PRI NTABLE SUBSTRATE AND NOZZLE ALI GNMENT SYSTEM

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wappbilcats on clains the benefit of U S. Provi sSPON&ER2006/015486

Application Nos. 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

applications are incorporated herein by reference.

FI ELD [ 0002] The present disclosure relates to a

pi ezoel RBINTABLE SUESIHAsiE AN NOKD)EAIPGNMENT SYS T e

particularly, to a printhead alignnent assenbly for a

PMD appar at us. BACKGROUND [ 0003] The statenents in

this section nerely provide background information

rel ated to GROSSrREEBRENICECTORECATED ARBLIOATIONS

constitute prior art. [0004] In industrial PNMD

appl i qa00vhs, Thisopplicetione ndlaifsC Uhac Yodrfit NPT UE@! . Provisional
There are a variety of causes for inaccuracies in drop
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bet ween printheads in an array, as wel
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adj ust ment  of print heads and/ or substrates
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errors. As such, t re exi sts a refficiently
accounting for, " and correcting, possible sources of
error in drop pIacenent.VVSUNNARY [ 0005] According to
the present disclosure, a pghﬂ&fr appar at us my

[0002] The present disclosure relates to a piezoelectric microdeposition
(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.



i nclude a chuck configured to support a substrate
thereon, a rail spaced apart fromthe chuck, a

w@erinaiihaatl carriage frame coupled to the rail PEMUS2006/015486
containing a printhead carriage housing at | east one
printhead therein, a first canera assenbly configured
to capture image data of the printhead and provide the
i mge data to a conputer, and a conputer receiving the
i mage data fromthe first canera assenbly and
configured to determ ne a IASMMARGN bet ween a desired
position of the printhead and an actual position of
t he prlPABFleadAcqaudiog]toret presenir diaslostireamppiintabidpphatus may
wi || becone apparent fromthe description provided
higelgpa.a phuckhoanfigutasl i deprsirbadsubbinbtet iherales of isit dided apart
and specific exanples are intended for purposes of
i romdbe ghlion antigthead carriagadtaretcongled tbané irail hnd R8ntaining a
scope of the present disclosure. DRAWNGS [ 0007] The

drriniergls cdetege hedsihgr ei Nedst of@r printhatid MtAGIM) a first camera
e

pur poses only and are not intended to limt the scop

aissemelypcesignirediite apaie amafe dbita Vé¥Ythel HiiRdad aBH" Srotide the
IS a perspective view of a piezoelectric

finaye dafoni 4 coMp(RVAN P @&h%&ﬂéﬁ ré&%ﬁﬁ}i{gg{h%QrT\taggtcB‘?e% from the first

present disclosure; [0009] Figure 2 a perspec
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present disclosure; 010 gure 1S a
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1] Fi 814 ectiye.\view of. ri nt head

assengl y ;roﬁwﬁ{t ﬁ%’p%ﬁa%t Eégésgcae\bﬁ{v%d@" 3@8% @pggrent from the
| X El.qur [ n expl oded view of the
gg%g’?ﬁﬁr{)rg\ggéﬂq% Igf lﬁ_isgmaplgl 56" undbrstood that the description and
specific examples are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure.

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 1is a perspective view of a piezoelectric microdeposition

(PMD) apparatus according to the present disclosure;

[0009] Figure 2is 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;



3 and the printhead assenbly of Figure 4; [0013]

Figure 6 is an additional, nore fully expl oded, view
wWoRotbhes3gkt uat i on assenbly and print head assenmptTUSL006/015486

Figure 5; [0014] Figure 7 is a perspective view of an

actuation assenbly shown in Figure 3; [0015] Figure 8

is an additional perspective view of the actuation

assembly shown in Figure 7; [0016] Figure 9 is a

partial |l y exploded perspective view of the actuation

assentli001hownriguse #ﬁga Perspecligoyipy ofigypfirihead agsembly from the

addi tional partially expl oded perspective view of the

a@wa@ad)ﬂaragg@majnélmwvﬁigure Bigure 7; [0018] Figure 11

is a schematic view of a printhead alignnent; [0019]

Fi gur 40022 s Rigyrehzisean explodad véwaf e adthatioh adsesly of Figure

m sal i gnment; [0020] Figure 13 is a schematic view of

a3 pnél thehpiddhead etsemidwnbf Bigoed; and a printhead pitch

alignment; [0021] Figure 14 is a perspective view of a

pri nt HeatBlcarFigage 6f Isaem additortinendre fulle axpesREt view of the
di scl osure; [0022] Figure 15 is a top plan view of the

pactindtivecabsemibly @gEpiintaead assawbly Bf Figaw s 14; [ 0023]
Figure 16 is a perspective exploded view of the

pri nt ffeefh]carFig@acy iy AR rsdeewie idwH d)fgétH ﬁcﬂ:ﬂtl?] Qggé%bly shown

Fi gure 17 is a perspective view of the print
GAFiduRE8; Shown

[0015] Figure 8 is an additional perspective view of the actuation
assembly shown in Figure 7;

[0016] Figure 9 is a partially exploded perspective view of the actuation
assembly shown in Figure 7;

[0017]  Figure 10 is an additional partially exploded perspective view of
the actuation assembly shown in Figure 7;

[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;



in Figure 14 with the printhead carriage renoved.

[0025] Figure 18 is a perspective view of an alternate
w@eooatihe3atl carriage franme according to the preBENUS2006/015486

di scl osure; [0026] Figure 19 is a perspective expl oded

view of a printhead carriage adjustnent assenbly shown

in Figure 18; [0027] Figure 20 is an additional

perspective partially exploded view of the printhead

carri age adj ustnent assenbly shown in Figure 19; .

[ 002800ZH]gurfégwe 116 sisaa pmrgp@éwv@m}?fé%d g/fe“é ‘?Jf*omﬁ Pripthead

el ement shown in Figure 20; [0029] Figure 22 is an

cadtigd foarae shews reEigureeigarti al |y expl oded view of the

printhead carriage adjustnment assenbly shown in Fi 8ur?I

19; [088M)] Migueel 728 4 perappaivepéew o #1epitinead paiglage shown

pri nthead carri age adjustnent assenbly shown in Figure

idFidute a0 van matpeiditpasicaiiaye pO0ILY. Figure 24 is a

perspective view of a portion of the printhead ]

carrgm]adj RIGLrEEnB RS sepetspestimuviewm 6 gor eltamate printhead

[0032] Figure 25 is a schematic view of an alternate

Rl ®ade GRESIRRE0ARE pRiseRndisdeseapl y; [0033] Figure

Zé I'S a perspective view of an alternate printhead

car rirggse]l ' aBurel AP3H p&%ﬂé&tﬁe%&g!oﬁea vieap oph grinthiead cafriage

the print’head carriage franme of Figure 26;[0035]

i ' i | oded view of the
A;drjl?é#r%nggsée?nlﬂ}/ @ﬁé\ﬁl? ?gﬁgﬁ% %P

ead carri age of Figure 26;

[0027] Figure 20 is an additional perspective partially exploded view of
the printhead carriage adjustment assembly shown in Figure 19;

[0028] Figure 21 is a perspective view of a coupling element shown in
Figure 20;

[0029] Figure 22 is an additional perspective partially exploded view of
the printhead carriage adjustment assembly shown in Figure 19;

[0030] Figure 23 is a perspective view of the printhead carriage
adjustment assembly shown in Figure 18 in an actuated position;

[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;



[0036] Figure 29 is a sectional view of the printhead

carriage franme of Figure 26; [0037] Figure 30 is a
w@enspests ve view of an alternate printhead caPCT/H§®06/015486

frame according to the present disclosure; [0038]

Figure 3 1 is an additional perspective view of the

printhead carriage frame shown in Figure 30; [0039]

Figure 32 is a perspective view of a portion of the

printhead carriage frame shown in Fiqure 30; 40] .
Fi gﬁtbﬁagiﬁ i Sigares Oi3e imital PerBpeRlver %P'ﬁ’%ﬁd cYRYi gtglg%odnnthead
pri edd array; [0041] Figure 34 is a schematic view

of. hcEsemaghreeepr i nthead array variable pitch
Ca&g%@?g@us acﬁ%rdi ng to the present disclosure; EOOQZJ e of
Fi gu( 3§g | figaird PgseNdeatigna ofirevref the pifeed Caf@as m
pri nohea array variable pitch apparatus of Figure 34;

F&?ﬁgdﬁé Figure 36 is an additional fragnentary
2fBtic view of the printhead array variable pitch

appa of. Fi.guse 34; tivBi gieme cd7am salierate printhead
PR, RS s paaane g

pers the cal i bration canera assenbly

shown .in Fi . Hisdidus,e 38 is a
Cﬁg@ﬁéfﬂm%ggﬁrgwﬁg?wgkﬁg@hilie Vi si on canera a;;aenb_l Y od
shown_in Figure 1,DE iR &5 &RIVEOGIe®] ofr printhea
foll &%ﬁ%é d%%‘ﬁ?p??ggﬂtgggr ely exeFrpI ary in nature

and is not intend imt the present disclosure,
@HIAICHERTS ﬁ,hoygp wﬁ@ﬁ@ 3b;

[0039] Figure 32 is a perspective view of a portion of the printhead

carriage frame shown in Figure 30;

[0040] Figure 33 is @ schematic view of a non-contiguous printhead

array;

[0041] Figure 34 is a schematic view of an alternative printhead array

variable pitch apparatus according to the present disclosure;

[0042] Figure 35isa fragmentary schematic view of the printhead array

variable pitch apparatus of Figure 34;

[0043] Figure 36 is an additional fragmentary schematic view of the

printhead array variable pitch apparatus of Figure 34;

[0044] Figure 37 is & perspective view of the calibration camera

assembly shown in Figure 1; and

[0045] Figure 38 is a perspective view of the machine vision camera

assembly shown in Figure 1.



[0047] The terns "fluid manufacturing material" and

"fluid material” as defined herein, are broadly
wa@omvsiitazesl to i ncl ude any material that can asBCIESH06/015486

| ow viscosity formand which is suitable for being

deposited for exanple, froma PMD head onto a

substrate for formng a mcrostructure. Fluid

manufacturing materials may include, but are not

l[imted to, light-emtting polyners (LEPs), which can

be used to form polBEBAILE Eséfﬁ”?'f' di ode di spl ay

devices (PLEDs, and PolyLEDs). Fluid manufacturin .

mat eyggAe3 MAYealoowingodasddptisinaist MeEsly RKEEPLY \hREtre and is

sol ders, sol der pastes, bionedical products, acids,

R 9 Bt 18 it 196 [pveduns disaldbers, apglicaion pdiess. The

term"fluid manufacturing material” is interchangeably

ref enagrit 0 THeY s 2uidfrhanactatiey inwterial] eod giluigheaterial” as

term " deposition" as defined herein, generally refers

4 Cfinbg §,0PLiRCEEDHrBhdIf RBASIIdN® inolddwiadyahatdriaiphet sampssume a

9U0Pd ‘materials on substrates. The terms “let,"

" di o aR@ W s suBBle fBe beipy tdepasikedifordxample, from a
IPﬂ't\g§{bﬁgﬁg@%?§@herei lﬁ with specific reference the

g@@gﬁ{a@ %%ﬁogfat éétgl%értakéé irf%p@%i &l micreduaturd/OFlnieh chanofacturing

and "drop" are also used
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g{@?ﬁ%@i@%f@ﬁﬁsrgg’ﬁwg&gjﬁﬁéfr@éetgﬁaéé %A){nggo i%?@bﬁsﬁt%t, metals,

S si'l i con ers,

ceramc tiles, rigid and flexib aski| tal solvents
oren, soleie. poles Poprs caPmerFELREBUPRER LS, AR EERR; sguents.
fluid material itself y forma spbs i, a ol TR
adhasheost | and aRoKieRal THPecerel Jukbotd iidzutrh i s
for receiving a fluid mater]j al duri.r]g a manuf acturing
interchangeablyorfeeed todereil gpiled MHEMR' or mi ng

t hr ee- di nensi onal m crostructures. ,

[0048] The term “deposition” as defined herein, generally refers to the
process of depositing individual droplets of fluid materials on substrates. The
terms “let,” “discharge,” “pattern,” and “deposit” are used interchangeably herein
with specific reference the deposition of the fluid material from a PMD head for
example. The terms “droplet” and “drop” are also used interchangeably.

