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SENSING SYSTEM FOR DETECTING PRESENCE 
OF AN INK CONTAINER AND LEVEL OF INK 

THEREIN 

BACKGROUND AND MATERIAL 
DISCLOSURE STATEMENT 

[0001] The present invention relates to ink jet recording 
devices and, more particularly, to a system for detecting the 
presence of an ink supply container and also for detecting 
When the level of ink in the container is at or beloW a 
predetermined level. 

[0002] Ink jet recording devices eject ink onto a print 
medium such as paper in controlled patterns of closely 
spaced dots. To form color images, multiple groupings of ink 
jets are used, With each group being supplied With ink of a 
different color from an associated ink container. 

[0003] Thermal ink jet printing systems use thermal 
energy selectively produced by resistors located in capillary 
?lled ink channels near channel terminating noZZles or 
ori?ces to vaporiZe momentarily the ink and form bubbles 
on demand. Each temporary bubble expels an ink droplet 
and propels it toWard a recording medium. The printing 
system may be incorporated in either a carriage type printer 
or a pageWidth type printer. Acarriage type printer generally 
has a relatively small printhead containing the ink channels 
and noZZles. The printhead is usually sealingly attached to 
an ink supply container and the combined printhead and 
container form a cartridge assembly Which is reciprocated to 
print one sWath of information at a time on a stationarily 
held recording medium, such as paper. After the sWath is 
printed, the paper is stepped a distance equal to the height of 
the printed sWath, so that the next printed sWath Will be 
contiguous thereWith. The procedure is repeated until the 
entire page is printed. In contrast, the pageWidth printer has 
a stationary printhead having a length equal to or greater 
than the Width of the paper. The paper is continually moved 
past the pageWidth printhead in a direction normal to the 
printhead length at a constant speed during the printing 
process. Moving carriage type ink jet printers must either 
carry the ink container along With the printhead or provide 
a ?exible ink supply line betWeen the moving printhead and 
a stationary ink container. PageWidth printers have an ink 
supply container located outside the print Zone and directly 
connected to the printbar ink channels. 

[0004] For either a partial Width printhead on a moving 
carriage or for a pageWidth printbar, it is desirable to have 
a loW ink level Warning to alert a user to replace or re?ll the 
ink container so that the ink does not run out during a print 
job. Presently, for some applications (such as plotting), some 
users choose to install neW print containers prior to starting 
an extensive printing job because it is less costly to replace 
a questionable container rather than lose one or more colors 
in the output prints. It is also important to ensure that the ink 
supply container is in the proper location; e.g., ?uidly 
connected to the associated printhead. In some instances, an 
out of ink container may be removed but a replacement 
container neglected to be inserted. Printer operation With the 
container removed could potentially damage the associated 
printhead. 
[0005] Various prior art methods and devices are knoWn 
for detecting reduced levels of ink in an ink supply con 
tainer. US. Pat. No. 4,342,042 discloses an ink sensing 
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system Which includes output from an LED sensor re?ected 
from a ?exible membrane Which serves as the upper surface 
of an ink supply reservoir. The membrane contracts as the 
ink level is depleted, and the LED sensor detects the 
contraction and generates a loW ink level signal. 

[0006] US. Pat. No. 5,079,570 provides a method for 
detecting ink levels in an ink cartridge Where the ink is 
supplied from a foam reservoir. Abinary ?uidic indicator is 
?uidly coupled With the foam reservoir and is triggered 
When the ?uid level in the foam reaches a certain prescribed 
level. 

[0007] US. Pat. No. 5,289,211 discloses a loW ink detect 
ing system Which includes a pair of electrodes immersed in 
the ink impregnated foam reservoir. The electrodes are 
connected to a bridge circuit Which measures the electrical 
resistance of the ink betWeen the tWo electrodes. 

[0008] US. Pat. No. 5,414,452 uses a logic circuit Which 
counts the number of drops expelled and compares the 
instant number With the maximum number of drops equiva 
lent to a knoWn value of ink in the ink reservoir. 

[0009] US. Pat. No. 5,434,603 discloses a visual indicator 
system Where sideWalls of the reservoir retreat inWardly 
during ink depletion changing the orientation of indicator 
stripes and modifying the color visible to an observer 
through a WindoW. 

[0010] US. Pat. No. 5,386,224 places a level sensing 
probe into the ink supply and senses electrical conductivity 
changes of the ink. 

[0011] US. Pat. No. 5,136,305 discloses a loW ink detect 
ing system Wherein a thermistor is placed in the ink supply 
and periodically energiZed. The temperature rise of the ink 
is measured and compared With pre-established values to 
determine the ink depletion state of the reservoir. 

[0012] US. Pat. No. 4,639,738 discloses a detection sys 
tem Which incorporates detection ports in the cartridge for 
detecting pressure conditions in the top and bottom of the 
cartridge. The ports are coupled to a pressure differential 
sensor that signals a re?ll condition. 

[0013] Japanese publication 5-332812 describes a loW ink 
detection system Wherein the cartridge has a transparent 
optical path member installed in an opening of a surface of 
an ink storage tank. An LED emits a beam of light Which is 
guided into the ink tank and re?ected back to a sensor to 
provide an indication of loW ink levels. 

[0014] Some of the prior art references are relatively 
expensive relying on measurement and detection of ink 
conductivity or drop detecting circuitry. Further, none of the 
prior art references includes means for insuring that the ink 
tank is in proper position before beginning the ink level 
sensing operation. 

