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CATHETER DIE AND METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to a catheter die and a

method of fabricating a catheter die for pressure sensing.

[0002] A pressure sensor measures pressure, typically of gases or liquids.
Pressure is an expression of the force required to stop a fluid from expanding, and is
usually stated in terms of force per unit area. A pressure sensor usually acts as a
transducer in that it generates a signal as a function of the pressure imposed. Such a

signal may be an electrical signal or current.

[0003] There are two basic categories of pressure sensors. These are force
collector types, which generally use a force collector, such as a diaphragm, piston,
bourdon tube, or bellows, to measure strain or deflection due to applied force or
pressure over an area, and other types, which use other properties, such as density, to
infer gas or liquid pressures. A piezoelectric pressure sensor is a force collector type
of pressure sensor and uses the piezoelectric effect in certain materials, such as quartz,

to measure the strain upon a sensing mechanism due to pressure.
BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, a catheter die is provided and
includes a device layer defining a cavity and including a piezoresistive pressure
sensor operably disposed proximate to the cavity and an insulator having an opening
and being disposed on an upper surface of the device layer such that a portion of the
piezoresistive pressure sensor is exposed through the opening. The catheter die further
includes an insulation layer bonded to a lower surface of the device layer and first and
second bond pads, the first bond pad being electrically coupled to the portion of the
piezoresistive pressure sensor via the opening and the second bond pad being

disposed on the insulation layer.



WO 2013/130387 PCT/US2013/027608

[0005] According to another aspect of the invention, a catheter die is provided
and includes a device layer defining a cavity and including a piezoresistive pressure
sensor operably disposed proximate to the cavity and an insulator having an opening
and being disposed on an upper surface of the device layer such that a portion of the
piezoresistive pressure sensor is exposed through the opening, an insulation layer
bonded to the lower surface of the device layer, a first bond pad electrically coupled
to the portion of the piczoresistive pressure sensor via the opening, a second bond pad
disposed on the insulation layer and electrically coupled to the first bond pad via
wiring and an external connector electrically coupled to the second bond pad at a

distance from the wiring.

[0006] According to yet another aspect of the invention, a method of
fabricating a catheter die is provided and includes forming, in a device layer having
upper and lower surfaces, a cavity recessed from at least the upper surface and a
piezoresistive pressure sensor operably disposed proximate to the cavity, disposing an
insulator having an opening on the device layer to expose a portion of the
piezoresistive pressure sensor, bonding an insulation layer to the lower surface of the
device layer and electrically coupling a first bond pad to the portion of the
piezoresistive pressure sensor via the opening and disposing a second bond pad on the

insulation layer.

[0007] These and other advantages and features will become more apparent

from the following description taken in conjunction with the drawings.
BRIEF DESCRIPTION OF THE DRAWING

[0008] The subject matter, which is regarded as the invention, is particularly
pointed out and distinctly claimed in the claims at the conclusion of the specification.
The foregoing and other features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with the accompanying

drawings in which:

[0009] FIG. 1 is a side view of a catheter die in accordance with embodiments

of the invention,;
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[0010] FIG. 2 is a side view of a catheter die in accordance with alternative

embodiments of the invention;
[0011] FIG. 3 is a side view of a wafer;
[0012] FIG. 4 is a side view of a wafer;
[0013] FIG. 5 is a side view of a cavity formed in the wafer of FIG. 3;
[0014] FIG. 6 is a side view of an assembly of the wafers of FIGS. 3 and 4;
[0015] FIG. 7 is a side view of the assembly of FIG. 6 with layers removed;
[0016] FIG. 8 is a side view of the assembly of FIG. 6 with insulators formed;

[0017] FIG. 9 is a side view of the assembly of FIG. 8 with a piezoresistive

pressure sensor and an interconnect portion formed proximate to the cavity;

[0018] FIG. 10 is a side view of the assembly of FIG. 9 with an opening

formed in the insulator to expose a portion of the interconnect portion;

[0019] FIG. 11 is a side view of a bond pad electrically coupled to the

interconnect portion via the opening;

