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UNITED STATES DISTRICT COURT

NORTHERN DISTRICT OF CALIFORNIA

HEWLETT-PACKARD COMPANY,

Plaintiff,

v.

NINESTAR IMAGE TECH LIMITED, 
NINESTAR TECHNOLOGY CO., LTD., and 
APEX MICROELECTRONICS CO., LTD.,

Defendants.

Case No. 

COMPLAINT FOR PATENT 
INFRINGEMENT 

DEMAND FOR JURY TRIAL
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Plaintiff Hewlett-Packard Company (“HP”) brings this Complaint for patent infringement 

and avers as follows:

PARTIES

1. Plaintiff HP is a Delaware corporation with its principal place of business at 3000 

Hanover Street, Palo Alto, California 94304.

2. HP was founded in 1939 in a Palo Alto garage by college friends William Hewlett 

and David Packard.  Today, HP is among the largest and most innovative technology companies 

in the world.  HP now employs more than 320,000 people to serve customers in more than 170 

countries.  In the last decade, HP has invested more than 20 billion dollars in research and 

development.  The U.S. Patent and Trademark Office has awarded HP thousands of patents for its 

innovations.

3. Defendant Ninestar Image Tech Limited (“Ninestar China”) is a company 

organized and existing under the laws of China, with its principal place of business at No. 3883, 

Zhuhai Avenue, Xiangzhou District, Zhuhai Guangdong, P.R. China 519060.  

4. Ninestar China is engaged in the business of manufacturing, selling, offering for 

sale, and importing into the U.S. printer consumables, including ink cartridges for inkjet printers.

5. Defendant Ninestar Technology Co., Ltd. (“Ninestar USA”) is a subsidiary of 

Ninestar China.  Ninestar USA is a New Jersey corporation, with a principal place of business at 

17950 East Ajax Circle, City of Industry, California 91748.  

6. Ninestar USA is engaged in the business of manufacturing, selling, offering for 

sale, and importing into the U.S. printer consumables, including ink cartridges for inkjet printers.

7. Defendant Apex Microelectronics Co., Ltd. (“Apex”) is a company organized and 

existing under the laws of China, with a principal place of business at No.63 North Mingzhu 

Road, Xiangzhou District, Zhuhai, Guangdong Province, P.R. China 519075.  

8. Defendant Apex is engaged in the business of, among other things, manufacturing 

and selling electronic components for ink cartridges for inkjet printers.   
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9. Defendant Apex sells its products into the United States through its U.S. divisions, 

including Apex U.S. West, also known as “Nano Pacific Corporation,” which has a principal 

place of business at 191 Beacon Street, South San Francisco, CA 94080.

JURISDICTION

10. This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 1338(a).  

11. This Court has personal jurisdiction over Defendant Ninestar China at least 

because, both directly and through its subsidiary Ninestar USA, it regularly engages in, solicits, 

and transacts business in the state of California, including by placing printer ink cartridges into 

the stream of commerce with the knowledge and intent that they will reach customers in 

California.  Accordingly, Defendant Ninestar China knows that its actions will have 

consequences within the state of California.  On information and belief, Defendant Ninestar 

China derives significant revenue from the sale and import of printer ink cartridges in California.

12. This Court has personal jurisdiction over Defendant Ninestar USA at least because 

it has its principal place of business in California.  Further, Defendant Ninestar USA regularly 

engages in, solicits, and transacts business in the state of California, including by selling printer 

ink cartridges to customers in California.  Accordingly, Defendant Ninestar USA knows that its 

actions will have consequences within California.  On information and belief, Defendant Ninestar 

USA derives significant revenue from the sale of printer ink cartridges in California.

13. This Court has personal jurisdiction over Defendant Apex at least because, directly 

and through its U.S. divisions, it regularly engages in, solicits, and transacts business in the state 

of California, such as by placing electronic components for printer ink cartridges into the stream 

of commerce with the knowledge and intent that the ink cartridges containing its electronic 

components will reach customers in California.  Accordingly, Defendant Apex knows that its 

actions will have consequences in California.  On information and belief, Defendant Apex derives 

significant revenue from the sale of printer ink cartridges in California.

VENUE

14. Venue is proper in this Court under 28 U.S.C. §§ 1391(b) and (c) and 1400(b) 

because all Defendants, directly and through their subsidiaries, agents, and/or divisions, transact 
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business in this district, have committed acts of patent infringement in this district, and are subject 

to personal jurisdiction in this district.  In addition, venue is proper because HP’s principal place 

of business is in this district and HP has suffered harm in this district.

INTRADISTRICT ASSIGNMENT

15. This is an intellectual property action that is subject to district-wide assignment 

pursuant to Local Rule 3-2(c).

FACTUAL BACKGROUND

HP’s Inkjet Printer and Cartridge Business

16. HP, one of the world’s leading technology companies, is in the business of 

manufacturing and selling products that span the areas of printing, personal computing, software 

services, and IT infrastructure.  No other company offers as complete a technology product 

portfolio as HP.  

17. HP focuses on simplifying technology experiences for its customers, who range 

from individual consumers to the world’s largest businesses.  

18. The HP Imaging and Printing Group, one of HP’s core business groups, is the 

recognized industry leader of the digital transformation of printing.  

19. HP introduced the world’s first consumer thermal inkjet printers in 1984.

20. Since then, HP has sold millions of inkjet printers and billions of printer cartridges 

in the United States and throughout the world.  

21. Taken together, inkjet printers and ink cartridges that are used in the inkjet printers 

make up an inkjet “printing system.” 

22. HP’s inkjet printing systems are popular because of their high print quality and 

quiet and fast operation, among other benefits.

23. Today, HP ships more than 1 million printers per week worldwide, and the 

International Data Corporation ranks HP as number one in inkjet and laser printer hardware 

market share.
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Defendants’ Copycat Cartridge Business Activities

24. Among other activities, Defendants are in the business of manufacturing, selling, 

and/or importing copycat ink cartridges, or the electronic components contained in such 

cartridges, for use in HP inkjet printers.

25. In general, an ink cartridge for use in an HP inkjet printer contains an electronic 

storage device.

26. Defendant Apex manufacturers electronic storage devices for use in ink cartridges 

for HP printers that use 564, 920, 932/933, 950/951, and/or 970 series ink cartridges and/or 

substantially similar cartridges.

27. Defendants Ninestar China and Ninestar USA manufacture and sell ink cartridges 

for use in HP inkjet printers that use 564, 920, 932/933, 950/951, and/or 970 series ink cartridges 

and/or substantially similar cartridges.  

28. On information and belief, at least some of the ink cartridges manufactured and 

sold by Defendants Ninestar China and Ninestar USA for use in HP printers that use 564, 920, 

932/933, 950/951, and/or 970 series ink cartridges, and/or substantially similar cartridges, include 

in them electronic storage devices that were manufactured and sold by Defendant Apex.

United States Patent No. 6,089,687

29. On July 18, 2000, United States Patent No. 6,089,687 (“the ‘687 patent”), entitled 

“Method and Apparatus for Specifying Ink Volume in an Ink Container,” was duly and legally 

issued to HP as assignee.  A true and correct copy of the ‘687 patent is attached hereto as Exhibit 

A.

30. Throughout all relevant time periods including the present, HP was and is the 

owner by valid assignment of all right, title, and interest in and to the ‘687 patent.

31. All Defendants had actual knowledge of the ‘687 patent prior to the 

commencement of this action.  HP has previously asserted the ‘687 patent against Defendant 

Ninestar USA, which is a subsidiary of Defendant Ninestar China.  Defendant Apex has made 

public statements about the ‘687 patent.
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United States Patent No. 6,264,301

32. On July 24, 2001, United States Patent No. 6,264,301 (“the ‘301 patent”), entitled 

“Method and Apparatus for Identifying Parameters in a Replaceable Printing Component,” was 

duly and legally issued to HP as assignee.  A true and correct copy of the ‘301 patent is attached 

hereto as Exhibit B.

33. Throughout all relevant time periods including the present, HP was and is the 

owner by valid assignment of all right, title, and interest in and to the ‘301 patent.

34. All Defendants had actual knowledge of the ‘301 patent prior to the 

commencement of this action.  HP has previously asserted the ‘301 patent against Defendant 

Ninestar USA, which is a subsidiary of Defendant Ninestar China.  Defendant Apex has made 

public statements about the ‘301 patent.

United States Patent No. 6,454,381

35. On September 24, 2002, United States Patent No. 6,454,381 (“the ‘381 patent”), 

entitled “Method and Apparatus for Providing Ink Container Extraction Characteristics to a 

Printing System,” was duly and legally issued to HP as assignee.  A true and correct copy of the 

‘381 patent is attached hereto as Exhibit C.

36. Throughout all relevant time periods including the present, HP was and is the 

owner by valid assignment of all right, title, and interest in and to the ‘381 patent.

37. Defendant Apex had actual knowledge of the ‘381 patent at least from the filing of 

this action.

COUNT I

Infringement of the ‘687 Patent By All Defendants

38. HP hereby incorporates by reference the allegations set forth in the previous 

paragraphs as though fully set forth herein.

39. Defendant Apex, directly and through its subsidiaries, agents, and/or 

divisions, has made, used, offered to sell, sold, and/or imported into the United States and 

this judicial district, and placed into the stream of commerce, electrical storage devices 

for ink cartridges (such as those made and sold by Defendants Ninestar China and 
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Ninestar USA) for HP printers that use 564, 920, 932/933, 950/951, and 970 series ink 

cartridges, and/or substantially similar cartridges, which infringe at least one claim of the 

‘687 patent, in violation of at least 35 U.S.C. § 271(a) and (c).

40. The electrical storage devices made and sold by Defendant Apex for ink 

cartridges (such as those made and sold by Defendants Ninestar China and Ninestar 

USA) for HP printers that use 564, 920, 932/933, 950/951, and 970 series ink cartridges, 

and/or substantially similar cartridges, are especially made or adapted for infringing the 

‘687 patent, and have no substantial non-infringing uses.     

41. Defendant Apex had actual knowledge of the ‘687 patent before the filing 

of this action, and, upon information and belief, actual knowledge of its infringement 

thereof, but acted despite an objectively high likelihood that its actions would infringe a 

valid patent.   

42. Defendants Ninestar China and Ninestar USA, directly and through their 

subsidiaries, agents, and/or divisions, have made, used, offered to sell, sold, and/or 

imported into the United States and this judicial district, and placed into the stream of 

commerce, ink cartridges containing electrical storage devices (such as those made and 

sold by Defendant Apex) for use in HP printers that use 564, 920, 932/933, 950/951, and 

970 series cartridges, and/or substantially similar cartridges, which infringe at least one 

claim of the ‘687 patent, in violation of at least 35 U.S.C. § 271(a).

43. Upon information and belief, Defendants Ninestar China and Ninestar 

USA had actual knowledge of the ‘687 patent before the filing of this action, but acted 

despite an objectively high likelihood that their actions would infringe a valid patent.      

44. By reason of Defendants’ acts of infringement, HP has suffered and continues to 

suffer damages, including impairment of the value of the ‘687 patent, in an amount to be 

determined at trial.

45. Defendants’ acts of infringement of the ‘687 patent are causing irreparable harm to 

HP and will continue to cause irreparable harm unless enjoined by this Court.
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46. Upon information and belief, Defendants’ infringement of the ‘687 patent has been 

and is willful, intentional, and conscious, which justifies a trebling of damages pursuant to 35 

U.S.C. § 284.  

COUNT II

Infringement of the ‘301 Patent By All Defendants

47. HP hereby incorporates by reference the allegations set forth in the 

previous paragraphs as though fully set forth herein.