SUMMARY OF THE INVENTION 

[0015] It is, therefore, one object of the present invention 
to provide a detection system Which con?rms the proper 
installation of an ink container supplying ink to an associ 
ated printhead. 

[0016] It is another object to present a detection system for 
detecting a loW level of ink in the ink container and for 
providing a loW ink level Warning signal. 
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[0017] Another object of the invention is to provide an ink 
supply container Which is constructed so as to enable an 
inexpensive optical detection system Which performs both 
the ink container detection as Well as the loW ink level 
detection function. 

[0018] In the present invention, and in an exemplary 
embodiment, a thermal printer is disclosed Which includes a 
printhead for printing on a recording medium in response to 
image drive signals. Ink is supplied to the printhead from an 
ink container Which is ?uidly connected to the printhead. 
The printhead and container are mounted on a scanning 
carriage Which moves back and forth across a print Zone, the 
printhead ejecting ink droplets from noZZles to form an 
image on the recording medium. An optical system com 
prising tWo light sources and a light detector is ?xedly 
located along the path of travel of the carriage and posi 
tioned so that light from the light source is directed into the 
ink container as it is positioned opposite the optical system. 
The ink container has optical light directing elements 
formed in a transmissive Wall. Light from the light sources 
are directed into and onto the container through the trans 
parent Wall and, sequentially, onto the optical elements. In 
one embodiment, the light directing elements are re?ective 
prisms; re?ections of light from these elements, or lack 
thereof, is sensed by a common photosensor to provide 
signals representing the presence or absence of the container 
and the level of ink remaining in the container. 

[0019] More particularly, the present invention relates to a 
sensing system for detecting the presence of an ink container 
and the level of ink therein comprising: 

[0020] ?rst light directing means operatively con 
nected to said container, 

[0021] a ?rst light source having output beams 
directed toWard said light directing means When in a 
container detect mode, 

[0022] photosensor means for detecting the presence 
or absence of light directed from said light directing 
means and for generating an output signal indicative 
thereof, 

[0023] second light directing means operatively con 
nected to said container, 

[0024] a second light source having output beams 
directed toWard said second light directing means 
When in a loW ink level detect mode and 

[0025] photosensor means for detecting light directed 
from said second light directing means, the level of 
detected light and hence the level of the photosensor 
output being representative of the presence or 
absence of ink adjacent the interior surface of the 
second light directing means. 

[0026] Further, the present invention relates to a method 
for detecting the presence or absence of a cartridge mounted 
on a movable carriage and used in an ink jet printer and the 
level of ink in an ink container associated With said cartridge 
including the steps of: 

[0027] directing a beam of light into an optical sens 
ing station, 

[0028] moving said carriage into said optical sensing 
station so that a portion of said cartridge, if present, 
intercepts said light beam, 
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[0029] sensing the presence or absence of light redi 
rected back from said portion and 

[0030] generating a signal representative of the pres 
ence or absence of a cartridge. 

[0031] The invention also relates to a system for sensing 
the presence or absence of an ink cartridge in an ink 
recording device, said cartridge including a printhead and an 
ink container for supplying ink to said printhead, said system 
including: 

[0032] at least one printhead for printing each of a 
?rst color onto a recording medium, 

[0033] an associated ink supply container for provid 
ing ink of said ?rst color to said printhead, said 
container having at least a partially transparent sec 
tion of a Wall, said Wall having at least a re?ective 
member associated thereWith, 

[0034] means for moving said cartridge along a scan 
path, 

[0035] an optical sensing station located along said 
scan path and comprising a light source and a 
photosensor, 

[0036] means for moving said cartridge into said 
station so that, if said cartridge is physically present 
the re?ective member is opposite said light source 
output and 

[0037] means for energiZing said light source, said 
photosensor either sensing a light source output 
beam re?ected from said re?ective member thereby 
indicating the presence of a cartridge or sensing lack 
of an re?ected light indicating the absence of a 
cartridge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 illustrates a perspective vieW of an ink jet 
printer Which incorporates the ink container and loW ink 
level sensing system of the present invention. 

[0039] FIG. 2 is a cross-sectional vieW through the ink 
cartridge shoWn in FIG. 1. 

[0040] FIG. 3 is an algorithm Which is used to sequence 
the checks to determine presence or absence of a container 
as Well as level of ink Within the container. 

[0041] FIG. 4 is a block diagram of the control circuitry 
for controlling operation of the sensing system. 

[0042] FIG. 5A is a cross-section of a prism-shaped 
re?ective element Within the cartridge shoWing the prism 
container With a suf?cient level of ink. 

[0043] FIG. 5B is a cross-section of the prism of FIG. 5A 
shoWing the re?ection path in a loW ink environment. 

[0044] FIG. 6 is a plot of loW ink sensing output signals 
versus volume of ink depleted from a cartridge. 

[0045] FIG. 7 illustrates a perspective vieW of a full color 
ink jet printer Which incorporates the ink containers and loW 
ink level sensing system of the present invention. 

[0046] FIG. 8 is an algorithm for the FIG. 7 embodiment 
Which is used to sequence the presence or absence of a 
container and the loW ink sensing sequentially. 
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[0047] FIG. 9 is an alternate embodiment of a cartridge 
detection system incorporating a light pipe. 

