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APPLI CATI ONS [ 0001] This application clains the
benefit of U S. Provisional Application Nos.

60/ 674, 584, 60/674,585, 60/674,588, 60/674, 589,
601674, 590, 60/674,591, and 60/674,592, filed on
April 25, 2005. The disclosures of the above
applications are incorporated herein by reference.

FI ELD [ 0002] The present disclosure relates to a

pi ezoel ectric m crodeposition (-PVD) apparatus and
nore particularly, to a printhead alignnment assenbly
f &vo a6 RMD appar at us. BACKGROUND [ 0003]  The
statements in this section nerely provi dé"Bae¥§lstind
information related to the present disclosure and may
not constitute prior_art. [0004] In industrial PM
appl i cations, drBpTHF NTHEARAREYYi s i nportant.
There are a variety of causes for inaccuracies in drop
pl acenment. These causes may include m salignnent

bet ween pr chbheadsernaR @Y ﬁéYATE%SAMIK%ATdBﬁS
printed upon. Manual

m sal i gnment of a substrate to be
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costly, tinme consumng, and may still result in
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ng&%?ZOQ%LOlSQ&Q i s SUMVARY [ 0005] According to the
present F o sd S SLRUPEPURIRT PefeiB by BfR5eH<Et us may | ncl ude a
chuck configured to support a substrate thereon, a
rail spaced apart fromthe chuck, a printhead
carriage frame coupled tgoythe rail, and a printhead

[0002}  The present disclosure relates to a piezoelectric microdeposition

(PMD) apparatus and more particularly, to a printhead élignment assembly for a

PMD apparatus.

BACKGROUND

[0003] The statements in this section merely provide background

~information related to the present disclosure and may not constituté pﬁor art.

[0004] In industial 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 amay, as well

as misalignment of a substrate to be printed wpon. Manual adjustment of

printheads and/or substrates may be costly, time consuming, and may still result

in efrors.  As such, there exists a need for efficiently accounting for, and

correcting, possible sources of error in drop placement.




carriage pivotally coupled to the printhead carriage
frame. [0006] Further areas of applicability wll
becone apparent fromthe description provided herein.
It should be understood that the description and
specific exanples are intended for purposes of
illustration only and are not intended to limt the
scope of the present disclosure. DRAWNGS [0007] The
drawi ngs described herein are for illustration
purposes only and are not intended to limt the scope
of the present disclosure in any way. [0008] Figure 1
is a perspective view of a piezoelectric
crodeEOS|t|on (PND) apparatus according to the
pr@deRt™d scl osure; 10009] Figure 2 is a"PorF¥pEErive
view of a printhead carriage assenbly according to
the present disclosure; [0010] Figure 3 is a
fragnentary perspectiveSUMMARDT the printhead
carriage assenbly of Figure 2 including a printhead
al i gnnEB?ﬁﬁl asAentsing o e pigsent; @isplasuig, porigtep @praelns mag

. rinthead assenbly fromthe printhead
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6 cafia@pidsidll, bhipalte th@%ﬂ@chéééﬂ Aa)flagé(f?ér%j.ed' view of the

actuation assenbly and printhead assenbly of Figure 5;
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is a perspective view of an actuation assenbly shown

i ilesurigipneprgvidedO@td). Mi gharld 8 urglemivod didit ttheodeskription and
spective view of the actuation assenbly shown in

Flsﬁ?ﬁ}‘) 5 efamples are intended for ptmposes of illustration only and are not

intended to limit the scope of the present disclosure.

DRAWINGS
[0007]  The drawings described herein are for iflustration 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 pn}1thead carriaée assembly
according to the present disclosure;

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

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

[0012]  Figure 5 is an exploded view of the actuation assembly of Figure
3 and the printhead assembly of Figure 4;
[0013] Figure 6 is an additional, more fully exploded, view of the

actuation assembly and printhead assembly of Figure 5;




[0016] Figure 9 is a partially exploded perspective
view of the actuation assenbly shown in Figure 7,
[0017] Figure 10 is an additional partially exploded
perspective view of the actuation assenbly shown in
Figure 7; [0018] Figure 11 is a schematic view of a
printhead alignnment; [0019] Figure 12 is a schematic
vi ew of a printhead phase msalignnent; [0020] Figure
13 is a schematic view of ‘a printhead pitch

m sal i gnment and a printhead pitch alignnment; [0021]
Figure 14 is a perspectiveqview of a printhead
caarmageskrame according to the presentPgﬁﬁg%géﬁﬁﬁ;
[0022] Figure 15 is a top plan view of the printhead
carriage frame shown in Figure 14; [0023] Figure 16

isap ectd xpl oded vi ew of the printhead

carri ag]g%ﬁr an@ﬁgh&fma RACREFIY G MEW S 2n [aﬁiﬁg"lﬂ" PRSP 5
a iRelgeRestive view of the printhead carriage shown in
Figure 14 with the printhead carriage renoved. [0025]

Fi gur efoi5]i s Fruees SPemt AdtRioNd WrSheiRB v SF B Sciuation
printhead carriage frame according to the present

diase¢rodushewnirOB@6$ 7Fi gure 19 is a perspective expl oded
view of a printhead carriage adjustment assenbly
shown [PRIEE gfigere Pds a pakighy 2006)ed PEBPEHRCTEWERO6 64 (:1HA 69

[0Q27],  Figure 20 is an additional perspective

par pir']éti'yl%?gg?ﬁi%%‘azvi ew of the printhead carriage
adj ustigpy a hown in Fi.qure %%é 0028] Figure
21 is 2 pgrsﬁéggﬁbé;%1%@ﬁ%?ﬂgaé%§5¥Wﬁ deEReTive YRE W
| fhe actuation assembly shown'in Figure 7- '

[0018]  Figure 11 is a schematic view of a printhead alignment;
[0019] Figure 12 is a schematic view of a printhead phase
misalignment;
{0020]  Figure 13 is a schematic view of a printhead pitch misalignment
and a printhead pitch alignment;
[0021]  Figure 14 is a perspeciive view of a printhead carriage frame
according to the present disclosure;
) ) [9022] Figure 15 is a top plan view of the printhead carriage frame
shown in Figure 14;
{0023] Figure 16 is a perspective exploded viow of the printhead
carrfage frame shown in Figure 14: |
[0024] Figure 17 isa perspective view of the printhead carriage shown
in Figure 14 with the printhead carriage removed.
[0025] Figure 18 is a perspeciive view of an allemate printhead

carriage frame according to the present disclosure:

[0028]  Figure 19 is a perspective exploded view of a printhead cariage

adjustment assembly shown in Figure 18;




Figure 20; [0029] Figure 22 is an additiona
perspective partially exploded view of the printhead
carri age adjustment assenbly shown in Figure 19;

[0030] Figure 23 is a perspective view of the
printhead carriage adjustnment assenbly shown in
Figure 18 in an actuated position; [0031] Figure 24 is
a perspective view of a portion of the printhead

carri age adjustnment assenbly shown in Figure 18;

[0032] Figure 25 is a schematic view of an alternate
printhead carriage adjustnment assenbly; [0033] Figure
26 is a perspective view of an alternate printhead
carriage franme; [0034] Figﬂre 27 is a top plan view of
t K@ W¢iit"head carriage frame of Fi gure 287usp0O85}s
Figure 28 is a perspective expl oded view of the
printhead carriage frame of Figure 26; [0036] Figure
29 is mogAECt FRD@l20Mb envadfitichA®eRHEALEH BAHalg AHIbRAS W &ME
of Figure 26; [0037] Figure 30 is a perspective view
of tha prirdiieiad cardége guijusmteheademidashowaderifurame; according to
the present disclosure; [0038] Figure 31 is an

addi t i BRZA] pEigyigediis 9 @evpeafivaofiow Hea peupincheerdent showr iage
féﬁ&g@ggomn in Figure 30; 5 WO 20061116575

P 06/ 015969 [0039] Figure 32 is a perspective

i s e R
Vitenp@ithead BRage QEfubEHdRUS s@RISHBRAh Figure 19;
[0030] Figure 23 is a perspective view of the printhead carrage
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;
[8032] Figure 25 is a schematic view of an alternate printhead carriage
adjustment assembly;
[0033] Figure 26 is a perspective view of aﬁ' altemate printhead
carriage frame;
f0034] Figure 27 is a top plan view of the printhead carriage frame of
._“Figunr*;eiéa; o
[0035] Figure 28 is a perspeclive exploded view of the printhead
carriage frame of Figure 26;
[0036] Figure 29 is a sectional view of the printhead carriage frame of
Figure 26;
[0037] Figure 30 is a perspective view of an alternate printhead
carriage frame according to the present diéclosure;
[0038] Figure 31 is an additional perspective view of the printhead

carriage frame shown in Figure 30;




array; [0041] Figure 34 is a schematic view of an
alternative printhead array variable pitch apparatus
according to the present disclosure; [0042] Figure 35
is a fragnentary schematic view of the printhead array
vari abl e pitch apparatus of Figure 34; [0043] Figure
36 is an additional fragnentary schematic view of the
printhead array variable pitch apparatus of Figure 34,
[0044] Figure 37 is a perspective view of the
calibration canmera assenbly shown in Figure 1; and
[0045] Figure 38 is a persﬁ%ctive vi ew of the machi ne
Viveo nncazera  assenbly shown in Figure T

DESCRI PTI ON [ 0046] The fol | owi ng descri p#%fﬁgg?@hlr%ge%?el y
exenplary in nature and is not intended to limt the

presen jsclosure, .application, or uses. [0047] The
terns 3‘}03%& F?P&Fﬁﬁ%@t EPF'&?@?%% YRV A a pefHoM ¢f e grinthead
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exanpl g@ ?’?oﬁ@a PMD %ggtde?ng&(?g'eg g%%&f‘%ﬁ@%ﬁ? p%@ﬁ?ﬁdng
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printhead array variable pitch apparatus of Figure 34;
f0044] Figure 37 is a perspective view of the calibration camera

assembly shown in Figure 1; and

1 T
[0045]  Figure 38 is a perspeclive view of the machine vision camera

assembly shown in Figure 1.

i DETAILED DESCRIPTION .

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

[0047] The terms “fluid manufacturing material” and “fluid material” as
defined herein, are broadly construed o include any material that can assume a
tow viscosity form and which is suitable for being deposited for example, from a
PMD head onto a substrate for forming a microstructure. Fluid manufaciuring
fmaterjals may include, but are not limited o, light-emitting polymers (LEPs),

which can be used to form polymer light-emitting diode display devices (PLEDs,

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




[0048] The term "deposition" as defined herein,
generally refers to the process of depositing
i ndi vidual droplets of fluid materials on substrates.
The terns 'let,"” "discharge,”. "pattern,” and
"deposit" are used interchangeably herein wth
specific reference the deposition of the fluid
material froma PMD head for exanple. The terns
"“drople'" and "drop" are also used interchangeably.
[0049] The term "substrate," ~as defined herein, is
broadly construed to incluile any material having a
surface that is suitable for receiving a fluid
rial during a manufacturing process such as PMD.

8?9?%?%% i nclude, but are not |inited{ES20HyEee
plate pi pettes silicon wafers, ceramc tiles, rigid
and flexible plastic and nmetal sheets and rolls. In
cevdgh roldatoideerrstss, kormerfirgbiredutst daidsdphatmesiats, abivents,
itself may forma substrate, in as nmuch as the fluid
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and that are sized to fit on a substrate. |Inasmuch as

t Hermsi “leeS dig€hadic] f“patient,” axiligdposit’ @s: wRyY intethangédhly He@dim
m crostructures” should not be construed to be limted
t dmtﬁrﬁyewrrﬁemp%\mesiez@man @f the dnidsenterigbtiom a PMD head for
interqhaﬁgﬁa Y, g p Hﬂe term"structure.
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fluid rigl., In f dr g
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The_PND srstens referenced to herein performprocesses
ymli%wog aﬁ ﬁ@tef PiFpEsnaiicen iwafess, catagicstibs trivat @ fiexible
F in ser -defi ned conputer-
ilc an meta] eets and rolls. In certain embodiments, a deposited fluid
material iiself may form a subsirate, in as much as the fluid material also includes
surfaces suitable for receiving a fluid material dunng a manufaciunng process,
such as, for exarnple, when forming three-dimensional microstructures.

