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UNITED STATES DISTRICT COURT
DISTRICT OF NEVADA

HEWLETT-PACKARD COMPANY, a CvV-5-
Delaware corporation
COMPLAINT FOR PATENT
Plaintiff, INFRINGEMENT

vs. JURY DEMAND

MICRCJET TECHNOLOGY CO., LTD., a
Taiwanese corporation

Defendant.
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Plaintiff HEWLETT-PACKARD COMPANY (“HP”), by and through its
undergigned attorneys, alleges as follows:
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JURISDICTION

1. Thigs 1s an action for patent infringement. This Court
has subject matter jurisdiction over this patent infringement
claim under 28 U.S5.C. §§ 1331 and 1338, and pursuant to the
Patent Laws of the United States of America, 35 U.S.C. § 101, et
seq.

VENUE
2. Venue properly lies within the District of Nevada

pursuant to 28 U.5.C. §§ 1391 (b), (c) and (d) and 28 U.S.C. 8§

1400 (b) .
THE PARTIE
3. HP is a corporation incorporated under the laws of the

State of Delaware and has its principal place of business at 3000
Hanover Street, Palo Alto, California.

4. Defendant MICROJET TECHNOLOGY CO., LTD. ("Microjet”),
on information and belief, is a Taiwanese corporation and has its
principal place of business in Taiwan. Upon information and
belief, Microjet transacts business in the District of Nevada,
including selling and importing for sale various infringing
products within that District, and Microjet has sufficient
contacts with the District of Nevada on that basis to subject
Microjet to the jurisediction of this Court.

5. Upon information and belief, Microjet is also selling
infringing products embodying the patented inventions to
customers in the United States, including customers in the
District of Nevada, through various intermediaries and
distributors located throughout the United States, including
intermediaries and distributors located in the District of

SD\1379345.1
100818-158744




Case

10
11
12
13
14
15
16
17
18
195
20
21
22
23
24
25
26
27

28

GrAY CARY WARE
& FREIDENRICH e

2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 3 of 93

Nevada, and Microjet has sufficient contacte with the District of
Nevada on that basis to subject Microjet to the jurisdiction of
this Court.

FACTUAL BACKGROUND

6. HP engineers, designs, develops and markets a broad
offering of computer equipment and systems, networking products,
printers, print cartridges, scanners, and enabling technologies.
Having invested substantial resources in the development of these
technologies, HP maintains a portfolio of patents covering its
inventions, including the patents at issue.

7. On May 2, 1989, United States lLetters Patent No.
4,827,294 (“the Hanson ‘'294 Patent”) was duly and legally issued.
A true and correct copy of the Hanson '294 Patent is attached
hereto as Exhibit 1. HP is the assignee and owner of all right,
title and interest in and to the Hanson ‘294 Patent, and has the
right to bring this suit for damages and injunctive relief.

8. On January 6, 1987, United States Letters Patent
No. 4,635,073 (“the Hanson ‘073 Patent”) was duly and legally
issued. A true and correct copy of the Hanson ‘073 Patent is
attached hereto as Exhibit 2. HP is the assignee and owner of
all right, title and interest in and to the Hanson ‘073 Patent,
and has the right to bring this suit for damages and injunctive
relief.

9. On July 21, 1987, United States Letters Patent
No. 4,680,859 (“the Johnson ‘859 Patent”) was duly and legally
issued. A true and correct copy of the Johnson ‘859 Patent is
attached hereto as Exhibit 3. HP is the assignee and owner of
all right, title and interest in and to the Johnson ‘859 Patent,
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and has the right to bring this suit for damages and injunctive
relief.

10. On October 3, 1989, United States Letters Patent
No. 4,872,027 (“the Buskirk ‘027 Patent”) was duly and legally
issued. A true and correct copy of the Buskirk ‘027 Patent is
attached hereto as Exhibit 4. HP is the assignee and owner of
all right, title and interest in and to the Buskirk ‘027 Patent,
and has the right to bring this suit for damages and injunctive
relief.

11. On February 12, 1991, United States Letters Patent
No. 4,992,802 (“the Dion ‘802 Patent”) was duly and legally
issued. A true and correct copy of the Dion ‘802 Patent is
attached hereto as Exhibit 5. HP is the assignee and owner of
all right, title and interest in and to the Dion ‘802 Patent, and
has the right to bring this suit for damages and injunctive
relief.

12. On April 25, 1995, United States Letters Patent
No. 5,409,134 (“the Cowger ‘134 Patent”) was duly and legally
issued. A true and correct copy of the Cowger ‘134 Patent is
attached hereto as Exhibit 6. HP is the assignee and owner of
all right, title and interest in and to the Cowger ‘134 Patent,
and has the right to bring this suit for damages and injunctive
relief.

13. The Hanson ‘294 Patent, the Hanson ‘073 Patent, the
Johnson ‘859 Patent, the Buskirk ‘027 Patent, the Dion ‘802,
Patent and the Cowger ‘134 Patent are collectively referred to

herein as “the Patents at Issue.”

i

SD\137%345.1
100818-158744




Case

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Gray CARY WARE
& FREIDENRICH uwr

2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 5 of 93

14. Microjet sells and imports into the District of Nevada,
and the rest of the United States through its national network of
distributors, various ink jet print cartridges that infringe each
of the Patents at Issue. These infringing ink jet print
cartridges are hereinafter referred to as “the Accused Print
Cartridges.”

COUNT ONE
PATE INFRINGEMENT OF U. PATE N 4 7.2

15. HP incorporates by reference the allegations in
paragraphs 1 through 14 above.

16. HP is informed and believes that Microjet has directly
infringed, and continues to directly infringe, under 35 U.S.C.

§ 271(a), the ‘294 Patent by importing the Accused Print
Cartridges into the United States and by selling the Accused
Print Cartridges in the United States.

17. HP is informed and believes that Microjet has actively
induced infringement, and continues to actively induce
infringement, under 35 U.S.C. § 271(b), of the ‘294 Patent by
causing others to directly infringe the ‘294 Patent.

18. HP is informed and believes that Microjet has
contributorily infringed, and continues to contributorily
infringe, under 35 U.S$.C. § 271 (¢}, the ‘294 Patent by causing
others to directly infringe the ‘294 Patent.

195. HP is informed and believes that Microjet has actual
notice of the ‘294 Patent under 35 U.S.C. § 287. The filing of
this Complaint also constitutes notice to Microjet under 35
U.5.C. § 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘294 Patent.

SD\1378345.1
100818-158744




Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 6 of 93

1 20. HP has been irreparably harmed by these acts of willful
2 [infringement and will continue to be harmed unless Microjet’s

3 |further acts of infringement are restrained by order of this

4 {Court. HP has no adequate remedy at law.

5 21. As result of Microjet’s infringement of the ‘294

6 [|Patent, HP has suffered and will continue to suffer damages in an
7 [|amount to be proven at trial.

8 22. This case is an “exceptional” case within the meaning

9 [of 35 U.S.C. § 285.

10 COUNT TWO
11 PATENT INFRINGEMENT QF U.S. PATENT NO. 4, 635,073
12 23. HP incorporates by reference the allegations in

13 (paragraphs 1 through 22 above.

14 24. HP is informed and believes that Microjet has directly
15 [infringed, and continues to directly infringe, under 35 U.S.C.
16 |§ 271(a), the '073 Patent by importing the Accused Print

17 |Cartridges into the United States and by selling the Accused

18 [Print Cartridges in the United States.

19 25. HP 1is informed and believes that Microjet has actively
20 {induced infringement, and continues to actively induce

21 [infringement, under 35 U.S.C. § 271(b), of the ‘073 Patent by

22 [causing others to directly infringe the ‘073 Patent.

23 26. HP is informed and believes that Microjet has

24 jeontributorily infringed, and continues to contributorily

25 [infringe, under 35 U.S.C. § 271(c), the ‘073 Patent by causing

26 [[others to directly infringe the ‘073 Patent.

27 /7777
28 /7777
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27. HP is informed and believes that Microjet has actual
notice of the ‘073 Patent under 35 U.S.C. § 287. The filing of
this Complaint also constitutes notice to Microjet under 35
U.5.C. § 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘294 Patent.

28. HP has been irreparably harmed by these acts of willful
infringement and will continue to be harmed unless Microjet’s
further acts of infringement are restrained by order of this
court. HP has no adequate remedy at law.

25. As result of Microjet’s infringement of the ‘073
Patent, HP has suffered and will continue to suffer damages in an
amount to be proven at trial.

30. This case is an “exceptional” case within the meaning
of 35 U.S.C. § 285.

COUNT THREE

PATENT INFRINGEMENT OF U.S. PATENT NO. 4,680,859

31. HP incorporates by reference the allegations in
paragraphs 1 through 30 above.

32. HP is informed and believes that Microjet has directly
infringed, and continues to directly infringe, under 35 U.g.C.

§ 271(a), the ‘859 Patent by importing the Accused Print
Cartridges into the United States and by selling the Accused
Print Cartridges in the United States.

33. HP is informed and believes that Microjet has actively
induced infringement, and continues to actively induce
infringement, under 35 U.S.C. § 271(b), of the ‘859 Patent by
causing others to directly infringe the ‘294 Patent.
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34. HP is informed and believes that Microjet has
contributorily infringed, and continues to contributorily
infringe, under 35 U.5.C. § 271(c), the ‘859 Patent by causing
others to directly infringe the '859 Patent.

35. HP is informed and believes that Microjet has actual
notice of the ‘859 Patent under 35 U.S.C. § 287. The filing of
this Complaint also constitutes notice to Microjet under 35
U.5.C. § 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘859 Patent.

36. HP has been irreparably harmed by these acts of willful
infringement and will continue to be harmed unless Microjet'’s
further acts of infringement are restrained by order of this
court. HP has no adequate remedy at law.

37. As result of Microjet’s infringement of the ‘859
Patent, HP has suffered and will continue to suffer damages in an
amount to be proven at trial.

38. This case is an “exceptional” case within the meaning
of 35 U.S.C. § 285.

COUNT FOUR
PATENT INFRINGEMENT OF U.S. PATENT NO, 4,872,027

39. HP incorporates by reference the allegations in
paragraphs 1 through 38 above.

40. HP is informed and believes that Microjet has directly
infringed, and continuesg to directly infringe, under 35 U.S.C.

§ 271{(a), the ‘027 Patent by importing the Accused Print
Cartridges into the United States and by selling the Accused

Print Cartridges in the United States.

/71777
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41. HP is informed and believes that Microjet has actively
induced infringement, and continues to actively induce
infringement, under 35 U.S.C. § 271(b), of the ‘027 Patent by
causing others to directly infringe the ‘027 Patent.

42. HP is informed and believes that Microjet has
contributorily infringed, and continues to contributorily
infringe, under 35 U.S.C. § 271 (c¢), the ‘027 Patent by causing
others to directly infringe the ‘027 Patent.

43. HP is informed and believes that Microjet has actual
notice of the ‘027 Patent under 35 U.S.C. § 287. The filing of
this Complaint also constitutes notice to Microjet under 35
U.5.C. § 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘027 Patent.

44. HP has been irreparably harmed by these acts of willful
infringement and will continue to be harmed unless Microjet’'s
further acts of infringement are restrained by order of this
court. HP has no adequate remedy at law.

45. As result of Microjet’s infringement of the ‘027
Patent, HP has suffered and will continue to suffer damages in an
amount to be proven at trial.

46. This case is an “excepticnal” case within the meaning
of 35 U.8.C. § 285.

COUNT FIVE
PATENT INFRINGEMENT OF U.S. PATE NO, 4,992,802
47. HP incorporates by reference the allegations in

paragraphs 1 through 46 above.
vy
/1777
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48. HP is informed and believes that Microjet has directly
infringed, and continues to directly infringe, under 35 U.S5.C.

§ 271 (a), the '802 Patent by importing the Accused Print
Cartridges into the United States and by selling the Accused
Print Cartridges in the United States.

49. HP is informed and believes that Microjet has actively
induced infringement, and continues to actively induce
infringement, under 35 U.S.C. § 271(b), of the ‘802 Patent by
cauging others to directly infringe the ‘802 Patent.

50. HP is informed and believes that Microjet has
contributorily infringed, and continues to contributorily
infringe, under 35 U.S.C. § 271{(c), the ‘802 Patent by causing
others to directly infringe the ‘802 Patent.

51. HP is informed and believes that Microjet has actual
notice of the ‘802 Patent under 35 U.S.C. § 287. The filing of
this Complaint also constitutes notice to Microjet under 35
U.5.C. §& 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘802 Patent.

52. HP has been irreparably harmed by these acts of willful
infringement and will continue to be harmed unless Microjet’s
further acts of infringement are restrained by order of this
court. HP has no adequate remedy at law.

53. As result of Microjet’s infringement of the ‘802
Patent, HP has suffered and will continue to suffer damages in an
amount to be proven at trial.

54. This case is an “exceptional” case within the meaning
of 35 U.S.C. § 285,

11717
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COUNT SIX

PATENT INFRINGEMENT OF U.S. PATENT NO. 5,409,134

55. HP incorporates by reference the allegations in
paragraphs 1 through 54 above.

56. HP is informed and believes that Microjet has directly
infringed, and continue to directly infringe, under 35 U.S.C.

§ 271(a), the '134 Patent by importing the Accused Print
Cartridges into the United States and selling the Accused Print
Cartridges in the United States.

57. HP is informed and believes that Microjet has actively
induced infringement, and continues to actively induce
infringement, under 35 U.S.C. § 271(b), of the ‘134 Patent by
causing others to directly infringe the ‘134 Patent.

58. HP is informed and believes that Microjet has
contributorily infringed, and continues to contributorily
infringe, under 35 U.S.C. § 271(c), the ‘134 Patent by causing
others to directly infringe the ‘134 Patent.

59. HP is informed and believes that Microjet has actual
notice of the '134 Patent under 35 U.S.C. § 287. The filing of
this Complaint alsoc constitutes notice to Microjet under 35
U.S.C. § 287. Despite such notice, Microjet has willfully
infringed, and continues to willfully infringe, the ‘134 Patent.

60. HP has been irreparably harmed by these acts of willful
infringement and will continue to be harmed unless Microjet’s
further acts of infringement are restrained by order of this

court. HP has no adequate remedy at law.
/1117
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61. As result of Microjet’'s infringement of the ‘134
Patent, HP has suffered and will continue to suffer damages in an
amount to be proven at trial.

62. This case is an “exceptional” case within the meaning
of 35 U.S.C. § 285,

WHEREFORE, HP prays:

1. That Microjet be adjudged to have infringed each of the
Patents at Issue;

2. That Microjet, its officers, principals, agents,
attorneys, servants, employees and all others acting by or under
its direction and authority, and each of its successors and
assigns, be permanently enjoined from importing, making, using
and/or selling in the United States any products infringing the
Patents at Issue or any other product substantially equivalent
thereto which is also within the scope of any claim of the
Patents at Issue;

3. That HP be awarded an accounting for and recovery of
damages adequate to fully compensate it for the infringement by
Microjet of the Patents at Issue;

4. That HP be awarded treble damages in view of the
reckless, willful and deliberate nature of the infringement by
Microjet, pursuant to 35 U.S.C. section 284;

5. For costs and attorneys’ fees pursuant to 35 U.S.C.
section 285;

6. For interest thereon at the legal rate; and
117177
11777
/1777
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1 7. For such other and further relief as the Court may deem
2 [|Just and proper.

3 ‘7§b
Dated: January 2001

e

LIONEL SAWYER & COLLINS
5
6 .

By

7 DEm?’ S KENNEDY

Attorneys for Plaintiff
9 HEWLETT-PACKARD COMPANY

10
GRAY CARY WARE & FREIDENRICH LLP
11
12 JOHN ALLCOCK
RANDATL E. KAY

13 STEWART M. BROWN
RICHARD T. MULLOY
14
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DE FOR JURY TRIAL
Pursuant to Federal Rule of Civil Procedure 38 and Local
Rule 38-1, plaintiff HEWLETT-PACKARD COMPANY hereby demands a

trial by jury.

17®
Dated: January , 2001

LIONEL SAWYER & COQLLINS

D) 1

DENN/f S KENNEDY

GRAY CARY WARE & FREIDENRICH LLP

JOHN ALLCOCK
RANDALL E. KAY
STEWART M. BROWN
RICHARD T. MULLOY

Attorneys for Plaintiff
HEWLETT-PACKARD COMPANY

8D\1379345.1
100818-158744
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» L]
United St s Patent uq (1] Pat.  Number: 4,827,294
»
*
Hanson {45s] Date of Patent: May 2, 1989
(54] THERMAL INK JET PRINTHEAD 4499478 2/1985 Matsufuji ..oveveeocooooeroenne, 3467140
ASSEMBLY EMPLOYING BEAM LEAD 4,520,148 /1986 Domoto ..... e 3467140
INTERCONNECT CIRCUIT 4,610,495 9/1986 Landi ... +39/492 X
4,612,554 5/1986 Poleshuk e 3467130
{75] loventor: Gary E. Hanson, Boise, Id. 4,628,150 12/1986 Luc ... e 617408 X
. 4635073 1/1987 Hanson e 3467140 X
(73] Assignee: Hewlett-Packard Company, Palo 4675693 6/1987 Yano .. e 347140 X
Alto, Calif.
[*] Notice: The portion of the term of this patent ) OTHER PUBLICATIONS
subsequent to Jan. 6, 2004 has been Bailx et al.; Sequential Bonding, Western Electric Tech-
disclaimed. nical Digest, No. 12, Oct. 1968, p. 1-2.
[21] Appl No.: 93,924 Frimary Examiner—Joseph W. Hartary
(22] Filed: Oct. 26. 1987 Attorney, Agent. or Firm~William J. Bethurum
{571 ABSTRACT
Related US. Application Data This application discloses a new and improved thermat
[60] Division of Ser. No. 917,945, Dec. 4. 1986, abandoned, ink jet printhead and method of manufacture wherein a
which is a continuation of Ser. No. 201.034, Nov. 22, tape automated bond (TAB) flexible circuit is sequen-
1385, Pat. No. 4,635.073. tially thermosonically bonded in a one-by-one wire
[51] Emt. €L* oo, GOID 15/16  bonding process to aligned conductive traces on a thin
i52] 140 R; 346/139 R film resistor substrate. These traces provide electrical
S PPN - , 13 current paths tor a corresponding plurality of heater
[58] 346/140, 139 ths f ding plurality of
361 References Cited Tesistors on the substrate, and these resistors function o
heat a correspanding plurality of ink reservoirs in a
U.S. PATENT DOCUMENTS thermal ink jet printhead.
| 3,672,034 6/1972 Clark oo, 2944711
3,700,156 10/1972 Hermanns .oeo.......... 25/470.1 X 3 Claims, 5 Drawing Sheets

Copy provided by USPTO from the L-SiR image Databass on 02-02-2000
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4,827,294

1

THERMAL INK JET PRINTHEAD ASSEMBLY
EMPLOYING BEAM LEAD INTERCONNECT
CIRCUIT

RELATED APPLICATIONS

This application is a divisional of U.S. application
Ser. No. 937,945, filed Dec. 4, 1986, now abandoned,
which in turn is a continuation of application Ser. No.
801,034, filed Nov. 22, 1985, now U.S. Pat No.
4,635,073 issued Jan. 6, 1987,

TECHNICAL FIELD

This invention relates generally to thermal ink jet
printing and more particularly 1o a new and improved
low cost, high density thermal ink jet print head assem-
bly and process for manufacturing same. This process
features thermosonic beam lead bonding in the plane af
the thermal ink jet thin film resistor substrate.

RELATED APPLICATION
Background Art

Thermal ink jet printing has been described in many
technical publications, and one such publication rele.
vant to this invention is the Hewletr Packard Journal
Volume 36, No. May 5, 1985, incorporated herein by
reference.

In the art of thermal ink jet printing, it is known to
provide bail and stitch wire banding to a thermal ink jet
thin film resistor substrate in order to complete slecrical
signal paths to the individual resistive heater elements
on the substrate. Whereas these wire bonding tech-
niques have proven generally satisfactory in many re-
spects, they impose a limiting factor upon the reduction
in substrate size used for housing 2 give number of resis-
tive heater elements. Since the cast of the substrate,
especially in the case of monocrystalline silicon, repre-
sents & significant percentage of the overail cost of the
thermal ink jet print head, then the desirability of even
further reducing the substrate size is manifest.

In addition to impesing = limitation on the reduction
in substrate size, the bail and stitch wire bonding pro-
cess of the prior art also imposed a limitation on the
achievable packing density of the complete print head
assembly.

DISCLOSURE OF INVENTION

Accordingly, it is an object of the present invention
to provide 2 new and improved thermal ink jet print
head assembly and process of fabricating same which
allows for a reduction in substrate size relative to the
above prior art, and thereby provides a corresponding
reduction in the averall cost of the thermal ink jet primt
head assembly being fabricated.

Another object is to provide a new and improvad
thermal ink jet print head assembly of the type de-
scribed which is characterized by an increased packing
density and improved performance characteristics.

Another object is to provide an assembly of the type
described which exhibits the above improvements in
substrate size reduction and increased packing density
without sacrificing performance or refzabililry.

A feature of this invention is the provision of a print
head assembly of the type described which has an ex-
tremely low profile print head, thus minimizing the
spacing between print head and paper and optimizing
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the printing speed and printing quality of characters
formed on the paper.