[0020] FIG. 12 is a side view of the assembly of FIG. 11 with through-holes

formed;

[0021] FIG. 13 is a side view of the assembly of FIG. 12 with an insulation

layer;

[0022] FIG. 14 is a side view of the assembly of FIG. 13 following

singulation; and

[0023] FIG. 15 is a side view of the catheter die of FIG. 1 in accordance with

further embodiments of the invention.
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[0024] The detailed description explains embodiments of the invention,
together with advantages and features, by way of example with reference to the

drawings.
DETAILED DESCRIPTION OF THE INVENTION

[0025] With reference to FIG. 1, a catheter die 10 is provided and includes a
first device layer 20, a second device layer 30, an insulation layer 40, a first bond pad
50 and a second bond pad 60. The first device layer 20 has a main body 21 with an
upper surface 22 and a lower surface 23 that opposes the upper surface 22. The first
device layer 20 is also formed to define a cavity 25 therein, which is recessed from at

least the upper surface 22.

[0026] The second device layer 30 has a main body 31 with an upper surface
32 and a lower surface 33 that opposes the upper surface 32. The lower surface 33 of
the second device layer 30 is bonded to the upper surface 22 of the first device layer
20 to thereby seal the cavity 25 at least at the upper surface 22. The second device
layer 30 further includes a diaphragm 34 defined above the cavity 25 and a
piezoresistive pressure sensor 35, which is operably disposed proximate to the
diaphragm 34 and the cavity 25, and an insulator 36. The insulator 36 is disposed on
the upper surface 32 of the second device layer 30 and has an opening 37 defined

therein, which exposes a portion 351 of the piezoresistive pressure sensor 35.

[0027] The insulation layer 40 has a main body 41 with an upper surface 42
and a lower surface 43 that opposes the upper surface 42. The upper surface 42 of the
insulation layer 40 is bonded to the lower surface 23 of the first device layer 20 to
provide for support, stability and strength of the catheter die 10. The first bond pad 50
is formed of electrically conductive material and is electrically coupled to the portion
351 of the piezoresistive pressure sensor 35 exposed via the opening 37. The second
bond pad 60 is similarly formed of electrically conductive material and is disposed on
the insulation layer 40. As will be described below with reference to FIG. 15, the first
bond pad 50 and the second bond pad 60 may be electrically coupled to one another
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via a wire bond with the second bond pad 60 further electrically coupled to an

external connection.

[0028] In accordance with embodiments, the insulation layer 40 is
substantially larger in terms of surface area than the first device layer 20 or the second
device layer 30. Thus, a portion 401 of the insulation layer 40 extends outwardly from
borders of the first device layer 20 and the second device layer 30 such that the upper
surface 42 may be at least partially exposed. The second bond pad 60 may be
disposed, for example, on the portion of the upper surface 42 that is partially exposed.
The second bond pad 60 may therefore be substantially longer than the first bond pad
50.

[0029] With this construction, the cavity 25 may be defined as a vacuum or
with a known, predefined internal pressure. In either case, when the catheter die 10 is
exposed to unknown atmospheric conditions, a pressure differential between an
interior of the cavity 25 and an exterior of the catheter die 10 may be sufficient to
cause the diaphragm 34 of the second device layer 30 to bend inwardly or outwardly
depending on whether the pressure of the interior of the cavity 25 is low or higher
than that of the exterior of the catheter die 10. This bending of the diaphragm 34
applies a strain to the piezoresistive pressure sensor 35 and induces a current therein.
By coupling appropriate circuitry to the piezoresistive pressure sensor 35, a
magnitude of this current can be determined and, thus, a pressure at the exterior of the

cavity 25 can be calculated.

[0030] In accordance with alternative embodiments and, with reference to
FIG. 2, a vent channel 70 may be formed in the insulation layer 40. As shown in FIG.
2, the cavity 25 may be recessed from both the upper surface 22 and the lower surface
23 of the first device layer 20. The vent channel 70 may therefore be fluidly
communicative with the cavity 25 via an interconnection proximate to the lower

surface 23 such that a pressure within the cavity 25 can be actively controlled.

