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metallization layer. To this end the metallization layer has a thickness of
preferably 10 to 25 [err] This invention relates to a thermal ink jet print
and preferably consists of a good thermal conduc- head according to the
first part of claim 1.        tor such as copper. Thermal ink jet print
heads operate by rapidly    5  Although the arrangement of EP 0 332 764 A1
heating a small volume of ink, causing it to vapor-  has proved to be
highly satisfactory in many re- ize and expand, and ejecting the ink
through an      spects, it may be desirable in some cases to avoid orifice
to strike a piece of paper. When a number    a thick metallization layer
especially in order to of orifices are properly arranged, they form a dot
reduce the thermal mass and the overall thickness matrix pattern. The
properly sequenced operation   10  of the substrate. of each orifice causes
a pattern of characters or        It is therefore the object of the present
inven- images to be printed upon the paper as the print     tion to provide
a thermal ink jet printer head with a head is moved past the paper. The
thermal ink jet    plastic base, but with reduced thermal mass and printer
is fast but quiet, as only the ink strikes the  reduced overall thickness.
According to the present paper, produces high quality printing, and can be
15  invention this object is accomplished by a print made compact and
portable.                           head according to claim 1. In one
design, the print head includes an ink        The present invention resides
in an improved reservoir and channels to supply the ink to the
substrate material and construction that provides point of vaporization, an
orifice plate in which the  both operational and cost advantages over prior
individual orifices are formed in the required pat-  20  substrates. As
compared with prior substrate con- tern, a series of thin film heaters, one
below each  structions, the improved substrate is more readily orifice, and
a substrate which forms the back wall   configured by secondary
fabrication. Electrical in- of the ink channel and upon which the heaters
are   terconnections for the heater circuits are simplified. supported.
Each heater includes a thin film resistor  The substrate is less costly to
fabricate, due to the and appropriate current leads. To print a single dot
25   use of less expensive materials, and due to use of of ink, electrical
current from an external power    a semi-continuous processing procedure
rather supply is passed through a selected heater. The      than a batch
procedure. These cost considerations heater is ohmically heated, in turn
heating the      are particularly important because the print head is
adjacent ink and causing a droplet of ink to be      disposable. ejected
through the adjacent orifice to the paper.  30   In accordance with the
invention, a thermal ink The present invention is concerned with the
jet printer print head comprises a plastic base; a construction of the
substrate. The substrate sup-    metallization layer overlying the plastic
base, the ports the resistors and their current carrying leads,
metallization layer having a thickness of from about and must therefore be
electrically nonconducting in  50 Angstroms to about 1000 Angstroms; a
dielec- the sense of serving as an insulator between the   35  tric
structure overlying the metallization layer, the laterally adjacent
resistors and leads. The substrate  dielectric structure including a
metallic buffer layer must have a sufficiently low thermal conductivity to
overlying the metallization layer, the buffer layer limit the portion of
the heat pulse of the resistors  having a thickness of greater than about
700 Ang- conducted into the substrate. Otherwise, excessive   stroms, and a
layer of a dielectric material over- driving energy may be required. In
addition, the   40  lying the metallic buffer layer; and means overlying
substrate must have good mechanical strength to      the dielectric
structure for ejecting a droplet of ink. withstand the hydrodynamic forces
produced dur-      The base is preferably a polyimide plastic, and the ing
the ink ejection cycle.                          metallization layer is
preferably chromium depos- Substrates have been conventionally fabricated
ited upon the plastic. The dielectric structure may from pieces of silicon
or glass, covered with a   45  include a single layer of dielectric
material or mul- dielectric layer such as silicon dioxide. These con-
tiple layers, at least one of which is a dielectric. structions are fully
operable and acceptable. Never-  The dielectric structure includes a thin
metallic theless, there is a continuing need for improved     buffer layer,
preferably titanium, overlying the substrate materials and designs that
permit less     metallization layer, and a layer of a dielectric ma- costly
fabrication and better performance of the   so  terial, such as silicon
dioxide, overlying the buffer substrate and the print head. The present
invention  layer. fulfills this need, and further provides related ad-
The present substrate replaces glass or silicon, vantages.