These and other objects and novel features of this
invention are accomplished by the provision of a new
and improved planar bonded thermal ink jet print head
substtate and thermosonic beam lead attachment pro-
cess for fabricating same wherein a thin film resistor
print head substrate of predetermined dimensions is
mounted on a header member. This header member in
turn provides a source of ink supply to the print head.
The print head substrate contains a plurality of conduc-
tive traces thereon which make electrical connection to
resistive heater elements in the substrate. These conduc-
tive traces are thermosonically bonded to a plurality of
beam leads in an interconnect circuit which extends in
the plane of the upper surface of the substrate to thereby
maximize packing density of the print head assembly.

The beam [eads to the interconnect circuir alsg ex-
tend over a predetermined slanted surface portion of the
header member and are resiliently mounted to proirude
away from the surface of the header member to thus
enable the print head assembly to be fumly, yet remov-
ably, connected to mating conductars on a printer hous-
ing. Advantageously, the beam leads of the intercon-
nect circuit are resilienty extended toward the printer
housing by means of an elongated material having elas-
tomeric properties which is positioned between the
beam leads and the surface of the header member over
which they extend.

The present invention and above objects and features
thereof will better understood by referring 1o the fol-
lowing description of the accompanying drawings
wherein:

BRIEF DESCRIFTION OF DRAWINGS

FIG. 1a is an exploded view of the header, the semi-
conducter thin film substrate, and the beam lead flexible
circuit portion of the print head assembly according to
a preferred embodiment of the present invention.

F1G. 15 is an isometric view of the completely assem-
bled print head assembly, including the top orifice plate
which is bonded atop the thin film substrate and beam
lead connections thereto.

F1G. 2o is a partially cut-away isometric view of the
thin film resistor substrate and beam lead electrical
interconnects therafor,

FIG. 26 is a cross-section view taken along lines
B—B of FIG. 2A.

FIG. 3a is a schematic cross-section view of the print
head assembly according to the invention in its pressure
connect position in a printer carraige.

FIG. 3b is a greatly enlarged view of the pressure
connect portion of the slanted header wall, inciuding
the elasiomer insert portion thereof.

FIGS. 42 and 4) are an isometric view of the bonding
tool and the portion of a beam lead of the flexible circuit
which has been bonded to an underlying aluminum
conductive trace on the thin film substrate.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 14, there is shown a thin fim
resistor silicon substrate 10 having an elongated slot 12
therein which serves as an ink intake pors for providing
ink to a plurality of ink reservoirs (not specifically
shown) and to corresponding ink ejection orifices in an
orifice plate 14 shown in FIG. 14, The thin film resistor
silicon substrate 10 has a plurality of aluminum conduc-
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tive traces thereon which have been deposited using
conventional aluminum evaporation techaiques, and
these conductive tracings extend to a location near the
outer edges of the substrate where they are bonded to
corresponding beam leads of a flexible interconnect 5
circuit 16. This flexible interconnect circuit 16 is prefer-
ably a tape automated boad {TAB) circuit of the rype
manufactured and sold by the Minnesota Mining and
Manufacturing (3M) Company of Minneapolis, Minn.

Once the TAB bonding step illustrated in the top 10
view of FIG. 1z has been completed (as described in
greater detail below with reference to FIGS. 2g and 25),
the top portion of FIG. 1 is positioned in place on the
top surface 18 of the plastic header 20. This positioning
of the semiconductor substrate and associated TAB 15
bond flexible circuit 16 in place on the header 20 is
shown in the assembled view of FIG. 15 which further
includes the placement and boading of the upper crifice
plate 14 in place as shown. Here the multiple beam ieads
22 of the TAB bond circuit 16 are folded downwardly 20
at an angle and then outwardly of the semiconductor
thin film substrate 10 and are tied down at the lower
edge of the slanted outer wall 26 of the header.

The header 20 also uses slanted end walls 26 on both
sides for mounting and alignment of the printhead as- 25
sembly in 2 carriage of an ink jet printer. Additionally,
the print head assembly of FIG. 16 includes a pair of
end tabs 34 and 36 which facilitate the handling of the
print bead assembly prior to mounting in 2 printer car-
nage.

Referring now to F1G. 2a there is shown a silicon
substrate 40 having respectively layers of silicon diox-
ide 42, tantalom aluminum 44, aiuminum 45 and silicon
carbide 4§ deposited thereon using vapor deposition
processes known to those skilled in the semiconductor 35
processing arts. The silicon dioxide layer 42 provides a
first layer of silicon surface passivation for the substrate
40 whereas the tantalum alominum layer 44 serves as
the thermal resistor material in areas which have been
photolithographically defined adjacent the surface con- 40
ductor terminations 1o be further described. The silicon
carbide layer 46 is a highly inert refractory material and
is deposited atop the tantalum aluminum layer 44 to
provide a good barrier layer for ink reservoirs (not
shown) subsequently formed over the thermal heater 45
tesistors within the tantajum aluminum Iayer 44.

The taotalum aluminum resistors kave besn photo-
lithographicaily defined, for example, in the areas 48,
50, 52, 54 on the near side of the ink feed siot 12 and in
the aress 56, 58, 60 and 62 on the far side of the ink feed 50
slot 12. At the inside edge of these resistors, or edge
nearest the siot 12, there are a pair of ground return or
buss bar connections 64 and 66 which extend along the
lengthwise edge of the slot 12 and provide a return or
ground line for the electronic drive circuitry for these 55
resistors. Electrical drive current pulses are fed to the
tantalum aluminum resistors 48, 50, 52, 54, 56, 58, 60 and
62 by means of & plunility of conductive aluminum
traces which are indicated at 68, 70, 72 and 74 on the
near side of the isometric structure of FIG. 2 and at 76, 60
78, 80 and 82 on the far side of the structure in FIG. 22
There may also be one or more aluminum traces 84
leading into the bus bar or grid line 64 for providing a
ground or return tine to the electronic drive circuitry
for the thin film resistor structure 10.

Each of the conductive traces such as 68, 70, 72 and
74 are brought into perfect alignment with a corre-
spoading plurality of beam leads 86, 88, 90 and 92 of the
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previously identified TaB bond flexible circuit, and
there may be one or more additional ground leads such
as 94 which make coanection to the corresponding
ground line 84 leading into the bus bar 64. Once these
beam lead members 86, 88, 90, 92, and 94 are positioned
in place as shown. they are bonded one by one in se.
qguence fo the corresponding conductive aluminum
traces using a preferred type of bending tool (see FIG.
4) and 2 controlled combination of ultrasonic snergy,
pressure, heat and time 50 as to provide a good metal-to-
metal thermosonic bond between each beam lead mem-
ber of the TAB flexible circuit and its corresponding
conductive trace member leading into the tantalum
aluminum hearer resistors. These beam lead members
on the far side of the structure of FIG. 2a are indicated
as 96, 98, 100 and 102 respectively.

Referring now 1o FIG. 25, which is a cross-section
view taken along lines B—B of FIG. 2a, there are
shown the tantalum aluminum resistors 54 and 62 on
opposite sides of the slot 12 and laterally defined on one
side by the inside edges of the bus bars 64 and 66. The
other edges of the tantalum aluminum heater resistors
54 and 62 are defined by the ends of the aluminum
traces 74 and 82, respectively, and the beam leads, 2.8
92, are bonded by a precision bonding tcol 104 10 be
described in more detatled below with reference to
FIG. 4.

Referring now to FIG. 3a, there is shown a cross-sec-
tional view of the plastic header 20 which inciudes 2
central ink storage region 106 for receiving a supply of
ink and feeding the ink into the efongated siot 12 of the
thin film resistor substrate 10. The configuration of the
header 20 is further defined by a pair of hollowed out
regions 108 and 110 on each side of the inkwel! 106, and
these regions 108 and 110 are constructed during the
injection molding process used to make the header 20.
During this process, an interior cylindrical flange 112 is
formed in the geometry indicated in order to receive a
circular elastomer 114 in an outer cavity or receptacie
116. This elastomer 114 or other equivalent member
having the required elastomeric properties is brought in
contact with the TAB bond flex circuit 16 where it
extends over the slanted outer wall 26 of the header 20.
Here the TAB bond flex circuit 16 makes pressure
contact with another flexible circuit 138 which extends
vertically along the outer vertical side walls of the
beader 20. Here it is accessabie to driving circuitry (not
shown} which provides driving current pulses for the
heater resistors previously described.

The use of the elastomer 114 enables the TAB bond
flex circuit 16 and the fiexible circuit 118 to the driving
electronics to be brought into good firm clectrical
contact when the ink jet print head structure of FIG. 16
is inserted into the carriage 120 of the thermal ink jet
printer. The carriage 120 inctudes a slanted interior wall
122 for recetving the circuits 16 and 118 on each side of
the thermal ink jet print head. Approximately 25
pounds of pressure are apptied to the electrical connec-
tion adjacent the elastomer ring 114.

Referring now to FIG. 4, there is shown in an en-
larged isometric view the tip 124 of the previously iden-
tified bonding tool 104 (FIG. 25). This tip 124 has a
bonding surface which includes a pair of flat areas 126
and 128 on each side thereof separated by a trough 130.
The dimensions of the total bonding surface areas are, as
indicated, 3 mils by 4 mils, and these dimensions clearly
illustrate the very small geomectries involved when
bonding the ends of the beam leads of the TAB bond
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flex circuit 16 to the corresponding ends of the conduc-
tive traces T4 on the surface of the thin film resistor
substrate 10.

When the bonding tip 124 is brought into thermo-
sonic contact with the beam lead 92 and then removed
after applying predetermined heat, sonic energy and
pressure for a predetermined time, the geometrical in-
dentations 132 and 134 are left in the beam ieads. The
effect of this thermosonic bond is to compress the origi-
nal thickness of the beam lead 92 of about 1 mil down to
berween 0.6 and 0.75 mils. This step provides a good
strong electrical bond for sach beam lead as the bond-
ing tool is sequentially moved in a step-by-siep process
1o sequentially and separately bond all of the beam leads
of the TAB bond flex circuit 16 to all of the aligned
aluminum conductive traces on the print head substrate.
This gold-aluminum bonding system which is capable
of producing good strong bonds at bonding tempera-
tures of 70" C. or less avoids the weil known and unde-
sirable intermetallic gold-aluminum interaction known
as the “purple plague”.

Various modifications may be made to the above
described embodiments of the invention without de-
parting from the spirit and scope thereof. For example,
it is not necessary that the geometry of the semiconduc-
tor substrate be configured in a slot ink-feed arrange-
ment, and instead the ink may be fed to the reservoirs
above the various heater resistors using a different geo-
metrical feed configuration. Similarly, the conductive
traces on top of the tantalum alominum resistive layer as
well as the gold plated copper beam leads may be
changed to different, yet bonding compatible, electrical
materials within the scope of the present invention.

I claim:

1. An ink jer printhead assernbly adapted for insertion
into a printhead carriage, said assembly including in
combination:

a. a printhead substrate mounted on a header member

and operative to receive ink therefrom,
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b. a plurality of thin conductors disposed atop said
substrate and electrically connected to a plurality
of transducer elements therein, and

<. a beam [ead interconnect circuit having a plyrality
of beam leads bonded, respecrively, to said plural-
ity of thin conductors and extending over a chosen
outer surface of said header member, and said
header member having a surface geometry config-
ured for inservion into a printhead carriage,
whereby the portions of said beam leads on said
chosen outer surface of said header member may be
brought into electrical contact with corresponding
mating conductors on said printhead carriage.

2. The assembly defined in claim 1 wherein said beam
leads are resilieatly extended away from said chosen
surface of said header member and thereby enable said
assembly to be firmly, yet removably, connected to
mating conductors on said printhead carriage.

3. An ink jet pen including in combination:

(2) a pen body housing having an ink storage com-
partment therein and an ink flow port adjacent one
surface thereof and further having outer surfaces
which are contoured to mate with adjacent sur-
faces of a pen carriage member,

(b} 2 thin film printhead mounted on said one surface
of said pen body housing and adjacent to said ink
flow port therein for receiving ink from said ink
flow port during an ink jet printing operation, and

(¢) a flexible electrical circuit member including a
pluraiity of beam leads bonded at predetermined
locations on said thin film printhead for supplying
electrical power and signais thereto during an ink
Jjet printing operation, said flexible electrical circuit
being extended over one of said contoured outer
_surfaces of said pen body housing and secured
thereto, whereby electrical conductors in a pen
carriage are adapted to mate with certain ones of
said beam leads of said flexible eiectrical circuit for
supplying power and electrical drive signals to said
beam leads when said pen body housing is mounted
in said carriage.

LJ [ ] * - [




Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 26 of 93

EXHIBIT 2



» Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 27 of 93

VI'THESE, BRESENTS, SHALL, COME;

1

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

February 04, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THIS OFFICE OF:

s o ye oS n ity Tal
o e S T i?

s teedi

=70

U.S. PATENT: 4,635,073
ISSUE DATE: January 06, 1987

—oE 1o

papdy iy

oy
e

33
s (e ad
" math 3 o>

P I3 seiiasishoseansidsd

TI1
iy

[

oo
aTeanarssiaatiit]

e

e

.._..14113 :—.—-:———#2—“-‘—-—‘-‘““‘-“‘!—&

e
A
77/6//17/’4//4 “
N.”WOODSON
Certifying Officer




‘Fase 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 28 of 93

United States Patent 9 (11] Patent Number; 4,635,073
Hanson (451 Date of Patent: Jan, 6, 1987
[54] REPLACEABLE THERMAL INK JET [56) References Cited

COMPONENT AND THERMOSONIC BEAM

BONDING PROCESS FOR FABRICATING U.5. PATENT DOCUMENTS

SAME 4,500,895 2/1985 Buck coeoooroeoe. ME/1S0 R

4,506,272 3/1985 Arai.....
4,585,157 4/1986 Beicher .....

[75] Inventor: Gary E. Hanson, Boise, Id. 4369,584  5/1986 Christiansen ..........
Primary Examiner—)oseph W. Hartary

[73] Assignee: Hewlett Packard Company, Palo Attorney, Agens, or Firm—W . Beth

Alto, Calif. 57 ABSTRACT

This spplication discloses a new and improved thermal

ink jet printhead and method of manafacture wherein a

tape automated bond (TAB) flaxible circuit is sequen.

tiglly thermosonically bonded in a one-by-ome wire

291 Filed: Nov. 22, 1985 bonding process (o aligned conductive traces on a thin

(22 Fi or. 22, . film resistor substrate. These traces provide electrical
current paths for a corresponding piurality of heater

(21] Appl. No.: 801,034

(51] Int, CL4 e GO1D 15/18  resistors on the substrate, and these resistors function to
[52] U8 Cl oo, 346/1.1; 228/110;  heat a corresponding plurality of ink reservoirs in a
228/180.2; 46/140 R thermal ink jet printhead.
(58] Field of Search ................. 346/140, 1.1, 139 C;
361/398, 421; 228/110, 180.2 12 Claims, 8 Drawing Figures

Copy provided by USFT® from the CSIR image Database on 02-02-2000



~ Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 29 of 93

| U.S. Patent  Jan. 6, 1987 Sheet1of5 4,635,073

Copy provided by USP TO frem the CSIR Image Database on 02-02-2000



ase 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 30 of 93

U.S. Patent Jan. 6, 1987 Sheet2of 5 4,635,073




:RLH -RJJ. .Document 1-586132 Filed 01/17/01 Page 31 of 93

. Case.2:01-cv-

4,635,073

Sheet 3 of 5

U.S. Patent Jjan. 6, 1987

Copy provided by USPTQ from the CSIA Image Uatabase on 02-02-2000




~« Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 32 of 93

U.S. Patent Jjan. 6, 1987 Sheet4of 5 4,635,073

Copy provided by USPTU from the CSIR image Uatabass on 02-02-2000



~~——~~~CaSe Z'UT=CV-0006U-RTH -RJJ~Documént 1-586132  Filed 01/17/01 Page 33 of 93

U.S. Patent Jan. 6, 1987 SheetSof5 4,635,073

Fig. 4b

Copy provided by USP TS from the CoIR image Uatabase on 02-02-2000



“~Case 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 34 of 93

4,635,073

1

REPLACEABLE THERMAL INK JET
COMPONENT AND THERMOSONIC BEAM
BONDING PROCESS FOR FABRICATING SAME

TECHNICAL FIELD
This invention relates generaily to thermal ink jet
printing and more particularly to a new and improved
low cost, high density thermal ink jet print head assemn-
bly and process for manufacturing same. This process
features thermosonic beam lead bonding in the plane of
the thermal ink jet thin film resistor substrate.

BACKGROUND ART

Thermal ink jet printing has been described in many
techmical publications, and one such publication rele-
vant to this invention is the Hewlert Packard Journal,
Volume 36, Number 5, May 1985, incorporated herein
by reference.

In the art of thermal ink jet printing, it is known to
provide ball and stitch wire bonding to & thermai ink jet
thin film resistor substrate in order to complete electri-
cal signal paths to the individual resistive heater ele-
ments on the sobstrate. Whereas these wire bonding
techniques have proven generally satisfactory in many
respects, they impose a limiting factor upon the reduc-
tion in substrate size used for housing a give number of
resistive heater slements. Since the cost of the substrate,
especially in the case of monocrystalline silicon, repre-
sents a significant perceatage of the overall cost of the
thermal ink jet print head, then the desirability of even
further reducing the substrate size is manifest

1n addition to imposing a jimitation on the reduction
in substrate size, the ball and stitch wire bonding pro-
cess of the prior art aiso imposed a limitation ou the
achievable packing density of the complete print head
assembly.

DISCLOSURE OF INVENTION

Accordingly, it is an object of the present invention
to provide a new and improved thermal ink jet prin:
head assembly and process of fabricating same which
aliows for a reduction in substrate size reftive to the
above prior art, and thereby provides a corresponding
reduction in the overall cost of the thermal ink jet print
head assembly being fabricated.

Another object is to provide a new and improved
thermal ink jet print head assembiy of the type de-
acribed which is characterized by an increased packing
density and improved performance characteristics.

Another object is to provide an amembly of the type
described which exhibits the above improvements in
substrate size reduction and increased packing density
without sacrificing performance or reliabiliry.

A feature of this invention is the provision of a print
head sssembly of the type described which has an ex-
tremely low profile print head, thus minimizing the
spacing between print head and paper and optimizing
the printing speed and printing quality of characters
formed on the paper.

These and other objects and novel features of this
invention are accomplished by the provision of & new
and improved planar bonded thermal ink jet print head
substrate and thermosonic beam lead attachment pro-
cess for fabricating same wherein a thin film resistor
priet head substrate of predetermined dimensions is
mounted on & hesder member. This header member in
turn provides a source of ink supply to the print head.

Copy provided by USPT0 from the CSIR image Database on 02-02-2000

10

5

i

40

45

35

65

2

The print head substrate contains a plurality of conduc-
tive traces thereon which make electrical connection to
resistive heater elements in the substrate. These conduc-
tive traces are thermosonically bonded to a plurality of
beam Jeads in an interconnect circuit which extends in
the piane of the upper surface of the substrate to thereby
maximize packing density of the print head assembly.

The beam leads of the interconnect circuit also ex-
tend over a pretermined slanted surface portion of the
header member and are resiliently mounted to protrude
away from the surface of the header member to thus
¢nable the print head assembly to be firmly, yet remov-
ably, connected to mating conductors on a printer hous-
ing. Advantageously, the beam leads of the intercon-
nect circuit are resilienty extended toward the printer
housing by means of an elongated material having eias-
tomeric properties which is positioned between the
beam leads and the surface of the header member over
which they extend.

The present invention and above objects and features
thereof will better understood by referring to the fol-
lowing description of the accompanying drawings
wherein:

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is an exploded view of the header, the semi-
conductor thin film substrate, and the beam lead flexible
circuit portion of the print head assembly according to
a preferred embodiment of the present invention.

FIG. 1B is an isometric view of the completely as-
sembled print head assembly, including the top orifice
plate which is bonded atop the thin film substrate and
beam lead connections thereto.

FIG. 2A is a partially cut-away isometric view of the
thin film resistor substrate and beam lead electrical
interconnects therefor.

FIG. 2B is a cross-section view taken along lines
B—B of FIG. 2A.

F1G. 3A is a schematic cross-section view of the print
head assembly according to the invention in its pressure
connect position in a printer carraige.

FIG. 3B is a greatly enlarged view of the pressure
connect portion of the sianted header wall, including
the eiastomer insert portion thereof.

