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In accordance with a further aspect of the present invention, there is
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Turning nowto Fig. 3, the assenbly of the canmera systemis based around an
internal chassis 12 which can be a plastic injection nolded part. A pair
of paper pinch rollers 28, 29 utilized for decurling are snap fitted into
correspon\gpr? 45%hme holes eg. 26, 27. As shown in Fig. 4, PQTHaUPasYis 12
i ncludes a series of nutually opposed prongs eg. 13, 14 |nto which is
snapped fitted a series of electric nmotbrs 16, 17. The electric notors 16,
17 can lecvendiagapked/tode arvdmihel lendth of therpenterbtersed uhaze. thevery s naludneeyspeng iade &r
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I's snap rough a correspondi ng natlng portion 46 so
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ng.71, The tate t I
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in Fig. 6, theg disalfronepehpeaive mekdf ithe @éserakdsl famcagigank sipplyf aechanishii of hhei prdfeeredict s
with paw, |8 a¥%el. 73 t hereby nmaintaining a count of the nunber of
phot ogr ap hs taken on the surface of dial mechanism 44. The cutti ng
mechani sm 63 Fig 8iis78 g¥plogest PriEReEvE #féhe plgtieapriend b prsfere 2mbpglimetans of a snap fit

via receptacl gg. @Qsas?dépers_E&QveMe&totﬁ@m@%blme%plﬁfén bddt er nal recappi ng
mechani sm 80 a n not in use. The recappl ng

mechani sm 80 F Pﬁdé%ﬂg“% %Vﬁé'éwgé etafsf)'ﬁ %“5%? fhg RlatgBtat ed via a sol enoid
coil so as toFpridwiagexpldsd perspeciagpit nghepfinthdagregppinptmetieaisin éfithelplrerpireabatimead
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illustrates ngl ose up of the end portion thereof. The re-capping

nechani sf#® 5‘&}"1 °Btructured around a solenoid including a 16 turn coil 75
which can conprise insulated wire. The coil 75 is turned around a first
stationery solenoid arm 76 [ §h IS rmuntﬁi E(c)% a,_bottom surface of the
pattern 62(Fig. 8) and incl TEUWEEM LEr) 74RY/BU ?ragnlfy ef fecti veness
of operation. The arm 76 can conprise a ferrous naterial. A second

noveabl e arm of the sol enoid actuator is also provided 78. The arm 78 bei ng
noveabl e and al SO made of ferrous mat er| al . Mount ed on the arm [ S a sponge
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In the quiescent position a elastomer spring units 87, 88 act to
resiliently deformthe el astoner seal 79 against the surface of the ink
supply unit 42 _\Wen it is desired to operate the printhead unit. upon the
i nsert i onwcﬂ”éé?f’ér the solenoid coil 75 is activated soPG¥AUEY @éﬁqge t he
arm 78 to nove down to be adjacent to the end plate 76. The arm 78 is held
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"keeper cur rEntl3 isiapchemdtif bigck diagiamaf ene ifasm of entpuiversof jtha enagatapture hitpracéseing keeper
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SUBSTI TUTE SHEET (Rule 26) (RO AU) WD 99/ 04551 PCT/ AU98/ 00549 -12 be
inserted in the ink refill holes and the ink reservoirs filled wth ink
with the air flowing out of the air outlets 113 - 115. Subsequently, the
adhesi ve M)HEYEttion 117 and plug 121 are attached and t RETHUPHPERA
tested for operation capabilities. Subsequently, the ink supply cartridge
42 can be readily renoved for refilling'®y neans of renoving the ink
supply csint 54 @ges) ipasofpovkidiy magvgshinmge oycthesurfan df thdiewgestnsdriciap ngmaitydoched es
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t he exceg‘f SRS RB*brint head chip. The chip 48 is a highly integrated
system |t cofbimespiGViShinsagd wemsi wit, 2 @aval od which giugdstpaiht reedawedes b @gthead

digital 0 i . anisth! . 0 i .e 1 eti w
Funct § on T BLACERY AR 4, s Skt Aot e PACHHP B o) SAENIS HRRLH
usi ng a heembieA yeouR e patEgun ChepRuannmESTOtRNELS ABS! Ritchtoles §1 whithds spapi figedstp one sidghd
CoSt canoSCiduen tagr@WARIchedkd dbedvikDsid® obthd Pidten balblkh id ScuflRiFhaARnBH 6DMWhigh e the
active o] Sensor
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sensor Anal og Signal Processors |mage sensor col ul ecoders | nage
sensor r JHF BEERtRPEhMTA 30 gitades &sronggireraen (0aR/ie prerais vie ABRYnOid ) aritoARTide fonut o
exposur e rekgppBiof e print RERAMn Rt GiferoRIRY idbrovided G InBiperising PO pAh@éad re-
Convol ver Clcr)ll or JALY I-ial.(%égorr\qncrragmrt.l X. S(H%?TI TUTE SHEET ( Rul.deF§26%_ &Rg AU)
WO 99/ 0458 P BEFALEBFBY R =T 4‘8’?& GIeR SYHE B M WYY e P HE S
i nt er f aceappBg biah inkKPUrintigad  Program ROM  Fl ash nenory Scrat chpad SRAM
Paral l el int erngaplth(s@atJ? b prloded view of the recapping mechanism whilst Fig. 12 illustrates a close up of the

end portion thereof. The re-capping mechanism 90 is structured around a solenoid including a 16 tum coil 75 which

can comprise insulated wire. The coil 75 is turned around a first stationery solenoid arm 76 which is mounted on a

bottom surface of the pattern 62(Fig. 8) and includes a post portion 77 to magnify effectiveness of operation. The arm

76 can comprise a ferrous material.

