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IN A LOW COST DISPOSABLE CAMERA Field of the Invention The present
invention relates to an image processing method and apparatus and, in
particular, discloses a Digital Instant Camera with Image Processing
Capability. The present invention further relates to the field of digital
camera technology and, particularly, discloses a digital camera having an
integral color printer. Background of the Invention Traditional camera
technology has for many years relied upon the provision of an optical
processing system which relies on a negative of an image which is projected
onto a photosensitive film which is subsequently chemically processed so as
to "fix" the film and to allow for positive prints to be produced which
reproduce the original image. Such an image processing technology, although
it has become a standard, can be unduly complex, as expensive and difficult
technologies are involved in full color processing of images. Recently,
digital cameras have become available. These cameras normally rely upon the
utilization of a charged coupled device (CCD) to sense a particular image.
The camera normally includes storage media for the storage of the sensed
scenes in addition to a connector for the transfer of images to a computer
device for subsequent manipulation and printing out. Such devices are
generally inconvenient in that all images must be stored by the camera and
printed out at some later stage. Hence, the camera must have sufficient
storage capabilities for the storing of multiple images and, additionally)
the user of the camera must have access to a subsequent computer system for
the downloading of the images and printing out by a computer printer or the
like. Further, PolaroidT'" type instant cameras have been available for
some time which allow for the production of instant images. However) this
type of camera has limited utility producing only limited sized images and
many problems exist with the chemicals utilised and, in particular, in the
aging of photographs produced from these types of cameras. When using
devices and other Image capture devices it will be desirable to be able to
suitably deal with audio and other environmental information when taking a
picture. Further, the creation of stereoscopic views, with a first image
being presented to the left eye and second image being presented to the
right eye, thereby creating an illusion of a three dimensional surface is
well known. However, previous systems have required complex preparation and
high fidelity images have generally not been possible. Further, the general
choice of images has been limited with the images normally only being
specially prepared images. There is a general need for being able to
produce high fidelity stereoscopic images on demand and in particular for
producing images by means of a portable camera device wherein the
stereoscopic image can be taken at will. Further, it would be highly
convenient if such a camera picture image production system was able to
create automatic customised postcards which) on a first surface contained
the image captured by the camera device and, on a second surface, contains
pre-paid postage marks and address details. Recently, it has become more
and more popular in respect of photographic reproduction techniques to
produce longer and longer "panoramic" views of a image. These images can be
produced on photographic paper or    WO 99I04551 PCT/AU98/00549 _2_
especially where the refurbishment is done by a counterfeiter wishing to
pass off their product as being one of the "originals" in this respect, the
damage to the camera may be permanent, resulting in an inferior product
where the consumer will readily blame the manufacturer for the production
of such an inferior product even though it may not be the manufacturer's
fault. It would therefore be desirable to provide for a camera and
refilling processing system which alleviates these problems thereby
providing the consumers with a better quality product and a higher level of
quality assurance. In the field of photography, three important effects are
of great relevance. The first is the distinction between colour and black
and white. A significant portion of photography now utilises colour,
however a non-insignificant portion of photography still is steeped in the
field of black and white photography. Additionally, septa tones have been
generally utilised in traditional camera photography and are still highly
popular for the production of traditional looking camera photographs
especially with wedding photos or the like. It would therefore be desirable
to be able to readily provide for the selection between these multiple
different types of outputs such that a user can readily utilise any of the
different output formats. Further) it is desirable to provide as versatile
a one time use camera system as possible so that it can produce a
substantially number of different specialized effects instantly on demand.
Unfortunately, on a disposable camera, it is desirable to provide as low a
degree of functional complexity as possible in addition to minimizing power
requirements. In this respect, it is necessary to dispense with as much of
the user interface complexity as possible in addition to providing for
efficient operation. Unfortunately, such a system is likely to only be
constructed at a substantial cost and it would be desirable to provide for
a more inexpensive form of instant camera system which maintains a
substantial number of the quality aspects of the aforementioned
arrangement. It would be further advantageous to provide for the effective
interconnection of the sub components of a camera system. 



It would be advantageous to provide for a camera system having an effective
color correction or gamut remapping capabilities. Unfortunately, such a
system is likely to only be constructed at a substantial cost and tt would
be desirable to provide for a more inexpensive form of instant camera
system which maintains a substantial number of the quality aspects of the
aforementioned arrangement. It would be further advantageous to provide for
the effective interconnection of the sub components of a camera system and
for the effective driving of moveable parts within the camera system It
would be further advantageous to provide for the effective interconnection
of the sub components of a camera system. Further, as it is proposed
utilising such a re-capping mechanism in a disposable handheld camera
system, it will be desirable to provide for an extremely inexpenstve form
of re-capping mechanism that can be utilised m an inexpensive form of
disposable camera. It would be further desirable to provide for a
simplified form of automated picture counting in a disposable camera
system. Unfortunately, such a system is likely to only be constructed at a
substantial cost and it would be desirable to provide for a more
inexpensive form of Instant camera system which maintains a substantial
number of the quality SUBSTITUTE SI-IEET (Rule 2G) (RO/AU)   WO 991045S1
aspects of the aformentioned arrangement. Summary of the Invention -3
PCTIAU98I00549 It is an object of the present invention to provide for the
efficient and effective one tune use disposable camera system In accordance
with an aspect of the present invention, there is provided a handheld
camera system comprising a core chassis; an ink cartridge unit including an
ink supply and print head unit, the ink cartridge unit being mounted on the
chassis; a roll of print media rotatably mounted between end portions of
the chassis, the print head unit being adapted to print on the print media;
a platten unit including mounted below the print head unit, image sensor
and control circuitry interconnected to the print head unit and adapted to
sense an image for printing by the print head unit; an outer casing for
enclosing the chassis, ink cartidge unit, the print media, the platten unit
and the circuitry Preferably, the camera system further comprises a cutting
unit adapted to traverse the print media so as to separate the print media
into separate images. The cutting unit can be mounted on the platten unit
and the platten unit can further include a print head recapping unit for
capping the print head when not in use. The camera system can further
comprise a series of pinch rollers for decurling the print media. In
accordance with a further aspect of the present invention, there is
provided in a camera system comprising an image sensor device for sensing
an image; a processing means for processing the sensed image; a print media
supply means provided for the storage of print media; a print head for
printing the sensed image on the print media stored internally to the
camera system; a portable power supply interconnected to the print head,
the sensor and the processing means, a method of providing for the
effective storage of the print media and the power supply comprising
storing the power supply in a centrally located cavity inside a roll of the
print media. Preferably, the print media and the power supply are stored in
a detachable module which is detachable from the camera system. 'The print
media can be adapted to rotate around the power supply when the camera
system is printing the sensed image on the print media. The portable power
supply can comprises at least one battery and preferably comprises two
standard batteries placed end to end. The batteries can be AA type
batteries. In accordance with a further aspect of the present invention,
there is provided a print head ink supply unit for supplying a pagewidth
print head for the ejection of ink by the print head having a first surface
having a plurality of holes for the supply on ink to a series of ejection
nozzles, the print head supply unit comprising a plurality of long columnar
chambers for storing an ink supply, one for each output color) the chambers
running substantially the length of the printhead adjacent the first
surface thereof; and a series of tapered separators separating the chambers
from one another, the tapered separators being tapered into an end strip
running along the first surface along substantially the length of the
printhead. The unit can further include a series of regularly spaced
structural support members for supporting the tapered separators in a
predetermined relationship to one another. The tapered separators can be
formed in a single election molded unit with a wall of the unit abutting
the printhead. The tapered separators taper to substantially abut a slot m
the wall of the unit, the slot being adapted for the Insertion of the print
head. The unit can be constructed from two plastic injection moulded
portions welded together. 



The long columnar chambers can be filled with a sponge like material to aid
usage. Preferably, the print head outputs at least three separate colors
for the provision of full color output images SUBSTITUTE SHEET (Rule 26)
(RO/AU)   WO 99/04551 PCT/AU98/00549 -4The unit can include a series of air
channels communication of each of the chambers with an external ambient
atmosphere, the air channels having an erratic wandering path from an end
communicating with the chamber to an end connecting the ambient atmosphere.
The channel also preferably contains hydrophobic surfaces to prevent ink
flow therein. The channel can be manufactured in the form of a channel
having an exposed surface which is subsequently sealed by means of an
adhesive surface being attached to the unit Each chamber can further
include an aperture defined in a wall therein for the insertion of a refill
needle for refilling the chamber with ink In accordance with a further
aspect of the present invention, there is provided a print head ink supply
unit wherein one a portion of the unit includes a series of air channels
defined therein for communication of each of the chambers with an external
ambient atmosphere, the air channels having an erratic wandering path from
an end communicating with the chamber to an end connecting the ambient
atmosphere. In accordance with a further aspect of the present invention,
there is provided a camera system comprising an image sensor and processing
device for sensing and processing an image; a print media supply means
provided for the storage of print media, a print head for printing the
sensed image on print media stored internally to the camera system; the
image sensor and processing device comprising a single integrated circuit
chip including the following interconnected components a processing unit
for controlling the operation of the camera system; a program ROM utilized
by the processing unit; a CMOS active pixel image sensor for sensing the
image; a memory store for storing images and associated program data; a
series of motor drive units each including motor drive transistors for the
driving of external mechanical system of the camera system; and print head
interface unit for driving the print head for printing of the sensed image.
Preferably, the motor drive transistors are located along one peripheral
edge of the integrated circuit and the CMOS pixel image sensor is located
along an opposite edge of the integrated circuit. Preferably, the image
sensor and processing device further include a halftoning unit for
halftoning the sensed image into corresponding bi-level pixel elements for
printing out by the print head. The halftoning unit can implement a dither
operation and includes a halftone matrix ROM utilized by the halftoning
unit in performing the halftoning operation. In accordance with a further
aspect of the present invention, there is provided a system for
authentication of the refill of a camera system having an internal ink
supply and print media for the printing out of images sensed by the camera
system, the system comprising: refill means for providing a supply of the
ink and print media to the camera system; communication connection means
within the camera system adapted to interconnect with a corresponding
communication connection means within the refill station; a camera system
interrogation means stored internally to the camera system and adapted to
utilize the communication connection means to interrogate the refill
station so as to determine the authenticity there of The camera system
interrogation means can be created on a silicon chip integrated circuit
stored within the camera system, with the camera system interrogation means
being created on the same silicon chip as an image sensor for sensing
images by the camera system. The communication connection means can a JTAG
interface of the chip Preferably, the camera system interrogation means
includes a sensitive memory value store such as a flash memory store
fabricated with a conductive metal plane covering the sensitive memory
value store SUBSTITUTE SHEET (Rule 2C>) (RO/AL~   



WO 99I04551 PCT/AU98/00549 -5Upon a determination of the authenticity of
the refill station the camera system interrogation means can resets the
value of a pant counter indicating the number of prints left for output by
the camera system. In accordance with a further aspect of the present
invention, there is provided a handheld camera system comprising an Image
sensor device for sensing an image; a processing means for processing the
sensed image, a storage means for storing images and programs for
utilization by the processor means; a print media stored internally to the
camera system; a print head for printing the sensed image on the print
media; an alterable switch for storing a current state of output types of
the camera system; a switch interconnected to the processing means and
having a number of predetermined states and the processing means adapted to
monitor the switch state and process the sensed image in accordance with
the switch state to cause the print head to output a corresponding modified
Image in accordance with the switch state. Preferably, the processing means
is adapted to output at least two images from the group of digitally
enhanced standard color images, sepia color images) black and white images
black and white images with minor color additions, multi-passport
photograph images, sketch simulated images, bordered images, panoramic
images, images with additional clip arts, kaleidoscope effect images) or
color modified images. The processing means and the switch can be created
on a single integrated circuit device, the device being programmable by an
externally device with the switch being externally programmable. The camera
system can also comprise a detachable jacket having printed information on
the surface thereof indicative of the type of effect. In accordance with a
further aspect of the present invention, there is provided in a camera
system comprising an image sensor device for sensing and storing an image;
a processing means for processing the sensed image; a print media supply
means provided for the storage of print media; a print head for printing
the sensed image on print media stored internally to the camera system; a
first button and second button each interconnected to the processing means;
a method of operation of the camera system comprising utilizing the first
button to activate the image sensor device to sense an image; and utilizing
the second button to activate the print head to print out a copy of the
image on the print head. Preferably) the utilization of the first button
also results in the printing out of the sensed image on the print media
using the print head. The camera system can further include an activation
indicator such as a light emitting diode and the method can further
comprises the steps of activating the activation indicator for a
predetermined time interval when the image sensor is initially activated;
storing the sensed image for at least the predetermined time interval;
deactivating the activation indicator after the predetermined time
interval; and deactivating the sensor device after the predetermined time
interval. Further, the predetermined interval can be extended if the second
button is activated. In accordance with a further aspect of the present
invention, there is provided in a camera system comprising: an image sensor
device for sensing an image; a processing means for processing the sensed
image; a print media supply means provided for the storage of print media
for printing of images; a page width print head moulding including a print
head for printing the sensed image on print media stored internally in the
print media supply means. in addition to a series of ink supply chambers
for the storage of ink; a portable power supply interconnected to the print
head, the sensor and the processing means; a method of positioning the
image sensor device within the camera comprising affixing the image sensor
device to a surface of the print head moulding. SUBSTITUTE SHEET (Rule ?G)
(RO/AU)   .. ~ y91045 l  PCTIAU9$IOOSd9 Preferably, the print head is of a
long strip form having a tape automated bonded Interconnect along at least
one strip edge thereof and the image sensor device comprises a planar
integrated circuit of substantially rectangular dimensions having a further
tape automated bonded interconnect along at least one edge thereof and the
planar Integrated circuit and the print head being Interconnected to one
another Further, preferably, the processing means is incorporated onto the
planar integrated circuit and Includes a print head controller means for
controlling the operation of the print head. The interconnect can comprises
a series of wires in embedded in a non-conductive flexible sheet, the sheet
being generally of a rectangular farm with the print head being
interconnected along one surface thereof and the planar integrated circuit
being mounted within an aperture in the sheet. Further, the camera system
further includes a series of control buttons, the control buttons further
being 



mounted on the flexible sheet. In accordance with a further aspect of the
present invention) there is provided in a camera system including: an image
sensor device for sensing an image; a processing means for processing the
sensed Image: and a printing system far printing out the sensed Image; a
method of color correcting a sensed image to be.printed out by the print
head, comprising: utlizing the Image sensor device to sense a first Image;
processing the first Image to determine color characterisictics of a first
sensed Image; utilizing the Image sensor device to sense a second Image, in
rapid succession to the first image; applying color correction methods to
the second image based on the determined color characteristics of the first
sensed image; and printing out the second image. Preferably, the second
sensed image is sensed within Z second of the first sensed image and the
processing step includes examining the Intensity characteristics of the
first image. The processing step can include determining a maximum and
minimum intensity of the first image and utilizing the intensities to
rescale the intensities of the second image. In accordance with a further
aspect of the present invention, there is provided a camera system
comprising: an image sensor device for sensing an image; a processing means
far processing the sensed image; a print media supply means provided for
the storage of a roll of print media for printing of images; a page width
print head moulding including a prat head for printing the sensed Image on
print media stored internally in the print media supply means in addition
to a series of ink supply chambers for the storage of ink, a portable power
supply interconnected to the print head, the sensor and the processing
means; a cutting mechanism for cutting portions of print media containing
images; a first drive motor adapted to drive the paper media supply means
for moving the paper media past the print head; and a second drive motor
adapted to drive the cutting mechanism for cutting the portions Preferably,
each of the drive motors includes a gear chain mechanism for driving
corresponding mechanisms in a geared manner. The first drive motor can
comprise a stepper motor which is preferably operated in a mutually
exclusive manner with the print head. Further, each of the drive motors can
be driven in a forward and reverse manner during normal operation of the
camera system.  In accordance with a further aspect of the present
invention, there is provided a camera system comprising an image sensor
device for sensing an image; a processing means for processing the sensed
image; a prat media supply means provided for the storage of a roll of
print media for the printing of images a page width prat head SUBSTIT'CJTE
SHEET` (Rule ~Ci) (RC~IAU)   WO 99/045S1 PCT/AU98/00549 molding including a
print head for panting the sensed image on print media stored internally in
the print media supply means in addition to a series of ink supply chambers
for the storage of ink for utiliztion by the pant head; a series of pant
rollers interconnected in the path between the pant media supply means and
the page width print head molding for pinching the paper and driving the
paper past the print head. Preferably, the number of print rollers is at
least 3 and the print rollers apply a decurling twist to the print media.
The pant rollers are snap fitted to the camera system. Two of the print
roller can be mounted on a first chassis which to which the pant head
molding is also mounted and a third one of the print rollers is mounted on
a detachable platten device. The third print roller can be inserted between
the other two of the print rollers and the platten snap fitted to the
chassis. In accordance with a further aspect of the present invention,
there is provided m a camera system comprising. an image sensor device for
sensing an image; a processing means for processing the sensed image; a
print media supply means for the supply of pant media to a print head; a
print head for panting the sensed image on the print media stored
internally to the camera system; a portable power supply interconnected to
the print head, the sensor and the processing means; and a guillotine
mechanism located between the print media supply means and the print head
and adapted to cut the print media into sheets of a predetermined size.
Further, preferably, the guillotine mechanism is detachable from the camera
system The guillotine mechanism can be attached to the print media supply
means and is detachable from the camera system with the print media supply
means. The guillotine mechanism can be mounted on a platten unit below the
print head. In accordance with a further aspect of the present invention,
there is provided a print head recapping mechanism for recapping a
pagewtdth ink jetting print head structure) comprising a first stationary
ferrous arm; a solenoid coif wrapped around a portion of the ferrous arm; a
second moveable arm located substantially adjacent the first arm and biased
towards the printhead structure; a series of membranes attached to the
second moveable arm the membranes sealing the print head structure when in
a rest position; the solenoid being activated to cause the moveable arm to
move away from the surface of the print head structure sufficient to allow
a "paper or film" to be inserted between the membranes and the pant head
structure for the printing of ink thereon. Preferably, the membranes are
resiliently collapsible against the surface of the print head structure.
The membranes can comprise two mutually opposed elastomer strips running
substantially the length of the ink jetting portions of the print head
structure so as to surround the ink jetting portions. The solenoid can
include an elongated winding of a current carrying wire which is wrapped
around a protruding portion of the first arm, the elongation being
substantially the length of the print head structure. Further, the second
movable arm is biased against the surface of the print head structure. The
solenoid can be activated to move the second arm closely adjacent the first
arm with a first level of current and the solenoid is retained whilst
printing closely adjacent the first arm with a second substantially lower
level of current. The present invention has particular application in a
hand held camera device. In accordance with a further aspect of the present
invention) there is provided a portable camera system comprising an image
sensor device for sensing an image; a processing means for processing the
sensed image; a print media supply means provided for the storage of print
media in a roil form; a pant head for printing the sensed image on print
media stored internally to the camera system, and a cutter mechanism for
cutting the printed sensed images comprising a worm screw extending the
length of the printed sensed image; and a worm gear attached to the worm
SUBSTITUTE SHEET (Rule 2G) (RO/AU) 



