w0 2019/133646 A1 |0 0000 000000 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
04 July 2019 (04.07.2019)

(10) International Publication Number

WO 2019/133646 Al

WIPO I PCT

(51) International Patent Classification:
HO04R 19/04 (2006.01) HO4R 3/00 (2006.01)
HO4R 29/00 (2006.01) HO4R 17/02 (2006.01)
HO4R 19/00 (2006.01)

(21) International Application Number:
PCT/US2018/067572

(22) International Filing Date:
26 December 2018 (26.12.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

62/610,798 27 December 2017 (27.12.2017) US

(71) Applicant: KNOWLES ELECTRONICS, LLC
[US/US]; 1151 Maplewood Drive, Itasca, Illinois 60143
USs).

Inventors: LOEPPERT, Peter; c/o Knowles Electronics,
LLC, 1151 Maplewood Drive, Itasca, Illinois 60143 (US).
CHANDRASEKARAN, Venkataraman, c/o Knowles
Electronics, LLC, 1151 Maplewood Drive, Itasca, [llinois
60143 (US). FURST, Claus; Nordhejen 7, Himmelev,
DK-4000 Roskilde (DK). BARRY, Daryl; c/o Knowles
Electronics, LLC, 1151 Maplewood Drive, Itasca, [llinois
60143 (US). PEDERSEN, Michael; c/o Knowles Electron-
ics, LLC, 1151 Maplewood Drive, Itasca, Illinois 60143
(US). BADILLO, Dean; c/o Knowles Electronics, LLC,
1151 Maplewood Drive, Itasca, I1linois 60143 (US).

(72)

(74) Agent: BELDEN, Brett P. ¢t al.; Foley & Lardner LLP,
3000 K Street NW, Suite 600, Washington, District of Co-

lumbia 20007 (US).
@81

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: TRANSDUCER ASSEMBLY FAULT DETECTION

108
100

108 oy

(57) Abstract: A micro-electromechanical system (MEMS)
transducer assembly includes a transducer including a condenser
microphone, an integrated circuit electrically connected to the
transducer to receive an output voltage from the transducer,
wherein the integrated circuit comprises a test signal generator
configured to induce a test acoustic response in the transducer,
and an evaluation circuit configured to compare the test acoustic
response to a baseline acoustic response to identify a fault in the
transducer.



WO 2019/133646 PCT/US2018/067572

TRANSDUCER ASSEMBLY FAULT DETECTION
CROSS-REFERENCE TO RELATED APPLICATION

[3001] The present application claims priority to UK. Provisional Patent Application No.
62/610,798, filed December 27, 2017, the contents of which are incorporated herein by

reference in their entirety.
TECHNICAL FIELD

{3602} The present disclosure relates generally to transducer assemblies and more
particularly to fault detection m transducer assemblies, for exampie, in MEMS microphone

assemblies, and methods therefor.
BACKGROUND

16603] In systems including an mtegrated microphone, it may be difficult to determine
whether a system fault is attributable to the microphone or to some other component of the
system:. Such systems include for example wireless communication handsets, laptop
computers, and smart speakers among other devices. These and other systems may include
ong or more nuicroelectromechanical systems (MEMS), electret or other microphone
assemblies. A microphone may faid due to a defective component {¢.g., a transducer),
defective assembly, an obstructed sound port, or transducer contamination, among a vanety
of other reasons. Conventional technigues for verifving that the microphone 1s not faulty
require at least partial disassenibly of the system, resulting in possible damage to the

microphone or to other system components.
SUMMARY

[3604] Various embodiments disclosed herein are related to a transducer assembly. In
some embodiments, the transducer assembly inchides a housing including a sound port. In
some embodiments, the transducer assembly includes a micro-¢lectromechanical svstem
{(MEMS} transducer disposed in the housing. In some embodiments, the transducer assembly

mehudes an electrical circuit disposed i the housing. In some embodiments, the electnical
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circuit 15 electrically connected to an output of the MEMS transducer. In some embodiments,
the clectrical civcwit includes a signal gencrator configured to generate and apply a test signal
to the MEMS transducer. In some embodiments, the test signal induces a response from the

transducer assembly indicative of health of the transducer assembly.

[0805] In some embodiments, the housing includes a cover disposed on a substrate having

an external-device interface with a plurality of contacts coupled to the electrical circuit.

{36061 In some embodiments, the signal generator includes a resistor, wherein the signal
generator 1s configured to generate a thermo-acoustic test signal within the housing by

applying power to the resistor.

[6607] In some embodiments, the signal generator includes an electrical output coupled to
an electrical input of the MEMS transducer, wherein the signal generator is configured to
apply an electrical test signal having a known characteristic to the electrical input of the

MEMS transducer.