[0031] In accordance with further embodiments, it is to be understood that the

first device layer 20 and the second device layer 30 may be formed or otherwise
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provided as a single device layer. Also, while a combined thickness of the first device
layer 20 and the second device layer 30 may be approximately 390 um or less, a
thickness of the second device layer 30 may be approximately 1-4.5 um or less.
Similarly, a thickness of the insulation layer 40 may be approximately 390 um or less

although it is to be understood that at least this thickness can be substantially variable.

[0032] In accordance with still further embodiments, the first device layer 20
and the second device layer 30 may each be formed of a semi-conductive material,
such as silicon, while the insulation layer 40 may be formed of glass or some other

electrically non-conductive material.

[0033] With reference to FIGS. 3-15, a method of fabricating a catheter die as
described above will be provided below. It is to be understood that, for purposes of
clarity and brevity, the description will generally relate to the exemplary embodiments
of the catheter die 10 shown in FIG. 1. The method of fabricating the catheter die 10
with the vent channel 70, as shown in FIG. 2, are substantially similar and need not be

separately described.

[0034] As shown in FIGS. 3 and 4, the method initially includes formation of
a wafer 100 having a first device layer 101 (see FIG. 3) and a wafer 110 having a
second device layer 111 (see FIG. 4). The wafer 100 may be formed as a silicon-on-
insulator (SOI) wafer with the first device layer 101 having an upper surface 1011 and
a lower surface 1012 and being formed of an n-type or p-type semi-conductor (i.c.,
silicon). The first device layer 101 is disposed on a first buried oxide layer 102, which
is itself disposed on a first handle layer 103. The first handle layer 103 may be formed
of an n-type or p-type semi-conductor. The wafer 110 may be formed as a silicon-on-
insulator (SOI) wafer with the second device layer 111 having an upper surface 1111
and a lower surface 1112 and being formed of an n-type semi-conductor (i.c., silicon).
The second device layer 111 is disposed on a second buried oxide layer 112, which is
itself disposed on a second handle layer 113. The second handle layer 113 may be

formed of an n-type or p-type semi-conductor.
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[0035] As shown in FIG. 5, a cavity 120 is formed in the first device layer
101. The cavity 120 is illustrated as being triangular and recessed from the upper
surface 1011 of the first device layer 101 although, it is to be understood that this is
merely exemplary and that the cavity 120 may have various shapes and sizes. In
accordance with embodiments, the cavity 120 may be formed of a wet etch process,
such as Potassium Hydroxide (KOH) etching or Tetramethylammonium Hydroxide

(TMAH) etching, or a dry etch process, such as Deep Reactive lon Etching (DRIE).

[0036] With reference to FIGS. 6 and 7, the wafer 110 is inverted and the
upper surface 1111 of the second device layer 111 is bonded with the upper surface
1011 of the first device layer 101 such that the second device layer 111 seals the
cavity 120 at the upper surface 1011 of the first device layer 101 (see FIG. 6). This
operation may be conducted as a silicon fusion bonding process at an elevated
temperature of approximately 900-1200°C. Following the bonding, as shown in FIG.
7, the second handle layer 113 is removed by a wet etch process, such as KOH
etching or TMAH etching, and the second buried oxide layer 112 is removed by wet
or dry etching such that the lower surface 1112 of the second device layer 111 is
exposed and a portion of the second device layer 111, which is now positioned above

the cavity 120, is defined as a diaphragm 130.

[0037] With reference to FIG. 8, a first insulator 140 is disposed on the now
exposed lower surface 1112 of the second device layer 111 and a second insulator 141
is disposed on a lower surface 1031 of the first handle layer 103. The first insulator
140 and the second insulator 141 may each be provided as a passivation layer, such
as, for example, a layer of silicon dioxide or some other electrically non-conductive
material. Disposition of the first insulator 140 and the second insulator 141 may be

achieved by deposition or growth processes.