WO 99/0455l PCT/AU98/00549 .g_ screw and adapted to be driven the length of
the printed sensed image) the worm gear including a cutting blade for
cutting the print media into separate sheets; The cutting blade can
comprise a rotatable wheel having a sharpened outer edge and the togged
wheel can have a serves of usage indicators panted on one surface thereof
and the worm gear can includes a lever arm wherein the traversal of the
worm gear along the length of the printed sensed image results in the
engagement of the lever arm with the togged wheel print indicator so as to
rotate the togged wheel print indicator so that it maintains a current
indication of the number of images printed out on the print media. The
camera can further comprise a pawl mechanism which interacts with the coggs
of the togged wheel print indicator in the form of a rachet and pawl
mechanism and the lever arm can includes a flexible portion for engagement
with the togged wheel pant indicator. In accordance with a further aspect
of the present invention, there is provided in an integrated circuit type
device comprising timing means able to produce a variable period clock
signal, the variation being proportional to an input signal; storage means
for storing a value for the input signal for input to the timing means; a
method comprising the steps of: testing the timing means after the
fabrication of the integrated circuit type device to determine a current
timing parameter value for rescalmg the timing means so as to produce a
clock output pulse having a period within a predetermined range. The
clocking signal can be utilized to determine a pulse length with which to
drive an actuator of an ink jet printing type device. Ideally, the device
is utilised m a print on demand camera system and the tuning means provides
the clocking signal for the device and the storage means comprises a flash
memory circuit on the device. Brief Description of the Drawings
Notwithstanding any other forms which may fall within the scope of the
present invention, preferred forms of the invention will now be described,
by way of example only, with reference to the accompanying drawings m
which; Fig. 1 illustrated a side front perspective view of the assembled
camera of the preferred embodiment; Fig. 2 illustrates a back side
perspective view, partly exploded, of the preferred embodiment; Fig. 3 is a
side perspective view of the chassis of the preferred embodiment; Fig. 4 is
a side perspective view of the chassis illustrating the insertion of the
electric motors; Fig. 5 is an exploded perspective of the ink supply
mechanism of the preferred embodiment; Fig. 6 is a side perspective of the
assembled form of the ink supply mechanism of the preferred embodiment;
Fig. 7 is a front perspective view of the assembled form of the ink supply
mechanism of the preferred embodiment, Fig 8 is an exploded perspective of
the platten unit of the preferred embodiment; Fig 9 is a side perspective
view of the assembled form of the platten unit; Fig. 10 is also a
perspective view of the assembled form of the platten unit; Fig l 1 is an
exploded perspective unit of the printhead recapping mechanism of the
preferred embodiment; Fig. 12 is a close up exploded perspective of the
recapping mechanism of the preferred embodiment; Fig. 13 is an exploded
perspective of the ink supply cartidge of the preferred embodiment; Fig. 14
is a close up perspective partly in section of the  internal portion of the
ink supply cartridge in an assembled form, SUBSTITUTE SHEET (RULE 26) (
Ro/A~ )   WO 99/04551 PCT/AU98/00549 _g_ Fig. 15 is a schematic block
diagram of one form of chip layer of the image capture and processing chip
of the preferred embodiment, Fig. 16 is an exploded perspective
illustrating the assembly process of the preferred embodiment, Fig. 17
illustrates a front exploded perspective view of the assembly process of
the preferred embodiment; Fig. I 8 illustrates a side perspective view of
the assembly process of the preferred embodiment; Fig. 19 illustrates a
side perspective view of the assembly process of the preferred embodiment;
Fig. 20 is a perspective view illustrating the insertion of the platten
unit in the preferred embodiment; Fig. 21 illustrates the interconnection
of the electrical components of the preferred embodiment; Fig. 22
illustrates the process of assembling the preferred embodiment; and Fig. 23
is a perspective view further illustrating the assembly process of the
preferred embodiment. Description of Preferred and Other Embodiments
Turning initially simultaneously to Fig. 1, and Fig. 2 there is illustrated
perspective views of an assembled camera constructed in accordance with the
preferred embodiment with Fig. 1 showing a front side perspective view and
Fig. 2 showing a back side perspective view. The camera 1 includes a paper
or plastic film jacket 2 which can Include simplified instructions 3 for
the operation of the camera system 1. The camera system I includes a first
"take" button 4 which is depressed to capture an image. The captured image
is output via output slot 6. A further copy of the image can be obtained
through depressing a second "printer copy" button 7 whilst an LED light 5
is illuminated. The camera system also provides the usual view finder 8 in
addition to a CCD image capture/lensing system 9. 



The camera system 1 provides for a standard number of output prints after
which the camera system 1 ceases to function. A prints left indicator slot
10 is provided to indicate the number of remaining prints. A refund scheme
at the point of purchase is assumed to be operational for the return of
used camera systems for recycling Turning now to Fig. 3, the assembly of
the camera system is based around an internal chassis 12 which can be a
plastic injection molded part. A pair of paper pinch rollers 28) 29
utilized for decurling are snap fitted into corresponding frame holes eg.
26, 27. As shown in Fig. 4, the chassis 12 includes a series of mutually
opposed prongs eg. 13, 14 into which is snapped fitted a series of electric
motors 16, t 7. The electric motors 16, 17 can be entirely standard with
the motor l6 being of a stepper motor type and include a cogged end portion
19, 20 for driving a series of gear wells. A first set of gear wells is
provided for controlling a paper cutter mechanism and a second set is
provided for controlling print roll movement. Turning next to Figs. 5 to 7,
there is illustrated an ink supply mechanism 40 utilized in the camera
system. Fig. 5 illustrates a back exploded perspective view, Fig. 6
illustrates a back assembled view and Fig. 7 illustrates a front assembled
view. The ink supply mechanism 40 is based around an ink supply cartridge
42 which contains printer ink and a print head mechanism for printing out
pictures on demand. The ink supply cartridge 42 includes a side aluminium
strip 43 which is provided as a shear snip to assist in cutting images from
a paper roll. A dial mechanism 44 is provided for indicating the number of
"prints left". The dial mechanism 44 is snap fitted through a corresponding
mating portion 46 so as to be freely rotatable. As shown in Fig. 6) the
print head includes a flexible PCB strip 47 which interconnects with the
print head and provides for control of the print head The interconnection
between the Flex PCB strip and an image sensor and print head chip can be
via Tape Automated Bonding (TAB) Strips 51) 58 A moulded aspherical lens
and aperture SUBSTTTL1T'E SHEET (Rule 26)   WO 99/04551 PCT/AU98/00549
-toshim 50 (Fig 5) is also provided for imaging an image onto the surface
of the image sensor chip normally located within cavity 53 and a light box
module or hood 52 is provided for snap fitting over the cavity 53 so as to
provide for proper light control. A series of decoupiing capacitors eg. 34
can also be provided. Further a plug 45 (Fig. 7) is provided for
re-plugging ink holes after refilling. A series of guide prongs eg. 55-57
are further provided for guiding the flexible PCB strip 47. The ink supply
mechanism 40 interacts with a platten unit which guides print media under a
printhead located int eh ink supply mechanism. Fig. 8 shows an exploded
view of the platten unit 60, while Figs. 9 and 10 show assembled views of
the platten unit The platten unit 60 includes a first pinch roller 61 which
is snap fitted to one side of a platten base 62. Attached to a second side
of the platten base 62 is a cutting mechanism 63 which traverses the
platten by means of a rod 64 having a screwed thread which is rotated by
means of cogged wheel 65 which is also fitted to the platten 62. The
screwed thread engages a block 67 which includes a cutting wheel 68
fastened via a fastener 69. Also mounted to the block 67 is a counter
actuator which includes a prong 71. The prong 71 acts to rotate the dial
mechanism 44 of Fig. 6 upon the return traversal of the cutting wheel. As
shown previously in Fig. 6) the dial mechanism 44 includes a cogged surface
which interacts with pawl lever 73, thereby maintaining a count of the
number of photographs taken on the surface of dial mechanism 44. The
cutting mechanism 63 is inserted into the platten base 62 by means of a
snap fit via receptacle eg. 74. The platten 62 includes an internal
recapping mechanism 80 for recapping the print head when not in use. The
recapping mechanism 80 includes a sponge portion 81 and is operated via a
solenoid coil so as to provide for recapping of the print head. In the
preferred embodiment, there is provided an inexpensive form of printhead
recapping mechanism provided for incorporation into a handheld camera
system so as to provide for printhead recapping of an inkjet printhead.
Fig. 11 illustrates an exploded 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 turn 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 also made of ferrous material. Mounted on the arm is a sponge portion
surrounded by an elastomer strip 79. The elastomer snip 79 is of a
generally arcuate cross-section and act as a leaf springs against the
surface of the printhead ink supply cartidge 42 (Fig. 5) so as to provide
for a seal against the surface of the printhead ink supply cartidge 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 solenoid 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
turned off and springs 87, 88 return the arm 78 so that the elastomer seal
is again resting against the printhead ink supply cartridge SUBSTITUTE
SHEET tRule 26) (RO/AU)   WO 99I04551 PCT/A U98/00549 it can be seen that
the preferred embodiment provides for a simple and inexpensive means of
re-capping a printhead through the utilisation of a solenoid type device
having a long rectangular form. Further, the preferred embodiment utilises
minimal power in that currents are only required whilst the device is
operational and additionally, only a low keeper current is required whilst
the printhead is punting Turning next to Fig. 13 and 14, Fig. 13
illustrates an exploded perspective of the ink supply cartridge 42 whilst
Fig. 14 illustrates a close up sectional view of a bottom of the ink supply
cartridge with the printhead unit in place The ink supply cartridge 42 is
based around a pagewidth printhead 102 which comprises a long slither of
silicon having a series of holes etched on the back surface for the supply
of ink to a front surface of the silicon wafer for subsequent ejection via
a micro electro mechanical system. The form of ejection can be many
different forms such as those set out in the relevant provisional patent
specifications of the attached appendix. In particular, the ink jet punting
system set out in provisional patent specification entitled "An Image
Creation Method and Apparatus (IJ38)'' filed concurrently herewith is
highly suitable. Of course, many other inkjet technologies, as referred to
the attached appendix) can also be utilised when constructing a printhead
unit 102. The fundamental requirement of the ink supply cartridge 42 being
the supply of ink to a series of colour channels etched through the back
surface of the printhead 102. In the description of the preferred
embodiment, it is assumed that a three colour printing process is to be
utilised so as to provide full colour picture output. Hence, the print
supply unit 42 includes three ink supply reservoirs being a cyan reservoir
104, a magenta reservoir l05 and a yellow reservoir 106. Each of these
reservoirs is required to store ink and includes a corresponding sponge
type material 107 - l09 which assists in stabilising ink within the
corresponding ink channel and therefore preventing the ink from sloshing
back and forth when the printhead is utilised in a handheld camera system.
The reservoirs 104, 105, 106 are formed through the mating of first
exterior 



plastic piece 110 mating with a second base piece) 111. At a first end of
the base piece 11 includes a series of air inlet 113 - 115 The air inlet
leads to a corresponding winding channel which is hydrophobically treated
so as to act as an ink repellent and therefore repel any ink that may flow
along the air inlet channel. The air inlet channel further takes a
convoluted path further assisting in resisting any ink flow out of the
chambers 104 - 106. An adhesive tape portion 117 is provided for sealing
the channels within end portion l 18. At the top end, there is included a
series of refill holes for refilling corresponding ink supply chambers 104,
105, 106. A plug 12l is provided for sealing the refill holes. Turning now
to Fig. 14, there is illustrated a close up perspective view, partly in
section through the ink supply cartridge 42 of Fig. 13 when formed as a
unit. The ink supply cartridge includes the three colour ink reservoirs
I04) l05, 106 which supply ink to different portions of the back surface of
printhead 102 which includes a series of apertures 128 defined therein for
carriage of the ink to the front surface The ink supply unit includes two
guide walls 124, 125 which separate the various ink chambers and are
tapered into an end portion abutting the surface of the printhead 102. The
guide walls are further mechanically supported and regular spaces by a
block portions eg. 126 which are placed at regular intervals along the
length of the printhead supply unit. The block portions 126 leaving space
at portions close to the back of printhead I02 for the flow of ink around
the back surface thereof. The printhead supply unit is preferably formed
from a multi-part plastic injection mould and the mould pieces eg. l0, 1 1
(Fig. I ) snap together around the sponge pieces I07, 109 Subsequently, a
syringe type device can SUBSTITUTE SHEET (Rule 26) (RO/AU)   WO 99I04551
PCT/AU98/00549 _~z. be inserted in the ink refill holes and the ink
reservoirs filled with ink with the air flowing out of the air outlets 1 i
3  1 l5. Subsequently, the adhesive tape portion 1 l7 and plug 121 are
attached and the printhead tested for operation capabilities. Subsequently,
the ink supply cartidge 42 can be readily removed for refilling by means of
removing the ink supply cartridge, performing a washing cycle, and then
utilising the holes for the insertion of a refill syringe filled with ink
for refilling the ink chamber before returning the ink supply cartridge 42
to a camera. Turning now to Fig. I5, there is shown an example layout of
the Image Capture and Processing Chip (ICP) 48. The Image Capture and
Processing Chip 48 provides most of the electronic functionality of the
camera with the exception of the print head chip. The chip 48 is a highly
integrated system. It combines CMOS image sensing, analog to digital
conversion, digital image processing) DRAM storage, ROM, and miscellaneous
control functions in a single chip. The chip is estimated to be around 32
mm2 using a leading edge 0.l8 micron CMOS/DRAM/APS process. The chip size
and cost can scale somewhat with Moore's law) but is dominated by a CMOS
active pixel sensor array 201, so scaling is limned as the sensor pixels
approach the diffraction limit. The ICP 48 includes CMOS logic, a CMOS
image sensor, DRAM, and analog circuitry. A very small amount of flash
memory or other non-volatile memory is also preferably included for
protection against reverse engineering. Alternatively) the ICP can readily
be divided into two chips: one for the CMOS imaging array) and the other
for the remaining circuitry. The cost of this two chip solution should not
be significantly different than the single chip ICP) as the extra cost of
packaging and bond-pad area is somewhat cancelled by the reduced total
wafer area requiring the color filter fabrication steps. 



