APPARATUS FOR TESTI NG | NTEGRATED Cl RCUI TRY FI ELD OF
THE | NVENTI ON The invention relates to the field of
w®einoiseg, in general. Mre specifically, the PCI/an2G081001195

relates to testing the alignnment of printhead

integrated circuits positioned on a carrier.

BACKGROUND Pagewi dth printers that incorporate
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substrate with a | arge nunber of densely arranged

m cr o- el ectronechani cal nozzl e arrangenents. Each
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stream of ink drops. In order for such printers to
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According to a first aspect of the invention, there is

provided a testing apparatus for testing integrated
BACKERBGNpOUNted in a carrier, the testing apparatus

conprising: a support assenbly, a controller nounted

in the support assenbly, the controller being

programred to process test signals fromthe integrated
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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.

SUMMARY

According to a first aspect of the invention, there is provided a testing apparatus for testing

integrated circuits mounted in a carrier, the testing apparatus comprising:
a support assembly;

a controller mounted in the support assembly, the controller being programmed to

process test signals from the integrated circuits;

a retaining assembly arranged on the support assembly and configured to receive and

retain the carrier during testing;



testing circuitry operatively connected to the

controller and having at | east test signal generation
w@rdoaemsur ement circuitry and adaptor circui tPGI/AGR008/001195

operative engagenent with the integrated circuits

being tested, the adaptor circuitry being configured

to provide both a physical and an electrical interface

with the integrated circuits. Preferably, the

i ntaedisplaeaheni meachdrgsmraranpdd eh the i supperadssenibhe fouppplating the

retau%%%??sgp%grpa I n | #%espﬁ%ﬂ?%g%ﬁl qstg agglgﬁt' %gajaﬁl:?pegéve condition, in
use; BNt ed in the housi ng to be accessible by an

operator, the housing assenbly including a table

assenbly and the retaining assenbly including a stage

t heestingscidiugpl eypeabyely donhertahnt tbeitorafollsaardl hnwﬁrgaatilwt test signal

ndi tion. The retai.nin i nclude a :
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operative condition. The retaining mech ani sm may

physicakbandde dlestraal megrfaoe with iheristegiatad caceitsconfi gured to
co-operate with Iocating fornations on the carrier to

ensure carr| siftioned prior
to test fﬁ%rab%hzhea}a%?&a R AL R A

adaptor board that is configured to engage the

print heﬁﬂ: éuggéé‘gﬁ ySI lgcxjrl{l}pfﬁ'cﬁﬁ? erllGu&ﬁ’% Egsgﬁblglethterégﬁtrolgr being in

el ectri cal nterface w rint
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circuitr |ncI de a st er, boar.d an I tiplexer
housHigAASEFRY BiC BRI BB BB A TR R HEE » St tha

is dl@%@&ﬂ’é 1niﬁpzﬁfd%uft ef sa'I(PéHe'raﬁE'e esditighd control signals
bet ween the tester board and the printhead integrated
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in reset boar eneratin eset signals
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I nvention, there is provided a nethod for testing

|ntegrated circuits nounted on a carrier, the nethod
conpri S’Tﬁkgre{alﬂﬁngc‘ %n%eﬁan%frﬁ may include locating formations that are configured

to co-operate with locating formations on the carrier to ensure that the carrier is correctly

positioned prior to testing.

The adaptor circuitry may include an adaptor board that is configured to engage
the printhead integrated circuits and to provide the electrical and physical interface with the

printhead integrated circuits.

The signal generation and testing circuitry may include a tester board and a
multiplexer board interposed between the tester board and the adaptor board for routing test

and control signals between the tester board and the printhead integrated circuits.



securing the carrier; displacing the carrier into an
operative position in which the integrated circuits is

wo poiplayesral and el ectrical comuni cati on w t hPGI/AU2008/001195
di agnostic probe; generating test signals in test
circuitry at least in electrical comunication with
t he di agnostic probe and communi cating the test
signals to the integrated cidrcuits with the diagnostic
probe; Theceigwilngenttagion emtl @s@gaciscumy iy mhme a reset board for
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conmuni cations |link and an autonated server; and

di splaying a test status with the controller.

Preferably, the integrated circuits are inkjet
Accqudinpt theadscondhaspaet dio thenanycitivn| ylkee tinepretidgl of method for testing
. verjfyi an identifier of the carrier in he step
imegedykarS e f e A - 4fe it EREPbg G H68 Yoo ¢ | on

The step of securing the carrier may include clanping

the. ﬂh@E 1Er a pneumatically operated cl anpi ng

asse er ‘control of a progranmmble |ogic

control | er (PLC) The step of generating the signals

meyisflecie® el @uti@dnumhoichaive pobidsi i anihsthe Nge@htedRizCuits is in

of the follow ng group is carried out on the printhead
physcat @@r@éch&ak?%ramlgaﬂoa VRO EagnedtieRPIGan | pos test, a

protection diode voltage threshold test, a w rebond
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diagh@8t ,prétied agd tcosinuh@atifignied itedn aignVISCﬁOOths 1nﬂélgﬁ1tfmébi’ﬂadts with the
. %ﬁlncludethe step of relaying the signals to a
diagpestip P@bRDNI t or i ng system The step of relaying the
signals to a renote nonitoring system may i ncl ude the
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connec

making the received test signals available to a controller via a communications link

and an automated server; and
displaying a test status with the controller.

Preferably, the integrated circuits are inkjet printheads.

The method may include the step of verifying an identifier of the carrier during

the step of displacing the carrier into the operative position.

The step of securing the carrier may include clamping the carrier in a
pneumatically operated clamping assembly under control of a programmable logic controller

(PLC).

The step of generating the signals may be configured such that a test consisting

of one of the following group is carried out on the printhead integrated circuits: a gross Idd



The steps of communicating and receiving the signals
may include the step of nmultiplexing the signals to
WO oub/014981 si gnal s to and from i ndivi dual di es PEI/AN2008/001195

printhead integrated circuits. According to a third

aspect of the invention, there is provided a stage for

a printhead integrated circuit tester for testing
operation of printhead intedgrated circuits nmounted on

test, anclpps itest,, a pheccivagbodrongtags ithgshodd $esppo mtirebomdiconimaity test, a

a fixture arranged on the su rt structure and
ekl TR Y ¢ 5P IBNG doLE TRaE She TGP PRI spltages tes, and a
test fof AMPiisHAl V&REdrani sm arranged on the fixture, the

cl anpi ng mechani sm havi ng at | east one clanp assenbly

for clanping the carrier to the stage; and a

controller for.controlling operation.of .the clanpin o

rochan Uil FREMGRen i RS EhbB] BLabiiufsaRironitoring
systediowel piTAS stex berdiyitg the pndlhe desetmetaetingQystem may include the

facilitate location of the carrier on the fixture, the
step gk ing; thestesfrsigraly vamnan Bibprepilindreangcind t dierigst ceeliryed

in conpl enentary apertures defined by the carrier. The

base nmenber may be el ongate and the cl anpi ng nmechani sm

may i ncThedeesved copposidagng hadnecasmgnid sigsald oegtiedudernthe step of

respective ends of the base nenber. Each. c| app. assenbl y
multpegrinen e ygnas | £ rfn%\ﬁbgnékﬂ Pt iy L&H@P@Eﬁl%an%dmhead
integ?fed Bfhgse menber, and a clanp plate pivotally

nount ed on the base nenber to be pivoted into and out

of a clanping position with the piston and cyli nder

arrangepent ,. Each ¢l pl a may defipe a cla

i nger Nonrfipared Fat vt P feravetir Birdn Vi o stee for a
printﬁéa@'mte?rlaﬁéﬁ%hbﬁt RistéproR destind Q?etrzhﬁ)n(af PARINBEH BRSO cuits mounted

Each clanp assenbly may include a pneumati c coupling

on a fyrice hepldgagomhesipg'st on and cyl i nder arrangenent to a

pr?iﬁ%&h%&gx%%§ supply in order to actuate the cl anp

a fixture arranged on the support structure and configured to receive and locate the
carrier;

a clamping mechanism arranged on the fixture, the clamping mechanism having at
least one clamp assembly for clamping the carrier to the stage; and

a controller for controlling operation of the clamping mechanism.

The fixture may include a base member and dowel pins extending from the
base member to facilitate location of the carrier on the fixture, the dowel pins shaped and

dimensioned for being received in complementary apertures defined by the carrier.

