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INTEGRAL PRINTHEAD ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional
Application Nos. 60/674,584, 60/674,585, 60/674,588, 60/674,589, 60/674,590,
60/674,591, and 60/674,592, filed on April 25, 2005. The disclosures of the

above applications are incorporated herein by reference.

FIELD

[0002] The present teachings relate to an integral printhead assembly

for use in an individual printing apparatus

BACKGROUND

[0003] In piezoelectric microdeposition (PMD) apparatuses, machine
down time resulting from switching out ineffective printheads should be
minimized. Generally, when a printhead fails, the entire PMD printing operation
has to be stopped so that the printhead can be changed. Once changed, the
printhead has to be calibrated and tested on-line to ensure it is functional prior to
bringing the PMD back up for production. However, calibration and testing
typically takes more time than is desirable and further contributes to machine

downtime.



down time resulting fromsw tching out ineffective printhea.ds should be
mnimzed. CGenerally, when a printhead tails, the entire PM) printing
operation has to be stepped so that the printhead can be changed. Once
changed, the printhead has to be calibrated and tested on-line to ensure it
is functional prior to bringing the PVMD back up for production. However,
calibration and testing typically takes nore tine than is desirable and
further contributes to machine downtinme. SUMVARY OF THE | NVENTI ON
[0004] An integral printhead assenbly may be a el f-contained printer nodul e
requiring an Ethernet, or any other data and control protocol, connection,
power, encoder signals fromboth the main printing X-Y stage and the drop
analysis X-Y stage for firing, printing fluid material and vacuum pressure.
Each integral printhead assenbly may be arranged in an array, and as the
need for additional printheads %—PMMA&Y\@EWEHEVWEIM t hr oughput or | arger
substrate sizes, nore integral printhead assenblies can be added w t hout
redesi gni ng the el edQ40At al A integek Rilthead eesanliy nay de aeaiitroniaineg panter
printhead assenbly has sufficient conputing power to calculate firing
posi ti ons basedme%“'@f%'”%laacﬁﬂﬁ%mﬁnﬂf gy her daigend caBirg! REotesal Eornecinn nt i ng,
or inreal time. Wile a central conputer could performthis function and
di spatch the daP@'& oePqvdenPioRe'A ey Polisthe HaaiR gutting X-Y $1ags a9 Hri#HPPeads
becomes common for | rg,er sugshr,ate sl zes, such as the mapufacture of |arge
flat panel di spPEPESH\V\RI3I%Pr HERE IPFRIRG W maiens) and yaquurppRssier Eagh es
required for a central. conputer may becone inpractical. 00 By
processi ng the 1(5%95?' ipﬂmﬁ%ﬁ: N P?%ﬁ“&&%&saé@%‘%'," ?W‘l@"@htaéaraﬁlmep{)?%ﬁoﬁ%ad
assenbly can acggy f ] =i near. di rtion, of. the
substrate, and %%ﬁ%?rll "?f n},“?%ﬁ%gb%%ﬁ\w eﬁgrgg%glquﬁﬁ@’éroglléé)%sm’%@%s%%ssenbl y
%

can be tested apgopldnabBihalf oL bickSEA%A Lhiks b 8l The" T ace

to the PC inside thg-lhf'gﬁtle ral print asse y and al'so sup e fluid
and pressure copbals. o Thhdrd ! 4tEfotoi. 0 BAYE rillraP bhfifibad® ¥SLABLC 3RED! € Of

measuring the ejected oplets fromthe printhead and neasuringthe

velocity, direckiiah ichypuitdpMedrubBEoalcBR&EE AR pSsitfoAERBSAbA Abpaledddity t hm
new drive waveforns woul d be downl oaded to the integral printhead assenbly

until the requi peirBerépRehrRase [Nt is pribitRs 6r RatANRIee NG hiRbOV@rhIScoRpteved.
Once achieved, the drive waveforns are stored in a non-volatile nmenory of a

dat aboard assenidiyn perfoaheakls Wiridibm ahd Gispaitie Headattd Mk peiateadssenikiheabiong
with its serial nunber, date of testing, pressure and vacuum | evel s at

adj ust mrent and #ngo od M priphexizdecoméo coramhow foridraér subsities sizex) suchhas that egr al
print head assenbly would be kept in a ready stale for quick replacenent of
a failed print hwaoufeetuteheS lprasdiiait pamel displays oF wan eignen-limitinthexaserde e ng
used by the PMD manufacturing tool. This fixture may include one drop check
unit that can srsereaiasiieaujsedion Acenifa coppytat Haybewswdmpleckcsl t hat are kept

in standby ready for transfer. . o i .
[0005] By processing the data in each printhead assembly, the integral

printhead assembly can account for both linear and non-linear distortion of the
substrate, and to limit production delays the integral printhead assembly can be
tested and calibrated off-line using a fixture that can interface to the PC inside
the integral printhead assembly and also supply the fluid and pressure controls.
The fixture would have an optical system capable of measuring the ejected
droplets from the printhead and measuring the velocity, directionality, and
volume. Based on a compensation algorithm, new drive waveforms would be

downloaded to the integral printhead assembly until the required performance for



DESCRI PTI ON OF THE DRAW NGS [0006) Figure 1 is a perspective viewel a

pi ezoel ectric m crodeposition (PlviD) apparatus including the integral

pri nt head assenbly of the present teachings; (00071Figure 2 is a top
perspective view of a prinirread array with the PVMD apparatus of Figure 1;
MOB] Figures SA and 33 are an assenbled views of the integral printhe. ad
assenbly of the present invention renoved fromthe PMD appar at us;

[0009] Figure 4 is an expl oded assenbly view of the conponents of the
integral printhead assenbfy of the present teachings; [0010]Figure 5is a
perspective view of the printing fluid reservoir of

these parameters above is achieved. Once achieved, the drive waveforms are
stored in a non-volatile memory of a databoard assembly located within the
integral printhead assembly along with its serial number, date of testing, pressure
and vacuum levels at adjustmeni and any other process information that is
desired. The integral printhead assembly would be kept in a ready state for quick
replacement of a failed printhead in the production array of integral printheads
being used by the PMD manutacturing tool. This fixture may include one drop

check unit that can service multiple integral printhead assemblies that are kept in

standby ready for transfer.

DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a perspective view of a piezoelectric microdeposition
(PMD) apparatus including the integral printhead assembly of the present
teachings;

[0007]  Figure 2 is a top perspective view of a printhead array with the
PMD apparatus of Figure 1;

[0008] Figures 3A and 3B are an assembled views of the integral
printhead assembly of the present invention removed from the PMD apparatus;

[0008]  Figure 4 is an exploded assembly view of the components of the
integral printhe.'_:ld aséembly of the present teachings;

[0010] Figure 5 is a perspective view of the printing fluid reservoir of
the present teachings; |

[0011]  Figure 6 is an exploded assembly view of the integral printhead

assembly about to engage a dynamic printhead adjustment assembly; and
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h resent teachings; [0011] Figure 8 is an expl oded assenbly view
E)f et Ee integral pri gt head assenbly about to engage a dynam c print heaﬂ
adj ust ment assenbly; and [0012]Figure ' is a flow chart setting for';] |
steps used connect a datum bl ock and printhead to the integral print eﬁ
assenbly of the present teachings. DETAILED DESCRI PTI ON 100131 The

i i pti i i dis in no way
fol l ow ng description is nerely exenplary in nature an
intendedgl olimt the teachings, its application, or uses. [0014)The terns

"fluid manufacturing material™, "fluid material”, and

[0012]  Figure 7 is a flow chart setting forth steps used connect a datum

block and printhead o the integral printhead assembly of the present teachings.

DETAILED DESCRIPTION

[0013] The following description is merely exemplary in nature and is in
no way intended to limit the teachings, its application, or uses.

[0014] The terms “fuid manufacturing material’, “fluid material®, and
“printing fluid” as defined herein, are broadly construed to include any material
that can assume a low viscosity form and which is suitable for being deposited,
for example, from a PMD head onto a substrate for forming a microstructure.
Fluid manufacturing materials may include, but are not limited to, light-emitting
polymers (LEPs), which can be used to form polymer light-emiiting diode display
devices (PLEDs, and PolyLEDs). Fluid manufacturing materials may also include
inks, plastics, metals, waxes, solders, solder pastes, biomedical products, acids,
photoresists, solvents, adhesives and epoxies. The term “fluid manufacturing
material” is interchangeably referred to herein as “fluid material” or “printing fluid”.

[0015] The term “deposition” as defined herein, generally refers to the
process of depositing individual droplets of fluid materials on subsirates. The
terms ‘let,” “discharge,” “pattern,” and “deposit” are used interchangeably herein
with specific reference the deposition of the fluid material from a PMD head for
example. The terms “droplet” and “drop” are also used interchangeably.

[0016] The term “substrate,” as defined herein, is broadly construed to
include any material having a surface that is suitable for receiving a fluid material

during a manufacturing process such as PMD. Substrates include, but are not
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"printing fluid" as defined herein, are broadly construed to include any
materiai that Can assune a |ow viscosity formand which is suitable for

bei ng deposited, for exanple, froma PVMD head onto a substrate for formng
a mcrostructure. Fluid manufacturing materials may include, but are not
l[imted to, light-emtting polynmers (LEPs), which can be used to form
polymer light-emtting diode display devices (PLEDs, and Pol yLEDs). Fluid
manuf acturing materials nmay al so include inks, plastics, netals, waxes,

sol ders, sol der pastes, bionedical products, acids, photoresists, sol Vents,
adhesi ves and epoxies. The term"fluid manufacturing rnateriar is

i nterchangeably referred to herein as "fluid material” or 'printing fluid".
[ 0015] The term "deposition" as defined herein, generally refers to the
process of depositing individual droplets of fluid nmaterials on substrates.
The terns 'let? "discharge,"” "pattern,” and "deposit" are used

i nt er changeabl y liéegitp, Sish pipecipipéitesr giicon evidest barachepiss, tiganamd nbRge f | ui d
material froma HAD head for exanple, The 'sorts "droplet” and 'drop" are
al so used i nt er cHerigEaB| yetal sheets gn0oLly. IMtvertzierambosiinhsts, at @eposka fahi ned
herein, is broadly construed to include any material having a surface that
is suitable for 'Pé@’é%'%%fgnwhmiadswbﬁtr@m infas gueh ag the fivichmbi@cdl alsb hnglydescess
such as PMD. Substrates_include, but are not |imted to, glass plate,

pi pettes silicorrWasetdiable dpnrfceving @ 8uid majerip! §HING B axdrbiastugh@stdcessand
nmetal sheets and rolls. n certain enbodiments, a deposited fluid nmateri al
itself may for msé’c'éﬁﬁz‘i’r@éf‘@}"% Wh58 Torég threedieersianrgmisestiveteks.al so i ncl udes
sudaces suitable for b ei v_& ng . a fluid material during a manufacturing
process, such as, folPanpine eiRe AVPBHICHEES: Hisede! &1in rignerally refers

m crostructures. 017]. The t.ergé"rri crostrubtures,” as defined

herein, general Iy S%?%?ép ed it & LipR 2e9rEe RERICHFIPh 3893 rerdiendde fibgn a

o G 11 orent subSPTeRi o B0 the it & MHEEH SuBirall fras annbel Aot b
ot or changeably o FRald: BHUPREINE B BsAPhAR PBEP ARG Aep o
Strocture For reqhy tenns i TECRENRan 0l SATRAE RO MgRhEpenmel ™

t wo- di mensi onal a si i i ar chi : t.her
[ [ ARl a snﬂgl%ag%r?@]egbf@%id%é‘ﬂena, ghy & lt)lHét%ne(g'ﬁgogfég%’,noQ €§§ form

desired structure. The RAD systens referenc

processes by dep@séthien@rhéding d@ﬁ&ﬁih?'tﬁe QRIpR1@Y BB BLESraAC GARALEG [d-

user-defined conmput er-executable instructions. The term

" conmpui c-r - exec ulradrisnaN gyt Chi Piice-dimdhkieRall Srctesuré hed g diferNgESh as
-program nodul es or 'nodul es,” generally includes routines, prograns,