{0808} In some embodmments, the MEMS transducer inchides a back plate and a diaphragm,
and the electrical circoit includes a bias circert having a bias output coupled to a bias mput of
the MEMS transducer. In some embodiments, the signal generator is configured to apply the
electrical test signal to the MEMS transducer via the bias mput of the MEMS transducer. In
some embodiments, the electrical test signal has a frequency within a bandwidth of the

transducer assembly.
[6809] In some embodmments, the electrical test signal 1s a single frequency AL signal.

{3610} In some embodiments, the signal generator is configured to generate and apply

different test signals fo the MEMS transducer.

[6011] In some embodiments, the difforent test signals comprise AC signals having

different frequencics.

10612}  Insome embodiments, the electrical circoit includes an amplifier configured to

receive an output signal from the MEMS transducer and generate an amplified signal having

an output voltage. In some embodiments, the clectnical circutt includes a test load disposed

-
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between the MEMS transducer and the amplifier. In some embodiments, the electrical circuit
includes a switching device configured to connect the test load with the MEMS transducer
and the amplifier in a closed state and disconnect the test load from the MEMS transducer
and the amplificr in an open state. In some embodiments, a fault is isolated by monitoring

the response of the MEMS transducer when the test load is connected and discounected.

(6813} In some embodments, the signal generator is configured to generate and apply an
clectrical test signal in an impuise signal adapted to induce an impulse acoustic response tfrom

the transducer assembly.

[6614] Varous embodiments disclosed herein are related to a transducer assembly. In
some embodiments, the transducer assembly includes a housing, a micro-electromechamcal
system (MEMS) transducer disposed in the housing, and an integrated circuit disposed in the
housing and clectrically connected to an clectrical signal output of the MEMS transducer. In
some embodiments, the integrated civcuit includes a test signal generator having an output
coupled to the MEMS transducer, where the test signal generator 1s configured to generate
and apply a test signal to the MEMS transducer. In some embodiments, the integrated circuit
mcludes an evaluation cirenit coupled to the output of the transducer assembly, where the
evaluation civcuit is configured to compare a response of the transducer assembly nduced by
the test signal to reference information, whereby results of the comparison are indicative of a

possible fault of the transducer assembly.

[3615]  In some embodiments, the integrated circait includes a bias circuit having an output
coupled to a bias input of the MEMS transducer, where the output of the test signal generator
1s coupled to the bias input of the MEMS transducer. In some crmbodiments, the test signal
generator is configured to generate and apply an elecirical test signal to the MEMS
transducer, wherein the electrical test signal 1s superimposed onto an electrical bias applied to
the MEMS transducer. In some embodiments, the integrated circuit includes an amplifier
configured fo receive an output signal from the MEMS transducer and generate an amphiticed
signal having an output voltage. In some embodiments, the integrated circuit includes a test
load disposed between the MEMS transducer and the amplifier. In some embodiments, the

mitcgrated circuit includes a switching device configured to connect the test load with the
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MEMS transducer and the amplificr in a closed state and disconnect the test load from the
MEMS transducer and the amplifier in an open state. In some embodiments, a fault is
isolated by monitoring the response ot the MEMS transducer when the test load is connected

and disconnected.

[0816] In some embodiments, the test signal generator is configured to generate and apply
an AC clectrical signal having either a single or 3 vanable frequency to the MEMS

transducer.

10617}  In some embodiments, the evaluation circuit is electrically connected to the output
of the test signal generator, wherein the evaluation circuit 1s configured to compare the

clectrical test signal to the output signal of the transducer assembly to identify a fault,

[6618] In some embodimments, the test signal gencrator is configured to generate and apply

an impulse signal to the MEMS transducer.

[6619] In some embodiments, the miegrated circuit includes a load resistor clectncally
connected to the test signal generator, wherein the test signal is a thermo-acoustic signal

produced by the load resistor in response to power applied by the test signal generator,

[3620] Various embodiments disclosed herein are related to a method for faolt detection in
a transducer assembly having a transducer and an integrated circuit deposed within a housing
having a port. In some embodiments, the method mcludes inducing a response from the
transducer assembly by applying a test signal to a tranaducer of the transducer assembly,
where the test signal has a known characteristic. In some embodiments, the method includes
comparing the response of the transducer assembly to reference information. In some
embodiments, a result of the comparison is indicative of whether or not there 13 a fault with

the transducer assembly.