as used in prior substrates, with plastic. The bene- EP 0 332 764 A1
discloses a thermal ink jet      fits of the present invention flow from
this selection printer print head according to the first part of  55  of a
plastic base. The use of plastic was not claim 1, wherein the metallization
layer is used as  previously possible, due to its low thermal con- a heat
sink, which conducts heat and latterally      ductivity, about 1/5 that of
glass and 1/400 that of dissipates heat from a heater positioned above the
silicon, and because dielectric materials do not 2  
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the plastic. The addition of the      Opposite the opening of the orifice
16 is a thermally conductive metallization layer and the    heater 18. The
heater 18 is a thin film resistor buffer layer, between the plastic base
and the      including a tantalum-aluminum planar resistor ele- dielectric
structure, provides a degree of thermal  ment 20 and aluminum or gold leads
22 connecting conductivity to dissipate heat preduced by the op-   5   to
the resistor element 20. A current is passed eration of the thin-film
heaters and also effects   through the portion of the resistor element 20
be- adhesion of the dielectric layer to the plastic base.  tween the ends
of the leads 22, rapidly heating the The metallization layer is
electrically isolated from  resistor element. A small volume of ink
adjacent the thin-film heater by the dielectric structure, so  the heater
18 is thereby rapidly heated and vapor- that the substrate is sufficiently
electrically noncon-   10  ized, causing some of the ink in the channel 14
to ductive for the heaters to be operated indepen-     be ejected through
the orifice 16. A passivation dently of each other.
layer 24 overlies the heater 18, to protect it from The metallization layer
and the dielectric struc-  corrosion by the ink. The passivation layer 24
is ture have maximum service temperatures higher       optional, and need
not be used. than the peak resistor temperatures. The addition   15  In
accordance with a preferred embodiment of of the metallization layer of
suitable thickness and  the invention, a thermal ink jet printer print head
the dielectric structure of suitable thickness, be-  comprises a plastic
base; a chromium layer over- tween the plastic base and the resistor,
permits the  lying the plastic base, the chromium layer having a use of
plastics having maximum service tempera-     thickness of from 50 Angstroms
to less than 1000 tures lower than the peak resistor temperature. The   20
Angstroms; a dielectric structure overlying the use of such plastics in the
base was not previously  chromium layer, the dielectric structure including
a possible.                                           titanium  layer
overlying the chromium layer, the The present invention provides an
important      titanium layer having a thickness of from about 700 advance
in the art of thermal ink jet printers. By  to about 3000 Angstroms, and a
layer of a dielec- separating the thermal conductivity and electrical  25
tric material overlying the titanium layer, the dielec- insulation
functions and providing those functions in  tric material having a
thickness of from about 0.1 to an alternate construction, improved
performance,    about 10 micrometers and being selected from the improved
fabricability, and reduced cost have been  group consisting of aluminum
oxide and silicon achieved. Print heads not realistically possible with
dioxide; and means overlying the dielectric struc- other substrate
materials can be constructed, such   30  ture for ejecting a droplet of
ink. as large array print heads that are as wide as a        The heater 18
is supported on a substrate 26, page so that entire lines can be printed
simulta-   which is shown in greater detail in Figure 2, along neously.
Other features and advantages will be      with the overlying heater 18.
(In Figure 2, the apparent from the following more detailed descrip-
elements are not illustrated to scale.) The substrate tion of the preferred
embodiment, taken in conjunc-  35   26 includes a plastic base 28,
preferably formed of tion with the accompanying drawings, which illus-   a
polyimide plastic such as DuPont Kapton. The trate, by way of example, the
principles of the     base can be of any required thickness, but is
invention.                                          preferably from about
25 micrometers to about 3000 micrometers thick, most preferably from BRIEF
DESCRIPTION OF THE DRAWINGS              40  about 50 micrometers to about
300 micrometers thick. Plastic sheet of this thickness is available Figure
1 is a diagrammatic side sectional view    commercially on rolls, which can
then be fabri- of a detail of a thermal ink jet print head; and  cated.