obj ects, conponeftsyredata structures, or the like that inplenent particular
abstract data types or perfo ni particular tasks such as, but not limted
to, executing conputl@P1#Huneitiec &Mk csieoissrefeendenpharienpérvgm ROBcgpsec @gses.
Program nodul es may be stored on any conputer-readabl e nedia, including,
but not |inited deePsiam IuRDMateRONC Tbskant eecatiherio opei-definediicskpsiter age,
magneti c di sk storage or other nagnetic storage devices, O any other

execulable instructions. The term “computer-executable instructions,” which is
also referred to herein as “program modules or “modules,” generally includes
routines, programs, objects, components, data structures, or the like that
implement particular abstract data types or perform particular tasks such as, but
not limited to, executing computer numerical controls for implementing PMD
processes. Program modules may be stored on any computer-readable media,

including, but not limited to RAM, ROM, EEPROM, CD-ROM or other optical disk

storage, magnetic disk storage or other magnetic storage devices, or any other



medi um capabl e of storing instructions or data structures and capabl e of
bei ng accessed by a general purpose or special purpose conputer.

[0019] Referring to Figure 1, there is shown a RAD apparatus 10
incorporating an integral printhead assenbly 20. The M D apparatus 10
includes a pair of robots 2 that | oad and unload a substrate 4 onto a
substrate stage 6 of the PivlID apparatus 10. The use of robots 2 further
assists in maintaining the substrates 4 in a clean condition such that
foreign materials do not obstruct or damage surfaces of the substrates 4
that will be deposited with the patterned inks. PMD apparatus 10 al so

i ncl udes an optics systemthat includes a pair of caneras 3 and 5 that
assist in assuring that the substrates 4 are aligned in the PVMD apparat us
10 properly. [ 0020] PMD apparatus 10 includes a system controLi power
nmodul e 8 whi ch deastiuno capablecolativring infintchiensRi Jatapipahed¢siand Capable dfbeshgr ega |,
operating paraneters such as ink patterns, discharge speed, etc. may be
control | ed by arfcegseedbior germlialiferose poshecial Burpdaoopater.ol s the ink jet
apparatus 14 arid droglet i nspection nodule 16 of the PVMD 10. Ink jet
apparatus 14 incl udd§9HH aRefgring tofFiguss ilodkere ris shewl apPMBt bpedatas si@nbl i es
that deposit the inks onto the substrates 4. [0021]1nks that are .deposited
by variabl e i nk "SePOsIpa AR INRITAIPrigEad apseMbiEe: dhe RMDagnparaus ¥ indudas i nk
supply nmodules 7. As a plurality of nodules 7 are provided, one skilled in
the art will r eé‘dt?Hi"ZéObgﬁoe Hd15poadiagt antord @ sWhstralrié opippesubsirate siagedupl abl e

for different applcations may be stored sinultaneously. Al so included in
PMD appar at us 1%%] EE/@ PRARE YQ: Sﬁﬁi”ﬁﬁ PRS2 Jurthep pesiste incmeliainiee Hsdul e 9

supplies solvents used to clean the.printheads of the variable ink jet
appar atus 14 | osﬁbsﬁfﬁ‘eﬁtéeWazhglgagtcﬁ?‘ﬁgcﬁ" ilf“ghaﬁ%fg@an%‘eﬁ%ﬂ dg g} glpsiruptor

mai nt ai ni ng the i the arr 12, . . 0022) Th nnt head array
12 as shown nor g%lfigélrg ﬁr;fa%l ?1%F:iﬂbeu?uebsé'?‘%éélné?%m"ﬁ ﬂ‘lcqoﬁﬁ%;swlh ﬁieg‘f’ag‘eﬂ%ﬁ of
integral printh ﬁﬁ@ ' = I, it ' d enbly 20 is
inserted into a%g(rgi nt hea d({%?%jgeal 5%%@ Hg ?rg{)@!'ﬁ' rg&éé%%v%ﬁ %H?cﬁgfeﬁka ?%E Ofo
apparatus 14. TRemEREH Af6s f21 bOGhUYHeSa R ] plate
23. The upper pl aEtne 21 and | ower pl at eSl% g%%ﬁ%&%@ggaaﬁgmebﬁ%
correspondi ng degi AhaR@id fo geptat receive each of the integral printhead
assenblies 20. In each of these docking ports 25 is also disposed a guide
rail assenbly 24 whijofeorat emMpvapBaratus Ol0r iBQRR0A BEstEH icdRtrdipbive CABRGB N 26
extendi ng outwardly al ong a housing 28 oF each of the integral printhead
assenblies 20. Asichh@nhols pEiagioh ef ke PMIE agptrgies r1ai | inclepeyaal og&atng ends
beyond the bottom of he printhead housing 28, thereby allowing a tip 26a of
gui de rail conpoaentel2s stah seink @atesna Mischageepotd, rEC haayi lemonhiolizh tseal s

wi thin an aperture (not shown) on the lower plate 23 of the Printhead
carriage 22. operator. Further, module 8 also controls the ink jet apparatus 14 and droplet

{1

inspection module 16 of the PMD 10. Ink jet apparatus 14 includes an array 12
of various integral printhead assemblies that deposit the inks onto the substrates
4. |

[0021] Inks that are deposited by variable ink jet apparatus 14 are
supplied to the apparatus 14 by ink supply modules 7. As a plurality of modules
7 are provided, one skilled in the art will recognize and appreciate that various
types of inks suitable for diﬁere}wt applications may be siored simultaneously.
Also included in PMD apparatus 10 is a solvent cleaning module 9. Solvent

cleaning module 9 supplies solvents used to clean the printheads of the variable



10023) The individual components of the integral printhead assenblies 20
are illustrated in Figures 3A, 315, and 4. As shown in Figure 4, the

