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April 25, 2005. The disclosures of the above
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pi ezoel ectric m crodeposition (PVD) apparatus and
nore particularly, to a printhead alignnment assenbly
for a PMD apparatus. BACKGROUND [0003] The
statenments in this gecti on nmerely provide background

i nf or mat i OHVAALECHFSTRA NG ALIHNENISTHSEEMNd  may
not constitute prior art. [0004] In industrial PM

appl i cations, drop placenent accuracy is inportant.
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PCT/ US2006/ 015486 SUMVARY [ 0005] According to the
present disclosure, a pri rHEeLrD appar at us my

[0002]  The present disciosure relates to a piezoelectric microdepﬁsiticn

(PMD) apparatus and more particularly, to a printhead alignment assemb[y for a

PMD apparatus.

BACKGROUND

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

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

correcling, possible sources of error in drog placement.



i nclude a chuck configured to support a substrate
thereon, a rail spaced apart fromthe chuck, a
printhead carriage frane coupled to the rail and
containing a printhead carriage housing at |east one
printhead therein, a first canera assenbly configured
to capture image data of the printhead and provide the
i mge data to a conputer, and a conputer receiving the
i mge data fromthe first canmera assenbly and -
coMP PUNEH t o deternmine a deviation bet weil/UE HEsH6ed
position of the printhead and an actual position of
the printhead. [0006] Further areas of applicability
wi || becone apparent fromthe description provided
herein. It should be understood that the description
and specific exanpl es ar¥™Mf¥hded for purposes of
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act g@pnp@m asviderbhgreinf ltFdhguld Be understood that the description and
specific examples are intended for purposes of illustration only and” ;'zlré not

intended to limit the scopa of the present disclosure.

DRAWINGS
[0007]  The drawings described herein are for illustration purposes only

and are not intended to limit the scope of the present disclosure in any way.

[0008] Figure 1isa perspective view of a pie;:oelectric microdeposition

{PMD) apparatus according io the present disclosure;

[0009] Figure 2is a perspective view of a printhead carriage assembly

according to the present disclosure;

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

carriage assembly of Figure 2 including a printhead alignment assembly;



3 and the printhead assenbly of Figure 4; [0013]
Figure 6 is an additional, nore fully expl oded, view
of the actuation assenbly and printhead assenbly of
Figure 5; [0014] Figure 7 is a perspective view of an
actuation assenbly showmn in Figure 3; [0015] Figure 8
pis an additional perspective view of the actuation
assenbly shown in Figure 7; [0016] Figure 9 is a
partial |l y expl oded perspective view of the actuat.i on
asEEMBYY®hown in Figure 7; [0017] Fi gur &CEESPEGFe
additional partially expl oded perspective view of the
actuation assenbly shown in Figure 7; [0018] Figure 11
is a schematic view of a printhead alignnent; [0019]

Fi gure ] . tic view.of a printhead phase
m sal i grﬁ@r%ﬂ? ; aﬁ'@ﬁ%ﬁ%ﬁﬂ?"éﬁeﬂe‘“{ ¢ aﬁ 010 r‘?ﬁ??"gﬂﬂ/ffoé'wh%f
a prorinthbeadrpid SherBysdFiggeeent and a printhead pitch

alignnent; [0021] Figure 14 is a perspective view of a
pri nt hed@01&hr rfigytped if paelodetbdov ditegiciuatioh hesepbB BEFure

di . 10022] Fi 15 i t | ' of th
or i A RALE b agerbh BhESrefoun | n Fgure 14 3 VO
2006111 P S 0 2 Fi 16 |
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f r anetustve wseinbly Ebptndedrbssdn@2fFiglrb gure 17 is a
perspective view of the printhead carri age shown
[0014] Figure 7 is a perspective view of an acluation assembly shown

in Figure 3;
[0015] Figure 8 'is an additional perspective view of the actuation

assembly shown in Figure 7;

[0016] Figure 9 is a partially exploded perspective view of the actuation

assembly shown in Figure 7;

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

[0018] Figure itisa sch'emaﬁc view of a printhead alignment:

[0018] Figure 12 is a schematic view of a printhead phase
misalignment;

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

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

[0022]  Figure 15 is a top plan view of the printhead carriage frame

shown in Figure 14;



in Figure 14 with the printhead carriage renoved.
[0025] Figure 18 is a perspective view of an alternate
printhead carriage frane according to the present

di scl osure; [0026] Figure 19 is a perspective expl oded
view of a printhead carriage adjustnment assenbly
shown in Figure 18; [0027] Figure 20 is an additiona
perspective partially exploded view of the printhead
carriage_adjustnent assenbly shown in Fiqyre 19; .

[ OB98]%'BfB¥tre 21 is a perspective view of "AEBUHITHg
el ement shown in Figure 20; [0029] Figure 22 is an
addi ti onal perspective partially exploded view of the
printhead carriage adjustnment assenbly shown in Figure

19; [0030Q] Fi 23 | R i
pri nE he@&lséa:r\%g'%‘gé‘e ’31}“]8 ﬁ%’?i%:dﬁ}’? p%gﬂggﬁl g‘h ?ﬁoﬁw pf ﬂﬁead

Fi gure. &ﬁaﬂw@sf@@nﬂ%dﬁ%tﬁ,d position; [0031] Figure 24 is
a persygectlve view of a portion of the printhead

carri agpozdlj usiurent isageepitive wdvosirihe mintipayt fagiaggshown
[0032] Figure 25 is a schematic view of an alternate
pr i intFigeeedi 4otk e gfehead apiRge i ehssenbl y; [ 0033] Fi gure

26 is aE’B%JZp ctive Vi gvée%]ée"%’% ?ile‘ke(gfng}{ Qitdhatd hRAa

carriag 'S 003 4] re 27 1s a top plan view of

t he DhdB4RR@ELce@I A ddeat®ciBdure; Fi gure 26; 4 WO
2006 1f6318 PCT/ US2006/ 015486 [0035] Figure 28 is a

per speclaoms egiplredes apewpeatfe axpiedegrentoh e adrthaad Fage
frame of Figure 26;
adjustment assembly shown in Figure 18;
{0027] Flgure 20 is an additional perspective partially exploded view of
the printhead carriage adjustment assembly shown in Figure 19; '
[0028] Figure 21 is a perspective view of a coupling element shawn in
Figure 20;
[0029] Figure 22 is an additional perspective partially exploded view of
the printhead carriage adjustment assembly shown in Figure 19;
[003D] Figure 23 is a perspactive view of the printhead éarriage
adjustment assembly shown in Flgure 18 in an actuated position;
[0031] Figure 24 is a perspecti\;e view of a portion of the printhead
carriage adjustment assembly shown in Figure 18;
[0032] Figure 25 is a schematic view of an alternate printhead carriage
adjustrnent assembly;
[0033] Figure 26 s a perspective view of an allernate printhead
carriage frame;

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

Figure 286;



carriage frame of Figure 26; [0037] Figure 30 is a
perspective view of an alternate printhead carriage
frame according to the present disclosure; [0038]
Figure 31 is an additional perspective view of the
printhead carriage frame shown in Figure 30; [0039]
Figure 32 is a perspective view of a portion of the
printhead carriage franme shown in Figure 30; %0040]
Fi 0% 5™ s a schematic view of a non- cSREPHHGHEe
printhead 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 fragpentar h LE vikivew ®é prifBead
pri nt hisg@lar Figye Pali %BF'EXB& ‘%cgﬁg%pafat us of Fli gure

34; [0043] Fi 6 is an additional fragnentary
scﬁ%h@??’éﬂn{f’/?{e%‘%%he printhead array varjable pitch
appar ajgigsiof Fu@woes Bdsctigr@DAs] of Higyerintieatd;cqriagg, rame
perspective view of the calibration canera assenbly
shaewgorei2s; Fi gure 1; and [0045] Figure 38 is a

per spective view .t he I D6 Sf QR BB dprinthead
assenbl“}mghom“feng(ft:i’sgﬁr %er}%%mggvﬁ 20061116318
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f ol PO N escription is nerely exenplary in natur
and i s ppoaef irjuended toaddtivnal perreeqYee¥ENof dieskIBEt e,
appl i cation, or uses.

carriage frame shown in Figure 30;

[0039] Figure 32 is a perspective view of a poition of the printhead
carriage frame shown in Figure 30

[0040] Figure 33 is a schematic view of a non-contiguous pririthead
array;

[0041]  Figure 34 is a schematic view of an alternative prinihead array
variable pitch apparatus according to the present disclosure;

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

variable pitch apparatus of Figure 34,

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

printhead array variable pitch apparatus of Figure 34;

[0044] Figure 37 is a parspeciive view of the calibration camera

assembly shown in Figure 1; and

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

assembly shown in Figure 1.



[0047] The terns "fluid manufacturing material" and
“"fluid material” as defined herein, are broadly
construed to include any material that can assune a

| ow viscosity formand which is suitable for being
deposited for exanple, froma PM head onto a
substrate for formng a mcrostructure. Fluid
manufacturing materials may include, but are not
limted to, light-emtting polymers (LEPP% whi ch can
be" BG4 PE f or m pol yner |ight-emitting di Hgmﬂpgﬁﬁéy )
devi ces (PLEDs, and Pol yLEDs). Fluid manufacturing
materials may al so include plastics, netals, waxes,
sol ders, sol der pastes, bionedical products, acids,

photoresists, SO|V$E$$%ED%EFS§#¥ and epoxi es. The

term' | uid manufac eria i nt er changeabl y

refer & &;4&‘2" &sﬁgsdesf:rkpﬂérdlsrﬁﬁ*&}' bx’&n plafyQR 4&lireTdnd it er m

" deposi fi'ned herein, generally refers to

the 1p:é.%sﬁﬁmmﬁhedm@mdtscimra. alicsiien a'l useit-opl et s of
fluid materials on substrates. The
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i nt er changeabl Grein o
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|nterc [0049] The term "substrate," as
defpnne dediesred a sumaﬂe rfmadllnwgcao mésxastrea.re. &lwtil ﬁ@ﬂt&%?@“ﬁ@wy

material having a surface that is sui q LEP
re Ueélf%flahg“@l neurieg buipdre b mited - 19ge Y Pﬁ %ﬁw e

pr Ocezl d:are e us %n Em’n Polfr#&?%ﬂ’t @%Fﬁg Idr(])&li‘ Hgﬁay &U‘Eeﬁb%[&ot

s silicon wafers,

Cere@)@%ly[ﬁ:[l)s? 5"41utcf h%uﬂael@ﬁﬁb Iﬁét&?&lsbﬁa@r aldplirasitie plagtng m‘msal
sheets and rolls. In certain enbodi nents, a deposited

f | Ubettes, Baitieas, balblor iphsa, ﬁsomai;caf mapdmpta, @@bgﬂb@taqe@stssﬁﬂl\@é*

much as the fluid materi al £Q |nc%g @n \%?ml

20096‘)"*131‘8818”‘13@9‘3&98*206@? 0133‘286 uidy  PPALRELTA,; PABT% for -

r ecetl Pt/: z?n%e% r flélnjre% 5'?&51[‘. hé#lu@r‘lﬁﬂem -a manufacturing

pr odgighanyeaby (e or exa when form ng

three- %ﬁﬁﬁpsrﬂﬁaérmn’ﬁ&foﬁﬁanl’ BE bafin@Bherein, generally refers to the
process of depositing individual droplets of fluid materials on substrates. The
terms “let,” “discharge,” “pattern,” and “deposit’ are used interchangeably herein
with specific reference the deposition of the fluid material from a PMD head for
example. The ferms “droplet’ and “drop” are also used interchangeably.

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

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

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

e



[0050] The term "m crostructures,"” as defined herein,
generally refers to structures forned wth a high
degree of precision, and that are sized to fit on a
substrate. Inasnuch as the sizes of different
substrates may vary, the term "m crostructures”
shoul d not be construed to be limted to any
particul ar size and can be used interchangeably with
the term"structure.” Mcrostructures may include a
siHyI'® ¥ Bpl et of a fluid material, any @SHB?ZH’QQ"P‘B‘?I of
droplets, or any structure formed by depositing the
droplet(s) on a substrate, such as a. two- dinensional
| ayer, a three-dinensional architecture and any ot her
desi r yste ref erenced
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conmput er- executable instructions. The term
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i mpl ement particul ar abstrac

par tricradtaictutealSdhsulG it Be ashsirded o bdiited lorﬂnﬁr B8 fr size and,
executing conputer nunerical controls for inplenenting
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bei % accessed by a general purpose or speci al
pur% ghyre conputer 7 WD 20061116318 PCT/ U82006/ 015486

[0052] fgs i ezoel ectric
n1crodep03|t|on g%#Qﬁ%%mﬁﬁégFﬁFg§° ﬂeﬁﬁ?mWWdFﬁ@éwabv
f r atepostidy figid phddibbRAE BdLi29Efd; RE kéaefld 3 comptiter-

executable instructions. The term ‘computer-executable instructions,” which is
also refeired to herein as “program modules” or ‘modules,” generally includes
rautines, programs, objecls, components, data - structures, or the like that
implement particular abstract data types or perform particular tasks such as, but
not limited to, executing computer numerical controis for implementing PMD
processes. Program modules may be stored on any computer-readabie media,
including, but nat limited to RAM, ROM, EEPROM, CD-ROM or other optical disk
starage, magnetic disk storage or other magnetic storage devices, or any other
medium capable of storing instructions or data structures and capable of being

accessed by & general purpose or special purpose computer,



vacuum chuck 16, and a vision system 17. Frame 12 may
support a substrate 18 for printing thereon. Frane 12
may i nclude an X-stage 20 and a Y-stage 22 nounted
thereto. X-stage 20 may include first and second rails
24, 26 generally parallel to one another and
extending across a wwdth of frane 12, generally
defining a print axis. Y-stage 22 may generally extend
a'%ﬂéﬁ}h§ | ength of frame 12 and nmay be eqsgalg%
p&rpendi’ell ar to X-stage 20. Y-stage 22 gererdf iy
define a substrate axis- Printhead carriage frane 14
may be | ocated between first and second rails 24, 26
and slidably coupled thereto for displacenent al ong

the print axis, general |y providi f Lfibh NGBk
subst r §082116As [56%‘5 | F HEh- gad @%oig’gﬁg(f "%?%E%n'c e rEt og)n

