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benefit of U S. Provisional Application Nos.
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FIELD
[0002]) The present disclosure refates to a piezoelectric microdepossition

(PMD) apparatus and more particularly, to a printhead afignment 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 ap'piicaﬁons, drop placement accuracy is
important. There are a Valiety 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 resuit
in emors. As such, there exists a need for efficiently accounting for, and

correcting, possible sources of ertor in drop placement.




[ 0005] According to the present disclosure, a printer
apparatus may include a chuck configured to support a
substrate thereon, a rail spaced apart fromthe
chuck, a printhead carriage frame coupled to the rail,
and a printhead carriage coupled to the printhead

' frame. The prnthead carriage nmay i nclude a
‘g‘??‘iﬁ‘k’ﬁ%ﬁ’d and an actuation, assenbly. The aciHSF8¢015%67

assenbly may be coupled t'o the printhead carriage and
may be sel ectively engagable with the printhead for
sel ective displacenent of the printhead relative to

the printhead carriage. $I0ANARYuUrther areas of
applicability will becone apparent fromthe

descri[peosin peoortiihgdiohtieepsenitt distSsirs, aeprme@gm may

that the description and specific exanples ar
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intended to limt the scope of the present disclosure.
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illustration purposes only and are not 1nteh

|carridget dutipieeiopethe fprihlialr @nte FAME! Ofy &rg{;ﬁ‘eﬁ‘é’ar}%@ae may

[0008] Figure 1 is a perspective view of

mckrdech pahthbsd Bhd bA ABRAEOH h%rn!ﬁf Me ?g@g@f}{ #sgmbg pay be

according to the present disclosure;
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according to the present disc ure;
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carriage assenbly of Figure
&hn'triggg,ent assenbly; WD 2006/ 116574 PCT/ 0S20061015967
3 [0011] Figure 4 is a perspective view of a printhead

EISZ 3p[|gbgf_sf r QrhBE arddd BF RpRLabity WiPBeESRS n;od reht from the
description provided herein. It should be unde'rstood 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 preseﬁt disclosure in any way.

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

[0009] Figure2isa perspective view of a printhead carriage assembly
according to th‘e present disclosure;

[0010] Figure 3 is a fragmentary perspective view of the printhead

carriage assembly of Figure 2 including a printhead alignment assembily;




[0012] Figure 5 is an exploded view of the actuation
assenbly of Figure 3 and the printhead assenbly of
Figure 4; [0013] Figure 6 is an additional, nore fully
expl oded, view of the actuation assenbly and
printhead assenbly of Figure 5; [0014] Figure 7 is a
perspective view of an actuation assenbly shown in
Figure 3; [0015] Figure 8 is an additional perspective

[ the actuation assenbly shown in Fj .
W%‘ W@sﬂ%’ﬂ PMBoobiorso6T

igure 9 is a partgally expl oded perspective
view of the actuation assenbly shown in Figure 7,
[0017] Figure 10 is an additional partially expl oded
perspective view of the actuation assenbly shown in
Fi gurle0¥1] [ dGawe 4Hs gurasspective vigwsefireprnthead assemidy from the
printhead alignnent,, [0019] Figure 12 is a schematic
pringhpast cairiage arseadly ¢ Zyi sal i gnnent; [0020] Figure
13 is _a schematic view of a printhead pitch '
m sallP@tdtentFigwa§ ia ap expiodedviepi of de adtuaionassempyag Fgure
Figure 14 is a persgect ive view of a printhead
2 apd thegurintheadeassawmblyrof Figyre 6; t he present di scl osure;
[0022] Figure 15 is a top plan view of the printhead
car r i[0QE3]f r dnigaire shdswan adéitigoale nicte NG 20pI6HAd,6%iéw of the
PCT/ US2006/ 015967 4 [0023] Figure 16 is a perspective
astystiod egsembly apfl printhepd assdrabild of Eigurd 53ge frame shown
in Figure 14; i
| [0014] Figure 7 is a perspective view of an actuation assembly 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 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;

[o018] Figure 11 is a schematic view ofapﬁnthead 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;

f0021] 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;




[0024] Figure 17 is a perspective view of the
printhead carriage shown in Figure 14 with the
printhead carriage renoved. [0025] Figure 18 is a
perspective view of an alternate printhead carriage
frame according to the present disclosure; [0026]

| is a perspective expl oded view of a
‘g??ﬁﬁﬁle%% carriage adjustjent assenbly shc}'\ﬁ]f’qsﬁ?w‘“sg“

Figure 18; [0027] Figure 20 is an additional

perspective partially exploded view of the printhead
carriage_ adj ustnment assenbly shown in Figure 19; :

[ 0028][08F}Yur dFigure | 16 ds e peppettivee exploted fvicy 9 Uipb Bfinthead
el ement_ shown in Figure 20; [0029] Figure 22 is anh

SRiTiagesiRame shewpindtigwre 1garti al |y expl oded view of the
printhead carriage adjustnent assenbly shown in Figure

19; [ Gl FiFigwe 128 a pemppetiveptaw of he\hitheall ddifage shown
printhead carriage adjustment assenbly shown in

AP figuee 14 with thaprindhesst entrisgesbinooed, [ 0031] Figure 24 is

a pers ec;ii ve view of a portion of the printhead

carri dj figureeris s se pbispectveWieh of | s aBedBite ori
[0032] Figure 25 is a schematic view of an aﬁﬁgenﬁr@thead

ARG dwenecagcoidingeto thelpresénidclcssrgnbl y; [0033] Figure
26 is a perspective view of an alternate printhead

car r | BM§@6T r aRigure] 08 4] paréridtie Sibid : ' f
the printhead carri agepfrr?ﬁr;é of)?pléFoi%gﬂvr'%\Pg{S?b@\%h\éggwa%age
adivsters 83serGy shivaDnGFIQE6967 5 [0035] Figure 28 is-a

perspective exploded view of the printhead

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

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

[0028] 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 cartiage frame of

Figure 26;




carriage franme of Figure 26; [0036] Figure 29 is a

sectional view of the printhead carriage frane of

Figure 26; [0037] Figure 30 is a perspective view of

an alternate printhead carriage frane according to

the present disclosure; [0038] Figure 31 i-s an

addi tional perspective view of the printhead carriage

frame shown in Figure 30; [0039] Figure 32 is a

ive view of a portion of the print y

W@Eé“?’?f;ﬁg% frame shown in Fygure 30; [0040] |gur2?aﬂﬁlg 59?73

a schematic view of a non-contiguous printhead array;

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

print array variable pitch apparatus according to
t he dB@@%nt Figuie| 2% s & Peswpesliverieyplodedsiews of the printhead

_frggnent ary_schematic view of the printhead array
CAIRHg-rame Pt ElUERRir at us of Figure 34; [0043] Figure

36 is_an additional fragnentary schematic view of the
pri niPBIl aFigue 28z asestional viewaphie priotheat cBiripgedrade of
II-'OO'44 Figure 37 is a perspective view of the

ceEOat i on camera assenbly shown in Figure 1; and
[004@p Figure 38 is a perspective view of the machine

vi si i AneFlgurasifkiivla peiepectiven visvgwieard . aildate printhead
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qepings) framreagosrdingiailje geasent distlosures nerely exenpl ary
innature and is

[0038] Figure 31 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 Figure 30;

[0040] Figure 33 is a 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] Figure35isa 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 a perspective view of the calibration camera
assembly shown in Figure 1; and

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

assembly shown in Figure 1.




~ - mcrostructure. Fluid manu

not intended to limt the present disclosure,
application, or uses. [0047] The terns "fluid
manufacturing material™ and "fluid material" as
defined herein, are broadly construed to include any
material that can assume a |ow viscosity - -form and

i | S.suitable for being deposited for I ,
%c’fﬁn&%ﬁéﬁm head onto a su%;strate for form 20061015967

acturing materials nay

include, but are not limted to, light-emtting
pol ynmers (LEPs), which can be used to form pol yner
light-emtting di odeDETARERDESSRPTIONPLEDs, and
Pol yLEDs). Fluid manufacturing materials may al so

i ncl udeo4slas tTresiollowing |descriptiex & messly dxemplapPirfl Bature and is
past es, bionedical products, acids, photoresists,

sodhistehdad todidiEihe pessepndisaduie, eppliceion] susks.f | Ui d

manuf acturing material" is interchangeably referred

t o herfpd4vias THel teirfls A adlifactuling 4Rdterddrear® llid material” as
“deposition” as defined herein, generally refers to

t defineg heesin,sare fbrétpSoristriad tmtwbe %%r rRAtERAI et dah assume a
fluid materials on substrates. The erns “let,”

"ldivaddvesieform &t WRCH is"snﬁi_’éﬂle"fgieﬂéﬁ? td'ep%'r%d%tegxamrﬁ%, from a

i nterchangeably herein wth specific reference t

deIDShddd Bref a tddBstrattifer fRhRG! @'mi{;@?ﬁh@uu%’.\@llgﬁ qﬁarflﬁé%uring

exanple. The terns "droplet” “and op" are SO use
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neiet ban bBakA% %rﬁ‘“;ﬁélﬁﬁ&l ighBLmitsn Hﬁbﬁé%ksﬁla&q{evices (PLEDs,
a manufacturing

receiving a fluid material =~ durin

RerRICRSIPL IO FRyfd B%faéHﬁﬁ%ﬁﬁfﬁﬁlé l“%l F%@dﬁoﬁ% él'rég‘tié&%'letals,

limted to, glass plate, plpettes s
R, Soldrs e s Hlehmonicel Rt o8k, ot nyere
Tdawi [ j I i . .
Movod | Alpclese! Tnd™ar” By R4l rtier,
kaﬁ%fk?%émﬁem L 61 rﬁ%&ﬁh&?' e for receiving a

flurd nmateria uring a nmanufa ring process,
.[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 depoéition 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




such as, for exanple, when form ng three-di nensi ona
m crostructures. [0050] The term"m crostructures,”
defined herein, generally refers to structures forned
with a high degree of precision, and that are sized to
fit on a substrate. Inasnmuch as the sizes of
different substrates may vary, the term
"m crostructures"” should not be construed to be