[0048] FIG. 10 is an alternate embodiment of the optical 
assembly shoWn in FIGS. 1 and 2. 

DESCRIPTION OF THE INVENTION 

[0049] FIG. 1 illustrates a perspective vieW of a thermal 
ink jet printer 8 Which incorporates a preferred embodiment 
of the ink container and loW ink detection system of the 
present invention. Printer 8 is exemplary only. The invention 
can be practiced in other types of thermal ink jet printers as 
Well as other reproduction devices such as pieZoelectric 
printers, dot matrix printers and ink jet printers driven by 
signals from a document Raster Input Scanner. Printer 8 
includes an ink jet printhead cartridge 10 mounted on a 
carriage 12 supported by carriage rails 14. The carriage rails 
are supported by a frame 15 of the ink jet printer 8. The 
printhead cartridge 10 includes a container 16 shoWn in 
detail in FIG. 2, containing ink for supply to a thermal ink 
jet printhead 18 Which selectively expels droplets of ink 
under control of electrical signals received from a controller 
50 (FIG. 4) of the printer 8 through an electrical cable 20. 
Container 16 comprises a housing 17 having a Wall 17A 
seating re?ective elements 21 and 22, shoWn in further detail 
in FIG. 2. Container 16 is ?uidly, but detachably connected, 
to printhead 18 and can be replaced When the ink is depleted 
therefrom. Alternatively, the entire cartridge can be replaced 
upon each depletion depending upon the particular system 
requirements. The printhead 18 contains a plurality of ink 
channels Which carry ink from the container 16 to respective 
ink ejecting ori?ces or noZZles. When printing, the carriage 
12 reciprocates back and forth along the carriage rails 14 in 
the direction of the arroW 23, the entire Width traverse 
constitutes a scanning path. The actual printing Zone is 
contained Within the scanning path. As the printhead car 
tridge 10 reciprocates back and forth along a print path and 
past a recording medium 24, such as a sheet of paper or a 
transparency, droplets of ink are expelled from selected ones 
of the printhead noZZles toWards the sheet of paper. Typi 
cally, during each pass of the carriage 12 the recording 
medium 24 is held stationary. At the end of each pass, the 
recording medium 24 is stepped in the direction of the arroW 
26. For a more detailed explanation of the operation of 
printer 8, reference is hereby made to Us. Pat. No. 4,571, 
599 and Us. Pat. No. Reissue 32,572, Which are incorpo 
rated herein by reference. 

[0050] Also shoWn in FIG. 1 is an optical sensing assem 
bly 30. Referring to FIGS. 1 and 2, assembly 30 includes a 
housing 31 Within Which are mounted a ?rst light source 34, 
a second light source 36 and a photosensor 38 located 
betWeen the tWo light sources and commonly used thereWith 
as Will be seen. The light sources are electrically connected 
to a poWer source While the photosensor 38 output is 
electrically connected into the system controller circuits as 
Will be seen. Container 16, in a preferred embodiment, is 
designed as a tWo compartment unit. Assembly 30 is 
mounted in the carriage path so that, as container housing 
Wall 17A moves into a position opposite the assembly 30, 
the light from light source 34 is directed toWard light 
directing element 21, and light from light source 36 is 
directed toWard light directing element 22 Photosensor 38 is 
positioned to detect light directed from either element 21 or 
element 22 in the manner described in further detail beloW. 
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[0051] FIG. 2 includes a cross-sectional vieW of the 
printhead cartridge 10 along the line 2-2 of FIG. 1 and 
shoWs the housing 17 and the printhead 18 attached to the 
container. The printhead 18 is ?uidly but detachably con 
nected to the container 16. The housing 17 is made of a 
lightWeight but durable plastic, Which in a preferred embodi 
ment, is polypropylene. Housing 17 has an air inlet 32 and 
an ink outlet 34 formed Within Wall 17B. The air inlet 32 
provides for the transfer of air betWeen the interior of 
housing 17 and the ambient. Ink outlet 34 provides for ?uid 
transfer of ink contained in the ink container 16 from the 
interior of the housing 17 to the ink jet printhead 18. 
Manifold 37 directs ?ltered ink from the ink outlet 34 into 
printhead 18 and to the ink ejecting ori?ces for ejecting ink 
onto the recording medium 24. 

[0052] Housing 17 de?nes an interior space partitioned 
into a ?rst chamber 40 and a second chamber 42 by a 
dividing member 44. The dividing member 44 extends from 
one side Wall of the housing 17 to an opposite side Wall of 
the housing and essentially divides the housing into the ?rst 
chamber 40 and the second chamber 42 such that the second 
chamber 42 is larger than the ?rst chamber 40. 

[0053] The ?rst chamber 40 contains an ink retaining 
member 46 typically made of a foam material to hold liquid 
ink. Liquid ink 48, stored in the second chamber 42, is 
transferred from the second chamber 42, Which is substan 
tially free of ink retaining material, to the ink retaining 
material 46 through an ink inlet 41 de?ned by the dividing 
member 44. A?ll port 49 alloWs for ?lling the cartridge With 
ink. 