The ICP preferably contains the following functions: Function 1.5 megapixel
image sensor Analog Signal Processors Image sensor column decoders Image
sensor row decoders Analogue to Digital Conversion (ADC) Column ADC's Auto
exposure l2 Mbits of DRAM DRAM Address Generator Color interpolator
Convolver Color ALU Halftone matrix ROM SUBSTITUTE SHEET (Rule 2G) (RO/AU)
WO 99I04551 -13 Function Digital halftoning Print head Interface 8 bit CPU
core Program ROM Flash memory Scratchpad SRAM Parallel Interface (8 bit)
Motor drive transistors (S) Clock PLL JTAG test Interface Test circuits
Busses Bond pads PCT/AU9$/00549 The CPU) DRAM, Image sensor, ROM, Flash
memory, Parallel interface, JTAG interface and ADC can be vendor supplied
cores The ICP is intended to run on 1.SV to minimize power consumption and
allow convenient operation from two AA type battery cells. 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 is
a CMOS 4 transistor active pixel design with a resolution of 1,S00 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 7S0 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 l968. 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 um 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 um 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.S lim x 2.5 Pm. The photosite can be a
photogate, pinned photodiode, charge modulation device, or other sensor.
The four translators are packed as an `L' shape, rather than a rectangular
region, 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 limn is greater than the
small decrease in packing density. The transistors also have a gate length
which is longer than the minunum for the process technology. These have
been increased from a drawn length of 0.l8 micron to a drawn length of 0.36
micron. This is to improve the SUBSTITUTE SHEET (Rule 2G) (RO/AU)  



WO 99I04551 PCT/AU98100549 -14transistor matching by making the variations
in gate length represent a smaller proportion of the total gate length. The
extra gate length) and the `L' shaped packing, mean that the transistors
use more area than the minimum for the technology. Normally, around 8 pin=
would be required for rectangular packing. Preferably) 9.75 pm~ has been
allowed for the transistors. The total area for each pixel is 16 pm~,
resulting from a pixel size of 4 um x 4 um With a resolution of l,500 x
1,000, the area of the imaging array 101 is 6,000 um x Q,000 pin, or 24 mm`
The presence of a color image sensor on the chip affects the process
required in two major ways: - The CMOS fabrication process should be
optimized to minimize dark current - Color filters are required. These can
be fabricated using dyed photosensitive polyimides, resulting in an added
process complexity of three spin coatings, three photolithographic steps,
three development steps, and three hardbakes. There are 15,000 analog
signal processors (ASPS) 205, one for each of the columns of the sensor.
The ASPS amplify the signal, provide a dark current reference, sample and
hold the signal) and suppress the fixed pattern noise (FPN), There are 375
analog to digital converters 206, one for each four columns of the sensor
array. These may be delta-sigma or successive approximation 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 local
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 is a l:1000 decoder
which enables the appropriate row of the active pixel sensor array. This
selects which of the 1000 rows of the imaging array is 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 collected 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 l,000 image from the sensor without compression, 1.5
Mbytes of DRAM 210 are required. This equals l2 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 ce(1) the
area taken by the memory array is 3.1l mm'. When row decoders, column
sensors, redundancy, and other factors are taken into account, the DRAM
requires around 4 mm= SUBSTITUTE SHEET (Rule 2G) (RO/AU)   WO 99/0455I
PCTlAU98/00549 -15This DRAM 210 can be mostly eliminated if analog storage
of the image signal can be accurately maintained in the CMOS imaging array
for the two seconds required to print the photo. However, digital storage
of the image is preferable as it is maintained without degradation, is
insensitive to noise) and allows copies of the photo to be printed
considerably later A DRAM address generator 211 provides the write and read
addresses to the DRAM 2l0. Under normal operation, the write address is
determined by the order of the data read from the CMOS image sensor 20I.
This will typically be a simple raster format. However, the data can be
read from the sensor 201 in any order, if matching write addresses to the
DRAM are generated. The read order from the DRAM 210 will normally simply
match the requirements of a color interpolator and the print head. As the
cyan, magenta, and yellow rows of the print head are necessarily offset by
a few pixels to allow space for nozzle actuators, the colors are not read
from the DRAM simultaneously. However) there is plenty of time to read all
of the data from the DRAM many times during the printing process. This
capability is used to eliminate the need for FIFOs in the print head
interface, thereby saving chip area. All three RGB image components can be
read from the DRAM each time color data is required This allows a color
space converter to provide a more sophisticated conversion than a simple
linear RGB to CMY conversion. Also, to allow two dimensional filtering of
the image data without requiring line buffers, data is re-read from 



the DRAM array. The address generator may also implement image effects in
certain models of camera. For example) passport photos are generated by a
manipulation of the read addresses to the DRAM. Also, image framing effects
(where the central image is reduced)) image warps, and kaleidoscopic
effects can all be generated by manipulating the read addresses of the
DRAM. While the address generator 211 may be implemented with substantial
complexity if effects are built into the standard chip, the chip area
required for the address generator is small, as it consists only of address
counters and a moderate amount of random logic. A color interpolator 2l4
converts the interleaved pattern of red, 2 x green, and blue pixels into
RG8 pixels. It consists of three 8 bit adders and associated registers. The
divisions are by either 2 (for green) or 4 (for red and blue) so they can
be implemented as fixed shifts in the output connections of the adders. A
convolver 215 is provided as a sharpening filter which applies a small
convolution kernel (5 x 5) to the red, green, and blue planes of the image.
The convolution kernel for the green plane is different from that of the
red and blue planes, as green has twice as many samples. The sharpening
filter has five functions: - To improve the color interpolation from the
linear interpolation provided by the color interpolator, to a close
approximation of a sinc interpolation. To compensate for the image
`softening' which occurs during digitization. To adjust the image sharpness
to match average consumer preferences, which are typically for the image to
be slightly sharper than reality As the single use camera is intended as a
consumer product, and not a professional photographic products) the
processing can match the most popular settings, rather than the most
accurate. - To suppress the sharpening of high frequency (individual pixel)
noise. The function is similar to the `unsharp mask' process. SUBSTITUTE
SHEET (Rule 2G) (RO/AL~   WO 99l04551 6 To antialias Image Warping.
PCT/AU98100549 These functions are all combined into a single convolution
matrix. As the pixel rate is low (less than t Mpixel per second) the total
number of multiplies required for the three color channels is 56 million
multiplies per second. This can be provided by a single multiplier. Fifty
bytes of coefficient ROM are also required. A color ALU 1 13 combines the
functions of color compensation and color space conversion into the one
matrix multiplication, which is applied to every pixel of the frame As with
sharpening, the color correction should match the most popular settings)
rather than the most accurate. A color compensation circuit of the color
ALU provides compensation for the lighting of the photo. The vast majority
of photographs are substantially unproved by a simple color compensation,
which Independently normalizes the contrast and brightness of the three
color components. A color look-up table (CLUT) 212 is provided for each
color component. These are three separate 256 x 8 SRAMs, requiring a total
of 6,144 bits. The CLUTs are used as part of the color correction process.
They are also used for color special effects) such as stochastically
selected "wild color" effects. A color space conversion system of the color
ALU converts from the RGB color space of the image sensor to the CMY color
space of the printer The simplest conversion is a 1's complement of the RGB
data. However, this simple conversion assumes perfect linearity of both
color spaces, and perfect dye spectra for both the color filters of the
image sensor, and the ink dyes. At the other extreme is a tri-linear
interpolation of a sampled three dimensional arbitrary transform table.
This can effectively match any non-linearity or differences in either color
space. Such a system is usually necessary to obtain good color space
conversion when the print engine is a color electrophotographic 



However, since the non-linearity of a halftoned ink jet output is very
small, a simpler system can be used. A simple matrix multiply can provide
excellent results. This requires nine multiplies and six additions per
contone pixel. However, since the contone pixel rate is low (less than 1
MpixeUsec) these operations can share a single multiplier and adder. The
multiplier and adder are used in a color ALU which is shared with the color
compensation function. Digital halftoning can performed as a dispersed dot
ordered dither using a stochastic optunized dither cell. A halftone matrix
ROM 116 is provided for storing dither cell coefficients. A dither cell
size of 32 x 32 is adequate to ensure that the cell repeat cycle is not
visible. The three colors - cyan, magenta, and yellow - are all dithered
using the same cell, to ensure maximum co-positioning of the ink dots. This
minimizes `muddying' of the mid-tones which results from bleed of dyes from
one dot to adjacent dots while still wet. The total ROM size required is 1
KByte, as the one ROM is shared by the halftoning units for each of the
three colors. The digital halftoning used is dispersed dot ordered dither
with stochastic optimized dither matrix. While dithering does not produce
an image quite as 'sharp' as error diffusion, it does produce a more
accurate image with fewer artifacts. The image sharpening produced by error
diffusion is artificial, and less controllable and accurate than `unsharp
mask' filtering performed in the contone domain. The high print resolution
(1,600 dpi x l,600 dpi) results in excellent quality when using a well
formed stochastic dither matrix. Digital halftoning is performed by a
digital halftoning unit 217 using a simple comparison between the contone
information from the DRAM 210 and the contents of the dither matrix 2l6.
During the halftone process, the resolution of the image is changed from
the 25d dpi of the captured contone image to the l,600 dpi of the printed
image. Each contone pixel is converted to an average of 40 96 halftone
dots. SUBSTITUTE SHEET (Rule 26) (RO/AU)   WO 99/04551 PCT/AU98/00549 _17.
The 1CP incorporates an 16 bit microcontroller CPU core 219 to run the
miscellaneous camera functions) such as reading the buttons, controlling
the motor and solenoids, setting up the hardware, and authenticating the
refill station. The processing power required by the CPU is very modest,
and a wide variety of processor cores can be used. As the entire CPU
program is run from a small ROM 220. Program compatibility between camera
versions is not important, as no external programs are run. A 2 Mbit (256
Kbyte) program and data ROM 220 is included on chip. Most of this ROM space
is allocated to data for outline graphics and fonts for specialty cameras.
The program requirements are minor. The single most complex task is the
encrypted authentication of the refill station. The ROM requires a single
transistor per bit. A Flash memory 221 may be used to store a 128 bit
authentication code This provides higher security than storage of the
authentication code in ROM) as reverse engineering can be made essentially
impossible The Flash memory is completely covered by third level metal,
making the data impossible to extract using scanning probe microscopes or
electron beams. The authentication code is stored in the chip when
manufactured. At least two other Flash bits are required for the
authentication process: a bit which locks out reprogramming of the
authentication code, and a bit which indicates that the camera has been
refilled by an authenticated refill station. The flash memory can also be
used to store FPN correction data for the imaging array. Additionally, a
phase locked loop rescaling parameter is stored is provided for scaling the
clocking cycle to an appropriate correct time. The clock frequency does not
require crystal accuracy since no date functions are provided. To eliminate
the cost of a crystal, an on chip oscillator with a phase locked loop l24
is used. As the frequency of an on-chip oscillator is highly variable from
chip to chip, the frequency ratio of the oscillator to the PLL is digitally
trimmed during initial testing. The value is stored in Flash memory 12l .
This allows the clock PLL to control the ink jet heater pulse width with
sufficient accuracy. A scratchpad SRAM is a small static RAM 222 with a 6T
cell. The scratchpad provided temporary memory for the 16 bit CPU. 1024
bytes is adequate. A print head interface 223 formats the data correctly
for the print head. The print head interface also provides all of the
timing signals required by the print head. These timing signals may vary
depending upon temperature, the number of dots printed simultaneously, the
print medium in the print roll, and the dye density of the ink in the print
roll. The following is a table of external connections to the print head
interface: ConnectionFunctionPinsDataBits[0-7]Independent serial data to
the eight segments of the print head8BitClockMain data clock for the print
head1ColorEnable[0-2]Independent enable signals for the CMY actuators,
allowing different pulse times for each color.3BankEnable[0-1]Allows either
simultaneous or interleaved actuation of two banks of nozzles. This allows
two different print speed/power consumption
tradeoffs2NouleSelect[0-4]Selects one of 32 banks of nozzles for
simultaneous actuation5ParaIlelXferClockLoads the parallel transfer
register with the data from the shift registers1TotalI 20 SLBST1TUTE SHEET
(Rule 26) (RO/AU)   WO 99/04551 PCT1AU98/00549 _ ~8 _ requires a single
transistor per bit 



A Flash memory 22l may be used to store a l28 bit authenucahon code. Tlns
provides higher security than storage of the authentication code m ROM, as
reverse engineering can be made essentially impossible The Flash memory is
completely covered by third level metal, making the data impossible to
extract using scanning probe microscopes or electron beams. The
authentication code is stored in the chip when manufactured. At least two
other Flash bus are required for the authentication process: a bit whjch
locks out reprogramming of the authentication code, and a bit which
indicates that the camera has been refilled by an authenticated refill
station The flash memory can also be used to store FPN correction data for
the imaging array. Additionally, a phase locked loop resealing parameter is
stored is provided for scaling the clocking cycle to an appropriate correct
time The clock frequency does not require crystal accuracy since no date
functions are provided. To eliminate the cost of a crystal, an on chip
oscillator with a phase locked loop I24 is used. As the frequency of an
on-chip oscillator is highly variable from chip to chip, the frequency
ratio of the oscillator to the PLL is digitally trimmed during initial
testing The value is stored in Flash memory 121 Thts allows the clock PLL
to control the ink-jet heater pulse width with sufficient accuracy. A
scratchpad SRAM is a small static RAM'_'_2 with a 6T cell. The scratchpad
provided temporary memory for the 16 bit CPS` 1024 byrtes is adequate. A
pant head interface 223 formats the data correctly for the print head. The
print head interface also provides all of the timing signals required by
the print head. These timing signals may vary depending upon temperature,
the number of dots printed simultaneously, the print medium in the print
roll, and the dye density of the ink in the print roll. The following is a
table of external connections to the print head interface:
ConnectionFunctionPtnsDataBns[0-7]Independent serial data to the eight
segments of the print head8BitClockMain data clock for the print head
IIColorEnable[0-2]Independent enable signals for the CMY actuators,
allowing different pulse times for each color.3BankEnable[0-l JAllows
either simultaneous or interleaved actuation of two banks of nozzles. This
allows two different print speed/power consumption
tradeoffs2NozzIeSelect[0-4]Selects one of 32 banks of nozzles for
simultaneous actuationParallelXterClockLoads the parallel transfer register
with the data from the shift registerslTotal20 The print head utilized is
composed of eight identical segments, each I.25 cm long. There is no
connection between the segments on the print head chip. Any connections
required are made in the external TAB bonding film, which is double sided.
The division into eight identical segments is to simplify lithography using
wafer steppers The segment width of l.25 cm fits easily into a stepper
field. As the print head chip is long and narrow (10 cm x 0 3 mm), the
stepper field contains a single segment of 32 print head chips. The stepper
field is therefore l .25 cm x 1.6 cm. An average of four complete print
heads are patterned in each wafer step. SUBSTITUTE SHEET (Rule 26) ( RO/AU
)   WO 99/0455I PCT/AU98/00549 -19never driven at the same time as the
Image sensor is used. This is to avoid voltage fluctuations and hot spots
affecting the image quality. Further, the transistors are located as far
away from the sensor as possible. A standard JTAG (Joint Test Action Group)
interface 228 is included in the ICP for testing purposes and for
interrogation by the refill station Due to the complexity of the chip, a
variety of testing techniques are required, including BIST (Built In Self
Test) and functional block isolation. An overhead of 10i in chip area is
assumed for chip testing circuitry for the random logic portions. The
overhead for the large arrays the Image sensor and the DRAM) is smaller.
The JTAG interface is also used for authentication of the refill station
This is included to ensure that the cameras are only refilled with quality
paper and ink at a properly constructed refill station, thus preventing
inferior quality refills from occurring The camera must authenticate the
refill station, rather than vice versa. The secure protocol is communicated
to the refill station during the automated test procedure. Contact is made
to four gold plated spots on the ICP/print head TAB by the refill station
as the new ink is injected into the print head Fig 16 illustrates rear view
of the next step in the construction process whilst Fig. 17 illustrates a
front camera view. Turning now to Fig. l6, the assembly of the camera
system proceeds via first assembling the ink supply mechanism 40. The flex
PCB is interconnected with batteries only one 84 of which is shown, which
are inserted in the middle portion of a print roll 85 which is wrapped
around a plastic former 86. An end cap 89 is provided at the other end of
the print roll 85 so as to fasten the print roll and batteries firmly to
the ink supply mechanism. The solenoid coil is interconnected (not shown)
to interconnects 97) 98 (Fig. 8) which include leaf spring ends for
interconnection with electrical contacts on the Flex PCB so as to provide
for electrical control of the solenoid. Turning now to Figs. 17 - 19 the
next step in the construction process is the insertion of the relevant gear
chains into the side of the camera chassis. Fig. l7 illustrates a front
camera view, Fig. 18 illustrates a back side view and Fig. 19 also
illustrates a back side view. The first gear chain comprising gear wheels
22, 23 are utilised for driving the guillotine blade with the gear wheel 23
engaging the gear wheel 65 of Fig. 8. The second gear chain comprising gear
wheels 24, 25 and 26 engage one end of the print roller 61 of Fig. 8. As
best indicated in Fig. 18) the gear wheels mate with corresponding buttons
on the surface of the chassis with the gear wheel 26 being snap fitted into
corresponding 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 is 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 interconnects the printhead I02 with
the image sensor and processing chip S I. 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 I2. 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 3 I is a Tensing system 38 for magniFcation of the prints
left number in addition to an optical pipe element 39 for piping light from
the LED 5 for external display. Turning next to Fig. 22, the assembled unit
90 is then inserted into a front outer case 91 which includes button 4 for
activation of printouts SUBSTITUTE SHEET (Rule 26) ( Ro/ Ao )   WO 99/0455I
PCT/A U98/00549 -20Turntng now to Fig. 23) next, the unit 92 is provided
with a snap-on back cover 93 which includes a slot 6 and copy print button
7. A wrapper label containing instructions and advertising (not shown) is
then wrapped around the outer surface of the camera system and porch
clamped to the cover by means of clamp strip 96 which can comprise a
flexible plasttc or rubber strip. Subsequently, the preferred embodiment is
ready for use as a one time use camera system that provides for instant
output images on demand. It will be evident that the preferred embodiment
further provides for a refillable camera system. A used camera can be
collected and its outer plastic cases removed and recycled. A new paper
roll and batteries can be added and the ink carnidge refilled. A series of
automatic test routines can then be carried out to ensure that the printer
is properly operational. Further, in order to ensure only authorised
refills are conducted so as to enhance quality, routines in the on-chip
program ROM can be executed such that the camera authenticates the
refilling station using a secure protocol. Upon authentication) the camera
can reset an internal paper count and an external case can be fitted on the
camera system with a new outer label. Subsequent packing and shipping can
then take place. 