I, to any particular size and can b N
Wlb'r% é;}rlg -‘éi‘ngeabl y with the term"structure. %%’015%7

M crostructures may include a single droplet of a
fluid material, any conbination of droplets, or any
structure forned by depositing the droplet(s) on a
suifsdasaduittable foh rexgivingt avfluiddmatesial durirlg b ayanufadiuring process,
t hree-di nensi onal architecture, and any ot her desired

stichiad, fioreoxabrdih dheft famiiRhraesditepsioadleniersadotu@sher ei n
perform processes by depositing fluid materials onto

substjneser amwoefh Agickostrusfesteld difiled ABRYIN, Yenerally refers to
executabl e instructions. The term "conputer-executable
BInGdGies tioreritsl WitV High Hégredlof pracifid, e that fereidd 8t on a
"program nodul es” or "nodul es," generally includes

S@btialis Sinadthed a8Bthe QllteRC bF diffeRIf B Birdtes dA&R vary, the term
structures, or the like that inplenent partlcular

ahistdsROEuRR? ShdulPAst IR cattlied 1B Baimited by BakiSuRUGHe and
as, but not limted to, executing conmputer numnerica
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nodul es may be stored on any conputer-rea ['e nmedi
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or other oOptica I sk storage, ghetic ora
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SNy s RS URolchs) ABAERE G By Sy cose
ZRRAIe16574 PCTft JS2006/ 015967 8 [0052] As seen in
Figure 1, a piezoelectric mcrodeposition (PMD) -

[0051] The PMD systems referenced to herein perform processes by

as

depositing fluid materials onto substrates according to user-defined computer-
executable instructions. The term “computer-executable insfructions,” 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 1o, 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.




apparatus 10 may include a franme 12, a printhead
carriage frame 14, and a vacuum chuck 16, and a
vi sion system 17. Frame 12 may support a substrate 18
for printing thereon. Frame 12 may include an X-stage
20 and a Y-stage 22 nounted thereto. X-stage 20 nmay

'Q?@?de first and second rails 24, 26 generallfﬁ/ .
% 1874 0 one anot her an? ext endi ng acr o FETASH0EPIFo67
of frame 12, generally defining a print axis. Y-stage
22 may generally extend along the length of frame 12

and general | y perpendicular to X-stage 20.
Y- st ggé"%ﬁ ndy &8k imIfigure dbf & rpiezoclactyist hridrédgbtisiion (PMD)

Printhead carriage frame 14 may be | ocated between
fARPSFalus 4 Osway erluds norame 126 aaprintisddddeditinigs HaRieed4. and a
thereto for displacenent along the print axis, '
Jerevm chicly i@ \angdiadsiom sygiemii ryame 1almwmgsn Substrate 18
%OOSSMW additional reference to Figure 2,

P REHEadtheeon; alenter s2renayl ihchdly dnXistsR 20 MY Reddge 22
carriage 15 having a base plate 28, an upper plate.

SepunigththeretenXrstages20 may, inddde @8t ary SeOoRGr&iIS PS4, D6\ rally

al i %nmant assenbly 40 may be coupl ed to base plate
parallak to; eap anether gindeexdending laeisa e width Obf Hem&Bp rgeé‘?.erany
| ocated in base plate 28 adjacent printhead alighrent

delining rypripbaxigin Y-stamen2d majdjenesalip '
ngaa%& 30 g;neral |y above agﬁ nt hegd%g?iﬁgcﬁﬁéh?!éﬁgg#oﬁr%me
ana may b oenetalygwepdridicult 16 Xonage 300 9l i
in Figure 4) may pass through open%mngg44 aﬁ%z Hdgfjg’ﬁée"a’w
29fiil @ Gubgirate ianisherihthedd camys ramBPhay A 10k balSe
fgggé?ﬂ)descri p.t};ﬂon references a single pyi ntheag n
sgcond railed24 r26rdrieslidablly ice @ﬁ@ ; Lt Q.S

under st ood, and shown inaFlygurg@g?ht atefagérj'%éw?%eerg t along

ibauprintigds, nemily providindeonpridtihg oA sBbéy Sg_d assenbl i es

46 and printhead alignnment assenblies 40, formng a

), WD, et 45 1 LSRR S8 T
19r inay linciuticas pentbbsid 48rriage 15 having a base plate 28, an upper plate
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 siot 42 may
be located in base plate 28 adfacent printhead aiignment assembly 40. An
opening 44 méy be located in upper plate 30 generally above printhead
alignment assembly 40, A printhead assembly 48 (shown in greater detail in
Figure 4) may pass through opening 44 aﬂd 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.




may i nclude a body 48 having a datum bl ock 50 novably
coupl ed thereto. Printhead 52 nay be mated to datum
bl ock 50 using a precision bonding procedure and may
include a series of nozzles 53 generally arranged in a
row (shown schematically in Figures 11-13). [0055] As
seen in Figure 6, printhead 52 and datum bl ock 50 nay

be isolated fromthe rest of the printhead assenbly

i nthead ali t nbl ' ¥
wiboiidedk oM print head al i gnmen asse y gﬁT’?ﬁ%"@‘ﬁ"lﬁPgS’/ ._

spring bias nmechani sm 54. 4Spring bias mech
i nclude a nounting plate 56 coupled to printhead
assenbly body 48 by four springs 58. Each spring 58
may be a conpression spring having first and second
ends H994k2 r%‘id’@ﬁ‘épﬁifeﬁﬂc%d@ igye i ;oprbthemaly aksembly 46
couspl_ ed to printhead assenbly body 48 and second end
68Yoinckidiena shadyndp sevingya Istaturo Updekd 50 omovaiinicoogled! @beto,
?‘r%@ As a result,.munting plate 56 may be generally
herd 52 anay ibgemetsdota wiatuem dieoks BOrbising ad prebRsiot Banding
approxi mately six degrees of freedom Datum block 50
H&Feﬁ'érec@ubm includma series) obharzlos583 enaramMgamanged in a row
nt head attachnment bl ock, giving datum bl ock 50 the

ri
?ﬁt@@ﬂﬁf‘?@aﬁwv in Rigwesdd+18x! | y agai nst dat um surf aces,
di scussed bel ow, and be adjusted relative thereto.

[005df038] dedx seancin Eigurees, pntheati Ganand dauRabiBEk 96y be
in Figure 3, printhead alignnent assenbly 40 nmay be

Eelapciom dhevtestofdhapenthBad besenalsly 46 @Rd From PN Aponent
nmount i ng surface for printhead alignnent assenbly 40,
anpeabiy 40 by 28 springybips mectaniemBNTEPriRG b HedlnkA 54 may
reference in the vertical direction for all

ipelnde e mpsnBny plaid GBcoouplbd & bhdthéad _@tss@m%%&@h‘ge%y four

wWithin the array (within about 25 mcron

el 13 b Soce e SRl AR BUAG ff nTBhon
ends 60, 62. First end 60 of each spring 58 may be coupled to printhead
assembly body 48 and second end 62 of each spring 58 may be coupled to
mounting plate 56. As a result, mounting plate 56 may be generally movable
relative to printhead assembly body 48 with approximately six degrees of
freedom. Datum block 50 may be coupled to mounting piate 56 forming a
printhead attachment biock, giving datum block 50 the freedom fo 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 piate 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




all ow printheads 52 to project therethrough once they
are properly aligned to <carry out a print function.
Print head assenblies 46, and thus printheads 52, my
be arranged generally parallel to each other and at an
arbitrary angle of attack wth respect to the print
axis. This angle may be set according to the desired
WPRME1168H0| uti on of the array. [0057] Each Beniusedosrausos?
al i gnment assenbly 40 may ¥ncl ude a socket 63. Socket
63 may include an actuation assenbly 64 and a | ooking
mechani sm 66. Wth additional reference to Figures

7altpy, printhesmdsi 52) tagseistt thefthroByh RS lﬂ@e‘%@% %p&&?ﬁﬁ@@d fo

menber 67 having first and second | eg

eqairy 4t afprifit fusttior eBririfedtPaksBABes s W thill Griftfleads 52, may

t her et hrough and may be pivotally cdu
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phase adjustnent assenbly 76 an

astherespart 76 .thd PAMSIENIRE A .y 76.may .

be |l ocated near first |leg %? ﬁggesgﬁémgo the desired
80, an

Jeinbrebblytioffofithy airgg! ude a PZT act uat or
adj ustment mechani sm 82, a pivot arm 84, a pivot

asse 6,Eﬁ;hs;ﬁmmr A first and
seco%rsgaurn springs 9%‘9%%#%@"‘3@?@&?8}” &'dﬁﬁsﬁ%ei 63.
Sovkdt a3 1 0 ngth ,of .second | eg
70 Fover 07 Fetudeist! S nCAReRY of Ala'2 1803 mctanie .
Sfthreriditionalce : L b of piyot,K arm 84.

Fi rsm?id I! egaGSWénrg% ?ﬁ%@‘dﬁ%@br g@@%‘i‘i’da‘ﬁgmwo%"' gigy include an
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PC'?’ ’ nggo 6?@%%@%@]% ésserrrrz%xf ?Ge 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 retumn springs 90, 81. 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 o a first end 92 of pivot arm 84. First leg 68
may include a recessed portion 94 housing pivot arm 84 therein. Pivot assembly
88 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 1o
first leg 68 and a second end 102 coupled to pivot arm 84. As such, retum spring

90 generally urges pivot arm 84 toward first leg 68. Secondaly datum 88 may be

AL T A




11 rotatably coupled to first leg 68 by pivot 105 and
engagable with a second and 103 of pivot arm 84,

di scussed bel ow. Return spring 91 may be a conpression
spring having a first and 107 coupled to secondary
datum 88 and a second end 109 coupled to -pivot arm
84, generally urging secondary datum 88 toward pivot
arm 84. Adjustnent nechanism 82 may include a

[ menber 95 and an adjustnment screw 97.°

“@%gﬁ?ﬁl%% menber 95 may ggneral |y seat agal hEPSPIHPEo67
arm 84 and a ranped surface 93 of secondary datum 88.