A second moveable arm of the solenoid actuator is also provided 78. The arm 78 being moveable and aiso
made of ferrous material. Mounted on the arm 1s a sponge portion surrounded by an elastomer strip 79 The
elastomer strip 79 is of a generally arcuate cross-section and act as a leaf springs against the surface of the printhead
ink supply cartridge 42 (Fig. 5) so as to provide for a seal against the surface of the printhead ink supply cartridge 42.

In the quiescent position a elastomer spring units 87, 88 act to resiliently deform the elastomer seal 79 against the
surface of the ink supply unit 42,

When it is desired to operate the printhead unit, upon the insertion of paper, the solenod coil 75 is activated
so as to cause the arm 78 to move down to be adjacent to the end plate 76. The arm 78 is held against end plate 76
while the printhead is printing by means of a small “keeper current” in coil 77. Simulation results indicate that the
keeper current can be significantly less than the actuation current Subsequently, after photo printing, the paper is
guillotined by the cutting mechanism 63 of Fig. 8 acting against Aluminium Strip 43 of Fig. 5, and rewound so as to
clear the area of the re-capping mechanism 88. Subsequently, the current is tumed off and springs 87, 88 retum the

arm 78 so that the elastomer seal is again resting against the printhead ink supply cartridge
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Motor drive transistors (5) Cdock PLL JTAGtest interface Test circuits
Busses Bond pads The CPU, DRAM | nage sensor, ROM Flash nenory, Parall el
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Fig. 15 illustrates a layout of the ICP 48. The ICP 48 is dominated by the imaging array 201, which
consumes around 80% of the chip area. The imaging array 1s a CMOS 4 transistor active pixel design with a
resolution of 1,500 x 1,000. The array can be divided into the conventional configuration, with two green pixels, one
red pixel, and one blue pixel in each pixel group. There are 750 x 500 pixel groups in the imaging array.

The latest advances in the field of image sensing and CMOS image sensing in particular can be found in the
October, 1997 issue of IEEE Transactions on Electron Devices and, in particular, pages 1689 to 1968. Further, a
specific implementation similar to that disclosed in the present application is disclosed in Wong et. al, “CMOS Active
Pixel Image Sensors Fabricated Using a 1.8V, 0.25 pm CMOS Technology”, IEDM 1996, page 915

The imaging array uses a 4 transistor active pixel design of a standard configuration. To minimize chip area
and therefore cost, the image sensor pixels should be as small as feasible with the technology available. With a four
transistor cell, the typical pixel size scales as 20 times the lithographic feature size. This allows a minimum pixel area
of around 3.6 pm x 3.6 um. However, the photosite must be substantially above the diffraction limit of the lens. It is
also advantageous to have a square photosite, to maximize the margin over the diffraction limit in both horizontal and
vertical directions. In this case, the photosite can be specified as 2.5 um x 2.5 pm. The photosite can be a photogate,
pinned photodiode, charge modulation device, or other sensor.

The four transistors are packed as an ‘L’ shape, rather than a rectangular regon, to allow both the pixel and
the photosite to be square. This reduces the transistor packing density slightly, increasing pixel size. However, the
advantage in avoiding the diffraction limit is greater than the small decrease in packing density.

The transistors also have a gate length which is longer than the minimum for the pracess technology. These

have been increased from a drawn length of 0.18 micron to a drawn length of 0.36 micron. This is to improve the
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:raot  didtihagigma @t sdc@ssivhiagproximation type ADC's. A row of low column ADC's are used to reduce the
conversion speed required, and the amount of analog signal degradation incurred before the signal is converted to
digital. This also eliminates the hot spot (affecting loca! dark current) and the substrate coupled noise that would occur
if a single high speed ADC was used. Each ADC also has two four bit DAC’s which trim the offset and scale of the
ADC to further reduce FPN variations between columns, These DAC’s are controlled by data stored in flash memory
during chip testing.

The column select logic 204 is a 1:1500 decoder which enables the appropriate digital output of the ADCs
onto the output bus. As each ADC is shared by four columns, the least significant two bits of the row select control 4
input analog multiplexors.