Figure 2. . PLintheasaGamsi1age pfiirds catidgerayme nelande a
pr%ﬂ?ﬁgéhugg%¥?age iS havi ng a base plate 28, an upper

pl ab@um3Quck aB8.Gns b dietmdybism 132 rade 12 8By sWBOTt ASHY R

printhead alignnent assenbly 40 _nm coupl ed t
base pphtapehep®n. Aganebh e *"F'%ﬁﬁeu PR Xs‘?a)é‘éggla@gra&]%%ges ot
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opening 44 may be [ocated

I n H%Eﬁ?rm Bhaleu3P 20ERRERIgYacalRe dewiphi dithead 2, gérieginent
assenbly 40. A printhead assenbly 46 (shown in greater

detdaiidingl aprinfugpu rvestab 2aenay perssally prtend gfeng gedgngty oh Harg d
may be coupled to printhead _ ali assenbl

WhiTRend may Bherperalydse ies 1o ’fﬂ?%@rg?@@scéags%g "Ry P%”e%
printhead enbl y ' L NGRRY Resebl y
40f£hﬁ‘?gxﬁﬁﬁ%gg'ogﬁﬁmgggﬂﬁgﬁgkﬁﬁﬁﬁr%#gure 2, that

Pr igpk DRGSR hils3d 26lind FRybly BEUptsd eherab tof (kmacpmem alveqd

assenblies 46 and printhead alignnent assenblies 40,
f ortid it aispgenaialverseyiding faprintingongobstaie81 16318
PCT/ US2006/ 015486 goggm Wth additional refer gﬁg 1o
Fi gur e [8053h | Wimasldgo §%ﬁ%?? A8 P CTUGE a body 48
hav1l4nr9ay4nc%¥3 ‘é@ﬂ%&éﬁkcaﬁﬁgm ARy a0REPhieE JeNeT §h: plate
30, and sidewalls 32, 34, 36, 38. A dynamic printhead alignment assembly 40
may Be coupled to base plate 28. As seen in Figure 3, a clearance slot 42 may
be located in base plate 28 adjacent printhead alignment assembly 40. An
opening 44 may be located in upper plate 30 generally above printhead
alignment assembly 40. A printhead assembly 46 (shown in greater detail in
Figure 4) may pass through opening 44 and may be coupled to printhead
alignment assembly 40. While the above dascripiion references a single
printhead assembly 46 and printhead alignment assembly 40, it is understoad,

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

assembilies 46 and printhead alignment assembiies 40, forming a printhead array.



Printhead 52 may be mated to datum bl ock 50 using a
preci sion bonding procedure and nmay include a series
of nozzles 53 generally arranged in a row (shown
schematically in Figures 11-13). [0055] As seen in
Figure 6, printhead 52 and datum bl ock 50 may be
isolated fromthe rest of the printhead assenbly 46
and from printhead alignment assenbly 40 by a spring
bi ism54. Spring bias mechani sm 54 -
iﬁhﬁaﬂgﬁgﬁﬂnunting pl ate 56 coupled to p#%ﬁ@%@é@m“6_
assenbly body 48 by four springs 58. Each spring 58
may be a conpression spring having first and second
ends 60, 62. First end 60 of each spring 58 may be
coupl ed fogs4" | WD G@fiond $SERRY0 RGN, g‘,sprﬁlglgads %scsgrp‘lgl gad
62 of each sSpring 58 may be coupIeJ;to nounti ng ﬁlate

56. sy ickies dl Hody #BWatiigg dalual BoSEsM RV GRPEE Helelo.
novable relative to printhead assenbly body 48 with

appr o%Tead SPymay ke @alse deglayn bipeke Bl Ging Baprasisidn bakiing 0

may oupled to untin late 56 formng a

pri n?ﬁ%egu “al ‘??g)ﬁ Wﬁ‘ﬁ% ?)Fed'sg? WAy rReEiK H1o0esd 86 'Phe
free@ﬂﬁm@anﬁﬁﬁhmﬂkkg@g@hLﬁ@lIy agai nst datum surf aces,
di scussed bel ow, and be adjusted relative thereto.

[ 0056] AB058ES CAs doenl incrtiuees, paittoad B2Vd idBu@ IRk 86 maehai |
in Eug%ée 3, printhead alignnment assenbly 40 may be
coupferEdipTyag esislf ke gripigad pssembitd B6 AesHiramoprineaaligameagt a
nount,j ce for. printhead, alignnent assenbly 40,
pascnn B et ® B b denet SomrBi o AR By

r ef ande e inBurkifte pi8 a6l e@bled o’ SRthbAN |

printheads 52 (rgferencggatglfheir ﬁ%?ﬁﬂ?é*%%ﬁ%b%GTr
Wi t HPings B& Each agring 68 tnhy e aadoowptessi@bspfhatia®ing At and B&ond

plurality of clearance slots 42 In base plate 28 may
genéPH P% 629 W oDEY o7 er3h SrPETIUSRD DS/ QUBAB® prathbaiv

S: g%&%ﬁ@gzﬁoléé F}]ée %nc%) %é)cl:)r%c ttandt 'etgfee}acr g[l)'lr%g S%nn(%aey igehgo)tljplgé teo
mounting plate 56. As a result, mounting plate 56 may be generally movable
relative to printhead assembly body 48 with approximately six dsgrees of
freedom. Datum block 50 may be couplé’d fo mounting plate 56 forming a
printhead attachment hlock, giving datum block 50 the freedom tc seat
kinematically égainst datum surfaces, discussed below, and be adjusted relative
thereto.

[0056]  As described above, and shown in greater detaii in Figure 3,
printhead alignment assembly 40 may be coupled 1o base plate 28. (n addition to
providing a mounting surface for printhead alignment assembly 40, base plate 28
may provide a common primary datum reference in the vertical direction for all

printheads 52 (referenced to their datum blocks 50) within the array (within about

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



carry out a print function. Printhead assenblies 46,
and thus printheads 52, nay be arranged generally
parallel to each other and at an arbitrary angle of
attack with respect to the print axis. This angle nay
be set according to the desired print resolution of
the array. [0057] Each printhead alignnment assenbly 40
may i nclude a socket 63. Socket 63 may include an
actuation assenbly 64 and a | ocking "EChagﬂﬁﬁhgﬁfwﬁ
WYNH4YPP onal reference to Figures 7- 107 7Rét0aeton
assenbly 64 may include an L-shaped nenber 67 having
first and second |l egs 68, 70. A free end 72 of first

|l eg 68 may have an aperture 74 therethrough and nmay be
pi v I I . t ' .

RS atpl iR e piset AR EDUR o ey S Ui Mianen 1o
as s enhy yut d@riatiehcronp iPtitthead dbsembiee 16, a8 SREPithedSs 52 RAPS]
Phase adjustnent assenbly 76 may be | ocated near first
| eg Barrange geeeraly jparsliahioneackh siherrdst yat 6amitreryiangb utigtaek
PZT qﬁggat ! gg,.qn adh_stngnt mechani sm 82, a pivot
ar mB SRogiig e P uo R 60 oy BE Grl PR oL Bredhng
firshin@odnsscR e QL Uurn springs 90, 91. PZT actuator
80 may be coupled t'o and extend along the |length of
second I[@5770 Hasvginthedd dligdmdnegséibiaqthdyiindiie akaok&ds.
PZT actuator 80 may be coupled to a first end 92 of

pi vorCkef B Bay inflidesan qeigliop@issambly G4reot! adeskiag medesise 6.

ortj. 4 h in i.vot arm 84 thereipn. Pivot
Pos chBatifesaRBon BFiftes 2 0iesbeto0 g Bk sy Pt
apentsuaes nRdbedd Haﬁngf firkiSdhd E&anﬁl@g%&??&%%é %’Efeftzgogﬁrlsﬂr 2 ¢

pi vot arm 84, pivotally coupling pivot arm

| eg @88 mchave an sprriuRy/4A0erstrpugheand n® MR IpRGSIOFUBIRY tonJ
havi%% a first end 101 coupled to first leg 68 and a
sec O o128 o 2cteaiiohrwambly 6H mpy further inclide a Abassiadiustment

£ Ao o0, SRR LR L 1 B { o

2006/ 11634 PEHdsbadisd ind@By 76 may be located near first leg 68.
Phase adjustment assembly 76 may include a PZT actuator 80, an adjustment
mechanism 82, a pivot arm 84, a pivot assembly 86, a secondary datum 88, and
first and second retum springs 90, 91. PZT actuator 80 may be coupled to and
exiend along the length of second leg 70 toward firs.t leg 68 and pivot arm 84.
PZT actuator 80 may be coupled to a first end 92 of pivol arm 84, First leg 68
may include a recessed portion 94 housing pivot arm 84 therein. Pivot assembly
86 may include a pivot 96 passing through apertures 98, 99 in first leg 68 and
apeqture 100 in pivot arm 84, pivotally coupling pivot amn 84 1o first leg 68.
Retum spring 90 may be a compression spring having a first end 101 coupled to
first leg 68 and a second end 102 coupled to pivot arm 84. As such, return spring

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

10



rotatably coupled to first leg 68 by pivot 105 and
engagable with a second end 103 of pivot arm 84,
di scussed bel ow. Return spring 91 may be a conpression
spring having a first end 107 coupled to secondary
dat um 88 and a second end 109 coupled to pivot arm
84, generally urging secondary datum 88 toward pivot
arm 84. Adj ustnent nechanism 82 may include a
spherical menber 95 and an adjustnment screw 97. -
sphefi’tdl 'henber 95 may general |y seat addi'fiSTgisie
arm 84 and a ranped surface 93 of secondary datum 88.
Adj ustnent screw nay vary the vertical extent of
spherical nenber al ong ranped surface 93 to control an
i Ni trotdtab®r doBMt Pl f um,88 about pi vot
105, 00061 Tt o 62 B BRRRE nd B B el 8
| i nel dieivetato B4, iusséd betal. t Rt SRinD lod .
tertiary datum 106 coupled to sec%ng Iggyégaggq?_&sm
shap&d" B2 fgef enq j({ equplaside aerontan] GHunmrasy artie: d006rqitRd

near uh el | vel engagable with tertiary datum
106, a4 ELf B4 PR S5 iy Honm e et ot 10

( seenmisa. Bigtnent 3echRmie i rture 74 of
L-shaped nenber 67, g'é’ner"léa?ﬁ@"‘@?iFéaﬁ‘eﬁgag&ewh‘fféﬁ@ad an

r ot lugieriserady. Gptencal mamar opmhyithetany K4 85kt o n(g free
end 8;1%% di scussed bel ow. Pitch adjustnent "asse Iay 78
may al so° [HEPUTERace 93asagprsianysielumg3sl AGiustaentsgew ingy fanar Y

dat up ke epgent with |inear actuator 104.
Ret ur n spr’id&%ﬂﬁ?%gﬁn%%qgneemgmc%%rr%@%qdﬁﬁ'”%‘:ﬁrqffﬁg chrawl arg a

fi rs‘;ﬁtiaenielntaﬂbﬂofséewb@dathrﬁsbéﬁﬁtmoﬂ% 28 and a second
end 116 coupled to L-shaped nenber 67. [0060] As seen

in Fi gufi¥sd,  Pirsieidivgmen clvaniolTe 6y Maidd 8RB0 10
mg@@hii% ¢l.anp mechani sm 118 housed within L-shapeg{
menber &7 I\‘?hpégan?eat?’}f‘a%F’Q’Mﬂatﬁﬁ!dﬁﬁﬁbmﬂdld&cmyle@vwi de a
MagsRbéLmbRlg @76t n_datum bl ock 50, discussed
bel ow. As such, g'g]tle%%c@ Qe IOSBRR ofrtedsas R aslegivel r om.

a parcaegie taitnn@be! 108 nearSUkl eﬁé?(fbgoq sé%hd %gl 70. A p-ivot
110 {seen in Figure 3) may .be located in aperture 74 of L-shaped member 67,
generally allowing pivotable rotation thereof when linear actuator 104 acts on free
end 108, discussed below. Pitch adjustment assembly 78 may also include a
return spring 112 to urge tertiary datum 108 into engagement with linear actuator
104. Return spring 112 may be a compression spririg having a first end 114

coupled to base plate 28 and a second end 116 coupled to L-shaped member 67

[0060] As seen in Figure 3, locking mechanism 66 may include a
magnetic clamp mechanism 118 housed withiAn L-shaped member &7 Magnetic
clamp mechanism 118 may provide a magnetic force acting on datum block 50

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

paramagnetic material, such as 430 SS.

