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XY plane of the printhead imposes a corresponding limitation on how much
the printhead surface area Technical Field
can be reduced. Also in the prior art, US 3803709 describes a This
invention relates generally to thermal ink   5   test probe device for
making connections to a jet printing and more particularly to a new and
semiconductor chip, and a manufacturing method improved electrical
interconnect lead frame for sup-  for making the text probe. The probe
includes a plying power to an ink jet printhead or similar    plurality of
leads embedded in a fixed plastics electronic device.
lead-support frame, and which are bent to extend 10  in steps pyramidally
within the material of the Background Art
frame to exposed connection tips. The tips are turned downwardly and are of
sufficient length to In the art of thermal ink jet printing, it is known
make downward connections to terminals of an to use flexible (flex)
circuits to provide driving cur-  integrated circuit chip without
interfering with the rent to a plurality of heater resistors which are  is
body of the chip, when the test probe is placed photolithographically
defined on a thin film resistor  above the chip. (TFR) type thermal ink jet
printhead. This flex cir-   The method of making the test probe as de- cuit
connection is sometimes accomplished by pro-   scribed in US 3803709
includes forming step viding dimples at preselected areas In the flex
shaped projections extending pyramidally down- Circuit and using these
dimples to mate with cor-  20  wardly in a generally flat array of leads.
The outer responding electrical contact areas on the thermal  ends of the
leads are joined by expansion ele- ink jet printhead. Pressure. pads are
applied on the  ments to accommodate lead movement as the pro- reverse side
of the flex circuit and in the concave  jections are formed. The shaped
leads are then reverse surfaces of the dimples to provide the     embedded
in material of fixed a plastics lead- necessary compressive forces to make
good elec-  25  support frame, and the expansion elements are trical
contact between the thermal ink jet printhead  removed to leave the ends of
the leads electrically and the flex circuit. Thus, good firm and continuous
isolated. electrical connections are maintained between the flex circuit
and the thermal ink jet printhead as the  Disclosure of Invention printhead
moves rapidly back and forth along a   30 platen during a thermal ink jet
printing operation.    The invention is defined in the appended During this
latter motion, a loop in the flex   claims. circuit rolls back and forth
along the length of the   In particular, the invention has been devised to
platen at a relatively high speed and with frequent  enable a new and
improved approach to intercon- jerking and direction reversal motions.
Accordingly,  35  necting thermal ink jet printheads to flex circuits or it
is imperative that this good firm electrical con-  printed circuits. Using
this approach, the above nection between the flex circuit and the printhead
space requirements in all of the X, Y and Z direc- be continuously
maintained once the thermal ink jet  tions relative to the pressure pad
dimple intercon- printhead and associated ink reservoir housing are   nect
technique of the prior art have been substan- locked into position in the
printhead carriage. This  40  tially reduced. In addition, the requirement
for dim- type of printhead and flex circuit connection is   pled flex
circuits and corresponding pressure pads disclosed, for example, in the
Hewlett-Packard      has been totally eliminated. Journal, Volume 36,
Number 5, May 1985, incor-         To accomplish this purpose, we have
discov- porated herein by reference.                        ered and
developed a novel interconnect circuit Whereas the above approach to making
flex   45  and method of manufacture wherein we provide a circuit contacts
to thermal ink jet printheads has  lead frame with flexible leads extending
at a pre- proven generally satisfactory in many respects, the  determined
angle [err] with respect to a chosen plane above requirement for applying
pressure pads to    of interconnection. One end of the lead frame is the
dimples in the flex circuit necessitates provid-  electrically connected to
an external set of con- ing a corresponding space for these dimples and
50  tacts, and an electrical device is brought into con- pads. A part of
this space requirement is defined  tact with ends of the flexible leads to
thereby move by a vertical space dimension in the Z direction   the leads
through the predetermined angle [err] and to with respect to the XY plane
of the printhead, and  the plane of interconnection. In this manner, good
such vertical dimension represents a significant    compressive forces in
electrical connection are es- percentage of the total vertical space
available  55  tablished at the plane of interconnection between within the
printhead carriage. Furthermore, the lat-  the electrical device and the
lead frame. eral dimension of the dimples and the correspond-      The lead
frame itself includes a plurality of ing space requirement therefor in the
horizontal or  electrical contact areas at one location thereon, and  



3                  EP 0 286 258 B1                     4 these contact
areas are electrically connected to       Figure 1 B is a greatly enlarged
fragmented the corresponding plurality of flexible leads at an-  view of an
end portion of the lead frame of Figure other location within the lead
frame. Thus, these    1A and illustrating the path of the conductive leads
leads may be flexed and spring biased through the    extending through
outer insulating material. angle [err] to the plane of interconnection when
re-   5    Figure 1C is an enlarged view of the end ceiving an electrical
device in good compressive     portions of the leads and contact areas in
Figure electrical contact, and the external contacts, the   1 A. lead frame
contacts, amd the contacts on the elec-      Figure 1 D is a cross section
view of an alter- trical device all lie substantially in a single plane of
native contact tip construction for the lead frame interconnection.