A row decoder 207 15 a 1:1000 decoder which enables the appropriate row of the active pixel sensor array.
This selects which of the 1000 rows of the imaging array 1s connected to analog signal processors. As the rows are
always accessed in sequence, the row select logic can be implemented as a shift register,

An auto exposure system 208 adjusts the reference voltage of the ADC 205 in response to the maximum
intensity sensed during the previous frame period. Data from the green pixels is passed through a digital peak detector.
The peak value of the image frame period before capture (the reference frame) is provided to a digital to analogue
converter(DAC), which generates the global reference voltage for the column ADCs. The peak detector is reset at the
beginning of the reference frame. The minimum and maximum values of the three RGB color components are also
coltected for color correction

The second largest section of the chip is consumed by a DRAM 210 used to hold the image. To store the
1,500 x 1,000 image from the sensor without compression, 1.5 Mbytes of DRAM 210 are required. This equals 12
Mbits, or slightly less than 5% of a 256 Mbit DRAM. The DRAM technology assumed is of the 256 Mbit generation
implemented using 0.18um CMOS

Using a standard 8F cell, the area taken by the memory array is 3.11 mm* When row decoders, column

sensors, redundancy, and other factors are taken into account, the DRAM requires around 4 mm?.
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Cross-r etm?or SH&Sonding mating hole 27.

Next, as illustrated in Fig. 20, the assembled platten unit is then inserted between the print roll 85 and
aluminium cutting blade 43.

Turning now to Fig, 21, by way of illumination, there 1s illustrated the electrically interactive components of
the camera system. As noted previously, the components are based around a Flex PCB board and include a TAB film
58 which nterconnects the printhead 102 with the image sensor and processing chip 51. Power is supplied by two
AA type batteries 83, 84 and a paper drive stepper motor 16 is provided in addition to a rotary guillotine motor 20.

An optical element 31 is provided for snapping into a top portion of the chassis 12. The optical element 31
includes portions defining an optical view finder 32, 33 which are slotted into mating portions 35, 36 in view finder
channel 37. Also provided in the optical element 31 is a lensing system 38 for magnification of the prints left number
n addition to an optical pipe element 39 for piping light from the LED § for external display.

Turning next to Fig 22, the assembled unit 90 1s then inserted into a front outer case 91 which includes

button 4 for activation of printouts
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which is utilised for the output. The captured image is then manipulated in accordance with any special requirements

before being initially output on the paper roll. The LED light is then activated for a predetermined time during which
the DRAM 1s refreshed so as to retain the image. If the print copy button is depressed during this predetermined time
nterval, a further copy of the photo is output. After the predetermined tume interval where no use of the camera has
occurred, the onboard CPU shuts down all power to the camera system until such time as the take button 1s again

activated In this way, substantial power savings can be realized
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Appar atus (ART58) P09397 "23-Sep-97 Data Processi ng Met hod and Appar at us
(ART59) P09398 23-Sep-97 Data Processing Met hod and Apparat us (ART60)
P09399 23- Sep-97 Data Processi ng Method and Apparatus (ART61) P09400

23- Sep-97 Data Processing Method and Apparatus (ART62) P09401 23- Sep-97
Dat a Processi ng Met hod and Apparatus (ART63) P09402 23-Sep-97 Data
Processi ng Met hod and Apparatus (ART64) P09403 23- Sep-97 Data Processing
Met hod and Apparatus (ART65) P09405 23- Sep-97 Data Processi ng Met hod and
Appar atus (ART66) PP0959 16-Dec-97 A Data Processing Method and Appar at us
(ART68) PP1397 19-Jan-98 A Media Device (ART69) SUBSTI TUTE SHEET (Rul e 26)
(RO AU) WD 99/04551 PCT/ ALO8/ 00549 -30- Ink Jet Technol ogi es The

enbodi nents of the invention use an ink jet printer type device. O course
many different devices could be used However presently popular ink jet
printing technol ogies are unlikely to be suitable. The nobst significant
problemw th thermal inkjet is power consunption. This is approximtely 100
times that required for high speed, and stens fromthe energy-inefficient
means of drop ejection. This involves the rapid boiling

SUBSTITUTE SHEET (Rule 26) (RO/AU)



of water to produce a vapor bubble which expels the ink. Water
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12-Dec-97

I US

A Methodof Manufacture of an Image Creation Apparatus (1JM36)

PP0882

12-Dec-97

A Method of Manufacture of an Image Creation Apparatus (1JM37)

PP0874

12-Dec-97

A Method of Manufacture of an Image Creation Apparatus (IJ]M38)

PP1396

19-Jan-98

A Method of Manufacture of an Image Creation Apparatus (1IM39)

PP2591

25-Mar-98

A Method of Manufacture of an Image Creation Apparatus (IIM41)
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1 J12US |J 12 Linear Stepper Actuator Ink Jet Printer 1J13US 1J13 Cear
Driven Shutter Ink Jet Printer 1J14US 1J14 Tapered Magnetic Pol e

El ectromagnetic Ink Jet Printer [1J 15US 1315 Linear Spring El ectromagnetic
Gill | nkWOH/088Sinter 1J 16US 1J 16 Lorenz Di aphragm El ecPeDrugsi@ssc | nk
Jet Printer 1J17US 1J17 PTFE Surface Shooting Shuttered Oscillating
Pressure Ink Jet Printer 1J 18US |J 182Buckle Gip Oscillating Pressure

| nk Jet R BT 18 Tun BYUS 1 thedich PN dehy R ade Uhea Fn g Ty Bhgad) T 200] 1320

Curling V- —Fherraela ral—ACt uat ed

Ink Jet [Bet%iter [958 |4 Hsthed quiamﬁﬂum?fMwasf&eamn.W@?wﬂ(Wéﬁs 1 J23 Direct
Firing Ttresssal Behd-98ct (laMethod af kadufictuRdrof it l@nge CredBehUSpirdd41idanduct i ye PTFE