FIGS. 4a and 4b are an isometric view of the bonding
tool and the portion of a beam lead of the flexible circuit
which has been bonded to an underlying aluminum
conductive trace on the thin film substrate.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 1A, there is shown a thin film
zesistor silicon substrate 10 having an elongated slot 12
therein which serves as an ink intake port for providing
ink to a plurality of ink reservoirs (not specifically
shown) and to corresponding ink ejection orifices in an
orifice plate 14 shown in FIG. 1B. The thin film resistor
silicon substrate 10 has a plurality of aluminum conduc-
tive traces thereon which have been deposited using
conventional aluminum evaporation techniques, and
these conductive tracings extend to a location near the
outer edges of the substrate where they are bonded to
corresponding beam leads of a flexible interconnect
circuit 16. This flexible interconnect circuit 16 is prefer-
ably a tape automated bond (TAB) circuit of the type
manufactured and sold by the Minnesota Mining and
Manufacturing (3M) Company of Minneapolis, Minn.
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Once the TAB bonding step illustrated in the top
view of FIG. 1A has been completed (as described in
greater detail beiow with reference to FIGS. 2A and
2B), the top portion of FIG. 1A is positioned in place on
the top surface 18 of the plastic header 20. This position- 5
ing of the semiconductor substrate and associated TAR
bond flexible circit 16 in place on the header 20 is shown
in the assembied view of FIG. 1B which further in.
cludes the placement and bonding of the upper orifice

plate 14 in place as shown, Here the multiple beam leads 10

22 of the TAB bond circuit 16 are folded downwardly
at an angle and then ovrwardly of the semiconductor
thin film substrate 10 and are tied down at the lower
edge of the slanted outer wail 26 of the header.

The header 20 also uses slanted end walls 26 on both 15
sides for mounting and alignment of the printhead as-
sembly in a carriage of an ink jet printer. Additionally,
the print head assembly of FIG. 1B includes a pair of
end tabs 34 and 36 which facilitate the handling of the

print head assembly prior to mounting in a printer car. 20

riage.

Referring now to FIG. 2A there is shown a silicon
substrate 40 having respectively layers of silicon diox-
ide 42, tantalum aluminum 44, aluminum 45 and silicon

carbide 46 deposited therson using vapor deposition 25

processes known to those skilled in the semiconductor
processing arts. The silicon dioxide layer 42 provides a
first layer of silicon surface passivation for the substrate
40 whereas the tantalum aluminum layer 44 serves as

the thermal resistor material in areas which have been 30

photolithographically defined adjacent the surface con-
ductor termirations to be further described. The silicon
carbide layer 46 is a highly nert refractory material and
i% deposited atop the tantalum ajumingm layer 44 to

provide s good barrier layer for ink reservoirs (not 35

shown) subsequently formed over the thermal heater
resistors within the tantaiom aluminum layer 44,

The tantalum aluminum resistors have been photo-
lithographically defined, for example, in the areas 48,

50, 52, 54 on the near side of the ink feed slot 12 and in 40

the arcas 56, 58, 60 and 62 on the far side of the ink feed
slot 12. At the inside edge of these resistors, or edge
acarest the slot 12, there are a pair of ground return of
buss bar connections 64 and 66 whick extend along the
leagthwise edge of the slot 12 and provide a return or 45
ground line for the electronic drive circuitry for these
resistors. Electrical drive curreat pulses are fed to the
tantslum aluminum resistors 48, 50, 52, 54, 56, 58, 60 and
62 by means of a plurality of conductive aluminut

mcuwhichueindicamdatﬂ,'m,umd‘nontheso

Dear side of the isometric structure of FIG. 2 and at 76,
78, 80 and 82 on the far side of the structure in FIG. 2A..
There may aiso be one or more aluminum traces 84
leadingimothebusbuor;rid]im“forprovid.ingl

ground or return line to the electronic drive circuitry 55

for the thin film resistor structure 10.

Each of the conductive traces such as 68, 70, 72 and
74 are brought into perfect alignment with a corre-
sponding plurality of beam leads 86, 88, 90 and 92 of the

previonsly identified TAB bond flexibie circuit, and 60

there may be one or more additional ground leads such
as 94 which make connection to the carresponding
ground line 84 leading into the bus bar 64. Once these
beam lead members 86, 88, 90, 92, tnd 94 are positioned

in place as shown, they are bonded one by one in se- 65

quence to the corresponding conductive aluminum
traces using a preferred type of bonding tool (see F1G.
4) and a controlled combination of ultrasonic energy,
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pressure, heat and time so as to provide a good metal-to-
metal thermosonic bond between each beam lead mem-
ber of the TAB flexible circuit and its corresponding
conductive trace member leading into the tantalum
aluminum beater resistors. These beam lead members
on the far side of the structure of FIG. 2A are indicated
as 96, 98, 100 and 102 respectively.

Referring now to FIG. 2B, which is a cross-section
view taken along lines B—B of FIG. 2A. there are
shown the tantalum aluminum resistors 54 and 62 on
opposite sides of the slot 12 and lateraliy defined on one
side by the inside edges of the bus bars 64 and &6, The
other edges of the tantalum aluminum heater resistors
84 and 62 are defined by the ends of the aluminom
traces 74 and 82, respectively, and the beam icads, e.g.
92, are bonded by a precision bonding tool 104 to be
described in more detail below with reference to FIG.
4.

Referring now to FIG. 3A, there is shown a cross-
sectional view of the plastic header 20 which includes a
central ink storage region 106 for receiving a supply of
ink and feeding the ink into the elongated slot 12 of the
thin film resistor substrate 10. The configuration of the
header 20 is further defined by a pair of hollowed out
regions 108 and 110 on each side of the inkwall 106, and
these regions 108 and 110 are constructed during the
injection molding process used to make the header 20.
During this process, an interior cylindrical flange 112 is
formed in the geometry indicated in order 1o receive a
circular elastomer 114 in an outer cavity or receptacle
116. This elastomer 114 or other equivalent member
having the required elastomeric properties is brought in
contact with the TAB bond flex circuit 16 where it
extends over the slanted outer wall 26 of the header 20.
Here the TAB bond flex circuit 16 makes pressure
contact with another flexible circuit 158 which extends
vertically along the outer vertical side walls of the
beader 20. Here it is accessable to driving circuitry (not
shown) which provides driving current pulses for the
heater resistors previously described.

The use of the elastomer 114 enables the TAB bond
flex circuit 16 and the flexible circuit 118 to the driving
electronics to be brought into good firm electrical
contact when the ink jet print head structure of FIG. 1B
isimeﬁedintot.hecaniagellﬂafthcthermnlinkjct
printer. The carriage 120 includes a slanted interior wall
122 for receiving the circuits 16 and 118 on each side of
the thermal ink jet print head. Approximatety 25
Ppounds of pressure are applied to the slectrical connec-
tion adjacent the elastomer ring 114.

Referring now to FIG. 4, there is shown in an en-
larged isometric view the tip 124 of the previously iden-
tified bonding tool 104 (FIG. 2B). This tip 124 has a
bonding surface which includes a pair of flat areas 126
and 128 on each side thereof separated by a trough 130.
The dimensions of the total bonding surface areas are, as
indicated, 3 mils by 4 mils, and these dimensions clearly
illustrate the very small geometries involved when
bonding the ends of the beam leads of the TAB bond
flex circuit 16 to the corresponding ends of the conduc-
tive traces 74 on the surface of the thin film resistor
substrate 10

When the bonding tip 124 is brought into thermo-
sonic contact with the beam lead 92 and then removed
after applying predetermined heat, sonic energy and
Pressure for a predetermined time, the geometrical in-
dentations 132 and 134 are left in the beam leads. The
effect of this thermosonic bond is 1o compress the origi-
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nal thickness of the beam lead 92 of about | mil down to
between 0.6 to 0.75 mils This step provides a good
strong electrical bond for cach beam lead as the bond-
ing tool is sequentially moved in a step-by-step process
to sequentially and separately bond ail of the beam leads
of the TAB bond flex circuit 16 to al] of the aligned
aluminum conductive traces on the print head substrate.
This gold-aluminum bonding system which is capable
of producing good strong bonds at bonding tempera-
tures of 70" C. or less avoids the wel! known and unde-
sirable intermetallic gold-aluminum interaction known
as the “purple plague”.

Various modifications may be made to the above
described embodiments of the invention without de-
parting from the spirit and scope thereof. For example,
it is not necessary that the geometry of the semiconduc-
tor substrate be configured in a slot ink-feed arrange-
ment, and instead the ink may be fed to the reservoirs
above the various heater resistors using a different geo-
metrical feed configuration. Similarly, the conductive
traces on top of the tantafum aluminum resistive layer as
well as the gold plated copper beam leads may be
changed to different, yet bonding compatible, electrical
materials within the scope of the present inveation.

I claim:

1. A process for {abricating a replaceabie thermal ink
jet print head which includes the steps of:

a. providing a thin film resistor print head substrate
having a piurality of resistive heater elements
thereon and a corresponding plurality of conduc-
tive leads connected to said resistive heater ele-
ments,

b. providing a beam Jead interconnect circuit having
a plurality of beam leads with spacings to match
those of said conductive leads on said print head
substrate, and

c. thermosonicaily bonding in sequence each of said
beam leads to each of said corresponding plurality
of conductive traces so that said beam leads and
said conductive traces lie in a adjacent parallel
planes to thereby enhance the packing density of
said thermal ink jet print head.

2. The process defined in cleim 1 further includes:

2. mouating said substrate on a header member,

b. extending said beam lead interconnect circuit over
a chosen surface area of said header member, and

<. resiliently protruding said beam lead circuit out-
wardly of said chosen surface arez, whereby said
thermal ink jet print hesd may be brought in to
firm, yet removable, electrical contact with mating
connectors on the sarface of an adjacent printer

bousing.

3. The process defined in claim 2 wherein the resilient
protrusion of said beam lesd circuitry is provided by
inserting an elongated member having elastomeric
properties between said beam lead members and the
surface of said header member.

4. A thermal ink jet print head assembly including in
combination:

a. a print head substrate mounted on a header member

and operative to receive ink therefrom,
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6
b. a pturality of conductive traces deposited atop said
substrate and electricaily connected to a plurality
of resistive heater elements therein, and

<. a beam lead interconnect circuit having a plurality

of beam leads bonded, respectively, to said plural-
ity of conductive traces in adjacent abutting paral-
lel planes to thersby maximize packing density in
said print bead assembly.

5. The assembly defined in claim 4 wherein said beam
leads extend over a predetermined surface portion of
said header member and extend resiliently away from
said surface portion to thereby enabie said assembly to
be firmly, but removeably, connected to mating con-
ductors on a printer housing,

6. The assembly defined in claim § wherein ssid beam
lead members are resiliently extended away from said
surface portion of said header by means of a resilient
member having elastomeric properties positioned be-
tween said beam leads and an outer surface portion of
said header member.

T. The assembly defined in claim 4 wherein said con-
ductive traces are aluminum and said beam leads have s
gold plated outer surface and thereby form a strong
bond at the relatively low thermosonic bonding temper-
ature on the order of about 70° C. or less, and are unaf-
fected by the intermetallic purple plaque produced by
exposing said bond to significantly higher temperatures.

8. The assembly defined in claim 5 wherein said con-
ductive traces are aluminum and said beam leads have a
gold plated outer surface and thereby form a strong
bond at the reiatively low thermosonic bonding temper-
ature on the order of about 70* C. or less, and are unaf-
fected by the intermetallic purple plaque produced by
exposing said bond to significantly higher temperatures.

9. The assembly defined in claim 6 wherein said con-
ductive traces are aluminum and said beam leads have a
gold plated outer surface and thereby form a strong
bond at the relatively low thermosonic bonding termp-
erature on the order of about 70° C. or less, and are
unaffected by the intermetallic purple plaque produced
by exposing said bond to significantly higher tempera-
tures.

10. A process for making electrical interconnects to a
thin film print head substrate which includes:

. providing thin conductive traces to heater resistors

on said sabstrate, and

b. thermosonically and individually bonding a plural-

ity of thin beam leads, respectively, to said plurality
of thin conductive traces a1 a relatively low bond-
ing temperature on the order of about 70° C. or
less,

11. The process defined in clairn 10 wherein said
conductive traces are aluminum and said beam Jeads are
copper plated with gold, whereby the goid-aluminum
bonding system forms a strong bond and substantially
unaffected by any undesirable intermetallic interaction
at the above relatively low bonding temperature.

12. The process defined in claim 11 wherein said
beam leads are flexibly extended over a header support
member for said print head substrate and are elastomeri-
cally extended vertically therefrom in order to make
firm and removable contact with mating conductors on
a printer carriage.
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THERMAL INK JET PRINT HEAD METHOD OF
MANUFACTURE

CROSS REFERENCE TQ RELATED
APPLICATION

This application is a divisional of appiication Ser. No.
860,294, filed Dec. 6, 1985, now zbandoned.

TECHNICAL FIELD

This invention relates generally to thermal ink Jjet
printing and more particularly to a new and improved
thermal ink jet printhead assembly.

BACKGROUND ART

Thermal ink jet printing has been described in many
techmical publications, and one such publication rele-
vant to this invention is the Hewlett Packard Journal.
Volume 36, Number 5, May 1985, incorporated herein
by reference.

In the art of thermal ink jet printing, it is known to
provide a plurality of electrically resistive elements on a
comman thin film substrate for the purpose of heating a
corresponding plurality of adjacent ink reservoirs dur-
ing the ink ejection and printing process. Using such an
arrangement, the adjacent ink reservoirs are typicaily
provided as cavities in a barrier layer above the sub-
strate for properly concentrating thermal energy ema-
nating from the resistive elements to predefined vol-
umes of ink. Also, a plurality of ink ejection orifices are
provided above these cavities and provide exit paths for
ink during the printing process.

In constructing the above type of printhead assembly,
one practice has been 1o drill vertical holes in a common
substrate in order to provide ink flow paths from a
common ink reservoir to the individual reservoir cavi-
ties within the barrier layer. However, the use of multi-
ple holes (vertical cylindrical channels) in a single sub-
strate possesses several disadvantages. One of these
disadvantages is that the boring bit used for drilling
holes in the substrate places a substantial pressure on the
substrate material and thus can cause fracturing of this
material. On the other hand, if laser drilling is utilized,
the laser beam will leave channels with fratured side
walls as a result of heating, and thus produce a weak-
ened substrate structure.

The per se creation of mulitiple vertical channeis in
the silicon substrate weakens the printhead structure,
and with some types of prior art printhead siructures,
these ~hannels are used to provide ink flow to a plurai-
ity of resistive heater elements located at different dis-
tances from the channels. In such a structure, these
varying ink-flow distances produce corresponding dif-
ferent pressure drops in the ink flow paths. That is, the
pressure drop along a liquid ink flow path is propar-
tional to the cube of the distance of the path. This fact
has sometimes resulted in pressure drops over large ink
flow distances sufficiently great as 10 prevent adequate
vaporization during ink jet propulsion from the ink jet
orifice.

Another disadvantages of using small diameter verti-
cal channels to supply ink to the ink reservoirs is tha
these channels simply do not have the capacity to ade-
quately respond to certain ink volume demands at the
required increasingly higher frequencies of operation.

A further disadvantage of using a piurality of ink
flow channels in a common substrate is that they nor-
mally require a special routing of conductive leads on
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the substrate surface. In addition to the added costs
associated with this special routing, this requirement
also greatly reduces the achievabie packing density
because of the surface area required to accomodate such
special routing schemes.

DISCLOSURE OF INVENTION

The general purpose of this invention is to provide a
new and improved ink jet printhead assembly which
climinates the above problems associated with the use of
drilled holes through a common printhead substrate
member. in this new assembly, 1 single elongated slot is
cut in the substrate and provides ink flow to a plurality
of ink reservoirs associated with resistive hester ele-
ments formed above the top surface of the substrate.
These heater elements are spaced arcund the periphery
of the slot at predetermined distances therefrom. Con-
ductive leads are provided on the substrate between
each resistive heater element and external electrical
connections, and a barrier jzyer and orifice plate mem-
ber covers all of the resistive heater elements and de-
fines a plurality of individual ink reservoirs respectively
above each of the resistive heater elements.

The above described siotted geometry structure
greatly increases the packing density of heater resistors
on the common printhead substrate. This increase in
packing density is partially a result of the fact that, in
the prior art multipie hole printhead structures, the
conductive traces to the individual resistor elements
had to be routed around the holes, thus increasing the
required substrate ares. Thus, by using the elongated
slot arrangement of this invention instead of vertical
holes in the prior art structures, a packing density in-
creases of 8:1 to 10:1 may be achicved.

Afier the orifice plate and associated barrier layer
member are secured to the thin film substrate, the sub-
strate is die bonded to a header manifold member. This
manifold member has an clongated siot therein for pass-
ing ink from a well section of the header manifold and
through the substrate slot to the individual reservoirs of
the barrier layer and orifice plate member.

Accordingly, it is an object of the present invention
to provide a new and improved thermal ink jet print-
head assermbly having an unproved packing density for
the heater resistors and their associated ink jet orifices
and reservoirs.

Another object is to provide a new and improved
manufacturing process for realizing this assembly using
latest state-of-the-art semiconductor processing tech-
niques,

A novel feature of this invention is the provision of
improved control of ink flow pressures from a common
ink supply source and through a single slot in a thin film
resisior structure and then through a common ink flow
path simultaneously to a plurality of ink reservoirs in
the printhead assembly.

These and other objects and features of this invention
will become more readily apparent from the following
description of the accompanying drawing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an isometric view of the slotted thin film
resistor die (substrate) used in a preferred embodiment
of the invention,

F1G. 2 is an exploded view showing the die place-
ment, the external lead attachment, and the orifice plate
attachment steps used in fabricating the complete ther-
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mal ink jet printhead assembly in a preferred embodi-
ment of the invention.
FIGS. 3A and 3B are fragmented and greatly en-
‘larged plan and cross section views respectively, of the
novel siot and Jateral ink feed sections of the above $
printhead structure

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now 10 FIG. 1, there is shown a thin film 10
resistor substrate 10 for a thermal ink jet printer and
including a metal orifice plate 12 thereon. The orifice
plate 12 is typically constructed of nickel and includes a
plurality of ink ejection openings or nozzles 14 spaced
uniformly around the edges of an ink feed slot 16 indi- 15
cated by the dotted lines in FIG. 1.

Referring now FIG. 2, the thin film resistor substrate
10 will be mounted on the top, I-beam shaped surface 18
of & header manifold 20. The header manifold 20 will
include an ink reservoir (not shown) within the confines 20
thereof which communicates with an ink fead slot 22.
Theslot 22 is aligned with the ink feed siot 16 in the thin
film resistor substrate 10. The header manifold 20 fur-
ther inclodes contoured walls 24 which have been
shaped to match corresponding contoured walls of an 2§
ink jet printer carriage assembly (not shown) for receiv-
ing the printhead structure of FIG. 2 when completely
assembled.

When this printhead strucrure is completed and all
the piece patts shown in FIG. 2 brought together, the 10
thin film resistor substrate 10 is positioned directly on
the upper surface 18 of the header 20, and a flexible,
tape automated bord (TAB) circuit 26 is brought into
eiectrical contact with conductive traces on the top
surface of the thin film resistor substrate 10. A plurality 315
of thin conductive leads 28 overlie the conioured side
walls 24 of the heater 20, and the interior leads 30 of the
tab bond flex circuit 26 are thermocompression bonded
to conductive traces on the thin film resistor substrate
10 by & process disclosed and claimed in copending 40
application Ser. No. 801,034 as now U.S. Pat No.
4,635,073 of Gary E. Hanrson and assigned to the pres-
ent assignee. In addition, the orifice plate 12 will be
brought into alignment witk the thin film resistor sub-
strate 10 by means of an orifice plate and barrier layer 45
manufacturing process disclosed and claimed in co-
pending application Ser. No. 801,169 of C. S. Char et
al., also assigned to the present assignee.

Referring now to FIGS. 3A and 3B, the thin film
resistor substrate 10 will typically include a silicon sub- 50
sirate 32 upon which is deposited a thin ayer 34 of
silicon dioxide for passivating and insulating the surface
of the silicon substrate 32 A plurality of heater resistors
36 and 38 are formed or the upper surface of the silicon
diozide layer 34 and will typically be either taptalum 55
aluminum or tantalum pentoxide and fabricated using
knows photolithographic masking and etching tech-
niques. Aluminum trace conductors 40 make electrical
contact to the heater resistors 36 and 38 for providing
electrical pulses thereto during an ink jet printing opera- 60
tion, and these conductors are formed from a ayer of
aluminum previously evaporated on the upper surface
of the silicon layer 34 using conventiona] metal evapo-
Tation processes.

After the formation of the aluminur conductors 40 is 63
compieted, a surface barrier layer 42, typicaliy of silicon
carbide or silicon nitride, is deposited over the upper
surfaces of the conductors 40 and the heater resistors 36

4

and 38 to protect these members form cavitation wear
and the ink corrosion which would otherwise be caused
by the highly cotrosive ink located in the reservoirs
directly above these heater resistors. The silicon carbide
layer 42, as well as the previousty identified S/01 surface
layer 34, resistors 36 and 38 and aluminum conductors
40 are ali formed using semiconductor processes well
known 1o those skilled in thermal ink jet and semicon-
ductor processing arts and for that resson are not de-
scribed in detail herein. However, for a further detailed
discussion of such processes, reference may be made 10
the above Hewlett Packard Journal, Volume 36, Numbe
5, May 1985. )
A nickel orifice plate 44 is positioned as shown on top
of the silican carbide layer 42 and includes ink reservoir
areas 46 and 48 located directly above the heater resis-
tors 36 and 38 for recciving ink therein by way of the
horizontal slot 16. These ink reservoirs 46 and 48 extend
vertically upward of the substrate 10 as shown and
merge into the output ink ejection orifices defined by
the convergent contoured walls 50 and 52. These con-
toured walls 50 and 52 have been designed to reduce
cavitational wear and prevent *gulping” during an ink
jet printing operation as described in more detail in the
above identified copending Chan et al. application.

