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[0001] This application claims priority to and is a continuation-in-part of United States

application number 5/295,05 , filed October 17, 2016.

BACKGROUND

[0002] Pressure sensors have become ubiquitous the past few years as they have found their

way into many types of products. Utilized in automotive, industrial, consumer, and medical

products, the demand for pressure sensors has skyrocketed and shows no signs of abating

[0003] Pressure sensor systems may include pressure sensors as well as other components.

Pressure sensors may typically include a diaphragm or membrane. This membrane may be

formed by creating the Wheatstone bridge in a silicon wafer, then etching away the silicon

from the opposite surface until a thin layer of silicon is formed beneath the Wheatstone

bridge. The resulting membrane may be surrounded by a thicker, non-etched silicon water

portion or frame. When a pressure sensor in a pressure sensor system experiences a pressure,

the membrane may respond by changing shape. This change in shape may cause one or more

characteristics of electronic components on the membrane to change. These changing

characteristics may be measured, and from these measurements, the pressure may be

determined.

[0004] I some applications, it may be desirable that a pressure sensor have a specific form

factor. For example, in many applications, it may be important that the pressure sensor be

small, or have a thin form factor, or both.

[0005] But pressure sensors having these small form-factors may be difficult to assemble

into larger components. For example, these pressure sensors may be too small to use with

traditional semiconductor assembly tools for wire bonding or flip-chip assembly. Absent

these well-established techniques for electrically connecting pressure sensors to their

surroundings, device manufacturers have turned to expensive and laborious manual assembly-

techniques, with their drawbacks in cost, quality and yield.

[0006] Thus, what are needed are pressure sensors and associated structures that may

facilitate the use of automated assembly processes and tools.



SUMMARY

[0007] Accordingly, embodiments of the present invention may provide pressure sensors

and associated structures that may facilitate the use of automated assembly processes and

tools. An illustrative embodiment of the present invention may provide pressure sensor

systems including pressure sensors and structures for aligning interconnect wires, such as

bond wires or other wires, to pressure sensor bondpads in order to facilitate the use of these

automated assembly processes and tools.

[0008] I these and other illustrative embodiments of the present invention, multiple wires

may be joined together in a copianar arrangement, where the spacings of the wires may match

a spacing of bondpads on a pressure sensor. This may be achieved using various alignment

structures in these and other embodiments of the present invention. These alignment

structures may include wire combs, spacers, insulation layers around individual wires or

group of wires, and other structures.

[0009] These and other illustrative embodiments of the present invention may provide a

pressure sensor system including a pressure sensor, wires, and a wire comb for aligning the

wires to bondpads of the pressure sensor. The wires may be bare wires or they may be

insulated along a portion of their length. The wires may be inserted into slots along a top,

bottom, or sides (or combination thereof) of the wire comb. In these and other embodiments

of the present invention, the wires may be inserted through passages in the wire comb. The

slots or passages may be spaced to match a spacing of the bondpads of the pressure sensor.

The slots or passages may further match a topology of a surface of the pressure sensor where

the bondpads are located. Typically this topology may be planar, but other topologies are

possible. The wire comb may hold the wires in place to facilitate the use of automated

processes and tools in attaching the wires to the bondpads. Due to size constraints, the wire

comb may be separate from and not attached directly to the pressure sensor, though the wire

comb may be attached indirectly through the wires to the pressure sensor. In these and other

embodiments of the present invention, the wire comb may be attached directly to the pressure

sensor, for example by epoxy or other potting material placed over the bondpads. The wire

comb may be formed of plastic, metal, or other nonconductive or conductive material.

[0010] These and other illustrative embodiments of the present invention may provide a

pressure sensor system including a pressure sensor, wires, and spacers for aligning the wires

to bondpads of the pressure sensor. The wires may be bare wires or they may be insulated

along a portion of their length. The spacers may be between the wires or between and fully

or partially around the wires. The spacers may hold the wires in a configuration to match a

spacing of the bondpads of the pressure sensor. The spacers may hold the wires in a



configuration to match a topology of a surface of the pressure sensor where the bondpads are

located. Typically this topology may be planar, but other topologies are possible. The

spacers may hold the wires in place to facilitate the use of automated processes and tools in

attaching the wires to the bondpads. Due to size constraints, the spacers may be separate

from and not attached directly to the pressure sensor, though the spacers may be attached

indirectly through the wires to the pressure sensor. In these and other embodiments of the

present invention, the spacers may be attached directly to the pressure sensor, for example by

epoxy or other potting material placed over the bondpads. The spacers may be formed of

plastic, metal, or other nonconductive or conductive material.

[0011] These and other illustrative embodiments of the present invention may provide a

pressure sensor system including a pressure sensor, wires, and an insulation layer around

each of the wires. One or more of the wires may have a modified insulation layer. The

insulation layer may be modified such that the wires are aligned to bondpads of the pressure

sensor. The wires may be insulated along a portion of their length. The existing insulation

layer may be modified such that wires may be placed adjacent to each other and have a

resulting spacing that matches a spacing of the bondpads of the pressure sensor. That is, the

insulation layer around the wires may be thickened, thinned, flattened, or they may be

modified in other ways. The wires may be fixed to each other to facilitate the use of

automated processes and tools in attaching the wires to the bondpads. The wires may be

fixed to each other either by gluing or melting together the insulation layer surrounding each

wire. For example, the wires may be heated and rolled such tha the insulation layer of the

wires bond to the insulation layer of adjacent wires. The wires may also be arranged to

match a topology of a surface of the pressure sensor where the bondpads are located.

Typically this topology may be planar and the wires may be in a coplanar arrangement, but

other topologies are possible. Due to size constraints, the insulation layer around the wires

may be separate from and may not typically be attached directly to the pressure sensor. In

these and other embodiments of the present invention, the insulation layers may be attached

directly to the pressure sensor, for example by epoxy or other potting material placed over the

bondpads. In these and other embodiments of the present invention, the insulation layer or

layers may be fomied of plastic, polymers, or other material, and may be formed by extrusion

or other process.

[0012] These and other illustrative embodiments of the present invention may provide a

pressure sensor system including a pressure sensor, wires, and an insulation layer around

each of the wires. The wires may have an insulation layer that is formed such that adjacent

wires are aligned with bondpads of the pressure sensor. The wires may be insulated along a



portion of their length . The insulation layer may be formed around each wire such that the

wires may be placed adjacent to each other and have a resulting spacing that matches a

spacing of the bondpads of the pressure sensor. That is, the insulation layer around the wires

may be the thickness that is needed to provide a spacing between the wires that matches a

spacing of the bondpads. The wires may be fixed to each other to facilitate the use of

automated processes a d tools in attaching the wires to the bondpads. For example, the wires

may be heated and rolled such that the insulation layer of the wires bond to the insulation

layer of adjacent wires. The wires may also be arranged to match a topology of a surface of

the pressure sensor where the bondpads are located. Typically this topology may be planar,

but other topologies are possible. Due to size constraints, the insulation layer around the

wires may be separate from and may not typically be attached directly to the pressure sensor.

In these and other embodiments of the present invention, the insulation layers may be

attached directly to the pressure sensor, for example by epoxy or other potting material

placed over the bondpads. In these and other embodiments of the present invention, the

insulation layer or layers may be formed of plastic, polymers, or other material, and may be

formed by extrusion or other process.

[0013] These and other illustrative embodiments of the present invention may provide a

pressure sensor system including a pressure sensor, wires, and a common insulation layer that

may be formed around the wires. The common insulation layer may be formed such that the

wires are aligned to bondpads of the pressure sensor. The wires may be insulated along a

portion of their length by a common insulation layer. For example, the wires may be placed

in an arrangement having a spacing that matches a spacing of the bondpads. A common

insulation layer may then be formed around the wires. The common insulation layer may fix

the wires to each other to further facilitate the use of automated equipment. The wires may

also be arranged to match a topology of a surface of the pressure sensor where the bondpads

are located. Typically this topology may be planar, but other topologies are possible. Due to

size constraints, the insulation layer around the wires may be separate from and may not

typically be attached directly to the pressure sensor. In these and other embodiments of the

present invention, the insulation layer or layers may be attached directly to the pressure

sensor, for example by epoxy or other potting material placed over the bondpads. In these

and other embodiments of the present invention, the insulation layer or layers may be formed

of plastic, polymers, or other material, and may be formed by extrusion or other process.

