; KLe3ePRVKXp6TR37 FI ELD OF THE | NVENTI ON [ 000l ] The present invention

rel atés generally to printing device diagnostics. BACKGROUND [ 0002] A
typi cal inkjet printing device has at |east one pen or print head that
reci procates over a printable surface such as a sheet of paper. The print
head includes an array of nunerous orifices through which droplets of ink
are expelled onto the surface of a paper to generate a desired pattern.
Col or inkjet printing devices generally have either a multi-chanber

cartridge or multipl i heads) each print head cont ajymi w gmerent
col or of ink. [W&B\\\W\%\\M\\Iy each print head is corrpm“‘m‘ummm“ Im tronics
t hat can conmuni ormation about the contents of the primri head to a
conputer that is coup®¥ to the printing device. This information may

i ncl ude the manufactured date, ink color, and/or the quantity of ink in the

print head. [0004] rang / ' | C o fix such a
printing device can%é%ﬁ@b&%ﬁb@émmgﬁﬁé The

manuf acturer typically sends a skilled repairperson to visit a custoner and
di agnose device problens. Additionally, the customer may not be able to use

the printer until the service call is made, which is inconvenient and coul d
be expensive for the customer FIBLEROWN THEANVENTI®ONNng probl ens nmay sinply

be a malf ioning print head qr other sinpl.e problens that the custoner
cout d haVBI) o eobieal paehiion relpieg EFetrIBite PR dH (I AEABRISSt i ¢ 1 o5 ¢ o
determ ne the problem [0005] For the reasons stated above, and for other
reasons stated below that wll becone apparent to those skilled in the art
upon readi ng and understandi ng the ification) there is a need
in the art for inproved printing dg\%(g%@si,ie @-Q?icagnosti CS. 2 SUMVARY

[ 0006] TIH@002irbodA mypicad inddet phieting deyioathas avdeast bumpenrr priptlbeadahat etdiproeates pri nt
head for use in ripting,device. The print .head.i.s, c rised of at | east
one. cond e ARMSTHIE iRk PN S5EE1 ol PP AEerin fiad iSlfBR AN SFROA THETRHS nt o1
t hrough lotifikéstBrongh dihvhairopléts Nk aragel®Nénto tHeauFade oftagfiperto geadrate &

generated by the printer's control circuit. A feedback ﬁath couples a
return stdgtited paernoholeninkist pristingdsyicepeengeally havr &ither & myititchambey gartnidgsier ng

har dwar e vl i APBinGieadd) Bhdssling hER Shlalnif E2LirRIdREIoNdihi not be coupl ed to

t he conducti've pad and, t efore, W ot be returned to the control

circuit h e . . - nce of
t he sel ft[@eogr gsiFP gailﬁ'neg?@@?’é‘g’% %‘ﬂg’tac% gmp %r%lﬁﬁg%grﬁﬁrdguﬂng%nb%%@ﬁ%ﬁm head.
The abseiidermdtionbowtehd cdngsits «fitpriintiheall ©ad @snpulathas isgroupled tatHeyprintingy be

| i nki ng har.d e.. Further enpodinments of the inventiqgn include nethods. and
appar at uSeYFe TN iRt EaY PElSARITS FeNfaghirad fteyipk pleisandBOAPE aBRLY B ik <
a bl ock ¢4 tgipAii faga tester print head in accordance wth one embodi ment of
the present invention. [0008] Figure 2 is a circuit diagramof the

Ci r cui tryogplgy t hewaﬁmg bnd?érl mbinfAae sEvRe Ca SR THEuMh b Brinfify ghQtaApat of the
present invention. [0009] Figure 3 is a perspective view of the testing

print heaupansiveferdheldgvies manufactver. The oanvfaeturep fypidally pends a@rskilled venairperson
[ 0010] +i gur i rir carri i ' e
embod ol M5 weSPll ekt RERFEE FRoRGah b GRS Rothe ERS o
a print ensd the prner datilake sertite eallds aiatedvhienis imdonvérdem and enild beegpensioa for

the customer. Some of these printing problems may simply be a malfunctioning print head or

other simple problems that the customer could have fixed themselves if they had the diagnostic

capabilities to determine the problem.