11



WD 20061116318 PCT/ US2006/ 015486 [0061] A three-point

| evel ing system (not shown) may be used to both | evel
and set a working gap of the magnetic clanp mechani sm
The goal in setting this gap is to not have the

per manent magnet touch the datum bl ock. Thus, the gap
may allow the Z position of the printhead relative to
the target material to be established by the primary

da&g%glqknsts on the base plate 28 that &ﬁlf%%ogagﬁ%g%?ic

nechani sm 118. This may general ly
prlntheads 52 to be at the sane Z dinension within
about 25 mcrons of one another. Additionally, when a
single surface blotting station is enployed, all

pr i nt Neges, 52, MLAle Bl REARRE bioub] mbisyubawsba

differ pto he blotting cloth. If the

ai Mo QPP St ta%;d,r@r@g, f teemammetivatdang metthemsmor'f h¢ gpal &
drops off as a square of the distance. biock
pr edoringbisygdptie tgag M hePHERAP S1agRRY 13N Hie ‘fa&'r% °Fo

stay in a high force regi.on g
cur e e STt BRE NG PHEE AT oo TPRY RS S FRer
oper ; t | s2inf&inakd haae giates et
off@%?"a bevéﬁ‘o}g%]m%d%wgtdag%gldtgﬁa r(I)]np?mlt may be g.dj ust ed
US| st REgnbRA LG Smethartuis Sedl  alite enay Agereally elovpesial | on

of printheads 52 may general I?‘/) be defined as an |(rJI]eaI
r el mininesls 581 gamb e e We@Rension NHHE Zht 55 TigoRs Y ©

th d | at R .
Fl qibor 1 poonegiy 1obat Fooe SufRToBRaR dhlep XMl B ||
ext Gl Q,I 1935952 VA ot &oﬁéﬂ?ﬂﬁhé?ﬂﬁt?@aId&fﬁieilnl&aacndhupmyme

gener a abut” secondary and tertiary datuns 88, 106.
A pﬁlbﬁ’ﬁghﬁ)&d iBRe ghgpes b magk] themegretiq roleoion faeshspRatorT@al | y -

in Figure 12) nay be corrected usin hase ust nment
as senbkip oFbe distapieadbus. pEgEPY 5&%@?115 bﬁjg‘ﬁg'b%scw%%écﬁons

row of pri nozz e lofa v udnfngm
th eiotséa'ydré? mﬁgi?rﬁz 1egion Beﬁlaﬁ%gﬁe? egfa Bgﬁ% Ly e,ottvfﬂ%ﬁlt toudning
det griipakkon of a mi sal i gnnent

[0062] n operation, when a printhead 52 is determined to be offset
from its target position, it may be adjusted using the features discussed above. A
target position of printheads 52 may generally be defined as an ideal relative
alignment between printheads 52 in the printhead array relative to one another
(shown in Figure 11). Specifically, datum block 50 may generally extend over
magnetic clamp mechanism 118 and may generally abut secondary and tertiary
datums 88, 106. A printhead 52 phase misalignment (shown schematicaily in
Figure 12) may be corrected using phase adjustment assermbly 76. A phase
misalignment may occur when a row of printhead nozzies 53 is linearly offset

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

12



WD 2006/ 116318 PCT/ US2006/ 015486 ar e di scussed bel ow.
A printhead 52 may be linearly displaced, as indicated
by the arrows in Figure 11, by phase adj ust nent
assenbly 76, as described below. [0063] Magnetic
cl anp nmechani sm 118 may be caused to rel ease datum
bl ock 50. Mrre specifically, the nagnetic retention
force inparted to each printhead 52 (datum bl ock) can
vari ed automatically by pul se-width nodul ation
bd%k?%6“68|| current to vary force from &S"HrgH %"
Ibf to O | bf. Bucking the magnetic field in the
magneti ¢ clanp nmechanism 118 allows for release of
the printhead for renmoval from socket 63 or to

" ePY ARG RRfR 2 ok 005 8) L ARPALRlERaE gkl

act uat or may engage t1i1rs arm

CausidroR MFguRI17) Bhhbd G04ALR 2820k 78)a¢ @Esc%d peBgond
end 103 of pivot arm 84 may then engage secondary

dat um 8$0Q§ahsiMﬁgﬂ6iﬁG clagpbwediagh i@ dnay dredcaapgiaperettageum
bl ock 5 a lLinear di | acenent of datum bl ock

d
50. df'ﬁﬁ?%ﬁk SIS R I, A1 POt dokeien e anveged (o each
bet Waghbatih .. oPZL »
a?iachﬁ%ﬁtgig&?%ﬁ;?aﬁkghgg;of%%dsg@rg%gﬂggﬁﬁng% %Pbss

t hamotiliatiod io bi@RI6E cdilctdrerd & ViRLRrch MOMGR MHgBras®h 1R ity 0l 96
and the | ocation of engagenent between second end 103
of BP%@ thg masfzpfl%\ﬁeléewﬁdmgyet@wﬂanm B hanishs 18%ielwws for
di spl a rted by PZT actuator 80 may generally
e R ORE o Spr o S Bt oB o2 1
the pr efd@@i e XA leRasdd! Pﬁp)éctgﬁ&eg(}%{a}y enggﬁe iQHndt 4GS
dz, resultlng in approxi mately

anpbivdtiagas4,eaushy piviiearmdia Sploateam@ Rt prioNgArdeashdyid el of
actuator 80. [0066] Wen printhead 52 (and

cor P¥E Fomét ﬁ@vaﬁﬂ&ﬁwp@@r@nm} diers 88 causiph dido &e displa@dt ed

h h t |
PR PO PR e Bl ot kit T R E Dl ook
50 in ifosesjor M@t@tsﬁ&mczﬂpsthé thtanelY@f %eﬁt@&ﬂ'hg LGy pivdCE

in pOSI tion, current may be renoved

96 and PZT actualor 80 attachment to first end 82 of plvot arm 84 may be less
than the distance (d2) between the center of pivot 96 and the focation of
engagement between second end 103 of pivot am 84 an secondary datum 88.
As such, displacement imparted by PZT actuaior 80 may generally be amplified
when applied to secondary datum 88. In the present example, d1 may generally
be four times d2,. resulting in approximately a four times amplification of lhe
displacement imparted by PZT actuator 80.

[0066] When printhead 52 (and corresponding datum block 50) has
reached a corrected phase posifion (shown in Figure 11}, magnelic clamp

mechanisrn 118 may be reactivated and lock datum biock 50 in its corrected

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

13



13 it WD 20061116318 PCT/ US2006/ 015486 magnetic cl anp
mechani sm 118, re-cl anping printhead 52. Because the
magneti ¢ cl anp nmechani sm 118 uses el ectro- per manent
magnets, the holding force is "fail-safe". That is,
if the power is lost to the PVD, printheads 52 remain
clanped in position. Al so, use of an el ectro-permanent
magneti ¢ chuck to lock the printheads 52 in position

ongH by @2r e properly aligned may elim nat -
mechani cal . di stortion, strain, and hysterléCsT?”§2"3%”r’r%6n )

i n mechanical clanps or |ocks. Additionally, a
magneti ¢ hol ding force of nmagnetic clanp mechani sm 118
may be varied automatically and dynamically. In this

manneagnetid@lafb &gt 9% § Cre d¥hpind Co G 1D nmentarily
while printhead 52 is posi tionra jﬁ@?’g%algg‘dng?@’ﬁe the

r eapPPIEEr drrorempetianisidatl uSR disrd-PorPBdnt nQghets| Q’QE\F‘E@E@?

pri d. 52 pitch m salignment (shown in Figure
nay n%%g %c E""?‘Faé% t éga‘ﬁﬁr, i H1§ PRVerdhiostde te tPSN prirates @yl HmiS.

A pidgipedirs@lsiiGn t occur when a row of
pri nt head n%J;zI I egH %3“%52 PO AL OIFAPRPrigTagselic chuakrte ok

t ar det prietred B3 in pagivh Hnhd Gt j ign of the
m sal i garrﬁllrrent. are di scussed bglaomp}oﬁ‘%lyc%f’?eé‘c'f’ay pinieate
i s &1°ERiradistorbenp pirat ediblysiResmassmiRn [P ktHERcA Siamns or
i ndigat %dm’naE he arrows in Figure 13 using pi tch
adj Ust ment  aLve fi51Agnefg holging fores sbuagnetiovamy BEESTism 11a

Magnay be vdiie@ BRoMREHAD] 118 may be caused to rel ease
dat um bl ock 50, z;sihgg']]sd(s:énp%ne"aa"%b'\é\%s. TR heelaaaipe tbree

| i n@aY bactmeatOmort &rderiyByhite BiiAd age free end 108
of rségcﬁgdd | eg 70. \Wen Iiﬁear ag%gsagoggo%ﬂ”smg@gdf@
f r e€ RN AHBPrintheat3adijen powtber 67 is caused to rotate
about & 119, . Slg%eon,d and tertiary datuns 88, 106
engage dat um bl'ock® %ﬁa”@&w@entdﬂmvhmﬁgmmena@m
\Wh eaerrntédnistng adchdi ondi.ng datum bl ock 50
Has r?;cheggg hedjubae ds SR I]kpstclgmisalignment may occur)

W . .
hen a row of printhead nozzles 53 is rotationally offset from a targel. Details

regardlpg determination of the misalighment are discussed below, To correct
itch misali ¥ '
p musafignment, a printhead 52 may he rotated as indicated by the arrows in

Figure 13 using pitch adjustment assembly 78, discussed below

[0068] Magneiic clamp mechanism 118 may be caused io release

dalum '
block 50, as described above. Onge released, finear actuator 104 may

ext '
end 1o engage free end 108 of second leg 70, When linear actuator 104

engages free end 108, L-shaped member 67 is caused to rotate about pivat 110
Second and tertiary datums 88, 106 engage datum block 50 and cauge ratation
thereof. When printhead 52 (and carresponding dalum block 50) has reached a
corrected pitch position (shown in Figure 13}, magnetic clamp mechanism 118

may b
Y be reactivated and lock datum biock 50 in its corrected position, as
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corrected pitch position (shown in Figure 13),
magneti c cl anp nechani sm 118 nay be reactivated and
| ock datum block 50 in its corrected position, as 14
WD 2006/ 116318 PCT/ US2006/ 015486 descri bed above. The
phase and pitch adjustnent descri bed above may be
aut omat ed, as di scussed bel ow. [0069] Referring back
to Figure 2, printhead carriage 15 may further
include a mddle plate 136. Mddle plate 136 may--

i n¥OGYE 1 ¥HE ee outrigger nounting porti onECTUEELCULEE,

152 and two | ocking nenbers 151, 153 (seen in Figure

15). CQutrigger nounting portions 148, 150, 152 may
have air bearing pucks 154, 156, 158 coupled t her et o.

Al 1 lBeafitedhops K hei g
adj usted to | eve?he;‘rﬁqféﬁ %‘ﬁg%{m%aar%r'f@é@ dpscriped éﬁf’i\’%@alr'cbe

pri nffiendled ay disgssefl bade  14. Locki ng nenbers 151, 153
may inclrge ferrous steel discs and nmay be nmagnetic.
M ddl e pi’d¢ 1Bgeriagbask toFigwe §ubfﬁntl~®la@la&még|3| BRASSE ihe?

SUPPRkidePs | e rriage 15. [0070] As preV|oust
ment i ongd£ ngarcfbn@ g @ ca’W’Pg%\g’@t‘%‘ i fvinag dnavely thred BU@idRr

pri mhedd maohags § Wih additiona
reference toOFlgureg)?%f%%‘am' kﬁ?ﬂgﬁ@ﬂ@dﬁir§@éﬂﬁnane

rF&qu He (Ririggerbasting raABnsS{ JgU havi n
uppg, oSy %aice 161 and fop?r val Issq%déﬂgz %%ﬁha‘%%’g
rosu

Upp c& '8 $oupley thevatre | Aidiesasihg paRATANSar Qe %
l's

surm 76 and | ockin menbers 175
& !g%d ;%%610 Je%éé’ e GuTRge P Ir‘i}af'%‘eblmctm&daraﬁgw%e

srdé«aLM$m32mm%éwr%615&?% inthead carriage 15.
Val | 164 may include arrrrsyllz}’ilap%lg3 THEYE leghdiscrgnd may be

t' he "898 m Migdle Riata g3amaierds - lﬂfﬁcrdﬁﬁ%c&}%sse{o%m r g rrawq net s
and, ﬁelectlvely engage and becone cRE4P
Iock ° Merber s 151, 153. [0071] Locking nenbers 175

may innpmm]ajﬂpggg&h& retention force to

mentioned, printhead carrlage frame 14 may

cont
ain printhead carriage 15 therein. With additional reference to Figures 14-17,
H]
printhead carriage frame 14 may include a base frame structure 160 having an

Upper surface 161 and four walls 162, 164, 1686, 168. Upper surface 161 may

include air bearing retation surfaces 172, 174, 176 and locking members 175

Wall
s 162, 164, 168, 168 1 May generally be located around srdewal!s 32, 34, 35

38
of printhead carriage 15. Wall 164 may include arms 178, 180 extending

theref
rom. Locking members 176 may be electromagnets ang may selectivaly

engage and become locked with locking members 151, 153

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

€ac i
h locking memebr 151, 153 that can be varied automatically by pulse-width
modulati . .
odulation of bucking coil current 1o vary force from ag high as 80 ibf to 0 Ipf

15



each | ocki ng nmenebr 151, 153 that can be varied
automatically by pul se-wi dth nodul ati on of bucki ng
coil current to vary force fromas high as 80 Ibf to O
I bf. 15 WD 20061116318 PCT/ US2006/ 0154736 Bucki ng t he
magnetic field in the | ocking nenbers 175 allows for
rel ease of the |ocking nenebrs 151, 153. [0072] A
printhead carriage adjustnment assenbly 182 may be
co upper surface 161 of wall 162 and may- be
engggégﬂﬁﬁgh printhead carriage 15. Prinfﬂggﬁ““%ﬁw‘
carriage adjustnent assenbly 182 may i ncl ude an '
engagenment nenber 184, first and second |ink
assenbl i es 186, 188, and an actuation nechani sm 190.

EngagremitihdBadetic i pnclude arms 192, 194
ext endi ng al ong s d%ﬁ%ﬁx%pfnéﬁgm ¥ £ {3'Pys i9F wlsaep of the
si deVpgkitem@asbr36G;1, 158specti vel y. An actuation arm 196
may extend_between arns 192, 194 and may include a

recessed! 67t i Hiprind@dicheings aviusReoEES@EbLDRR A Be bOSABY
i v op Byl lor TRl ea e baapase win pineayccanots.
s, v Bt S, R
e e 4, g
carriage ¥t df 1810%eemesnt immgber PB4/ otagl inc@RIAGETRAL 194

bet we&RAdihd 2 200, 202 and engagement menber
184 and dp@?‘r%ﬁc{egggl[ €4a?r}‘di HRGE g sidawallf Ga.736] redpdctiatyi on

me ¢ HaracgmichQ0m ey miah G i near .actuator 214 and a
bi as spring 216. Li 2egtrgﬁc§%%%tr%?m§l%' ﬂ%&/arﬁie'“%’o‘ﬂﬁl'dédi to
upp&FEeSTEf fradian 164 tinfrein. wWetldoeskbdH pokibr1 GG nﬁgth%?ﬁt’?ogmzl‘l
naynkgéjgdgraﬁ arm 218 rotatably engaged” w a F st
si de 220° Bty §alesBnt menber actuation arm 196 and

may be fekfackay

aﬁd’]second link assemblies 186, 188 may each include a

P . .
ink member 200, 202 having spherical bearings 204 at first ends 208, 208 and
sec

ond ends 210, 212 thereof.  Spherical bearings 204 may be coupled to
en i

gagement member 184 ang printhead carriage frame 14, creating a pivotaj

engagement between link members 200, 202 and engagement member 184 and

printhead carriage frame 14.