[0014] Automated processes and tools may be employed to electrically and physically join

the wires to the pressure sensor bondpads. Initially, an insulation layer may be stripped from

the wires. This may be done with a laser or lasers, but may also be accomplished with heat,



chemical, or mechanical means, for example by chemical etching. The exposed conductors

of the wires may then be cut, preferably without damaging or bending the wires, or otherwise

destroying the spacing required for automated assembly. Laser cutting may be used for this

purpose.

[0015] The now-isolated wire tips may then be aligned with the bondpads of the sensor.

Various methods may be employed to electrically and physically join the wires to the

bondpads. First, the bondpads may be coated with a solder during wafer manufacture. The

die may then be heated to melt the solder, and then the wires may be brought into contact

with the molten solder. Once this has been achieved, the heat source may be removed,

allowing the solder to cool and harden onto the wire. The wires may be attached one at a

time, two or more at a time, or all wires may be attached in a single operation.

[0016] These and other embodiments of the present invenetion may use compression

bonding to attach the wires to the bondpads. In these and other embodiments of the present

invention, two closely-spaced electrodes may be brought into contact with the wire. A

current may be passed from one electrode through the wire and to the second electrode. The

electrodes may pressed down on the wire, and the combination of heat and pressure may weld

the wires to the bondpads. The wires may be attached one at a time, two or more at a time, or

ail wires may be attached in a single operation.

[0017] In these and other embodimenst of the present invetnion, during compression

bonding, no current is passed through the wire. Instead, current may be passed through a

highly-resistive region between the two electrodes, resulting in heat generation. The

electrodes may be pressed down on the wire, and the combination of heat and pressure may

weld the wires to the bondpads. The wires may be attached one at a time, two or more at a

time, or ail wires may be attached in a single operation.

[0018] These and other embodiments of the present invention may instead rely on heat and

pressure applied to the wires. The sensors may be placed on a hotplate or other heat source,

or the heat may be applied from above the wires as the wires are pressed onto the bondpads.

The wires may be attached one at a time, two or more at a time, or all wires may be attached

in a single operation.

[0019] The wires and bondpads in these pressure sensor systems may be arranged

symmetrically in a lateral direction. This may result in the wires being attached to the

bondpads in a reversed or mirrored configuration during assembly. This error in attachment

may necessitate reworking of the pressure sensor system and may even result in yield loss.

Accordingly, embodiments of the present invention may provide alignment structures that are

asymmetrical. For example, where wires are held in a wire comb, the slots or openings in the



wire comb may be unevenly spaced in a lateral direction. The bondpads on the pressure

sensor may also be unevenly spaced in the lateral direction. In other embodiments of the

present invention, spacers may provide different spacings between the wires. In still other

embodiments of the present invention, wires may have mismatched widths for their insulation

layers

[0020] To electrically isolate the bondpads from one another, these and other embodiments

of the present invention may cover the bondpads of a pressure sensor, along with the wires

soldered or otherwise attached to them, with an insulating material such as epoxy, adhesive,

sealant, or other potting material or substance or the like. In addition to providing electrical

insulation layer, this may provide mechanical protection of the delicate solder bonds during

assembly, shipping and operation. This material may be dispensed in liquid form and then

cured by heat, exposure to humidity, UV irradiation or similar techniques. Unfortunately, the

flow of the epoxy or other potting material or sealant may be difficult to control.

[0021] Accordingly, these and other illustrative embodiments of the present invention may

provide a pressure sensor having a blocking structure for blocking or limiting a flow of epoxy

or other adhesive or other potting material when the epoxy or other potting material is placed

over one or more bondpads on a surface of the pressure sensor. The blocking structure may

be between a number of bondpads and a device identifier or the pressure sensor membrane

(or both). The bondpads may be wire bonded, soldered, welded, or attached using other

technique and covered with epoxy or other potting material. The blocking structure may

protect the device identifier or pressure sensor membrane (or both) from being covered by the

epoxy or other potting material. The device identifier may include date information,

manufacturer identification information, manufacturing site identification information, mask

layer revision information, and other types of information.

[0022] The blocking structure may be a trench that is formed by etching along with a

device identifier. The trench and device identifier may be etched using a KOH etch, laser

etch, a deep-reactive ion etch (DRIE), or other type of etch. The trench may be located

between the device identifier and a number of bondpads. After wires have been connected to

the bondpads, an epoxy or other potting material may be placed over the bondpads. The

trench may halt, block, or otherwise stop the flow of epoxy or other potting material from

reaching the device identifier or the pressure sensor membrane (or both). This may increase

yield by preventing losses that otherwise may result when the epoxy or other potting material

flows enough to cover the device identifier or the pressure sensor membrane (or both). This

trench may also lead to more consistent placement of the epoxy or other potting material and

a more consistent covering of the bondpads by the epoxy or other potting material.



[0023] In these and other embodiments of the present invention, the blocking structure may

be a bar that s formed by deposition, plating, by forming solder bumps or other techniques

along with the bondpads. The bar may be located between the device identifier or the

pressure sensor membrane (or both) and a number of bondpads. After wires have been

connected to the bondpads, an epoxy or other potting material may be placed over the

bondpads. As with the trench, the bar may halt, block, or otherwise stop the flow of epoxy or

other potting material from reaching the device identifier or the pressure sensor membrane

(or both). As before, this may increase yield and lead to more consistent placement of the

epoxy or other potting material and a more consistent covering of the bondpads by the epoxy

or other potting material.

[0024] In these and other embodiments of the present invention, the blocking structure may

include both a bar and a trench, two or more bars, two or more trenches, or combination

thereof. In these embodiments of the present invention, a bar may be between a trench and

the device identifier, a trench may be between a bar and the device identifier, two bars may

be between o e or more bondpads and the device identifier or the pressure sensor membrane

(or both), or two trenches may be between one or more bondpads and the device identifier or

the pressure sensor membrane (or both). Also, in other embodiments of the present

invention, the blocking stmcture may be used to protect other features on the pressure sensor,

such as other bondpads, the sensor membrane, other electrical components formed in or

placed on the pressure sensor, or other structure.

[0025] These and other embodiments of the present invention may provide a pressure

sensor having side tabs that may be used when the pressure sensor is held in a fixture. The

side tabs may then be separated or otherwise removed before use.

[0026] These tabs may be formed with the pressure sensor as extensions on each side of the

pressure sensor near the bondpads. In other embodiments of the present invention, they may

be attached to another portion of a pressure sensor. The tabs may be placed in a fixture to

hold the pressure sensor in place during further manufacturing, for example during the

attachment of wires to the bondpads and the application of an epoxy or other adhesive or

potting material or substance over the bondpads. Holes may be drilled or etched in the tabs

near the body of the pressure sensor. The holes may be etched using a KOH etch, a DRIE,

laser, or other etching technique. These holes may facilitate the removal of the tabs. For

example, in one embodiment of the present invention, the holes may act as perforations that

enable the side tabs may be snapped off the pressure sensor. In other embodiments of the

present invention, the tabs may be removed by sawing, cutting, laser etching, or other

technique, either with or without the presence of the holes. These tabs may improve and



simplify the process of attaching wires to the pressure sensor, the application of an adhesive

or potting material or substance over the wires, or other manufacturing steps. This

improvement and simplification may reduce yield losses and reduce overall manufacturing

costs.

[0027] These and other embodiments of the present invention may provide pressure sensors

having a handle portion where the handle area may be less likely to contact a housing for a

pressure sensor during use. Specifically, the handle may be thinned to avoid contacting a

housing while i use. The thicker base portion may be epoxied or otherwise fixed with an

adhesive to a bottom of the housing. The thinner handle may also prevent the migration of

the epoxy or potting material under the handle, which could otherwise stiffen and reduce a

sensitivity of the pressure sensor. A membrane may be formed in the thinner handle portion

of the pressure sensor. A number of bondpads may be formed in the thicker base portion of

the pressure sensor. This may reduce the number of pressure sensors that are in contact with

a housing after manufacturing, thereby increasing yield and reducing manufacturing costs.

[0028] These and other embodiments of the present invention may provide a pressure

sensor having a number of bondpads in a thicker base portion. The bondpads may be

staggered such that they have a different height relative to a bottom edge of the pressure

sensor. These differing heights may facilitate the attachment of wires to the bondpads during

the assembly of systems that include these pressure sensors. This may improve yield and

reduce manufacturing costs.