[0005] For the reasons stated above, and for other reasons stated below that will become
apparent to those skilled in the art upon reading and understanding the present specification,

there is a need in the art for improved printing device self-diagnostics.



[0012] Figure 6 is a flowhart of a self test nethod in accordance with one
enbodi nent of the present invention. 3 DETAI LED DESCRI PTI ON [0013] In the
f-ol | owi ng detail ed description of the present enbodi nents, reference is
made to the acconpanying drawings that forma part hereof, and in which is
shown by way of illustration specific enbodinments in which the invention
may be practiced. These enbodi nents are described in sufficient detail to
enabl e those skilled in the art to practice the invention) and it is to be
understood t hat other enbodi nents may be2utilized and that process)

el ectrical or nmechanical changes nmay be nmade w thout departing fromthe

scope of the present invention. The %ﬁ i detail ed description is)
therefore, not to be taken in a lim e, and the scope of the

present i[pyed)t i OThd EmBRAimERS oPIE YPreddnt iMRnAOPETERPadk e lTRed PHNEREAL 6 BB P
thereof. [00lI'4] The subsequent discussion of the present invention refers
to a pri rtpitigs dpurhdhaprishheediiseomprised ofsat lesst anecopdustivegageapableioéad.

However , . ] - ' ' .

orint+ nt PORPERROERGRL RoRlhEpiePRIRINRAD ville 1) 6 ditRlainEs, de

i ncor por atlfnest sigpaliingenerancitbyahe piidiexSiontriotjciramitl Aifeddbadtk petie sowpldsl axetorli agr am

of one enbodi nent of a tester print head, (.100). of the present inventiop as
used wi t AP RAf;R4he e o0 d papduetg e A TRNEBT VR B 8F ST o
(110) i nGLKA&S sighal WALl B GupRAIS AR 'coRdichvé piPand! (hfefdre W fnat B fethifed o
signals fromthe printer control circuitry 120) through the tester print

head ( 1009 cantrd] éizaviit throughhthe fendbadki path ansluetunystatug pgd. The peesericgodikhe sglfdest

earned through.the prjinter's. cable connect i and ot:her | nkin

ar chuar o EPTEter s PRLA ity R el Bh ARG Bl TR R i el Bt

har dwar e.indi@fdsGhatlaprivt aiRFOMEY BEMKIng R dW SR IRGSEr RbAUIMeMS bf tHelibedntiah ed i n
Figure 1 enconpasses nultiple feedback paths (105) incorporated into the

t est er prn@edeyBethods and ppparatus oCYArYAS 849PBdi ment, a separate feedback path
(105) is used for each connection fromthe printer control circuitry (120)
to the tester print head (100). This enables the tester print head (100) to

test each connection for continuity or shorting. For exanple, depending on
the printer enbodi nent) thdDBSCRIPRON ORBYHEDRAYINGSt i ons for firing a

Can. "B "BIRTSE SR oL55] B R ol A e

various fofitetpresent intertion. t ester print head as well as the normal operation
of a functional print head. The control circuitry 4 ( 120) executes the
enbodi menpeosPt thgurel il atR&lic MREAAGS e diRBit T AR bster PHI heddin alélr8ance
circuitry ( 120) s discussed subsequently in greater detail with reference
t o Fi gur evith omegmbeylimmng of the presentigMep®es a circuit di agram of one

enbodi ment of the circuitry of the tester print head of the present

i nvent i ofl000Phe CFigwrgidiis ¢ peispestinyieweaf thyr tegtingpaiatbeadiie agperdancawithioae enabl es
t he contr, | j j . in Figure 1 to communicate with the
tester prewr?fﬂﬁggg&t%g}fgéﬂﬁ‘rgﬁéﬁgcuitry of the enbodi nent of Figure 2 is
conpri se fay mul it . j . r 205
and 215y 1000 " e B @bt 1R SR RESark bl Ao AU IFBTLE e
addi ti ongpresptdsventign.be provi ded (e.g.) additional power/ground and control)
(215 and 210) depending on the enbodi nent. Wen the tester print head is

