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MEASURI NG APPARATUS FOR PERFORM NG POSI TI ONAL ANALYSI S

ON AN | NTEGRATED CI RCUI T CARRI ER FI ELD OF | NVENTI ON
wabeoomeenti on rel ates to the field of printi nBCT/AL2008/001194

general . More specifically, the invention relates to

testing of alignment printhead integrated circuits

positioned on a carrier. BACKGROUND Pagewi dth printers

gener i PUERSVRISCTAFRSRE TR E@W@?@é{ﬁ@?@ﬂiﬁbﬂ

i nclude a ANACYSISONSANANTRGRATED GIREUNE TARRER
densely arranged, m cro-el ectronechani cal nozzle

arrangenents. Each nozzle arrangenent is responsible

R LIEDRINVIEN TG €am of ink drops. In order for such
prlnters to print accurately and maintain quality, it

is inmportant that the printhead integrated circuits be

t est ed. ThIS is partjcularly. i ortant during the i
desi gn andh Eétvép%%‘rf@ csde ﬂ@fk’?ﬁrprﬂr@&lﬂ&tl%aelﬁfchP?fesSPeCIﬁcaUy, the

iPUBoh AROh t&'tlﬂﬁ If)ﬁ'(tﬁggn enéé@#rftlﬁe%ﬁ 1ﬂt§g§r9t%5] efralids o§1ﬁ&|ﬁ€dro%da carrier.

for testing such gr at circuit The carrier
required to be suitable for the attachnment of

§%¢ﬁ§§§ﬂpf tegrated circuits. In addition, in order
zﬁ; of printhead integrated circuits on the
carrier to operate properly, relative orientation of

the printhead integrated circuits shoul d be nonitored.
SUMVARY A@@gﬁr\fddﬂig)rmtﬁrathﬁﬁ mgqrp@r@t@em:rooftlecttm@qcm;m f@nponents

a n hat us

4G Fo b RREAF bR RaPRERRED MEsh PhaFERS M tnee muber
dofidefddiyt diran g iive-cle@trameetahicel noele Wihdenichs. @ﬁtlﬂﬁd’t@&@nangernent
integrated circuits are | ocated, the carrier having
ig ERSPNB PO QPRI Sz ST O it HPBS- and each i nt egr at ed
circuit having integrated circuit fiducials, said
nmeasuri ng apparatus conprising: a support assenbl Y,

In order for such printers to print accurately and maintain quality, it is

important that the printhead integrated circuits be tested. This is particularly important during

the design and development of such integrated circuits.

Some form of platform or carrier is generally required for testing such
integrated circuits. The carrier is required to be suitable for the attachment of printhead
integrated circuits. In addition, in order for an array of printhead integrated circuits on the
carrier to operate properly, relative orientation of the printhead integrated circuits should be

monitored.
SUMMARY
According to a first aspect of the invention there is provided a measuring

apparatus for measuring the positions of a plurality of printhead integrated circuits relative to a

carrier on which the printhead integrated circuits are located, the carrier having carrier
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a receptacle positioned on the support assenbly and
configured to receive the carrier, the receptacle
wh2i1ng1998abl e rel ative to the support assenbl RBCHAUNBEN01194
a loading position and a sensing position; a sensor
configured to sense positions of the carrier and
integrated circuit fiducials; and a control system

B S RN PR Rt P PR Tl Py i measuring
dppstaik abspriftief erably, the support assembly includes a
di spl acenent nechani smto displace the receptacle

bet wasHPREasSIARIYng and sensi ng positions. Preferably,

h l e i I : :
ol i R PR 10 PR e FrkoR TR AR hyrelogpcpive the carier

thdecgrmdobeingtbuthdsSretatidc @ thakusparessntily Bagedenloading position and
configured to sense the fiducials and to communicate
4 $RYRS PRAUUPYs epresenting the fiducials to the contro

SYSt §Mkn IOF géngr%ﬁlféd%? (s)érlﬂg P&s@t%nrs Q)k t@ycﬁﬁ%%ﬁ@&k%gaﬁﬁ &rcuit fiducials; and

gr aphi ca ay spl ayi ng the I mage

Pr ef arcabiryl,systbm confgured tospstrelithé ssnewrid ngasueclthe posihers of the carrier
tgdﬁrogg s. the 4na%§ data to neasure positions of the
a0g P IPod CHEHT I the integrated circuit fiducials
and to generate positional data for anal ysis.

Preferably, the control systemincludes a reader

conf i gur edreferablyatic auprodasssmbihmcludes 4 displageprop@echanism to
271 PCTPr ef er abl t he, reader i ncl udes a.barcode

GO P R R DR P! Ao i ng

to a second aspect of the invention there is provided

a method for testing an alignnent of a carrier with |
respect t &refeigblyr e irecppta¢le inelusgs aclampeitapgamant fy clamping the

&ﬁﬂ&%&ﬁwr&%@a&@rrier havi ng optically discernible
carrier reterences and each integrated circuit having

Preferably, the sensor includes a digital camera arrangement configured to
sense the fiducials and to communicate image data representing the fiducials to the control

System.

Preferably, the control system includes a graphical display for displaying the

image data.
Preferably, the control system is configured further to process the image data to
measure positions of the carrier fiducials and the integrated circuit fiducials and to generate

positional data for analysis.

Preferably, the control system includes a reader configured to read a code on

the carrier.

MPN023 27-PCT
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optically discernible circuit references, said nethod
conprising the steps of: receiving the carrier in a

wolidimysassenbl y; sensing positions of the carCi/ap2@s/d01194

circuit references; and neasuring the positions of the
carrier and circuit references. Preferably, the step
of receiving the carrier in the holding assenmbly

|ncludes rrier between

cl s of PFREGT a ey e BRI B B BPLHEREp code on he
dafriesensi ng |ncludes the step of sensing tmo of the

carrier references and two of the circuit references

on each integrated circuit. Preferably, the step of

sensing incl

arr anggm'}}%c&‘ag% té Eg?&agg éﬂe%%fqhéjlga I{ti%hlgﬁ: ?ﬁ Vlded atlﬁethod for

tedriap ankligmasit bl ngariiacliddespdche silepligfofgengaat lcﬁrgnara)d the carrier,

di spl.aying an .inmage fromthe inmage data. Prefera
therrderd|3vioe optierdy s the FH IS CeRRacet W caEh @eﬂ&teﬁ Glygyit having

el UiRREBoIY Bt 1 FALARIRANT Aod QoS! BISeRloft N
arrirer references e circuit r nces.

Pr ef ecabliyg tht karist mp lwldingasemblyg | ncI udes the step of
measuri ng an. al i nt of onsee utlve i nt egrated

i 1 oaPET RGN RIS GArE Pt B BTG e Aor di ng o a

t hi 1 dh@gRAGIthOpositifs bPMRREHRPadd\@FcBit ksfeRhQY¥! ded a

safety systemfor a nmeasuring apparatus for neasuring
positions of |ntegrated circuits on an |ntegrated

MPNO23 27+, carrier.p

wor Ki ng enc 8ra IP'etlﬁS fsteP Rereﬁ%lgﬁl qg’e cam?r dn ghaefhg ctjng‘s%;g?nqlﬁy includes the
SEPNTclagdpigy tha c@ﬁeﬁww@dnrmg@rm“mﬁe Hodding eg3embly. an

operational status of the measuring apparatus; an

energency cut-off configured to deactivate the

nmeasuri ng t [

operati on aP?e‘?B%S : ?Uééﬁ% F@H‘ggg@g 3@ %él%dﬁm%@te?%ﬂ%ﬁﬁ thEdf the carrier
rafier canepenime névo ofithd cacmomferraicegmséeemlmemedbemlt o the

sensor arrangenent and the energency cut-off to

activate the energency cut-off on receipt of a

pr edet er mPPtqgraﬁliygtrH@ lstef) ro%@ntsiﬁg iR Sensing with a digital camera

arrangement and generating image data.

Preferably, the step of measuring includes the step of generating and displaying

an image from the image data.

Preferably, the step of measuring includes the step of generating co-ordinate

values corresponding to positions of the carrier references and the circuit references.

Preferably, the step of measuring includes the step of measuring an alignment

of consecutive integrated circuits using the co-ordinate values.