48. Defendant Apex, directly and through its subsidiaries, agents, and/or divisions, 

contributed to the infringement of the ‘301 patent by selling, offering to sell, and/or importing 

into the United States electrical storage devices for ink cartridges (such as those made and sold by 

Defendants Ninestar China and Ninestar USA) for HP printers that use 564, 920, 932/933, 

950/951, and 970 series ink cartridges, and/or substantially similar cartridges, in violation of at 

least 35 U.S.C. § 271(a) and (c).

49. The electrical storage devices made and sold by Defendant Apex for ink 

cartridges (such as those made and sold by Defendants Ninestar China and Ninestar 

USA) for HP printers that use 564, 920, 932/933, 950/951, and 970 series ink cartridges, 

and/or substantially similar cartridges, are especially made or adapted for infringing the 

‘301 patent, and have no substantial non-infringing uses.  

50. Defendant Apex had actual knowledge of the ‘301 patent before the filing 

of this action, and, upon information and belief, actual knowledge of its infringement 

thereof, but acted despite an objectively high likelihood that its actions would infringe a 

valid patent.     

51. Defendants Ninestar China and Ninestar USA, directly and through their 

subsidiaries, agents, and/or divisions, have made, used, offered to sell, sold, and/or 

imported into the United States and this judicial district, and placed into the stream of 

commerce, ink cartridges containing electrical storage devices (such as those made and 

sold by Defendant Apex) for use in HP printers that use 564, 920, 932/933, 950/951, and 
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970 series cartridges, and/or substantially similar cartridges, which infringe at least one 

claim of the ‘301 patent, in violation of at least 35 U.S.C. § 271(a).

52. Upon information and belief, at all relevant times, Defendants Ninestar 

China and Ninestar USA had actual knowledge of the ‘301 patent before the filing of this 

action, but acted despite an objectively high likelihood that their actions would infringe a 

valid patent.     

53. By reason of Defendants’ acts of infringement, HP has suffered and continues to 

suffer damages, including impairment of the value of the ‘301 patent, in an amount to be 

determined at trial.

54. Defendants’ acts of infringement of the ‘301 patent are causing irreparable harm to 

HP and will continue to cause irreparable harm unless enjoined by this Court.

55. On information and belief, Defendants’ infringement of the ‘301 patent has been 

and is willful, intentional, and conscious, which justifies a trebling of damages pursuant to 35 

U.S.C. § 284.  

COUNT III

Infringement of the ‘381 Patent By All Defendants

56. HP hereby incorporates by reference the allegations set forth in the previous 

paragraphs as though fully set forth herein.

57. Defendant Apex, directly and through its subsidiaries, agents, and/or divisions, 

contributed to the infringement of the ‘381 patent by selling, offering to sell, and/or importing 

into the United States electrical storage devices for ink cartridges (such as those made and sold by 

Defendants Ninestar China and Ninestar USA) for HP printers that use 564 and/or 920 series ink 

cartridges, and/or substantially similar cartridges, in violation of at least 35 U.S.C. § 271(c).

58. The electrical storage devices made and sold by Defendant Apex for ink 

cartridges (such as those made and sold by Defendants Ninestar China and Ninestar 

USA) for HP printers that use 564 and/or 920 series ink cartridges, and/or substantially 

similar cartridges, are especially made or adapted for infringing the ‘381 patent, and have 

no substantial non-infringing uses.  
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59. Defendant Apex had actual knowledge of the ‘381 patent and actual knowledge of 

its infringement thereof at least from the filing of this action.   

60. Defendants Ninestar China and Ninestar USA, directly and through their 

subsidiaries, agents, and/or divisions, have made, used, offered to sell, sold, and/or 

imported into the United States and this judicial district, and placed into the stream of 

commerce, ink cartridges containing electrical storage devices (such as those made and 

sold by Defendant Apex) for use in HP printers that use 564 and/or 920 series cartridges, 

and/or substantially similar cartridges, which infringe at least one claim of the ‘381 

patent, in violation of at least 35 U.S.C. § 271(a).      

61. By reason of Defendants’ acts of infringement, HP has suffered and continues to 

suffer damages, including impairment of the value of the ‘381 patent, in an amount to be 

determined at trial.

62. Defendants’ acts of infringement of the ‘381 patent are causing irreparable harm to 

HP and will continue to cause irreparable harm unless enjoined by this Court.

* * *

63. This is an exceptional case supporting an award of reasonable attorney’s fees 

pursuant to 35 U.S.C. § 285.

RELIEF REQUESTED

WHEREFORE, HP requests that the Court enter a judgment in its favor and against 

Defendants, and provide HP the following relief:

A. Order, adjudge, and decree that Defendants Ninestar China, Ninestar USA, and 

Apex have infringed the ‘687 patent, the ‘301 patent, and the ‘381 patent, in violation of 35 

U.S.C. § 271;

B. Issue preliminary and permanent injunctive relief prohibiting Defendants Ninestar 

China, Ninestar USA, and Apex, and their respective parents, subsidiaries, divisions, principals, 

officers, directors, agents, attorneys, employees, and all others in privity with each Defendant, 

from infringing the ‘687 patent, the ‘301 patent, and the ‘381 patent, pursuant to 35 U.S.C. § 283;
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C. Award HP damages for patent infringement, pursuant to 35 U.S.C. § 284;

D. Order, judge, and decree that Defendants’ infringement of the ‘687 patent and the 

‘301 patent has been deliberate, willful, and wanton, and treble the damages awarded to HP, 

pursuant to 35 U.S.C. § 284;

E. Order, judge, and decree this case exceptional and award HP attorney’s fees and 

costs, pursuant to 35 U.S.C. § 285; and

F. Award HP such other and further relief as the Court may deem just and proper.

JURY TRIAL DEMAND

Plaintiff HP hereby demands a trial by jury for each and every issue so permitted by law 

and statute.
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Respectfully submitted,

Dated: October 6, 2014
MORGAN, LEWIS & BOCKIUS LLP

By        /s/ Christopher J. Banks
Christopher J. Banks (SBN 218779)
MORGAN, LEWIS & BOCKIUS LLP
One Market, Spear Street Tower
San Francisco, CA 94105-1596
Tel: 415.442.1000
Fax: 415.442.1001
cbanks@morganlewis.com

John V. Gorman (pro hac vice application 
forthcoming)
MORGAN, LEWIS & BOCKIUS LLP
1701 Market Street
Philadelphia, PA 19103-2921
Tel: 215.963.5000
Fax: 215.963.5001
jgorman@morganlewis.com 

Attorneys for Plaintiff 
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United States Patent [19] [n] Patent Number: 6,089,687

Helterline [45] Date of Patent: Jul. 18, 2000

[54] METHOD AND APPARATUS FOR FOREIGN PATENT DOCUMENTS
SPECIFYING INK VOLUME IN AN INK

0 720 916 7/1996 European Pat. Off. B41J 2/175CONTAINER 2316657 3/1998 United Kingdom B41J 2/175
W09605061 2/1996 WIPO B41J 2/175

[75] Inventor: Brian L. Helterline, Salem, Oreg.
Primary Examiner—Fred L Braun

[73] Assignee: Hewlett-Packard Company, Palo Alto, Attorney, Agent, or Firm—Kevin B. Sulllivan
Calif. [57] ABSTRACT

[21] Appl. No.: 09/037,560 An ink-jet printing system that includes a printer portion and
a replaceable ink container. The printer portion is for depos-

[22] Filed: Mar. 9, 1998 iting ink on media in response to control signals. The printer
[51] Int. Cl.7 B41J 2/195 portion is configured for receiving a supply of ink. The

replaceable ink container is for providing a supply of ink to
[52] U.S. Cl. 347/7 the printer portion. The replaceable ink container includes an

[58] Field of Search 347/7 electrical storage device for providing parameters to the

printer portion. The electrical storage device includes an ink
[56] References Cited container scale parameter for selecting an ink container

U.S. PATENT DOCUMENTS volume range from a plurality of ink container volume

ranges. Also included is a fill proportion parameter for
4,803,521 2/1989 Honda 355/14 R specifying a fill proportion for the selected ink volume
4,961,088 10/1990 Gilliland et al. 355/206

range. The printer portion determines an ink volume asso-
5,021,828 6/1991 Yamaguchi et al. 355/209 ciated with the ink container based on the fill proportion5,049,898 9/1991 Arthur et al. 346/1.1
5, 138,344 8/1992 Ujita 346/140 R parameter and the selected ink volume range. A method of

5, 184, 181 2/1993 Kurando et al. 355/260 storing ink container parameters in the electrical storage
5,272,503 12/1993 LeSueur et al. 355/208 device includes determining the ink container scale and fill
5,365,312 11/1994 Hillmann et al. 355/206 proportion parameters. These parameters are then stored on

5,625,384 4/1997 Numata et al. 347/23 the electrical storage device.
5,682, 184 10/1997 Stephany et al. 347/7
5,699,091 12/1997 Bullock et al. 347/19 13 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR portion. The replaceable ink container includes an electrical
SPECIFYING INK VOLUME IN AN INK storage device for providing parameters to the printer por-

CONTAINER tion. The electrical storage device includes an ink container
scale parameter for selecting an ink container volume range

BACKGROUND OF THE INVENTION 5 from a plurality of ink container volume ranges. Also

The present invention relates to ink-jet printing systems
included is a fill proportion parameter for specifying a fill
proportion for the selected ink volume range. The printerthat make use of a replaceable printing component. More

particularly, the present invention relates to replaceable portion determines an ink volume associated with the ink

printing components that include an electrical storage device container based on the fill proportion parameter and the

for providing information to the ink-jet printing system. 10 selected ink volume range.

Ink-jet printers frequently make use of an ink-jet print- Another aspect of the present invention is method for

head mounted within a carriage that is moved back and forth storing ink container parameters in an electrical storage
device. The electrical storage device is associated with an

across a print media, such as paper. As the printhead is
moved across the print media, a control system activates the ink container containing a volume of ink. The method

15 includes determining an ink scale parameter associated withprinthead to deposit or eject ink droplets onto the print media
an ink volume range for the supply of ink. Also included isto form images and text. Ink is provided to the printhead by
determining a fill proportion parameter for the supply of ink.

a supply of ink which is either carried by the carriage or

mounted to the printing system to not move with the Finally, the method includes storing the ink scale and ink fill

carriage. For the case where the ink supply is not carried parameter in the electrical storage device.
20

with the carriage, the ink supply can be intermittently or BRIEF DESCRIPTION OF THE DRAWINGS
continuously connected to the printhead for replenishing the

printhead. In either case, the replaceable printing FIG. 1 depicts a perspective view of an exemplary ink-jet
printing system, shown with the cover removed, that incor-

components, such as the ink container and the printhead,
porates removable printing components of the present inven-require periodic replacement. The ink supply is replaced
tion.when exhausted. The printhead is replaced at the end of

25

printhead life. FIGS. 2A and 2B depicts a schematic representation of the

It is frequently desirable to alter printer parameters con- ink-jet printing system shown in FIG. 1 illustrating a remov-

able ink container and printhead each of which contain ancurrently with the replacement of printer components such
as discussed in U.S. patent application Ser. No. 08/584,499 30

electrical storage device.

entitled "Replaceable Part With Integral Memory For Usage, FIG. 3 depicts a schematic block diagram of the ink-jet
Calibration And Other Data" assigned to the assignee of the printing system of FIG. 1 shown connected to a host and

present invention. Patent application Ser. No. 08/584,499 which includes a removable ink container and printhead
discloses the use of a memory device, which contains each of which contain the electrical storage device.

parameters relating to the replaceable part. The installation 35
FIG. 4 depicts a block diagram representation of a method

of the replaceable part allows the printer to access the of the present invention for determining an ink volume

replaceable part parameters to ensure high print quality. By associated with the removable ink container of the present
incorporating the memory device into the replaceable part invention and storing this information in an electrical stor-

and storing replaceable part parameters in the memory age device.
device within the replaceable component the printing system 40 FIG. 5 depicts a block diagram representation of a method
can determine these parameters upon installation into the of the present invention for determining an ink volume
printing system. This automatic updating of printer param- associated with the removable ink container of the present
eters frees the user from having to update printer parameters invention.
each time a replaceable component is newly installed. Auto-