During an ink jet printing operation, ink will flow

along the path indicated by the arrow 54 and laterally
along the path 56 and into the ink flow ports 58, 60, 62,
64, 66 and 68 as identified on the ieft-hand portion of the
sttucture of FIGS. 3A and 3B. Likewise, ink will enter
the ink flow ports 70, 72, 74, 76, 78 and 80 on the right-
hand portion of the structure of FIG. 3B. By flowing
ink form a common ink reservoir into the plurality of
flow ports identified above, the pressure drops in the ink
from the ink feed slot 16 to the individual heater resis-
tors, such as 36 and 38, will be equal and thus insure
proper ink bubble evaporation and firing during an ink
Jet printing operation. The advantages of this feature of
the invention in contrast to the prior art have been
previously discussed above.

I ctaim:

1. A process for fabricating a thermal ink jet print-

head assembly which includes the steps of:

(a} providing a thin film resistor structure having a
commoz ink feed opening therein and a plurality of
resistive heater elements spaced around the periph-
ery of said opening, '

(b) bonding a plurality of conductive leads into elec.
trical contact with said resistive heater elements at
the surface of said thin film resistor structure,

(c) affixing an orifice plate to the surface of said thin
film resistor structure, and

(d) bonding said thin film resistor structure to an
insulating hcader having an ink feed opening
therein of dimensions corresponding 1o the dimen-
sions of said ink feed opening in said thin fiim resis-
tor structure, whereby ink may be fed through both
of said openings in said header and said thin film
resistor structure, respectively and into reservoir
cavities in said orifice plate, and ink in said reser-
voir cavities may be heated from energy from said
resistive heater elements and caused to expand
through openings in said orifice plate duning and
ink jet printing operation.

2. A process for maximizing packing density of resis-

tor heater elements and associated ink jet orifices in
thermal ink jet printheads which includes:

-
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(a) providing a thin film resistor structure having an ﬁz’t:rr:f:::i’ t:::“"' energy from said resistor
ink feed opening therein around which resistor (d) affixing said thin film resistor structure to an insu-

heater elements are spaced at predetermined dis- lating header having a matching ink feed opening
therein for providing ink to said ink feed opening in

w

. ) ] said thin film resistor structure.
(b) making electrical contacts to said resistor heater 3. The process definegd in claim 2 which also includes
elements, extending said electrical contacts along surfaces of said

(c) mounting an orifice plate member atop said thin 10 ::n::‘l:::gish:j:e :;,;:.lhr::::g the packing density of said
» *

film resistor structure for ejecting ink therefrom * s
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control requirements of the idenrtifisd head. Such a
system may include a microprocessor responsive to
individual sets of instructions or programs providing
new and diffarent processing capabilities for printing
control in response to the mmsertion of a new printhead.
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PRINTER HAVING IDENTIFIABLE
INYERCHANGEABLE HEADS

BACKGROUND OF THE INVENTION

1. Field of the invention

This invention relates to printers particularly dot-
matrix types of printers. More particularly this inven-
tion reiates 10 drop-on-demand types of dot-matrix
printers, such as thermal inkjet printers in which provi-
sion is made for interchanging and identifying the print-
heads for the purpose of producing text or graphics in
different colors and/or differing ink dot densities, sizes,
for example.

2. Description of the Related Art

Inkjet printheads are used in printers and plotters.
These include thermal and piezoelectric types of heads
for expelling ink. The term printer and printhead as
used herein is used as a term of convenience and is not
intended to exclude the other types of recording such as
plotting.

Thermal inkjet printers are described in the Hewiett-
Packard Journal, May 1985, Volume 36, No. 5, which is
included herein in its entirety by reference thereto. The
production of ink drops by thermal exitation means is
described in detail in terms of a specific implementation
including a disposable head which could be replaced by
another similar head.

As noted hereinabove there are a number of reasons
for interchanging heads of different types, for example,
black ink is used in most printing applications but there
is a developing need for the use of colored inks in print-
ing text and graphics. Heretofore printers having heads
designed for single color printing have not been retrof-
ited with color heads which may be interchangably
fitted into the printer carriage designed for the single
color bead because of differing requirements resulting
from printhead body configurations, ususally larger for
accommodating several colors of ink, nozzle spacing
and grouping, and control requirements to name a few.
While multicolor heads can be provided with a chamber
for black ink, where a printer is predominately used for
black text or graphics, a supply of black ink in 3 multi-
color head fitting in the printer carriage of an all black
or other single color head, is limited in volume. Thus
interchangeable single color/multicolor heads in a
printer increase the utility of an otherwise single color
printer or recorder.

Although WUS. Pat Nos. 4,511.507; 4,540,996;
4,611,219; 4,630,076 and 4,631,548 are directed to multi-
color inkjet printers, none appear to suggest or teach
configurations for a multicolor head which is inter-
changeable with a singie color head in a single color
printer. Likewise, none of these patents, lacking the
concept of interchangability, provide any arrangement
whereby interchangeable heads each carry an identify-
ing code for which specific printing controls are re-
quired. Thus these patents are reiated to this invention
only in the sense of the use of individual nozzle groups
for differing colors and in the empioyment of dot-matrix
techniques for printing, but interchangability of the
heads for any purpose together with their individual
identities for control purposes, appear to be lacking.

5till further there appears to be no reference in the
prior art with regard to the interchangability of heads in
a parucular printer 1o provide different dot densities,
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different drop volumes or combinations of such factors
in single color and multicolor printheads.

SUMMARY OF THE INVENTION

The prasent invention is directed to a printer having
interchangable heads each of which is provided with a
specific code which identifies the type of head that has
been mounted on the printer carriage. The printer reads
this code and provides a contrel for controlling the
head in printing text or graphics according to the re-
quirements for that partcular head. In one practical
embodiment of this invention applied o thermal inkjet
printheads extra electricai contact pads are provided on
the resistor network which fires the nozzies of the head.
These contact pads are selectively electrically con-
nected in the resistor network which fires the individual
nozzies in several unique configurations each of which
defines a specific head such as single color, multicolor.
single drop, multiple drop and so on. The code pro-
vided by these unique configurations of the electrical
pads is detectable by the printer so that the type of head
which is inserted is determined with certainty and the
printer provides the appropriate control of the head
during printing. In this embodiment, the individual
electrical pads are sclectively connected (or not con-
nected) to the resistor circuits or circuit traces. By indi-
viduaily toggeling the resistor lines at high or low volt-
age levels and detecting a voltage level shift on the lines
associated with the extra contact pads, which are the
head identity comtact pads, a connection (or lack of
connection)} may be detected. With this implementation
(connection or oo connection), using two extra pads,
nine unique ccnnectons may be made to identfy the
particular head that is in the printer. Thus multi<trop
single color, multi-drop multicolor, single drop single
color, single drop multicolor, heads of differing drop
sizes, colors, etc., may be individually identified.

While it is convenient in a thermal inkjet type of
printhead to implement the code for a particular head in
the resistor network for firing the individual nozzles,
the code may be implemented on the head by other
means including electrical pad configurations which are
not associated with the resistor network, projections or
depressions at convenient locations on the body of the
printhead which can be sensed by switches on the
printer carriage, a conventional bar code on the body of
the printhead which can be read by a bar code reader,
or reflecting strips on the body of the printhead which
can be detected by light sensitive devices on the printer
carriage. This listing of alternatives is by no means
exhaustive or intended to be exhaustive of arrangements
for providing an identifiable code associated with a
specific head in a printer.

The utility of this invention in enlarging the printing
capabilities of the printer is apparent from the single
color/multicolor enlargement m printing scope zlone,
as discussed above. This invention provides a printer
which is capable of reconfiguring its control capabilities
according to the code which is sensed when the differ-
ent types of heads are mounted on the carriage. By this
expedient, new and different printng capabilities are
provided with the insertion of a new head. Using a
muitiprocessor in the printer control system for pro-
cessing input defined by the identity code of the print-
head, reconfigured control potentials are achieved in
the selection, for example, of instructions or instruction
changes resident in a host controller for the micro-
processor.




BRIEF DESCR.r[ION OF THE DRAWINGS

FIG. 1 is a bleck diagram of a thermal inkjer printer
system;

FIG. 2 is an exploded perspective view of ane type of
a thermal inkjet printhead which is employable in prac-
ticing this invention;

FIG. 3 is 2 schematic fragment of the end of a flaxible
circuit in FIG. 2 which engages the pickup end of a
flexible circuit on the printer carriage, showing how the
¢lectrical connections are made;

FIG. 4 illustrates the layout or the format of the
nozzles of a single color head of 2 type that may be
employed in practicing this invention;

FIG. § illustrates the layout of the nozzle or orifice
plate of FIG. 2 showing the resistor networks;

FIG. 6 shows the actual electrical pad layout of the
end of the flexible circuit attached to the detector of the
printer carriage; and

FIG. 7 illustrates the logical concept of nine print-
head identity codes, according 1o one specific embodi-
ment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The block diagram of FIG. 1 illustrate cge type of
printer control system. Such 3 system comprises a
printer (shown here schematically) having a chassis 1
on which a carriage 2 is slidable mounted for movement
from one side to the other of paper in a paper advance
mechanism 3 mounted in the chassis. The paper ag-
vance mechanism 3 moves the paper in an orthogonal
direction with respect to the carriage. A carriage motor
4 and a paper advance motor 5 drive the carriage and
advance the paper under the control of motor drivers 6
supplied with power from a power supply 8. Printhead
drivers 7, also supplied with power from the power
supply 8, individually energize the ink drop firing resis-
tors of a head 9 which is secured on the printer carriage
4 by means of a head attachment mechanism 9a. The ink
drop firing resistors are not shown at this point. The
system is controlled by a microprocessor 10 whick
receives data and instructions via an input-output inter-
face 11 coupled to an instruction and data source 12 for
the system. Head identification code 13 on the head 9,
which may be a part of the head ink drop firing resistor
network or some other identification, is detected and
the head identification is used by the head identity cir-
cuit 14 to select one of a plurality of inputs associated
with the particular head at the input source 12, to pro-
vide instructions to the microprocessor 10 for control-
ling that particular head. Data for the particular text or
graphics to be printed by the head placed in the printer
may be part of the selected input or may be scparately
programmed via the inputoutput interface 11 by a data
source 15 where such provision is convenient.

In instances where head identification code 13 com-
prises a part of the resistor network which fires the
dropiets from the individual nozzles of the head, the
head drivers under the control of the microprocessor
may interrogate the specific resistor circuits associated
with the identification contact pads 1o obtain the head
identification code. This is done under the control of the
microprocessor in which case the microprocessor, in-
terpreting the signals derived from the specific code,
provides a head identification signal which may be
coupled to the separate head identity circuit 14, or used
directly, to select ane of the inputs, Input 1-Input 9,
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4
from the instr . source 12, which may also include
data for programming the microprocessor in its contral
of the printhead drivers as well as instructions for con-
troiling the level of input of the power supply 8, where
needed, to properly control that particular head.

Otherwise the microprocessor may look 10 a code
derived from switches, from bar codes, or light reflec-
tive devices, for information identifving the particular
hiead.

One type of head which may be employed in practic-
ing this invention is ilustrated in the exploded perspec-
tive view of FIG. 2. This is a thermal inkjet type of
printhead having a plurality of chambers individualiy
isolated from one another for containing different col-
ors of ink. The head comprises a body 20 having four
individual chambers each of which receives a block of
foam 21 saturated with ink of a selected color. A back
plate 22 seais the body 20 and the individual chambers.
Individual kholes 23 in the front face of the body 20
provide communication for each chamber with individ-
ual openings 24 in a front plate 2§ via four openings 26
in a gasket 27 which seals the front plate 25 to the body
20 and provides isolated communication of each cham-
ber with a selected one of the openings 24 through the
front piate 25. A nozzle plate 30 which fits into a cavity
31 in the front of the front plate 25 is provided with
groups of nozzies 32 aligned with the openings 24 in the
front plate. Contact pads 33 along the opposite side
edges of the nozzle plate 30 provide connection via
cireuit traces within the individual resistors at the indi-
vidual nozzies. These details are shown in F1G. §. The
individual contact pads 33 provide a means for selec-
tively connecting electrical energy tc the individual
resistor circuits. Such connection 15 accomplished by
means of a flexible circuit 35 provided with circuit
traces 36 terminating in contact pads along the back of
the side edges of the slot in the flexible circuit. The pads
are not visible here. This siot straddles the nozzie plate
30 in assembled position so that the contact pads on the
back face of the flexible circuir engage the contact pads
33 on the nozzle piate. The flexible circuit in assembied
position extends beneath the body 20 where it is secured
by pressure sensitive adhesive 37, or by other means, to
the bottom side of the body 20.

There are clectrical pad connections at both ends of
the flexible circuit traces 36. One set of electrical
contact pads, as stated above, is on the back side of the
flexible circuit 35 on the opposite sides of the slot
therein, each of which engages a circuit trace in the
flexible circuit. The ends of the circuit traces at the
opposite end of the flexible circuit 35 are terminated in
contact pads on the bottom side of the flexible circuit
35, as viewed. FIG. 3 illustrates such typical connec-
tions. FIG. 3 is not intended to represent specific con-
nection configurations on the flexible circuit 35, but is
intended merely to indicate how these connections are
made. A fragment of the flexible circuit 35 is shown on
the left in FIG. 3 and may typically represent the
contact pads on both ends of the flexibie circuit 35. A
second flexible circuit 38, also compnising circuit traces
and contact pads, represents, for example, a flexable
circuit end on the ponter carnage 2 which engages the
end of the flexible circuit 35 beneath the body 20, 10
provide electrical coanection between the printhead 9
on the carriage 2 and printer drivers 7 (FIG. 1) which
are located off the carriage. The contact pads on the
flexible circuit 38 are provided with projecting dimples
to provide positive engagement with the contact pads
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5
on the confronung section of the flexible circuit 38.
Similar contacts may be provided between the contacts
on the flexible circuit 35 and the contact pads 33 on the
nozzie plate 30. Such specific connections are illustra-
tive and not Emiting.

Simplifications in the control system firmware and
programming are realized if formating of the nozzie
configurations on the different types of pens are similar,
for example, nozzie formats on a multicoior head being
similar to the nozzle format on a single color head. FIG.
4 ilustrates the nozzle format for ore type of single
color head.-The nozzle piate of FIG. 4 comprises two
columns of nozzles thers being 25 nozzles in ezch col-
umn. The nozzles in each coiumn are arranged in stag-
gered groups of 3 as seen. The nozzles in the right col-
umn which are odd numbered nozzies 149 are dis.
placed vertically as viewed with respect to the nozzles
in the left column which are the even numbered noz-
zles, 2-50, by one-half the distance between the nozzles

in the columns.
TABLE 1
SHIFT OFFSET
FIRING (1PP) TIMING
SEQUENCE 0 0 OFFSET (UM)
0 20,46 19,45 0.0
1 14,40 1339 2%
2 334 7.3 55
3 228 127 8.0
4 22,43 21,47 110
5 16,42 15.41 131
6 10,36 9,25 16.5
7 4,30 329 19.0
8 24,50 23,49 2.0
9 18,44 17,43 245
10 12,38 1137 275
It 6.2 LXT 300
12 2% 2 30

Table [ illustrates the firing sequence of the resistors
associated with each of the nozzlss of FIG. 4. The loca-
tion of these resistors will be apparent from FIG. §
discussed hereinafter. The resistors on the head must be
fired in a particular order t0 minimize cross talk. The
location of the nozzles is set 50 that that dots will all be
fired in the same vertcal column when there is a con-
stant scan or printing velocity. The dot firing sequence
and relative nozzle locations in microns for a specific
example are specified in Table 1. When printing ieft to
right the indicated sequence is used. When printing
right to left the resistors are fired in the reverse se-
quence.

The nozzle format of FIG. 4 is retained in the individ-
ual nozzle groups of the printhead 30 as seen in FIG. 8,
In effect, the nozzle columo of FIG. 4 is divided by 4.
Each nozzle group comprises 12 nozzles arranged in 2
columns of 6 having the dot row spacing between cor-
responding nozzles of respective rows and having the
same column spacings as those of the single color head.
Since this multicolor head has the same continuous dot
per inch spacing with four color capability as the single
color head all of the single color printer text and graph-
ics control characteristics are utilized. Only firmware
and software require color capability. Formatting is
required to provide the dot stagger offset between the
nozzle groups. Thus within each nozzie group the ink
drop firing sequence is the same as that of the single
color head. FIG. § illustrates at an enlarged scale the
layout of the nozzie plate 30 of FIG. 2. Only the loca-
tion of the nozzles 32 of the nozzle plate 30 are shown
in this FIG. 8, since the figure is already highly detailed.
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These nozz.. 32 are shown in their tndividual locations
over the individual resistors R in the respective nozzle
groups. The individual resistors R are connected by
circuit traces C to the respective contact pads. The even
numbered contact pads 2 through 50 appear on the left
side of FIG. § and the odd numbered contact pads 1
through 49 are shown on the right side of the substrate
of FIG. 5. The common contact pads Cl1, C2, 3 and
C4 for this substrate circuit system appear in the four
corners of the substrate.

Only 48 of the 50 norzles of FIG. 4 are needed in
developing the nozzle and circuit format of the nozzle
plate 30 of FIG. 5. In this situation the rozzles 49 and 50
are not used, although they stili appear on the nozzie
plate as seen. This layout retains the firing sequence of
the single color head with respect to the nozzles in the
individual color groups. Table II below shows the firing
sequence for the nozzies and resistors based upon the
development of the nozzle plate of FIG. § and shows
the shift offset required in dot rows or logical print
positions in firing the individual resistors.

TABLE 11

TIMING

FIRING OFFSET
SEQUENCE 0 10 16 26 (UM)
[} 20 W 19 4] o

1 4 38 13 37 2.5

2 8 12 7 58
3 2 1t 2% 1.0
" 246 1 43 1o
5 16 40 15 39 13.5
6 10 36 9 3% 16.8
7 4 3 27 19.0
' 4 48 23 47 2.0
9 18 42 17 &l 245
10 12 6 il 35 278
1L 6 W0 5 10
12 3.0

Further and additional details with respect to nozzle
formats for multicolor heads may be had by reference to
a co-pending application of C. S. Chan, et al, Ser. No.
07/098/840 filed 9-17-87, now U.S. Pat. No. 4,812,859,
entitled Muliti-Chamber Ink Jet Recording Head for
Color Use, assigned to the assignee of this invention and
incorporated in its entirety in this application by refer-
ence thereto,

Although the approach described above in format-
ting the nozzies in a muiticolor head provide simplica-
tions noted above with respect to the control system
and its programming, such nozzle formatting is not
essential in practicing this invention. One approach to
providing individual codes for identifying individual
heads is discussed in connection with FIG. 8. Similar
considerations of course apply to other types of heads
including resistor substrates 31 having individual circuit
pads, circuit traces and resistors for firing the ink drops.
This of course applies to the single color nozzle {ormat
of FIG. 4 except for the lateral displacement of the
nozzles of the individual color groups as seen in FIG. 8.

In reference to FIG. § identification contact pads I1
and 12 are provided. The contact pad 11 is located be-
tween the contact pads 47 and 49 and the contact pad 12
is located between the contact pads 48 and 50. In these
positions the contact pad I1 may be connected 10
contact pad 47 or 49 or it may be connected to neither.
The contact pad I2 may be connected to the contact pad
48 or the contact pad 50 or it may be connected o
neither. The actual physical location of the coatact pads
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7
at the end of 1t. «ibie eircuit 35 beneath the body 20
may be seen by referring to FIG. 6. Here the location of
the common contact pads C1, €2, C3 and C4 at the end
of the flexible circuit 35 are shown together with the
locations of the individual contact pads 1 through 50.
Note in FIG. § that the head identity contact pads 11
and 12 are located respectively between contact pads 47
and 49 for I1 and for 12 berween contact pads 48 and 50,

In the circuit configurations described above there
are nine possibie code identities. These are depicted in
FI1G. 7. Only some of the heads or pens are identified
with a particular code to demonstrate the principal. In
practice the head needs to be interrogated only at the
titne that a printing operation is initiated. This therefore
preferably occurs whether or not a head is replaced
with a different head. By using this approach. there is
certainty that a head is always properly identified and a
head identification operation will therefore not be over-
looked. Since head identification intarrogation occurs
and is terminated prior to the commencement of a print-
ing operation, head identification in no way interferes
with a printing operation. Additionally, although the
resistor circuits 49 and 50 used in pen identification are
not used in a printing operation associated with the
specific resistor formatting of FIG. §, this in no way
interiers with the head identification function or with
the printing function which follows.

In this connection it should be observed that the
identification contact pads I1 and [2 may be located at
any convenient location in the contact pad format of
FI1G. 5. Additionally more than one contact pad in each
column of contact pads may be used to provide a higher
number of identification codes.

While it is convenient 1o provide head identification
codes using contzct pads and connections forming part
of the resistor circuit format, the means for generating
the different identification codes is not necessarity a part
of the resistor format, but as noted hereinabove may be
separate and apart therefrom and need only be located
in some convenient location on the printhead isalf to be
sensed electrically, magnetically. optically. or other-
wise, in a way providing intelligence via the micro-
processor, or otherwise, for selecting the proper printer
system input for controiling the head in the printer.