pdnt head assenbly 20 includes a data board assenbly 32 and an onboard

PC- 104 processor 34 for recetving and processing its portion of unprocessed
print image information, which is captured via a drop anal ysis system such
as that described in co-pending U S. Application Serial No. 60/674,539
entitled "Drop Analysis Systent, which is hereby incorporated by reference.
The unprocessed inmage is nmuch snmaller in size conpared to a post-processed
file, which allows the base inmage to be sent to each of the orininead
assenblies 20 via an appropriate connection, such as an Ethernet by way of
non- Uni ti ng exanpl e, very quickly. The onboard processors then take over
and create the print inmage. [ 00241 The data board assenbly 32
includes a non-volatile nmenory, and also includes a sufficient anmount of
onboar d Dynami cinRaiatdéppegidesd WeaonginieDRAN) statian 4% Shes tcldans pmdcessiann t he
image information, e.g., 1,5 CGoytes. As the inmge is being processed, it is
transferred to fMiBHRGedrDRARISWchealrsy $2.ored for printing at a |later
time. The image is then docked out of DRAM for printina as many tinmes as
needed. Associ at ed WPe%1t h&helatrigthisedrairays 3@ M| Shoanemelsecierriywia Elgerst Roni cs
38, which may include a nulti -Ipor.i fluid driver board by way of exanple.
10025) Ref er ri ng 9 dlydireles a pHealiyridaearel pinthrademaernklice 781 (Eazd inibgie

i nciudes an onboard printing fluid reservoir 40 including separate channels
or nozzles 44 fBP"tB?"’Ejeéﬁsembg’n?‘? iy PR MR 18 Wﬁﬂﬁaﬂﬁmeg’@l ehts ¢arigch wast e
fluid extraction_45., Separ_ate fl gi dﬂfat hs 47 and 49 within the reservoir 40
pernmit the printHEAdK 5 BRPFRIYSHED WS FRTERAe #nClPehauLPRE Haing T and a

rmi ¢ the printdEd b’ BEPTUSHEd T RATHEIHE 2

Phe T oservoi 1 alPhPREE BB e SRt el Ree(hore Srety WRreiBky be
ied b tti ] , t] t. dat ab

nasenbly 32, | nooieeCOhiNe o Bind B0 Onl ek el AR Yl "B0EPRRRRS

cont rol an amougt.afytl b PEty LOnLIe oA ISA0T0 NN, LR GOt rol s

a jetting of the noz/les o prin hat I's, a nmeni sScus pressure

W thout | ntrodubr kg P B Reesr M A s R e € AL SR e "o
getting all nozgk@fding outwardly along a housing 28 of each of the integral printhead
assembiies 20. As shown in Figure 3A, the guide rail component 26 extends
beyond the bottom of the printhead housing 28, thereby allowing a tip 26a .of
guide rail component 26 to serve as an alignment mechanism which seats within
an aberture (not shown) on the lower plate 23 of the printhead carriage 22.
[0023] The individual components of the integral printhead assemblies
20 are illustrated in Figures 3A, 3B, and 4. As shown in Figure 4, the printhead
assembly 20 includes a data board assembly 32 and an onboard PC-104
processor 34 for receiving and processing its portion of un-processed print image
information, which i's captured via a drop analysis system such as that described
in co-pending U.S. Application Serial No. 60/674,589 entiled "Drop Analysis
System”, which is ‘hereby incorporated by reference. The unprocessed image is

much smaller in size compared to a post-processed file, which allows the base

image to be sent o each of the printhead assemblies 20 via an appropriate
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to jet consistently, Also, the waste fluid extraction feature allows tor
flowwng fluid through the printhead manifold and reduces head bring up
time by quickly renoving nost of the air in the head. The reservoir 40 may
include a fluid | evel sensor 42, which notifies when the printing fluid
and/ or solvent leveis are | ow. [ 0027] Each integral printhead
assenbly 20 includes a data board assenbly 32, processor 34 and drive
el ectronics 36, as well as its own printing fluid reservoir 40. In this
manner, each assenbly is self-contained and separable fromthe rest of the
print head assenblies 20 because each assenbly is capable of processing data
i ndependently. Should an assenbly 20 break down for any reason the assenbly
20 can be renoved fromthe array 12 wi thout disrupting the remaining
assenbl i es 20.(£ﬁ&&ger, tFe use %f.integral printhead assenblies also Sl ows
O SPor B S8ty Bihghigk i M f thREtimiVag eemplat v fuaisgled Wi t h

for an operator : nat”
O g SIS pyodualy Temovable
of 1he" assendl | oo Gugelt hel PSo By Rae Rk BRGUSHE SFPRYRETEDENooL | ng
ol e e B EEPLPRee R AR R BB SRS o

Memory (DRAM), 1o assist in processing the image information, e.g., 1.5 Gbytes.

As the image is being processed, it is transferred to the onboard DRAM where is

stored for printing at a later time. The image is then clocked out of DRAM for

printing as many times as needed. Associated with the data board assembly are

the drive electronics 38, which may include a multi-port fluid driver board by way

of non-limiting example.

[0025]  Referring to Figure 5, the integral printhead assembly 20 also
includes an onboard printing fluid reservoir 40 including separate channels or
nozzles 44 for direct printing fluid delivery 43 and solvent flush waste fluid
extraction 45. Separate fluid paths 47 and 49 within the reservoir 40 permit the
printhead to be flushed with solvent without wasting the printing fluid that is
contained within the mini-reservoir. The fluid in the reservoir 40 is pressurized by
a vacuum line (not shown) which may be varied by settings carried by the non-
volatile memory of the databoard assembly 32. In this manner, a meniscus of
the fluid may be varied 1o control an amount of fluid sent 1o the printhead 30,
which in tum controls a jetting of the nozzles of the printhead 30. That is, a
meniscus pressure setting may be varied.

[0026] The printhead 30 may be cleaned out with solvent without

introducing air into the printhead 30 which is also important for getting all nozzles

1o jet consistently. Also, the waste fluid exiraction feature aliows for flowing fluid
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lies. For exanple, the station may upload the ink patterns to be
32232Pted into the ggsenbly prior to the assembly being re-inserted Intﬁbl
the array 12, [0026]By integrating the fluid reservoir 40 into the assEI y
20, ink may be replaced into the reservoir through the nozzles 44 quickly
and efficiently virithoul having to affect the other assenblies zok
Regar dl ess whether an assenbly 20 is mal functioning or requires in
repl acenent the PMD 10 does not

through the printhead manifold and reduces head bring up time by quickly
removing most of the air in the head. The reservoir 40 may include a fluid level
sensor 42, which notifies when the printing fluid and/or solvent levels are low.