It will be further readily evident to those skilled in the art that the
program ROM can be modified so as to allow for a variety of digital
processing routines. In addition to the digitally enhanced photographs
optimised for mainstream consumer preferences, various other models can
readily be provided through mere re-programming of the program ROM. For
example, a sepia classic old fashion style output can be provided through a
remapping of the colour mapping function. A further alternative is to
provide for black and white outputs again through a suitable colour
remapping algorithm. Minimumless colour can also be provided to add a touch
of colour to black and white prints to produce the effect that was
traditionally used to colourize black and white photos. Further, passport
photo output can be provided through suitable address remappings within the
address generators. Further, edge filters can be utilised as is known in
the field of image processing to produce sketched art styles. Further,
classic wedding borders and designs can be placed around an output image in
addition to the provision of relevant clip arts. For example) a wedding
style camera might be provided. Further, a panotartiic mode can be provided
so as to output the well known panoramic format of images. Further, a
postcard style output can be provided through the printing of postcards
including postage on the back of a print roll surface. Further, eliparts
can be provided for special events such as Halloween, Christmas etc.
Further, kleidoscopic effects can be provided through address remappings
and wild colour effects can be provided through remapping of the colour
lookup table. Many other forms of special event cameras can be provided for
example, cameras dedicated to the Olympics, movie tie-ins, advertising and
other special events. The operational mode of the camera can be programmed
so that upon the depressing of the take photo a first image is sampled by
the sensor array to determine irrelevant parameters. Next a second image is
again captured 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 is refreshed so as to retain the
image. If the print copy button is depressed during this predetermined time
interval) a further copy of the photo is output After the predetermined
time 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 is again activated. In this way) substantial power savings can be
realized. SUBSTZTIJTE SHEET (Rule 26) ( RO/ AU   WO 99/0455l PCT/AU98/00549
_ 2~ _ Ink Jet Printing A large number of new forms of ink bet prutters
have been developed to facilitate altemattve ink jet technologies for the
preferred embodiment Various combinations of mk jet devices can be included
in printer devices incorporated as part of the present invention.
Australian Provisional Patent Applications relating to these ink jets which
are specifically incorporated by cross reference include: SUBSTITUTE SHEET
(Rule 26) (RO/ALI)   WO 99I04551 -22 PCT/AU98/00549 Australian Provisional
NumberFiling DateTitleP08066 15-Jul-97 Image Creation Method and Apparatus
(I101 )P08072 15-Jul-97 Image Creation Method and Apparatus (1J02)P08040
15-Jul-97 Image Creation Method and Apparatus (1103)P08071 IS-Jul-97 Image
Creation Method and Apparatus (I104)P08047 15-3u1-97 Image Creation Method
and Apparatus (I105)P0803515-lul-97 Image Creation Method and Apparatus
(1J06)P0804415-Jul-97 Image Creanon Method and Apparatus
(I107)P0806315-Jul-97 Image Creation Method and Apparatus
(1J08)P0805715-Jul-97image Creation Method and Apparatus
(1J09)P0805615-Jul-97Image Creation Method and Apparatus
(1J10)P0806915-Jul-97Image Creation Method and Apparatus
(1J11)P0804915-!ul-97Image Creation Method and Apparatus (I112)
'P0803615-Jul-97Image Creation Method and Apparatus
(1J13)P0804815-Jul-97Image Creation Method and Apparatus
(I114)P0807015-Jul-97Image Creation Method and Apparatus
(I115)P0806715-Jui-97Image Creation Method and Apparatus
(1J16)P0800115-Jul-97Image Creation Method and Apparatus
(1J17)P0803815-Jul-97Image Creation Method and Apparatus (1J18)P08033I
S-Jul-97Image Creation Method and Apparatus (I119)P0800215-Jul-97Image
Creation Method and Apparatus (I120)P0806815-Jul-97Image Creation Method
and Apparatus (I121)P0806215-Jul-97Image Creation Method and Apparatus
(1J22)P0803415-3u1-97Image Creation Method and Apparatus
(I123)P0803915-Jul-97Image Creation Method and Apparatus
(1J24)P08041IS-Jul-97Image Creation Method and Apparatus
(I125)P0800415-Jul-97Image Creation Method and Apparatus (I126)P0803
715-Jul-97Image Creation Method and Apparatus (1J27)P0804315-Jul-97Image
Creation Method and Apparatus (1J28)P0804215-Jul-97Image Creation Method
and Apparatus (I129)P0806415-Jul-97Image Creation Method and Apparatus
(1J30)P0938923-Sep-97Image Creation Method and Apparatus
(I131)P0939123-Sep-97Image Creation Method and Apparatus
(1J32)PP088812-Dec-97Image Creation Method and Apparatus
(1J33)PP089112-Dec-97image Creation Method and Apparatus
(I334)PP0890l2-Dec-97Image Creation Method and Apparatus
(I135)PP087312-Dec-97Image Creation Method and Apparatus (I136)PP0993i
2-Dec-97image Creation Method and Apparatus (I137)PP0890l2-Dec-97Image
Creation Method and Apparatus (I738)PP139819-Jan-98~An Image Creation
Method and Apparatus (I139) SUBSTITUTE SHEET (Rule ?6) (ROIAU)   WO
99I04551 -23 PCT/AU98/00549 PP259225-Mar-98An Image Creation Method and
Apparatus (I140)PP259325-Mar-98Image Creation Method and Apparatus
(I141)PP39919-Jun-98Image Creation Method and Apparatus
(1J42)PP39879-Jun-98Image Creation Meihod and Apparatus
(I143)PP39859-Jun-98Image Creation Method and Apparatus
(1J44)PP39839-Jun-98image Creation Method and Apparatus (1J45) 



Ink Jet Manufacturing Further, the present application may utilize advanced
semiconductor fabrication techniques m the construction of large arrays of
mk Jet printers. Suitable manufacturing techniques are described in th
following Australian provisional patent specifications incorporated here by
cross-reference: SUBSTITUTE SHEET (Rule 26) (ROIAU)   WO 99/04551 -24
PCT/AU98/00549 Australian ' Provisional NumberFiling DateTitleP07935
15-Jul-97A Method of Manufacture of an Image Creation Apparatus (11M0 l
)P07936 1S-Jul-97A Method of Manufacture of an Image Creation Apparatus
(11M02)P07937 15-Jul-97A Method of Manufacture of an Image Creation
Apparatus (11M03)P08061 l5-Jul-9 7A Method of Manufacture of an Lmage
Creation Apparatus (IJM04)P08054 15-Jal-97A Method of Manufacture of an
Image Creation Apparatus (11M05)P0806 15-Jul-97A Method of Manufacture of
an Image Creation Apparatus (11M06)P08055 15-Jul-97A Method of Manufacture
of an Image Creation Apparatus (13M07)P0805315-Jul-97A Method of
Manufacture of an Image Creation Apparatus (11M05)P0807815-Jul-97A Method
of Manufacture of an Image Creation Apparatus (IJM09)P079331 S-Jul-97A
Method of Manufacture of an Image Creation Apparatus (IJM i
0)P0795015-Jul-97A Method of Manufacture of an Image Creation Apparatus
(IJM11)P07949I S-Jul-97A Method of Manufacture of an Image Creation
Apparatus (11M12)P0806015-1u1-97A Method of Manufacture of an Image
Creation Apparatus (IJM13)P0805915-Jul-97A Method of Manufacture of an
Image Creation Apparatus (IJM 14)P080731S-Jul-97A Method of Manufacture of
an Image Creation Apparatus (11M15)P08076I S-Jul-97A Method of Manufacture
of an Image Creation Apparatus (IJM 16)P0807515-Jul-97A Method of
Manufacture of an Image Creation Apparatus (IJM17)P080791 S-Jul-97A Method
of Manufadture of an Image Creation Apparatus (11M 18)P0805015-Jul-97A
Method of Manufacture of an Image Creation Apparatus
(I1M19)P0805215-Jul-97A Method of Manufacture of an Image Creation
Apparatus (11M20)P079481 S-Jul-97A Method of Manufacture of an Image
Creation Apparatus (11M21 )P0795115-Jul-97A Method of Manufacture of an
Image Creation Apparatus (11M22)P080741 S-Jul-97A Method of Manufacture of
an Image Creation Apparatus (11M23)P079411 S-Jul-97A Method of Manufacture
of an Image Creation Apparatus (IJM24)P0807715-Jul-97A Method of
Manufacture of an Image Creation Apparatus (11M25)P080581 S-Jul-97A Method
of Manufacture of an Image Creation Apparatus (11M26)P0805115-Jul-97A
Method of Manufacture of an Image Creation Apparatus
(11M27)P0804515-Jul-97A Method of Manufacture of an Image Creation
Apparatus (IJM28)P079521 S-Jul-97A Method of Manufacture of an Image
Creation Apparatus (11M29)P0804615-Jul-97A Method of Manufacture of an
Image Creation Apparatus (IJM30)P08503I I-Aug-97A Method of Manufacture of
an Image Creation Apparatus (IJM30a)P0939023-Sep-97A Method of Manufacture
of an Image Creation Apparatus (IJM31 )P0939223-Sep-97A Method of
Manufacture of an Image Creation Apparatus (11M32)PP088912-Dec-97A Method
of Manufacture of an Image Creation Apparatus (11M35)PP088712-Dec-97A
Method of Manufacture of an Image Creation Apparatus
(11M36)PP088212-Dec-97A Method of Manufacture of an Image Creation
Apparatus (11M37)PP087412-Dec-97A Method of Manufacture of an Image
Creation Apparatus (11M38)PP139619-Jan-98A Method of Manufacture of an
Image Creation Apparatus (11M39)PP259125-Mar-98A Method of Manufacture of
an Image Creation Apparatus (11M41 ) SUBSTITUTE SHEET (Rule 26) (RO/AL~   W
O 99104551 -25 PCT/AU98/00549 PP39899-Jun-98A Method of Manufacture of an
image Creation Apparatus (IJM40)PP39909-Jun-98A Method of Manufacture of an
Image Creation Apparatus (IJM42)PP39869-Jun-98A Method of Manufacture of an
Image Creation Apparatus (IJM43)PP39849-Jun-98A Method of Manufacture of an
Image Creation Apparatus (IJM44)PP39829-Jun-98A Method of Manufacture of an
Image Creation Apparatus (IJM45) SUBSTITUTE SHEET (Rule 26) (RO/AU)   WO
99/04551 PCT/AU98l00549 -2sFtuid Supply Further, the present embodiment may
utilize an utk delivery system to the tnk jet head. Delivery systems
relating to the supply of ink to a series of ink Jet nozzles are described
m the following Australian provisional patent specifications, the
disclosure of which are hereby incorporated by cross-reference: Australian
Provisional NumberFiling DateTitleP080031S-Jui-97Supply Method and
Apparatus (F1)P0800515-Jul-97Supply Method and Apparatus
(F2)P0940423-Sep-97A Device and Method (F3) MEMS Technology Further, the
present application may utilize advanced semiconductor
microelectromechanical techniques in the construction of large arrays of mk
jet printers. Suitable microelectromechanical techniques are described in
the following Australian provisional patent specifications incorporated
here by cross-reference: Australian Provisional NumberFiling
DateTitteP07943IS-Jul-97A device (MEMSO1)P0800615-Jul-97A device
(MEMS02)P0800715-Jul-97A device (MEMS03)P080081 S-Jul-97A device
(MEMS04)P0801015-Jul-97A device (MEMS05)P0801115-Jul-97A device
{MEMS06)P0794715-Jul-97A device (MEMS07)P0794515-Jul-97A device
(MEMS08)P0794415-Jul-97A device (MEMS09)P0794615-Jul-97A device
(MEMS10)P0939323-Sep-97A Device and Method (MEMSI I)PP087512-Dec-97A Device
(MEMS12)PP089412-Dec-97A Device and Method (MEMS13) SUBSTITUTE SHEET (Rule
26) (RO/AU) 



WO 99/04551 _2z_ IR Technologies PCTIAU98l00549 Further, the present
application may include the utilization of a disposable camera system such
as those described ~n the following Australian provisional patent
specifications incorporated here by cross-reference: Australian Provisional
iYumberFiling DateTitlePP089512-Dec-97An Image Creation Method and
Apparatus (IRO1)PP087012-Dec-97A Device and Method (1R02)PP086912-Dec-9~A
Device and Method (1R04)PP088712-Dec-97Image Creation Method and Apparatus
(IROS)PP088512-Dec-97An Image Production System (IR06)PP088412-Dec-97Image
Creation Method and Apparatus (IRlO)PP088612-Dec-97Image Creation Method
and Apparatus (1R12)PP087112-Dec-97A Device and Method
(IR13)PP087612-Dec-97An Image Processing Method and Apparatus
(IR14)PP087712-Dec-97A Devtce and Method (1R16)PP087812-Dec-97A Device and
Method (1R17)PP087912-Dec-97A Device and Method (IR18)PP088312-Dec-97A
Device and Method {1R19)PP088012-Dec-97A Device and Method
(1R20)PP088112-Dec-97A Device and Method (IR21 ) DotCard Technologies
Further, the present application may include the utilization of a data
distribution system such as that described m the following Australian
provisional patent specifications incorporated here by cross-reference:
AustralianFiling DateTitleProvisionalNumberPP237016-Mar-98Data Processing
Method and Apparatus (DotOl)PP237116-Mar-98Data 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 descrvbed m the following Australian proms~onal
patent specifications incorporated here by cross-reference: SUBSTITUTE
Sl-IEET (Rule 26) (RO/A~   WO 99/04551 _2s_ PCT/AU98/00549 i Australian
Provisional NumberFiling DateTitleP07991 15-Jul-97 Image Processing Method
and Apparatus (ARTO 1 )P08505 ll-Aug-97 Image Processing Method and
Apparatus (ARTOIa)P07988 15-Jul-97 Image Processing Method and Apparatus
(ART02)P07993 IS-Jul-97 Image Processing Method and Apparatus (ART03)P08012
l5-Jul-97 Image Processing Method and Apparatus (ART05)P08017 15-Jul-97
image Processing Method and Apparatus (ART06)P08014 l5-Jut-97Media Demce
(ART07)P08025 15-Jul-97 Image Processing Method and Apparatus
(ARTO8)P0803<15-Jul-97 Image Processing Method and Apparatus
(ART09)P0799915-Jul-97 Image Processing Method and Apparatus
(ART10)P0799815-Jul-97Image Processing Method and Apparatus
(ART11)P0803115-Jul-97image Processing Method and Apparatus (ART12)
-P0803015-Jul-97Media Device (ARTl3)P0849811-Aug-97image Processing Method
and Apparatus (ART14)P0799715-Jul-97Media Device
(ART15)P0797915-Jul-97Media Device (ART16)P0801515-Jul-97Media Device
(ART1?)P079781 ~-Jul-97Media Device (ARTl8)P0798215-Jul-97Data Processing
Method and Apparatus (ART19)P0798915-Jul-97Data Processing Method and
Apparatus (ART20)P0801915-Jul-97Media Processing Method and Apparatus
(ART21)P07980I S-Jul-97Image Processing Method and Apparatus
(ART22)P07942l5-Jul-97Image Processing Method and Apparatus
(ART23)P0801815-Jul-97Image Processing Method and Apparatus
(ART24)P0793815-JuI-97Image Processing Method and Apparatus (ART25)P08016I
S-Jul-97Image Processing Method and Apparatus (ART26)P0802415-lul-97image
Processing Method and Apparatus (ART27)P0794015-Jul-97Data Processing
Method and Apparatus (ART28)P0793915-Jul-97Data Processing Method and
Apparatus (ART29)P085011 l-Aug-97Image Processing Method and Apparatus
(ART30)P085001 I-Aug-97Image Processing Method and Apparatus
(ART31)P0798715-Jul-97Data Processing Method and Apparatus
(ART32)P0802215-Jul-97Image Processing Method and Apparatus (ART33)P084971
1-Aug-97Image Processing Method and Apparatus (ART30)P0802915-Jul-97Sensor
Creation Method and Apparatus (ART36)P07985l5-Jul-97Data Processing Method
and Apparatus (ART37)P08020I 5-Jul-97Data Processing Method and Apparatus
(ART38)P0802315-!ul-97Data Processing Method and Apparatus
(ART39)P0939523-Sep-97Data Processing Method and Apparatus (ART4)
SUBSTITUTE SHEET (Rule ?6) (RO/AU)   W O 99/04551 -29 PCTlAU98/00549
P0802115-Jul-97Data Processing Method and Apparatus (ART40)P08504I 1-Aug-97
Image Processing Method and Apparatus (ART42)P0800015-Jul-97Data Processing
Method and Apparatus (ART43)P0797 715-Iul-97Data Processing Method and
Apparatus (ART44)P0793415-Jul-97Data Processing Method and Apparatus
(ART45)P07990l5-Jul-97Data Processing Method and Apparatus (ART46)P084991
I-Aug-97image Processing i9tethod and Apparatus (ART47)P085021
1-Aug-97image Processing Method and Apparatus (ART48)P0798 lI S-Jul-97Data
Processing Method and Apparatus (ART50)P07986l5-Jul-97Data Processing
Method and Apparatus (ART51)P07983I S-Jul-97Data Processing Method and
Apparatus (ART52)P0802615-Jul-97Image Processing Method and Apparatus
(ART53)P0802715-Jul-97Image Processing Method and Apparatus
(ART54)P0802815-Jul-97Image Processing Method and Apparatus
(ART56)P0939423-Sep-97Image Processing Method and Apparatus
(ART57)P0939623-Sep-97Data Processing Method and Apparatus
(ART58)P0939723-Sep-97Data Processing Method and Apparatus
(ART59)P0939823-Sep-97Data Processing Method and Apparatus
(ART60)P0939923-Sep-97Data Processing Method and Apparatus (ART6
t)P0940023-Sep-97Data Processing Method and Apparatus
(ART62)P0940123-Sep-97Data Processing Method and Apparatus
(ART63)P0940223-Sep-97Data Processing Method and Apparatus
(ART64)P0940323-Sep-97Data Processing Method and Apparatus
(ART65)P0940523-yep-97Data Processing Method and Apparatus
(ART66)PP095916-Dec-97A Data Processing Method and Apparatus
(ART68)PP139719-Jan-98A Media Device (ART69) SUBSTITUTE SHEET (Rule 26)
(RO/AU) 



