DYNAM C PRI NTHEAD ALI GNVENT ASSEMBLY CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains
wo b@chessef it of U.S. Provisional Application NeST/US2006/015967
60/ 674, 584, 60/674,585, 60/674,588, 60/674, 589,
60/ 674, 590, 60/674,591 , and 60/674,592, filed on
April 25, 2005. The disclosures of the above
appl i cations_are incorporated herein EP’r ref erence.
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pi ezoel ectric m crodeposition (PMD) apparatus and nore
particularly, to a printhead alignnent assenbly for a
PMD appar at us. BACKGROUND [ 0003] The statenents in

this secti OROS3-FIBFERBNCEETOARKUATEINIAPPLCATIORS
related to the present disclosure and may not
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applications, drop placenment accuracy s inport
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print j n array, as well as ]
GHELE B Aent S78a7 A ed ory Aonk 25y 120069 Thon isplasuses of the
dj ust ment of printheads and/or substrates may be
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errors. As such, there exists a need for efficiently
accounting for, and correcting, possible sources of
error in drop placenent. SUMVARY [ 0005] According to

the present disclosure, a pFptEr apparatus may
i nclude a chuck configured to support a substrate

ther §00022 " Phé pPERGR i Ure 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.



fromthe chuck, a printhead carriage franme coupled to
the rail, and a printhead carriage coupled to the

w@eioatiinsadl carri age frame. The prinjhead carri BOPURBY6/015967
include a printhead and an Zactuation assenbly. The
actuation assenbly may be coupled to the printhead
carriage and nay be selectively engagable with the
printhead for selective displacenent of the printhead
relative to the printhead SdMMABY. [0006] Furt her
areas of applicability will becone apparent fromthe
descrfi0005pn pProcoidiegl tbethei present sisulibslirbe aupdetes tappératus may
that the description and specific exanples are
inolugade &hiiek q@wﬁ?@ww%upbéﬂﬂ%{ Eabdtfite ARbdect)h MiPspRed apart
intended to lim¢t the scope of the present disclosure.
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.pi ezoel ectric m crodeposition (PVD) apparatus
iBeluge & H@nfi‘ea@ REdR 3ekatign asseaiphe; TF@(&@!}]atHngQﬁS@nﬂiﬂy may be
is ?ﬂcgerSﬁecti_ve view of a printhead carriage assenbly
aEpEUiig ghe rinikeadt easiagadliand! wayr ke Jeld@ldElyFeggagalle with the
is a fragnentary perspective view of the printhead
printhéay dorasslestivy didplacanest 8f ithe |puidittighd relativé heafle printhead
al i gnnent assenbly;[0011] Figure 4 is a perspective
cangyyedf a printhead assenbly fromthe printhead
carriage assenbly of Figure 2; [0012] Figure 5 is an

expl mggﬁp]‘r/: ﬁﬁ%ﬁﬁert '&?e%tqlfséé}ﬁf&alggiygﬂmbe(gon@ UBchrént from the

and ead assenb
description provided herein. It should be understood 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 1 is a perspective view of a piezoelectric microdeposition
(PMD) apparatus according to the present disclosure;

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

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

carriage assembly of Figure 2 including a printhead alignment assembly;



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

view of the actuation assenbly and printhead assenbly
wobkokiigisre 5; [0014] Figure 7 is a perspectivePui/eB200$/015967

an actuation assenbly showsin Figure 3; [0015] Figure

8 is an additional perspective view of the actuation

assembly shown in Figure 7; [0016] Figure 9 is a
oded erspect ive view of the actuation

| |
s ;Eelr@p)ﬁl \%‘W 84S SqfiPETSpective VigW pf gurrinthead gsaembly from the
addi tional partially exploded perspective view of the
Ribithead sariegeanseyntiyoiiigure B gure 7; [0018] Figure 11
is a schematic view of a printhead alignnent; [0019]
Fi gur[8012] i s Figuselbeisan explodsd Oﬁawﬂofplheretdm_ibrpéi@eﬁ?nbl}/ of Figure
m sal i gnment; [0020] Figure 13 is a schematic view o

Sapd ity bﬁﬁl%eﬁdtéébembﬁﬁbﬂ Engmh and a printhead pitch
alignnent; [0021] Fidgure I4 is a perspective view of a

L R T h 5""é'a%é€e gi@'ﬁf%@{ iR of the
Rhis Roor i b Sy e e of 1t no

rin carrlageframa shown in Figure 14; [0024]
lgi gu Egilg] is @U&VS'E&PPC@%F'WVV&W @npw’tnamassembly shown

carria e shown in Figure 14 with the printhead
iR Riguragée renoved.

[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 éf 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;



[0025] Figure 18 is a perspective view gf an altfrnate

rinthead carriage frame according to the presen
W(S'rz(mshusm e; [0026] Figure 19 is a perspecti vePErRpbmdeais967

view of a printhead carriage adjustment assenmbly shown

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

perspective partially exploded view of the printhead

' dj ust nent _assenbly shown in Figure 19; .
[08653?92?&{ g‘s'gé”ﬁ ﬁ@ 8 ﬁep%@@@i% Rofled \dewoaplthegprinthead
el ement shown in Figure 20; [0029] Figure 22 is an

GRS BARNC $hawepisciiovee pdrtial |y expl oded vi ew of the
printhead carriage adjustnment assenbly shown in Figure

19; [[0024] FFigure 173siasparspectegiciw 6f tHeepritheh@@arriage shown
pri nE head] carriage adjustnment assenbly shown in Figure

il Eigure . witth UaS peinteEH CaPtigd RAFHed T gure 24 ids a
perspective view of a portion of the printhea

{03 3f B L e RSB BRIoHReRtE BuF o8, alibmate, printheac
Jbﬁﬁhﬁ ' | ust assenbly; [0033] Figure
ngﬁ | aaggf%%étﬁﬁéEggfieg‘?\f_eggﬂnggpfgﬁa:g pr: 2:1 hSiagw .
. _ a
f ﬁ(rar ;&%]ng}g‘gl%% ?gi‘g ngr %%&ﬁ QXLOEIHGQ \ﬁgwfdfcaaﬁqinthead carriage
Figure 28 is a perspective exploded view of the
agjustaekassembly shewnriafigwe 18; gure 26; [0036] Figure

29 is a sectional view of the printhead carriage frane
of [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;



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

an alternate printhead carriage frane according to the
w@e@sans74di scl osure; [0038] Figure 3 1 is an apdi/Usmoabisoe7

perspective view of the prifhthead carriage frame shown

in Figure 30; [0039] Figure 32 is a perspective view

of a portion of the printhead carriage frame shown in

Fi gug@ ﬁg [ 0404_3 E%g.ure 33 is a schematic view of a

non- d3AEPLuofiOUSRi A8 hisad RPFSRpCliyeoeMylotiedyuew3af ithe aprinthead
scherrafi c view of an alternative printhead array

GRaragdrams ofdrigeiend®iat us according to the present

di scl osure; [0042] Figure 35 is a fragnentary ‘
scherf@036] vi Eigusé 29his psectidrandicar roﬁxthé/g"rihﬂiéa@ Sartiege frame of
apparatus of Figure 34; [0043] Figure 36 is an

Figitetdgynal fragnentary schematic view of the printhead
array variable pitch apparatus of Figure 34; [0044]

Fi gureods i SF@UP@@(P%F ia"ﬁeYép%‘é‘ti?é \télggl ([f)glolﬂg]r g@?rggf,ee printhead

canera assenbl’y shown in Figure
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The Wi desgription is nerely exenplary in
nat uE@iﬁjd i 'SOHG 1nf%ﬁﬂeéd@'80ﬂﬁ|npﬁfﬂﬂ$@tlm edewt of the printhead

di scl osure, application, or uses. [0047] The terns
cairiagedraman shawnunifigureddri al * and "fluid material " as

[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] Figure 35is a 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 a perspective view of the machine vision camera

assembly shown in Figure 1.



defined herein, are broadly construed to include any

material that can assune a | ow viscosity form and
wWoR06h14534 sui t abl e for bei ng deposited for exaP@i/@$2006/015967

froma PMD head onto a subsirate for formng a

m crostructure. Fluid manufacturing materials may

i nclude, but are not limted to, light-emtting

pol ynmers (LEPs), which can be used to form pol ynmer

| i ght-enitting di odeDET&NEEY RESCRETIGNEDs, and

Pol yLEDs). Fluid manufacturing materials may al so

i ncl Y@84p] astThesfollowirg descripties, issnkry Sxeaplagrin nature and is

pastes, bionedical products, acids, photoresists,

ratliventiad tadhmisthe Preddil dRIBHRS; appIRali6hor tidad. d

manufacturing material"™ is interchangeably referred to

" GepdD0H7L, THEGRRLRUE ranuicct mAEUAT g, fuid material as
el RS 27 SRR b hyni % e by il ot g8 scsume a

"pattern,” and "deposit" are used interchangeably

lew \dscosily farma and whichy igrsuiitahlecfar heing: geppsitesh fasrexameple, from a
fluid material froma PMD head for exanple. The terns
PMPopeat "oniaa 'stbeisateafar famming.sechi¢rostuctnengllaid ynanufacturing
[0049] The term "substrate," as defined herein, is

rbateaidlsy nepyndcluge] bot are Inoddinaited 1@} Bghicémieng iblgmers (LEPS),
surface that is suitable for receiving a fluid

writle chal beluséd o %Wgﬁfyﬁ?érblfdh‘ﬂ%nﬁﬁ%e&igdté gb%bdﬁg SqSBVBes (PLEDs,

Substrates include, but are™not linTte
et i ceram ¢, ti rigid
AP OYLETRPLFER B4R Fiter GETOH B e bflfbo, motas
aj nmbodi nents, a,deposited flujd materjal itself
o B S oo RS oo Rk hShup s boverts,
so. i ncl udessurfaces suitable for receiving a fluid
PEIVERI M i RPoXiatanufhRt UpIMg ‘Pluist edranufaeturing, material” s
_exanpl e, when form ng three-di nmensi onal
intemhesgeablyuetatred ©OSDPinThs “flutd matediar’ost ruct ures, " as
defined herein, generally refers to
.[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 “subsirate,” 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



structures formed with a high degree of precision, and

that are sized to fit on a substrate. |Inasnuch as the
waemwed16f4 di ff erent substrates may vary, the tRCTVIUS2006/015967

“mcrostructures” should not be construed to be

limted to any particular size and can be used

i nterchangeably with the term"structure."