0074 ' j A
[ 1 Actuation mechanism 180 may include a linear actuator 214 and

& bias spring 216. Linear actuator 214 may be coupled fo upper surface 161 of
wall 164. Linear actuator 214 may include an arm 218 rotatably engaged with a
first side 220 of engagement member actuation arm 196 and may be retracted in
a direclion generally opposite bias spring 216, as indicated by arrow 221 in
Figure 14. The rotatable engagement between amm 218 and actuation arm 196

may i i i
Y include a hephajst bearing 219 having a first end coupled to arm 218 and g

16



a direction generally opposite bias spring 216, as

i ndicated by arrow 221 in Figure 14. The rotatable
engagenment between arm 218 and actuation arm 196 may
i ncl ude a hephai st bearing 219 having a first end
coupled to arm 218 and a 16 1 WO 20 O 6111 6 3 1 8
PCT/ 1JS2006/ 015486 second end coupled to activation
arm 196. Linear actuator 214 nay al so have a

r of,At ngagenent with base frane structure 160
thE%J@EAlﬁgghai st bearing 223. Bias spri nﬁc%guﬂ%?s‘be _
an extension spring having a first end 222 coupled to
a second side 224 of engagenent nenber actuation arm
196 and a second end 226 coupled to a post 228 fi xed
t 0 peécdhd@RGGRdS A%Gatbs 34, 5], 1.0, operation,
printhead carriage 15 Irmy e9 aéﬁ"%""gg‘é .tﬂrszﬁﬁﬂpai’ﬁlﬁu ha"f’a

f eat (Aasdledengegessridvibiinye fratd BRucERE fddf thdagH Neph&ig%egﬂinfq‘:h
of p% nt head carriage 15 may be adjusted by rotati rig
pr i nt e ZPSERINGiZAG @ B araxisngién sphieg hevieg afiirsacid @b calpied
mechgnj S$m 4% act uation of |inear actuator 214,
arm 218 may %ﬁ I ng%n?aﬁflfﬂegtr{"eé‘?q’?f DEPHHNAY 1P6]anth @ssecond
act vatlaes dlgied B9 pRQLIRHLID @ik 8mbs: dsR,aced, link
menbers 200, 202 may pivot pgbout %g%ihierf?aéngﬁ4beari ngs
204, cau8¥7y rovetraton pioheRNGABESES mafBE RSB kingMi Ch
trar}gét'? £5 rg)st tion to printhead carriage 15,

i ndi'cat ed- by ar FBwWe2 M9 spegtiogliy thelplich Whiethead carriage 15

S peGhdyi e daluded m218 is retracted, first end 206
of 1ink mejﬁbgr a;r@%mrga A 8?‘13?3@”38%651‘“'%58??&3@@&@@@% n
a  cegmnemcimc kupseadliaiGChd MRa0atd '35 gnd, 208 of
link menber 202 rmay rotate about agdéczg%’dargh%l%z'fﬂ pull

r es GFYRG TSP tratd foear acidatbrizne aks dofuas b 198%s Aplaced

pri gy iage 15. Due to the |inkage
ar r an; gge?r@r? Sagopi?gg 2% B @Beit Arheddal braringstieabacshigbags 15

may ofn®yademeMhadok, (Lt gii.onal .. Transl ati on of printhead
carriage 15 rmay incl U\g;é'éh tga%?r'%ie? mg 4" P Rsintheqst canigpe i

may eieatest ydinow @8 ImyFiduher aOkdr® Boeehiy, 84 Ry o148 retracted,
first end 206 of link member 200 may rotate about second end 210 in a
counterclockwise direction and first end 208 of link member 202 may rotate about
second end 212, resulting in rotation and linear translation of printhead carriage

15. Due 1o the linkage arrangement, the displacement of printhead carriage 15

may not be purely rotational. Translation of printhead carriage 15 may include

some X and y oifset, which may be predicted by the motian created by the

adjusiment assembly 182, The transtation may be accounted for by a

coordinated move of substraic 18 and printhead carriage 15

[0076] During movemant of printhead carriage 15, ajr bearing pucks

1 . .
54, 156, 158 may allow for rolation of printhead carriage 15 on air bearing

rofation surfaces 172, 174, 17g, When a desired position has been attained. air

17



adj ust ment assenbly 182. The transl ation may be
accounted for by a coordinated nove of substrate 18
and printhead carriage 15. [00761 During novenent of
printhead carriage 15, air bearing pucks 154, 156,
158 may allow for rotation of printhead carriage 15 on
air bearing rotation surfaces 172, 174, 176. \Wen a
desired position has been attained, air 17 WO

20 PCT/ US2006/ 015486 beari ng pucks 154, ..156,
158%#%”3%&%%& printhead carriage 15 to air DESFIHE*
rotation surfaces 172, 174, 176. [0077] In an '
alternate exanple shown in Figures 18-24, a printhead
carriage frame 300 may house a printhead carriage 302
and B8inkQu egst s 10 | nmanner
simlar ?% ?‘ﬁg‘t@’ k’dggb??abg'gp . E@’E@%éa%aa&aﬂeg% ¢ A threing
car r idtgen $urfaces 1221 174821 7ent head carri age 302 may be a
gener al | rect angul ar nmenber having a series of

si dewal | é’ﬂﬁh, Inzmeatterngts exame siminnit eacs 162Ar & pGRG02
may : ialar t rinthead carriage 15 and
A T L R T e B R
I N FPgDrappaptus Ao PR IaNkBSRE o | Lust rent :
assenbly 312 may be fixed E@%{roﬁﬁt&hg% bggrap?vfg’é’g?rp'ﬁﬁ’re
300 Rifitreshyarriagenfiaion 14r | Minhear carmige | ®BCmA0Bs LNELRIA
couprlgét%% Igri nt head carriage 302 to printhead Carriage
fr ane” 396" POTPAS faviRp i Popeeral isidevalls 3040 Bes; @0; 810 OPiGEd €S
19, 26 ri nt head carriage adj ustnment
asse nb[figlezgof Z@r)r%)? 29?%96?"8 § "epr']ﬁr P PUTRead S¥Ea8| 'y 289 may iplddean
act wantthew Agsenbhstemdibs af S 14 i ncl ude
an outer frane 318, an ?rﬁgﬁn ?’r@ﬁg?%ogp%ae%&ﬂﬁ'ﬂ?%g
el erffBHYgCy 2ssemblyBes may BrveBbRrinti@y cBRadd e sbOand may
pri ggﬂggdﬁgt er“rdi age frame 300 by printhead carriage
mount | ng PPl are ¥4 #h8 Heyni ereplind epriathgeh exrgdgeys02 to

r ecparigidl adriReI¥mbsyy ng first and second

[0078]  With particuiar reference to Figures 19, 20, 22, and 23,
printhead carriage adjustment assembly 312 may include a frame assembly 314
and an actuation assembly 318. Frame assembly 314 may include an ouier
frame 318, an inner frame 320, and coupling elements 322. Outer frame 318
may be fixed to printhead carriage frame 300 by printhead carriage mounting
plate 324 and may include a generally rectangular body having first and second
sidewalls 328, 328 extending generally Upwardly therefrom. OQuter frame 318

may further include an upper plate 330 extending from first sidewall 326 to

second sidewall 328 and a lower surface 332 forming an air bearing surface

First and second sidewalls 326, 328 may include aperiures 334, 336, 338, 340
342, 344 therethrough.
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sidewal I s 326, 328 extending generally upwardly
therefrom Quter franme 318 may further include an
upper plate 330 extending fromfirst sidewall 326 to
second sidewall 328 and a | ower surface 332 formng an
air bearing surface. First and second sidewal s 326,
328 may include apertures 334, 336, 338, 340, 342,
344 therethrough. 18 WO 2006/ 116318 PCT/ US2006/ 015456
[0079h)lnner frame 320 nmay contain printhead cartri age
300°CPHENE! . I nner frame 320 may be | ocat BdBEPRERTF
upper plate 330, lower surface 332 and first and
second sidewal I s 326, 328. Inner frame 320 nay i ncl ude
apertures 346, 348, 350, 352, 354, 356 generally

correspopdiL&g rtures 334, 336, 338, 340, 342,
344. | nngﬂr‘;jl 17% ame%g%'en%%? "Ray, Enipin Riflfead cviqos 03 Heisiar

body tnnérttiama SZQQMﬁBJ%G%%EQrF@BEﬁﬁat 0 bR 3R, g usi.ng
printhead carriage 302 therein. ower surtac

of i fiféind pecantsidpelisfzy, deaciudeant B20xaas hd\ie BsHEre3 375
for giding. oyer oquter frame |ower surface 332, and’
vacuum pads 23t 195 9epady entterarginaio aperiuees 3 Gegrase, 340,

bet ween sk41Ngy, outer frame 318. [0080]
Wth re?erenggfﬁgﬁifgﬁggg%%§ gﬁﬁ” '&'@ﬂﬁﬁ??h@mﬁﬂ@ﬁﬁﬁts

322 geneipllybereh @emérasbridh 1368 RodRE dhikth &S 338,
340, 342, 344 and apertures 3%{" 348%?*%%%?"7%?5’?“3551,
356, W §UT1RES S35 el flage Seupheintindeat bhEREPaR2R7 kP ri@ky er

frang re specifically, coupling elenents 322
may e%@%érﬁ%eulgvéerﬁu PR @"dy"éF‘é'ﬁﬁ??ﬁS B 0orgeaventiay tejative

havinﬁtgeraenV%&h@&%eﬁﬁbﬂfeisg?Jgﬁgu%pfr%%%ﬁure el ement 360

may be formed from high tatigue gth sheet net al

and rmy [0066] udéthacbea® oMo ARBoNaY) e
I eg nd two outer |egs 364, 366 ext Hgﬁﬁg“ém‘ié

36 0.
t he &Y PR RFAlEhubinagerures 338 636, 388, Sbe 32, 8edlardpsilkdra4s,

frapgs 338 r s 364, 366 may be coupled
t oget her gg%#aﬁxgc?e g & Bay apnery fruripripnes dame 380 td ener

| egfr@62318. More specffically, coupling elements 322 may each include a flexure

etement 360 generally having a W-shaped configuration. Flexure slament 360
may be formed from high faligue strength sheet metal and may include a base
portion 363 having an inner leg 362 and two outer legs 364, 368 extending
therefrom. Base portion 353 may be fixed to outer frame 318, Outer legs 364,

366 may be coupled together and fixed to cuter frame 518 as well. Inner ieg 362

may be fixed to inner frame 320, thereby creating a rotatable coupling between

inner frame 320 and outer frame 318.

[0681]  With reference to Figure 22, actuation assembly 316 may

include a linear actuator 368, 370, housing members 372, 374, and engagement
blocks 376. Housing members 372, 874 may be coupled to outer frame 318.

Linear actuaiors 368, 370 may be arranged generally opposite one another and
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may be fixed to inner frame 320, thereby creating a
rot at abl e coupling between inner franme 320 and outer
frame 318. [0081] Wth reference to Figure 22,
actuation assenbly 316 may include a |inear actuator
368, 370, housing nenbers 372, 374, and engagenent

bl ocks 376. Housi ng nmenbers 372, 374 may be coupled to
outer frame 318. Linear actuators 368, 370 nay be

arranaged general ly opposite one another and 19 WD
SOBBIRESTS pCT/ U52006/ 015486 coupl ed t & NETLRE*

menbers 372, 374, and therefore outer frame 318.
Engagenent bl ocks 376 may be fixed to inner frame 320.
A spring 377 may be fixed to inner frame 320 at a

{11 Skl 310,800 Mo Re i x50 10 BOUSLIg fenbers

372, 3 and therefore outer 'fra

end I@hgeniBpriiidegs 76 mdyax fixdBo MHAeEhRESHOR sHitlyidH9 m%? e
may gene[ally provide a force urging |inear "actuators
368, Ixad 9 it immerfga gemisitendBIdand ngage fiwdtio blueiad MoRdds

Lin coders . 375 be coupl ed to upper plate 330
gener a1 Ty ABAVE LR §LGdRmRE B iesorstasa SpbOBEYG Y may
oper@tan R il ' re.in _an "ON'

P at 2. " ERerith a6 oha REZ bRt d36reR ioh Toehl ety on

bet 687D imeendagemant @@ erBgbht Rdcks BFed MBrnead Sncolidls BRY S
state, linear actuators 368, 370 may act on engagenent

bl ol P8 7EPletingRpRs plal? 33B berslaly 8P erayodmepaideks $ve,

appl i ed &thelog inner frame 320, which is thereby

caused 10 Tot 4t $PCFAUPT: MG af Beadng Ridsf35Z R i9BY "ON5staieen

i N tel gy GendRily prévideh O ol tlhe actuation

shown i ny I% guryed 23 | g%lg)“égg]aﬂeb?tgtg @’8%@?”?@%@%0"?&3 PR

" pur fagesis. Abt bial siatatlabarartustbrsi 3885701 A TRt %goeng%éwgg,
gengr II¥ 1.5 degrees relative to outer frane 8.