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

structure.




execut abl e instructions. The term "conputer-execut abl e
instructions,” which is also referred to herein as
"program nodul es” or "nodul es,” generally includes
routi nes, prograns, objects, conponents, data
structures, or the like that inplenment particular
abstract data types or performparticular tasks such
as, but not limted to, -executing conputer nunerical
controls for inplenenting PVMD processes. Program
nmodul es may be stored on any xonputer-readabl e nedi a,

i ncluding, but not limted to RAM ROM EEPROM CD- ROM
omwapphierssept i cal di sk storage, magneti CPQ/&Eﬁoaﬁlggrﬁgge
or other magnetic storage devices, or any other

medi um capabl e of storing instructions or data

struct yr a abl e of being accessed by a general
pur pos@ogﬁ sgg% %&fb pilepESeieEsrpUiodiere] oespp precessssbyi n
Fi gA6Siink: @ RLBAQelestric m crodeposition (PVD
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vi sion system 17. Fr arrg fcz’ ﬁﬁay suppo%t mgt@ugd%ng’t rEYE 2
f calsoprefentd g hérbiara@oProghafmmBale” BRYmbdMekYdendin hdiage
20 and a Y-stage 22 nounted thereto. X- g’tgggeyé?) mag

i AeFingR Prrgrams,anbleds componaitd, Sda24 , strd@ugener &ld Yike that
par a]I l el to one another and extending across a w dth
of "PTRAR PRFCUIyahelrast faja byges priegrapgtdular takd such Vs stuage
22 .Mvageneral |y extend al ong the length of frame 12
and rra';t/e%b{é’ S%er%pr{ngl fci/mpb’ger’ ﬂ%’ﬁ’&ﬁ‘“@b Captrofsofox ngplgipentipg PMD
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thereto for displacenent along the print ax

gE€REal hyonpliovisidstomgd or otper mddnag: SRaGUBSAEALR ahBother
[003'3%. Wth additional reference to Figure 2,.
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c ' 15 having a base plate 28, an upper plate 8
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apparatus 10 may include a frame 12, a printhead carfiage frame 14, and a
vacuum chuck 18, and a vision system 17. Frame 12 may support a subétrate 18

] fpr prthing thereon. Frame 12 may include an X-stage 20 and. a Y-stage 22
mounted therefo. X-stage 20 may include first and second rails 24, 26 generally
parallel to one another and extending across a width of frame 12, generally
defining a print axis. Y-stage 22 may generally extend along the length of frame
12 and may be generally perpendicular o X-stage 20. Y-stage 22 may generally
define a substrate axis. Printhead carriage frame 14 may be locaied between
first and second rails 24, 26 and slidably coupled thereto for displacement along
the print axis, generally providing for printing on substrate 18.

[0053]  with additional reference to Figure 2, printhead carage frame

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




may be coupled to base plate 28. As seen in Figure 3,
a clearance slot 42 may be |ocated in base plate 28
adj acent printhead alignment assenbly 40. An opening
44 may be located in upper plate 30 generally above
printhead alignnent assenbly 40. A printhead assenbly
46 (shown in greater detail in Figure 4) my pass

t hrough opening 44 and may be coupled to printhead

al i gnment assenbly 40. Wil e the above description
references a. single printhead assembly 46 and
printhead alignment assenbl 840, it is understood,

and shown in Figure 2, that printhead carriage 15 may
include multiple printhead assenblies 46 and
pMOHHESTS al i gnment assenbl i es 40, for ni Agr&epRhead
array. [0054] Wth additional reference to Figure 5,
printhead assenbly 46 may include a body 48 having a
dado) ehdbigstaid 82,1y ab| 38. COUPAL pliieal Quignnidnt Addemel) 402
may be mated to datum bl ock 50 using a precision

banali regeoupled tdthise pladenzh. eyseendl kidee &, 3 elehrescecflot e nElyes
53 generally arranged in a row %shomn schematical ly

i PeFlogtipe & Repeqdgte Boglimpnipyingieas afignnEing gpserbly 40. An
prlnthead 52 and dat um bl ock 50 may be _isolated from
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y four 'springs 58. Each spring 58 may be a

C GiipineS s | s@sentily i40g Mane noe fabbst dasidptdec erblencends sibe
62. First end 60 of each spring 58 may be coupled to
priiftFehebseably dftsing Aoibisedidiganeht sesomty éhdt 6 2indérsteett h
spring 58 na be coupled to nounting plate 56. As a
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2006/ 116575 PCTI US2006/ 015969 pri nthead attachnment
blmeykincigdey & ngpdg aB umaviah oC Katb® b §0 eedeny teupikRathereto.
Prnthead 52 may be mated to datum block 50 wsing a precision bonding
procedure and may include a series of nozzles 53 generally arranged in a row
(shown schemafically in Figures 11-13).
7[0055] As seen in Figure 6, printhead 52 and datum__ﬁiock 50 may be
isolated from the rest of the printhead assembly 48 and from printhead alignment -
assembly 40 by a spring bias mechanism 54. Spiing bias mechanism 54 may
include a mounting plate 56 coupled io printhead assembly body 48 by four
springs 58. Each spring 58 may be a compression spring having first and second
ends 60, 62. First end 60 of each spring 58 may be coupled to printhead
assembly body 48 and second end 62 of each spring 58 may be coupled to
mounting plate 56. As a result, mounting plate 56 may be generally m.ovable

relative to printhead assembly body 48 with approximately six degrees of

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




ki nematical |l y agai nst datum surfaces, discussed bel ow,
and be adjusted relative thereto. [0056] As described
above, and shown in greater detail in Figure 3,
printhead alignnment assenbly 40 may be coupl ed to base
plate 28. In addition to providing a nounting surface
for printhead alignnent assenbly 40, base plate 28

may provide a conmon primary datumreference in the
vertical direction for all printheads 52 (referenced
to their datum bl ocks 50) P|th|n the array (within
about 25 mcron/m. The plurality of clearance slots
4% dmshmse pl ate 28 may generally al | owp@hdsibdasags 52
to project therethrough once they are properly aligned
to carry out a print function. Printhead assenblies

dth head b |1
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t hger@hr ay. [0057] Each print head allgnnent assenbly 40
may include a socket 63. Socket 63 may include an

act uat[ooss] asAs abdcyibdatans]_mdl pekh MY gleBehashis M Blure 3,
Wth additional reference to Figures 7-10, actuation
agsieireidaiigamemgssembly 48 eramhe chupiidp babemind®y. 16 Zdditmnitmg
flrst and second legs 68, 70. A free end 72 of first
@&VW@MO%%%S%%%@R@H\@@ ?‘W“WH@@@%WW bagecPlavags be
pi ou
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PZT actuator 80, an adjustnent nechanism 82,” a pivot

artievd printgeags Gatio asgeirileeti86 ghaoree ciaydas Yropaiw mighéd @nd
first and second return springs 90, 91. PZT actuator
Ga%?}ltﬁé’”@‘dwﬂ"@ﬁ Rrigtharrtassemblge40 006 MuEGBMBeads 52, may
P%T/ 052006/ 0159
e arranged generally parallel to each other and at an arbitrary angle of attack
with respect to the print axis. This angle may be set according to the desired
print resolution of the array.
{0057]  Each printhead alignment assembly 40 may include a socket 63.
_Socket 83 may include an actuation assembly 64 and_a locking mechanism 66.
With additional reference to Figures 7-10, acluation assembly 64 may inciude an
L-shaped member 67 having first and second legs 68, 70. A free end 72 of first
leg 68 may have an aperture 74 therethrough and may be pivotally coupled to
base plate 28. Actuation assembly 64 may further include a phase adjustment
assembly 76 and a pitch adjustment assembly 78.
[0058] Phase adjustment assembly 76 may be located near first leg 68.
Phase adjustment assembly 76 may include a PZT actuator 80, an adjustment

mechanism B2, a pivot arm 84, a pivot assembly 86, a seconpdary datum B8, and

first and second retum springs 90, 91. PZT actuator 80 may be coupled to and




extend along the length of second leg 70 toward first
|l eg 68 and pivot arm 84. PZT actuator 80 nmay be
coupledto a first end 92 of pivot arm84. First |eg
68 may include a recessed portion 94 housing pivot
arm 84 therein. Pivot assenbly 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 arm84 to first leg 68. Return spring 90 may be
a conpression spring having a first end 101 coupled to
first leg 68 and a second ¢pd 102 coupled to pivot arm
84. As such, return spring 90 generally urges pivot
rd first leg 68. Secondary datum 88 nmay be
?%?ggélFﬁygoupled to first leg 68 by pi V6I'USEEat
engagable with a second end 103 of pivot arm 84,
di scussed hel ow., Return spring 91 may be a conpression
S PTG 401 e it of S0phlgb 787Nt fob #0166 298 bmbemyS
d C d .109 coupled to pivot arm
8 P S Q00 b o B Pt o B8

ar rﬁéﬁi_ﬂs!uoﬁ(g IH(%S@BO rifoR @11! ﬁ&'lsﬁ‘@ ggjgtu 3 84i UQQC}LIH d ?’i\.%ba;;.sembly

spherical nenber 95 and an ment  SCrew

Sptemicatiudeaprs: Sopd38Ng SRAGH %gé%rée@{ QQ%f.iers%ga@b A

arm 84 and a ranped surface 93 of secondary tum 88
AdirasitreERe i pivetwarmags, iduotally theing pivbican exteikt R 6s.
spheri cal nenber al ong ranped surface 93 to control an
i (T3 PPTEE 98 M P GrFomPressierbinday haritataiste8d abbuduplei Vot

1Q5, 59] Pitch adjustnment assenbl 78 may i nclude a
| ﬁ‘ﬁséée%%gé %J%f%:f)”‘%ﬁ’d o CREPd o PMasEn @%*/-a{\%ﬂ%yraﬁqw saring

t AL | secand leg 70 of L-

& gy e Bl g O SR b e, Fn Rl gt o

neatatabif dopRldas tiisy Rl s gad ' r it

106 near lJgj’zajfdr ee eﬁg 1(5)2%%? g%c%ﬁégnﬁ%gggo&lfh%%ﬁcg%{ %110

( de@nf pivet Rinydd, eisB)ssodpoibe RenatHind M ABEHE HEEmPAsRin

L- shaped nenber 67, generally allow ng pivotable

r 574 BMng Adrketd HeruRlchiosecadeatom 80dhdactsoanetir ee

eq&a Q§bd i scussed bel ow. Pitch adjustnment assenbly 78
60T MY UGE" &% Jeatralnirdipg sergndarp datm B8 deware pivitar y

may” a
dain 5. LRGLALR RBSARB il 4 DG 2TcAoLuat o 11
adjustment screw 97, Spherical member 95 may generally seat against pivot arm
84 and a ramped surface 93 of sec;cmdary datum 88. Adjustment screw may vary
" “the vertical extent of spherical member along rampedgsurface_gé to control an
initial orientation of secondary datum 88 about pivot 105,
[0059]  Pifch adjustment assembly 78 may include a linear actuator 104
fixed to base plate 28 and a tertiary datum 106 coupied to second leg 70 of L-
shaped member 67. Linear actuator 104 may be located near and selectively
engagable with tertiary datum 106 near a free end 108 of second leg 70. A pivot
110 (seen in Figure 3) may be located in aperture 74 of L-shaped member 67,
generally allowing pivotable rotation thercof when linear actuator 104 acts on free

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

return spring 112 1o urge tertiary datum 108 into engagement with linear actuator