10  according to the invention. In the manufacture of this electrical
intercon-      Figure 2 is an isometric view of the lead frame nect lead
frame member, a metal pattern is pro-      of Figure 1A and showing its
mating spatial rela- vided within a lead frame type structure and in-
tionship to a thermal ink jet printhead prior to cludes plurality of metal
fingers or leads extending  electrical interconnection of these two
members. in parallel towards a central area within the lead   15  Figure 3
is a cross section view taken along frame. This interconnect circuit
includes connection  lines 3-3 of Figure 2. tips on the ends of these leads
which define areas      Figure 4 is an isometric view similar to Figure of
connection to a corresponding plurality of mating  2 and taken after
insertion of the printhead into the contact pads on a thermal ink jet
printhead. These   printhead carriage where it makes electrical inter-
fingers or leads further extend to a remote area of  20  connection to the
lead frame member. the lead frame and terminate at a plurality of elec-
Figures 5A through 5F illustrate the process trical contact areas to which
flex circuits or printed  sequence used to make the lead frame intercon-
circuits may be connected.                           nect circuit
construction thereof along the interior The fingers or leads are insulated
one from      portions of the lead frame in the cross section of another
with a suitable insulating material, and the   25  lines 5-5 of Figure 4.
leads extend toward the central area of the lead        Figures 6A-6D
illustrate a process sequence frame at a predetermined angle with respect
to the   corresponding to Figures 5A-5D and taken along plane of electrical
interconnection with the prin-   portions of the lead frame in the plane of
lines 6-6 thead. Thus, the movement of the printhead into      of Figure 4.
contact with the tips of these leads will flex the   30  Figure 7 is a
schematic view of the lead frame, leads to a spring biased position and
create com-  in contact with the ink jet printhead in its in-car- pressive
forces between the tips of the leads and    riage print position and making
electrical intercon- the mating contact pads on the thermal ink jet
nection between the printhead and a flexible (flex) printhead. These
compressive forces eliminate the    circuit. need for dimples in a flex
circuit and the cor-  35     Figure 8 shows the spatial relationship
between responding pressure pads therefor, and thus the      the lead frame
and the flex circuit to which it distance between the printhead surface on
one        connects. side of the interconnect circuit and the paper on
Figure 9 is a cross section view taken along the other side of the
interconnect circuit is mini-  lines 9-9 of Figure 8. mized.
40      Figure 10 is a cross section view taken along Additionally and most
advantageous is the fact   lines 10-10 of Figure 8. that the wiping action
of the sharp edges of the tips of the leads causes scratching at the
contact pads   Best Mode for Carrying Out the Invention on which they come
to rest. This wiping action thus further improves the electrical contact
between   45    Referring now to Figure 1A, the hybrid inter- these
abutting  contact members by breaking          connect lead frame 10
includes an outer frame through any contamination or oxidation layers
member 12 of rectangular geometry and surround- which may form on the
surfaces of these contact     ing a plurality of laminated flexible lead.
members pads.                                                14 which
extend as shown at an angle [err] into a The above advantages and novel
features of  5o  central region of the frame. Here the tips 16 of the this
invention will become better understood from   individual flexible leads
are exposed for spring bi- the following description of the accompanying
ased electrical connection to an ink jet printhead as drawings.
will be further described. The tips 16 of the leads extending from op-
Brief Description of the Drawings               55  posite ends of the
frame 10 are separated by a dimension indicated as 18 which corresponds to
Figure 1A is an isometric view of the hybrid     the width dimension of a
thermal ink jet printhead. 



interconnect lead frame according to the invention.  Electrical contact
pads of this printhead will make 3    5                 EP 0 286 258 B1
6 contact with the tips 16 of the leads as these leads  for example,
produced by variations in manufactur- are moved through the angle [err] of
approximately     ing tolerances. 15  and to the plane of interconnection
with the       Referring to Figure 1D, the lead tip 17 of the printhead.
flexible lead frame may be constructed to have a The lead frame of Figure
1A further includes   5   sharp edge 19 which serves to make an abrasive
index or alignment openings 24 and 26 on each      contact with the surface
of a contact pad 21. Thus, side thereof and elongated slots 28 and 30 on
each  the wiping motion indicated by the arrow 23 is end. Until the final
stage of the manufacturing pro-  capable of breaking through any
contamination or cess, the leads 14 are connected to the frame
oxidation layer which forms on the surface of pad nember 12 in order to
facilitate gold plating of the   10  21. This wiping motion is produced by
the deflec- lead frame. The slots 28 and 30 are then cut out to  tion of
the lead frame during pen latching and separate the leads 14 from the outer
metal frame   causes the edge 19 of the lead tip 17 to travel member 12 to
thereby electrically isolate these    approximately 0.2 millimeters in the
direction of the members 12 and 14.                                 arrow
23. In addition, the width of the lead edge 19 The lead frame 10 is
constructed of a beryllium   is  is kept at a minimum, e.g. about 0.25
millimeters, copper (Be.Cu) alloy interior substrate which is   in order to
avoid any trapping of fibers underneath selectively coated with a polyimide
on both sur-   it. faces thereof after the etching process described
Referring now to Figure 2, the pen body 36 below to expose the tip portions
of the metal fin-  shown therein will typically be of the type de- ers 14.