Si né 8‘%? e e bIockEFEE SBR impiar the antliad foese onirinbi fime

| Sk, UABAE 8 Al I0Rd KAIE, 220,/ 9001 S5y P11t foad
spetipdre cal | ¢, shbli@xuer gor&d %P%Sac%%%n shown in Figure 23 is
exaggerated for illustrative purposes. Actual rotation of inner frame 320 may be
generally 1.5 dagrees relative to outer frame 318. Since printhead carriage 302
is contained within inner frame 320, as inner frame 320 rotates, printhead
carriage 302 is caused to rotate as well. More specifically, flexure elements 380
are caused to splay open like a “wishbone,” providing a biasing force against
rotation of inner frame 320. A constant center of rotation may be maintained by
linear actuators 368, 370 acting as a force couple.
[0083]  This force couple may be achieved through precise placement
of linear actuators 368, 370, so that equal and opposite forces may be appiied.
However, due to variation present in manufacturing operations, it may be

hecessary to adjust linear actuators 388, 370 for positional errors. In order to
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are caused to splay open |ike a "w shbone, " providing
a biasing force against rotation of inner franme 320.
A constant center of rotation nay be maintained by

| i near actuators 368, 370 acting as a force coupl e.
[0083] This force couple may be achi eved t hrough
preci se placenent of |inear actuators 368, 370, so

t hat equal and opposite forces may be appli ed.
However de to variation present in manufacturim
op@?ay?6ﬁ§, it may be necessary to adj ustCHY SHEH8
actuators 368, 370 for positional errors. In order to
20 WD 20061116318 PCT/ US2006/ 015486 conpensate for
positional errors, linear actuators 368, 370 may

Pr OVicépedidid RF Sidional Qe ﬁ:}?fa({i %Jﬁ]a%'ﬂsese%gg@lﬁqgﬁpmg%;e g%grgnt

I i near encoder 375 | ocate ove eng

376, fosces rmmrenel exbiifent Béih@meaqctdR} 81580dRdSBHR dn%l{%%m
di St?‘glfe travel ed. During setup of the stage Ion

cont &f%: & Emapded roteion dfay trélete &t sy lioean dRince traveled,
moni HQt pped. A relatjonship may then be
det er mn§ %gﬁgg)tf V\I&E e%aggnr&?ngn c%'?tm{le&t 9 o 9h thefiasd esrn be
posi tbmred lhd Magesi hirGRich SRR Ly £d moment
may be resol ved auto&atf%ﬁﬁfy%F%ﬁkéygm%gg??@%W%%§W&?on
has Hdeatoatandieneder mikition. DEBN pagion AB8ha3k %%li&emgﬂiﬂ?ed
"CFR% qu v cuun1§ads 361 may be turned "ON," [ ocking
i nnel ™ 1aEPVe3 uipaptisallyy Onee a glatied phaitanbaSidn ARG ir

Li nagk; 8 7Q.my rotate the inner frane
"on t hrg@iﬁi?&@f rﬁﬁétger mf'%? SO%&Q? VAT [Pedsodt Mayrke tragd be

nec eoBAlpkitgIn@PRmRCi20 fdive loRHBFIY,ACHES N the
transl ati onal notion of either the printhead array

stage of®®Rk Liedystchabe IBAGE. méyl lotShb Mbr FAMSE L
ang%ar [J;r‘idsralhl gnnent between the printhead array and
substrate 188 B M detalonsy ramyr be necetaaty Ao rakect Ny

be ifaERRRRE inl e PRk rinthead and the substrate
stages. A mlgppi ng ertg)bggréolﬂ%%ee' ¥ O Peoberdiarey Hrgerr itheg

axi SURRte siphat Epts MaN@AkeCAH BhGAR Mildfneht b, 305 1A' °S
al on
prcrpthead array and subsirate 18 are known as yaw errors. Yaw errors may be

present in both the printhead and the substrate stages. A mappiné'may be done

for both the printing axis (axis that printhead carriage fraime 14 translates along)

and the subsirate axis (axis that substrate 18 translates along). The yaw angle

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

[6085]  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

sliminated by rotation of a printhead array in an angular fashion. The amount of
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and the substrate axis (axis that substrate 18

transl ates along). The yaw angle about a vertical
centerline relative to PMD apparatus 10 nay be
measured and stored In conputer 922 as a notion nmap.
These neasurenents may be taken using a device such
as a laser interferoneter. [0085] Typical error

magni tudes for precision X-Y stages may be in the
rap f 20-40 arc seconds. This error range may -
regﬁﬁwgﬁﬁn% print position error of 40 tY85°M%¥¥ns
in PVMD apparatus 10 (Figure 1). This error may be
elimnated by rotation of a printhead array in an
angul ar fashi on. The amobunt of 21 WD 2006/116318

PCT/ WUB260GADKLHS N Gt d t he. sum of the
rotation error for ther%t%{aﬂtg?yﬁé&?fipgﬁtgpﬁﬁg%gﬁ%%@220

and #Kdhe ptatien erer &r sasirdtens SiDSlcab Cdiskhc@ biofy Y stage 22
g a p for

partbsqrylaar dj stance along Y stage 22. Usin
each axi smipo{‘?‘b?ﬁc@ FXHEMDYRY 92 ey vy Trabidally Suneatalad lased

er r odrdl coRREn Lo rinthead rotation to conpensate
for the errors iﬁgd %F#?Wﬁ@%penﬁ%? foateiesareadhe erintwpd be

i n ivordaeatge aty DEBh incAfncls02 A 2660095 ol
correction nay be applied at an i nt%r@g?g%}fsem"gs- The

app rCGYeStiRn r@g}spezeq;gl@d tet angstenea o a:@fb&iﬁdtely 2000 fikbs Hay ﬁacong .
ea

trangl 0 angul ar correction in the print
array C@E“%F%“B%E“ tﬂﬁﬁg anglag gogrgation ifthe pripthsarbestay atery s e,

pri mt i@l ot ih@ stiRLS ter/sec. Using this nethod,
pri nt head arrgy r;ogﬁ{hig%ﬁf%ﬁag ?rﬁﬁoééjrﬂgﬁtf@@-tﬁsia@ﬂiﬂmt

f or Msthediadricthedd artaly FRGEENAR Intd, 8% 4 apparat us 10.
Speci fical ly, deviati orqsﬁi ndyt heédi%sgﬁ/g) Qgcgf'ﬁ A stugggral 57

r el XPPYResn BMDiageattusta. dneditchiydetBEon B BCE A §dgdsor -

[ 0086b- Rekering to Figure 25, an-alternative
print hea%ﬁ"gté3’}%?%5’%“?%0"3’9%%#?@909%5/ be slidably

coupl edposs] a EIEXIAPRAE; ~X stage 401 at support
rails 402, 404 (érgebger a@f@ig’i ] Iag‘??"ﬁt%e PrEad drawmotam

.Fi guFiem ﬁ)() mey ﬁ’&ﬂlimoﬁtﬂé’c.ﬂy a P\V@ta%fﬂratﬁy ﬁtsga?a é(ﬁo nlgy
i ngLudg,! jpear motion drives 406, 408, "a”pr it HEeY
, (generally similar 1o those shown in Figure 1), Printhead array
rotary system 400 may include linear motion drives 406, 408, a printhead
carfiage 410 having printhead assemblies 412 contained therein and linkages

4 . . 3 -
14, 416. Linear motion drives 406, 408 may be engaged with and displaceable
along support rails 402, 404. Linkages 414, 416 may be coupled to printhead

card .
arrlage 410 at first ends 418, 420 and may be coupled to linear motion drives

406, 408 at second ends 422, 424,

(0]4] j |
[0087] In Operation, after a rotational error Is determined, linear motion

driv i

es 406, 408 may be displaced along support rails 402, 404 in directions
en i i
generally opposite one another. As linear motion drives 406, 408 are displaced

relativ 1
e 10 one another, linkages 414, 416 are rotated, thersby causing a
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carriage 410 having printhead assenblies 412 contai ned
therein, and linkages 414, 416. Linear notion drives
406, 408 may be engaged with and di spl aceabl e al ong
support rails 402, 404. Linkages 414, 416 may be
coupled to printhead carriage 410 at first ends 418,
420 and nmay be coupled to linear notion drives 406,
408 at second ends 422, 424. [0087] In operation,

after a rotational error Is determ ned, |inear notion
dr MPELY468% 408 nay be displ aced al ong suPPEsL0GATBes
402, 404 in directions generally opposite one '
another. As linear notion drives 406, 408 are

di spl aced relative to one another, |inkages 414, 416
are r . by causing a 22 WO 20U6/116318

PCT/ ﬁg%%%‘g‘%i%ﬁ%{éﬁ °%:/B’r‘“?’§§‘b eteon §1P-o08F¢ e desirgt pesitioead
car r iisegemétd. aritdaCRe Fbaan [ i £ li pear
motion drives 306, 308 %?ﬁﬁ%@%%‘*@&‘%ﬁaﬂ fyyiage 302 in
pri nP#E8% carriage 302 in position. [0088] Wth
addition@% Jefﬁ;ence”to Fi gures 26-29, an alternate
pri nt heat! "&ar r iy erdiionsh refemnaganie Hiume p6-29)t breatternate

carr hiagRad Lo I.NENg rinthead assenblies 516
thergin.aP%?ﬁ%%gﬁﬁkkggkpgg@”ﬁ?dﬁ@t%thﬂﬁwﬁé“éd@ﬂﬁbbg

to PWDihagpesaitiss $6 el BMREadHaliy hat
descri bed regardi ng prilntheaofa ég%#ﬁkﬁg 1%3ﬁ%bﬂﬁwphd

Prine Wé%a@gfagqsdgén ShBnargimilameo |thed @es’triﬁ‘édﬁ@bﬂr&’rﬁg Bﬁ%aé 18

supparied, vertically by a first set of air bearings
SZOp%r{{a&}r EE F'é\lti?‘y %6'9%%‘“5‘@66% SHemay diciudé r dvedari bogp 552 2

Mo U rsugsbrit DvaRichip bl § rriage. fr 514, [0089]
Print head carr ?ageqﬁ %ﬁg{éﬁ) a%@%ﬂ (R¥EMabY szecensitsebn
as s et §eaiRd 520mounli al ;ahihya&%irixﬂ;mn{ggfh pthead carriage
515, providin% a pitch adjustment of printhead

carri agéP%85. Prigteesdt rasvirgassend|sie 5Rdy Mg NG Uéiﬁ;g%bn

Mot QLseMbin ol G, 02 magnetic slug 528, a stop 5
and an ogt i cg?r rg%éaggeqnw printhead carriage 515, providing a pitch

adjustment of printhead carriage 515. Actuation assembly 524 may include a
motor winding 526, a magnetic slug 528, a stop 530, and an optical encoder 532,
Motor winding 526 may be mounted to printhead carriage frame 514 ang

magnetic slug 528 may be mounted to an upper portion of circular body 518 to be

driven by motor winding 526. Stop 530 may be coupled to printhead carriage

frame 514 and may generally extend over circular bédy 518, limiting travel of

printhead cafriage 515 through an engagement between stop 530 and magnetic
slug 528.

[0096]  Printhead carriage circular body 518 may include slots 532, 534

536 housing printhead assemblies 516 therein. More specifically, printhead

assemblies 516 may be containeq in housings 538, 540, 542 extending into slots

5 .
32, 534, 536. Housings 538, 540, 542 may be slidably engaged with linear
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Mot or wi ndi ng 526 may be nmounted to printhead carriage
frame 514 and nmagnetic slug 528 may be nounted to an
upper portion of circular body 518 to be driven by
not or wi ndi ng 526. Stop 530 may be coupled to
printhead carriage franme 514 and may generally extend
over circular body 518, limting travel of printhead
carriage 515 through an engagenent between stop 530
angdmaghetic slug 528. [0090] Printhead carria%e
circul ar body 518 may include slots 532, B3450eREgse
housi ng printhead assenblies 516 therein. Mre '
specifically, printhead assenblies 516 may be
contai ned in housings 538, 540, 542 extending into
sl ot searibghs44 ¥4, 5483 ' . 540. 542 may be
indanyﬁgzgaged mﬁ?ﬁmE?%gg?%§%%§€Q§§%6%W%T@gqgwmmms
PCT/ ©5526%% 5516486 forlveastitingst Hodings 548 545482 a@]&;@ g%
534,5%933naé,further i ncl ude |inear actuators % ;
552, >E51%% REVEPH2 Phisetadigpimenttof prnthehd hesambiieg 516 3Burthed 0,

542 a9 &lQt - 0534 536, providing a phase
adj ust ment o '@?ﬁéﬁﬁ’ﬁf@a@‘e Lasasmy ‘«ggatlgq 8" anggihetreprce many

i ni theedeomifes & ubify BOFELE QM senbl o
variation or any other s%ﬁ?ceeﬁgéxh%gﬁég‘%%ﬂ%%ﬁ"ﬁ&@’
usi et prea ipwverisuracs yirietheaeseiagame, bel ow to reference a
fiducialmgqgrk on a | ower surface of printhead

carri age’®15. Wio¥ditony referendelite Fionas 3p eheroense atemate

Fi 9yrifBeadOs alternate printhead carriage
fr arrlertreI 614 ﬁg’%&hﬁ%“s“‘é%&% Kiid ﬁ'@"é&? RGihpad; pradade 82¢ eertaining ng

pri mtitlesed aaeanEsdeamerdh® hhG! ﬁiFfbun(eszﬂ.OWHntLe%fJEarﬂ%{?efrg%'

Printhead carriage frane 614 nmay be coup
appdf i@ @upled QUMD dopaiatus A0 (RRIRET) Sk MikhiaF Si%%iﬁm&

desggd regardi.ng printhead carriage frane
Pri nﬁ?@"g"g recga?%’?’igéﬂ%fgeaéfemﬁwran@eMr driathedsl aarriagespd2e Ghaly O

pri 6é headbif abidiRoe biaE, 614, Mre specifically,
printhead car rdi age ey @fﬁ'a%wga'?"ﬁ frd e MpieopRoCiEGRdY,
r eaPrinieid cadage itinb 834 839 include front and rear wall assemblios 632,

634 and sidewall assemnblies 636, 638, which cooperate to form a printhead array
variable pitch adjustment apparatus, discussed below,

[0092]  With additional reference to Figure 32, front wall assembly 532

may include a wall member 640 and an adjustment assembly 642. Wall member
640 may indlude an upper portion 644 and a lower portion 646, Upper portion
644 may include slider portions 648, 650 at ends 652, 654. Siider portion 650
may further include a leveling mechanism 856 to adjust vertical orientation of
second end 654, and therefore angular disposition of front wall assembly 632,
Additionally, slider porfion 648 may also include g leveling mechanism (not

shown) so that front wall assembly 632 may be adjusted vertically at both snds
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634 and sidewal | assenblies 636, 638, which cooperate
to forma printhead array variable pitch adjustnent
appar atus, discussed below. [0092] Wth additiona
reference to Figure 32, front wall assenbly 632 my
include a wall nmenber 640 and an adj ustnment assenbly
642. Wall nenber 640 may include an upper portion 644
and a |l ower portion 646. Upper portion 644 may
in s|ider portions 648, 650 at ends 652, 654.