Adj ustnent screw nay vary the vertical extent of
ranped surface 93 to control an

?tﬁhﬁ)&cal renbe_r al ogg T

AiaPy) coypiediipdirstdrg 6B byepivi d@byanthengagableanithih seicund end

%8% L_OOSQ‘]%PitQh adj ust rent assenbly 78 may include a

1% g5 Pival-anm, B diseussed palew. tRetimsspriph &lemag bantcempression

tertiary datum 106 coupled to second |eg 70 of L-

§‘Ffﬁ}9e’l?‘¥ﬁ9n% &rstend 107vstipled do setandafOdatomy8dand 8eat6RH end

near and sel ectively engagable with tertiary datum
CotiplRd 0 pivelcaran g, igBetly seging detargaiOdatdmmBe tivard Biot

éseen in Figure 3) may be located in aperture 74 of

" B4 Adiustmentrmechanisyede may lincledd @ \spheridal ke ©5 and an

%ﬁt ation thereof when linear actuator 104 acts on free
eSB! o 8dis Sphietieal mamber 95 magdjenatalp BbargmfiEbpiVotSm

may al so include a return spring 112 to urge tertiary
nth# 1asepechsusface §8g serundaiytdatirh B8AAREHAMACrewlPtk vary

Return spring 112 may be a conpression spring havi ng a

the vefticahextentof sphegbal dnembdrasiend rahso? Suitd 98 SEEGRMbI an

.end 116 coupled to L-shaped nmenber 67. [0060] As seen

inifialmriguiation of sesokilary darmie®hsant pRofpys,i ncl ude a

magneti ¢ cl anp nechani sm 118 housed wthin L-shaped

nembEI0S8Y. Rbgnadjisiment asBmicliie Mok 4Ted beikfls s

n&?netl c force acting on datum bl ock 50, I Scusse

fised ismbasksplatec 8 addtaieribing a1 08 kodfled 1SLLAHGNES 76" QT

a paramagnetic material, such as 430 SS.

shaped member 67. Linear aciuator 104 may be located near and selectively

engagable with tertiary datum 106 near a free end 108 of second leg 70. A pivot
110 (seen in Figure 3) may be located in aperiure 74 of L-shaped member 67,
generally allowing pivotable rotation thereof when linear actuator 104 acts on free
end 108, discussed below. Piich adjustment assembly 78 may also include a
relum 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 116 coupled to L-shaped member 67.

[0060] As seen in Figure 3, locking mechanism 68 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.




WO 2006/ 116574 PCT/ QS2006/ 015967 12 [0061] A

t hree-point |eveling system (not shown) may be used to
both |evel and set a working gap of the magnetic

cl anp nmechani sm The goal in setting this gap is to
not have the permanent magnet touch the datum bl ock.
Thus, the gap may allow the Z position of the
YP2M6UEIH rel ative to the farget material RCA/U5eh06/015967
establ i shed .by the pri marx} datum poi nts on the base
plate 28 that holds magnetic clanp nechani sm 118.
This may generally allow all of printheads 52 to be
at t hqosgile A threxpsinilevelinglvysteab Mot sBEwWH) RaPBE _Ed %9 Both
another. Additionally, when a single surface blotting

siewtli ami st @ Wokkdye dap adf| the Madhelie a5 S 2ndRdniB Rt JPﬁé)%;oal in
properly if they have a different relationship to the

béetfirg this ghptdiio hét hive tHe paiinbit MBBNePIAEh e Batum Rlock.
magnetic retention force drops off as a square of the

dTiusaticee gag mvisy, alfove iRy ZdasitoR ofaRe drﬁntﬂé%"l@f‘a?]v% Eoeﬂﬂéjtarget

50 mcrons to stay in a high force region o

nrageesli 1o bel afablisited by iR PHntdip o i
TSRl L BTRRISebY i, Wirkdi) dbtnd BRI Y 8T8 plfe 26 that

desldy mhayerkiié Cldrfip OfnksiRdnisrh " £18.1 t $his@ L ggrgegéﬁ%%ﬁowi é\li of

may be adjusted using the features dis ove.

tingRiadd 3 fol IR aP thePsdms 78 8flfensdn Bithid SBELE 4 ¥rhia'8ns of one

defined as an ideal relative alignnment betwee

otHich i : y el ati ¢
o oy eall, Whet B st UG sPbi By shefgRo,
pinleat seapRac borsiy S1hef vale L HHERH. Fagleil o ve

mechani sm 118 and may gener

el et o o s KRy, B FOSRRE BnflpTBg gt o
besuerd Githe HistRbaoTRIE SforgdblyShasal 153600) b 4684 50\microns

phase misalignment may occu aro

S5y, g 18054 46 Bl S 4,
Pietat b AN

[0062] in operation, when a printhead 52 is determined to be offset
from its target position, it may be adjusted usihg 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 rﬁay generally extend over
magnetic clamp mechanism 118 and may génerally abut secondary and tertiary
datums 88, 106. A printhead 52 phase misalignment {shown schematically in
Figure 12) may be cotrected 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




e e

WO 2006/ 116574 PCT/ QS2006/ 015967 13 are di scussed '
bel ow. A printhead 52 may be linearly displaced, as
indicated by the arrows in Figure 11, by phase
adj ust rent assenbly 76, as described below. [0063]
Magnetic clanp nmechani sm 118 nmay be caused to rel ease
datum bl ock 50. More specifically, the nmagnetic
retention force inparted to each printhead 52 (datum
wbl20@k)esean be varied automatically by pul sgemiebddnisos
nodul ati on of bucking coiis current to vary force from
as high as 80 Ibf to O I bf. Bucking the magnetic
field in the magnetic clanp nmechani sm 118 all ows for
for rempval from socket 63 or

rel ease of ,the printhea ) . . 6
ol AR GPt tolowp AT AHIERI:02 e 56 Aoty opReash sencieaiad by
ct uat or, EiQ rmﬁ/ en)gage first end 90 of _ pivot arm 84,
e AT piNae 47 P¥ahass adjisiment aseRTrbly 70oes descrised balw.
end %ﬁ of d@i vot arm 84 may then engage secondary
dat untP883Lk a Magngtict clegppweghanisnactd maydbe mauged datrelease
EI ock 50, causing a linear displacement of datum bl ock
atunt blegls$0-vMoke spredfically dhe magnelis retentiam farce thparted to each
bet ween the center of pivot 96 and PZT actuator 80
REfthearthed’ (@atum (Ripclingan2 bef vaiiathtawomaidallyralyy bpulse st
than the di stance (d2) between the center of pivot 96
aequiaien pbbugkingncelk curtani de waryricrasciran exs kigh as B0 tal 03bf,
gf )i vot arm 84 an secondary datum 88. As such,
F@%F%@@Tﬁmnﬁﬁﬁpﬁelﬂefd the magnefict dlemp rm&chanis Jdaaailalvsyor
be amplified when applied to secondary datum 88. In
felRasp ok Yeraringieadieroremevalfeom gecket 63 biyto roposition printiveasl 52,
d2, resulting in approximately a four tines
anpl i[P9&4t i Eincefreldased,dPET| avtustem80 immaya ehgetiebfirsP3Rd 90 of
actuator 80. [0066] Wien printhead 52 (and
Rt ¢iangingl aivotraiph 84 Ko Satatehatout pivect@®dSecay 6L 63lof
phase position (shown in Figure 11), nagnetic clanp
it &meyathempngege secdridast éstumngs tawdinglitte Mebdigsikced
50 inits corrected
and engage datum block 50, causing a linear displacement of datum block 50.

[0065] More specifically, the distance (d1) between the center of pivot
96 and PZT actuatqr 80 attachment o first end 92 of pivot arm 84 may be less
than the distance (d2) between the center of pivot 96 and the location of
engagement between second end 103 of pivot arm 84 an secondary datum 88.
As such, displacement imparted by PZT actuator 80 may generally be amplified
when applied to secondary datum 88. In the present example, d1 may generally
be four times d2, resulting in approximately a four times amplification of the
displacement imparted by PZT actuator 80.

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

position. More specifically, once in position, cumrent may be removed from




position. More specifically, once in position, current
may be renoved from WO 2006/ 116574 1PCT/ US2006/ 015967
14 magnetic clanp nechani sm 118, re-clanping printhead
52. Because the magnetic clanp nechani sm 118 uses

el ectro- permanent magnets, the holding force is

"fail -safe". That is, if the power is lost to the PM,
WePrMweRA®aHs 52 remain cl anped in position. BATAIS2006/8¥967
of an el ectro-permanent mad$jnetic chuck to lock the
printheads 52 in position once they are properly
aligned may elimnate nechanical distortion, strain,

SO S ASTER, 1 TorSean A pRAAGES 65 EBEARe ne
GRTREORR TS TR YRESHRBME Sl oo
RGP RS e B Rt SRS PRSPk o
PSBAF0 B | 8 705 B Bl s
oo s e Wb dS oo B B St
SR B, o el SO 55 e B or
R0 AR T ol B0 o B B i 11
it 5 5 AR R SR oL B Marindors
AL Rl BB SRR B e rebsedsoer
TroBBT Pl B R bl 2515 00 SRV
oo BT, e Bl i 1 B o
%Q%Q?fg@@ﬁ%ﬁe@gh Sagijugfar‘r{]e%t %gsterrr?ﬁci)e g}gd i/—\n gitc%aéégigrlirgg;t n?e?y)' oceur
when a row of printhead nozzles 53 is rotationally offset from a target. Details
regarding determination of the misalignment are discussed below. To corréct
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 o engage free end 108 of second leg 70. When linear actuator 104
engages free end 108, L-shaped member 67 is caused io rotate about pivot 110.
Second and terfiary 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




corrected pitch position (shown in Figure 13),
magneti c clanp nmechanism 118 nmay be reactivated and
| ock datum block 50 in its corrected position, as WO
2006/ 116574 PCT/ @52006/ 015967 15 descri bed above. The
phase and pitch adjustnent descri bed above may be
aut omat ed, as di scussed bel ow. [0069] Referring back
to Figure 2, printhead carriage 15 may further

' a mddle plate 136. Mddle plate ; :
v"#%@%ﬁ%%”three outrigger gounting portionééﬁwgﬁ&ﬂﬁ?€7
152 and two | ocking nenbers 151, 153 (seen in Figure
15). CQutrigger nmounting portions 148, 150, 152 may
have air bearing pucks 154, 156, 158 coupl ed thereto.
descriprch abeng. p JbrRsphesa, antb pitch adjusiment slestiitieghabove may be
adjusted to level printhead carriage 15 relative to

piomeledaas discussedbelowane 14. Locki ng nenbers 151, 153
may i nclude ferrous steel discs and may be nagneti c.