Preferably, this polyimide material is avail-  20  scribed and claimed in
copending application Serial able under the tradename "Kapton" and is sold
by   Number 880,774 of Jeffrey Baker et al, filed July 1, the DuPont
Company of Wilmington, Delaware. In a   1986 and assigned to the present
assignee. This typical lead frame member 10 of the type de-       copending
application is incorporated herein by scribed, the Be.Cu substrate will be
about 0.2[err] (8  reference and describes the pen body 36 having a mils)
in thickness and the layer of Kapton on each   25  rectangularly shaped end
housing structure 38 for side thereof, including an adhesive, will be in
the  receiving a thin film resistor (TFR) substrate (not range of
0.05-0.13[err] (2-5 mils) in thickness. The  shown) which is covered by an
ink ejection orifice individual leads 14 are insulated one from another
plate 40. The orifice plate 40 will typically have by the polyimide and
extend between the two        three (3) circularly shaped orifice clusters
42 for layers of polyimide through regions 31, 32 and   30  ejecting ink
colors of cyan, magenta and yellow terminate at exposed contact pads 33, 34
which     during an ink jet color printing operation, and may are located
adjacent the rectangular slots 28 and  also include an additional orifice
(not shown) for 30. This is illustrated in Figure 1 B, in which the
ejecting black ink. dashed lines indicate the presence of the BeCu
The thin film resistor (TFR) substrate which is leads and frame under the
covering layer of  35  shielded from view by the orifice plate 40 includes
polyimide. The leads 14 extend to the contact pads  a plurality of
individual contact pads 44 positioned 33, 34 but are connected to the frame
with         around the periphery of the substrate. These con- polyimide
only.                                    tact pads 44 are positioned to
receive the cor- In Figure 1C, the Be.Cu leads 14 are shown in   responding
plurality of lead frame tips 16 of the more detail and are laminated with
Kapton 35 on   40   Be.Cu lead frame described above. In one type of their
upper and lower surfaces and in the regions  thin film resistor (TFR)
substrate and process par- between adjacent leads in the geometry shown.
ticularly suitable for practicing this invention, the These leads 14 are
formed individually from a      substrate contacts are fabricated using a
novel Be.Cu substrate by the etching process described   peripheral contact
and lead-in structure. This struc- below, and the center-to-center spacing
of these   45  ture and process are disclosed and claimed in leads will
typically be on the order of 1.0 to 1.1  copending application Serial no.
902,287 of John L. millimeters. The lead frame portion in Figure 1B is
Stoffel filed August 28, 1986 and entitled "Process shown in its spring
biased L-shaped position, with  for Manufacturing Thermal Ink Jet
Printheads and the ends 16 of the leads spring biased to the plane
Integrated Circuit (IC) Structures Produced There- of interconnection where
contact is made to an ink   50  by", assigned to the present assignee and
also jet pen body. This pen body may, for example, be   incorporated herein
by reference. of the type shown in Figure 2.
Referring now to Figure 3, there is shown a It is important that the
polyimide Kapton be    cross section view of the hybrid interconnect lead
sufficiently rigid so that it holds the lead fingers  frame taken along
lines 3-3 of Figure 2. The ex- 



together and maintains a constant separation there-  55  posed lead tips 16
extend toward the central area between, while simultaneously allowing these
fin-  of the lead frame in the unbiased position and at an gers to flex
independently of one another and to   angle [err] with respect to the plane
of interconnection accomodate for differences in contact pad height,  as
previously described. The Be.Cu alloy leads 48 4    7                 EP 0
286 258 B1                     8 are laminated on both sides, with the
polyimide    vides a more complete understanding of exactly laminate Kapton
49 extending on the top surface of  how the lead frame of Figure 1 A is
formed and the leads to near the ends 16 thereof. This        laminated
with the polyimide Kapton. In Figure 6A, polyimide laminate material 50 on
the lower surface  the Be.Cu substrate 48 is initially masked with a of the
Be.Cu lead 48 extends only to an area   5   photoresist etch mask 64 in the
geometry shown adjacent the L shaped bend thereof. This configu-  and then
exposed to a ferric chloride etch. Here ration is chosen because it is
desirable to minimize  the metal in the exposed regions of Figure 6A is the
amount of polyimide in the bend area of the    etched away to leave the
metal lead frame 66 in lead frame in order to improve bending tolerances.
the geometry shown in Figure 6B. Then, the lead Also, a single layer of
polyimide in the region of  to  frame 66 of Figure 6B is covered on both
sides the lead frame that flexes is typically an optimum  with layers 68
and 72 of Kapton, each having a thin amount for holding the leads together
while still  adhesive layer (not shown) thereon. Next, the struc- allowing
them to flex somewhat independently.      ture of Figure 6C is transferred
to a heat staker or Referring now to Figure 4, the pen body 36 is   press
(not shown) wherein both Kapton layers 68 shown in its in-carriage position
where the Be.Cu   15  and 72 are exposed to heat and pressure for a leads
are spring biased to the plane of interconnec-  predetermined time to cause
the adhesive to flow tion. In this position, the hybrid interconnect lead
into the openings 74 between adjacent metal leads. frame makes good
compressive electrical connec-    This process step leaves the resultant
laminated tion with the tips 16 of the Be.Cu leads, and these  lead frame
structure as shown in Figure 6D. metal alloy tips 16 will wipe the surfaces
of the   20  In the above lamination process, the Be.Cu contact pads 44 of
the printhead shown in Figure 2.  leads should not reach [err] in less than
Referring now to Figures 5A through 5F, these   5 minutes in order to avoid
premature edge sealing schematic cross section views correspond to the
and entrapped air in the laminated structure. The fabrication process for
creating the final cross sec-  pressure applied to the Kapton should be
about tion taken along lines 5-5 of Figure 4. Figure 5A   25  1380 KPa (200
psi) and the lead frame should then shows a cross section of the Be.Cu
substrate 48    be cured for about one hour at [err] taken along the length
dimension thereof. The sub-     In a preferred embodiment of the invention,
the strate 48 is typically 0.15-0.2[err] (6-8 mils) in thick-
center-to-center spacing of adjacent leads is on the ness and is provided
with a Kapton protective and  order of 1.0 to 1.1 millimeters and the
laminating insulating polyimide layer 49 in the geometry   30  polyimide
Kapton is about 0.18[err] (7 mils) in total shown in Figure 5B on the
topside of the substrate  thickness for both sides. The Kapton includes 48.