We claim:

1. A dot matrix printer, comprising:

a movable printhead carriage;

a print media;

means for advancing said print media in a direction

orthogonal to printhead carriage movement;
single color and muiticolor thermal inkjet printheads;

a nozzle plate on each printhead having a plurality of

nozzles and means for admitting ink to said nozzies:
each muiticolor printhead having a nozzle group for
each color of ink in the nozzie plate thereat. each
nozzle group having the same nozzie format as the
nozzles of 2 single color printhead but of a lesser
number of nozzles than the number of nozzles for
the single color of ink of the single color printhead:

means for mounting single color or muhicolor print- &0

heads on said printhead carriage;
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MOtor me {or driving the printhead carnage (o
move the printhead thereon across said print me-
dia;

a resistor network on each printhead having a resistor
at each nozzle. which resistor when energized
heats and expels ink from the nozzle thereat:

a pnnt control system for selectively energizing resis-
tors of said resistor network of said printhead for
printing on said print media during printhead car-
riage movement;

printhead identification means on each printhead
comprising patterns of resistors forming part of
said resistor network providing a unique code for
each printhead;

detection means for energizing said patterns of resis-
tors of said printhead identification means for pro-
viding electrical signal identifying a specific print-
head; and

means in said print control svstem responsive to said
electronical signals for initiating operation of said
print control sysiem to selectively energize resis-
tors at the nozzles of said specific pninthead.

2. The dot matrix printer according 1o claim 1, in

which:

said detection means energizes said patterns of resis-
tors of said printhead identification means prioc o
printing.

3. The dot matrix printer according to claim 1. in

which:

said means in said print control system selects input
control for said print control system to provide the
required control of said printhead. .

4. Thermal inkjet printhead identification means,

comprising;

a printhead body having at least one ink chamber;

a nozzle plate on said printhead body having nozzles
communicating with said chamber;

a resistor network having an ink expulsion resistor at
each nozzle;

conuact pads in said resistor network and individual
circuits connecting individual contact pads to indi-
vidual resistors; and

at least two printhead identification contact pads,
each disposed between selected different pairs of
said contact pads, and forming part of a printhead
identification resistor network including at least
two resistors for each printhead identification
contact pad.

5. The thermal inkjet printhead according to claim 4,

comprising;

means for coupling electrical energy ar different
times 10 each resistor at each printhead identifica-
tion contact pad to determine by the resulting volt-
age response, if an electrical connection exists be-
tween a printhead identification resistor and the
associated printhead identification contact pad.

6. The thermal inkjet printhead according to claim 5.

comprising;

means for utilizing said voltage responses to provide
a code identifying said thermal inkjet printhead.

- - L} * -
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METHOD AND APPARATUS FOR EXTENDING
THE ENVIRONMENTAL OPERATING RANGE OF
AN INK JET PRINT CARTRIDGE

FIELD OF THE INVENTION

The present invention relates to ink jet printing sys-
tems, and more particularly to a method and apparatus
for extending the environmental operating ranges of
such systems.

BACKGROUND AND SUMMARY OF THE
INVENTION

Ink jet printers have become very popular due to
their quiet and fast operation and their high print quality
on plain paper. A variety of ink jet printing methods
have been developed.

In one ink jet printing method, termed continuous jet
printing, ink is delivered under pressure to nozzies in a
print head to produce continuous jets of ink. Each jet is
separated by vibration into a stream of droplets which
are charged and electrostatically deflected, either to a
printing medium or to a collection gutter for subsequent
recirculation. U.S. Pat. No. 3,596,275 is illustrative of
this method.

In another ink jet printing method, termed electro-
static pull printing, the ink in the printing nozzies is
under zero pressure or low positive pressure and is
electrostatically pulled into a stream of dropiets. The
dropiets fly between two pairs of deflecting clectrodes
that are arranged to control the dropiets’ direction of
flight and their depaosition in desired positions on the
printing medium. U.S. Par No. 3,060,429 is illustrative
of this method.

A third class of methods, more popular than the fore-
going, is known as drop-ondemand printing. [n this
technique, ink is held in the pen at below atmospheric
pressure and is ejected by a drop generator, one drop at
a time, on demand. Two principal ¢jection mechanisms
are used: thermal bubble and piezoelectric pressure
wave. In the thermal bubble systems, a thin film resistor
in the drop generator is heated and causes sudden va-
porization of a small portion of the ink. The rapidly
expanding ink vapor displaces ink from the nozzie caus-
ing drop ejection. U.S. Pat. No. 4,490,728 is exempiary
of such thermal bubble drop.on-demand systems.

In the piezoelectric pressure wave systems, a piezo-
electric eiement is used to-abruptly compress a volume
of ink in the drop generator, thereby producing a pres-
sure wave which causes gjection of a drop at the nozzle.
U.S. Pat. No. 3,832,579 is exemplary of such piezoelec-
tric pressure wave drop-on-demand systems.

The drop-on-demand techniques require that under
quicscent conditions the preasure in the ink reservoir be
below ambient so that ink is retained in the pen untii it
is to be ejected. The amount of this “underpressure” (or
“partial vacuum™) is critical. If the underpressure is too
small, or if the reservoir pressure is positive, ink tends to
escape through the drop generators. If the underpres-
sure is too large, air may be sucked in through the drop
generators under quiescent conditions. (Air is not nor-
mally sucked in through the drop generators because
the drop generators comprise capillary tubes which are
able to draw ink against the partial vacuum of the reser-
voir.)

The underpressure required in drop-on-demand sys-
tems can be obtzined in a2 vanety of ways. In one sys-
tem, the underpressure is obtained gravitationally by
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lowering the ink reservoir so that the surface of the ink
is slightly below the level of the nozzles. However. such
positioning of the ink ressrvoir is not always easily
achieved and places severe constraints on print head
design. Exemplary of this gravitatonal underpressure
technique is U.S. Pat. No. 3,452,361.

Alternative techniques for achteving the reguired
underpressure are shown in U.S. Pat. No. 4.509.062 and
in application Serial No. 07/115,013 filed Ocz. 28, 1987,
now 4,791,438, both assigned to the present assignee. In
the former patent, the underpressure 15 achieved by
using a bladder type mk reservoir which progressively
collapses as ink is drawn therefrom. The restorative
force of the flexible bladder keeps the pressure of the
ink in the reservorr slightly below ambient. [n the svs-
tem disciosed in the latter patent appiication. the under-
pressure is achieved by using a capillary reservoir vent
tube that is immersed in ink in the ink reservour at one
end and coupled to an overflow catchbasin open (0
atmospheric pressure at the other. The capillary attrac.
tion of ink away from the reservoir induces a slightly
negative pressure in the reservoir. This underpressurs
increases as ik is ¢jected from the reservoir. When the
underpressure reaches a threshold value, 1t draws a
small volume of air in through the capiliary tube and
into the reservoir, thereby preventing the underpres.
sure from exceeding the threshold value.

While the foregoing two techniques for maintaintng
the ink pressure below ambient have proven highiv
satisfactory and unigue in many respects, they neverthe-
less have cerwin drawbacks. The biadder system. for
example, is not as volumetrically efficient as might be
desired. To minimize the variability of underpressure as
a function of reservoir volume, the bladder is desirably
of rounded shape. Best volumetric efficiency » ob-
tained, however, if the bladder has a rectangular shape
(Even with a rounded shape, the underpressure is still a
function of the bladder’s state of collapse and eventually
increases 10 the point that no more ink can be drawn
therefrom, even though ink in the reservoir 15 not ex.
hausted.)

The capillary system suffers with envirgnmental ¢a-
cursions. If the ambient temperature increases, or if the
ambient pressure decreases, the air trapped inside the
ink reservoir expands. This expansion drives ink from
the reservoir and out the printhead nozzies where it
may contact the user.

Consequently, it is an object of the present inventon
o provide an ink jet ink reservoir that overcomes these
drawbacks of the prior art.

It is 2 more particular object of the present invention
to extend the pressure and lemperature range over
which g _volumetrically efficient ink jet ink reservoir
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can operate without leaking.

According to one embodiment of the present inven-
tion, an ink jer print head is provided with an ink reser-
voir having two portions: a fixed volume portion and a
variable volume portign. The fixed volume portion can
be a ngid chamber. The variable volume portion can be
a flexibie bladder in a wall of the rigid chamber. Due 10
volumetric efficiency considerations, the fixed volume
portion is desirably larger than the varable volume
portion.

Beneath the reservoir is a catchbasin operated at
ambient pressure into which ink can be pressure driven
from the reservoir through a small coupling orifice. The
coupiing orifice serves both to convey ink from the
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reservoir into the catchbasin and to convey fluid (ink or
air) from the catchbasin back into the reservoir, depend-
g on the pressure differential. (Due to its occasional
role of introducing arr inio the reservorr, the orifice 1s
sometimes termed a “bubble generator.”)

In normal operation, the partial vacuum left in the
reservoir when ink is ejected out the print nozzles first
causes the flexible bladder portion of the reservoir to
collapse. Afier a certain amount of ink is ejected from
the reservoir, the partial vacuum reaches a point ar
which 1t draws air into the reservoir from the catchba-
sin through the small bubble generator onfice. The
onfice is sized to begin this bubbling action at z desired
underpressure—five inches of water in the illustrated
embodiment. Thereafter. as printing continues, the ad-
diuonal underpressure caused by the continued ejection
of ink is regulated by the introduction of a correspond-
ing volume of air through the bubble generator orifice.

If the ambient temperature rises, causing the air in the .
reservoir to expand (or if the ambient pressure dimin- ~

ishes, with similar effect), the bladder starts to restore
and expand towards us uncoliapsed state so as to con-
tain the additional reservoir volume. Ia so doing. the
bladder continues to exert the bladder restorative force

on the ink, maintaining the pressure in the reservoir =

below ambient to keep the ink in the pen.

In the foregoing case of rising temperature (or de-.
creasing ambient pressure), the bladder restorative
force continues to keep the reservoir ar a pressure
slightly below ambient until the reservoir volume has
increased to fully inflate the bladder. At this pomnt, the
bladder can no longer serve as 2 volumetric accumula-
tor and ink is forced to flow through the bubble genera-
tor orifice into the catchbasin. (Ink is not driven out
through the print nozzle orifii because these onifii are
substantially smaller than the bubble generator orifice.
Consequently, they require a higher reservoir pressure
to drive ink therethrough. This higher pressure is gener-
ally never reached because the bubble generator orifice
acts to relieve the reservoir pressure before the higher
pressure can be attained.)

When the ambient temperature thereafter falls, caus-
ing the air pressure in the reservoir to diminish (or when
the ambient pressure rises, or when ink is ejected from
the reservoir by printing, all with simiiar effect}, ink is
drawn from the catchbasin by the pressure differential
until it is exhausted. Thereaiter, the bladder collapses
until the partial vacuum in the reservoir is sufficient 1o
draw air through the orifice from the catchbasin, as
described above.

While the foregoing description has focused on a
very particular embodiment of an ink jet pen according
to the present invention, the invention can more gener-
ally be described as including:

a) an ink reservorr;

b) a print head for ejecting ink from the reservoir and
thereby leaving a negative pressure therein;

c) a first pressure control mechanism for limiting the
negative pressure in the ink reservoir by controilably
introducing replacement fluid {i.e. air or ink) thereto;
and

d) a second pressure control mechanism for limiting
the negative pressure in the ink reservoir by changing
the volume thereof.

The foregoing and additional objects, features and
advantages of the present invention will be more readily
apparent from the following detailed description. which
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proceeds with reference 10 the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side sectional view of an ink jet print head
according Lo one embodiment of the prasent invention.

FIG. 2 is a front sectional view of the prnt head of
FIG. 1.

FI1G. ZA s an enlarged detail showing a bubble gen-
erator orifice in the print head of FIG. 2.

FIG. 3 is a chart tilustrating ink reservoir underpres-
sure as a function of ejected ink volume for the print
head of FIGS. 1 and 2.

FIG. 4 15 a side sectional view of an ink jet print head
according to another embodiment of the present inven-
ron.

FIG. § is a side sectional view of an ink jet print head
according to sull another embodiment of the present
invention.

FIG. 6 is a side sectionat view of an ink jet print head
according 10 yet another embodiment of the present
invention.

DETAILED DESCRIPTION

Referring 1o FIGS. 1 and 2. an ink jet print head 10
according to one embodiment of the present invention
includes an ink reservoir 12 having two portions. The
first portion 14 is of fixed volume and is formed by rigid
walls 16, 18, 20, 22, 24, etc. The second portion 26 is of
variable volume and comprises a flexible bladder 27
mounted behind an opening in one of the rigid walls.

Extending downwardly from the fixed volume por-
tion 14 t5 a well 28 with a print head 30 at the boctom
thereof. Ink from the reservoir 12 is drawn through a
filker 32 and into the print head 30 from which it is
ejected towards the printing medium by thermal or
piezoelectric action, as is well known in the art.

Also in the bottom portion of well 28 is a small orifice
36 (F1G. 2) that couples the ink reservoir 12 to a catch-
basin 38 positioned at the bottom of the assembly. Ori-
fice 36 serves both to permit ink to pass from the reser-
voir 12 into the catchbasin 38 and to permit fluid (air or
ink) to pass from the catchbasin into the reservoir, de-
pending on the pressure difference between the two
regions, (As noted earlier, this orifice 36 is sometimes
termed a bubble generator orifice due to its occasional
role in introducing air bubbles into the reservoir.) The
size of the bubble generator orifice 36 is selected to be
larger than the size of the print nozzie orifii so that, in
over pressure conditions, ink will preferentially flow
out the bubble generator orifice 36 instead of out the
pnnt nozzles. However, the bubble generator orifice 36
1s small enough that the ink's surface tension prevents it
from haing grayitationaily driven therethrough—there
must be a driving pressure differential. In the illustrated
embodiment, the bubbie generator orifice diameter is
0.0078 inches and the print nozzie diameter is 0.0020
inches. Catchbasin 38, 10 which the bubble generator
orifice 36 leads, is vented to atmospheric pressure by a
vent 40 located in the upper sidewall of the catchbasin,
beneath the platform 24 in which the bladder 26 is
mounted.

In operation, the reservoir 12 is initiaily filled with
ink through an opening 42 which is thereafter sealed
with a plug 44. When the pen is first printed, ink ejected
from the print head leaves a corresponding partial vac-
uum or underpressure in the reservoir 12 which causes
the flexible biadder 27 to begin collapsing. The collaps-
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ing of the bladder reduces the reservoir volume and
thus slows the rate at which the partial vacuum butlds
with continued ejection of ink.

Despite tr bladder's moderating zction on reservoir
pressure, the underpressure nonetheless continues 1o
increase with continued ejection of ink. This increase
continues until the pressure differential between the ink
reservoir 12 and the vented catchbasin 38 is sufficient 1o
pul! a bubble of air through the bubbie generator orifice
36 and into the reservoir. This bubble of air replaces a
volume of ink that has been ejected from the reservoir
and thereby relieves part of the partia] vacuum in the
reservoir. Thereafier, continued ejection of ink will not
further collapse the bladder 27 but will instead draw in
additional bubbles of air through the bubbie generator
36 The bubble genarator thus acts as z pressure regula-
tor that controllably introduces air into the reservoir so
as to prevent the reservoir pressure from fully antaining
ambient.

FIG. 3 is a chart illustrating the relationship between
the reservoir underpressure and the ejected ink volume.
Before any ink is ejected from the reservoir, the reser-
voir may be at a slight underprassure by reason of the
restorative force of the flexible bladder pulling on the
ink in the reservoir. As printing begins, the underpres-
sure builds slowly as the biadder collapses, as shown by
the solid curve. (If there was no flexible bladder present
to moderate the underpressure, it would increase much
more rapidly, as shown by the dashed curve Iabelled
“A™)

As the cjected ink volume increases, the curve may
become somewhat irregular, due to the nop-linear be-
havior of the bladder as it foids onto itself while collaps-
ing. At the point labelled “B", the underpressure is
sufficient to saart pulling bubbles through the bubble
generator orifice 36 and the underpressure thersafter
stabilizes around this “bubble pressure™ (five inches of
water in the illustrative embodiment). The underpres-
sure drops suddenly each time a bubble is introduced
and then increases back up towards the bubble pressure
with continued ejection of ink. When the bubble pres-
sure is again reached, another bubble is introduced and
the underpressure falls again. The process continues
until the reservoir is exhausted of ink. (Line “C" in FIG.
3 represents the underpressure that would occur if the
bubble generator was omitted. As can be seen, the un-
derpressure would rise rapidly and wouid soon prevent
the ejection of ink from the pen.)

While ejection of ink is the principle mechanism caus-
ing reservoir underpressure to vary, it is not the only
one. Environmental factors, such as ambient pressure
and temperature, aiso play a role. For example, if the
ambient pressure outside the reservoir increases, the
reservoir ure (ie. its partial vacuum refative
to ambient) increases as well. Similarly, if the ambient
temperature decreases, the air inside the reservoir con-
tracts according to the ideal gas laws, causing a corre-
sponding reduction in net reservoir volume and with it
a corresponding increase in the reservoir underpressure.
In both cases, the bladder and bubble generator orifice
act a3 described earlier to counteract these changes in
reservoir underpressure and regulate the underprassure
near the desired vailue.

Environmental factors can aiso tend to decrease the
reservoir underpressure (ie bring the ink pressure up
towards, or sven above smbient pressure). This can
occur, for example, if the ambient pressure falls or if the
argbient temperature rises. In such cases, the bladder
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restores and expands towards its non-collapsed sate 10
relieve the increased pressure and counteract this effect.
In so doing, it continues to exert the biadder restoning
force on the mk to hoid it in the reservoir.

if the ambient pressure continues to fall. or if the
ambient temperature continues to nse, the bladder wiil
conunue to exert its restorative force on the mnk and
maintain it below atmosphenc pressure until the blad-
der becomes fully inflated. Thereafter, further increases
tn ink pressure will drive ink through the bubble genera-
tor 36 and into the carchbasin 38.

At this point the bladder 27 is fully expanded and the
carchbasin 38 contains ink. When conditions thereafer
change and the reservoir underpressure increases (i.e.
by ejecuon of ink from the reservoir. oy an increase
ambient pressure, or by a decrease in ambient tempera-
ture), the pen 10 draws ink through the bubbie genera-
tor 36 into the reservoir 12 from the catchbasin 38, Note
that the pen in this circumstance operates differently
than when the carchbasin contains only air. When the
catchbasin contains only air and the underpressure in-
creases, the underpressure is moderated by a coilapse of
the bladder. If the catchbasin contamns ink, however, the
underpressure is moderated by drawing ink tnto the
reservoir from the caichbasin. The difference is attnib-
uted (o the higher pressure differential required to puil
2 bubble of air into the ink-filled reservoir than to pull
more ink. The air bubbie has surface tension that must
be overcome before it can bubble into the reservoir.
The ink from the catchbasin does not.

Connnued ejection of ink from the reservoir (or envi-
ronmental change that tends 1o increase underpressure)
continues to draw ink from the catchbasin into the res-
ervoir until the ink in the catchbasin is exhausted.
Thereafter, the sitvation is similar to that before the pen
has been used—the catchbasin is dry and the bladder is
fuily expanded. Further ejection of ink from the pen {or
corresponding environmental change) causes the blad-
der to coilapse, In its collapsed (or partially collapsed)
state, the bladder exerts a restorative force on the ink
which maintains the pressure in the reservoir below
ambient. The bladder continues to collapse with further
ejection of ink until the bladder restorative force (i.e.
the reservoir underpressure) reaches the potnt ar which
air bubbles are drawn through bubble generator 36. The
process thereafter continues substanually as described
cartier, with a bubble introduced through the bubbie
generator orifice 36 each time the reservoir underpres-
sure exceeds the bubbie pressure.

From FIG. 2 1t can be seen that the bubble generator
otifice 36 leading to the catchbasin is not at the lowest
point of the catchbasin. However, the catchbasin is
desirably formed of plastic that causes the ink thereon
to bead in an upright geometry under the force of its
own surface tension. This permits the orifice 36 to drain
the catchbasin substantiaily completely despite its cle-
vation above the catchbasin floor. The location of the
orifice near the corner 46 of the catchbasin aiso aids in
complete ink withdrawal since the ink tends to collect
in this corner into which it was introduced.

From the foregoing discussion, it will be recognized
that one important requirement is to design the bladder
27 (i.e. its material and geometry) so that its restorative
pressure is between the bubbie pressure and the ambient
pressure. That is, the bladder should be designed to
callapse over a range that includes partial vacuums af
between zero and five inches of water. If the biadder
does not operzte in this range, it will be ineffective in
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regulaung reservoir pressure since the bubbie generator
would always act 10 refieve any excessive reservoir
underpressure before the bladder was prompted 1o col-
lapse. In the illustrated embodiment, the bladder 27 15
formed of ethyiene propylene diene monomer having a
thickness of 0.024 inches and a radius of curvarure of
G.451 inches.

In the preferred embodiment. the bladder is not per-
mitted to assume its fuily hemispherical shape. Such a
geomerry resists collapsing. Instead, the bladder is dim-
pled, sither during fabrication or by a dimpling finger
48 (F1G. 1). By 1his arrangement, the biadder can begin
collapsing immediately as the underpressure ncreases,
and does not require a high ininal underpressure as
would a hemisphencal bladder before it begins its col-
lapse.

