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(57) Abstract: A pressure sensor device with a MEMS piezoresistive pres-
sure sensing element attached to an in-circuit ceramic board comprises a
monolithic ceramic circuit board formed by firing multiple layers of ceram-
ic together. The bottom side of the circuit board has a cavity, which extends
through layers of material from the ceramic circuit board is formed. A
ceramic diaphragm, which is one of the layers, has a peripheral edge. The
diaphragm's thickness enables the diaphragm bounded by the edge to de-
flect responsive to applied pressure. A MEMS piezoresistive pressure sens-
ing element attached to the top side of the ceramic circuit board generates
an output signal responsive to deflection of the ceramic diaphragm. A con-
duit carrying a pressurized fluid can be attached directly to the ceramic cir-
cuit board using a seal on the bottom of the ceramic circuit board, which
surrounds the opening of the cavity through the bottom.
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Pressure Sensor Device with a MEMS Piezoresistive Element Attached to an

In-Circuit Ceramic Board

Background

[0001] FIG. 1 is a cross-sectional diagram of a prior art pressure sensor
device 100. A metal port 102 has an exterior surface 104, threaded 106 to allow the

port 102 to be attached to an orifice carrying a pressurized fluid.

[0002] A cavity 108 extends upwardly through the port 102 and is “closed” at
a top side 116 by a thinned area or portion 110, above which is a conventional
MEMS silicon pressure sensing element 112. Prior art MEMS silicon pressure
sensing elements are disclosed in U.S. patent 6,427,539 entitled, “Strain gauge,”
U.S. patent 8,302,483 entitled, “Robust design of high pressure sensor device,” and
U.S. patent 8,171,800 entitled, “Differential pressure sensor using dual backside
absolute pressure sensing,” to name a few, the contents of which are incorporated

herein by reference.

[0003] The thinned portion 110 has a thickness that is about 0.3 mm to about
0.4 mm. It acts as a diaphragm, deflecting upwardly and downwardly responsive to

changes in the pressure of a fluid in the cavity 108.

[0004] The thinned portion 110 is generally planar. The cavity 108 below the
thinned portion 110 is preferably a tube or tubular and encircles or encloses a
perimeter 114, which is provided with a radius where the wall defining the tubular

cavity 108 meets the thinned portion 110 to reduce stress concentrations..

[0005] The MEMS silicon pressure sensing element 112 is essentially
centered above the perimeter 114. The MEMS silicon pressure sensing element 112
is attached to the top 116 of the port 102 by a glass frit 118. The glass frit 118
bonds or attaches the MEMS pressure sensing element 112 to the top surface 116
such that deflection of the thinned area 110 causes the MEMS silicon pressure

sensing element to change its size and shape. When the size and shape of the
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piezoresistors embedded in the sensing element 112 changes, their resistance
values also change, causing an output voltage from the sensing element 112 to
change proportionately to the deflection of the thinned area 110.

[0006] The port 102 is surrounded by a plastic spacer 120, on top of which is a
conventional printed circuit board (PCB) 122. The PCB 122 is attached to the
spacer 120 by an adhesive 124. The PCB 122 supports an application-specific
integrated circuit (ASIC) 130.

[0007] On the left side of FIG. 1, the spacer 120 and PCB 122 support a chip
capacitor 126, which is attached to the PCB 122 by an electrically conductive
adhesive 127. Thin bond wires 128 extend between the MEMS pressure sensing
element 112 and the ASIC 130. Similarly, a second set of bond wires 132 extend
between the ASIC 130 and bond pads 134 on the top surface of the PCB 122.
[0008] The metal from which the port 102 is made and the material from
which the PCB 122 is made, have significantly different coefficients of thermal
expansion. (CTE). The coefficients of thermal expansion of the glass frit 118 and
MEMS pressure sensing element 112 are also significantly different from the
coefficient of thermal expansion for the metal port 102. The mismatches between
the CTEs create thermally-induced stresses and voltage noise. In addition to
thermally-induced stresses and voltage noise, a threaded connection is difficult to
seal hermetically. Reducing or eliminating the mismatch between coefficients of
thermal expansions and simplifying the packaging would be an improvement over

the prior art.
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Brief Description of the Figures

[0009] FIG. 11is a cross-section of a prior art pressure sensing device;

[0010] FIG. 2A is a cross-section of a first embodiment of a pressure sensor

device with a MEMS piezoresistive element attached to an in-circuit ceramic board;
[0011] FIG. 2B is a top view of the pressure sensor device shown in FIG. 2A;