Ben Act iiMEb0r VeaieGs ! Nka ?]/fe‘tthodJ Jf Mﬁﬁlﬁ cturelcr{’ éﬁH?geldé?onlmﬁﬁasQ{%Mﬁﬁ)Ct rvell gk i Iet
1o Cly I IC‘ I 1 ¥ uc e

Pri nt er H326US nape J

O N i T T A T e e A el A A [
Printer IJ29US 1J29 Thernoel astic Bend Actuator Ink Jet Printer |J30US

| J30 Thernoel astic Bend Actuator Using PTFE and Corrugated Copper |Ink Jet
Printer 1J3 1 USI1J3 1 Bend Actuator Direct Ink Supply Ink Jet Printer

1 J32US 1J32 A High Young's Modul us Thernoel astic Ink Jet Printer 1J33US
1J33 Thermally actuated slotted chanber wall ink jet printer 1J34US 1334
Ink Jet Printer having a thermal actuator conprising an external coiled
spring SUBSTI TUTE SHEET (Rule 26) (RO AU) WD 99/ 04551 PCT/ AU98/ 00549 -32
1 J35US 1335 Trough Container Ink Jet Printer 1J36US 1J36 Dual Chanber
Single Vertical Actuator Ink Jet 1J37US 1J37 Dual Nozzle Single Horizontal
Ful crum Actuator Ink Jet 1J38US 1J38 Dual Nozzle Single Horizontal

Actuator Ink Jet 1J39US 1J39 A single bend actuator cupped paddle ink jet
printing device 1J40US 1J40 A thermally actuated ink jet printer having a
series of thermal actuator units 1J41 US 1J41 A thermally actuated ink jet
printer including a tapered heater elenent 1J42US |1J42 Radi al Back-Curling
Thernmoel astic Ink Jet 1J43US 1J43 Inverted Radi al Back-Curling

Thernoel astic Ink Jet 1J44US 1J44 Surface bend actuator vented ink supply
ink jet printer 1J45US 1J45 Coil Acutuated Magnetic Plate Ink Jet Printer
Tabl es of Drop-on-Dermand tnkjets Eleven inportant characteristics of the
fundanmental operation of individual inkjet nozzles have been identified.
These characteristics are largely orthogonal, and so can be el uci dated as
an el even dinensional matrix. Most of the eleven axes of this matrix

i nclude entries devel oped by the present assignee. The follow ng tables
formthe axes of an el even dinensional table of inkjet types. Actuator
mechani sm (18 types) Basic operation node (7 types) Auxiliary mechanism (8
types) Actuator anplification or nodification nmethod (17 types) Actuator
notion (19 types) Nozzle refill method (4 types) Method of restricting
back-flow through inlet (10 types) Nozzle clearing nmethod (9 types) Nozzle
pl ate construction (9 types)

_‘

—
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Drop ejection direction (5 types) |Ink type (7 types) The conpl ete el even
di nensi onal table represented by these axes contains 36.9 billion possible
configurations of inkjet nozzle. Wiile not all of the possible conbinations
result in WOWAHESE inkj et technology, many nillion confi gufakisdnes4dr e
viable. It is clearly inpractical to elucidate all of the possible ’
configurations. Instead. certain inkje®-types have been investigated in
detai|. HiheSepphr e designated 1JOL to |1J45 above. O her inkj et
configurationg d fr hese 45 exanpl e

substituting Pkt%:aquh r'faft%\gllleé%ggﬁ?nqmﬁ ?’lzeoar’\’s eﬁ)ﬁ’a SGFE 18 e kg hfﬂd ¥'"Wée’3f sygterasy es .
Most of ’Fh@glt‘!]‘b} supRly 9f ko @%@ﬁﬁrpfle@etounlebee feaalibedi im the fol vk getustplidnprovisia@dplfenivi t h
char act egpkiichios, BURRIWA of WACHRMhRHY i SRbkvd BYALL ARk 1 nkj et technol ogy Were
there are—prior_art _exanples known to the [pventor, one or nore of these
exanpl eg apestiajiant eq FikingtDaee | exanpl es col urm ofTiihe tabl es bel ow Th¢ 1JA to
| J45 sedi eBrowfienag| 3o |isted|in the exanpl es colum. |n sone cases, |a
SUBSTI TYTE NMMHET (Rule 26) (RO AU) WO 99/ 04551 PCT/ AU98/ 00549 -33{printer
may be |{pagoesd nore tskualpmonc«sup;ﬂyraethcalathAppMﬁJ(@nlt shar €s char acterijstics
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o et hé -m s Comerci al ptint
syst em;,Pcl’—9 ffic pr T%f%P? R"é’fceﬁ‘ldll‘f*ﬁ‘:s‘@ﬁ@) |nternet WAW printers, Video
pri nt er sMEMSdieghadlogynagi ng, Wde format printers, Notebook PC prl nters, Fax
machi nes, | ncktusief, io@! pre¥ni biicitBn $¥ Lﬁ%s dn 9 | abs
etc. The infornation aSS%(Lélcatg § Th ©H &g%g‘ﬁ%ﬁ%ﬁmf@m& ongmapmll tecmﬁ?ﬁél‘"
matrix afecuBLCgh ot Frpf aTRYS of Bk !Ebw"h‘@ Stﬂaﬁf misToel SUBSFFhayichf RclBiqEeE Fre(dRgtited Bhe
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00 0no ra——a—N—grte—=N—y N — MM My y ~-QO ypayo
G Cd Cf) Austgalian g F(‘Iﬁﬂ@!}e D00 0 f% CQO MT+t,le. G(d OW'CL .3{>rn 0
t7° S. N\ PW"G““?‘EE: Nwyyyp" Otroda) OC~ 0y Oa) N'~ JO- rn
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8 £ [Xosdd 1, 1Sl E Y VY el fidhaseh, - & TTE) WS T OOEOE A VO U
aW[J, E \P&OH\H T e }A&VFFM%ASP)” _cdu t:ti txdoed|"yoO.
eaA U HPQ808 N ' O|B-ml-97 A device (MEMS04)