FIGS. 4 through 35 illustrate alternative embodiments
of the present invention. In the FIG. 4 embodiment, the
variable volume portion of the reservoir is formed by a
bag 50. Bag 50 has an end piece 52 positioned therein
and is urged towards a fully open position by a spring
54. The spring 54 is biased between the bag end piece 52
and a spring bass 56 in the top of the reservoir. Opera-
tion of the F1G. 4 embodiment is substantiatly identical
o that of the FIGS. 1-2 embodiment except that the
reservoir underpressure 1s a more linear function of
cjected ink volume since the irregular collapsing of a
hemisphernical bladder is avoided.

FIG. § shows another embodiment similar to FIGS.
1,2 and 4 but employing 2 roiling diaphragm 58 as the
varizbie volume portion of the reservoir. The rolling
diaphragm again behaves substantially linearly i re-
SpONse 10 (NCTeases In feservoir underpressure.

FIG. 6 shows yet another embodiment of the present
invention. In this embodiment the vanable volume por-
tion of the reservoir is positioned above, rather than
below, the fixed volume ponion. The variable volume
portion here includes a rolling diaphragm 60 in combi-
nation with a piston 62, a fitment 64 and a spring 66.

In operation, the reservoir 12 is itally filled with
ink and the piston 62 is forced to 2 fully upward position
by spring 66, thereby fuily strewching diaphragm 60. As
ink is ejected from the pen, the reservair underpressure
increases. As the underpressure increases. the piston 62
travels downwardly. with very little friction, until it
finally stops in contact with a bottom platform 68. Fur-
ther ejection of ink from the reservoir causes air (o enter
the reservoir through the bubble generator 36 to regu-
late the reservoir underpressure. This air accumuiates.

Again, temperature and aititude changes {(exogeneous
effects) may a¢t on the pen, causing the reservoir under-
pressure to diminish. When this occurs. the piston 62
moves vertically upward, acted on by the now unbal-
anced air pressure over pision force and the spring
force. This movement causes the pen to reestablish a
new underpressure equilibrium, just slightiy less than
the prior condition. This process can continee until the
piston/diaphragm/spring components reach thetr ongi-
nal uppermost vertical position.

If desired, the pen of FIG. 6 can be equipped with a
ball check valve 70 to prevent the inadvertent introduc-
tion of air into the reservoir. It will be recognized that
if the pen (or the printer in which it 15 mounted) 1§ in-
verted, ink will low away from the bubble generator
orifice 36 and may permit air to freely enter the reser-
voir, reducing underpressure to zero. This, in turn, may
cause a small amount of ink to flow out the pen’s print-
ing orifii. The unrestricted introduction of air to the
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reservolr also derea.s the pen’s temperature and eleva-
tion compensation capabilities by permithng the pis-
ton/diaphragm assembly to return 1o the original. ex-
tended position. with an &ir volume in the reservoir.

To prevent these undesirable conditions, a ball check
72 falls 10 a seat 74 provided near the location of the
bubble generator whenever the pen is inverted, thereby
effectiveiy sealing the bubble generator and preserving
the reservoir underpressure. When the pen is returmed
to the normal position, the ball falls from the seat and
permus normal underpressure regulation (o resume,
Aithough shown in just this FIG. 6 embodiment. the
bail check valve 70 can be used in any form of the in-
vention.

Finally, the pen of FIG. 6 is shown as inciuding ab-
sorbent foam 76 in the catchbasin. This foam captures
and retains any ink driven to the catchbasin by exoge-
nous effects and prevents any ink from flowing out the
atr vent. At the same time, and at ail times, the absor-
bent foam aliows air to pass freely berween the vent and
the bubble generator, thereby ensuring normal under-
pressure regulation. This foam can be used in any em-
bodiment and is a last resort to keep ink off of the user.

The above-described arrangements provide a vanety
of advantages over the prior art. Principal among these
15 the extended pressurc and temperature range over
which the ink reservoirs can hold ink in the pen. As an
added benefit, these arrangements permit the catchba-
sins (o be used to store part of the initial joad of ink,
thereby increasing volumetric efficiency. Finally, these
designs permit essentially all of the ink to be used for
printing, since none is caught in a tightly collapsed .
bladder. (Any ink that remains in the bladder 27 of FIG.
1 can be dislodged by tilting the pen so the ink can flow
inta the well 28 from which it can be pninted.}

Having described and illustrated the principies of our
invention with reference to a preferred embodiment and
several vanations thereof, it shouid be apparent that the
invention can be modified in arrangement and deta]
without departing from such principies. For exampie,
while the invention has been iliustrated with reference
1o a vent in the upper side of the catchbasin, other vent
geometries, such as a chimney extending upwardly
from the floor of the catchbasin as shown in FIG. 6,
could aiternatively be used. Similarty, while the inven-
tion has been illustrated with reference to a bubbie
generator orifice coupling the reservoir to the catchba-
sin, 2 variety of other valve mechanisms, such as the
check valve disclosed in U.S. Pat. No. 4,677,447, could
be substituted therefor.

[n view of the wide range of embodiments and uses to
which the principles of the present invention can be
applied, it should be understood that the apparatuses
and methods described and illustrated are to be consid-
esed-illustzasive only and not as limiting the scope of the
invention. Instead, our invention is to include all such
embodiments as may come within the scope and spint
of the following claims and eguivalents thereof.

We claim:

1. An ink jet printing apparatus comprising:

an ink reservoir;

a print head for ejecting ink from the reservoir, the
ejecuon of ink from the reservoir decreasing the
pressure in the reservoir;

first pressure control means for limiting the decrease
in the pressure in the ink reservoir by controllably
introducing replacement fluid inio the reservoir;
and
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second pressure control means for limiung the de-
crease in the pressure in the ink reservoir by chang-
ing the volume thereof.

2. The ink jet printing apparatus of claim 1 in which
the second pressure control means compnses 2 member
movabie in response to the pressure in the reservorr.

3. The ink jet printing apparatus of claim 2 in which,
for excursions of negative pressure in the ink reservoir
below a threshold value, the first pressure control
means is inoperatve.

4. The ink jet printing apparatus of claim 2 in which
the movable member includes biasing means tending 10
increase the volume of the reservoir.

5. The ink jet pnnting apparatus of claim 1 in which
the first pressure control means includes means for in-
troducing repiacement fluid to the ink reservoir only
after the negative pressure therein passes 3 threshold
value.

6. The ink jet printing apparatus of claim § in which
the first pressure control means comprises:

a catchbasin;

means coupiing the catchbasin to ambient pressure;

means defining an orifice establishing a flud path

through which the ink reservoir can draw {lud
from the catchbasin in response to pressure differ-
entials therebetween; and

pressure regulator means for limiting the flow of fluid

from the catchbasin into the ink reservoir so as to
prevent the pressure in the ink reservoir from fully
artaining ambient pressure.

7. An ink jet printing apparatus comprising;

an ik reserveir for containing ink;

a catchbasin;

means for maintaining the catchbasin at ambient pres-

sure;

orifice means for establishing a fluid path through

which ink can be dispelled from the reservoir 10 the
catchbasin when a sufficient pressure differential
exists therebetween; and

movabie means for changing the volume of the ink

reservoir, said movable means being operative over
a first range of reservoir pressure for relieving
pressure in the reservoir to prevent ink from being
driven in through the orifice means 1o the catchba-
sin by pressures in said range.
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. The ink je1 printing apparatus of clarm 710 which
the movable means inciudes means respensive 10 ihe
pressure in the ink reservoir to change the voiume
thereof.

9. The ink jet printing apparatus that includes an ok
reservolr with a movable member, said movable mem-
ber permutting the reservolr 1o Contract in volume as mk
is &jected therefrom, said contraction 1o volume hminng
the negative pressure m the reservoir unul the movabie
mnember ceaches the limit of its travel, after which pomnt
the negatrve pressure in the reservoir increases until the
apparatus is no Jonger able 10 gject nk therefrom. an
improvement COMPIISing:

vent means responsive to the pressure in the ink reser-
voir for controllably introducing fiuid thercto to
permit the apparatus to continue to print after the
movable member has reached the limit of its travel.

10. The ink jet printing apparatus of ciaim 9 in which
the vent means includes valve means for prevenung the
unrestricted introduction of air into the reservoir i the
apparatus becomes inverted.

11. An ink jet printing apparatus comprising:

a reservair, said reservoir having a fixed volume
portion and a variable volume portion, the fixed
volume portion being larger than the vanable vol-
ume poruoen;

a print head for ejecting ink from the reservoir, the
ejection of ink from the reservoir decreasing the
pressure in the reservoir;

said reservoir including means for varying the voi-
ume of the variabie volume portion in response to
the pressure therein znd means for varying the
volume of fluid in the reservoir in response to the
pressure therein.

12. A method of operation an ink jet pen that includes

a reservoir for containing ink, compnsing the steps:
regulating the reservoir underpressure by varying the
size of the reservoir during a first phase of opera-
tion: and

reguiating the reservoir underpressure by introduc-
ing air thereto during a second phase of aperanon.

13. The method of ciaim 12 which further compnses
the step of limiting reservoir pressure by transierring
ink from the reservoir to a catchbasin during a third
phase of operation.
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PRESSURE-SENSITIVE ACCUMULATOR FOR
INK-JET PENS

This is 2 continuation-in-part of application Ser. No.
07/464,258, filed Jan. 12, 1990, now abandoned.

TECHNICAL FIELD

This invention pertains to mechanisms for regulating
the fluid pressure within the ink reservoir of an ink-jet
pen.

BACKGROUND INFORMATION

Ink-jet printing generally invoives the controlled
delivery of ink drops from an ink-jet PEn reservoir to a
printing surface. One type of ink-jet printing, known as
drop-on-demand printing, employs a pen that has a print
head that is responsive to control signals for ejecting
drops of ink from the ink reservoir.

Drop-on-demand type print heads typically use one
of two mechanisms for ejecting drops: thermal bubble
or piezoelectric pressure wave. A thermal bubble type
print head includes a thin-film resistor that is heated 1o
cause sudden vaporization of a small portion of the ink.
The rapid expansion of the ink vapor forces a2 smail
amount of ink through a print head orifice.

Piezoelectric pressure wave 1ype print heads use a
piezoelectric element that is responsive to a control
signal for abruptly compressing a volume of ink in the
print head to thereby produce a pressure wave that
forces the ink drops through the orifice.

Although conventional drop-on-demand print heads
are effective for ejecting or “pumping” ink drops from
a pen reservoir, they do not include any mechanism for
preventing ink from permeating through the print head
when the print head is inactive. Accordingly, drop-on-
demand techniques require that the fluid in the ink res-
ervoir must be stored in a manner that provides a slight
back pressure at the print head to prevent ink eakage
from the pen whenever the print head is inactive. As
used herein, the term “back pressure” means the partial
vacuum within the pen reservoir that resists the flow of
ink through the print head. Back pressure is considered
in the positive sense so that an increase in back pressure
Tepresents an increase in the partial vacuum. Accord-
ingly, back pressure is measured in positive terms, such
as water coiumn height.

The back pressure at the print head must be at all
times strong enough for preventing ink leakage. The
back pressure, however, must not be so strong that the
print head is unable to overcome the back pressure to
eject ink drops. Moreover, the ink-jet pen must be de-
signed to operate despite environmental changes that
cause fluctuations in the back pressure.

A severe environmental change that affects reservoir
back pressure occurs during air transport of an ink-jet
pen. In this instance, ambient air pressure decreases as
the aircraft gains altitude and is depressurized. As ambi-
ent air pressure decreases, a correspondingly greater
amount of back pressure is needed to keep ink from
leaking through the print head. Accordingly, the level
of back pressure within the pen must be regulated dur-
ing times of ambient pressure drop.

The back pressure within an ink-jet pen reservoir is
subjected to what may be termed “operational effacts™.
Ome significant operational effect occurs as the print
head 15 activated to eject ink drops. The consequent
depletion of ink from the reservoir increases (makes
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more negative) the reservoir back pressure. Without
regulation of this back pressure increase, the ink-jet pen
will eventually fai) because the print head will be unable
to overcome the increased back pressure to eject ink
drops.

Past efforts to regulate ink-jet reservoir back pressure
in response to environmental changes and operational
effects have inciuded mechanisms that may be collec-
tively referred to as accumuiators.

Generally, prior accumulators comprise an clasto-
meric biladder or cup-like mechanism that defines a
volume that is in fluid communication with the ink-jet
pen reservoir volume. The accumulators are designed
1o move between 2 minimum volume position and a
maximum volume position in response to changes in the
level of the back pressure within the reservoir. Accu-
mulator movement changes the overall volume of the
reservoir to regulate back pressure level changes so that
the back pressure remains within an operating range
that is suitable for preventing ink leakage while permit-
ting the print head to continue ejecting ink drops.

For example, as the difference between ambient pres-
sure and the back pressure within the pen decreases as a
result of ambient air prassure drop, the accumulator
moves to increase the reservoir volume to thereby in-
crease the back pressure to a level, within the range
discussed above, that prevents ink leakage. Put another
way, the increased volume attributable 10 accumulator
movement prevents a decrease in the difference be-
tween ambicnt air pressure and back pressure that
would otherwise occur if the reservoir were con-
strained to a fixed volume as ambient air pressure de-
creased.

Accumulators also move to decrease the reservoir
volume whenever environmental changes or opera-
tional effects (for example, ink depletion occurring dur-
ing operation of the pen) cause an increase in the back
pressure. The decreased volume attributable to accumu-
lator movement reduces the back pressure to a level
within the operating range, thereby permitting the print
head to continue ejecting ink.

Accumuiators are usually equipped with internal or
external resilient mechanisms that continuously urge
the accumulators toward a position for increasing the
volume of the reservoir. The effect of the resilient
mechanisms is to retain a sufficient minimum back pres-
sure within the reservoir (to prevent ink leakage) even
as the accumulator moves to increase or decrease the
reservoir volume.

Prior accumulator designs suffer from at least two
deficiencies. First, the working volurne of the accumu.-
lator (that is, the maximum reservoir volume mcrease or
decrease that is provided by the accumulator) was lim-
ited in size. Specifically, the working volume of the
accumuylator was limited to the mazimum size of the
bladder or similar structure that could be housed within
the ink-jet pen. Accordingly, the environmental operat-
ing range of prior pens, which range may be quagtified
as the maximum ambient pressure drop the pen could
sustain without leakage, was limited by the size of the
working volume of the accumulator.

One prior approach to overcoming the working vol-
ume size limitation just described Iead to the inclusion
of a catch basin within the ink-jet pen. The catch basin
provides a volume for receiving through an overflow
orifice ink that is forced out of the reservoir as ambient
pressure continues (o drop after the accumulator moves
into its maximum reservoir volume position. The con-
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tinued drop in ambient pressure eventually eliminates
the difference between ambient pressure and the back
pressure within the reservoir. Eventunally, a low-level
positive pressure develops within the reservoir. The
low-level positive pressure forces the ink through the
overflow orifice into the catch basin. The inclusion of
the overflow orifice and catch basin is intended 1o pre-
vent the positive pressure in the reservoir from rising to
a level that would permit ink to leak out of the inactive
print head.

Use of catch basins is undesirable because they em-
ploy space within the ink-jet pen assembly that could
otherwise be used as ink reservoir space. Moreover, it is
difficult to design the pen so that ink is forced through
the overflow orifice but not through the print head.

A second deficiency in prior accumulator designs
pertains to a feature known as drawdown. Drawdown
is the amount of ink volume that must be withdrawn
from a filled ink-jet pen in order to establish within the
reservoir & minimum back pressure to ensure ink does
not leak through the print head. This minimem back
pressure is typically established at the time the pen is
filled with ink, that is, at the time the air volume in the
reservoir is minimal. It is desirable o remove as littie
“drawdown” ink as possible in order to establish the
minimum back pressure since the withdrawal of ink for
this purpose reduces the amount of ink that can be used
for printing.

Prior accumuiators, being formed of moidable elasto-
mers, generally allow significant volurmes of air to dif-
fuse through their walls. Correspondingly, larger draw-
down volumes were required in prior accumulators so
that the addition of air into the reservoir by diffusion
did not cause the accumulators to expand to their maxi-
mum volume. It can be appreciated that the reservoir
back pressure is lost when the accumuiators attain their
maximum volume.

SUMMARY OF THE INVENTION

The present invention is directed to a pressure-sensi-
tive accumulator for ink-jet pens and provides an accu-
mulator working volume that is sufficient for operating
the pen notwithstanding extreme epvironmental
changes and operational effects on the back pressure
within a reservoir.

The accumulator of the present inveation is con-
structed to provide a working volume of a size large
enough to eliminate the need for a catch basin or similar
overflow mechanism Accordingly, the amount of ink
available for printing is maximized with the accumula-
tor of the present invention.

The accumulator of the present invention is config-
ured so that the relationship between the reservoir back
pressure and the movement of the accumuiator is such
that very little drawdown ink must be removed to estab-
lish the mipimum back pressure within in the reservoir.
Consequently, the amount of ink available for printing
is only marginaily reduced because of drawdown.

The invention can be generally described as including
a spring baving an expandable bag attached thereto.
The spring and bag are positioned within the reservoir
of an ink-jet pen 50 that the interior of the bag is in fluid
communication with air outside of the reservoir. The
bag and spring are configured so that the bag expands
and contracts in response both to fiuid pressura changes
within the reservoir and to ambient pressure changes
outside of the reservoir. The spring is deflected by the
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expansion of the bag. The deflected spring urges the bag
toward a contracted or minimum volume position.

The bag and spring are configured so that the bag
expansion and contraction affects the reservoir volume
in 2 manner that maintains the reservoir back pressure
with in an acceptable operating range despite extreme
variations in the ambient air pressure.

As another aspect of this invention, the spring is con-
figured to bend to conform to the bag shape when the
spring is deflected by the expanding bag, thereby per-
mitting the bag to expand to its maximum available
volume. This configuration of the spring aiso akes
more uniform the bag's expansion and contraction re-
sponse to changes in ambien: pressure and reservoir
back pressure.

Other features and advantages of the present inven-
tion will be apparent from the following detailed de-
scription, which proceeds with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front cross section of an ink-jet pen that
includes the accumulator of the present invention
shown in the contracted or minimum volume position.

FIG. 2 is a front cross section of an ink-jet pen that
includes the accumulator of the present invention
shown in the expanded or maximum volume position.

FIG. 3 is an enlarged cross section of the upper por-
tion of the accumulator, showing the accumulator in the
minimum volume position.

FIG. 4 is an enlarged cross section of the upper por-
tion of the accumulator, showing the accurnulator in the
maximum volume position.

FIG. § is an enlarged cross section of a portion of the
accumulator showing the assembly of some of the accu-
mulator components.

FIG. 6 is a side cross section of an ink-jet pen that
includes the accumulator of the present invention.

FIG. 7 is an exploded perspective view of the accu-
mulator components.

FIG. 8 is a perspective view of the spring component
of the accumulator after it is shaped into its undeflected
position.

FIG. 9 is a cross sectional view taken along line 9—9
of FIG. 2,

FIG. 10 is a graph showing the relationship between
the reservoir back pressure and changes in the ink vol-
ume within the reservoir.

FIG. 11 is a cross section of a portion of an alterna-
tive embodiment of the accumulator of the present
invention,

FIG. 12 is a partial front cross section of an ink-jet
peo that includes the accumulator of the present inven-
tion, a portion of the accumulator being shown in a
position intermediate the fully contracted or minimal
volume position of FIG. 1 and the expanded or maxi-
mum volume position of FIG. 2.

FIG. 13 is a plan view of an alternative Spring compa-
aent of the accumulator, depicting the spring as it ap-
pears before it is shaped into the undeflected position.

FIG. 14 is a front cross section of an ink-jet pen that
includes the accumulator of the present invention utiliz-
ing the alternative spring component of FIG. 13 and
showing the accumulator in the expanded or maximum
volume position.

FIGS. 15-18 depict in plan view aiternative embodi-
ments of the spring component showing the spring
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components depicting the springs as they appear before
they are shaped into the undeflected positiorn.

DETAILED DESCRIPTION

The accumulator of the present invention is config-
ured to have a working volume (that is, the maximum
reservoir volume increase or decrease that is provided
by the accumulator) that can regulate back pressure
within an ink-jet pen reservoir despite extreme changes
in ambtent air pressure. In this regard, the most severe
pressure change affecting ink-jet pens normally occurs
when the pens are transported by air. During such
transport, the pens are disposed within an aircraft cabin,
which. at its greatest aititude, is pressurized to a level
that is substantially below atmospheric pressure at sea
level. Consequently, the working volume of the present
accumulator is established to compensate for the ambi-
ent (i.e.. cabin) pressure drop affecting the pens.

For example, the air pressure within an airbome air-
craft may be about 26%% lower than the air pressure at
sea level. Consequently, the air pressure within the
aircraft will drop about 2695 after the aircraft {eaves the
ground. The accumulator of the present invention is
movable 1o increase the pen reservoir volume by an

amount (that is, the working volume of the accumula- 2

tor) necessary to prevent the 26% drop in the ambient
pressure from effecting a corresponding drop in the
reservoir back pressure. As discussed carlier, the reser-
voir volume increase attributable 10 the accumulator

maintains the back pressure at a leve] that prohibits ink 3

from leaking through the print head of the pen.