[0029] These and other embodiments of the present invention may provide pressure sensors

that may be used in various applications. For example, they may be used in catheters, biopsy

equipment, or other medical applications, and in other types of applications. n some of these

applications, a pressure sensor may be exposed to light, such as from an endoscope. In some

embodiments of the present invention, this may be desirable and it may not be necessary to

take preventive measures. In other embodiments of the present invention, the presence of

light may shift or alter pressure sensor readings in an undesirable manner. For example, light

may change characteristics of p-n junctions of resistors, transistors, or other components on

or near the pressure sensor membrane. This may alter measurements of resistance values or

other parameters of the components, thereby skewing the resulting pressure readings in an

undesirable manner.

[0030] Accordingly, embodiments of the present invention may provide structures for

blocking light for all or some of the components on a pressure sensor. For example, a

pressure sensor may be placed in an opaque package or housing. In these and other

embodiments of the present invention, a layer of metal or other material may be formed over



some or a l of a number of components on or near a membrane of the pressure sensor. This

layer may be gold, copper, aluminum or other material. This layer may be attached to the

pressure sensor using a material with an adhesive quality, such as tantalum, titanium-

tungsten, titanium, chromium, or other metal or other material. That is, this layer may be

over an adhesion layer of tantalum, titanium-tungsten, titanium, chromium, or other metal or

other material. The material for the layer, as well as the adhesion layer, may be chosen for its

softness or other property such that its presence has a minimized effect on characteristics of

components on the pressure sensor. These layers may be formed by physical vapor

deposition (PVD), plating, sputtering, or other process. These layers may be formed while

the pressure sensors are attached as a wafer before singulation. These layers may be omitted

from the bondpads and other portions of the pressure sensor. In these and other embodiments

of the present invention, one or more layers of a pressure sensor may be altered or modified,

or additional layers may be added, to reduce or block light. For example, antireflective

coatings, such as buried antireflective coatings, may be used to block light from reaching the

p-n junctions of the pressure sensor components.

[0031] In these and other embodiments of the present invention, the layer of metal over the

membrane may form a light shield to block light from reaching components on the

membrane. This light shield may be protected by encapsulation with epoxy or other material.

But since the pressure sensor may be inserted in a human body, it may be desirable to reduce

its size. Accordingly, embodiments of the present invention may leave the light shield

exposed and not encapsulated with epoxy or other substances. In these and other

embodiments of the present invention, a thin protective layer, as opposed to a full

encapsulation, may be applied over shield.

[0032] Since the light shield may be exposed and not encapsulated, it may come into direct

contact with human body tissue during its use. Accordingly, the light shield may be left

electrically floating and not connected to ground or other voltage potential. This may help to

prevent the formation of electrical pathways through the human body and pressure sensor.. It

may also prevent reduced battery life from electrical leakage pathways in battery-powered

devices.

[0033] It may also be desirable to be able to track a temperature of the pressure sensor's

environment. Unfortunately, there may not be sufficient area to place temperature sensing

circuitry on the pressure sensor. Instead, measurements of resistors on the membrane may be

made. Temperature changes may cause each resistor on the membrane to change in the same

way. This is in contrast to changes in pressure, which may cause each resistor to change

differently. Accordingly, these two effects may be separated to track temperature and



pressure independently. Calibration and testing routines may be done during or after

manufacturing to generate data tables and formulae that may be used to translate resistance

changes to pressure and temperature variations.

[0034 ] Various embodiments of the present invention may incorporate one or more of these

and the other features described herein. A better understanding of the nature and advantages

of the present invention may be gained by reference to the following detailed description and

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Figure 1 is a top view of a pressure sensor having a blocking structure according to

an embodiment of the present invention;

[0036] Figure 2 is a top view of another pressure sensor having a blocking structure

according to an embodiment of the present invention;

[0037] Figure 3 is a top view of a pressure sensor having side tabs according to an

embodiment of the present invention;

[0038] Figure 4 is a side view of a pressure sensor having a thinned handle portion

according to an embodiment of the present invention;

[0039] Figure 5 is a top view of a pressure sensor having staggered bondpads according to

embodiments of the present invention,

[0040] Figure 6 is a top view of another pressure sensor having staggered bondpads

according to embodiments of the present invention;

[0041] Figure 7 illustrates a pressure sensor system including a wire comb for aligning

wires to bondpads of a pressure sensor according to an embodiment of the present invention ;

[0042] Figure 8 illustrates a pressure sensor system including spacers for aligning wires to

bondpads of a pressure sensor according to an embodiment of the present invention;

[0043] Figure 9 illustrates a pressure sensor system including wires having a modified

insulation layer for aligning wires to bondpads of a pressure sensor according to an

embodiment of the present invention;

[0044] Figure 0 illustrates a pressure sensor system including wires having an insulation

ayer that is formed such that adjacent wi es are aligned with bondpads of a pressure sensor

according to an embodiment of the present invention; and

[0045] Figure 11 illustrates a pressure sensor system including a plurality of wires having a

common insulation layer that is formed for aligning the wires to bondpads of a pressure

sensor according to an embodiment of the present invention ;



[0046] Figure 12 illustrates a pressure sensor system including a light-reducing or blockin

structure according to an embodiment of the present invention; and

[0047] Figure 13 illustrates a pressure sensor system having laterally staggered bondpads

according to an embodiment of the present invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0048] Figure 1 is a top view of a pressure sensor according to an embodiment of the

present invention. This figure, as with the other included figures, is shown for illustrative

purposes and does not limit either the possible embodiments of the present invention or the

claims.

[0049] Pressure sensor 100 may include a base portion 0 and handle portion 120. Base

portion 110 may include a number of bondpads 112 and a device identifier 114. Handle

portion 120 may include membrane 122. A number of resistors or other components (not

shown) may be formed on or near membrane 122. These components may be used to form a

Wheatstone bridge or other circuit to detect or measure pressure, to process the detected or

measured pressure, or for other purposes. Membrane 122 may be on the same or different

side of pressure sensor 100 as bondpads 2 .

[0050] Wires (not shown) may be attached to bondpads 112 using wire bonding, soldering,

welding, or other technique. These wires may be bond wires, or other types of wires. After

the wires are attached, an epoxy or other adhesive or potting material may be placed over

bondpads 112 to insulate the bondpads and wires from each other and to secure the wires in

place. Device identifier 4 may be etched in the top surface of pressure sensor 100. Device

identifier 1 4 may be etched using a KOH etch, laser etch, D E, or other type of etch.

Device identifier 4 may include may include date information, manufacturer identification

information, manufacturing site identification information, mask layer revision information,

and other types of information.

[0051] Unfortunately, the epoxy or other potting material applied to bondpads 112 may

flow and cover all or a portion of device identifier 4, thereby making device identifier 4

impossible or difficult to read. The epoxy or other potting material may also flow and cover

part or all of the pressure sensor membrane, altering the performance of the device. This may

reduce yield and increase manufacturing costs.

[0052] Accordingly, these and other embodiments of the present invention may include

blocking structure 6 located between device identifier 1 4 and bondpads 112. Blocking

structure 116 may block the flow of epoxy or other potting material from bondpads 112

before it reaches device identifier 1 4 or membrane 122 (or both). This may prevent device



identifier 114 from being obscured by the epoxy or other potting material, thereby increasing

yield and reducing costs. It may also protect membrane 22 from being covered or partially-

covered by the epoxy or other potting material.

[0053] In these and other embodiments of the present invention, blocking structure 16

may be formed in various ways. For example, blocking structure 116 may be a trench that is

formed by etching. Blocking structure 116 may be etched using a KOH etch, laser etch,

DRIE, or other type of etch. Blocking structure 116 may be etched at the same time as device

identifier 4 . In other embodiments of the present invention, blocking structure 1 6 may be

etched at a different time using a different step than device identifier 14.

[0054] In these and other embodiments of the present invention, blocking structure 6

may be a raised ridge or bar. This raised bar may be metallic and may be formed by

deposition, plating, by forming solder bumps or other technique. Blocking structure 1 6 may

be formed by deposition, plating, by forming solder bumps or other technique at the same

time as bondpads 112. In other embodiments of the present invention, blocking structure 116

may be a raised bar formed by deposition, plating, by forming solder bumps or other

technique at a different time than bondpads 112.