[0049] The term “substrate,” as defined herein, is broadly construed to
include any material having a surface that is suitable for receiving a fluid material
during a manufacturing process such as PMD. Substrates include, but are not
limited to, glass plate, pipettes silicon wafers, ceramic tiles, rigid and flexible

plastic and metal sheets and rolls. In certain embodiments, a deposited fluid

material itself may form a substrate, in as much as the fluid material also includes



[0050] The term "mcrostructures,” as defined herein,

generally refers to structures formed with a high
waelegcaes3od precision, and that are sized to fiPCDIS206/015486

substrate. Inasnmuch as the sizes of different

substrates may vary, the term"mcrostructures” should

not be construed to be limted to any particul ar size

and can be used interchangeably vvithltge term I

' - crostructures may include a single

d? ; ucétﬁ u%'ﬁaalewpulf%‘%ﬁfﬁfﬂ% fiyid n@ﬁ%r il tingad inp@NUsActuring process,

droplets, or any structure fornmed by depositing the
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| ayer, a three-dinensional architecture, and any ot her

desi r 48039]r ucthe lerm[‘DuBosiruphees/Bs siedhedrberes, geanraig refers to

to herein performprocesses by depositing fluid

ridusturas fororacowith bshighdegrezceioprdcisipn; and ghat- atef sirsbto fit on a

conmput erexecut abl e instructions. The term

"stioairatee rinastageit abl thei sizes wttdifterent’ substedies may S/@ry, the term

referred to herein as "program nodul es” or "nodul e

denierosirlofuiest bhelds nbbbé coestrued o Pelifhitehd W ;§art|cular size and

conponents, data structures, or the |ike that

icapl berauﬁedp&ﬁenchaﬂw@abﬁb%ﬂhaﬂ‘te fsrha “étYLEb@éreo’r MA&GbERIcTires may

particul ar tasks such as, but not limted to,

dncded Bngng@leRopIer oNdRAd ﬁ?dteﬁ%@%@%émﬁﬂatlbmf aﬂéfsn%r any

PMD processes. Program nodul es be stored on

but d to
S SR A RSB oY Pl A

lrAEiGhal ”I'&Q&etécthijéeslim?én%[@g? aih |fetcnﬁép§% ngtei, Cother desired

storage devices, or an um C
strQ&tuRg 1 nstructions or data structures and capable of
bei ng accessed by a general purpose or special purpose

oo O T PR G o
&gpoﬁnn%f l‘lﬂlﬁhﬁgper%%r Bﬁt%gsubslira{ees acc’orgiﬂgd tg user-defined computer-
executable instructions. The term “‘computer-executable instructions,” which is
also referred to herein as “program modules” or “modules,” generally includes
routines, programs, objects, components, data structures, or the like that
implement particular abstract data types or perform particular tasks such as, but
not limited to, executing computer numerical controls for implementing PMD
processes. Program modules may be stored on any computer-readable media,
including, but not limited to RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other
medium capable of storing instructions or data structures and capable of being

accessed by a general purpose or special purpose computer.



vacuum chuck 16, and a vision system 17. Frame 12 may

support a substrate 18 for printing thereon. Franme 12
woreyeiinshigide an X-stage 20 and a Y-stage 22 noRCIL/E82006/015486

thereto. X-stage 20 may include first and second rails

24, 26 generally parallel to one another and extendi ng

across a wdth of frame 12, generally defining a print

axis. Y-stage 22 may generally extend along the | ength

of frame 12 and may be generally perpendicular to.

X- st psB230. A% staydn 2Biguney 1geénelezorlpcis pHarogeposition. (PMD)

substrate axis. Printhead carriage frane 14 may

be
d ?9?@@ fbetwenciiie & frame $2cerpfinthedds caniagerang 14, and 2
$FPdabl y coupled thereto for displacenent along the

' L6 1 60SRER Adioh $ystem d7nErame 12rmay sugpasha substrate 18
@Eg@h@e 18.9 [0053] Wth additional reference to

| LMt eagheCr Magmcludanen Xstagy dhandideYestage 22
fg'lrgﬁﬁﬁneégqegarﬁ]i age 15 havﬁg a base plate 28, an upper

rﬁ{)@ﬁ?ﬁ zfgedfeg{? dX-%itéié"ﬂb hity3Rcludd firs3@nd 3Bcord dyilsed, @6 generally

i gnnment assénbly 40 may be coupl ed to base

I 8 ' ' i Jacréss laeaidnad fsarae Y2 generally
[gaégifegctﬁt %ﬁrﬁ‘%@%gedﬁa g’t(tgHaZ%gadcjra%er?t pri nt head

%‘B%' n”%{ﬁgpggég.”w&aé% FF)’?H@@@&%QW dhecRB YN thedaigd of frame

gene ve printhead alignment

FEASE Pl ey LSRRt S 2 gy
ihecs shBs Gt o BTl ore Py SRR, LA R R odkled betneen
B IS 08 28 B DU O G i onions
BLlnihead corl) pas Ay LIS QULtRR. g fr i ead

o s PV Hekonedh it £ S bamiage frame
include a body 48 having a datum bl ock 50| %D\égblaiy{u or plate
t4umA\eihciudera pinthead carriage 15 having a base pla : pper p
30, and sidewalls 32, 34, 36, 38. A dynamic printhead alignment assembly 40
may be coupled to base plate 28. As seen in Figure 3, a clearance slot 42 may
be located in base plate 28 adjacent printhead alignment assembly 40. An
opening 44 may be located in upper plate 30 generally above printhead
alignment assembly 40. A printhead assembly 46 (shown in greater detail in
Figure 4) may pass through opening 44 and may be coupled to printhead
alignment assembly 40. While the above description references a single
printhead assembly 46 and printhead alignment assembly 40, it is understood,

and shown in Figure 2, that printhead carriage 15 may include multiple printhead

assemblies 46 and printhead alignment assemblies 40, forming a printhead array.



Printhead 52 may be mated to datum bl ock 50 using a
preci si on bondi ng procedure and may include a series

wotimorasies 53 generally arranged in a row (ShP@rUS2006/015486

schematically in Figures 11-13). [0055] As seen in

Figure 6, printhead 52 and datum bl ock 50 may be

isolated fromthe rest of the printhead assenbly 46

and from print head aI i gnnent assenbly 40 by a spring

bi as nechani sm 54. ring bias nmechani sm 54 may

I ncl ud@0§4]‘mu\4\f“ihngd@ ienad rs@r@mmtcéﬁlqwe gri pririleeatl assembly 46
assenbly body 48 by four springs 58. Each spring 58
menaybisckde oaprastys #8 nhayprg g datam mdpaki 58t mawably exooiphd thereto.
ends 60, 62. First end 60 of each spring 58 nmay be
cBpihedd t 52 pnaythee athted stentatymb dtbeck4 B0 amsing e qrekisiod bonding
62 of each spring 58 may be coupled to nounting plate
SprocAdure ares maly, inclodetd serigsl oft moZzfesn®y geaegdipein@ing¥d in a row
novabl e relative to printhead assenbly body 48 with

afshoaxischbaicallyXn Fegiree$1-98).f reedom  Datum bl ock 50
may be coupled to nounting plate 56 formng a

print Heesspt t A kBBAtN FqeL 8 rivihaed &2t 408 BERFK bRISKEemay be

freedomto seat kinematically against datum surfaces,

disSlatssRem R oyt o ik tﬁ@dwéés%ﬂnﬂlﬁh@tdn\ﬂefrdrﬁ rﬂﬁf ad alignment
etap

[0056] As descri bed above, and shown in grea

coupl eg ?8%ba§§pgbgﬁ&2@ebgﬁﬂ§@d? gﬁﬁhé provi %%@Erg 54 may
n‘ﬁé‘lﬂﬁérbg Mﬁtlﬁﬁgplét%r Sé’.rdg%lé%a%nﬁhhtﬂggg 'Hssgﬁ%mh]éfy W by four

base pl ate

RS £ PSPl S A o
SR By 6@58%&3%@{ i
B{sgghﬁ?ysggw éﬁe%n Cc} enge regg hspcr)lﬂg e58t rr}%{/ ge %oupled 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
printhead attachment block, giving datum block 50 the freedom tfo seat
kinematically against datum surfaces, discussed below, and be adjusted relative
thereto.

[0056] As described above, and shown in greater detail in Figure 3,
printhead alignment assembly 40 may be coupled to base plate 28. In addition to
providing a mounting surface for printhead alignment assembly 40, base plate 28
may provide a common primary datum reference in the vertical direction for all
printheads 52 (referenced to their datum blocks 50) within the array (within about

25 micron/m). The plurality of clearance slots 42 in base plate 28 may generally



carry out a print function. Printhead assenblies 46,
and thus printheads 52, may be arranged generally
w@aroalikahis t o each other and at an arbitrary anptBUS$006/015486
attack with respect to the print axis. This angle my
be set according to the desired print resol ution of
the array. [0057] Each printhead alignnment assenbly 40
may i nclude a socket 63. Socket 63 mmy include an
actuation assenbly 64 and a | ocki ng nmechani sm 66. Wth
adithv iPHRHIcada ey KhBied therpthreyaly onge they wieirsaperly aligned to
assenbly 64 may include an L-shaped nenber 67 having
f ¢ar8t ourRi PERidERCoNe J¥indigeadrassemiiies dGepnd risairintieasts 52, may
|l eg 68 may have an aperture 74 therethrough and nmay be
phe 61rang§d genpiadyl palishie epthnpthe @ndAdtaraaibiinarg sswgiteo b attack
64 may further include a phase adjustnent assenbly 76
awith segpiect o d pantnais. ddiseabyly M8y bpOE &ccBitReto the desired
adj ust ment assenbly 76 may be | ocated near first |eg
a8int Rberdeicandyfulse eay. assenbly 76 may i nclude a PZT
actuator 80, an adjustnent mechanism 82, a pivot arm

84, a[posnt eBstriinth&fl alynare agsemibig aburaBhcldt socket 63,
first and second return springs 90, 9 1. PZT actuator

8oakey 6Benepinelueld ArastdeticK hesnid Fadakd'8 1b&d i
second Iegggo toward fi rslt | eg 68yandapi vot a%nh'\Sé%.flamsm 6.

RETth atitiohar refie Bty todEigGRYPA- 6l ioh! i
pi vot arm 84.e Fierst Ieg 68 mag e}cﬁ%ft@eés}bp@gggﬁ include an

AOSHA R &énib@k’%?%v{?\b"f%t ﬁd@&fbn&@@%@b@; 78 Aqolireo% 8ﬂd 72 of first

assenbly 86 may inclUdde a pivo assi ng

30§ 6BUNEY hade 39193"%‘%}5 rH/ﬁlt tﬂegﬁhr%%gﬁ%c@ﬁ%&%@vg}%ﬂy :cngled to

pi vot arm 84, pi coupl ing“pivot a

3 Hlote 3, 1 APuafan e By JuRRPE GG S eREisy ustmen
%g?%@glyg{oé?? ngg pﬁ&ygbjﬁgtrﬁe%t %isge%bli}rﬁ. 84. As such,

[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
extend along the length of second leg 70 toward first leg 68 and pivot arm 84.
PZT actuator 80 may be coupled to a first end 92 of pivot arm 84. First leg 68
may include a recessed portion 94 housing pivot arm 84 therein. Pivot assembly
86 may include a pivot 96 passing through apertures 98, 99 in first leg 68 and
aperture 100 in pivot arm 84, pivotally coupling pivot arm 84 to first leg 68.
Return spring 90 may be a compression spring having a first end 101 coupled to

first leg 68 and a second end 102 coupled to pivot arm 84. As such, return spring

90 generally urges pivot arm 84 toward first leg 68. Secondary datum 88 may be
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90 generally urges pivot arm84 toward first |eg 68.
Secondary datum 88 nay berotatably coupled to first

WO e@od3ly pi vot 105 and engagable with a secoPdI/@Rmo6/015486
103 of pivot arm 84, discussed below Return spring 9
1 may be a conpression spring having a first end 107
coupl ed to secondary datum 88 and a second end 109
coupled to pivot arm 84, generally urging secondary
d 8 to d pivot arm 84. Adjustnent nechani sm 82
n@autgh{g I W@Y\‘%{ @pﬁéF [%Qaq% E}ér%@tt 1QJ§ abengagadjaiwithrensecond end
screw. 97. Spherical nenber 95 may general ly seat
agéﬁ RGPV} 960 84 AispussgddPelow.afsdensapring BBy dfe a compression
secondary datum 88. Adjustnment screw may vary the
VB Ravinga dirst esrd theounded tareedoadani daignr 88maad a second end
surface 93 to control an initial orientation of
sEBoRRIISA tapivat 88N &ogenqralourlrith seddidag] dBitBs toward pivot
adj ust rent assenbly 78 may include a |linear actuator

BRI 84.x &djustmpaiswephartism 32 mayl irclddy & isphrcmemB&Ss5 and an
coupl ed to second |l eg 70 of Lshaped nenber 67. Linear

siupiment scoaw 9%y Sphelioaiaherbaess maYdenelAy tseMPAainst pi
engagable with tertiary datum 106 gggar a ?r ee %%aénsf(?évm amm

& arsta rampedsiitace’DPongeco (@=e6A 8N Aﬁg%ﬂeﬁnﬁgéécr%%ay vary

be | ocated in aperture 74 of L-shaped ne

dien eedichly extehpul BohdtickP B bRy hegﬂ%%@sﬁﬁ%e @@gg fontrol an

| i near actuator 104 acts on free e di scus

it orieiatioh ondbasy KR/ NatdH SRRl fRoTRys ) S0 | nel ude

return spring 112 to urge tertiar atum 106 into

engagpmsn] Writbh 'abﬁu%ﬁﬁerﬁ%%gérhg(yi %%%gyﬁ?c%]@c{engﬁgéérg%u}a%r 104

may be a conpression spring

fraepteBadd plas es F&r%%% .tgrﬁ%%g%teﬂiﬁg()g gﬁulﬁ%‘? ,g(?l ég?&odgfélge'/qo of L-

to L-shaped nenber

SepedngheRP 33 S mn@gr \g\n@tpﬁ#oﬁ qlﬁ)lﬁdﬁgg &r;a ﬁ;g%fn%f?anr% selectively

mechani sm 118 houseé _ -'S ! .
%b@% gé@%%?%ﬁ]'®gl&1’e%§ gg?ge grgdo¥68d of 2ecr<r)?1%|r}§gt; |78 A p-ivot
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
104. Return spring 112 may be a compression spring having a first end 114
coupled to base plate 28 and a second end 1 16 coupled to L-shaped member 67.