[0027] Each integral printhead assembly 20 includes a data board
assembly 32, processor 34 and drive electronics 38, as well as its own printing
fluid reservoir 40. In this manner, each assembly is self-contained and separable
from the rest of the printhead assemblies 20 because each assembly is capable
of processing data independently. Should an assembly 20 break down for any
reason the assembly 20 can be removed from the array 12 without disrupting the
remaining assemblies 20. Further, the use of integral printhead assemblies also
allows for an operator 1o store reserve assemblies that may be interchanged with
malfunctioning or damaged assemblies. These individually removable
assemblies reduce machine downtime and increase productivity.

[0028]  An off-line maintenance station may be used as a diagnostic
too! to test each of the assemblies once the assembly has been removed and
assist in trouble-shooting malfunctioning assemblies. The off-line maintenance
station may also be equipped with softiware for uploading data into the
assemblies. For example, the station may upload the ink pattems to be
deposited into the assembly prior 1o the assembly being re-inserted into the amay
12.

[0029] By integrating the fluid reservoir 40 into the assembly 20, ink
may be replaced into the reservoir through the nozzles 44 quickly and efficiently
without having to affect the other assemblies 20. Regardless whether an

assembly 20 is malfunctioning or requires ink replacement the PMD 10 does not

9



need to be powered down to renove individual assenblies. In particular,
when a problemarises in one of the assenblies 20 such as, for exanple, an
air bubble is present in a nozzle of the pnnthead or there is another

di scharge problem a fatal warning will be sent to the system control/power
nodul e 8, which controls operation of the FMD apparatus 10, to alert an
operator of the apparatus 10. Subsequently, instead of powering down the
apparatus 10, the remai ning assenblies are allowed to continue firing
(i.e., discharging ink) at a | ower frequency such as about 10 Hz. O her |ow
frequencies may be suitable. At a |l ow frequency, a mniml anmount of ink is
di scharged, but the continued firing prevents the nozzles of the other
assenblies 20 from cl oggi ng, which may prevent additional naintenance of
the remai ning assenblies while the mal functioning assenbly 20 is renpved
and repl aced. need to bdpP3Mredasin for remohie idividiali s sdrotsided Irf garbcufEr eehesi 2on
ground datum bl ock 46 such that the nozzles of the plinthead extend beyond
t he dat um bl ockordiflerq Rrigpsrie oB6 df, the hesesidyiea PO svahrag, Bnexangis tanwadtetibikeiiew ol

t he nozzles by the vision systemdescribed in co-pending US Provi sional

Appl i cation Serpredenhn.a 162116 o iteqRinthesd bt tdre IDaneiherclisehange pecitenala fgishrent
Assenbly,” which is hereby incorporated by reference. Once the datum bl ock
46 is attached waninhenibdmdsery ibi the usystemd corieol/pbiwstnmpdul i & uwkicts coalpps | ed
forces cause intimate contact of the primary, secondary and tertiary datum
surfaces on theopsraliok ol ghe R gpramthedf, Boales anmparatesaeidhe isppayatukielObondi ng
fixture 70 and attached to novable |inks that position the printhead 30
relative to theSubaeauanby.obkiead eneowsrsigofovsy dbe APPaRIUS A0t Hie FIPRINAY
fixture 70, [0031] Next, optics in the fixture are adj ust%g for each
prinitteud typeassempifsatie alpredete eontgpe Jiing| Gy dISERRoNos Ntk d Eatfidteln

| ocates a rioz_zle in the center of the gri nt head 30. Thg fiﬁwreA?O, under
sof t war e ount r JreqURRRYERICh B8 35PIThEZd QIBEEPY JrratRnctestRRY RafH! ocl8ed on

nozzle first and rotates the printhead so that nozzle |ast | l4:.near to
the first no=l eoWHIEMPoR JNBGFS APoup %fs'f“érl?g&ﬁc}]gfgetdhgmp%?nctoﬂli% grﬁrnﬁ y is

dt I T. ‘ f .t ' . ] ked
or al fgnment  rGPSTY A ORI, PoUF: PR A it 22 Forh \Fasyce AT neI o El
inthead is def] j ' t yat ' [ [ '
Besomdl y 74t o BT Folidhel hadte %) ) HRanalebSnaRe, B P (he

printhead can bﬁaﬁmc{i(ﬁﬁﬁﬁ%gerﬁn 20liS el bAMfepladed.Nat nozzl es of print headt

are rarely in alrgnne n nuf actured due to manufacturing tolerances,
[0032] After ali 9””‘92{5 3“‘8 cegH Sir@bad®ofi@bbnddnb AGr@SHES jvend Gatumj Beked

bet ween the printhe oPg and the datum bl ock 46 to lock ft at this

condi tion, Afteks keaPwal tHe ReRzlebeorine Gringedd xkiune béghndaitidi datomalocpakl i ng
conmpound is applied to prevent novenent of the printheati 30 relative to
the dat um bl ock(FuréBEE ihdrempaioaing & uhehstiuctedieard tshocklasdydine ivisies, Af't er
the bonding the printhead 30 to the datum bl ock 46, a fa:sterner such as a
screw or bolt cayside dsedbéd ihurcbipendisecUbe Rrndsipral ntppliedtidn $@ial hbo.dat um
bl ock 46. An optical master is used in the bonding fixture 70 to establish
the perfect bona@a74serientitien “Dytsnsic Misthepdligpment Assambl;” g bisiaelve

i nterchangeability of integral printhead assenblies as production spans
many years. incorppGER!. [3) refmenceatQnredhe Pakasblpek 46ie aYBRRRAHG 1R RO 70 are
precisely duplicated in the Pkti D machine for each asse,nblqy 2(% i nz%al | ed,

t her eby al | owi néxtfier 7Gyrascshowndn iFgeire & agplieipiGep causts KBS etachl Wfondi ng

fixture 70 assures that .
primary, secondary and tertiary datum surfaces on the block 46. The printhead