Another protective Kapton coating 50 is pro-   about 25nm (1 mil) polyimide
on each side and vided in the geometry shown in Figure 5C on the
0.13[err] (5 mils) total adhesive for both sides. This lower surface of the
substrate 48. The Be.Cu sub-  hybrid interconnect lead frame was fabricated
ac- strate is then cut or etched in the center thereof as  35  cording to
Hewlett Packard's specification by the shown in Figure 5D to form the
opening 52 therein.  Century Circuits and Electronics Company of St. The
Kapton layers 49 and 50 are typically com-     Paul, Minnesota, and this
Kapton-metal fabrication prised of 25nm (1 mil) of polyimide, with an addi-
technology is described in some detail in their Data tional 0.13-0.15[err]
(5-6 mils) total of adhesive di-  Bulletin No. 1280 entitled "High
Technology Flexi- vided between the two layers of Kapton.        40  ble
Printed Circuits", published in 1986 and incor- In the next two processing
steps shown in       porated herein by reference. Figures 5E and 5F, the
tips 16 are bent slightly at    Referring now to Figure 7, there is shown
the the ends (Figure 5E) and then are bent again as    TFR substrate
support member 38 of the pen body shown in Figure 5F to give the final
cross section  36 which receives the thin film resistor substrate 80
geometry of the Be.Cu leads in a cross section   45  on the upper surface
thereof. The substrate 80 taken along lines 5-5 of Figure 4. The bending of
includes a plurality of adjacent metal contact pads the tip 16 in Figure SE
enhances the scratching    (not shown in Figure 7) spaced around the
periph- action of the tip and improves the electrical contact  ery thereof
for making electrical contact to the thereof. The bend made in Figure 5F
sets the bend  ends 16 of the Be.Cu leads 14. The orifice plate 40 angle
[err] as previously described. At this point the   so  is positioned as
shown in the center of the thin film exposed BeCu is gold plated to prevent
corrosion    resistor substrate 80. Advantageously, these con- 



of the contact tips and thereby enhance contact    tact pads which are
indicated as 44 in Figure 2 reliability, and the slots indicated as 28 and
30 of  may be made in accordance with the teachings of Figure 1 A are cut
out.                            the above-identified Stoffel patent
application Serial Referring now to Figures 6A - 6D, there is  55  no.
902,287. shown a process sequence in the lead frame fab-        The Be.Cu
leads 14 are connected as shown to rication to create the final cross
section taken along  the end 84 of a flex circuit 86. This connection is
lines 6-6 of Figure 4. This process sequence pro-  accomplished using state
of the art reflow soldering 5    9                 EP 0 286 258 B1
10 techniques for making contact to individual contact    capable of
flexure, the interconnect further pads 33, 34 on the end of the hybrid lead
frame of     comprising means (35) insulating the fingers or Figure 1 A.
leads one from another and holding the fingers Referring to Figure 8. the
small windows 88        or leads together when flexed, the leads or expose
individual conductive traces (not shown) of   5  fingers extending at a
predetermined angle (err) the flex circuit 86 and occur in the same pattern
with respect to the plane of interconnection and spacing as the exposed
pads 33, 34 of the          with the contact member, such that the move-
lead frame of Figure 1A. When the lead frame 10 is     ment of the
interconnect against the contact lowered on to the flex circuit 86 in the
orientation   member causes the leads or fingers to flex to shown, each
exposed lead frame pad 33, 34 (See   10    a spring biased position to
create compressive Figure 1A) meets the mating pad exposed by win-
forces between the tips of the leads or fingers dows 88 on the flex
circuit. The alignment of the      and the mating contact pads in the plane
of lead frame 10 to the flex circuit 86 is facilitated by  interconnection.