M crostructures may include a single droplet of a

surinagsnsuitablelfor reogivingrs fleidi materfal dlusiigea snaufaghying process,

structure forned by depositing the droplet(s) on a

sudbsas, dbeexample, ahen fonnitigrtarss-dingdndiaysd miceostructures.

t hr ee- di nensi onal architecture, and any ot her desired

strucfoese] [ GPeltbrrh h%i%rﬁé’tﬁ?@é}’%é agﬁﬁ&ﬁ‘ ﬁéfbilltl,ggégﬁe;rgﬂﬂefers to

perform processes by depositing fluid materia
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'cO ter-executabl e instructigns,” which is also

MDA eI AR (e Spreg oot ATTRseR SUbstates gy varyr the term
general |y includes routines, prograns, Obi ects, .
é@ﬁ%ﬁé’ﬁ{%‘?s aehauld et bewosstrugd 1@ e limiked imany particular size and
i npl enent particul ar abstract data types or perform

Gy thiecused intarkbasgedblyswithuhentsrm “structdre.’d, Microstructures may
executing conputer nunerical controls for inplenenting

iRbIUdprap sl siroffleD of antiurg dibRSialleanyb BombMARBNOSF 8fplets, or any
conmput er -readabl e nedi a, including, but not limted to

dﬁﬂkﬁur@%mﬁ@PWe@%ﬂM% o‘?éﬂ@f(s)gphggaén%%gﬁre%tf?,csuch as a two-

storage, magnetic dis or age or

ABHRRRAT I8 5e, o BimSh0Ehal BIABT e S, vy cesiea
sg@iﬁﬁﬂ{saccessed by a general purpose or special purpose

er.[0052] As seen in Figure 1, a piezoelectric
m crodeposi tion éPI\/D) apparatus 10 may include a frane
12, d08BTht ndhe RMPY Puslems eierensed dachereimpetammsruioresses by
16, and a vision system 17. Frane 12 may support a
deplositingt Buid8materials onto substrates according to 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.



for printing thereon. Frame 12 may include an X-stage
20 and a Y-stage 22 nounted thereto. X-stage 20 may
wo p@bates74 i rst and second rails 24, 26 gener al PET/US2006/015967
paral l el to one anot her and extending across a w dth
of frame 12, generally defining a print axis. Y-stage
22 may generally extend along the length of frame 12

and gane y. perpendj cul ar to X-stage 20.
Vst J08535 DASCRE o FIMEET] o8 BlechBieciia Slgsideposition (PMD)
qI?Hr iagéthea_gocarri.age frame 14 may be | ocated between

RARUZ L 1P LB ARCide | Trame 3@, zh @risthassbcarriagepfrathe 14, and a
thereto for displacenment along the print axis,
VGEHUMLNULknLE Angl anyistasr systemt ih gFrame dBshapbepgdit a substrate 18
[0053] Wth additional reference to Figure 2,
fir printirgtheraoni afearhe a2 niay Myude ahURStagd N H&aéjgéstage 22

carriage 15 having a base plate 28, an upper plate

neouhtsd desvetd.s X3tag8 L0 BAy iﬁ&udé\fig?ke'hg{q %ecgcmdqﬂﬁﬁﬁae 26 generally

al i gnnent assenbly 40 may be cou ase p

PAFalRP38 orfb BB dnd BALTAREESOS U WIGTRY 1200 42ngenerally

| ocated in base plate
; 40, . ni 44 may be | ocated in upper
d%ﬁ@ﬁ@%é”@e%’%ﬁﬁ@%%ﬁ%%i ganezaly axiegdaleng e lemgtly of frame
1?1% EA Eri nt head ﬁ\ssenbl y.46 (shown in greater detail
Ngi rgay Legenatally, Reeniicsiaoopstages2tia Yasidgerap ine generally
Cﬁ'g‘sl ed to printhead alignnment assenbly 40. Wiile the
defiisy @ sbstiatpmExin Peinthaat earriagei ingine 4 imdyheadiocated between
assenbly 46 and printhead alignnent assenbly 40, it is

firghand secodd raitsi24 ha@mndrsiidadly oubled MdreRS Fdit
carriage 15 may include nult iW;)I eL%)pri nt hrggjf%}si@an‘%??rggm along

thérimexis yeh hi i i
P, oot OO T S .,

pri nthead array.

Fi 940053] pwjim Eﬁ@@'ﬁﬁéﬁ%{%ﬁéﬁoﬁéﬂfég tﬁ%gp%q%?ggrrigge frame

having a da
14Eﬁ§1i i@lﬁgjﬁleg%ﬁgﬁﬁbe%% ggrtrigget% ﬂgai%ne? lb(ejlgle< pSIgteugé,ngn ?Jpper 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 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.



procedure and may include a series of nozzles 53
generally arranged in a row (shown schematically in
wok@anes741- 13) . [ 0055] As seen in Figure 6, ppCTUR®aE015967
52 and datum block 50 may P isolated fromthe rest of
the printhead assenbly 46 and from printhead alignnment

assenbly 40 by a spring bias nmechanism 54. Spring bias
| at e 56 coupl ed

' i pcl ud mount i ng_,
o pribheAbad VIR crbitlonst adreidies, ¢ dubuien B igsiisid assembly 46
spring 58 nmay be a conpression spring having first and
@5& oiﬁg'ué‘ﬁdé %@dy 68 hewingt aedatupd iocie &bh neprabihg cBBpraay thereto.

be coupled to printhead assenbly body 48 and second
Rinihead 052 eaeh berinateds8o ndatulre bisukp5ed usimgmaUpkédision bonding
plate 56. As a result, nounting plate 56 may be

mecedwkl andrevabireludd atderrst 6 rﬁéiil‘éd“ggdgé}ﬁﬁnﬂwgrtaﬁg]% in a row

48 with approxi mately six degrees of free

(Bh&Wk seRefRYicRf mqng,eeg ﬁQ1§B_unti ng plate 56 formng a

printhead attachment bl ock, ‘gi ving datum bl ock 50 the

of e A0B8F o8 ehn BaLp, Brhd 2 Phe daiErLbBOK S0 may be

. escrihed above, and shown in greater detail
'403%5@%]6[9% tg,e et (ﬁttﬂﬁzﬂﬂ'”mqaﬁwtﬂ%ﬁ@mf&mm peytheed alignment
coupled to base plate 28. In addition to provi ding a
ARBEMPINE0 SVt R ARsINGoPiap rMmechanismab4.gi8reing bissembtiariém 54 may
base plate 28 may provide a common primary datum

incldde enowuntinghplate 56 cadelddrteCFri@ﬂhefadfas?ﬂémlﬁlS/' t%dr}ﬁﬂésby four
52 (referenced to their datum bl ocks 50) within tHe

spﬂm@/SSWEakhhrsp@hngB_ AfayBeCs @8 ee%sg ngehg%ﬁéﬁ’fé‘ﬁf%ﬁ and second

clearance slots 42 in base pla A oh

egé?% Lid; legéjz I Fgﬁe gntﬂg@dé gdr?: 35%@@%%@@%3% icgﬁ?éle%r fo printhead
agéé'rﬂf)lg}eﬁgdfﬁ%eg%is%%oﬁ ‘end’ %2t (t)]lu %agrrllsrgrirr]w%agg rggy bnemclzoupled 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 biock 50 the freedom to 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



be arranged generally parallel to each other and at an

arbitrary angle of attack with respect to the print
wW@x006/1166l s angl e may be set accordi ng to the PEFUSE®A6/015967

print resolution of the arnay. [0057] Each printhead

al i gnnment assenbly 40 may include a socket 63. Socket

63 may i nclude an actuation assenbly 64 and a | ocking

' =W.th additjonal reference to Figures
%%%Qﬁgﬁg'?. %%v 19 SOt Jh%@WQFn%%@% are dHigpedy aligned to
menber, 67 havi nfq first and second legs 68, 70. A free
@y o pring jugetiong Pegthead assembliesaffirang #auzrintheads 52, may
t heret hrough and nay be pivotally coupled to base
bet atranged gapetallyi paralielsienthch 6theregnd ut bhedrbitRy Uiglé of attack
phase adjustnent assenbly 76 and a pitch adjustnent

veis ereplept @ thé QoRBlaxaThisagdhyiet MBPtbesee i
be | ocated near first leg 68.g'Phasg adj ustgerr‘lécynrtd?r% tBthe desired

pAins BB utioCofTAY driafyl ude a PZT actuator 80, an
adj ust nent nechani Sm 82, a pivot arm 84, a pivot

asse 86, Voo um 88, a [ rst .and
seco@%&lt ur%é]%rgﬁ ﬁﬁ@% a@(ﬂ"ggﬁ?m B#@BS’L& Blaygaclyge apeocket 63.
o and extend al ong the | ength of second |eg
S%H&oég(ﬁ% f’}cgtifq g astuation ﬁ$%?blar€?ﬁ 8nd epjorking mechanism 66.
V\E_ﬁ} g_,be coupled to a first end 92 of pivot arm 84.
& liggalggiarayce ie Figises 7r 1@, canteatiqroassembly B hniasiinglude an
pi vot arm 84 therein. Pivot assembly 86 may include a
Lisihaped geemhes Bichaving it amplesdaoneSe§8 689901 NA fidesénd 98 of first
68 and aperture 100 in pivot arm 84, pivotally
I Inang hpive ain aperérk ' iSRS
egatpImang have @n apsridre 74 tﬁéféﬁrohgﬁ_eﬁﬁj gf%?)iHéranﬁéh)ig?upled to