According to a third aspect of the invention there is provided a safety system

for a measuring apparatus for measuring positions of integrated circuits on an integrated

MPN023 27-PCT
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arrangenent. Preferably, the operational status is an

aspect selected from a position of at |east one
woreEs01998y devi ce of the neasuring apparatus; BCT/AU2008/001194

presence of a foreign object in the working encl osure;

a fluid pressure of a pneumatic or hydraulic nechani sm

of the nmeasuring apparatus; a position of the

i.ntegrated circui.t carrier aut

AR AR s Tan Gl 1 SR PR B il aBispinigeia safey system

GRRPAkiaLUS; and an oper at or identifier of an operator

operating the neasurlng apparatus. Preferably, the

Sens @rSCRYOF %@@ﬁ@ﬁ@t famsensing pyy pRgratigpabftaths efrthe B\RATUEIRS gpparatus;

for

rechan st pbep R ohliefeBlo dBie hE ARk AR FREAR Suomaticall

whdm@hmd@Mfdapmamﬂmsﬁmaemmaﬁedhgﬂﬁﬁﬁn@&a@mﬁ@memgmui

object into the enclosure. Preferably, g sensor

ar r afigORENSY PR cpREsted to heseroparzangegent taa Sisrrarerggpgy cut-off to

ac{l{f'dtgthfé ?éléﬁgy Qlt-o%r SYAEGM drG r}?géde% 1§ﬁalrﬁb\ﬁ?ﬁk%en50r

mechani sm The sensor arrangenent may In

aorapgdnmint.y swit ches to deternmine the position of the
integrated circuit carrier. The sensor arrangenment nay
i nclude a barcode scanner to scan a barcode of the

i nt egr at egrGbheNi the Qﬁérﬁﬁ&fal stMENR%3 adfecPéelcbha @cﬁﬁ‘sa%osulon of at

arrangerrent may | nclude a residual current circuit
1b¢séa¢<eemeatsurl@<deefme of élm rd@ﬁaunmgmpeﬁatusamremv peforeign object in the
rcurr.ent ct ion, cco r di

h
\%(?r%tnﬁ gn?lﬂwe% £ oUh PreasiL 1re ofa %negmatacg%‘r haldra aoumretcham 05t tile measuring

ppRafusl AisosRRARL R 1ﬂt@graﬂ:df¢QU§1t Ogriés sendltyity Bﬂﬂhe deficn Qs electricity
an encl osure; a control system nmounted in the housing

sHBRE 1Dy MoaRITHEAPRAIS; A3E @R PAYAIORTSIGANE 0b AN PPRESADISTHE the
EW@%%) giconnected to the control systemto allow
n op Por to control the nmeasuri ng appar at us;
Preferably, the sensor arrangement has a plurality of micro-switches for sensing

the position of the at least one movable mechanism.

Preferably, the sensor arrangement includes a light curtain to sense the ingress

of a foreign object into the enclosure.

Preferably, the sensor arrangement includes a pressure sensor to sense the fluid

pressure of a hydraulic or pneumatic movable mechanism.

The sensor arrangement may include proximity switches to determine the

position of the integrated circuit carrier.

The sensor arrangement may include a barcode scanner to scan a barcode of the

integrated circuit carrier.
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a nmeasuring table assenbly nounted in the housing

assenbly and configured to receive a nest assenbly
waIporwsing an integrated circuit carrier carrBeHgu2008/001194

nunber of integrated circuits; and a canmera assenbly

nounted in the housing assenbly and configured to

generate image data representlgg t he |ntegrated

circuit carrier and the i nteg

caner & asaBhbiyoRRrg Rel S PO e SRS skl hEybraper o deteet

rediihe cingen Ot hrovide dvérburtat pibt@Ubn.a posi tional analysis
on the integrated circuit carrier and the integrated

circuits to determne at |east one of positions of the

i ntegrat e(}\ ?&rdfh tB 3 f (?lﬂiht eﬂ?ec‘f ar {he Glv ﬁ‘ﬂﬂl ﬂlg]!qu f)r\é%%ied a measuring
positions o secu Fated Circ

dpparsiungorapssih| y nmay i ncl ude a cl osure mhlch can be
opengﬂ@or closed to al|l.ow or prevent access to the

encl 3WHNg Friemplydadt delingeynicAelPYd® a safety switch and

the %%hfr?l sy&XﬁHﬁdﬁnf%Mn kRAloUERe 3sse@PRt Ol | er connect ed

to the sa y swmtch to stop operation of the
neas wniopgratp peeréica snouhitetllve tind lmsising agssmbpemddoniaciaddo the control

t Th bl bl | ud
PPRd i e oas R G b srulit FRe st asoembly

|'i nearhdashiicaMB abstRBly Yo RR hitRihouling a%%[ﬁa@%%ﬁﬂ@lr&d to
may include a canmera post that is nmounted on th

rn@&mmm@%@%@blmmﬁm}g anantegreted ¢iropeeari¢ncaltying @cmaelb@h@f integrated
Je ring bed assenbly. The canera assenbly may
ﬁgﬁu e a digital canera nounted on the canmera post to

b e diasameee’dntnlointe€ $P@6 holisthd Ligerstapendcd@digtirefl @6 generate image
focu5|ng purposes. The digital canmera MPN023 27- PCTrmay

dat TepisHEEn R Hctipfcgited BRI GITigyAad én Igisratrtcinciés, hsrpameta assembly
bg% &% b Ao }é oelt gte @n lg%%)qu rﬁ%?&fetro%'éﬁ’g Et%’a ﬁg&gﬁl 8211 analysis on

caner a. SyS ure
th@mlt@miéd ¢iycuft camutier addsthe mtégilaedi ot ad Merﬁnﬂia:ajlléast one of positions of

arrier and the integrate rcuits and to cal cul ate
t %Lnéergéert?fg‘fl‘é’u%}%%% “Mth a?ﬂg@%é‘& pesyops ?%‘H@?“éﬁnﬂ? Higgrated circuits.
ref erence point corresponding to said fldu0|als. The
control system may be configured to determ ne
posi t i ons Tt holmeng assaghlp ey iodludew desuonwhikke cambeegpeatdeat closed to

ai‘flh{zv?é)g :pfrﬁvg ra{g{:e?sé Eﬂa g er[lcgos%trel v ¢ c osslultreI n%]ysm(c)lfude erl] safety switch and the

control system may include a controller connected to the safety switch to stop operation of the

measuring apparatus if the closure is opened during operation.

The measuring table assembly may include a linear stage assembly to displace

the nest assembly linearly into an imaging position.

The camera assembly may include a camera post that is mounted on the

measuring bed assembly to extend operatively above the measuring bed assembly.

The camera assembly may include a digital camera mounted on the camera post

to be displaceable with respect to the camera post for focusing purposes. The digital camera

MPN023 27-PCT



10

15

20

25

30

assess alignment of the integrated circuits. According
to a fifth aspect of the invention there is provided

W@po1aeysing apparatus for imaging integrated cPCTAUL®S/001194

and a respective integrated circuit carrier so that
positional analysis can be carried out on the
integrated circuits and respecgive carrier, the

R AR PP 2 BB  Sha e o
@h&8gd ap tenagiad cwaéy. hori zontal axis, the bed being

configured to support a nest assenbly that operatively
retains the integrated circuit carrier and respective

i ntegrate [ ht.Ss - Y .
et al o 10 PhENL SR PP e SRR APRRIYG e cgrcd
diretiie garaitethdehe @tbgtat@bdircuis araind chlotilagreatdinate valukd ®itRFsSpect to a

supported, in use; and an inmage recordal device
Hﬁﬁﬁfﬁr@wegﬁefjf:%ceswa&mre%g@ﬁ% qjsaédqfﬁgwh-i gured to

record an inmage representing the integrated circuit

carrier and integrated circuits, the support assenbly

i ncl udi ng Tan cadjali systemmaybe kharfignd to deteathine padiiustofgirtintegrated

of osition of the i mage recordal .devi relative.to.
FrutiBoRe Bk TR ol REF Ao pustol s Bl Ris o
a@éésbal}éﬂ&eﬁ%ﬁé Int@tdtstediktugst o facilitate adj ustment of

a position of the bed relative to the support

structure along the horizontal axis. MPNO23 27-PCTThe

bed may i ncl ude pr-oxi m t nsQr._to generate a. . .
cui tab & Sgaeipgl ot o FRREndR AR BoGef an imoging
Aphadet errinagidg Psirhted Bircult @nd U PRPEva FHEFRLY cifdt carrier so that
i nclude a support post extendi ng operat.ively ) ,
nesitipnal apalysigfanbercagpdout epthepegagd cirpbtsaufl tespersive carrier, the

iﬁ%%ﬁgﬁ#@g&ﬁ;én égﬂg;he formof a linear displacenent

m nou n the support post to displace the
I mage supeot dalctudevi ce with respect to the support

. .The i I [ | ncl LED
gg:terﬂhe @uﬁ%%p[&lﬁﬁ?ﬁt&)ﬁ% st%%\é{rgg @fcs:plgc%ggle aFong an operatively

horizontal axis, the bed being configured to support a nest assembly that operatively retains
the integrated circuit carrier and respective integrated circuits;

a support assembly operatively mountable with respect to a bed on which the
integrated circuit carrier and integrated circuits are supported, in use; and

an image recordal device mounted on the support assembly and configured to record
an image representing the integrated circuit carrier and integrated circuits, the support
assembly including an adjustment mechanism to enable adjustment of a position of the image

recordal device relative to the bed.
The bed may include a linear stage engaged with the support structure to

facilitate adjustment of a position of the bed relative to the support structure along the

horizontal axis.