[0055] I these and other embodiments of the present invention, device identifier 4 may

be formed by deposition, plating, by forming solder bumps or other technique. In this case,

one or more, or all, of the bondpads 2, device identifier 114, and blocking structure 116

may be formed at the same time by deposition, plating, by forming solder bumps or other

technique.

[0056] In other embodiments of the present invention, blocking structure 116 may include

both a trench and a bar, two trenches, two bars, or other combination thereof. In these

embodiments of the present invention, a bar may be between a trench and the device

identifier 4 or membrane 122 (or both), a trench may be between a bar and the device

identifier 4 or membrane 122 (or both), two bars may be between bondpads 11 and device

identifier 114 or membrane 22 (or both), two trenches may be between bondpads 12 and

device identifier 114 or membrane 122 (or both), or other arrangement may be employed. An

example is shown in the following figure.

[0057] Figure 2 is a top view of another pressure sensor according to an embodiment of the

present invention. In this example, a second blocking structure 216 is shown as being

between a first blocking structure 116 and bondpads 12. First blocking structure 116 may

be a trench while second blocking structure 216 may be a bar, first blocking structure 6

may be a bar while second blocking structure 216 may be a trench, both blocking structures

116 and 216 may be bars, both blocking structures 16 and 2 6 may be trenches, or they may



be other combinations of structures. Pressure sensor 200 shown here may be the same as or

similar to the other pressure sensors 100, 300, 400, 500, 600, 700, 1200, or 1300 shown

herein and in other embodiments of the present invention, with the addition of second

blocking structure 216.

[0058] In these and other embodiments of the present invention, one or more blocking

stmctures, such as bars and trenches, may be used and arranged in various patterns. The bar

or trench used as blocking structure 1 6 may form a complete or partial ring around

bondpads 12. A so, in these and other embodiments of the present invention, blocking

structure 116 may be used to protect other features on the pressure sensor, such as other

bondpads, membrane, other electrical components formed in or placed on the pressure sensor,

or other structure, or any combination of the above. In each of these examples, a second

blocking structure 216 may be employed as well. For example, either or both blocking

structures 16 and 216 may form complete or partial rings around bondpads 1 2 . Also, in

these and other embodiments of the present invention, either or both blocking stmctures 6

and 6 may be used to protect other features on the pressure sensor, such as other bondpads,

membrane, other electrical components formed in or placed on the pressure sensor, or other

structure, or any combination of the above. Either or both blocking stmctures 6 and 216

may be included in this or any of the other embodiments that are shown here or are otherwise

consistent with embodiments of the present invention.

[0059] To attach the wires to bondpads 1 2 , it may be useful to provide structures to hold

pressure sensor 100 in place in a fixture. An example of such a pressure sensor is shown in

the following figure.

[0060] Figure 3 is a top view of a pressure sensor according to an embodiment of the

present invention. As before, pressure sensor 300 may include base portion 10 and handle

portion 120. Base portion 110 may include bondpads 12. Handle portion 120 may include

membrane 122. A number of resistors or other components (not shown) may be formed in or

near membrane 122. These components may be used to form a Wheatstone bridge or other

circuit to detect or measure pressure, to process the detected or measured pressure, or for

other purposes.

[0061] Tabs 330 may extend laterally from sides of base portion 110. These tabs may be

used to hold pressure sensor 300 in one or more fixtures during one or more manufacturing

steps. These manufacturing steps may include the attachment of wires (not shown) to

bondpads 112. Tabs 330 may also be used to hold pressure sensor 300 in place during the

application of epoxy or other adhesive or potting material to bondpads 112 after the wires

have been attached. This may simplify manufacturing, thereby increasing yield and reducing



costs. As before, pressure sensor 300 may include one or more blocking structures, shown

here as blocking structure 16, to protect device identifier 114, membrane 122, or both.

[0062] Tabs 330 may be removed before use of the pressure sensor 300 in various ways.

For example, tabs 330 may be sawed or cut off pressure sensor 300. During this procedure,

pressure sensor 300 may be held in place using tape, such as UV release tape. In these and

other embodiments of the present invention, optional holes 332 may be located in tabs 330.

These holes 332 may be near or adjacent to the base portion 1 0 in pressure sensor 300.

Holes 332 may be formed by KOH etching, DRIE, laser etching, or other etching process.

Holes 332 may act as perforations allowing tabs 330 to be snapped off or otherwise removed

from the pressure sensor 300. In these and other embodiments of the present invention, tabs

330 may be removed by laser etching along sides of pressure sensor 300, either with or

without the presence of holes 332. Tabs 330 may be included in this or any of the other

embodiments that are shown here or are otherwise consistent with embodiments of the

present invention. Pressure sensor 300 shown here may be the same as or similar to the other

pressure sensors 100, 200, 400, 500, 600, 700, 1200, or 1300 shown herein and in other

embodiments of the present invention, with the addition of tabs 330 and holes 332.

[0063] In these and other embodiments of the present invention, it may be desirable that the

handle portion does not contact a housing in which the pressure sensor resides. Accordingly,

in an embodiment of the present invention, the handle portion may be thinned by having a

portion of its bottom side removed. An example is shown in the following figure.

[0064] Figure 4 is a side view of a pressure sensor according to an embodiment of the

present invention. As in the other examples, pressure sensor 400 may include base portion

110 and handle portion 120. A number of bondpads 112 may be located on a top surface of

base portion 10. Wires 450 may attach to bondpads 112 using wire bonding, soldering,

welding, or other technique. A membrane 122 may be formed in a top (or bottom) surface of

handle portion 120. A number of resistors or other components (not shown ) may be formed

on or near membrane 122. These components may be used to form a Wheatstone bridge or

other circuit to detect or measure pressure, to process the detected or measured pressure, or

for other purposes.

[0065] Pressure sensor 400 may be attached to housing 460 using adhesive layer 470,

which may be an epoxy or other potting material or adhesive. Again, it may be undesirable

for the handle portion 120 to contact the housing 460. Such contact could reduce the

sensitivity of pressure sensor 400 by effectively stiffening handle portion 120. Accordingly,

these and other embodiments of the present invention may provide a pressure sensor having a

thinned handle portion 120. In this example, a portion of material 424 has been removed



from an underside of handle portion 120, such that handle portion 120 is thinner than base

portion 110. This removal of material 424 may prevent handle portion 20 from contacting

housing 460 after pressure sensor 400 is installed in place. This removal may also prevent

epoxy or adhesive layer 470 or other potting material from migrating under thinner handle

portion 120. Such migration could again stiffen the thinner handle portion 120 leading to a

reduced sensitivity of pressure sensor components formed on membrane 122. Preventing this

migration may improve yields and decrease costs.

[0066] Blocking structures, such as blocking structures 6 and 2 16 shown i Figures 1

and 2, and tabs, such as tabs 330 shown in Figure 3, may be included in this and any of the

other embodiments that are shown here or are otherwise consistent with embodiments of the

present invention. For example, device identifier 4 may be placed between bondpads 2

and membrane 122, while one or more blocking structures, shown here as blocking structure

116, may be placed between bondpads 2 and device identifier 1 4 to protect device

identifier 14, membrane 122, or both. Tabs, such as tabs 330 in Figure 3 may be included,

and they may be detached in the same or similar manner. This and any of the other

embodiments that are shown here or are otherwise consistent with embodiments of the

present invention may be mounted on a housing and have material 424 removed in order to

achieve a thinned handle portion 120. Pressure sensor 400 shown here may be substantially

the same as similar to the other pressure sensors 100, 200, 300, 500, 600, 700, 1200, or 1300

shown herein or in other embodiments of the present invention.

[0067] In various embodim ents of the present invention, it may be difficult to attach wires

to bondpads given the small size of the pressure sensor. Accordingly, embodiments of the

present invention may stagger or use alternate bondpad configurations to facilitate the

bonding of wires to the bondpads. An example is shown in the following figure.

[0068] Figure 5 is a top view of a pressure sensor according to embodiments of the present

invention. As before, pressure sensor 500 may include a base portion 10 and handle portion

120. Base portion 110 may include bondpads 5 2 and 513, as well as device identifier 4

and blocking structure 116 . Bondpads 5 2 and 513 may be the same as or similar to

bondpads 112, and they may be bonded to and epoxied in a same or similar manner as

bondpads 12. Handle portion 120 may include membrane 122. A number of resistors or

other components (not shown) may be formed on or near membrane 22 . These components

may be used to form a Wheatstone bridge or other circuit to detect or measure pressure, to

process the detected or measured pressure, or for other purposes.