i nserted[00K1p a FpuraGds a bRk dRgRANBSREPHNL in hbwsdanpadith aneembodihedt dfahe
interconnect pins .in the carriage assenbly. The interconnect pins are
coupl ed PEFSEHEEGHP 0l circuitry of the printer through cables and other

| i nki ng R&idgare” As is well known in the art) the carrlﬁgF assenbl y ”5 t he
mechani shf412ht HAEwE 64s pflowehaseofc seh-test methaddp aceprdance pith 25 emoedimsh(of s
di scusseghesptbefpmeeiion. Wi th reference to Figure 4. [0020] The circuitry
additional l'y 1 ncludes capacitors (220) and traces (20l ) that connect the
pads (200, 205) 210, 215) to status return pads (230 - 233) that provide

t he feedback path back to the control circuitry in the printer. For

exanpl e, in one enbodinent, the printer control circuitry sends a |logic
hi gh signal (e.g., +SV) through the Iinking hardware to the MCLK pad of the
data |l ogic pads (200). This pad is connected by one or nore traces (201 )
to one or nore return status pads (230 - 233) that are connected through
the Iinking hardware to the printer control circuitry. [0021] In one

enbodi nent, all of the data and power pads are coupled to a single return
status pad for connection to the printer control circuitry. In this

enbodi ment) the control circuitry cycles through each of the |inking
hardware individually during the self test node and applies a self test
signal (e.g.) +SV) to each line. The status return line is then checked for

o o - - N B oy — . a -



[0022] In another enbodi nent, each of the data and power pads are coupl ed
to a separate return status pad for connection to the printer control
circuitry. In this enbodinent, the control circuitry can apply a self test
signal to each of the data and power pads substantially sinultaneously
whil e checking the return status pads for the returned signal. This

enbodi nent has the advantage of being faster than a single return status
pad. [0023] The return status pads are |ocated on the tester print head in
the sane | ocations as any return pads on3a functional print head. For
exanpl e, a functional print head is capable of returning ink reservoir
status to the printer. The | oc ‘13119{: d%?cg pad may be used in one
enbodi ment of the tester print ea B ternate enbodi ments use ot her
sel f test[0813Inal #n thadoilonshg détailedatesoripition oﬁthelpmknmngmdimams, Ineference is made to
pr edet er ned rlodl fre can be used. e teste ring. head
embodi ren RN frasie e faran & BRrE st it gbiebis SRSV by PPl W Eop e
sel f t estspat,ﬁeetnbmmehe iR whithfthd astmmr,ﬁhyt& ,Muueéu tihese @ cAiments e head
woul d reply w a status word) depending on the state of the linkin

har dwar e. dem@beémmff nent@taylfmten@l@ﬂeseml adrin eher arote prratice the mvemtrpedanxiot iatgy
one test '&H& Jstoo[:lQlIQa%%lher erhbodi men ? ?‘nlay Plnfed a%ldlthnaE Q)%g % é]ga gﬂ ?(nec?(amcal

i ncor porates e mcrocircui rS ErreaP ry i horder

down the mﬁgeswﬁayﬂﬁﬁiihdarwlﬂbufmﬂnmflﬁmﬁ thex¢dpef dierpreseht iyivérgionDThe following

susceptible tqg failure due to its flexing nature However) the circuitry in
one enbod#er‘\?él’?f’ dggcripHan isebereforg,nok o 'r?éa‘EF"dF ay 'I’??é“?ﬁ senghnd HHigsaepesf the presen

| NCOT POT &G tioR i SEFinR En iy T delhimb'hid squpenidthgegonnect pads. This
can be done because the Co5t of each tester print head is | ess of an issue