M ddi[@069] at Eekgdngrbgclbb biguse 2upfintheadtcatrizigektte amytfarther
support printhead carriage 15, [0070] As previously
inelnde enedddiprplateh$3s] cdiddleaglatd ri@emby imede cthreeabiitrigger
printhead carriage 15 therein. Wth additional

mednding rpetidns 48 uiSes 152 -ahd, twoplotkihd emsinioss risag ¢53 (s3Bn in
14 may include a base frane structure 160 havi ng an
kigywer 15 urOairiggdrothoantthgl partiowall 48, 18X, 1526rhay Hade akOFearing
Upper surface 161 may include air bearing rotation
pugks 464,51567 158 Lodpled Teratod Aip blsary pRikeerss, 136, 1568\hhy Be
162, 164, 166, 168 may generally be | ocated around
reight edjubied 38 JevaHprirdiiead GFiatfe 15 oive 36 partheadetidde frame
Wall 164 may include arns 178, 180 extending

The teddrgmentiks 161 MSD ety eSO SleBCHESSBAN 9y be
and may sel ectively engage and becone | ocked wth

rhagrietio g Midut plake 136lmay $3.of BMfdfiklert #ikingds IRSRPOR phifthead
. may inpart a magnetic retention force to
carriage 15.

[0070] As previously mentioned, printhead carriage frame 14 rmay
contain printhead carriage 15 therein. With additional reference to Figures 14-17,
printhead carriage frame 14 may inciude a base frame structure 160 having an
upper surface 161 and four walls 162, 164, 166, 168. Upper surface 161 may
include air bearing rotation surfaces 172, 174, 176 and locking members 175.
Walls 162, 164, 166, 168 may generally be located around sidewalls 32, 34, 36,
38 of printhead carriage 15. Wall 164 may include arms 178, 180 extending
therefrom. Locking members 175 may be electromagnets and may selectively
engage and become locked with locking members 151 , 1563.

[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 coi current to vary force from as high as 80 Ibf to 0 Ibf.




each | ocki ng nmenebr 151, 153 that can be varied
automatically by pul se-wi dth nodul ati on of bucki ng
coil current to vary force fromas high as 80 Ibf to O
| bf . WO 2006/ 116574 PCT/ US2006/ 015967 16 Bucking the
magnetic field in the | ocking nenbers 175 allows for

I f the 1ocking nenebrs 151, 153. [0072] A

%?ﬁﬁ?ﬁﬁ%p carriage adjustment assenbly 182 Hf(P5giR6/015967

coupled to upper surface 161 of wall 162 and may be

engaged with printhead carriage 15. Printhead

carriage adjustnment assenbly 182 may include an

Y BRtmagnelp deldiia dhe fackiby membera dTBdilbive for release of the
ssenblies 186, 188, and an actuation nechani sm 190.
AgdRememebreide!5384 may i nclude arms 192, 194

extendi ng al ong sidewall 34 and partially around

si dewd#072] 32A Fintheasmaetagevajystmenrasseiibif ’i&"mﬁg BelcRipled
may extend between arns 192, 194 and may ‘i ncl ude a

@ UpReiriger i6baf walp16handinay bR%ﬁgégétﬂmﬁ%ﬁﬂtﬁéhcf%Sd@/ 15

house outrigger nounting portion 148 therein.

Firindheagh sargage ratijusimenta esserhbly es82 46ay 38GudRYare
include a |ink menmber 200, 202 havi nyg sp%er%/agalgﬁaagemem

iFRaPbeTg 884 olirstiandi sesone ritik AREmbAAS 1@8d 185eGARd _
210, 212 thereof. Spherical bearings ZDLEBE’a;%ﬂEea@%%a“O“

SeprRigMt 690.cn Egagementraisatier 1l g, Bhdiiid S 192, 194
nen ’

carri agelframa 14, creating a pivotal® engage

pelendiog alangksidewdies4 aRd PartRfh? arifd ey t .

2434 and printhead carriage frane 1411. mg% 35’(?{%%?’(8@’“
crediieitiom atB01 9B pnal raxterdebatwb e Biths 36HUFEHT d

bi as spring 216. Linear actuator 2314§?rh3é£gn§ﬁ%'la@8'“fjaa

tRspeseds pottian 1986 tharbin, Wildceddld. pbiibs afgsa?ﬁéf/?h&gsezéﬁvgger

may include an arm 218 rotatably engaged W
Bpyeingg®riah H8ghgreirent nenber actuation arm 196 and
may be retracted in
[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 180 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 rotatabis engagement between arm 218 and actuation arm 198

may include a hephaist bearing 219 having a first end coupled to am 218 and a




a direction generally opposite bias spring 216, as

i ndicated by arrow 221 in Figure 14. The rotatable

engagenment between arm 218 and actuation arm 196 may

i ncl ude a hephai st bearing 219 having a first end

coupled to arm 218 and a WD 2006/ 116574

PCT[ US2006/ O S967 17 second end coupled to activation

arm 196. Linear actuator 214 nay al so have a

v{‘ﬂ%%é%l"ﬁ engagenent with base frane structure 160
ephai st bearing ,223. Bias spring®S¥ESHKP1HE

an extension spring having a first end 222 coupled to

a second side 224 of engagenent nenber actuation arm

196 and a second end 226 coupled to a post 228 fi xed

tsecpnd echeauplahtordctivatiohraamet 964 . L& dlualter TIAanaY 486 have a

printhead carriage 15 may be adjusted using the

frolatablee enghgeemims edthahkeecrar®d sBuGnre 160 Qﬁﬂoh%h hepRaigti Bediing

of printhead carriage 15 may be adjusted by rotating

[228n tBieashring 31636y Bath bieHSbn fspﬁnglﬁa/iﬁé adiedt ek 1228 coupled

mechani sm 190. Upon actuation of |1 near actuator 214,

a0 @ SELBndreide2ald| of eMghgShE MAanBLrl SuARIPASh Hb@gﬁa a segond

actuator 214. As actuation arm 196 1s displace

. EROi226 $odsled to2d PostBes RkePio ﬁ#ﬁéad%&hﬁdeﬁ@dé—?@%f I ngs

204, causing rotation of engagenent ne 4, which

tr ansjoaysys riatsperaion! grirﬁthbéﬂ B&mdge j!f‘éﬁb%?gae]éﬂusted using the

i ndi cated by arrow 229 in Figure 14.

$qutarch idwlibsed @soval fm&é%deéiﬁéﬁ%?rg Bitbh of @{@%@% 15

of link nmenber 200 nay rotate out” secon

fnaycisd adjested %%ﬂaﬁﬁg BhirRehd gggi%gg 15 ﬁ?&ugﬂgtﬂ% %}%? é)? factuation

i nk menber 2 may rotate secon

hRgHbkisMo190) NGt h&%@?ﬂ ch}#e iﬁ{?%?r'tf ﬁéghﬁfﬁ?'ﬁw W18 may pul

printhead carriage ['"nkage .
scuanarapioo bicasl Seri 4! ARCLORIGRENT i | Bfuddo
A RS T2t ) 4 o A 55l B
gg%%%dg%h% @?ﬁﬁgp g¥4, Mifich TRsiie8 1585 & p%egf carriage 15,
indicated by arrow 229 in Figure 14. More specifically, as arm 218 is retracted,
first end 206 of link member 200 may rotate about second end 210 in a
counterclockwise direction and first end 208 of link member 202 may rotate about
second end 212, resulting in rotation and finear transtation 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 cariage 15 on air bearing

rotation surfaces 172, 174, 176. When a desired position has been attained, air




coordi nated nove of substrate 18 and pri nt head

carriage 15. [00761 During novenent 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. \Wen a
desired position has been attained, air WO 2006/ 116574
VWIeEEE6/ 015967 18 bearing pucks 154, FEEUSHEHIASEY

| ock printhead carriage 13%to air bearing rotation
surfaces 172, 174, 176. [0077] In an alternate exanple -
shown in Figures 18-24, a printhead carriage frane

SEhrigY pltRe SB42 1856] 68 eAdy 96ek pAstReaf 3 i
couglﬁgdpto PVD appar at usylo iE a ?mn%gf}.ﬁ ?m atl‘?%lt"obeamg

t badtiof @aFhddieFoappy g7egarding printhead carriage
frame 14. Printhead carriage 302 may be a generally

recta r i el .
206, 308 15, 8 Shcdneie Mampe ohduih %%@“@%—bﬁ, 3 Yhinthead

g@nﬁag@ #rimé iaBh Inﬂg dﬁ%slegqﬁgaﬁ@&j &%n%qeﬁgfgz %@a g\g}{ BE%upled to

i ncl ude printhe nt assenbi own

0, S, U5 L4 SR it 95k B Yt
PGS gl RIS TR ook fted 2y B8R b
Ao At ol HHAEE APOFHRIEE, Mo RS, Fireaa
SR 0780 TRl B S SRt T e e
B aigh R Foped 5! RS, PR e
BSR4 P R i S50 4 o
S Repl G, S8, i B 5t BeBbbsa o
T8 ad trriage frame 300,

[0078] With particular reference to Figures 19, 20, 22, and 23,
pﬁnthead 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. Outef frarme 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 aperiures 334, 336, 338, 340,
342, 344 therethrough.