[6621] In some embodiments, applying the test signal to the transducer of the transducer
assembly includes applyving an electrical test signal to a bias input to the transducer, wherein

the electrical test signal is superimposed with a bias signal.
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(6822} In some embodments, the method further includes inducing a plurality of responses
from the transducer assembly by applying a test signal to a transducer over time, where cach
response 18 separated by a time nterval. In some embodiments, the method mcludes storing
the plurality of responses, wherein the plurality of responses is compared to reference

information to determine whether the transducer assembly has a fault.

(6823} In some embodmments, applying the test signal to the transducer of the transducer
assembly includes applying a thermo~acoustic test signal to the transducer, wherein the

thermo-acoustic test signal 15 applied within the housimg.

(6624} Varous embodiments disclosed here are related to a transducer assembly. In some
embodiments, the transducer assembly mcludes housing including a port, where the housing
includes a cover disposed on a substrate having an external-device interface. In some
embodiments, the transducer assembly includes a transducer disposed in the housing. In
some embodiments, the transducer assembly includes an electrical circuit disposed in the
housing, where the electrical circuit is electncally connected to an output of the transducer.
In some embodiments, the transducer agsembly further includes a plurality of contacts
disposed on the external-device interface. In some embodiments, the plurality of contacts are
clectrically coupled to the electrical circuit, where one of the plurality of contacts is an output
signal contact, and another of the plurality of contacts is a test signal input contact electrically
coupled to the transducer. In some embodiments, application of a test signal to the test signal
input contact induces a response from the transducer assembly that is output on the output

signal contact.
[6625]  In some embodiments, the transducer assembly is devoid of a test signal gencrator,

[6826] In some embodiments, the transducer is a micro-electromechanical system (MEMS)

transducer.

{6627}  In some embodiments, the electrical circuit includes a bias circuit, wherein the bias
circutt 1s electrically connected to a bias input of the transducer, wherein the bias circuit
supplics a bias veltage to the transducer, and wherein the test signal input contact is

clectrically connected to the bias input.
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(6828} In some embodiments, the electrical circuit inchudes a load resistor configured to
generate a thermo-acoustic signal that induces the response, wherein the test signal input

contact s electrically connected to the load resistor.

[6629] In some embodiments, the elecirical circut inchudes an evaluation circuit
clectrically connected to the output of the transducer, where the evaluation circuit is

configured to gencrate an error signal based on the response from the transducer assembly.

{3630} In some embodiments, the evaluation circait 1s electrically connected to the test
signal input contact, wherein the evaluation circuit comprises a comparator that compares the

response from the transducer assembly to the test signal.
BRIEF DESCRIPTION OF THE DRAWINGS

106317 FIG. 113 a cross-sectional view of a microelectromechanical systems {MEMS)

transducer assembly.

(6832} FIG. 2 15 a schematic diagram of a transducer assembly mchiding a built-in test

signal generator.

10633} FIG. 3 13 a chart of equivalent acoustic scund pressure level (SPL) as a function of

test signal amplitude.

[6834] FIG. 4 15 a chart of a transducer assembly response as a function of test signal

frequency.

16035] FIG. 5 is a block diagram of a transducer assembly including a signal generator with

a signal load.

[6036] FIG. 615 a chart illustrating an acoustic response of a transducer assembly to an

acoustic signal.

66377 FIG. 715 a flow diagram of a method of detecting a fault in a transducer assembiy.
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DETAILED DESCRIPTION

10638} The figures and examples below are not meant to himit the scope of the present
embodiments o a single embodiment, but other crubodiments are possible by way of
interchange of some or all of the described or illustrated elements. Morcover, where certain
clements of the present embodiments can be partially or fally implemented using known
components, only those portions of such known components that are necessary for an
understanding of the present embodiments will be described, and detailed descriptions of
other portions of such known components will be omitted so as not to obscure the present
embodiments. Embodiments described as being implemented in software should not be
limited thereto, but can include embodiments implermented in hardware, or combinations of
software and hardware, and vice-versa, as will be apparent to those skilled in the art, unless
otherwise specified herein. In the present specification, an embodiment showing a singular
component should not be considered limiting; rather, the present disclosure 19 intended to
cneompass other embodiments including a plurality of the same component, and vice-versa,
unless explicitly stated otherwise herein. Moreover, the applicant does not intend for any
term in the spectfication or claims o be ascribed an uncommon or special meaning unless
explicitly set forth as such. Further, the present embodiments encompass present and future

known equivalents to the known components referred to herein by way of illustration.