PO8010 15-Jul-97 A device (MEMS05)

PO8011 15-Jul-97 A device (MEMS06)

PO7947 15-Jul-97 A device (MEMS07)

PO7945 15-Jul-97 A device (MEMS08)

PO7944 15-Jul-97 A device (MEMS09)

PO7946 15-Jul-97 A device (MEMSI10)

PO9393 23-Sep-97 A Device and Method (MEMS11)

PP0875 12-Dec-97 A Device (MEMS12)

PP08%4 12-Dec-97 A Device and Method (MEMS13)
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b a E 2w SIUBSTITUTE SHEET (Rule 26) (RO AU) WD 99/ 04551
PCT/ AUQ8[ 088#4gliang5| Filing Date Title
Provisional
Number

PP0895 12-Dec-97 An Image Creation Method and Apparatus (IR01)

PP0870 12-Dec-97 A Device and Method (IR02)

PP0869 12-Dec-97 A Device and Method (IR04)

PP0887 12-Dec-97 Image Creation Method and Apparatus (IR0S)

PPG88S 12-Dec-97 An Image Production System (IR06)

PP0884 12-Dec-97 image Creation Method and Appararus (IR10)

PP0886 12-Dec-97 Image Creation Method and Apparatus (IR12)

PP0871 12-Dec-97 A Device and Method (IR13)

PP0876 12-Dec-97 An Image Processing Method and Apparatus (IR 14)

PPO877 12-Dec-97 A Device and Method (IR 16)

PP0878 12-Dec-97 A Device and Method (IR17)

PP0879 12-Dec-97 A Device and Method (IR18)

PP0883 12-Dec-97 A Device and Method (IR19)

PP0880 12-Dec-97 A Device and Method (IR20)

PP0O881 12-Dec-97 A Device and Method (IR21)

DotCard Technologies

Further, the present application may include the utilization of a data distribution system such as that

described in the following Australian provisional patent specifications incorporated here by cross-reference:

Australian Filing Date Title
Provisional
Number i
PP2370 16-Mar-98 Data Processing Method and Apparatus (Dot01) .
PP2371 16-Mar-98 Data Processing Method and Apparatus (Dot02)

Artcam Technologies

Further, the present application may include the utilization of camera and data processing techniques such as

an Artcam type device as described in the following Australian provisional patent specifications incorporated here by
cross-reference:
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PO7991 15-Jul-97 Image Processing Method and Apparatus (ARTO1)

PO8503 11-Aug-97 Image Processing Method and Apparatus (ART01a)

PO7988 15-Jul-97 Image Processing Method and Apparatus (ART02)

PO7993 15-Jul-97 Image Processing Method and Apparatus (ART03)

PO8012 15-Jul-97 Image Processing Method and Apparatus (ART0S)

PO8017 15-Jul-97 Image Processing Method and Apparatus (ART06)

PO8014 15-Jul-97 Media Device (ART07)

PO8025 15-Jul-97 Image Processing Method and Apparatus (ARTOS)

PO8032 15-Jul-97 Image Processing Method and Apparatus (ART09)

PO7999 15-Jul-97 Image Processing Method and Appararus (ART10)

PO7998 15-Jul-97 Image Processing Method and Apparatus (ART11)

PO8031 15-Jul-97 Image Processing Method and Apparatus (ART12)

PO8030 15-Jul-97 Media Device (ART13)

PO8498 11-Aug-97 lmage Processing Method and Apparatus (ART14)

PO7997 15-Jul-97 Media Device (ART15)

PO7979 15-Jul-97 Media Device (ART16)

PO8015 15-Jul-97 Media Device (ART17)

PO7978 15-Jul-97 Media Device (ART!8)

PO7982 15-Jul-97 Data Processing Method and Apparatus (ART19)

PO7989 15-Jul-97 Data Processing Method and Apparatus (ART20)

PO8019 15-Jul-97 Media Processing Method and Apparatus (ART21)

PO7980 15-Jul-97 Image Processing Method and Apparatus (ART22)

PO7942 15-Jul-97 Image Processing Method and Apparatus (ART23)

PO8018 15-Jul-97 Image Processing Method and Apparatus (ART24)

PO7938 15-Jul-97 Image Processing Method and Apparatus (ART25)