[0054] The ink 48 passes into the ink retaining material 46 
through the ink inlet 41 and ink is released through ink outlet 
34 as necessary to supply the printhead 18 With ink for 
printing. To maintain a proper amount of ink in the ink 
retaining material 46 for supply to the printhead 18, the 
housing 17 includes a mechanism for transferring ink from 
the second chamber 42 to the ?rst chamber 40 by maintain 
ing a proper amount of air pressure above the liquid ink 48 
for ?lling the material 46 With ink When necessary. This 
mechanism includes a directing member 60, Which de?nes, 
With the dividing member 44, an air transfer passageWay 62 
having a vent inlet 64 coupled to a vent outlet 66 for 
pressuriZing the second chamber 42 to a static (no ?oW) 
condition. The directing member 60 does not extend from 
one sideWall to an opposite sideWall as does the dividing 
member 44, but instead forms a vent tube. 

[0055] The construction of the container 16 compartments 
as described to this point is exemplary. There are other 
knoWn Ways of constructing an ink supply container With 
dividing sections While maintaining an appropriate back 
pressure to the printhead noZZle. See for example, the 
container described in Us. Pat. No. 5,138,332 and in 
co-pending application Ser. No. (D/94372), both of 
Which are incorporated by reference. For purposes of the 
present invention, it is understood that the container is 
constructed so that, during operation, ink moves from cham 
ber 42 to chamber 40 through the passageWay betWeen the 
tWo compartments under pressure conditions established by 
techniques Well knoWn to those skilled in the art. Of interest 
to the present invention is the modi?cation made to the ink 
container 16 by introducing the prism member 21 and roof 
mirror 22 to the Wall 17A de?ning the rear of chamber 42. 



US 2001/0035887 A1 

[0056] Referring particularly to FIG. 2, in a preferred 
embodiment, light directing element 21 is a re?ector inte 
grally formed in the bottom half of Wall 17A and made of the 
same light transmissive material as the Wall; e.g. polypro 
pylene, in a preferred embodiment. Polypropylene, or other 
hydrophilic materials are preferred. The prism is constructed 
With facet surfaces 21A, 21B extending into the interior of 
compartment 48 and angled toWard each other at an approxi 
mately 82° angle. The prism has a truncated pyramidal shape 
With surfaces 21A, 21B connected by facet surface 21C. The 
prism may be constructed of multiple narroW facet sections 
to avoid sink commonly encountered When injection mold 
ing large sections and also to provide enhanced light pipings. 

[0057] Light directing element 22 is also formed as part of 
Wall 17A. In the preferred embodiment, element 22 is a 
prism having tWo facet surfaces 22A, 22B extending into the 
interior of compartment 48 and angled toWards each other 
and connected by surface 22C. Element 22 is formed into a 
roof mirror by placing re?ective ?lms, foils or tapes 22D, 
22E on surfaces 22A, 22B, respectively. 

[0058] It Will be appreciated from the above that only a 
portion of Wall 17A need be transmissive; e.g., the portion 
accommodating re?ective element 21. Further, While the 
preferred embodiment has the re?ective elements con 
structed integrally With the housing Wall, the elements could 
be separately positioned adjacent the interior surface of Wall 
17A. 

Operation of Sensing System 

[0059] The sensing system of the present invention, Which 
is considered to comprise the combination of re?ective 
elements 21, 22 and the optical assembly 30, is designed to 
be enabled to perform an ink container presence and a loW 
ink level check folloWing a speci?c events such as the start 
of a print job or after the printing of a certain amount of 
prints. To perform the checks, the printer folloWs an algo 
rithm that requires the ink container to be positioned adja 
cent assembly 30 and then sequenced through a series of 
detection steps. FIG. 3 is one embodiment of an algorithm 
that can be used. FIG. 4 shoWs control circuitry for imple 
menting the ink container and ink level sensing system. A 
main controller 50 conventionally includes a CPU, a ROM 
for storing complete programs and a RAM. Controller 50 
controls the movement of carriage 12 as Well as other printer 
functions described beloW. 

[0060] When a line recording operation is performed, each 
resistor associated With a jet in printhead 18 is driven 
selectively in accordance With image data from a personal 
computer P/C 52 or other data source sent into controller 50. 
Controller 50 sends drive signals to the printhead heater 
resistors causing ink droplets to be ejected from the jets 
associated With the heated resistor thus forming a line of 
recording on the surface of the recording medium 24. With 
continued operation of the printhead, ink contained in cham 
ber 42 of container 16 gradually becomes depleted until a 
level is reached Which has been predetermined to constitute 
a loW ink level. 

[0061] For purposes of description, the sensing system 
Will be considered as being activated, ?rst at the beginning 
of a print job, and at a later time folloWing a preset period 
of printer operation. 
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Operation at Start of Print Job 

[0062] Referring to FIGS. 1-4, image signals from the P/C 
52 to controller 50 initiate a start print sequence. Carriage 12 
is moved to sensing station 41 so as to position housing Wall 
17A of container 16 adjacent and facing the optical assembly 
30. Under control of controller 50, a poWer source 56 ?rst 
energiZes light source 36. Source 36, in a preferred embodi 
ment, is an LED With a peak Wavelength in the range of 880 
to 940 nm. Abeam of light is directed toWards housing Wall 
17A and, if a container is present, light is re?ected from 
re?ective surfaces 22D, 22E of roof mirror 22 and redirected 
so as to impinge on photosensor 38. The tWo re?ections 
alloW the beam to be stepped vertically doWnWard to avoid 
a higher than acceptable angle of incidence at the detector. 
The output signal from photosensor 38 is sent to logic 
circuitry Within controller 50 Which determines that the 
signal is Within a preset range. The controller then sequences 
to poWer the second light source 34. 