WD 2006/ 116575 PCTI US2006/ 015969 104. Return spring
112 may be a conpression spring having a first end 114
coupl ed to base plate 28 and a second end 116 coupl ed
to L-shaped nmenber 67. [0060] As seen in Figure 3,
| ocki ng mechani sm 66 may i nclude a nmagnetic clanp
mechani sm 118 housed within L-shaped nenber 67.
Magnetic clanp mechani sm 118 may provi de a magnetic
force acting on datum bl ock 50, discussed bel ow ‘As
such, datum bl ock 50 nay be constructed froma
paramagnetic material, such & 430 SS. [0061] A
t AYBepEEmt | evel i ng system (not shown) payudheshises to
both level and set a working gap of the magnetic
cl anp nmechani sm The goal in setting this gap is to
Nokodlaye: yayye ch.the datu | ogk.
Thus, tthﬁB‘Hﬁé? a Ptg\?vl% e S';|c°;f(c§)}’s{isf3 ?ncgnﬁad'fngt%ggspe”“p”“
pr touplaashdse bratsi 28eink @ sbddd bad i
est abl i shed Ey the primry da?ﬁﬁ?ﬁ%?%?éjﬁﬁp%ﬁggﬁﬁggz
pl ate EB6Qlhatis deohds Figrgne] ivtkitd ABhARENBDI H4) hbBde a
This may generally allow all of printheads 52 to be
at MEHEIS gBP reghanismst 16 mowiedhiithind bnape2hembaTeon Mphetne
aqgggeré Additﬁgnally,,mhen a single surface blotting
t 3T Aeenismoh 1B yaay Proyide 2 magngliqieegact erageturotbiobk 60,
pr i he e di fferent relationship to the
bl RFbd bk A RS Rl ok B g2 bigincihgom 5

maghehdghetlchLdHal aRnl0usesdrops off as a square of the
di stance. Thus, preferably the gap is between 25 and

S50 m clo0dly A chred-pointildveRng HySBmf (ABICRoNE Ihd bells i R botn
magnetic clanping curve wthout touchi'ng™ netal to
netvgl and &g GrYvorking ape chthe onagnaiediadp pracRédiead Th gb® in
determned to be offset fromits target position, it
may B FipaRs e nalshavg theh ermeent measneli toeuhsbe diatbomeck. A

PRSP B LS ARl R BIRE R oo e e
ot o <Rt S b T b B Py P
bihoidk rédhnetiy clgep emadhadisieX{ @Nd 1@%e may generally allow all of
pn’ntheads 52 to be at the same 7 dimension wifhin about 25 microns of cne
another.  Additionally, when a single surface blotling station is employed, all
‘ ___Printﬁ%ds 52 may not blot properly if they have a different relationship to the
blotfing cloih. [f the air gap is too large, the magnetic retention force drops off as
a square of the dislance. Thus, preferably the 9ap is between 25 and 50 microns
to stay in a high force region of the magnetic clamping cﬁr\fe without touching
metal to metal,
[0062] In operation, when a printhead 52 is determined to be offset
from its target position, it may be adjusted using the features discussed above. A
target position of printheads 52 may generally be defined as an ideal relative

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

(shown in Figure 11). Specifically, datum block 50 may generally extend over




12 WD 20061116575 PCT/ US2006/ 015969 magnetic cl anmp
mechani sm 118 and nay general ly abut secondary and
tertiary datuns 88, 106. A printhead 52 phase
m sal i gnment (shown schematically in Figure 12) may
be corrected using phase adjustnent assenbly 76. A
phase m salignnent may occur when a row of printhead
nozzles 53 is linearly offset fromthe target
position. Details regarding the determ nation of a
m sal i gnment are di scussed bel ow. A printhead 52 may
be linearly displaced, as indicated by the arrows in
Figure 11, by phase adjustngst assenbly 76, as
descri bed bel ow. [0063] Magnetic.clanp nmechani sm 118
mi§ 2B 3 Used to rel ease  datum bl ock SECTNEAES0159%69
specifically, the magnetic retention force inparted to
each printhead 52 (datum bl ock) can be varied
autregretic clainp ynaolyanim $18-aniddbdy generdllyl stiut e¢cofdanp aitkicAighy
coil current to vary force fromas high as 80 Ibf to O
| b?'a*“m%ﬁ%kﬁoﬁg A ﬁ@ﬂm@g ﬁ@tﬂhélsq Miskliniment: fsbowragphetibizaily anp
rel ease of the printhead for

Tor00 B g Be Sl e i Pftaae )
0 PZT 80 fi t

r Oﬁ'carﬁ ﬁleab@éﬂpo@ﬂuéﬂ)t D&Kis r§§'«ﬁ& iHe i?iatﬂ)fn of %I rt(ics)%xll & (Ié;rr]fc84
may t hen engage secondary datum cau5|ng | g De

di Ipliaceded iz, eAﬂgﬂrgi@aad@QUﬁﬁyQJeQﬁKargQﬁs &@étﬁ 'aE‘ ShoRatol BEAT
di spl acenent of datum bl ock 50

s pbe aFqwsan Figure h@Y@hﬁeaﬂE@tﬂ(edﬂ@SS@ﬂﬂy\ﬂE As Hbt@nlﬁ‘eﬁﬂié@ﬂv of
pivot 96 and PZT actuator 80 attachnment to first end
92 of PPt YreRcsa CI?HV Fechagisg 1i8hmeay bhecadbast anoease?2)

b i,vot 96_and the | ocation of
e%ﬁﬁﬁ%%@b (et %Def*g%‘%%yprfh‘* Bt ogieafondpge imrarad Beagh

i d c n fi 8) E b
2guener M i 05 4] SELREHIR ) THERS >

appiduiathbrt @ beedrynsba cyrréhB td RS Srcel fﬂmg Q@ high %§ eBLLeX 3Rl e
dl may %gnerally be four times d2, reSulting in

apPriend ratedopeti fiddiin thi mespnatitpbtivhip eabhamnofi 18 Bfows for

release of the printhead for removal from socket 63 or to reposition printhead 52.

[0064] Once released, PZT actuator 80 may engage first end 90 of
pivot amm 84, causing pivot arm 84 to rotate about pwot 98. Second end 103 of
) plvot arm 84 may then engage secondary datum 88 causing it to be displaced
and engage datum block 50, causing a linear displacement of datum block 50.
[0065] More specifically, the distance {d1) between the center of pivot
86 and PZT actuator 80 attachment to first end 92 of pivot arm 84 may be less
than the distance (d2) betwsen 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 am;-JIified
when applied o secondary datum 88. In the present example, dt may generally
be four fimes d2, resuiﬁng in approximately a four times amplification of the

displacement imparted by PZT actuator 80.




di spl acenent inparted by PZT actuator 80. 13 WO

2006/ 116575 PCTI US2006/ 015969 [ 0066] When print head 52
(and correspondi ng datum bl ock 50) has reached a
corrected phase position (shown in Figure 11),
magnetic clanp nechanism 118 may be reactivated and

| ock datum bl ock 50 in its corrected position. Mre
specifically, once in position, current may be renoved
from magnetic clanp nmechani sm 118, re-cl anping
printhead 52. Because the -magnetic clanp nechani sm
118 uses el ectro-pernmanent tlagnets, the holding force
I wo2b@hiss;safe”. That is, 1f-the power is e
PMD, printheads 52 remain clanped in pogégﬁ%%aaﬁﬁgo,
use of an el ectro-permanent magnetic chuck to | ock

t he prhﬂﬁgﬁagﬁhSZ in position once they are properly
al i gne 1R Bigihead R dRnth P EIsPefiting ofaline ilock Blahas

an teresi n_in hani cal. cl anps or | ocks.
Ad%ﬁ??égnglcﬁﬁ‘%&?cﬁagneqqs’%’o mjf Wﬁg‘“%g‘t’% Y magiede icamp
cl appapeehaBi §40 dd & [ Q i.cal ly and
dynanﬁcglly- I{?tlﬂ smﬁg%ﬁgg?wgﬁéﬁ%rgﬁ%?ﬁg£f%F%é¥mﬁﬁV
bepasiinv edbreapeniicany loyicaMi b&sitehi RiReacth:52d | fh@n
adj usted and t hen reappliedloncerprinfﬁeé%&ggggghhﬁ
pJERIEYN clarpod#ghapispr i 18 heabnbRgppirtteadi sl i gRERAL the
(shown in Figure 13) nmay be corrected using pitch

ad| O e Ssehassy Vi Uses slecktpermandit grayeets, thayolding ur

Jow of printhead nozzles 53 is rotationally
g??’?%t% Pﬁg‘ﬁf}ga 1?13# 'ﬁ’éﬂﬁe BRYEiH \8st 1o HgfiNP. rRjinBeadsr5ireratin on

ofe j ion t...ar iscussed below. To correct
o e s TR T e R P DL 0

pitch msalignnent, a ea

i i patieddbyset heoafisPWecd ey R\l i itch
2] Ut ment aeserry T e Ik Pedy st grRp pinare

MegAnicel eibtanpn, e amidsmasilBisi@ynrR 18 ansBshid? chebease
dat um bl ock 50, as descri bed above- Once rel eased,
| 1o rAeeRy.Gt magetipegidingtetcerefl maon@ing g rhdchanign ghsl 08
ana? B& 9&5}%{1 lagl%mgt(r)daﬂyy!n%ndygmq igaal E;. ﬁ}cthilél anEa%Ler}gg clamping force
may be removed momentarily while printhead 52 is position adjusted and then
reapplied once printhead 52 is in position,
[0067] A printhead 52 pitch misalignment (shown in Figure 13) may be'

_ __(?orrec?tfzd using pitch adjustment assembly 78. A pitch misalignment may occur
when a row of printhead nozzles 53 is rotationally offset from a target. Details
regarding determination of the 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 Jeg 70. When linear actuator 104

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

Second and teriiary datums 88, 106 engage datum block 50 and cause rotation




engages free end 108, L-shaped nenber 67 is caused to
rotate about pivot 110. Second and tertiary datuns
88, 106 engage datum bl ock 50 and cause rotation 14
WD 20061116575 PCTI US2006/ 015969 t her eof . \Wen
printhead 52 (and correspondi ng datum bl ock 50) has
reached a corrected pitch position (shown in Figure
13), magnetic clanmp nmechanism 118 nmay be reactivated
and | ock datum block 50 in its corrected position, as
descri bed above. The. phase and pitch adjustnent

descri bed above nay be aufldmat ed, as di scussed bel ow.
[0069] Referring back to Figure 2, printhead carriage
15 may further include a niddle plate 136. Mddle
pl"&E¥Y18E" may i ncl ude three outrigger rRSTVSIOPRY15969
portions 148, 150, 152 and two | ocki ng nenbers 151,
153 (seen in Figure 15). Qutrigger nounting portions
148Bered6 OVhebERintyd Srajsad abrrespaiingBturPbledks0) Bés red&Bd a
158 coupl ed thereto. Air bearing pucks 154, 156, 158
maSPriseted pighgivsition [sisve i Figurk 68k Imagnitivt diesd mearanisager 815
relative tg printhead carriage franme 14. Locking

meRPers Fafvates snidocki daly dioakedd dudls seomettedipseitona s

ot P PO U gl 8 g b ke et pag oo

15utdrifDhs AscuBdA%kRHS! Y mentioned, printhead carriage
frame 14 may contain printhead carriage 15 therein.