The base member may be elongate and the clamping mechanism may include

two opposing clamp assemblies located on respective ends of the base member.



assenbly. The controller may be in the formof a
progranmabl e 1 ogic controller (PLC) configured to

W@ umwoo9st he pressurized gas supply and thus OPEr/AURWMR/001195
of the piston and cylinder arrangenents. According to
a fourth aspect of the invention, there is provided a
di agnostic probe assenbly for a tester which is used
to di agnose printhead integrdated circuits, the probe
assenbl Kacbatqon ssisergbly angyuipplode a assmndndycyfindsontmioddnent mounted

on G NG HERo G FgHArat G TG AEBURRy R hady ST ngpeapivoted
into Md &l BEABlamPI@Poski6H withtkdipibton Bnd SHInHAGrRAR RO UNt ed

on the support assenbly and in operative signa
conmuni cation with the controller board, the routing

board nti gured to nul.tiplex, the-generated signals .
o rospatrgns BiebSody Seh FHiradir LGRS LR e carier

wher€the @lintpSplata idhidotpd Hlaeth Rla@ipiacsshipunt ed on the support
assenbly and in operative signal comunication with
the routing board, the probe interface configured for

rel ayi n@achhﬂla 1 {a%%bq%ﬁjg@éﬁ&ﬂﬂles %ﬁetﬁﬁlﬂicf %021?%{1}% gora rc1oupling the

respective Interface may
pistoadadt giintaarchnpanémgo a wossvarddegast smpplyoinvedéri togactiaee the clamp
sjgnals to printhead integrated circuits electrica
a$m@b@hals.The converter may be configured to generate a
reset signal to facilitate nmultiplexing of the signals
to the respective dies of the printhead integrated
ci r cui t'Bhe ddngroferobey batie teafoen mdy progilaodeble ogshrobtieller (PLC)

o provide . rigidity and nechani cal support t he .
confifieBf SpFo il dgnaneo g s PHRERLIRGpfneng cvlinder
arranigeinBitfead integrated circuits. The routing board may

i'ncl ude board connectors for receiving the controller

According to a fourth aspect of the invention, there is provided a diagnostic
probe assembly for a tester which is used to diagnose printhead integrated circuits, the probe
assembly comprising:

a support assembly

a controller board mounted on the support assembly and having a processor configured
to generate signals for testing a printhead integrated circuit;

a routing board mounted on the support assembly and in operative signal
communication with the controller board, the routing board configured to multiplex the
generated signals for respective dies of the printhead integrated circuits; and

a probe interface mounted on the support assembly and in operative signal
communication with the routing board, the probe interface configured for relaying the

multiplexed signals to and from the respective dies.

The probe interface may include an adaptor board having a converter for

converting the signals to printhead integrated circuits electrical signals.



board and adaptor board, the routing board having

power circuits for supplying said controller and
wa@dapvodsboards with el ectrical power. The suppOr/AU2008/001195

assenbly may include a support plate and brackets

extending fromthe support plate, the controller board

being fixed to the brackets and the routing board

being fixed to the support @l ate, which defines an

aper t ur'ehd oomadece ssyt be tdoefigurobeo i generafcaaereshagnal to facilitate

ocess of the control.ler. board ma e confi,gured to
mul ARG he Pl & BRI gt g her B hesd g EgR g AT EE: &
consisting of: a gross Idd test, an |Ipos test, a

protecti on diode voltage threshold test, a w rebond '
cont i nuTheyproksintertace srl argdudsuar pushtbar wsprovide sigigitsiland mechanical

' t | t hreshol d test, ' I t volt
sor B35 ot S BB AP S AT e SLERE PHA LS pURhE R e
circuitsf i ft h aspect of the invention, there is provided a

system for testing integrated circuits, the system
conprising: a local conputational device; a

conmuni ’flféte}ot?lﬂﬁ%l lob iKY tﬁ%{] pl}%/ﬁltdg Gohfd éolﬁﬁecqw %E.Eignlgloth? ﬁgntroller

devi ce; sting circu operatively connected
board ampadtaptor boal, e voutg boardthaeing powancicaits Grsupplyikig and controller
conf i urgd to generate integrated circuitry test
and%?@ﬁé%@? SUEBEIGFTIER POWRE ry connected to the testing
circuitry and configured to provide an electrical and
physical interface with the integrated circuitry;
r out i ngTte uppert assemblyengposdddde suppert pldteandlzncke amiding from

I AR I
fixed @R dupPortBRR2 A &ML ARes BtaBbMird GorabshsSRNhOPloBL i@ fRe.
carrier on which the integrated circuitry Is

positioned; and a controller operatively connected to

t he handl i ng nmechanismfor. contr.ol]li Qperation .

ther eof | SnBrORGT et e PaT IR eR Y B2 PRt L eropasg sienals
suitaBMPRF ¥hS bO W ghyupt dTetc o bPnsistihg onal gidey iddetest, an Ipos test, a protection
diode voltage threshold test, a wircbond continuity test, a leakage current test, a signal input

voltage threshold test, a signal output voltage test, and a test for functional vectors.

According to a fifth aspect of the invention, there is provided a system for testing

integrated circuits, the system comprising;:
a local computational device;
a communications link connected to the computational device;

testing circuitry operatively connected to the computational device via the

communications link and configured to generate integrated circuitry test signals;

adaptor circuitry connected to the testing circuitry and configured to provide an

electrical and physical interface with the integrated circuitry;



Preferably, the integrated circuits are

nkj et pri nt heads. The conputati onal device nay be a PC
wawaib/owgr aphi ¢ user interface for displayi ng BEEFAU2008/001195

results to an operator. The communi cations |ink may be

in the formof an Ethernet switch, the Ethernet sw tch

bei ng connectable to a renote conputational device to

provi de renmpte access to thé& | ocal conputationa

dewiutieg cith@try esteipogpdchateernt thy testiyg bed adaptdrecifcoitiy tofroat the test
. sipgle integrated cjrcuit .test board, the |oca
signile ntneEaYe Bre B/ MBS B ogr ammed o def i ne a

test server for comunication with the test board. The

P Y T B R YRR AHRP LA incearated
circuatndisglogiconddcadd engagenent with the print head

integrated circuits. The routing circuitry may be in

the formof a routing board configured to nmultiplex i

t hcQridlesonsraivelyreapigekd tp dieguatiingemegheaisminpcapsigting pyeration
e R e L TG st AP nG! ByRPIEEN 39 he gppputationa
devicduri ng testing of the printhead integrated

circuits. The controller may be in the formof a

programmed | ogic controller. (PLC). According to a

si xth apkeabhothe iteeratRsleiicrisrare i Priathgsdsyi ded a

sof tware product for execution by a controller of a

measur i [ d ri bed,aboye, | sof

or oduct B SBRRA AL ARRORE A° R S Bhfe B! Mt uce for
displagihp et redd6as an Beeritor.a sevent h aspect of the invention

there is provided a conputer readable nedi um

I ncorporating a software product, as described above.

Embodl AR SotfhiRfidnBVE hRD B ) RRVARSEE LhClne Wich, the

of exanple, wth reference to the acconpanyli ng
Ethethreaiswingsheingh@nhadtdbbevfongredesc canpiutaionalsdevitt em gedideaemote access

i|lustrate . .
to the ‘ocgl computational device.

The testing circuitry may be in the form of a single integrated circuit test board,
the local communications device being programmed to define a test server for communication

with the test board.

The adaptor circuitry may be defined by an adaptor board having a printhead
electrical interface for physical and electrical engagement with the printhead integrated

circuits.

The routing circuitry may be in the form of a routing board configured to

multiplex the test signals for the respective dies.

The handling mechanism may include a pneumatically operated clamping

mechanism for clamping the carrier securely during testing of the printhead integrated circuits.



particul ar enbodi ments of the invention and to permt
a person skilled in the art to put those enbodi nents
w@tomwhedsnvention into effect. Accordingly, theCT/AU2008/001195
followi ng description is not intended to Iimt the
scope of the precedi ng paragraphs in any way. BRI EF
DESCRI PTI ON OF THE DRAW NGS Preferred features,
embodi ments and variations & the invention may be
di scer nEtt dontohl¢rimeayfbelih thei fogn B4 pioksdhnDeslogic pontorler (PLC).
whi ch provides sufficient information for those
skilled in the art to performthe invention. The
Det ai | eﬁcdae(ﬁﬁ% itPtd GRthi BspR@t oft theDRVERGAN Bt ASprlobfilbd iaNoftware
the scope of the preceding Summary of the Invention in '
prodagiyfongyccutipe et apntealleDes @r mgesusng wipparatyakes destabahelwve, said
t o a number,,of draw ngs.as_ foll . Figure 1 show a
sofilf Bl R AL APRRE 8 B i BT i i s o
tester, in accordance with one enbodi nent of the
invention, for testing printhead integrated circuits
nount edASrENE & piseyontiFpgpasteoathe ppatian ke itatrprided a computer
ent-at | t he
read {RERERGR ALy EUMA b S UL o ey ot
| ayout of a controller of the apparatus of Figure 1;

Figure 4 shows a di agnostic probe asse , In .
accor dalﬁregoq‘imﬁwgéﬁeewsm%ﬁ@ R of gample, with
referbft® th&RL GcoRfpafyify dfiwn sF’IﬁE 8l RyiAg ‘a_@&ri?tei&a ?éb%_tengﬁdeto(sﬂlustrate

interface of the assenbly shown in~Figure Fig
partisiiawsntndsheles df thgnaention end/fogwrit agperenakilliedgn the art to put those

e ORI B re RSB PR R RaPFaBy L Tl :mion s v
inter@SS RMRhiY tHRfscd o fiRSHBFedy JatBHpAs I anfyivildr € 7 shows a

top diagrammatic view of the retaining assenbly of
Figure 6; Figure 8 shows a schematic alignnent of a

[ ' i tﬂﬁ’ﬁﬁéfﬁ i ng assenbly and test
BRI%?&%%%%@? ﬁy%%fTﬁllEgur e a%d 4, respectively;

Preferred features, embodiments and variations of the invention may be
discerned from the following Detailed Description which provides sufficient information for
those skilled in the art to perform the invention. The Detailed Description is not to be regarded
as limiting the scope of the preceding Summary of the Invention in any way. The Detailed

Description will make reference to a number of drawings as follows:
Figure 1 show a schematic representation of a testing apparatus or tester, in accordance with
one embodiment of the invention, for testing printhead integrated circuits mounted on a

carrier;