[0060] As seen in Figure 3, locking mechanism &6 may include a
magnetic clamp mechanism 118 housed within L-shaped member 67. Magnetic
clamp mechanism 118 may provide a magnetic force acting on datum block 50,

discussed below. As such, datum block 50 may be constructed from a

paramagnetic material, such as 430 SS.
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di scussed bel ow. As such, datum bl ock 50 may be

constructed froma paramagnetic material, such as 430
wER0800B1915486 [ 0061] A three-point |eveling BYBFUSWN6/015486

(not shown) may be used to both |evel and set a

wor ki ng gap of the magnetic clanp nmechani sm The goal

in setting this gap is to not have the pernanent

magnet touch the datum bl ock. Thus, the gap nay all ow

the Z position of the printhead relative to the target
mat eygosh] t oAbiarasspaibl leveling HIFRMJNE $HRYY) THAY ﬁWLEgId%E poth
on the base plate 28 that holds magnetic cla i
VR BaRi s al $drkifdigapnely thgemepaetio, Clampofpeghpnigm.  The goal in
printheads 52 to be at the sane Z dinension withjn

<3l1ALL RS 6 ensophavadhamperhanentABagesioiesrh Jhe HREAM plock

single surface blotting station is e_rrpde%)éed,mm lel the target
khifeegd BROW hé Dbositipn @pdine yorint efpld e loal

@{uﬁere tﬁrng%yati onship to the blotting cloth. If the

r@ét%rime HeSedt@Blichad 5. thé peinfmg detunt poistean thmbass plate 28 that
rops off as a square of the distance. Thus,

f N ' .25Thaizd jcnemily agow all of
rgo{kgsy%%}lae\ﬁﬁ Eﬁngagnné&a%wveﬁm ey rgecetaly

i gh rce region of the nagnetic clanping

%ﬁiﬁ’%@%"&f?ﬁgt QURRI DgnaTet dimdrigreivithin 4806215 ticrons of one

na printhead 52 is determ ned to be
A « Ao Rhe, B g e o e v o
Pl B85, R P iy e gt oo e
o croit) e BrcpOR G b, M rERRE I Logbritpvaceliops off s

extend over nmagnetig cla j :
e o Y RS, 8 FRedY B8 o8 23l s mirons
if\)ngt;;/ rl]l!:l geﬁigh 5f<2>rclczl,hraesg?onmofS %lel Qgﬁe }c &3%% 8&&8 rWi‘iHoQﬁlt&)bhing

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
magnetic clamp mechanism 118 and may generally abut secondary and tertiary
datums 88, 106. A printhead 52 phase misalignment (shown schematically in
Figure 12) may be corrected using phase adjustment assembly 76. A phase
misalignment may occur when a row of printhead nozzles 53 is linearly offset

from the target position. Details regarding the determination of a misalignment

12



Figure 12) may be corrected using phase adj ustnent

assenbly 76. A phase m sal i gnnent nmay occur when a row
wotoopnigishead nozzles 53 is linearly offset frpoT/UR®06/015486

target position. Details regarding the determ nation

of a m salignnmentare discussed bel ow. A pripthead 52

may be linearly displaced, as indicated by the arrows

in Figure 11, by phase adjustnent assenbly 76, as

descr.i bed bel ow. kOOGBé%am%eti c cl anp nechani sm 118

n@P decussaddglavy AdITEriieadd MV ineasty. displaeed, as indicated by

specifically, the nagnetic retention force inparted to

RSSO ed2, byiahasa adjuetrient assarebly 6i agidescribed below.

automati cally by pul se-wi dth nodul ati on of bucki ng

coi | dOPE3ht Magneticy cleom endahanisas HBgmagsb&Ccdusedtio felease

| bf . Bucking the magnetic field in the magnetic clanp

neathardlech 30.8 Maire specifically thieeasgnatic reteatipn fortd dagatas to each

renmoval from socket 63 or to reposition printhead 52.

[@08HdadOE2 (aheas bidckPZdaradicl atapledd Gutaiaiagadby f husk-width
end 90 of pivot arm 84, causing pivot arm84 to rotate

ahoditlatdry of b@eking>ecid adrrentdiol gy @breBi fisth 2" iyR As"BY Ibf to O Ibf.
t hen engage secondary datum 88 causing it to be

A3 saxire 6tb efiddarl FRtETRPelc ¥ bidhistn | 4
di spl%enem%gf "dat um bl ocK gg ([3006% %@@.@n 118 &@ows for

IBRGkS Iof Bld printhdiRl B ARG\ frofvdodRE a@smotres?gﬁm 5@;@&% 52.

pi vot 96 and PZT actuator 80 attachnent to first

02 Of [e0ad)! 0B fbIgaNe P2 aR R ed ayTLRLANS Firdk Wl 90 of

bet ween the center of pi

- guanangel, SEHBIA RIS Rl BYEbe 250y B 100 o
AR 9 P e BRI A4 PG Tl pgpiacen
s IR QEPARLR L35, ERin 55 P A P B o o
di spl f(ﬁfﬁ'ﬁnt l\).lor}Basrptegiﬂcablw, ?I%rd%fatn%%t(%) ggfween 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 1083 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.

[0066] When printhead 52 (and corresponding datum block 50) has
reached a corrected phase position (shown in Figure 11), magnetic clamp
mechanism 118 may be reactivated and lock datum block 50 in its corrected

position. More specifically, once in position, current may be removed from
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[ 0066] When printhead 52 (and correspondi ng datum
bl ock 50) has reached a corrected phase position
W@ sweme3itr Figure 11), magnetic cl anp nechani sPC/US2008§15486
be reactivated and | ock datum block 50 in its
corrected position. Mre specifically, once in
position, current nmay be renoved frommagnetic clanp
nmechani sm 118, re-clanping printhead 52. Because the
ﬁg ne%iccflanp mechani sm 118 uses el ectro-per manent
89@% € 3P HHPEIARST of 1 Iesclamping quingteadThat iBecaube the

t he e3wer is lost to the PMD, Pri nt heads 52 remain
cﬂ”ﬁﬂ‘g § FlaMpodeshastism Al iousess e egfropermbpertr mageetspiteNholding

ga%net I.c.chuck to |ock the printheads 52 in position
RECE 't higy-safe: grigpiss ifgheippyeets loslytocthe MMIBE printheads 52 remain
chani cal distortion, strain, and hysteresis comon
iCtRMARRGh HhPesilions | Alsos use df ankalectAsdetrmanal nvagratic chuck to lock
magneti c hol ding force of nagnetic clanp mechani sm 115
ey RsBtheadsed? dnt positanc ahty theyl y NeHeA 'a‘ﬁgnéd“trﬁgy l%liminate
arily

manner, the clanping force nay be renbved nbnen

ool ot once print nead oo e reeaiet, Aoty cgmes or
oy becor ooty ma o AR o TR et hi, 116
norelos 58 1 ot oty ana Py g e e hoP hd HaRtng force
ar 6 i Sovesn oo MO Sfbet) o2 I RPlSh GARETRY and then

eapplidteattOFrinByads> is9 s indicated by the arrows
in Fi guree@ usi ng ph@%{)g@?@st ment assenbly 78,

10087 A D 8 Ay T oS B ey oo
e S L) SRS LASBo0R T P MRy s
vHENUat8W dYtinthead nozzles 53 is rotationally offset from a target. Details
regarding determination of the misalignment 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 to 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 actuator 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
thereof. When printhead 52 (and corresponding datum block 50) has reached a
corrected pitch position (shown in Figure 13), magnetic clamp mechanism 118

may be reactivated and lock datum block 50 in its corrected position, as
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engages free end 108, L-shaped nenber 67 is caused to

rotate about pivot 110. Second and tertiary datuns 88,
wae@scangagye dat um bl ock 50 and cause rotati on POEUSING/015486

When printhead 52 (and correspondi ng dat um bl ock 50)

has reached a corrected pitch position (shown in

Figure 13), nmagnetic clanp nechanism 118 nay be

reactivated and | ock datum block 50 in its corrected

PAsdtibag: escribed above.. The phase and pitch

ad] uctg%) ?r@ne{b%gg's,cﬁ%e@a%cﬂf@ geiustimentedessribed above may be

| el ow. 069] Referring back to Figure 2,

%@ﬁ@%@?ﬁ%%*f‘%ﬁ%’%@o y further include a niddle
le plate 136 may include three

| at e M
gut ri &Q)‘i@lmﬁﬁ%ﬁﬁgpﬁ% Enkiguus 2, pBOthead Zaanahd W6 may further

'éﬁik{#n maga'ers 151, 153 (seen in Figure 15).
?_eg%efn' GnPiafRy 1561 t iMiddle1piate 158, mby2indRideNirée iltrigger
E@ar . ucks 154, 156, 158 coupled thereto. Ar

AUNG AR 149, 15661521880 ay Ibekitg ingdHhberd] 1t 9dat Qeen in
level %&I nt head carriage 15 relative to printhead

ERY? dge 1PuUiegeu MaustiRg portivrsbere; 1511 55alhve air bearing
I C.

i nclude ferrous steel discs and may be magne

RECHs £5%1 thbe 1586 ouplediberato.a AxUbda i igkness
support printhead carriage 15. [067 ?Uggggﬁgﬁ%é’sﬁﬁ)may be

heielbt anliested po iaveheardhead carigge f538Rt i n
ad carriage 15 ther ei%? W th “Z;;%tl irgﬁ%?& Batiage frame

rinthe
F‘bf diashing menitieguinas, 143 kay mélﬁ&@%u%g%}%lg&gﬁ%%gﬁe may be

14 may include a base frane structure

mpgretics UMidalzeplatal 1 38 haly Par of e iSei 404, . 166, 168.
Upper surface 161 may ?ncl%\é%&gﬁ?&@@mc%ﬁassrét%{ppeﬂ printhead

camidgects 172, 174, 176 and | ocki ng menbers 175. Walls
162, 164, 166, 168 may generally be | ocated around

ol e g, i, el SRR R ame 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, 1éO 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

modulation of bucking coil current to vary force from as high as 80 Ibf to 0 Ibf
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therefrom Locking nenbers 175 may be el ectromagnets
and may sel ectively engage and becone | ocked with

wo o@kitng1srenbers 151 , 153. [0071] Locki ng menmPer/ESH8&015486
may inpart a magnetic retention force to each | ocking
memebr 151, 153 that can be varied automatically by
pul se-w dt h nodul ati on of bucking coil current to vary
force fromas high as 80 I bf to O Ibf.Bucking the
nggggtic field in the | ocking nenbers 175 allows for
r I ther megeeticoliald iy theeleslsing mambers16 al|@7R) rdlease of the
pri nthead carri age adjustnent assenbly 182 may be

clegigne mamehipd6il, tad.f ace 161 of wall 162 and nay be
engaged with printhead carriage 15. Printhead carriage

adj ustB@fR] adseribthpad @2riage adjudtondat assemMERA82BhHhy be coupled
menber 184, first and second |ink assenblies 186, 188,

dadipaar swtaget icdnofmesdint8a and AP bergageawih
may i nclude arns 192, 194 extend{agg gl ong srji?@gﬂ\/\égalég%gew'

dtrintiyad icatriagearmajustnesnidewedrhily 3282 3fay ! ﬁl%%‘étlééebﬁ%pement

An actuation arm 196 may extend between arns

aneimbery 1BAC fitdleard 1526656 Ak P daMlied 9fsd hess| -
Recessed portion 198 may house outIF%gg%ér’ ﬁ%%n??%gan actuation

mosdhianizmil 48)0t heEﬁ%éégerﬁ&Wﬁien%drSﬁ8@”ﬂa§ﬁﬁ§&%ﬁgiﬁ%§ 192, 194

assenblies 186, 1 may each 1 nclude a

28tand ' beal [ 4 at  fi d ]

206505 ooy cubuah 1 4 balER SR alhe Whoka epectiely

beoad 2 | t nmber 184

P e T B, S et B PRSI B et mclude a
Syt L0k 200, 202 d

el s rlbgg ?{F’fééiﬂ'an ?ﬂegggﬁ% E8H1o0a PP ey hause outrigger

{n@gﬁﬁlﬂg %q@ﬁgﬁ@&gﬁham sm 190 may include a |inear

act uator
[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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a bias spring 216. Linear actuator 214 may be coupl ed

to upper surface 161 of wall 164. Linear actuator 214
woregoeiingsiiside an arm 218 rotatably engaged wi t hP@I/i52084/015486

side 220 of engagenent nenber actuation arm 196 and

may be retracted in a direction generally opposite

bi as spring 216, as indicated by arrow 221 in Figure

14. The rotatabl e engagenent between arm 218 and

actuation arm 196 may include a hephai st bearing 219

h3RACRY eé‘dfqoﬁgledéﬁxfc%%ﬂﬂne%rnt 896 kinagaetiatondd onay alsd have a

coupled to activation arm 196. Linear actuator 214 may

dl °£%a'i’1'§v“é’9§9%‘€at #i¥h ebaseglig@aesitucire h Gatheotgha tvephaist bearing

structure 160 through hephai st bearing 223. Bias

P nigiad seriRg 7 16 enashbe an @tsinsionsspring dhalving a0 rsa ohij 2ok coupled

end 222 coupled to a second side 224 of engagenent

B rfb8PCQish side i28f oframgagémentimenthes etliatiod 272619 HRN 2%second

to a post 228 fixed to printhead carriage frane 14.