DETAILED DESCRIPTION OF THEmatically updating printer parameters with replaceable com- 45

ponent parameters ensures high print quality. In addition, PREFERRED EMBODIMENT

this automatic parameter updating tends to ensure the printer FIG. 1 is a perspective view of one exemplary embodi-
is not inadvertently damaged due to improper operation, ment of an ink-jet printing system 10 of the present inven-
such as, operating after the supply of ink is exhausted or tion shown with its cover removed. The ink-jet printing
operation with the wrong or non-compatible printer com- 50 system 10 includes a printer portion 12 having a plurality of
ponents. replaceable printing components 14 installed therein. The

For the case where the printing system is capable of plurality of replaceable printing components 14 include a

accommodating a plurality of different ink container sizes it plurality of printheads 16 for selectively depositing ink in
is important that size information is transferred between the response to control signals and a plurality of ink containers

printer and the ink container in a highly reliable and efficient 55 18 for providing ink to each of the plurality of printheads 16.
manner. This exchange of information should not require the Each of the plurality of printhe ads 16 is fluidically con-

intervention of the user thereby ensuring greater ease of use nected to each of the plurality of ink containers 18 by a

and greater reliability. Furthermore, it is important that the plurality of flexible conduits 20.

integrity of the information be preserved. Each of the plurality of printheads 16 is mounted in a

60 scanning carriage 22, which is scanned past a print media
SUMMARY OF THE INVENTION (not shown) as the print media is stepped through a print

One aspect of the present invention is an ink-jet printing zone. As the plurality of printheads are moved relative to the

system that includes a printer portion and a replaceable ink print media, ink is selectively ejected from a plurality of
container. The printer portion is for depositing ink on media orifices in each of the plurality of printheads 16 to form
in response to control signals. The printer portion is con- 65 images and text.

figured for receiving a supply of ink. The replaceable ink The ink-jet printing system 10 shown in FIG. 1 is con-

container is for providing a supply of ink to the printer figured to receive ink containers 18 having different ink
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volumes. This is accomplished using several methods, such The controller 26 controls the transfer of information
as, the use of ink containers 18 that are different sizes with between the printer portion 12 and the ink container 18. In
each size having a different volume associated therewith. addition, the controller 26 controls the transfer of informa-
Another technique for providing different ink volumes is to tion between the printhead 16 and the controller 26. Finally,
use ink containers 18 of the same size, but vary a volume of 5 the controller 26 controls the relative movement of the
ink in each of the ink containers. It is critical that the ink printhead 16 and the print media as well as selectively
container 18 provides a volume of ink that matches a proper activating the printhead to deposit ink on print media. The
use model for the particular application. Because ink jet inks controller 26 is typically implemented with a microproces-
typically have a limited storage life once inserted into the

sor or some form of programmable controller.
printer it is important that the ink container be sized suffi-

1
ciently large to prevent inconveniencing the user with fre- 0 The ink container 18 includes a reservoir 28 for storing
quent ink container changes and sufficiently small to prevent ink therein. A fluid outlet 30 is provided that it is in fluid

ink from becoming stale with age. When ink-jet inks have communication with the fluid reservoir 28. The fluid outlet

exceeded the storage life and have become stale these inks 30 is configured for connection to a complimentary fluid
cannot reliably produce high quality output images. inlet 32 associated with the ink container receiving station

One aspect of the present invention is a method and 15 24.

apparatus for storing information on the replaceable printing The printhead 16 includes a fluid inlet 34 configured for
components 14 for updating operation parameters of the connection to a complimentary fluid outlet 36 associated
printer portion 12. An electrical storage device is associated with the printing portion 12. With the printhead 16 properly
with each of the replaceable printing components 14. The inserted into the scanning carriage 22 (shown in FIG. 1) fluid
electrical storage device contains information related to the 20 communication is established between the printhead and the
particular replaceable printer component 14. Installation of ink container 18 by way of the flexible fluid conduit 20.
the replaceable printing component 14 into the printer
portion 12 allows information to be transferred between the Each of the replaceable printing components 14 such as

the printhead 16 and the ink container 18 include an infor-electrical storage device and the printing portion 12 to

ensure high print quality as well as to prevent the installation 25
mation storage device 38 such as an electrical storage device

of non-compatible replaceable printing components 14. The or memory 38 for storing information related to the respec-
information provided from the replaceable printing compo- tive replaceable printer component 14. A plurality of elec-
nent 14 to the printing portion 12 tends to prevent operation trical contacts 40 are provided, each of which is electrically
of the printing system 10 in a manner which damages the connected to the electrical storage device 38. With the ink

printing system 10 or which reduces the print quality. 30
container 18 properly inserted into the ink container receiv-

Although the printing system 10 shown in FIG. 1 makes ing station 24, each of the plurality of electrical contacts 40

use of ink containers 18 which are mounted off of the engage a corresponding plurality of electrical contacts 42

scanning carriage 22, the present invention is equally well associated with the ink container receiving station 24. Each

suited for other types of printing system configurations. One of the plurality of electrical contacts 42 associated with the

such configuration is one where the replaceable ink contain- 35
ink container receiving station 24 are electrically connected

ers 18 are mounted on the scanning carriage 22. to the controller 26 by a plurality of electrical conductors 44.

Alternatively, the printhead 16 and the ink container 18 may With proper insertion of the ink container 18 into the ink

be incorporated into an integrated printing cartridge that is container receiving station 24, the memory 3 8 associated

mounted to the scanning carriage 22. Finally, the printing with the ink container 18 is electrically connected to the

system 10 may be used in a wide variety of applications such 40
controller 26 allowing information to be transferred between

as facsimile machines, postal franking machines and large the ink container 18 and the printer portion 12.

format type printing systems suitable for use in displays and Similarly, the printhead 16 includes an information stor-

outdoor signage. age device 38 such as an electrical storage device associated
FIGS. 2A and 2B depict a simplified schematic represen- therewith. A plurality of electrical contacts 40 are electri-

tation of the ink-jet printing system 10 of the present 45 cally connected to the electrical storage 38 in a manner

invention shown in FIG. 1. FIGS. 2A and 2B are simplified similar to the electrical storage device 38 associated with the
to illustrate a single printhead 16 and a single ink container ink container 18. With the printhead 16 properly inserted
18 for accomplishing the printing of a single color. For the into the scanning carriage 22 the plurality of electrically
case where more than one color is desired a plurality of contacts 40 engage a corresponding plurality of electrical

printheads 16 are typically used each having an associated 50 contacts 42 associated with the printing device 12. Once
ink container 18 as shown in FIG. 1. properly inserted into the scanning carriage, the electrical

The ink-jet printing system 10 of the present invention storage device 38 associated with the printhead 16 is elec-

includes a printer portion 12 having replaceable printing trically connected to the controller 26 by way of a plurality
components 14. The replaceable printing components 14 of electrical conductors 46.

include a printhead 16 and an ink container 18. The printer 55 Although electrical storage devices 38 associated with

portion 12 includes an ink container receiving station 24 and each of the ink container 18 and the printhead 16 are given
a controller 26. With the ink container 18 properly inserted the same element number to indicate these devices are

into the ink container receiving station 24, an electrical and similar, the information stored in the electrical storage
a fluidic coupling is established between the ink container 18 device 38 associated with the ink container 18 will, in
and the printer portion 12. The fluidic coupling allows ink 60 general, be different from the information stored in the
stored within the ink container 18 to be provided to the electrical storage device 38 associated with the printhead 16.

printhead 16. The electrical coupling allows information to Similarly, the information stored in electrical storage device
be passed between the ink container 18 and the printer 38 associated with each ink container of the plurality of ink

portion 12 to ensure the operation of the printer portion 12 containers 18 will in general be different and unique to the
is compatible with the ink contained in the ink container 18 65 particular ink container of the plurality of ink containers 18.

thereby achieving high print quality and reliable operation of The particular information stored on each electrical storage
the printing system 10. device 38 will be discussed in more detail later.
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FIG. 3 represents a block diagram of the printing system 10 to compute remaining ink in the ink supply 28 based on

10 of the present invention shown connected to an informa- ink usage. Therefore, it is critical that very accurate ink
tion source or host computer 48. The host computer 48 is volume information be associated with the ink supply 28 and
shown connected to a display device 50. The host 48 can be that this information is accurately provided to the controller

a variety of information sources such as a personal 5 26. The controller 26 uses this ink volume information as a

computer, work station, or server to name a few, that basis for determining an out-of-ink condition. It is important
provides image information to the controller 26 by way of a that this out-of-ink condition be determined accurately such

data link 52. The data link 52 may be any one of a variety that the printer is not operated without ink. Operation of the

of conventional data links such as an electrical link or an printer without ink can cause reliability problems or, if long
infrared link for transferring information between the host 10 enough, produce catastrophic failure.

48 and the printing system 10. The technique of the present invention must not only be

The controller 26 is electrically connected to the electrical capable of providing accurate ink volume information but

storage devices 38 associated with each of the printhead 16 also capable of providing accurate ink volume information

and the ink container 18. In addition, the controller 26 is over a large ink volume range. The ink volume range varies
welectrically connected to a printer mechanism 54 for con- is ith the particular printing application. For example, large
format printing requires ink containers that are typicallytrolling media transport and movement of the carriage 22.
several liters in size as a convenience to the user. Signifi-The controller 26 makes use of parameters and information

provided by the host 48, the memory 38 associated with the cantly smaller ink containers would require greater fre-

ink container 18 and memory 38 associated with the print- quency of ink container replacement which if frequent
head 16 to accomplish printing. 20 enough can be an inconvenience to the user.

In the case of a desktop printer application for home useThe host computer 48 provides image description infor-
mation or image data to the printing system 10 for forming the ink container 18 may contain a significantly lower

volume of ink on the order of 100 cubic centimeters (cc's)images on print media. In addition, the host computer 48
or less. Ink containers of larger volume for this applicationprovides various parameters for controlling operation of the

25 would likely exceed their shelf life or storage period therebyprinting system 10, which is typically resident in printer resulting in reduced print quality. In addition, ink use rate forcontrol software typically referred to as the "print driver". In
aorder to ensure the printing system 10 provides the highest given application depends on the particular usage for the

quality images it is necessary that the operation of the individual user.