[0069] In this example, the bondpads may be staggered. That is, bondpads 512 and 513

may be located at different distances D l and D2 from a bottom edge 519 of the base portion



110 of pressure sensor 500 This may help to facilitate the attachment of wires to the

bondpads, thereby improving yield and reducing costs. For example, the wires may be routed

at an angle or in an orthogonal direction to the major axis of pressure sensor 500.

[0070] Blocking structures, such as blocking structures 6 and 6 shown in Figures 1

and 2, and tabs, such as tabs 330 shown in Figure 3, may be included in this and any of the

other embodiments that are shown here or are otherwise consistent with embodiments of the

present invention. Pressure sensor 500, as with pressure sensor 100, 200, 300, 400, 600, 700,

1200, or 1300, and other pressure sensors consistent with embodiments of the present

invention, may be mounted and thinned handle portion 120 may be formed as shown in

Figure 4 . Pressure sensor 500 shown here may be the same as or similar to the other pressure

sensors 00, 200, 300, 400, 600, 700, 1200, or 300 show herein and in other embodiments

of the present invention, with the variations in locations of bondpads 512 and 513.

[0071] In these and other embodiments of the present invention, these bondpads may be

staggered in different ways. An example is shown in the following figure.

[0072] Figure 6 is a top view of a pressure sensor according to an embodiment of the

present invention. As before, pressure sensor 600 may include base portion 110 and handle

portion 120. Base portion 110 may include bondpads 6 11, 612, and 613, as well as device

identifier 114 and blocking structure 6 . Bondpads 6 11, 612, and 613 may be the same as

or similar to bondpads 112, and they may be bonded to and epoxied in a same or similar

manner as bondpads 112. Handle portion 120 may include membrane 122. A number of

resistors or other components (not shown) may be formed on or near membrane 122. These

components may be used to form a Wheatstone bridge or other circuit to detect or measure

pressure, to process the detected or measured pressure, or for other purposes.

[0073] In this example, the bondpads may be staggered. That is, bondpads 6 11, 612, and

613 may be located at different distances D , D2, and D3 from a bottom edge 6 9 of the base

portion 110 of pressure sensor 600 This may help to facilitate the attachment of wires to the

bondpads, thereby improving yield and reducing costs.

[0074] Blocking structures, such as blocking structures 116 and 216 shown in Figures 1

and 2, and tabs, such as tabs 330 shown in Figure 3, may be included in this and any of the

other embodiments that are shown here or are otherwise consistent with embodiments of the

present invention. Pressure sensor 600, as with pressure sensor 100, 200, 300, 400, 500, 700,

1200, 1300, and other pressure sensors consistent with embodiments of the present invention,

may be mounted and thinned handle portion 120 may be formed as shown in Figure 4 .

Pressure sensor 600 shown here may be the same as or similar to the other pressure sensors



100, 200, 300, 400, 500, 700, 1200, or 1300 shown herein and in other embodiments of the

present invention, with the variations in locations of bondpads 6 , 612 and 613.

[0075] In these examples, three bondpads are shown on a pressure sensor. In these and

other embodiments of the present invention, a pressure sensor may have one, two, four, or

more than four bondpads. These bondpads may be arranged in one of the configurations

shown here, or in other configurations consistent with embodiments of the present invention.

[0076] Wires may be attached to these bondpads in order to form connections to between a

pressure sensor and associated devices. Accordingly, embodiments of the present invention

may provide pressure sensors and associated structures that may facilitate the use of

automated connection processes and tools. These and other embodiments of the present

invention may provide structures for aligning interconnect wires to pressure sensor bondpads

in order to facilitate the use of automated processes and tools.

[0077] Again, these pressure sensors may be too small to use in traditional semiconductor

assembly tools for wire bonding or flip-chip assembly Thus, in various embodiments of the

present invention, individual wires may be soldered or welded to the bondpads of the

pressure sensor. To facilitate the use of automated processes and tools, embodiments of the

present invention may provide structures that align wires to bondpads of a pressure sensor.

[0078] In these and other illustrative embodiments of the present invention, multiple wires

may be joined together in a coplanar arrangement, where the spacings of the wires may match

a spacing of the bondpads. This may be achieved using various alignment structures in these

and other embodiments of the present invention. For example, the alignment structures may

include a wire comb, spacers, wire insulation layer or jacket layers, or other alignment

structures or combination thereof. Examples of these alignment structures are shown in the

following figures.

[0079] Figure 7 illustrates a pressure sensor system including a wire comb for aligning

wires to bondpads of a pressure sensor according to an embodiment of the present invention.

Pressure sensor system 702 may include pressure sensor 700, wires 7 0, and wire comb 720.

Pressure sensor 700, as with pressure sensor 100, 200, 300, 400, 500, 600,1200, 1300, and

other pressure sensors consistent with embodiments of the present invention, may be

mounted and thinned handle portion 120 may be formed as shown in Figure 4 Pressure

sensor 700 shown here may be the same as or similar to the other pressure sensors 00, 200,

300, 400, 500, 600, 1200, or 1300 shown herein and in other embodiments of the present

invention.

[0080] Wires 710 may be bare wires or they may be insulated along a portion of their

length. Wires 7 0 may be inserted into slots along a top, bottom, or side (or combination



thereof) of wire comb 720. In these and other embodiments of the present invention, wires

710 may be inserted through passages in wire comb 720.

[0081] Slots or passages 722 may be spaced to match a spacing of bondpads 2 of

pressure sensor 700. More specifically, wires 710 may have the same pitch as bondpads 112.

That is, wires 710 may be simultaneously aligned with centers of bondpads 112. In these and

the other included example, wires 710 may have a same or similar length, thought the lengths

may vary to account for staggered bondpads as shown in Figures 5 and 6 above. The slots or

passages 722 may further match a topology of a surface of pressure sensor 700 where

bondpads 12 are located. Typically this topology may be planar and wires 710 may be in a

coplanar arrangement, but other topologies are possible. Wire comb 720 may hold wires 710

in place with this spacing to facilitate the use of automated processes and tools in attaching

wires 710 to bondpads 1 2 . Due to size constraints, wire comb 720 may be separate from

and not attached directly to pressure sensor 700, though wire comb 720 may be attached

indirectly through wires 710 to pressure sensor 700. In these and other embodiments of the

present invention, wire comb 720 may be attached directly to pressure sensor 700, for

example by epoxy or other potting material placed over bondpads 12. Wire comb 720 may

be formed of plastic, metal, or other nonconductive or conductive material.

[0082] Figure 8 illustrates a pressure sensor system including spacers for aligning wires to

bondpads of a pressure sensor according to an embodim ent of the present invention. Pressure

sensor system 802 may include pressure sensor 700, wires 710, and spacers 820. Wires 7 0

may be bare wires or they may be insulated along a portion of their length. In this example,

wires 710 are insulated by insulation layers 8 0. Spacers 820 may be between insulation

layers 810 of wires 710, or they may be between and partially or fully around insulation

layers 8 0 of wires 7 0 .

[0083] Spacers 820 may hold wires 7 0 in a configuration to match a spacing of bondpads

1 2 of pressure sensor 700. More specifically, wires 710 may have the same pitch as

bondpads 12. That is, wires 710 may be simultaneously aligned with centers of bondpads

12. n these and the other included example, wires 710 may have a same or similar length,

thought the lengths may van,' to account for staggered bondpads as shown in Figures 5 and 6

above. Spacers 820 may also hold wires 710 to match a topology of a surface of pressure

sensor 700 where bondpads 1 are located. Typically this topology may be planar and wires

710 may be in a coplanar arrangement, but other topologies are possible. Spacers 820 may

hold wires 710 in place with this spacing to facilitate the use of automated processes and

tools in attaching wires 710 to bondpads 12. Due to size constraints, spacers 820 may be

separate from and not attached directly to pressure sensor 700, though spacers 820 may be



attached indirectly through wires 710 to pressure sensor 700. Spacers 820 may be formed of

plastic, metal, or other nonconductive or conductive material. In these and other

embodiments of the present invention, spacers 820 may be attached directly to pressure

sensor 700, for example by epoxy or other potting material placed over bondpads 2 .