Figure 2 shows a schematic representation of controller components of the apparatus of Figure

1;

Figure 3 shows a schematic layout of a controller of the apparatus of Figure 1;



Figure 9 shows a schematic |ayout of a test systemfor

printhead integrated circuits, in accordance with one
weepodiayent of the invention; Figure 10 shows BCT/AG2008/001195

di agram for nethod steps for testing printhead

integrated circuits with the tester of Figure 1, in

accordance wth one enbodi nent of the invention;

Figure 11 shows a circuit di%gram of network

conponents of the apparatus of Figure 1; Figure 12

CUIt di agram of, el ectri cal an saf et
Flguaﬁo?r?;%ﬂ eGP A SR off ncali?.wécelw @Ybfglment of the
invetRVSS the Esfef b tigthicagr am for a control | er Of the
apparatus of Figure 1; and Figure 14 shows a circuit
dlagran1for |nterconnect|ng t he eIectrlcaI conmponent s
. t.he ap monent;s. DETAI LED
Figy R s TR e p R PR now pe
described with reference to speC|f|c enbodi nment s
thereof. Reference to "an enbodi nent" or "one )
Figugsn shewe Atstde; dagrammatio view P%mr%mm $sagAlly, hageordance with one
| , n p | @r
crmb LA G InRARGE: rofSorEHEp LERE' BLE SulBrPRIeiRl ot tostr of
Figutchigse features from ot her enbodlnents. The foll ow ng
description is intended to assist a person skilled in
the art with understanding the invention. Accordingly,
Figuf AR ¢ Hﬁqgaﬁlh%e A §Me RkAiniBh SssPAblyIRFEIDED 11
gupartlcula§& , ag such eea#ﬂf% > nge feadily
understood by the skilled person. CNerV|eM/BroadIy
nvent j hon rel.ates to.the.tes prj nt.head
Figufqf Sl bR EP ST enl, Ohf ST UG AD T EPOLTH pecrgply and st
probé Eis@ﬂb@rt(ﬂ@léﬁrés(@dﬂdﬂ tdsp&tiveljpunt ed on a carrier (not
shown). The carrier typical y i ncludes printing fluid
dlstrlbutlon channels to supply the ICs with pr|nt|ng
- S a u t
Flgur sglr%f)vcs:a sé@%rnnﬁtég ?allyon{sj % % Ee?tﬂ? sf%gqgnrﬁs gtlh%s Lgeated circuits, in

accoﬁraﬁ&er\oith smcgmtbcﬁiuﬁérmrcsfalenﬁ\tdﬁmt, controller of a
suitable printer via the TAB

Figure 10 shows a flow diagram for method steps for testing printhead integrated circuits with

the tester of Figure 1, in accordance with one embodiment of the invention;
Figure 11 shows a circuit diagram of network components of the apparatus of Figure 1;

Figure 12 shows a circuit diagram of electrical and safety components of the apparatus of

Figure 1;
Figure 13 shows a circuit diagram for a controller of the apparatus of Figure 1; and

Figure 14 shows a circuit diagram for interconnecting the eclectrical components of the

apparatus with pneumatic components.



connections. In general, this invention provides for
appar atus and nethods of testing the electrica
w@onpetsons to the 1Cs to ensure proper wor ki PQGI/AU2008/001195

t hereof. More specifically, the invention includes

testing apparatus configured to operatively receive

and retain such a carrier and to performelectrica

tests in ICs |located thereohd The invention al so
DETAJEEIBESERIBIIONt age for the tester, a diagnostic

probe assenbly of such a tester, and a systemfor

testing the carrier with ICs. A test nethod is also

provi deflsfeeis. of NG SIBVASBEGHH A6 B SGURRRAAWRE PRTAIBE Mo specific

bel ow, but the skilled person wil| appreciate the
emb@h@pmtaﬁlpﬁrwgf B@fem@n t hn re@bpélmem/eo S}ﬁl@cﬁtl@oéhw%”r is made in an

ven

1nclu81\> S ratﬂ%r V\iwl% ﬁestrl 1&‘ 8%158 %% h T %greliceg% rﬁé P%c ar i gsar‘%rﬁ% fo&nd in one

emb@diinesitdobgn@RREAE WdscOfkathRS tﬁ@fn dtRer@imbpdini¥ntkead
integrated circuits is shown. The tester 10 includes a

housing 12 defining a support assenb!y 17. A touch

panel %&pfoﬁéw&%%yé@no&‘}s hft 8@ ?&%sl;s{‘ a pRRof) Qkiﬁbéti‘% &1%'211"[ with

as shown ovi des an I nterface for tan opera
undetrdtandirgsthe nnv]:ﬁtlonThﬁe:cblelatgé;r fedtmes bmmunjﬂsceanabmm atd mat descrlbed

72 dISC sed bel ow) talnlng 6 for
in Pa&b‘é‘iaétdle'@ 4 Speh §?qu%§vlﬁ %@ realy pdersigo % ﬁ?é?ﬁrson-
assenbl y 19 is also provided to displace the carrier
retained in the retaining assenbly 16 in contact with
Overyitvest probe contact 18 of testing circuitry of the
tester. The controller 72 is programred to process
test signals received fromthe integrated circuits of
the cargiogilyMhel itedifds eREkBGhE tdsGHE foﬂfmﬁﬁfeﬁ@ ﬁﬂ'f&grated circuits,
el ectri cal ?ests t hereon. The test probe 18 of the
suchtag qrinfhgad inHerghips oy gltetgpeéwht:lircwets yl(sonnewttedion & ceigr (not shown).
The %grrglteg (t)l Iigarllty 1ncf%1rclgs 1%1 dt ? ? utl(%ln%il A &h agu ]S)lty fa dICs with
feasurenent crreu ada %or SPreh

printfn@r flGips raatWeIEasemg@gmated\Mohned hIQABmle@ﬁadl Qﬁm@‘dcfl@mﬂ foS the ICs.
bei ng tested. The adaptor circuitry is configured t
The piacaiae sentolasigiaps from) 2 Bigfenponstodet o %awltthﬁ elfnﬂtsli: éla the TAB

conn%ﬁolﬁst e géﬂyfaﬁf g{hgst ﬁgfeﬁﬁ({ncﬂllotvﬁieg Fott 5@3 aef'illllisr %@t{ memﬁsc' ®f testing the

nmponents are scussed I n nore
electrlcal connections to the ICs to ensure proper working thereof.

More specifically, the invention includes testing apparatus configured to
operatively receive and retain such a carrier and to perform electrical tests in ICs located
thereon. The invention also includes a test stage for the tester, a diagnostic probe assembly of
such a tester, and a system for testing the carrier with ICs. A test method is also provided for.
These aspects are discussed separately below, but the skilled person will appreciate the

overlapping between the respective aspects and/or components of the invention.

Testing apparatus overview



The support assenbly 17 is supported by the housing
12, and includes a table assenbly 23 supporting the
wo gq1afom9sy assenbly 16. The retaini ng assenbl yPCTAU28801195

a test stage 2 1 that is displaceable into and out of

an operative condition, where the printhead ICs are
interfaced with the testing circuitry via probe 18.

Wien the test stage is not Lh the operative condition,

t he opewahaeferwccami Egto li nseembahmesmg\agedting apparatugor tester 10

th talning as enbl 16. . T re n ass
of PR Mrseded e BraR R RBORR. Yot fwer ) feluienp dfS38 93 %dekining o
supp61q|a§5élﬂ%§§5(17bﬁ| RUh EXANEPh YOS fert BSTs @ugaﬁnﬁth% ﬁdﬁsmg 12, as
clanp the carrier in p05|t|ob@§r|or to displacenment o

shownh and prevides apgiatepfage fonpwopdietonpdhaitcsigel Gondi tion. The

tester 10 al so includes an operator control panel 22

whi ch includes start buttons, a clanp button, a reset

but t on, TN EsRA 2BEIGRAEY a SdodRold#t 10 (disdulsedniselow) and a retaining

enbodlnent the two outernpst buttons are the start
asseigblytlorfer onsetelfreippingnthpgarion d drplasawntissmtlnddéyasqprovided

S

o cilflaihe S rbafted AP et SR | SR B ALK AERQ foboontat
18 of &seig butiiton of yhei tesed. Yhe esﬁhﬂlet 2 it peemmé to\/\ﬂ)’t‘ocdSs test signals

e any testing and nov the ret I ng assenbly
recelaﬁff fepm ithfe WpEpiad | SEUEDR b9 GAich VQ* Ebéfeﬁ Fﬁéﬂ%ﬁrewgﬁ performs
ebdﬂ@ﬁq&maﬁgfg@rrler can be | oaded or unloaded. The clanp

button instructs the tester 10, and nore specifically
the controller 72, to activate the clanp assenbly 117
to clanp the, carri the test stage 21. Th
ener gonty Seb g Fbat i dRghheirelld oy Sresupshecoeaid © the

contiolBET @Hdehdtudduéss s@ﬁéﬂ%ehé}@tldrﬁaﬂd%ea%@femgﬁ\t%lﬂcﬁl\{@nIlsoslizelh &Badaptor

found that buttons manufactured by Sprecher & Schuh
circugtrie feruppative ¢ngeserping vaip ithee ategnated [ctreyits byngeéested. The adaptor
. reci tion f cont.r
c1rcugt%ﬁlglc8%§é’u%gd {0 %Yla EotF ﬁ é)‘ﬁ solcaaé %nd gn §1F8@§ %?rgacgrwlglnt%e gltegrated
circuitd of itlgalrice OTRO b dnoiits Wict ohsctl!;sed @oﬂnbfeaietaelrbem.

di scussed bel ow. The controller is responsible for

perform ng the actions indicated by the buttons or

50§ i IRES e APhOE hRFNRETS g Ao Hic P Y8 it wabte
asseblyb® supporting the retaining assembly 16. The retaining assembly includes a test
stage 21 that is displaceable into and out of an operative condition, where the printhead ICs
are interfaced with the testing circuitry via probe 18. When the test stage is not in the operative
condition, the operator is able to insert or remove the carrier from the retaining assembly 16.
The retaining assembly 16 includes a clamping or retaining mechanism 117 (discussed below)
arranged on the test stage 21 to clamp the carrier in position prior to displacement of the test

stage 21 into the operative condition.