[ecmiﬁ%% qauplssidoa pash 228 rfixed kepththedd tagagd rafmy1He

adj USt{(;eQdeﬂl]JISi Tg tbhe f eat u;;]s di scussgd a%ove. Mor e

speci y In operatioh ¢ prigthed icat j :

be adj usted by rotati ng print hea?ﬁ&ﬁﬂ%ﬁ%?#%}%éﬁmg the

femuresedistusact wbien NIGHE GRIcHiBE R he IREA of BHHAEALeHage 15

i near actuator 214, arm 218 may pu actuati on

ey bewafudtdd De ddtafiid Hﬂﬁméag %rrid?%z?sqﬁjreﬁér? ng,{eag%n% é? gctuation

i s displaced, |ink nenbers may prv

apiokahieAl 106ar URBA g&&atid?la%iliﬂg?rr %E%gitcﬁgzﬁ{i SRRy pull

menber 184, which translates roftafl o

aquBali@Y8mi 306 EM@%&@%&%&FQP&F E‘fvzl}.gég @'(g?uaﬁbﬁ %{rr%e%' i9 Igd/%rp(leaced,

specifically, as arm S ret \
T o A etk Bb3h i Pien 57008 2Dsomisna ration
OB RS P RO ke SERRToBRa s amiind caripe 15
@?@%‘e@% néﬁ?wc%é%p'b ﬁ:ﬁélﬂga@ 2&@?6? ggééiﬁlcg Iarrgsn ta’rmt2h1% is retracted,
first end 206 of link member 200 may rotate about second end 210 in a
counterciockwise 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 not be purely rotational. Translation of printhead

carriage 15 may include sone x and y offset, which may
wheoopnesict ed by the notion created by the adjRPSI/IB26/015486

assenbly 182. The translation may be accounted for by

a coordi nated nove of substrate 18 and printhead

carriage 15. [0076] During novenent of printhead

carriage 15, air bearing pucks 154, 156, 158 may all ow

for rotation of printhead carriage 15 on air bearlng

r BRANdo RUSKS f1ﬁée§5€b7i58 1may lagis privifiead acatdage d& to air bearing

position has been attained, airbearing pucks 154, 156,

1tatiggsurigers prentMeadbcarriage 15 to air bearing

rotation surfaces 172, 174, 176. [0077] In an

al t er H80& Jex dnpare alibmate |ewam‘=|p@1 sleowd 8r Fgures prg-24, h@gﬂinthead
carriage franme 300 nmay house a printhead carriage 3

aredriagey frameciiibineyl hoas@kprapheddtarsiagd son a’ﬂdf‘maﬂ e coupled to
simlar to that described above regarding print

dRMbi apparbisTd 01 aPriannbeainiar td asg 302criey 9@0\% regarding
general ly rectangul ar nenber having a series of

qiriéveld sadge BOMe 388, HWifhedd 'cBFr,a?agéd3§§rtﬁh§‘gﬁ%3£§?nerally

may be generally simlar to printhe carriage 1

meytahgelat fenfidr Hak :
i nMg gur e 2). ,& pr %%%@%%?P%@é’%%ﬁs%%@ 8assé\rl\r%|"9thead

&éﬂla@YSdErrfa'yW?ér%rQW Shinepth B%@b?ﬂ%a raﬁgel 5 %rgcli ?qr%l/ include

may contain printhead carriage erel

%ﬁhﬂie‘é@aéi g}ﬁﬁ’fern't 388eriBied 20 ﬁEh(ﬂ&lﬂ ?@%@ﬁ : g@hq@ carriage

00 007 Wth particula
ity 33D asséné.@%%@%gq%zﬁ% S Sk may

@?i%em’ éﬁ{lg?he]ag cg{qggsf?@%:tﬁb% 8?1‘6{3 géubﬁﬁt}qég@%ﬁﬁé&%@ to
Eﬁ@megﬁ”cghafg@m?nes&&o.

[0078] With particular reference to Figures 19, 20, 22, and 23,
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, OQuter 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.
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may be fixed to printhead carriage franme 300 by

printhead carriage nounting plate 324 and may i ncl ude
wa2@enemas | y rectangul ar body having first andPGHUS2UA6/015486

sidewal | s 326, 328 extending generally upwardly

therefrom Quter frame 318 may further include an

upper plate 330 extending fromfirst sidewall 326 to

second sidewal |l 328 and a | ower surface 332 form ng an

air bearing surface. First and second sidewal |s 326,

328 ma[9°??ﬁ| uBBeR flameuBae raayl cosRe) pEBthcadiariidde 3034thersin.

t her et hrou h.[0079% I nner franme 320 may contain

pAnat fiarmg S28rmaabe Iaeted betwebn uppenglaid 330T80@EGUNRYe 382 and

| ocat ed between upper plate 330, |ower surface 332 and

fiirplAnchsrrosd sidanvalic B26aB2a BiRer fradl. 3d0way ifdiiea res 346

may i nclude apertures 346, 348, 350, 352, 354, 356 ’

g'ié{SeBéD,l 36 864 £35getiergllyt corapohting So 8pdrurds 8343386, 338, 340

340, 342, 344. Inner frame 320 may have a generally '

rdét @dgul dnndrotitgmei BDO angeneral & YoediRealC rid i

358 housing printhead cé?fiage 3&% thepeﬁ%%éﬁg%%gméééy1wnh a

genbedly @i oéntenpeﬂiohr@emehaagngwin'tm{éduégrriagé RPN, A

rame S

pads 357 for riding over outer ower rface

I3er saumccw BEOWNIMALFratd 350 Y iRMESL iaﬂgberaﬁhg:pigﬁg 357 or riding

movenent between i nner frame 320 and outer

CoeEAliolFatohes A Re YR30 200 8 1o SR B golave

el ements 322 may be |l ocate
Ao BEno e it 1Ak SRFLAABRRY BRI A - ane 520 1o

354, 356, and may gener y CO .
255 OO M ABESHE A A At e o
Ry R SIMIER D 5 Bonr LA SEamdrpmiuro s
%%Eg :g% C{S\rl\égléégtf g?;qb gag rggﬂglegg@ﬁg%ogg\lg irgwg)e?rf]ralmnenggoltggouter
frame 318. More specifically, coupling elements 322 may each include a flexure
element 360 generally having a W-shaped configuration. Flexure element 360
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

19



therefrom Base portion 363 may be fixed to outer

frame 318. Quter |egs 364, 366 may be coupl ed toget her
wa@paofiiesesl to outer frame 318 as well. |nner |PQI/BSA06/015486

may be fixed to inner frame 320, thereby creating a

rot at abl e coupling between inner frame 320 and outer

frame 318. [0081] Wth reference to Figure 22,

actuation assenbly 316 may include a |linear actuator

368, 370, housing nenbers 372, 374, and engagenent

bfBUed 396 houging i MegnthasibeB42,3874, 31dl Iigretase coutet eilame 318.

outer frame 318. Linear actuators 368, 370 nay be

aF hgatpseny dineka 379 opy beifixed do énren daime 3200d AospingBA70may be

housi ng nmenbers 372, 374, and therefore outer frane

3b@d terinyey diapm 320 at & Jirg EhMdBRA drel Mmaydd fixedi toreusihyan®mbers

320. A spring 377 may be fixed to inner frane 320 at a

f372137dnan@ erefoce water ranie 38l at a dacusd egd BBTLES SNy 277 may

374, and therefore outer frame 318 at a second end 381

.beSpm ierign8icT speiyg k@danaeyérsrailoproviicl & eoré@ drdiBy linear actuators
generally provide a force urging |linear actuators 368,

3368, I3T0ANLNGIEREBN Wiithhe RRARARIE Hodkk 6S g@gar bhé&sfrs 375

encoders 375 may be coupled to upper plate

gRaebé kbipled &y Gpsitgae BBalgdRb R %5)3@@ ené&%ﬁﬁ%nﬁ 'h'fbaﬁs 378.

operati on, when air bearing pads 357 ar

st at ejodgdagy W)bpg?eﬁ%hal‘/\)h%nﬁiipﬁ'é%i ?é%% %5??}3 ﬁrﬁ r%ﬁ“(@{]‘ state,

bet ween i nner frame 320 and oufer

glf]%f; 'E‘Say lg?g&%'g}{] gg%\}é’cﬁée ﬂ)t? ?%?@%(@3@%%&%%@%th3?&%§5&2% outer
Bl e 0 i B o A ap b6l s B 8 dgmens
s 875 st WAL A0 DAL TR B RS e rame
BI0RARRR o Ferthl 0Bl 18 RaBie, ool B e 318, a6 seen in
g‘gﬂﬁg ’ﬁ.i nfthgﬁ"odulc? ager in% eed 3iﬁazt the actuation shown in Figure 23 is
exaggerated for illustrative purposes. Actual rotation of inner frame 320 may be
generally 1.5 degrees relative to outer frame 318. Since printhead carriage 302
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
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is contained within inner frame 320, as inner frane
320 rotates, printhead carriage 302 is caused to
WO oaoaties3as wel | . More specifically, flexure el POBEOER06/015486
360 are caused to splay open |ike a "w shbone, "
provi ding a biasing force against rotation of inner
frame 320. A constant center of rotation nay be
mai nt ai ned by Iinear actuators 368, 370 acting as a

force co t‘lf [é(% Thi 5, force couple _\(/ be achi eved
tmm@ﬁa{ﬁ iROS! 'Bﬂac%ff%’ﬁt "@fawaph@éerfs&@@ua @may3weyide different
370 sfo t hat equal and opposite forces may be appli ed.
HS oMy tk}%frl'dﬁ'ﬂgr{'nﬁ%§@¢ﬁdeir 3 7fdacdiad above gngagement

al@eratl ons it may be necessary to adjust |inear
Pefst B essemnwdeﬂ sPtager imayiedate dp rsome linear atistancd tiVeled.

dglglpensat e for positional errors, |inear actuators
ggygtu's,\agf B’\%WQ@ rﬂplﬁcfrepgmrolfem,rtlmrdtahnn ohéhe stage can be
anot her. Using |linear encoder 375 | ocated above

é’ﬁ@%ﬂ@%ﬁ%mdbﬂ@nﬂ@ 3R@elationshipramaethendicatibtermimed Hedh@ére angle
to sone |linear distance traveled. During setup of the

f agiatigntansheneater glokiion. tWith rmdsitionofee@badkyanhs ta@ﬁﬁ’edl #bment
be nmonitored and mapped. A relationship may then

deae beiraselvérk aueratiaaly. e Ovice r@ﬂéélfé@f‘p@d?ﬁbrﬁﬁﬁ@@@én attalned air
position. Wth position feedback, the applied nonen

ibepribg pads @57ethag Meotmh® 2DFF: afISAcaurf
has been attained, air bearing pads 3576%365 %Ge tunytﬂ)é)q]urned

“ORE”loaking IrmeKtamRaL® 3Rkva™ oler riBeds, O © L ock ng
inner frame 320 relative to outer frame 318. [0084]

Li nea[O(BﬂF ual pledr %@ﬁ»até’?ZQBéga%moﬁﬁ? erofaq]%e ihd' qﬁierf{géa;nr% “on the

"on the f " Under this m)de

fiEceseabyr ttﬁlsC ﬁfdd@Ctsrﬁgf @Sﬁé’ ragl eﬁ? 'nr?#ggga%(r fyeorrect  for

transl ati onal notion the

0 th
gﬁgg&gr@kﬁ] @g@gﬁﬁ%ﬁ?}% ?igﬁ ‘of %@ﬁe ! the prﬂhea?:iugr(reayagtage or the

substrate stage. Errors that cause an angular misalignment between the
printhead array and substrate 18 are known as yaw errors. Yaw errors may be
present in both the printhead and the substrate stages. A mapping may be done
for both the printing axis (axis that printhead carriage frame 14 translates along)
and the substrate axis (axis that substrate 18 translates along). The yaw 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
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printhead array and substrate 18 are known as yaw
errors. Yaw errors nmay be present in both the

w@erinaiihesatl and t he substrate stages. A mappi ngPOEYS1966/015486
done for both the printing axis (axis that printhead
carriage franme 14 transl ates along) and the substrate
axis (axis that substrate 18 translates along). The
yaw angl e about a vertical centerline relative to PMD

a t e asyred and stored i n conputer
9'3’25!@ @g%«égiﬂﬂ‘%gﬁﬁfﬁ&f rﬂ“’h@i@%&ﬁ%@ﬁﬁmmaﬁé alosigeX stage 20
#5“191 a g vi ce such ag%a | aser interferoneter. [0085]