matching the alignment openings.24 and 26 in the lead frame 10 with the
corresponding openings 90   is  2. An interconnect according to claim 1,
wherein and 92 on the flex circuit 86.                         the means
(35) insulating the fingers or leads Figure 9 shows a cross section view of
the lead    holds the fingers or leads together when flex- frame 10 taken
along lines 9-9 of Figure 8, and        ed, and still allows the fingers or
leads to flex Figure 10 is a cross section view taken along lines
somewhat independently. 0-10 of Figure 8. In Figure 10, an exposed pad 94
20 is coated with a mound of solder 96 and then       3  An interconnect
according to claim 2, wherein aligned with the exposed area 98 in the lead
frame     the means (35) insulating the fingers or leads 10. When the lead
frame 10 is lowered onto the        comprises an adhesive insulating layer
coated flex circuit 86, the solder mound 96 touches the       on the leads
or fingers (14). lead frame pad contact area 98 and these two parts  25 are
then clamped together. An infrared lamp is     4. An interconnect according
to claim 1, 2 or 3, then used to heat the assembly until the solder
wherein the insulating layer (35) comprises a melts and flows over the pad
contact area 98.          polyimide, and the fingers (14) comprise a Once
the parts have cooled the clamp is removed.       Be.Cu alloy. Various
modifications may be made in the   30 above described embodiments without
departing      5. An interconnect according to claim 1, 2, 3 or 4, from the
scope of this invention. For example, the     wherein the tips (16) of the
leads or fingers invention is not specifically limited to the intercon-
have a sharp abrasive edge (19) or a bent tip nection of flex circuits to
thermal ink jet printheads.  (16) to ensure good electrical contact with
the This invention may instead be used to provide   35     contact pads
(21). electrical connection between any two members where it is desired to
minimize the required contact  6. An interconnect circuit for providing
electrical space requirements in the x,y and Z dimensions as
connection to a thermal ink jet print head (40) described above and
simultaneously provide good       which has contact pads (21) arranged in a
compressively forced electrical contact between   40   single plane, the
interconnect circuit compris- two adjacent contact members in a single
plane of     ing an interconnect as claimed in any of claims
interconnection.                                       1 to 5, the
interconnect fitting against the sur- face of the print head to minimise
the distance Claims                                                 between
the print head on one side of the 45     interconnect and the print paper
on the other 1.. An electrical interconnect suitable for use in    side of
the interconnect. establishing a substantially flat or a substan- tially
two-dimensional electrical contact relative  7. A method for making
electrical connections to 



to a contact member in a single plane of           a contact member having
contact pads (21) interconnection, the interconnect comprising:    50
arranged in a single plane of interconnection. a lead frame (10) having a
plurality of        the method comprising: electrically isolated contacts
(33, 34) at one         providing an interconnect comprising a area thereon
and connected to a correspond-        lead frame (10) including a plurality
of insu- ing plurality of metal leads or fingers (14) ex-   lated metal
fingers or leads (14) capable of tending from another area thereon, the
leads or  55  flexure and extended at a predetermined angle fingers having
connection tips (16) defining the   (err) relative to the plane of
interconnection with area of connection to the contacts of the con-     the
contact member, the fingers (14) having tact member, and the leads or
fingers being        conductive tips (16) for making connections 6    9
EP 0 286 258 B1                    10 techniques for making contact to
individual contact    capable of flexure, the interconnect further pads 33,
34 on the end of the hybrid lead frame of     comprising means (35)
insulating the fingers or Figure 1A.
leads one from another and holding the fingers Referring to Figure 8, the
small windows 88         or leads together when flexed, the leads or expose
individual conductive traces (not shown) of   5  fingers extending at a
predetermined angle (err) the flex circuit 86 and occur in the same pattern
with respect to the plane of interconnection and spacing as the exposed
pads 33, 34 of the          with the contact member, such that the move-
lead frame of Figure 1A. When the lead frame 10 is     ment of the
interconnect against the contact lowered on to the flex circuit 86 in the
orientation   member causes the leads or fingers to flex to shown, each
exposed lead frame pad 33, 34 (See   10    a spring biased position to
create compressive Figure 1A) meets the mating pad exposed by win-
forces between the tips of the leads or fingers dows 88 on the flex
circuit. The alignment of the      and the mating contact pads in the plane
of lead frame 10 to the flex circuit 86 is facilitated by  interconnection.
matching the alignment openings 24 and 26 in the lead frame 10 with the
corresponding openings 90   15  2. An interconnect according to claim 1,
wherein and 92 on the flex circuit 86.                         the means
(35) insulating the fingers or leads Figure 9 shows a cross section view of
the lead     holds the fingers or leads together when flex- frame 10 taken
along lines 9-9 of Figure 8, and        ed, and still allows the fingers or
leads to flex Figure 10 is a cross section view taken along lines
somewhat independently. ,0-10 of Figure  8. In Figure 10, an exposed pad 94
20 is coated with a mound of solder 96 and then       3  An interconnect
according to claim 2, wherein aligned with the exposed area 98 in the lead
frame     the means (35) insulating the fingers or leads 10. When the lead
frame 10 is lowered onto the         comprises an adhesive insulating layer
coated flex circuit 86, the solder mound 96 touches the       on the leads
or fingers (14). lead frame pad contact area 98 and these two parts  25 are
then clamped together. An infrared lamp is     4. An interconnect according
to claim 1, 2 or 3, then used to heat the assembly until the solder
wherein the insulating layer (35) comprises a melts and flows over the pad
contact area 98.          polyimide, and the fingers (14) comprise a Once
the parts have cooled the clamp is removed.       Be.Cu alloy. Various
modifications may be made in the   3o above described embodiments without
departing      5. An interconnect according to claim 1, 2, 3 or 4, from the
scope of this invention. For example, the     wherein the tips (16) of the
leads or fingers invention is not specifically limited to the intercon-
have a sharp abrasive edge (19) or a bent tip nection of flex circuits to
thermal ink jet printheads.  (16) to ensure good electrical contact with
the This invention may instead be used to provide   35     contact pads
(21). electrical connection between any two members where it is desired to
minimize the required contact  6. An interconnect circuit for providing
electrical space requirements in the x,y and Z dimensions as
connection to a thermal ink jet print head (40) described above and
simultaneously provide good       which has contact pads (21) arranged in a
compressively forced electrical contact between   40     single plane, the
interconnect circuit compris- two adjacent contact members in a single
plane of      ing an interconnect as claimed in any of claims
interconnection.                                       1 to 5, the
interconnect fitting against the sur- face of the print head to minimise
the distance Claims                                                 between
the print head on one side of the 45     interconnect and the print paper
on the other 



1. An electrical interconnect suitable for use in      side of the
interconnect. establishing a substantially flat or a substan- tially
two-dimensional electrical contact relative  7. A method for making
electrical connections to to a contact member in a single plane of
a contact member having contact pads (21) interconnection, the interconnect
comprising:  so   arranged in a single plane of interconnection, a lead
frame (10) having a plurality of         the method comprising:
electrically isolated contacts (33. 34) at one         providing an
interconnect comprising a area thereon and connected to a correspond-
lead frame (10) including a plurality of insu- ing plurality of metal leads
or fingers (14) ex-    lated metal fingers or leads (14) capable of tending
from another area thereon, the leads or  55  flexure and extended at a
predetermined angle fingers having connection tips (16) defining the    (6)
relative to the plane of interconnection with area of connection to the
contacts of the con-     the contact member, the fingers (14) having tact
member, and the leads or fingers being        conductive tips (16) for
making connections    11                EP 0286 258 B1
12 with the contact pads (21); and                 PatentansprUche moving
one of the contact member and the interconnect relative to the other of the
1. Elektrische Zwischenverbindung zum Einrich- contact member and the
interconnect so that        ten eines im wesentlichen flachen oder eines
the conductive tips (16) engage the contact   5    im  wesentlichen
zweidimensionalen  elektri- pads (21), the fingers or leads flexing to a
schen Kontaktes relativ zu einem Kontaktstuck spring biased position as
they move to the         in einer einzigen Verbindungsebene, mit einem
plane of interconnection, to create compressive    Anschluflrahmen (10) mit
mehreren elektrisch forces between the conductive tips and the
voneinander getrennten Kontakten (33, 34) in contact pads.