The tester 10 also includes an operator control panel 22 which includes start
buttons, a clamp button, a reset button, and an emergency stop button. In one embodiment, the
two outermost buttons are the start buttons, both of which must be pressed simultancously to

activate the tester 10. This is a safety feature to prevent accidental activation of the tester 10.



appreci ated that the tester 10 includes pneumatic

circuits for the displacenent assenbly 19 and the
w@kanpiessenbly 117 of the test stage 21. As SBECIIAU2008/001195

pressure indicator 26 indicates the pneumati c pressure

of the clanp assenbly 117, and indicator 28 indicates

the pneunmatic pressure of the displacenent assenbly

19. The tester 10 also inclldes a light curtain 20

safety systenlcontrolled by the controller. The |ight

curt ai 20 al the. control |l er to detect.
Cor e nTisne By OFieR RO il Bl S5eb B8 By spyting and
mové8fié tdninYAQRmBLY 17 &t @0 1HRRIpBGHVE Sordelofad 8 doadtdpeokRiDh here the
10 is deactivated to prevent injury. The housing 12

carrigll ¥ |bﬁc1|0@rt¢ésoraueloﬁﬁb>dt dihei glarap fhagten 3ostrustscthe atsster U@Band more
spec%?oal@({hgrcroae Ol\cfz\%rrp 0 ac%v%e LY | %ﬁragééegn% C(f n('fl% ai) %h? F]amer to the

test ARV I Elthe Whe@Fent $ s©P MHuktohl ﬁﬁ&hdﬂﬁbr?s@ﬁt’y &aﬁr@d Gaa ihalately shuts
each carrier tested to store a result of the testing
down e teiel pdheiigyamipr hagfeund that hykepsomprapfactured by Sprechér & Schuh

amsﬁ@ﬂﬁpﬂ@ﬂﬁ§§$ﬁ£&&hng now to Figure 2 of the draw ngs,
an upper p

tion of the tester 10 is shown with a rear
upper encl osure of the housrng 12 in an open posrtlon
The enclosure houses s nponents o

of the
controll %%/’Qtt@rﬁpﬁﬁﬁ’é&’éd h@t lf’lléto%ﬁ ﬁralqperatorrﬁerqllpérel 22, as well
as thP %{Rh gp el 44 %"zlngﬁ%e%lq{? @ﬁnﬁl QR WMidBoR WERSHE @or%tllrg)ller 72, discussed

I ndi cators 26 and e inventor has found
belowd Vb cewtollPPG- resx@iFibianfoe gredbrning rihe a¢twnbendieditedaby ¢healsuttons or
. flat.panel 4 fo his application. A 5V DC power
HmHQGgﬁpggzgigﬁg) b%mer supply 42 provide electrica

power to the electrlcal conmponents of the contro

system The inventor has found the Owon DI N nmount

swi t chi'Hy howee Elplse ynqlwireltwn@ressgﬂ iphvgsrst2p wul 28. It is to be
appréc&allt%cg Et}agt eotrest%: h?O ?ncludleg Bﬂéun Xn c‘Jz.rtcHng Fo? tEoﬁ%PlaEeB@%%Q assernbly 19

e Su ernet Sw

and terheyt ssérhily flll atof lﬂ&rteslt sBge 24. Andudhapeelie: Bdaaners 2ddicates the
W th the controller 72. The Ethernet switch 44 al so
pneuﬁ}aggmg%urgrp i the eslqmap éssp@iblyal Verfgd gndicator 28 indicates the pneumatic

pressure of the displacement assembly 19.

The tester 10 also includes a light curtain 20 safety system controlled by the
controller. The light curtain 20 allows the controller to detect when a foreign object is
proximate the test stage 21 during testing. When a foreign object is detected, the tester 10 is

deactivated to prevent injury.

The housing 12 also includes a computer interface 30, such as a USB socket,
via which the controller can communicate with an external computer. A barcode scanner 24 is
further provided which is configured to scan a barcode from each carrier tested to store a result

of the testing for each particular carrier.

Controller components



noni toring system described below. The inventor has
found the Netgear FS605 Ethernet switch suitable for
W@ bi1s/oggepl i cati on. A controller board 50 and rRCEAEZD0S/001195

adaptor, tester and nultiplexer boards (collectively

i ndi cated by reference nuneral 48) can al so be seen.

The controller board 50 and rel ated boards 48 together
formpart of a diagnostic ptdbe assenbly, discussed

bel ow. Trunking 40 is provided to facilitate the

el ectri and pne ti nnection of conponents.in )

cbat il RIE IR B o DGR P PR PP ER b g 10 i
showOw i 8HaBupbep ndid@riramd RASinga 2! iRWebpddQiokitioR. THe dnbBBsure houses

tester 10 is shown with a rear |ower encl osure of the

somtefite pynponcits ofn caiieoh systrs miapgged Phigheepnirolddrl er 72 s
visible, which is a progranmable |ogic controller
(PLC). The inventor has found the M tsubishi FX3U 16M

PLC t o D& fdiphidddiPe 1f4oan bBissenaplphgd Gath ipedsurd hlidatots XRards28. The
rogrammabl e to enabl e control of the different

P . . ;

inveriepgastigunsk the el vandashdtP Grd23 Tringegrted yait oy begsujtplle ayBat panel PC 14

for H1C e i AU PR SRR B oy Ot flbvoripl BRI Hiecica

powd4o thhtledirical componpnovifdls carrol vseamt.alde ingentdrehaplf@ind the Omron
panel PC 14, the barcode scanner 24, and an externa

DIN iR GRS Moh @W&h@?iﬁ%ﬁ%ﬁ%& tg e pfbIer the >V supply 46,

and B CHLIPBA BPIEa i forthupglyalnso 1 ncludes an anal og

interface nodule 74 to a wthe PLC 72 to interface

Wi th pneumatic actuators for the test stage 2 1 and

Lhe o ool seErert TEEIRTLAS,0F, | e SUEROT L SESEORL o
with @ NoARGN¥OTU Bhe ERRriREGwitéh 143 AkS HridANGL thtbifacsi BPa remote

comuni cation with the controller board 50 and rel ated
mongeiays sstent, edepastbed glavnl Thepinaguter besafadsd 4B Netgeps Fpo0S Ethernet

. appr.egi at hat the PLC or controller 72 is
SWH?E%%%@%?%EQS%%éh%ﬁ¥?“functions and operations of the

tester 10. All the electrical and pneunmatic conponents

are under the control of the PLC 72. The encl osure of
t he holAi Q@trgﬂerab%di ﬂ}:p@@égla{efiumpm, totef and multiplexer boards

(collectively indicated by reference numeral 48) can also be seen. The controller board 50 and
related boards 48 together form part of a diagnostic probe assembly, discussed below.
Trunking 40 is provided to facilitate the electrical and pneumatic connection of components in

aneat and easily accessible manner.

With reference now to Figure 3 of the drawings, a lower portion of the tester 10
is shown with a rear lower enclosure of the housing 12 in an open position. The controller 72
is visible, which is a programmable logic controller (PLC). The inventor has found the

Mitsubishi FX3U-16M PLC to be suitable for this application.

The PLC 72 is programmable to enable control of the different aspects of the
tester 10. The PLC 72 also includes a network communication module 70, which is a

Mitsubishi FX3U-ENET module to interface with the Ethernet switch 44, which in turn



facilitate the connection of electrical conponents in
a neat and easily accessi ble manner. The conponents
waeaoomIst ed on rail 62, as shown. As shown, tPE&I/AU2008/001195

encl osure al so houses a nmai ns power isolation switch

64 to isolate mains AC power, if required. The

i nventor has found a Sprecher & Schuh nodel no.

LE2-12-1782 isolation switchito be suitable for this
provaleplanciateriane tAltlso plan glan eliC i I¢t, Ithg barcodkr se@innemp@dveand an external

S ly 68 and associated |ight curtain safety rela
conrg e 4GB A5E PoM F A KRB S b 247 power

supply and the Onron G/S-4A2B DC24 plug-in safety

relay to be suitable for this application. Residua

cur r ent Thei Ple@i7e alsodniledes 28 anglogdetarfacg medd deto allow the PLC 72
to infs%\ra/lffeacré C\gl{tf;l eﬁ%lbngart]ig égtié%psf flﬁg glg%%g ,stgé\ﬁlﬁlg%ﬁdptr%g{(}}sgiélggrgen\{\dn%eghanism 19
of thadghportaRImDY &7 VIllct sag gamer il raddte B 8@y bk @aMitsubishi FX2N-4AD

protection. The inventor has found a Hager AD 810T
modyley Thg PLEBalk @0 ArEAgLnint H2th COmmypicaon- witl the eanggpllgrnkpard 50

and %Yagéd%gptmsg&%ﬁ@gi\ﬁ?e%%&%mge for this application.