Vp1 Cal oGt gﬂf fYRRlate dB giackarieWar distanse @ieng Yejage 22.
ﬁ!g in the range of .20-40 arc seconds. This error range

/N9 &SDAP Toreachaxis cormputer 98A reay dynasmically sum 8alculated errors
mcyons in Pl\/D_aﬁparatus 10 (Figure 1). This error may
% FRINAAE @PiRinead staiian tsf cempensataitadharermays.i Thamprinthead
angul ar fashion. The anmount ofrotation may be the sum
SPTEREOR @ngla HivePeon INGreménds as mtialigas .02 akeBEcokds. The
stage 20 and the rotation error for substrate 18 at a

(FRATEPLRN By desanplied adporinteivab bhampradmalisty RO0A tIFRE Peh'second
each axis conputer 922 may dynam cally sum cal cul at ed ’

iR ay ignslstartnan angulantdrestion o @id @ihth@adl@ﬁﬁ;eex?@rg%.s mm
for the errors. The printhead correction angle nay be

iOh tiaver eirthe subsiratealherapriftif? aﬂfaCraﬁ@(‘cﬁlnﬁffrPetgbgec. Using this
0

correction nmay be applied at an interva

apsinaski prictiedad AABP doshRIrgEmay S5 Bbjusidy Wa?%nﬁ for structural

translate to an angular correctionin the p ead

biragalarides iy PRIDbapmarafust 102VShediically? ec@/!éﬁéh% ﬂnlt @e}ﬁ?ﬁgg stages

printing at a rate of 1 neter/sec.
0, 22 tetativeas bAYdRD DHbh@RA eUsLed to account
i | né%%ﬂ@wgggér

for structural irregularitie ratus 10.

Speci[0086] | YReRRHH AL H rjen2§,hgn?%}ge;}ﬁ%tyezteﬁlgtﬁagé%rf%rz_rotary

relative to an ideal orTentat'i on

%‘?fkﬁ?]ﬁg?ﬁﬁ%ﬁ !?d; sﬂcg%t{?;é rgéfll%é& 12 PN a%lptar%rtl?sag(is\tlaege 401 at support
rails 402, 404 (generally similar to those shown in Figure 1). Printhead array
rotary system 400 may include linear motion drives 406, 408, a printhead
carriage 410 having printhead assemblies 412 contained therein, and linkages
414, 416. Linear motion drives 406, 408 may be engaged with and displaceable
along support rails 402, 404. Linkages 414, 416 may be coupled to printhead
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, thersby causing a
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system 400 may be slidably coupled to a PVD appar at us
X stage 401 at support rails 402, 404 (generally

W@ Rwbl1a1318 0 t hose shown in Figure 1). PrinthealPlCHUSZNM6/015486
rotary system 400 nmay include |linear notion drives
406, 408, a printhead carriage 410 havi ng printhead
assenblies 412 contained therein, and |inkages 414,
416. Linear notion drives 406, 408 may be engaged with
and di spl aceabl e al ong support rails 402, 404.
LFW%?@@EMMO@P@ dfahiiBead GpIraget 4! Gor iQnoseinda cmsiredgosition,
410 at first ends 418, 420 and may be coupled to
| inRSAMeHaN diivegr 306 SUBomay 4pssiappeddiding printied® Zaritdé. 302 in
[0087] In operation, after a rotational error is
de®®¥qq- ned, |inear notion drives 406, 408 may be
di spl aced al ong support rails 402, 404 in directions
gener dPP§8loppdiht eddiienainaeteesnceAdol iFigrass MR62ON an  alternate
drives 406, 408 are displaced relative to one anot her,

| priTiaepst catringedtrémar 614 anay ethusbhprirthyad Basiidie 515 containing

acorresponding rotation of printhead carriage 410.

Qrindhdad assdetiliosd1p dsereinorRridthaRpsarmBie AAMATS MEHa3 B8

308 may be stopped, fixing print heag@%arri age 30%§|9§ coupled

posPMDoappdrefi8s]0o W ariedisimiirab haf Sesefed fég%hcﬁm%ﬁnthead
y

26-29, an alternate printhead carriage frame

roandsgyeptramichead Pafithbad SaPdateC 815 ahay 1 | ot
assenblies 516 therein. Pr igen'_qehea%qggsf ?'%a'nlg&eé ng.r grr?r%ﬁ%'lﬁwy 518

sappOted GsHatAN Byoa NP sRPRRLRbYS: eééég %@%%iad@iqrﬂ%ﬁécond set

to that described regarding prin

SaTBeEmAessk FRUNAS PRRCR N BER Ul gfh 1 PO
peart P28 HRged B N P i aouason
%g{g%gl%l E%ézf‘tf&e?&afaﬂw idﬂgiﬁgfrgr%r{ﬁeasdl Aéaﬁ?a)éei g% &l'a,ug%v%ri]ng a pitch
adjustment of printhead carriage 515. Actuation assembly 524 may include a
motor winding 526, a magnetic slug 528, a stop 530, and an optical encoder 532.
Motor winding 526 may be mounted to printhead carriage frame 514 and
magnetic slug 528 may be mounted to an upper portion of circular body 518 to be
driven by motor winding 526, Stop 530 may be coupled to printhead carriage
frame 514 and may generally extend over circular body 518, limiting travel of
printhead carriage 515 through an engagement between stop 530 and magnetic
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
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assenbly 524 for rotatably driving printhead carriage

515, providing a pitch adjustnent of printhead
w@aroei1ages 515. Actuati on assenbly 524 may i ncl BdBEUS2006/015486

not or wi ndi ng 526, a magnetic slug 528, a stop 530,

and an optical encoder 532. Mdtor w nding 526 may be

mounted to printhead carriage frame 514 and magnetic

slug 528 may be nounted to an upper portion of

circul ar bodX 518 to be driven by notor w nding 526.

S%’%?f'%@%? Be4S UPIEI53D 53¢ ABGIMmaY furhel iaglidé liaear actuators

514 and may generally extend over circular body 518,

| PR 13529 Sbt dhreinofor pienalatiea ¢f bavsings)638,1540, H4uglbngslots 532,

g%gg enent between stop 530 and nagnetic slug 528.

[ 36pProvidieg@ phkase adjigstoiant wf arinthedy dssémbitey 516. Further,

i nclude slots 532, 534, 536 housing printhead

ayeintiiel eféses irbpositordng dudito assgeisl fadatidryor 4y sthBeaslirce may
assenblies 516 may be contained in housings 538, 540,

Sraenauatedi fog usingdhe visian §32%m WR4crilEibbelbRUs ire@serRad fiducial
540, 542 may be slidably engaged with |inearbearings

5aark @vs jowst BurfSteobipiReadddtriags§1smy further include
i near actuators 550, 552, 554 therein for translation

of hof@091ds H8ih oldflionar ZefalepBd 18! Bharea33e 5%4815§ﬁ’salternate

provi ding a phase adjustnent of printhead assenblie

mlidtheadr tdreage Grné E14i ?Hayofu{ggsfet gHﬁ‘thBQ&iéd 9&@ GQé'ecc}n?aining

. r
assenbly variation or any ot ource may

e oncaries b KRV ORI “Bbinaa cafed® frame
B P8 <685l 39 PARD SRS 0 YR e sirvlantp ths
SRR PrAngR cABHER, Bn G nendfnaq ERGiecs 528 may
POl BB G0t 8 L ol ety
bﬁﬁ\head carriage frame 614 may include front and rear wall assemblies 632,
634 and sidewall assemblies 636, 638, which cooperate to form a printhead array
variable pitch adjustment apparatus, discussed below.

[0092] With additional reference to Figure 32, front wall assembly 632
may include a wall member 640 and an adjustment assembly 642. Wall member
640 may include an upper portion 644 and a lower portion 646. Upper portion
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
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descri bed regardi ng printhead carriage franme 14.

Printhead carriages 628 may be rotatably coupled to
w@eooatiesagl carri age frane 614. More speci fi cal PgT/US2006/015486

printhead carriage frame 614 may include front and

rear wall assenblies 632, 634 and sidewal| assenblies

636, 638, which cooperate to forma printhead array

vari abl e pitch adjustnent apparatus, discussed bel ow.

[0092] Wt h additional reference to Figure 32, front

WaP# ke RRIHOHAGE iMay inalidg aghelf Ghshisssupportinga@ pottion of

adj ust nent assenbly 642. Wall nmenber 640 may incl ude

afdiupimant gssembly 6624diseupsadibelayy. portion 646. Upper

portion 644 may include slider portions 648, 650 at

ends d9993b54Adigsimant assembiyn 6680manpyindludd fzetinéarcslitdebearing

a |l eveling nechanism 656 to adjust vertical

oPo&Bra iliGeR, efslide assrmiely B6854 piandssdablgfoB6ea phigtHead carriage

di sposition of front wall assenbly 632. Additionally,

sinpdetingpassientrly 668 ana kckingimedhaanaevey elrieRBslide bearing 660

mechani sm (not shown) so that front wall assenbly 632

ey leetend; along 8hsie 658 ¢ Adilyeeat mb?'é;@n@mi? @xéondba6ng 'aMEfority of

portion 646 may include a shelf 658 for supporting a

phetlengthadf walj HsniRstteAasaRdhay B8 Focal i
[OOQSI]OEHAdj ust ment assenbly 64%, mgoﬁﬁfﬁgé‘sf\qi‘?ﬁ]eﬂw‘e bearing

B60d e Shes raisBemBR{Os6 A=y hclBfie firgt Sid Qsc&ﬁsz?ﬁ@'lpksﬁtg)%aﬁ, 674

pi vot assenbly 666, a printhead carriage nounti

agtreah| iMicbPBdiatd oRionO§ 14 %J%@%Ehsﬁ'efﬁgp g}oogérpz%glr actyator 678

slide bearing 660 may exten ong s

\Aﬁgcl)é}téﬁ BSfmfééanir%rﬁf‘Honrgéﬁ B2 %nﬁ%tghjr\é%ig%gpc$rpﬁré é?g %tna &géecond

menber 640 and be I'ocat €

b 6 [ ag 4 may _inc)ude, first and
@gﬁé&eng&ﬁ%ﬁ% i gﬁ% @%FQHG%Q&Q?% éﬁc‘? b oPYyfien 674 and

j 76, .+ t , fi t t [ d t uat
ﬁé}%wémat@é%r@%féf@e ween, a first notorized actuator

ocat weén first end portion 672 and
i nter ,at e tiqn 676 and a second
fﬂndyﬁ A8l g second end portei‘ons 672, 674 may each include

Support members 686, 688 mounted to lower portions thereof. Support members

686, 688 may be slidably coupled to linear slide bearing 660. Intermediate
portion 676 may include an arm 689 slidably coupled to rail 662. Pivot assembly
666 may include pivot members 690, 692 having first ends 694, 696 and second
ends 698, 700 rotatable relative to one another. Pivot members 690, 692 may be
in the form of hephaist bearings and may have first ends 694, 696 coupled to
upper portions of slide assembly first and second end portions 672, 674.
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
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notori zed actuator 680 | ocated between second end

portion 674 and internediate portion 676. [0094] First
waresdesond end portions 672, 674 may each i ncPamM©S2006/015486

support nenbers 686, 688 nounted to | ower portions

t hereof. Support nenbers 686, 688 may be slidably

coupled to linear slide bearing 660. Internedi ate

portion 676 may include an arm 689 slidably coupled to

rail 662. Pi vot assenbly 666 may i nclude pivot nenbers

6FGChFUSMHKA MVt be Souplad Jogptermediaten pdrtisaceedl ardidsay include

698, 700 rotatable relative to one another. Pivot

F@%@m M@ 7(@70%70-5@5@" fmng]adjﬂsh‘rmnbfask@pblgleztz relative to wall

beari ngs and nmay have first ends 694, 696 coupled to

upp@bep i ofdampingl balt 7a8smapl e tighteheand glBaMd s8Aste slide

portions 672, 674. Printhead carriage nounting

adssenplyy 6668 geragrally cllodiingnmindri agjustheeks of Mtst 04 £e5nd end
coupling adj ustment assenbly 642 to printhead

qaartiors@ER, 678 reldtivntd ot BhaIR&Sthik &@h a&fatﬁ%f Benfet8's98, 680.