[0012] FIG. 3A is a cross-section of a second embodiment of a pressure sensor

device with a MEMS piezoresistive element attached to an in-circuit ceramic board;
[0013] FIG. 3B is a top view of the pressure sensor device shown in FIG. 3A;

[0014] FIG. 4A is a topside perspective view of the pressure sensor device

shown in FIG. 3A and 3B;

[0015] FIG. 4B is a backside perspective view of the pressure sensor device

shown in FIG. 3A and 3B;

[0016] FIG. 5 depicts the pressure sensor device of FIGS. 2A and 2B attached

to a conduit carrying a pressurized fluid;

[0017] FIG. 6 is a cross-sectional view of the pressure sensor device shown in
FIG. 5; and

[0018] FIG. 7 1is a bottom view of the pressure sensor device shown in FIG. 3A
and 3B.
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Detailed Description

[0019] FIG. 2A is a cross-sectional view of a pressure sensor device 200, with
a MEMS piezoresistive element attached to an in-circuit ceramic circuit board 202.
FIG. 2B is a top view of the same pressure sensor device 200.

[0020] The pressure sensor device 200 comprises the ceramic circuit board
202 having a top side 204 and a bottom side 206. As can be seen in FIG. 2A, a
cavity 208 in the bottom side 206 extends “upwardly” to a thinned area or region
210. The location and boundary of the cavity 208 in the ceramic circuit board 202,
and the cross-sectional shape of the cavity 208 is demarcated in FIG. 2B by a circle
drawn by dashed lines identified by reference numeral 211, which also identify the
perimeter or periphery of the thinned area 210.

[0021] The thinned area 210 deflects responsive to pressure changes in the
cavity 208 and thus behaves as a diaphragm. The thinned area 210 is therefore
considered herein to be a diaphragm 210.

[0022] The cavity 208 is essentially a tube that is open on one end, i.e., at the
bottom side 206 of the ceramic circuit board 202, and which extends part way
through the ceramic circuit board 202 to the thinned area 210. The diaphragm 210
of the embodiment shown in FIG. 2A and 2B is thus circular or substantially
circular. The perimeter or peripheral edge of the diaphragm 210 is best seen in
FIG. 2B and is identified by reference numeral 211.

[0023] Pressure is applied to the bottom side 213 of the diaphragm 210 by
fluid provided into the cavity 208 by a conduit shown in cross section in FIG. 5,
which causes the diaphragm 210 to deflect. Deflections of the diaphragm 210 cause
a MEMS silicon pressure sensing element 218, attached to the top side 204 of the
ceramic circuit board 202 by a glass frit 220 and located above the perimeter 211, to
change an output voltage responsive to diaphragm deflection. The MEMS pressure
sensing element 218 is substantially centered over the perimeter 211 of the

diaphragm 210.
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[0024] An application-specific integrated circuit (ASIC) 221 is attached to the
top side 204 of the ceramic circuit board 202 by an adhesive 222, either a soft mount
or a hard mount. The ASIC 220 communicates with the MEMS element 218, 1.e.,
sends electrical signals to and receives electrical signals from the MEMS element
218, through bond wires 224.

[0025] Signals to and from the ASIC 221 are filtered by capacitors 226
attached to conductive bond pads 228A-228C by an electrically conductive adhesive
(ECA) or solder 230. The capacitors 226 are thus electrically coupled to the ASIC
221. Bond wires 225 electrically interconnect the ASIC 221 to the bond pads 228A-C
and connect the ASIC 221 to the capacitors 226 for electromagnetic control (EMC).
[0026] FIGURE. 3A is a cross-sectional view of a second embodiment of a
pressure sensor device 300 with a MEMS piezoresistive element 312 attached to an
in-circuit ceramic board 304. FIG. 3B is a top view of the pressure sensor device
300.

[0027] The device 300 shown in FIG. 3A and 3B differs from the embodiment
shown in FIG. 2A and 2B by the location of filter capacitors. In FIG. 3A and 3B,
filter capacitors 302 are located inside the ceramic circuit board 304 rather than on
an exterior surface as shown in FIGS. 2A and 2B. In addition to the location of the
filter capacitors, the cross-sectional shape of the cavity 308 of the pressure sensor
device 200 shown in FIG. 3A and 3B is square instead of circular.