when a us nly e of
the pri ntet o} TF SERehnbL AP0 P plefh BiveRbdnfercn R MR s ing s
illust ratcenbudnnﬁitgﬁn& of theste$ting ppint Meﬂowéverrldnys&fbmhcm a(pringer e'ﬁbrbrﬁpasses
circuitry v es fog each tgge qQf §5h r and each t e of print head that
is repl acaé‘é( Y/'C’f Higt bas Rejntipg fction, ARG TR H'FS atiog 5t
Figure 3 lhbdl—?éia{‘ﬁé £prim ffdipReCt i ve view of one enbodi rrent of the tester
print head the present invention. This enbodinent includes a main body
section (j@@is) . _FighRld AbtA&SSolbcH Heradfl ofte ARodMBRIdr AR ot Rad160)
section (305) The shape and | ocation of the elenents of tester prlnt
head are tbdpssamnvahtm}n asiused with adypical printei ddOher printing dheetd Tﬂlhmstmmuhdxead

conta|n| mts st er int hea fit e carriage in
Che sane (0 QudesF b FRGotckEhfH 251 P D38 sl daresamplirie B afler T
head typi @atrbycucnmyqdee) throkigly the Gesedr ARIeall (EU0) @id YacRes MetcdnirbEciRbitit(12®ad
to be positioned in the carrjage in thehlgroper col or slot. In one

embodi menthe signalsiase sasried,thrqugh thepringess<cabliss, copractions, and atherdinking hasdware on,

thus al | o )qniokdel o EHREK 85HRindHY ofYor SHORdd UTGhd RREWEPT | Nt heads in any of
the carriage slots. In an alternate enbodi nent, the tester print head

I ncl udes pohfs)key i \helemitiol 1n%,t, tﬁ@ﬂ@&iaﬁfhﬁlir(ﬁ)sﬁgldshh@&t gﬁreal 81%6?.8?%&& ve
vi ew of a carrlage assenbly i'n accordahce w one e nment of "the
present imuldpkeifesdbadkmntisl 03)dperparatediity thesestdrgripthaad¢10Qhks soch v er i nto
whi ch the, LS, T .]

e Bl o238 A0S vl SRR PBLICRE ot Lk

di f f er entcincnitryd d2@)to dre téster priashead (md)rrrhmamﬂ]es Beecthsted print hé&il(1006t0 tesvnichi NS

t he interconnect s.that nate with the pads gqn the tester print head

Gi'r cu ¢ 1y OGN SOr S uAat 08 TR EPT RASHIAG RrRmaing B gL BoPrPtedEh
slot (40 ]prmt RO maywhive cmbtionsdor ikl 4 dePramSrint h&RitnodE Or détLRHRing!an ivk ROEINBI
function node, the carriage assenbly noves across print nedia to nove the
functlonﬂﬂgpﬁﬂlhﬁ’heads to the proper locations for whatever inage is to be
drawn. In one enbodinent of a self test node) the carnage is stationary

whi | e t hd00EHt i nghe enntrol eireuitsy (JaPXis raspensitiafosqortralbng e ¥ adonsdiinerions pf thae
carriage r

i ‘aqr am AFCEint e JRMEk AR oneRIEbr § iéhap plthd gl BHetoniotflify
printer is conprised of a controller (500) that controls t he operation of
the printer. The controller (500) may be a m croprocessor or it may be a
sinpler mcrocontroller running m crocode. [0032] The printer nmenory (505)
may be of the type used for tenporary storage of data such as random access
menory (RAM. Additionally, the nmenory (505) may be of the type used for
per manent storage of data such as read only nenory (ROM, progranmable read
only nmenory (PROM) and/or nenory cards. OQther types of nenory,

sem conductor) magnetic, optical) or other types) can be included as
menory. [0033] The prlnter menory (505) can store seIf test data and

Y g e o o, o . o v M




[ 0034) The network connections (510) include any network interface cards
(e.g., Ethernet) required to interface the printer to a network. |In another
enbodi ment, the network connection (510) is sinply a USB port, |EEE 1394
port (FIREWRE), infrared) or other type of port for coupling the printer
to a conputer. (0035] The controller (500) is also coupled to and controls
the printer nmechanisns (515) of the printer. In the enbodi nents of the
present invention, the printer nmechanisnms (515) include the tester print
head(s)) any functional inkjet print head(s), the print head carriage
assenbly, and the roller that feeds the print nedia through the printer.