The size of the reservoir volume increase necessary
to compensate for any ambient pressure drop is related
to the amount of air that is in the reservoir at the titoe
the ambient pressure decreases. Consequently, the larg-
est amount of reservoir voiume change that must be
provided by an accumulator will occur in instances
where the greatest amount of air is in the pen, that is,
when the pen is nearly empty of ink. [n short, the work-
ing volume V4 of the accumulator must be greater than
or equal to the volume increase of air within the reser-
voir as a nearly empty pen is subjected to the extreme
pressure decrease just described. In equartion form:

VaeZV (P FI-V, 4

Where V, is the reservoir volume determined with
the accumulator displacing its maximum volume from
the reservoir volume, and where P, is the initial ambient
(cabin} air pressure at sea level, and P is the minimum
pressure level to which the aircraft cabin is pressurized
after the aircraft becomes airborne.

The amount of ink remaining in the nearly empty pen
reservoir is not subtracted from the volume V. in equa-
tion | above. Consequently, the accumulator working
volume Ve caiculated in equation 1 is slightly larger
than that acrually required. Nevertheless, it is preferabie
to have the accumulator working volume sized slightly
larger than that calculated in order to compensate for
variations in the accumulator production process and
for any air diffusion through the accumulator as dis-
cussed more fully below.

The relationship among the reservoir volume V,
pressures Po, and P, and the accumulator working vol-
ume V., may be expressed in terms of deliverable ink
V4 Dehverable ink Vis the amount of ink stored in 2
pen that is ready for printing. The greatest quantity of
deliverable ink is available when the pen is filled with
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ink and the accumulator is in its minimum velume posi-
tion, or:

Vo=Vt Vo 12
Qr:
VemVy— Vo B

Substituting equation 3 into equation | and salving
for Vg yields:

Va2V —P/P,) [4]

It can be appreciated that the quantity in parentheses
in equation 4 is the fractional value of the relative air
pressure increase occurring within the reservoir as a
result of the ambient pressure drop P,— P experienced
by the pen. Accordingly, under the extreme condition
noted above, whereby the ambient pressure drop is
about 26%, equation 4 shows that the working volume
of the accumulator must be 26% of the volume of the
deliverable ink in the pen. For example, a pen having a
40 cc volume of deliverable ink would require an accu-
mulator having a working volume of 10.4 cc in order to
withstand a 26% ambient air pressure drop without
leaking.

It is noteworthy that although the ambient pressure
decrease Pp— P was discussed above with respect to air
transport of pens, it can be appreciated that the air
within the reservoir can expand and contract due to
temperature changes as well as ambient pressure
changes. For example, a pen subjected to high tempera-
tures will incur an expansion of the air in its reservair,
and one skilled in the art can derive’ the quantitative
analogy between pressure and temperature excursions.
It is believed, however, that the ambiant pressure de-
crease associated with air transport of pens provides the
most severe ambient pressure change experienced by
the pens. Accordingly, the accumulator of the present
invention is designed to compensate for such a change.

With reference to FIGS. 1-9, an accumulator 20
formed in accordance with the present invention pro-
vides an accumulator working volume Vg, that effec-
tively compensates for severe environmental changes or
operational effects on the back pressure within an ink-
Jjet pen reservoir. More particularly, the accumulator 20
is configured to fit into an ink-jet pen 22 that includes a
reservoir 24 having rigid side walls 26, 28, 30, 32 that
are configured to hold a quantity of ink. A well 34 is
formed in the bottom of the reservoir 24 near one side
wail 30. A thermal-bubbie type print head 36 is fit into
the bottom wall 38 of the reserveir 24 for ¢jecting ink
drops from the reservoir 24. The configuration of the
reservoir walls and print head may be substantially as
provided in the pen component of an ink-jet printer
manufactured by Hewlett-Packard Company of Palo
Alto, Calif., under the rrademark DeskJet

The accumulator 20 is attached to a cap 40 that is
sealed to the top of the side walls 26, 28, 30, 32 of the
reservoir 24. The accumulator 20 includes an expand-
able bag 42 that is mounted to a spring 44. The bag 42
and spring 44 are fastened to a fitment 46 that has an
upwardly projecting boss 48. The boss 48 is sealed 10 2
cylindrically shaped sleeve 47 that is integrally formed
with the top of the cap 40.

The bag 42 is fastened to the firment 46 so that the
interior of the bag is in fluid communication with the

Copy provided by USPTU from thve Coll Image Database on 02-02-2000




=
o

ase 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 87 of 93

5,409,134

7
lower end 90 of a central duct 50 that passes through the
boss 48. The firment 46 is mounted to the cap 40 of the
pen 22 with the duct S0 arranged so that the upper end
§1 of the duct is in fluid communication with ambient
air. Accordingly, the interior of the bag 42 is in fluid
communicaton with ambient air.

With the accumulator 20 in place, the reservoir 24 is
filled with ink through a sealable port 43. A slight back
pressure (hereinafter referred to as the minimum back
pressure) is established within the pen reservoir 24. The
minimum back pressure is the minimum amount of back
pressure necessary to keep ink from leaking through the
print head 36 when the print head is inactive.

As the pen 22 is used for printing, the air pressure
within the reservoir 24 decreases (hence, the back pres-
sure increases) as ink is depleted. During printing, the
bag 42 expands as a result of the back pressure increase.
The bag expansion decreases the volume of the reser-
voir 24 to maintain the reservoir back pressure within a
range such that the print head 36 is able to continue
ejecting ink from the reservoir 24. If the ambient pres-
sure should thereafter decrease (for exampie, during air
transport of the pen), the bag 42 will contract to in-
crease the reservoir volume so that the back pressure
within the reservoir 24, relative to ambient, does pot
drop to a level that permits ink to leak from the print
head 36.

Expansion of the bag 42 deflects the spring 44. The
elasticity of the spring 44 tends to contract the bag 42.
The spring 44 and bag 42 are configured and arranged
to define a back pressure and bag volume relationship
that maintains the reservoir back pressure within an
operating range that is suitable for preventing ink leak-
age, while permitting the print head 36 to continue
ejecting ink drops. Moreaver, the accumulator 20 is
configured so that the maximum volume of the bag 42,
that is, the working volume Vg of the accumulator, 15
large enough to maintain the reservoir back pressure
within the operating range mentioned above, despite
severe fluctuations in the pressure of the ambient air.

Tuming aow to the particulars of the accumulator 20
formed in accordance with the present invention, the
preferred embodiment of the accumulator spring 44
¢comprises a strip of metal, such as stainless steel, having
a thickness of approximately 75 microns (u) and a yield
strength greater than 5,600 Kg/cm?. The spring 44 may
be stamped or etched from a flat sheet (FIG. 7) and
shaped into the relaxed or undeflected configuration
shown in FIG. 8.

The relaxed configuration of the spring 44 includes a
flat base 52 having a round main aperture 54 formed
therethrough. The spring 44 is bent at each edge 56, 58
of the base 52. A pair of clongated slots 60 are formed in
the spring 44 at each base edge 56, 58 to facilitate bend-
ing of the spring 44 at the base cdges 56, 58.

The spring 44 is formed to have curved legs 62. One
leg 62 extends downwardly from each edge 56, 58 of the
base 52. In a preferred embodiment, the legs 62 are

45

approximately 5.7 cm long. The length of the legs 62 of 60

the spring 44 are such that each end 68 of 2 leg 62 is
very near the bottom wall 38 of the reservoir 24.

Each spring leg 62 is formed t0 have a radius of cur-
vature of approximately 2.5 cm. Each leg 62 has a con-
vex surface 64 facing inwardly toward the convex sur-
face 64 of the other leg 62.

The spring 44 is sized to be substantjally as wide as
the space between side walls 30 and 32 (FIG. 6) of the

Copy provided by USPTO from the CSIR Image Database on 02-02-2000

63

8

pen reservoir 24. [n a preferred embodiment, the lags 62
are approximately 2.5 cm wide.

As best seen in FIGS. 6 and 8, the spring 44 is rela-
tively narrower o the region of the base 52. This shape
of the spring 44 allows the accumuiator 20 to fit within
an ink-jet pen 22 that inciudes a cap 40 with a sloping
front side 66 (FIG. 6). More particularly, the legs 62 of
the spring 44 are tapered in width from each base edge
56, 58 to a location between the base edge and the end
68 of each leg 62. The spring width increases in the
direction of the leg end 68. It is contemplated that a
spring 44 having legs 62 of constant width would also
be suitable. It is preferred, however, that the width of
the spring 44 be shaped to fit across substantially the
entire width of the reservoir 24 so that the bag 42 that
is attached to the spring 44 will have the greatest width
possible given the constraints of the reservoir side wails
and cap configuration.

Four access holes 71 are formed in the spring base 52.
One hole 71 is located near each comer of the base 52.
Moreover, a pair of spaced apart access holes 72 are
formed through the spring legs 62 beneath and near
each base edge 56, 58. Four other spacad apart access
holes 74 are formed through the ends 68 of ¢ach spring
leg 62. The access holes 71, 72, 74 provide means for
attaching the bag 42 to the spring 44, as described more
fully below.

The bag 42 of the present invention is preferably
formed of two thin flexible sheeats 76, 77 (FIG. 7) that
are sealed together at their outer edges 78. One sheet,
the first sheet 76, has an opening 80 for permitting the
passage of air into and out of the space between the
edge-sealed first sheet 76 and second shest T7. The
sheets 76, 77 are shaped slightly larger (i.e., in width and
length) than the spring 44. Moreover, the portion 79 of
the edge 78 of each sheet that is near the tapered part of
the spring 44 is skaped into a smooth curve.

Preferably, the first and second sheets 76, 77 are
formed of a marterial that can be heat-welded (as at the
edges 78) and that is substantially impermeable to air.
Heat-weldable bag material is preferred because such
material permits an efficient method for forming the bag
42 and for attaching the bag 42 to the spring 44 and
fitment 46, as will be desenibed more fully below.

Material that is substantiaily impermeable to air if
preferred as bag matenal so that the back pressure
within the pen reservoir 24 is not reduced by air that
passes into the bag 42 through opening 80 and then
difTuses through the walls of the bag sheets 76, 77 into
the reservoir 24,

In view of the above, a preferred embodiment of the
sheets 76, 77 that make up the bag 42 comprises a thin
“barrier” filn of material such as ethylene vinyl alcchol
(EVOH) covered with thin outer layers of polyethyl-
ene. The EVOH film is preferably about 12 p thick. The
polyethylene layers are between 15 p and 50 p thick.

The EVOH film provides the desired low-air-perme-
ability property. It is contemplated, however, that the
barrier film for preventing diffusion of air through the
bag 42 may be formed of a variety of matenials such as
PVDC (SARAN), nylon, polyester or metal foils, or
combinations of such materials,

The polyethylene outer layers of the sheets 76, 77
provide the desired heat-waldable property. The use of
polyethylene as outer bag layers is also advantageous
because that material generally includes no cure accel-
erators or plasticizers that might leach into and thereby
contaminate the ink within the reservoir 24.
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Before the bag 42 is formed by edge-welding the
sheets 76, 77, two elements are placed betrween the
sheets. One element, hereinafter referred to as a “release
patch™ 82, comprises a thin (approximately 25 p) sheet
of material, such as polyester, having a melting point
that is substantially higher than the melting point of the
polvethylene outer layers of the bag sheets 76, 77. The
release patch 82 is generally circular shaped and posi-
tioned beneath the opening 80 in the bag 42. Preferably,
the release patch 82 includes an adhesive on one side for
securing the patch 82 to the second sheet 77 of the bag
42. The release pach 82 provides a mechanism for
facilitating attachment of the bag 42 to the fitment 46, as
described more fully below.

The sezond element that is disposed within the bag 42
is a narrow strip, hereinafter referred to as a breather
strip 84. of perforated poiyethylene material having 2
maximum thickness of approximately 375 u, such as
that manufactured by Ethyl VisQueen Film Products
under the irademark VISPORE. The breather strip 84
provides a mechanism for facilitating movement of air
into and out of the bag 42, as described more fully be-
low. .

The spring 44 and the bag 42 are attached to the
underside of the ficment 46. More particularly, the fit-
ment 46 is formed of polyethylene having a higher melt-
ing point than the polyethylene outer lavers of the bag
sheets 76, 77 and includes a generally flat base plate 86
having an upwardly projectng boss 48, The boss 48 is
generally cylindrically shaped and has a chamfered
upper end 49. The boss 48 includes an internal duct 50
that extends compietely through the boss.

The fitment base plate 86 includes rwo concentric
annular mounting rims 88 that are integrally formed
with the base plate 86 to protrude downwardly there-
from through the main aperture 54 in the base $2 of the
spring 44. The mounting rims 88, which surround the
lower end 90 of the duct 50 are employed for fastening
the bag 42 to the fitment 46. To this end, the portion of
the first bag sheet 76 that surrounds the bag opening 89
is pressed through the main aperture 54 in the spring 44
to bear vpon the mounting rims 88. A heated chuck (not
showny} is pressed against the second sheet 77 of the bag
42 immediately beneath the mounting rims 88. Heat
from the chuck is transferred from the second shect 77
via the release patch 82 to the interface of the mounting
rims 88 and the first sheet 76. The mounting rims 88,
which, as part of the finnent are formed of polyethylene
having a higher melting point than the bag, are heated
o until the nms 88 and the first sheet 76 flow together
to form a weld. Upan cooling, the rims 88 bond with the
first layer 76 to form an air-tight seal.

Witk the bag 42 sealed to the fitment 46 as just de-
scribed, the only path for air into and out of the bag 42
is through the duct 50 in the fitment boss 48.

It can be appreciated that the release patch 82, in
addirion to transferring heat from the chuck to the inter-
face of the first sheet 76 and mounting rims 88, separates
the first and second sheets 76, 77 in the region where the
heated chuck is applied. Accordingly, the release patch
82 prevents the two bag sheets 76, 77 from becoming
bonded together at the mounting rims 88.

Preferably, the outermost mounting rim 88 of the
fitment 46 is sized to have a diameter that is just slightly
less than the diameter of the main aperture 54 in the
spring 44. Accordingly, the spring base 52 fits sougly
around the outermost rim 88. The effect of this fitis to
provide a registration mechanism for centering the
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spting aperture 54 beneath the duct 50 in the firment 46.
Moreovear, the spring base 52 also ircludes an alignment
hole 89 formed therethrough that mates with a down-
wardly projecting pin (not shown) in the fitment base
plate 86. The mating alignment hole 89 and pin provide
a supplemental registration mechanism to ensure that
the spring 44 is properly positioned relative 1o the fit-
ment 46.

The bag 42 is fastened to the fitment 46 and spring 44
in a2 manner that urges the bag into a contracted or
minimurn volume state. The preferred means for fasten-
ing the bag 42 includes heat-weldiag the bag 42 to the
firment through the access holes 71, 72 at the base 52 of
the spring 44, and securing each end 92 of the bag 42 to
a corresponding end 68 of a spring leg 62.

More particularly, the underside of the fitment base
plate 86 includes four downwardly extending posts 93,
each post 93 being shaped and arranged to fit through
an aligned access hole 71 in the corner of the spring base
52. The posts 93 pierce the bag sheets 76, 77 as a heated
platen (not shown) is pressed against the bag sheets 76,
77. The platen then spreads and flattens the ends of the
posts 93 to effectively form a rivet to attach the bag
sheets 76, 77 to the fitment base plate 86. This operation
is performed while the bag 42 is substantially com-
pletely contracted.

Each of two opposing ends of the fitment base plate
86 is formed to have an extension 94 that is attached to
the base plate 86 by two spaced apart hinges 95. The
hinges 9% arc thinner (approximately 250 u) than the
base plate 86 and fold around the associated edges 56, 58
of the spring base 32 sc that each cxtension 94 covers a
pair of access holes 72 formed beneath and near each
edge 56, 58. Each extension 94 includes on its underside
an outwardly projecting pair of posts 96. Each of the
posts 96 is sized and arranged to fit through an associ-
ated access hole 72. With the posts 96 extending
through the access holes 72, both sheets 76, 77 of the
bag 42 are pressed against the pairs of posts 96 at each
edge 56, 88. The posts 96 are then heat riveted to the
contacting bag sheets 76, 77 in a manner as previousty
described.

Within the space between each pair of hinges 95, a
pair of protrusicns 98 are formed n the fitment base
plate 36 10 extend downwardly through the slots 60 in
the spring. One protrusion 98 exiends through one slot
60. The protrusions 98 help to keep the fitment base
plate 86 properly aligned over the base 52 of the spring
44. It is contemplated, however, that the projecting
posts 93, 96 will provide adequate alignment of the bag
42 and spring #4 in the absegce of protrusions 98.

The breather strip 84 within the bag 42 is aligned
between adjacent access holes 72 in the spring and ex-
tends completely around each bent edge 56, 58 of the
spring 44. Accordingly, the breather strip 34 facilitates
air movement through the bag even though the bag is
tightly fastened to the edges 56, 58 of the spring base 52
at the access holes 72. Moreover, the breather strip 84
ensures that the bag 42 will expand (i.e., the sheets 76,
77 will move apart) despite condensation within the
bag, which condensation would tend to stick the sheets
76, 77 together.

The ends 92 of the bag 42 are wrapped around the
ends 68 of the spring legs 62 so that sach portion of the
bag that is between the edges 56, 58 and the leg ends 68
is pulled firmly against the convex surface 64 of ecach leg
62 (FIG. 1). The ends 92 of the bag 42 cover the access
holes 74 in the leg ends so that when heat is applied to
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the bag 42 at the access holes 74, the bag 42 will weld to
itself within the holes 74 to secure the bag ends 92 to the
spring leg ends 68.

The periphery 55 of the fitment boss 48 is sealed to
the sleeve 47 in the reservoir cap 40 so that no air can
pass berween the fitment 46 and the cap 40. The cap 40
is then sealed to the reservoir side walls with the accu-
mulator 20 suspended inside the reservoir 24. The reser-
voir 24 is then filled with ink, as described earlier.

As noted earlier, the filled pen 22 is provided with a
minimum back pressure. Calculated at the print head 36,
the minimum back pressure should be, for example, 2.5
cm water column. Accordingly, the minimum back
pressure is established by removing some ink from the
filled and sealed reservoir. The fluid volume removed
to establish the minimum back pressure is referred to as
the drawdown volume Vg

It is noteworthy that the bag 42, which is securely
held against the spring 44, will not expand appreciably
as the drawdown volume Vyzis removed. Accordingly,
the back pressure attributabie to the removal of the
drawdown volume will rise rapidly (See line O-A in the
graph of FIG. 10) as the drawdown volume Vg is re-
moved because the accumulator bag 42 does not appre-
ciably expand to fill the space (hence, lower the back
pressure) corresponding to the drawdown volume Vgz.
It bas been found that with an accumulator formed in
accordance with the present invention. a very small
amount of drawdown volume (for e¢xample, less than
5% of the reservoir capacity) is required to bring the
back pressure up to the minimum level mentioned
above.

The minimum back pressure ievel establishes the low
end of the back pressure operating range referred to
above. The maximum back pressure or upper level of
the back pressure operating range is that level {for ex-
ample, 11.5 cm water column) above which the print
head 36 would be unable to “pump™ against for ejecting
mk drops. FIG. 10 illustrates a graph showing the rela-
tionship between reservoir back pressure P changes
(ordinate) and changes in the fluid volume V (abscissa)
of the reservoir. The origin O of the graph of FIG. 10
represents a filled reservoir volume with no back pres-
sure. Also depicted in FIG. 18 is the accumulator work-
ing volume V.- that is available for maintaining the back
pressure within the reservoir (or, more precisely, at the
print head 36) within the operating range between the
minimum and maximum back pressure levels shown in
the graph.

As the print head 36 operates to eject ink drops from
the reservoir 24, the consequent reduction in ink vol-
ume in the reservoir increases the back pressure. If this
increase were not regulated, the back pressure in the
reservoir 24 would rapidly increase (dashed line in FIG.
10), beyond the maximum back pressure, and the print
head 36 would become inoperative. With the present
accumulator 20, however, the back pressure increase
above the minimum level tends to expand the bag 42.
More particularly, as the back pressure rises, the rela-

tively higher pressure ambient air is drawn through the &0

duct 50 in the fitment 46 and into the opening 80 in the
bag 42. As the bag 42 expands, the first sheet 76 of the
bag presses against the spring legs 62 so that those legs
62 are deflected out of the relaxed, curved configura-
tion (FIG. 1) into a reverse bowed configuration (FIG.
2.

The elasticity of the spring legs 62, which tends to
contract the bag 42 against the convex surfaces 64, is
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substantially overcome by the expansion of the bag 42
that is caused by the increase (over minimum) of the
back pressure within the reservoir 24. The volume de-
crease in the reservoir 24 that is attributable to the ex-
pansion of the bag 42 maintains the back pressure be-
neath the maximum back pressure discussed above.