MPN023 27-PCT
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positioned on the support assenbly such that the LED s
illumnate the integrated circuit carrier and the

wo pi1egresed circuits. The inage recordal devi CBCT/AU2008/001194

includes a digital canera, the adjustnment nechani sm
bei ng configured to adjust the position of the digital
canera to achieve focus of the7digital canera. The

di gi tal cape IS a

ncor por st Rt 4y r R PG SR 4 s el when the
deftCdsstsiasty & ih b @RideREmmenpéstider to control operation of

the LED s. According to a sixth aspect of the

invention there is provided a software product for

Geccr bod "HheTuSAA e e lneB SRR 1R AR g Bty

apjranaivit ré@ecﬂedi fhervel tth@a(ﬁtmmentnﬁchﬂdsm Acing ﬁrdthﬁ gToﬁ‘IDofaa linear
sevent h asp ct. of the invention there is provjded
GRERt AR & qvBtsd O ths P PaY ihgsriacsdhe paes récordal device

Wik ”mQﬁeg&ﬁG@Pgﬁd above. Enbodi ments of the

I nvention are scri bed, by way of exanple, with
reference to the acconpanyi ng drawi ngs. The foll ow ng

gﬁigéi Prteint ¢ E‘?lag{eﬁtéceqqgﬁ gﬁ‘%i?%liﬁllcglﬁ 1;1215 ﬁg%m%[l'esgﬂ{bogﬁ%raﬁng LED’s and
p%lélltlbh&poﬂ the Eﬁ}ﬁ)oﬁraﬁseh@)lﬁéifch iheaR MO ABiminate the integrated circuit

7- PCTenbodi nents of t'he invention into effect
cmnﬁmﬁmdﬁ@h@@gﬁﬁéCﬁ@hwomnng description is not i nt ended
tolimt the scope of the precedi ng paragraphs in any
way. BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred

f eat ur es, Taghasgicresvrsal dBdcymeciudtd Diigitalfcatb@, ihbvejknRAt
be dlscerned fromthe follomnig Det ai | ed )
ruﬁ%lé PP OF B Cami acdioadiugede pefitancofdhg dighgl spmateitp Actigie focus of

tEe?gﬁﬂﬁghféed inthe art to performthe invention. The

scription is not to be regarded as limting
the scope of the preceding Summary of the Invention in
any way. The DPetailed De ption wll make referen
to a nunbdfcd ¥gﬂaf‘%wefeg1§ aiiﬂ*arl@ HREC CpaseoposipRg (D array.
front perspective view of a carrier for printhead
integrated circuits;
The image recordal device includes a lighting controller to control operation of

the LED’s.

According to a sixth aspect of the invention there is provided a software
product for execution by a controller of a measuring apparatus, as described above, said

software product enabling the apparatus to perform the above method.

According to a seventh aspect of the invention there is provided a computer

readable medium incorporating a software product, as described above.

Embodiments of the invention are now described, by way of example, with
reference to the accompanying drawings. The following description is intended to illustrate

particular embodiments of the invention and to permit a person skilled in the art to put those

MPN023 27-PCT
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Figure 2 shows a top view of the carrier of Figure 1
showi ng alignnment of fiducials, in accordance with one

wepdodisvent of the invention; Figure 3 shows aPCT/AU2008/001194

schematic front view of a neasuring apparatus for

nmeasuring alignment of fiducials, in accordance with

one enbodi ment of the inventiog; Figure 4 shows a

f rront r ctive. explo vi ew of ¢ nent s for.m.ng.

SR SRESROT RO SAES, Akttt FBRASTHE dirhEl s no

ipfendddeo limieht b@pe opthephRcdpP Pi@%ﬂﬁhsﬁﬁ afy gdye 3; Figure

5 shows a rear perspective of the canera assenbly of

Figure 4; Figure 6 shows a front perspective view of a

i W th one enbodi nent of

% Ee [ Pyg%ﬁgﬁbﬁfof ﬁe}fﬁa%gﬁé‘} a ugsof Figure 3; Figure 7

shows a bl ock diagramfor a nethod of testing

alignnent of a carrier with respect to a nmbher of

i nt egr at e&r%iﬂmﬁ%etgge% FbpdEBTRHe S Gh ECdRETBHPHEwY DO
Jcetnll@ ﬁ’oﬁlvtﬁﬁ FIRWind DOHI& BeR AP RhitRpovERs BERELNt information for
ayout of the apparatus shown in Figure 3; MPNO23

tRase BIGTRd guthe a8 te payfismathpmeentani ThalDeghanb otriptmauiraot to be regarded

conponent s of e appar atus sho in Figure 3; Figur .
S P Re Sedie gl A G RE SR BrnhsRATCR e kivay- e Detaild
858 tIonGal] eARREBRAESoA nuhliRr fRRaK ALY Ss Pllokt.gure 3;

Figure 11 shows a control diagramfor a stepper notor

of a canera assenbly of the apparatus of Figure 3;

- qur,e, 12 sho a control diagramJfor.a servo nmotor of.
et St RS BoSaRE Ry St PHRT i int SRl Bl

3; and, Figure 13 shows a control diagramfor a safety
system of the apparatus of Figure 3. DETAILED S
ngweRishawontonsirye osthe pargigeof Figwa  ishew g [aligtragpt pEfiducials, in
' | : i fic enbodi ments
P S B o BBt “or ~ one
enbodi ment” is made in an inclusive rather than
restrictive sense. As such, reference to qgrticuLar :
Eigure 3shews g matke Fopd view of a measuring apparatus for measuring alignment of

fiducials, in accordance with one embodiment of the invention;

Figure 4 shows a front perspective exploded view of components forming a camera assembly,

in accordance with one embodiment of the invention, of the apparatus of Figure 3;
Figure 5 shows a rear perspective of the camera assembly of Figure 4;

Figure 6 shows a front perspective view of a support assembly, in accordance with one

embodiment of the invention, of the apparatus of Figure 3;

Figure 7 shows a block diagram for a method of testing alignment of a carrier with respect to a

number of integrated circuits, in accordance with one embodiment of the invention;

Figure 8 shows a service panel layout of the apparatus shown in Figure 3;
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enbodi nent does not exclude those features from ot her
enbodi nents. The follow ng description is intended to
W@ 2EDe19980 person skilled in the art to under st BCAUZ®S/001194
i nvention. Accordingly, features commonplace in the
art are not described in particular detail, as such
features will be readily undergtood by the skilled
person. Wth reference to Figure 1 of the draw ngs, a
carrier 10 for a nunber of printhead integrated
Fi%l!fr@ 9ishéw{ 4 pisuirhtit iaBRGWSE pnEti@aticddoni@hcrkPof e appakddld shown in
[% iquid crystal polyner) nolding which has a
gureff i ci ent of thermal expansion very near that of
silicon. As the printhead heats to its operationa
tenperature, any difference in the thermal expansion
Kfurt he sipwad diegdmlofa nambeit dfan@hanicd andvklettribg campbnants of the
acce tagle tol erances. The printhead I Cs 14 MPNO23
f@P@ﬁ@#P Eigd¢S:an array of nozzle arrangenents
configured to eject ink drops onto a printing medi um
The nozzl e arrangenents are MEMS
Higiire A b sledvesct comtrebdiagramabr s stepreninothevit ¢ esmérabsscmatysaf the apparatus
giﬁgg #jthographic et chi ng and deposition processes
N NPy enpl oyed in seni-conductor chip production.
The carrier 10 defines a nunber of tortuous ink paths
therein (not shown) which termnate in a surface on
Rigyire A2 shoevss ¢ontrhbdidgrpmgon aseayempaton af @casphiag gablavsksaldy of the
Iq%ag4 ?FF ount d to the carrier 10 via an adhesive
PRHTHAP ﬁPn11§(§often referred to as a die attach
film with suitable perforations or openings
)ositioned to establish fluid comuni cation between
gh 1 dphawier ganrohdipgramApie wdety sxsiamal thy apratpeel Figys 3.
on the printhead I1Cs. The ink paths in the carrier 10
facilitate the delivery of ink froma suitable ink
DETAINEDDESCRIEION nt head | Cs 14. The printhead |ICs
14 nust be aligned when nounted to the carrier 10.
M sal i gnnment of the printhead ICs 14 on the carrier 10

can | ead tQ,03dyMhd AvedAlWiidhoR be db&Tned Nithtrb@rence to specific
printhead | 14 being out of register with the

copedinmyss thercofh R ddhesity 8ad @nbadanerft? bnfob2 embbdiorcet ’4s made in an
.shows a clogser view of the surface of the.carrier 1 .
IR AT Ra pr N ST R TG it BTG o ey fupd in one
chtbotMdn 8S mdt Eddiife tRAE Fda@lred frotHGHRL crhfodmentg second

carrier fiducial 18. The carrier fducials 16 and 18

are accurately located on the carrier 10

The following description is intended to assist a person skilled in the art to
understand the invention. Accordingly, features commonplace in the art are not described in

particular detail, as such features will be readily understood by the skilled person.