W O 99/04551 -30 lttk Jet Technologies PCT/AU98/00549 The embodiments of
the invention use an ink Jet printer type device. Of course many different
devices could be used. However presently popular ink Jet printing
technologies are unlikely to be suitable. The most signiftcant problem with
thermal inkJet is power consumption. This is approxunately 100 times that
required for high speed, and stems from the energy-inefficient means of
drop ejection. This involves the rapid 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 ink~et 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 1J38, 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 is 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 SUBSTITUTE SHEET (Rule
2G) (RO/AU)   WO 99/04551 PCT/AU98/00549 -31to a particular case. These
applications have also been ftled as Australian provisional patent
applications (as mentioned in the aforementioned tables) having the
corresponding reference number in their title: Docket No.
IReferenceTitleI~JOIUSIJO1Radiant Plunger Ink Jet
PrinterIJ02USI702Electrostatic Ink Jet PrinterIJ03USI703Planar
Thermoelastic Bend Actuator Ink JetIJ04USi704Stacked Electrostatic lnk Jet
PrinterIJOSUSIJO~Reverse Spring Lever Ink Jet PrinterIJ06USI706Paddle Type
Ink Jet PrinterIJ07USI707Permanent Magnet Electromagnetic Ink Jet
Prtnter1J08US1J08Planar Swing Gnll Electromagnetic Ink Jet
PunterIJ09USI709Pump Action Refill Ink Set PrinterIJ lOUSIJ 10Pulsed
Magnetic Field Ink Jet Printer -1J i i US1J 1 iTwo Plate Reverse Firing
Electromagnetic ink Jet PunterIJ 12USIJ 12Linear Stepper Actuator Ink Jet
PrinterIJ 13USI713Gear Driven Shutter Ink Jet PrinterIJ 14USIJ 14Tapered
Magnetic Pole Electromagnetic Ink Jet PrinterIJ 15USIJ 15Linear Spring
Electromagnetic Gull Ink Jet PrinterIJ 16USIJ 16Lorenz Diaphragm
Electromagnetic Ink Jet PrinterIJ 17USIJ 17PTFE Sut~tace Shooting Shuttered
Oscillating Pressure Ink .let PrinterIJ 18USIJ 18Buckle Grip Oscillating
Pressure Ink Jet PrutterIJ 19USIJ 19Shutter Based Ink Jet
PrinterIJ20USI720Curling Calyx Thermoelastic lnk Jet PrinterI72 i
USI721Thermal Actuated Ink Set Printer1J22USI722iris Motion Ink Jet
PrinterIJ23US1J23Direct Firing Thermal Bend Actuator lnk Jet
PrinterIJ24USI724Conductive PTFE Ben Activator Vented Ink Jet
PrinterIJ25US1J25Magnetostrictive Ink Jet PrinterIJ26USI726Shape Memory
Alloy lnk Jet PrinterIJ27USI727Buckle Plate Ink Jet
PrinterIJ28USIJ28Thermal Elastic Rotary Impeller Ink Jet
PrinterIJ29USI729Thermoelasttc Bend Actuator Ink Jet
PrinteriJ30USI730Thermoefastic Bend Actuator Using PTFE and Corrugated
Copper Ink let PrinterI731 USI731Bend Actuator Direct Ink Supply Ink Jet
PrinterIJ32USI732A High Young's Modulus Thermoelastic Ink Jet
PrinterIJ33USf133Thermally actuated slotted chamber wall ink Jet
printerIJ34USI734Ink Jet Punter having a thermal actuator compnstng an
external coiled spring 



SUBSTITUTE SHEET (Rule 2G) (RO/AU)   WO 99/04551 -32 PC:TlAU98I00549
IJ35USIJ35Trough Container Ink Jet PrinterIJ36USIJ36Dual Chamber Single
Vertical Actuator Ink JetIJ37USIJ37Dual Nozzle Single Horizontal Fulcrum
Actuator Ink JetIJ38USIJ38Dual Nozzle Single Horizontal Actuator Ink
JetIJ39USIJ39A single bend actuator cupped paddle ink jet prmttng
device1J40USIJ40A thermally actuated ink Jet printer having a series of
thermal actuator units1J41 USIJ41A thermally actuated ink jet printer
including a tapered heater elementIJ42USIJ42Radial Back-Curling
Thermoelastic Ink JetIJ43USIJ43Inverted Radial Back-Curling Thetmoelasne
Ink JetIJ44U5IJ44Surface bend actuator vented ink supply ink jet
printerIJ45USIJ45Coil 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 matrix. 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 (l0 types) Nozzle clearing method (9 types) Nolzle plate
construction (9 types) Drop ejection direction (5 types) Ink type (7 types)
The complete eleven dunensional 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
nvestigated in detail. These are designated 1J01 to II45 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 IJ45 examples can be made into inkjet print heads wuh
characteristics superior to any currently available inklet 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
IJO1 to IJ45 series are also listed m the examples column in some cases, a
S(:BSTITUTE SHEET (Rule 26) (ROIAU)   WO 99/0455I PCT/AU98/40549 -33prmter
may be listed more than once m a table, where it shares characteristics
with more than one entry Suitable applications include: Home printers,
Office network printers, Short run digital printers, Commercial print
systems, Fabric printers) Pocket printers, Internet WWW printers, Video
printers, Medical imaging, Wide format printers, Notebook PC printers, Fax
machines, Industrial printing systems, Photocopiers, Photographic minilabs
etc. The information associated with the aforementioned I1 dimensional
matrix are set out in the following tables. SUBSTITUTE SHEET (Rule 26)
(RO/AU)   ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 



~_ tn -~ G N G~ O Y 5
ActuatorDescriptionAdvantagesDisadvantagesExamplesMechanismThermal bubbleAn
electrothermal heater heats the ink toLarge force generatedhigh powerCanon
Bubblejet 1979 Endo etabove boiling point, transferringSimple
constructionInk carrier limited to wateral GB patent 2,007,162signifecant
heat to the aqueous ink. ANo moving partsI,ow efficiencyXerox heater-in-pit
1990bubble nucleates and quickly forms,Fast operationNigh temperatures
requiredHawkins et al USPexpelling the ink.Small chip area required
forF~igh mechanical stress4,899,18The efficiency of the process is low,
withactuatorUnusual materials requiredHewlett-Packard TIl 1982typically
less than 0.05% of the electricalLarge drive transistorsVaught et al USP
4,490,728energy being transformed into kineticCavitation causes actuator
failureenergy of the drop.Kogation reduces bubble formationLarge print
heads are difficult tofabricatePiezoelectricA piezoelectric crystal such as
leadLow power consumptionVery large area required for actuatorKyser et al
USP 3,946,398lanthanum zirconate (PZT) is electricallyMany ink types can be
usedDifficult to integrate with electronicsZoltan USP 3,683,2l2activated,
and either expands, shears) orFast operationI Iigh voltage drive
transistors1973 Stemme USP 3,747,120bends to apply pressure to the ink,High
efficiencyrequiredEpson Stylusejecting drops.Full pagewidth print
headsTektroniximpractical due to actuator sizeIJ04Requires electrical
poling in highfield strengths duringmanufach~reElectro-strictiveAn etectric
field is used to activateLow power consumptionLow maximum strain
(approx.Seiko Epson, Usui et all JPelectrostriction in relaxor materials
suchMany ink types can be used0.01%)253401I96as lead lanthanum zirconate
titanateLow thermal expansionLarge area required for actuator dueIJ04(PLZT)
or lead magnesium niobateElectric field strengthto low strain(PMN).required
(approx. 3.5 V/Response speed is marginal (- 10 p.ltm) can be generateds)
,without difficultyHigh voltage drive transistorsDoes not require
electricalrequiredpoling .Full pagewidth print headsimpractical due to
actuator size .o O ~o 0 a b n a C .o 00 0 0   a m --t N O a 5
FerroelectricAn electric field is used to induce a phase transition between
the antiferroeiectric (AFE) and fetroelectric (FE) phase. Perovskite
materials such as tin modified lead lanthanum zirconate titanate (PLZSnT)
exhibit large strains of up to 1% associated with the AFE to FE phase
transition.Low power consumption Many ink types can be used Fast operation
(< 1 its) Relatively high longitudinal strain High efficiency Electric
field strength of around 3 V/ftm can be readily providedDifficult to
integrate with electronics Unusual materials such as PLZSnT are required
Actuators require a large areaIJ04ElectrostaticConductive plates are
separated by aLow power consumptionDiff cult to operate electrostaticIJ02,
1J04platescompressible or fluid dielectric (usuallyMany ink types can be
useddevices in an aqueousair). Upon application of a voltage, theFast
operationenvironmentplates amact each other and displace ink,The
electrostatic actuator willcausing drop ejection. The conductivenormally
need to be separatedplates may be in a comb or honeycombfrom the
inkstructure, or stacked to increase theVery large area required to
achievesurface area and therefore the force.high forceshigh voltage drive
transistors maybe requiredFull pagewidth print heads are notcompetitive due
to actuator sizeElectrostatic pullA strong electric field is applied to
theLow current consumptionHigh voltage requiredI989 Saito et al) USPon
inkink, whereupon electrostatic amactionLow temperatureMay be damaged by
sparks due to4,799,0b8accelerates the ink towards the printair
breakdown1989 Miura et al, USPmedium.Required field strength increases
as4,8I0,954the drop size decreasesTone-jetHigh voltage drive
transistorsrequiredElectrostatic field amacts dust W Cn 



O ~o ~o ~ b n a a c 0 0 p   a_ a c N O Y 5 PermanentAn electromagnet
directly attracts aLow power consumptionComplex fabrication1J07, IJ10magnet
electro-permanent magnet, displacing ink andMany ink types can be
usedPermanent magnetic material suchmagneticcausing drop ejection. Rare
earthFast operationas Neodymium Iron Boronmagnets with a field strength
around 1High efficiency(NdFeB) required.Tesla can be used. Examples
are:Easy extension from singleHigh local currents requiredSamarium Cobalt
(SaCo) and magneticnozzles to pagewidthCopper metalization should be
usedmaterials in the neodymium iron boronprint headsfor tong
electromigrationfamily (NdFeB, NdDyFeBNb,lifetime and low
resistivityNdDyFeB) etc)Pigmented inks are usuallyinfeasibleOperating
temperature limited to theCurie temperantre (around 540K)Soft magnetic
coreA solenoid induced a magnetic field in aLow power consumptionComplex
fabricationIJO i, IJOS, IJ08, IJ 10electro-magneticsoft magnetic core or
yoke fabricatedMany ink types can be usedMaterials not usually present in
aIJ 12, 1J 14, IJ 15, IJ 17from a ferrous material such asFast
operationCMOS fob such as NiFe,electroplated iron alloys such as CoNiFeHigh
efficiencyCoNiFe, or CoFe are required[I], CoFe) or NiFe alloys. Typically,
theEasy extension from singleHigh local currents requiredsoft magnetic
material is in two parts,nozzles to pagewidthCopper metalization should be
usedwhich are normally held apart by aprint headsfor long
electromigrationspring. When the solenoid is actuated,lifetime and low
resistivitythe two parts attract) displacing the ink.Electroplating is
requiredHigh saturation flux density isrequired (2.0-2.1 T is
achievablewith CoNiFe [IJ)MagneticThe Lorenz force acting on a currentLow
power consumptionForce acts as a twisting motionIJ06, IJ11) I113,
IJ16Lorenz forcecarrying wire in a magnetic field isMany ink types can be
usedTypically, only a quarter of theutilized.Fast operationsolenoid length
provides force inThis allows the magnetic field to beHigh efficiencya
useful directionsupplied externally to the print head, forEasy extension
from singleHigh local currents requiredexample with rare earth
permanentnoziles to pagewidihCopper metalization should be used. magnets.
print heads for long electromigration. .lifetime and low resistivityOnly
the current carrying wire need bePigmented inks are usuallyfabricated on
the print-head, simplifyinginfeasiblematerials requirements, O ~o 0 p uh n
a o`o 0 0 A ~O   C to _~ rn rn c N O C J Magneto-strictionThe actuator uses
the giantMany ink types can be usedForce acts as a twisting
motionFischenbeck, USP 4,032,929magnetostrictive effect of materials
suchFast operationUnusual materials such as Terfenol-IJ25as Terfenol-D (an
alloy of terbium,Easy extension from singleD are requireddysprosium and
iron developed at thenozzles to pagewidthHigh local currents requiredNaval
Ordnance Laboratory, hence Ter-print headsCopper metalization should be
usedFe-NOL). For best efficiency, theHigh force is availablefor long
electromigrationactuator should be pre-stressed tolifetime and low
resistivityapprox. 8 MPa.Pre-stressing may be requiredSurface tensionInk
under positive pressure is held in aLow power consumptionRequires
supplementary force toSilverbrook, EP 0771 658 A2reductionnozzle by surface
tension. The surfaceSimple constructioneffect drop separationand related
patenttension of the ink is reduced below theNo unusual materialsRequires
special ink surfactantsapplicationsbubble threshold, causing the ink
torequired in fabricationSpeed may be limited by surfactantegress from the
nozzle.High efficiencypropertiesEasy extension from singlenozzles to
pagewidthprint headsViscosityThe ink viscosity is locally reduced toSunple
constructionRequires supplementary force toSilverbrook, EP 0771 658
A2reductionselect which drops are to be ejected. ANo unusual
materialsefii'ect drop separationand related patentviscosity reduction can
be achievedrequired in fabricationRequires special ink
viscosityapplicationselectrothermally with most inks, butEasy extension
from singlepropertiesspecial inks can be engineered for anorzles to
pagewidthHigh speed is difficult to achieve100: I viscosity reduction.print
headsRequires oscillating ink pressure.A high temperature
difference(typically 80 degrees) is requiredAcousticAn acoustic wave is
generated andCan operate without aComplex drive circuitry1993 Hadimioglu et
al, EUPfocussed upon the drop ejection region.nozzle plateComplex
fabrication550,192Low efficiency1993 Elrod et al, EUP 572,220Poor control
of drop positionPoor control of drop volume w J O ~o 0 0 A w b n a C ~o 00
0 0 U A ~O   -_J m c N 