to pivot nenber second ends 698, | om ng

(e lampmea Boktsa rr05a gy be ik K& e
menber 640. Locki ngneﬁ?%am sr%(h670 may S%gb%o%s? %@t ('g:)econd end

ipoteonesi2abe4 Pslativede dhébarpisbrmay i ncl ude cl anpi ng
bolts 705, 706, 707 for fixing adjustnent asserrbly 642

rel at joo®sy o \Pﬁalfém Bk t@“ﬁgurgﬁaﬁ'aﬂg ?Ioﬁ,d’%@? el BeelBly 634

tightened to glob l'y secur asse

oot 57 el EAns, P8 <6 A BPERH g 73RS wilimember 708
NI LG B 2282 e SRR Wiy it
S RSP R, B 8, S o
g@é@%F %g r&%\{q {8 %gvghgs Ilecr)rte rrrggr%rbeZso%Zan%fmg}I/ \égtln the
form of hephaist bearings having first ends (not shown) fixed to wall member 708.
Mounting blocks 724, 726 may be coupled to second ends (not shown) and
printhead carriages 628, allowing printhead carriages 628 to rotate relative to wall
member 708.
[0096] Sidewall assemblies 636, 638 may each include wall members
728, 730 having leveling rails 732, 734 on upper surfaces 736, 738 thereof.
Slider portions 648, 650 of wall member 640 may be slidably engaged with
leveling rails 732, 734, generally allowing wall member 640 to travel along the
length of leveling rails 732, 734.
[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
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may be fixed to sidewall assenblies 636, 638. Pivot
assenbly 710 may include pivot nenbers 712, 714 having

wo poost1i@mgls (not shown) and second ends (not sSPOMF2006/015486
rotatable relative to one another. Pivot nenbers 712,
714 may be in the form of hephai st bearings having
first ends (not shown) fixed to wall nenber 708.
Mounting bl ocks 724, 726 may be coupl ed to second ends

i nt head ' 628, al | owi
oA S rd 1B b B8 550 4 adlesimet moseaibly 642, More

08.. ] 0096] _Si dewal | assenblies 636, 638 nay
%ﬁ{cﬁ'&’ 888&\%3? %ﬁéﬂ%% adipgtedigoract the pitek ¢dragf by rotation
rqils 73%, 734 on _upper surfaces 736, 738 thereof.
&'iPYDihead calmiRges 628 abogbpiyet mamberssAt® 71840 may be
indai#a ing%ged with leveling rails 732, 734,
gener &13Plal IFSpthapdieaniagentiay 16! eothimdt alole | pivadt GREMBER 712
I gq%h of leveling rails 732, 734. [0097] In ’
J‘é r'afauen, heieR of gstiusimeetidsseminly sge. ERRIC SsbeiLAY BEAGHay be
to be offset fromits target position, it may be

RE["04ted do meovegalong raik 862 bysretbiasingsiseking BRBan; -
Specifically, when a printhead carri agg;l 628 hlggn 2170' Locking

FIaCERNiEMs BT gnase he (retazsadiby foogetig Jeﬁmbih%bri?afetsbfos, 706, 707.

corrected using adjustnent assenbly 642

S\peei Ipeidag Inyechanisnt BFadisas BodMyolRBs@fl] t rect .
the pitch thereof by rotation of pri ﬁtfﬁgggﬂgas%rcﬁ%égotonzed

8el5atanm Al @etanayeite Siid dderhfoc AR BT 57 . 6p2 10 o

carriages nmay be rotated about pivot

deniredgtostiion forgsitchfcon@itist Nent assenbly 642, Slide
assenbly 664 may be permtted to nove along rail 662

by r40e9ei noAd Sirlel 23 eARRHGEY ﬁg@egg %ﬁogb{ggitég%&%&he%&iggniages

670 may be rel eased by [‘oosenin

%Eg%rgglgtglfeﬁ%ﬂ A I"g%?g%%hﬂn?t Zﬂ grégw Q st kp))(ce)(seir’t]ion (Figure 30) to
a second position (Figure 31). As printhead carriages 628 are rotated, they
become angulariy disposed between wall members 640, 708. In order to
accommodate the angular displacement of printhead carriages 628, wall member
640 translates along leveling rails 732, 734 as printhead carriages 628 are
rotated.

[00100] Slider assembly actuation may be accomplished by adjusting
a voltage signal to command the motorized actuators to move in or out.
Information on the desired location for print head nozzles may be obtained from a
vision system, described below.

[00101] The printhead arrays may be configured as contiguous or

non-contiguous arrays. Non-contiguous arrays may include gaps in the print

swath between the printheads 52. A schematic representation of a non-
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actuators 678, 680 may drive slide assenbly 664 al ong

the length of rail 662 to a desired position for pitch
wa@orsaedsion. [ 0099] As slide assenbly 664 traveCBHUSL006/Q15486

rail 662, printhead carriages 628 are rotated about

pi vot nmenbers 712, 714 froma first position (Figure

30) to a second position (Figure 31). As printhead

carriages 628 are rotated, they becone angul arly
640, 708. In order to

dj d bet ween, wal | ers.
a%@ﬁ@fgﬂﬁtaératyh@ %%m%&%ré'b%éﬂ}éﬁe?ﬂ @¥ ngnicentigisalis array may
carritqﬂ)es 228., wal I nmenmber 640 transl ates al ong

| SHITTR PRYFISalAize limiation imposednlews the: arinthage 526@8drayuiring
rotated. [00100] Slider assenbly actuation may be ‘
HU9) %“%l[h%\f? e dasirad munipes of ietting erraygimk pacicutammade, The
the notorized actuators to nove in or out. Information
HRASh B §3GUE Roehkandsn it dhe porinting hewathatio 21t eslteraYihBErelative
obtained froma vision system described bel ow.

[BRMeM9ntTRe ther Prinihead arrayajs teysubstraienid HeURS aBiSareas of the
contiguous or non-contiguous arrays. Non-contiguous
dipalyatonaty printedidd hgamstrion efhsitopingninas e BolGaME ERafidifed by
printheads 52. A schematic representation of a

hloie @vanggment array is denonstrated in Figure 33. A
non-conti guous array may result from physical size

i ni t [20168] i npoteditbyatie pﬂhih@hb%@ri%%. H&j?&n{e‘m %:pgéga%s 800

gaps to achieve the desired nunber of jettrng ar

isn shopar tstheaticaipane. Figdes 98RBaMY pfifdkj €42 chan
in the printing rrgt hod §hat al -t%g'rs lt:,ﬁ@ﬂrgé{ia?%\r)@ge Sustment

appaaRist 800 rhaAe idlidy h%@%r@}; %@Jon@g%i@ﬁg?#%%@i@?gtegh%&, 804, a

insure all areas of the substrate :
gﬁtggié)gﬂépf 'Iahfdﬁtwioﬁaéésgﬁ'nb@eéﬁé. akhot pur|I|11"5Hcefa((ajcct:aerrcfagbey 8(1.:)2h ImSay be
fixed to a first side of beam 806 and second printhead carriage 804 may be
slidably coupled to a second side of beam 806 generally opposite first printhead
carriage 802.

[00103] Actuation assembly 808 may include an air bearing
assembly 810, a pivot assembly 812, and first and second actuation mechanisms
814, 815. Air bearing assembly 810 may be coupled to a first end of beam 806
near a first end of first printhead carriage 802. Pivot assembly 812 may include a
hephaist bearing 816 coupled to a floor 818 of printhead carriage adjustment
apparatus 800 and beam 806 near a second end of first printhead assembly 802,
providing a rotational coupling therebetween.

[00104] First actuation mechanism 814 may include a linear actuator

820 and a movable link 822 slidably coupled to guide groove 824 in printhead

array variable pitch apparatus floor 818. Linear actuator 820 may include a first
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[00102] An alternative printhead carriage adj ustnent

apparatus 800 is shown schematically in Figures 34-36.
worioatiesagl carri age adj ustnent apparatus 800 nBGT/US2006/015486

include first and second printhead carriages 802, 804,

a beam 806, and an actuation assenbly 808. First

printhead carriage 802 may be fixed to a first side of

beam 806 and second printhead carriage 804 may be

sli d%gl y coupled to a second side of beam 806
oL Pal I‘?”E%ﬂo@i firgt printeead paitiage £92cand mayendode a second arm
[00103] Actuation assenbly 808 may include an air
b icﬁéplﬁgst@nﬁloyal%ol!nka%?-vdtinlaéi?érrmay &ty Benehdnualy moved
and second actuation nmechani sms 814, 815. Air bearing
RAQER%H | 9FOVED 8R4 Yo matwsizet eitiraughavdriaust mettbdef tobaaiie®d Goarse
near a first end of first printhead carriage 802.
PPiRden asliusimeyt &flmamB06.n Eirsidenas e playiiss elaeateddr BkBicted to
coupled to a floor 818 of printhead carriage

&Fhigyereeline agjpsimenisf B&n 806, beam 806 near a second
end of first printhead assenbly 802, providing a

r ot at {@145] coupBecund: hetualioh WhebharliR 1843 iy Sinclude a linear
actuation nmechani sm 814 may i nclude a |inear” act Uat of

geliatord847 noLimbhe dctuttor8827 Shafaly )énggé’eg:i ?@1# Qec%ﬂddgdgthead

groove 824 in printhead array variab appara

fchoiage88®4 andniegdm 2838t e B 255t N reY firstarm
821 coupled to first pri nteheé% ltﬁ:?;t?rr ?ggeMggzgaegﬁt&[l&H@;owde for

shitdbiel ectaab@ s oNsbcahBpRAtheal léﬁlfr%‘aetémgﬂ?%ﬁhﬁﬂ% '&'55 822.

Li nk 822 may either be -manually~nove oove
Coar TSR BRI TGRSt e, oo
L e R A
IS rﬁlgﬂg's glRs% bl%%l/é'%54?alminsn 98%[1 823 may act on first printhead
carriage 802, causing rotation of first and second printhead carriages 802, 804
and beam 806. Linear actuator 820 may further refine rotation of beam 806
through extension or retraction of arm 821. As beam 806 rotates, second
printhead carriage 804 may be driven by a linear actuator 817 to achieve proper
phasing of second printhead carriage 804 relative to first printhead carriage 802,
This process may be automated through use of the vision system, discussed
below, to record the relationship of first printhead carriage 802 and second
printhead carriage 804 and to initiate movement of second printhead carriage 804
through linear actuator 817.

[00107] As generally discussed above, after motion of link 822 is

complete, the coarse pitching adjustment of the printhead arrays may be

complete. At this point linear actuator 820 may be used in combination with the
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actuator 817. Linear actuator 817 may be engaged wth

second printhead carriage 804 and beam 806. Li near

wa@ewdailens 817 may general ly provide for sli dabP@r/us2006/015486

actuation of second printhead carriage 804 al ong beam

806. [00106] In operation, pitch of first and second

pri ntheads 802, 804 may be adjusted by actuation

assenbly 808. Mire specifically, as novable |ink 822

travels alo .de grogve 824, arms 821, 823 may act

o(ﬁg*o ﬁ%\{s?egp ﬂﬁtfﬁ%é%%égm 8% do g finglaprerisg angiavtof maljustment that

first and second printhead carriages 802, 804 and beam

B8 IeYasBilrh Acrumciss P otheaprintheadse withist 0 mictartsi 0Once the

of beam 806 through extension or retraction of arm

82AProRatE PR 8 begn Abiaineds heqnintheadntardage adjusinkge apparatus

8%)4 rmg; be driven by a linear actuator 817 to achieve

p Q)(b Y pedied dorgirindisgond print head carriage 804

relative to first printhead carriage 802. This process

may bd0@lR&Inat eBefamingigh Figerest 35 handvi3s| o sEYFHERB noted that
f t

di scussed below, to record the relationship of firs

pi?rimh%é’a@ﬁrd_ag?si 402, 8B nmyhes altpied tbrk'bd‘b@ﬁé\ﬁll;ﬁﬁr{ hh&%Ewith one
804 and to initiate novenent of second printhead

@notheigd ifi i ' ' i
eigd@e spebificallyh plintheads ?ﬁé\ﬁlﬁ)_ R Jezc\cp [OIQ %ﬁﬁ@%gg‘%lagnages

general ly di scussed above, after notion o

ESRpBe4 enayt be atigeads sugh trahi it &% f'ﬁLét N
printhead arrays may be conﬁe@@. A% t i%%%}aﬂ?a,lrleﬁlggqg ina
geeatet qrind 2@epasstiope cafeshtidlioR Ol o | evision .

systemto rotate beam 806 to ’t% %%@g%&é%ﬁa %EHBY Py print

oepesiiiersamrass3bhagte achi eves pitch accuracies for the
printheads within 0.5 microns. Once the appropriate

pitc [doaasjoggg ﬁ%ﬁg@%%&ﬁfﬁ@ﬁi@dv%ﬁ svlem g of PMD

adj ust ment
Egﬁrgﬁ%hgfﬁf InefideCa dafbafign 23nend a?é(ss’em. }y 8516) li"llng e? ?‘nachine
vision camera assembly 902. With additional reference to Figure 37, calibration
camera assembly 900 may include a calibration camera 904 and a mounting
structure 906. Mounting structure 906 may include first and second portions 908,
910.

[00110] First portion 908 may be fixed to vacuum chuck 16 and
second portion 910 may be slidably coupled to first portion 908. Mounting
structure 906 may further include a motor (not shown) for driving second portion
910 relative to first portion 908. Mounting structure 906 may also include a
fiducial mark 912 for coordination of calibration camera assembly 900 and

machine vision camera assembly 902, discussed below. Calibration camera 904

may be fixed to second portion 910, and may therefore be displaceable relative to
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printhead carriages 802, 804 nmay be aligned to be
generally in phase with one another. More

wa@pweitidseal | y, printheads (not shown) in each BET/US2006/015486
printhead carriages 802, 804 may be aligned such that
they print over the sane area, resulting in a greater
print deposition concentration, as indicated
schematically by print deposition areas 830, 832.