90 may be a conpression spring having rst

basyplags! 280 Actustioh e&‘s@%@ %4%%?%@ ﬁﬂ?ﬁ @d@é?eé @g@ﬁjagﬁlqegdjustment

to pivot arm84. As suc retur
adliehiisly gg%gﬁ@@@@ég@%@%&%#ﬂﬁé@yt st ef’ZSd%‘éyby

pi V%O%Qf a?’%aggga%%as?}n%n\tmatsgerﬁbﬁle%ornn%yebnedlocated 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



103 of pivot arm 84, discussed below Return spring 9

1 may be a conpression spring having a first end 107
W@mﬂpﬁmmzto secondary datum 88 and a second eneCT/0S2006/015967

coupled to pivot arm 84, gaherally urging secondary
datum 88 toward pivot arm 84. Adjustment mechani sm 82
may i nclude a spherical nenber 95 and an adj ust nent

S S T TR SRl ssors e
?‘?ﬁ%dig?w@&ﬁ Eél%mcﬁﬁ%@ggé hsétt%{vn?n :ﬁégg\,m% §\1/ ?rra%p F@eea compression

surface 93 to control an initial orientation of

SpHRgAWRYIRG adirsihens 18Brauped/ ta sa@mdarpaaa]mmg ahd a second end
adj ustment assenbly 78 may include a |linear actuator

108cdupkatita piviod sempB4yt gerRfialyn drging eetondary @t 88%oward pivot
coupl ed to second I eg 70 of Lshaped nenber 67. Linear

t8ht didjudivh [
“onR0aD! &t R TR Sanay Hlads eheRfkal Michpargp and an

agfusﬁﬂéﬁf%rbﬁ/%ﬂ OSP?%I%EM %leré?)gréé ﬁi%e@gqggr'ﬁ%z ég%t%gaqr?& pivot arm

e located 1 n aperture
l.owd i yvotabl e rofation thereof when
i i HarﬁP%F@%&%ﬁeﬁ@?%&?w@fwcﬁ%oéglugtrgemsi%gw may vary
. Pitch just ment assenbly 78 may al so include a
t 2{’0 'ﬁaiéiﬁ%ng%%ﬁ@gg@r @@mt@rtalémg rgapech Swéaden®8d to control an
,ﬁggagenent with |inear actuator 104. Return spring 112
in

openiatien g sesendary tatumgthaboutpivotfiosst end 114
coupl ed to base plate 28 and a second end 116 coupl ed

to LI0OBAped Ritetimdjusiment @866MbASTS Afdy inBlLﬁegé‘FiﬁeéJﬂ’ actuator 104
| ocki ng mechani sm 66 may i nclude a nagnetic clanp

fixeecctoapasenplit8 JWHAGH féﬁi&ryi%éfﬁgr{;ﬁ‘g%‘c\ﬁage@f&g{owgé%qq leg 70 of L-

Magneti c pl anp nechani sm A e el ow As
SHREErSTET0 A HLAGE oA BRI S sooomay
engagable with tertiary datum 106 near a free end 108 of second leg 70. A pivot
110 (seen in Figure 3) may be located in aperture 74 of L-shaped member 67,
generally allowing pivotable rotation thereof when linear actuator 104 acts on free
end 108, discussed below. Pitch adjustment assembly 78 may also include a
return spring 112 to urge tertiary datum 106 into engagement with linear actuator
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 66 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.



paramagnetic material, such as 430 SS.[0061] A
three-point |eveling system (not shown) may be used to
whodaok/1kavel and set a working gap of the nmagnepCT/USI0a61mISI67
mechani sm The goal in settikng this gap is to not have
t he permanent magnet touch the datum bl ock. Thus, the
gap may allow the Z position of the pri nthead reI ative

to e target material to be established by
pri n&P Ei]a? ufh %@W@'%HGYQ{@QWW@Pbsbgwﬂhmam6$ @sed to both
magnetic clanp nmechani sm 118. This may generally allow
lavel and set & wesking 5 of Hlee anagmetics alany niéchamésron The goal in
wi t hi n about 25 microns of one another. Additionally,

seligy ¢hisigay & taimoadmvel thiet pagnateariti maghst esughoirddatum block.
all printheads 52 may not blot properly if they have a

THusf @hédap et laFPcBW hthe Z‘bds"lﬁ)nbbf”tﬁé @gmméﬁd“ r?léf‘lvé B the target

air gap1s too large, the nagnetic retention force
feRa Bfpe s i Bl ARG Beip o bog lte 28 ha
B ot e e T o) v o
operatjo when a BI‘I nthead 52 is determ ned to be

SATRE I TR BeaR#A dirBension wittin mbaudj 2% mierons of one

using the features discussed above. A target position

aoptheti nAdditionaliy, wingngareinglel surbeced dldttiegl siatiam is deaployed, all
rel ative alignnent between printheads 52 in the

ppintheaisasl anayyiot ¢ictt propetp lpﬂﬁay’ﬂﬁaﬂé‘@ d(ffé*ﬂéwmréléhonshlp to the
Figure 11). Specifi caI I y datum bl ock 50 may generall

bR 8lofty.e if tﬁégﬂe% Qﬁ@%ayﬁe}lég? gg&cjgo%rpps off as

general |y abut se ary a tert|

aser P R 3arka” B, PR g ééﬁ‘? eliegi 2 %31 Bfid e microns
hase m ment. may occur V\,hen a row

tog?s?eﬁ)r{q%{ﬁg% fﬁ eglor © té %chyc lamdirg curve without touching

metal to metal.

[0062] In operation, when a printhead 52 is determined to be offset
from its target position, it may be adjusted using the features discussed above. A
target position of printheads 52 may generally be defined as an ideal relative
alignment between printheads 52 in the printhead array relative to one another
(shown in Figure 11). Specifically, datum block 50 rﬁay 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



fromthe target position. Details regarding the

determ nation of a m salignnentare discussed below. A
w@eioatiinsad 52 may be linearly displaced, as i nPCTEEB®A6/015967

by the arrows in Figure 11,13by phase adj ustnent

assenbly 76, as described bel ow. [0063] Magnetic clanp

mechani sm 118 may be caused to rel ease datum bl ock 50.

More specifically, the magnetic retention force o

alepaisespacobelawh” Ararint 582may Hedinasirlyigplaeed.bas indicated by

vari ed automatically by pul se-w dth nodul ati on of

ineckirowgs doFigucaid i by phaser adjustroesicadseorblpF6hag deasrildst below.

| bf to O Ibf. Bucking the magnetic field in the

nmagnefooe3t! ampadgrraiaatiapip MSciddisms 118" mag! Bastawed 8 release

printhead for renoval from socket 63 or t0O reposition

PtuRt BRaR 502 Mb@éé%cigzgéi%f ﬂge} @%@ﬁ@tic ?%gn%ﬁ Hak8 rim%?t\r/t(e)fi to each

may engage first e arm causi ng

' 6. d d.1l03 of .
A 824 DA oA BRI %) puoian
SRUSE I 1 s SRS AR R o 0 0 o1,

éOOGS] More specifically, the distance (dl) between
yeking the rmagnefic, el dnel rragnetist glamp rechanisrohitBitallows for
to first end 92 of pivot arm 84 nay be | ess than the

retlestseraf éh¢ pZhtHeaidvier rerhoeal dromh gocladt 3 eioto r@Positign tfigthead 52.
| ocati on of engagenent between second end 103 of pivot

ar m §4064] seorreéaralesitid WBB. actator Ho nﬁ’df%h@éﬁ%%%t end 90 of
i nparted by PZT actuator 80 may generally be~ anmplitie

P OBl Eshdiflo SRARDAY M 93P Sph b BESE! 35EBbg et 103 o
AR BB bl MR Rl 85 800 Wpe opieced
rinthead, 52 (and caorrespondi ng datum bl ock 50) has
RIage Oty @eplééopﬁ%\@%n@a&n@abﬁ%av@mntrof ipdm dlock 50.

11), nmagnetic clanp )
[0065] More specifically, the distance (d1) between the center of pivot

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

[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



mechani sm 118 may be reactivated and | ock datum bl ock
50 inits corrected position. Mire specifically, once

WO R0opasdsv4 on, current may be renoved fromagnePCT/USI0Q6PISI67
mechani sm 118, re-clanpingipri nthead 52. Because the
magneti c clanp nmechani sm 118 uses el ectro- per manent
magnets, the holding force is "fail-safe". That is, if
the power is lost to the PVMD, printheads 52 remain
MREReER Glamposnechanism 48, uewlampiag eristhessl 52 naBenause the
magneti c chuck to lock the printheads 52 in position
roagretih elanap eneclmrdsmy1 t8 iugee celestyo-pbrmanentemagnets, the holding
nmechani cal distortion, strain, and hysteresis conmon

forceneciainssfal. ThaiRs iftthe! Fuer is Asstitbithe FNID, ﬁﬂnt_heads 52 remain
magneti c hol ding force of magnetic clanp nmechani sm 118

_ . | i .
R I Ry P ARRE Ty A e pamERromag lcToffyok to ook
[ j 52 1 ositiqgn adjusted and the -
e irRehT8 N Tn ol sy Ay A ShPBefll iR, may climinate

ri,nthead,5 i tch m salignnment %shovvn in Figure _131

Ghacal dislociony THaiRg aps (s TRIgs BsepmAONairs Braghanieg] clamps or
pitch msalignment may occur when a row of printhead
lagsss | é\gdwsnagy, rébffﬁgn@};@lhojdlbg ferse afrroagnreticaclgetp mechanism 118
Details regarding determ nati on of the m salignnent
raa beiveriessadoimetioally iod dgnamidallp te thisirsahnentenélaning force
printhead 52 may be rotated as indicated by the arrows

rhay Biegtgnfovist] HomentarikChasiprptHeY 5258 §8iton’ Sdjusted and then
d?);cussed bel ow. [006%’? l\/agr?eﬂti c clanm ?egglhani srr% 118

rEBYpIRR SRESSht @aa%ge,gﬁi?ﬁggﬁiam bl ock 50, as descri bed

above. Once release ear actuator 104 may extend

act dbah onR dyfed? Bpaircl iR Men Pl fpolti RerglFe 69) may be
CoBPBI JSIUiRIGE HUSTE GRgRGL 4B urh PG RTIsaIGRTEent may ocour
V\fh%lﬂlsg rg\?vt gft ;)Pirrllthead 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



thereof. When printhead 52 (and correspondi ng datum

bl ock 50) has reached a corrected pitch position

W@ shvoiamssrh Fi gure 13), magnetic clanp mechani sPC/LS200@915967
be reactivated and | ock datidm bl ock 50 in its

corrected position, asdescribed above. The phase and

pi tch adj ust nent described above may be automated, as

bel R rring, back to Fiqure
SRS RBR b R% ¢ st PRSShAY BitEh SR an clescabag above may be
plate 136. Mddle plate 136 may include three

%ﬂ@ﬂ%@brﬁ%ﬁ@ﬂﬂ&@g hedewi ons 148, 150, 152 and two
| ocki ng menbers 151 , 153 (seen in Figure 15).