FIG. 4 depicts the technique of the present invention forcontroller 26 compensate for the particular replaceable
printer component 14 installed within the printing system

30 storing ink volume information in the electrical storage
10. It is the electric storage device 38 that is associated with device 38. An ink scale parameter is first determined for the

each replaceable printer component 14 that provides param-
ink volume associated with the ink container 18 as repre-

eters particular to the replaceable printer component 14 that sented by step 56. The ink scale parameter identifies an ink

allows the controller 26 to utilize these parameters to ensure
container volume range from a plurality of ink container

the reliable operation of the printing system 10 and ensure
35 volume ranges. For example, in the preferred embodiment

high quality print images. for ink container volume ranges are used as shown in Table

Among the parameters, for example which can be stored
1. The ink container scale parameter is a two-bit binary value

in electrical storage device 38 associated with the replace-
that is used to uniquely identify each of the four ink
container volume ranges. For example, the two-bit binaryable printing component 14 are the following: actual count

40 value of 00 represents an ink container volume range from
of ink drops emitted from the printhead 16; a date code

0-255.75 cubic centimeters (cc's). Similarly an ink con-
associated with the ink container 18; date code of initial
insertion of the ink container 18; system coefficients; ink

tainer scale parameter value equal to 11, binary, represents

type/color: ink container size; age of the ink; printer model
meters.
an ink container volume range from 0-2,046 cubic centi-

number or identification number; cartridge usage informa-
45

tion; just to name a few.
TABLE 1

The electrical storage device 38 shown in FIGS. 2A and
2B is a four terminal device. Alternatively, the electrical Ink Container Ink Container Volume Resolution For 10 Bit Fill

storage device 38 can be a two terminal device. One such Scale Parameter Ranges In cc's Proportion Parameter In cc's

two terminal device includes a power and ground terminals. 50 00 0.00 to 255.75 0.25
Clock signals and data signals are provided on the power 01 0.00 to 511.50 0.50

terminal. An example of such a two terminal memory device 10 0.00 to 1023 1.0

is a 1K Bit read/write Electrically Programmable Read Only 11 0.00 to 2046 2.0

Memory (EPROM) such as the Dallas Semiconductor part
number DS 1982, manufactured by the Dallas Semiconduc- 55 A fill proportion parameter is then determined for the
tor Corporation. supply of ink for the ink container 18 as represented by step

The technique of the present invention allows ink volume 58. The fill proportion parameter identifies the proportion of
information to be passed between the replaceable consum- the selected ink container volume range that represents the
able 14 and the controller 26 in an efficient and reliable ink volume associated with the ink container 18. In the
manner. It is frequently desirable to pass very accurate ink 60 preferred embodiment the fill proportion parameter is a

volume information between the replaceable consumable 14 10-bit binary value. This 10-bit binary value can uniquely
and the controller 26. For example, in the case where the identify up to 210 or 1,024 unique values. An ink volume

replaceable consumable 14 is the ink container 18 it is resolution associated with the ink container 18 then varies

necessary to have accurate ink volume information associ- with the ink container volume range. For example, the
ated with the ink supply 28 passed to the controller 26 when 65 resolution is represented by a maximum ink container vol-
the ink container 18 is initially inserted into the printing ume in the ink container range divided by the number of the

system 10. This information is used by the printing system unique fill proportion parameter values. For example, for the
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ink container volume range 0-255.75 shown in table 1 the are separately replaceable. Each of the printhead portion and
ink volume resolution is equal to 255.75 divided by 1,024 or the ink container includes an electrical storage portion 38 for
approximately 0.25 cubic centimeters as shown in Table 1. providing information to the printing portion 12. Each ink
Therefore, the accuracy in which the fill proportion param- container of a plurality of ink containers may be separately
eter can specify the ink container volume when the ink scale 5 replaceable or replaceable as an integrated unit. For the case

parameter value selected is equal to 00 selected is 0.25 cubic where the plurality of ink containers is integrated into a
centimeters. In the case where the ink container scale single replaceable printing component then only a single
parameter value is 11 binary representing a much larger ink electrical storage portion 38 is required for this singlecontainer volume range (0-2,046) then the resolution of the replaceable printing component.fill proportion parameter is 2.0 cubic centimeters. The ink
scale and the fill proportion parameters are then stored in the

10 What is claimed is:
1. An ink-jet printing system comprising:electrical storage device 38 associated with the ink container

18 as represented by step 60. a printer portion for depositing ink on media in response
to control signals, the printer portion configured for

FIG. 5 depicts a method for reading the contents of the
receiving a supply of ink;electrical storage device 38 that has an indeterminate size

15
prior to insertion into the printing system 10. As discussed a replaceable ink container for providing a supply of ink

previously, the printing system 10 is capable of accepting to the printer portion, the replaceable ink container

ink containers 18 that have varying ink container volumes, including an electrical storage device for providing
The technique of the present invention allows the particular parameters to the printer portion, the electrical storage
ink volume associated with the ink container 18 to be

20
device containing:

accurately specified using minimal resources in the electrical an ink container scale parameter for selecting an ink

storage device 38. container volume range from a plurality of ink

In operation, the printing system when powered up rep-
container volume ranges,

a fill proportion parameter for specifying a fill propor-resented by step 62 or when the ink container 18 is newly tion for the selected ink volume range;installed represented by step 64 a memory read request 25

represented by steps 66 and 68 is initiated by the controller wherein the printer portion determines an ink volume

26. This read request directs the electrical storage device 38 associated with the ink container based on the fill

to provide the ink container scale parameter and the fill proportion parameter and the selected ink volume

proportion parameter to the controller 26. The controller 26 range.

interprets this information to determine the volume of ink 30
2. The ink-jet printing system of claim 1 wherein the ink

associated with the ink container 18 as represented by step container scale parameter is a two bit binary value.

70. The printing system 10 is then ready for accepting a print 3. The ink-jet printing system of claim 1 wherein the fill

command from the host as represented by step 72. proportion parameter is a 10 bit binary value specifying a

The technique of the present invention allows large ink proportion of the selected ink volume range.

volumes to be accommodated while providing improved 4. The ink-jet printing system of claim 1 wherein the
35

printer portion contains the plurality ink volume ranges withresolution when low ink volume ranges are used. For

example, for the case where the ink container scale param-
each of the plurality of ink volume ranges having a plurality

eter and the fill proportion parameter are combined into a
of corresponding ink container volume scale parameters

single twelve bit binary value representing ink volume associated therewith.

associated with the ink container 18 then there are 212 40
5. The ink-jet printing system of claim 1 wherein the

unique values or 4,096 unique values to specify ink volume, replaceable ink container includes an electrical storage
device wherein the electrical storage device contains the inkDividing the maximum ink volume the system must accom-
fill proportion parameter and the ink container scale param-modate or 2,046 cc's by the number of unique values or

4,096 yields the ink volume resolution that is approximately eter.

6. An ink container for providing ink to an ink-jet printer,0.5 cubic centimeters. In contrast, the technique of the 45

present invention allows a resolution of 0.25 for low ink the ink container comprising:
container volume ranges thereby providing improved reso- a reservoir containing a supply of ink; and
lution by a factor of 2 for the low ink container volume an electrical storage device for providing ink container
range. This improvement in resolution at the low volume parameters to the ink-jet printer, the electrical storage
range is accomplished without requiring additional informa- 50 device containing:
tion i.e. 12 total bits of information. The improvement in an ink scale parameter for selecting an ink volume
resolution is greatest for the low ink container volume range from a plurality of ink volume ranges; and
ranges. The resolution where resolution is most important is a fill proportion parameter for specifying a fill propor-
actually decreased slightly for the high ink container volume tion for the selected ink volume range associated
range. This improvement in the low ink container volume 55 with the supply of ink in the reservoir;
range becomes more dramatic the greater the difference in wherein an ink volume associated with the supply of
ink container volume range between the highest range and ink within the reservoir is determinable based on the
the lowest range. fill proportion parameter and the ink scale parameter.

Although the present invention has been described with 7. The ink container of claim 6 wherein the ink scale

respect to the preferred embodiment where the replaceable 60 parameter is a two bit binary value and wherein the fill

printing components are the printhead portion 16 mounted proportion parameter is a 10 bit binary value specifying a

on the print carriage 22 and the ink container 18 mounted off proportion of the selected ink volume range.
of the print carriage 22 the present invention is suited for 8. The ink container of claim 6 further including a printer
other printer configurations as well. For example, the print- portion for depositing ink on media in response to control
head portion and the ink container portion may each be 65 signals, the printer portion configured for receiving the ink
mounted on the printing carriage 22. For this configuration container and determining the ink volume based on the ink
each of the printhead portion and the ink container portion scale parameter and the fill proportion parameter.
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9. An electrical storage device for use with an ink con- determining an ink scale parameter associated with an ink
tainer for providing information to an ink-jet printer related volume range for the supply of ink;
to an ink volume associated with the ink container, the
electrical storage device comprising: determining a fill proportion parameter for the supply of

ink; and
an ink scale parameter for selecting an ink volume range 5

from a plurality of ink volume ranges; and storing the ink scale and ink fill parameter in the electrical

a fill proportion parameter for specifying a fill proportion storage device.
12. The method of claim 11 further including installingfor the selected ink volume range;

the ink container into an ink-jet printer establishing anwherein the ink volume associated with the ink container
10 electrical interconnect between the ink-jet printer and theis determinable based on the fill proportion parameter

and the ink scale parameter.
electrical storage device.

10. The electrical storage device of claim 9 wherein the 13. The method of claim 12 further including transferring
ink scale parameter is a two bit binary value and wherein the the ink scale parameter and the fill proportion parameter
fill proportion parameter is a 10 bit binary value specifying is

from the electrical storage device to the ink-jet printer, the

a proportion of the selected ink volume range. ink-jet printer determining the volume of ink associated with
11. A method for storing ink container parameters in an the ink container based on the ink scale parameter and the fill

electrical storage device, the electrical storage device asso- proportion parameter.
ciated with an ink container containing a volume of ink, the
method comprising:



L4-cv-04473-KAW Document1-1 Filed10/06/14 Pagel3 of 13
UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO.: 6,089,687 Page 1 of 1

DATED: July 18, 2000
INVENTOR(S): Brian L. Helterline

It is certified that error appears in the above-identified patent and that said Letters Patent is

hereby corrected as shown below:

Title page,
Second column,
Line 6, "Kevin B. Sullivan" should read Kevin B. Sullivan

Signed and Sealed this

Thirteenth Day ofNovember, 2001

Attest:

10444 P 2bvt4tc-,.

NICHOLAS P. GODICI

Attesting Officer Acting Director ofthe United States Patent and Trademark Office



EXHIBIT B

Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page1 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page2 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page3 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page4 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page5 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page6 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page7 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page8 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page9 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page10 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page11 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page12 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page13 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page14 of 15



Case4:14-cv-04473-KAW   Document1-2   Filed10/06/14   Page15 of 15



EXHIBIT C

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page1 of 20



United States Patent 
US006454381B1 

(12) (10) Patent N0.: US 6,454,381 B1 
Olsen et al. (45) Date of Patent: Sep. 24, 2002 

(54) METHOD AND APPARATUS FOR 5,620,641 A 4/1997 Berger ...................... .. 264/103 

PROVIDING INK CONTAINER 6,109,723 A * 8/2000 Castle et a1. EXTRACTION CHARACTERISTICS TOA 6,158,837 A * 12/2000 Hilton et a1. ............... .. 347/19 

PRINTING SYSTEM FOREIGN PATENT DOCUMENTS 

(75) Inventors: David Olsen; Rory A. Heim; David R. EP 0691207 A2 1/1996 __________ __ B41J/2/175 
Otis, J12, all Of Corvallis, OR (US) EP 0720916 A2 7/1996 B41J/2/175 

EP 0789322 A2 1/1997 ........ .. G06K/15/00 

(73) Assignee: Hewlett-Packard Company, Palo Alto, EP 0721171 B1 6/2000 -------- -- G06K/15/00 
CA(US) WO WO01/32431 A1 5/2001 .......... .. B41J/2/175 

( * ) Notice: Subject to any disclaimer, the term of this * Cited by examiner 
patent is extended or adjusted under 35 _ _ 
U_S_C_ 154(k)) by 0 days' Primary Examzner—John Barlow 

Assistant Examiner—Charles W. Stewart, Jr. 
(21) Appl NO _ 09/843 89 5 (74) Attorney, Agent, or Firm—Kevin B. Sullivan 

. .. , 

(22) Filed: Apr. 27, 2001 (57) ABSTRACT 

(51) Int Cl 7 134“ 29/393 B41] 2/175_ The present disclosure relates to a replaceable ink container 
' ' """""""""""" " ’ B 41] 2/195’ for providing ink to an inkjet printing system. The inkjet 

_ _ printing system has a plurality of print modes with each print 
(52) US. Cl. .............................. .. 347/19, 347/86, 347/7 mode having an ink usage rate associated therewith. The 

Fleld of Search .............................. .. 5, 14, replaceable Container includes an information Storage 
347/23’ 17’ 86’ 7’ 400/126 device containing print mode control information. The 

(56) References Cited installation of the replaceable ink container into the inkjet 