Figure 2 is an enlarged side elevational view of     Overlying the base 28
is a metallization layer the preferred construction of the substrate.  45
30, preferably made of chromium. The term "over- lying" as used herein
means that one layer is DETAILED DESCRIPTION OF THE PREFERRED
positioned over and in intimate contact with a sec- EMBODIMENT
ond layer or structure. In this instance, the metal- lization layer 30
overlies the base 28. The metal- A portion of a thermal ink jet printer
head is  50  lization layer is preferably from 50 Angstroms to presented in
Figure 1, showing the relation of the  less than 1000 Angstroms thick, most
preferably substrate to other major components. Referring to   about 400
Angstroms thick. The metallization layer Figure 1, a thermal ink jet
printer head 10 includes  30 aids in bonding the overlying structure to the
an orifice plate 12 having an ink channel 14 therein.  base 28, and to some
extent acts as a heat sink. The orifice plate 12 has a number of orifices,
55      Overlying the metallization layer 30 is a dielec- including the
illustrated orifice 16. Ink is drawn from  tric structure 32. The
dielectric structure 32 in- a reservoir (not shown) to the region of the
orifice  cludes a dielectric layer 34 of a material that has a 16 through
the ink channel 14, by capillary action.  low electrical conductivity. The
preferred material 
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dielectric layer is aluminum oxide or silicon  34 of silicon dioxide, and a
heater overlying these dioxide, which have been previously used in sub-
layers. Using an aqueous ink, a stable drop ejec- strate construction to
achieve a controlled rate of  tion of 80 picoliter volume drops was
obtained at heat loss from the resistor element to the under-   the high
drop ejection frequency of 10 KHz lying structure and as a mass diffusion
barrier to   5   (Kilohertz). At this frequency, 71 million droplets of
prevent leaching of impurities. In its present ap-   ink were ejected from
one such nozzle with no plication, the dielectric layer also electrically
in-  noticeable problems. In this structure, the metal- sulates the various
resistor elements 20 and leads   lization and buffer layers provide bonding
and 22 from  each other. The dielectric layer 34 is      stress
compatibility between the substrate and the preferably from about 0.1 to
about 10 micrometers  10  dielectric, while the primary heat dissipation
path is in thickness, most preferably about 0.6 microm-      through the
ink which is in direct contact with the eters (6000 Angstroms) in
thickness. However,        resistor. greater thicknesses are not excluded.
It will be appreciated that the approach of the Between the dielectric
layer 34 and the metal-   invention yields important advantages in perfor-
lization layer 30 is a buffer layer 36. The buffer  15   mance and
fabricability as compared with prior layer 36 is preferably a layer of
titanium from about  approaches. Although a particular embodiment of 700 to
about 3000 Angstroms thick, most prefer-     the invention has been
described in detail for pur- ably about 1500 Angstroms thick, which buffers
the   poses of illustration, various modifications may be high tensile
stress of the metallization layer 30. In  made without departing from the
scope of the the absence of the buffer layer 36, this high tensile  20
invention. Accordingly, the invention is not to be stress will crack the
dielectric layer 34. If the metal-  limited except as by the appended
claims. lization layer is not vacuum deposited, or if it is not vacuum
deposited in the same pumpdown as the         Claims layers 34 and 36, then
the buffer layer 36 plays an additional important adhesion role preventing
de-   25   1. A thermal ink jet printer print head comprising lamination
between the dielectric layer 34 and the       a plastic base (28);
metallization layer 30.                                  a metallization
layer (30) overlying the plastic The substrate of the present invention
lends         base (28); itself to mass production of printer heads, as the
a dielectric structure (32) overlying the rhetal- plastic base material is
available in rolls that can be   30  lization layer (30), the dielectric
structure (32) semi-continuously processed to completed sub-
including a buffer layer (36) overlying the strates. To form a substrate, a
plastic sheet un-        metallization layer (30), the buffer layer having
wound from the roll is continuously passed into a        a thickness of
greater than 700 A, and a layer series of deposition steps. The
metallization layer      (34) of a dielectric material overlying the buffer
30, buffer layer 36, and dielectric layer 34 are  35    layer (36); and
successively deposited in a continuous fashion, as       means (18)
overlying the dielectric structure by sputtering or vapor deposition, or
electroplating     for ejecting a droplet of ink, or electroless deposition
for the metallic layers.       characterized in that This processing
approach replaces the prior batch       the metallization layer has a
thickness in the processing of substrate wafers, a significant im-   40
range from 50 A to less than 1.000 A. provement in view of the high
production volume of printer heads. The resistor element layer is then
2. The print head of claim 1, characterized in that applied to this
prepared, substrate material, fol-      the plastic base (28) is made of
polyimide lowed by masking and deposition to produce the           plastic.