{6839} The disclosure relates to a transducer assembly meluding a transducer and an
electrical circutt and fault detection mechanisms therefor. In some embodiments, the
transducer assembly has a buili~in self-test mechanism including a signal generator
configared to generate and apply a test signal that induces a response from the transducer
assembly. Alternatively, the test signal may be generated and applied to the transducer by a
device external to the transducer assembly. The response induced by the test signal may be
assessed relative to reference or baseline information to determine a condition or health of the
transducer assembly. The transducer assembly may be configured as a microphone to detect
sound within the human audible frequency range alone or in combination with frequencies
below or above (¢.g.. ultrasonic frequencies) the human audible range. In other
embodiments, the transducer assembly is configured as a sensor that primarily detects

frequencies outside the human audible frequency range.

-7
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[6848] In another embodiment, the transducer assembly includes a transducer and an
clectrical circuit disposed in a housing mcluding a port and an extemal-device interface. A
pluraiity of electrical contacts are disposed on the external-device interface and electrically
coupled to the electrical circuit. At least one of the contacts is an output signal contact that
provides an output signal based on an electrical signal produced by the transducer, and
another of the contacts is a test signal input contact ¢lectrically coupled to the transducer.

The application of a test signal to the test signal input contact {e.g.

2., by a host device) induces
a response from the transducer assembly that i3 cutput on the output signal contact, wherein
the health of the transducer assembly may be assessed based on the induced owtput signal. In
this embodiment, the transducer assembly is devoid of a test signal generator. The test signal
input contact may be re-purposed upon configuration of the transdacer assembly in a test

mode, thus elimmating the need for a dedicated test signal input contact.

{0841} The test signal may take various forms. In some embodiments, the test signal
comprises an clectrical signal applied to an clectrode of the transducer. In transducers
requiring an clectrical bias, the clectrical signal mav be superimposed on the applicd bias.

Alternatively, the clectrical test signal may be applied to some other input of the transducer.

(66427 Different types of elecinical test signals or combinations of different test signals may
be used to detect different faults, examples of which are described further hercin. In one
embodiment, the electrical test signal 15 an AC signal having a frequency within a bandwidth
of the transducer.  In another embodiment, the clectrical test signal has a ime-variant
frequency that induces a frequency-based response from the transducer assembly. In another
embodiment, the electrical test signal is an electrical impulse or step signal that induces an

impulse or step response, respectively.

{0843} In other embodiments, the test signal is a thermo-acoustic signal generated
proximate to the transducer, for example, in a housiog of the assembly. Such a signal may be
gencrated by applving an AC electrical signal to a resistive element. Heat gencrated by the
resistive element causes a pressure change that 1s detectable by the transducer. Sucha

thermo-acoustic signal induces a response from the transducer, which may be indicative of
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the health of the assembly. The generation and application of these and other test signals are

discussed herein.

[6644] One or more faults of the transducer assembly may be detected by comparing the
response mnduced by the test signal to reference or baseline mtformation. As described herein,
the phrase “reference or baseline information” refers to data that can be compared to the
response induced by the test signal. For example, the manufacturer may provide such data by
measuring the transducer assembly {or another comparable device) when the transducer
assembly is deemed to be functioning property. Beviations in the response from the

reference or baseling information may be indicative of the health.

[0845} In some instances, it may be possible to identify a particular faplt with the
transducer assembly, e.g., an obstructed port, a contamunated transducer, faulty cirenit, etc.
For example, a diminution i response to an impulse signal may indicate an obstruction of an
acoustic port. Reduced magnitude of an induced response may indicate loss of sensitivity. A
change m a frequency response may be detected by applving a variable or swept frequency
signal to the transducer. These and other aspects of fault detection are discussed herein.
Beneficially, the svstems, methods, and apparatuses described berein eliminate the need to

perform invasive testing procedures to assess the health of the transducer assembly.

[6046] Comparison of the test signal response to the reference or baseline information may
be performed at the transducer assembly or at some other device. In some implementations,
for example, the transducer assembly inchides a processor programmed via a testing
application to compare response with predetermined {¢.g., basehne or reference) criteria
stored on the transducer assembly during manufacture. The absence of a fault indication
¢unables the user to exclude the transducer assembly as a source of a system fault or error.
Alternatively, the response may be ported to another device for asscssment or analvsis. The
transducer assembly may also be configured to store responses 1o test signals apphied over
time therebv tracking its health. The stored data may be interrogated at a later time. Thus the

health of the transducer may be tested and monitored without disassembly.