10      einem Bereich auf dem Rahmen, die mit ent- sprechenden mehreren
MetallanschluBleitun- 8. A method according to claim 7, wherein the
gen oder Fingem (14) verbunden sind, die sich contact member comprises a
thermal ink jet         von einem anderen Bereich auf dem Rahmen print
head.                                        erstrecken, wobei die
AnschluBleitungen oder Is      Finger AnschluBspitzen (16) haben, die den
9. A method for making an interconnect as de-          Anschlul3bereich der
Kontakte des KontaktstOk- fined in claim 7, the method comprising:
kes definieren, und wobei die Anschluflleitun- a. providing a metal
substrate (48) with         gen oder Finger biegbar sind, mit good spring
properties,                          ferner einer Vorrichtung (35), welche
die Finger b. forming a pattern of individual metal  20     oder
AnschluBleitungen gegeneinander isoliert leads (14) from said substrate,
und die Finger oder AnschluBleitungen zusam- c. forming an adhesive
insulating layer (49,     menhalt, wenn diese gebogen sind, wobei sich 50)
of predefined mask geometry surround-        die Anschlul~leitungen oder
Finger bezaglich ing said leads, leaving selected regions of      der
Verbindungsebene mit dem KontaktstOck said leads exposed in a central area
of said  25  in einem vorgegebenen Winkel (9) erstrecken, interconnect
circuit,                            so daO die Bewegung der
Zwischenverbindung d. forming an opening (52) in said leads and     gegen
das Kontaktstick bewirkt, daS sich die in said central area of said
interconnect        AnschluBleitungen oder Finger in eine Feder- circuit
while leaving the tips thereof sepa-     vorspannposition biegen, um
Druckkrafte zwi- rated one from another in a common plane   3o    schen den
Spitzen der AnschluBleitungen oder and spaced apart by a predetermined dis-
Finger und den passenden Kontaktstellen in tance, and
der Verbindungsebene zu erzeugen. e. bending the leads at a predetermined
angle (0) with respect to said common        2. Zwischenverbindung nach
Anspruch 1, be! der plane, whereby the tips of said leads may   35   die
die Finger oder Anschlul3leitungen isolie- be spring biased toward said
common plane        rende Vorrichtung (35) die Finger oder An- to thereby
establish good electrical contact     schluBleitungen zusammenh~lt, wenn
diese ge- with an ink jet printhead or the like.           bogen sind, und
gleichwohl zuld8t, daB sich die Finger oder AnschluBleitungen unabhangig
10. A method according to claim 9, wherein said  40    voneinander etwas
biegen. leads (14) are a Be.Cu alloy and said insulating layer includes a
polyimide.                     3. Zwischenverbindung nach Anspruch 2, bei
der die die Finger oder AnschluBleitungen isolie- 



11. A method according to claim 9 or 10 which          rende Vorrichtung
(35) eine isolierende Haft- further includes the step of forming a
plurality  45  schicht umfalt, mit der die AnschluBleitungen of exposed
contact pads (33, 34) at the fixed      oder Finger (04) beschichtet sind.
ends of said leads which are adapted for con- nection to a flexible circuit
or the like, whereby  4. Zwischenverbindung nach Anspruch. 1, 2 oder said
flexible circuit and the surface of contact    3, bei der die isolierende
Schicht (35) Polyimid member may be electrically interconnected in  50
aufweist und die Finger (14) eine BeCu-Legie- said common plane.
rung aufweisen. 12. A method according to claim 11, further com-   5.
Zwischenverbindung nach Anspruch 1, 2, 3 prising providing each exposed
contact tip (16)    oder 4, bei der die Spitzen (16) der AnschluBl- with a
sharp abrasive edge (19) or with a bent  55  leitungen oder Finger scharfe
schmirgelnde tip (16) to ensure reliable electrical connections  Kanten
(19) oder eine gebogene Spitze (16) to a said contact member (21).
aufweisen, um einen guten elektrischen Kon- takt zu den Kontaktstellen (21)
zu gewahrlei- 7    13                EP 0 286 258 B1                    14
sten.                                                trie, die die
Anschlu31eitungen umgibt, wo- bei ausgewahlte Bereiche der Anschluellei- 6.
