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MEMS PRESSURE SENSORS WITH INTEGRATED BAFFLES

APPLICATION

(66811 This application is based upon and claims priority to US patent
application number 14/101,207, entitled "MEMS Pressure Sensors with
integrated Baffles,” filed December 8, 2013, atiorney docket number 086400-
(0203 (MKS-0234U8). and US provisional patent application 61/817,713,
entitled “integrated Baffle for a MEMS Sensor,” filed Aprii 30, 2013, altorney
dockst number 088400-0187(MKS-0234PR). The entire content of this

application is incorporated hersin by reference.
BACKGROUND

TECHNICAL FIELD

[6882]  This disclosure relates {0 pressure sensors for measuring the
pressure of a gas or liquid, to baffles that may be used o reduce sediment
deposits on the pressure sensors, and {o microelectromechanical systems
(MEMS).

DESCRIPTION OF RELATED ART

16003] A pressure sensor can be used to measure the pressure of a gas or
Hguid.

[6004] Prolonged exposure of the pressure sensor (o the gas or liguid can
result in the deposition of sediments on the pressure sensor. These
sediments can adversely affect the accuracy of measurements made by the
DYESSUNS Sensor.

160805] A baffle may be placed belween the pressure sensor and the gas or
liquid whose pressure is 10 be measured to healp reduce the amount of
sediment that is deposited on the pressure sensor. However, the baffle can

significantly increase the effeclive distance between pressure sensor and the
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gas or liguid and, as a conseguence, the response time of the pressure

sensor io changes in this pressure.

SUMMARY

[G6008] A pressure sensor sysiem may sense the pressure of g gas or
Hguid. The system may include a housing that has an entry port for the gas or
liquid; a pressure sensor within the housing; and a baffie positioned between
the entry port and the pressure sensor. The baffle may have one or more
inlets oriented 1o receive gas or liquid that enters the entry pori; ong or more
outlets orented o deliver the received gas or lquid o the pressure sensor;
and one or more sealed flow channels that prevent the gas or liguid from
escaping from the baffle, other than through the one or more outlets. One or
more of the outleis may be located within no more than one millimeter of a

location on the pressure sensor,

(606071  The pressure sensor may include a flexible diaphragm within the
housing and a sensing system that senses changes in the diaphragm caused

by changes in the pressure of the gas or Hquid.

[60608] The baffle may have fealures that are less than 100 micrometers in
length; conformal layers; and one or more layers of silicon, polysilicon, silicon
oxide, silicon nitride, alumina, sapphire, nickel, or nickel alloy.

(66081  The baffle may have multiple layers, sach with at least one hole
through it.

8018} The sealed flow channels may force the gas or liquid to change
directions while traveling through the baffle.

[6811] The baffle may have a layer and the sealed flow channels may
force the gas or liguid to fravel through the layer in opposite directions.
[8812] The sealed flow channels may require all portions of the gas or

Hguid to make one or more turns as they fravel from the inleis to the outlets

that have a turning radius of no more than fifty micrometers.
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[8013] The sealed flow channels may have an electric field through which
the gas or liquid must pass when a voltage potential is applied to the baffle.
[0014]  Alleast a portion of the sealed flow channels may be coated with
an impurity-absorbing material.

[6615] The pressure sensor system may generate an electric fisld between
the baffle and the pressure sensor when a voltage potential is applied

between the baffle and pressure sensor.

[6818] A process for making a product that includes a baffle may include
depositing, patfering, etching, wafer bonding, and/or wafer thinning a series of
lavers in a manner that creates a baflle that has one or more inlets for
receiving a gas or liquid, one or more outlets for delivering the received gas or
Hguid, and one or more sealed flow channels for the gas or liquid 1o travel

from the inlets to the cutlets.

[6817]  The product may be a pressure sensor system and one of the
tayers that is produced by the deposiling, pattering, eiching, wafer bonding,
and/or wafer thinning may be a flexible diaphragm that is spaced from the
baffle.

i8818] The process may include computing a separation disiance bebween
the baffle and the diaphragm; and deposiling, patiering, elching, wafer
bonding, and/or wafer thinning a series of layers in @ manner that causes the
baffle and the diaphragm (o be separated by substantially the computed

separation distancs.