[6647F FIG. 115 a cross sectional view of a transducer assembly 100, accordmg to an

cxample embodiment, including a transducer 102 and an electrical circuit 104 that may be

G
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implemented as an application-specific integrated circuit {"ASIC”) disposed in a housing
formed by a substrate 106 and a cover 108. The transducer 102 1s coupled to the electnical
circuit 104 by one or more electrical leads 110, depending on the transducer type. The
clectrical circuit 104 receives an electrical signal from the transducer and may amplify and
condition the signal before outputting a digital or analog acoustic signal as is known
generallv. The elecirical civcuit 104 may also include a protocol mierface, not shown,
depending on the cutput protocol desired. The transducer assembly 100 may also be
configured to permit programming or intcrrogation thercof as described herein. Exemplary
protocols mnclude but are not limited to PDM, PCM, ScundWire, 12, 128 and SPL, among

others.

[0648] In FIG. 1, the transducer 102 and the electrical circuit 104 are shown disposed on a
surface of the substrate 106, but in other embodiments one or more of these components may
be disposed on the cover or sidewalls or stacked atop one another. The housing includes a
port 112 through which acoustic energy may enter the housing. fn other embodiments, the
port can be located on the sidewall or cover. In some embodiments, the substrate includes an
external-device interface having a plurality of contacts coupled to the electrical circuit, for
example to the protocol mterface thereof. The contacts mav be embodied as pins, pads,
bumps or balls among other known or future mounting structures. The functions and number
of contacts on the external~-device mterface depend on the protocol or protocols implemented
and may mnclude power, ground, data, and clock contacts among others. The external-device
interface permits mtegration of the transducer assembly with a host device using reflow-

soldering or other assembly processes.

10849]  In one implementation, the transducer 102 is a microclectromechanical svstemsg
{(MEMS) transducer embodied as a condenser-type transducer having a diaphragm movable
relative to a back plate in response to changes in acoustic pressure. Altematively, the MEMS
transducer 102 is a piczoelectric device, or some other known or future electro-acoustic
transduction device implemented using MEMS techaclogy. In still other implementations,
the transducer 102 15 a non-MEMS device embodied, for example, as an electret or other

known or future non-MEMS type tranaduction device. These and other electro-acoustic

-1 0-
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transduction devices are known generally and are not described further except to the extent

necessary to make and use the embodiments disclosed herein,

[6650]  In embodiments where the transducer requires an electrical bias, the clectrical circuit
104 includes a bias circuit having an output coupled to a bias mput of the transducer as
shown in FIG. 2. Such transducers include but are not limited to condenser-type devices
wherein the magnitude of the electrical bias depends on the design of the particular device.
For example, a constrained diaphragm condenser-type transducer may require an electrical
bias on the order of only ong volt whereas a condenser-type transducer having a free-plate
diaphragm may require a bias on the order of 10 volts. Other transducer types may also
require an clectnical bias. In some embodiments the bias circuit is implemented as a charge
pump. Charge pumps are known generally and not discussed further herein. In other
implementations the transducer assembly includes a transducer that does not require an
clectrical bias and thus the electrical circuit does not require a bias circuit. Piczoelectric and

other transducers may not require an clectrical hias.

106511  Inthe example shown, the electrical circuit 104 is embodied as an ASIC and
mcludes a bias circuit that applies a bias voltage to the first and second electrodes via
clectrical leads 110, The electrical circuit 104 may include an amplificr, filier, buffer among
other components or combination thereof between the mput and output. Digital transducer
assemblies typically include an analog-to-digital converter and may also include an interface
protocol circuit among other components. Some transducer assemblics include a processor

for performing signal processing, examples of which are described herein.

16052]  In F1G. 2, a schematic diagram of various components of the transducer 100 is
shown, according to an example embodiment. In various embodiments, with exception of the
transducer 102, the components of the electrical circuit described with respect to FIG. 2 may
be implemented on one or more integrated circuits ithistrated schematically as electrical

circuit 104,

10653]  In FIG 2, the electrical circuit 104 includes biasing cirenitey 200 mehuding a voltage
reference (¢.g., a battery) and voltage regulator configured to provide power for an oscillator,

clock generator, charge pump, and other circuit components. The charge pump generates a

-11-
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bias voltage Ve supplied to the transducer via a conductor 202 for charging the electrodes of

the transducer 102 as is known generally.

[0654] In FIG. 2, transducer assembly 100 further includes a test signal generator 206
configured to generate an elecinical test signal adapted to induce a response from the
transducer assembly. An ouotput of the test signal generator 206 i1s connected to the conductor
202 via a coupler. As such, the test signal is superimposed onto Vi at the conductor 202,
However, it should be appreciated that the test signal may be provided to other electrical
inputs of the transducer 102 in other embodiments. Alternatively, the test signal may be
generated and provided to the transducer by a signal generator that 15 external to the
transducer assembly. Such an external signal generator may be coupled to the transducer
assembly by the external-device interface. For example, in some implementations, external

test signals could be injected into an ASIC through designated test pads.