I gures Clrcul iagrans for sone of the
above conponents and their interconnection. Test

stageFigures 6 and 7 show an enbodi nent of_the .
retai ni lﬁgs & DeApPIFoipEd; et i P onesopie ershZaljereaponsible for the

funcMbsCdhd cgiélrét'lgﬁsc' of bR &LAIMI NG AECRARLAMA priclAFe components are
mechani sm 117. The test stage 2 1 is nounted on the

undet #igl enaslseriid PLRF20Tha dnslesuepd the using tld rabso irgludes trunking 60 to
.described above., The test stage 2 1 includes a fjxture
rci55 it BB PAR A7 el Toat B Pubuly aRERTY Sedoubi plinfer. The
compchehts @fe mAn$Q dunvalivded shewhhe retai ni ng nechani sm or
cl anpi ng nmechani sm 117 arranged on the fixture 124,

t he cl anpi ng nechani sm 117 having at | east one cl anp

assenbl y 118 for cl i.n e rrier. to the test .
atage 24> T Jhe ShERLDRL uSEd il ot Tagiflin st o4 o

isolateSmbias pahpodreiffroquiednTholnvemar Bpefbatd 88pathdrn® Schuh model no.
mechani sm 117 vi a_suitabl e pneunatic

cl.amping m ! :
LE2éé#§§% sntagion pyitel} Pdgispisebleos s HplicyEow,

Also included is light curtain power supply 68 and associated light curtain
safety relay 66. The inventor has found the Keyence SL-U2 24V power supply and the Omron
G7S-4A2B DC24 plug-in safety relay to be suitable for this application. Residual current
circuit breaker 78 is used to provide overcurrent and earth leakage protection, along with
safety relays 76 and fuses 80, which provide additional overvoltage and related electrical
protection. The inventor has found a Hager AD 810T circuit breaker along with an Omron

G7S-4A2B relay and Wieland SNO 4003K relay suitable for this application.

Figures 11 to 14 show circuit diagrams for some of the above components and

their interconnection.

Test stage



The fixture 124 includes a base nmenber 123 and dowel
pins 116 extending fromthe base nenber 123 to

wWo 2001wt e | ocati on of the carrier on the fi xedr/aud@4/001195
The dowel pins 116 are shaped and di nensioned to be
receivable in conplenentary apertures defined by the
carrier. The base nenber 123 is elongate and the
cl anpi ng nmechani sm 117 incl ddes the two opposing cl anp
assenblies 118 Iocated on respective ends of the base

menber 123 Each, c 118 incl ydes , ..
St ey oy i &F PahGlReR: O35S Ninkansiy HE Retuding

the tBRSRORNOEKIcH %;%md@y qleafefahﬁrgom@&@h@ml&%mﬁp' hféehaalsﬁ{ &P The test
finger pivotal |y mounted on the base nember 123 to be

stagqy? lvig egnicd 0o tlmable asscblya2 3o fdhpsupgorp sisiatired 7WStd|qsqr1bed above.
pi ston and cylinder arrangenent 112. The clanp pl ates
122 are nmounted by means of pivot pins 114, as shown.

Each piBiicanstande eyidchdes asrfamgementshdptd ahdditid8®nadto receive
actuator coupling 120 and button head caps 126 to
and fogap [the pderaddsgdbslegedds thqfétamlwedramﬁg@rn%mplmg maghgpism 117

arran%e@ Pﬁ :g%?)lt&resllig Ph Cla%%&%@dﬂgm glq?tﬁra%né Qgt%g? ﬁléll’np assembly

a pneunaf | I ng |ng
118 ﬁ:rs:ﬂmnplmgl thecoptriande ltheairestasnajgerﬁan fit 1@ bt apprepinted shuticaewoller 72 is

pply i order.to te t he retaln ng .ass
resp%lble I FaRiF9 o APL B tg aE’é’H%gr@F‘fhéPlsl?ﬂz 7vig Hléltﬁggir pReumatic

com neﬁ‘tsBﬁ@&?@mkﬁlﬂe@gélﬁwcom roller (PLC) is configured
o control the pressurized air supply and thus

operation ofthe p|ston and cylinder arrangenents 112.

i ecooo i fGiso PEPRRRRE  Bland, bR Ak i D o Rb T iR AL extending

from1tAE bhRSth&hbek0 2B Q@E&tﬁl@tﬁte%é&bﬁ'of RIRELHEEr dh HOTRANENDS TR dowel
facilitate the PLCs 72 control of the retaining

pins 46 élim‘lhypeﬂ@nédﬁn@lsmbétﬂebfemelmmrﬂ@mlwnt% @patures defined by
the cg etrmﬁg lgasg ?Frg?n% EE? is (():I‘l{gé. ar;]trc]iqﬁe @fa%%aq%rr%echagls&af l%%cludes the

escri

two bpfvisihg! dlamp BgkmbEesal I8elotat&di PP Ire)@pé@galeaﬁpbf the lhabb ﬂﬁmaét 123, as

SMC AR2000- 02 regqul at or,
shown.

Each clamp assembly 118 includes a piston and cylinder arrangement 112
mounted on the base member 123, and a clamp plate 122 having a clamp finger pivotally
mounted on the base member 123 to be pivoted into and out of a clamping position with the
piston and cylinder arrangement 112. The clamp plates 122 are mounted by means of pivot
pins 114, as shown. Each piston and cylinder arrangement 112 includes an actuator coupling
120 and button head caps 126 to facilitate actuation of the clamp arrangement 112 via a

pneumatic supply.

The clamp assembly 118 also includes a pneumatic coupling 110 for coupling
the piston and cylinder arrangement 112 to a pressurized air supply in order to actuate the
retaining assembly 16. As mentioned above, the controller 72 in the form of a programmable

logic controller (PLC) is configured to control the pressurized air supply and thus operation of



to control the overall pneumatic system pressure. A
mechani cal shut-off valve, such as an SMC VM430-01- 00
wa bo1es1998rt nmechani cal val ve, is provided as aPCT/AU2008/001195
mechani cal shut-off of the pneumatic system A
m cro-m st separator is included to renove inpurities
and drain noisture fromthe pneumatic system of the
tester 10. The inventor hasl®ound the SMC AFD20-02-C
the pigtdeland wiytimdsl @rrhiggenteniss! 1@p Fhe aturoatic dingmacote mbdhemser 10 are
di ar% Iinke8 t@ % nunber of body-ported, cassette type
iscussiddp J1oc gt BoVo control the di spl acenent assenbly
19 and the clanps 117 of the test stage 21, described
above. The valves are controlled by the PLC 72, such
PneymatB\Mong@®ea86 sol enoi d val ves, which are 24V DC with
6mm pneumatic pipe fittings. The test stage 2 1 uses
two single-acting, single rod, spring return pin
cyl i ndeTlg €Qér thRatRtes generaltheGhtideRipoatita RgRBEIS the PLC’s 72
112, described above, to clanp the carrier to the test )
contigf  ho retpiningy psspmblye e wnd riitacsmenh mochpgise 48 Shese pneumatic

X i 0 - 2t . ui . i .

L

comafneht eypti@dlyiimguds & maintsupply Tegldors phchcs e IStM @ 2a00-§thregulator,
19 pically includes two SMC D-Y7P geneyal purpose

o @%NMY@&%@H@&@% HUSPLTPIHICL & Bieclanig _?hu't-affr Falve! such as an

SMG;VM%-CO%fmﬁ&llréléfpofrmﬁéhﬁﬁffcaﬁ&a%? i2rovilifd 8SS h&%hénﬁt%l tﬁﬂeu@s-toff of the

2 in controlli'ng the necessary pressure for the . ‘
pneugtatigeysiend, Andcrdinsipl sapaatents indsdadisd yeni®/e impuBMS and drain moisture

ron g B PG SRR e D b BERRCERAY R Sel AP0 02
mod 8IRATtA¢ 7 11§ afpliGathar code scanner 24 as the stage 2 1
is lifted towards the probe 18. In effect, the stage 2

1 activates such a thirdswitch when it is lifted. The

i nvent ofheggsco%l&)%%?%nt%%?e ’ﬂlﬁggdg% d Br, ggr(:tf b%ﬁ}cl)-. %rl??d, cassette type

bar code sCanne e su I'e T or I S appfircatron.

solenblie vingUBRbLh €0l aBEPBpIatdnTent YRE@BIYl 19 @ldshe cRGIpsdET af the test stage
sintered silencer to reduce noi se of exhausted air

d
21, depasivrd eovisnERamalY<s asgaaniriplledaby SIRELANTZosudd assiME er¥ed 60 solenoid
valve WhIMi GFe IBY DRSyisHEh A nGud, e cﬁrlp%g‘gﬁgpl ication. The

pheumat i ¢ conponents dre des elow with nore

The test stage 21 uses two single-acting, single rod, spring return pin cylinders
for the piston and cylinder arrangements 112, described above, to clamp the carrier to the test
stage 21.The displacement mechanism 19 uses an SMC MGPM series double-acting compact
guide cylinder to actuate the stage 21 into contact with the probe 18 of the testing circuitry.
The displacement mechanism 19 typically includes two SMC D-Y7P general purpose auto
switches to indicate limits of travel for displacement of the test stage 21. To assist the PLC 72
in controlling the necessary pressure for the test stage 21 and displacement assembly 19, an

SMC electronic pressure switch is generally also included.