electrical leads. Vias can be formed through the   45 substrate if desired,
to permit backside electrical  3. The print head of claim 1 or 2,
characterized in connection.
that the thickness of the metallization layer is The substrate is then
assembled with the ori-        about 400 A. fice plate, heater elements,
ink reservoir and other components to form the print head.              50
4. The print head of one of claims 1 to 3, char- Print heads having the
preferred construction        acterized in that the metallization layer
(30) is have been fabricated and operated. For example, a        chromium.
print head was fabricated having the preferred structure of Figures 1 and
2. The print head had a   5. The print head of one of claims 1 to 4, char-
base 28 of 0.004 inch thick Upilex-S polyimide   55      acterized in that
the buffer layer (36) is plastic, a 400 Angstrom thick metallization layer
30    titanium, preferably in a thickness of about 



of chromium, a 1500 Angstrom thick buffer layer 36       1.500 A. of
titanium, a 6000 Angstrom thick dielectric layer 4    5                 EP
0 445 688 B1                      6 for the dielectric layer is aluminum
oxide or silicon  34 of silicon dioxide, and a heater overlying these
dioxide, which have been previously used in sub-    layers. Using an
aqueous ink, a stable drop ejec- strate construction to achieve a
controlled rate of  tion of 80 picoliter volume drops was obtained at heat
loss from the resistor element to the under-   the high drop ejection
frequency of 10 KHz lying structure and as a mass diffusion barrier to    5
(Kilohertz). At this frequency, 71 million droplets of prevent leaching of
impurities. In its present ap-  ink were ejected from one such nozzle with
no plication, the dielectric layer also electrically in-  noticeable
problems. In this structure, the metal- sulates the various resistor
elements 20 and leads  lization and buffer layers provide bonding and 22
from  each other. The dielectric layer 34 is      stress compatibility
between the substrate and the preferably from about 0.1 to about 10
micrometers  10  dielectric, while the primary heat dissipation path is in
thickness, most preferably about 0.6 microm-      through the ink which is
in direct contact with the eters (6000 Angstroms) in thickness. However,
resistor. greater thicknesses are not excluded.                   It will
be appreciated that the approach of the Between the dielectric layer 34 and
the metal-   invention yields important advantages in perfor- lization
layer 30 is a buffer layer 36. The buffer  15   mance and fabricability as
compared with prior layer 36 is preferably a layer of titanium from about
approaches. Although a particular embodiment of 700 to about 3000 Angstroms
thick, most prefer-     the invention has been described in detail for pur-
ably about 1500 Angstroms thick, which buffers the   poses of illustration,
various modifications may be high tensile stress of the metallization layer
30. In  made without departing from  the scope of the the absence of the
buffer layer 36, this high tensile  20  invention. Accordingly, the
invention is not to be stress will crack the dielectric layer 34. If the
metal-  limited except as by the appended claims. lization layer is not
vacuum deposited, or if it is not vacuum deposited in the same pumpdown as
the         Claims layers 34 and 36, then the buffer layer 36 plays an
additional important adhesion role preventing de-  25  1. A thermal ink jet
printer print head comprising lamination between the dielectric layer 34
and the      a plastic base (28); metallization layer 30.
a metallization layer (30) overlying the plastic The substrate of the
present invention lends         base (28); itself to mass production of
printer heads, as the      a dielectric structure (32) overlying the metal-
plastic base material is available in rolls that can be   30  lization
layer (30), the dielectric structure (32) semi-continuously processed to
completed sub-           including a buffer layer (36) overlying the
strates. To form a substrate, a plastic sheet un-       metallization layer
(30), the buffer layer having wound from the roll is continuously passed
into a       a thickness of greater than 700 A, and a layer series of
deposition steps. The metallization layer     (34) of a dielectric material
overlying the buffer 30, buffer layer 36, and dielectric layer 34 are  35
layer (36); and successively deposited in a continuous fashion, as
means (18) overlying the dielectric structure by sputtering or vapor
deposition, or electroplating    for ejecting a droplet of ink, or
electroless deposition for the metallic layers.      characterized in that
This processing approach replaces the prior batch       the metallization
layer has a thickness in the processing of substrate wafers, a significant
im-   40  range from 50 A to less than 1.000 A. provement in view of the
high production volume of printer heads. The resistor element layer is then
2. The print head of claim 1, characterized in that applied to this
prepared. substrate material, fol-      the plastic base (28) is made of
polyimide lowed by masking and deposition to produce the          plastic.