U.S. PATENT DOCUMENTS 

printing system allows the print mode control information to 
be provided to the inkjet printing system. This print mode 
control information is used by the printing system for 

4,771,295 A 9/1988 Baker et a1. ................ .. 347/87 Selecting a print mode from the plurality of print modes 
4’961’088 A 10/1990 Gtlhland et a1‘ ' ' ' ' ' ' ' ' " 399/25 based on available ink within the replaceable ink container. 
5,146,236 A * 9/1992 Hirata et a1. ....... .. 400/126 

5,506,611 A * 4/1996 Ujita et a1. . . . . . . . . . . .. 347/86 

5,610,635 A 3/1997 Murray et a1. ............... .. 347/7 21 Claims, 11 Drawing Sheets 

Insert Ink 
Container 
Into Printer 

V 
110 
1 Read Extraction 

Characteristics 
From Ink Container 

7 

l I 

Hate Based on 
Ink Remaining and 

Extraction Characteristics 

Determine Amount 1112 
of Ink Remaining 
in Ink Container 

V 

Select Extraction 1114 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page2 of 20



U.S. Patent Sep. 24, 2002 Sheet 1 0f 11 US 6,454,381 B1 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page3 of 20



U.S. Patent Sep. 24, 2002 Sheet 2 0f 11 US 6,454,381 B1 

F80 
Controller 

Ink 
Container 

Printhead 

Fig. 2 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page4 of 20



U.S. Patent Sep. 24, 2002 Sheet 3 0f 11 US 6,454,381 B1 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page5 of 20



U.S. Patent Sep. 24, 2002 Sheet 4 0f 11 US 6,454,381 B1 

/44 

HWWWHHHWHunumnnmu'num 
L2 34x 

38 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page6 of 20



U.S. Patent Sep. 24, 2002 Sheet 5 0f 11 US 6,454,381 B1 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page7 of 20



U.S. Patent Sep. 24, 2002 Sheet 6 0f 11 US 6,454,381 B1 

76 

2% M 1/?’ 2/5; 
W /, 

,/ 

wOwOwb [FD \ \ 
Q v Q 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page8 of 20



U.S. Patent Sep. 24, 2002 Sheet 7 0f 11 US 6,454,381 B1 

Fig. 7 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page9 of 20



U.S. Patent Sep. 24, 2002 Sheet 8 0f 11 US 6,454,381 B1 

85 

so 

MEMORY 

_J |_ 

7s\ J78 

\7s 7s 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page10 of 20



U.S. Patent Sep. 24, 2002 Sheet 9 0f 11 US 6,454,381 B1 

l l 

' I 1 I | l I | 94 | 
I : Ink Suppy : i 12 : 
| 

1 : Ink Supply : i 
I I | | 

i : Ink Supply : : 
| l | | 

' I l r29 I | 
l | Memory | l 
l : g) : Controller : 
| 
I l _ _ _ _ _ _ _ _ _ _l | 

| | 
| .- _ _ _ _ _ _ _ _ _ I 96 | 
l | 1|| K : 
l : Memory ' Printe_r I 

80 Mechanlsm l l — | : 
l l | 
| l F116 1‘ 
: : PrintHead : > 
1 | | I 
\ | _ _ _ _ _ _ _ _ _ _ | i 

i 

L“ ______ __FLRmmr\LG_SXS_TE_M ________ __ J 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page11 of 20



Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page12 of 20



U.S. Patent Sep. 24, 2002 Sheet 11 0f 11 

1081 
Insert Ink 
Container 
Into Printer 

110 7 ¢ 
Read Extraction 
Characteristics 

From Ink Container 

Determine Amount 
of Ink Remaining 
in Ink Container 

I 

US 6,454,381 B1 

Select Extraction 
Rate Based on 

Ink Remaining and 
Extraction Characteristics 

I 

Fig. 11 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page13 of 20



US 6,454,381 B1 
1 

METHOD AND APPARATUS FOR 
PROVIDING INK CONTAINER 

EXTRACTION CHARACTERISTICS TO A 
PRINTING SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to ink-jet printing systems 
that make use of a replaceable printing component. More 
particularly, the present invention relates to replaceable 
printing components that include an electrical storage device 
for providing information to the printing system. 

Ink-jet printers frequently make use of an ink-jet print 
head mounted Within a carriage that is moved back and forth 
across a print media, such as paper. As the printhead is 
moved across the print media, a control system activates the 
printhead to deposit or eject ink droplets onto the print media 
to form images and text. Ink is provided to the printhead by 
a supply of ink that is either carried by the carriage or 
mounted to the printing system to not move With the 
carriage. For the case Where the ink supply is not carried 
With the carriage, the ink supply can be intermittently or 
continuously connected to the printhead for replenishing the 
printhead. In either case, the replaceable printing 
components, such as the ink container and the printhead, 
require periodic replacement. The ink supply is replaced 
When exhausted. The printhead is replaced at the end of 
printhead life. 

It is frequently desirable to alter printer parameters con 
currently With the replacement of printer components such 
as discussed in US. patent application Ser. No. 08/584,499 
entitled “Replaceable Part With Integral Memory For Usage, 
Calibration And Other Data” assigned to the assignee of the 
present invention. US. patent application Ser. No. 08/584, 
499 discloses the use of a memory device, Which contains 
parameters relating to the replaceable part. The installation 
of the replaceable part alloWs the printer to access the 
replaceable part parameters to insure high print quality. By 
incorporating the memory device into the replaceable part 
and storing replaceable part parameters in the memory 
device Within the replaceable component the printing system 
can determine these parameters upon installation into the 
printing system. This automatic updating of printer param 
eters frees the user from having to update printer parameters 
each time a replaceable component is neWly installed. Auto 
matically updating printer parameters With replaceable com 
ponent parameters insures high print quality. In addition, this 
automatic parameter updating tends to ensure the printer is 
not inadvertently damaged due to improper operation, such 
as, operating after the supply of ink is exhausted or operation 
With the Wrong or non-compatible printer components. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is a replaceable ink 
container for providing ink to an inkjet printing system. The 
inkjet printing system has a plurality of print modes With 
each print mode having an ink usage rate associated there 
With. The replaceable ink container includes an information 
storage device containing print mode control information. 
The installation of the replaceable ink container into the 
inkjet printing system alloWs the print mode control infor 
mation to be provided to the inkjet printing system. This 
print mode control information is used by the printing 
system for selecting a print mode from the plurality of print 
modes based on available ink Within the replaceable ink 
container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is one exemplary embodiment of an ink jet printing 
system of the present invention shoWn With a cover opened 
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2 
to shoW a plurality of replaceable ink containers of the 
present invention. 

FIG. 2 is a schematic representation of the inkjet printing 
system shoWn in FIG. 1. 

FIG. 3 is a greatly enlarged perspective vieW of a portion 
of a scanning carriage shoWing the replaceable ink contain 
ers of the present invention positioned in a receiving station 
that provides ?uid communication betWeen the replaceable 
ink containers and one or more printhead. 

FIG. 4 is a side plan vieW of a portion of the scanning 
carriage shoWing guiding and latching features associated 
With each of the replaceable ink container and the receiving 
station for securing the replaceable ink container, thereby 
alloWing ?uid communication With the printhead. 

FIG. 5 is a receiving station shoWn in isolation for 
receiving one or more replaceable ink containers of the 
present invention. 

FIG. 6 is a bottom plan vieW of a three-color replaceable 
ink container of the present invention shoWn in isolation. 

FIG. 7 is a perspective vieW of a single color replaceable 
ink container of the present invention. 

FIG. 8 is a top plan vieW of an electrical storage device 
that is electrically connected to a plurality of electrical 
contacts. 

FIG. 9 depicts a schematic block diagram of the ink-jet 
printing system of FIG. 1 shoWn connected to a host and 
Which includes the replaceable ink container and print head 
each of Which contain electrical storage devices. 

FIG. 10 is a representation of both static and dynamic 
backpressure in the ink container of the present invention for 
varying amounts of ink extracted. 

FIG. 11 is a flow diagram representing the method of the 
present invention for adjusting an ink extraction rate from 
the ink container based on the extraction characteristics and 
amount of ink extracted from the ink container. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a perspective vieW of one exemplary embodi 
ment of a printing system 10 shoWn With its cover open, 
Which includes at least one replaceable ink container 12 that 
is installed in a receiving station 14. With the replaceable ink 
container 12 properly installed into the receiving portion 14, 
ink is provided from the replaceable ink container 12 to at 
least one inkjet printhead 16. The inkjet printhead 16 is 
responsive to activation signals from a printer portion 18 to 
deposit ink on print media. As ink is ejected from the 
printhead 16, the printhead 16 is replenished With ink from 
the ink container 12. 

In one exemplary embodiment the replaceable ink con 
tainer 12, receiving station 14, and ink-jet printhead 16 are 
each part of a scanning carriage 20 that is moved relative to 
a print media 22 to accomplish printing. The printer portion 
18 includes a media tray 24 for receiving the print media 22. 
As the print media 22 is stepped through a print Zone, the 
scanning carriage 20 moves the printhead 16 relative to the 
print media 22. The printer portion 18 selectively activates 
the printhead 16 to deposit ink on print media 22 to thereby 
accomplish printing. 
The scanning carriage 2 is moved through the print Zone 

on a scanning mechanism that includes a slide rod 26 on 
Which the scanning carriage 20 slides as the scanning 
carriage 20 moves through a scan axis. Apositioning means 
(not shoWn) is used for precisely positioning the scanning 
carriage 20. In addition, a paper advance mechanism (not 

Case4:14-cv-04473-KAW   Document1-3   Filed10/06/14   Page14 of 20



US 6,454,381 B1 
3 

shown) is used to step the print media 22 through the print 
Zone as the scanning carriage 20 is moved along the scan 
axis. Electrical signals are provided to the scanning carriage 
20 for selectively activating the printhead 16 by means of an 
electrical link such as a ribbon cable 28. 

The ink-jet printing system 10 shoWn in FIG. 1 is con 
?gured to receive ink containers 12 having ink extraction 
characteristics that vary With ink level in the ink container. 
These ink extraction characteristics in general vary With the 
siZe of the ink container 12. One exemplary ink extraction 
characteristic is a backpressure characteristic Within the ink 
container 12. As ink is extracted from the ink container 12 
the backpressure Within the ink container 12 varies. This 
back pressure variation, if not properly compensated for in 
the printing system 10, can lead to a variety of problems for 
the printing system 10. These problems include reduction of 
print quality due to excessive backpressure, reduction of 
printhead reliability due to air ingestion and increased 
stranding of ink in the ink container 12, to name a feW 
problems. 

One aspect of the present invention is a method and 
apparatus for storing ink extraction characteristics on the 
replaceable ink containers 12. The extraction characteristics 
are used for updating operation parameters of the printer 
portion 10. The printing system 10 makes use of these 
extraction characteristics to compensate for these character 
istics to achieve high print quality While more fully extract 
ing ink from the ink container 12. 

For example, in the case Where the ink extraction char 
acteristic varies With ink level Within the ink container 12 for 
a given extraction rate the backpressure Will increase as ink 
is extracted from the ink container 12. Therefore, Without 
properly compensating for this extraction characteristic the 
printing systern,10 is not able to extract ink at loW ink levels 
Where backpressures are highest resulting in the stranding of 
ink Within the ink container 12. Stranding of ink Within the 
ink container 12 results in ink Waste, higher printing costs 
per page and stranded ink entering the Waste stream. 