Cut r i[0068] rmoRefemiggpuadk W Figut8, 2,1pnthds8 caMalevis aidy further
beari ng pucks 154, 156, 158 coupled thereto. Ar

inclateng witkie glate 1886, MRkRIe®Yatke 1861 gﬁgﬂ o gﬁ’re%" outrigger

| evel printhead carriage 15 relative t

rﬁ@uﬁt’i eBPthoWgeﬁél 15(?’ij$é‘%n'de{ﬁ2(?ﬁ5‘cl&rg(%merﬁ§é 3”331 153 (seen in

I nclu errous st di scs

e of suf ckness to
IM\’Jpporft”0 pﬁlﬁ{léggr ﬁﬁcﬁ{r‘?pgg%o As{é}yr BaYohay§ air bearing
e rint hea carrlageframa 14 may contain
KRt 8ad 50 B guPles fiaseEr nAINkaming e akso T, 156, 158 may be
reference to Figures 14-17, printhead carriage frame
heighteagiysied tellsvel pesthendneariage d6tratativa 86 priatheegl earriage frame

upper surface 161 and four walls 162, 164, 166, 168.

1dppéockingf menbEsd 18ty 158 mele irludd eaious sted] &ils&ﬂ and may be
surfaces 172, 174, 176 and | ocki ng nenbers 175.

ndghetitb Midbfbplaid § 368Ha 3)%8%?%1 Lyrfigent ﬁﬁéﬁrﬁa@s%%gort printhead

sidewal I s 32, 34, 36, pri nt head cagrlage
may include arns 178, 180 extendi ng
C?ﬁgig%?%n1 Locki ng nmenbers 175 may be el ectromagnets

ﬁggkmoagh‘dg 'Sﬁlr%lgkl/: s%gggnt%rﬁ%dbegr?n ot Cci:(aer(rjlaé\fatfr}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, 180 extending
therefrom. Locking members 175 may be electromagnets and may selectively
engage and become locked with locking members 151, 153,
[0071]  Locking members 175 may impart a magnetic retention force to
each locking memebr 151, 153 that can be varied automatically by pulse-width

modulation of bucking coil current to vary force from as high as 80 Ibf to O Ibf.



0071] Locking menbers 175 may inpart a nmagnetic
Eeten%i on force to each | ocking nenebr 151, 153 that

weanchessvari ed automatically by pul se-w dt h nDRUI/ES2006015967
of bucking coil current tolgary force fromas high as

80 I bf to O Ibf.Bucking the magnetic field in the
| ocki ng menbers 175 allows for rel ease of the |ocking

3 93. 10072 rinthead carri age
% 15‘135%‘?&%9!}5 EBE‘%%Q@"%@ 'BSU&%@ 178§ allgpesr for release of the
syrface 161 of wal| 162 and may be engaged with
'8&?'?@ memeks 191ad8315. Printhead carriage adj ust nent
assenbly 182 may include an engagenent mnenber 184,
firsd08Ae sedqrinthéark cariegrbhdjastnidifl, ast8fblpn82aRay be coupled
actuati on nechani sm 190. Engagenent nenber 184 nmay

to nppedeurddds 1689 wh4 &@rﬂﬁﬁ”a?goeaé%eﬂ Wﬁﬂ@ri}wg:ﬁé%ﬁﬁjrriage 15,

partially around sidewal ls 32, 36, TeSpective

ot g 85,9018 0 6 LB fomens

may i nclude a essed portion

RbaT 8% JBTE Pl BEfo Bk BRI BIR 188, OFHs i 830 1w actuation

ei n. _
include a |ink nenber 200, 202 having
%%ﬁ@ﬁf F?@gar T&“{w@@z@rﬁt mamker difds mae, inglogleandns 192, 194
second ends 210, 212 thereof. Spherical bearings 204
exEpdse 8long| ddewall Sdgard partialiyearoand dewalts 82] B6hrRspectively.
carriage franme 14, creating a pivotal engagenent

Apeacieation ank heriveays eRGMNd BERVcNdafng AGRERY ABAD8AY include a
184 and printhead carriage frame 14. [0074] Actuation

revessechi sortidH 0198 ythersih Ud Retesb 88 3hordbh U8 may *halsk Bt
bi as spmg 216. Linear act uatoraé(?t@ may %emégupﬁé% {Qytrigger

' 214 may
moRAghg BERfoRC4 _wall 164. Linear actuator
iﬁgl u%lg an ar rramlg%é&bot atably engaged with a

[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



first side 220 of engagenent nenber actuation arm 196

and nmay be retracted in a direction generally opposite
whe@s/184374 ng 216, as indicated by arrow 221 i nPEI/YHI086/015967

14. The rotatabl e engagenen? between arm 218 and

actuation arm 196 may include a hephai st bearing 219

having a first end coupled to arm 218 and asecond end

coupled to activation arm 196. Linear actuator 214 may

sgcondrRnreceuRied i aplivationgige Bt Linear apldator 2idemay also have a

structure 160 through hephai st bearing 223. Bias

rofatable engagenyeniewith maseeframenskypcture 168vinngugh hiephaist bearing

end 222 coupled to a second side 224 of engagenent

2B81bBrasagr é/ﬂ?daﬁ extishsiors epAng hévmg@‘ﬁré?t@#ﬂ 28 coupled

to a post 2 8 flxe o printhead carrlage frame

tbocpgéa:orﬂd“ sRiREsSY 'o?répggpéme'ﬁ? mBEF h eﬂ%@@ and a second

adj usted using the ures scusse

FEER bEMRYp B IR PR tﬁpﬁﬁﬁbe%@“ﬁr?éééﬁ%%ﬁ%ough

t he tuati on mechani sm 190. Upon actuation of
| | nejﬁs?agi uat’bPPeFEAION, PRNBERd eRITIagR| T2 Mmakbeaafikstep using the

196 toward |inear actuator 214. As actuation arm 196

featusps; gisgussed ppbare.mdvipee spedificallyo thenpjichioi qrrindead carriage 15
spheri cal bearings 204, causing rotation of engagenent
mayrberadjggtedvity ottatingmsintiezsl cariaeots tlropghthbesd of actuation
carriage 15, indicated by arrow 229 in Figure 14. More

nsgsterfisraal 9., oAl Attaloh Soff RhéAC heflatdrl P, %‘Fﬁm @Q@ -may pull

of link menber 200 may rotate about second end

a@t@iéﬂte?rfrﬁ% kW& IfHdaf Gt loPdh f h%ségttgé}g)r?é)@ EP{S iléngléplaced,

2 may rotate about second en

h}ggrrﬁ%géhlgoé‘%oei H}S/a[ﬁ]lggﬁ $ﬂ3| al 'h%?nglaér' f S&gecausing rotation

| t of t head 15 t b
o BRGE R s 185 Bl Sare S imenlshpuhepe griage 15

15 may include some x and y offset, which may be
inslicated tycamgwt 229 ioFigore drealete Ispecifieally, as arm 218 is retracted,

first end 206 of link member 200 may rotate about second end 210 in a
counterclockwise direction and first end 208 of link member 202 may rotate about
second end 212, resulting in rotation and linear translation of printhead carriage
15. Due to the linkage arrangement, the displacement of printhead carriage 15
may not be purely rotational. Translation of printhead carriage 15 may include
some x and y offset, which may be predicted by the motion created by the
adjustment assembly 182. The translation may be accounted for by a
coordinated move of substrate 18 and printhead carriage 15.

[0076] During movement of printhead carriage 15, air bearing pucks
154, 156, 158 may allow for rotation of printhead carriage 15 on air bearing

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



adj ust ment assenbly 182. The transl ation may be

accounted for by a coordi nated nove of substrate 18
wan@epandésmt head carriage 15. [0076] Duri ng noveP€NUSTNG/015967

printhead carriage 15, air 1Bearing 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, airbearing pucks i

hearing HyCka stH4raidh:0¢R8 pnavt InelaPrivthead gariage o' site air bearing

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

rtatiomsuréacesaid, d 74hdvB. i n Fi gures 18-24, a print head

carriage frame 300 may house a printhead carriage 302

and n@p7ve cinpdredliemakdaxapipis athownlth iIFlgw@es®I®I4, a printhead

simlar to that descri bed above regardi ng printhead

GRfiahEHarmd 808 mdy lhBUithd;E@?th%éﬂ [dafisge’ 962 Bh }f"?\%y"’be coupled to

general ly rectangul ar ne aving a series o
' || 44306 10, .Print d i 02 .
e B tard? 210 JHC R iinel oSmieh e SR Ris B B35 regaraing

may, i ncl ude printhead alignnent assenblies 40 (shown

R 'ﬁ?@cﬁrc@rﬁ?.eﬁﬁmpnﬁﬁeaﬁ f&fﬁﬁ??‘ég%af&a%s?ﬁ%nmaaséenm generally
312 may be fixed to printhead carriage frame 300 and
rﬁﬁ&@ﬂ@é?ﬁfdﬂﬂﬂ\bﬁf ReMiagan saries & sidsuelishi4i 306, 808piBilAg Printhead
printhead carriage 302 to printhead carriage frane

caolagd G028haybehgerzerally sinaifarrtefminthead carrfEiggut ®anti9may include
20, 22, and 23, printhead carriage adjustnment assenbly

ihthery aligeinede agsémpligs ans HLEIGERE BN AChHAREAA carri
pZ:sserrbl y 216. Frame assenbl W may iﬂﬁclzu’de aE outer camage

A30ngh Koty Sl D7 Y o500 s may

PSR rReR oL HPBR0 SN BB Bhrigs, o02 o
pAVERh Lise e 568"

[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.



sidewal I s 326, 328 extending generally upwardly

therefrom Quter franme 318 may further include an
waippenighat e 330 extending fromfirst sidewal | PGRES1006/015967

second sidewal |l 328 and a l®wer surface 332 formng an

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

328 may include apertures 334, 336, 338, 340, 342, 344

t heret hr ough. [ 0079] I nner frame 320 may contain

pri nt[9848] c alnneigame? 328 anay reontaineprinihead catiagay30 therein.

