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for manufacturing a catheter tip device [1000] are dis-
closed, the device comprising a transducer module [104]
attached to a capsule [102], wherein the transducer module
[104] comprises a carrier [214] including a recessed die-at-
tach area [220], a transducer die [212] located in the re-
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lead [216] deposited onto the carrier [214] and intercon-
nected [218] to the transducer die [212]. The recessed die-
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groove [222] between at least one edge of the transducer
die [212] and the outer perimeter in which an adhesive
agent [224] is located to attach the transducer die [212] to
the recessed die-attach area [220]. The methods of manu-
facturing the catheter tip device [1000] involve the use of
an array of carriers [214].
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CATHETER TIP DEVICE AND METHOD FOR MANUFACTURING
SAME

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to catheters, and more particularly to a
catheter tip device.

[0002] Catheter tip devices are widely used in the medical diagnostics field for
carrying various devices, including integrated circuit die, mounted in the catheter tip. In
one example, a sensor die within a catheter tip is insertable into a living body through a
body orifice or a surgical incision. The components and construction of these existing
catheter tip devices require that several steps of the manufacturing and assembly process
be performed manually, including die attachment and wire attachment for electrical
connections. Placement of a die onto a flat carrier surface is often difficult or inaccurate.
In addition, perimeter sealing of the die attached to a flat carrier surface often results in
overflow of the adhesive agent used to make the attachment. In order to decrease the
manufacturing costs and human error associated with such manufacture, it would be
advantageous to provide a catheter tip device that does not require that several steps of
the manufacturing and assembly process be performed manually.

BRIEF DESCRIPTION OF THE INVENTION

[0003] A catheter tip device and methods for manufacturing of a catheter tip device
are disclosed, the device comprising a transducer module attached to a capsule, wherein
the transducer module comprises a carrier including a recessed die-attach area, a
transducer die located in the recessed die-attach area, and at least one conductive lead
deposited onto the carrier and interconnected to the transducer die. The recessed die-
attach area has an outer perimeter greater than the outer perimeter of the transducer die
forming a groove between at least one edge of the transducer die and the outer perimeter
in which an adhesive agent is located to attach the transducer die to the recessed die-
attach area. The methods of manufacturing the catheter tip device involve the use of an

array of carriers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Fig. 1 illustrates a perspective view of a catheter tip device according to one
embodiment of the invention.

[0005] Fig. 2 illustrates a cross-section view of a catheter tip device according to one
embodiment of the invention.

[0006] Fig. 3 illustrates a perspective view of a transducer module in one
embodiment of the invention.

[0007] Fig. 4 illustrates a flowchart of one embodiment of a method for
manufacturing a catheter tip device.

[0008] Fig. 5 illustrates an array of carriers in one embodiment of the invention.
[0009] Fig. 6 illustrates a fixture for mounting a plurality of capsules and an array of
carriers during manufacturing in one embodiment of the invention.

[00010] Fig. 7 illustrates a flowchart of an alternate embodiment of a method for
manufacturing a catheter tip device.

DETAILED DESCRIPTION OF THE INVENTION

[00011] There is provided a catheter tip device 1000 for carrying one or more
integrated circuit die 212 mounted in the catheter tip, including, for example, die for
transducers (e.g., sensors and actuators), data processing devices (e.g., ASIC
microprocessors), and telemetric devices (e.g., for wireless or RF communication), that
can be configured to provide an electrical signal output in response to an external
boundary condition (e.g., pressure, temperature, pH, etc.). The catheter tip device 1000
can be insertable into a living body through a body orifice or a surgical incision and can
be used for a variety of applications, including, for example, to perform direct
measurement within the body of pressure, temperature, pH, etc. In one embodiment of
the invention, shown in Figs. 1 and 2, the catheter tip device 1000 can comprise a
transducer module 104 attached to a capsule 102.

[00012] In one aspect of the invention, the capsule 102 can be made of a bio-
compatible material, e.g., a plastic material. In one embodiment of the invention, the

capsule 102 material can be an ISO 10993-compliant material. A skilled artisan would
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appreciate the fact that other medical-grade materials can be within the scope and the
spirit of the invention, including, for example, metal, ceramic, or composite materials. In
another aspect of the invention, the capsule 102 can have a substantially cylindrical form
factor, with a window configured to at least partially expose the transducer module 104.
A skilled artisan would appreciate the fact that other form factors of the capsule 102 can
be within the scope and the spirit of the invention.

[00013] In a further aspect of the invention, the transducer module 104 can include at
least one transducer die 212 attached to a carrier 214, best viewed in Fig. 3. The
transducer die 212 can be, for example, a micro-machined sensing or actuator element.
The carrier 214 can be manufactured using molded interconnect device (MID)
technology. In one embodiment of the invention, the carrier 214 can be made of a plastic
material. In another embodiment of the invention, the carrier 214 can be made of a
ceramic material. A skilled artisan would appreciate the fact that other materials for
manufacturing the carrier 214 can be within the spirit and the scope of the present
invention.