Zwischenverbindungsschaltung zum Vorsehen            tungen in einem
Mittelabschnitt der Verbin- einer elektrischen Verbindung zu einem ther-
dungsschaltung frei bleiben, mischen Tintenstrahl-Druckkopf (40), der Kon-
5    d) Bilden einer Offnung (52) in den An- taktflAchen (21) aufweist, die
in einer einzigen     schlul31eitungen und in dem Mittelabschnitt Ebene
angeordnet sind, wobei die Zwischen-           der Verbindungsschaltung,
wahrend deren verbindungsschaltung  elne  Zwischenverbin-          Spitzen
in einer gemeinsamen Ebene in ei- dung nach einem der Anspriche 1 bis 5
au1-           nem  vorgegebenen Abstand voneinander weist, und die
Zwischenverbindung gegen die  to      entfernt bleiben, und Oberflache des
Druckkopfes paLt, um die Ent-         e) Biegen der AnschluBleitungen um
einen femung zwischen dem Druckkopf auf der einen          vorgegebenen
Winkel (8) bez~glich der ge- Seite der Zwischenverbindung und dem Druck-
meinsamen Ebene, wobei die Spitzen der papier auf der anderen Seite der
Zwischenver-        AnschluBleitungen gegen diese gemeinsa- bindung zu
minimieren.                    15         me Ebene vorgespannt werden
konnen, um dadurch einen guten efektrischen Kontakt 7. Verfahren zum
Herstellen elektrischer Verbin-         mit einem Tintenstrahl-Druckkopf
oder der- dungen zu einem Kontaktstick mit Kontaktstel-        gleichen
herzustellen. Ien (21), die in einer einzigen Verbindungsebe- ne angeordnet
sind, mit den Verfahrensschrit-  20  10. Verfahren nach Anspruch 9, bei dem
die An- ten:                                               schlul3leitungen
(14) eine BeCu-Legierung auf- - Vorsehen einer Zwischenverbindung mit
weisen und die isolierende Schicht ein Polyi- einem AnschluBrahmen (10),
der mehre-         mid aufweist. re isolierte Metallfinger oder
AnschluBlei- tungen (14) aufweist, die biegbar sind   25  11. Verfahren
nach Anspruch 9 oder 10, bei dem und sich relativ zu der Verbindungsebe-
ferner an den festen Enden der Anschlul3leitun- ne mit dem KontaktstUck in
einem vorge-       gen, die mit einer flexiblen Schaltung oder gebenen
Winkel (8) erstrecken, wobei          dergleichen verbunden werden k6nnen,
meh- die Finger (14) leitende Spitzen (16) auf-    rere freiliegende
Kontaktstellen (33, 34) ausge- weisen, um Verbindungen zu den Kon-  30
bildet werden, wobei die flexible Schaltung und taktstellen (21)
herzustellen, und            die OberflAche des Kontaktstlckes in dieser -
Bewegen entweder des Kontaktstickes           gemeinsamen Ebene elektrisch
miteinander oder der Zwischenverbindung relativ zu        verbunden werden
konnen. dem jeweils anderen, dem Kontaktsttck oder der Zwischenverbindung,
so daB die  35  12. Verfahren nach Anspruch 11, be! dem ferner leltenden
Spitzen (16) mit den Kontakt-      jede freiliegende Kontaktspitze (16) mit
elner stellen (21) zusammenwirken,' wobei sich      scharfen, schmirgelnden
Kante (19) oder einer die Finger oder AnschluBleitungen in
gebogenen Spitze (16) versehen wird, urn eine eine Federvorspannposition
biegen, wenn       zuverlassige elektrische Verbindung zu dem sie sich zur
Verbindungsebene bewegen.  40    Kontaktstuck (21) vorzusehen. um
Druckkrafte zwischen den leitenden 



Spitzen und den Kontaktstellen zu erzeu-  Revendicatlons gen. 1.
Interconnecteur electrique propre a etre utilise a  Verfahren nach Anspruch
7, bei dem das Kon-  45    pour rNtablissement d'un contact 6lectrique
taktstOck  einen  thermischen  Tintenstrahl-       sensiblement plat ou
sensiblement bidimen- Druckkopf umfagt.
sionnel avec un 6lement de contact dans un seul et mOme plan
d'interconnexion, I'intercon- 9. Verfahren zum Herstellen einer
Zwischenver-        necteur comprenant: bindung nach Anspruch 7, mit den
Verfahrens-  so      un cadre de conducteurs (10) portion dans schritten
une premiere zone une pluralite de contacts a) Vorsehen eines
Metallsubstrats (48) mit      (33, 34) isol6s electriquement et connect6s a
guten Federeigenschaften,                        une pluralit6
correspondante de conducteurs b) Ausbilden eines Musters aus einzelnen
ou doigts m6talliques (14) qui partent d'une Metallanschlullleitungen (14)
in dem Sub-  55   autre zone de ce cadre, les conducteurs ou strat,
doigts ayant des pointes de connexion (16) c) Bilden einer isolierenden
Haftschicht (49,   d6finissant la zone de connexion avec les 50) mit einer
vorgegebenen Maskengeome-         contacts de l'6I6ment de contact, et les
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ou doigts 6tant capables de 116-       soul et m8me plan d'interconnexion,
le proc6- chir, I'interconnecteur comprenant en outre des    d6 consistant
a moyens (35) qui isolent les doigts ou conduc-          pr6parer un
interconnecteur qui comprend teurs l'un de l'autre et maintiennent les
doigts   un cadre de conducteurs (10) comprenant une ou conducteurs
ensemble lorsqu'ils sont 116-   5   pluralit6 de doigts ou conducteurs
m6talliques chis, les conducteurs ou doigts formant un         isol~s (14)
capables de fl6chir et qui forment angle pr6d6termin6 (9) avec le plan de
l'inter-    un angle pr6d6termin6 (G) avec le plan d'inter- connexion avec
l'element de contact, de sorte      connexion avec l'6l6ment de contact,
les que le mouvement de l'interconnecteur contre       doigts (14)
possedant des pointes conductrices I'6l6ment de contact fait fl6chir les
conducteurs  ro  (16) pour 6tablir des connexions avec les plots ou doigts
dans une position charg6e dlastique-     de contact (21); et ment pour
cr6er des forces de compression              d6placer l'un des 6l6ments,
I'6l~ment de entre les pointes des conducteurs ou doigts et     contact ou
l'interconnecteur, par rapport a l'au- les plots de contact compl6mentaires
dans le       tre,l'interconnecteur ou l'6l6ment de contact, plan de
l'interconnexion.                  15      de manibre que les pointes
conductrices (16) s'appuient sur les plots de contact (21), les 2.