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

Ihnes fraamed32@ owaycbe labeved betwazh, us . plater@30, flowersd?4te 332 and
may i nclude apertures 346, 348, 350, 352, 354, 356

fyengn@ bb¥orfd EiefRMAS BB 3L, W@értfkﬁrﬁé Wma?’%%lu@@’ﬁpertures 346,
340, 342, 344. Inner frame 320 may have a generally

t n
¥ 3%28?.5%‘53%??%%%‘%%W??@é%*%ﬁﬁ%ﬁégmk?ﬂl 5pB'as8, 340,
41368 T PR B e dBETDY v o
332, and vacuum pads, 361 for preventing reI ative
JRAGEADN OPBR GRINSY PRFION BB&Rousitg RripthAade Fariagre3@ dherein. A
[0080] Wth reference to Figures 20 and 2 1, coupling

lewersuiface 359 ahynner fraroa3e0 may mnciud@alrtlmeﬂfmgaﬁkjs 336 for riding
338, 340, 342, 344 and apertures 346, 348, 350, 352,

B84 puBidrarme doweryswréaue 332, arcbvaduein pads JorF6e F?éliéntiﬁg relative
outer frame 318. More speC|f| cally, coupling elenments

redverfigii Bstadehnghétdtarfe 3200t Flafie 38 general |y

haV|ng a Wshaped configuration. Flexure el enent 360

{ YOS SRR eS8 by R e 2
n%ﬁi@%w%@ %ﬁémﬁ%ﬁgﬁ%éﬁg%ﬁéﬁ&d P apertures 346,
30, 0o, e, Ph%. nenay, 8858@9@@%3%2%&&32& 350 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 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



may be fixed to inner frame 320, thereby creating a
rot at abl e coupling between inner franme 320 and outer

wo c@aar16318. [0081] Wth reference to Figure 22PCT/US2006/015967
actuation assenbly 316 may2bdnclude a |inear actuator
368, 370, housing nmenbers 372, 374, and engagenent
bl ocks 376. Housing nmenbers 372, 374 may be coupled to

outer fra 318. Linear actuators 368, 370 nmay be
ke e qiomeing ImeabeEs | 62,0 4anantheiesriotouptisn frame 318,
housi ng nmenbers 372, 374, and therefore outer franme

E?]gﬁg%ﬂ@ﬁd@a@f& 316 Mbeiﬁedﬂy ibeeif frarmeé 320.i Ansprirfy 87 may be
320. A spring 377 nmay be fixed to inner frame 320 at a

fixedsto iemet BDeBRY apy fikst dridkETD hAd Meas bedixeanBecish members
374, and therefore outer frane 318 at a second end 381

3725I®714n9na7tﬁe@dreb€ut§9 frariEBEs ol Qéé&gj éﬂ{]’ 35y Spiipg, 377 may

general I'y provid force urgi ng I near uat ors

k 376.
e, 2?@8@%%%“%‘“9%@%@%@%@?3 % Yo né&Fbotuators
[ b nt bl ocks 376. [0082
BHoR7Bi olp SABEHCEAT Bilk PiapUsARe ToBipcks B76n bineakmcoders 375
state, they nmay generally provide for relative notion
MRy B SRUPleRdP mp@ﬁ@lasa@SérgﬁmlMabowwmem bloks 376.
state, linear actuators 368, 370 may act on engagenent

bl oclk€082]6. IEngperatien; whleacais b@&fingeyadsgey tarklim an “ON” state,
applied force on inner frame 320, which is thereby

thayusiag generaiyapr@videl fak relative mdtibAbetWasR iriet fratfe 326"and outer

in Figure 23. It should be noted that the actuation

fraRfev3180 i GHisCsidde| ﬁn@d?ag&?éﬁ‘}erBé r33d ln@% a%& o\ﬁ) gngagement

pur poses. Actual rotation I nner frane
e R A L -
S%QT FRigTER: 7k Saiised 1 dofede 4eGte Tacaiier flves 318, as seen in
d%?g ! ECIS caI“I ys’hofulldexbuer eno(:f‘éé3 rrtﬁgg Sthgesglctuatlon 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



are caused to splay open |ike a "w shbone,™ providing
a biasing force against rotation of inner frame 320. A
W@ eoustiagsv4 cent er of rotation may be mai nt ai nedP@YUS2006/015967
| i near actuators 368, 370 atting as a force couple.
[0083] This force couple may be achi eved t hrough
preci se placenent of |inear actuators 368, 370, so
t hat equal and opposite forces may be appli ed.
qamrensate drepesitional ietarsnlinges astuatprs U At may prgvide different
operations, it may be necessary to adjust |inear
famesaromsorss anoBied. fldsingdisiear enabder 875 docdiad @bdee engagement
toconpensate for positional errors, linear actuators

b¥6Eks 876, ampnihandéke retalibRmeay: rélafe &5 s distance traveled.
anot her. Using linear encoder 375 | ocated above

TIERSERP!cPARE ieddTpo PELFRANEE 1140 R 4848 o bo
ARG ok 7 R P ance

et erm ned between angl e of rotation and encoder )
dolatioBnangdyancoges PPsliAN: cBdihaprsition deagbagke dhampaied moment
may be resolved autonmatically. Once a desired position
mgys bpaesolretaautematigally. b &ndeng desited 3Bty hae beennaithined, air
"OFF" and vacuum pads 361 may be turned "ON," | ocking
bieariag gadsn@532hay deatlirned tOFRItaTd facuamfls BEP&MAy be turned
Li near actuators 368, 370 nay rotate the inner frane
“ONY loBRinGlidinér friferadovetativeds outdratame @@t i ons may be

necessary to correct for inaccuracies in the
t i [ [ ehkde rj . “
st ag R4 inkR eeleRrsr 88857 1P f?ﬁ&?j@%d@@@ﬁﬂ;ﬂe on the
agul ' [ t _between.the printhead array an
1Qps el 1R 00N Bk o aaiond: ik Deragresssant haorrect for
.be present in botf] t he printhead and the substrate
InacgyAciesniissirasiatignal énefinneot eithasdha rrinthead atrayigtage or the

axis (axis that printhead carriage frame 14 transl ates
subgirajp 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



and the substrate axis (axis that substrate 18

transl ates along). The yaw angl e about a verti cal
w@eobardsiqe rel ative to PVMD apparatus 10 nmay bECT/US2006/015967

measured and stored in conp2ter 922 as a notion nmap.

These neasurenents may be taken using a device such as

a laser interferoneter. [0085] Typical error

magni tudes for precision X-Y stages may be in the

FPbﬁ%@é‘ raay be-the siint ok eoietriionmerey fer ther printingeaxiayalong X stage 20

result in a print position error of 40 to 80 m crons

and teDradaiicr atros fdrosy(fStrgis d819t.a Paiteutnrdistamey dieng Y stage 22.

elimnated by rotation of a printhead array in an

Usigy laamapadehieash akkecanpuiel QQEfmh?UyﬂQn’ﬁ@Mlybéixlrﬁ *&%IC;E{H’dde errors

of the rotation error for the printing axi$ along

AP et Rhafih § EopeRsa BT ETolg Tngfbrinthead
AX| 922. d icall | cul at ed

oBRER0E T Tkohe PR R el A B ieespans. The

for ﬁhe errors. Th‘ﬁéfri nt head correction an8I e may be

CoReCHYn Sidhbe appliedat an drterval of appradmataly 209Adimes per second,

correction maty be applied at an interval of
Wligh Blaynisarsigiestocn angwer perrestinrindthevprintheadhprray every 0.5 mm
translate to an angul ar correction in the printhead

ochrtrawpl efdhe Sulistrate afhén vietingfait heratailegt T ahétewBBD. Using this
printing at a rate of 1 neter/sec. Using this nethod,

nisthod h g Astheatiadrr 8 P dsitRIMintY niey bBee'}%ﬁbfé'if & ab@o%‘:f&’ Ntructural

for structural irregularities’in PMD apparatus
P PN SO BbRIE RS 0 s
20, 220012l & ph e Bub)ReioBraal B ofaymise Ter dab v
?giur)t&&é? iﬁgggﬁﬁgggﬁl ntg;?%.)éﬁ?f%? e@'?ﬁ%ﬂ@&e%ﬁ%d @rray rotary
Figure 1). Printhead array rotary system 400 may
Sysiemud0 majeke slidably coupledds a1B81D 4pparatupiX stapeatd1 at support
rails 402, 404 (generally similar to those shown in Figure 1). Printhead array
rotary system 400 may include linear motion drives 408, 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, thereby causing a



carriage 410 having printhead assenblies 412 contai ned
therein, and |inkages 414, 416. Linear notion drives
wdoBs/144334 may be engaged with and di spl aceabl erel/vam06/015967
support rails 402, 404. Linkages 414, 416 may be
coupled to printhead carriage 410 at first ends 418,
420 and nmay be coupled to linear notion drives 406,
408 at second ends 422, 424. [0087] In operation, .
carreaponding: atatien of ifrdiheads cakiagentthed, Oncadara mssired position,
drives 406, 408 nmay be displaced al ong support rails
lr@2y moiion drides SO6| 808 maydiaabtoppedplizingeprintbean aAndage 302 in
As linear notion drives 406, 408 are displ aced
pasitidri.ve to one another, |inkages 414, 416 are
rotated, thereby causing acorresponding rotation of
rint cainivifosqdih j Sj 054 Inlgon
' nedPo88] [P eaditha CieRused £ Efgﬁe]pdéd,% f.% Ry altemato
[ [ 3 [ osition..[.0 W t -
AeaE R s (Pt BT Bl Mol drishalf oafidgh, 515 containing
rinthead carria rame 514 house pri nt head
Relgeat asserabliass 1o Fﬂ%{@mprh}mtﬁgéﬁ cagiaganirame 14 may be coupled
therein. Printhead carriage frame 514 may be coupled
te Pibbappakatus J9 iromannes rimilas tavithalr descriiest regarding printhead
descri bed regarding printhead carriage frane 14.