[B055]  The test signal generator 206 may take different forms depending on the
implementation. For example, in some embodiments, the test signal generator 206 is an
oscillator generating a single-frequency AC signal. In such embodiments, the frequency of
the generated AC signal may be selected based on the configuration of the transducer 102
{c.g., the size of the back plate and diaphragm, magnitude of the tfront and back volumes,
ctc.). In another embodiment, the test signal generator 206 is configured to generate and
apply a variable frequency test signal to the transducer to test a frequency response of the
transducer assembly. The variable frequency test signal may be gencrated by a processor,
¢.g., a DSP, disposed in the housing or it may be applied to the transducer by an extemnal

device via the external-device interface of the transducer assembly in a test mode.

[6656] In some embodiments, the test signal generator 206 comprises a waveform generator
configured to generate any one of a number of different test signals depending on a
configuration of the transducer assembly or on external inputs received from a host system.
For example, in some embodiments. the test signal generator 206 includes an tnternal
memory having a plurality of waveform parameters stored therein, and is configured or
programmed to generate and apply one or more different waveforms to the transducer when

the transducer is in a test mode.  The transducer assembly may be configured in the test

-}
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mode upon powering ON,| or upon receipt of a test mode command via the external-device
wnterface from a host device, ete. For example, the host device may include a software
program enabling testing upon request. Alternatively or additionally, the transducer
assembly is automatically placed in test mode upon the transducer being powered ON. In
another embodiment, the transducer assembly is periodically placed into test mode. In an
example, the test signal generator may be configured to generate and apply an impulse signal
or a step signal to the transdacer to induce an impulse response or a step response.  Some test
signals may be better suited to detect different types of faults. Thas in some embodiments, a
battery of different test signals is sequentially applied to the transducer 102, Generally, one
or more test signals may be applied at startup or at arbitrary times when a test mode s
otherwise invoked. For example, in some embodiments, upon powering ON the transducer
assembly, the test signal generator 206 may be pre-programmed to first apply an impulse
signal to the transducer, and subsequently apply a continuous AC signal at a predetermuned
frequency, then apply a signal with a swept frequency, ete. In other embodiments, other
signals may also be applied in the sequence. This way, a response to different test signals
may be obtained at start-up. Such information may be stored for later interrogation as

described above.

[6657]  In some embodiments, the electrical circutt 104 includes an evaluation circuit 208
shown in FIG. 2. The test signal gencrated via the test signal gencrator 206 1s also provided
to the evaluation circuit 208. The evaluation circuit 208 1s configured to generate an crror
signal Vies based on a comparison between the test signal received from the test signal
gencrator 206 and the output signal Vo gencrated 1n response to the test signal. The error
signal Vieq 1s based on a difference between the test signal and the output signal Vo The
evaluation circuit 208 may be implemented as a comparator or some other circuit that
cvaluates the induced signal. A deviation of the output voltage Vow from the test signal

above some threshold may be indicative of a fault in the transducer assembly.

[6858] In some embodiments, the evaluation circuit 208 is embodied as a processor
configured to assess characteristics of the output (¢.g., amplitude, frequency response,

impulse response, etc.} in response to test signals applied to the fransducer over time.

13-
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[B059] In FIG. 2, the transducer 102 is electrically connected to an amplifier 210
configured to amplify the voltage output. In one embodiment, a test load 212 is disposed
between the transducer 102 and the amplifier 210. The test load 212 1s selectively coupled to
the transducer 102 via a switching clement 204 to change the load on the transducer. For
cxaraple, in onec cmbodiment, switching clement 204 includes a transistor configured to
couple the test load 212 to the transducer 102 when the transducer assembiy 100 is 1 a test
mode (¢.g., upon powering ON, upon a host device providing a test mode command via the

external-device interface, etc.).

[3660] The test load 212 can be used to help determuine whether there are contaminants
present within the transducer 102, When connecied to the transducer 102, the test load 212
and transducer 102 form a voltage divider with the output voltage Vou as an cutput. As such,
changes in impedance of transducer 102 will induce changes in the measared cutput voltage
Vou when a test signal is applied to the transducer 102, Thus, in various embodiments, the
load 212 may include any suitable electrical component having an impedance {e.g..
capacitance) comparable to a bascline impedance of the transducer 102, The output voltage
Vow may be measured after a test signal 1s applied to the transducer 102 at vanous points in
time to detect impedance changes. Such impedance changes may be indicative of certain
contaminants being lodged in the transducer 102 uupairing its operation. In some
embodiments, the evaluation circuit 208 may monitor the output voltage Vouw and detect
changes i sensttivity in response to switching the test load 212 into and/or out of circuit with
the switching clement 204, The evaluation circuit 208 may determine whether to raise a fault
indicating the transducer 102 s likely contanvinated bascd on a response of the sensitivity of
the transducer 102 to the test load 212, In some implementations, external circuitry could be
used to detect the likely presence of contaminants and/or raise a fault mstead of evaluation