electrical leads. Vias can be formed through the   45 substrate if desired,
to permit backside electrical  3. The print head of claim 1 or 2,
characterized in connection.
that the thickness of the metallization layer is The substrate is then
assembled with the ori-        about 400 A. fice plate, heater elements,
ink reservoir and other components to form the print head.              50
4. The print head of one of claims 1 to 3, char- Print heads having the
preferred construction        acterized in that the metallization layer
(30) is have been fabricated and operated. For example, a       chromium.
print head was fabricated having the preferred structure of Figures 1 and
2. The print head had a   5. The print head of one of claims 1 to 4, char- 



base 28 of 0.004 inch thick Upilex-S polyimide   55     acterized in that
the buffer layer (36) is plastic, a 400 Angstrom thick metallization layer
30    titanium, preferably in a thickness of about of chromium, a 1500
Angstrom thick buffer layer 36       1.500 A. of titanium, a 6000 Angstrom
thick dielectric layer 4    7                 EP 0 445 688 B1
8 6. The print head of one of claims 1 to 5, char-        schicht (30) aus
Chrom besteht. acterized in that the dielectric layer (34) is aluminum
oxide or silicon dioxide.               5. Druckkopf nach einem der
AnsprUche 1 bis 4, dadurch gekennzelchnet, daB  die Puffer- 7. The print
head of one of claims 1 to 6, char-   5    schicht (36) aus Titan besteht
und vorzugswei- acterized in that the dielectric layer (34) is      se eine
Dicke von etwa 1500 A aufweist. from 0.1 to 10 micrometers thick. 6.
Druckkopf nach einem der AnsprOche 1 bis 5, 8. A thermal ink jet printer
print head, according      dadurch gekennzelehnet, daB die dielektri- to
one of the preceding claims, characterized   lo  sche Schicht (34) aus
Aluminiumoxid oder Sili- in that the buffer layer (36) overlying the metal-
ziumdioxid besteht. lization layer (30) has a thickness to about 3000
Angstroms, and is selected from the        7. Druckkopf nach einem der
Anspr~che 1 bis 6, group consisting of aluminum oxide and silicon
dadurch gekennzelchnet, daB die dielektri- dioxide.
15       sche Schicht (34) zwischen etwa 0,1 bis 10 uim dick ist. 9. The
print head of claim 8, characterized in that the thickness of the
dielectric material is about  8.  Druckkopf nach einem der vorangehenden
An- 6000 Angstroms.                                     sprUche, dadurch
gekennzetchnet, daB die 20      Pufferschicht (36), welche  die
Metallisier- 10. The print head of one of claims 1 to 9, char-
schicht (30) Oberzieht, eine Stdrke von etwa acterized in that the means
(18) for ejecting       3000 A hat und aus der Gruppe umfassend includes an
electrical resistor (20) overlying the  Aluminiumoxid und Siliziumdioxid
ausgew~hit dielectric structure (30); and an orifice plate     ist. (10)
with an orifice (16) therein and an ink   25 channel (14) overlying the
thin film resistor (20)  9. Druckkopf nach Anspruch 8, and dielectric
structure.                           dadurch gekennzelchnet, daB die Dicke
des dielektrischen Materials etwa 6000 A betragt. Patentansprflche 30  10.