[0028] A substantially square-shaped seal 330 in FIG. 3A, preferably made of
tungsten or molybdenum for high temperature co-fired ceramic (HTCC) can also be
made of gold, silver or aluminum for low temperature co-fired ceramic (LTCC). The
seal 330 is screen-printed onto the bottom side 306 of the ceramic circuit board 304
completely around the substantially square-shaped opening into the cavity 308.
The square metal seal 330 can be soldered on a metal port for hermetic sealing.
[0029] As explained below, the cavity 308 and the square seal 330 are sized,
shaped and arranged to receive a conduit that carries a pressurized fluid. An
adhesive, such as solder, placed between the square seal 330 and such a conduit

acts as a sealant. The square seal 330 is thus considered to be a hermetic soldered
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seal, which is a device that prevents pressurized fluid or fuel leakage. Pressurized
fluid can thus be provided into the cavity 308, which will cause a thinned area 310,
i.e., an area at “top” of the cavity referred to herein as a diaphragm, to deflect.
Deflection of the diaphragm 310 thus causes a MEMS pressure sensing element 312
to produce an output voltage, which changes in magnitude responsive to deflection
of the diaphragm 310.

[0030] As can be seen in FIG. 4A, internal capacitors 302 are actually
embedded in the ceramic circuit board 304. The internal capacitors 302 are
attached to conductive traces 324 that are connected to conductive vias 314, which
extend downwardly from the top surface 316 of the ceramic circuit board 304 where
the conductive vias are connected to bond pads 318. As can be seen in FIG. 3A,
flexible bond wires 320 extend between an application-specific integrated circuit
(ASIC) 322 on the top surface 316 and the bond pads 318. Bond wires 340
electrically interconnect the MEMS 312 to the ASIC 322.

[0031] On the left side of FIG. 4A, the cavity 308 is shown extending from the
bottom surface 326 of the ceramic circuit board 304. The bottom surface 326 or
“backside” of the ceramic circuit board 304 is depicted in FIG. 4B. Together, FIG.
4A and 4B depict how the internal capacitors 302 are connected to the conductive
traces 324, conductive vias 314 and the bond pads 318 on the top surface 316, which
provide connections for input voltage, ground, and output voltage. The embodiment
of the pressure sensor device 300 shown in FIGS. 3A and 3B additionally differs
from the embodiment shown in FIGS. 2A and 2B by the location of the ASIC 322.

In FIG. 3A and 3B, the ASIC 322 is located on the top surface 316 such that at least
a portion of the ASIC is inside a perimeter 311 of the diaphragm 310 whereas in
FIGS. 2A and 2B, the ASIC is outside the perimeter of the diaphragm.

[0032] The ceramic circuit board in FIG. 2A and 2B and the ceramic circuit
board shown in 3A and 3B are both formed from several thin layers of ceramic. The
layers of ceramic that are stacked on top of each other are omitted from FIGS. 2A
and 2B for clarity but are clearly identified in FIG. 3A by reference numerals 328A-
F. In embodiments of the sensors shown in FIGS, 2A, 2B, 3A and 3B, a monolithic

6
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ceramic circuit board is formed from multiple layers of a low temperature co-fired
ceramic (LTCC). In other embodiments, the monolithic ceramic circuit board is
formed from multiple layers of high temperature co-fired ceramic (HTCC).

[0033] As can be seen in FIG. 3A, lower layers 328B-F have openings in
them, square or circular, which when stacked on top of each other form the cavities
described above. The top layer 328A, however, does not have an opening and thus
comprises the diaphragms described above.

[0034] Regardless of whether the ceramic is a low temperature or high
temperature fired ceramic, and regardless of the shape of the openings in the layers,
the multiple layers of ceramic material are heated to a temperature at which the
various layers fuse together and become a single monolithic ceramic layer. In the
embodiment shown in FIG. 3A and 3B, the internal capacitors 302 are embedded
within an opening of one or more layers 328.

[0035] FIG. 5 shows the attachment of the pressure sensor device 200 shown
in FIG. 2A and 2B to a conduit 600, configured to carry a pressurized fluid 602.
Since the pressure sensor device 200 has a circular cavity 208, the conduit 600 has a
substantially circular protrusion 608 inside the cavity 208 opening from the bottom
side 206 of the ceramic circuit board 202.

[0036] A conduit port 604, which extends into the cavity 208 of the pressure
sensor device 200, carries pressurized fluid 602 into the cavity 208 and against the
ceramic diaphragm 210. The metal ring 240 located in either a recess formed in the
or on the surface of the bottom side 206 of the ceramic circuit board 202 is sealed
and bonded to the port 604 by either an adhesive or solder 610. Additionally,
metallization areas 242 on the perimeter of ceramic circuit board 202 allow solder
612 for attachment to metal conduit 600 for additional support.