An electrical storage device is associated With each of the 
replaceable ink containers 12. The electrical storage device 
contains ink extraction information related to the particular 
replaceable ink container 12. Installation of the replaceable 
ink container 12 into the printer portion 10 alloWs ink 
extraction information to be transferred betWeen the elec 
trical storage device and the printer portion 18 to insure high 
print quality as Well as to achieve improved ink extraction 
from the replaceable ink container 12. The information 
provided to the printing system 10 includes, among other 
information, information specifying ink extraction rate for 
different amounts of ink in the ink container 12. The printing 
system 10 uses these extraction characteristics to select a 
proper extraction rate based on ink remaining in the ink 
container 12. By adjusting the ink extraction rate as ink from 
the ink container 12 is used the printing system 10 can more 
fully extract ink from the ink container 12 Without incurring 
problems With the printing system 10. The technique of the 
present invention Will be discussed in more detail With 
respect to FIGS. 10—12. Before discussing this technique it 
Will be helpful to ?rst discuss the printing system 10 in more 
detail. 

Although the printing system 10 shoWn in FIG. 1 makes 
use of ink containers 12 Which are mounted on the scanning 
carriage 20, the present invention is equally Well suited for 
other types of printing system con?gurations. One such 
con?guration is one Where the replaceable ink containers 12 
are mounted off the scanning carriage 20. Alternatively, the 
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printhead 16 and the ink container 12 may be incorporated 
into an integrated printing cartridge that is mounted to the 
scanning carriage 20. Finally, the printing system 10 may be 
used in a Wide variety of applications such as facsimile 
machines, postal franking machines, textile printing devices 
and large format type printing systems suitable for use in 
displays and outdoor signage. 

FIG. 2 is a simpli?ed schematic representation of the 
inkjet printing system 10 of the present invention shoWn in 
FIG. 1. FIG. 2 is simpli?ed to illustrate a single printhead 16 
connected to a single ink container 12. 

The inkjet printing system 10 of the present invention 
includes the printer portion 18 and the ink container 12, 
Which is con?gured to be received by the printer portion 18. 
The printer portion 18 includes the inkjet printhead 16 and 
a controller 29. With the ink container 12 properly inserted 
into the printer portion 18, an electrical and ?uidic coupling 
is established betWeen the ink container 12 and the printer 
portion 18. The ?uidic coupling alloWs ink stored Within the 
ink container 12 to be provided to the printhead 16. The 
electrical coupling alloWs information to be passed betWeen 
an electrical storage device 80 disposed on the ink container 
12 and the printer portion 18. The exchange of information 
betWeen the ink container 12 and the printer portion 18 is to 
ensure the operation of the printer portion 18 is compatible 
With the ink contained Within the replaceable ink container 
12 thereby achieving high print quality and reliable opera 
tion of the printing system 10. 
The controller 29, among other things, controls the trans 

fer of information betWeen the printer portion 18 and the 
replaceable ink container 12. In addition, the controller 29 
controls the transfer of information betWeen the printhead 16 
and the controller 29 for activating the printhead to selec 
tively deposit ink on print media. In addition, the controller 
29 controls the relative movement of the printhead 16 and 
print media. The controller 29 performs additional functions 
such as controlling the transfer of information betWeen the 
printing system 10 and a host device such as a host computer 

(not shoWn). 
In order to ensure the printing system 10 provides high 

quality images on print media, it is necessary that the 
operation of the controller 29 accounts for the particular 
replaceable ink container 12 installed Within the printer 
portion 18. The controller 29 utiliZes the parameters that are 
provided by the electrical storage device 80 to account for 
the particular replaceable ink container 12 installed in the 
printer portion 18 to ensure reliable operation and ensure 
high quality print images. 

Additional information, for example, that can be stored in 
the electrical storage device 80 associated With the replace 
able ink container 12 can include information specifying an 
initial ink volume, a current ink volume and ink container 12 
con?guration information, just to name a feW. The particular 
information stored on the electrical storage device 80 that 
relates to extraction characteristics Will be discussed in more 
detail later. 

FIG. 3 is a perspective vieW of a portion of the scanning 
carriage 20 shoWing a pair of replaceable ink containers 12 
properly installed in the receiving station 14. An inkjet 
printhead 16 is in ?uid communication With the receiving 
station 14. In the preferred embodiment, the inkjet printing 
system 10 shoWn in FIG. 1 includes a tri-color ink container 
containing three separate ink colors and a second ink con 
tainer containing a single ink color. In this preferred 
embodiment, the tri-color ink container contains cyan, 
magenta, and yelloW inks, and the single color ink container 
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contains black ink for accomplishing four-color printing. 
The replaceable ink containers 12 can be partitioned differ 
ently to contain feWer than three ink colors or more than 
three ink colors if more are required. For example, in the 
case of high ?delity printing, frequently six or more colors 
are used to accomplish printing. 

The scanning carriage portion 20 shoWn in FIG. 3 is 
shoWn ?uidically coupled to a single printhead 16 for 
simplicity. In the preferred embodiment, four inkjet print 
heads 16 are each ?uidically coupled to the receiving station 
14. In this preferred embodiment, each of the four printheads 
is ?uidically coupled to each of the four colored inks 
contained in the replaceable ink containers. Thus, the cyan, 
magenta, yelloW and black printheads 16 are each coupled 
to their corresponding cyan, magenta, yelloW and black ink 
supplies, respectively. Other con?gurations, Which make use 
of feWer printheads than four, are also possible. For 
example, the printhead 16 can be con?gured to print more 
than one ink color by properly partitioning the printhead 16 
to alloW a ?rst ink color to be provided to a ?rst group of ink 
noZZles and a second ink color to be provided to a second 
group of ink noZZles, With the second group of ink noZZles 
different from the ?rst group. In this manner, a single 
printhead 16 can be used to print more than one ink color 
alloWing feWer than four printheads 16 to accomplish four 
color printing. The ?uidic path betWeen each of the replace 
able ink containers 12 and the printhead 16 Will be discussed 
in more detail With respect to FIG. 4. 

Each of the replaceable ink containers 12 includes a latch 
30 for securing the replaceable ink container 12 to the 
receiving station 14. The receiving station 14 in the pre 
ferred embodiment includes a set of keys 32 that interact 
With corresponding keying features (not shoWn) on the 
replaceable ink container 12. The keying features on the 
replaceable ink container 12 interact With the keys 32 on the 
receiving station 14 to ensure that the replaceable ink 
container 12 is compatible With the receiving station 14. 

FIG. 4 is a side plan vieW of the scanning carriage portion 
20 shoWn in FIG. 2. The scanning carriage portion 20 
includes the ink container 12 shoWn properly installed into 
the receiving station 14, thereby establishing ?uid commu 
nication betWeen the replaceable ink container 12 and the 
printhead 16. 

The replaceable ink container 12 includes a reservoir 
portion 34 for containing one or more quantities of ink. In 
the preferred embodiment, the tricolor replaceable ink con 
tainer 12 has three separate ink containment reservoirs, each 
containing ink of a different color. In this preferred 
embodiment, the monochrome replaceable ink container 12 
is a single ink reservoir 34 for containing ink of a single 
color. 

In the preferred embodiment, the reservoir 34 has a 
capillary storage member (not shoWn) disposed therein. The 
capillary storage member is a porous member having suf 
?cient capillarity to retain ink to prevent ink leakage from 
the reservoir 34 during insertion and removal of the ink 
container 12 from the printing system 10. This capillary 
force must be suf?ciently great to prevent ink leakage from 
the ink reservoir 34 over a Wide variety of environmental 
conditions such as temperature and pressure changes. In 
addition, the capillarity of the capillary member is suf?cient 
to retain ink Within the ink reservoir 34 for all orientations 
of the ink reservoir as Well as a reasonable amount of shock 
and vibration the ink container may experience during 
normal handling. The preferred capillary storage member is 
a netWork of heat bonded polymer ?bers described in US. 
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Patent Application entitled “Ink Reservoir for an Inkjet 
Printer” ?led on Oct. 29, 1999, Ser. No. 09/430,400, 
assigned to the assignee of the present invention and incor 
porated herein by reference. 

Once the ink container 12 is properly installed into the 
receiving station 14, the ink container 12 is ?uidically 
coupled to the printhead 16 by Way of ?uid interconnect 36. 
Upon activation of the printhead 16, ink is ejected from the 
ejection portion 38 producing a negative gauge pressure, 
sometimes referred to as backpressure, Within the printhead 
16. Gauge pressure is the pressure measured Within the ink 
container relative to atmospheric pressure. This negative 
gauge pressure Within the printhead 16 is suf?cient to 
overcome the capillary force resulting from the capillary 
member disposed Within the ink reservoir 34. Ink is draWn 
by this backpressure from the replaceable ink container 12 
to the printhead 16. In this manner, the printhead 16 is 
replenished With ink provided by the replaceable ink con 
tainer 12. 

The ?uid interconnect 36 is preferably an upstanding ink 
pipe that extends upWardly into the ink container 12 and 
doWnWardly to the inkjet printhead 16. The ?uid intercon 
nect 36 is shoWn greatly simpli?ed in FIG. 4. In the 
preferred embodiment, the ?uid interconnect 36 is a mani 
fold that alloWs for offset in the positioning of the printheads 
16 along the scan axis, thereby alloWing the printhead 16 to 
be placed offset from the corresponding replaceable ink 
container 12. In the preferred embodiment, the ?uid inter 
connect 36 extends into the reservoir 34 to compress the 
capillary member, thereby forming a region of increased 
capillarity adjacent the ?uid interconnect 36. This region of 
increased capillarity tends to draW ink toWard the ?uid 
interconnect 36, thereby alloWing ink to flow through the 
?uid interconnect 36 to the printhead 16. 

The replaceable ink container 12 further includes a guide 
feature 40, an engagement feature 42, a handle 44 and a latch 
feature 30 that alloW the ink container 12 to be inserted into 
the receiving station 14 to achieve reliable ?uid intercon 
nection With the printhead 16 as Well as form reliable 
electrical interconnection betWeen the replaceable ink con 
tainer 12 and the scanning carriage 20. 
The receiving station 14 includes a guide rail 46, an 

engagement feature 48 and a latch engagement feature 50. 
The guide rail 46 cooperates With the guide rail engagement 
feature 40 and the replaceable ink container 12 to guide the 
ink container 12 into the receiving station 14. Once the 
replaceable ink container 12 is fully inserted into the receiv 
ing station 14, the engagement feature 42 associated With the 
replaceable ink container engages the engagement feature 48 
associated With the receiving station 14, securing a front end 
or a leading end of the replaceable ink container 12 to the 
receiving station 14. The ink container 12 is then pressed 
doWnWard to compress a spring biasing member 52 associ 
ated With the receiving station 14 until a latch engagement 
feature 50 associated With the receiving station 14 engages 
a hook feature 54 associated With the latch member 30 to 
secure a back end or trailing end of the ink container 12 to 
the receiving station 14. It is the cooperation of the features 
on the ink container 12 With the features associated With the 
receiving station 14 that alloW proper insertion and func 
tional interfacing betWeen the replaceable ink container 12 
and the receiving station 14. The receiving station 14 Will 
noW be discussed in more detail With respect to FIG. 5. 

FIG. 5 is a front perspective vieW of the ink container 
receiving station 14 shoWn in isolation. The receiving station 
14 shoWn in FIG. 5 includes a monochrome bay 56 for 
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receiving an ink container 12 containing a single ink color 
and a tri-color bay 58 for receiving an ink container having 
three separate ink colors contained therein. In this preferred 
embodiment, the monochrome bay 56 receives a replaceable 
ink container 12 containing black ink, and the tri-color bay 
receives a replaceable ink container containing cyan, 
magenta, and yelloW inks, each partitioned into a separate 
reservoir Within the ink container 12. The receiving station 
14 as Well as the replaceable ink container 12 can have other 
arrangements of bays 56 and 58 for receiving ink containers 
containing different numbers of distinct inks contained 
therein. In addition, the number of receiving bays 56 and 58 
for the receiving station 14 can be other than tWo. For 
eXample, a receiving station 14 can have four separate bays 
for receiving four separate monochrome ink containers 12 
With each ink container containing a separate ink color to 
accomplish four-color printing. 

