apparatus of claim8, wherein said pivotal coup i ng g

séld I@ﬁgitNdlﬁalﬂ,ﬁ@gl%nml@aﬁﬁ gﬁingﬁlarr d%ﬁ’é@o‘ h%q 6%/ saifl first position

ext endi ng nMenb rmn apparatu

when ¥4 phRtRAE T idRt588" a second position.

14. The printing apparatus of claim 13, wherein said printhead carriage
includes a row of printing nozzles extending along said longitudinal axis, said row
of printing nozzles creating a first printing resolution when in said first position
and a second printing resolution when in said second position, said second

resolution being greater than said first resolution.
15.  The printing apparatus of claim 1, further comprising a computer

configured to automatically rotate said printhead carriage to provide a desired

printhead carriage orientation.
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includes first and second laterally extending nenbers

ext endi ng between said first and second |ongitudinally
weaendisny nenbers, said first |ongitudi nallyer€EONMNE015969

menber slidably coupled to said first and second

| ateral |y extending nmenbers. 12. The printing

apparatus of claim?7, further conprising a second

pi votisl cdinel iprigticgnépparatus ©b glaiot bl fyrthart gempsising a beam

second portion of said printhead carriage to said

rStaeag coupleel wesdierprintifeadrbarragerframg, agipapriritheadicarriage fixed
claim1l, wherein said printhead carriage includes a

t&gﬁg&ﬁg@ég@& @PeargXt ending along a | ength thereof,

sai d ongitu%ina axis having a first orientation when

said printhead carriage is in a first position, said

| ongi tudinally extendi ng axis angul arly di sposed

rel ative sai, d. first sitign, n.sai d printhead :
carrildge f@]erm F’@daf?%argﬁ‘sse@éoﬂa'”&ggb farder ‘%ﬂ‘pﬁ?{@g an actuation
printing apparatus of claim 13, wherein said printhead
asaempiyeoupied dasaicprintheas Gariage Hgme ak pdyskand gadgpupled to
along said longitudinal axis, said row of printing
samzpilirdbead eatriagg at 4 sesandoemaht i ng resol uti on when in

said first position and a second printing resol ution

when in said second position, said second resol ution

bei ng greater than said first resolution. 15. The

Prinyigng ma.rrﬂrﬂﬁngoza s L of f HﬁrﬁeW?‘:OWP@réhg%aﬂi actuation

conmputer confi'gure automatically rofate sal

SRS A BB D A5 S0 B8R s b

claim1, further conprising a beamrotatably coupl ed

to said printhead carriage franme, said printhead

carriage fixed to a first side of said beam 17. The

pri ntl®ng deapeniing epperailan afeclamyrté duribemsonprisinam second
actuation

printhead carriage slidably coupled to a second side of said beam.

20. The printing apparatus of claim 19, further comprising a linear
actuator coupled to said second printhead carriage and configured to cause

selective translation of said second printhead carriage along said beam.

21. The printing apparatus of claim 1, further comprising first and
second link members having first ends pivotally coupled to said printhead
carriage and second ends coupled to first and second linear actuators, said first
and second linear actuators drivingly engaged with said rail and configured to
move in directions generally opposite one another, thereby causing rotation of

said printhead carriage.
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assenbly coupled to said printhead carriage frane at a
first end and coupled to said printhead carriage at a
waewonthsehd. 18. The printing apparatus of cl aPer/L$2006/015969
wherei n said actuation assenbly includes an actuation
armconfigured to selectively rotate said beam 19.

The printing apparatus of claim16, further conpri si
a seg&nd phe nprting @pparatye off cim cfHUBPécPQ‘%&bS'nQ Hitst and

second side of said beam 20. The printing apgaratus )
sedorm nknmetnberay sdidfirstanst $edang link ineemheraeaahthaving a first end
coupl ed to said second printhead carri age and

pivetdiy Geupibd 1© S peintrRlagcddriage aads sédomal @id pivothlly coupled to
second printhead carriage along said beam 2 1. The