[?Q%I ferring back to Figure 1, vision system 17
0 %%1 8@8‘3& i‘iE d%%lgf SRUQN | 9ROR RNy Rereenditiiart tooan cpper surface of
900 and a machi ne vi sion canera assenbly 902.
Wﬁﬂgd%nlfcgéﬁal reference to Figure 37, calibration
camer g_gfﬁorrbl y..900 may include a calibration canera
904 and unt ViSiPrs eamera. pesemtsly SuRumial gcIgts e oy i
y o ®esolution

906 may include first and second portions 908, 9
[COEAB]° 1 Adtiotprscldiengmenaray 16e ahil xesholiting SRS Low
flr%(gnd second portion 910 may be slidably coupled to

tlibFamgra §08. map treveng sbatae figie of YRw i, HidhN&lsolution
i nclude a notor (not shown) for driving second pdrtion

§20era1946i Wdoreospdaificallydotvi reBolRBSn cBieR b?grrﬁéyy Wb Crield of

906 may al so include a fiducial mark 912

Yisot of FRArpymatgly dalmior iat i'@mrﬁ.anﬁﬁsafa?lgiézﬂy;sé%%%88%@%sufﬁcient

machi ne vi sion canera assenbly 902,

tPPegramodateciaading &1dks NafyYs Rtk t Ftiqn
910, and may therefore be di sprl gégg'bl@oﬁ'gﬁ%ﬁ]g{@&ure 8's may

includevarbratiet k0206 ahal fasidhF@ ‘"s"eir(*Sﬁ’d 91‘?(?[8{;2'&% ST kfoR gnovably

per pendi cul ar to an upper surface o

o0ndrig biicke0g2E &R0 RENDS.Y 19A%: Ry, hhcl ude a low =
resol ution camera 914, aﬁﬁin%éi ﬂ?@%@%? PCBRKIRIOYY for axial
tearslaiontalohd BEcSHd KGlt b Shd SRt O, canera

914 may have a greater ?Péﬁﬁegf%g%iwqqﬂraﬁ‘abﬁ@ﬁwde for vertical
tregstatioh iod Fhounting 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)

[00112] In operation, calibration camera 904 may be used to
determine printhead Positioning. Calibration camera 904 may be focused on any
of printheads 52 (Figure 4) in an array to determine relative position between
printheads 52. Calibration camera 904 may generate images that are sent to
Computer 922 for determination of position errors between printheads 52. If an
error is found, printheads 52 may be adjusted as described above. Calibration
camera 904 may provide positional feedback during correction of printhead
position.

[00113] As noted above, calibration camera assembly 900 may also

Include fiducial mark 912. Fiducial mark 912 may be viewed by machine vision
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camera 916. Mre specifically, |low resolution camera
914 may have a field of view of approxi mately 10 nm by
waoarrie3Thi s range may be general ly suffici entP€DUS2006/015486
accommpdat e | oading errors of substrate 18. Munting
structure 918 may include a bracket 920 and first and
second notors (not shown) for novably nounting bracket

920 to second rail 26. The first notor may provide for
econd rail 26 and the second

j t g&% ' | on , , .
?re-%”g‘%ranéy pr@%: g@b %8r°‘%§$’0?¥?a|ca{'brah@1l AAMRTAOASTEDDIY | 9GD and
relative to second rail 26. Calibration

dhaiz 9‘8%8“| GH'Y'8s BFRRMRIY Beirer £roedrelative Ipogitioning between

canera _ : _ _
r lon canera 916 nay all be in conmmuni cat i on W th
aoe"‘ﬁ@lr?ﬁé? SPTES3 a5Re1p anatroachite ¢isiaqyucamale. adPidigloo is

eration, calibration canera 904 may be used to

Ln o . .
& g? ‘gB’n{ RHIVEr RINURRING Priween arinthpad€A2, lontragen Qérmﬁfe@a?sembly
be focused on any of printheads 52 (Figure 4

gﬁéaﬂ” Magflineo/izien eameraasssnatily 902 pasy bé ARtDRiNEE computer
nt heads 52. Calibration canmera 904 may gener at

5%%@&* PR tbereed éont prirdhearpataid PARNESY c‘éﬁe@éegé@rﬂ%ﬂgféﬁt as

position errors between printheads 52.

f - -
ggcwqﬁgﬁoﬁbq}{ﬁ‘i rturtedsreliveppshieniag) betlssh Qéio%eéeﬁtlﬁ%%:qgssembly

above. Calibration canmera 904 may provi de posi

apdexnthend wgrrizmerferhé aa by Be | ik 0D
?%?8113] As no{?d%ove, cal i b¥ at ikghwﬁgﬂ%or?@ﬁa{ﬁéé‘ﬁ%loflcommon

Gaheiyip8280 Thisl meyp gehekmi ali jducial mark
(2:22 rmtgl be vi ewed by; grmchi jr/éd S@Jgnr@éﬁ%?% %%98??62&11%@3“%
ROsitioningdibedwesre adibetrate Oy " ng
machi trf]gdvi si on camarra assenbly @Bﬁ%&cgr@f’m} 9’§gg'ne any

gioningrerng thatheRReR adil i amera assenbly
Hgﬁd rmghi lr?g vi sion ga?&ng?gis%%lgg%{ﬂ% 902 |Es_;2knovm,

r el af0oAd4posi tADRbig %&Eﬁﬁ%eﬁfnb%sﬁgﬁ g:gmeré assembly 902 may

cal i bration camera asse
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
924 may be small, €.g., approximately 1 mm?, and may be in the form of an
etched chrome marking. Once the general location of a fiducial mark 924 has
been determined, machine vision camera assembly 902 and substrate 18 may be
transiated so that high resolution camera 916 can provide a detailed image to
computer 922 to determine substrate 18 orientation through the use of a machine
vision algorithm. While indicated as an “X” in Figure 1, fiducial mark 924 may
include a variety of forms, The image of fiducial mark 924 may be analyzed to

determine rotational orientation of substrate 18, as well as the position of

Substrate 18 along the substrate axis. An additional fiducial mark 926 may be
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900, and machi ne vision canmera assenbly 902 may be

determ ned by conputer 922 and nay be used for
w@eooatiesagl 52 and printhead carriage adj ust menPCT/ES2006/015486

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 _tq determ ne relative positioning between

s'é%%tteaa?'é ?H?Sgﬁge BPi ‘?‘Ftsr'?éawgh othe griatipnad rerientatiny determination.
prgai t.i oni errar therebetween, discussed bel ow.

['084498) MALS ¥4 P28089% Jenerahly Re 19¢aipd in oppesite evaenstitom one
902 . may determ ne positioning errors between substrate
BORRY JHigh realution cameragds may be gysedi thi loedtbyfiduciavmark 926
reﬁgyuti on canera 914 may take an initial inmage of

WIBOuf Hecassistgaea phioverashlutipn catricom 904 tmsb diicingl orfadtion of
924 thereon. Fiducial mark 924 may be small, e.g.,
diggeikinget 824 1 nm2, and may be in the formof an

et ched chrone marking. Once the general |ocation of a

fi ducl@Q118hr k JAce it totmionalesriznmativRch SUBENABE Vi He®mined
canera assenbly 902 and substrate 18 may be transl at ean ’

$he phiathehd glaniages| disclosed ab@eam3YthaAa I PSSR orientati
detailed inmage to conputer 922 tg det erm ne Fg%‘cglg?roéltegtatlons

@gjusteide f accomit foromghpbdiforie® Rfordj hi Bey Vi si
algori thm Vi le indrcated e airordny! dl the Yaidlly of ways

flisdussical alarek AQditisRAlly, sd V@Eioft forms. T
i mge of fiducial rmlrlgfI 924%{/’ eeﬁgﬂr?gl%azngé at%gsembly 582 may

Hedaxticdlipeprovicrt iAagds oF i RIALA] irﬁé}ggfl ééf’%%%a{{a‘ﬁ%&rgputgfc’ 922 1o

wel |l as the position of substra

detbahinat Sosiidrial eﬁbr@qg}ohgﬂ&ﬂl oé%rgfﬁri{ %lftﬁ@blr(agéqﬁrp&%gpo. For

bel ocated on substrate t0 assi

@(a'nqﬂé,aiiéhﬁfﬂal%Eﬁ%’s@n%?.tﬂeognalgée%goi @gﬁ%ﬁsggﬁﬁgﬁ? grrrgv)\;th of

generally be located”in opp

sumairBRYy 1g Hi I ti c a 916 may be used to
I océt%rg?'du-gﬁsélrﬁ%gbé %ei%mlﬁera?'by variationin 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 servo-loop control system by computer
922, This may eliminate possible sources of human error. It also may allow for
alignment adjustments to be made “on the fly” to automatically adjust for
variations in printhead position caused by thermal expansion or contraction, or for

thermal expansion of the printing material that has been loaded onto the system.
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wi t hout the assistance of |ow resolution canera 914
based on the orientation of fiducial mark 924. [00115]
wOn@e/1143¢8 r ot at i onal orientati on of substrate BGI/US2006/015486
determ ned, the printhead carriages disclosed above
may have their respective orientations adjusted to
account for the positioning error in any of the
vari ety of ways di scussed above. Additionally, the
machi ne vi sion canmera assenbly 902 may periodically
provi de i mages of fiducial GkMMS 924, 926 to conputer
922 to determ ne positional errors throughout
oper atWbaf ipFlapnes! Bppar at us 10. For exanple, fiducial
mar ks may be anal yzed to determ ne any thermal growh
of substrate 18. This may be determ ned by variation
in size of and/or distance between fiducial marks 924,
926. [100118]primting apparatus doenprisiigous canera systens and
adj ust rent mechani sns may be automated into a
ser vo- | oopachbutk configysdceim stpper Brsubelrai@dRerebhi S May
el i m nate possible sources of human error. It also may
al I ow for akaipspaeet apeityeineatichlie;be nmade "on the
fly" to automatically adjust for variations in
printhead pqfintiead 6aHa x%w i r ini
contraction,qﬁor for theggnéﬁyneilp&gggiagr@o tﬁgﬁ’%rn?n?c?nrt]%mmg a

prhthendlcalagl HoasingaS ledsP 8HE BriffibAy koY St em CLAI MG

What is clained is: printing apparat us

conpri si ngy figst %Hfé?a%ggé:iggllﬂ/{ &?\Jigﬁre%uﬁogﬁﬂ%kﬁﬁja?gsét 855 said

ther eon; a rai I space m sal d. .
PRnAEAE 8Hd HRoVIdSSd ihag® a5R48 laec%rﬁpoutgrahgd rail and
containing a ’

a computer receiving said image data from said first camera
assembly and configured to determine a deviation between a desired position of

said printhead and an actual position of said printhead.

2. The printing apparatus of claim 1, wherein said first camera

assembly is coupled to said chuck.

3. The printing apparatus of claim 1, wherein said first camera

assembly is generally pointed toward said printhead.

4. The printing apparatus of claim 1, wherein said printhead carriage
includes at least two printheads, said first camera assembly configured to capture
image data of said at least two printheads and provide said image data to said

computer, said computer configured to determine a deviation between an actual
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printhead carriage housing at | east one printhead

therein; a first camera assenbly configured to capture
w0 pmgalaat a of said printhead and provi de sai dPCTHE®06/015486

data to a conputer; and a conputer receiving said

I mage data fromsaid first canmera assenbly and

configured to determ ne a deviation between a desired

position of said printhead and an actual position of

(e printhead. 2 ... The printing apparatus of claim1,
gﬂgp‘ nbfggﬁug ‘%i Ipast W&nBPfgthﬁéé%ﬁ%ﬂWq ¥ epspstharoarshiaddesired
il rinting apparatus of claim11, wherein
?gﬁgﬁ@ioﬁﬁ'd@jﬁfgﬁ%%‘gegﬁtﬁ?&ﬁ relajivade @neyanpthient ed t owar d
said printhead. 4. The printing apparatus of claim 1,
wherein said printhead carriage includes at |east two
printheads, said first canera assenbly configured to
capt uPe mﬁ@% RIEAg oRPRYAUSa S | alaist 1, wavhpreimt $6@dfrsER@mera
provi de said imge data to said conputer, said
E8Publ s eonfiguirst odbe mouahle refative 1o shacyizat i on bet ween
an actual position of said at |east two printheads
relative to one another and a desired position of said
at Igglst tmﬁw printheads relative to one another. 5 .
The p®-i nti nideapiiatingt agparbtue! 6f Blafn ' A
canera assenbly is configured to be%gg%'rgéﬁgﬂngaztsecond
tyneial abseaibly mévedbihecoupied ioehigdppar at us of claim 1,
further conprising a second canera assenbly noveably
coupled to said rail. 7. The printing apparatus of
claim6, wherein said second canera assenbly is

conf igur edhbopriripl Udsh a8tk &9 trate on said
chuck. 8. The pri%ti‘ﬁ)g a#p?a@ﬁ@ﬁ@#ﬁ%% %lgmfﬁé}ogpncamera

asaemhboseohfgures td Eapture an image of a substrate on said chuck.