[0038] With reference to FIGS. 9 and 10, a piezoresistive pressure sensor 150
and an interconnect portion 151 thercof are then formed in the second device layer
111 such that the piezoresistive pressure sensor 150 is operably disposed proximate to
the cavity 120 and the diaphragm 130 (see FIG. 9). Formation of the piczoresistive

pressure sensor 150 and the interconnect portion 151 may include at least one or more
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of p-type dopant diffusion and implantation. At this point, the first insulator 140
insulates the piezoresistive pressure sensor 150 and the interconnect portion 151.
Thus, an opening 160 may be defined in the first insulator 140 by at least one or more
of wet and dry etching such that at least the interconnect portion 151 of the

piezoresistive pressure sensor 150 is exposed through the opening 160 (see FIG. 10).

[0039] With reference to FIGS. 11 and 12, a first bond pad 170 is electrically
coupled to the interconnect portion 151 of the piczoresistive pressure sensor 150 via
the opening 160 (see FIG. 11). This operation may be conducted by a metallization
process including, for example, deposition processing of a suitable metal or metallic
alloy (i.e., aluminum). At this point, as shown in FIG. 12, the first handle layer 103
may be removed by a wet etch process, such as KOH etching or TMAH etching. A
first through-hole 180 may then be etched in the first insulator 140, a second through-
hole 181 may be etched in the second device layer 111 and the first device layer 101
by wet etching, dry etching or a combination of wet and dry etching and the first
buried oxide layer 102 may be removed by wet or dry etching.

[0040] With reference to FIG. 13, an insulation layer 190 is then bonded to the
lower surface 1011 of the first device layer 101. The insulation layer 190 may be
formed of glass or another suitable electrically non-conductive material and may have
a second bond pad 200, which is formed of electrically conductive material, bonded
thereto. In accordance with embodiments, the second bond pad 200 may be previously
disposed on an upper surface 1901 of the insulation layer 190 such that the second
bond pad 200 is exposed through the first through-hole 180 and the second through-
hole 181.

[0041] Once the insulation layer 190 is bonded to the lower surface 1011 of
the first device layer 101, additional processing operations can be undertaken that
would otherwise risk damage to the elements described above. These additional
processing operations may include, for example, electrically coupling the second bond
pad 200 to the first bond pad 170 and, with reference to FIG. 14, singulation
processing. During singulation processing, the catheter die 10 is cut out or away from

extra material that may be used in the processing of additional catheter dies.
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[0042] In accordance with further aspects of the invention and, with reference
to FIGS. 1 and 15, the catheter die 10 of FIG. 1 may be further provided with wiring
300, such as a wire bond, which is configured to electrically couple the first bond pad
50 to a first end of the second bond pad 60. In addition, as shown in FIG. 15, the
catheter die 10 may include a solder bond 400 that serves to electrically couple an
external connector 500 to a second end of the second bond pad 60. In this case, a
distance D between the wiring 300 and the solder bond 400 may be variable and up to
I mm or more with the insulation layer 40 being substantially longer than the
thicknesses of the first device layer 20, the second device layer 30 and the insulation

layer 40.

[0043] In addition, still referring to FIGS. 1 and 15, it is to be understood that
the catheter die 10 may include multiple piezoresistive pressure sensors 35 and a
corresponding number of first bond pads 50 and second bond pads 60 as well as a
corresponding number of solder bonds 400 and external connectors 500. The multiple
first bond pads 50 may be disposed in an axially staggered formation on the insulator
36 thus requiring that the multiple second bond pads 60 also be disposed in a
correspondingly staggered formation. In such cases, the multiple solder bonds 400
and the multiple external connectors 500 may also be disposed in a correspondingly
staggered formation. Alternatively, if the distance D is sufficiently long (e.g., where
the most axially displaced bond pad pair is separated from the corresponding solder
bond 400), the multiple solder bonds 400 and the multiple external connectors 500

may be disposed in an aligned formation.