[00014] In a further aspect of the invention, one or more conductive leads 216 can be
deposited onto the carrier 214, e.g., by metal plating, as a substitute for a conventional
printed circuit board. The conductive leads 216 can be used for interconnecting the
transducer die 212 to a device equipped to receive the electrical signals from the
transducer die 212. These conductive leads 216 are typically metallic.

[00015] In a further aspect of the invention, the carrier 214 can have a recessed die-
attach area 220 (or well) whose outer perimeter is greater than the outer perimeter of the
transducer die 212 received within the recessed die-attach area 220, thereby forming an
open groove 222 between one or more edges of the transducer die 212 and the outer
perimeter of the recessed die-attach area 220 when the transducer die 212 is placed into
the recessed die-attach area 220. The recessed die-attach area 220 can facilitate the
placing of the transducer die 212 onto the carrier 214. In another embodiment of the
invention, the recessed die-attach arca 220 can receive a transducer die 212 and another

die device (e.g., ASIC, RF transceiver, etc.). In yet another embodiment of the invention,
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the carrier 214 can include two or more recessed die-attach areas 220 for individually
receiving two or more die.

[00016] In another aspect of the invention, the transducer die 212 can be attached to
the recessed die-attach area 220 using an adhesive agent 224, such as a silicone gel or a
Room Temperature Vulcanized (RTV) silicone, in the groove 222 formed between the
edges of the transducer die 212 and the outer perimeter of the recessed die-attach arca
220. The groove 222 prevents overflow of the adhesive agent 224.

[00017] In another aspect of the invention, the transducer die 212 can be
interconnected to one or more conductive leads 216. In one embodiment of the invention,
the interconnect 218 between the transducer die 212 and the conductive leads 216 can be
an electrical interconnect provided by one or more bond wires. The bond wires can be
provided by fine wires having a diameter of, e.g., 25 um to 75 um. The bond wires can
be made, e.g., of gold, aluminum, silver, or copper. A skilled artisan would appreciate the
fact that other wire materials can be within the scope and the spirit of the present
invention. In another embodiment of the invention, the electrical interconnect of the
transducer die 212 to the conductive leads 216 can be provided by using flip-chip
technology using solder bumps instead of bond wires.

[00018] In another aspect of the invention, the transducer module 104 can be attached
to the capsule 102 in a variety of ways, including, e.g., plastic welding, solvent bonding,
or using an adhesive agent. The capsule 102 can be filled with an encapsulant (not
shown) provided, e.g., by a dielectric silicone potting.

[00019] One embodiment of a method for manufacturing a catheter tip device 1000 is
now being described with references to the flowchart shown in Fig. 4. In this embodiment
of the invention, several steps of the manufacturing process can be fully automated thus
providing for significant quality improvement and cost reduction.

[00020] At step 410, an array 500 (best viewed in Fig. 5) of carriers 214 can be
produced using MID technology. The carriers 214 can have conductive leads 216

incorporated. Each carrier 214 can have at least one recessed die-attach area 220 as
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shown in Fig. 3 for attaching at least one transducer die 212. This step 410 can be
performed by an automated process.

[00021] At step 420, a plurality of capsules 102 can be mounted to a fixture 600 (best
viewed in Fig. 6). The fixture 600 can have at least one recessed area 610 with openings
620 configured to receive the capsules 102. In one aspect of the invention, a mechanism
would be provided to hold each of the capsules 102 in place within the fixture 600 at the
same orientation. In one embodiment of the invention, the capsules 102 can be provided
in an array to facilitate placement into the openings 620 of the fixture 600. This step 420
can be performed by an automated process.

[00022] At step 430, the carriers 214 comprising the array 500 can be inserted into and
attached to the capsules 102 mounted in the fixture 600. This step 430 can be performed
by an automated process.

[00023] At step 440, at least one transducer die 212 can be picked-and-placed into the
recessed die-attach area 220 of each carrier 214 of the array 500. The transducer die 212
can be attached to the recessed die-attach area 220 using an adhesive agent 224, such as a
silicone gel or a Room Temperature Vulcanized (RTV) silicone, in the groove 222
formed between the edges of the transducer die 212 and the outer perimeter of the
recessed die-attach area 220. This recessed die-attach area 220 and groove 222 also
allows for the use of B-stage epoxy by placing the pre-formed epoxy in the recessed die-
attach area 220, then placing the transducer die 212, and then reflowing the epoxy
without the risk of overflow. This step can be performed by an automated process.
[00024] At step 450, each transducer die 212 can be interconnected to one or more
conductive leads 216 of the respective carrier 214 of the array of carriers 214. In one
embodiment of the invention, the interconnect 218 between the transducer die 212 and
the conductive leads 216 can be provided by one or more bond wires. The bond wires can
be attached to the die 212 and to the conductive leads 216 by, e.g., wedge bonding or ball
bonding using, e.g., thermocompression or thermoscopic bonding methods. This step can
be performed by an automated process. In another embodiment of the invention, the