PP PERMERR R Menbors having first ends

pivotally coupled to said printhead carri age and

second ends coupled to first and second |i near

actuators, said first and secaond |jnear, actuatar.s

Gr i voRgl y TR USBORRAAT SO QR 27 TUBRRT GRTRESIDg an actuator
_nmove in directions generall¥ opposi te one another,
inchuslingare A1 wivatalyacoyplest 1a Haid grintherdparriage, said actuator

carriage.22. The printing apparatus of claima1,
configuned toorausesiotgtidn rof tsadoh gristvamnd chiriaigemepdre rastuadimindof said

first and second |ink nenbers each having a first end
afhvotally coupled to said printhead carriage and a

second end pivotally coupled to said printhead

carriage frame. 23. The printing apparatus of claim

22, further conprising an actuator including an arm

pi votal |y upl to sajd prdnthead rriage,. sai ,
act u%?‘or Iﬁ%f&ﬁﬁﬁgaaqp@?%gﬁsg (lf]%'(litql’ aeé?ms '8 prﬁ\tﬁead carriage
grinth ad carri age upon actuation of sajd ar

frame Includes inner and outer frame members and an at least one actuator
drivingly engaged with said inner frame member and configured to cause

selective rotation thereof, said inner frame member housing said printhead

carriage therein.

25. A printing apparatus comprising:

a chuck configured to support a substrate thereon;

a rail spaced apart from said chuck;

a printhead carriage frame coupled to said rail; and

a printhead carriage rotatably coupled to said printhead carriage
frame, said printhead carriage coupled to said printhead carriage frame at a
location offset from a center of rotation of said printhead carriage, said printhead
carriage being generally free from any coupling with said printhead carriage

frame at said center of rotation thereof.
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24. The printing apparatus of claim11, wherein said
printhead carriage frane includes inner and outer

w0 e@ae1dsenber s and an at | east one actuator drP@I/D§096/015969
engaged with said inner franme nenber and configured to
cause selective rotation thereof, said inner frane
menber housing said printhead carriage therein. 25. A
printing apparatus conprising: a chuck configured to
support a substrate thereon; a rail spaced apart from
sai thg: huck printimg bﬁpém@b eamptigipng: f rane coupl ed to said
rail; and a printhead carriage rotatably coupled to

sai d prini pead Géﬁffdﬁﬁc?tcf S@pFort 8 dudshaiethBrash; car ri age

coupled to said prirnthead carriage frane at a | ocation

of fset from.a cente t a1l . said printhead
carri age,a%ﬁ?aﬁ%?jréﬁgf&{)@a%'# gg% eing generally free
fromany coupling with said printhead carrjage franme
at sai d ceRHEeaH Gagtags BAmerRaubind B5sad vl ot ng
apparatus conprising: a chuck configured to su re .a .
subst r at ea tprinteead earriage epriamedapitning rsHd S@rﬁrgtﬂead carriage
chuck; a printhead carriage franme coupled to said

frarae] and@ printhead carriage contai ned withing said
printhead carriage franme; and a pivotal coupling

i ncl udi ngy Ppivdtas bogMihgs Malding tep figsti shdiconpleelatb said printhead
carriage franme and a second end coupled to said

cePrFi%\g% heafle SHd i,aagé‘coﬁdqﬁhﬁbé’o d % NGi@ pFRM&d ehrriage, thereby
F Ot ar i ge

on of said printhead carri age.
defining a center of rotation of said printhead carriage.

27. A printhead alignment method comprising:
providing information regarding a rail irregularity;
communicating the rail irregularity to a computer; and
adjusting a positioning of the printhead based on a feedback from

the computer to account for the irregularity.

28. The method of claim 27, further comprising advancing a printhead

along the rail.

29. The method of claim 27, further comprising advancing a subsirate

along the rail.

30. The method of claim 27, wherein said adjusting includes rotating

the printhead.
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27. A printhead alignment nethod conprising: providing
information regarding a rail irregularity;

weewraniseat i ng the rail irregularity to a conpRCEDS20861015969
adjusting a positioning of the printhead based on a
feedback fromthe conputer to account for the
irregularity. 28. The nethod of claim27, further
conpri sing advancing a printhead along the rail. 29.
The nethod of claim 27, further conprising advancing a
subst3fat e fapanihentialigaent &kthdteomsrising: of cl ai m 27,
wherein said adjusting includes rotating the

pri nt head.Bodiding iRfdritdlidadeghidifigansodi®iril difset resulting from an

conprising: providing information regarding a

1] f. .ng froman adjustnent of a
P |%@ﬁﬁgg*%g¥&ﬁ§%%pﬁﬁﬁégéﬂating the printhead carriage
inafirst direction to. account. for. a first co n

of the podianoiite BRmBiReaHotinaRin % fish Bl SRR &Rount for a
to be printed upon hy the printhead carriage in a

fegtiqamepenant of thampegtional Qillsetaid a second conponent of

the positional offset. _
translating a substrate to be printed upon by the printhead carriage

in a second direction to account for a second component of the positional offset.
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