A third switch may further be used to initiate operation of the barcode scanner

24 as the stage 21 is lifted towards the probe 18. In effect, the stage 21 activates such a third



reference to Figure 14. D agnostic probe assenbly
Figures 4 and 5 show a di agnostic probe assenbly 5 1
woekowhedsest er 10. The di agnosti c probe assenbP@r/B12008/001195

includes testing circuitry and is used to di agnose the
printhead integrated circuits on the carrier. The

probe assenbly 5 1 includes a support assenbly 9 1 in

the formof a support platel®ith support brackets 90.

switchhehsm ppmor I ftdolr é"d:lk eheen®d Isuppond thechBandhetd Biddects B8AOICR barcode

50 on the nbly 91, which defines an
“mn%ﬁé?F%WBmPéﬁgﬁg Sﬁﬁgo?he probe interface arrangenent
18, as shown. The controller board 50 generally

i ncl udes a processor (not shown) which is configured
t 0 geneT@t @eu@gtlc 9¢rgmegt5ftmlcatllemlswgclvﬁ@a @m‘tmdw@kﬁcer to reduce

noisd tit alilS géfg alr t S %rr]na 1|Qﬂ%sn(—?r{1r (ﬁ %leil l?lgbl §1ntered silencer may

be s@%&‘l‘fﬁir ¥hif bppl@dﬁdoﬂl.sl" @r ﬁ@ﬁﬁﬁﬁc b&m@(ﬁ%ﬁ@t dry @e@h@&abelow with more
conmuni cation with the controller board 50. The
mﬁﬂ@ﬁ@ﬂ?ﬁ@”ﬁbh&d 48 is configured to multiplex the
generated test signals to respective printhead dies of
the printhead integrated circuits on the carrier. The
Diagnostixepriobt assembdy 18 i s nounted on the support assenbly
9 1 via securing screws 92, as shown. The probe
interface 18 is arranged in operative signa
comuni ﬁ?ﬁﬂe?'ﬁ Mdt 51 sEEE of AWEHTG: BRAE ddséb%lbl%’\"ﬂ Rt tester 10. The
probe interface 18 being configured to re
diagmstic pmbemntbissﬁl mcgmiask festing aruitfy o is ecd ‘@scp@msa/éle printhead
rinth rcuitr e carrier
imeefyEF g BF B Biet T riopeciiartily ShinchReR 85 raha HE b in the
form’ 80LI fiGp &@%ﬂé‘ie ABith Yehor! bMclkdde bodesie aupRrebrdRas 09xupport the
havi ng a converter thereon (not shown) for converting
contioHer basgd 58 jogrih¢ sunp@rtwwém 1L pwhigh idefiersi ant apgrtaedgr receiving the
irc nal s. The converter is
mnb%gﬁ?ﬁmgﬁn%qgﬁwnt é?% eg% reset signal to facilitate
nultipIeX|ng of the test signals to the respective
dies of the printhead integrated circuits. Probe
i nt er f abe a@tolen brard @ rep@allninglidser nepcepiophrot shown) which is

conffgﬁf&tdaﬁ tg%nélrgtg (0 sfgﬁal@ qgﬁ%&n&' ol bﬁﬁthgﬁ]ﬁl%%}ﬁe@glrcults on the carrier.

Routing or multiplexer board 48 is mounted on the support assembly 91, and is arranged in
operative signal communication with the controller board 50. The routing board 48 is
configured to multiplex the generated test signals to respective printhead dies of the printhead

integrated circuits on the carrier.

The probe interface 18 is mounted on the support assembly 91 via securing
screws 92, as shown. The probe interface 18 is arranged in operative signal communication
with the routing board 48, with the probe interface 18 being configured to relay multiplexed
test signals to and from the respective dies of the printhead circuitry on the carrier when the

test stage 21 is in contact with the probe 18.



the printhead integrated circuits on the carrier. The
routing board 48 generally includes board connectors
wo er10/0eei vi ng the controll er board 50 and an BGEAU2008/001195
board 97, the routing board 48 having power circuits
for supplying said controller and adaptor boards 50
and 97, respectively, with electrical power. In
essence, the adaptor board 9¥ incl udes adapt or
ci rcui tlee motifig Guard it ypealpgelides apresantboeddS having a converter

nt eqr at ed rcuits. a e t. eecrca an ..
thercph Bt oS feseng e (e Saih i s InbaghiadaRiesid cireuis
clectfitdICYibhas. The RhRkRri Bt &hfieeRd 1R abiPath NE|HgeSsighaPUs hfacilitate
bar 98 to provide rigidity and nmechani cal support to

multtpﬂﬁ;ur’ggqfﬁbe iesﬁsgnfa@@@ tlu@gemgptpwgh@;r@é@eem]@eadfmtpgréted circuits. Probe
1ntert f a e rcu

gl sl BE b ES s ARG P RCafles Sl fftacs o

the piriaﬂfé@mfnlt@wt@cﬁcﬁomtgsﬂﬂﬂfe@hﬁlet.est signals suitable for
one of a group of tests consisting of: a gross |dd
test, an Ipos test, a protection di ode vol tage

t hreshop,d. }O%E{I% b@aﬁﬁ' ﬁﬁeg%gal urdgé Bgarg “oh e éé ?ﬁkl%g&wng the

current test In u ta e thres
cont®ilgnbdard 60 pod anw tatiztpm@ebdaeds 97 then cbuamg otrdf 48 hafvmgq]iowﬁn aircults for
ect or he printhead ntegr ted circuyits.

f
supplss s F@olgd o erom?fcisé&sané iP5 Vet ioficgrie power.In
esseﬂc%siﬂenaﬁaﬁtbf Béﬂr& 0¥ in¥hiddd Jdgﬁgfg%&n?% 3&9?% et Jn%ﬁé@ g rfinthead

tester board having conver oard
integhasedricmouits andll toi progxder thb cdactiioahiandh phgsi¢attistefesedith the printhead
. . _between.the controller board 50 and t he adaptor board
1nwg¥§? Y8 gnal generation and testing circuitry

i ncludes reset board 95 for generating reset signals

required for multiplexed printhead integrated
ci rcui t'Ehe migbe rl@tglé@cebb?aﬂbo gsclu@sC@nﬁ&hgbﬁre% toproyisie rigidity and

mecﬁa%fé’cta ﬁ.lé)%oﬁ N %lﬁ: e?‘%a%e ?ggiv\{eﬁ}% er%gn? %tf?he %96?{8,96 f'§ with the

era

pnntm&dFEmggﬁra&d&usm@mtﬁ@earraeﬂ ve ali gnnrent of the test
stage 21, operatively retaining the carrier, with the
probe 18 of the test circuitry. If the test probe 18

s m Sa’i"ﬂegﬂ%gesg\ﬁ.rt& thd€ontroller board 50 is configured to generate test signals
suitable for one of a group of tests consisting of: a gross Idd test, an Ipos test, a protection
diode voltage threshold test, a wircbond continuity test, a leakage current test, a signal input
voltage threshold test, a signal output voltage test, and a test for functional vectors of the

printhead integrated circuits.

The controller board 50 comprises signal generation and testing circuitry, with
the adaptor board 97 forming a tester board having converter or reset board 95 forming a
multiplexer board which is interposed between the controller board 50 and the adaptor board
48. The signal generation and testing circuitry includes reset board 95 for generating reset
signals required for multiplexed printhead integrated circuits. The reset board 95 is configured
to rout test and control signals between the adaptor board 48 and the printhead integrated

circuits via probe 18.



carrier, faulty readings may result. To ensure proper
al i gnnent, tenporary dowels (indicated at 105) are

WO pEentwsl i nto the test stage 16 to align w t hPCT/AU2008/001195
correspondi ng holes or locating tangs 101 in the push
bar 98 of the test probe 18, as shown. The push bar 98
and test probe contacts 130 are al so shown. Testing
systemWth reference now t&Figure 9, there is shown
a system 100 for testing the printhead integrated

circuits usi the tester .10 s.descri bed .above. . | ..

genor al TEWE oyheramPetn T ALr el Of HE Fuarer 2ostruigly reaining
the cMridh WRIMHEroBNI & 6f ih8dest ¥EEHY . (IRMR) tedi4Robd BN IRAhned with the

above. The system 100 includes the tester 10, which is

carrigly; fauiy edadingsghghegsult denensiigatrorsn alignhenthismpvgryl dewels (indicated

e, .of e _maj or functjonal. conmponents af the tester.
o 1059 TF, et Tt e A 108 S RSB 30 e e

101 Bhé gikhdshr DO bNhe Aest PRIBYNE Catshons. THepukp bar 98t R ftés€ bitdhe contacts
the respective conponents of the tester 10 as well as
130 grpelsppowmo, as shown. The tester 10 includes PLC 72
wi th associ ated anal og interface nodul e 74 and network
nodul e 70. The analog interface nodule 74 fornms an
Testingtsgstemce bet ween the PLC 72 and the sol enoi d val ves,
whi ch control the pneumati c conponents of the test
stage 2 1 and the displacenent mechani sm 19, as

descri bgehabRY&Gcc ThE DaLYRE N, MRAULEREANT LERN 160 foorftesting the

~network interface between the PLC 72 and t'he rest
printhé¢ve icEpREdemcsits usdigthe edter h0,Fis glasoeibed abidve. Inegentrel the system 100

el TR el AP et e S EarRIRT £ Biatoneq ghove

via the Ethernet switch 44, to the conputationa
device or RVMS 140. As descri bed above, the tester 10
i ncl udekha westenadAdsmckdgy ghe tasfetentd) ywhich whiaghnged i signal
i ncl s testi [ itr rativel: onn t
comlglﬁlglcéé{goﬁlpv&{thaﬁe (%&g? q ég.\(iéljocr:ltée %frtﬁgﬁjg?o{ ibl}ctlélllag C{)ﬁlggﬁe%gs 5t%he tester 10
arc sBOWIHN kEh@tnafe Seprdsbitatddn. tThe Haidedt Retcls Wi tfedmsddconi@nications hub
testing circuitry of assenbly 5 1 is configured to
for injerhesing e respesgivacempicpis of thettesier 18jag il gs the RMS 149 rpe shown.
printhead integrated circuits. The adaptor board 97
i ncl udes adaptor circuitry operatively connected to
t he The tester 10 includes PLC 72 with associated analog interface module 74 and

network module 70. The analog interface module 74 forms an interface between the PLC 72
and the solenoid valves, which control the pneumatic components of the test stage 21 and the
displacement mechanism 19, as described above. The network module 70 forms the network

interface between the PLC 72 and the rest of the components indicated in Figure 9.