Spacers 820 may be formed of plastic, metal, or other nonconductive or conductive material.

[0084] Figure 9 illustrates a pressure sensor system including wires having a modified

insulation layer for aligning wires to bondpads of the pressure sensor according to an

embodiment of the present invention. Pressure sensor system 902 may include pressure

sensor 700, wires 710, and insulation layers 910, which may be modified as insulation layers

920. Wires 710 may be insulated by insulation layers (or jackets) 910 along a portion of their

length. Insulation layers 910 may be modified as insulation layers 920 such that wires 710

may be placed adjacent to each other to match a spacing of bondpads 1 2 of pressure sensor

700. That is, the insulation layer around wires 710 may be thickened, thinned, flattened or

otherwise modified. In this example, insulation layer 910 may be thickened or flattened to

become a wider (at least in the illustrated plane) insulation layer 920. Wires 710 may be

fixed to each other with this spacing to facilitate the use of automated processes and tools in

attaching wires 710 to bondpads 2 . For example, wires 710 may be heated and rolled such

that insulation layer 920 of wires 710 bond to insulation layer 920 of adjacent wires 710.

Wires 710 may be fixed to each other either by gluing or melting together insulation layer

surrounding each wire 710.

[0085] Insulation layers 920 may hold wires 710 in a configuration to match a spacing of

bondpads 2 of pressure sensor 700. More specifically, wires 710 may have the same pitch

as bondpads 12. That is, wires 710 may be simultaneously aligned with centers of bondpads

2 . In these and the other included example, wires 710 may have a same or similar length,

thought the lengths may van,' to account for staggered bondpads as shown in Figures 5 and 6

above. Wires 710 may also be arranged to match a topology of a surface of pressure sensor

700 where bondpads 2 are located. Typically this topology may be planar and wires 710

may be in a coplanar arrangement, but other topologies are possible. Due to size constraints,

insulation layer 920 around wires 710 may be separate from and may not typically be

attached directly to pressure sensor 700. In these and other embodiments of the present

invention, insulation layer 920 may be attached directly to pressure sensor 700, for example

by epoxy or other potting material placed over bondpads 112. In these and other

embodiments of the present invention, the insulation layer or layers 920 may be formed of

plastic, polymers, or other material, and may be formed by extrusion or other process.



[0086] Figure 10 illustrates a pressure sensor system including wires having an insulation

layer that is formed such that adjacent wires are aligned with bondpads of the pressure sensor

according to an embodiment of the present invention. Pressure sensor system 1002 may

include pressure sensor 700, wires 710, and insulation layers 1010. Wires 710 may be

insulated along a portion of their length. Insulation layer 1010 may be formed around each

wire such that wires 710 may be placed adjacent to each other and have a resulting spacing

that matches a spacing of bondpads 112 of pressure sensor 700. That is, insulation layer 1010

around wires 7 0 may be the thickness that is needed to provide a spacing between wires 710

that matches a spacing between bondpads 12. Wires 7 0 may be fixed to each other with

this spacing to facilitate the use of automated processes and tools in attaching wires 710 to

bondpads 112. For example, wires 710 may be heated and rolled such that the insulation

layer of wires 710 bond to the insulation layer of adjacent wires.

[0087] Again, insulation layers 1010 may hold wires 710 in a configuration to match a

spacing of bondpads 112 of pressure sensor 700. More specifically, wires 710 may have the

same pitch as bondpads 2 That is, wires 710 may be simultaneously aligned with centers

of bondpads 112. In these and the other included example, wires 710 may have a same or

similar length, thought the lengths may vary to account for staggered bondpads as shown in

Figures 5 and 6 above. Wires 710 may also be arranged to match a topology of a surface of

pressure sensor 700 where bondpads 112 are located. Typically this topology may be planar

and wires 7 0 may be in a coplanar arrangement, but other topologies are possible. Due to

size constraints, insulation layer 1010 around wires 710 may be separate from and may not

typically be attached directly to pressure sensor 700. In these and other embodiments of the

present invention, insulation layer 0 0 may be attached directly to pressure sensor 700, for

example by epoxy or other potting material placed over bondpads 2 . In these and other

embodiments of the present invention, the insulation layer or layers 1010 may be formed of

plastic, polymers, or other material, and may be formed by extrusion or other process.

[0088] Figure illustrates a pressure sensor system including a plurality of wires having a

common insulation layer that is formed for aligning wires to bondpads of the pressure sensor

according to an embodiment of the present invention. Pressure sensor system 102 may

include pressure sensor 700, wires 710, and common insulation layer 110. Wires 710 may

be insulated along a portion of their length by a common insulation layer 1110. For example,

wires 7 0 may be placed such that they have a spacing that matches a spacing of bondpads

112. Common insulation layer 1 0 may then be formed around wires 710. Common

insulation layer 1110 may fi wires 710 to each other with this spacing to further facilitate the

use of automated equipment.



[0089] Again, common insulation layer 1110 may hold wires 710 in a configuration to

match a spacing of bondpads 2 of pressure sensor 700. More specifically, wires 710 may

have the same pitch as bondpads 112. That is, wires 710 may be simultaneously aligned with

centers of bondpads 12. n these and the other included example, wires 710 may have a

same or similar length, thought the lengths may vary to account for staggered bondpads as

shown in Figures 5 and 6 above. Wires 710 may a so be arranged to match a topology of a

surface of pressure sensor 700 where bondpads 112 are located. Typically this topology may

be planar and wires 710 may be in a coplanar arrangement, but other topologies are possible.

Due to size constraints, common insulation layer 0 around wires 710 may be separate

from and may not typically be attached directly to pressure sensor 700. In these and other

embodiments of the present invention, insulation layer 0 may be attached directly to

pressure sensor 700, for example by epoxy or other potting material placed over bondpads

1 2 . In these and other embodiments of the present invention, the insulation layer or layers

1110 may be formed of plastic, polymers, or other material, and may be formed by extrusion

or other process

[0090] Automated processes and tools may be employed to electrically and physically join

wires 710 to pressure sensor 700 bondpads. First, the insulation layer may be stripped from

wires 710, which may be done with a laser or lasers, but may also be accomplished with heat,

chemical, or mechanical means, for example by chemical etching. The exposed conductors

of wires 710 may then be cut, preferably without damaging or bending wires 7 0, or

otherwise destroying the spacing required for automated assembly. Lasers cutting may be

used for this purpose.

[0091] The now-i solated wire tips can now be aligned with bondpads 112 of pressure

sensor 700 Various methods may be employed to electrically and physically join wires 710

to bondpads 112. For example, bondpads 112 may be coated with a solder during wafer

manufacture. The die may then be heated to melt the solder, and then wires 7 0 may be

brought into contact with the molten solder. Once this has been achieved the heat source mav

be removed, allowing the solder to cool and harden onto the wire 710. Wires 710 may be

attached one at a time, two or more at a time, or all wires may be attached in a single

operation

[0092 ] These and other embodiments of the present invenetion may use compression

bonding to attach wires 710 to bondpads 112. In these and other embodiments of the present

invention, two closely-spaced electrodes may be brought into contact with wire 710. A

current may be passed from one electrode through wire 710 and to the second electrode. The

electrodes may pressed down on wire 710, and the combination of heat and pressure may



weld wires 710 to bondpads 1 2 In these and other embodimenst of the present invetnion,

during compression bonding, no current is passed through wire 710. Instead, current is

passed through a highly-resistive region between the two electrodes, resulting in heat

generation. The electrodes are pressed down on wire 7 0, and the combination of heat and

pressure may weld wires 710 to bondpads 12. Wires 710 may be attached one at a time, two

or more at a time, or all wires may be attached in a single operation.

[0093] These and other embodiments of the present invenetion may instead rely on heat

and pressure applied to wires 710. The sensors may be placed o a hotplate or the heat may

be applied from above wires 710 as wires 710 are pressed onto bondpads 1 2 . Wires 710

may be attached one at a time, two or more at a time, or all wires may be attached in a single

operation.

[0094] To electrically isolate bondpads 112 from one another, these and other embodiments

of the present invention may cover bondpads 12 of pressure sensor 700, along with wires

7 0 that are soldered or otherwise attached to them, with an insulating material such as

epoxy, adhesive, sealant, potting material or substance or the like. In addition to providing

electrical insulation layer, this may provide mechanical protection of the delicate solder

bonds during assembly, shipping and operation. This material ma be dispensed in liquid

form and then cured by heat, exposure to humidity, UV irradiation or similar techniques.