cartiagehdamne 4. | ayinthéad neyrriage |131de neycinaludeara eirdylabbddy 518
supported vertically by a first set of air bearings

sopPorsd veaibany by HYirad seeePBN HeRkings 520" aReAldiARShyY 4%econd set
mounted to printhead carriage franme 514. [0089]

or %tirrﬂé%“?g'f/'@s%%@ h@gﬁtefdrteﬁin?ﬁgﬁ}mm%ﬂ&lffé‘?ﬁ%gi actuation

assenb 524 for rotat I Vi ngZprint é'carriage
o1, KO ool <Ak SHAR i P B%ge gn soaion
agg%r%bhlwggg: @| ?ﬁg@gﬁéﬁ%@ ip(r:intshle%l% %gﬁiag% S5t1g!0 psrg\(/)iding 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



Mot or wi ndi ng 526 may be nmounted to printhead carriage

frame 514 and nagnetic slug 528 nay be nounted to an
waipweniges ti on of circular body 518 to be dri vROT/D§2006/015967

not or wi ndi ng 526. Stop 53@4may be coupled to

printhead carriage franme 514 and nay generally extend

over circular body 518, limting travel of printhead

GEOR R0, PHg DR R BB mAL eR: i%&@?,g@Z%%ar actuators
FA, 45 550 Torala o T RemBIioG o SuSinsr a1t SNbiGAZ along slots 532,

specifically, printhead assenblies 516 may be

t%d6h qovidingoasphege adjgstntera, ofprintbeac misemblies $16. Further,
slots 532, 534, 536. Housings 538, 540, 542 may be
agyi iditial pifseigagrsitivrity Hueeanbsamblyorarkdibn Gdhy thér source may
Slots 532, 534, 536 nmay further include |inear

et S e St ST R o

TR, SRS AT e eeBia B0, 1 ani ng due to

gggé Furt\r):[_, ain)é ?.r aF ot her source nay_ be
accom{%‘” f oW}ﬁﬂs ?Ha' 'PRE :{/‘?fgfed'i?esf%? é@H@ésé‘? iKY 3delasalternate

to reference a fiducial mark on a | ower surf'ace of o
PERERack sarriager frage $19. mayoboysevnrintaertl oastiages 628 containing
reference to Figures 30 and 3 1, an alternate
pontheackassarabliasade thersine (shiowmiry Figure ef)pr Pritithead carriage frame
carriages 628 containing printhead assenblies 46

6t hemay he(cdupled o PRD Wppafdius A0 {F@lﬂ@% )GiArd hitdfher 'siiBar to that
614 may be coupled to PVMD apparatus 10 (Figure 1) in a

deBeYisdd FdHrbing prénthBad c@ﬁtﬁé{}f hamhe ggar g{}ge% '}(/:%%GQ%% 628 may

carriage tranme 14. Pri nt carriages
R T LR L R e—
pfi%leggecgrfigaé f?eprge r6‘316}1r m\l\éayI !ncﬁf&s‘eefr}gkti Sﬁd6r3e%r 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



634 and sidewal | assenblies 636, 638, which cooperate

to forma printhead array variable pitch adjustnent
wappanadsas, di scussed bel ow. [0092] Wth addi t POYER2006/015967

reference to Figure 32, fraat wall assenbly 632 may

include a wall nmenber 640 and an adj ustnment assenbly

642. Wall nenber 640 may i nclude an upper portion 644

and a | ower portion 646. Upper portion 644 may include

892,54 pbPWEb RS04 BrRYAINCIIGgsa §Be!f 6§8F0r suppeiting a portion of

portion 650 may further include a |eveling nmechani sm

adjestmenidissembhe642,adiscussediieddwon of second end 654,

and therefore angul ar disposition of front wall

assenjoi0p3p32 Adfkiinien® Riseinbly ldage mayoirdiide @l #nd&Y slide bearing

al so include a |l eveling mechani sm (not shown) so that

daO M ratedd2 %%lﬁi@%é’se@ﬁ@y%ﬁ, BEAS AksleRtbly 866! Sgieringh@atd carriage

both ends652, 654. Lowef pofti'on 646 may’ inclu

3 ri . DOL L . j ust ment . .
A0 Ghin S5 b L b R ob B8uShn 673 EkiaRpic bearing 660
assenbl y, 642 j ude .a |inear slide bearing 660, a6 .
ey Xkl along ey 858 o Haibes mbaodnarally S5tsbripng g majoriy o
a printhead carriage nounti ng assenbly 668, and a
thedrnall akwrl inembey G40 ane anay lbiedioceiest Rhgvasdiocanglide bearing
extend al ong shelf 658. Rail 662 may generally extend

6donlideragsenilly 654 may inehgiehfirst andl secomaibend Gdtice 672, 674
may be | ocated above linear slide bearing 660. Slide

VAEs anbinyerfietiamy pofiehuges fthé.@bem?ébrﬁe&gggt RittoRRd befltor 678

672, 674 with an intermediate portion

e B een 1 SR ARSI Ao ¥ secone
9028 BeRBR WP BEt BSH s, S Horton 74 ana
hggh%hagkgégﬂm%%%%ﬂLeFirst and second end portions 672,

[0094] First and second end portions 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
biocks 702, 704 may be coupled to pivot member second ends 698, 700, allowing

printhead carriages 628 to rotate relative to wall member 640. Locking



support nenbers 686, 688 nounted to | ower portions

t hereof . Support nenbers 686, 688 may be slidably
wa@omplied74 o | i near slide bearing 660. | nternmedPEl/@S2006/015967

portion 676 may include an2arm 689 slidably coupled to

rail 662. "Pi'vot assenbly 666 may include pivot nenbers

690, 692 having first ends 694, 696 and second ends

698, 700 rotatable relative to one another. Pivot

Wﬁﬁh@'ﬂ@”ﬁ@ﬁo oy heagourledntor intermadiate PW@'BHa@Zﬁ and may include
beari ngs and may have first ends 694, 696 coupled to
clamgingbelis @08, BﬂGSVQHéora@éngr‘@dWS‘tﬂnest assemblycodRi redative to wall
portions 672, 674. Printhead carriage nounting

raeaEd| 646 6 SCramypihg cholt 7060 iy bg b@mehédﬂ@ZgloB@ﬂyfsvcure slide
coupling adjustnment assenbly 642 to printhea

SIS BBH 2§endrBIN tIIBGikY %gg% %%sgmﬁtmfﬁgt &ABPs&SNd end

to pivot nenber second ends

RGP 57 KIANEs85e ol g%%ngﬁ'%ﬁu%@ap&e%@e@ws
GBITRG Geots; 98! 767 ms Py haehafLt eRtiendbingly sepend end
relative to wall member 640. C anping bolt 706 may be

RArbpReAER @7 flatha loyonreneibes| i de assenbly 664,

generally allowi ng mnor adjustnents of first and

secor[0099H pHBeférting Iatk t Figures BA aadt 31, orear amalt laesembly 634
t hrough actuation of actuators 678, 680. C anping

rhay tiscludS .a Wall meybee 7080 AesivbDasSSHPE 710. SlWé!ﬂ‘ihember 708
second end portions 672, 674 relative to one another.

th)Q%@]fl)@@f R §IUQ\Q&@%.%FG%|I§§ g4 e§3§0 FQW 9‘% OV‘F?\%S/ include

assenbly 634 may 1 nclude menbe
7B 4230 OB AL éfﬁ%‘ﬁ%ﬁé@
el S TPe 0Ee 48 OBR Gl B EbIET T e 714 TBREbe in the
fgrrr]r?tc)lgﬁ{ephg:g%/ 8éar%egnsbﬁar1\7¢l’ng %II?St e;%jg (rr]rgty shboevvn%)nflxtelcqjeto 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



form of hephai st bearings having first ends (not
shown) fixed to wall nenber 708. Munting bl ocks 724,
w0 286mmegs7be coupl ed to second ends (not shown)P@Erds2006/015967
printhead carriages 628, alfowi ng printhead carriages
628 to rotate relative to wall nmenber 708. [0096]
Sidewal | assenblies 636, 638 nay each include wall

nber, 28, 730 h I I rails 732, 734 on
GRRR 18 g es (3 Teiaae cofepiast dsikg AaBisisent AssRmBlE42. More

650 of wall menber 640 may be slidably engaged wth
spegdically printheads52 nraube gdjusted fo/caréethe gitahlthereof by rotation
menber 640 to travel along the length of |eveling

of grinthetRPcarriades pa6AMput pivopatemibars, 7 18h&m4a pri nt head
carriage 628 is determned to be offset fromits

t ar gqpoggpi t PﬂﬁthéaU G@Magés &ﬁéyl%el%tétébl%dmepﬂ/&aﬂéhﬂ?ers 712,

di scussed above. Specifically,” when a printhead
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ABiusET & o eetlo oL EBBrSh Slpating iekiay T q%?éa@%- Locking
carrlr“%gs 628 about pi vot manbers 712, 714. olct) D5e/706. 707.

B M fesralegeask by Jpasening kiampisios Be
712, 714 through the use of adjustnent assenbly 642.