PO8016 15-Jul-97 Image Processing Method and Apparatus (ART26)

P0O8024 15-Jul-97 Image Processing Method and Apparatus (ART27)

PO7940 15-Jul-97 Data Processing Method and Apparatus (ART28)

PO7939 15-Jul-97 Data Processing Method and Apparatus (ART29)

PO8501 11-Aug-97 Image Processing Method and Apparatus (ART30)

PO8500 11-Aug-97 Image Processing Method and Apparatus (ART31)

PO7987 15-Jul-97 Data Processing Method and Apparatus (ART32)

PO8022 15-Jul-97 Image Processing Method and Apparatus (ART33)

PO8497 11-Aug-97 Image Processing Method and Apparatus (ART30)

PO8029 15-Jul-97 Sensor Creation Method and Apparatus (ART36)

PO7985 15-Jul-97 Data Processing Method and Apparatus (ART37)

PO8020 15-jul-97 Data Processing Method and Apparatus (ART38)

PO8023 15-Jul-97 Data Processing Method and Apparatus (ART39)

PO9395 23-Sep-97 Data Processing Method and Apparatus (ART4)
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PO7990 15-Jul-97 Data Processing Method and Apparatus (ART46)

PO8499 11-Aug-97 Image Processing Method and Apparatus (ART47)

PO8502 11-Aug-97 Image Processing Method and Apparatus (ART48)

PO7981 15-Jul-97 Data Processing Method and Apparatus (ART50)

PO7986 15-Jul-97 Data Processing Method and Apparatus (ARTS51)

PO7983 15-Jui-97 Data Processing Method and Apparatus (ART52)

PO8026 15-Jul-97 Image Processing Method and Apparatus (ARTS53)

PO8027 15-Jul-97 Image Processing Method and Apparatus (ART54)

PO8028 15-Juj-97 Image Processing Method and Apparatus (ART56)

PO93%4 23-Sep-97 image Processing Method and Apparatus (ARTS57)

P0O939%96 23-Sep-97 Data Processing Method and Apparatus (ART58)

P0O9397 23-Sep-97 Data Processing Method and Apparatus (ART59)

PO9398 23-Sep-97 Data Processing Method and Apparatus (ART60)

PO9399 23-Sep-97 Data Processing Method and Apparatus (ART61)

P0O9400 23-8ep-97 Data Processing Method and Apparatus (ART62)

PO9401 23-Sep-97 Data Processing Method and Apparatus (ART63)

PQ9402 23-Sep-97 Data Processing Method and Apparatus (ART64)

PO9403 23-Sep-97 Data Processing Method and Apparatus (ART65)

P0O9%405 23-Sep-97 Data Processing Method and Apparatus (ART66)

PP0959 16-Dec-97 A Data Processing Method and Apparatus (ART68)

PP1397 19-Jan-98 A Media Device (ART69)
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L & requnred for high speed, and stems from the energy-inetficient means of drop ejectlon This involves the rapxd boiling
of water to produce a vapor bubble which expels the ink. Water has a very high heat capacity, and must be
superheated in thermal inkjet applications. This leads to an efficiency of around 0.02%, from electricity input to drop
momentum (and increased surface area) out.

The most significant problem with piezoelectric inkjet is size and cost. Piezoelectric crystals have a very
small deflection at reasonable drive voltages, and therefore require a large area for each nozzle. Also, each
piezoelectric actuator must be connected to its drive circuit on a separate substrate. This is not a significant problem at
the current limit of around 300 nozzles per print head, but is a major impediment to the fabrication of pagewide print
heads with 19,200 nozzles.

Ideally, the inkjet technologies used meet the stringent requirements of in-camera digital color printing and
other high quality, high speed, low cost printing applications. To meet the requirements of digital photography, new
inkjet technologies have been created. The target features include:

low power (less than 10 Watts)

high resolution capability (1,600 dpi or more)

photographic quality output

low manufacturing cost

small size (pagewidth times minimum cross section)

high speed (< 2 seconds per page).

All of these features can be met or exceeded by the inkjet systems described below with differing levels of
difficulty. 45 different inkjet technologies have been developed by the Assignee to give a wide range of choices for
high volume manufacture. These technologies form part of separate applications assigned to the present Assignee as
set out in the table below.

The inkjet designs shown here are suitable for a wide range of digital printing systems, from battery powered
one-time use digital cameras, through to desktop and network printers, and through to commercial printing systems

For ease of manufacture using standard process equipment, the print head is designed to be a monolithic 0.5
micron CMOS chip with MEMS post processing. For color photographic applications, the print head is 100 mm long,
with a width which depends upon the inkjet type. The smallest print head designed is 1138, which is 0.35 mm wide,
giving a chip area of 35 square mm. The print heads each contain 19,200 nozzles plus data and control circuitry.

Ink 1s supplied to the back of the print head by injection molded plastic ink channels. The molding requires
50 micron features, which can be created using a lithographically micromachined insert in a standard injection
molding tool. Ink flows through holes etched through the wafer to the nozzle chambers fabricated on the front surface
of the wafer. The print head is connected to the camera circuitry by tape automated bonding.