[0037] FIG. 6, a plan view 6-6 of the pressure sensor device 200 shown in FIG
5, taken through section lines 6-6. FIG. 6 thus shows the metal ring 240, the
metallization areas 242, the solders 610 and 612, the circular protrusion 608, and

portion of the backside 213 of the diaphragm 210. The cavity 208 of the first
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embodiment 200 is surrounded by the metal ring 240. Since the cross-section of the
cavity 208 is circular, the cavity 208 is considered to be a cylinder or tube.

[0038] The embodiment shown in FIG. 3A and 3B has a cavity 308 with a
cross-section that is square or substantially square. The seal 330 around the
cavity’s opening 308 in the bottom side 306 of the ceramic circuit board 304 is thus
picture frame-shaped, substantially as shown in FIG. 7.

[0039] The prior art shown in FIG. 1 attaches a MEMS piezoresistive
pressure sensing element made of silicon onto a metal port, which creates higher
thermal mismatch between the silicon and the metal. Unlike prior art pressure
sensor devices, the pressure sensor devices shown in FIGs. 2A and 2B and FIGs. 3A
and 3B attach a MEMS piezoresistive pressure sensing element onto a ceramic
circuit board, which has lower thermal mismatch between the silicon and the
ceramic. In addition to the performance improvement, the invention simplifies the
packaging by integrating a metal port and a conventional printed circuit board
(PCB) in the prior art into a single in-circuit ceramic board. The packaging size is
thus further reduced.

[0040] The foregoing description is for purposes of illustration only. The true

scope of the invention is set forth in the following claims.
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What is claimed is:

1. A pressure sensor device comprising:

a ceramic circuit board having a top side and a bottom side, the bottom
side having a cavity, which extends through the ceramic circuit board to a
ceramic diaphragm having a peripheral edge, the ceramic diaphragm having
a thickness selected to enable the ceramic diaphragm to deflect responsive to
an applied pressure;

a MEMS piezoresistive pressure sensing element attached to the top
side and substantially centered over the ceramic diaphragm peripheral edge,
the MEMS piezoresistive pressure sensing element configured to generate an

output signal responsive to deflection of the ceramic diaphragm.

2. The pressure sensor device of claim 1, further comprising a metal seal
coupled to the bottom side of the ceramic circuit board and surrounding the
cavity where the cavity meets the bottom side.

3. The pressure sensor device of claim 1, further comprising an integrated
circuit attached to the top side of the ceramic circuit board and located
outside the perimeter of the diaphragm.

4. The pressure sensor device of claim 1, further comprising an integrated
circuit attached to the top side of the ceramic circuit board and located
whereby at least part of the integrated circuit is within the perimeter of the
diaphragm.

5. The pressure sensor device of claim 1, further comprising an adhesive
between the MEMS piezoresistive pressure element and the top side of the

ceramic circuit board.

6. The pressure sensor device of claim 1, wherein the ceramic circuit board

further comprises at least one capacitor, which is internal to the ceramic
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circuit board, between the top and bottom surfaces, the at least one capacitor

being electrically coupled to the integrated circuit.

7. The pressure sensor device of claim 1, further comprising at least one
capacitor attached to the top surface, the at least one capacitor being

electrically coupled to the integrated circuit.

8. The pressure sensor device of claim 1, wherein the ceramic circuit board
comprises a monolithic ceramic layer, formed from a first plurality of layers

of low-temperature co-fired ceramics.

9. The pressure sensor device of claim 1, wherein the ceramic circuit board
comprises a monolithic ceramic layer, formed from a first plurality of layers

of high-temperature co-fired ceramics.

10. The pressure sensor device of claim 1, further comprising a plurality of bond

pads on the top side of the ceramic circuit board.

11. The pressure sensor device of claim 1, further comprising a conduit,
configured to carry a pressurized fluid, the conduit having a port, which
extends into the ceramic cavity and applies a pressurized fluid against the

diaphragm.

12. The pressure sensor device of claim 11, wherein the conduit is metal.

13.The pressure sensor device of claim 11, further comprising an adhesive seal

between the port and the cavity.

14. The pressure sensor device of claim 13, wherein the adhesive seal is a solder.
15. The pressure sensor device of claim 1, wherein the ceramic diaphragm is

circular.

10
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16.The pressure sensor device of claim 1, wherein the ceramic diaphragm is

rectangular.

11
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