30 is then loaded into the bonding fixture 70 and attached to movable links that
position the printhead 30 relative to the datum block 46 and vision systems within
the bonding fixture 70.
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the absolute 7' position of the ante plate, the parallelismof the nozzle
plate to the substrate, and the X and Y position of the nozzle array are
capabl e of being aligned to sub-rnicren accuracy by the plezo adjuster in
the PMD nmachi ne head array nest, This ensures that the nozzles are
positioned 4- 2 mcrons of true position from1l to an unlimted nunber of
printheads in a PMD machi ne, [ 0034] The datum bl ock 46 wth the
optically positioned and bonded printhead 30 is nmounted to a spring-1|oaded
bi as assenbly 48 that allows the block 46 to nove in the X, V direction and
rotate about its vertical axis. This assenbly 48 is connected to the

print head assenbly housing 28 along a first end 50 using associ ated
fixtures 52, which allows the block to nove in the 2:direction and pitch
and roll about its horizontal axis. The datum bl ock 46 may float relative
to the body of the integral printhead assenbly 20_ [ 00351 As stated

above, printhead 30 [@odtdatNen Hpeekin 4G MBYreRe L e.rest of the
pri nt head assenbly 20 by a spri I’F])g-l oade(lj brieas a%se?%‘l%geé@mggﬁ%ﬁﬁ§o
dy 62

i ncl ude a nount iargtephatzies Gitst andipkednd @ fixBl €GMalk 1St %%'%' b
by four spri ngstéalj. Each spring 6?1 may be a cor?p%dééséi%ﬁ&glﬁﬁﬁng an%/ﬁrr?g first
and second ends e&ring&adrior SthedinthréS 0, 0hdeREdhWaRY bdigoP ' to
the body 62 of the integral printhead assenbly 20, alhﬁog%gtgﬁ‘gnﬁﬂgg%ggof
each spring 64 Hesligbevitoibpicetietadormet bhn@zpk At a6@ rotAss feHRRtbhd BNt i Ng
plate 60 nay be generally novable relative to body 62 wth approximtely
six degrees of PPE&BA isDatioeartb dukfirdbnamie. beortabirecoldy MRS Kb R%kRhat € 60,
to forma printhead attachnment block, dying datum block 46 tile freedomto
seat ki nemat i caPTneashpiat isderasimedue kanes canplideeadihusbedr bethabiivBeider et o.
(00361Upon insertion into the printhead carriage 22, this Boating assenbly
is allowed to niSvVeeThfiECKedios plignmaghreiaive po noerle/firsisacioatal yioR it degidriofl Y
datum surfaces at the base of the carriage 22 as described in US.
Provi si onal Pat EftPTRBISEA dae¢isRiedata mpchanicab agteatarsso priiedct ddidst ABynaN C
Printhead Ali gn.g%g)t Assenpl g/ whi ch is hereby incorporated by reference,
The above descnbetf P1GHE NRyRI98@ERN 1Y this meapab Rey bewiag bi 1B prigthead epeiat abl e
+/- 5 mcrons p((,)%;etci %na]L .accurac [ 0037] The printhead assenblies 20
nhe

do not require drSscof ' BAMBPrian! KAt Rogzles g ReRiPpassre pely dmelprimenegr al

print head assergp,laé/ I%in}?fgétu?edlu%te?@iﬁ.%g 8@@3&‘3}%54, otherw se referred | o

; . n
herein as a blindmate connector, Y°§Ssecond end 55 of the

housi ng 28 and connggd ';rg‘g g@ﬁ}ﬁ}e&gis%%Hgge%g%iagfg%{l\@gﬁgriﬁlﬁrtéeh_ead array

carriage 22 to provide ani“cal’ connecti o F¥itig gremted

pri nthead asserguhvied0uangrifhdadad 2na e BRISRBIE, NANGY&, S0, 7,81 aghed to

| ocki ng cam nmechani sm 58 on the top cover mcro SGEOW?F‘H oned

t d of theudroeki ' al WIS nagdl e 09, i
at an end o rOSkb e ANhEBEHANY mé%?gg&ﬁ‘o%al%éfg?%ﬁé‘ gpagarr]) |§.ng zf

nmoved. In the case at renoval of the pnnthe asse

the microsivit ah f@veroniceinent HEhd PWRIhchO JoNeI88S Rciat | ad ;assembl y
20 is shut down and power is deli vgr ed to the abucki ng O%glln{?yo%qguurnrd%ndi ng

the magnetic. dbmppstde, humitihearay shayk BESAitHS, Aﬁfefrﬁétﬂo\‘ﬁin? tﬁéﬁﬁﬁhéé&ﬁ]he
force holding the assenbly 20 in the army 12. Upon insertion, once the

handl e 60 is ndv& doum Harkidtea fatahedsyphsistd @few bheoisehtbsarieqis idhkgger ed
to restore power to the integral electronics and the power to the bucking
coils 76 is ref69¢q the Pevinee 8hi iaghbino bochrps ARdbptica) prister thescdat wm bl ock
46 to the pri ry dat um (no/ shown)

onding fixture 70 to establish the perfect bonded condition; this must not drift

over time to assure interchangeability of integral printhead assemblies as

production spans many years.

[0033] The datum surfaces in the bonding fixture 70 are precisely
duplicated in the PMD machine for each assembly 20 installed, thereby allowing

for precise alignmeni of multiple assemblies. The bonding fixture 70 assures that
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nest 78. The cam mechani sm 56 generates up to 40 pounds of
?ergetgr{ﬁgure fun connection of the blind mate electrical copnector|54.
[0038] Once fully inserted into the printhead carriage 22, the |Ptegga hi ch
printhead assenbly 20 is held in place by nagnetic clanp assenbly 72, whi
inturn is part of a dynami c printhead adjustment assembly 74 as s omntl
Figure 6 and described in the above noted- Dynam c Printhead Adjustmen of
Assenbly application. The magnetic clanp assenbly 72 may include a pala
magnets, wherein each magnet has a bucking coil 76 that, when ene{glgg .
cancels the magnet field and allows the integral printhead assenbm% t
be renoved. The mcroswi tch 62 on the handle 60 tells the system when to
buck the nagnet. 100393 The preserel clained invention may be
enbodi ed ire other specific forms without departing fromits sp|r|t_8r ;
essential characteristics. The descri bed enbodi nents are to be considere

. ce Che
in all respect Shoabsphues Z"Iposistn itthey BozzRQatt Ot HhEHANE of INE,SSARE, 0
: nvention !Ds, t herefore, indicated by the appended clalns rﬁﬁé’f % Fan by

the foregoing dessaybispaiepand kX afthv gesiidrnertthe A5} 'é}etc%?abﬁﬁeﬁ@iep% ggde_
range of equival ency of the clainms are to_be gnbraFe w thin I'T ¥scop
CLAI NS aligned to sub-micron accuracy by the piezo adjuster in the PMD machine head
array nest. This ensures that the nozzles are positioned +/- 2 microns of true
position from 1 to an unlimited number of printheads in a PMD machine.