Each bay 56 and 58 of the receiving station 14 include an 
aperture 60 for receiving each of the upright ?uid intercon 
nects 36 that eXtend therethrough. The ?uid interconnect 36 
is a ?uid inlet for ink to eXit a corresponding ?uid outlet 
associated With the ink container 12. An electrical intercon 
nect 62 is also included in each receiving bay 56 and 58. The 
electrical interconnect 62 includes a plurality of electrical 
contacts 64. In the preferred embodiment, the electrical 
contacts 64 are an arrangement of four spring-loaded elec 
trical contacts With proper installation of the replaceable ink 
container 12 into the corresponding bay of the receiving 
station 14. Proper engagement With each of the electrical 
connectors 62 and ?uid interconnects 36 must be established 
in a reliable manner. 

The guide rails 46 disposed on either side of the ?uid 
interconnects Within each bay 56 and 58 engage the corre 
sponding guide feature 40 on either side of the ink container 
12 to guide the ink container into the receiving station. When 
the ink container 12 is fully inserted into the receiving 
station 14, the engagement features 48 disposed on a back 
Wall 66 of the receiving station 14 engage the corresponding 
engagement features 42 shoWn in FIG. 3 on the ink container 
12. The engagement features 48 are disposed on either side 
of the electrical interconnect 62. Abiasing means 52 such as 
a leaf spring is disposed Within the receiving station 14. 

FIG. 6 is a bottom plan vieW of the replaceable ink 
container 12 of the present invention. The replaceable ink 
container 12 includes a pair of outWardly projecting guide 
rail engagement features 40. In the preferred embodiment, 
each of these guide rail engagement features 40 eXtend 
outWardly in a direction orthogonal to upright side 70 of the 
replaceable ink container 12. The engagement features 42 
eXtend outWardly from a front surface or leading edge 72 of 
the ink container 12. The engagement features 42 are 
disposed on either side of an electrical interface 74 and are 
disposed toWard a bottom surface 76 of the replaceable ink 
container 12. The electrical interface 74 includes a plurality 
of electrical contacts 78 electrically connected to an elec 
trical storage device 80. 

Opposite the leading end 72 is a trailing end 82. The 
trailing end 82 of the replaceable ink container 12 includes 
the latch feature 30 having an engagement hook 54. The 
latch feature 30 is formed of a resilient material, Which 
alloWs the latch feature to eXtend outWardly from the trailing 
end thereby extending the engagement feature outWardly 
toWard the corresponding engagement feature associated 
With the receiving station 14. As the latch member 30 is 
compressed inWardly toWard the trailing end 82, the latch 
member eXerts a biasing force outWardly in order to ensure 
the engagement feature 54 remains in engagement With the 
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corresponding engagement feature 50 associated With the 
receiving station 14 to secure the ink container 12 into the 
receiving station 14. 
The replaceable ink container 12 also includes keys 84 

disposed on the trailing end of the replaceable ink container 
12. The keys are preferably disposed on either side of the 
latch 30 toWard the bottom surface 76 of the replaceable ink 
container 12. The keys 84, together With keying features 32 
on the receiving station 14, interact to ensure the ink 
container 12 is inserted in the correct bay 56 and 58 in the 
receiving station 14. In addition, the keys 84 and the keying 
features 32 ensure that the replaceable ink container 12 
contains ink that is compatible both in color and in chemistry 
or compatibility With the corresponding receiving bay 56 
and 58 Within the receiving station 14. 
The handle portion 44 disposed on a top surface at the 

trailing edge 82 of the replaceable ink container 12. The 
handle portion 44 alloWs the ink container 12 to be grasped 
at the trailing edge 82 While inserted into the appropriate bay 
of the receiving station 14. 
The ink container 12 includes apertures 88 disposed on 

the bottom surface 76 of the replaceable ink container 12. 
The apertures 88 alloW the ?uid interconnect 36 to eXtend 
through the reservoir 34 to engage the capillary member 
disposed therein. In the case of the tri-color replaceable ink 
container 12, there are three ?uid outlets 88, With each ?uid 
outlet corresponding to a different ink color. In the case of 
the tri-color chamber, each of three ?uid interconnects 36 
eXtend into each of the ?uid outlets 88 to provide ?uid 
communication betWeen each ink chamber and the corre 
sponding print head for that ink color. 

FIG. 7 is a perspective vieW of a monochrome ink 
container positioned for insertion into the monochrome bay 
56 in the receiving station 14 shoWn in FIG. 5. The mono 
chrome ink container shoWn in FIG. 7 is similar to the 
tri-color ink container shoWn in FIG. 6 eXcept that only a 
single ?uid outlet 88 is provided in the bottom surface 76. 
The monochrome replaceable ink container 12 contains a 
single ink color and therefore receives only a single corre 
sponding ?uid interconnect 36 for providing ink from the 
ink container 12 to the corresponding printhead. 

FIG. 8 is a greatly enlarged vieW of the electrical storage 
device 80 and electrical contact 78. In one preferred 
embodiment, the electrical storage device 80 and the elec 
trical contacts are mounted on a substrate 85. Each of the 
electrical contacts 78 is electrically connected to the elec 
trical storage device 80. Each of the electrical contacts 78 is 
electrically isolated from each other by the substrate 85. In 
one preferred embodiment, the electrical storage device 80 
is a semiconductor memory that is mounted to the substrate 
85. In the preferred embodiment, the substrate 85 is adhe 
sively bonded to the ink container 12. 

In one preferred embodiment, there are four electrical 
contacts 78 representing contacts for poWer and ground 
connections as Well as clock and data connections. Insertion 
of the replaceable ink container 12 into the printing portion 
18 establishes electrical connection betWeen the electrical 
contact 64 on the receiving station 14 and the electrical 
contacts 78 on the replaceable ink container 12. With poWer 
and ground applied to the electrical storage device 80, data 
is transferred betWeen the printing portion 18 and the 
replaceable ink container 12 at a rate established by the 
clock signal. It is critical that electrical connection betWeen 
the printer portion 18 and the replaceable ink container 12 
formed by electrical contacts 64 and 78, respectively, be loW 
resistance connections to ensure reliable data transfer. If the 
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electrical contacts 64 and 78 fail to provide a loW resistance 
connection, then data may not be properly transferred, or the 
data may be corrupted or inaccurate. Therefore, it is critical 
that reliable, loW resistance connection is made betWeen the 
ink container 12 and the printing portion 18 to ensure proper 
operation of the printing system 10. 

FIG. 9 represents a block diagram of the printing system 
110 of the present invention shoWn connected to an infor 
mation source or host computer 90. The host computer 90 is 
shoWn connected to a display device 92. The host 90 can be 
a variety of information sources such as a personal 
computer, Work station, or server to name a feW, that 
provides image information to the controller 29 by Way of a 
data link 94. The data link 94 may be any one of a variety 
of conventional data links such as an electrical link or an 
infrared link for transferring information betWeen the host 
90 and the printing system 10. 

The ink container 12 shoWn in FIG. 9 includes the 
electrical storage device 80 and three separate ink supplies 
representing the tri-color ink container 12 shoWn in FIG. 6. 
When properly inserted into the tri-color receiving bay 58 
?uid communication is established betWeen each of the 
separate ink supplies or chambers and one or more inkjet 
printheads 16. 

The controller 29 is electrically connected to the electrical 
storage devices 80 associated With each of the printhead 16 
and the ink container 12. In addition, the controller 29 is 
electrically connected to a printer mechanism 96 for con 
trolling media transport and movement of the carriage 20. 
The controller 29 makes use of parameters and information 
provided by the host 90, the memory 80 associated With the 
ink container 12 and memory 80 associated With the print 
head 16 to accomplish printing. 

The host computer 90 provides image description infor 
mation or image data to the printing system 10 for forming 
images on print media. In addition, the host computer 90 
provides various parameters for controlling operation of the 
printing system 10, Which is typically resident in printer 
control softWare typically referred to as the “print driver”. In 
order to ensure the printing system 10 provides the highest 
quality images it is necessary that the operation of the 
controller 29 compensate for the particular replaceable ink 
container 12 installed Within the printing system 10. It is the 
electric storage device 80 that is associated With each 
replaceable ink container 12 that provides parameters par 
ticular to the replaceable ink container 12 that alloWs the 
controller 29 to utiliZe these parameters to ensure the 
reliable operation of the printing system 10 and insure high 
quality print images. 

FIG. 10 is a representation of backpressure magnitude 
Within the ink container 12 versus extracted ink from the ink 
container 12. Backpressure or gauge pressure that is shoWn 
in FIG. 10 is a negative pressure because this pressure is 
beloW atmospheric pressure. For simplicity, the backpres 
sure Within the ink container is represented as a magnitude 
or as the negative of the gauge pressure. In FIG. 10 the 
backpressure is speci?ed in inches of Water and the extracted 
ink is speci?ed in cubic centimeters of ink. In general, as ink 
is extracted from the ink container 12, the backpressure or 
gauge pressure Within the ink container tends to increase or 
become more negative. There are tWo components of back 
pressure as shoWn in FIG. 10, static backpressure is repre 
sented by curve 98 and dynamic backpressure is represented 
by curve 100. As backpressure Within the ink container 12 
increases, the drop siZe ejected from the print head 16 tends 
to decrease. Once the backpressure reaches a maximum 
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operating backpressure as represented by curve 102 further 
increases in back pressure Will reduce print quality. Print 
quality is reduced because of drop siZe variation Which, if 
suf?cient can degrade the output image or change color hue 
in the printed image. In addition to loss of print quality, 
damage to the printhead 16 can occur if the printhead 16 
operated for too long under high backpressure conditions. 
This printhead 16 damage results from air ingestion or 
thermal damage due to reduced ink ?oW through the print 
head 16. 

The technique of the present invention, alloWs the back 
pressure Within the ink container to be maintained beloW the 
maximum operational backpressure to prevent degradation 
in print quality, prevent damage to the printhead 16 and 
alloW ink to be more fully extracted from the ink container 
12. Before discussing details of the present invention, it Will 
be helpful to ?rst discuss the static and dynamic backpres 
sure components, each of Which contribute to a reduction of 
print quality. 

Static backpressure is a backpressure or gauge pressure 
Within the ink container 12 that exists When ink is not being 
extracted from the ink container 12. Astatic backpressure or 
steady state backpressure exists in the ink container 12 When 
the printing system 10 is not printing. This static backpres 
sure component results from the capillarity of a capillary 
storage member Within the ink container 12. The capillary 
storage member in a preferred embodiment is a netWork of 
?bers that forms a self-sustaining structure. These netWork 
of ?bers de?ne spacings or gaps betWeen the ?bers, Which 
form a tortuous interstitial path. This interstitial path is 
formed to have excellent capillarity properties for retaining 
ink Within the capillary storage member. In one exemplary 
embodiment, the static backpressure increases from tWo 
inches to approximately six inches of Water as ink is 
extracted from the tortuous interstitial path Within the cap 
illary storage member. 

In one exemplary embodiment, the capillary storage 
member is a bi-component ?ber having a polypropylene 
core material and a polyethylene terephthalate sheath mate 
rial. This bi-component ?ber is described in more detail in 
US. patent application Ser. No. 09/430,400 entitled “Ink 
Reservoir For An Inkjet Printer”. Filed Oct. 29, 1999 to 
David Olsen, Jeffrey PeW, and David C. Johnson, and 
assigned to the assignee of the present invention. 
The dynamic component of backpressure as represented 

by curve 100 is the backpressure Within the ink container 12 
that results from ink extraction from the ink container 12. It 
can be seen from curve 100 at a constant extraction rate of 

one cubic centimeter per minute of ink from the ink con 
tainer 12, the back pressure increases With increasing 
amounts of ink extracted from the ink container 12. The 
dynamic backpressure component tends to be higher than 
the static backpressure component as represented by curve 
98. The dynamic backpressure component is a function of a 
resistance to the extraction of ink from the tortuous capillary 
ink path Within the capillary storage member. As more ink 
is extracted from the capillary storage member, the capillary 
path in Which ink must How to be extracted from the storage 
member tends to increase. This increase in the extraction 
path tends to increase the backpressure Within the ink 
container 12. 