Sl ?J é?l’%blg?l?i on 650 may further include a"fé&vEH Hy*
mechani sm 656 to adj ust vertical orientation of '
second end 654, and therefore angul ar di sposition of
front wall assenbly 632. Additionally, slider portion
648 By s8h Soov ; ' i sm (not shown)
so t hat f%o%ﬁe\?\gﬁ&%@j ﬁﬁﬁg’ L%%%Sh%gy & Ay portion of
ver t iadiatingnt agseboly B4 tidSissedbeM) 20U6/ 116318

PCT/ US2006/ 015486 652, 654. Lower portion 646 may
i ncl ude #08fe| FdiggBei Gsenbypdiet inmgineludeos tihaan sk bearing

adj u . senbly 642, discussed bel ow. [0093

Adj u§§dTrrg E‘%" %é-sae% %fs ffidy2 PIYRL pepg@bly 666, A @Efthast icerdage
bear magntin® 842 ' . ' nbly 664, a

pi vot as ggnbfr;@%g% ‘l"“é’@gg‘i*“ﬁ‘? H%alflﬂé q{grg%?? :Lg"?ee ar’ UbRafELpE0

assefby $8ESong skliassb.oBki 66 e QBRI BeBricatonky a ity of
slid earin% 660 nay extend al ong shel f 658. 1°l
662 WAy "gErRt el mpmbsi6dn @ndimende focateq aivdve Yineaf stidk bearing

| enggdy. of; r 640 and may be | ocated above

| i near sllli(j%\géégggi? :g%g ma%g'ﬁ'}‘g%{?rﬁc?é'déé%ﬁﬁwpmsﬁﬁ%{ 674
i nclwithearf infefitedatOpRA 78 iops 672, 674 W Lh
an intermedi at e p%rti on é@g&?ﬁvgﬁﬁe %erféoﬁ?”t%d(s?‘#‘faé"( 678

mot dPiaedeeenitsiond 6B a7 et iREmRERNER0T 6755hd §2kond
portign 672 and internediate portion 676 and a second

mot dr1 28¢" fEE HB06Beatech datveen retawde rnds goained €d and

POr tidt&heB48 paiith s75Nt er medi at e portion 676.. [0094]
First and second end portions 672, 674 may each

I ncl ude [0094]  First and second end portions 672, 674 may each inciude
support members 686, 688 mounted to lower portions thereof. Support members
- 686, 688 may be slidably coupled to linear slide bearing 660. lnterﬁediate
portion 676 may include an arm 689 slidably coupled to rail 662. Pivot assembly
666 may include pivot members 890, 692 having first ends 894, 696 and second
ends 698, 700 rotatable relative 1o one another. Pivot members 690, 692 may be
in the form of hephaist bearings and may have first ends 694, 696 coupled to
upper portions of slide assembly first and second end portions 672, 674,
Printhead carriage Mmounting assembly 668 may include mounting blocks 702,
704 for coupling adjustment assembly 642 to printhead carriages 628. Mounting
blocks 702, 704 may be coupled to pivot member second ends 698, 700, allowing

printhead carriages 628 to rotate relative to wall member 640. Locking
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support nenbers 686, 688 nounted to | ower portions

t hereof. Support nenbers 686, 688 nay be slidably
coupled to linear slide bearing 660. Internediate
portion 676 may include an arm 689 slidably coupled to
rail 662. Pivot assenbly 666 may include pivot
menbers 690, 692 having first ends 694, 696 and second
ends 698, 700 rotatable relative to one another. Pivot

eS80, 692 may be in the form of Eg‘%ﬁ!"’?’g‘a‘“%

bearlngs and may have first ends 694, 696 cou

upper portions of slide assenbly first and second end

portions 672, 674. Printhead carriage nounting
assenbly 668 may include nounting bl ocks 702, 704 for

C | )
oLt TS SERTVE b 1 g i

cousiaaming bolisi 706, 706D @ fSAL ARSIRAIEsENy G@Qratnué'ié %1 ng
printhead carriages 628 to rotate relative to wal

wﬁéef”bm@“ﬂ L6lereping bolp 308\Mmap b6 Bibier8 @118 globally secure shde
PCT/,US 8@%Q1§%86nnqphanlsn1670 may be coupled to
i nt ernedr ate BoFRPoRCHPE iR al‘?’H?‘mF'i’f%IO[J&’é‘ ard easpichend

bol pérticteB72, é%relamyto ErQar anfﬂhéfj tﬁl&aﬂ%\iém o{; i 0?(?%? é9642

relative to wal | be

[ gﬁfaéﬁ@d bpt{;s @QJEOB'QVIH}GyS&ChUh%néd h(ﬂ@eoul@st‘#ﬁmdyse%% end
geneﬁg ﬁ | ow ng m nor adjustments of first and
¢PrERE %

secB? foP'RivBiRong 220theg74 rel ative to one anot her

t hr oughgg t uat 680. Cl
bol ¢ 5 7689766 R s ic KR do 31 o1 deatn pecsvia

adineind a i o t t h
£0008] ot oy ¥ nniraia® 766 daa Pir oELaBRY 1Ho,' Gol Rl |

ass'@f‘r‘fbtl’eyﬁx%tﬂ? sidegll aseehiictes s, vul IPVIREDGHDI OB SR
d&ktag% nmbly 710. Wall nenber 708 nay be fixe to
[Pr3ded 1é§aﬂ%f'rsfe®gs (TP} gownnasiesHobiy GHHO (FERY

i ncdh SeTRYel Sankdds {14 hav first ends (not
shom&?qgond secg%@gﬂ aﬂ()no”t P'VQHBW%G‘% tel'dBlea bpéite i ve
t 0 fome Bepbtift@naringt Mting ARIEMEE Fiot'shGwn) fided {BY) RSP 7ds®

Mounting blocks 724, 726 may be coupled to second ends (not shown) and

printhead carriages 628, allowing printhead carriages 628 to rotate relative to wall

member 708,

[0096] Sidewall assemblies 636, 638 may each include wali members

728, 730 having leveling rails 732, 734 on upper surfaces 736, 738 thereof.
Slider portions 648, 6850 of wail member 640 may be slidably engaged with

leveling rails 732, 734, generally allowing wall member 840 to travel along the

length of leveling rails 732, 734.

[0097]  In operation, when a printhead carriage 628 is determined to be

offset from its target position, it may be adjusted using the features discussed

above. Specifically, when a printhead carriage 628 has a pitch misalignment
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form of hephai st bearings having first ends (not
shown) fixed to wall nenber 708. Mounting bl ocks 724,
726 may be coupled to second ends (not shown) and
printhead carriages 628, allow ng printhead carriages
628 to rotate relative to wall nenber 708. [0096]

Si dewal | assenblies 636, 638 may each include wall
menbers 728, 730 having leveling rails 732, 734 on

u aces 736, 738 thereof. Slider ' 48,
G%ﬁ%?ﬁﬁ%éﬂgl menber 640 may be slidably eﬁgg‘ggéﬁc?%%“t"‘g ‘
leveling rails 732, 734, generally allow ng wall o
menber 640 to travel along the length of |eveling
rails 732, 734. [0097] In operation, when a printhead
car rfeye ingRfird 1) d @fa@ bELHRGted Osi i it

tar get,_posi tion, it may be adj r%?id]eug{"%éféﬁaéntq%gg?e%[ﬁ es
di s CERETERNY: PANERAES STpaschefadiuatid ip,comdreme andnrﬁi,mga,gmb

car gwge%zé%”hasegsgétch m sal i gnment 26 WO 20 O 811
1631 T'es3 oghRyohmenheryg2(7dhown i n Fi gure 13)
it may [pesgyor p@at I j.ust t. assenbly 642.

Mor e sglgcfiqfi cal |e§g cggﬁél‘dr%?ﬂ@ggésj rqg%gfrﬁ'gf’"b@‘“‘éﬁ]eﬂ@?réd 2.0

cor f Ecifropdhehpiitends atinamean bsdapply Ghat 5RQ rint head
carriragtgqsjl 628 about pi vot rren%ers 712,as%rf1fg' %6’@%?’9
Pr i PRESHC 0P lapsil Aed/byreleasitydodking ateonthisii 670! 1 SRNRET S

712meché t he use of adjustnent assenbly 642.
Siide a’i"ﬁ"etﬁﬁ @'g‘g E‘i reﬁﬁedo@' lopsigping amping bolisoios, 2dspmay.

r ai Pno6 Bébkiny moeha8@m d¥8 Ha0 Gkl nechani sm 670. Locki ng
mechani sm 670 nay be rel ggésn(g%‘egsye%l B $560nel raetprizad

bo| FYRAIB78, BeGmay Gve sia assehnol kg hani 670, has
begjgsirr gl eased, first and secgnd n%r{ég?i%ﬂfgpé%lts%ﬁfooars
678, 680°RY GPich eoepioe assenbly 664 al ong the 1 ength

of rail 2 esir osition for pitch
corr ectf?ogﬁ. %88@3]395@ blgg&oi vels aliag P SagGatinthead @iiagad ong

r ab£8 86 Rtateat dbilitheatnd ok 7@5,%4 from a first position (Figure 30} to

a second position (Figure 31). As printhead carriages 628 are rotated they

become angularly disposed between wall members 840, 708. In order to

ac i
commodate the angular displacement of printhead carriages 628, wall member

640 translates along leveling rails 732, 734 as printhead carriages 628 are
rotated. -

footo00] Slider assembly actuation may be accomplished by adjusting

av i
oltage signal to command the motorized actuators to move in or out

information on the desired location for print head nozzles may be obtained from a

vision system, described below.

00 i
[CO0101] The printhead arays may be configured as contiguous or

—— .
on-contiguous arrays. Non-contiguous arrays may include gaps in the print

swat i
h between the printheads 52. A schematic fepresentation of a non-
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628 are rotated about pivot nenbers 712, 714 from a
first position (Figure 30) to a second position
(Figure 31). As printhead carriages 628 are rotated,
they becone angul arly di sposed between wall nenbers
640, 708 In order to accomopdate the angul ar

di spl acenent of printhead carriages 628, wall nenber
640 translates along leveling rails 732, 734 as
PrdoliRadiscarri ages 628 are rotated. [O0QdQQL.hkder
assenbly actuation may be acconplished by adjusting a
vol tage signal to conmmand the notorized actuators to
nove in or out. Information on the desired |ocation
for print head nozzles may be obtained froma vision
sy stoentguelssaay liredbnivestawed ih ¢LR1ds. TR RoRbdrbRE2d 4 Fays
may be configured as contiguous or non-contiguous

ar r 4541 IRBPhYSHRL $FpUistaticarimpaped e iprinthasd 520 3PS rdolRridghe
pri : tween the printheads 52. A schematic
r epr%ggseﬁgg@?’g Ei%o 'gelar?gﬁ'- b ioiipe oRYS ima Brsticglar space. The
PCT/ghis2 0 réhlid 8 6:Hapiat in0 r I S.denpnstrated in
Fi gure 33. %Lnon-coﬁ%%i guﬁggﬁgﬁlg’a@gﬂ%@mﬁ oG ther pigiive
phy 1°¥tens plz e |piinthdasit dnap 16 MROSLSRY 1ol A i DfNE3F 122
used reguiri n_g gaps to achi eve the desired nunber of
jetting arrdyednThe methed ef ritehingspayce. geiraly \GRaREeaTY

I eQiglslafrayeB@nge in the printing nethod that alters
the relative novenent of the printhead array to the

subst r ajoe12p i N&UARMRle FhE . the. substrate are
printed. The net hod of E’ppﬁ‘it c%%ncgfnﬁ%eya%“es%eé'ﬁﬁqpﬁap‘ﬁ 800

unaf f Beve pchpmatisaliy dn dgusegensnt ARRIQ2L, eagéj&w% ive
own

pri rriage adj ustnent apparatus 8 I'sS's
sC h%h%tgt?g 3?‘?9’” H’%Pﬁeg lirand3seca®l. privthbant beedegos 807, isag)en

adjbeam ¥8d) tang AP 8 y._include first and second
pri nt head car r%g&snua%ﬁeinq}%%ﬁ Figst printhead carriage 802 may be

fixed to a first side of beam 806 and second printhead carriage 804 may be

slidably coupled to a second side of beam 806 generally opposite first printhead
carriage 802,

[00103] Actuation assembly 808 may include an air  bearing

ass i
embly 810, a pivot assembly 812, and first and second actuation mechanisms

814 i i
» 815. Air bearing assembly 810 may be coupled to a first end of beam 806

near a first end of first printhead carriage 802, Pivot assembly 812 may include a
hephaist bearing 818 coupled to a floor 818 of printhead carriage adjustment
apparatus 800 and beam 806 near g second end of first printhead assembly 802,
providing a rotational coupling therebetween,

f00104] First actuation mechanism 814 may include a finear actuator

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

array variable pitch apparatus floor 818. Linear actuator 820 may include a first
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beam 806, and an actuation assenbly 808. First
printhead carriage 802 may be fixed to a first side
of beam 806 and second printhead, carriage 804 may be
slidably coupled to a second side of beam 806
generally opposite first printhead carriage 802.
[ 00103] Actuation assenbly 808 may include an air
bearing assenbly 810, a pivot assenbly 812, and first
and second actuation nmechani sns 814, 815. Air bearing
as¥H* 810 may be coupled to a first eReVERUHERM 806
near a first end of first printhead carriage 802. '
Pivot assenbly 812 may include a hephaist bearing 816
coupled to a floor 818 of printhead carriage
adj a s 800 and beam 806 near a second
end L%'%' %?F%%UP %g ?‘? {1 3%"35%@%"1 8P2 99 may feclgde @ sergncharm

r ot @28 @BEledCio Uilvhitlg eb 41 Fir

act uat i OL%J mechani s milgqumgﬁ%h@éggé?b% ai’éf'l?‘c‘ﬁ

820 aémldd arom/w @ thotoried 2ough ivakaios ynee@apw&nk% gae
mtq in printhead array variable pitch
appar% % IPSUBRSY oibparm 804, firatary 82 Lmeiohe GR0detRy rdtacbdige a

fi rg&h,evggﬁ}{g)dd%gprg/mlo}gsls PCT/ US20061015486 arm 821
coupled to first prln R carriage 802 and may

i ncl udeoa 65 coNdeddhdNactd vabl e k 822
Li nk 822 nay ei ther be ﬁﬁﬁ%ﬁé%égﬁngr 8?5‘#98 @ﬂB‘E‘ﬁFe