Cross-Referenced Applications

The following table is a guide to recently filed cross-referenced United States patent applications filed

concurrently herewith and discussed hereinafter with the reference being utilized in subsequent tables when referring
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PCT/ AU98/ {[\ﬁgé:ij% 1J03 Planar Thermoelastic Bend Actuator Ink Jet

1J04US 1J04 Stacked Electrostatic Ink Jet Printer

[JOSUS [J05 Reverse Spring Lever Ink Jet Printer

JosuUS 1J06 Paddle Type ink Jet Printer

[J07US 1J07 Permanent Magnet Electromagnetic Ink Jet Printer

1JO8US 1J08 Planar Swing Grill Electromagnetic Ink Jet Printer

1J09US 1J09 Pump Action Refill Ink Jet Printer

1J10US 1J10 Pulsed Magnetic Field Ink Jet Printer

1ius H3 Two Plate Reverse Firing Electromagnetic Ink Jet Printer

12Us 12 Linear Stepper Actuator Ink Jet Printer

1J13US 113 Gear Drtven Shutter Ink Jet Printer

1J14US 114 Tapered Magnetic Pole Electromagnetic Ink Jet Printer

1J15US 1J1s Linear Spring Electromagnetic Grill Ink Jet Printer

J16us 1116 Lorenz Diaphragm Electromagnetic Ink Jet Printer

1J17US 17 PTFE Surface Shooting Shuttered Oscillating Pressure Ink Jet Printer

J18US 118 Buckle Grip Oscillating Pressure Ink Jet Printer

1J19US 119 Shutter Based Ink Jet Printer

[J20US 1J20 Curling Calyx Thermoelastic Ink Jet Printer

121US 121 Thermal Actuated Ink Jet Printer

1J22US8 122 [ris Motion Ink Jet Printer

1J23US 1J23 Direct Firing Thermal Bend Actuator Ink Jet Printer

1J24US 1324 Conductive PTFE Ben Activator Vented Ink Jet Printer

[J25US 1325 Magnetostrictive Ink Jet Printer

[J26US 1J26 Shape Memory Alloy Ink Jet Printer

1J27US 127 Buckle Plate Ink Jet Printer

[J28US 1328 Thermal Elastic Rotary Impeller Ink Jet Printer

[J129US 129 Thermoelastic Bend Actuator Ink Jet Printer

1130US 130 Thermoelastic Bend Actuator Using PTFE and Corrugated Copper Ink Jet Printer

31Us [J31 Bend Actuator Direct Ink Supply Ink Jet Printer

1J32U8 1J32 A High Young's Modulus Thermoelastic Ink Jet Printer

1J33US 1J33 Thermally actuated slotted chamber wall ink jet printer

1J34US (J34 Ink Jet Printer having a thermal actuator comprising an external coiled spring
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1J40US 1J40 A thermally actuated (nk jet printer having a series of thermal actuator units
1J41US 1141 A thermally actuated ink jet printer including a tapered heater element
1J42US 1J42 Radial Back-Curhng Thermoelastic Ink Jet

1J43US 1J43 Inverted Radial Back-Curling Thermoelastic Ink Jet

1J44US 1J44 Surface bend actuator vented ink supply ink jet printer

1J45US 1345 Coil Acutuated Magnetic Plate Ink Jet Printer

Tables of Drop-on-Demand Inkjets

Eleven important characteristics of the fundamental operation of individual inkjet nozzles have been
identified. These characteristics are largely orthogonal, and so can be elucidated as an eleven dimensional marix.
Most of the eleven axes of this matrix include entries developed by the present assignee.

The following tables form the axes of an eleven dimensional table of inkjet types.

Actuator mechanism (18 types)

Basic operation mode (7 types)

Auxiliary mechanism (8 types)

Actuator amplification or modification method (17 types)

Actuator motion (19 types)

Nozzle refill method (4 types)

Method of restricting back-flow through inlet (10 types)

Nozzle clearing method (9 types)

Nozzle plate construction (9 types)

Drop ejection direction (5 types)

Ink type (7 types)

The complete eleven dimensional table represented by these axes contains 36.9 billion possible
configurations of inkjet nozzle. While not all of the possible combinations result in a viable inkjet technology, many
million configurations are viable. It is clearly impractical to elucidate all of the possible configurations. Instead.
certain inkjet types have been investigated in detail. These are designated 1J01 to 1J45 above.

Other inkjet configurations can readily be derived from these 45 examples by substituting alternative
configurations along one or more of the 11 axes. Most of the 1J01 to 1J45 examples can be made into inkjet print
heads with characteristics supertor to any currently available inkjet technology