@qu@mmqhaﬁl&nrﬁﬂ baspezen reledsed, firsteanal sagondiinhotorized
662 by rel easing | ocking nechani sm 670. Locking

ach.tiarsi 678, B0 may driverstideassdminly 569 stond theCleAdH Glgrall 662 to a
bolts 705, 706, 707. Once | ocking nechanism 670 ha

d@gﬁ@d @bm@ﬁqg itdH adtfdnsecond notori zed act uators
g r?ll veéérrl de nZssen‘ol y 664 along the length

o el A%a@%? S5t B IR e s rPsblriz, privthaeg gprmages

65§'are rgtzate&) abc%p Sl"\jl/gt rgnaerngbergeﬂz 714 from a first position (Figure 30) to
a second position (Figure 31). As printhead carriages 628 are rotated, they
become angularly 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-



628 are rotated about pivot nmenbers 712, 714 froma

first position (Figure 30) to a second position

wQ@ Boguras781) . As printhead carriages 628 are rBCHRUSING/015967
they becone angul arly di sp@sed between wall nenbers

640, 708. In order to accommodate the angul ar

di spl acenent of printhead carriages 628, wall nenber

64(,2. translates along leveling. rails 732, 734 as
TRNGUAEAATERN 19 SGEVNGHERY i Figuieedd. [ B01OUTORIigURs array may
assenbly actuation may be acconplished by adjusting a -
reavit dkpsn ihysigal sizeckmiialien imposed byi thedprinthead &2sused requiring
nmove in or out. Information on the desired |ocation

daps for actieve it degiréc sumberld joltihgi areasf incanparticugarospace. The
system described bel ow. [00101] The printhead arrays
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representati o a noncaontl guous array

trat I n, FLaure 33. non-.conti gyous arr ma
SRR RE Bilpiefi THE Bedig PrPRGRIRG ARG GaheTt batiected by
rinthead 52 used requiring gaps to achi eve the
t@éﬁrfaé@emﬁf’&r of jetting arrays in a particular
space. The gaps may require a change in the printing
met hd@010R): al v gltemative piintheadroadiaget adiistient apparatus 800
printhead array to the substrate to insure all areas

isfshdven ssdfematioallqr in Figotesd 34786, MePhgfieall Bhfrfdyen Gdjustment
may be generally unaffected by this arrangenent.

abpakAas sy Mdyeimdide Sirgtr hRd fy&%g@f{}ﬁ@ﬂegd aéHrHégg@g[é@g_, 804, a

apparatus 800 °is shown schenatic I gur es
oEBTE 4 B0 ARG APAH APy 00 Bioe e may e
fifed 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



beam 806, and an actuation assenbly 808. First

printhead carriage 802 may be fixed to a first side of
whe@a18364+ and second printhead carriage 804 nmapCh®ES2006/015967

slidably coupled to a secony side of beam 806

general ly opposite first printhead carriage 802.

[ 00103] Actuation assenbly 808 may ilncl ude an 3||fr.

bearing assenbly 810, a pivot assenbly 812, an i rst

Ay 823 Cnplad K st gHinesath AARTAGREH0R abdgTiakiRClidard Aecond arm

assenbly 8 10 nmay be coupled to a first end of beam

&35 covpledatd imaxabdendinkf 822.r skinfsr 822 heayl ajtheer i g end@&lly moved

Pi vot assenbly 812 may i nclude a hephai st bearing 816

aroupd egtoboe 844 @prmBiddizetl Wirbugiheadionsrmeiiiris to achieve coarse

adj ust nent apparatus 800 and beam 806 near a second

BRfiop§ adjlisthieRdf PeBRPE0ES TP him %%[aorg%gjjé ’Q_ﬂ(tﬁﬁgéd or retracted to

rotational coupling therebetween irs

FIELg [ 4 i nclude a |linear actuator
%gﬁgﬂgﬁ%ﬂge%@@g@ﬁgﬁr§ﬁé3%ﬁﬁ§ﬁgridably coupl ed to gui de
gr oo in I nt head, array vari able pitch apparatus
£l oo\rtsg?é.é] Li nosgcond: LYo MeRhANise | 818 ‘may; mlugana linear
821 coupled to first printhead carriage 802 and may _
acheatol 17 - s ddbear actHaton 8ddupiayd beoenpagasd evith seceng . printhead
Link 822 may either be manually noved around groove

capdage 804t and Zezhrm HBQBIgHLineai ackiatet Bédsmay germérale provide for
coarse rotation adjustnment of beam 806. First arm 821

siidzbleeactudtiyrisicsezont rrnméeﬁﬂcérﬁa%éfsfoavao beam 806.
adj ust nrent of beam 806. [00105] Second actuation

mechgpi 08815 Wﬁyopgﬂﬁgcgjﬂ‘é)iﬂzﬂ bﬁggsg avarmﬁ[ E@é@ido ﬁ%iﬁtheads 802, 804

Li near actuator 8 e enga

1 ER5E] 95RGS BRI RN ol SR B Provabe i
8§§Ct(r)g\(/jelg re{lgrt]g? %%%echoroiv%ggZZﬁogm?sl %5 , %%%mmg?/(séct 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



[00106] In operation, pitch of first and second
pri ntheads 802, 804 may be adjusted by actuation

waswemdsy4 808. More specifically, as novabl e | PORUSBBEA6/015967
travel s al ong gui de groove3824, arns 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
\dslopesisiernetor itaiegheant 306 itd the finabpreise @nglg ohedjustment that
. As beam 806 rotates, second printhead carri age 804
anhjevas @itch eacdayacies i foe dheaptinthieads Swithino Od&c Imiexans. Once the
proper phasing of second printhead carriage 804

apgrepiiate piehfhidssbedn bbidivestitteaprinthegd 8ariagehaduBihesftepparatus
may be automated through use of the vision system

SHo MG IRk ﬁWgrihﬁn ecord the relationship of first

printhead carriage 2 and second printhead carriage

804 i ni td : Nt of d,pri.nt he

carr 109108, " iRGRHHT i cEblu BERI5E, 1 50Ga%, bagnoted that
eneral ly disc e bove, after motion of |ink 822 is

RS pdrgS RS B0 i glidepd o ienaSuaralinn phase With one
printhead arrays nmay be conplete. At phiscgointllinear

ather: dYlorspepenilically, paribends ¢oetsshaxn)dn esichiofyhimiieachearriages
systemto rotate beam 806 to the final precise angle

&2, &fpumayde aligred sisdh thatshey paht eveutrecs@aefareal fsulting in a
printheads within 0.5 microns. Once the appropriate

gredieh prst kigposhiohaicopdefifgtidt,| BENafictal s@98matically by print
adj ust nent apparatus 800 nay be fixed for printing.

dePBiB8h drehisBai 0 Figures 35 and 36, it should be
ngt ed that pré?g’t eéad carri ages 802, 804 may be aligned

: . her .
s peot0PRER 5 L el BS R Rk I @RGP NRisn. iisfern 17 of PMD
rint healg)t carrjages 802, 804 may be aligned such that .
aBH@S?tB?i MAYeln garRlibsation camena tassgmbhly £00 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



greater print deposition concentration, as indicated
schematically by print deposition areas 830, 832.

WO 0@aa%ds7Ref erring back to Figure 1, vision syBCEDSA#6/015967
of PMD apparatus 10 may indlude a calibration camera
assenbly 900 and a machi ne vision canera assenbly 902.

Wth additional reference to Figure 37, calibration
include a calibration canera

y 90 |
R R R R
906 may include first and second portions 908, 910.
vegoerothusk 8. portion 908 may be fi xed to vacuum chuck
16 and second portion 910 may be slidably coupled to ‘
firsf0@btt) on GonMmmeiangssémblyt 902 rASH inaldé W 1dve resolution
i nclude a notor (not shown) for driving second poertion

caiibraed fat, iav Righorebblisibn marnﬁéram%?%nd\/awéh@%g%{rtﬂ&w 818. Low

906 may al so include a fiducial mark 912 for

ST S0 AR GO Bk T oo

machi ne vi Si

g6 B R Pl o RS Be R B By w8 fita o

: h 16.in direction generally o
Vﬁlﬁ"ﬁﬁﬁﬁﬁ&&%ﬂ’ﬁé@%?%ﬂ@%@ﬂ 040k abliSgange doRybetgerierally. sufficient
tcg 00111] Vision canera assenbly 902 may include a | ow

8sePmiMmasiate daadingoamorsaoh sybstraie ol &1t i Mou ntmg srugfifie 918 may
and a nounting structure 918. Low resol ution canera

irgiutiemay brewket 29 and dirsf isatddsedond evstbRAINGY 8Hown) for movably
resolution canera 916. Mire specifically, |ow

moesitihgtbradkstag®y fo SbboAdYaildee Fhbi ik nfioV Hfééf BFovide for axial
approximately 10 mm by 10 mm Thi s range nay be

angetal o EyGLE i 58 988 BBIRLE HRE) W S e veria
translation of mounting bracket 920 relative to second rail 26. Calibration camera
904, low resolution camera 914, and high resolution camera 916 may all be in
communication with a computer 922 on PMD apparatus 10 (Figure 1).

[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



i nclude a bracket 920 and first and second notors (not

shown) for novably nounting bracket 920 to second rail
wQ@eoo6/Iins74 i rst notor may provide for axial tra,st/@Es2006015967

al ong second rail 26 and ti3 second notor nay provide

for vertical translation of nounting bracket 920

relative to second rail 26. Calibration canera 904,

| ow resol ution canmera 914, and hi gh resol uti on canera

cBetASEPIMblE §07 dBnroROinae orallaTalion, GPgRpa: GESOPBVGP00 and

PMD apparatus 10 (Figure 1). [001 12] In operation,

wachibeavision camera esgembly 8O se@nce dalativar pasitioning between

printhead positioning. Calibration canmera 904 nay be

dalibvetih oameny askembly10D0adisd hiadhime vistorft bairieramsabhibly 902 is

to determ ne relative position between printheads 52.