O ThermoelasticAn actuator which relies uponLow power consumptionEfficient
aqueous operation requiresIJ03) 1J09, IJ 17, IJ I8bend actuatordifferential
thermal expansion uponMany ink types can be useda thermal insulator on the
hotIJ19, IJ20, I321, IJ22Joule heating is used.Simple planar
fabricationsideIJ23) IJ24, IJ27, 1J28Small chip area required forCorrosion
prevention can beIJ29) IJ30, 1J31, IJ32each actuatordifficultI133, IJ34,
IJ35, IJ36Fast operationPigmented inks may be infeasible,IJ37, I138 ,IJ39,
I140High efficiencyas pigment particles may jam theIJ41CMOS compatible
voltagesbend actuatorand currentsStandard MEMS processescan be usedEasy
extension from singlenozzles to pagewidthprint heads11(igh CTEA material
with a very high coefficienthigh force can be generatedRequires special
material (e.g.I109) IJ I7, IJ t 8, I120thermoelasticof thermal expansion
(CTE) such asPTFE is a candidate for lowPTFE)IJ21) 1J22, 1J23,
1J24actuatorpolytetrafluoroethylene (PTFE) is used.dielectric
constantRequires a PTFE deposition process,1J27, IJ28,1J29) 1J30As high CTE
materials are usually non-insulation in ULSIwhich is not yet standard
in1J31 ) I142, U43) 1J44conductive, a heater fabricated from aVery low
powerULSI fabsconductive material is incorporated. AconsumptionPTFE
deposition cannot be followed50 um long PTFE bend actuator withMany ink
types can be usedwith high temperature (abovepolysilicon heater and IS mW
powerSimple planar fabrication350 C) processinginput can provide I80 1tN
force and 10 feSmall chip area required forPigmented inks may be
infeasible)m deflection. Actuator motions include:each actuatoras pigment
particles may jam the1 ) BendFast operationbend actuator2) PushHigh
efficiencyCMOS compatible voltages3) Buckleand currents4) RotateEasy
extension from singlenozzles to pagewidthprint heads w O 0 un .. b n a C ~o
ao 0 0 ~o   ~_ tn C to N a` O S ConductiveA polymer with a high coefficient
ofHigh force can be generatedRequires special materialsIJ24polymerthermal
expansion (such as PTFE) isVery low powerdevelopment (High
CTEthermoelasticdoped with conducting substances toconsumptionconductive
polymer)actuatorincrease its conductivity to about 3Many ink types can be
usedRequires a PTFE deposition process,orders of magnitude below that
ofSimple planar fabricationwhich is not yet standard incopper. The
conducting polymerSmall chip area required for' ULSI fabsexpands when
resistively heated.each actuatorPTFE deposition cannot be followedExamples
of conducting dopants include:Fast operationwith high temperature
(aboveHigh efficiency350 C) processingI) Carbon nanotubesCMOS compatible
voltagesEvaporation and CVD deposition2) Metal fibersand currentstechniques
cannot be used3) Conductive polymers such as dopedEasy extension from
singlePigmented inks may be infeasible,polythiophenenozzles to pagewidthas
pigment particles may jam the4) Carbon granulesprint headsbend
actuatorShape memoryA shape memory alloy such as TiNi (alsoI-Iigh force is
availableFatigue limits maximum number of1J26alloyknown as Nitinol - Nickel
Titanium alloy(stresses of hundreds ofcyclesdeveloped at the Naval
OrdnanceMPa)Low strain (I%) is required toLaboratory) is thermally
switchedLarge strain is availableextend fatigue resistancebetween its weak
martensitic state and its(more than 3%)Cycle rate limited by heat
removalhigh stiffness austenic state. The shapeHigh corrosion
resistanceRequires unusual materials (TiNi)of the actuator in its
martensitic state isSimple constructionThe latent heat of
transformationdeformed relative to the austenic shape.Easy extension from
singlemust be providedThe shape change causes ejection of anozzles to
pagewidthHigh current operationdrop.print headsRequires pre-stressing to
distort theLow voltage operationmartensitic stateLinear MagneticLinear
magnetic actuators include theLinear Magnetic actuatorsRequires unusual
semiconductorIJ12ActuatorLinear Induction Actuator (LIA), Linearcan be
constructed withmaterials such as soft magneticPermanent Magnet
Synchronoushigh thrust, long travel,alloys (e.g. CoNiFe ( 1 ])Actuator
(LPMSA), Linear Reluctanceand high efficiencySome varieties also
requireSynchronous Actuator (LRSA)) Linearusing planarpermanent, magnetic
materialsSwitched Reluctance Actuator (LSRA),semiconductorsuch as Neodymium
iron boronand the Linear Stepper Actuator (LSA).fabrication
techniques(NdFeB)Long actuator travel isRequires complex multi-phase
driveavailablecircuitryMedium force is availableHigh current operationLow
voltage operation w O ~a ~o 0 p. w .. ~n n a .a m 0 0 ~o   BASIC OPERATION
A10DE ~_ r~ rn --t c i9 N O 9 5 Operational mode
DescriptionAdvantagesDisadvantagesExamplesActuator directly This is the
simplest mode ofSimple operationDrop repetition rate is usuallyThermal
inkjetpushes ink operation: the actuator directlyNo external fields
requiredlimited to less than 10 Kllz.Piezoelectric inkjetsupplies
sufficient kinetic energy toSatellite drops can beHowever, this is notIJOI,
IJ02, IJ03, IJ04expel the drop. The drop must have aavoided if drop
velocityfundamental to the method,IJOS, iJ06, 1J07, IJ09sufficient velocity
to overcome theis less than 4 m/sbut is related to the refillIJ 11, IJ 12,
IJ 14, IJ 16surface tensionCan be efficient) dependingmethod normally
usedIJ20, IJ22, IJ23, IJ24upon the actuator usedAll of the drop kinetic
energyIJ25, 1126, IJ27, I128must be provided by theIJ29) 1J30, IJ31,
IJ32actuator IJ34 IJ35 IJ36 1J33Satellite drops usually form if, , 



,drop velocUy is greater thanIJ37, IJ38, IJ39, IJ404.5 m/sIJ41, IJ42, 1J43,
IJ44Proximity The drops to be printed are selected byVery simple print
headRequires close proximity betweenSilverbrook) EP 0771 658 A2 andsome
manner (e.g. thermally inducedfabrication can be usedthe print head and the
printrelated patent applicationssurface tension reduction ofThe drop
selection meansmedia or transfer rollerpressurized ink). Selected drops
atedoes not need to provideMay require two print headsseparated from the
ink in the nozzlethe energy required toprinting alternate rows of theby
contact wish the print medium or aseparate the drop fromimagetransfer
roller.the nozzleMonolithic color print heads aredifficultElectrostatic
pull The drops to be printed are selected byVery simple print headRequires
very high electrostaticSilverbrook, EP 0771 658 A2 andon ink some manner
(e.g. thermally inducedfabrication can be usedfieldrelated patent
applicationssurface tension reduction ofThe drop selection
meansElectrostatic field for smallTone-Jetpressurized ink). Selected drops
aredoes not need to providenozzle sizes is above airseparated from the ink
in the nozzlethe energy required tobreakdownby a strong electric
field.separate the drop fromElectrostatic field may amactthe nozzledust .a
0 O .~o 0 u~ .. b n .~ a c 0 0   C td _-~ rn a G N _G~ O Magnetic pull
onThe drops to be printed are selected byVery simple print headRequires
magnetic inkSilverbrook) EP 0771 658 A2 andinksome manner (e.g. thermally
inducedfabrication can be usedInk colors other than black arerelated patent
applicationssurface tension reduction ofTlte drop selection
meansdifficultpressurized ink). Selected drops aredoes not need to
provideRequires very high magneticseparated from the ink in the nozzlethe
energy required tofieldsby a strong magnetic field acting onseparate the
drop fromthe magnetic ink.the nozzleShutterThe actuator moves a shutter to
blockHigh speed (>50 ICHz)Moving parts are requiredIJI3, IJ17, IJ21ink flow
to the nozzle. The inkoperation can beRequires ink pressure
modulatorpressure is pulsed at a multiple of theachieved due to
reducedFriction and wear must bedrop ejection frequency.refill
timeconsideredDrop timing can be veryStiction is possibleaccurateThe
actuator energy can bevery lowShuttered grillThe actuator moves a shutter
to blockActuators with small travelMoving parts are requiredIJOB, IJ15)
I118, IJ19ink flow through a grill to the nozzle.can be usedRequires ink
pressure modulatorThe shutter movement need only beActuators with small
forceFriction and wear must beequal to the width of the grill holes.can be
usedconsideredHigh speed (>50 ICIiz)Stiction is possibleoperation can
beachievedPulsed magneticA pulsed magnetic field amacts anExtremely low
energyRequires an external pulsedIJ 10pull on ink pusher`ink pusher' at the
drop ejectionoperation is possiblemagnetic fieldfrequency. An actuator
controls aNo heat dissipationRequires special materials forcatch, which
prevents the ink pusherproblemsboth the actuator and the inkfrom moving
when a drop is not to bepusherejected.Complex construction O ~o ~o 0 p. U
,.. b n H a C ao 0 0 p   AUXILIARY AiECHANISM (APPLIED TO ALL NOZZLES) 00
_-j m tn i9 N G1 :. O Y s
AuxiliaryDescriptionAdvantagesDisadvantagesExamplesMechanismNoneThe
actuator directly fires the ink drop)Stmplicity of constructionDrop
ejection energy must beMost inkjets) includingand there is no external
field or otherSimplicity of operationsupplied by individualpiezoelectric
and thermalmechanism required.Small physical sizenozzle
actuatorbubble.IJ01- IJ07) IJ09, IJI 1IJ12, IJ14, 1J20,
IJ22IJ23-IJ45Oscillating inkThe ink pressure oscillates)
providingOscillating ink pressure canRequires external ink
pressureSitverbrook, EP 077I 658 AZpressuremuch of the drop ejection
energy. Theprovide a refill pulse,oscillatorand related patent
(includingactuator selects which dro s are to be pallowing higher
operatingInk ressure hase and p pa lications ppacousticfired by selectively
blocking or enablingspeedamplitude must be carefullyIJ08, IJ 13, IJ 15, IJ
17stimulation)nozzles. The ink pressure oscillation mayThe actuators may
operate withcontrolledIJ 18) IJ 19, IJ21be achieved by vibrating the print
head)much lower energyAcoustic reflections in the inkor preferably by an
actuator in the inkAcoustic lenses can be used tochamber must be
designedsupply.focus the sound on thefornozzlesl~ledia proximityThe print
head is placed in closeLow powerPrecision assembly requiredSilverbrook, EP
0771 658 A2proximity to the print medium. SelectedHigh accuracyPaper fibers
may cause problemsand related patentdrops protrude from the print
headSimple print head constructionCannot print on rough
substratesapplicationsfurther than unselected drops, andcontact the print
medium. The dropsoaks into the medium fast enough tocause drop
separation.Transfer rollerDrops are printed to a transfer rollerHigh
accuracyBulkySilverbrook, EP 077l 658 A2instead of straight to the print
medium. AWide range of print substratesExpensiveand related patenttransfer
roller can also be used forcan be usedComplex
constructionapplicationsproximity drop separationInk can be dried on the
transfer.Tektronix hot meltrollerpiezoelectric inkjetAny of the IJ
seriesElectrostaticAn electric field is used to accelerateLow powerField
strength required forSilverbrook, EP 0771 658 A2selected drops towards the
print medium.Simple print head constructionseparation of small drops isand
related patentnear or above air breakdownapplicationsTone-Jet O ~o ~a 0 p
.r -d n a C ~o 00 0 0 v~   C td H H C Cn -~ c N Direct magnetic 



fieldA magnetic field is used to accelerate selected drops of magnetic ink
towards the print medium.Low power Simple print head constructionRequires
magnetic ink Requires strong magnetic fieldSilverbrook, EP 0771 658 A2 and
related patent applicationsCross magneticThe print head is placed in a
constantDoes not require magneticRequires external magnetI106, IJ
16fieldmagnetic field. The Lorenz force in amaterials to be integrated
inCurrent densities may be high,current carrying wire is used to move
thethe print head manufacturingresulting in
electromigrationactuator.processproblemsPulsed magneticA pulsed magnetic
field is used toVery low power operation isComplex print head
constructionIJIOfieldcyclically attract a paddle, which
pushespossibleMagnetic materials required inon the ink. A small actuator
moves aSmall print head sizeprint headcatch, which selectively prevents
thepaddle from moving. .o w O ~o 0 p. .r b n H a C ~o 00 0 0 w   ACTUATOR
AMPLIFICATION OR AfODIFICAT10N METHOD C rn -_J t~ m a N O Y
ActuatorDescriptionAdvantagesDisadvantagesExamplesamplificationNoneNo
actuator mechanical amplification isOperational simplicityMany actuator
mechanisms haveThermal Bubble Inkjetused. The actuator directly drives
theinsufficient travel, or insufficientIJO1, l102) I106, I107drop ejection
processforce, to efficiently drive the dropIJ I 6) I125, I126ejection
processDifferentialAn actuator material expands more onProvides greater
travel in aHigh stresses are involvedPiezoelectricexpansion bendone side
than on the other. Thereduced print head areaCare must be taken that the
materialsI103) 1J09, I117-I124actuatorexpansion may be thermal,
piezoelectric,The bend actuator converts ado not delaminateI127, I129-I139,
I142,magnetostrictive) or other mechanism.high force low travel
actuatorResidual bend resulting from highI143, 1J44mechanism to high
travel,temperature or high stress duringlower force
mechanism.formationTransient bendA trilayer bend actuator where the twoVery
good temperature stabilityHigh stresses are involvedI140,
I141actuatoroutside layers are identical. This cancelsHigh speed, as a new
drop can beCare must be taken that the materialsbend due to ambient
temperature andfired before heat dissipatesdo not delaminateresidual
stress. The actuator onlyCancels residual stress ofresponds to transient
heating of one sideformationor the other.Actuator stackA series of thin
actuators are stacked.Increased travelIncreased fabrication complexitySome
piezoelectric inl:This can be appropriate where actuatorsReduced drive
voltageIncreased possibility of short circuitsjetsrequire high electric
field strength) suchdue to pinholesI104as electrostatic and
piezoelectricactuators.Multiple actuatorsMultiple smaller actuators are
usedIncreases the force availableActuator forces may not add linearly,I112,
I113, I118, I120simultaneously to move the ink. Eachfrom an
actuatorreducing efficiencyI122) I128, I142, I143actuator need provide only
a portion ofMultiple actuators can bethe force required.positioned to
control ink flowaccuratelyLinear SpringA linear spring is used to transform
aMatches tow travel actuator withRequires print head area for theI115motion
with small travel and high forcehigher travel requirementsspringinto a
longer travel, lower force motion.Non-contact method of
motiontransformation O 0 ... b n a C ~o 00 0 0 un   m C N _;~1 O Y s
Reverse springThe actuator loads a spring. When theBetter coupling to the
inkFabrication complexityIJOS, IJl 1actuator is fumed off, the spring
releases.High stress in the springThis can reverse the force/distance
curveof the actuator to make it compatiblewith the force/time requirements
of thedrop ejection.Coiled actuatorA bend actuator is coiled to
provideIncreases travelGenerally restricted to planar1J17, IJ21, I134,
IJ35greater travel in a reduced chip area.Reduces chip areaimplementations
due to extremePlanar implementations arefabrication difficulty in
otherrelatively easy to fabricate.orientations.Flexure bendA bend actuator
has a small region nearSimple means of increasingCare must be taken not to
exceed theIJ10, Ill9, IJ33actuatorthe fixture point, which flexes
muchtravel of a bend actuatorelastic limit in the flexure areamore readily
than the remainder of theStress distribution is very unevenactuator. The
actuator flexing isDifficult to accurately model witheffectively converted
from an evenfinite element analysiscoiling to an angular bend, resulting
ingreater travel of the actuator tip.CearsGears can be used to increase
travel atLow force, low travel actuatorsMoving parts are requiredI113the
expense of duration. Circular gears,can be usedSeveral actuator cycles are
requiredrack and pinion, ratchets, and otherCan be fabricated using
standardMore complex drive electronicsgearing methods can be used.surface
MEMS processesComplex constructionFriction) friction, and wear
arepossibleCatchThe actuator controls a small catch. TheVery low actuator
energyComplex constructionIJ10catch either enables or disablesVery small
actuator sizeRequires external forcemovement of an ink pusher that
isUnsuitable for pigmented inkscontrolled in a bulk manner.Buckle plateA
buckle plate can be used to change aVery fast movement achievableMust stay
within elastic limits of theS. Iiirata et al, "An Ink-slow actuator into a
fast motion. It canmaterials for long device lifejet (lead ..." Procalso
convert a high force, low travelHigh stresses involvedIEEE MEMS,
Feb.actuator into a high travel) medium forceGenerally high power
requirement1996, pp 418-423motion.IJ18, IJ27Tapered magneticA tapered
magnetic pole can increaseLinearizes the magneticComplex
constructionIJ14polenavel at the expense of force.force/distance curve O ~o
0 p un .r 