The remote monitoring system or RMS 140 forms a local computational device
which has a communications link, via the Ethernet switch 44, to the computational device or
RMS 140. As described above, the tester 10 includes the diagnostic probe assembly 51 which
includes testing circuitry operatively connected to the computational device or RMS 140, via
the communications link of the Fthernet switch 44. The testing circuitry of assembly 51 is

configured to generate integrated circuit test signals to test the printhead integrated circuits.



testing circuitry on the controller board 50 and is
configured to provide an electrical and physica

wo pi1e0iese with the integrated circuits on t hePCHADRM®B/001195
via probe 18 having contactors 130, as descri bed
above. The routing board 48 includes routing circuitry
i nterposed between the testing circuitry on the
controll er board 50 and adapfor circuitry on the
adapt or board 48 to rout the test signals to

respect] rat.e t n the carr
oot T adaBlof BRSSP i b HrereBiiiy obseig o the
testnfgaelr&ﬁ’tgyetoﬁeche REnttRABALIRA 55 ad RABSHHLNEdNBCA8IUS Bh Wectrical and

for retaining and mani pulating the carrier on which
physmalemtfﬁfaég rathethe divtegrgicd sciicgitpos ithy eiaer, vigpeotRLI§ yving contactors

72 Is operatively connected to this
lyxﬁ% Oﬁg'kgc%anlsn199 as descri bed above, for

controlling operation thereof. The PLC 72 is further
connected to the comruni cations device, in the form of
the Et hBKneptingbewh 44anclydss rayipercpicaitarintsypopgrebetween the testing

circu?t ﬁ”tl‘?et éo%ﬁ@ftl?{got%\%oﬁg) %Bﬁgﬁo}%gcudr% oh%hé ?da for board to rout the

reciate t1onal device
test :ngxyalb&; asRCtivg friteghatgd aphiits ansthe cmteerTlaaqmehmanc test stage 21 and

di splaying test results of the carrier printhead
dlSPl??Ftnée&F ARChenisp LY can fegeHier &’ﬁefe&f‘@Pd et R ing; Mechagigm 99 for

retan@ih LR ﬁlan%ﬁ %'ﬂfe%{rfé? Sn VLR %Qgrht%d Exaiical {Jé(smoned The PLC

granne efine a test server for conmunication
or ccmtnoldert T?elstoesmatm@y comregict ty tho$ harldéing swehdalism 89 1asvdeacrtbhé above,

PLC 72. The .R 1 It
for PGpILFE ABTEHR TsEiRRORE BAG el TGO A fhecsari dications
devidce st 8¢ fhitn bh@ictEREdrRst shBcRUS, BEBipehasibh 8y M ohffitdihal device or

quallty and assurances control . The RNB 140 can al so
RMSbiuni cate with the PLC 72 to provi de operating

paranmeters and instructions to control the tester 10.

Met hod for testing the carrier Figure 10 shows

possi bl i iswettragpstaps tharthoRVor ddnipaitatigndl i@ vice 4@ mad®e a PC

to test
with a graphic user interface for displaying test results of the carrier printhead integrated
circuits to an operator. As such, the RMS or local communications device 140 is typically
programmed to define a test server for communication with the testing circuitry of the

assembly 51 via the PLC 72.

The RMS 140 performs remote monitoring of the tester 10. The barcode and
test result of each carrier tested by the tester 10 are sent to the RMS 140 for quality and
assurances control. The RMS 140 can also communicate with the PLC 72 to provide operating

parameters and instructions to control the tester 10.
Method for testing the carrier

Figure 10 shows possible method steps performed in using the tester 10 to test

printhead integrated circuits on the carrier. It is to be appreciated that reference to a reference



printhead integrated circuits on the carrier. It is to
be appreciated that reference to a referencenunera
WO poes®st i ng a particular nmethod step refers POI/AU2008/001195
respective bl ock indicated by such reference nuneral
in the acconpanyi ng drawi ng. As such, the nethod
included in the invention is not limted or
constrained to particular method steps referred to in
nurntrhi spreaentiag.a parsdildrl recthqd sts nefois [td aumjectimteabidckt hatcated by such
further nethods areﬁglosmb e under this jinvention

referwﬁecﬁurpﬁréhlm h&la&céoén AWHIZ < AScPUChe lbq, me duldlgluded in the

invedfhi it heMdhit&t @RSnsthaihANS pMie@E: MBMbd stepEref@cdad in this rnanner A
conmences at bl ock 160, where the operator is pronpte

skilled aertschethb u@dﬁrqé@ndeﬂhatlﬂirﬂbyr midody @e7wssible| wder tiscavention which
e e 2 The PLC 72 al so
rmght ﬁxcb?cise Sofnr? lfeg 9%9 rmd&Pe a%?ﬁlgng &P%t or control panel
22 (bl ock 164). The operator can then | oad the carri er
into the test stage 2 1 (block 166) and press
cl anp bittans smbaghiment, thesnethed conmences gt bock J&Oawh@ratﬂ@ operator is
V. I
pron8 6 b0 TS Ml C 915 B2 AHIE AREIJ £8 e 21 ok
162)t Tilee FLC72Z 2150 @natded thy atampttugtoly an dadepesat@roetrolant IR25b ik 164).

the carri code(blo ks 170 a 72,
The pparpfateany @Fﬁoaﬁ ¢ pECIPRE 9%&@%%2?@]'9% £064 jgad prgss the clamp

buttotﬂamemsms harpoderi § shekethaalgnsd tméc‘ﬁaﬁlgkﬁ ﬁ"ﬁo Seeure the

0, as described above. The PLC 72 then enabl es
camattartheiﬁmunedﬁf‘r to allowtesting of the carrier to
continue. If there is a problemw th the barcode, the
PLC 72 displays an error nessage via the touch panel

14, andop®y thdl &@ridtohdsf Mechh@akihdl, 11O PLIO 7o eh QivitB&he barcode
carrier is performed as expl ai ned below. This is

scanpaidi4ciat ssen ihe eArGerkes bargarle (jzip@ks 178 alechd72_|:8©§pect}®éx)rﬁfnt@e PLC 72
succ%ss@tllgts@aensb[ﬁer %grgg ew?hs Bc'alrfgod%8§ F]t%redyan% tgd[he h!M‘S 140, as described

tor roceeds’to start tons,

abovd €88 PIoE 42 alxavdallbs te |Sta118:21)tton Ttbelllﬁ’kz@es_t'lng of HRMcatid t@t@Rinue, If
t he di spl acenent nechanism 19 to raise the test sta e
therezwpmttl%nhﬁ@ thab#rede, dedh el dinplpvom ¢! fesage yisehg puch pancl

14, algltri:t gléls% ébg tﬂgm ?Qf“ ﬁﬁ{&@cﬁ}tﬁe E%ﬂﬁelplg :pﬁltf ﬁ as ex lamreg below.

rate Frcurts on the carrier so e te
This ¢aindicatké bpbhcks 17n¢e,tIAg and B4P. of the test stage is in
position (block 186), the PLC

Assuming that the barcode was successfully scanned, the operator proceeds to
press the start buttons, described above (block 182). The PLC 71 then actuates the
displacement mechanism 19 to raise the test stage 21 with the carrier secured thereon to the
probe 18 (block 184). The probe contacts the printhead integrated circuits on the carrier so that
the testing can take place. Once the clamp of the test stage is in position (block 186), the PLC
prepares (block 188) to execute a test routine (block 190).