[68148] The process may include computing a length and cross-sectional
area of the sealed flow channel that collectively cause the pressure sensor to
have a desired response time {o changes in the pressure of the gas or liquid;
and depositing, patlering, etching, wafer bonding, and/or wafer thinning a
series of layers in a manner that causes the baffie {0 have the compuied

tength and cross-sectional area.
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[8020] One of the layers that is produced by the depositing, patiering,
etching, water bonding, and/or water thinning may be an electrode that is

spaced from he diaphragm and that is not part of the bafile.

[60821] These, as well as other components, steps, features, objscls,
benefits, and advantagss, will now becoms clear from a review of the
following detailed description of illustrative embodiments, the accompanying

drawings, and the claims.

BRIEF DESCRIPTION OF DRAWINGS

(66221 The drawings are of illustrative embodiments. They do not Hllustrate
all embodiments. Other embodimenis may be used in addition or instead.
Details that may be apparent or unnecessary may be omitted to save space
or for more effective illustration. Some embodiments may be practiced with
additional components or steps and/or without all of the componenis or steps
that are illustrated. When the same numeral appears in different drawings, it

refers 1o the same or like components or steps.

160623] Fic. 1illusirates a cross-sectional view of an example of a pressure
sensor system that includes a pressure sensor and an inlegraled baffle, both
made by depositing, pattering, etching, wafer bonding, and/or wafer thinning a
serigs of layers on a common substrate using microelectromechanical
systems (MEMS) technology.

[0024] Fiss, 2A-21 illustrates cross-sectional views of examples of different
MEMS baffles, any ong of which may be used as the baffle illustrated in Fic.
1.

[6825] Fuss. 3A-3D illusirate perspective views of examples of different
MEMS baffles, any ong of which may be used as the baffle illustrated in Fic.
1.

[6028] Fuss. 4A-4F llustrate an example of a process for making an

example of a pressure sensor system that includes a pressure sensor and a
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haffle by depositing, pattering, and/or elching a serigs of layers on a common

substrate using microelectromechanical systems (MEMS) technology.

DETAILED DESCRIPTION OF [LLUSTRATIVE EMBODIMENTS

(06271  llustrative embodiments are now described. Other embodiments
may be used in addition or instead. Details that may be apparent or
unnecessary may be omitled o save space or for a more effective
preseniation. Some embodiments may be praciiced with additional
componenis or steps and/or without all of the components or sieps that are

described.

[0028] Fic. 1illusirales a cross-sactional view of an example of a pressure
sensor systemn that includes a pressure sensor and an integrated baffle, both
made by depositing, pattering, etching, wafer bonding, and/or wafer thinning a
series of layers on a common substrate using microelectromechanical
systemns (MEMS) technology.

[6628] The pressure sensor may be of any type. For exampls, the
pressure sensor may include a flaxible diaphragm 101, a pressure reference
cavity 103, and slectrodes 105 and 107.

[6638] The baffie may be of any typs and is generally indicated as a baffls
108, Various examples of such a haffle are fllustrated in Fics, 2A-21, Fies.
3A-3D, and in FiGs. 4A—4F and discussed below.

[6631] The pressure or gas may enier an entry port 111, pass through the
bafiie 109, and then travel {o a wet side of the flexible diaphragm 101. The
pressure in the pressure reference cavily 103 may be constant, thereby
causing the flexible diaphragm 101 to deflect when the pressure of gas or
liquid to be measured is different than the pressure in the pressure reference
cavily 103. The direction of the deflection may depend on whether the
prassure of the gas or liguid to be measured is grealer or less than the

pressure in the pressure reference cavity 103.
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[6832] The flexible diaphragm 101, the pressure reference cavity 103, and
the slectrodes 105 and 107 may cooperate to form a capacitor whose
capaciiance varies as the fiexible diaphragm 101 flexes in response {0
changes in the pressure of the gas or liquid, Cther technigues may be used to
measure flexing of the flexible diaphragm 101 in addition or instead, including

plezoresistive, plezoelectric, or resonant technigues.