With reference to Figure 1 of the drawings, a carrier 10 for a number of
printhead integrated circuits (ICs)14 is shown. The carrier 10 is an LCP (liquid crystal
polymer) molding which has a co-efficient of thermal expansion very near that of silicon. As
the printhead heats to its operational temperature, any difference in the thermal expansion of

the printhead ICs and the carrier will be within acceptable tolerances. The printhead ICs 14
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during manufacture thereof. These fiducials serve as

points of reference for aligning the printhead I1Cs 14
woeeokhesarri er 10. The printhead | Cs 14 have RUTAD2008/001194

duci al s each. The enlarged insets of Figure 2 shows

printhead 1C 14.1 has first fiducial 20 |ocated on one

end t her eof and a second fldu0|al 22 | ocated on an

e | C moun

RN R T Gset i dod wilp Sppigting medium,

Thcm®kzIE bataiplelentd 4rd MEMS@QEM -A¢ljtdERBanidABsy8 R&N Mevices fabricated

fiducial 24 on IC 14.1 he I C fiducials e. 20, 22

waig lishasranhigatohingans! depantiansyoprysds SOt @RP aypd in semi-conductor

%%Hgggk%§ | ess than 100 mmin dianmeter. The fducials

n "are 95nm dia. bare al uni num et ched duri ng
manuf acture of each printhead I1C 14. In the enbodi nent

shown, there are five printhead | Cs 14 nmounted qn the
carrier 10heeHse IRETS b BYHBCTIOh SrRIgE e Bk iy ths dicetie foé shown)

BB egthindf if a stiRRe ok Qhatﬂg lifRLad 163 134 Iilloﬁﬂgd lﬂle%)rmthead ICs
are nounted so that their spectlve fiducrals
I arhmnulaeqbtoethetmlm Heda o hcﬁre&wc éntivartfim lc%(nfterereferred to as a die

t .
st DT S aPE At fuhioRGE bpsyag pobantt i e g sk TG cqppmunication
&R&é@ﬁ%ﬁclﬁéﬂh@fnk%ﬂh@ agd &cﬁ;&sﬂcﬁrdnﬁg rﬁ)@ﬂeéfbm% 0hQhd Islﬂ{théaHQCﬁ The ink
respective fiducials align to wthin a predeterm ned
negisen thecerrisr 16 facddge the devanoh mdftfm a SIBgﬂblﬁelals msqsrwglrttméle

f~the dif R-e t fi
BRI B o) BT B LGS Bt T BRRE i 10
Mfsalﬁ%:ﬁ]daf bnch & pﬁﬁlthl:aﬁslcwlltl bn@lﬂﬁd’anﬁﬁrherca@&dd v bdl p’r@S ftty or inlets of
tot carrier 10. Figure 3 shows an enbodi nent o

thepnihaddCapphriag qut Gocgiger wighdaopeingsie ﬂpﬁ»‘o@h@ﬁltﬁn@m@w film 12.
the fiducials 16, 18 of the carrier 10 and the
fiducials 20 and 22 of the printhead ICs 14 shown in
Fi gure 2 Fidunc Dsload d @owsyictviod tiappafiead efshSéartia 10 on which the
ed to sens e fi.duci.als are the .

‘@Fﬁﬁ% [4pue mogntet ipff ey ipeudssuvegic gidacwl 16 and a second
cﬁﬁfeg GlRL A 1R q"h% %Lu‘f'l ial &0l ar ﬁ&oeir@)fcctupﬁé IJC%E“OB $he carrier 10

he apparatus 30 is a so typically configured to relay
ctuhleg negufatterd theraofi éliesefidmmlt sricng peynst direfetvate fonabgresg the

c s of printing equi pment. More
Hﬂ@ﬂ%ﬁ# é§f4j tﬂ?@%ﬂ? ﬁﬁnnltorlng systemis discussed
bel ow. In the enbodi nent shown, the apparatus 30

i ncl udes a support structure or
The printhead ICs 14 have two fiducials each. The enlarged insets of Figure 2 shows

printhead IC 14.1 has first fiducial 20 located on one end thereof and a second fiducial 22
located on an opposite end. The IC mounted adjacent IC 14.1 has similar fiducials located on
its ends, such that its first fiducial 24 is closely adjacent the second fiducial 24 on IC 14.1.
The IC fiducials e.g. 20, 22 are preferably less than 150 um in diameter and typically less than
100 um in diameter. The fiducials 20 and 22 are 95um dia. bare aluminum etched during
manufacture of each printhead IC 14. In the embodiment shown, there are five printhead ICs
14 mounted on the carrier 10, the last IC being indicated by reference numeral 14.2. The first
and last ICs 14.1 and 14.2 are mounted so that their respective fiducials lie within a

predetermined tolerance to the carrier fiducials 16 and 18 respectively.
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housi ng 32 having a services panel 34. The housing 32
houses a support assenbly 44, a canera assenbly 46 and
w@2@entwse scanner 42 (al so represented in Fi geCBALLH08/001194

behi nd transparent panels 48. The panels 48 also form

a sliding door 49 to allow an operator access to the
support assenbly 44. The door 49 includes a nagnetic
door switch 50 which forns part of a safety system of

t he apparatus, as described below. Al so shown is a

war ni ng baae aficrddiatdpritithdaBUCS 84 £ i 19 h@kd-eiPbetween end
status of the apparatus 30, a touch panel PC 36 and

reoHicad ICokhbanda bt b that their earpechpe Figuadis plignde fdin ypredetermined

7 0 . i : : :
o PrOEh Rl o LR oP B p R e R gy il v
B pedGo anelammotinriols ppasilst tokbeaserthe aligmeapefthp psnthéadNCs with cach
as the panel 48 slides over these conponents to
06‘?%\9‘11‘38”36%3@%% tq gletcwéle&é%ponent s inside the housing
32. \Wen the panel 48 is open to all ow access to the
i nsi de of the housing 32, access to the touch panel PC
36 and comiguod 3 planvesl andnbiogingfnt efCd mesluying epytaratest ¥dfor measuring the

e oA £ Rt e i hathat et g ABRR 2L AT pdrintcad
ICRI 4SRN FOREE at O biRhd tdigs, aRPApataUR- 30PN B ured to sense the
27- PCTFi gure 4 shows the conponents form ng one

fatvbiots eaomparothetdiancesmhstwiccasherebpoptivs!idusthlbigraquedstermined tolerance,
sganner .42 in norg detail . ,The. camerg, assenbly. 46

Fha e R cheslhfttn RN BRI i Ry g rests o
ré@ofe@oni®BLAE bydent that Mendyess hagufdduridd srocdsH6f ﬁ\ﬂﬂﬂlgkﬁuipment. More
canera post 74 fitted to the nount base 64, having an

defrili af e remptesrommrigs dyheng Hvbycupicd belogo with a cover 78

to forma structure for supporting a pedestal 82 to

whi ch positioning beam 76 is attached, as shown. The

beam 76 séi theendsdsngppdiotvnt te apperathad € odridscasupport 42ucture or

that h a sensor 68 attached to a acket 66, as
BRI ﬁrﬁ‘@ng—&w%ﬁ an%r%‘q@]ﬁgw%g s hdsso HpaRit assembly 44, a
ARLROAEHIARD LT, BEERR scArhcP M LaBl: ré%ﬁ%eﬁrﬁ% rF;igulre 10) behind

appl i cation. The sensor 68 is attac o br acket
tB@sparert panelsds. Aihepenawnd8 7160 forxmtdslidiveg dooadketalled dnroperator access

tt9 g{ensu{)ll)oxr? gssén?blgl Iﬁ tf’ﬁea H(])o7r§19t%1¥ch?§e% re]lsrna%fnet?co oko?tswﬁgnr 50"hich forms part
of a safety system of the apparatus, as described below. Also shown is a warning beacon 38,
which indicates an operational status of the apparatus 30, a touch panel PC 36 and control

panel 40 which allows operator interface with the apparatus 30.

The door 49 also provides a practical safety feature of covering the touch panel
PC 36 and control panel 40 when in an open position, as the panel 48 slides over these
components to provide access to the components inside the housing 32. When the panel 48 is
open to allow access to the inside of the housing 32, access to the touch panel PC 36 and
control panel 40 is effectively restricted. This prevents accidentally activating the apparatus
30 when the panel 48 of the housing 32 is open, which may injure the operator of the

apparatus.
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Canera and optics, formng an optical assenbly 94, are
attached to the supporting pedestal 82 wth a canera
wheaekews®8 and a camera nounting base 92 operB@T/4B20p8/001194
fast with a nmounting plate 90, as shown. Al so included
is canera lighting nodule 96. The Allied Vision AVT
F-145B bl ack and white | EEE 1394 SXGA+C-Mount digit al
camera equi pped with a Megapi xel Sony 2/3" type
progressive CCD-array is suitable for this

appl i cat i giaurdihehdwsahé tdigponesty e niincoied@sbodEhént 6f thgldimera
emtting diodes) coupled with a Gardasoft PP610

AsseY Heyancbreage seanngists ip grase Ft?tglur Ele @mgrassgnbly fhdncludes a

c%ﬁl%rtﬁm}n‘clf bgs%%ﬁ% hel%bmr%u%ﬂ ?% t%bﬁ]%gnl% gbrg %I% h%%FlﬁE M A 150

ete e optical asse
1ﬁxslsdﬁdlhb yarReda pSst a4 fiaed ecthe moamgnaé 64 aviug| anatplngnt phildri60and a cover

ontroller of the apparatus to allow the control
pﬁ@%é U withe qoyefud tafarm arﬁ@CH)é%ﬁ%ﬁswom%aepeées 558 24e W%&hé@smonmg
1k%ﬂﬁ%qsgﬁgﬁ&%§§$§%mby means of a canera adapter plate