In a preferred embodiment, the bag 42 expands to its
maximum volume condition as ink is printed out of the
pen. During this expansion the bag 42 maintains the
back pressure beneath the maximum back pressure
level. At the point when the bag 42 of the preferred
embodiment has expanded to its maximum volume con-
dition, about 30% of the pen'’s ink has been printed out.
Any further printing will cause a further increase in
back pressure, which may be relieved by the introduc-
tion of ambient air into the reservoir 24.To this end, the
pen 22 includes 2 bubble generator 102 formed in the
bottom wall 38 of the reservoir 24. The bubble genera-
tor 102 may comprise a small orifice 104 extending from
a recess 106 in the reservoir bottom wall 38.

The orifice 104 of the bubble generator 102 is sized,
for example, about 200 g in diameter, so that any air
bubbles will move through the air/ink interface at the
orifice 104 and inio the reservoir air space only in in-
stances where the back pressure begins to rise above the
maximum back pressure level (FIG. 10). As air bubbles
from the bubble generator 102 enter the reservoir 24,
the back pressure will drop to a level just below the
maximum level so that the print head 36 is able to con-
tinye ¢jecting ink drops.

As noted earlier, the greatest change in the reservoir
back pressure will occur as a nearly empty pen is sub-
jected to a significant ambient air pressure increase,
such as would occur during air shipment of the pen. In
such an instance, as the ambient air pressure begins to
drop, the pressure in the bag 42 also drops. As the pres-
sure drops, the bag 42, which just prior to the ambient
air pressure drop is expanded to its maximum volume
(See FIG. 2 and point B in FIG. 10), collapses to in-
crease the reservoir volume and thereby keep the back
pressure from dropping to a level so low that ipk may
Ieak from the print head 36. Moreover, the elastic re-
covery of the spring legs 62 in returning toward the
undeflected state as the bag 42 coilapses ensures that the
bag will be contracted to its minimum volume configu-
ration (FIG. 1) so that the entire amount of the accumu-
lator working volume V. is employed for increasing
the reservoir volume.

In the preferred embodiment, it has been found that
an accumulator 20 formed as described above will pro-
vide a working volume large enough to compensate (for
example, by contracting from its maximum to minimum
volume level as just described) for ambient air pressure
changes of up to approximately 30%. As noted eartier,
the most severs ambient air pressure change experi-
enced by a pen would likely be in the range of approxi-
mately 26%. Accordingly, for ambient air pressure
decreases of 30% or lower, the accumulator 20 of the
present invention provides sufficient working volume
to keep the back pressure above the minimum back
pressure level. It can be appreciated, therefore, that
unlike accumulators of the past, the present accumuia-
tor 20 need not be supplemented with any overflow
mechanisms, such as the overflow orifice and artached
catch basin mentioned above. Moreover, the pen vol-
ume that would otherwise be necessary for a catch basin
may instead be used to increase the ink capacity of the
pen.

Copy providied by USPTO from the CSIA image Databass on 02-02-2000



!
i
i

ase 2:01-cv-00060-RLH -RJJ Document 1-586132 Filed 01/17/01 Page 90 of 93

5,409,134

13

In the event that a pen 22 may be subjected to an
ambient air pressure decrease of greater than about
26%, it is contemplated that the bag 42 of the accumula-
tor 20 may be configured for providing a greater work-
ing volume than described above. For example, an alter-
native embodiment of the accumulator bag 142 may be
pleated as shown in the cross-sectional view of FIG. 11.
The pleated bag 142 will provide a significant amount
of accumulator working vojume because it will expand
to 2 maximum volume that is substantiaily larger than
the unpieated bag 42, and still be contractble against
the convex surfaces 64 of the spring legs 62 to a mini-
mum volume that is substantially equal to that of an
unpleated bag 42.

With respect to the use of the pleated bag 142, it is
preferred to attach thin webs 108 of film marerial be-
tween the inner folded edges 110 of the bag pieats. The
webs 108 are pilaced at closely placed intervais along
the length of the bag 142 and serve to keep the pieats
from inverting under the influence of the back pressure
within the reservoir. Consequently, the webs 108 ensure
that the pleated bag will return to the flat minimum
volume position as the back pressure in the reservoir
decreases.

Another technique for increasing the accumulator
working volume may include the use of a bag that is
relatively longer than the earlier described bag 42 and
which, after being arntached to the spring leg ends 68 as
described earlier is foided back over the portion of the
bag overlying the convex surfaces 64 of the spring legs
62. The outermost end of the longer bag is then beat-
welded to the posts 96 in the fitment extensions 94. With
this embodiment, additional breather strips 84 would be
included within the bag to be wrapped around the
spring ends 68 between the access holes 74 in those ends
68 so that air may flow through the entire leagth of the
bag.

Typically, slight varistions in the materials and con-
struction of the present accumulator will resuit in the
near complete inflatior of one portion of the bag 42 that
is adjacent one spring leg 62 before inflation of the
portion of the bag that is adjacent to the other spring leg
62. Referring to FIG. 10, the vertical component of the
curve portion from point A to A generally represents
the back pressure increase that occurs as the print head
begins to eject ink drops from a fuil reservoir. The back
pressure increase P between points A and A causes the
partizl expansion of one bag porton (for convenience,
referred to as the “first” bag portion 63, FIG. 12) that is
adjacent to one spring leg 62. Put another way, the back
pressure increase Py expands the first bag portion 63 to
bend the spring leg 62 out of the relaxed state (FIG. 1)
and into an intermediate position wherein the spring leg
62 has moved to & generally straight configuration as
shown in FIG. 12,

After the spring leg 62 is bent intc the generally
straight configuration of FIG. 12, the spring offers only
slight resistance to further deflection from the straight
and into the reverse-bowed configuraton (FIG. 2).
Accordingly, the first bag porton 63 readily inflates to
its fully expanded position as more ink is ejected from
the pen as represented by curve section A;-A; FIG.
10.

The inflation of the first bag portion 63 associated
with the reservoir ink depletion represented by carve
segment A1-A; cffectively reguiates the reservoir back
pressure so that substantially no incremental back pres-
sure increase ocours during that period. Instead, there is
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usually a slight decrease in back pressure because the
spring leg 62, in moving out of the generally straight
configuration (FIG. 12) and into the reverse-bowed
configuration, acts as a toggie mechanism having a
slight snap-action that resuvits in 2 rapid incremental
expansion of the first bag portion 63 and consequent dip
in the reservoir back pressure level.

The vertical component of the curve portion from
point A;to A3 gensrally represents the back pressure
incTease P; that occurs as the print head continues to
eject ink from the reservoir after the first bag portion is
fally inflated. The back pressure increase P2expands the
bag portion that is mounted to the spring leg that is
opposite the leg 62 to which the first bag portion 63 is
mounted. Accordingly, the back pressure increase P
expands the other bag portion to bend the associated
spring leg 62 out of the relaxed state (FIG. 2) into an
intermediate position wherein a spring leg assumes a
generally straight configurarion. Thereafter, the bag
portion is fully inflated, as described with respect to the
first bag portion 63, and the leg 62 moves into the re-
verse-bowed configuration.

The above-described preferred embodiment of the
present accumulator is designed to ensure that the incre-
mental increases in back pressure Py and Ps (FIG. 10),
which cause straightening of the spring legs 62 as de-
scribed above, are predictably small enough to avoid
approaching the maximum back pressure allowable for
a given pen. In other words, the spring 44 and bag 42
are configured and arranged to minimize these incre-
mental back pressure increases Py, P; so that once the
reservoir back pressure is established above the re-
quired minimum back pressure, the pressure-volume
curve (FIG. 10) will approach, as closely as practical,
an ideal pressure-volume curve, which ideal curve is
substantially parallel 10 the absisca of FIG. 10 and be-
tween the minimom and maximum back pressures.

The next-described preferred embodiment of the
accumulator spring permits effective minirization of
the incremental pressures P; and P so that the corre-
sponding actual pressure-volume curve can more
closely approximate the ideal pressure-volume curve.
Moreover, the alternative configuration of the spring
provides relatively greater flexibility in the ends of the
spring legs so that the spring legs can bend to better
conform to the fully-inflated shape of the bag, thereby
facilitating greater expansion of the bag and a corre-
sponding increase in the overall working volume V. of
the accumulator.

FIG. 13 shows the alternative embodiment of the
spring 144 in plan, before it is shaped into the relaxed
position (see FIG. 1) for use with the bag 42. The spring
144 is shaped so that cach end 168 of a leg 162 is made
ta be slightly more flexible than the remaining portion
of the spring. The relatively greater flexibility of the
spring ends 168 is accomplished by forming an array of
apertures 163 near each end 168, thersby reducing the
mass of that portion of the spriog 144. Prefersbly, the
apertures 163 are generally elongated in the direction
parallel to the long axis of the spring member 144, It is
also preferred that pear the center of the spring member
144, the apertures 163 are slightly longer, the length of
the apertures generally decreasing in the direction away
from the longitudinal center of the spring member 144.

FIG. 14 depicts a front cross-section of ar ink jet pen
that includes an accumulator utilizing the alternative
spring member 144, showing the accumulator in the
expanded or maximwn volume position. It is notewor-
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thy that as a consequence of the increased flexibility
(that is, reduced resistance to deflection) of the spring
ends 168, the bag portions 167, 169 mounted to the
spring legs 162 are able near spring ends 168 to expand
to a width “W" that is greater than would be possible
were the ends of spring legs 162 nor so flexible. This
increased bag width W near the spring ends 168 pro-
vides a corresponding increase in the overall working
volume Vg of the accumulator. This working volume
Vacincrease expands the environmental operating range
of the pen without a corresponding reduction in the
amount of deliverabie ink within the reservoir because
the alternative spring and attached bag resiie to the
substantially flat, relaxed configuration, thereby not
displacing any more ink vojume than displaced by the
earlier described embodiment.

Also formed in the alternative embodiment of the
spring member 144 is an elongated slit 165 that is
formed generally along the longitudinal center line of
the spring member to extend from the end 168 of each
spring leg 162 to a location near the slois 160 in the
spring member, through which slots 160 the spring
member 144 is bent for attachment to the fitment as
described abave. Such a slit 165 reduces the spring mass
along substantially the entire length of the spring leg
162. The spring mass reduction associated with the
longitudinal slit 165 increases the overall flexibility of
the spring, thereby substantially eliminating the snap-
action or toggle-like effect of the spring legs as men-
tioned above. As a result of the increased flexibility, the
incrementa back pressure increases P; and P are sub-
stantially minimized. Put another way, the overall con-
figuration of the spring 144 is more uniformly respon-
sive to the forces applied to it by the eapanding bag 42.
As was the case with the earlier-described embodirent,
contraction of the bag permits the spring 144 to resile
toward the relaxed configuration where the bag is flat-
tened.

It will be appreciated by one of ordinary skill in the
art that numerous alternative embodiments for a spring
member may be used. For exampie, FIG. 15 depicts
another alternative embodiment of the spring member
244 wherein a pair of additonal Jongitudinal slits 266
extend generally along the length of the legs 262 from
each end 268, with a central longitudinal sliv 265 be-
tween cach pair of slits 266.

FIG. 16 depicts another altenative embodiment of a
spring member 144 where, in addition to a central longi-
tudinal slit 365, end apertures 363 are formed as gener-
ally circular in shape.

FIG. 17 depicts another alternative embodiment of a
spring member 444 having no central longitudinal slit.
A plurality of apertures 463, configured and arranged
substantiaily the same as apertures 163 in the embodi-
ment depicted in FIG. 13, are formed near the ends 468
of the spring member 444 for the same fexibility en-
hancement as mentioned above.

FIG. 18 depicts another alternative embodiment of a
spring member 544 where, in addition to end apertures
5§63, such as those showu as 463 in FIG. 17, there is also
included a few more apertures 569 formed in the spring
legs 562 near the slots 560 through which the member
544 is bent for attachment to a fitment. These additional
slots 569 make more flexible the portion of the spring
legs 562 near those slots 560. Accordingly, as shown in
dashed lines 561 in FIG. 14, the upper parts of bag
portions 167, 169 are able to expand to a slightly greater
width than would otherwise be possibie with a spring
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member not having the upper apertures 569. As a result,
the slightly increased volume depicted by dashed lines
561 increases the working volume Vo of the accumula-
lor.

Having described and illustrated the principles of the
invention with reference to preferred embadiments and
alternatives, it should be apparent that the invention can
be further modifted in arrangement and detail without
departing from such principles. For example, a spring
having only 2 single leg carrying a bag oa its convex
surface may provide a sufficient accumulator working
volume. Moreover, an effective accumuiator may in-
clude a spring that is curved about its longitudinal axis
instead of about a lateral axis as described above. Fur-
thermore, the spring may be configured with other
arrangements of holes or slots, or thickness vanations
that will affect its eiasticity and in turn will modify the
back pressure as the bag expands and forces the spring
1o uncurl. It is aiso contemplated that the function of the
spring in contracting the bag and in minimizing draw-
down volume may be accomplished by a spring config-
uration having two layers with the bag contracted be-
tween those layers when the spring is in its undeflected
configuration. It is also possible that the bag may be
formed so that one of the two bag layers has the elastic
characteristics of the spring, thereby eliminating the
need for a discrete spring component.

In view of the above, it is to be understood that the
present invention includes all such modifications as may
come within the scope and spirit of the following claims
and equivalents thereof.

We claim:

1, An accumulator apparatus comprising:

an expandable and contractible bag;

mounting means for mountdng the bag within a fluid

volume of 2 particular size so that expansion of the
bag decreases the size of the fluid volume, the bag
including an opening arranged so that an interior of
the bag is in communication with ambient air out-
side the fluid volume: and

a spring disposed within the fluid volume and having

a first portion that assumes a curved relaxed state,
part of the bag being adjacent to one side of the
curved first portion, the bag part being urged by
the spring to be substantially fully contracted when
the spring first portios is in the relaxed state.

2. The apparats of claim I wherein the first portion
of the spring has a convex surface whenever the first
portion is in a relaxed state, the bag part being adjacent
to the converx surface,

3. The apparatus of claim 1 wherein the spring has a
flat base connected to the first portion of the spring.

4. The apparatus of claim 3 wherein the spring in-
cludes a second portion connected to the base, the sec-
ond portion assuming a curved refaxed state, another
part of the bag being disposed adjacent to one side of
the second portion and to one side of the base of the
spring.

5. The apparatus of claim 1 wherein the spring in-
cludes a second portion that assumes a curved relaxed
state, another part of the bag being disposed adjacent to
one side of the curved second portion.

6. The apparatus of claim I wherein the spring is
stainless steel.

7. The apparatus of claim 1 wherein the spring bhas a
thickness of about 75 microns and a yield strength
greater than about 5,600 Kg/cm?.

8. An accurmulator apparatus comprising:
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an expandable and contractible bag;
mounting means for mounting the bag within a fluid
volume of a particular size so that expansion of the
bag decreases the size of the flvid volume, the bag
including an opening mounted 5o that an tnterior of
the bag is in continuous communication with ambi-
ent air outside the fluid volume, wherein the bag is
formed of flexible material and is contractible into
a generally flat configuration and
wherein the fluid volume is defined by a reservoir,
the reservoir being sealed and containing ink
therein under a back pressure, the back pressure
being present irrespective of whether the bag is
expanded or contracted.

9. The accumulator apparatus of claim 8 further com-
prising @ print head connected to the reservoir for eject-
ing drops of ink from the resarvoir.

10. The apparatus of claim 8 wherein the bag com-
prises sheers formed of heat-weldable material.

11. The apparatus of claim 9 wherein the bag sheets
include a film of air-impermeable material attached
thereto for rendering the bag substantially impermeable
1o air.

12. An accumulator for an ink-jet pen that has a sub-
stantially sealed reservoir volume, comprising:

a spring; and

an expandable and contractibie bag attached to one

side of the spring, the spring and bag being posi-
tionable within the reservoir volume, the bag in-
cluding an opening arranged so that an interior of
the bag is in communication with ambient air out-
side of the reservoir volume, the bag and spring
being attached adjacent one another so that the bag
expands to deflect the spring as fluid pressure in-
side the reservoir volume decreases relative to
pressure of the ambient air outside of the reservoir
volume.

13. The accumulator of claim 12 further comprising
print head means for ejecting ink drops from the reser-
voir volume.

14. The accumulator of claim 12 wherein the spring
contracts the bag as fluid pressure cutside the reservoir
volume decreases relative to fluid pressure inside the
reservorr.

15. The apparatus of claim 12 wherein the spring
includes a first portion that assumes a curved relaxed
state, the bag being attached 1o one side of the curved
first portion.

16. The apparatus of claim 15 wherein the first por-
tion of the spring has a convex surface whenever the
first portion is in a relaxed state, the bag being attached
to the convex surface.

17. The apparatus of claim 12 wherein the spring is
metai and the bag is formed of flexible material having
a plastic outer surface.

18. An accumulator apparatus comprising:

a sealed reservoir for containing ink and having a

back pressure established therein;

an expandable and contractible bag mounted within

the reservoir, the bag having an opening therein
arranged so that an interior of the bag is in commuy-
nication with ambient air outside of the reservoir,
the bag being arranged so that contraction of the
bag increases back pressure in the reservoir; and

a print head mounted to the reservoir and adapted for

ejecting ink drops from the reservoir.

19. The apparatus of claim 18, further comprising a
spring disposed adjacent to the bag and arranged to
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urge contraction of the bag for increasing the reservoir
back pressure.
20. The apparatus of claim 19 wherein the spring and
bag are configured and arranged so that the bag is sub-
stantially fully contracted when the spring is in a re-
laxed state.
21. The apparatus of claim 19 wherein the bag is
attached to the spring by a fitment, and the spring in-
ctudes a plurality of access holes formed therein, the
bag being attached to the fiunent through the access
holes.
22. The apparatus of claim 21 wherein the fittnent
includes other access holes for attaching the bag to said
bag through the other access holes.
23. A method for making an accumulator apparatus,
comprising the steps of:
anaching an expandable and contractible bag 10 a
spring so that when the spring is in a relaxed state
the bag will be substantiaily contracted;

configuring the bag and spring so that the bag will
expand and deflect the spring whenever a pressure
difference between the fluid inside and outside of
the bag exceeds a predetermined minimum levei:
and

supporting the bag and spring to maintain the interior

of the bag in fluid communication with fluid out-
side of the bag thereby to define an unobstructed
path for fluid movement into and out of the bag.

24. The method of claim 23 wherein the coafiguring
step includes the substep of shaping the spring 1o have a
curved portion when in 2 relaxed state.

25. The method of claim 24 wherein the attaching
step includes the substep of fastening the bag to the
curved portion of the spring. .

26. The method of claim 23 wherein the spring is
metal and wherein the bag has a plastic outer surface,
the aftaching step including the substep of forming
access holes in the spring for providing locations for
attaching the bag to the spring.

27. The method of claim 23 wherein the accumulator
is 1o be disposed within 2 fluid volume that may be
subjected to a decrease in pressure, the configuring step
including the step of sizing the btag to define a working
volume that is equal to or greater than a change in the
fluid volume attributable to the decrease in pressure.

28. An accumulator apparatus for an ink reservoir of
4 pen comprising:

an elongated spring member mounted inside the res-

ervoir and shaped to resile to a relaxed state and to
resist deflection out of the relaxed state;

an expandable and contractable bag mounted along

the length of the spring member so thar expansion
of the bag deflects the spring member and so that
contraction of the bag permits the spring member
to resile toward the relaxed state; and

shaping means for reducing along only a portion of

the length of the spring member the resistance of
the spring member to deflection caused by bag
expansicn.

29. The apparatus of claim 28 wherein the elongated
spring member has a longitudinal centerline and an end
and a middle portion away from the end, and wherein
the first portion of the spring member is located away
from the middle portion of the spring member.

30. The apparatus of claim 29 wherein the first por-
tion of the spring member bas an array of apertures
formed therein for reducing the resistance of the spring
member to deflection.
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31. The apparatus of claim 30 wherein the first por-
tion of the spring member is located adjacent to the end
of the spring member.

32. The apparatus of claim 30 wherein the first por-
tion is located on opposite sides of the middle portion of
the spring member.

33. The apparatus of claim 30 wherein the spring
member is constructed with the array of apertures
shaped to reduce the mass of the spring member near
the longitudinal centerline by an amount greater than
the amount of mass reduced by the apertures away from
the longitudinal centerline of the spring member.

34. The apparatus of claim 33 wherein the first por-
tion of the spring member is iocated adjacent to the end
of the spring member.

3S. The apparatus of claim 33 wherein the first por-
tion is Jocated on opposite sides of the middle portion of
the spring member.

36. The apparatus of claim 30 wherein the spring
member is constructed with the array of apertures
shaped to reduce the mass of the spring member aear
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the end of the spring member by an amount greater than
the amount of mass reduced by the apertures away from
the end of the spring member.

37. The apparatus of claim 36 wherein the first por-
tion of the spring member is located adjacent to the end
of the spring member.

38. The apparatus of claim 30 wherein the spring
member is configured to include a slit formed along the
longitudinal centerline of the spring member to extend
substantially continucusly from the end of the spring
member throngh the middle portion of the spring mem-
ber.

39. The appararus of claim 30 wherein the spring
member is configured 1o include a plurality of spaced
apart slits extending along the length of the spring mem-
ber.

40. The apparatus of claim 28 wherein the first por-
tion of the spring member is thinner than the remaining

portion of the spring member.
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