Wth a@déd]i opabringbesienclgl® 2Fpeies dftadd 15 Rt Nlhead
carriage frame 14 may include a base frame structure
160 lusigvi megddien plateppad.  Sliddiapéatel 626 amg holute BRdd Sulifzr
164, 166, 168. Upper surface 161 nmay incl.ude air
b&BMHY rBioRe 18R $Gr 12y wpdockikpamenixgs ant 158 dkiengn

DR Yo Pl St Pt G, A8 St b
sk et o el ol b IS B0
elheighirz0fiRigd & iSveihitiBRY c&Rh@CHS Ak 1o printhead carriage frame
4. Locking members 151, 153 nay inciude ferrous stee! dises and may be
 magnetic. Middie plate 136 may be of a sufficient thickness to support printhead

carriage 15,

[0070]  As previously mentioned, printhead carriage frame 14 may
‘ _-Contét_ir; printhead carriage 15 therein, With additional reference_t;)-Fi;qures 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, 184, 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 focking 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




engage and becone | ocked with | ocking nenbers 151,

153. [0071] Locking nenbers 175 may inpart a magnetic
retention force to each |ocking nenebr 151, 153 that
can be varied automatically by pulse-width 15 WD 2 0 O
6/1 1 65 75 PCTI US20061015969 nodul ati on of bucki ng
coil current to vary force fromas high as 80 INto O
| bf . Bucking the magnetic field in the |ocking
menbers 175 allows for release of the |ocking nenebrs
151, 153. [00721 A printhead1§arriage adj ust ment
assenbly 182 nmay be coupl ed 0 upper surface 161 of
wakd widfzzsand may be engaged with printhe i.age
15. Printhead carriage adjustnent assengeg&%@a&%%@

i ncl ude an engagenent nenber 184, first and second

[i L , t 1 hani s
18 IR TR oL il o) N GRS, B a0 e 218 G
exBaaeHgNge Agndc SLIdMaL hoc%ﬂg ABRLSRN Y aldwy f&ﬂr&g&g of 1@6

sidewal I s 32, 36, respectively. An actuation arm
malpciend weardethbetsveess.ar ns 192, 194 and may i nclude a
recessed portion 198 therein. Recessed portion 198 may
house HPF2L gderinthesd pritiagy quistnicohaskd@bly ez ey be FAQES]
Fi&ft and second |ink assenblies 186, 188 may each

i nt1YFR% Srteqe; 15Kk ofwrliE? anbivay bogncrgad Wil psipthend caglage 15.
bear | 4 at first ends 206, 208 and second ends
D769 Eed adleliny RS e s Tobe sy epoamen:
COMBPhES 1R RNIATEEM 4 and. printhead
carriage frame 14, crea??gggén%%36?§1Tgéﬁﬁgdghﬁﬁfmm”

behuarenisihi 1d0. MEEdRGSNcAD OnendR2 18R 0nENGR MRy30
184 and printhead carriébe frame %ﬂ. F@ggﬁ SActug??on

needrading riong Gideesll Mnaidushetially hionepsidatiiiat 0%, RidectRf). a
bi as spring 216- Linear actuator 214 may be coupled to
upPercialiPs 2pR 19% map fexieng petwagyamisi 198 ar94agiiuedyoncidibia

nargceisgé:d lblg fonar}Qg rtrggrézir%s lgtggesagegbgo%iore)n%%g%gy Vlr\foastje gutrigger
mounting portion 148 therein.

[0073]  First and second link assemblies 186, 188 may each include a

link member 200, 202 having spherical bearings 204 at first ends 208, 208 and

second ends 210, 212 thereof. Spherical bearings 204 may be coupled to

engagemeni 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 aciuator 214 may be coupled 1o upper surface 161 of
wall 164. Linear actuator 214 may include an armm 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 may be retracted in a direction generally
opposite bias spring 216, as indicated by arrow 221 in
Figure 14. The rotatabl e engagenent between arm 218
and actuation arm 196 may include a hephai st bearing
219 having a first end coupled to arm 218 and a 16 WO
2006/ 116575 PCTf US2006/ 015969 second and coupled to
activation arm 196. Linear actuator 214 may al so have
a rotatable engagenent w th base frame structure 160
t hrough hephai st bearing 22% Bias spring 216 may be
an extension spring having a first end 222 coupled to
i de 224 of engagenent nenber actuation arm
igégﬁﬁgg§§second end 226 coupled to a 68??”5§@Hﬁfxed
to printhead carriage frame 14. [0075] In operation,
printhead carriage 15 nay be adjusted using the
f eeaond erd elupled dxastivaiibo et 190 Lneaprssiaior € gy aishbavgia ch
of printhead carrijiage 15 may be adjusted by rotating
pf‘?‘ﬁ?‘ﬂ% 500295 PRt B8 Ppse frRPE FHHAYR 00 Jrougn %@%{fﬂ%& heging

migél 8@%; %&8 g‘b q IHQ)P gec Cé e%tSIjoR rs]pnor{[11fg flg\lér%le % F rs?l eg'ntdl A %(r)up%e]dd"

arm 2 uati on ar r near

agf Halhd 2iké 2245 AHyhdtddnPReRbdP abR8tidnSarfh BB AGeecorld NK

menbers 200, 202 may pi vot about spherical bearings
2044 235ad6) Do bbALe fixed@d prRifGagE4rRdYe faBRbar 184, which
transl ates rotation to printhead carriage 15,

i ndi c§0&al byn aperaion2@ttiend Eamjagee1slray Meragjusted using the
sFecifigaIIy, as arm 218 is retracted, first end 206
ofeafuresidiscTisd A0 VRM SPasifistlly. b dilth of avipthaackerdrianed5i n
a__counterclpckwi se direction and first end 208 of

Ak SHEER BESHRG pPbEE e=2RetrS rewbl ier i Frpshon

[ BstilahishOrdol UBEALLAL Lge | gt

pri ntahgad car Plgage tg%?ﬁ%@%o%ﬁ%%%k%ﬁe%% %ay pul

antaigeaRgs bited Hespdapament. Qfachkiidd iRads Gadiia8e 15
may not be purely rotational. Translation of printhead

cinkmieagpers1on20 maychivet ebous epterical bawtings 2if4f seiking Whitoh
may be predicted by the notion created by the
atfj WerIPEIeHt ALPRITHBY. WEH, traplates raigiioh & pémhasd patege 15,
a“icr:l_g‘lga £ gydarto%rzz yin %igure 14. More specifically, as arm 218 is refr'acted,
first end 206 of link member 200 may rotate about second end 210 in a
counterclockwise direction and first end 208 c->f link member 202 may rotate about
" “second end 212, resulting in rotation and linear translation of printhead carriage
15, Due fo the linkage arrangement, the displacement of printhead cardage 15
may not be purely rotational. Translation of printhead camiage 15 may include
some x and y offset, which may be predicted by the motion created by the
adjustment assembly 182. The ftranslation 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 carrfiage 15 on air bearing

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




coordi nated nove of substrate 18 and pri nt head
carriage 15 [0076] 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/ 116575
17 PCT/ US2006/ 015969 bearing pucks 154, 156, 158 may

| ock printhead carriage 15 to air bearing rotation
surfaces 172, 174, 176. [0077] In an alternate exanple
shown in Figures 18-24, a printhead carriage frane

3 use a printhead carf4age 302 and nay be
cgﬁﬁﬁg%”?g PMD apparatus 10 f% a nanner”?ﬁﬁ??%?”@
that descri bed above regardlng printhead carriage
frame 14. Printhead carriage 302 may be a generally

r e'&etaﬁ?ﬁbﬁF%‘F Wén{b’%fr %ﬁmvgloak Sapheas esfrriagh ddnwiel dis b%mg

30 ead carriage 302 nmay be
ge%%?g uwaaﬁni?a | Eprlnthead carriage 15 and nay

i ncl Udﬁ}{mﬁ“ nt he n%hé QR smeﬂ‘gig&.?ss {004 nbe]aﬂ

Figure 2). A printhead carrlage

31unmagy fridde BOX By housBll g bR 6'3@9%;183 FrfaVB %le%ﬂg

may contain printhead carriage §b2 therein, coupling

priM® hwaaraoar it mge Bddet simipr ionthae Adschbsd bR fh@ERg

300. [0078] Wth particular reference to Figures 19,
G’”mi’?ad anfiagesframp ri4nt daitieash carizgpe 38@jmeyt et generally

asse i nclude a franme assenbly 314 and an
?‘b%&gu %ﬁm E%?%Y‘Vg éfB”‘*SI@F Sfevas SBH00, P43 ¥ayPrintrerdide

|
glrbgﬁfé %5%023@%?5@3 et% r g}{%r g%éntg??gfaggg? |1§(€Ef§j {n%)(/) %Fc):lu!jg
prﬂn%mlgﬁrﬁéﬁﬂa@%tﬁléﬁﬁ@ 390 Wrgger%h%ﬁnn frjlc% i%ge

mounting plate 324 and may i nc

r ecjugimgol sasenindy 2haay tegixbd foiin®Bal SRERB Gams '39@!1\@4 sy
326, 328 extending generally upwardly.therefrom Quter

frcafﬂfé'nﬂetheﬂ%wama@q 1362 theveihudeiphny ppmiegadptaize38: o
extegdln fromfirst sidewall 326 to second sidewal |
TR SINf ace 332 forning an air bearlng

sur f a‘f@ﬂ?ﬂ} 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 inciude an outer

) __fram».? 318, an Inner frame 320, and coupling elements 322. Ouler frame 318

may be fixed to printhead carriage frame 300 by printhead carriage mountihg
plate 324 and may include a generally rectangular body having first and second
sidewalls 326, 328 extending generally upwardly therefrom. Ouler frame 318
may further include an upper plate 330 extending from first sidewall 326 lo
second sidewall 328 and a lower surface 332 forming an air bearing surface.
First and second sidewalls 326, 328 may include apertures 334, 336, 338, 340,
342, 344 therethrough.

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

Inner frame 320 may be locaied between upper plate 330, lower surface 332 and




First and second sidewal |l s 326, 328 may incl ude
apertures 334, 336, 338, 340, 342, 344 therethrough.
[0079] Inner frame 320 may contain printhead carriage
302 therein. Inner franme 320 may be | ocated between
upper plate 330, |ower surface 332 and 18 WO

2006/ 116575 PCT10S20061015969 first and second
sidewal I s 326, 328. Inner frame 320 nmay i ncl ude
apertures 346, 348, 350, 352, 354, 356 generally
corresponding to apertures 334, 336, 338, 340, 342,
344. Inner franme 320 may ve a generally rectangul ar
body with a generally op center portion 358 housing

o Bdshead carriage 302 therein. A | owepcSkhdd6ies359
of inner frame 320 may include air bearing pads 357
for riding over outer franme | ower surface 332, and
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56, and may general ly couple inner frame 320 to outer

f gonBRINS TN dditee pofiec 368 eabsing, priotead cardagd Biretb®in322
may each include a flexure elenment 360 generally
hewerrsyrizce\R68 bipest frema SR Marinclode aiFbeading eads Irdertndzgo

may be formed from high fatigue strength sheet
afrver PHES fﬁaﬁ'eﬁqmés‘érfaﬁ%é% apbyYaeiyn P%féﬁ?ﬁﬂg iR %ﬁ‘é’?
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as e 1 on xed to outer

fr ams[ﬁgétﬁ Q‘ﬂ] qgfele‘%gec' to:?’ﬁ nres %@%HHM ké@u;ﬁﬁ’dﬂ @'eﬁ@nts 322

together "and fixed to outer frane 318 as well. Inner

| gy RbdcatdiBitnipepbireasd4033an By, 340, 308 332Qnd sfretiebp4s,
creating a rotatable coupling between inner frame 320
are, 6%, &52,f 3rerBsE E8d 0B bErally tdwpeeiheardrioe 329 B giare
22, actuation assenbly 316 nmay include a |inear

deipat1§r Mewgspeghignlly kg wé'r’%@'eﬁ‘é%é?%mswzachswdEﬁ&me
equ%&? Iggd’] tgenerally having a W-shaped configuration. Flexure elernent 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. Cuter legs 364,

" 366 may be coupled together and fixed to outer frame 318 as well. Inner leg 362
may be fixed 1o inner frame 320, thereby crealing a rotatable coupling between
inner frame 320 and outer frame 318,

[oo81] With reference to Figure 22, actuation assembly 316 may
include a finear actuator 368, 370, housing members 372, 374, and engagemert
blocks 376. Housing members 372, 374 may be coupled to cuter frame 318.
Linear actuators 368, 370 may be arranged generally opposite one another and
coupled to housing members 372, 374, and therefore outer frame 318.
Engagement blocks 376 may be fixed to inner frame 320. A spring 377 may be