[0034] The datum block 46 with the optically positioned and bonded
printhead 30 is mounted to a spring-loaded bias assembly 48 that allows the
block 46 to move in the X, Y direction and rotate about its vertical axis. This
assembly 48 is connected to the printhead assembly houlsing 28 along a first end
50 using associated fixtures 52, which allows the block to move in the Z direction
and pitch and roll about its horizontal axis. The datumn block 46 may float relative
to the body of the integral printhead assembly 20.

[0035j As stated above, printhead 30 and datum block 48 may be
isolated from the rest of the printhead assembly 20 by a spring-loaded bias
assembly 48, which may include a mounting plate 60 coupled to integral
printhead assembly body 62 by four springs 64. Each spring 64 may be a

_ compression spring having first and second ends 66, 68. First end 66 of each
spring 64 may be coupled to the body 62 of the integral printhead assembly 20,
and second end 68 of each spring 64 may be coupled to mounting plate 60. As a
result, mounting plate 60 may be generally movable relative to Body 62 with
approximately six degrees of freedom. Datum block 46 rhay be coupled to
mounting plate 60, to form a printhead attachment block, giving datum block 46
the freedom to seat kKinematically against datum surfaces and be adjusted

relative thereto.
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What is daned is: 1. A printing apparatus conprising: a stage operable to
hold a substrate; a plurality of printhead assenblies, each of which
i ncl udes a housing and a datum bl ock; a carriage that receives said
print head assenblies; for each of said printhead assenblies, a printhead
connected to said datum bl ock and operable to deposit printing fluid onto
the substrate; for each of said printhead assenblies, a kinematic
connection between said housing and said datum bl ock; and a positioning
device that controls relative novenent between said carriage and said
stage, wherein each of said printhead assenblies further conprises a data
board assenbly including a conputer for controlling fluid deposition from
said printhead, wherein said conmputer calculates firing position based on
drop velocity and travel speed. 2. The printing apparatus of claim1
wher ei n each of said printnead assenblies further conprises a bond between
sai d printhead and sEP&dat{Afrbingerion igto thigepinthasdi peyriagm @ratitis kg ai m 2
wherein said bond i nbl ug'aﬁls a fast-curing adhesive. 4. The printing
appar atus of cl &n1 iW? BIVRT WAPeY Rt eBiEiar Ao BIYDRY, $avohdmteandiertizgast
approxi mately l'd§ €] arg%tes f DRAM 5. The printing apparatus of claim1l
wherei n sai d dat “’Hbgﬁl 8%?5&’& RASE ) L caudage; % A%y derenbed oy USaPcbviidnat head
to correct for -ii r.distortjo gthe substrate. 6. The printing
appar atus of cl a@% ﬂ%n A&ﬁ%ﬁ%?%és%%h'%f%’g 0% PIER dA9 284S BrmhpassAlfionmehier
conprises a fluid.L Evek e, . wherein said ta board assenbly includes
nonvol atile menory 'ﬁ%? \56@5%1 i Rg eﬁ%qya'ﬁﬁ?rg?@fe%g?% Efl?%ﬁ?%rreﬁ? Sbpyicepsibary a
MENi SCUS pr essupg 5at Ll @lﬂbl&% el fluid reservoir 7. The printing
appar atus of claim % vsﬁer ern 8%@45’960?! NG FrPREahe 45 & MFOBS Pesifonker
conprises a flugyfggervoir that includes a plurality of fluid channels.
[0037] The printhead assemblies 20 do not require disconnection of

electrical connections, but each integral printhead assembly 20 has a laiching

assembly 54, otherwise refermred to herein as a blindmate connector, disposed

along a second end 56 of the housing 28 and connected to a docking port 25 in

the printhead array carriage 22 to provide a mechanical connection between the

integral printhead assembly 20 and array 12.: A moveable handle 60 is attached .

to locking cam mechanism 58 on the top cover 28c. A microswitch 62 positioned

at an end of the locking cam mechanism 58 senses when the handle 60 is

moved. In the case of removal of the printhead assembly 20 and opening of the

microswiich 62 contact, the power to the associated printhead assembly 20 is

shut down and power is delivered to the bucking coils 76 surrounding the

magnetic clamps 72 in the array nest 78, effectively canceling the force holding

the assembly 20 in the amay 12. Upbn insertion, once the handle 60 is moved

down to the laiched position, the software is triggered to restore power to the

integral electronics and the power to the bucking coils 76 is removed allowing the

magnetic clamps 72 to pull the datum block 46 to the primary datum (not shown)
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rinting apparatus of claim?7 wherein said plurality of fluid
ghalgglg inclugespgeparate fluid delivery and solvent delivery channe{s, of
each sel ectively connected to said printhead. 9. The printing anara us
claim?7 wherein said fluid reservoir is pressurized by a vac_uumf:n_ea
wherein pressure of said vacuumline can be varied to controi a flui
meni scus. 10. The printing apparatus of claim?7 further conprising a ui g
plurality of fluid supply nodules, wherein said fluid reservoir is |3 | u
comuni cation with at |east one of said plurality of fluid suppLy nodul es.
11. The printing apparatus of claim1l further conprising a latc |ng12 The
assenbly for rel easabiy connecting said housing to said carriage. t" fhe
printing apparatus of claim 11l wherein said |atching assenbly is activa