(88337 The bafile 108 may be monolithically constructed very close to the
surface of the flexible diaphragm 101, such as within no more than one
millimeter, a half miilimeter, or a quarter millimeter. This may minimize the
volume of a cavity 113 between the baffle 109 and the flexible diaphragm 101
and hence the response time of the pressure sensor system to changes in the

pressure of the gas or figuid.

[6634] The baffie 109 may be fabricaled at the same lime as the
componenis of the pressure sensor by depositing, pattering, elching, wafer
bonding, and/or wafer thinning a series of layers on a common subsirate 115
using microelectromechanical systems (MEMS) technology. The substrate
may be of any type, such as silicon, glass, or sapphire. The baffle 108 may be
physically connectad and monolithically constructed without requiring
assembly.

[60635] The baffle 108 may be made of any material, such as silicon,
polysilicon, silicon oxide, silicon nitride, alumina, sapphire, nickel, or nickel
alloy, stainless sigel, AN, TiN, and/or ceramic.

[60638] The baffie 108 may be conductive.
[60837] The baffie 108 may be sealed such that the gas or liguid may only

flow through one or more sealed flow channels between the one or more
inlets 117 and the one or more cutlets 119,

[6038] The baffie 108 may have features that are less than 100
micrometers in length and may be mads in conformal layers.

[6038] The baffle 108 may have mulliple layers with at least ons hole in

each layer,
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[6048] One or more sealed flow channels may be provided within the baffle
108. These sealed flow channels may require the gas or liquid 1o changs
directions one or more times when traveling from the one or more inlets 117
to the one or more outiets 119, The flow channels may require the gas or
Houid to travel in different directions that are all paraliel, perpendicular, and/or
at any other angle with respect to the flow path from the one or more inlets
117 to the one or more outlets 119, The flow channels may require the gas or
tiquid to travel in multiple directions through a single layer of the baffle 100
and/or in multiple directions between two neighboring layers. When changing

directions, the turning radius may be no more than #ifty micrometers.

(88417  The pressure sensor system may have a configuration that
generales an electric field when a voltage potential is applied. This slectric
ficld may be between the baffle 108 and pressure sensor, such as between
the baffle 109 and the flexible diaphragm 101, and/or within all or any portion
of the sealed channsis within the baffle 108. The sealed flow channels may
have one or more aleclric fields through which alf of the gas or liguid must

pass when a voitage potential is applied 1o the baffle.

168421  An impurity-absorbing material may be positioned within the
pressure sensor sysiem, such as within the cavity 113, to absorb impurities in
the gas or liquid. The impurity-absorbing material may be coated on one or
more of the layers or on any portion thereof,

(08431 Fiss. 2A-2l liustrates cross-sectional views of examples of different
MEMS baffles 20142011, respectively, any one of which may be used as the
baffie 109 illusirated in Fie. 1. Any of these MEMS baffies 201A-201 may in
addition or insiead be used in a pressure sensor system that is different from
the one illustrated in Fie. 1.

[0044] Each of the MEMS baffles 201A-201G thal are lllustrated in Figs.
28-2G may be formed on the same wafer as the pressure sensor, as
Hlustrated in Fia. 1. Figs. 2H and 21 illustrate MEMS baffles 201H and 2011,

respeciively, that may each be formed on a separate wafer and aftached o a

-7 -
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pressure sensor waler. The embodiments shown in Figs. 2A-2G may also be

formed on a separate wafer.

[0045]  Arrows wilhin each of Fics. 2A-2I Hllusirate example flow pathways
that the gas or liguid may travel when traveling through the flow channels in
the illustrated baffle. The direction of travel is reversed from what is shown in
Fic.1. It goes from the top of each figure 1o a flexible diaphragm 203A-203},

respeciively, at the bottom of each figure.

[6048] Fics. 3A-3D illustrate perspective views of examples of different
MEMS baffles, any one of which may be used as the baffie iHustraled in Fie.
1. Again, arrows within each of the figures illustrate exampile flow pathways
that the gas or liquid may travel when traveling through the flow channels in
the llustrated bafile.

180477 Each baffle may have multiple layers that may be arranged to have

individually controlled electric potentials.