circuit 208,

{6861} For example, assume the microphone 100 shown in FHG. 2 has low sensitivity, |
would not necessarily be clear whether the low sensitivity 1s caused by the amplifier 210 or
the transducer 102, For example, the amphfier 210 could have low gain due to an
clectrostatic discharge event or other problem, the transducer 102 could be contaminated, the

voltage of the charge pamp could be low, etc. Hthe test load 212 is connected and the
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sensitivity drops below a level expecied upon connection of the test load 212, this would
wndicate that the problem 18 most likely with the transducer 102, as there wouldnow be a
capacitive voltage divider consisting of the transducer 102 and the test load 212 (which may
be a capacitor). The gain of the amplifier 210 would not be affected by connecting the test
load 212. Thus, the evaluation circuit 208 may monitor Vo and detect changes in sensitivity
of the transducer 102, In some implementations, the evaluation circutt 208 may be
programmed with a reference sensitivity level, which may be a sensitivity level at which the
transducer 102 would normally operate in the absence of contaminants. In the event the
sensitivity drops in response to connection of the test load 212 to less than the reference
sensitivity level (e.g., if the sensitivity is less than the reference sensitivity level by at least a
threshold amount, such as five percent, ten percent, ete ), the evaloation circuit 208 may raise
a fault raised indicating that the transducer 102 15 likely contaminated. In some
implementations, the capacitance of the transducer 102 may be measurable if the capacitance

of the test load 212 is known {e.g., if the test load 212 is a timmed capaciior).

[6062] The test signal generator 206 produces and applies a consistent clectrical test signal
to the transducer 102, The accuracy of fault detection is improved by measuring the response
of transducer assembly to consistent stimuli. One measurable aspect of the response to a test
signal 1s sensitivity. FIG. 3 shows a plot of equivalent acoustic SPL (e.g., an average sound
pressure level over a period of time) against input signal amplitude. The mput signal may
comprise an AL signal having a frequency within the bandwidth of the transducer. Thus,
diminution in sensitivity to the test signal generated via test signal generator 206 is indicative

of various faults {¢.g., faulty connections, obstructed port, etc.).

10663}  In some embodiments, tost signal generator 206 is configured to apply a continucus,
single-frequency signal to transducer 102 cach time the device is powered ON. Changes in
the output voltage 1n response to the test signal may be measured to identify changes in
sensitivity. Hthe sensitivity changes by more than a threshold amount, for example, a faclk

indication may be provided.

10664} FIG. 4 shows a chart ilustrating a frequency response of a transducer assembly to

and AC test signal having a variable or swept frequency. The signals may share an amplitude
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but have different frequencies to faciiiate measurement of the frequency response of the
transducer. As shown, the frequency response includes a first peak at approximately 35 kHz
and a second peak at approxamately 48 kHz. The locations of such peaks are dependent on
various aspects of the transducer agssembly {¢.g., transducer type, transducer size, geometries
port location, etc.}. Additionally, deviations in the locations of such peaks from baschine
values may indicate one or more faults {¢.g., debris within a volume, a poor connection, etc.).
Accordingly, in some embodiments, a test signal may be swept across various frequencies to
measure the transducer’s frequency response to identify locations {e.g., peaks, local maxima,
local minima, etc ) of features therein. Deviations of the features of the frequency response

relative to baseline features may be mdicative of a fault notification.

16065]  In F1G. 5, a block diagram of another transducer assembly 500 is shown including
an electrical circuit 502 (e.g., an ASIC) and a transducer 504, Electrical circuit 502 may

nclude vanous components (e.g., a power supply, a charge pump, etc.} described with

respect to F1G. 2. As shown, a bias voltage Viias 15 provided to a icad on transducer 504 to
pre-~charge transducer 504 to enable measurement of capacitance variations responsive 1o

acoustic signals, but the bias may not be required for some types of transducers.

[6966] The transducer assembly 500 differs from those described with respect to FIGS. 1-4
in that the test signal 13 not an electrical signal. Instead, in FIG. 3, the test signal is a thermo-
acoustic signal generated via application of power to a load resistor 508 disposed proximate
to the transducer within the housing. The clectrical signal is generated via a signal generator
306 {e.g., an oscillator producing an AC signal at a predetermined or an adjustable

frequency). The AC signal may also have an adjustable amplitude.