Druckkopf nach einem der AnsprUche 1 bis 9, 1. Druckkopf eines thermischen
Tintenstrahldruk-        dadurch gekennzelchnet, daB die Mittel (18) kers
mit einem Kunststoff-Substrat (28);            zum Auswerfen von
Tintentropfen einen elektri- einer Metallisierschicht (30) auf dem  Kunst-
schen Widerstand (20) auf der dielektrischen stoff-Substrat (28);
Struktur (30) und eine DUsenplatte (10) mit einer dielektrischen Struktur
(32) auf der Metal-  35  einer DUsen6ffnung (16) darin und einem Tin-
lisierschicht (30), wobei die dielektrische Struk-  tenkanal (14) aufweist,
der den DUnnschicht- tur (32) eine die Metallisierschicht (30) Oberzie-
Widerstand (20) und die dielektrische Struktur hende Pufferschicht (36)
einer Dicke gr6oer als     Uberdeckt. 700 A sowie eine die Pufferschicht
(36) Uber- deckende Schicht (34) aus einem  dielektri-  40   Revendlcatlons
schen Material aufweist; und die dielektrische Struktur abdeckenden Mitteln
1. Tate dimpression pour imprimante & jet d'en- (18) zum Auswerfert eines
Tintentropfens,           cre thermique comprenant une base (28) en dadurch
gekennzelchnet, daB                         matiere plastique; die
Metallisierschicht eine Dicke im Bereich   45       une couche de
m6tallisation (30) recou- von 50 A bis weniger als 1000 A aufweist.
vrant la base (28) en matibre plastique; une structure dielectrique (32)
qui recouvre 2. Druckkopf nach Anspruch 1,                           la
couche de m6tallisation (30), la structure dadurch gekennzelchnet, daB das
Kunststoff-         dielectrique (32) comprenant une couche tam- Substrat
(28) aus einem  Polyimid-Kunststoff  50    pon (36) qui recouvre la couche
de metallisa- besteht.                                            tion
(30), la couche tampon ayant une epais- seur de plus de 700 A, et une
couche (34) de 



3. Druckkopf nach Anspruch 1 oder 2,                    matibre
dielectriqute recouvrant la couche tam- dadurch gekennzelchnet, daB die
Dicke der           pon (36); et Metallisierschicht etwa 400 A betrngt.
55           des moyens (18) qui recouvrent la structu- re dielectrique
pour 6jecter une gouttelette 4. Druckkopf nach einem der AnsprUche 1 bis 3,
d'encre, dadurch gekennzelchnet, daB die Metallisier-
caracterisee en ce que 5    9                 EP 0 445 688 B1
10 la couche de m~tallisation a une 6paisseur de l'intervalle de 50 A A
moins de 1000 A. 2. Tfte d'impression selon la revendication 1, ca-
racterise en ce que la base (28) en matibre   5 plastique est faite d'une
matiere plastique po- lyimide. 3. TOte d'impression selon la revendication
1 ou 2. caract6risee en ce que 1'6paisseur de la  10 couche de
metallisation est d'environ 4000 A. 4. T~te d'impression solon une des
revendica- tions 1 & 3, caract6risoe en ce quo la couche de metallisation
(30) est faite de chrome.  15 5. Tfte d'impression solon une des revendica-
tions 1 a 4, caract~risee en co quo ia couche tampon (36) est faite de
titane, de prdf6rence d'une epaisseur d'environ 1600 A.          20 6. Tate
d'impression solon une des revendica- tions 1 a 5, caracterisee on ce quo
la couche dielectrique (34) est faite d'oxyde d'aluminium ou de dioxyde de
silicium.                 25 7. T8te d'impression solon une des revendica-
tions 1 A 6, caracteris6e en ce quo la couche di6lectrique (34) est d'une
6paisseur de 0,1 A 10 micrombtres.                           30 8. Tate
d'impression pour imprimante a jet d'en- cre thermique solon une des
revendications pr6c6dentes, caract6ris6e en ce quo la couche tampon (36)
recouvrant la couche de metallisa-  35 tion (30) a une epaisseur pouvant
atteindre environ 3000 angstroms et est choisie dans le groupe compose de
l'oxyde d'aluminium et du dioxyde de silicium. 40 9. T8te d'impression
solon la revendication 8, ca- racterisee en ce quo l'epaisseur de la
matibre di6lectrique est d'environ 6000 angstroms. 10. TOtW d'impression
solon une des revendica-  45 tions 1 a 9, caract~ris6e en ce quo les moyens
(18) servant a ejecter comprennent une resis- tance electrique (20)
recouvrant la structure di6lectrique (30) ; et une plaque a orifices (10)
pr~sentant un orifice (16), et un canal d'encre  50 (14) qui recouvre la
resistance a film mince (20) et la structure dielectrique. 55 6    