0036] T

through 10 AR e HhaBitnshs of BBu sk Melidf oP i BresBREBEMBE 8 AR,

cabl es, vﬁlﬁ@:)hedscmdmﬂ:kequma)y xargtbamlcletmllmtlmfemmneuﬂ-“gmredew ces requi red to
connect the control circuitry (120) to the print nmechanisns (515). [0037]

Fi gure 6 [0018]st r Figefe Hillubteaeshaditcuid diagren endiedinibodiment ofthe eirtuitrgof theréshpd of
the present invention. The tester print head is initially inserted into a
print hedding head ofithe presept inyentjon mrrw;tw is gemprited @f Asarductivematesiakthatyy j nt

head is 'déﬁ?@ggﬁg ctf_ﬂ} cirBit ‘?‘l”slr@tggnfﬁigﬁﬁgl té comniftate A tthh Eergﬂﬂ?héaﬁ then

initiate IS can e acco a conp uter connect ed

to the pr il t r on ctlon can
P ob" e PTUAL, LIREUMIR, 38 Aol FRRCE b5 A AR
on the pr(am)@nd@swei éndsgmmtdqﬂds (‘ROEIangQES)ﬁhatlmﬁnﬂﬂ(hblpﬁdls nﬁ;ﬁbﬁﬁa ﬂmetnonall bﬁmself
test is |n| ted thelndsertlon of, %{etes er print head. into th

printer. heﬁ "é’“éﬁ%%ﬂ‘?'l%ﬂ‘i s maybeprovided (esg;. addilipral pawergreund,and "r?ggp'c)l(%]r; and

i nitiat esanaqh 0) Je‘fb@ﬁdl dg@.@?n%]emsbe;nfeﬁ{ wheasthe &kapﬁl.m%a@isgmhéd ffiSa pRftet €d O
the tester print I n one enbodi ment, these signals are generated

and tr ansqmagedsspmblyhéreseemdé arepobpled tmlat:er@}mmemsomthe@arrmgc asspmbgy dhe t he

t th f I
my b di PREPRRGE PR woRl T e ol shiiBEy P e BHRRL btyeR sbE nEbHE| G
The r et urlinkfrigeardwdre.Pgsis dieH knbwh icihe aitClle tariagdaskéblg & the methaaﬁsnﬁ bt halas er
print head received the self test signal, Sdi@@llséﬁéﬁlk[)e pendi n on the

enbodi merft Pt H%ﬂdr‘étalPr"r'?teé*t'Q’rel@rﬂaigﬁé%‘e'ﬁpb’Hf Ef‘d“F'B}Y‘E qu?{ﬁli“ﬁﬁ‘j’ t he
return ofplgurganl pul ated signal indicating continuity, or sinply current
flowif the status return |lines are grounded. In one enbodinent, this

ehecki g 10630y 5 FREGRRIRAN Y HeuBkd &Bg({nggsf(agmg%ae&wgbmhat confit the

i ndi cati on of t he se t'est si
har dwar e pads @09521)51; 21;0)@15)}19 rsmtusrrguprpmis (23}) 23‘3) tmatpoaidecie febdisack peth:bhcld to

self test I nter ) r . scre or._an _au f one.
o thi o SRl Srtipdinthé Bt For Gatble. i B mEna G dhepiierronRol dicntBhe
print heagndshAbgic Meght spiifaPle. gomlsvc) uln@a% dnasmm Ihﬁ@wdre tblilge MERIK paloflthedata
replace the defective print head w thout cal an_expensi ve mai nt enance
t echni ci 3pgif 8pds{2QQ)sThis pad is connected by one or more traces (201) to one or more return status

pads (230 - 233) that are connected through the linking hardware to the printer control circuitry.

[0021] In one embodiment, all of the data and power pads are coupled to a single return
status pad for connection to the printer control circuitry. In this embodiment, the control circuitry
cycles through each of the linking hardware individually during the self-test mode and applies a
self-test signal (e.g., +5V) to each line. The status return line is then checked for a return of the
same signal. If the signal that was sent is on the status return line, the tested linking hardware is
considered good and the next connection may be checked. In another embodiment, the status
return line is grounded and the control circuitry checks for current flow or other continuity check

to determine continuity. This continuity check may be performed in parallel.