84 operative ast with a nounting nenber 88 via
socket fasteners 86, as shown. The nmounting plate 90

i ncl udes | i near st epper noto to,facilitat

f ocusi ng THE PESRS SETERY dvobRng 1Pk bafrar Hhipds 43 fgshas a sensor 68
A F1RA b 8 Bracket BBPR shIRE OThEHInd Bela Prddulsied 1P¥80® model barcode
stepper notor controller 250 shown in Figure 11

PO RseRsor ROPRel e fori thig apfisitior. ol Trei sgusoe 64 15, attapteed to the bracket 66
%nt rlglllth%rgcﬁz?gf% §,C\{V'qt%1\g1§% C-? R CI%E th IIXF(ER) tE%gé 436 gy Rle¥ns of socket

seeRfsi7zgured to generate notor drlve signals at contacts
254 and to receive positional feedback at contacts
256. The nmotor 9 1 includes an integral Hall effect

limt sw k%ﬁle?aSa%dg%ﬁﬁf ?oijmtlﬁ%? i R ag&HB%F]M Qe étglghe%d to the

nmotor 91. Figure pers pect1 Vvé view
supgort@nprdastalsenith y cdtﬁerﬁ)braEkg YR and a cavhéh niduating base 92 operatively

onp nents ass Flgure 6.s t he sy Qrt
ryowmﬁ@g@é%é(? AgSHos s gl@ﬂ*@m@w@amﬁw pigg module 96. The
ﬂﬁE@VIIS'IOHTRQTSFJ PP Ela%ﬁﬁmlﬁé IﬁﬁE' 1@§Jl ?ﬁ@ﬁ%@ -Mount dl%ltal camera

di spl acenent nechanismin the formof |inear serv
au[ompcd with a ngplrzibleﬂwyadﬁ pye prog®ssier CEbwntay mgsuaable for this

rler ang . or c |er 117. t hereto. .
Gt B AR S s B R YRGS A dFudaprat with o
Gﬁ@as@ﬁ'P'P6@0 lidfinsReMdolich 146 (see Figures 8 and 10). The camera is assembled with
adapters and tubes, as shown, to complete the optical assembly 94. The optical assembly 94 is
arranged in signal communication with a controller of the apparatus to allow the controller to

“see” the fiducials.

The mounting plate 90 is attached to the pedestal 82 by means of a camera
adapter plate 84 operatively fast with a mounting member 88 via socket fasteners 86, as
shown. The mounting plate 90 includes a linear stepper motor 91 to facilitate focusing the
camera by moving the camera in a Z-axis direction. Stepper motor 91 is controlled by a

stepper motor controller 250 shown in Figure 11.
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Figure 2, in use, and includes two pneunatic cl anps

119 to hold the carrier in place. Wen the operator
wptaoewdshe carrier 10 in the receptacl e fast PET/AULIN8001194

pl ate adapter 116, the controller clanps the carrier

fast in the receptacle 117, when the neasuring process

i s actuated to ensure accuracyj;of fiducial detection.

Coer a1 Ol ke LA By s RS0 s it e o

dsfointhly 84 +id)thd Gon€RRLY50] Tad coMtiolleir2 HEE ¥énflPatddrto generate motor drive
controller 152 that is described in further detai

st bat consactads Apad e eseive pesiganebieedhack pecoapsraughe motor 91
1haﬁ<§e‘§%8§nt%§rh‘1rfglggp&? R &hsch ?3‘9{10 g%@%‘a?gdj o]%fftﬂgenraotor 91,

green on-and
two indicated at 262 to operate t he pneunatlc cl anps
119 with sol enoi d val ves 266 (Figure % LEDs of the
opt ocoup! ErEOFEhoYYse reerﬂ?é@fieavetveﬁw plthe Fampsra ﬁSSﬁePkYr% of Figure 4,

ﬁ%@g?&gﬁneﬁé%m%dﬁ gure 11) and to the servo notor

controll 152. The receivers of the optocouplers 260
are, in turn, connected to the red, anmber and green

lights 26 t t | ht 264 di .
oper at | ondiEigs 4Eerahe pinaSdeSpRlly dibesiine g aBr by in more
b ThE @WﬁvﬁseMQM RRIELS Higpladepgen MbEHARBmMLAXhd Brm of lincar

connecte t 276 to a pneunatic clanp arrangenent 274
sshyowrotpinl 16; gtuir}éatm Gdanter ldérf@n rpeUnding atchrsict dlamp ofF Faricrisgeptacle 117

e GndBRBE S 1 PP SSRY B AR R R0 b G i ffown i
Hig‘urb llemFﬁ@e ang Qﬁ:hﬂiﬁe@dvd/\pﬁehmfaﬁ@clhmiw hl P@dneld 86 c4drdie€in place. When
gure 3) can al so communicate with the MPNO23

tbe/omtgrné@@é the qagripu |1 Qimnthe pgpigasly fapt with dg plete adanterdd 6, the

t
%’?9?12% p %{Heta%a%geg ?%S?r%lstﬁ%eﬁ%gégée ? gﬁlreré I%)L{ﬁeas&%% ﬁgée%]ls actuated
t6 onyudkt aatuady of fiductyb detadtionn Opferatibe oﬁelwmmpstlw isldeScrébied with

rg%&nzsﬁlargaﬁz%y Bt rmnio 100 aiieoh) ool a servo
Y Qb1 BDGHIITR ol e hiher dddl GaLEC Wi th

erence nuneral 202 in Figure 9, and described in
further detail belom1 The servo notor controller 152

SO0 LSRN R0, R A LA AUERLEE,
iRdedted 260 %o dbke k@ dnfREatd&een lights 264 on and off and two indicated at 262
to operate the pneumatic clamps 119 with solenoid valves 266 (Figure 10). LEDs of the
optocouplers 260 are connected to the stepper motor controller 250 (see Figure 11) and to the
servo motor controller 152. The receivers of the optocouplers 260 are, in turn, connected to
the red, amber and green lights 264 so that the lights 264 can indicate an operational status of

the stepper and servo motors 91, 110.

The servo motor controller 152 (Figure 12) is connected at 276 to a pneumatic
clamp arrangement 274 shown in Figure 10. In particular, the controller 152 is connected to a
pressure regulator 278 of the clamp arrangement 274, at 279. Controlling software defined by

the PC associated with the touch panel 36 (see figure 3) can also communicate with the
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carrier 10 into the clanp, and a sensing position,

where the receptacle with carrier 10 is bel ow the
wopiivotsessenbl y 94. The PBA LMS50 |inear st apET/AD298/001194

is a suitable servo notor 110. The receptacle 117 al so

typically includes a proximty switch 121 (indicated

phyS|caIIy in Figure 6 and in {he control diagram of

i Sl TR S STttt %Sf? hod 5] phBoS AR figalR 252 Thus,

d%)@ﬁhb@bf@é pA&En AR 13ipRA 19 (Re Fiued 6)lid Bodrtiagtcl RethRipataBon of the
16 has reached a predetern1ned extent of novenent.

STHE nEeipkel0 ang fif @inersasemEly 86 k5eo Fprgsoandt v e

proximty switches are suitable for this role. The

support assenbly 44 al so includes cable trays 112 and

114 for housi srhgwarml Flgoeat( in g nednedltisdlatin valve@84 havih§ehe pneumatic
| i near. not or 0 and pneumatic lines to the cl ina, .
%ﬁﬁ@rlnmt%wg reisn i mﬂ&@@ %F%W&@?A d%ﬁﬂ‘?aﬁgp Sl'rg’teé detail
lﬁﬁgxrelatlve to the notor 110. Figure 7 shows a bl ock

I agr am of nethod steps perfornmed by an operator and
the apparatus 30 to check alignnment of the fiducials.

numer al r JBF SUSEIONG BB S Ot Pl B SHES: e plac

dd@pter fl%scﬁﬁ ‘BE hib%ecbbél&r%eﬂ J‘Qh&ﬁﬁ% BEsifioh, SR dQpBfaBlftGEable to load the
numeral in the acconpanying draw ngs. As such, the

qauteh d o ity dieu:@é@p, japd g h@lsmng\p@sﬂtlommhese thotreceptaile @dth@amer 10 is below

particul ar nethod steps referred to in
E%?%KMEﬁ dblygf"skilled person wi Il understand that

further nethods are possible under this invention

whi ch m ght exclude sone of these steps or include
addi t i onalThg PBAsLMEEAbpar stagpmptpids apiablaserzo gptor 110. The

E&;f) aldf%eﬁﬁalsﬁ Q%Jr'l%a@l:y dfzésﬁcgeﬁ ?g?ge)%n&ﬁg éﬂ Bl g%c%‘felﬂl?p%sgcally in Figure 6

ow, Wwhi c em and cont
agldfin thg comes] alidgeam offhiguiedd).r Bhe mysingty sustes 12 hs cooueked to the
pane interf

I t A di ngly,
C@Bﬁ%ﬂeétlg%% % (Pl thabihe SrolBF by tanibe Bgfic 4 once the
PIUE | BithasHBichSd o SRABCARRPALR oPRI|GRART DY an

operator, as w e apparent fromt
di scussion. A renDte nDnltorlng systemis referred to

in the steps of F 7. nitorin

i s typicall’§PsP QlggﬁeﬁééﬁggigP&%W§FPgﬁﬂﬂﬁy¥%ﬁ§wsMe
stiten@tor ¢TI T’l?etduﬁﬁort assembly 44 also includes cable trays 112 and 114 for
housing and locating electrical wires to the linear motor 110 and pneumatic lines to the clamp

in a manner which allows unobstructed movement of the plate 116 relative to the motor 110.