may further include an upper plate 330 extending from
first sidewall 326 to second sidewall 328 and a | ower
surface 332 formng an air bearing surface. First and
second sidewal I s 326, 328 may include apertures 334,
336, 338, 340, 342, 344 therethrough. WD-2006/ 116574
PCTI US2006/ 015967 19 [0079] Inner franme 320 nmay
contain printhead carriage 302 therein. |Inner frane

pe located between upper plate 330
wsé&"ﬁace 332 and first ang second sidewal IPC@%E&%%“
I nner frame-320 may include apertures 346, 348, 350,
352, 354, 356 generally corresponding to apertures
334, 336, 338, 340, 342, 344. Inner frame 320 may
have [0@8herlahéryframet380yoiayrcaniain pinthead cardage S0R ytherein,
open center portion 358 housing printhead carriage 302
{fner Game 320 rhaynbe loeaiell hetwsFupyer plate 830, lower S2RAcedg?2 and
include air bearing pads 357 for riding over outer

firshend becund sidewails 826328, dmiknfremne82(packy iddkidd apertures 348,
preventing relative novenent between inner franme 320

38| 3501 882,fa548563ddherdlI) @BfALspiriding tefapesure 334, 534) 3885340,
20 and 21, coupling elenments 322 may be | ocated

842,h844. aplaneu frame3320 nB3Shavis® gédétalhs4actaiftdarebsty with a
apertures 346, 348, 350, 352, 354 356, and may

gemaralyl byere eoitbe pbios r3sBr Reiny Prikihedd Cafriagh! 30 thdidin. A
More specifically, coupling elenents 322 may each

loner sodace 38%ofuniter fRIR T map thallRizciipbéati dé%s? for riding
W shaped configuration. Flexure elenent 3

bwroatbrifraae loivehsdridick 382, &id Rittiuh sduReds 16l ﬁ&ev rFBbé.tive
include a base portion 363 havi ng an i nner g

midderhist livesn hashars323af sutbensdhag st her ef r Om Base
portion 363 nay be fixed to outer franme 318. Quter

| egs [0680] 3Gkh TERsrePBe 36 U RES tz‘@lg SM‘Q“I %nglfdgxﬁgmbﬁﬁ 322

outer franme 318 as well. Inner leg 36 I Xe

#n@y bBN&Jatdd Wilkin pEnurbH 854 @Gscwtm%& rs‘lh%tnﬁtﬂp%rrur% 3486,
coupl i ng between
348, 350, 352, 354, 356, and may generally couple inner frame 320 to outer
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 bstween
inner frame 320 and outer frame 318.

[0081]  With reference o 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




i nner franme 320 and outer frane 318. [0081] Wth

reference to Figure 22, actuation assenbly 316 may

include a linear actuator 368, 370, housing nenbers

372, 374, and engagenent bl ocks 376. Housing nenbers

372, 374 may be coupled to outer frame 318. Linear

actuators 368, 370 nay be arranged generally opposite
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coupl ed to housing nenber§ 372, 374, and therefore

outer frame 318. Engagenent bl ocks 376 nmay be fixed

to inner frame 320. A spring 377 may be fixed to

iconpled f toariwusing alentbefd ravn2, e3m, 34Rd aRereihy Betef | et 818,

housi ng nmenbers 372, 374, and therefore outer frane
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extension spring and may generally provide grce
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engagenent bl ocks 376. Linear encoders 375
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Figure 23. It should be noted that 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 slements 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




rotation of inner frame 320. A constant center of
rotati on may be maintained by |inear actuators 368,

370 acting as a force couple. [0083] This force couple
may be achi eved through precise placenent of |inear
actuators 368, 370, so that equal and opposite forces
may be applied. However, due to variation present in
manuf acturing operations, it may be necessary to

' j near actuators 368, 370 for positj "
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21 conpensate--for positional errors, |inear actuators
368, -370 may provide different forces from one

another. Using |linear encoder 375 | ocated above
enmagesaie for prsdional armoss, linegrantuatorsB68y 870 imay pravide different
relate to sone |inear distance traveled. During setup
&ces, Boan engeanaibero nUsiog finesriencoderdy s locaied @bouvé ehpagement
stage can be nonitored and mapped. A relationship

iopks B8, dHeommandet neidiidremay ealatentyl somelineaytdistvee wavbled.
encoder position. Wth position feedback, the applied
Roriagtsetupagl te stagel matibnacaninotier, die Irgtatiéin o tike dBger&th be
position has been attained, air bearing pads 357 may
renitenedeand 10EpPecanA relatienshippmeg. il berdgtapRinedridtsken angle
"ON," locking inner frame 320 relative to outer frane
6fl ®atjod08a] ehcodearpositibniatviits pdsifion EAbEBR, the tapbRed Adoment
inner franme "on the fly." Under this node, small

may dtel mseived autmenatizalls sOnye baleelied Positib®has been attained, air
i naccuracies in the translational notion of either the
bearimghesets 357 eayshienyeneal “OFFe arglGssult Pads 8GE may B fifimed
that cause an angul ar m sal i gnnent between the

ON,A idekiag imTer femreRoauhgiy RicutekSraniees igown as yaw
errors. Yaw errors nmay be present in both the
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done for both the printing axis (axis that printhead
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axis (a)is that substrate 18 translates al
maccusatddsein the transiational motion of either the printhead array stage or the

substrate stage. Efrors that cause an angular misalignment between the
pririthead array and substrate 18 are known as yaw emors. Yaw errors may he
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 (axdis that subsirate 18 translates along). The yaw angie
about a vertical centerline relative to PMD apparatus 10 may be measured and
stored in computer 822 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




about a vertical centerline relative to PVMD apparat us

10 may be neasured and stored in conputer 922 as a
notion map. These neasurenents nmay be taken wusing a
devi ce such as a laser interferoneter. [0085] Typica
error magni tudes for precision X -Y stages may be in
the range of 20-40 arc seconds. This error range nay
weswba1sbM a print position error of 40 t o PEO/USHCHIHST
in PVMD apparatus 10 (Figul® 1). This error may be
elimnated by rotation of a printhead array in an .
angul ar fashion. The anobunt of WD 20061116574
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system 400 may be slidably coupled to a PMD apparatus X stage 401 at support

rails 402, 404 (generai!y 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 408, 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
408, 408 at second ends 422, 424,

[0087] In operation, after a rot_aﬁonal error is determined, linear rotion
drives 406, 408 may be displaced aiong support rails 402, 404 in directiéns
generally opposite one ancther. As linear motion drives 408, 408 are displaced

relative io one another, linkages 414, 416 are rotated, thereby causing a




414, 416. Linear notion drives 406, 408 nay be engaged
wi th and di spl aceabl e along support rails 402, 404.
Li nkages 414, 416 may be coupled to printhead
carriage 410 at first ends 418, 420 and nay be coupl ed
to linear notion drives 406, 408 at second ends 422,
424. [0087] In operation, after a rotational error is
determ ned, |inear notion drives 406, 408 nmay be

' al ong support rails 402, 404 in di i
vg%%@%@%ﬁg opposite one angfher. As |inear ggﬁﬁﬁﬁmﬁﬂ%mv
drives 406; -408 are displaced relative to one
anot her, linkages 414, 416 are rotated, thereby
causi ng a WD 2006/ 116574 PCTI US2006/ 015967 23
coreeppuling rojationt ot printhedd parfiagdhdad. c@nes inga debfed @osition,
in a desired position, linear notion drives 306, 308
ringahmobioro dpess, 306,308gmpy betdteppbdc fixing pgathdfd dariage 302 in
position. [0088] Wth additional reference to Figures
Posiibn. an alternate printhead carriage frane 514 nmay
house printhead carriage 515 containing printhead
assenf008e} SWatht laeititional Msferthbeath CRIgiredde6i20anEn Sdfernate
may be coupled to PMD apparatus 10 1n manner simlar
pdnthieat ersage hrasher 6YATHAY hobsé HriRBREd Sdfisder 3R 5! ning
14. Printhead carriage 515 may include a citcul ar body °
piifithead ppssrhisids \6a6tthérainl \Pritthead dafrfilge $Rime51 Airay be coupled
bearings 520 and radially by a second set of alr
lbee M GpPp SRRSO 1 Sbriner Birhifak ke ifktt
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[0089] Printhead carriage frame 514 may include an actuation
assembly 524 for rotatably driving printhead carriage 515, providing a pitch
adjustment of printhead camiage 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 §28 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 aver circular hody 518, limiting travel of
printhead carriage 515 through an engagement between stop 530 and magnetic
slug 528. ﬁ
[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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magnetic slug 528 may be nmounted to an upper portion
of circular body 518 to be driven by notor wi nding
526. Stop 530 nay be coupled to printhead carriage
frame514 and may generally extend over circul ar body
518, limting travel of printhead carriage 515

t hrough an engagenent between stop 530 and nagnetic
W02g06g2674 [ 0090] Printhead carriage circul an_fc'xhxmigoaﬁibﬁs'f
may include slots 532, 53#% 536 housing printhead
assenmbl i es 516 therein. Mre specifically, printhead
assenblies 516 may be contai ned in housings 538, 540,
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) L fical ri.nt head carriage frame 614 ma
(EPLEE Pp R inbread ol i) Mrmed Sroane 25 o
?egﬁ%%ahlgggﬁgﬁﬁag}gsprﬁ]%eades Catriage frame 614, ° More specifically,
printhead carriage frame 614 may include front and rear wall assemblies 632,

634 and sidewall assemblies 638, 638, which cooperate to form a printhead array
variable pitch adjustment apparatus, discussed below.