80487 Each baffle may be electrically isolated from the flexible diaphragm
so that it does not induce an glectrosialic pressure or a parasilic capacitive
load on the flexibie diaphragm.
160848] The baffie layers may be energized in such a way as o
electrostatically caplure impurities in the gas or liquid that might otherwise
deposit on the flexibie diaphragm.
(808587 The voitage on a bafile that is directly adjacent 1o the flexible
diaphragm may be adjusted o adjust the zero point of the flexible diaphragm.
[60851] Fies. 4A-4F jllusirate an example of a process for making an
aexample of a pressure sensor system that includes a pressure sensor and a
baffle by deposiiing, pattering, and/or elching a series of layers on a common
subsirate using microelectromechanical systems (MEMS) technology.
(88527 The process may begin with a laver defining a silicon diaphragm
401, a sacrificial layer 403, and a structural layer 405 sandwich struclure, as
Hiustrated in Fic. 4A. The siructural layer 405 may be any depositable thin-film
material that can withstand the etching process that removes the sacrificial
-8
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taver 403, such as polysilicon. The structural layer 405 may be patterned and
then covered by a second sacrificial layer 407, as illustrated in Fic. 4B. The
second sacrificial laver 407 may be selectively efched such that the efch slops
on the first siructural layer 4058, as iliustrated in FiG. 4C. A second polysilicon
laver 408 may then be deposited, as illustrated in FiG. 4D, and then pattermned
with flow channels and release holes, as illustrated in Fie. 4E. All of the
sacrificial layers may then be removed. The completed baffle may then be

suspended on fop of a flexible diaphragm, as llustrated in Fie. 4F.

[6833] The process may include computing a desired separation distancs
between the baffle and the diaphragm. The deposiling, pattering, elching,
wafer bonding, and/or wafer thinning a series of layers may be dong in a
manner that causes the baffle and the diaphragm to be separated by

substantially the compuled separation distance.

[6854] The process may include computing a length and cross-sectional
area of the sealed flow channsl that collectively cause the pressure sensor {o
have a desired response time 1o changes in the pressure of the gas or liguid.
The depositing, patlering, etching, wafer bonding, and/or wafer thinning a
serigs of layers may be done in a manner that causes the baffle {¢ have the

computed length and cross-sectional area.

[60655] The pressure sensor sysiems that have been described may be
used in any application, such as in semiconducior deposition processes, such
as CVD reaction systems. In such systems, baffles may be provided and an
integrated baffle/sensor assembly may significantly improve the long term
stability of the sensor, while maximizing response times.

[8056]  The components, steps, fealures, objects, benefits, and advantages
that have been discussed are merely iHustrative. None of them, nor the
discussions relating fo them, are intended o limit the scope of protection in
any way. Numerous other embodimenis are also contemplated. These include

ambodiments that have fewer, additional, and/or different components, steps,
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features, objecis, bengfils, and advantages. These also include embodiments

in which the components and/or steps are arranged and/or ordered differently.

[0057]  Unless otherwise sialed, all measurements, values, ratings,
positions, magnitudes, sizes, and cther specificaiions that are set forth in this
specification, including in the claims that follow, are approximate, not exact.
They are intended {o have a reasonable range that is consistent with the
functions to which they relate and with what is customary in the art to which

they pertain.

[0G58] Al articles, patents, patent applications, and other publications that

have been cited in this disclosure are incorporated herein by reference.

[0858] The phrase “‘means for’ when used in a claim is intended to and
should be interpreted t© embrace the corresponding structures and materials
that have been described and their equivalenis. Similarly, the phrase “step
for’ when usad in a ¢laim is intended to and should be interpreted o embrace
the corresponding acts that have been described and their equivalents. The
absence of these phrases from a claim means that the claim is not intended o
and should not be interpreled 1o be Himited 1o these corresponding struciures,

materials, or acts, or to their equivalents.

[6668] The scope of protection is limited solely by the claims that now
follow. That scope is intended and should be interpreted fo be as broad as is
consistent with the ordinary meaning of the language that is used in the
claims when interpreted in light of this specification and the prosecution
history that follows, except where specific meanings have been sst forth, and

o encompass all structural and functional equivalents.

160661] Relational terms such as "first” and "second” and the like may be
used solely o distinguish one entity or action from ancther, without
necessarily reguiring or implying any aciual relationship or order between
them. The terms “comprises,” "comprising,” and any other variation thergof
when used in conneclion with a list of elements in the specification or ¢laims

are intended to indicale that the list is not exclusive and thal cther slements

- 40 -
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may be included. Similarly, an element preceded by an “a” or an “an” does
not, without further constiraints, precludes the existence of additional elements

of the identical type.