[0063] If a container 16 is not present, the light output of 
source 36 Will not be re?ected back to photosensor 38. The 
lack of output from the photosensor Will be recogniZed in the 
computer as a “container missing” status. The printer Will be 
disabled, and a Warning display Will be activated at P/C 
Display 55 informing the user that a) printing of the color 
associated With the missing tank Will be prevented and b) the 
correct container should be installed to prevent potential 
damage to the printhead. 

[0064] In a preferred embodiment, light source 34 is also 
an LED With characteristics similar to source 36. Source 34 
emits a beam of light Which is transmitted through Wall 17A 
and is incident on facet 21A of prism 21. FIG. 5A is a cross 
section of prism 21 and a schematic reproduction of the 
assembly 30 shoWing the path of the light beam When the 
prism is still immersed in ink and, hence, the level of ink 
exceeds a preset loW level. 

[0065] The loW ink detection is enabled by application of 
the principle of total internal re?ection. Total internal re?ec 
tion occurs When a ray, passing from a higher to a loWer 
index of refraction (from N to N‘), has an angle of incidence 
Whose sine equals or exceeds N‘/N. The critical angle Ic is 
expressed by the equation: 

Ic=arc sin N’/N (1) 

[0066] As shoWn in FIG. 5A, the output beam of LED 34 
passes through Wall 17A Which, being polypropylene and 
With an index of refraction of approximately 1.492, is almost 
completely transparent to the light, alloWing approximately 
96% of the light incident thereon to pass through and be 
incident on facet surface 21A at an angle of incidence of 
about 45°. Since the back side of surface 21A is immersed 
in ink With an index of refraction of about 1.33, and the 
critical angle is not reached, approximately 99% of the 
incident light Will be transmitted into the ink and at an angle 
of refraction of about 51.4° and only approximately <1% 
Will be re?ected to facet 21B. Since the interior facing side 
of facet 21B is also immersed in ink, >99% of the 1% Will 
also be transmitted into the ink. Only a very small amount 
(approximately 0.01%) of the original incident energy Will 
be re?ected toWards the photosensor 38. The output signal 
from the photosensor at controller 50 Will register a loW light 
level falling outside a loW ink level preset range set in 
controller memory. The controller Will compare this signal 
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to a previous status signal to determine Whether a container, 
previously identi?ed as being in a loW ink situation, has been 
replaced or re?lled. Astatus log is then set, or reset, to a “not 
empty” level, and the printhead drive circuit 61 in controller 
50 is enabled to send drive signals to the printhead to initiate 
a print sequence. The loW ink level threshold for this 
embodiment has been set at 20% of the container 16 ?ll 
level. 

[0067] To summarize the operation of the sensing system 
thus far, the presence of an ink container is con?rmed. 
Further, it has been con?rmed that the ink Within the 
container is above preset levels, and therefore, a print job 
can be started. The ink level sensing system operation Will 
noW be described at a second time set to occur folloWing 
some predetermined operational time. 

Operation During Printing Job 

[0068] As printer 8 begins to print a print job correspond 
ing to image input signals from P/C 52, ink is draWn from 
the foam in compartment 40 (FIG. 2) thereby reducing the 
saturation of the foam. A ?oW path is created that alloWs ink 
from compartment 42 to replenish the foam. Thus, the level 
of ink in compartment 42 gradually falls during usage of the 
printer. A loW ink check can be initiated at the end of each 
print job or after some predetermined number of pixels, e.g., 
7><106 pixels printed for any one color since the last check 
For purposes of illustration, it Will be assumed that a print 
job has been concluded draWing doWn the ink level in 
compartment 42 to a point beloW a predetermined trip point 
level represented by dotted line 80. A loW ink level sensing 
procedure is initiated at this point. 

[0069] Continued printing is interrupted and, as previously 
described, carriage 12 is moved to a position so that the 
housing Wall 17A and prism 21 is opposite the sensing 
assembly 30. The controller again sequences through ener 
giZation of light sources 34, 36 (the container detection may 
be omitted). FIG. 5B shoWs the effect of the loW ink level 
on the light beam. Light from source 34 passes through Wall 
17A and is incident on facet 21A at about 45°. Since the ink 
level has dropped beloW the 20% ?ll level, ink is no longer 
in contact With the back surface of facet 21A Which is noW 
exposed to air With an index of refraction of 1.0. The critical 
angle of 429° is exceeded by the incident light on the facet; 
therefore, none of the incident light is transmitted through 
the surface. The rays are totally re?ected back into the 
denser media resulting in total internal re?ection (TIR) of 
the beam. All of the incident energy is re?ected toWards 
facet 21B. Since the back of that facet is also exposed in air, 
all of the energy is noW directed back toWards photosensor 
38. About 92% of the incident energy (minus any absorp 
tion) is returned to impinge on photosensor 38. The output 
signal from the photosensor is recogniZed by controller logic 
as being Within a preset loW ink level range. The controller 
performs a status check to see if the change from a previous 
station status is from “not empty” to “empty”. Since this is 
the case for the instant example, the status log memory in 
controller 50 is set to “empty” status and a loW ink level 
signal is generated and displayed at P/C display 55. The loW 
ink signal can be used, depending on the system require 
ments, to merely display a loW ink level to an operator, to 
halt print operation until a cartridge re?ll or replacement is 
performed or, in the preferred embodiment, to alloW opera 
tion to continue but With a modi?ed “loW ink” status. As 
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shoWn in FIGS. 3 and 4, the controller sends a signal to P/C 
52 Which displays an appropriate Warning de?ning the ink 
container that has just been checked is loW on ink. Each ink 
container contains a remaining quantity of ink Which can be 
correlated into a number of pixels (or drops) remaining. This 
number may be different for each ink color. The loW ink 
signal generated in the controller logic enables counter 60 to 
begin counting the number of pixels (drops) ejected from the 
printhead jets and the draWing doWn of ink Within the ink 
tank. When the pre-established number of pixels have been 
counted, the ink tank is de?ned as out of ink, and printing is 
automatically disabled. The termination occurs before the 
tank is completely exhausted (level of about 2-5%) in order 
to insure that the printhead and its ink channel lines are not 
emptied, a condition Which Would jeopardiZe the reliability 
of the printhead. During the time betWeen the ?rst detection 
of loW ink and declaration of out of ink, increasingly urgent 
messages may be displayed at the P/C display. It is under 
stood that the pixel value of the remaining ink is dependent 
upon the frequency of the loW ink checks. 