[0092] With additional refsrence to Figure 32, front wall assembly 632
may inciude a wall member 640 and an adjustment assembly 642. Wall member
640 may include an upper pertion 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, sfider portion 648 may also include a leveling mechanism {not

shown) so that front wall assembly 632 may be adjusted vertically at both ends




vari abl e pitch adjustnent apparatus, discussed bel ow.
[0092] Wth additional reference to Figure 32, front
wal | assenbly 632 nay include a wall nenber 640 and
an adj ustnment assenbly 642. Wall nenber 640 nay

i ncl ude an upper portion 644 and a | ower portion 646.
Upper portion 644 may include slider portions 648,
650 at ends 652, 654. Stider portion 650 may further

wbBElsHE_@ | evel i ng mechani sm 656 to adj ust
or@gnt at?on of second eng 654, and therefPoérlIZ&gg?](’gu &1

di sposition of front wall assenbly 632. Additionally,
slider portion 648 may al so include a | eveling

mechani sm (not shown) so that front wall assenbly 632
£B82, 6. depwertpeitioned46 ay inclute aahell @dior YUpRONEA p6HIDA of
PCr 1Q52006/ 015967 25 652, 654. Lower portion 646 may
aeisstment assaably 662 giiscyssadbglow.t i ng a portion of

adj ust rent assenbly 642, discussed bel ow. [0093]

Adj udDR83k Adjustiient assernbly 648cimaydnaludé melimeas slide bearing
bearin 660, a rail 662, a slide assenbly 664, a

BoQ ot rag S68nd IsljdebaBemblyB64) taiat assemblpG66, aphmhéfbcarriage
assenbly 668, and a | ocki ng nmechani sm 670. Linear
gouingassembly €8E) andayloekingemdctantsny 62t\e Lihedolide Bakling 660
662 may generally extend along a majority of the

may gxtendfalony sheliedfe r Raill 662 nohyrgsnektuily legtent egbrio® wjority of
| inear slide bearing 660. Slide assenbly 664 may
thedeogth dfiwall mamties 840 matdemaly porlbcates abavd lirfehf slivd bBaring
an internediate portion 676 therebetween, a first

6. o Siide crssarnbiptesd BB indieafiredame s¥&ml &id pértiemds72, 674
portion 672 and internedi ate portion 676 and a second

with ani intatimediateaportio 76| thembetvden! WaREt HBHAREY ¥Bflator 678
portion 674 and internediate portion 676. [0094]

IBcated betwbenditstrehdgRioncsd ARBInffRediBi&hdilidh GAFAhd a second
i nclude support nmenbers 686, 688 nmounted to | ower
[potofizaxh sadtiiioe 0680 Juedred t bBRERAT Second end portion 674 and
intermediate portion 676.

[0094] First and second end portions 672, 674 may each inciude
support members 686, 688 mounted to lower portions thergof. Support members
636. 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 refative fo 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 1o wall member 640. Locking




686, 688 may be slidably coupled to |linear slide
bearing 660. Internediate portion 676 may include an
arm 689 slidably coupled to rail 662. Pivot assenbly
666 may include pivot nmenbers 690, 692 having first
ends 694, 696 and second ends 698, 700 rotatable
relative to one another. Pivot nenbers 690, 692 nmay be
VR 204641653 m of hephai st bearings and nay haRE/§52006/015967
ends..694,__696 coupled to %pper portions of slide
assenbly first and second and portions 672, 674.
Printhead carriage nounting assenbly 668 nmay incl ude

Mmeehamigmbb ar kiay M2 coupléittd nterfrediid g@n@ﬂj 878t & Inay include
assenbly 642 to printhead carriages 628. Munting
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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 aflowing wall member 640 to travel along the
length of leveling rails 732, 734. |
[0097]  In operation, when a printhead carriage 628 is determined 1o be
oifset from its target position, it may be adjusted using the features discussed

above. Specifically, when a printhead carriage 628 has a pitch misalignment




Mounting bl ocks 724, 726 may be coupl ed to second ends
(not shown) and printhead carriages 628, all ow ng
printhead carriages 628 to rotate relative to wall
menber 708. [0096] Sidewall assenblies 636, 638 may
each include wall nenbers 728, 730 having | eveling
rails 732, 734 on upper surfaces 736, 738 thereof.
Slider portions 648, 650 of wall menber 640 may be

JoftA engaged with Ileveling rails 732, -
w?ener gﬁ/"y all ow ng wal | ngnber 640 to tr avlé(fyﬁé?moﬂf‘]glstgﬁ’e .
| ength of ‘leveling rails 732, 734. [0097] In
operation, when a printhead carriage 628 is determ ned
to be offset fromits target position, it nmay be
sshouay ia driguse A8) it mayrkeaeqry sifeg) gditsfment gsaembly 642. More
Specifically, when a printhead carriage 628 has a
ﬁp%tafwam.mn%gﬁﬂ%ﬁz MAY bgmiﬁsmsmmr&nesﬂob 1evad ®g Totation
27 (shown in Figure 13) it may be corrected using
shprindbeasnaniages 86 pbeutpivaimeambarp i2,(11dal | v,

printheads 52 may be adjusted to correct the pitch
t her i8P98ly rRyintheadncariddgesr inay beadtated rbaigasvad 26cmalbarat712,
Eivot menbers 712, 714. [0098] Printhead carriages my
4 ifroughethealsent gijustmentcassembly7842.  Slidet asdemnthiy B64 heay be
use of adjustnent assenbly 642. Slide assenbly 664 nay
permiiied i mpealaloog rail 8621 by nefeasing iceRdghyechainizas 67W Locking
| ocki ng mechani sm 670. Locking nmechanism 670 nmay be
merkanis 679 inay deniefegsed dyploasprireg tlamipitly baB6705, 0706, 707.
Once | ocki ng nechani sm 670 has been rel eased, first
anee denkingdmechanisna &10 last bedro raledssd, fitf Ganigeddhd \Botorized
slide assenbly 664 along the length of rail 662 to a
acuato b 80 680 may drive slidd asseatbly 664 along HOBAGh of\filddzde a
assenbly 664 travels along rail 662, printhead

denined position &P Pitelr evrreatiot.ed about pivot nmenbers 712,

714 froma first position (Figure 30) to

[0099] As slide assembly 664 travels along rail 662, printhead carriages

628 are rotated about pivot members 712, 714 from a first position (Figure 30) to
a second position (Figure 31). As printhead carriages 628 are rotated, they
become angularly disposed beiween wall memberé 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-




a second position (Figure 31). As printhead carri ages
628 are rotated, they becone angularly di sposed

bet ween wal |l nenbers 640, 708. In order to
accommodat e the angul ar di spl acenent of printhead
carriages 628, wall nenber 640 translates al ong

#vg’vgl}gﬁg rails 732, 734 as printhead carriages 628 are
PAPA%57 00100] Sl i der asgenbl y actuation RyUS3@6/015967
acconpl i shed by adjusting “a voltage signal to conmand
the notorized actuators to nove in or out.

I nformation on the desired |ocation for print head
neeiigysusrayrapds aetrmnsieatedirinrfigure \3351 ANnéiY-BéMiucus arra
descri bed bel ow. [00101] The printhead arrays nay igey may
ctstikt glone physicat el linitalion AmpoSRNby Bt bR 85 "R¥S requiing
Non- conti guous arrays may include gaps in the print
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in Figure 33. A non-contiguous array may resu
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require a change in the printing net ers
tthis arrahgémiegt. novenment of the printhead array to the
substrate to insure all areas of the substrate are

pri nt fab10Ze mhﬂérﬁti@iﬁmaa_%%giﬁﬁsﬁﬁéﬂ bpparatus 800

unaffected by this arrangenent

dd tshonmt iseReriéticall SR dFRRfds dj ratus
800 is shown sch!hemat i rggﬁgy%?%agi gﬁﬁ@gg 4-%2‘%‘ e" adjlistment

BppavafiRados ddy mefideHirsShAg !&E?%rﬁiogﬁ@@éﬁ ggrﬁggg%éngg% a

i nclude first "and second printhea
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fixed to a first side of beam 806 and second printhead carriage 804 may be
slidably coupled to a second side of beam 808 generaily 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 assembiy 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




fixed to a first side of beam 806 and second pri nt head
carriage 804 may be slidably coupled to a second side
of beam 806 generally opposite first printhead
carriage 802. [00103] Actuation assenbly 808 nay
include an air bearing assenbly 810, a pivot assenbly
812, and first and second actuation nechanisns 814,
815. Air bearing assenbly 810 may be coupled to a

' of beam 806 near a first end of _f. -
v{;ﬁ”ﬁ%’ﬁgggg carriage 802. Ppyot assemnbly 8121’%{?%%“3%?15935

a hephai st bearing 816 coupled to a floor 818 of
printhead carriage adjustnment apparatus 800 and beam
806 near a second end of first printhead assenbly 802,
@Ay B2N peunled e first prindheasheqtiaga) 804 end eayniselude [0ada arm
First actuation nmechanism 814 nmay include a |linear
£2Bueeupled 8» maxadledinkod2%| d-ink AR2 gaay eitherabé ymaruafly anoved
to gui de groove 824 in printhead array variable pitch
Arprnchowove | 82dr o8 rdtorized dhrough t vaslibus ndttodm Yo iachievel eoarse
first WO 2006/ 116574 PCT/ Q52006/ 015967 29 arm 821
doigfior adjustniant ot beam A06\c Rilsican 82igmaPp b8 extethdad or retracted to
i nclude a second arm 823 coupled to novable |ink 822.
lachieve 24ineagjusintent of bearm806lal | y noved around groove
824 or notorized through various nethods to achi eve

coar s[00105} at i Secardf astuation méctemim 306 niEby’ Sricldiemad fdear
may be extended or retracted to achieve a fine
adjuatarn®iv.  dfindae caohiidr. 8170 AP [beSendugddawity AecBid printhead
mechani sm 815 may include a |linear actuator 817.

caniage &0z and beadilF0ora )l intar enyageds W infiays §69stelly provide for
printhead carriage 804 and beam 806. Linear actuator

8lidabiegctyativeroi sbgorgrprivithdadicarriage |80 alng aiggé.on of
second printhead carriage 804 al ong beam 806. [00106]

I8 8 2?p§8206pn, 0] §;@é‘raﬁ!fn, fpitel tof Fingl RICIEANA "drintieas Bo2, 804
may be adjusted by actuation assembly 808." More specifically, as movable link
822 travels along guide groove 824, arms 821, 823 may act on first printhead
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 reiative 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 caniage 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 piiching adjustment of the printhead arrays may be

complete. At this point linear actuator 820 may be used in combination with the




R

may be adj usted by actuation assenbly 808. Mre
specifically, as novable Iink 822 travels along guide
groove 824, arms 821, 823 mmy act on first printhead
carriage 802, causing rotation of first and second
printhead carriages 802, 804 and beam 806. Li near
%ﬁt g‘% Of 820 may further refine rotation of beam 806