Where there are prior art examples known to the inventor, one or more of these examples are listed in the

examples column of the tables below The 1JO1 to 1J45 series are also listed in the examples column. In some cases, a
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made to the present invention as shown 1n the specific embodlments w1thout departing from the spirit or scope of the

invention as broadly described The present embodiments are, therefore, to be considered in all respects to be

tliustrative and not restrictive
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99/ 04551 - 60 - PCT/AU98/ 00549 1t woul d be appreciated by a person

skil I ed i nrphggart that nunerous vari gji ons and/or nodifications nmay be
made to the present invention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as broadly described
The pr esentheaiiiagideRning ey i@veritidaraesd & @llowe be considered in all respects to

be illustrative and not restrictive 5 SUBSTI TUTE SHEET (Rul e 26) (RO AU)

| R04SG 61 | Tgrigth&idThk 1%&9&%@ ;nmagf&mm Ewffth H th%fmrﬁwlmpr' nt head
i nk suppl yt mktlstc%e ae T W LTS @wﬁﬂ om whi ch  the
ink is to ¢ o} et apertures

i'n
for suppl R?t:h dafaerltﬁeér%l SCU(}H neojzégf tg %rb@%%e Slt“ﬂ)iy% lfhric édg i nk
suppl y un| PHE ﬁ%ﬂ‘ﬁ’él UptRe SOPPRSWEAd and further conprising: a plurality of
col umar chanbers, each chanber being configured to store a supply of ink
of a parti&REENEe] Glumpgehanhsmaash %wm Beg baing epRfignrethiotere 8 SPRY SAne as
that of tHak opppatiselarcelpd tecihambpisdievingndengil aichris the semeles 1 phide of t he
pri nt head; pramiead agd beiag pofitibegseadgatenia thek walfice of elpeaprarttheng: sk chanbers from
one anot her, each tapered guide wall tapering into an end portion that
mat es W t ha $doies baiksersd higle evadlf ségaeatingrhaéieadrs feaa neatbthat edchn bei ng in
comuni cat fapétedztiide atallltgRBing a6 aRlend bertion gl madRer ke Dacl surhiee Bf that head
for channepdiRadi edech@hd aoﬂ%htbteﬁlghﬁleoﬁﬁluﬁrcaﬁ& GRAANRhS oAk of R inkf | Nt head. 2.
A print heasipehm‘es%@ei%'@ﬁnwyaa fS&SchGhud l’jrfggllnk%fﬁkﬁhﬁhl%rc 1f {NBEnERB thei Ng a

series of Jﬁg Wqar 'y 'spaced, struct support nenbers for supporting the
t aper ed gull3 vvalls in spaced relationship relative to the back surface of
the printh i nt eadln uni t clainmed in clai

wher 6i n t h @apa@s@ ; Wwat&sca%?drlarcm 1a£ur§wwqprésmwé§tqsa? ol ded

el enent wi fegulatlyspgce “'H tugad supREE mpmpers fsuppAring Hie tapessrkatide YRS Wy i nt head
bei ng r ecetbreef jektiopein redativedo the haek surfreg @f theorinthngfy unit as clained in
claim3, wherein the tapered guide walls taper towards the slot. 5. A
print head 3.0k psinjhphd/inksipplasnit haclregkd in cidimi lnwderenhihe tapened gidéswallc| osur e
menber whi are forsnesles wrsatyld mjdckien alobdedrderhant cadhi asdottHedngodedinibe irsa fl6or ok
printhead thelclesngapltie prihthedlshetd grletaed i thd dbin 5, wherein a filling opening
isis associated with each chanber to facilitate refilling each chanber

Wi th ink. 4.ApriRfhed RRIUpHIPKind UPBlayndHinlcl A £ hwilerBM iHeRaek & Flide wilEr €in a
part of theg,el 8WRRL mdlght neés a series of air channels, the air channels

pl aci ng the chanbers in fl UI d conmunication with ext er nal anbi ent

at rmsphere ach han Qaw f tortu Af PI‘I nt head i nk
| S3lRd of RT3 aﬁm igith Soniendhugtl a Qofly
a;gﬁ)o%hgg: 8’§P1 é H’C‘t‘r(? t‘hme mary; (0 fefine Mhechambers henalr ch:nnels 9. A

pri nt head | nk su p unit as clai ned in claim?7, wherein each channel is
defined if rP“éEﬁS i sypply A8 25 Flofrd ipplaimoY, whieein p SiHing OPening s ifr f ace
bei ng coveﬁ%@c@vda"lthrﬁélﬁbﬁ%@beﬁ FafacilBata reflingenchshemberpaith m%f the el enent .
10. A printhead ink supply unit as clained in claim1, wherein each chanber
contai ns 7. A printhead ink supply unit as claimed in claim 3, wherein a part of the element

defines a series of air channels, the air channels placing the chambers in fluid

communication with external ambient atmosphere, each air channel having a tortuous

path.

8. A printhead ink supply unit as claimed in claim 7, wherein the air channels are
hydrophobically treated to inhibit ink leakage from the air channels.

9. A printhead ink supply unit as claimed in claim 7, wherein each channel is defined
in an exposed surface of the part of the element, the surface being covered by a
membrane that is attached to the part of the element.

10. A printhead ink supply unit as claimed in claim 1, wherein each chamber contains
a filler of a sponge material.



a filler of a sponge material. 1R04SG 62 11. A printhead ink supply unit
as clainmed in claiml, wherein the printhead is configured to output at
| east thregeppgrparate differently col oged inks to provide full col or out put
i mges. 12. A canera which incorporates a printhead ink supply unit as
clainmed in claim1.

11. A printhead ink supply unit as claimed in claim 1, wherein the printhead is

configured to output at least three separate differently colored inks to provide full

color output images.

12. A camera which incorporates a printhead ink supply unit as claimed in claim 1.