[0070] The above scenario posited a condition Wherein 
prism 21 Was either completely immersed in ink or com 
pletely free of ink. In betWeen these tWo cases is a transition 
represented by a monotonically increasing light level to the 
signal from LED 34 as the ink level gradually exposes more 
and more of facet 21A to air. FIG. 6 shoWs a plot of ink, in 
milliliters (ml), delivered to the printhead against sensor 
output in volts. For the ?rst 70% of ink delivered, the sensor 
current is loW, and the voltage output across a comparison 
circuit in controller 50 is high. BetWeen 70 and 75% 
depletion, a rapid transition occurs as the LED 34 output 
beam begins to be totally internally re?ected from facets 
21A and 21B of prism 21 thus increasing the output current 
from sensor 38 and causing a rapid voltage drop in the 
circuit. 

[0071] The invention may be used in other types of ink jet 
printing systems including full color printers. FIG. 7 shoWs 
a full color scanning type of printer. Referring to FIG. 7, a 
thermal ink jet printer 70 is shoWn. Several ink supply 
cartridges 72, 73, 74, 75, each With an integrally attached 
thermal printhead 76 to 79, are mounted on a translatable 
carriage 77. During the printing mode, the carriage 77 
reciprocates back and forth on guide rails 78 in the direction 
of arroW 81. Arecording medium 80, such as, for example, 
paper, is held stationary While the carriage is moving in one 
direction and, prior to the carriage moving in a reverse 
direction, the recording medium is stepped a distance equal 
to the height of the stripe of data printed on the recording 
medium by the thermal printheads. Each printhead has a 
linear array of noZZles Which are aligned in a direction 
perpendicular to the reciprocating direction of the carriage. 
The thermal printheads propel the ink droplets 82 toWard the 
recording medium Whenever droplets are required, during 
the traverse of the carriage, to print information. The signal 
carrying ribbon cables attached to terminals of the print 
heads have been omitted for clarity. The printer 70 can print 
in multiple colors, Wherein each cartridge 72 to 75 contains 
a different color ink supply. For a representative color printer 
and additional control details, see for example, US. Pat. No. 
4,833,491, the disclosure of Which is incorporated herein by 
reference. 

[0072] According to the invention, each of the ink con 
tainers forming part of cartridges 72-75 are of the same 
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construction as the cartridge shown in FIG. 2, and for the 
purposes of the invention, each cartridge has an ink con 
tainer having tWo prism re?ectors formed in the Wall facing 
outward. One re?ector is associated With cartridge presence 
detection and the other With loW ink detection. Cartridge 72 
is shoWn having an ink container 80 With re?ective members 
82, 84. Cartridges 73-75 have similar containers and re?ec 
tive members not speci?cally called out for ease of descrip 
tion. As in the single cartridge embodiment, a sensing 
assembly 90 includes a housing 92 Within Which are 
mounted a ?rst light source 94 and a second light source 96 
and a photosensor 98 located betWeen the tWo light sources. 

[0073] In operation and referring to FIGS. 4, 7 and 8, 
image signals from P/C 52 to controller 50 initiate a start 
print sequence. Carriage 77 is moved so as to position the 
cartridge 72 With ?rst ink container 80 opposite the sensing 
assembly 90. Under control of controller 50, poWer source 
54 is caused to sequentially energiZe light sources 94, 96 
While measuring the output of photosensor 98. The sequenc 
ing and detection operation for cartridge 72 is the same as 
that previously described for cartridge 10. Source 96 is ?rst 
energiZed to check that the cartridge is present (re?ections 
from roof mirror 84 to the photosensor is Within range), 
source 94 is turned on, and the ink level in the container 
system is determined after making comparisons With the 
previous status. (Re?ections from prism 82 front surface are 
sensed by photosensor 98). Once cartridge 72 is serviced, 
carriage 77 is moved to position the next cartridge 73 in 
position to be sensed. The preceding process is enabled for 
each cartridge until all cartridges have been con?rmed as 
being in place and all ink levels in the assembly ink 
containers are either Within the acceptable levels or appro 
priate loW ink level Warnings have been displayed at the P/C. 