interconnecting of the transducer die 212 to the conductive leads 216 can be provided by
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using flip-chip technology, using solder bumps instead of bond wires. The solder bumps
can be deposited on the transducer die 212, and the interconnecting can be achieved by
flipping the transducer die 212 around so that the top side would face a mounting area
where the solder bumps can be connected directly to the conductive leads 216. This step
can be performed by an automated process. A skilled artisan would appreciate the fact
that other methods of providing the interconnect of the transducer die 212 to the
conductive leads 216 can be within the scope and the spirit of the present invention.
[00025] Upon completion of step 450, an array comprising a plurality of completed
transducer modules 104 can be produced, each transducer module 104 in the array
comprising a transducer die 212 attached to a carrier 214, and one or more interconnects
218 between the transducer die 212 and the conductive leads 216 of the carrier 214.
[00026] At step 450, the capsules 102 can be filled with an encapsulant provided, e.g.,
by a dielectric silicone potting by an automated process to protect the transducer die 212
and interconnect 218 from the external environment.

[00027] At step 470, a completed transducer module 104 can be extracted from the
array of carriers 214. This step can be performed by an automated process.

[00028] Another embodiment of a method for manufacturing a catheter tip device
1000 is now being described with references to the flowchart shown in Fig. 7. In this
embodiment of the invention, several steps of the manufacturing process can be fully
automated thus providing for significant quality improvement and cost reduction.
[00029] At step 710, an array of carriers 214 can be produced using MID technology.
The carriers 214 can have conductive leads 216 incorporated. Each carrier 214 can have
at least one recessed die-attach area 220 as shown in Fig. 3 for attaching at least one
transducer die 212. This step can be performed by an automated process.

[00030] At step 720, at least one transducer die 212 can be attached to each carrier 214
of the array of carriers 214, e.g., using an adhesive agent 224. In one embodiment, the
transducer die 212 can be attached to at least one recessed die-attach arca 220, wherein a

groove 222 is formed between at least one edge of the transducer die 212 and the outer
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perimeter of the recessed die-attach area 220 as shown in Fig. 3. This step can be
performed by an automated process.

[00031] At step 730, interconnects 218 between the transducer die 212 and one or
more conductive leads 216 of the respective carrier 214 of the array of carriers 214 can be
provided using bond wires or flip-chip technology.

[00032] Upon completion of step 730, an array comprising a plurality of completed
transducer modules 104 can be produced, each transducer module 104 of the array
comprising a transducer die 212 attached to a carrier 214, and one or more interconnects
218 between the transducer die 212 and the conductive leads 216 of the carrier 214.
[00033] At step 740, a completed transducer module 104 can be extracted from the
array of carriers 214. This step can be performed by an automated process.

[00034] At step 750, the complete transducer module 104 can be attached to a capsule
102, e.g., via plastic welding, solvent bonding, or using an adhesive agent, by a manual or
an automated process.

[00035] At step 760, the capsule 102 can be filled with an encapsulant provided, e.g.,
by a dielectric silicone potting by an automated process to protect the transducer die 212
and interconnect 218 from the external environment. Upon completion of step 760, a
catheter tip device 1000 is produced.

[00036] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention.
The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal language of the claims.
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CLAIMS:
1. A catheter tip device comprising:
a capsule;

a transducer module attached to said capsule, said transducer module comprising
a carrier including a recessed die-attach area, a transducer die located in said recessed
die-attach area, and at least one conductive lead deposited onto said carrier, said at least
one conductive lead interconnected to said transducer die;

wherein said recessed die-attach area has an outer perimeter greater than the outer
perimeter of said transducer die forming a groove between at least one edge of said
transducer die and said outer perimeter; and

an adhesive agent located in said groove to attach said transducer die to said
recessed die-attach area.

2. The catheter tip device of claim 1, wherein said at least one conductive
lead is electrically interconnected to said transducer die via at least one bond wire.

3. The device of claim 1, wherein said carrier is manufactured using molded

interconnect device (MID) technology.

4. The catheter tip device of claim 1, wherein said transducer die comprises a
Sensor.

5. The catheter tip device of claim 1, wherein said transducer comprises an
actuator.

6. A method for manufacturing catheter tip devices, said method comprising

the steps of:

producing an array of carriers, each said carrier including a recessed die-attach
arca and at least one conductive lead deposited onto said carrier;

mounting a plurality of capsules to a fixture;

inserting said array of carriers into said plurality of capsules mounted to said
fixture;

attaching at least one transducer die to said recessed die-attach area of each said

carrier; and
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interconnecting said at least one transducer die to said at least one conductive lead
of cach said carrier.

7. The method of claim 6, wherein said step of attaching at least one
transducer die to said recessed die-attach area of each said carrier comprises the steps of:

placing said transducer die in said recessed die-attach area of said carrier forming
an groove between at least one edge of said transducer die and the outer perimeter of said
recessed die-attach area; and

providing an adhesive agent located in said groove.

8. The method of claim 6, wherein said interconnecting of said at least one
conductive lead to said transducer die is provided by at least one bond wire.

9. The method of claim 6, wherein said interconnecting of said at least one
conductive lead to said transducer die is provided by using flip chip technology.

10.  The method of claim 6, wherein said array of carriers is produced using

molded interconnect device (MID) technology.
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FIG. 4
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FIG. 7
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