[60862] None of the claims are intended 1o embrace subject matter that Tails
to satisty the requirement of Sections 101, 102, or 103 of the Patent Act, nor
should they be interpreted in such a way. Any unintended coverage of such
subject matter is hereby disclaimed. Except as just stated in this paragraph,
nothing that has been stated or illustrated is intended or should be interpreted
to cause a dedication of any component, siep, fealure, object, benefif,
advaniage, or equivalent {o the public, regardiess of whether itis oris not

recited in the claims.

[6663] The abstractis provided to help the reader quickly ascertain the
nature of the technical disclosure. i is submitted with the understanding that it
will not be used 1o interpret or Hmit the scope or meaning of the claims. In
addition, various features in the foregoing detailed description are grouped
together in various embodiments to sireamline the disclosure. This method of
disciosure should not be interpreted as requiring claimed embodiments {o
require more features than are expressly raecited in gach claim. Rather, as the
following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus, the following claims are hereby
incorporated into the detailed description, with each claim sianding on its own

as separately claimed subject matter.
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CLAIMS

1. A pressure sensor system for sensing the pressure of a gas or liquid comprising:
a housing having an entry port for the gas or liquid;
a pressure sensor within the housing; and '
a baffle that has multiple layers and is positioned between the entry port and the
pressure sensor, the baffle having: o
one or more inlets oriented to receive gas or liquid that enters the entry
port;
one or more outlets oriented to deliver the received gas or liquid to
pressure sensor; and
a plurality of sealed flow channels passing through one or more apertures
in each of the multiple layers and connecting the one or more inlets to the o'ne or
more outlets and that prevent the gas or liquid from escaping from the baffle,
other than through the one or more outlets,
wherein the one or more outlets are located within no more than one

millimeter of a respective location on a flexible diaphragm of the pressure sensor.

2. The pressure sensor system of claim 1 wherein the pressure sensor includes:
the flexible diaphragm within the housing; and
a sensing system having a configuration that senses changes in the diaphragm

caused by changes in the pressure of the gas or liquid.

3. The pressure sensor system of claim 1 wherein the baffle has:
features that are less than 100 micrometers in length;
conformal layers; and
one or more layers of silicon, polysilicon, silicon oxide, silicon nitride, alumina,

sapphire, nickel, or nickel alloy.

4. The pressure sensor system of claim 1 wherein the baffle has multiple layers,

each with at least one hole through it.

5. The pressure sensor system of claim 1 wherein the sealed flow channels force

the gas or liquid to change directions while traveling through the baffle.

-12-



6. The pressure sensor system of claim 4 wherein the baffle has a layer and the
sealed flow channels force the gas or liquid to travel through the layer in opposite

directions.

7. The pressure sensor system of claim 1 wherein the sealed flow channels include
one or more turns as they travel from the inlets to the outlets, wherein each of the turns

has a turning radius of no more than fifty micrometers.

8. The pressure sensor system of claim 1 wherein at least a portion of the sealed

flow channels are coated with an impurity-absorbing material.

9. The pressure sensor system of claim 1 wherein the pressure sensor has a
configuration that generates an electric field between the baffle and the pressure sensor

when a voltage potential is applied between the baffle and pressure sensor.

10. A process for making a product that includes a baffle that has multiple layers, the
process comprising:
depositing, pattering, etching, wafer bonding, or wafer thinning a series of layers
in a manner that creates a baffle that has multiple layers and that has:
one or more inlets for receiving a gas or liquid, wherein the one or more
inlets are,
one or more outlets for delivering the received gas or liquid; and
a plurality of sealed flow channels passing through one or more apertures
in each of the multiple layers and configured to permit the gas or liquid to travel

from the inlets to the outlets.

11. The process of claim 10 wherein the baffle includes:
features that are less than 100 micrometers in length;
conformal layers; and
one or more layers of silicon, polysilicon, silicon oxide, silicon nitride, alumina,

sapphire, nickel, or nickel alloy.