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




bl ocks 376. Housi ng nenbers 372, 374 may be coupled to
outer frame 318. Linear actuators 368, 370 may be
arranged generally opposite one another and coupl ed
to housing nenbers 372, 374, and therefore outer frane
318. Engagenent bl ocks 376 may be fixed to inner
frame 320. A spring 377 may be fixed to inner frane
320 at a first end 379 and may be fixed to housing
menbers 19 WO 2006/11657? PCT/ OS2006/ 015969 372,

374, and therefore outer ?ane 318 at a second end
381. Spring 377 may be ‘an extension spring and may
gane e provide a force urging |inear
368, 3?%¥?nto engagenment with engagenentgéﬁ &%“§?%

Li near encoders 375 nmay be coupl ed to upper plate 330
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bl ocks 376. Engagenent bl ocks 376 may inpart the

applay éel cdupied & aupei plaie 830 geantmally 320 enfaberberit BlotHaes7eby
caused to rotate relative to outer frane 318, as seen
in Fi §iedl 240 operatinowhen djebergoe dadsh3a? arbén arc tQR statn,
shown in Fi exaggerated for illustrative

pu el Bl o i oot SRten prion PasRie oA peer
I, t f 318.
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carriage 302 Is caused to rotate as

S e, frhichlid Wpreby extsee teloene Fbﬁeﬁivégﬁpout&rf%n{éamegs 58en in
spl ay open like a 'w shbone,” providing a bi asi ng
fo*F'&‘é!ea%al rhfstihouldob%ttnotﬂd Bt thenaestudtivambod20n Fywo st @nt
center of %atlon may be mai ntai ned by |inear
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ang Rt Wanih Oh4&E SdTRY 3:5{)? a@pimlérefgame 320 rotales, printhead
carriage 302 is caused to rotate as well. More specifically, flexure elements 360
are caused to splay open like a “v»rishhone,”_ providing a biasing force against

_ﬁrotatioin 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 manufacluring operations, it may be
necessary 1o adjust linear actuators 368, 370 for positional errors. In order to
compensate for positional errors, linear actua’ioré 368, 370 may provide difierent
forces from one another. Using linear encoder 375 located above engagement

blocks 376, a commanded rotation may relate to some linear distance traveled.

During setup of the stage motion controller, the rotation of the stage can be




However, due to variation present in manufacturing
operations, it may be necessary to adjust |inear
-actuators 368, 370 for positional errors. In order to
conpensate for positional errors, |inear actuators
368, 370 may provide different forces fromone
another. Using |linear encoder 375 | ocated above
engagenment bl ocks 376, a comranded rotati on nay
relate to sonme linear distance traveled. During setup
of the stage notion controller, the rotation of the
stage can be 20 WD 20061116575 PCT/ US20061015969

noni tored and napped. A rel@tionship may then be

det ermi ned between angl e : rotati on and encoder
pBSPYYERS Wth position feedback, the apgfFuadessmant
may be resolved automatically. Once a desired position
has been attained, air bearing pads 357 may be turned

" oEpitorghand merngth Peigstiashi ey thrse ke daiprined Riweer grals ng
i f 320 rel ative, . uter f 318. [0084
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stage or the substrate stage. Errors that cause an

argul mekimg isedr frgmeBad relattane entet feene i8I Nt head array and
substrate 18 are known as yaw errors. Yaw errors nay
be phdE&ht linpapatthaterh&OBr §1%t Maatbtain thet iheer Jast eatthe

stages. A mapping may be done for both the printing
a¥ts (4P’ "Fﬂﬁalaodgf isﬁ%'hé‘é\‘at‘%'ar’i“%é)é RISEPREVLY CPETRIfAt es

alin%@ ac{e@ri]ndth rt]rgn %elr{n%%jl rm%%& gfxeiitﬁﬁzr(‘lﬁex;iar%ﬁehg tarr%usqsg%eroarl hee 18
transliates a ongs) . e yaw angl e abou? a vertical

CeisBhth| 18ye! el kY Gal QaMDaRRPRANIA BsaldPniBRY bBGeen the
nmeasured and stored in conputer 922 as a notion map.

Thesieateasy HeRMESateRY aldeknbak a8 yawlShérg Jadl@wbeangush
as a laser interferoneter. [0085] Typical error
mageet indeeth the pripihaadiagi the sqbstratststapes Amephieg iRy béidone
range of 20-40 arc seconds. This error range my

r §§ P tqq@rgtlrﬁ;{zﬁﬁ (aﬁ%g‘iaf préyhead pypage frame 14 translates ‘along)

and the subsirate axis (axis that substraie 18 translates along). The yaw angle
about a vertical centerline relative to PMD apparaius 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. o
[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
efiminated by rotation of a printhead array in an angular fashion. The amount of
rotation may be the sum of the rotation error for the printing axis along X stage 20
and the rotation error for substrate 18 at a particular distance along Y stage 22.
Using a map for each axis computer 922 may dynamically surn calculated ermors

and command a printhead rotation to compensate for the errors. The printhead

comrection angle may be in increments as small as 0.02 arc-seconds. The




of 40 to 80 mcrons in PMD apparatus 10 (Figure 1).
This error may be elimnated by rotation of a
printhead array in an angul ar fashion. The anount of
rotation nmay be the sumof the rotation error for the
printing axis along X stage 20 and the rotation error
for substrate 18 at a particul ar distance along Y
stage 22. Using a map for each axis conputer 922 may
dynam cally sum cal cul ated errors and command a
printhead rotation to conpensate for the errors. The
printhead correction anglé'nmay be in increnments as
smab boo@Ses® 02 ar c-seconds.  The 21 WO 2006/ 116575
PCTI US2006/ 015969 correction may be appl i'6q 30"k
i nterval of approximtely 2000 tines per second,
whi ch translate to an angul ar correction in the
pr ic?{f%%{ivf“%"f ‘i’ea?PP 9” G“F%SV apgoximatalye00g fimphper second,
1 neter/sec,
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PMD appar atus 10. SpeC| I ca eviations 1n
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may be accounted for. [00861 Referring to Figure 25,

aningbtlaitinani RMD prhartiiscld Saedificglly; 0évatiyns 8 y&tmmmaagay
be slidably coupled to a PVMD apparatus X stage 401 at
suppeetelativatq ap 'Q‘@izof lengtion @yrheragbeuptedifori | ar to those

h t head t t 400
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support rails 402, 404. Linkages 414

c owpine dysttan pIoD hdne indiude€ dingdr afidiod 1ivad 464, r fls, @ngdguikha,
420 and may be coupled to linear notion drives 406,
0@%99 <é@ dadne pénthead 2ssefiblies § ROSNained topeain,adridomkages
rotational error is determned, |inear notion

dr Ve%’a64d€‘eaﬁ'@%“oﬁé&7"%§é‘08| A0BImpy b capasig Wb ppbeispiaceabls
40§0ng4sQ|échrpraﬂ§ 5@2‘3 t btp nﬁlnkages 414, 416 may be coupled to printhead

carriage 410 at first ends 418, 420 and may be coupled 1o finear motion drives
406, 408 at second ends 422, 424.

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

[0088] With additional reference to Figures 26-29, an alternate
printhead carriage frame 514 may house printhead carriage 515 containing

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




general ly opposite one another. As |linear notion
drives 406, 408 are displaced relative to one

anot her, linkages 414, 416 are rotated, thereby
causing a corresponding rotation of printhead
carriage 410. Once in a desired position, linear

notion drives 306, 308 may be stopped, fixing
printhead carriage 302 in position. [0088] Wth
additional reference to Figures 26-29, an alternate
printhead carriage frame-514 may house print head
carriage 515 containing 22 inthead assenblies 516
therein. Printhead carriage frame 514 may be coupl ed
22 WD 2006/ 116575 PCTI 0520061015969 to PMD a par at us
159 R W&Hher similar to that described r'éd3r 6ﬁ5%9

printhead carriage frame 14. Printhead carriage 515
na¥ i nclude a circul ar bod¥ 518 supported vertlcau%y
on PMPrapparglis 19fin ANanneresiinian gj% thap Geséﬁtt?dr rﬁﬁ'%'f‘@ )P"'B)‘S}e
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pi bk beaﬁhgé%ma@m&ﬁopnmﬁgahmag@ﬁermea@a. 515 Act uation
assenbly 524 may include a notor w nding 526, a

magnet [@8s] ugrrib®8ad acaskop ©BM; HAdmap bptdecan enosither
532. Modtor wi nding 526 may be nounted to printhead
caP¢scagl Fitalee r@aiably ddvindragddceagiagy SB28pmdfing e pitch
mounted to_an £per portion of circular body 518 to be
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stop 530 and magnetic slug 528 0090] i nt head

camagiagesicd saBuharbebodyited IB8am@pet mlou decisliottedp 88 10984,
536 housing printhead assenblies 516 therein. Mre
sp@r@'yiefl ibgt alokoy ,wirpﬁdgrﬁ%eaatop 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 thersin. Niore spe&ﬁcaily, printhead’
éssemblies 516 may be contained in housings 538, 540, 542 extending into slots
532, 534, 536. Housings 538, 540, 542 may be slidably engaged with linear
bearings 544, 546, 548, Slois 532, 534, 536 may further include linear actuators
550, 552, 554 therein for translation of housings 538, 540, 542 .along slots 532,
534, 536, providing a phase adjustment of printhead assemblies 516. Further,
any initial offset in positioning due to assembly variation or any other source may
be accounted for using the vision system described below to reference a fiducial

mark on a lower surface of printhead carriage 515.




assenblies 516 may be contained in housings 53B, 540,
542 extending into slots 532, 534, 536. Housings 538,
540, 542 may be slidably engaged with |inear bearings
544, 546, 548. Slots 532, 534, 536 may further include
| i near actuators 550, 552, 554 therein for
transl ati on of housings 538, 540, 542.along slots 532,
534, 536, providing a phase adj ust ment of printhead
assenblies 516. Further, —any initial offset in —
positioning due to assenbly variation or any other
source may be accountedsgor using the vision system
deschishfehsbel ow to referenge a fiducial a

| oner surface of printhead carriage 515.ng%59§@m%9
2006/ 116575 PCTI US20061015969 [ 0091] Wth additiona
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manner simlar to that descr ed regardi ng printhead
c @4 irag @e toupivel 14 SMIPIppAtaRead (Biguie i1 RBESmEZRr BBar tbeéhat
rotatably coupled to printhead carriage frame 614.
MsleectiBgseebdridioa plintheadmairapdh Garle ¢4r Prisiyend caninges 528 may
include front and rear wall assenblies 632, 634 and
sPReREfAPY 2 EBIfE| oo 8 wEd Emtnoe et 6dbopdlost apedichis m
Lr ariable pitch adjustpent
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i ncl ude a wal nber 640 asser

6 4ariabMdlith d@ﬁbﬁnt afpAfRueBysdubehibdBwan upper portion 644
and a | ower portion 646. Upper portion 644 may

i ncl udeg] i ddith gpivitivinad rderdk®, lo Ehfread2, @btisvAiZ2serfififlss2

Slider portion 650 may further include a |leveling

nE@h PAPdGR BelbmenbY deiatd Yeadiusteant assemhly SR.oWat fnember
654, and therefore angul ar di sposition of

fr ont' g\f/\é}f@'l’d %%E‘PP(‘?W B4 a0 PrEhRaaR 648 |Lﬂ3é)|9r pEEeri on
648 r'?@;y mél:&osi*d&c[,l)dzlﬂ)ﬁs %4é %\éﬁ'ak ngdsr%:s%hgéy S§1 dgr portion 550

may further include a leveling mechanism 656 to adjust vertical orientation of
second end 654, and thérefore angular disposition of front wall assembly 632.
) _f\ddiﬁ_opally, slider portion 648 may also include a leveling mechanism (not
shown) so that front wall assembly 632 may be adjusted vertically at both ends
652, 654. Lower portion 646 may include a shelf 658 for supporting a portion of
adjustment assembly 642, discussed below.
[0093] Adjustment assembly 642 may include a linear slide bearing
660, a rail 662, a slide assembly 664, a pivot assembly 666, a printhead carriage
mounting assembly 668, and a locking mechanism 670. Linear slide bearing 660
may exiend along shelf 658. Rail 662 may generally extend along a majority of
the length of wall member 640 and may be located above linear slide bearing