8242YAot 6y | Linsdr Bbtoabur o7 iadyi wsngigéd‘lwﬂﬁ séc@n@?mﬂ%\é&
coa ation adjustnent of beam 806. First arm 8

Ry rgag%)?péﬁa% eqm 8{’% Hiear agtuater B chie yaneminf | pid€ide for

ad] skadoment 00105 econd actuati on
nechani s,mugfijﬁrs1 Oﬁa%;/&}qﬁjgfﬁhdgd Cam?qe]r?g‘g? ongfeeigfr 817,

Li near faetoght orin &paratitnypilde cLREaH
printhead carriage 804plan8 beamgg égln& Bnﬁheeéiﬁ gc& &t or

817" HeR} HJWHET BY pojuaioncasiateblyf ane. Wbld Sabhcayaed HalhR "

se [ head, carri age 804 al ong beam 8
Gan q’ra@er ls ang guide groove 82% arms 821, 8239may act on f‘ rst printhead

carriage 802, causing rotation of first and secend printhead carmiages 802, 804
and beam 806. Linear actuator 820 may further refine rotation of beam 806

through extension or retraction of arm 821. As beam 806 rotates, second

printhead carriage 804 may be driven by a linear actuator 817 to achieve proper
phasing of second printhead carriage 804 relative o first printhead carriage 802,
This process may be automated through use of the vision system, discussed
below, to record the relationship of first printhead carriage 802 ang second

printhead caniage 804 and to initiate movement of second printhead carriage 804

through linear actuator 817.

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

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

complete. At this point finear actuator 820 may be used in combination with the
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[00106] In operation, pitch of first and second

pri ntheads 802, 804 nmy be adjusted by actuation
assenbly 808. Mre specifically, as novable Iink 822
travel s al ong gui de groove 824, arnms 821, 823 mmy act
on first printhead carriage 802, causing rotation of
first and second printhead carriages 802, 804 and
beam 806. Linear actuator 820 may further refine
rotati on of beam 806 through extension or retraction
of VU EPE. As beam 806 rotates, second FPYTAVHEEE
carriage 804 may be driven by a |linear actuator 817 to
achi eve proper phasing of second printhead carriage
804 relative to first printhead carriage 802. This

pr oGass of the vision
system Sglaés(rg ﬁé"zﬁég 9%2‘? gdv#\j/, b ?{g %g' orérs%%t%'g'e L PYsReRE fieh
of factistes miimbbieadocad rhagamBad dith $80ARMn Pl higad
carriage 804 and to initiate novenment of secon

pri r?Pﬂrg%{Btecp&F'f hag baergtyipined e otrgheal! icardaye aajotitiakt QppaRkls

[ 00 ral L.y di scussed above, after notion of
lin 11?9% é’iﬁ?‘* fg“g&]'%h%ﬁ”l‘

S CO et’e, the coarse pitching adjustnent

f th 1081 h e Lete. At thi
0 e poiodiheageRiha%s FABY%s %‘3 ang 4 atesl.hﬁulg &ﬁﬂ?oﬁelgf thety

point linear actuator 820 nmay be usé

wi t RritiRed ca8e00800) 864 idpBd AighidTb USIBRRP TPABS, wil koD
systemto, rotate beam 806 to the final precise angle
of ad]"T5t HRREPICHEAY. PaRibRagy @St sHown in ercit ofiprithes chidiliges e

pri péhead it hin .0 1.crons.. Once the appropriate
pi tch hasﬁ@y‘eéigfg%dﬁu%e ALY PR oe eestrmeaiad sgeing in

ad] grs4tore piint aqpadiah UsoncB 0ol BYs Bgibiged, for. printing.
[00108] Referring to Figures 3 5%%53%?@?¥“@Hdwraﬂ e
not EHCtlipaRreapBIongIfead carri ages 802, 804 nay be

al i gne e generally in phase with one another.
Mor e sglg&l%ﬂb caIg‘?eS}‘,’r"rﬁr Pack e alderrg otvishosyalemi m7 @R ammf

pridpbkeasl 16 L b 2. 804 may be aligned such that
they print o?g'r' ?: E% ascgﬁr)édng'} &4nerg aEMbly 980 ped @ machine

vision camera assembly 902, With additionaf reference to Figure 37, calibration
Camera assembly 900 may include g calibration camera 904 and a mounting

structure 908. Mounting structure 906 may include first and second portions 908
910.

[00110] First portion 908 may be fixed to vacuum chuck 16 and

second portion 910 may be slidably coupled to first_portion 908. Mounting
structure 806 may further include a motor (not shown) for driving second portion
910 relative to first portion 908. Mounting structure 906 may also include a
fiducial mark 912 for coordination of calibration camers assembly 900 and
machine vision carnera assembly 902, discussed below, Calibration camera 904

may be fixed to second portion 910, and may therefore be displaceable relative to
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greater print deposition concentration, as indicated
schematically by print deposition areas 830, 832.
[00109] Referring back to Figure 1, vision system 17
of PMD apparatus to may include a calibration canera
assenbly 900 and a machine vision canera assenbly
902. Wth additional reference to Figure 37,
calibration camera assenbly 900 may i nclude a
calibration canera 904 and a nounting structure.906.
MO eHY 8t ruct ure 906 may include first "aHEE&EUsHY
portions 908, 910. [00110] First portion 908 nmay be
fixed to vacuum chuck 16 and second portion 910 may
be slidably coupled to first portion 908. Munting

St r uaduiechl801 8RN d; i ncl ude a motor (not shown)
for driving chOﬁdJ'%%{PFi%%nﬁ raﬁ}bﬁf?ﬂ’?'@lc'a\'f“i 19 @MupPer jspréace of

por tvRewmed&k 1Bbunti ng structure 906 may al so include a
fiduciai_mark 912 for coordination of calibration
canera 848 y V50 camera aveaviblynedzvhayi idude Bl Fesolution

assely o902 fi scussed bel ow. Calibration canmera 904
may be fi xéé “t‘gﬂ ‘%8@@%0”%8?&16@9 ROVOUgNNY sheojure B dfoar e

be dissipioncamblacyi ShAt e At 2006/116318
PCT/ US2006/ 015486 a\?ag uu%gg%aﬁeg%e%fi"ﬁwafhm bight fselion

gen&ia §16pNqse npticticdiig o RsaitioH RRRE of . vacuum
chuﬂg” 16, | 00111) Vision camera assrgr?g‘f&ggg er%afﬂf}é o
i ncl Ude “BPPYRFPELS Mt bvotd maiies angday ife doh&ly sufficient

I €S9l adédnPibasd 1 nd a nmounting structure 918.
Low resol uti g%rc@%%g?% ng‘i“sﬁﬁ?/ 1faMougting rstrattee 918 ekg of

vi dngludaanbiadighogoesl i 98 916. re
specifically, |ow resol ut isgﬁ&gg};n%?ma](rﬁ’if% 5 dnqatdy

fi &Y e bragket\R2e to i @t eheysir . Thi s
| Ty aur T etk OndioR i ek, ol

r aRgdeIIBY JRE, gener ally sufficient to
| oadi ngI efﬂ?n o f§'b%éf"|‘da*ﬁ% see@nd Mown tiiay froGidd 1€ Ldifg 918

Mayranslation of mounting bracket 920 relative o second rall 26. Calibration camera
904, | i i
oW resolution camera 914, and high resolution camera 916 may all be in

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

[00112] In operation, calibration Camera 804 may be used to

detsrmine printhead positioning. Calibration camera 904 may be focused on any
of printheads 52 (Figure 4) in an array to determine relative positicn between
printheads 52. Calibration camera 804 may generate images that are sent 1o
tomputer 922 for determination of position errors betwesn printheads 52. If an

error is i j
s found, printheads 52 nay be adjusted as described above, Calibration

[00113] As noted above, calibration camera assembly 800 may also

inctude fiducial mark 912, Fiducial mark 912 may be viewed by machine vision
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i nclude a bracket 920 and first and second notors (not
shown) for novably nounting bracket 920 to second
rail 26. The first notor may provide for axia

transl ation al ong second rail 26 and the second notor
may provide for vertical translation of nounting
bracket 920 relative to second rail 26, Calibration
camera 904, |ow resolution canera 914, and high

r i canmera 916 may all be in co ' '
mﬁ%ﬁhghg%ﬁputer 922 on PMD appar at us 10n?ﬁpg%@%%§@f
[00112] In operation, calibration camera 904 may be
used to determ ne printhead positioning. Calibration
canera 904 may be focused on any of printheads 52

(Fi gameraddssbmbhagoBtd adordiutd SLiBFH, Ly ition
bet ween printheads 52. Calibr at irggar@%%m%s!?}e 48$Pa)"7‘”d

gen Saghine VITHY empiaagssemisy $ent drae reamaub&ﬁio:%ﬁgf bfat%en

det gL lL.on_of position errors between printheads
52. 1f ag‘? J"T'g"ref“"o?sslg"é"%’f B myching Mgl sarBsa aespmbip 902 s

adj wsdwaOreRsvedRSiGdnt i bration canmera 904

may 0:1 ovi de egpgsli tningﬁgﬁwagg%ﬁ hg'%% g&u?a\%’?fﬁt“’(’?c?ﬁ‘?‘%fétﬁﬁsﬁﬂmbbf

pri arztmaching visivo camekDR3dtly A HRL ve,

cal é%r ation camera assenbly %900 lﬁﬂygyb%gle%%%n?dnbglcﬁﬂ%“‘er

fi dUE A0 TRYrYe ©e9 for Primdheeil $2 anapknt9ska cqﬁ;y%@gdég@rﬁé@ﬁggby
/015

MACHiNS Y LS,QN 1 2006/ 116318 PCT/ US200
camer a aeg éagdv 1 5"%6@%%“%%?’%'%9@&%%@ atrhen assaRBIy a

as sealahy pRadbbnia B Rehi i sion camera assenbly 902.
Once rel ative poréaigt i oni ﬁgm%ve[?ev\lfé]gﬁn Meyph e aes ehvommeer a

as SeH5! §irmeRP. ake maycdeharaiy\Hisi A RbR e%nrrplyl 902 is
kn relative positioning between printheads Bave

(;’J. foning _bet $ . .
cal'i bratt ofr C&fretubstiies dibang p@OGadand mRC bR Shpn
capbdidnasg S&F be determ ned by conputer ~ 922
and ma;a%e usé%eb%%%e”g@ﬁ?%éaﬂ%z and print head

carri afforeddj ushEBRbd aRSe. nfli sed above. Further,
rel.ative positioni nga be?’mnggﬁﬁ%ﬁssﬁno??m@%%sﬁ%{“%s%%ﬁmW

determine positioning errors between substrate 18 and a printhead carriage
Mcre specifically, low resolution camera 914 may take an initia) image of
substrate to determine the location of a fiduciaj ma‘r'k 924 thereon. Fiducial mark
924 may be small, €.g., approximately 1 mm2, and may be in the form of an
eiched chroma marking. Onca the general location of a flducial mark 924 has
been determined, machine vision camera assembly 902 and substraie 18 may be
ranslated so that high resolution Camera 916 can provide a detailed image to
Computer 922 to delermine substrate 18 orientation through the use of a machine
vision algorithm. While indicated as an “X” in Figure 1, fiducial mark g24 may
include a variety of forms. The image of fiducial mark 924 may be analyzed to

detarmi i i j
armine rotational orientation of substrate 18, as well as the position of
. o

substr. i
ate 18 along the substrate axis. An additional fiducial mark 926 may be

32



902 and printhead carriage frane 14 may be known
t hrough the use of comon optical strip 923. This may
generally allow conputer 922 to determne relative
positioni ng between substrate 18 and printheads 52 and
determine any positioning error therebetween,
di scussed bel ow. [00114] As noted above, nmachine
vi sion canmera assenbly 902 may determ ne positioning
ween substrate 18 and a printh rri.age.
‘{r;&{"%”gﬁglltsfl cally, low resolution camer aggﬁﬁsg‘%ﬁ’yls‘?g
an |n|t|al i mge of substrate to determ ne the
| ocation of a fiducial mark 924 thereon. Fiducial mark
924 may be small, e.g., approximately 1 mm2, and nay
be ilstateleorf Qafiﬁﬁraﬁé t ssidet ng, Once. the
general location of a f|@ﬁ?ﬁ%ﬁ&£&ﬁé ‘g%héiwon detgfmingion.
det é‘T’qﬁ'F’ﬁé@BrWélﬂ%enaylgsmemﬂy ba kested BSPEI yon%QSZf,@,pgns
substcr}t ,ﬁ'lgg' be translated so that high
resdl'u dREMECFE R 6 hay Hedisechiodedass fideclalinnpigezdt O
CONRMik substrate 18 orientation
t hr ougcﬁlf ihﬁég%%%cggﬁw @35\ WeR &MLz i ohesat guite crgrtatinpl e
i ndidgiabdarmgedan " X' in F| gure 1, fiducial mark 924 may
include a-variety of fornms. The image of fiducial mark
924 may [OBéi 5& nal QEth wtatighel egipnthtide of @!bﬁtakmaé determined,
or| ﬁ.,g 1h23 Qi suggstrate 18, as well as the position
ST At R e Aihipdiahevestayshave their sespentivedrrientations

addad"ustya&b debSMe kRl 6 _may. 2 WD 2006/ 116318
PCT/ 052006/ 015486 |'°'og‘gaﬁiﬂ @'%oﬁ”os‘fdﬂﬁw dhe; warigly <qf swaygii t h

t hedigcggsat iabmval AdtitientyaticOmcHRsd S5 i al
mar ks d924 926 may general ly be lI ogég%ééﬁg?sﬁmg%ggé

corfP LB, Ry mages toh dfuciaHimghks raes 0bast toD Bonfaia oo ?ol 6
mMaYgehy I ocat fiducial mark 926 w thout the
assi s tﬁgﬁ% ggsggog"i“ WP @F@P?‘o‘?ﬁe’@%?"a’”m fpbased 1@n Fohe

or i esmrh, ik iy rkf$| 00115] Once the
rot ati onal (')rl ent anﬁégdr?aélg U%ﬂﬁ%g% 'frlg[e Wy;teenyaliasevir pid,

sub
Ubstraie 18. This may be determinad by variation in size of andfor distance

between fiducial marks 924, 926.