-13-



12. The process of claim 10 wherein the sealed flow channels include one or more
turns as they travel from the inlets to the outlets, wherein each of the turns has a turning

radius of no more than fifty micrometers.

13. The process of claim 10 further comprising coating at least a portion of the baffle

with an impurity-absorbing material.

14. The process of claim 10 wherein the product is a pressure sensor system and
wherein one of the layers that is produced by the depositing, pattering, etching, wafer

bonding, or wafer thinning is a flexible diaphragm that is spaced from the baffle.

15. The process of claim 14 wherein at least one of the outlets of the baffle is spaced

no more than one millimeter from a location on the diaphragm.

16. The process of claim 14 further comprising:
computing a separation distance between the baffle and the diaphragm; and
depositing, pattering, etching, wafer bonding, or wafer thinning a series of layers
in a manner that causes the baffle and the diaphragm to be separated by substantially

the computed separation distance.

17. The process of claim 14 further comprising:

computing a length and cross-sectional area of the sealed flow channel that
collectively cause the pressure sensor to have a desired response time to changes in
the pressure of the gas or liquid; and

depositing, pattering, etching, wafer bonding, or wafer thinning a series of layers

in a manner that causes the baffle to have the computed length and cross-sectional area.

18.  The process of claim 14 wherein one of the layers that is produced by the
depositing, pattering, etching, wafer bonding, or wafer thinning is an electrode that is

spaced from the diaphragm and that is not part of the baffle.
19. A product that includes a baffle that has multiple layers, the baffle having:

one or more inlets oriented to receive a gas or liquid;

one or more outlets oriented to deliver received gas or liquid;

-14-



a plurality of sealed flow channels passing through one or more apertures in each
of the multiple layers, wherein the plurality of sealed flow channels prevent the gas or
liquid from escaping from the baffle other than through the one or more outlets, wherein
the sealed flow channels include one or more turns as they travel from the inlets to the
outlets, wherein the turns have a turning radius of no more than one hundred
micrometers;

features that are less than one hundred microns in length;

conformal layers; and

one or more layers of silicon, polysilicon, silicon oxide, silicon nitride, alumina,

sapphire, nickel, or nickel alloy.

20.  The product of claim 19 wherein the sealed flow channels have a configuration
that generates an electric field through which the gas or liquid must pass when a voltage

potential is applied to the baffle.

21. The product of claim 19 wherein the product is a pressure sensor system for
sensing the pressure of a gas or liquid and the product further comprises:

a housing having an entry port for the gas or liquid;

a flexible diaphragm within the housing; and

a sensing system having a configuration that senses changes in the diaphragm
caused by changes in the pressure of the gas or liquid, wherein the baffle is positioned

between the entry port and the flexible diaphragm.

22.  The product of claim 21 wherein the pressure sensor has a configuration that
generates an electric field between the baffle and the diaphragm when a voltage

potential is applied between the baffle and the diaphragm.

23. A baffle comprising:

a plurality of layers physically connected together;

one or more inlets oriented to receive a gas or liquid;

one or more outlets oriented to deliver received gas or liquid; and

one or more sealed flow channels passing through one or more apertures in each
of the multiple layers, wherein the one or more sealed flow channels permit the gas or

liquid to travel from the inlets to the outlets, the sealed flow channels including one or
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more turns as they travel from the inlets to the outlets, wherein each of the turns has a

turning radius of no more than one hundred micrometers.

24.  The baffle of claim 23 wherein the turning radius is no more than fifty

micrometers.

25. The baffle of claim 23 wherein each of the sealed flow channels has a
configuration that generates an electric field through which the gas or liquid must pass

when a voltage potential is applied to the baffle.

26. The pressure sensor system of claim 1 wherein the baffle is electrically isolated

from the diaphragm.

27.  The pressure sensor system of claim 1 wherein the baffle layers are configured to

be energized so as to electrostatically capture gas species.

28. The pressure sensor system of claim 1 wherein the system is configured to use a
voltage on the baffle, directly adjacent the diaphragm, to adjust a zero point of the

diaphragm.

29. The pressure sensor system of claim 1 wherein the one or more apertures in
each of the multiple layers of the baffle are offset with respect to the one or more

apertures in each adjacent layer of the baffle.
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