A é &tension or retragtion of arm 821 PCIURWEMRISET
806 rotates, second printhead carriage 804 nay be
driven by a |linear actuator 817 to achi eve proper
phasi ng of second printhead carriage 804 relative to
f vision gystemh he aclateabiednn 806802he fifbl PreBiBEOGRA5R HRNGHREMent that
aut omat ed t hrough use of the vision system dis usseg
batiisyest pitete abtutadibe forekis ipARmb | b3t mikrbpd.h
carri agep802 and second pPﬁnt hg?dwztgﬁ P%ggﬁéggﬂé.aﬁgﬂ%:% the

i appropiiste PvienENbedl otA&REA thapirthdRR ARk d
through |inear actuator 817. %00107] Kgﬁgeedﬁg%g'f]?@dapparatus

dBsEnmy®e iREBOK? priakiger notion of link 822 is
conplete, the coarse pitching adjustnent of the

pri nt lfeatbayr r ayNefBRngbR FrRfeY 85eand st ki ir{dem:! B noted that |

| i near actuator 820 may b€ used in conbi nation W

t printivifa 2 dekos024 : 0.7 i Si .
sf/‘g]t em tgwrﬁ%t ate ngﬁﬁge%étg%ﬁ@i%l?ﬁ%age%?ae% 'éle&{a&rs]% I“é'th one
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printheads wthin 0.5 mcro appropria
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adj ust nent’ appar at us e
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noted that printhead carriages
alopBsiach hRalesgeger al |y in phase with one another.

More specifically, printheads (not shown) in each of

print [Aderar ! iRdigiEng Mgk ﬁ:o%iﬁ[ﬂésﬁfﬂ%i?bgSﬁs‘igr%“é?etg{‘@%mo

they print” over ane area,

g@’ﬁﬁ"ﬁ;‘%ﬁggf‘:‘@” @gxuggﬁgﬁwﬁdr“’&m&a ésrs]gr'ngﬁ‘(t% and a machine
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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deposition areas 830, 832. [00109] Referring back to
Figure 1, vision system 17 of PMD apparatus 10 nay
include a calibration canera assenbly 900 and a
machi ne vision canera assenbly 902. Wth additiona
reference to Figure 37, calibration canera assenbly
900 may include a calibration canera 904 and a
mounting structure 906. Muunting structure 906 may
' irst and second portions 908, 91
vE????ﬂﬁgétion 908 may be fixed to vacuun1c%gg&g%%&§%gﬂ -
second portion 910 nmay be slidably coupled to first
portion 908. Mowunting structure 906 may further
incl ude a motor (not shown) for driving second portion
Q’f&”‘f@l%\”ﬁ‘ggetla & fliregtion gepeisfly @smenm@u(%t it gn sappec surface of
906 may,also include a fiducial mark 912 for
BN RS TB-0f calibration camera assenbly 900 and
machi vi sion_canmera assenbly 902, discussed bel ow. .
Cal i bFiTEh caMisien oemeranassembly BR2 dnayw inckideral gy résaution
910, and may-therefore be di splaceable relative to WO
580612 9642 hish readdinnommera $4 8, and avmouniing stuckirel $18.0 Low
a direction generally perpendicular to an upper
fRRojulicn eamerg Rldumaythayvr a @reateniiall] of\iisw cthare angh eesolution
assenbly 902 may include a | ow resolution. canera 914,
aafHP@qQY%s are ispacifiealinr laworesolution camerauatd maystave et HEI8 of
918. Low resolution canera 914 may have a greater
Vit f approxieaielynithmm igh 10 ewol Thisomnge avayrie Grorallyyifficient
ﬁfecifically, | ow resol ution canera 914 may have a
peprynodatp doading eipisosti subistale 18 rvodnting Gtidturd 1918 may
range may be generally sufficient to accommopdate
\N6%Ee 7y beagket g%fan’;iufust red eset8nd Miotors (9t Shewhf ¥oremSddbly

may include a bracket 920 and first and second notors
MRrYating biaeketr 320 toosewbhd rail 26. The first motor may provide for axial
translation aiong second rail 26 and the second motor may provide for vertical
translation of mounting bracket 920 relative to second rail 26. Calibration camera
904, low resolution camera 914, and high resolution camera 916 may all bs 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, Calibratioﬁ
camera 904 may provide positional feedback during correction of printhead
position.

[00113] As noted above, calibration camera assembly 200 may also

includs fiducial mark 212. Fiducial mark 812 may be viewed by machine vision




nmounting bracket 920 to second rail 26. The first
nmotor may provide for axial translation along second
rail 26 and the second notor nmay provide for vertical
translation of nounting bracket. 920 relative to
second rail 26. Calibration canera 904, | ow

[ s%Iution canera 914, and high resolution canera 916
ﬁg‘v WS in  comunicati gn with a conput eFCRGE2006{415967

- PMD apparatus 10 (Figure I)°. [.00112] In operation,
calibration canera 904 may be used to determ ne
printhead positioning. Calibration canera 904 may be

f caneexl asserably 908 tpréovrdinatdScalibrdtinbafierd) absbr¥ly 900 and
array to determne relative position between

pmathineadision2carfiata Bssdnisly SURTEr On8d 4ellive FRBADARG between
i mges that are sent to conputer 922 for °
detlbrationatarneracisspadiyt 90N akd hHchinReHNEs %a%l‘s[‘%&%‘ﬁ% 902 is
52. If an error is found, printheads 52 may be

adnowst,aclative pesitidrimeDetwaeN PrinfiRbHS 5! tABratibR BrRra?Aésembly

may provi de positional feedback during correction o

P0Gt drelatlachins Vibiol banlefd ddsdimiyp 009 has) bﬂ’@é&&mi?%d | by computer

calibration canera assenbly 900 may also 1nc

mseainayos g sl v R B o
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assenbly 900 and nmchi ne vision camera asse
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assenbly 900 and nachi ne vision canera a
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calibration canmera assenbl
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and may be used for prin pr i nt

isitioig Mk iehoBiveer? SiscllbRfRaggl above. Further.

relative positioning between vision camera assenbly

?gfoﬁg]biﬁﬁ]enhgﬁ?&g% Embm%b? mddife didiolBYmR% gsf]s%%ly 902 may
determine positioning errors beiween subsfrate 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, e.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
translated so that high resolution camera 916 can provide a detailed image to
- computer 9.22 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 variely of forms. The image of fiducial mark 924 may be analyzed fo

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




optical strip 923. This may generally all ow conputer
922 to determne relative positioning between
substrate 18 and printheads 52 and determn ne any
positioning error therebetween, discussed bel ow.
[00114] As noted above, machi ne vision canera assenbly
902 may determ ne positioning errors between
substrate 18 and a printhead carriage. More
cifically, lowresolution canera 914 ma 3
ﬁﬁﬁﬁ%@#gﬁnage of substratg to determ ne t%gE@%@g?ﬁ%ﬁ7
of a fiducial mark 924 thereon. Fiducial mark 924 may
be small, e.g., approximately 1 m®2, and may be in the
formof an etched chronme marking. Once the genera
ler2ied i subsirate dacaspistnwith e srofationaly edentatinre detemaihation.
machi ne vi sion canmera assenbly 902 and substrate 18
reguaipd marj A24,:0260mey generally bg fiogatasbinunpiposite eomes B one
can provide a detailed image to conputer 922 to
qaptheri dligh mesolution car@ra 916 moay be wsed to loghtet fiducist enark 926
a machine vision algorithm Wile indicated as an "r
withpiigthecassistance of low reselutiod 2amers 914 basadien the/edgntition of
of forms. The image of fiducial mark 924 may be
Sdudiglrearki®24. determine rotational orientation of
substrate 18, as well as the position of substrate 18
al ongl90A a5k ubs Onae éheascitationahorienittitioh of alibsitiath 1 $8 & dot@rined,
926 qg% be WO 2006/ 116574 PCT/ US2006/ 015967 33
thee peintheath cauisges disclosed abeves mayiHalve their rasbatin@ éHentations
orientation determnation. Fiducial marks 924, 926
adjysigdnter abtqunbdol tten pesitioning pprs | ih eargo b eks \fa!ﬁ@rtyﬂ 8N Svays
anot her. Hi gh resolution canera 916 may be used fo
Hiscussedf alswei akdditionkeli 2fie madhineuvisibh @anfevd Sy Po2 may
| ow resol ution camera 914 based on the orientation of
pedindicadly pravide Sttges Ot 1flddcidPMagrks hepd, gt ik %hn uter 922 fo
orientation of substrate 18 is determ ned, t g
. fietermineapbsitional egers Hirsughose Bparafdie o PMD Athakdies 0. For
respective orientations
example, fiducial marks may be analyzed to determine any thermal growth of

substrate 18. This may be determined by variation in size of and/or distance
between fiducial marks 924, 926.