[0074] While the embodiment disclosed herein is pre 
ferred, it Will be appreciated from this teaching that various 
alternative modi?cations, variations or improvements 
therein may be made by those skilled in the art. For example, 
the detection of the presence or absence of the ink container 
can be accomplished by using other light directing elements. 
One example is a light pipe shoWn in FIG. 9. FIG. 9 shoWs 
a portion of a container 16‘ With an optical element 22‘ 
positioned on the outside of the housing Wall 17A‘. Element 
22‘ is a light pipe curved so as to redirect light entering end 
22‘A and exiting end 22‘B onto photosensor 38‘. Optical 
element 22‘ may alternately be an optical ?ber. With either 
embodiment, the same function is performed as re?ective 
element 22 in FIG. 2. If the container is present, a high 
current is generated in photosensor 38‘. 

[0075] The light transmission embodiments may be pre 
ferred for some systems since the re?ective foil or tape used 
to form the roof mirror 22 for the FIG. 2 embodiment may 
not adhere Well to the prism facet surfaces. 

[0076] And While the optical assembly 30 of the FIG. 1 
embodiment is believed optimum, other arrangements of the 
light sources and photosensors of the assembly are possible 
consistent With the invention. One example is shoWn in FIG. 
10 Which uses one light source and tWo photosensors. As 
shoWn, an optical assembly 100 Which includes a ?rst and 
second photosensor 102, 104 and Whose output is read by 
the controller. An LED light source 106 is connected to a 
poWer source. The operation for detecting the container is 
the same as the preceding description. The light level Will be 
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sensed at photosensor 104 With an appropriate signal sent to 
the controller. Correspondingly, the loW ink reading is made 
at sensor 102. In this embodiment, the LED may be either 
operated continuously or intermittently (pulsed). 

[0077] Another less ef?cient arrangement is possible (not 
shoWn) Where a light source and sensor are associated With 
each re?ective element 21, 22 in FIGS. 1 and 2. 

[0078] As another example, While the FIG. 1 and FIG. 7 
embodiments shoW the ink container mounted on a scanning 
carriage Which is periodically moved to a detection station, 
the ink containers may be positioned in a ?xed location and 
connected to the scanning printhead via a ?exible ink supply 
line. For the FIG. 1 embodiment, container 16 Would be 
?xed in position opposite optical assembly 30 and connected 
to printhead 18 via a ?exible tube. For the FIG. 7 embodi 
ment, four optical assemblies Would be located outside the 
print Zone opposite from an associated ink container, each of 
the ink containers connected to the respective printhead 
cartridge via ?exible ink couplings. For the case of a full 
Width array printhead of the type disclosed, for example, in 
US. Pat. No. 5,221,397, a remote ink container is connected 
to an ink manifold Which connects ink With the plurality of 
input modules Which are butted together to form the full 
Width array. One or more optical assemblies Would be 
located opposite the modi?ed ink container. 

What is claimed is: 
1. A sensing system for detecting the presence of an ink 

container and the level of ink therein comprising: 

?rst light directing means operatively connected to said 
container, 

a ?rst light source having output beams directed toWard 
said light directing means When in a container detect 
mode, 

photosensor means for detecting the presence or absence 
of light directed from said light directing means and for 
generating an output signal indicative thereof, 

second light directing means operatively connected to 
said container, 

a second light source having output beams directed 
toWard said second light directing means When in a loW 
ink level detect mode and 

photosensor means for detecting light directed from said 
second light directing means, the level of detected light 
and hence the level of the photosensor output being 
representative of the presence or absence of ink adja 
cent the interior surface of the second light directing 
means. 

2. The sensing system of claim 1 Wherein said ?rst light 
directing means is a roof mirror. 

3. The sensing system of claim 1 Wherein said second 
light directing means is a prism With a plurality of facets. 

4. The sensing system of claim 3 Wherein said prism is 
constructed of a plurality of multiple narroW facet sections. 

5. The sensing system of claim 1 Wherein said photosen 
sor means commonly and sequentially detects light re?ected 
from both said ?rst and second light directing means. 

6. The sensing system of claim 1 Wherein said ?rst and 
second light directing means are formed integrally in a 
container Wall. 
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7. The system of claim 3 wherein the container is ?lled 
With ink to a depth at least covering said prism causing the 
light incident on the prism facets to be almost Wholly 
transmitted into the ink resulting in a loW amount of light 
being re?ected to said photosensor, said photosensor gen 
erating a signal indicative of an ink level higher than a 
predetermined loW level. 

8. The system of claim 3 Wherein light is totally internally 
re?ected along the prism facets When the ink level falls 
beloW the prism resulting in an increased amount of light 
being re?ected into said photosensor, said photosensor gen 
erating a loW ink level signal. 

9. The system of claim 1 Wherein said ?rst light directing 
means is a light pipe. 

10. A sensing system for detecting the presence of an ink 
container comprising: 

light directing means operatively connected to said con 
tainer, 

a light source having output beams directed toWard said 
light directing means When in a container detect mode 
and 

photosensor means for detecting the presence or absence 
of light from said light directing means and for gener 
ating an output signal indicative thereof. 

11. The sensing system of claim 10 Wherein the light 
directing means is a re?ective member. 

12. The sensing system of claim 10 Wherein the light 
directing means is a light pipe. 

13. The sensing system of claim 10 Wherein the support 
for the light directing means is formed integrally in a Wall of 
said container. 