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

mechanisms may be automated into a servo- -loop controf system by computer

922. This may eliminate Possible sources of human errar. jt also may allow for

alignment adjustments 1o be made “on the fly' to automaﬁcally adjust for

va
riations in printhoad position caused by thermat expansion or cantraction, or for

thermal expansion of the printing material that has been loaded onto the system.

33



the printhead carriages discl osed above may have their
respective orientations adjusted to account for the
positioning error in any of the variety of ways
di scussed above. Additionally, the machi ne vision
canmera assenbly 902 may periodically provide inmges
of fiducial marks 924, 926 to conputer 922 to
deternmi ne positional errors throughout operation of
PMD apparatus 10. For exanple, fiducial marks may be
anal yzed to determne any thermal growh of substrate
18. This nmay be determ ned by variation in size of
and/ or di stance between fi%g&h@% mar ks 924, 926.
[00116] The use of the vari mera systens and
adj ustment nechani sns may be automated into a
servo-loop control system by conputer 922. This may
el i e [ bl.e sources of human error. It also may
a||@0£€§%d3§%%£ rent adjustnents to be made "On the
fly" to automatically adjust for variations In
pri nthead position caused by thernmal expansion or
conkractj . ..expansion of the printing
matté'rialA Qyﬁggé&%gg%nﬁgﬁﬁgﬁﬁgnto the system 33
CLAIMS What i s ai is: 1. A printjng apparatus
conpri si ﬂﬁﬁu% %ﬁ@k’r‘%ﬁﬁ’f?"ﬁ’lﬁ’r‘é@ ?lﬂ)@%@ﬁweoﬁsubst rate
thereon; a rail spaced apart fromsaid chuck; a
pri nt head "¥L$RAcRY SPeFtRM S3ldteeki 0 said rail and
containing a printhead carriage housing at |east one
pri nt head Aringhraadncaziage rfsame snasipleda i satsl tailcangh containing a
said chuck and configured to capture inage data of
pristhiedd sairiagedwiisingdatjeasticthe minthieadthgeeinata to a
conmputer; and
a first camera assembly coupled to said chuck and configured to

capture image data of said printhead and provide said image data tc a computer;
and

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

wherein said computer controls at least one of firing of said
printhead and relative movement between said chuck and said printhead

carriage frame based upon said deviation.

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

assembly is generally pointed toward said printhead.
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a conputer receiving said i nage data fromsaid first
canera assenbly and configured to determ ne a
devi ati on between a desired position of said
printhead and an actual position of said printhead,
wherein said conputer controls at |east one of firing
of said printhead and rel ative novenent between said
chuck and said printhead carriage frane based upon
said deviation. 2. The printing apparatus of claiml
wherein said first canmera _assenbl general |y
poi Bt ed ThRvRFinting papgEtys pEs@Im3l erqrﬂésqyt Printhegd carriage
aratus of claim1l wherein said printhead carriage
tnCI sudtdeaat wengrintheadsr isaidhdinsls caggral dssegtbly anpwfigured to
assenbly configured to capture inmage data of said at
captassimagedata oft dadd cs |emst two erinteaslai ahd pregiEledsdid image data
said conmputer, said conmputer configured to determ ne a
to skl icabviputerh shidasmpmier enifigRred rsdéteminefa devidtiei be®asth an
two printheads relative to one another and a desired

actB8p pbsifibn Af §AH thtakabiefsd drivtheidsNidMRESty Shétaﬁéﬁhéroand a
one another. 4. The printing apparatus of claim1

dto

e R iR eehd Ebp TR AR e EIREBEY (C
an upper surface of said chuck. 5. The printing
apparat us of claim1 further conprising a second

ngra aﬁ?@'@trﬁmgg‘éﬁgglla\(u odfp kBfint 9 %tﬁ’tetjelgahard ‘ﬁﬂ.‘tr Saﬁ’lera

sa| d second cane sse |s configured to cap
aséae?nﬁlp?éggorgf @édr&t?]é@g)ﬁ; elna |rec!?%ggengl‘au&g)e?g%la]lgrsto an

or i en atlg @I salid substrate based on said i mage of
UPRE; Hr'agh L &7 The printing apparatus of claimb5
further conprising a fiducial mark

5. The printing apparatus of claim 1 further comprising a second
camera assembly_ moveably coupled to said rail, wherein said second camera

assembly is configured to capture an image of said substrate.

6. The printing apparatus of claim 5 wherein said computer
determines an orientation of said substrate based on said image of said

substrate.

7. The printing apparatus of claim 5 further comprising a fiducial mark
coupled to said chuck that is viewable by both said first and second camera

assemblies.
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coupled to said chuck that is viewable by both said

first and second canera assenblies. 35 8. The

printing apparatus of claimb5 wherein said conputer is

configured to determ ne relative positioning between

said first canera assenbly, said second canera

assenbly, said printhead, and said substrate, and

wherein said conmputer is configured to automatically

adj ust a positioning between said printhead and said

substrate based on an input fromat |east one of said

firdt anbhe sRIENiNG @RRBFAIUS e finiMed. whergiRe sgidi wompter is

apparatus of claim8 wherein said printhead carri age
configused tadplenming nelatiye positioningabistweandsaith firsticamena assembly,

automati ¢ adj ustnent includes an individual
saidJegondwameard asseinmbhs tsawhprinthead, ang kaidasubisyratd, and wherein

printheads. 10. The printing apparatus of claim8
saidheineputes & Gomfigunéd ea Autsthaticlle ddjust’PpasitibhingCisstaked said

to said printhead carriage franme, and wherein said

priftAE8aBhH GaiPEUiBstate Bhsed6h WhaApUiGHeHh 20 Teddt oR@iof said first and
printhead carriage relative to sald substrate. 11. A

se&{ﬂdrggnq&a%gggﬁig%econpri sing: a chuck configured to

support a su thereon; a rail spaced apart from
said chuck; a printhead carriage franme coupled to said
rail and containing a printhead therein; a first

cangra Wg@gﬁg@ %E{)ét%ﬁ:ﬁseef g%irﬁa@Wﬁ'é?eih gﬂﬁﬁ%aefcarriage

sai d print a secona canera asse

ho@sﬁ%fé Eh'.lrrglﬂy bP pﬁﬁtﬁ)}'ég&?, émﬁer%ﬂ]i gaiafautgrﬁiaﬁc gHﬁgfrﬁgﬁtthludes

an individual adjustment of at least one of said plurality of printheads.

10.  The printing apparatus of claim 8 wherein said printhead carriage is
rotatably coupled to said printhead carriage frame, and wherein said automatic

adjustment includes rotation of said printhead carriage relative to said substrate.

11. A printing apparatus comprising:
a chuck configured to support a substrate thereon;
a rail spaced apart from said chuck;
a printhead carriage frame coupled to said rail and containing a
printhead therein;
a first camera assembly configured to capture image data of said

printhead;
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a conmputer in conmunication with said first and second
canera assenblies. 12. The printing apparatus of
claim 1l wherein said conmputer is configured to
determ ne a deviation between a desired position of
said printhead and an actual position of said
printhead. 13. The printing apparatus of claim1l
wherein said printhead carriage houses at |east two
printheads therein, said first canmera assenbly
configured to capture inmage data of said at |east two
pri nt head$ecand ¢amargAsse fogligwadite capturer image data of
devi ati on between a desired position of said
saigsubsinatedand el ati ve to one anot her and an actua
position of said printheads relative to one another.
14. The gprconiguter mppamnatumtcatibnolith saildl firdd eanell secorel odmera
said first and second canera assenblies includes a
asdambiisal mark viewabl e by both said first and second
canera assenblies. 15. The printing apparatus of claim
11 wherein said conputer is configured to determ ne
relative positioning between said first canera
asstmbl yThe siintingeappstatd ®f aclaps enblwhersii @aly icdohiRAsh is
carriage franme, and said substrate. 37 16. The
corftiguféd fPdaeRAIR! &' deRbtich Bofvdeh ¥MIRERED ps&itidn bf 58id printhead
camera assenbly is configured to be noveable in a
' ' ; icular to an upper surface
an%?ﬁE@Fg@gﬁﬁggﬁBgﬁén¢£®pg%ﬁgsaid second canera assenbly
is noveably coupled to said rail. 17. A printing
al i gnnent net hod conprising: capturing i nage data of a

pri heaﬂmé“’b?iﬁi@eéﬂaééhu&a&%éim g;f;%lﬂagéiﬂgséi%ﬂﬁth%%%a%age

a substrate to I'nted upon ,
houses at least two printheads therein, said first camera assembly configured to
capture image data of said at least two printheads, said computer configured to

determine a deviation between a desired position of said printheads relative to

one another and an actual position of said printheads relative to one another.

14. The printing apparatus of claim 11 wherein one of said first and
second camera assemblies includes a fiducial mark viewable by both said first

and second camera assembilies.

15. The printing apparatus of claim 11 wherein said computer is
configured to determine relative positioning between said first camera assembly,
said second camera assembly, said printhead carriage frame, and said

substrate.
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printhead with a second canera; determning a
devi ati on between an actual position of the printhead
relative the substrate and a desired position of the
printhead relative the substrate; and adjusting a
relative position of the printhead and the substrate
to account for the deviation. 18. The nethod of claim
17 further conprising determ ning positioning of the
first canera relative to the second canera, said
determ ning including viewng a fiducial mark by both
of fhe fT'ﬂ%tPraﬁ@gsébmf@tl@@éragl,m aht whereifesaid first camera
conprising determning the relative positioning
asserobly s cohigwed do decmoeeablarinl a dinectioni genesally merpeddionlar to
an i mage captured by the first canmera. 38 19. The
an napipee gurfhce lofli saidl éhwdke rapidnwheicth eaidt sedond ¢dmeranagsembly is
data of the substrate, said capturing the i mage data
moveably&obpicdttbeaf rafai d deternmining, and said
adjusting are repeated at predeterm ned intervals. 20.
The nmethod of claim 17 wherein said adjusting is
automatically perforned through feedback between an
adj 4Bt @RTriﬁﬁﬁ@éﬁ@ﬁﬁéﬁﬁﬁemodWWg: 21. The net hod
of claim 17 wherein said adjusting includes at | east

one of ”@éjﬂé Nﬁd‘&wé@é&&ébf%‘%ﬁirﬂﬁéﬁ%ﬂfth bhfsiidnidrgead | n

a printhe array and rotating the printhead. 22. The

t hod L . : . : - _
2§or gi ngﬁﬂr‘lﬁgmadnr'r%égrren tglo‘? %ﬁ%&gﬁ%&%?@'%&?iphﬁﬁéggééw ?311 the
nt of ) substrate to be printed on, thereby

rift rm%‘ P E s a . . -
P %Qﬁg Hﬂ +h %??d] e(ffr%‘f‘ Pnt i ng. 23. The nmethod of claim 17
wh : : : : ¢
erern 3é?}|epmi%?r%tg Eéagtiégggﬁvge% gn gctutar Sosition of the printhead
relative the substrate and a desired position of the printhead relative the
substrate; and
adjusting a relative position of the printhead and the substrate to

account for the deviation.

18. The method of claim 17 further comprising determining positioning
of the first camera relative to the second camera, said determining including
viewing a fiducial mark by both of the first and second cameras, and further
comprising determining the relative positioning between the second camera and

the printhead based on an image captured by the first camera.
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substrate includes capturing image data of a first
area of the substrate using the second canera and
capturing image data of a second snmaller area within
the first area using a third camera having a hi gher
resol ution than the second canera. 39 24. The net hod
of claim 23 wherein the first area includes an area of
at least 10 mllinmeters by 10 mlIlineters. 25. The
nmet hod of claim 23 wherein said determ ning includes
assessing a rotatignal orientation of a first fiduci al
mar k9on The meiBed chckimnt budereipriaid faplringithe dnag éiata of
second snmal l er area, and further conpr|3|ng | ocati ng

t

thes sldsiiate. | said icapturingithe imege daiaof the erinthes aeldtdﬂtemmnlng,

canera based on said assessed rotational orientation
and Baidhadj@istingt areirdpeadtat abprddetertnined intervals.

20. The method of claim 17 wherein said adjusting is automatically
performed through feedback between an adjustment mechanism and a

computer.

21. The method of claim 17 wherein said adjusting includes at |east
one of modifying a start position of the printhead in a printhead array and rotating

the printhead.

22. The method of claim 17 wherein said adjusting includes
coordinating a movement of one or more printheads with a movement of a

substrate to be printed on, thereby causing an angled printing.

23. The method of claim 17 wherein said capturing image data of the
substrate includes capturing image data of a first area of the substrate using the
second camera and capturing image data of a second smaller area within the
first area using a third camera having a higher resolution than the second

camera.
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24. The method of claim 23 wherein the first area includes an area of at

least 10 millimeters by 10 millimeters.

25. The method of claim 23 wherein said determining includes
assessing a rotational orientation of a first fiducial mark on the substrate through
the image data of the second smaller area, and further comprising locating a
second fiductal mark on the substrate with the third camera based on said

assessed rotational orientation of the first fiducial mark.
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