At a constant extraction rate of 1 cubic centimeter per 
minute of ink from the ink container 12, the dynamic 
backpressure represented by curve 100 reaches the maxi 
mum operating backpressure 102 When approximately 27 
cubic centimeters (see dashed line 104) is extracted from the 
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ink container 12. Further extraction of ink from the ink 
container 12 beyond the maximum operational backpressure 
at the extraction rate of 1 cubic centimeter per minute Will 
result in loss of print quality. The technique of the present 
invention allows the extraction characteristics to be used to 
adjust the ink extraction rate to prevent operation of the 
printing system 10 beyond the maximum operational back 
pressure. In the exemplary embodiment, the extraction rate 
is reduced from 1 cubic centimeter per minute to 0.25 cubic 
centimeters per minute to alloW ink to be further extracted 
from the ink container 12. At the extraction rate of 0.25 
cubic centimeters per minute, the maximum operational 
backpressure represented by curve 102 is not reached until 
approximately 35 cubic centimeters (see dashed line 106) 
are extracted from the ink container 12. By adjusting the 
extraction rate of ink from the ink container 12, eight 
additional cubic centimeters of ink can be extracted from the 
ink container 12 as represented by the difference betWeen the 
ink extracted at 0.25 cubic centimeters per minute and the 
ink extracted at an ink extraction rate of 1 cubic centimeters 
per minute. 

The extraction rate of ink from the ink container 12 is 
directly related to the print rate of the print head 16. A 
variety of techniques can be used to reduce the print rate of 
the print head 16 thereby reducing the extraction rate from 
the ink container 12. These techniques include selecting a 
print mode from a variety of different print modes. Each of 
the print modes is con?gured to have a different rate of ink 
extraction. In this manner, the print mode or extraction rate 
is selected based on the ink extraction characteristics of the 
ink container 12. 

For example, one print mode is printing With a pause for 
a selected period of time during the printing of each print 
sWath. This pause in printing tends to reduce the average rate 
of ink extraction from the ink container 12 during the print 
sWath. Additional print modes can be added the each have a 
different selected period of time in Which printing is paused. 

Alternatively, the print mode can activate only a subset of 
the available noZZles on the printhead. One such print mode 
is a dual pass print mode Wherein only half the noZZles on 
the print head 16 are operated in tWo successive passes of the 
same print sWath. A complete print sWath is printed but at 
half the ink extraction rate at a single pass printing in Which 
all the print noZZles are operated in a single pass. 

The technique of the present invention, alloWs ink to be 
extracted from the ink container 12 at a given extraction rate. 
The extraction rate can be reduced upon the occurrence of an 
appropriate condition for reducing the ink extraction rate 
from the ink container 12 as that more ink can be extracted 
from the ink container 12. One such condition for adjusting 
the extraction rate is When the backpressure Within the ink 
container reaches a threshold backpressure value such as 
maximum operational backpressure. Alternatively the ink 
extraction rate from the ink container 12 can be reduced 
When a threshold amount of ink is extracted from the ink 
container 12. The ink extraction rate is then reduced so that 
a greater amount of ink can be extracted from the ink 
container 12. 

The technique of the present invention can be used to 
select different extraction rates for print modes from a 
plurality of different print modes based on ink extracted 
from the ink container or backpressure Within the ink 
container. Moreover, the extraction rate can be continually 
varied during operation of the printing system 10 based on 
ink extraction or dynamic backpressure to optimiZe ink 
extraction from the ink container 12. 
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12 
FIG. 11 shoWs a How diagram of one exemplary embodi 

ment of the technique of the present invention for adjusting 
the extraction rate to improve ink extraction from the ink 
container 12. In this exemplary embodiment, a lookup table 
is stored Within the electrical storage device 80 on the ink 
container 12. This lookup table contains a series of extrac 
tion rate values that correspond to varying amounts of 
extracted ink from the ink container 12. At speci?ed 
amounts of extracted ink, an extraction rate is speci?ed for 
increasing the amount of ink, Which can be extracted from 
the ink container 12. 
The ink container is ?rst inserted into the printing system 

10 as represented by step 108. Upon insertion, the controller 
29 reads the extraction characteristics or lookup table that is 
stored in the electrical storage device 80 associated With the 
ink container 12 as represented by step 110. The controller 
29 then determines the amount of ink remaining in the ink 
container 12 as represented by step 112. The amount of ink 
remaining in the ink container 12 is either stored on the 
electrical storage device 80 associated With the ink container 
12 or alternatively, the controller 29 keeps track of the 
amount of ink, printed for determining the amount of ink 
remaining in the ink container 12. For the case Where the 
controller keeps track of the amount of ink printed, this 
information can be stored back on the electrical storage 
device 80 so that the electrical storage device 80 contains 
information for determining the amount of ink remaining in 
the ink container 12. 
The controller 29 then selects an extraction rate based on 

the ink remaining in the ink container 12 using the extraction 
characteristics as represented by step 114. In the exemplary 
embodiment, the lookup table is used to determine an 
extraction rate based on the amount of ink extracted from the 
ink container 12. To achieve the desired extraction rate, the 
controller 29 adjusts operation of the printer mechanism 96 
and print head 16 to select the printing operations such that 
the desired extraction rate is achieved. During the print 
operation, the amount of ink extracted from the ink container 
12 is monitored and the extraction rate is adjusted as 
necessary to improve the extraction of ink from the ink 
container 12. 
The monochrome ink container, such as shoWn in FIG. 7 

Will in general have different ink extraction characteristics 
from the tri-color ink container shoWn in FIG. 6. The 
monochrome ink container has a larger portion Within the 
reservoir 34 and therefore Will have different backpressure 
characteristics as ink is extracted than the much smaller 
chambers Within the reservoir 34 associated With each ink 
color in the tri-color ink container 12. For this reason, the 
lookup table associated With the monochrome ink container 
12 Will have different values from the lookup table associ 
ated With the tri-color ink container 12. 
The technique of the present invention stores extraction 

characteristics on a memory device associated With the ink 
container 12. These extraction characteristics are used by the 
printing system 10 to adjust operation of the printing system 
in order to more fully extract ink from the ink container 12. 
By extracting more ink from the ink container 12, the ink 
containers do not need to be replaced as often, thereby 
reducing the per page printing costs of the printing system 
10. In addition, by extracting more ink from the ink con 
tainer 12, the amount of ink that enters the Waste stream is 
reduced. 
What is claimed is: 
1. A replaceable ink container for providing ink to an 

inkjet printing system, the inkjet printing system having a 
?rst printing mode With a ?rst ink usage rate and at least a 
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second printing mode With a second ink usage rate different 
from the ?rst usage rate, the replaceable ink container 
comprising: 

an information storage device containing print mode 
control information Wherein installation of the replace 
able ink container into the inkjet printing system the 
print mode control information is provided to the inkjet 
printing system specifying one of the ?rst ink usage 
rate and the at least a second ink usage rate based on 
available ink Within the replaceable ink container. 

2. The replaceable ink container of claim 1 Wherein the 
replaceable ink container has ink extraction characteristics 
that vary With ink level Within the replaceable ink container. 

3. The replaceable ink container of claim 1 Wherein the 
replaceable ink container has a gauge pressure characteristic 
based on ink usage that varies With ink level Within the ink 
container. 

4. The replaceable ink container of claim 1 Wherein the 
information storage device is a semiconductor storage 
device. 

5. A replaceable ink container for providing ink to an 
inkjet printing system, the inkjet printing system having a 
?rst printing mode With a ?rst ink usage rate and a second 
printing mode With a second ink usage rate different from the 
?rst usage rate, the replaceable ink container comprising: 

an ink reservoir for containing ink, the ink reservoir 
having ink extraction characteristics that vary With ink 
level Within the ink container; and 

an information storage device for storing control infor 
mation for selecting one of the ?rst and second printing 
modes based on ink level Within the ink container. 

6. The replaceable ink container of claim 5 Wherein the 
extraction characteristics is a speci?cation of usage rates for 
corresponding ink levels Within the replaceable ink con 
tainer. 

7. The replaceable ink container of claim 5 Wherein the 
extraction characteristics is a dynamic backpressure charac 
teristic of the replaceable ink container. 

8. The replaceable ink container of claim 5 Wherein the 
replaceable ink container has ink extraction characteristics 
that vary With ink level Within the replaceable ink container. 

9. The replaceable ink container of claim 5 Wherein the 
replaceable ink container has a gauge pressure characteristic 
based on ink usage varies With ink level Within the ink 
container. 

10. The replaceable ink container of claim 5 Wherein the 
information storage device is a semiconductor storage 
device. 

11. A replaceable ink container for providing ink to an 
inkjet printing system, the inkjet printing system having a 
?rst printing mode With a ?rst ink usage rate and a second 
printing mode With a second ink usage rate less than the ?rst 
usage rate, the replaceable ink container comprising: 

an ink reservoir for containing ink, the ink reservoir 
having a gauge pressure characteristic based on ink 
usage that varies With ink level Within the ink con 
tainer; and 

an information storage device for storing information 
specifying a threshold ink level Within the ink container 
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beloW Which the inkjet printing system sWitches from 
the ?rst printing mode to the second printing mode. 

12. The replaceable ink container of claim 11 further 
including a plurality of electrical contacts electrically con 
nected to the information storage device, the electrical 
contacts con?gured to engage corresponding electrical con 
tacts associated With the inkjet printing system for passing 
information specifying the threshold ink level betWeen the 
replaceable ink container and the inkjet printing system. 

13. The replaceable ink container of claim 11 Wherein the 
electrical storage device is a semiconductor storage device. 

14. The replaceable ink container of claim 11 Wherein for 
a given ink usage rate the ink reservoir has a ?rst gauge 
pressure for a ?rst ink level Within the ink reservoir and a 
second gauge pressure for a second ink level Within the ink 
reservoir Wherein the second ink level is less than the ?rst 
ink level and the second gauge pressure is greater than the 
?rst gauge pressure. 

15. Amethod for operating a printing system comprising: 
determining ink level Within a replaceable ink container 

having ink supply characteristics that vary With ink 
level; 

determining printer characteristics for changing printing 
system ink usage rate; and 

adjusting printing system operational characteristics 
based on the determined ink level and the determined 
printer characteristics so that the printing system usage 
rate corresponds to the ink supply characteristics. 

16. The method of claim 15 Wherein the determining ink 
level Within a replaceable ink container is by tracking ink 
usage. 

17. The method of claim 15 Wherein the determining 
printer characteristics is retrieving printer characteristics for 
an information storage device on the replaceable ink con 
tainer. 

18. The method of claim 15 Wherein the adjusting the 
printing system operational characteristics is changing a 
print mode to a print mode having a different ink usage rate. 

19. A method for manufacturing a replaceable ink con 
tainer for use in an inkj et printing system, the inkj et printing 
system having a plurality of print modes each having a 
corresponding ink usage rate, the method comprising: 

storing print mode control information in an information 
storage device; and 

attaching the information storage device to the replace 
able ink container Wherein installation of the replace 
able ink container into the inkjet printing system the 
print mode control information is provided to the inkjet 
printing system for selecting a print mode from the 
plurality of print modes based on available ink Within 
the replaceable ink container. 

20. The method of claim 19 Wherein the storing print 
mode control information is the storing of information that 
speci?es one of a ?rst and second ink usage rate based on ink 
level Within the Within the replaceable ink container. 

21. The method of claim 19 Wherein the information 
storage device is a semiconductor memory device. 

* * * * * 
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