Figure 7 shows a block diagram of method steps performed by an operator and
the apparatus 30 to check alignment of the fiducials. It is to be appreciated that reference to a
reference numeral representing a particular method step refers to a respective block indicated
by such reference numeral in the accompanying drawings. As such, the method included in
the invention is not limited or constrained to particular method steps referred to in this manner.
A skilled person will understand that further methods are possible under this invention which

might exclude some of these steps or include additional steps.
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with the apparatus 30, and nore specifically with a

network interface of the apparatus 30, as descri bed
wh20101998the renote nonitoring system perforns RLEAD2OPS/001194

assurance tasks by nonitoring the progress and status

of the carrier 10. For exanple, the barcode scanner 42

of the apparatus 30 is configursed to scan a barcode of

each carrier placed in the clanp 117 of the plate

adapter 116. This barcode uniquely identifies each

carrier, vihtBpph@ud3y @eRl8csSEMntrbDsyslat dreBBtrdler, discussed below,

noni torl ng systemduring an assenbly and testin

Widepogides a ety cxstemn apd qgniro] duringapeisgor-hEhaeopiiabyyteaneses the

t&?c%tﬂaﬂg i 98 &S5 Oé)%gl)lor lJlt ¢ A%BS’I%[ é’%jme %t ertﬂleel%gﬂgd are

Car rier 1S recor noni t ori

Ryfotredd byl the tdilﬁroéthﬁm azvlfllsm Lk lategierfosm Dby an operator as will be

guar anti ned a roceeds to a next step of the

@P@E@sfgomfh?é’e[;é\hg‘ﬁ“élsﬁ%l toring systemcan prevent a

controller or control systemof a machine form ng part

of the process from performng any further work on the

carrier. @ rcowtdmomtoging spfterh xerefearcd oolm the stoprsarf FAgure 8. The remote

BT Pt gy 57y SORBHSE SIS FETERS SN Gpauication
Wi @E a zhﬁ@ﬁd @hd Arefb spliifisally\iENa ActRERk inREfBE Scthe arllpparatus 30, as

circuit board)of the scanner 42 is switched on,
deeqr@yd belgws dihy sgmaoto Musitomesysisa perioppequatit asurance tasks by

er 250 sogista{;\t |81'flale Samera assenbly 46 can

IBoend Oﬁm dutorodl ure. VThi s quality

assurance functionality of the renote nonitoring
system prevents unnecessary wor k done on inferior

qual i ty c&efeemple, fg hgejore sepnperedden tharppess 48 desppfigured to scan a
?coggi}pga%h I%$ % E@eldl ih yher%.rla{ l P?gofq 91!%%8%@ Mf[.\|6cjfh1§ B?Jﬁgde

roning fin pr|n g pr
dnn<1uely iReftigics cavt) caisr,tvaittRhg bareodt sehhe tinetehhock mmnmemg egstem during

with ano erator reno gacrrl with .
Py L MRS e pregge @ﬁ@% 3G If, dhe the a%ﬁ@@?ﬂ@ Testing process,
gkﬂa@@ bre d-ElEEcgdetthg Pelésscm{ adiiGat 1%‘30113&1 B Qéibeéi]bmhe Eﬂfote monitoring

erator then proceeds to scan the barco
styamtm du theievéntaHwed caidels siobquaeantiagd and;do«zfatlsaw aby:xt step of the
ck [172. This.action serves to, actua

P&%“r??%ﬂ giq rglino'féﬁo@t?“{l% S EMIEFEL? QU ﬁ’ﬁﬁ ¥ 028“%139{ stem of a machine
fB88ih P phrd 6 AU HRyERAHH P& TRMACEMN Bither work on the carrier.

Circuit detail of the barcode scanner 42 is shown in Figure 10. The scanner 42
is switched on by a relay 272. The relay 272 is connected to the stepper motor controller 250.
Thus, when a PCB (printed circuit board)of the scanner 42 is switched on, the relay 272 serves
to actuate the stepper motor controller 250 so that the camera assembly 46 can begin an auto-

focusing procedure.

This quality assurance functionality of the remote monitoring system prevents

unnecessary work done on inferior quality carriers, as well as preventing the assembly of
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As shown at bl ock 174, the control system of the
apparatus 30 relays the scanned barcode to the renote

wormnmdsng system If there is a probl em w t hP€THaU2008/001194

barcode, the renpte nonitoring systemor the barcode
scanner 42 can send a nessage to the touch panel PC 36
(or user interface - U) to di play a nessage to the

T e s ST fwe%é RESRhEfind SRplli Brgaucts.or the

k. the renote nDnltorlng systemrel ays a nessage that

the carrier 10 is suitable, the operator proceeds to

| oad the carrier 10 into the clanmp or test fixture

117, as a ey A

nto the. Seenimdt b Eiplt Al Eod drlier AT Bt ppor rmoving o

@AgiddestriChatdrandien a uladegtomge catiloament suches 8 @leum catidcdr This step
or 6 controls nnve nt of

110, T n roIIe
ig Hﬁtféﬁg%é{ e vp%at% CRBIREFSP r%@calazﬁ@ atgqde e%ffh% fgyrier with
tﬁ@§ﬁ5’$&e3écﬁ§ie@@ Hﬁf&%edtﬂgﬁow&qluﬁf §lisZicAsl SRS Q&{Mte ftRcontroller
focusi ng through operation of the servo notor

A9Ade that tretcamkrachscnibdy €@ cetor beiginethe 280-focTinmg (pacmedure

assenbly 46 then enables the determ nation of the

first and second carrier fiducials, shown at bl ocks

180 and 18g,sh&%n Weblbckasr4t (g cBht?o?tsys%}ﬂ oPBeQl ﬁar!lt@s 30 relays the
fiducials of each IC, as shown at” bl ocks 184 and 186.

sthrmcd harsode taélseen@moye mm@emg @sst@cn | Iftthese {5 adpreblamswitnthe barcode, the
rgmatsé ntlrroe}utg?mg ?}Ps rn Q- tﬂ? Ra ersrcidnenrer i% n{] s%ﬁ%%%ﬁe;saéﬁ 0> t%e touch panel PC
a6t isel Intdrfacd hilH) for A sa inSsshgttb Gl @draadr, sHodeKoy18Esk 176. The
Once all the fiducials have been sensed, the PC 36 is
aperefar gan ten rescyeihe baredodat diswrd thesairist at fuley-posi t i ons

of the sensed fiducials to each other, as at bl ock

190. This generated data is then displayed to the

oper at or dfitht hendCniooiteinmessystemnc3gs Makkkage ﬂﬁ't—tl?é:&'z(rhhlom(is suitable,

92) and upl gaded the remte. nonitorin
%%Pﬁfé%orma?eeg%wr e%(ffﬁ? sager thigtostha siepg Oéﬁeégﬁxtrufe klﬁeas at block 178.
FrRUhfc? l@(ﬁh%@@édﬁfl@(ﬁ@ hsin @351{1&{@} fhe ohoarséeﬂg)ly 44 as

systemis able to flag t spectlve carrier
deba@ied abdieeuntiet bimdatends thm steh otrhegoc birfk Tb¢ tmtroﬂmnrri’g? $G1®ntrols

carrie fromthe n osi ti.on he | oadin
iRl i aioBS o Bt BF BRIl 268 Fa R ety 46
eﬂ:c{n@gélsttﬂfre@hi@éﬂjz-ﬁhs nRVembhtEbiioBustde throligh Spéiitidd 6hi th@tc@eb motor 91
a ocC
under control of the controller 250. The camera assembly 46 then enables the determination
of the first and second carrier fiducials, shown at blocks 180 and 182, as well as the first and

second IC fiducials of each IC, as shown at blocks 184 and 186.