In one embodiment, the test routine typically includes software instructions
which the PLC 72 loads. The RMS 140 may also supply such test routine software to the PLC
72 via the communications link 44. The PLC 72 displays a message to the operator via the



prepares (block 188) to execute a test routine (block
190). In one enbodi nent, the test routine typically
W0 a8l sof t ware i nstructions which the PLC FQI/AG208/001195

The RM5 140 may al so supply such test routine software
to the PLC 72 via the conmmunications |ink 44. The PLC
72 di splays a nessage to the operator via thetouch
panel 14 that testing is abdut to commence (bl ock

toucli p@el 1 Otiee tasheg tsebbutr towbimmeenha &lbeelP0).danbedhdiest toetilRlIRs been

oad iy STAK b PE 1 R T fiedt TIeor g g e (Bl paens] PC
14 tth® e testNE uh QUG Ey PRAGK! 193¢ Ttk thcEH ﬁ&ﬁfe PC el)flet%'f%ﬁﬁl executes software

software instructions to disp graphi cal user

instricoey bep OGO Tics ndranoeseAEON) 1THs PEGIT2 t hon
executes the printhead test routine on the integrated
circuits via the diagnostic assenbly 5 1 (block 194),

descri begt PIOVE . thdhéxeb@sd the PeintHred kREIERs oh & integrated circuits
control |l er board 50 generating test signals to perform

via theygliagposgic| asgembly & 1 f(BlockiPhly desgsibed gbovet e ftese sputinggpgludes the
I
cont@(l)l?rr g%aZd tsﬁ?geeﬂlﬁ'%fl%g t‘?eregg %1%82?15 tt(?? 012% Q@g hf %11 uo??l;éj Tcﬁﬂ)%vmga types of
electirieaktag& c\grasentd testan positgnab pretpettonvdibd@geltddartskiodld test, a
a signal put voltages test, and a t
wirshaIonBRaD Fact SPLEATeRet 'f‘ﬁ’é%lriflp‘tte@{%geatgéemdg test, a signal

output' IR ost, LG a LQUER ﬁﬂﬁﬂgﬁal Jvéctgr'sSpl ays the results for
the operator via the GJ. The PLC 72 stores the

results (block 198) and can also send the results to

the RMS, 140...\When all the. tests ar e finished, the PL

Stops ChBE Aot St MRshGERT 86T nanEl TRt s gt for the
operétt@r diane GUneriRUG.a 22 key&rbe fheltst (%ﬁfck IH@OMdZar aWolsBnd the results

cla 117 to a | oad position out of contact with probe

to the RNIB116¢KWhepyll thertesty alcdusdsdtthe Pépamps@m sk slzcom atsijock 200.
Whe%htﬁé tetsﬁﬁg S (ri&ll erth 9ﬂcbf2a[owe S Fhe test S %g?‘%l tht e é(‘ilﬁ qo a load

SO dr's a nessage Sts are
posﬁidnﬁbLﬁ o€ dor(tbdt @ﬁ’th 869 l&ﬂﬂocrkr 20Iptant heleape tat dliztrnp Olbska@h4) so that
the next carrier (block 206). The operator renoves the
the caric paaybeemerdd- 208) at the end of the testing cycle
(bl ock 210). The method steps are repeated for the
next carrier.
The GUI of the touch panel 14 may also display a message that the tests are

finished (block 196) and prompt the operator to load the next carrier (block 206). The operator
removes the carrier (block 208) at the end of the testing cycle (block 210). The method steps

are repeated for the next carrier.
Circuit diagrams
Figures 11 to 14 shows circuit diagrams of the controller components described

above. Figure 11 shows the interconnection between the network communication module 70,

the Ethernet switch 44, touch panel computer 14, and barcode scanner 24.



Circuit diagrans Figures 11 to 14 shows circuit

di agrans of the controller conponents described above.
wO-Rgooe9sll shows the interconnection between tPEI/AU2008/001195

networ k communi cati on nodul e 70, the Ethernet sw tch

44, touch panel conputer 14, and barcode scanner

24. Figure 12 shows the interconnection between mains

power isolation switch 64, 2&sidual current circuit

br eakerFig@&g I2isgbwvs theribtarconpovien bstweal mahi8 poweigisdlation switch 64,

.curtain saf el.ay..66, power su 46 and. saf et
residif| e Rk B e uBt RO Shr B 4 i i SR Hoay 66,
DC hdWedrWeBpll 18 dniQafef RIN s8B! AYSicdBibdd @abske! Gaféty BBys 76 include the

i ndi cated. Positions of the energency stop and reset
two pafetyoretryar’®. lapd 7P Adiat andaertediRgsitiens 81 shiroemenzhrcyPstep 2ad reset
buﬁmﬁghzﬁ%ﬂhﬁgmhgterface nodul e 74. Figure 14 shows

YOt He pneurntti c and button interconnections. Auto

swi tches 220 are shown, as nentioned above, to limt

travel of the displacenent assenbly 19, along with
sol enoi dgws| Vehowsthe &4 Sors ik analeg inferfagamofyet/neligure 14 shows
furth@ @Eéuﬂ&ﬁg‘aﬂa fbﬁﬁ&? THRdrY I{Jn%ctioEE.eAﬁ | SR Y& %1% R6dn.! % mentioned
responsi bl'e for actuating the clanmping nmechanisns 117,
abovey td lisdiattavd usft dresdiz@éccardt aksambplbudi along 3itlalsskenoid valve 222
sh Digital pressure sensoy, 230 _shows syste . .
resp%@m@r Pellgesufisnlaginiant ayepekn Igr EE%W@%%M&?—%Q responsible
i GAhE dambie: hMRHERSADNEE L8NS s BRYHs 1296 LRE cBinp Bktbn 234 also
di agranms of Figures 11 to 14 are not described in
showde Dhagital poessuraistiisob@3@piparsesystetropricumagk iptdsade, with system pressure
. on,. M5 1. A testing apparatus for testing
SW”@ﬁ%%d?%&% ‘circuits mounted in a carrier, the testing
apparatus conprising: a support assenbly; a controller
mounted in the support assenbly, the controller beingﬁI
pr ogr anfsdinteecopnestiess shosg in shayeieduy dizenams pleligwicedt s édjare not
descﬁﬁerd%H'drgt%ﬂ, Gl Wi Bl I NG ARSRIALM AL @pged on the support
assenbl'y ‘and confi'gured to receive ahd

for a



retain the carrier during testing; a displacenent
mechani sm arranged on the support assenbly for
waeleEplsesng t he retaining assenbly relative t oP€TaU2008/001195
support assenbly into and out of an operative
condition, in use; and testing circuitry operatively
connected to the controller and having at |east test
signal generation and measuf®nent circuitry and
CLAddHpt or circuitry for operative engagenent with the
integrated circuits being tested, the adaptor
circuitry being configured to provide both a physica
and an electrical interface with the integrated
Circuits. (ingl | of:. clai i :
L ki oh t Re P aatE8" KRHeBRRNRLUR A ENE bl B carion, the
testily apphtusesmpngngppar at us of claim 1, in which the
support assenbly includes a housing assenbly, the
controller being in the formof a touch-panel PC
nn%ﬁﬂ@ﬂ“@ﬁmmﬁéﬁhousing to be accessible by an
operator, the housing assenbly including a table

asse e letai | -

ot 3R Wl [P e AREER, dd BB Yihammed 10
proc&Ressatipivads fomdhd intaraded cirthies;t esti ng apparatus of claim

1, in which the retaining assenbly includes a clanp

assenbl y arran?ed on the test stage to clanp the '

caf retaipingrasysadily pgengsd oarthe snpape phsgadhestd ehnfigwed tesceive and

- | - erative condition. 5 . The testing
rdmg%%gggkgg&g#ﬂgﬂggh]l, in which the retaining nmechani sm

i ncludes locating formations that are configured to

CO-a0@igplaccnott tnhech@fdh | HnkQT BRLTONSPAYIt abRnbBF ForeHishcing the

ensure that the carrier is correctly positioned prior —
retaipigg wessmbhigrelagive Thiictsepparhepsempllsnetp yod oft ef an enetativie gondition, in
uﬁy?@ich the adaptor circuitry includes an adaptor board

that is configured to engage the integrated circuits

and to provide the electrical and physical interface

W feltideherchidy@@eatifsly ebirebicl $o the controller and having at least test signal
generation and measurement circuitry and adaptor circuitry for operative engagement with the
integrated circuits being tested, the adaptor circuitry being configured to provide both a

physical and an electrical interface with the integrated circuits.

2. The testing apparatus of claim 1, in which the integrated circuits are inkjet
printheads.
3. The testing apparatus of claim 1, in which the support assembly includes a

housing assembly, the controller being in the form of a touch-panel PC mounted in the
housing to be accessible by an operator, the housing assembly including a table assembly and
the retaining assembly including a test stage that is displaceable into and out of said operative

condition.



7 . The testing apparatus of claim®6, in which the
signal generation and testing circuitry includes a

W@ eaver9dBoar d and a nul tipl exer board i nter poseGI/AU2008/001195
between the tester board and the adaptor board for
routing test and control signals between the tester
board and the integrated circuits. 8. The testing
apparatus of claim7, in wh2Zh the signal generation

4. and t estThagsoig gypatatus of nkimdes vehictethe retiiomgdsdembly includes a

clan§GRSEALY 08, eet 31 anals. Ly 89 Lk, MALLRL $25%,

displacement of the test stage into the operative condition.

5. The testing apparatus of claim 1, in which the retaining mechanism includes
locating formations that are configured to co-operate with locating formations on the carrier to

ensure that the carrier is correctly positioned prior to testing.

6. The testing apparatus of claim 1, in which the adaptor circuitry includes an
adaptor board that is configured to engage the integrated circuits and to provide the electrical

and physical interface with the integrated circuits.

7. The testing apparatus of claim 6, in which the signal generation and testing
circuitry includes a tester board and a multiplexer board interposed between the tester board
and the adaptor board for routing test and control signals between the tester board and the

integrated circuits.

8. The testing apparatus of claim 7, in which the signal generation and testing
circuitry includes a reset board for generating reset signals required for multiplexed integrated

circuits.