b n H Y C ~a 00 0 0 a a   C td rn -~ N O~ LeverA lever and fulcrum is used
to transformMatches low travel actuator withHigh stress around the
fulcnimIJ32) IJ36, 1J37a motion with small travel and high forcehigher
travel requirementsinto a motion with longer travel andFulcrum area has no
linearlower force. The lever can also reversemovement, and can be usedthe
direction of travel.for a fluid sealRotary impellerThe actuator is
connected to a rotaryHigh mechanical advantageComplex
constructionIJ28impeller. A small angular deflection ofThe ratio of force
to travel of theUnsuitable for pigmented inksthe actuator results in a
rotation of theactuator can be matched toimpeller vanes, which push the
inkthe nozzle requirements byagainst stationary vanes and out of thevarying
the number ofnozzle.impeller vanesAcoustic lensA refractive or dif&active
(e.g. aoneNo moving partsLarge area required1993 Hadimioglu et al,plate)
acoustic lens is used to concentrateOnly relevant for acoustic ink jetsEUP
550,192sound waves.l993 Elrod et al, EUP572,220Sharp conductiveA sharp
point is used to concentrate anS~ple constructionDifficult to fabricate
using standardTone jetpointelectrostatic field.VLSI processes for a
surfaceejecting ink jetOnly relevant for electrostatic inkjets O ~o ~o 0 ..
b n C 00 0 0 s~ ~o   ACTUATOR MOTION N 7~ N O~ x 0 C Actuator
motionDescriptionAdvantagesDisadvantagesExamplesVolume expansionThe volume
of the actuator changes,Simple construction in the caseHigh energy is
typically required toHewlett-Packard Thermalpushing the ink in all
directions.of thermal ink jetachieve volume expansion. ThisInkjetleads to
thermal stress, cavitation)Canon Bubblejetand kogation in thermal ink
jetimplementationsLinear) normal toThe actuator moves in a direction
normalEffcient coupling to ink dropsHigh fabrication complexity may beIJO1,
IJ02, 1J04, IJ07chip surfaceto the print head surface. The nozzle isejected
normal to the surfacerequired to achieve perpendicularIJ 11, IJ 14typically
in the line of movement.motionLinear, parallel toThe actuator moves
parallel to the printSuitable for planar fabricationFabrication
complexityIl 12, IJ I 3, IJ 15, IJ33)chip surfacehead surface. Drop
ejection may still beFrictionIJ34, IJ35, IJ36normal to the
surface.StictionMembrane pushAn actuator with a high force but smallThe
effective area of the actuatorFabrication complexityI982 Howkins USParea is
used to push a stiff membrane thatbecomes the membrane areaActuator
size4,459,601is in contact with the ink.Difficulty of integration in a
VLSIprocessRotaryThe actuator causes the rotation of someRotary levers may
be used toDevice complexityIJ05) 1J08, I113, IJ28element, such a grill or
impellerincrease travelMay have friction at a pivot pointSmall chip area
requirementsBendThe actuator beads when energized. ThisA very small change
inRequires the actuator to be made from at1970 Kyser et al USPmay be due to
differential thermaldimensions can be convertedleast two distinct layers,
or to have a3,946,398expansion) piezoelectric expansion,to a large
motion.thermal ditJ'erence across theI973 Stemme USPmagnetostriction) or
other form ofactuator3,747, I20relative dimensional change.IJ03, IJ09,
I710, IJ 19IJ23) IJ24, 1J25, IJ291J30, IJ31, IJ33, IJ34I135Swivel'The
actuator swivels around a centralAllows operation where the netInefficient
coupling to the ink motionI706pivot. This motion is suitable wherelinear
force on the paddle isthere are opposite forces applied tozeroopposite
sides of the paddle, e.g. LorenzSmall chip area requirementsforce. O ~o ~o
Q a .r ro n H a C ~o ao 0 0 U ii   --1 t~ -~ c N O Y C StraightenThe
actuator is normally bent, andCan be used with shape memoryRequires careful
balance of stresses toI126, I132straightens when energized.alloys where the
austenicensure that the quiescent bend isphase is planaraccurateDouble
bendThe actuator bends in one direction whenOne actuator can be used
toDifficult to make the drops ejected byI136, I137, 1J38one element is
energized, and bends thepower two nozzles.both bend directions
identical.other way when another element isReduced chip size.A small
efficiency loss compared toenergized.Not sensitive to ambientequivalent
single bend acri~ators.temperatureShearEnergizing the actuator causes a
shearCan increase the effective travelNot readily applicable to other
actuator1985 Fishbeck USPmotion in the actuator material.of piezoelectric
actuatorsmechanisms4,584,590RadialThe actuator squeezes an ink
reservoir,Relatively easy to fabricatehigh force required1970 Zoltan
USPconstrictionforcing ink from a constricted nozzle.single nozzles from
glassInefficient3,683,212tubing as macroscopicDifficult to integrate with
VLSIstructuresprocessesCoil / uncoilA coiled actuator uncoils or coils
moreEasy to fabricate as a planarDifficult to fabricate for non-planarI117,
I121, I134, I135tightly. The motion of the free end of theVLSI
processdevicesactuator ejects the ink.Small area required, thereforePoor
out-of plane stiffnesslow costBowThe actuator bows (or buckles) in theCan
increase the speed of travelMaximum travel is constrainedIJ 16, IJ 18,
I127middle when energized.Mechanically rigidHigh force requiredPush-PullTwo
actuators control a shutter. OneThe structure is pinned at bothNot readily
suitable for inkjets whichI118actuator pulls the shutter, and the
otherends, so has a high out-ofdirectly push the inkpushes it.plane
rigidityCurl inwardsA set of actuators curl inwards to reduceGood fluid
flow to the regionDesign complexityI120, I142the volume of ink that they
enclose.behind the actuator increasesefficiencyCurl outwardsA set of
actuators curl outwards,Relatively simple constructionRelatively large chip
areaI143pressurizing ink in a chambersurrounding the actuators, and
expellingink from a nozzle in the chamber.IrisMultiple vanes enclose a
volume of ink.High efficiencyHigh fabrication complexityf122These
simultaneously rotate) reducingSmall chip areaNot suitable for pigmented
inksthe volume between the vanes. O ~o ~o 0 un .. w n H C ~o 0 0   



tn c N 0 Acoustic vibrationThe actuator vibrates at a high~e actuator can
be physicallyLarge area required for efficient1993 Hadimioglu
etfrequency.distant from the inkoperation at useful frequenciesal, ELIP
S50,192Acoustic coupling and crosstalk1993 Elrod et al, EUPComplex drive
circuitry572,220Poor control of drop volume andpositionfYoneIn various ink
jet designs the actuatorNo moving partsVarious other tradeoffs are required
toSilverbrook, EP 0771does not move.eliminate moving parts658 A2 and
relatedpatent applicationsTone jet O ~a ~a 0 b n a a 0 0   NOZZLE REF1LL
METHOD C m ~_ rn N O Y Jc~- Nozzle
refillDescriptionAdvantagesDisadvantagesExamplesmethodSurface tensionAfter
the actuator is energized) itFabrication simplicityLow speedThermal
inkjettypically returns rapidly to its normalOperational simplicitySurface
tension force relativelyPiezoelectric inkjetposition. This rapid return
sucks in airsmall compared to actuatorIJO1-IJ07, IJ10-IJ14through the
nozzle opening. The inkforce1J16, 1J20, IJ22-IJ45surface tension at the
nozzle then exertsLong refill time usuallya small force restoring the
meniscus to adominates the totalminimum area.repetition rateShutteredInk to
the noule chamber is provided atHigh speedRequires common ink pressureIJ08)
IJ 13, IJ I 5, IJ I 7oscillating inka pressure that oscillates at twice
theLow actuator energy, as theoscillator1J18, IJ19, IJ21pressuredrop
ejection frequency. When a drop isactuator need only open orMay not be
suitable forto be ejected) the shutter is opened for 3close the shutter,
instead ofpigmented inkshalf cycles: drop ejection, actuatorejecting the
ink dropreturn, and refill.Refill actuatorAfter the main actuator has
ejected aHigh speed, as the nozzle isRequires two independentIJ09drop a
second (refill) actuator isactively refilledactuators per nozzleenergized.
The refill actuator pushes inkinto the noule chamber. The refillactuator
returns slowly, to prevent itsreturn from emptying the chamber
again.Positive inkThe ink is held a slight positive pressure.High refill
rate, therefore a highSurface spill must be preventedSilverbrook, EP 0771
6S8 A2pressureAfter the ink drop is ejected, the nozzledrop repetition rate
isHighly hydrophobic print headand related patentchamber fills quickly as
surface tensionpossiblesurfaces are requiredapplicationsand ink pressure
both operate to refill theAlternative for.noule.IJO1-IJ07, IJIO-IJ14IJ 16,
IJ20, IJ22-IJ45 cn 0 O ~o 0 a d n a 0 0   METHOD OF RESTRICTING BACK-FLOW
THROUGH INLET m is N ,. O a 5 Inlet
back-flowDescriptionAdvantagesDisadvantagesExamplesrestriction methodLong
inlet channelThe ink inlet channel to the nozzleDesign simplicityRestricts
refill rateThern~al inkjetchamber is made long and relativelyOperational
simplicityMay result in a relatively large chipPiezoelectric inkjetnarrow,
relying on viscous drag toReduces crosstalkareaIJ42, IJ43reduce inlet
back-flow.Only partially effectivePositive inkThe ink is under a positive
pressure) soDrop selection and separationRequires a method (such as a
nozzleSilverbrook, EP 0771 658pressurethat in the quiescent state some of
the inkforces can be reducedrim or effective hydrophobizing,A2 and related
patentdrop already protrudes from the nozzle.Fast refill timeor both) to
prevent flooding ofapplications This reduces the pressure in the nozzlethe
ejection surface of the printPossible operation of the chamber which is
required to eject ahead.following:certain volume of ink. The reduction
inII01-IJ07, IJ09- I112chamber pressure results in a reduction I114, IJ16,
IJ20,1)22,in ink pushed out through the inlet.IJ23-IJ34,
IJ36-1J41IJ44BaffleOne or more baffles are placed in the~e refill rate is
not as restrictedDesign complexityHP Thermal Ink Jetinlet ink flow. When
the actuator isas the long inlet method.May increase fabrication
complexityTektronix piezoelectricenergized, the rapid ink movementReduces
crosstalk(e,g. Tektronix hot meltink jetcreates eddies which restrict the
flowPiezoelectric print heads).through the inlet. The slower refillprocess
is unrestricted) and does notresult in eddies.Flexible flapIn this method
recently disclosed bySignificantly reduces back-flowNot applicable to most
inkjetCanonrestricts inletCanon, the expanding actuator (bubble)for
edge-shooter thermal inkconfigurationspushes on a flexible flap that
restricts thejet devicesIncreased fabrication complexityinlet.Inelastic
deformation of polymer flapresults in creep over extended use t O ~a 0 w w
V 



b n H a c a 0 A   ... m E N O a Inlet filterA filter is located between the
ink inletAdditional advantage of inkRestricts refill rateIJ04, IJ12, IJ24)
IJ27and the nozzle chamber. The filter has afiltrationMay result in complex
constructionI129) IJ30multitude of small holes or slots,Ink filter may be
fabricated withrestricting ink flow. The filter alsono additional process
stepsremoves particles which may block thenozzle.Small inletThe ink inlet
channel to the nozzleDesign simplicityRestricts refill rateIJ02, IJ37,
IJ44compared tochamber has a substantially smaller crossMay result in a
relatively large chipnozzlesection than that of the nozzle ,
resultingareain easier ink egress out of the nozzle thanOnly partially
effectiveout of the inlet.Inlet shutterA secondary actuator controls
theIncreases speed of the inl: jetRequires separate refill actuator
andIJ09position of a shutter, closing off the inkprint head operationdrive
circuitinlet when the main actuator isenergized.The inlet isThe method
avoids the problem of inlethack-flow problem is eliminatedRequires careful
design to minimizeI101, IJ03, 1J05, IJ06located behind theback-flow by
arranging the ink-pushingthe negative pressure behind theI10?, I110, IJ11,
IJ14ink-pushingsurface of the actuator between the inletpaddleI116) IJ22,
IJ23, IJ25surfaceand the nozzle.IJ28, I131, I132, I133IJ34, IJ35, 1J36,
IJ39IJ40, IJ41Part of theThe achiator and a wall of the inkSignificant
reductions in back-Smail increase in fabricationIJ07) IJ20, IJ26)
IJ38actuator moves tochamber are arranged so that the motionflow can be
achievedcomplexityshut off the inletof the actuator closes off the
inlet.Compact designs possibleNozzle actuatorIn some configurations of ink
jet, there isInk back-flow problem isNone related to ink back-flow
onSilverbrook, EP 0?71 658does not result inno expansion or movement of
aneliminatedactuationA2 and related patentink back-flowactuator which may
cause ink back-flowapplicationsthrough the inlet.Valve jetTone jetIJ08, IJ
13, IJ i 5, IJ 17IJ 18, IJ 19, IJ21 N N O ,n ~o 0 U U rr b Y C ~o 00 0 0
NOZZLE CLEARING METHOD ~_ tti m G N G~ O Y Nozzle
ClearingDescriptionAdvantagesDisadvantagesExamplesmethodNormal nozzleAll of
the nozzles are Erred periodically,No added complexity on theMay not be
sufficient to displaceMost ink jet systemstiringbefore the ink has a chance
to dry. Whenprint headdried inkl101- I107) I109-1J12not in use the nozzles
are sealed (capped)IJ 14, IJ 16, 1J20, I122against air.I123- I134,
I136-I145The nozzle firing is usually performedduring a special clearing
cycle, after firstmoving the print head to a cleaningstation.Extra power
toIn systems which heat the ink) but do notCan be highly effective if
theRequires higher drive voltage forSilverbrook) EP 0771 658ink heaterboil
it under normal situations, nozzleheater is adjacent to theclearingA2 and
related patentclearing can be achieved by over-nozzleMay require larger
drive transistorsapplicationspowering the heater and boiling ink atthe
nozzle.Rapid successionThe actuator is fired in rapid succession.Does not
require extra driveEffectiveness depends substantiallyMay be used with:of
actuator pulsesIn some configurations, this may causecircuits on the print
headupon the configuration of theI101-I107, I109- I111heat build-up at the
nozzle which boilsCan be readily controlled andinkjet nozzleIJ 14, IJ 16,
1J20, I122the ink, clearing the nozzle. In otherinitiated by digital
logicI123-I125, I127-I134situations, it may cause
sufficient1J36-I145vibrations to dislodge clogged nozzles.Extra power
toWhere an actuator is not normally drivenA simple solution whereNot
suitable where there is a hardMay be used with:ink pushingto the limit of
its motion, nozzle clearingapplicablelimit to actuator movement1J03, I109,
I116, I120actuatormay be assisted by providing anI123, 1J24, I125,
IJ27enhanced drive signal to the actuator.I129, I130, I13 t, IJ32I139,
I140, 1J41, I142I143, I144, I145 O .o ~o 0 p w o n a 0 0   tn G N .. O 9
-~c-~ AcousticAn ultrasonic wave is applied to the inkA high nozzle
clearing capabilityHigh implementation cost if systemI108) 1J13, 1J15)
IJ17resonancechamber. This wave is of an appropriatecan be achieveddoes not
already include anI118, IJ 19, IJ21amplitude and frequency to causeMay be
implemented at very towacoustic actuatorsufficient force at the nozzle to
clearcost in systems which alreadyblockages. This is easiest to achieve
ifinclude acoustic actuatorsthe ultrasonic wave is at a resonantfrequency
of the ink cavity.Nozzle clearingA microfabricated plate is pushed
againstCan clear severely cloggedAccurate mechanical alignment
isSilverbrook, EP 0771 658platethe nozzles. The plate has a post
fornozzlesrequiredA2 and related patentevery nozzle. The array of
postsMoving parts are requiredapplicationsThere is risk of damage to
thenozzlesAccurate fabrication is requiredInk pressure pulseThe pressure of
the ink is temporarilyMay be effective where otherRequires pressure pump or
otherMay be used with all Ilincreased so that ink streams from all
ofmethods cannot be usedpressure actuatorseries ink jetsthe nozzles. This
may be used inExpensiveconjunction with actuator energizing.Wasteful of
inkPrint head wiperA flexible `blade' is wiped across theEffective for
planar print headDifficult to use if print head surfaceMany ink jet
systemsprint head surface. The blade is usuallysurfacesis non-planar or
very fragilefabricated from a flexible polymer, e.g.Low costRequires
mechanical partsrubber or synthetic elastomer.Blade can wear out in high
volumeprint systemsSeparate inkA separate heater is provided at theCan be
effective where otherFabrication complexityCan be used with many IJboiling
heaternoule although the normal drop e-nozzle clearing methodsseries ink
jetsection mechanism does not require it.cannot be usedThe heaters do not
require individualCan be implemented at nodrive circuits, as many nozzles
can beadditional cost in some inkjetcleared simultaneously, and no
imagingconfigurationsis required. O 