The camera assembly 46 senses all the fiducials in this manner until the last
fiducial has been sensed and its position on the carrier 10 stored by the controller. This
process is indicated at block 188. Once all the fiducials have been sensed, the PC 36 is
configured to generate data of the relative positions of the sensed fiducials to each other, as at

block 190. This generated data is then displayed to the operator on the PC touch screen 36
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Figure 8 shows the conmponents of the control system
conceal ed by the services panel 34 (see Figure 3). The
wearnetwsr bl ocks 126 and the trunking 120 | i nkCT/AU20G08/001194

PC touch screen 36 (see Figure 3) to operate the
control system The Advantech PPC-123T touch screen
di splay PC suitable as the PCtouch screen 36. The

kR e nd SRt R TR AL g

sefdind dtejes to the different conponents. The connecting
bl ocks 126 facilitate the electrical connections
bet ween the conponents. The conponents are attached to

t _
Tho"br o e FesdfPne WRSubiag) O RHGREHAZS LA Rale to g

that rept&@ivie &hrrﬁﬁ‘l\@lis Boudc Ghe Moﬁpﬁdﬁhfﬁh thie coatrolier rnovmg the carrier
LE2-12-1782 2 pole switch cam unit ui table for
52 g ﬁﬁﬁplil%%& PagHionte @eﬁwdﬁlgwpéuwatwb@rec R ARERPBFRIGEMP Kpthe carrier

TRRRR BeiSariPor S5t fixthrP BE SHiis 11?(9.':‘&1t9(%129r‘t)10‘lc§496.-rhe Festo
MPPES- 3-1/4-2-010 series regulator has been found

sui tabl e for this task. A circuit breaker 130 (such as
a Hager A 1OT Ser i eﬁ circuit b aker vi des

el ectri cal 'Prot SYsdhc ?%?potnﬁléts tCPlil%%hSY IhGRspied by the services

Rhang (wetfh%}&y £} STIi'&%nné%@Mﬂﬂookhl pRd Mld]tﬁétmﬁclﬁg PRP@iN 8 the PC touch
Contact 12V 3A DC power suppl gszve power supply 136 is
fiems

sgrePi 8 frics Figort Bde Ozwezhﬂe cmtrp sl Adv afrth@l bEﬁvé%T touch

the vant npnent s
SHER R br Sl AR5 PeRBichoblS 8F  PHGRFRERRNS Byhnecd in e
subpdit StelcRIFEefE Cotebmiaths radlnt A&ridal afd FHeuMalOirad £nd lines to the
used to facilitate operation and interconnection

dideraricampRecndy. abhs caregHpe hegks Epfacititge the glpetscal ggunggidons between

G aRLY R ST bt B BRI 3 G BAMG1 B S ot v s
MPNO23 27- PCTA safety relay 140 in the formof an

Omon (DS- 2002 saf e relay is.connected
ser voVIaBt splatigh "Yl 127 fagp e pigpiranc chlcéb\ﬁ%%t]&flio%ﬁﬁélppmms to

anxiEbhd 5&9& éth%e ﬁsﬁé %r&l@?g{ SGan tL'EQ' 1|2ef78é@%30'legsd/1{c'ﬂ|%§ﬂ unit is

to magntlc oor sw tches 50 (see Figure 3) to stop
suhdalaﬁqn dristppdicationt Hiheaamam pnetinafis eennep g & t@ apgoeitus 30 is via

ened. he gntt o | er it fromt

BeinS GRE B e RS U T b Bl BB fn foun
seRAYI & fdr S ta@;léf 4A%[1@u1¥'§1%gketr Q30 (Juth ad DEaFR AN 09keddiRircuit breaker)
support assenbly 44, The safety contactors are two

Spyidesivdactigalpriateati @OY theenlgogrscab erfreopents, along with fuses 132.

Power supply 134 is a Phoenix Contact 12V 3A DC power supply and power
supply 136 is a Phoenix contact 24V 2A DC power supply. The power supplies 134 and 136
supply the relevant components with electrical power. Optocouplers 138 (indicated with
reference numerals 260, 262 in Figure 10) are used to facilitate operation and interconnection
between the clamp arrangement 274, the lights 264 and the servo motor 110, as described

above. These units 138 are two pairs of NEC PS2502-2 series optocouplers.

MPN023 27-PCT



10

15

20

25

30

35

contactors. The LED Iight controller 146 is al so
mounted on the rail 128. Control panel 40 (see Figure

W@201808980 ncl udes an energency stop switch 290PC¢FAGRN08/001194

13) for inmediately stopping the apparatus 30. The
sol enoi d val ves 148 and 150, such as SMC SY3160 series
5-port sol enoid valves, controlg main air isolation and

RN R A R .

d@nhdcheRa asé@g enoMdiicottiolke G bP A Ggéras sehith & 4RQeHbin@6r 119. Safety
used to control operation of the stepper notor 110

doseeontrioferr k2@ linked o sjagegtic foar svgtchessi(soe Bigpre it step Bygapparatus
a r

R 48 s TR Mg 3B Th e B 56 SRR b 1 Dfhron D0

seied dvel slhtaslerfeleﬂhes(eqﬁq)o&g (BaéetPB poritart@o M4 ok usédoo dinsit ﬂhe imotion of the

the rel ev nt co ents. An ADAM 4520 converter i

Sgum%*ﬁ%nl? B4t ﬁg‘”@p& Y iConfegten arcwe. Sé&?télerd&iS\?E h €é§7 pefics safety

ctoﬁﬁctfo%r Haf D @%Bntwp'ﬁléq@ afb GRRGcd TRLRL raYl" 1t2§ F,‘ontrol panel 40

Copl ey STP-075 series driver, 1s responsib
(sa’.rf'eglae Bpalss inofudthan araremay a®p ewtibly ZQKB(nguae ﬁrb)t for inmddiately

S&q\}ee ure Figure 9 shows a pneumatic diagram for
B @ﬁ%&r?ents of the apparatus 30. A nain air

supply 200 provi des pressurised air to an isolation
valve 202 in the formof an SMC VHS20-01 series nanua
i sol ation T\halscvlenoictﬁalgeﬁ 8iand t 0. ruchormBd &Y 3160 meriss S-port solenoid
Végleg,r g}:ltgorl m 1n a1r 258%1({‘1'0131 a%d %%Sllmgq@'g‘g%&w%%ceéﬁé é’? eg§ f%lct{lr'e 117 (see
m@w 8). UBI&dsef'\@ h&t0} ednerotlfiel STRUch Syeslirean staRdVticsEdehRologies CEL
ul ator 208 regul ates pressure to sol enoid val ves
@ diivgr psed tggpatieliogeipton aktho sigpper gnosar A 10i(segiFegred)- as
266 in Figure 10) are both SMC SY3 160-5M0Z-C6 series
val ves. In the shown configuration, valve 210 is not
used, but Gagahoimr MNQ 23 5% 72. Ral 212 froomRanadomid &ngloangt 166 has an

test fixture see Fi gu 6) for c]anping.the

iRalfipd ameBone @H %BHBBVS %@%@éﬂﬁweﬁe eFHity PR touch screen
t f

S e o A o oyt i

spitgblafrd thewppbéatioe. Aof-apipdriatri M8 in thetftrinsofpaZaba NAG8A-16 stepper

neloqcto)ro \g{tﬁng I&Io]pley STP-075-07 series driver, is responsible for camera focus of the camera

assembly 46 via motor 91 (see Figure 4).

Figure 9 shows a pneumatic diagram for pneumatic components of the
apparatus 30. A main air supply 200 provides pressurised air to an isolation valve 202 in the
form of an SMC VHS20-01 series manual isolation valve. This is in turn connected to mist
separator 204, which is an SMC AFM20-01-C series unit. Solenoid valve 206 is a SMC
SY3160-5MOZ-C6 series valve used to isolate the main system, and pressure regulator 208

regulates pressure to solenoid valves 210 and 212.

Solenoid valves 210 and 212 (indicated as 266 in Figure 10) are both SMC

SY3160-5MOZ-C6 series valves. In the shown configuration, valve 210 is not used, but valve
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Figures 10 to 13 provide circuit diagranms show ng the
i nterconnections of the various electrical conponents.

WOA2010/01998be appreci ated by the skilled person, PGR&U2008/001194

conmponent typically has a nunber of discrete wires
conprising a single connection to another conponent.
The CIrCUIt dlagranB |nherentl show all the wres,

D REEs s Pt ST Bs08 WA %Eyrg{é 58 s Be SR P o e

shblﬁrreaslsanlap awn "Ih@ ealb@z pzoma&@ and Phrtdler tEOARMH! RehelPclbif module
barcode scanner relay 272, in turn, connected to the

Bttappero-kovpping m@@nl@ﬂl&ﬂs @mocqte tguikye 219 anhiorokue sefapgrative in
tﬂ?&?ﬁw gp&ﬁﬁ%éﬁém452 Thus, operation of the

ers 152 can be linked to operation of the
scanner 42. The LEDs 264 and their operative

connection.to the ogtoco pl.ers 260 is_al so shown in
Fi gure 10Figuresehfited; pravadesdicuts diagraps sheying gl Wifdcapfigstions of the

x%ﬂ@ﬁsaéléc\fﬁcaﬁf CORESHh RN AL Qify IB@ aﬁ%&&&@éﬂ B #lcSkARd g%&@n ong ¢ component

hown. The optocoupl ers 260 62 are connect
tszpma;lkydials emsmb&Xf ddste WirgusoenptBinglasngdhowsedtive to another component.