Interconnecteur selon la revendication 1, dans      doigts ou conducteurs
fl6chissant pour prendre loquel les moyens (35) qui isolent leS doigts ou
une position chargde 6lastiquement lorsqu'ils conducteurs  maintiennent
les  doigts  ou         viennent se placer dans le plan de l'intercon-
conducteurs ensemble lorsqu'ils sont fl6chis et  20  nexion, pour cr6er des
forces de compression permettent encore aux doigts ou conducteurs
entre les pointes conductrices et les plots de de fl6chir ind6pendamment
dans une lfgere          contact. mosure. 8. Proced6 selon la revendication
7, dans lequel 3  Interconnecteur selon la revendication 2, dans   25
I'616ment de contact comprend une tote d'im- loquel les moyens (35) qui
isolent les doigts ou   pression a jet d'encre thermique. conducteurs
comprennent une couche isolante adh6sive d6posee sur les conductours ou
9. Proc6de pour fabriquer un interconnecteur tel doigts (14).
quo d6eini dans la revendication 7, le proc6d6 30      consistant a: 4.
Interconnecteur selon la revendication 1, 2 ou        a. pr6parer un
substrat m6tallique (48) pos- 3, dans lequel la couche isolante (35) corn-
sedant de bonnes propri6t6s 6lastiques; prend une polyimide et les doigts
(14) sont           b. former un dessin de conducteurs m6talli- faits d'un
alliage Be.Cu.                             ques individuels (14) a partir
dudit substrat, 35        c. former une couche isolante adh6sive (49, 5.
Interconnecteur selon la revendication 1, 2, 3        50) d'une g6om6trie
de masque pr~d6finie ou 4, dans loquel les pointes (16) des conduc-
qui entoure lesdits conducteurs, et laisser teurs ou doigts ont une arete
vive abrasive (19)      des regions s6lectionnees desdits conduc- 



ou une pointe recourb6e (16) pour garantir un        tours a nu dans une
zone centrale dudit bon contact 6lectrique avec les plots de   40
circuit d'interconnexion, contact (21).
d. former une ouverture (52) dans lesdits conducteurs et dans ladite zone
centrale 6. Circuit d'interconnexion destin6 & etablir la         dudit
circuit d'interconnexion tout en lais- connexion 6lectrique sur une tote
d'impression        sant les pointes de ce circuit s6par6es l'une a jet
d'encre thermique (40) qui pr6sente des   45    de l'autre dans un plan
commun et espa- plots de contact (21) disposes dans un soul et        c6es
d'une distance pr6d6termin6e, et m8me plan, le circuit d'interconnexion
compre-        e. plier les conducteurs d'un angle predeter- nant un
interconnecteur selon une quelconque          min6 (9) par rapport audit
plan commun, de des revendications 1 a 5, l'interconnecteur
maniere que les pointes desdits conduc- s'ajustant contre la surface de la
tote d'impres-  so  teurs puissent etre charg6es elastiquement sion pour
r6duire i un minimum la distance            vers ledit plan commun pour
6tablir de cette entre la tote d'impression, d'un c8t6 de l'inter-    facon
un bon contact 6lectrique avec une connecteur, et le papier d'impression,
de t'au-       tete d'impression a jet d'encre ou equiva- tre c6t6 de
l'interconnecteur.                       lent. 55 7. Procede pour etablir
des connexions electri-    10. Proc6d6 selon la revendication 9, dans
lequel ques avec un eldment de contact possedant          lesdits
conducteurs (14) sont faits d'un alliage des plots de contact (21) agenc6s
dans un          Be.Cu et ladite couche isolante comprend une
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revendication 9 ou 10, qui comprend en outre la phase consistant a for- mer
une pluralite de plots de contact nus (33,   5 34) aux extrdmit~s fixes
desdits conducteurs qui sont adapt6es pour etre connectees a un circuit
flexible ou equivalent, de maniere que ledit circuit flexible et la surface
de l'6l6ment de contact puissent 8tre interconnect6s 6lectri-  to quement
dans ledit plan commun. 12. Proc~d6 selon la revendication 11, consistant
en outre a munir chaque pointe de contact nue (16) d'une arete abrasive
viva (19) ou d'une   15 pointe recourbee (16) pour assurer des liaisons
electriques fiables avec ledit 6l6ment de contact (21). 20 25 30 35 40 45
50 55    