660. Shide assembly 664 may include first and second end portions 672, 674




shown) so that front wall assenbly 632 may be adjusted
vertically at both ends 652, 654. Lower portion 646
may i nclude a shelf 658 for supporting a portion of

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

Adj ust ment assenbly 642 nmay include a linear slide
bearing 660, a rail 662, a slide assenbly 664, a

pi vot assenbly 666, a printhead carriage nounting
assenbly 668, and a | ocki ng nmechani sm 670. Linear
slide bearing 660 may extend al ong shelf 658. Rai

662 may generally extend along a majority of the

| ength of wall nenber 64024nd may be | ocated above
linear slide bearing '660. Slide assenbly 664 may

i MeHEIESTi rst and second ‘end portions 6PETUBRAOTAS \\D
2006/ 116575 PCTns2006/ 015969 w th an internediate
portion 676 therebetween, a first notorized actuator
6¥8h ah aeatredialbqioviee r676 i thestbetwretn pa Ifitst otd@iZ&! astdator 678

i nternedi ate portion 676 and a second notorized
aeied ertwaRdirgt gehpEipnfER vee iﬂt@é@diﬁ@i pertien Bisranidgnsee
and internediate portion 676. [0094] First and second
oRGPEF FEHECE P30 Bpaeilptecson sherdd it RellBpo Pt

[ nounted to | ower portions thereof.
”EF?%aﬁn%éguyﬁﬁé 686, 688 may be slidably coupled to
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may i nclude an arm 689 sli 'y coupled to rail

Phuyppbrt A8SBED 5§, 666 Molifat to Mty flatidis e diE sl pbs nﬁaﬂ@;er3692
having first ends 694, 696 and second ends 698, 700

r 686 t68B Ineyriad sidilie cowplahte et Hide . beRiingo660re banmsdi6R0,
692 E%P in the form of hephalst bearings and may

heRrreery é*taVé"ﬁlﬂ@e goa™ gesligBlptogeied to ra'b%fife Pisd ﬁ?ﬁeﬁ\%’ of
d end 672, 674.
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assenbl’'y 642 to printhead carriages
bihaek Sorf @2 hephidt BeRYindar@ioHR) Blo tist I%h&@égﬂ%ﬁ@%u&&ﬁ@nd

ends 698, 700, allow ng

upper portions of slide assembly first and second end portions 672, 674.
Printhead camiage mounting assembly 668 may include mounting biocks 702,
704 for coupling adjusiment assembly 642 to printhead carriages 628. Mounting
blocks 702, 704 may be coupled fo pivot member second ends 698, 700, allowing
pnnthead carriages 628 to rotate relative to wall membe? 640. Locking
mechanism 670 may be coupled to intermediate portion 676 and may include
clamping bolts 705, 706, 707 for fixing adjustment assembly 642 relative to wall
member 640. Clamping bolt 706 may be tightened 1o globally secure sfide
assembly 664, generally allowing minor adjustments of first and second end
portions 672, 674 relative to one another through actuation of actuators 678, 680.
Clamping boits 705, 707 may be tightened to secure first and second end
portions 672, 674 relative to one ancther.

[0085] Refeming back to Figures 30 and 31, rear wall assembly 634

may include a wall member 708 and a pivot assembly 710. Wall member 708




printhead carriages 628 to rotate relative to wal
menber 640. Locking nechanism 670 may be coupled to

i nternmedi ate portion 676 and may include clanping
bolts 705, 706, 707 for fixing adjustnment assenbly 642
relative to wall nenber 640. O anping bolt 706 may be
tightened to globally secure slide assenbly 664,
general ly allow ng mnor adjustnments of first and
second end portions 672, 674 relative to one anot her
t hrough actuation of actuators 678, 680. C anping
bolts 705, 707 may be tighteggd to secure first and
setoneftlend  portions 672, 674 relative tQcpRG.RNQLNEr -
[ 0095] Referring back to Figures 30 and 31, rear wal
assenbly 634 may include a wall nmenber 708 and a
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segond) ehRtkble(miatve is havrjotieat Bitablenberl Ab] e e RNethe
anot her. Pivot nenbers 712, 714 may be in the form of
helpapidterhyisd Prasiggs baxing fitt endsnot et} Predtto sélbwerybel 7@ d
to  wal l er. 708. Mounting bl ocks 724, 726 may be
colpirate ggc etnd2% MR HenTRUPIEH dRus$ooRe @nds (Hoh sheved and

C ' i Ng .print head carriages 628 to
e e e et T R
asaghtdri7eés 636, 638 may each include wall nenbers

728, 730 having leveling rails 732, 734 on upper
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of wall nmenber 640 may be slidably engaged with

| P8l THYhaviigl lsvelaR raily 332, gainer appey satfdcewinzg, vl thereof.
mepber 640 to travel along the length of |eveling
rai'fs AREEns P48, 6500rforql mRTbesei4tt inain be wikidablyaenurpnt Wivrad
Tt B A T
dilehghso? ROeling rails 732, 734.

[06097}  In operation, when a printhead carriage 628 is determined to be
offset from its target position, it may be adjusted using the features discusséd
above. Specifically, when a printhead carriage 628 has a pitch misalignment
,(Shmiv{] in Figure 13) it may be corrected using adjustment assembly 642. More
specifically, printheads 52 may be adjusted to correct the pitch thereof by rotation
of printhead carriages 628 about pivot members 712, 714,

[0098]  Printhead carriages may be rotated about pivot members 712,
714 through the use of adjustment assembly 642. Slide assembly 664 may be
permitled to move along rail 662 by releasing locking mechanism 670. Locking
mechanism 670 may be released by Joosening clamping bolts 705, 708, 707.
Once locking mechanism 670 has been released, first and second motorized

actuators 678, 680 may drive slide assembly 664 along the length of rail 662 1o a

desired position for pitch correction.




above. Specifically, when a printhead carriage 628 has
a pitch msalignnent (shown in Figure 13) it nmay be
corrected using adjustment assenbly 642. More
specifically, printheads 52 may be adjusted to correct
the pitch thereof by rotation of printhead carriages
628 about pivot nenbers 712, 714 [0098] Printhead

carri ages may be rotated about pivot nmenbers 712, 714
through the use of adjustnent assenbly 642. Slide
assenbly 664 may be permtted to nove along rail 662
by rel easing | ocking nmec ism 670. Locking mechanism
670 may be rel eased by: | o0o0sening clanping bolts 705,
706, 707. Once | ocking mechanism 670 has been

rEl B%E¥ES first and second notorized alFURTRYFESEYS,
680 may drive slide assenbly 664 along the | ength of
rail 662 to a desired position for pitch correction.
26 WOI0RE%)6/ At 6ERERsROTHHIUSA0R8404I685@i fEH) BOjthadel catringhes
assenbly 664 travels along rail 662, printhead
carraratpied @pgt pivak mepbers ggz,gaa_, frem s figss postiamdEiggre BORio
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assenbly actuation nmay be acconplished by adjusting a
visiatedlge signal to conmmand the notorized actuators to

move jn or out. Information on the desired [ocation

for prPWPl head 456 359PBElY REY/alon nstbgiarenrisheehby adiystisn on
d ' mbe W. 010 The printhead arrays
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pvision system, described below.

[C0101] The printhead arrays may be configured as contiguous or
non-configuous é‘rrays. Non-contiguous arrays may include gaps In the print
swath between the printheads 52. A schematic representation of a non-
contiguous airay is demonstrated in Figure 33. A non-contiguous array may

resuit ;‘r;)m physical size limifation imposed‘by the prin;head Sé_-u.se-d requiring
gaps to achieve the desired number of jetting arrays in a particular space. The
gaps may require a change in the printing method that alters the relative
movement of the printhead array to the substrate to insure all areas of the
substrate are printed. The method of piiching may be generally unaffected by
this arrangement.

[00102] An altemative printhead carriage adjustment apparatus 800
is shown schematically in Figures 34-36. Printhead carriage adjustment

apparatus 800 may include first and second printhead carriages 802, B4, a

beam 806, and an actuation assembly 808. First printhead carriage 802 may be




swat h between the printheads 52. A schematic
representation of a non- contiguous array is
denonstrated in Figure 33. A non-contiguous array my
result from physical size limtation inposed by the
printhead 52 used requiring gaps to achieve the
desired nunber of jetting arrays in a particular
space. The gaps may require a change in the printing
method that alters the reltative novenent of the
printhead array to the substrate to insure all areas
of the substrate are pri%ﬁed. The met hod of pitching
My -hRseperal ly unaffected by this arr ment .
[00102?Q%E al ternative printhead carriag%ﬂgjfﬁg?%%ht
apparatus 800 is shown schematically in Figures

34-36., Print head, carriage adjustnent apparatus 800
oo ! PR f B S08 cBRaMsPY rBens Siase S98LB0R

804;; . Lon assenbly 808. First
or (il <ORRET oo AR B B CPID P e pinbedd
PCEdrkilpQ6/ 015969 fixed to a first side of beam 806
and second printhead carriage 804 nmay be slidably
coupl efporasja sewaadorsideerly EEBMAR6 i@RAET M | M bearing
opposite first printhead carriage 802. [00103]
ActFaIPY § 14 sgdiebhspeB0ig 8hapnil firsl and@eend abinatibe atdchgisms
asge I%.alo,_a pi vot assenbly 812, and first and
setBnfhctlBtaah 2sReER §18 may be paupleits a fit end efrdamBos
as be coupl ed _first end of beam 806
mener g B IRt ef PR b, Pttt Haeregophne o
Pi Bk ai [ hai st. bearing 816
it SATRANR V1 srlEto et % B pioRAT gy Bastfer

acgppsitan® B0 asPRBRAd085:e8Q0sa60 &@Wéﬁﬁ e
end of first printhead assenbly 805, Ero%{%$%@ﬁg8&£

r dtraidiegrailotatiouwbtduptpatirestebetoneen. [ 00104] Fi r st

actuat j on mechani sm 814 may include a |inear actuator

820 and® 4oy abrs aptsfiengEphaismiat waysosipleedinbar uiatie

928\ %Zréc)\}agieqim BE? gl%gbly coupled to guide groove 824 in printhead
array variable pitch apparatus floor 818. Linear actuator 820 rﬁay include a first
arm 821 coupled fo first printhead carriage 802 and may include a second arm
823 coupled to movable link 822. Link 822 may either be manually moved

) __grour?q groove 824 or motorized through various methods to_achieve coarse
rotation adjustment of beam 806. First arm 821 may be extended or retracted to
achieve a fine adjustment of beam 806.

[00105] Second actuation mechanism 815 may include a finear
actuator 817. Linear actuator 817 may be engaged with second printhead
carriage 804 and beam 806. Linear actuator 817 may generally provide for
slidable actuation of second printhead carriage 804 along beam 808.