rCUI of the proxjmt smntch @ rCU|t
R odiregp rh H R & T s Beriplottvel) refemed to o
eﬂﬁﬁﬂ@&ﬁhﬁdﬁhﬁﬁﬂw&%ﬁaﬁ&%&ﬁﬁbn?74 |nclud|ng the pressure
regul ator 278, the anal ogue output nodul e 282 and the

signal converter 280 is shown. Figure 11 shows the

circuitry.relati to th tor cq trol
250, As ¢ %I}] El&g sfebg ‘hherc( ?oevvt} ts %arcg DI I}I‘ILG(I_‘: 4 c%nnﬁ:ﬁtgg %o thﬁ barcode

so@tneeemytdre, hiteasonst@pperthamter Rolor astirdiRe230F@ral 1) and the
Hall limt switch 258. Figure 12 shows the mrcwtreg@(dt
cato

seeoaRatpigrongotierd S3ed hes, ﬁbffr@taon&fﬁl@er esintreHers 850, 1R sarpee

he controller 152 via an RS 232
d&’grﬁﬁglgpfe E%j“‘/gz{slg“ﬁ2 wn, the controller MPNO23 27- PCT152

is connected to the servo notor 110. At 288, the

controller_ 152 i cted to the safety relay 1
(Fi gure 1';f)hei S?@% it QBRI FoBPCcED (¢ e@amglaﬁ%ra%o is also

S%_lg\’élﬁ Ilith %ﬁl%)q'OmLtﬂYevﬁé’@ eRolkgdid vﬁfves'zz& arfdBeiCQAiRL |c§1'inect10n to the

onnected to the pneunmatic clanp arrangenent
@toupegdoe ak3hgwowdhe optecupleys 260, 20 5@t eonnestyed teethe comrollers 152,
:%Scordance with the invention

Figure 10 also shows the circuitry of the proximity switch 121. Circuitry of the
lighting controller 146 is also shown. The pneumatic clamp arrangement 274 including the

pressure regulator 278, the analogue output module 282 and the signal converter 280 is shown.

Figure 11 shows the circuitry relating to the stepper motor controller 250. As
can be seen, there is an electrical connection between the linear stepper motor 91 and the

Integral Hall limit switch 258.

Figure 12 shows the circuitry relating to the servo motor controller 152. The

PC 36 is connected to the controller 152 via an RS 232 connection. As shown, the controller

MPN023 27-PCT
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of the nmeasuring apparatus 30. The safety relay 140 is
shown connected to the safety door controller 142 and

waQ beooosact s 144. Operative connection of thePCEYH2108/001194

door switches 50 is al so shown. The touch panel PC 36
controls operation of the servo notor controller 152
and thus the servo notor 110 t nove the plate adapter

Fiie> EhEy ] PdFe Sty Pl | PRt (PO By FERE Pl o the sty

rSlag PPG (Figit @8). IALYOOthE @6nttollch e50R iRk tca 56 B RLkIRAY ORitch 121. At
the carrier 10. The controller 36 can then exam ne the

Jar the epntyglien] 124s conpeted tahs BRYHIMatieElany deneeherid’4-he

relative positions of the respective fiducials and if

they are properly aligned. Simlarly, controller 152

recei ves fraeeb s shofwseircsian 904 Safstychstas, inhecqpdane mithythe invention,
sgﬂtch 121 to determne the positjion of the carr“gr

of $he ppguthanParadisiie THASHRRPIRY ¢ dtsohewt sonngelsd i e gpfety door

d.]o_{%tér&ile??ﬁf al thE Qorth@Pad. r@%e‘?@tfvreicgﬁnetcﬁoﬂ bEnP hﬁ%ﬁeﬁ% QBRE &Fitches 50 is

IS to be appreciated that the inventron al so
adsotsboes. t 0o a software product for execution by the
control l er 36, as described above. The software
product enables the controller 36 to performthe

functi ons TRRGUCR E@ﬁ’e@ PC 3ROAGE s Sp&RForTIRS dPRAMBIBPYShtroller 152 and
The invention inherently includes a conputer readable

thusnthe serves moter d40 & mg‘gqqt@[: pkgltemdaptp[ | bawvitldths carrier 10 below the camera

I.ncarp I n uech oftware product.. VPNO23
SSBERE AT it BTl SuBaP R tnciSps mprort o focus the
dpeits iaf@mdssend the thaier ORf THaDNRO1L36 08 thef cx@ni@® tHelc@trier with the

system mounted in the housing assenbly; an operator )
Gamerr P scad Yo iy daterane the raksiys ipﬁgt@@s@% igspgaive fiducials and if they

- the control systemto allow an operator
FOPREahPAigy

e measuring apparatus; a neasuring table
assenbly nounted in the housing assenbly and

configured.tQ receive a nest .assenpl upporting an .
i nt egr at egl ﬁefr P i‘?? }ﬁrre%eéY%&?‘?rﬁli‘ga% f?ﬂ]’i‘rﬁ%}soréﬁmh as the proximity
W B9 PfoBfbtermine the position of the carrier 10, and controls the pneumatic components,

described in Figure 9, to clamp the carrier to the plate adapter 116.

It is to be appreciated that the invention also extends to a software product for
execution by the controller 36, as described above. The software product enables the
controller 36 to perform the functions and relevant method steps described above. The
invention inherently includes a computer readable memory, such as a magnetic or optical disc,

incorporating such a software product.
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circuits; and a canera assenbly nounted in the housing
assenbly and configured to generate i nage data
WO 2@pes®8t i ng the integrated circuit carrier andI/abz008/001194

integrated circuits, the canera assenbly being
connected to the control systemwhich is configured to
carry out a positional analysiss on the integrated
@%é@%ﬁ} carrier and the integrated circuits to

ne at | east one of positions of the integrated
circuits on the carrier and relative positions of
consecutive integrated circuits. 2. A neasuring
lappar at us AaCHVENEBRPAIAHUSIORIDASIE: | n whi ch t he housi ng
assenily hRGLUAIRR MuGLARALE fhbehcan be opened or
closed to OwW or prevent access 'to the enclosure,
t he alosuslsystonimsinrg ia tigdfoatiyg aswembly; and t he contr ol
systen1inc|udin%$a control |l er connected to the saf et

swi t GR OPEFAF B1CTEisE MOUNSA 0B tha hpusiRg 48P hgnd spaR g 40 fhe control
sgﬁgm% QB &n berABER n@Mﬁh@&e%ﬁh?%&&mé- A neasuring
pparatus as clained 1n claim1, Tn which the
meas armaagurirgithlele asssmirhyl ipounted indieshausing nemmbéit @geconfigured to

assenbly to di.splace.the .nest agssenbly.linearly into ..
BT 50LT PR g 0 A RS TG SR AT 4glumber of integrated
&leditdTBgy in claim 11, in which the canmera assenbly

i ncludes a canmera post that is nounted on the '
meas @rdapmgrapesrnzidy mebntgd trothe howsing aspanbly avdeanfighisddo génerate image

e N e M -

REBRIFBhACtIANG thedRatral sPhtgintvalliclcBBhf@itdtcadly 0t 4 fiBitional analysis on
canmera post to be displaceable with respect to the

teaimEzEtpbaouit GRITICH ARSI A IRIRTEG SIBAts (héeterina afllcaskng o positions of
tﬁ@i 'ﬂz%reﬁ@cpa?cﬂ@ gn hQ ctalll?%r &Iﬁ{]lre{ (ﬁ've ?gﬁt‘io%gn ??or{sgﬁlttivg nﬁe ated circuits.
co rI1]t 0 a|'] e 8 a a éﬁ By

system can recelve nage a gener
the digital camera. 6. A nmeasuring apparatus as
clained in claim5, in which.the. control system.is .
Zonfigur e§ TSI RR PRRRIALYS 43 GLETHE moa‘ialmrﬂe in WfY’éE fhechoysing assembly

iﬁél{l&ééiatcldéﬁfer WiREh @sﬁﬁdoetd%@nﬁ?drgr%ws@d RABH. &?Eév%n@fégesg & the enclosure,
cal culate co-ordinate values wth respect to a
the ddetremeiuden asefaty ewicdh qpdithnt conook sipondéinging e cewiadler connected

fi,ducjal s.. . . : :
to the sa{”e?y switch to stop operation of the measuring apparatus if the closure is opened

during operation.

3. A measuring apparatus as claimed in claim 1, in which the measuring table
assembly includes a linear stage assembly to displace the nest assembly linearly into an

imaging position.
4. A measuring apparatus as claimed in claim 1, in which the camera assembly

includes a camera post that is mounted on the measuring bed assembly to extend operatively

above the measuring bed assembly.
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7. A neasuring apparatus as clained in claim6, in

whi ch the control systemis configured to determ ne
w@oElNiwss of the integrated circuits on the | PEEYU2A08001194

circuit carrier and relative positions of the

integrated circuits to assess alignnent of the

integrated circuits. MPNO23 27»PCT

5. A measuring apparatus as claimed in claim 4, in which the camera assembly
includes a digital camera mounted on the camera post to be displaceable with respect to the
camera post for focusing purposes, the digital camera being connected to the control system so

that the control system can receive the image data generated by the digital camera.

6. A measuring apparatus as claimed in claim 5, in which the control system is
configured to identify fiducials on the integrated circuit carrier and the integrated circuits and
to calculate co-ordinate values with respect to a predetermined reference point corresponding

to said fiducials.
7. A measuring apparatus as claimed in claim 6, in which the control system is

configured to determine positions of the integrated circuits on the integrated circuit carrier and

relative positions of the integrated circuits to assess alignment of the integrated circuits.
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