~o 0 p b n H a 1   NOZZLE PLATE CONSTRUCTION a m C N _v O a S Nozzle
plateDescriptionAdvantagesDisadvantagesExamplesconstructionElectroformedA
nozzle plate is separately fabricatedFabrication simplicityhigh
temperatures and pressuresHewlett Packard Thermalnickelfrom electroformed
nickel, and bondedare required to bond nozzleInkjetto the print head
chip.plateMinimum thickness constraintsDifferential thermal expansionLaser
ablated orIndividual nozzle holes are ablated by anNo masks requiredEach
hole must be individuallyCanon Bubblejetdrilled polymerintense UV laser in
a nozzle plate, whichCan be quite fastformed1988 Sercel et al.) SPIE) Volis
typically a polymer such as polyimideSome control over nozzle
profileSpecial equipment required998 Excimer Beamor polysulphoneis
possibleSlow where there are manyApplications, pp. 76-83Equipment required
is relativelythousands of nozzles per print1993 Watanabe et al., USPlow
costheadS,208,604May produce thin burrs at exitholesSilicon micro-A
separate nozzle plate isHigh accuracy is attainableTwo part constructionK.
Bean, IEEE Transactionsmachinedmicromachined from single crystalHigh coston
Electron Devices, Vol.silicon, and bonded to the print headRequires
precision alignmentED-25, No. 10, 1978, ppwafer.Nozzles may be clogged
by1185-1195adhesiveXerox 1990 Hawkins et al.,USP 4,899,18IGlass
capillariesFine glass capillaries are drawn fromNo expensive equipmentVery
small nozzle sizes are1970 Zoltan USP 3,683,212glass tubing. This method
has been usedrequireddifficult to formfor making individual nozzles, but
isSimple to make single nozzlesNot suited for mass productiondifficult to
use for bulk manufacturing ofprint heads with thousands of nozzles. O ~a ~a
0 p. u1 .. b n a c 0 a   C -_~ tn G in O r Monolithic,'Ihe noule plate is
deposited as a layerHigh accuracy (<I Itm)Requires sacrificial layer
underSilverbrook, EP 077I 658 A2surface micro-using standard VLSI
depositionMonolithicthe noule plate to form theand related patentmachined
usingtechniques. Nozzles are etched in theLow costnozzle
chamberapplicationsVLSI lithographicnozzle plate using VLSI lithography
andExisting processes can be usedSurface may be fragile to theI101, I102,
I104, I111processesetching.touchIJ 12, IJ 17, I! 18, 1I20I122, I124, I127,
I128l129, I130, I131, I132I133, I134, I136, I137I138, I139) I140, I141I142)
IJ43, I144Monolithic, etchedThe nozzle plate is a buried etch stop inHigh
accuracy (<1 ftm)Requires long etch timesI103, 110S, I106, I107through
substratethe wafer. Nozzle chambers are etched inMonolithicRequires a
support waferI108, I109, f110, I113the front of the wafer, and the wafer
isLow costIJ 14, IJ 15, IJ 16, IJ 19thinned from the back side. Nozzles
areNo differential expansionI121, I123, I125, I126then etched in the etch
stop layer.No nozzle plateVarious methods have been tried toNo nozzles to
become cloggedDifficult to control drop positionRtcoh 1995 Sekiya et al
USPeliminate the nozzles entirely, to preventaccurately5,412,413noule
clogging. These include thermalCrosstatk problems1993 Hadimioglu et al
EUPbubble mechanisms and acoustic fens550,192mechanisms1993 Elrod et al
EUP572,220TroughEach drop ejector has a trough throughReduced
manufacturingDrop firing direction is sensitiveI13 Swhich a paddle moves.
There is nocomplexityto wicking.nozzle plate.MonolithicNozzte slit
insteadThe elimination of nozzle holes andNo noules to become
cloggedDifficult to control drop position1989 Saito ei al USPof
individualreplacement by a slit encompassingaccurately4,799,068noulesmany
acriiator positions reduces nozzleCrosstalk problemsclogging, but increases
crosstalk due toink surface waves O ~a 0 U U rr b n a C ~o 0 0 a   DROP
EJECTION DIRECTION 00 -J ~. h7 N o~ O a 5
EjectionDescriptionAdvantagesDisadvantagesExamplesdirectionEdgeInk flow is
along the surface of the chip,Simple constructionNozzles limited to
edgeCanon Bubblejet 1979 Endo et al(`edge shooter')and ink drops are
ejected from the chipNo silicon etching requiredHigh resolution is
difficultGB patent 2,007,162edge.Good heat sinking via substrateFast color
printing requiresXerox heater-in-pit 1990Mechanically strongone print head
per colorFlawkins et al IJSP 4,899,181Ease of chip handingTone
jetSurfaceInh flow is along the surface of the chip,No bulk silicon etching
requiredMaximum ink flow isHewlett-Packard TIJ 1982(`roof shooter')and ink
drops are ejected from the chipSilicon can make an effectiveseverely
restrictedVaught et al USP 4,490,728surface, normal to the plane of the
chip.heat sinkIJ02) IJ 11, IJ l2, 1120Mechanical strengthI122Through
chip,Ink flow is through the chip) and inkHigh ink flowRequires bulk
silicon etchingSilverbrook, EP 077I 658 A2 andforwarddrops are ejected from
the front surfaceSuitable for pagewidth printrelated patent
applications(`up shooter')of the chip.High norife packing densityIJ04,
I117, IJ18, IJ24therefore low manufacturingIJ27-I145costThrough chip,Ink
flow is through the chip) and inkHigh ink flowRequires wafer thinningI101,
IJ03) IJ05, 1J06reversedrops are ejected from the rear surface ofSuitable
for pagewidth printRequires special handlingIJ07, I108, IJ09, IJIO(`down
shooter')the chip.High nozzle packing densityduring manufactureI113, IJ14)
I115, 1716therefore low manufacturingI119, IJ21, IJ23, 1J25cost1J26Through
actuatorInk flow is through the actuator, which isSuitable for
piezoelectric printPagewidth print headsEpson Stylusnot fabricated as part
of the sameheadsrequire several thousandTektronix hot melt
piezoelectricsubstrate as the drive transistors.connections to driveink
jetscircuitsCannot be manufactured instandard CMOS fabsComplex~assembly
required 



c.n J O ~o ~o `o w .. b n 0 0   INK TYPE oa _-~ m rn H a N O 9 Ink
typeDescriptionAdvantagesDisadvantagesExamplesAqueous, dyeWater based ink
which typicallyEnvironmentally friendlySlow dryingMost existing
inkjetscontains: water, dye, surfactant,No odorCorrosiveAll IJ series ink
jetshumectant, and biocide.Bleeds on paperSilverbrook, EP 0771 658 A2Modern
ink dyes have high water-May strikethroughand related patentfastness, light
fastnessCockles paperapplicationsAqueous) pigmentWater based ink which
typicallyEnvironmentally friendlySlow dryingIJ02, IJ04, IJ21, IJ26contains:
water, pigment, surfactant,No odorCorrosiveIJ27, IJ30humectant, and
biocide.Reduced bleedPigment may clog nozzlesSilverbrook, EP 077I 6S8
A2Pigments have an advantage in reducedReduced wickingPigment may clog
actuatorand related patentbleed, wicking and strikethrough.Reduced
strikethroughmechanismsapplicationsCockles paperPiezoelectric
in.k-jetsThermal ink jets (withsignificant restrictions)Methyl EthylMEK is
a highly volatile solvent used forVery fast dryingOdorousAl11J series ink
jetsKetone (MEK)industrial printing on difficult surfacesPrints on various
substrates suchFlammablesuch as aluminum cans.as metals and
plasticsAlcoholAlcohol based inks can be used whereFast dryingSlight
odorAll IJ series ink jets(ethanol, 2_the printer must operate at
temperaturesOperates at sub-freezingFlammablebutanol) andbelow the freezing
point of water. Antemperaturesothers)example of this is in-camera
consumerReduced paper cocklephotographic printing.Low costPhase changeThe
ink is solid at room temperature) andNo drying time- ink instantlyHigh
viscosityTektronix hot melt(hot melt)is melted in the print head before
jetting.freezes on the print mediumPrinted ink typically has a
'piezoelectric ink jetsHot melt inks are usually wax based,Almost any print
medium can be`waxy feel1989 Nowak USP 4,820,346with a melting point around
80 C. AfterusedPrinted pages may `block'All IJ series ink jetsjetting the
ink freezes almost instantlyNo paper cockle occursInk temperature may be
aboveupon contacting the print medium or aNo wicking occursthe curie point
of permanenttransfer roller.No bleed occursmagnetsNo strikethrough occurs
.Ink healers consume powerLong warm-up trme m O ~o 0 ro n a a C `o 00 0 0
~o   _~ rn -~ N a S OilOil based inks are extensively used inHigh
solubility medium for some1-ligh viscosity: this is aAll IJ series ink
jetsoffset printing. They have advantages indyessignificant limitation for
useimproved characteristics on paperDoes not cockle paperin inkjets) which
usually(especially no wicking or cockle). OilDoes not wick through
paperrequire a low viscosity.soluble dies and pigments are required.Some
short chain and multi-branched oils have asufficiently low viscosity.Slow
dryingMicroemulsionA microemulsion is a stable, self formingStops ink
bleedViscosity higher than waterAll IJ series ink jetsemulsion of oil,
water, and surfactant.High dye solubilityCost is slightly higher than
waterThe characteristic drop size is less thanWater, oil, and
amphiphilicbased inkl00 nm, and is determined by thesoluble dies can be
usedHigh surfactant concentrationpreferred curvature of the surfactant.Can
stabilize pigmentrequired (around 5%)suspensions O 0 s~ w un b a c a 0   WO
99/04551 PCT/AU98/00549 - 60  It would be appreciated by a person skilled
in the art that numerous variations and/or modifications may be made to the
present invention as shown in the specific embodiments without departing
from the sport or scope of the invention as broadly described The present
embodiments are, therefore, to be considered in all respects to be
illustrative and not restrictive 5 



SUBSTITUTE SHEET (Rule 2G) (RO/AU)   IR23SG 61 The claims defining the
invention are as follows: A recyclable, one-time use, print on demand,
digital camera comprising: a chassis comprising: an image sensor device for
sensing an image; a processing means for processing said sensed image; a
pagewidth print head for printing said sensed image; an ink supply means
for supplying ink to the print head; a supply of print media on to which
said sensed image is printed; and a casing surrounding and encasing said
chassis so that the ink supply means is unable to be accessed without
destruction of the casing. 2. The camera of claim 1 in which the casing
comprises two shells, the shells being bonded together during one of a
manufacturing process and a recycling process. 3. The camera of claim 1 in
which the casing is of a recyclable material. 4. The camera of claim 1 in
the ink supply means comprises an ink supply cartridge which defines a
plurality of ink supply channels) each of which is in communication with
the print head and each channel containing a different color ink, in use,
for enabling full color printing to be effected. 5. The camera of claim 4
in which the ink supply cartridge includes an inlet opening in
communication with each channel via which said channel is refilled during
recycling of the camera. 6. The camera of claim 4 in which each channel has
a vent associated therewith, the vent being open during a refilling
operation of the channel to allow egress of air from the channel and the
vent being sealed after the refilling operation. 7. The area of claim 6 in
which the seal is a replaceable seal to be removed during the refilling
operation and replaced by a new seal after completion of the refilling
operation. .A.A5.A9r.Anr.A_.Ar.A!r.A5r.AH.AL.A _.A.A`!r.An.A&5.A9.A&.A99.A5
%.Ay.A9_.A r.A.A- _.A&r.A!_.An.A[.Ad r.ALr.A``_.A.AYA.YaA.NA.NA.;
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&'()-3)?.
,60610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3>U{U9*61610%^:&'()-3)?.
,60610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3U9*61610%^:&'()-3)?.
,60610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3 ]=*61610%^:&'()-3)?.
,6610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3CaU9*61610%^:&'()-3)?.
,6610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3!"#U9*61610%^:&'()-3)?.
,6610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3#K\|U9*61610%^:&'()-3)?.
,6610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3h>*61)?.
,6610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3 +lL*61)?.
,610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3+,
-UVWm~bB*61)610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6mno~bF*61)610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6y]A*61)610%^:&'()-3(610%^:&'()-3(610%^:&'()-3610%^:&'()-3)?.
,6610%^:&'()-3}aE*61)610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6610%^:&'()-3'K]yY9*61610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6610%^:&'()-3]pqryY9*61610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6610%^:&'()-3#<yY9*61610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6610%^:&'()-3<DEFmny]=*61610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)
?.
,6610%^:&'()-3~bF*610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'(
)-3)?.
,6610%^:&'()-3~bF*610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'(
)-3610%^:&'()-3)?.
,6~bF*610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'(
)-3)?.
,6+KiovV6*610610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?
.
,6opzZ>*610610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,601zZ>*610610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6123:;
ab~^B*610610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?.
,6bcdefbF*610610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3610%^:&'()-3)?
. ,6yX7*610 & =10%^:&'()- & =10%^:&'()- &3=l10%^:&'()-_ &@;
@10%^:&'()-610%^:&'()-3)?. ,6vU461 &`910%K:&'()- &910%K:&'()-10^:10^:10^:
&`<p#10%^:&'()- &<p#10%^:&'()- &<l"10%^:&'()-%~^>vU461 &` 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< &910%K:&'()-
&P910%K:&'()-%<=>gryY9vU461  



610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6
610%K:&'()-<yY=vU461  610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?
,6 610%K:&'()-<-.~^BvU461  610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6 610%K:&'()-<./01WXYZ~bF* 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6 610%K:&'()-<Z[\defg~bF*
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6ghtvV6* 610 610%K:&'()-< 



610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6/0~^B* 610
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?
,6018dejkzZ>* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6klm~^B* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-<)?  ,6~bF* 610 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6BGvV6* 610 



610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?
,6GHItzZ>* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6~bF* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-<)?  ,6~bF* 610 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6"F]vV6* 610 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6]^q~^>* 



610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6
' ~^>* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6' ( 0 @ A B Y ~bB* 610 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6Y Z [ \ ] ^ u fF* 610
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6u v w
x y z  fF* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)? 



,6       !zZ:* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6 !!!E!Z!e!f!zZ>* 610 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6f!g!z!!!!!vZ>* 610 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6!!!!"2"K"vV6* 610
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?
,6K"L"_"~""""zZ:* 610 610%K:&'()-< 610%K:&'()-< 



610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6"""""""~bB* 610 610%K:&'()-<
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6"""####~bB* 610
610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?
,6#######fF* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-<)?  ,6### #!#"#=#fF* 610 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<
610%K:&'()-< 610%K:&'()-<)?  ,6=#>#?#@#A#B#U#fF* 610 610%K:&'()-< 



610%K:&'()-< 610%K:&'()-< 610%K:&'()-< 610%K:&'()-<)?  ,6U#V#W#[#]#e#l#yX7*
610 90=010%8:&'()- 9=010%8:&'()- 9=10%8:&'()-^ 9@;10%8:&'()- 610%K:&'()-<)?
,6l#|#}#~######vU5 610+610%8:&'()-` 99,10%8:&'()-m  99,10%8:&'()-m
9y`10%8:&'()-108:0108:108: 9<"10%8:&'()-#######U9vU5 610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`######$fFvU5
610+610%+610%8:&'()-`)?.
e,)6%+610%8:&'()-`++610%8:&'()-`+610%8:&'()-`+610%8:&'()-`$.$I$k$$$$U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`$$$$$$$U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`$% %%$%%%&%]AvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`&%3%4%5%K%L%M%]AvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`M%t%u%v%w%x%y%aEvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`y%%%%%%%aEvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`%%%%%%%aEvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`%%%%%%%aAvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`%&9&[&t&u&&U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`&&&&&&&U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`&''1'>'?'@'U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`@'g'h'i'j'k'l'aEvU5
610+610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`l'x'y'z'{'|''aAvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`''''(((U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`(F(a(((((U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`(((()))U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`)-)H)I)^)_)`)Y=vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-``)))))))]AvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`)))))))aAvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`))*1*C*D*P*U9vU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`P*|******U9vU5 



610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`*******]AvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`*%+&+'+?+@+A+]AvU5
610+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`A+B+C+D+[+\+]+^+bF*
+610%8:&'()-`+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`^+_+`+q+r+s+u+~cB*+
610%8:&'( 9.=F10%K:&'()-Z+610%8:&'()-`)?.
e,)6+610%8:&'()-`+610%8:&'()-`+610%8:&'()-`u+++++++++vU4+61 9&10%^:&'()-
9&10%^:&'()-&10K:10K:10K: 9<I#10%K:&'()- 9<3"10%K:&'()- ( 9
=10%K:&'()-+++++++}]=vU4+61 9#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-
99s10%^:&'()- 9Q10%^:&'()-( 9&10%^:&'()-+,2,3,=,e,u,yY9vU4+61
#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-)?
H,5#k610%^:&'()-#k610%^:&'()-u,,,,,,,yY9vU4+61
#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-)?
H,5#k610%^:&'()-#k610%^:&'()-,,,,,"-@-}]=vU4+61
#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-)?
H,5#k610%^:&'()-#k610%^:&'()-@-A-B-C-D-m--bBvU4+61
#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-)?
H,5#k610%^:&'()-#k610%^:&'()---------bF*#k610%^:&'()-#k610%^:&'()-#k610%^:&
'()-#k610%^:&'()-)?
H,5#k610%^:&'()-#k610%^:&'()---------~bF*#k610%^:&'()-#k610%^:&'()-#k610%^:
&'()-#k610%^:&'()-#k610%^:&'()-)?
H,5#k610%^:&'()----.,.M.f.vV6*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-#k610%^:&'()-)?
H,5f.g.m.....zZ:*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-)?
H,5....../~^>*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k61
0%^:&'()-)?
H,5/////(/)/bF*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k6
10%^:&'()-)?
H,5)/*/+/,/-/5/6/bF*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'(
)-#k610%^:&'()-)?
H,56/7/8/9/:/[/\/bF*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'(
)-#k610%^:&'()-)?
H,5\/]/p/////vV6*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-)?
H,5///0/0A0Q0zZ:*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-)?
H,5Q0R0S0t0u000~^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()
-#k610%^:&'()-)?
H,50000000~^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k61
0%^:&'()-)?
H,500001:1O1vV6*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k
610%^:&'()-)?
H,5O1P1Q1z1111zZ>*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-
#k610%^:&'()-)?
H,51111111zZ>*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k61
0%^:&'()-)?
H,5111225262~^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k
610%^:&'()-)?
H,562728292:2H2I2bF*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'(
)-#k610%^:&'()-)?
H,5I2J2W2|2222vV6*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-
#k610%^:&'()-)?
H,5222233$3z^>*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k6
10%^:&'()-)?
H,5$3%3&3L3[3\3]3z^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'
()-#k610%^:&'()-)?
H,5]3^3_33333z^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-)?
H,53333333z^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k61
0%^:&'()-)?
H,53334"4#4$4z^B*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#
k610%^:&'()-)?
H,5$4%4&434445464~bF*#k610#k610%^:&'()-#k610%^:&'()-#k610%^:&'()-#k610%^:&'
()-#k610%^:&'()-)? H,5647484:4A4E4I4yX7*#k610 &s<t#10%%:&'()-
&<l"10%%:&'()-( &<10%%:&'()- &<Y10%%:&'()-Z#k610%^:&'()-)?
H,5I4K4L4M4N4h4l4s4w4vU4#k61 &10%8:&'()- &P10%8:&'()- &@10%8:&'()- &
10%8:&'()-10%:010%:10%: & s<t#10%%:&'()-w4y444444_?vU4#k61
&610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-
&10%8:&'()-4444444fJvU4#k61
&610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+54444545L5vV6vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+5L5M5T5z5{555~^>vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+55555555~^BvU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+55555555bFvU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+55555566bFvU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+5666C6U6t66vV6vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+56666666zZ:vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+5666!7B7]7n7zZ:vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+5n7o7p77777zZ:vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+57777788~^>vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+58888'8,868~^>vU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+568788898:8Y8Z8bFvU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
+5Z8[8\8]8^8d8e8bFvU4#k61
610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-610%8:&'()-)?
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