Unfortunately, the flow of the epoxy or other sealant may be difficult to control, and the

techniques described above may be employed.

[0095] These and other embodiments of the present invention may provide pressure sensors

that may be used in various applications. For example, they may be used in catheters, biopsy

equipment, or other medical applications and other types of applications. In some of these

applications, a pressure sensor may be exposed to light, such as from an endoscope. In some

embodiments of the present invention, this may be desirable (or ignorable) and it may not be

necessary to take preventive measures. In other embodiments of the present invention, the

presence of light may shift or alter pressure sensor readings in an undesirable manner. For

example, light may change characteristics of p-n junctions of resistors, transistors, or other

components on or near the pressure sensor membrane. This may alter measures resistance

values or other parameters of the components, thereby skewing the resulting pressure

readings in an undesirable manner.

[0096] Accordingly, embodiments of the present invention may provide structures for

blocking light for all or some of the components on a pressure sensor. For example, a

pressure sensor may be placed in an opaque package or housing. In these and other

embodiments of the present invention, a layer of metal or other material may be formed over



some or all of a number of components on or near a membrane of the pressure sensor. This

layer may be gold, copper, aluminum or other material. This layer may be attached to

pressure sensor 700 using a material with an adhesive quality, such as tantalum, titanium-

tungsten, titanium, chromium, or other metal or other material. That is, the layer may be over

an adhesion layer of tantalum, titanium-tungsten, titanium, chromium, or other metal or other

material. The material for the layer, as well as the adhesion layer, may be chosen for its

softness or other property such that its presence has a minimized effect on characteristics of

the pressure sensor. These layers may be formed by physical vapor deposition (PVD),

plating, sputtering, or other process. In these and other embodiments of the present

invention, one or more layers of a pressure sensor may be altered or modified, or additional

layers may be added, such that they reduce or block light. For example, antireflective

coatings, such as buried antireflective coatings, may be used to block light from reaching the

p-n junctions of the pressure sensor components.

[0097] In these and other embodiments of the present invention, the layer of metal over the

membrane may form a light shield to block light from reaching components on the

membrane. This light shield may be protected by encapsulation with epoxy or other material.

But since the pressure sensor may be inserted in a human body, it may be desirable to reduce

its size. Accordingly, embodiments of the present invention may leave the light shield

exposed and not encapsulated with epoxy or other substances. In these and other

embodiments of the present invention, a thin protective layer, as opposed to a full

encapsulation, may be applied over shield.

[0098] Since the light shield may be exposed and not encapsulated, it may come into direct

contact with human body tissue during its use. Accordingly, the ligh shield may be left

electrically floating and not connected to ground or other voltage potential. This may help to

prevent the formation of electrical pathways through the human body and pressure sensor. It

may also prevent reduced battery life from electrical leakage pathways in battery-powered

devices.

[0099] It may also be desirable to be able to track a temperature of the pressure sensor's

environment. Unfortunately, there may not be sufficient area to place temperature sensing

circuitry on the pressure sensor. Instead, measurements of resistors on the membrane may be

made. Temperature changes may cause each resistor on the membrane to change in the same

way. This is in contrast to changes in pressure, which may cause each resistors to change

differently. Accordingly, these two effects may be separated to track temperature and

pressure independently. Calibration and testing routines may be done during or after

manufacturing to generate data tables and formulae that may be used to translate resistance

JL.ii



changes to pressure and temperature variations. An example of a pressure sensor with such a

light shield s shown in the following figure.

[0100] Figure 12 illustrates a pressure sensor system including a light-reducing or blocking

structure on a pressure sensor according to an embodiment of the present invention. In this

example, pressure sensor system 1202 may include pressure sensor 1200, wires 710, and

insulating layers 0 10 Pressure sensor 1200, as with pressure sensor 100, 200, 300, 400,

500, 600, 700, 1300, and other pressure sensors consistent with embodiments of the present

invention, may be mounted and thinned handle portion 120 may be formed as shown in

Figure 4 . Pressure sensor 1200 shown here may be the same as or similar to the other

pressure sensors 100, 200, 300, 400, 500, 600, 700, or 1300 shown herein and in other

pressure sensors consistent with embodiments of the present invention.

[0101] Pressure sensor 1200 may include base portion 110 and handle portion 120. Base

portion 0 may include a number of bondpads 112. Handle portion 120 may include

membrane 122. One or more components 1210 may be located on or near (for example, on

an edge of) membrane 122 Components 1210 may be resistors, transistors, or other passive

or active components. In this example, light shield 1220 formed of a layer of metal or other

material may be formed over some or all of a number of components 1210 on or near

membrane 122 of pressure sensor 1200. Light shield 1220 may be gold, copper, aluminum or

other material. This light shield 1220 may be attached to pressure sensor 1200 using a

material with an adhesive quality, such as tantalum, titanium-tungsten, titanium, chromium,

or other metal or other material. That is, light shield 1220 may be over an adhesion layer of

tantalum, titanium-tungsten, titanium, chromium, or other metal or other material. The

material for the light shield, as wel as the adhesion layer, may be chosen for its softness or

other property such that its presence has a minimized effect on characteristics of components

1210 of pressure sensor 1200. Light shield 1220, and its adhesive layer if present, may be

formed by physical vapor deposition (PVD), plating, sputtering, or other process. In these

and other embodiments of the present invention, one or more other layers (not shown) of

pressure sensor 1200 may be altered or modified, or additional layers may be added, such that

they reduce or block light. For example, antireflective coatings, such as buried antireflective

coatings, may be used to block light from reaching the p-n junctions of the pressure sensor

components 1210.

[0102] In these and other embodiments of the present invention, light shield 1220 may be

protected by encapsulation with epoxy or other material (not shown.) But since pressure

sensor system 1202 may be inserted in a human body, it may be desirable to reduce its size.

Accordingly, embodiments of the present invention may leave light shield 220 exposed and



not encapsulated with epoxy or other substances. In these and other embodiments of the

present invention, a thin protective layer (not shown), as opposed to a full encapsulation, may

be applied over shield.

[0103] Since light shield 1220 may be exposed and not encapsulated, it may come into

direct contact with human body tissue during its use. Accordingly, light shield 1220 may be

left electrically disconnected or floating and not connected to ground or other voltage

potential. This may help to prevent the formation of electrical pathways through the human

body and pressure sensor 1200. It may a so prevent reduced battery life from electrical

leakage pathways in battery-powered devices.

[0 04] It may also be desirable to be able to track a temperature of the pressure sensor' s

environment. Unfortunately, there may not be sufficient area to place temperature sensing

circuitry on the pressure sensor 1200. Instead, measurements of resistors on the membrane

may be made. Temperature changes may cause each resistor or other component 1210 on

membrane 122 to change in the same way. This is in contrast to changes in pressure, which

may cause each resistor or other components 10 to change differently. Accordingly, these

two effects may be separated to track temperature and pressure independently. Calibration

and testing routines may be done during or after manufacturing to generate data tables and

formulae that may be used to translate resistance changes to pressure and temperature

variations.

[0105] As shown in Figure 1, pressure sensor 1200 may include device identifier 4 and

blocking structure 116. As shown in Figure 10, wires 710 may be insulated by insulating

layers 1010. Insulating layers 1010 may have a thickness such that when the insulating layers

are adjacent, wires 710 align with bondpads 112 on pressure sensor 1200.

[0106] The wires and bondpads in these pressure sensor systems may be arranged

symmetrically in a lateral direction. This may result in the wires being attached to the

bondpads in a reversed or mirrored configuration during assembly. This error in attachment

may necessitate reworking of the pressure sensor system and may even result in yield loss.

Accordingly, embodiments of the present invention may provide alignment structures that are

asymmetrical. For example, where wires are held in a wire comb, the slots or openings in the

wire comb may be unevenly spaced in a lateral direction. The bondpads on the pressure

sensor may also be unevenly spaced in the lateral direction. In other embodiments of the

present invention, spacers may provide different spacings. In still other embodim ents of the

present invention, wires may have mismatched widths for their insulation layers. In these

embodiments, it should be noted that the wires may no be coplanar due to the mismatched



insulation layer widths. An example employing spacers of different widths is shown in the

following figure.