[0044] While the invention has been described in detail in connection with
only a limited number of embodiments, it should be readily understood that the
invention is not limited to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate with
the spirit and scope of the invention. Additionally, while various embodiments of the
invention have been described, it is to be understood that aspects of the invention may

include only some of the described embodiments. Accordingly, the invention is not to
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be seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.
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CLAIMS:
1. A catheter die, comprising:

a device layer defining a cavity and including a piezoresistive pressure sensor
operably disposed proximate to the cavity and an insulator having an opening and
being disposed on an upper surface of the device layer such that a portion of the

piezoresistive pressure sensor is exposed through the opening;
an insulation layer bonded to a lower surface of the device layer;

first and second bond pads, the first bond pad being electrically coupled to the
portion of the piezoresistive pressure sensor via the opening and the second bond pad

being disposed on the insulation layer.

2. The catheter die according to claim 1, wherein the insulation layer is

formed to define vent channels fluidly communicative with the cavity.

3. The catheter die according to claim 1, wherein a thickness of the

device layer is approximately 390 um or less.

4. The catheter die according to claim 1, wherein a thickness of the

insulation layer is approximately 390 um or less.

5. The catheter die according to claim 1, wherein the device layer

comprises silicon and the insulation layer comprises glass.

11
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6. A catheter die, comprising:

a device layer defining a cavity and including a piezoresistive pressure sensor
operably disposed proximate to the cavity and an insulator having an opening and
being disposed on an upper surface of the device layer such that a portion of the

piezoresistive pressure sensor is exposed through the opening;
an insulation layer bonded to the lower surface of the device layer;

a first bond pad electrically coupled to the portion of the piezoresistive

pressure sensor via the opening;

a second bond pad disposed on the insulation layer and electrically coupled to

the first bond pad via wiring; and

an external connector electrically coupled to the second bond pad at a distance

from the wiring.

7. The catheter die according to claim 6, wherein the insulation layer is

formed to define vent channels fluidly communicative with the cavity.

8. The catheter die according to claim 6, wherein a thickness of the

device layer is approximately 390 um or less.

9. The catheter die according to claim 6, wherein a thickness of the

insulation layer is approximately 390 um or less.

10.  The catheter die according to claim 6, wherein the first device layer
comprises at least one of an n-type and a p-type semi-conductor, the second device

layer comprises an n-type semi-conductor and the insulation layer comprises glass.

11.  The catheter die according to claim 6, wherein the distance between

the external connector and the wiring is 1 mm or more.

12
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12. A method of fabricating a catheter die, comprising:

forming, in a device layer having upper and lower surfaces, a cavity recessed
from at least the upper surface and a piezoresistive pressure sensor operably disposed

proximate to the cavity;

disposing an insulator having an opening on the device layer to expose a

portion of the piezoresistive pressure sensor;
bonding an insulation layer to the lower surface of the device layer; and

electrically coupling a first bond pad to the portion of the piezoresistive
pressure sensor via the opening and disposing a second bond pad on the insulation

layer.

13.  The method according to claim 12, wherein the forming of the cavity

comprises at least one or more of wet and dry etching.

14. The method according to claim 12, wherein the disposing of the
insulator comprises at least one or more of depositing and growing a passivation

layer.

15.  The method according to claim 12, wherein the forming of the
piezoresistive pressure sensor comprises at least one or more of dopant diffusion and

implantation.

16.  The method according to claim 12, further comprising defining the

opening by at least one or more of wet and dry etching.

17.  The method according to claim 12, wherein the electrical coupling of
the first bond pad to the portion of the piezoresistive pressure sensor comprises

deposition processing.

13
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18.  The method according to claim 12, wherein the disposing of the second
bond pad on the insulation layer is conducted prior to the bonding of the insulation

layer to the lower surface of the device layer and comprises:
etching a first through-hole in the insulator; and

etching a second through-hole in the device layer.

19.  The method according to claim 12, further comprising singulation
processing.
20.  The method according to claim 12, further comprising defining in the

insulation layer vent channels fluidly communicative with the cavity.
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