[00116] The use of the various camera systemé 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 aliow 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.




adj usted to account for the positioning error in any
of the variety of ways discussed above. Additionally,
t he machi ne vision canera assenbly 902 nay
periodically provide images of fiducial marks 924, 926
to conputer 922 to determ ne positional errors
t hroughout operation of PNp apparatus 10. For
exanpl e, fiducial nmarks may be anal yzed to determ ne
any thermal growth of substrate 18. This may be"
determined by variation in size of and/or distance
bet ween fiducial marks 924, 926. [00116] The use of
the various canera systenCldSdj ust mrent  nechani sns
may be automated into a servo-loop control system by
conmputer 922. This may elim nate possible sources of
human error. It also may allow for alignnment
ady\inet isecl@isnady be made "on the fly" to automatically
adjust for wvariations in printhead position caused by
t hermal expansi on or contraction, or for thernal
exgansion_ot the printing material that has been
| okded ARfiBtinthapraystusrponBising: Al VS What i s cl ai ned:
1. Aprinting apparatus conprising: a franme; a
pl ur al ia frame; r ecei vi ng mechani snms that each hold a
body of a respective printhead assenbly of a
pl ur al id plwdlitgr dfnidvepth@ sssmahisess thategacH hbld GeSIBELf a
to said frane; a stage spaced apart from said

respbERRI Piifties8 GRasinly end &@%{i?bbﬁpriﬁtﬁeﬁ@|af_§s§m%|4_@§ﬁ§c@él &with
a base plate parallel to said stage and incl udi ng

resp@&ttHrQaRPerﬁ%; wherein said printheads register
agal nst sai d datum points, wherein said datum

a stage spaced apart from said receiving mechanism and operable
to hold a substrate;

a base plate parallel to said stage and including datum points,
wherein said printheads register against said datum points, wherein said datum
points are each approximately a predetermined distance above said stage and
form a plane substantially parallel to said stage;

a clamping mechanism, for each of said plurality of receiving
mechanisms, that is mounted to said base plate, that selectively locks said
printhead of one of said printhead assemblies in place relative to said base plate,
that includes permanent magnets and bucking coils to selectively cancel a
magnetic field of said permanent magnets, and that automatically varies

clamping force; and




poi nts are each approxi mately a predeterm ned distance
above said stage and forma plane substantially
parallel to said stage; a clanping nmechanism for each
of said plurality of receiving nechanisns, that is
nmounted to said base plate, that selectively | ocks
said printhead of one of 3zaid printhead assenblies in
place relative to said base plate, that includes
per manent magnets and bucking coils to selectively
cancel @nhe pamoese ifignienidassientdied meuntad dosaidabprsst glate that
and that automatically varies clanping force; and 35
eaclvreelextivelyr eligrlsi gneeoft safls pribhieads nefusaiddplumliggiof rértRead
pl ate that each selectively aligns one of said

assamblish@ald sesfect 2 itidry ol said/ pahthead$ byeadectidefertirgSand
W th respect to others of said printheads by

dispRRIrRCddid plidtheal ¥ Wl BarafleBlsafd Sishshakd wHdrd oh8 of
a plane parallel to said substrate, wherein said one
said®printh@hds AREIDUES 3! Solof %g%ﬁ% bethiRh 8 9fH gﬁgd%ihnieﬁ&al

ne and sal | at era acemen sal d
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m{mer having a first pivot point and having a first

eachyg sl eignmediasssmbliss camprisest said one of said
printheads; a first linear actuator that selectively
rot ates sai dirplwbepag pivalingenentbenthasmigda first ptivasi podmt and
point; an armthat is attached to said pivoting nenber

having adirstedaiun that cattroboamangledftshat olaef said edothdadat um
that displaces said printhead; a piezoelectric
transducer tahdirsti lineak tatheor tigatsedlgctiienptotaths BEIEDSIVOting
and that rotates said arm about said second pivot

menfitir Abouvbad Gk phadt hoint;

an arm that is attached to said pivoting member at a second
pivot point and that has a second datum that displaces said printhead;

a piezoelectric transducer that is attached to said pivoting
member and that rotates said arm about said second pivot point, wherein said
second datum moves at least approximately four times as far as an end of said
piezoelectric transducer; and

a manuél adjustment device that displaces said second
datum with respect to said arm and that includes a ramped surface and an

engagement device that engages said ramped surface at a plurality of points.




second datum noves at | east approximtely four tines
as far as an end of said piezoelectric transducer;
and a manual adjustnent device that displaces said
second datumw th respect to said arm and that

i ncludes a ranped surface and an engagenent device

t hat engages sai d ranped syrface at a plurality of
points. 36 2. A printing apparatus conprising: a
frame; a receiving nechani sm supported by said frane
operable to hold a body of a printhead assenbly fixed -
Wth respect to said frane; and a stage spaced apart
f rdm saf grinticg pppargtuseesvaprising:and operable to hold a
substrate; an alignnment assenbly operable to align a
pri nt heattapfe;t he printhead assenbly relative to said
frame. 3. The printing apparatus of claim2 wherein

said f r@f’@:d:i\ﬂﬁ%; witshafisbagspdriert I8y P&t dtdré oper4ié ¢ hold a
stage that includes datum points, wherein said

bodyPbi @Phﬁ@a@aa %@%é&ﬁfﬁi@ﬂ%%u‘es@é&ﬁo%ﬁ&ﬂh%E Bhg- 4. The
printing apparatus of claim3 wherein salid datum

poi nts ' . i
G st anc sed L of PR RIR 214 kiR FdEhAhAand operable
S 1ally parallel to said stage. 5. The printing
to htgg%aértg)t%& PeOf claim3 wherein said alignnent assenbly

is mounted to said base . plate. 6. The.printin
par at b NG ey 1 Grrabit s oRUg o chrililpeary of the
. mechani smthat selectively |ocks said printhead in
printypad assmblyirelative ta said fiamige. 37

3. The printing apparatus of claim 2 wherein said frame includes a
base plate parallel to said stage that includes datum points, wherein said

printhead registers against said datum points.

4, The printing apparatus of claim 3 wherein said datum points are
each approximately a predetermined distance above said stage to form a plane

substantially parallel to said stage.

5. The printing apparatus of claim 3 wherein said alignment assembly

is mounted fo said base plate.

6. The printing apparatus of claim 2 further comprising a clamping

mechanism that selectively locks said printhead in place relative to said frame.




7. The printing apparatus of claim®6 wherein said
cl anmpi ng nechani smincludes a nagnetic el enent. 8.
The printing apparatus of claim7 wherein said
magneti c el ement includes permanent magnets and
bucking coils to selectively cancel a magnetic field
of said permanent nmagnets.3-9. The printing apparatus
of claim6 wherein said clanping nechanism
automatically varies clanping force. 10. The printing
appar at Uke oprialieg mapparatisei of Selhigh CEanhdrgin N&Ad aBlapiping
rel eases said printhead while said alignnent assenbly
mechhhBAPINSRIdEs athbghdiRadlembht. The printing apparatus of
claim®6 wherein said frame further conprises a base
plate parallel to said stage to which said clanping
mechanism is nounted. 12. The printing apparatus of

cl 8i m 2THbekifting %%Edra%é @GR ERAIn ASPIRIFBINY said %s@ﬁétzéeélément

rotates said printhead in a plane parallel to said
: T
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ﬁeldrb}\gaﬂg ?rrrﬂin\éﬂ rrf?ag;'nQ{s an_d hav! ng a first datumthat

cOntrors & an said printhead. 38 14. The
printing apparatus of claim 13 wherein said alignnent
assenbly further conprises a first |inear actuator

that, SRSt it " ShHER e il Ol e IBHD S RO oing

sard pivo ol nt inting appara
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10. The printing apparatus of claim 6 wherein said clamping
mechanism releases said printhead while said alignment assembly aligns said

printhead.

11. The printing apparatus of claim 6 wherein said frame further
comprises a base plate parallel to said stage to which said clamping mechanism

is mounted.

12.  The printing apparatus of claim 2 wherein said alignment assembly

selectively rotates said printhead in a plane parallel to said stage.

13. The printing apparatus of claim 12 wherein said alignment

- assembly comprises a pivoting member having a pivot point and having a first

datum that controls an angle of said printhead.




di spl aces said printhead laterally in a plane parall el
to said stage. 17. The printing apparatus of claim 16
wherein said printhead includes a row of nozzles
defining a line and said | ateral displacenent is along
said line. 18. The printing apparatus of .claim 16
wherein said alignnment assgnbly includes an arm havi ng
a second datum that displaces said printhead. 19. The
printing apparatus of claim 18 wherein said alighnent
ass$&nbl Yhe nplintiies @ppes08dof i glamn 8t Wilepdint Batdgrmy;ﬁment

said arm 20. The printing apparatus of claiml

assMIBy SuRh8RIBnRriBEs R Fikdahedr aRtuAbr B2k rktelibg%@aio@a es said

second |inear actuator rotates said arm about “sai

[ printing apparatus of claim
plvoggﬁ\% emB dHout g&g fivot 5-5 : .

erein sai I'near actuator conprises a
pi ezoel ectric transducer. 22. The printing apparatus
of claim 21 wherein said piezoelectric transducer is

a“i Cheﬁhé nﬁl?r\otﬁ %ﬁ%%&ﬁﬂi§@h@reﬁﬁgg%lgﬁwgg¥ is

east ppr our tines as far as
L-sh§ b&i pi ezoel ectric transducer 23. The printing
apparatus of claim 18 further conprising a manual
adj ust mrent devi ce that displaces said second datum
Wth respect to said arm 24. The printing apparatus
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conprising: a plurallty of receiving mechani sns
i ncluding said receiving nechanismthat hold bodies

Of‘Jf" plﬂg@hhé%r}go{a@;? r'g%h&acqai?n%g '\vameirgi?l si,ariltf lpll'J!rq’Ehegd mcludes

print hea

a row of nozzles defining a line and said lateral displacement is along said line.

18. The printing apparatus of claim 16 wherein said alignment

assembly includes an arm having a second datum that displaces said printhead.

19. The printing apparatus of claim 18 wherein said alignment

assembly includes a second linear actuator that moves said arm.

20. The printing apparatus of claim 19 wherein said arm includes a
pivot point and said second linear actuator rotates said arm about said pivot

point.




one or nore alignnment assenblies including said

al i gnnent assenbly that align printheads of said
plurality of printhead assenblies with respect to
ot hers of said printheads.

39

21.  The printing apparatus of claim 20 wherein said second linear

actuator comprises a piezoelectric transducer.

22. The printing apparatus of claim 21 wherein said piezoelectric
transducer is attached to said arm such that said second datum moves at least

approximately four times as far as an end of said piezoelectric transducer.

23. The printing apparatus of claim 18 further comprising a manual

adjustment device that displaces said second datum with respect to said arm.

24.  The printing apparatus of claim 23 wherein said manual adjustment
comprises a ramped surface and an engagement device that engages said

ramped surface at one of a plurality of points.

25. The printing apparatus of claim 2 further comprising:

a plurality of receiving mechanisms including said receiving
mechanism that hold bodies of a plurality of printhead assemblies including said
printhead assemb[y;' and

one or more alignment assemblies including said alignment
assembly that align printheads of said plurality of printhead assemblies with

respect to others of said printheads.