[004]] If an indication of the self test signals) is not detected (6l5),
this is an indication that the functional print head replaced by the tester
print head is probably not defective. The indication is made to the user
(625) through a self test result display on a printer display, conputer
screen, or an aural tone. In such a situation) the user can then call the
mai nt enance technician to service the printer. In an alternate enbodi nent,
if the printer is coupled to the Internet, the printer can send a request
automatically to the servicing conpany f&r assistance with the printer.
CONCLUSI ON [ 0042] The printer with the diagnostic print head of the present
I nventio vi d | . ] t L] (o) f ] el f
o ‘agnost | 90F8s; o TEarbufte pbSdmaF Eqchchtheldifs SEREREL bk ol UouDEHOE RAUES, |
printer ram siatus pad for Tonirectisratol thesprifear coniroltoincuitiyeln this ethbodiniens itigdontrol

roblens (e.qg.) defecti ri.nt head), .thereby reduci rinter* down tine
gnd mai nt rﬁaﬂ’a)éa%gl&azs%‘/@fﬁ%?%ﬁ"%)‘f’ ‘E?S%' ﬂffthﬁéia ﬁﬁmw?fé@?mgﬁ'&"{'ﬁ user. |

[0043] AldifigkaRosewhilé éheekibp teTeiSstitay fadd§6thé Fdumnitd S, BriisleiBsdimeied
herein, it will be appreciated by those of ordinary skill in the art that

any ar r aritgé theradvamage of beingifasterabanc singlegetravatuspad.sane pur pose may be
substituted for the specific enbodi nents shown. Many adaptati ons of the
i nvent i orf0023]l b@hasturn etatustpads are dasated oo thti tesienyprisk hedd in thet Jamedoaations as any

Accor di ngl this applicat,ion.is ,jfptended to,.cover,any .,adaptati,ons, or

ot oottt bt ontBncr Rt iy heaol ForiiBle; £ RN B rEAER Bl 0t s on
be |im tQétuﬁﬂhg’iriRMesIe%irf @dtb@ﬂtﬁ@{)ﬁdt@.ﬁ"ﬁ(&@@ﬂicﬁfﬂlitl’ﬁ@}e@ﬁﬁﬁ)aﬂ ARy R used inpél M5
1. Atester print head for insertion into a printer, the tester print head

conpr i si rigbodimaent gftheitester paat kead0) capabl e of accepting a sel f test signal
fromthe printer, the conductive pad (200) coupling the tester print head (
100) to tlA624dr i nAkternateeabpdimantsush othenselinigstisignalsaban «5M. Fpr example, @rclpckt at us

4 (230) . 7 T : N ; itk
Par cviar o Ly i § pscRifhed pl it dldheyBlan 39w, HARE e frbytiend O BENTT
t he conduatlude cireditrfy 2640 hcdeptstand gererasesdigitahiats, thaself-28GignaPmay bea kel test

print head of claim1 wherein the tester pﬁi nt head fﬂglom‘ S ada{%t eoc}rsfor

i nserti onVerHite WA he testgeprifd Sea,vould reply with g satusiygrd, Rgen the § ks nt
head (10Qjnkidy HalivAE. I THe@mboditels of $he pr&@nt B 9émion Afd #Yt ARRE 1&hnyCormitest 2

wherein the conductive pad (200) and the return status pad (230) are
conpri sedigfl.a conductive material that is coupled to interconnect pins in
the carriage assenbly (401- 406) upon insertion of the tester print head (
100) i nt d06268 caArfungionaldskjebprint htad fpicallpincenpopatdsiflexibdemtiapcirshis for this

wher ei n tcrill%u;tr%'enq %na&lk tﬁ(aeté;r)] dév%rq ihe) coistsof %E’c'ﬂ’ﬁﬁn? ﬁgad. The flexible circuitry is more
susceptible to failure due to its flexing nature. However, the circuitry in one embodiment of the
tester print head of the present invention incorporates larger and more robust circuitry and
interconnect pads. This can be done because the cost of each tester print head is less of an issue

when a user only needs to purchase one tester print head over the life of the printer.