[00106] In operation, pitch of first and second printheads 802, 804

may be adjusted by actuation assembly 808. More specifically, as movable link

822 travels along guide groove 824, arms 821, 823 may act on first printhead




array variable pitch apparatus floor 818. Linear
actuator 820 may include a first arm 821 coupled to
first printhead carriage 8D2 and may i nclude a second
arm 823 coupled to novable Iink 822. Link 822 may

ei ther be manually noved around groove 824 or

notori zed through various nethods to achi eve coarse
rotation adjustment of beam 806. First arm 821 may be

"~ extended or retracted to achieve a fine adjustnent of
beam 806. [00105] Second actuati on nechani sm 815 may
include a linear actuator 817. Linear actuator 817
may be engaged with secorgh printhead carriage 804 and
beam 806. Linear actuator 817 may general | rovi de

9P € 5Fapl e actuation of second pri nt HEAGS KPP Ege
804 al ong beam 806. [00106] In operation, pitch of
first and second printheads 802, 804 may be adjusted
byardadeUtir] causiag setativinyof §6:8 andveacend pindhied calriages gk, 804
novable link 822 travels al on ui de groove, 824 ns
gand bes 8agy Linedr dUAQr 8P P fH%T?gdaﬁﬂﬁsf%iﬁb"éeb%?afhE%S
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carriage 804 may be driven by a |inear actuator 817 to
achis gveefy opgbe flvasiaigtholigls egonfdihp nvsinheaaldme gispisagre
804 relative to first printhead carriage 802. This
phelcesty wayddbe acleionsiireaf fifst plRjRPads@ oot 38 3ndspesRnd
system discussed below, to record the rehﬁtionsﬁ&p
oPrifheag caipgsfH e 1P Qeerars O REP LBl BT Réad

c ngiﬁg%3§géugﬁqﬂgo initiate novenent of second
prlﬁp ea&'carrlage'804 t hrough |inear actuator 817.

: [QOlOgdmﬁﬁ gengy ghdeYaifligheiss@ dodROYRer AbidArof Rk ison iOf
l'ink 822 i's conplete, the coarse pitching adjustnent
otorhfi@e prsntdead pidhingy sdjisiyerbesf the printhead arrays may be

complete. At this point linear actuator 820 may be used in combination with the
vision system to rotate beam 806 to the final precise angle of adjustment that
achieves pitch accuracies for the printheads within 0.5 microns. Once the
appropriate pitch has been obtained the printhead carriage adjﬁstment apparatus

‘ _-7800 may be fixed for printing. ‘ -

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

[00169] Referring back to Figure 1, vision system 17 of PMD

apparaius 10 may include a calibration camera assembly 800 and a machine

vision camera assembly 902. With additional reference to Figure 37, calibration




conplete. At this point linear actuator 820 may be

used in conbination with the vision systemto rotate
beam 806 to the final precise angle of adjustnent that
achi eves pitch accuracies for the printheads within

0.5 mcrons. Once the appropriate pitch has been
obt ai ned the printhead carriage adjustnent apparatus
800 may be fixed for printing. [00108] Referring to
Figures 35 and 36, it should be noted that printhead
carriages 802, 804 may be,aligned to be generally in
phase with one another. Nbre specifically, printheads
(n@ in each of printhead carriages 802, 804
naybggggﬁgéned such that they print over "tHESX%/E

area, resulting in a greater print deposition
CONGRAY: ald g J,Ndi ed schematically by print
deposi t | cg)énéeg]rgzag’s%ﬁég%%(g%. a f@@i 55 C?éé’?@r%“r@db%&?”'ﬂtwg
Fi gitfuetusk, 208] Slo6HIing ¥alcei Jo i at us, 10 ma

i ncl ude a calibr2§ion canéggﬁggggﬁgﬁﬁB@%ﬁmgﬁﬁxgmnsgo&

macHiOne vi sion canera assenbly 902. Wth additiona
reference to Figure 37, calibration 29 WD 2006/ 116575

PCTI US20060D 15966 earien #0asssnty jix00 veRyurh tHL&Ies 3ng
calibnﬁtion canera 904 and a nounting structure 906.
Mo PRt T HP P UEC P Bo6lidehly tanpledde fifst mottioareds s eomting

porgtd 910.. [ 001101 First portion 908 may be
fi fér%&%ﬂ% 9\8/%%3{’1 %”c‘?{d’é‘%’dié ARy (ke fRiotiving Re®nO pertign
be 936 irdalh Yo GRYRBLE fi .portion 908. Munti ng
structure 906 ngy QL%@%ep%ﬁﬁ@ GECY e eonay Alse SR
f officugbial vianig 932 aaNEboRMtibPBr ALRLE! lbYe |’

portion 908. Nbuntingagtrucfurengﬁégh%¥i3%§3E$H%#uﬁgia
f i Ggeling visier der@iastenbig oy, diseabé Db, GabiaBeALd R 004
caner ssenbly 900 and nmachine vision canera

asSEHBY @‘eé (psecendeilios 8¢, bed way thOefdrbbaditieaaaalaved A

ma fix t.o second portion 910, and may therefore
beyaé: PQBICQ%%Q'& '8 & YPHON Wengrglly perpendicular to an upper surface of

vacuum chuck 16.

[00111] Vision camera assembly 902 may include a low resolution
camera 914, a high resolution camera 916, and a mounting structure 918. Low
resolution camera 914 may have -a greater field of view than high resociution

__,Camf?,r,? 916. More specifically, low resolution camera 914 may have a field of
view of approximately 10 mm by 10 mm. This range may be generally sufficient
to accommodate loading errors of substraie 18. Mounting structure 918 may
include a bracket 920 and first and second motors (not shown) for movahly
mounting bracket 920 to second rail 26. The first motor may provide for axial
translation along second rajl 28 and the second motor rnay provide for vertical
translation of mounting bracket 920 relative to second rail 26. Calibration camera
904, low resolution camera 91 4, and high resolution camera 918 may all be in

communication with a computer 922 on PMD apparatus 10 (Figure 1).




vacuum chuck 16 in a direction generally perpendicul ar
to an upper surface of vacuum chuck 16. [001111

Vi sion canmera assenbly 902 may include a | ow
resolution canera 914, a high resolution canera 916,
and a nounting structure 918. Low resolution canera
914 may have a greater field of view than high
resolution canera 916. More specifically, |ow

resol uti on canera 914 nmay have a field of view of
approximately 10 mm by- 10 mm Thi s range may be
general ly sufficient to338ccomodate |oading errors of
substrate 18. Mounting structure 918 may i nclude a

b 0 and first and second notors (not shown)
f%@%ﬁ%%g% y nounting bracket 920 to seé%ﬁagggﬁF%§6.
The first notor may provide for axial translation

al ong second rail 26 and the second notor nay provide
for vdeaiigal Iorepesiiigni edibefiosameiangobriaakee Ypd 1
relative to second rail Iibration canera, 904

. | | 26. Ca
| termdrep pteaf PesiiRgPg GATRratohERMIAY P4 BROPUPTUSRY LR a

91 I in,co | cat | WLt C t

oft BB Caly a7 ra® g WO AR Rt WheBaa B B
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canera 904 may be used to determ ne printhead
PosHhbLtar¥zh Gor dekribbtiah iod fostBARfrors HdveaR YrifiBeade Gos éichnon
any of printheads 52 (Figure 4) in an array to
detrgrisiaved, riehheddsd?podi bd aliustedt aseteacribpd iahtvee depdibrgon
Cal i bration camera 904 nay generate inmages that are
s 63{Rer 704 R picide gppitigngt f‘ft?g"t’f’ék rAUABY icemecdpn gbSrinthend
errors between printheads 52. If an error is found,
pPPHReads 52 may be adjusted as described above.

cal | Dygihan - CRUTREA 0%, KBrRb QU I, BRIl 3B may aleo
f eedbac uring‘'correctron o prlnt%ea osItion.
[ GRkdstiduie: maked2 abav@al neat 1 AL BVISAESAnasmeviRioy

900 may also include fiducial mark 912. Fiducial mark
9tdnarayasbanbly @i do bypomimelel crdibratigl ommera assembly 900 and
machine vision camera assembly 902. Once relative positioning between-
calibration camera assembly 900 and machine vision camera assembly 902 is
known, relative positioning between printheads 52, calibration camera assembly
900, and machine vision camera assembly 902 may be determined by computer
g2 z;u;d may be used for printhead 52 and primheaci carriag; édjﬁs’rment, as
discussed above. Further, relative positioning between vision camera assembly
802 and printhead carriage frame 14 may be known through the use of common
opfical strip 923. This may generally allow computer 922 to determine relalive
positioning between substrate 18 and printheads 52 and delermine any
positioning error therebetween, discussed below.
[00114] As noted above, machine vision camera assembly 902 may
determine positioning errors between substrate 18 and a printhead carriage.

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

substrate 1o determine the location of a fiducial mark 924 thereon. Fiducial mark




canmera assenbly 902 to coordinate calibration canmera
assenbly 900 and nmachi ne vision canera assenbly 902.
Once relative positioning between calibration canera
assenbly 900 and machi ne vision canera assenbly 902 is
known, rel ative positioning between printheads 52,
calibration canera assenbly 900, and nmachi ne vi sion
canmera assenbly 902 may be determ ned by conputer 922
and may be used for printhead 52 and printhead
carriage adjustnment, as gqscussed above. Further,
relative positioning between vision canera assenbly
9% ARA1PKI Nt head carriage frame 14 may gggﬁQg 5965
t hrough the use of common optical strip 923. This may
general ly all ow conputer 922 to determ ne relative

POSolyi Ay MY RBL WEE MpSRELIR £ kB, aRy mdy B 8RS 2 aRd

determ ne any positioning error’ therebetween,

di sedhes edrolelnmtkind. 00Ack4dhe Asndr 1QRAEDEVERILBBCAMR®24 has
vi sion canera assenbly 902 may determ ne positioning
er mees ddiermived matbins visab eari@a assdmblyoR ahdaaeiran g nagbs
Mor e specificaljx, | ow resol ution camera 914 may take
an UiaRsitpd po thahhigh eesoluieibeanes 816 earderpdderh metatidrbimage to
Iocatiqnd%% a,fiducial mark 924 thereon. Fiducial mark
31 “OMYIY066 1A 8Y FEe S is J§ GEPAliS0 dgouph Ahayisg oba maphing |

€. Gisio opdl £l) apd.may be in the form of
ang etnc%eé @h:@tﬁ% [ﬁ%r King a'bwcén%% g’eﬂg‘f‘%i ’qaﬁ‘cgth: B
of irriubik AUGH&Y o 98 Jelesin e Qm o
visignécang?g g?gghbly gggagﬁg&%ﬁbstr%%%m%gbnay bg@?

t r daisinabe dotstondlhardentatigh of eswtratki 18) HawBr as WS Ldlbn of
provide a detailed inage to conputer 922 to determ ne
s ub4gtsirale ¢ 81ongrihe pbatrate nxis.h ho ghitivrabfidisel oirka2rmelyi e
viFion algorithm Wiile indicated as an "X" in Figure
1, "FREH EaPubsiaR 1o siinyith jthie Ilatonal gigniaiery deferminating.
The. fof i ducial mark 924 may. be anal yzed to
dof bRl oo KD oo Pl B Potletp Come CHpErsfigm one
vebhotias. Hd BQRibh 0ng b 8 the
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substrate axis. An addi uci a
without the assistance of low resolution camera 914 based on the orientation of

fiducial mark 924,

{00115] Once the rotational orientation of substrate 18 is determined,
the _pn‘nthead carriages disclosed above may have their respective orientations
adjusted io account for the positioning error in any of the variety of ways
discussed above. Additionally, the machine vision camera assembly 902 may
periodically provide images of fiducial marks 924, 926 to computer 922 io
determine positional errors throughout operation of PMD apparatus 10. For
example, fiducial marks may be analyzed to determine any themmal growth of
substrate 18. This may be determined by variation in size of and/or distance
between fiducial marks 924, 826.