KRV RldtRB Seifiin %fég i e?ﬁﬁﬁfe%’d@,é BratfoRl céthéra assembly

sent to conputer 9 erm nati on of position

Nl S f [ ,

B rH MBS Vi Boh e apem iy S5 TRY Ble A GBlfitRD by compute

i_bration canera 904. vi de positional, feedhac
§5 PRy s et BB Tor Aot 58 sk pRnBicact Baringh adusiment, as
noted above, calibration canera assenbly 900 may al so
qdiseyssed abaygei BYrthers kelalive ppstigning belmeenovisionegamnera assembly
vi ewed by machi ne vi sioncanera assenbly 902 to
Hoandl painthesal carriage drancartdrmap beckibwn 8rdoughdhemsbioieommon
vi sion canmera assenbly 902. Once rel ative positioning

dpicak ettipc823.0r|is onay geRemlIgsERIP cymPterogzb e eitditine relative
vi sion canera assenbly 902 1s known, relative

HRRININY BétweRhaedshaic 118385 Sgrinthahbb’ 85 %@p;z?%géﬁnine any

assenbl’y 900, and nachi ne vision canmera asse

N 56 Felblile o R Sleisgerd =, e vecd o

0i oF dROTLAC, 2" s hitfec] SBove, ThSAINS vRslon Camera assembly 502 may
determine positioning errors between substrate 18 and a printhead carriage.
More specifically, low resolution camera 914 may take an initial image of
substrate to determine the location of a fiducial mark 924 thereon. Fiducial mark
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 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



902 and printhead carriage frame 14 may be known

t hrough the use of comon optical strip 923. This nmay
w@emenadsiy al | ow conmputer 922 to determ ne rel BAT/VE2006/015967

positioni ng between substrase 18 and printheads 52 and

determ ne any positioning error therebetween,

di scussed bel ow. [00114] As noted above, nmachine

LSl.an _canme ssenbl y. 902, determ ne positionin o
8 360e o PRI L sk Wi ahe ZoRPRRN akieneaiion siglermination.
li_\/are, sg]eci fical IZ | ow resol ution camera 914 may take
Aducial Magks PRdg826may snewlly heolasetast ini appesite corners from one
| ocation of a fiducial mark 924 thereon. Fiducial mark
awiheray High sesdllitjore camera9d Bomiayeieeuged toTiBcataniiutil mark 926
be in the formof an etched chronme marking. Once the

vythoert ahe lagsistarwe off lod fasdlfionl cdéra 924 HRR&JRGEthe orientation of
det ermi ned, nmachi ne vision canera assenbly 902 and

fioubRl hdrR 98, may be translated so that high resolution
canera 9 16 can provide a detailed inage to conputer

922 erm t arientation through. the )
use ggo-gﬁriachi @%&%@@%@g Pf'ﬁ?r%t'%iqféupﬁﬁﬁ@a?glf determined,
n "xt in Figure 1, fiducial mark 924 may include a | _
t@%ﬂ”@#{ﬁ%ﬁ C?’gkaﬁ!&:‘s dF?FéO'f?‘%FE o¥e may hiaval thaiirmespeativieagrientations

be anal yzed to determ ne rotational orientation of
agliusied dpeagepunisionelhe gesitingingosrtor dn ey safbtte ateiedB of ways
along the substrate axis. An additional fiducial mark
dispesaey abelecahdditionaltytihermaehine visishséarmbishab&smbly 902 may
rotational orientation determ nation. Fiducial marks

peaddicame prayidgen‘rﬁdi%iizd Yof bRdU S h ks mémpggf%t% ng?ﬁ@gﬁér 922 o

from one anot her. gh resolution canera

. £ i i
ISEhiLe aNey e o SRS SIS soppras 1. For

BB Jhe Hhatis ek oo Aeliret i Beleamite @8y aharmatigrowtn 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.



the printhead carriages discl osed above may have their
respective orientations adjusted to account for the
w@omktiiad™ ng error in any of the variety of waRGT/US2006/015967
di scussed above. AdditionaBB#y, the machine vision
canera assenbly 902 may periodically provide i nages of
fiducial marks 924, 926 to conputer 922 to determ ne
positional errors throughoq#lﬁﬁgéation of PMD
apparatus 10. For exanple, L al marks may be
anal d to determne any thermal growth of substrate
18. %&ﬁ@tﬁé§mﬁgxﬂ§ternined by variation in size of
and/ or di stance between fiducial marks 924, 926.
[00116] The use of the various canmera systens and
adj ust rent mechani sns may be automated into a

servd-| oo\ pimtingpapsaratiyedhipssiagut er 922. This may
el i m nat e possi bl e sources of human error. It al so nay

al | ow for aadiERERMigaH B HRRbR 4 QBB YrercB; L e

fly" to automaticallTy adjus or varia

pri nt head ! thermal expansion or

contracti g%ﬁg?h?%cri 8@%@?%¥8%§H@0n of the printing

mat eri al %ha}t has, been I?aded onto the system CLAI M5

Wat is cPATItEddcariags igme eoupled ip saist il and

conpri si ng: a chuck configured to support a substrate

ther eon; & Rriitheag gaviagepaupled tmssidi ptinthead casriage frame, said
printhead carriage frane coupled to said rail; and a

Prpthaad e garrieger ingedingupl pdnt@a@aiamdprdnntémidﬁardsggg@,,y said
frame, said printhead carriage including a printhea ’

acingtiam aaserablyi coupes eTbh, prirth&adieh g0 |
coupled to said printhead F2:ar ri age&g%tgesée}?cggéﬁggﬁjy engagable
wiinga@hptiRthead for selective displacement of said printhead relative to said

printhead carriage.

2. The printing apparatus of claim 1, wherein said actuation assembly

includes an arm configured to linearly displace said printhead.

3. The printing apparatus of claim 2, wherein said actuation assembly

includes a linear actuator engaged with said arm and configured to provide said

selective linear displacement of said printhead.

4, The printing apparatus of claim 1, wherein said actuation assembly

includes an arm configured to rotate said printhead.



with said printhead for selective displacenent of said

printhead relative to said printhead carriage. 2. The
w@rooatligsgd appar at us of claim 1, wherein said aPCT/EBE2006/015967

assenbly includes an armcaéafigured to linearly

di spl ace said printhead. 3. The printing apparatus of

claim2, wherein said actuation assenbly i ncl udes a
ur ed

e N T T R —

to provide sa
4. The printing apparatus of claim1,

ri nthead.
'&ﬁ'&p@?ﬁ il %%‘t'@:&? epgaged uilhl g firsianddpertion frsaid arm, a second
confl aured to rotate said printhead.5. The printing
paiansolbsaidl ammpivotaltyecetpled 2o dsaidt priathoai 6&@@@’@' ¥aid linear
|ncI udes a |inear actuator engaged with a first end

getuatpononfigusad do provide retatiom o Said AT AbAR Bfid pRlE ar m
pivotally coupled to said printhead carriage, sal d
| i near actuator configured to provide rotation of said
arm about said pivot. 6. The printing apparat us of

cl aimg 1, ﬁ;‘n‘i‘t é u@%‘ aéi’ @%Eﬁﬁ g\{% %In: Qﬁfﬁ%g@satlon assmebly

| ocki ng menber co

e S |nthe rri 7. The printin
'i‘%%‘i%éat“c‘ué&%f”i ”g‘?’ﬁw[’ﬁf C\S?H ?QFN seid ﬁﬂnﬂ’éﬁﬁerelat?ve to said
rmgnetl c el ement 8 The printing apparatus

ﬁ}ﬂudes
p{}f‘ agh Gar Hag%.urt her conprising a controller configured
to automatically operate said actuation assenbly to

provide a desired printhead orientation. 9. A printing
apparatus conprising: a chuck configured to support a
subs¥r at eThbeprnting apparatus of claim 4, wherein said locking member

includes a magnetic element.

8. The printing apparatus of claim 1, further comprising a controller
configured to automatically operate said actuation assembly to provide a desired

printhead orientation.

9. A printing apparatus comprising:
a chuck configured to support a substrate thereon;
a rail spaced apart from said chuck:
a printhead carriage frame coupled to said rail; and
a printhead carriage coupled to said printhead carriage frame, said
printhead carriage including a printhead and an actuation assembly, said

actuation assembly including an actuation arm pivotally coupled to said printhead



a rail spaced apart from said chuck; a printhead
carriage frame coupled to said rail; and a printhead
W@ 206i1ag§e4 coupl ed to said printhead carriage fPENES2006/015967

said printhead carriage indbuding a printhead and an
actuation assenbly, said actuation assenbly including
an actuation armpivotally coupled to said

e canri,age and | ective i vot abl e to adj ust
Shphe EGRICRR BRobTe Rhagsh L8t ofich apion weda.phase of
1Q., The printing apparatus of claim9, wherein said
%%@ﬁ@ﬂﬁﬁﬁdﬂechanisn1includes a linear actuator engaged
with said actuation armfor selective displacenent

thereof. 11. The printing apparatus of claim 10,
wherein said |inear actuator is configured to adjust a

phasel®@f sEiel printidieagparhius T6E &ainft NI wHRP&hHatdsy Ohctuation
claim1l, wherein said |inear actuator is configured

i st ; ' int 13:.The printi.n
LSRR IRIRISS R, BhodfcbaBIP SERBed i BILEEARURY amn ror

d | j er configured to |lock said
gﬁ%‘yﬁﬁsﬁéﬁébggeﬁd}gai d printhead carriage. 14. The
printing apparatus of claim 13, wherein said | ocking

menber includes a magnetic elenent. 15. The printing
apparatus _of claim11, further conprising a controller

conf i1dur ed heoPHniingapparatusy ob pladrat t0, sahereire sait linsar actuator is
assenbly to provide a desired printhead orientation.
configured to adjust a phase of said printhead.

12. The printing apparatus of claim 11, wherein said linear actuator is

configured to adjust a pitch of said printhead.

13.  The printing apparatus of claim 9, wherein said actuation assembly
includes a locking member configured to lock said printhead relative to said
printhead carriage.

14.  The printing apparatus of claim 13, wherein said locking member

includes a magnetic element.

15.  The printing apparatus of claim 1, further comprising a controller
configured to automatically operate said actuation assembly to provide a desired

printhead orientation.