[0026] The embodiment of the tester print head circuitry illustrated in Figure 2 is for
purposes of illustration only. This circuitry varies for each type of printer and each type of print

head that is replaced by the tester print head of the present invention.

[0027]  Figure 3 illustrates a perspective view of one embodiment of the tester print head of
the present invention. This embodiment includes a main body section (301), circuit traces (310),
and a non-functioning print head section (305). The shape and location of the elements of the
tester print head are substantially similar to a functioning print head that would contain ink. This

permits the tester print head to fit into the carriage in the same way as a functioning print head.



of a circuit trace of conductive material. 5. The tester printer head of
claim1l wherein the self test signal is a predeterm ned voltage |evel. 6.
The tester print head of claim1 wherein the self test signal is a periodic
signal having a predeterm ned frequency. 7. The tester print head of claim
1 wherein the tester print head ( 100) is coupled to a control circuit
(120) in the printer (110) that generates the self test signal. The tester
print head of claim 1l wherein the |inking hardware ( 115) conprises cabl es
and connections that couple the tester peint head ( 100) to the control
circuit ( 120). 10 9. The tester print head of claim1l wherein the

li nki 15 i Wi rel | i nk. that | es. the.test
orint | hed Qo004 Eactapiiaiain: he Spipalyipdiates sgfYing SEmeRMRETLPEIVETRE head
of cl ai mpkintheddetobe Posiabhdddh tid dadritigh irl thd pEbpet EolbmotPIni dhe@mbodikidil, tBeraEAt €s

the plurality of self test signals and receives the self test signals in
response Rrinthead daes poldinglpde this keyingifunsting, thysatlowingis jo replace any of g A A [ . As|

- As[_. AH, fxncﬁ‘iunﬁ{ggpﬁrﬁ‘fl&gﬂ in QrB'Tof the carriage slots. In an alternate embodiment, the tester print

head includes the keying function.

[0029]  Figure 4 illustrates a perspective view of a carriage assembly in accordance with one
embodiment of the present invention. The carriage assembly is the part of the printer into which
the tester print head is inserted. The assembly includes muitiple slots (401 — 406) that accept
either functioning print heads having different ink color or the tester print head. Each slot (401 -
406) contains the interconnect pins that mate with the pads on the tester print head circuitry. This
enables the printer controller to communicate with each slot (401 - 406) individually during the

self-test mode.

[0030] In a normal function mode, the carriage assembly moves across print media to move
the functioning print heads to the proper locations for whatever image is to be drawn. In one
embodiment of a seif-test mode, the carriage is stationary while the testing function is performed.

In an alternate embodiment, the carriage moves in a normal manner.

[0031]  Figure S illustrates a block diagram of one embodiment of a printer of the present
invention. The printer is comprised of a controller (500) that controls the operation of the printer.
The controller (500) may be a microprocessor or it may be a simpler microcontroller running

microcode.

[0032] The printer memory (505) may be of the type used for temporary storage of data such
as random access memory (RAM). Additionally, the memory (505) may be of the type used for
permanent storage of data such as read only memory (ROM), programmable read only memory
(PROM), and/or memory cards. Other types of memory, semiconductor, magnetic, optical, or

other types, can be included as memory.

[0033] The printer memory (505) can store self-test data and self-test results. The memory
can also store tasks to be executed by the printer controller (500) during the idle time that the

controller (500) is not executing a print job.
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[0035] The controller (500) is also coupled to and controls the printer mechanisms (515) of
the printer. In the embodiments of the present invention, the printer mechanisms (515) include
the tester print head(s), any functional inkjet print head(s), the print head carriage assembly, and

the roller that feeds the print media through the printer.

[0036] The controller (500) is coupled to the print mechanisms (515) through linking
hardware (525). The linking hardware (525) includes the cables, wireless connections, and other
interconnection devices required to connect the control circuitry (120) to the print mechanisms

(515).