{0C1186] The use of the various camera systems and adjustment

mechanisms may be automated into a serv'&loop control system by computer




| ocated on substrate to assist with the rotationa
orientation determnation. Fiducial nmarks 924, 926
may generally be | ocated in opposite conmers from one
anot her. High resolution canera 916 may be used to
| ocate fiducial mark 926 w thout the assistance of
| ow resol ution canera 914 based on the orientation of
fiducial mark 924. [00115] Once the rotationa
orientation of substrate B2 is deternmined, the -
printhead carriages di scl osed above may have their
respective orientations adjusted to account for the
positioning error in any of the variety of ways
dwectgtieds above. Additional |y, the machireuviesdeeass
camera assenbly 902 may periodically provide inmges
of fiducial marks 924, 926 to conputer 922 to
deP&F nltiemaoeininamasssitlersonisey drroughetrbr. apgsahipaioatfor
us 10. For exanple, fiducial marks may be

PNQ.%QE%ra, N

anaiX2ed PBUIBYES A7 he @RGP (Meieally’ giooautemaiically sadhst rfat e
18y iS 5 term ned by variation in size of

an g R BB RS peter e osaveat, or for

[ Ofhdk) exbhfsionss? tHafpri ' 3. Syst and
adjustneEt nechaﬁ?@ﬁ@“ﬁgﬁhﬁgﬁgégdﬁﬁﬁgﬁzﬁﬁﬁgﬁﬁSW“H“-
servo-loop control system by conputer 32 - WO

2006/ 116575 PCTI US2006/ 015969 922. This may elim nate
possi bl e sources of human error. It also may all ow for
al i gnnent adjustnents to be made "on the fly" to
automatically adjust for wvariations in printhead
position caused by thermal expansion or contraction,
or for thermal expansion of the printing materia

that has been | oaded onto the system 33 CLAIMS What
is clained is: 1. A printing apparatus conpri sing:




a chuck configured to support a substrate thereon; a
rail spaced apart from said chuck; a printhead
carriage franme coupled to said rail; and a printhead
carriage pivotally coupled to said printhead carri age
frame. 2. The printing apggratus of claiml1, wherein
said printhead carriage bearingly supported by
said printhead carriage frame. 3. The printing
apparatus of claim1, fyfldigs conprising a notor -
coupled to said printhead carriage frame and in
Wha[?ﬁ'éféﬁ%dqggage”em with said printhead carriage. 4. -

printing apparatus of claim1, wherein said.
prlnthead carriage includes at |east one slot therein
housi ngy grintlrResip dﬂﬂﬁszhﬁﬁﬁﬁgﬁ therein. 5. The

printing apparatus of claim wherein said at |east

one  pry Mﬁ%@n#uﬁu%h't%pgeﬂoﬁ8%‘b§fi‘afe‘{h§ﬁéoﬂ sl ot, and

further conprisi

2%: 0 B%a%f'%éaééoaaﬁa@% f%ﬁltchHc%?”Lg?Srif’oi ; 5%"“‘2' e
T
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frame nenbers spaced apart from one another sajd
pri nt héaAriathead a@ﬁf”@% Ahntally seunleddossaid printheads garriage
second frane nenbers, and a pivotal coupling
framgr ovi di ng a pi vot al engagenment between a first portion
of said printhead carriage and said first frame
menber. 7. The printing apparatus of claim6, wherein
said first frame nenber includes a first , ]
| dhgi t ddientintingespresaiuspimiained, whereiaisaidserddhead carriage
menber includes a second | ongitudinally extending
is beadnglysppperiet by ssid prinddhaeasteardage fragiet udi nal |y
ext endi ng nenbers being generally parallel to one
anot her .

3. The printing apparatus of claim 1, further comprising a motor
coupled to said printhead carriage frame and in driving engagement with said

printhead carriage.

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

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

5. The printing apparatus of claim 4, wherein said at least one
printhead is slidably coupled to said slot, and further comprising a motor engaged
with said printhead carriage, said motor configured to translate said printhead

along a length of said slot.




8. The printing apparatus of claim7, wherein said
first longitudinally extending nenber is configured
to be displaceable relative to said second

| ongi tudi nal Iy extending nenber in a direction
general ly perpendicular thgreto. 9. The printing
apparatus of claim7, wherein said pivotal coupling is
slidably engaged with said first |longitudinally

exg.endiThe pRmiIRY apddtatubler GBIt MherdiR dait Pinthkag lcariage
7, wherein said frame assenmbly includes first and

fram%%élﬁ@’eé s Al I96cBmd Bafid mheRids fsg?feﬁ sg nP‘ah&%%Bther,

said first and second Iongltudln

said ?ﬁﬁ%%%ﬁycai@é% é)géﬁﬁmé | r s alfllré/ asngié%e%gﬂfi gl%anq% Hé?ﬁbers,
and &7l OSho ﬁg‘s‘y@é‘ﬁﬁ PQ'OFL% eﬁ%@%@'ﬁﬁ{ hP B B %ﬁr‘% of

can red to Il y attach second portion of
Sa'dgﬂr‘{*ﬂ %H.Cﬁfr 3 %grqr@,e% &econd frane nmenber.

12. The pr|nt|ng apparatus of claiml, wherein said
pri nt head carriage i ncludes: a Iongitudinal axi s

exg endi ng a |length .t eref saj d i tudinal
aﬁ. s he}{h%n 'ing. %qar%ﬁ%?é%& WhRnssaid Wt At Ripmber
fa [ a‘ i rst posi t| on, and said
includgs g fir Setongitudinally %eﬁami'ag IyembanBae gaidesegond drange sugraber
first position when said printhead carriage is
inclugles a@ espacnda laswibdinaliy spttersting amember.owaisk Tipsti and ngecond
nozzl es extendi ng along said | ongitudinal axis, said
longituginally exténding mnemitzers deing garteralty parbilel o opeiamt)trrag.
resolution when in said first position and a second
printing resolution when in said second position, said
second resol ution being greater than said first
r ésol utfihenprintg Fpearptusnef dginappavhereis sdid dirst longifudinally
further conprising a beam rotatably coupled to said
extending t iemter &s r cardigufedarte, bes alisbiadanie eeldtivartoi agid second
fixed

longitudinally extending member in a direction generally perpendicular thereto.

9. The printing apparatus of claim 7, wherein said pivotal coupling is

slidably engaged with said first longitudinally extending member.

10. The printing apparatus of claim 7, wherein said frame assembly
includes first and second laterally extending members extending between said
first and second longitudinally extending members, said first longitudinally
extending member slidably coupled to said first and second laterally extending

members.




to a first side of said beam 14. The printing
apparatus of claim 13, further conprising an actuation
assenbly coupled to said printhead carriage frane at a
first end of said actuation assenbly and coupled to
said printhead carriage agga second end of said
actuation assenbly, wherelin said actuation assenbly

i ncl udes an actuation arm configured to selectively
rotat e ™R grik@ednapparatdd - of THRINPTS, Nfurther %ﬁﬁfr@ir&é)ﬁ'éoé,econd
claim 13, fturther conprising a second printhea

pivoiaRESFINE cﬁiﬂfigall@dytocﬂwbmd a{tQCr?ass%l%ng porish gf s&itt finthead

beam and a linear actuator coupled to said second

carrif%ém%@%&&gcﬁr%%&‘ﬂgﬂb‘épnfi gured to cause selective

ans i on sal d second printhead carriage al ong
said beam 16. The printing apparatus of claiml,
further conprising first and second |ink nmenbers

carr ot BB SRR daliP ENAEr 0 B Hifihlh Eafeoe

incluhia ear actuators, said first and second |inear
actuators drivingly engaged with said rail and
configured to .mgve in direction eneral |y opposife .
one andt h'gPQ'?LH{’é? el 28R ”90@3?'?%% e"%'&i reof, ® said
pri.nthead carri ge. 17, The printing apparatus of . )
longilidingharts hatiida LorigpiaticRyvhen said PHRthesd caviiagq isun a first
Jrenbers, said first and second |ink nenbers each
positipgyi arfl Hajd lengigingd ads aangulartyugispesed esdativepito raaick fist
carriage and a second end pivotally coupled to said
positipn whére asid qainthiesaglecrriageeis ratatedito asecandpositioh;edidng an
armpivotally coupled to said printhead carriage,

sai d ac waw af mrintinggnceded extendig alRingt said 1ohgitaitkl axis,
printhead carriage wupon actuation of said arm 18.

said TR dirprimting hoplearcbakingoh fstopriftthg reBelLEbA vidrflin said first
printhead carriage frane includes inner and outer

positidrABRd 'EE‘EB@E)ﬁ’d YAt reSARtioR Whe iV 3BR second position, said

second resolution being greater than said first resolution.

13. The printing apparatus of claim 1, further comprising a beam
rotatably coupled to said printhead carriage frame, said printhead carriage fixed

to a first side of said beam.

14.  The printing apparatus of claim 13, further comprising an actuation
assembly coupled to said printhead carriage frame at a first end of said actuation
assembly and coupled to said printhead carriage at a second end of said
actuation assembly, wherein said actuation assembly includes an actuation arm

configured to selectively rotate said beam.




drivingly engaged with said inner franme nenber and
configured to cause 37 selective rotation thereof,
said inner frame nenber housing said printhead
carriage therein. 19. A printing apparatus conprising:
a chuck configured to supggrt a substrate thereon; a
rail spaced apart from sai"d chuck; a printhead
carriage frame coupled to said rail; and a printhead
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thereon; a rail spaced apart fromsaid chuck; a
printhead carriage frame coupled to said rail; a
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t. end oupled to,said printhe
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thereby defining a center of rotation of said

carrigge @nA &ggordenpageupied. toAirph ant peeanddinasn Askiatas: faid first
conprising: 38 providing information regarding a rail
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the rail irregularity to a

move in directions generally opposite one another, thereby causing rotation of

said printhead carriage.

17.  The printing apparatus of claim 1, further comprising:
first and second link members, said first and second link members
each having a first end pivotally coupled to said printhead carriage and a second
end pivotally coupled to said printhead carriage frame; and
~an actuator including an arm pivotally couplc:)_d_tq said printhead
carriage, said actuator configured to cause rotation of said printhead carriage

upon actuation of said arm.

18.  The printing apparatus of claim 1, wherein said printhead carriage
frame includes inner and outer frame members and at least one actuator

drivingly engaged with said inner frame member and configured to cause




conmputer; and adjusting a positioning of the printhead
based on a feedback from the conputer to account for
the irregularity. 22. The nethod of claim 21, further

conprising advancing a printhead along the rail. 23.
The nmet hod of claim 21, fg&ther conpri sing advancing a
substrate along the rail.” 24. The nethod of claim 21,

wherein said adjusting includes rotating the

seledventdigash tRéreof) QélUnHﬁéﬁofra?hé ORERINer M3y said printhead

conprising: providing information regarding a

pal offset resulting froman adjustnment of a
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ead carriage; translating the printhead carriage
inafirst direction to account for a first conponent
of the positional offset; and translating a substrate

t oidpe g(r)ﬂﬁ% a@édo rféf aithead carriage in a

second rectl to acco r a second conponent of
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conprisesS rotation of t carriage in a
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spaceé apaltE?rom said ¢ uck,
a printhead carriage frame coupled to said rail; and

a printhead carriage rotatably coupled to said printhead carriage

frame, said printhead carriage coupled to said printhead carriage frame at a

location offset from a center of rotation of said printhead carriage, said printhead

carriage being generally free from any coupling with said printhead carriage

frame at said center of rotation thereof.

and

20. 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;

a printhead carriage contained within said printhead carriage frame;

a pivotal coupling including a first end coupled to said printhead

carriage frame and a second end coupled to said printhead carriage, thereby

defining a center of rotation of said printhead carriage.

21. A printhead alignment method comprising:

A AR LTS LT A T




38

providing information regarding a rail irregularity;

communicating the information regarding the rail irregularity to a
computer; and

adjusting a positioning of the printhead based on a feedback from

the computer to account for the irregularity.

22. The method of claim 21, further comprising advancing a printhead

along the rail.

23. The method of claim 21, further comprising advancing a substraie

along the rail.

24. The method of claim 21, wherein said adjusting includes rotating

the printhead.

25. A printhead alignment method comprising:
providing information regarding a positional offset resulting from an
adjl.is_fmeh_t of a printhead carriage; ‘ -
translating the printhead carriage in a first direction to account for a
first component of the positional offset; and
translating a substrate to be printed upon by the printhead carriage
in a second direction to account for a second component of the positional offset,

wherein the adjustment comprises rotation of the printhead carriage

in & plane parallel to the substrate.
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