[0107] Figure 13 illustrates a pressure sensor system having laterally staggered bondpads

according to an embodiment of the present invention. In this example, pressure sensor

system 1302 may include pressure sensor 1300, wires 710 having insulating layers 810.

Pressure sensor 1300, as with pressure sensor 100, 200, 300, 400, 500, 600, 700, 1200, and

other pressure sensors consistent with embodiments of the present invention, may be

mounted and thinned handle portion 120 may be formed as shown in Figure 4 Pressure

sensor 1300 shown here may be the same as or similar to the other pressure sensors 100, 200,

300, 400, 500, 600, 700, or 1200 shown herein and in other pressure sensors consistent with

embodiments of the present invention.

[0108] Pressure sensor 1300 may include base portion 110 and handle portion 120. Base

portion 0 may include a number of bondpads 1320, 1322, and 1324. Bondpads 1320,

1322, and 1324 may be unevenly spaced. For example, bondpad 1320, which may be a

ground pad in various embodiments of the present invention, may be spaced to one side. This

may give a unique position to each of the other bondpads 1322 and 1324, which may be

resistor pads in various embodiments of the present invention. To compensate for the uneven

bondpad spacing, spacer 13 0 may be wider than spacer 1312. That is, a first spacer 13 10

that is between a first wire and a second wire may be thicker than a second spacer 13 12 that

is between the second wire and a third wire. The wider spacer 13 0 may align wires 710 to

bondpads 1320, 1322, and 1324 when wires 710 are properly oriented. When wires 710 are

flipped or reversed, the wider spacer 1310 may misalign wires 710 to bondpads 1320, 1322,

and 1324 making the reversal of wires 710 more obvious. This may avoid confusion when

wires 710 are attached to pressure sensor 1300 and makes a reversed or mirrored attachment

less likely.

[0109] As shown in Figure 1, pressure sensor 1300 may include device identifier 114 and

blocking structure 16. As shown in Figure 12, handle portion 120 may include membrane

122. One or more components 1210 may be located on or near (for example, on an edge of)

membrane 122. Components 1210 may be resistors, transistors, or other passive or active

components. In this example, a light shield 1220 of metal or other material may be formed

over some or all of a number of components 1210 on or near membrane 122 of pressure

sensor 1300 in order to block light. Light shield 1220 may be formed of gold, copper,

aluminum or other material. This light shield 220 may be attached to the pressure sensor

1300 using a material with an adhesive quality, such as tantalum, titanium-tungsten, titanium,



chromium, or other metal or other material. That is, light shield 1220 may be over a layer of

tantalum, titanium-tungsten, titanium, chromium, or other metal or other material.

[0110] The above description of embodiments of the invention has been presented for the

purposes of illustration and description. It is not intended to be exhaustive or to limit the

invention to the precise form described, and many modifications and variations are possible

in light of the teaching above. The embodiments were chosen and descri bed in order to best

explain the principles of the invention and its practical applications to thereby enable others

skilled in the art to best utilize the invention in various embodiments and with various

modifications as are suited to the particular use contemplated. Thus, it will be appreciated

that the invention is intended to cover all modifications and equivalents within the scope of

the following claims.



WHAT IS CLAIMED IS:

1 . A pressure sensor system comprising:

a pressure sensor having a plurality of coplanar bondpads;

a plurality of wires, each having an exposed portion on at least one end of the

wire;

an alignment structure to align the plurality of wires such that a spacing

between the exposed portions matches a spacing between the plurality of bondpads, the

alignment structure separate from the pressure sensor;

a physical and electrical connection between a pressure sensor bondpad in the

plurality of bondpads and an exposed portion of a wire in the plurality of wires; and

an encapsulation material over the connected pressure sensor bondpad and

exposed portion of a wire, the encapsulation material providing electrical and environmental

isolation of each bondpad and wire from other bondpads and wires.

2 The pressure sensor system of claim 1 wherein the physical and

electrical connection between the exposed portion of the wire and the bondpad additionally

comprises a solder material.

3 . The pressure sensor system of claim 1 wherein the physical and

electrical connection between the exposed portion of the wire and the bondpad additionally

comprises one or more flattened, welded areas of the exposed portion of the wire above the

bondpad

4 . The pressure sensor system of claim 1wherein the alignment structure

comprises a wire comb to ensure that the spacing between the wires matches the spacing

between the plurality of bondpads.

5 . The pressure sensor system of claim 1 wherein the alignment structure

comprises spacers between the wires to ensure that the spacing between the wires matches the

spaci ng between the plurality of bondpads.

6 . The pressure sensor system of claim 5 wherein the plurality of

bondpads are unevenly spaced and a w th of a spacer between a first wire and a second wire

is different than a width of a spacer between the second wire and a third wire to compensate.



7 . The pressure sensor system of claim 1 wherein the alignment structure

comprises insulation layers surrounding each wire with a thickness to ensure that the spacing

between the wires matches the spacing between the plurality of bondpads.

8 . The pressure sensor system of claim 1 wherein the alignment structure

comprises insulation layer surrounding the plurality of wires, where the wires are positioned

to ensure that the spacing between the wires matches the spacing between the plurality of

bondpads.

9 . The pressure sensor system of claim 1 wherein the exposed portion of

the wire comprises a conductive metal coated with a layer of solder.

0 . The pressure sensor system of claim 1 wherein the wires have exposed

portions that are exposed by laser ablation.

11. The pressure sensor system of claim 1 wherein the wires have exposed

portions that are cut with laser cutting.

12. The pressure sensor system of claim 1 wherein the encapsulating

material is cured with ultraviolet radiation.

13. The pressure sensor system of claim 1 wherein the encapsulating

material is cured with heat.

14. The pressure sensor system of claim 1 wherein the encapsulating

material is cured with exposure to moisture.

5 . A pressure sensor system comprising:

a pressure sensor having a plurality of coplanar bondpads;

a plurality of wires, each having an exposed portion on at least one end of the

wire;

an alignment structure to align the plurality of wires such that a spacing

between the exposed portions matches a spacing between the plurality of bondpads, the

alignment structure separate from the pressure sensor;

a physical and electrical connection between a pressure sensor bondpad in the

plurality of bondpads and an exposed portion of a wire in the plurality of wires;

a membrane;

a component on or near the membrane; and



a light-reducing layer over the component.

6 . The pressure sensor system of claim 5 wherein the light-reducing

layer is formed of a gold layer over a layer comprising one of tantalum, titanium -tungsten, or

titanium.

17. The pressure sensor system of claim 16 wherein the component is a

resistor

18. The pressure sensor system of claim 17 wherein the alignment

structure comprises a wire comb to ensure that the spacing between the wires matches the

spacing between the plurality of bondpads.

19 . The pressure sensor system of claim 17 wherein the alignment

structure comprises spacers between the wires to ensure that the spacing between the wires

matches the spacing between the plurality of bondpads.

20. The pressure sensor system of claim 19 wherein the alignment

structure comprises insulation layers surrounding each wire with a thickness to ensure that

the spacing between the wires matches the spacing between the plurality of bondpads.

21. The pressure sensor system of claim 19 wherein the alignment

structure comprises insulation layer surrounding the plurality of wires, where the wires are

positioned to ensure that the spacing between the wires matches the spacing between the

plurality of bondpads

22. A pressure sensor system comprising:

a pressure sensor comprising:

a membrane;

a plurality of components on the membrane;

a plurality of bondpads on the pressure sensor, the plurality of

bondpads having a first spacing between each other; and

a light shield over the plurality of components on the membrane.

23. The pressure sensor system of claim 22 wherein the light shield is

electrically floating.

24. The pressure sensor system of claim 22 wherein the light shield is

electrically disconnected from the pressure sensor system.



25. The pressure sensor system of claim 23 further comprising:

a plurality of wires, each wire attached to a corresponding one of the plurality

of bondpads; and

an alignment structure to space the plurality of wires such that they have the

first spacing between each other

26. The pressure sensor system of claim 25 wherein the alignment

structure is separate from the pressure sensor.

27. The pressure sensor system of claim 26 wherein the alignment

stmcture is comprises insulation layers around each of the plurality of wires.

28. The pressure sensor system of claim 26 wherein the alignment

structure is comprises an insulation layer around each of the plurality of wires.

29. The pressure sensor system of claim 25 further comprising a blocking

structure between the bondpads and the membrane.

30. The pressure sensor system of claim 29 wherein the blocking structure

comprises a trench.
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