[0037]  Figure 6 illustrates a flowchart of one embodiment of a self-test method of the present
invention. The tester print head is initially inserted into a print head slot of the printer (600). In

one embodiment, the tester print head is inserted into the carriage assembly.

[0038]) Self-test mode is then initiated (605). This can be accomplished by a computer that is
connected to the printer through a bus or network connection. The self-test mode can also be
initiated by depressing a key or a predetermined sequence of keys on the printer as illustrated in
Figure 6. In another embodiment, the self-test is initiated by the insertion of the tester print head
into the printer. In this embodiment, the printer firmware detects the insertion and initiates self-

test.

[0039]  The self-test signal or signals are applied to the tester print head (610). In one
embodiment, these signals are generated and transmitted to the tester print head by the control
circuitry of the printer. As discussed previously, the type and quantity of test signal(s) may be

different for different embodiments of the tester print head.

[0040] The return status lines are then checked for an indication that the tester print head
received the self-test signal(s) (615). Depending on the embodiment, the return status lines might
be checked for continuity, the return of a manipulated signal indicating continuity, or simply

current flow if the status return lines are grounded. In one embodiment, this checking is
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accomplished by the printer control circuitry. If an indication of the self-test signal(s) is detected
(620), the linking hardware is present and operating properly. An indication of successful self-
test is made on a printer display, computer screen, or an aural tone. In this case, if there is a
printing problem, the problem may be with the print head that the tester print head has replaced.
The user can then replace the defective print head without calling an expensive maintenance

technician for assistance.

[0041] If an indication of the self-test signal(s) is not detected (615), this is an indication that
the functional print head replaced by the tester print head is probably not defective. The
indication is made to the user (625) through a self-test result display on a printer display,
computer screen, or an aural tone. In such a situation, the user can then call the maintenance
technician to service the printer. In an alternate embodiment, if the printer is coupled to the
Internet, the printer can send a request automatically to the servicing company for assistance

with the printer.

CONCLUSION
[0042]  The printer with the diagnostic print head of the present invention provides a printer
user with the capability for performing self-diagnostic tests prior to or in place of a maintenance
service call by the printer manufacturer. This enables the printer user to detect simple problems
(e.g., defective print head), thereby reducing printer down time and maintenance costs incurred

by both the manufacturer and the user.

[0043] Although specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that any arrangement that is calculated to achieve
the same purpose may be substituted for the specific embodiments shown. Many adaptations of
the invention will be apparent to those of ordinary skill in the art. Accordingly, this application is
intended to cover any adaptations or variations of the invention. It is manifestly intended that this

invention be limited only by the following claims and equivalents thereof.
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a return status pad (230) capable of providing an indication of continuity of the

linking hardware (115) to the printer (110); and
a feedback path (201) that couples the conductive pad (200) to the return status pad
(230).

2. The tester print head of claim 1 wherein the tester print head (100) is adapted
for insertion into a carriage assembly (401 — 406) that holds the tester print head (100) in the
printer (110).

3. The tester print head of claim 2 wherein the conductive pad (200) and the
return status pad (230) are comprised of a conductive material that is coupled to interconnect
pins in the carriage assembly (401 — 406) upon insertion of the tester print head (100) into the

carriage assembly.

4. The tester print head of claim 1 wherein the feedback path (201) is comprised

of a circuit trace of conductive material.

5. The tester printer head of claim 1 wherein the self-test signal is a

predetermined voltage level.

6. The tester print head of claim 1 wherein the self-test signal is a periodic signal

having a predetermined frequency.

7. The tester print head of claim 1 wherein the tester print head (100) is coupled
to a control circuit (120) in the printer (110) that generates the self-test signal.

8. The tester print head of claim 1 wherein the linking hardware (115) comprises

cables and connections that couple the tester print head (100) to the control circuit (120).
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10.  The tester print head of claim 1 wherein a control circuit (120) in the printer
(110) generates the plurality of self-test signals and receives the self-test signals in response

to the status of the linking hardware (115).