i.nti atus of claim11 wherein said
by a movabl e h"’d’@'@a";ﬁf‘?‘?ﬁ ;é%ﬁr&ﬁ'hgg@‘%ﬁ%{ﬁ%?ﬁ 4iiar0gesnds o dirce housi ng
| at chi ng afsgenbl y ¢co rljr(;‘s %R%Og{im lng, apparatus of claim 11 wherein said
agai nst sai d capliisageml ection.of I '
I gt ching assembly includes & M CHEW bcﬂ%%%gcﬁ‘?ﬁémdﬁb%mm of a control
menber . [0038]  Once fully inserted inio the printhead carriage 22, the integral

printhead assembly 20 is held in place by magnetic clamp assembly 72, which in
tum is part of a dynamic printhead adjustment assembly 74 as shown in Figure 6
and described in the above noted: Dynamic Printhead Adjustment Assembly
application. The magnetic clamp assembly 72 may include a pair of magnets,
wherein each magnet has a bucking coll 76 that, when energized, cancels the
magnet field and allows the integral printhead assembly 20 to be removed. The
microswitch 62 on the handle 60 tells the system when to buck the magnet.
[0039] The present claimed invention may be embodied in other
specific forms withoul departing from its spirit or essential characteristics. The
described embodiments are to be considered in all respects only as illustrative,
not restrictive. The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description. All changes that come
within the meaning and range of equivalency of the claims are io be embraced

within their scope.
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15. The printing apparatus of claim 14 wherein each of said printhead
assenblies powers off when said mcroswitch detects novenent of said
control nenber. 16. The printing apparatus of claim 14 further conprising
a clanpi ng mechanismthat retains one of said printhead assenblies relative
to said carriage, wherein said clanping nechani smrel eases when said

m croswi tch detects novenent of said control nmenber. 17. The printing
apparatus of claim 16 wherein said clanpi ng mechani sm conpri ses a magnetic
cl anp. 18. The printing apparatugLaiMs! ai m 17 wherein said magnetic cl anp
i ncl udes permanent magnets and bucking coils, and said bucking co Is
energi ze when said mcroswitch detects novenent of said control nenber.

19. The whanticAgnappar atus of claim 1l wherein said housing includes an
external guide raii to attach said housing to said carriage. 20. The
printing apparatus of claim 19 wherein said guide rail extends beyond a

bot t om si.de poftingreppafatsacanpisingt betabeaseeatie iceboltd @ sbsvaeas phmaligd ofgnment

Tk sl el L B8 OB BLUS, 8ol Tl WHRRFbRa S Aot
that receives said printhead assemblies; for each of said printhead assemblies, a
printhead connected to said datum block and operable to deposit printing fluid onto the
substrate; for each of said printhead assemblies, a kinematic connection between said
housing and said datum block; and a positioning device that controls relative movement
between said carriage and said stage, wherein each of said printhead assemblies further
comprises a data board assembly including a computer for controlling fluid deposition
from said printhead, wherein said computer calculates firing position based on drop

velocity and travel speed.

2. The printing apparatus of claim 1 wherein each of said printhead assemblies further
comprises a bond between said printhead and said datum block.

3. The printing apparatus of claim 2 wherein said bond includes a fast-curing adhesive.

4. The printing apparatus of claim 1 wherein said data board assembly includes at least
approximately 1.5 Gigabytes of DRAM.

5. The printing apparatus of claim 1 wherein said data board assembly processes firing
data for said printhead to correct for non-linear distortion of the substrate.

6. The printing apparatus of claim 1 wherein each of said printhead assemblies further
comprises a fluid reservoir, wherein said data board assembly includes nonvolatile
memory for storing parameters, said parameters including a meniscus pressure setting

for said fluid reservoir.

7. The printing apparatus of claim 1 wherein each of said printhead assemblies further
comprises a fluid reservoir that includes a plurality of fluid channels.
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22. The printing apparatus of claim1 wherein said kinematic connection
conprises a nounting plate and a plurality of springs. 23. The printing
apparatus of claim 22 wherein said datum bl ock is attached to said nounting
plate. 24. The printing apparatus of claim1l wherein each of said
printhead assenblies further conprises a flexible circuit that provides an
el ectrical connection between said housing and said printhead.

8. The printing apparatus of claim 7 wherein said plurality of fluid channels includes
separate fluid delivery and solvent delivery channels, each selectively connected to said

printhead.

9. The printing apparatus of claim 7 wherein said fluid reservoir is pressurized by a
vacuum line, wherein pressure of said vacuum line can be varied to control a fluid

meniscus.

10. The printing apparatus of claim 7 further comprising a plurality of fluid supply
modules, wherein said fluid reservoir is in fluid communication with at least one of said

plurality of fluid supply modules.

11. The printing apparatus of claim 1 further comprising a latching assembly for

releasably connecting said housing to said carriage.

12. The printing apparatus of claim 11 wherein said latching assembly is activated by a
movable handle.

13. The printing apparatus of claim 11 wherein said latching assembly comprises a
locking cam mechanism that seats said housing against said carriage.

14. The printing apparatus of claim 11 wherein said latching assembly includes a

microswitch that detects movement of a control member.

15. The printing apparatus of claim 14 wherein each of said printhead assemblies

powers off when said microswitch detects movement of said control member.
16. The printing apparatus of claim 14 further comprising a clamping mechanism that
retains one of said printhead assemblies relative to said carriage, wherein said clamping

mechanism releases when said microswitch detects movement of said control member.

17. The printing apparatus of claim 16 wherein said clamping mechanism comprises a

magnetic clamp.
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18. The printing apparatus of claim 17 wherein said magnetic clamp includes permanent
magnets and bucking coils, and said bucking coils energize when said microswitch

detects movement of said control member.

19. The printing apparatus of claim 1 wherein said housing includes an external guide

rail to attach said housing to said carriage.

20. The printing apparatus of claim 19 wherein said guide rail extends beyond a bottom

side of one of said printhead assemblies to serve as an alignment mechanism.

21. The printing apparatus of claim 1 wherein said kinematic connection allows six

degrees of freedom of movement.

22. The printing apparatus of claim 1 wherein said kinematic connection comprises a

mounting plate and a plurality of springs.

23. The printing apparatus of claim 22 wherein said datum block is attached to said
mounting plate.

24. The printing apparatus of claim 1 wherein each of said printhead assemblies further

comprises a flexible circuit that provides an electrical connection between said housing
and said printhead.
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