14. The sensing system of claim 13 Wherein the container 
has a Wall With at least a portion of said Wall being 
transparent and Wherein said re?ective member is located in 
the interior of said container Whereby said light beams from 
said light source are directed onto the re?ective member 
through said transmissive portion of said container Wall. 

15. The system of claim 11 Wherein the re?ective member 
is a roof mirror. 

16. A system for sensing the presence or absence of an ink 
cartridge in an ink recording device, said cartridge including 
a printhead and an ink container for supplying ink to said 
printhead, said system including: 

at least one printhead for printing each of a ?rst color onto 
a recording medium, 

an associated ink supply container for providing ink of 
said ?rst color to said printhead, said container having 
at least a partially transparent section of a Wall, said 
Wall having at least a re?ective member associated 

thereWith, 

means for moving said cartridge along a scan path, 

an optical sensing station located along said scan path and 
comprising a light source and a photosensor, 

means for moving said cartridge into said station so that, 
if said cartridge is physically present the re?ective 
member is opposite said light source output and 

means for energiZing said light source, said photosensor 
either sensing a light source output beam re?ected from 
said re?ective member thereby indicating the presence 
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of a cartridge or sensing lack of an re?ected light 
indicating the absence of a cartridge. 

17. The system of claim 16 further including an optical 
means mounted beneath said re?ective means, said cartridge 
detection station further comprising a second light source 
aligned so as to direct a beam of light against said optical 
means, said light source energiZing means sequentially 
energiZing said light source With said photosensor generat 
ing signals representing the presence or absence of a car 
tridge folloWed sequentially by a ink level signal, the optical 
means, When covered With ink, providing a high ink level 
signal, and When exposed to air, providing a loW ink level 
signal. 

18. A method for detecting the presence or absence of a 
cartridge mounted on a movable carriage and used in an ink 
jet printer including the steps of: 

directing a beam of light into an optical sensing station, 

moving said carriage into said optical sensing station so 
that a portion of said cartridge, if present, intercepts 
said light beam, 

sensing the presence or absence of light redirected back 
from said portion and 

generating a signal representative of the presence or 
absence of a cartridge. 

19. The method of claim 18 Wherein said directed light is 
redirected from a re?ective portion of the cartridge. 

20. The method of claim 18 Wherein said directed light is 
transmitted back from a transmissive portion of said car 
tridge. 

21. An ink supply container comprising: 

a housing de?ning an interior space and having an air 
outlet located at a ?rst position and an ink outlet located 
at a second position, at least one Wall of said container 
at least partially constructed of a light transmissive 
material and 

a re?ector integrally formed Within said transparent Wall 
and having at least tWo re?ective facet surfaces eXtend 
ing aWay from said Wall and into the interior of the 
housing and angled toWard each other. 

22. The ink cartridge of claim 21 further including a 
second re?ector integrally formed Within said Wall and 
having at least tWo light transmissive facet surfaces eXtend 
ing aWay from said Wall and into the interior of the housing, 
said transmissive surfaces angled toWard each other. 

23. A cartridge detecting device for detecting the presence 
of an ink cartridge in an ink printer comprising: 

an ink container having a re?ective element installed in 
one Wall of the container, 

a light-emitting source for emitting light along a path 
intercepted by said re?ective element and 

a sensor for detecting the presence of light re?ected from 
said re?ective element and for generating an output 
signal representative of said detection. 

24. A sensing system for detecting the presence of an ink 
container and the level of ink therein comprising: 

?rst light directing means operatively connected to said 
container, 
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a light source having output beams directed toward said 
?rst light directing means When in a container detect 
mode, 

?rst photosensor means for detecting the presence or 
absence of light directed from said light directing 
means and for generating an output signal indicative 
thereof, 

second light directing means operatively connected to 
said container, 

said light source having output beams directed toWard 
said second light directing means When in a loW ink 
level detect mode and 

second photosensor means for detecting light directed 
from said second light directing means, the level of 
detected light and hence the level of the photosensor 
output being representative of the presence or absence 
of ink adjacent the interior surface of the second light 
directing means. 

25. An ink detecting system for monitoring the level of 
ink in an ink container from Which ink is gradually With 
draWn, comprising: 

a multi-faceted prism positioned in the container so as to 
be initially covered by the ink contained therein but to 
be gradually uncovered as the ink is WithdraWn from 
the container, 
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a light source having output beams directed toWard said 
prism and incident on said facets, the light almost 
Wholly transmitted into the ink When said prism is 
covered by said ink and totally internally re?ected 
along the prism facets When the prism is uncovered, 

a photosensor positioned so as to detect light re?ected 
from said prism, said photosensor generating a loW ink 
level output signal When detecting said totally inter 
nally re?ected light, 

means for monitoring the quantity of ink being WithdraWn 
folloWing generation of said loW ink level detection 
signal and 

means for de?ning an out of ink status for the container. 

26. The system of claim 25 Wherein said ink container 
supplies ink to a printhead of an ink recording device and 
Wherein said ink monitoring means include counter means 
for counting the number of drops ejected from the printhead 
and for generating an output indicative thereof and 

logic means for monitoring the output of the counter 
means and for disabling the recording device When a 
pre-established number of drops have been counted by 
said counter means. 