8. The printing apparatus of claim 7, wherein said computer is in

communication with said second camera assembly and is configured to

determine an orientation of said substrate.

9. The printing apparatus of claim 8, wherein said one of said first and

second camera assemblies includes a fiducial mark viewable by both said first

and second camera assembilies.

10.  The printing apparatus of claim 6, wherein saiq computer is

configured to determine relative positioning between said first Camera assembly

said second camera assembly, said printheads, and a substrate located on said

chuck.
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conmuni cation with said second canera assenbly and is

configured to determ ne an orientation of said
wanivsiit@t®e. 9. The printing apparatus of cl ai nPGI/US2006/015486

wherein said one of said first and second canera

assenblies includes a fiducial mark viewabl e by both

said first and second canera assenblies. 10. The

printing apparatus of claim®6, wherein said conputer

is configured to determne relative positioning

between said first canera assenbly, said second canera

assenbly, _said printheads, and a substrate |ocated on

sai d [dhuche1pPrinting spPaeiysy ohaimt1@s wWherginaisaidlgomputer is

wherein said conmputer is configured to automatically

cafiguieddo gytanpatingly gdivst aupesitianing behveannsaid prinihdadaipnd said

substrate based on an input fromat |east one of said

ubsatealprBesked @0 iDpwEirem ;8 Jeads| dnesof said fifsteansr sedandgcamera

apparatus of claim1l, wherein said autonmatic

asspoblie®nt i ncl udes an individual adjustnment of at

| east one of said printheads. 13. The printing

apparatus of claim11l, wherein said printhead carriage

is rotatably coupled to said printhead carriage frane,

sai d 1aut orati priathgisdppardtus N6l Wkifd 110t @hifdin 0§aid akdtomatic

printhead carriage relative to said substrate. 14. A

guijusinentinalipnes ah isdideual aidfistEentcof Gl kakt 681 bi SHid Fﬂnlh@ads.

support a substrate thereon; a rail spaced apart from

said chuck; a printhead carriage frame coupled to said

rail and containing a printhead therein;

13.  The printing apparatus of claim 11, wherein said printhead carriage
is rotatably coupled to said printhead carriage frame, said automatic adjustment

including rotation of said printhead carriage relative to said substrate.

14. 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 containing a
printhead therein;

a first camera assembly configured to capture image data of said
printhead;

a second camera assembly configured to capture image data of
said substrate; and

a computer in communication with said first and second camera

assemblies.
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a first canera assenbly configured to capture inage

data of said printhead; a second canera assenbly
weomwbilgsned to capture i nage data of sai d subsPCEHUS2006/015486

and a conputer in conmunication with said first and

second canera assenblies.15. The printing apparatus of

claim 14, wherein said conputer is configured to

deternmine a deviation between a desired position of

said printhead and an actual position of said

printhead. 16. The printing apparatus of claim 14,

wherei n said printhead carriage houses at |east two

pri ntiReadd henerinding appa@iys of (Claiahdda wheysifbisaid computer is

configured to capture i mage of data of said at |east

qaRHgpedrie risirigline aidfvwﬁp%leérveemwdegmcéaosiﬁom of saidipniethead

a devi ation between a desired position of said

#1d an Adbalpasiiona saiskprithesssi ti on of said print heads

relative to one another. 17. The printing apparatus of

claim 14, wherein said conputer is configured to

determ ne an orientation of said substrate. 18. The

pri ntlisng @ppariating apparatuai ohcladm W estesrsinasaed pfinthiakad carriage

first and second canera assenblies includes a fiducial

housks at &sabtveo printhebdls friiréinf sdi6 tirgAntrs A3demBEEGHfigured to

assenblies. 19. The printing apparatus of claim 14,

osipeureimagaofidata e uhieratiicast & pantheadd, @afeddmhiit8configured to
rel ative positioning between said first canera

RIS Vo dBdablors BNk ATBES S BESHY of Sid so?ihgib%'aE%d an
on al

carriage frame, and a substrate | ocated

deREd bosiflon SNEailpliRiHeaEs ARRRAL SHeUnottigl M 14, wherein
said first canera
17.  The printing apparatus of claim 14, wherein said computer is

configured to determine an orientation of said substrate.

18.  The printing apparatus of claim 14, wherein one of said first and
second camera assemblies includes a fiducial mark viewable by both said first

and second camera assemblies.

19.  The printing apparatus of claim 14, wherein said computer is
configured to determine relative positioning between said first camera assembly,
said second camera assembly, said printhead carriage frame, and a substrate

located on said chuck.
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assenbly is configured to be noveable relative to said

rail. 2 1. The printing apparatus of claim 14, wherein
wag adod/1s@seond canmera assenbly is noveably coupl BOT/U82006/015486
said rail. 22. A printing alignnment nethod conpri sing:

capturing image data of one or nore printheads with a
first canera; assessing the inage data to determ ne a
devi ati on between the actual position of the printhead
and a desired position of the pI)ri nt head; determning a

pri nt2Pead ThEj BARRGN APPRIGHS OF 4lymatldaiWarRB §aisl fisy camera
position; and adjusting the position of the one or
aRsembbt isponBaiisd rabe mayeablgiralagive ko saidiraly. 23. The

nmet hod of claim 22, wherein said assessing includes
processing the image data with a conputer. 24. The

nmet hod of claim 23, wherein said processing includes a
machidie viT$ieoprinding cappanatus 26 .clafme 14ewherirosaicl s¢cangd2gamera
wherei n said capturing includes capturing i nage data
adsemidy isrmaonmablyprauptduetadsid i d assessi ng 1 ncl udi ng
determ ni ng adevi ati on between the actual position of

the printheads and a desired position of the

printheads relative to one another. 26. The nethod of

clai 22, Aheitieyaigamencmaptheticoenpkiighe | nege dat a
i ncl udes displacing the first canmera relative to the

one or NDLEAPRFihGIMEgE 8atadf ondldf Mtk peetehds Wth #ét camera;

wherein the image data includes image data of a nozzle

in the priggtd@fth the image data to determine a deviation between the

actual position of the printhead and a desired position of the printhead;
determining a printhead adjustment required to aitain the desired

position; and

adjusting the position of the one or more printheads based on said

determining.

23. The method of claim 22, wherein said assessing includes

processing the image data with a computer.

24. The method of claim 23, wherein said processing includes a

machine vision algorithm.

25. The method of claim 22, wherein said capturing includes capturing

image data of two or more printheads, said assessing including determining a
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28. The nethod of claim 22, wherein said adjusting is
automatically perforned through feedback between an
w@odjogatasesit nechani sm and a conputer. 29. The PE/NSMOEH15486
claim 22, wherein said capturing, assessing,

determ ning, and adjusting are automatically perforned
and repeated at predeterm ned intervals. 30. The

nmet hod of claim 22, further conprising capturing inage
data of a substrate to be printed upon by the at | east
deviatigpietweait G 3Hu2| ROSHIGR P dagrerathegewBRd iEngesind position of
actual position of the substrate to a desired

the pghthaads rialivei tapneddeliei ni ng a print head adj ust ment
required to account for a deviation between the actual
position of the substrate and the desired position of

the substrate, and adjusting the position of the

pri n2head Thageetho of glaim @&, athereiadajst capthidnagl of the image data
adjustnent.3 1. The nmethod of claim?22, wherein said
ircdjdss disglacing lthel st cardérayieladjva te theraneporshbiegurindtieddse

one or nore printheads. 32. The nethod of claim 22,

wherei n said adjusting includes coordinating a

novenent of the one or nore printheads with a novenent

of a23ubsthatreethod g deimnLedwhsreint ey @hage desl Meludieds image
angl ed printing. 33. The nethod of claim 22, wherein

it of @ebziasd imtheipiptiedes a rotation of the one or nore
printheads. 34. A printing alignnent nethod

conprising: capturing imge data of a printhead with a
first canera; capturing image data of a substrate to

be ppnt eg¢hdRABNBY dfhGaiff 23! RFRAM ddid 2fRTiAGds GG Stically

performed through feedback between an adjustment mechanism and a computer.

29. The method of claim 22, wherein said capturing, assessing,
determining, and adjusting are automatically performed and repeated at

predetermined intervals.

30. The method of claim 22, further comprising capturing image data of
a substrate to be printed upon by the at least one printhead with a second
camera, comparing the actual position of the substrate to a desired substrate
position, determining a printhead adjustment required to account for a deviation
between the actual position of the substrate and the desired position of the
substrate, and adjusting the position of the printhead based on said determined

printhead adjustment.
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conparing the actual position of the substrate to a

desired position of the substrate; determ ning a
walewsatddon bet ween the actual position of the BCbhEB2086/€15486

and the desired position of the substrate; and

adjusting a printhead position relative to the

substrate to account for the deviation. 35. The nethod

of claim 34, further conprising determning

positioning of the first canmera relative to the second .

canmerd; sé[%a fa%theg A ﬁ[amj Z2n MhgER IR $RIafIHEING inclydes grodifying

mark on_one of the first and second caneras by both of

& plartmostion ghihesnoAMeEhRiiiReadss. The met hod of claim

35, further conprising determning the relative

positioni ng between the second canera and the

pri nt head based on an inmage captured by the first

cameBg: 3TheTheethed hotl ofinel 22m Bherefrur saidr adjusping sinetpdes

determ ning the rel ative positioning between the

quordindiirgda anavenhent iilibé aker rB6re ftimtheadhwithaf novainent of a

34, wherein said capturing the imge data of the

sibblatedo be primtedion,thercbe causing ad aingleafprintiagpr i nt head,

conparing, determ ning, and adjusting are

automatically performed and repeated at predeterm ned

intervals. 39. The nmethod of claim 34, wherein said

adj usBi NgThs rasthed®f ickah |22, Rectdin Baf A0St inERAEdaCHtation

bet ween an adj ust ment mechani sm and a conputer. 40.

of g 68S BPFhoRd prinBieddd4, wherein said adjusting

i ncl udes nodifying a start position of the one or nore

pri nt heads.

34. A printing alignment method comprising:

capturing image data of a printhead with a first camera;

capturing image data of a substrate to be printed upon by the
printhead with a second camera;

comparing the actual position of the substrate to a desired position
of the substrate;

determining a deviation between the actual position of the substrate
and the desired position of the substrate; and

adjusting a printhead position relative to the substrate to account for

the deviation.

35. The method of claim 34, further comprising determining positioning

of the first camera relative to the second camera, said determining including
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4 1. The method of claim 34, wherein said adjusting

i ncl udes coordi nati ng a novenent of the one or nore
weeioatihesagls with a novenent of a substrate to PET/US2006/015486

printed on, thereby causing an angled printing.42. The

nmet hod of claim 34, wherein said adjusting includes a

rotati on of the one or nore printheads. 43. The net hod

of claim 34, wherein said capturing i mage data of the

substr i ncl udes capt.ur i [ e data of a first )

Rt T diciel Ak Bp ae 4180 S ABS SERCAieR £V ol of the first

capturi i mge data of a second snmaller area within

3 S%%PE%aEP ‘using a third camera having a hi gher

resolution than the second canera. 44. The nethod of

claim43, wherein said capturing imge data of the

first area includes capturing imge data of an area at

| east3610 mhpImeiBedof clgym B9, friher gemerising Alstenmiiringghentriative

of claim 43, wherein said determ ning includes

resilioninhbetweentthe sseand samsiia &np dhe giringheddr based an@naimage

mar k on the substrate through the image data of the

captuned byriad fiest cameea. 46. The net hod of cl ai m 45,

further conprising |ocating a second fiducial mark on

the substrate with the third canera based on said

assessed rotational orientation of the first fiducia

mar kK.37.  The method of claim 34, further comprising determining the relative

positioning between the printhead and the substrate.

38. The method of claim 34, wherein said capturing the image data of
the substrate, capturing the image data of the printhead, comparing, determining,
and adjusting are automatically performed and repeated at predetermined
intervals.

39. The method of claim 34, wherein said adjusting is automatically

performed through feedback between an adjustment mechanism and a computer.

40. The method of claim 34, wherein said adjusting includes modifying

a start position of the one or more printheads.
41. The method of claim 34, wherein said adjusting includes

coordinating a movement of the one or more printheads with a movement of a

substrate to be printed on, thereby causing an angled printing.
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42.  The method of claim 34, wherein said adjusting includes a rotation

of the one or more printheads.

43. The method of claim 34, wherein said capturing image data of the
substrate includes capturing image data of a first area of the substrate using the
second camera and capturing image data of a second smaller area within the first

area using a third camera having a higher resolution than the second camera.

44. The method of claim 43, wherein said capturing image data of the
first area includes capturing image data of an area at least 10 millimeters by 10
millimeters.

45. The method of claim 43, wherein said determining includes
assessing a rotational orientation of a first fiducial mark on the substrate through

the image data of the second smaller area.

46. The method of claim 45, further comprising locating a second

fiducial mark on the substrate with the third camera based on said assessed

rotational orientation of the first fiducial mark.
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