16067] Application of power to the load resistor 508 mduces a consistent thermo-acoustic
signal 510 proximate to the transducer 504, As such, assuming a properly functioning
transduacer assembly, the measured response Vou should remain consistent and be similar to
other properly functioning devices. Thus, variations in the measured response o the acoustic
signal 510 may be mdicative of a defect. FIG. 6 illustrates an example acoustic response of
transducer assembly 500, As shows, providing the alternating current to the load resistor 308

induces thermal fluctuations (e.g., tlustrated temperature fluctuations). In FiG. 6, thermal

-} G-



WO 2019/133646 PCT/US2018/067572

fluctuations result in corresponding pressure fluctuations that induce a response from the
transducer assembly. The thermo-acoustic signal thus imduces a measurabie response mn the
transducer assembly. The response, for example, serves as a comparative baseline for

comparison against later measurements for fault identification.

(0668} In some embodiments, the transducer assembly includes a combination of the sclf-
test mechanisms described with respect to FIGS. 2 and 5. In such embodiments, the
transducer assembly may perform any combination of the self-tests described herein o asscss

the health or exclade 1t as a source of a system fault,

[6669] Retermnng now to FIG. 7, a flow diagram of a method 600 of identifving faults in a
transducer assembly i3 shown, according to an example embodiment. The operations of the
method 600 may be performed via cirguitry that is part of the transducer agsembly or the

operations described herein may be performed via a bost device in communication with the

transducer assembly.

{66708}  In embodiments that include a transducer that requires a bias, at operation 602, the
bias 1s applied to a transducer. For example, the transducer assembly may include bias
circuitry including a voltage regulator and charge pump configured to gencrate the bias
voltage. In operation 604, a test signal 1s generated. The test signal may be embodied as an
clectrical signal applied to the transducer or as a thermo-acoustic signal emitting in a housing

of the transducer assernbly as discussed more fully herein.

[6071] In operation 606, the test signal 1s applied to the transducer assembly to induce a
response therefrom. The mechanism by which the test signal 1s apphed to the transducer
depends on whether the test signal is an electrical signal or a thermo-acoustic signal as
discussed more fully herein. In operation 608, a determination of the transducer assembly
health 1s made based on a response induced by the test signal. As discussed herein, the
wnduced response may be compared or otherwise assessed to baseline or reference
information. Such assessment may be performed by the transducer assembly or altematively
the imduced response may be ported to a host or other device for assessment. A transducer

assembly and test mechamisms therefor are described herein. It should be understood that the
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iHustrated embodiments are exemplary only, and should not be taken as Hmiting the scope of

the appended claims.
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WHAT IS5 CLAIMED I5:

I A transducer assembly comprising:

a housing mcluding a sound poxt;

a micro-clectromechanical system (MEMS) transducer disposed n the
housing; and

an clecirical circuit disposed in the housing, the electrical circwit electrically
connected to an output of the MEMS transducer, the clectrical circutt including a signal
generator configared to generate and apply a test signal to the MEMS transdacer,

wherein the test signal induces a response from the transducer assembly

indicative of health of the transducer assembly.

2. The transducer assembly of claim |, wherein the housing comprises a cover
disposed on a substrate having an external-device interface with a plurality of contacts

coupled to the electrical circuat.

3. The transducer assembly of claim 1, the signal generator including a resistor,
wheretn the signal generator s configured to generate a thermo-acoustic test signal within the

housing by applving power to the resistor.

4. The transducer assembly of claim 1, the signal generator including an
clectrical output coupled to an electrical input of the MEMS transducer, wherein the signal
generator is configured to apply an clectrical test signal having a known characteristic to the

electnical input of the MEMS transducer.

5. The transducer assembly of claim 4, the MEMS transducer including a back
plate and a diaphragm, and the clectrical circuit including a bias circuit having a bias output
coupled to a bias mput of the MEMS transducer, wheremn the signal generator is configured to
apply the electrical test signal to the MEMS transducer via the bias input of the MEMS
transducer, wherein the electrical test signal has a frequency within a bandwidth of the

transducer assembly.

-19-
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5. The transducer assembly of claim 4, whercin the electrical test signal is a

single frequency AC signal.

7. The transducer assembly of claim 4, wherein the signal generator is configured

to generate and apply diffcrent test signals to the MEMS transducer.

8. The tranaducer assembly of claim 7, wherein the different test signals

comprise AC signals having different frequencies.

9, The transducer assembly of claim 1, wherein the electrical circuit inciudes:

an amplifier configured to receive an output signal from the MEMS transducer
and generate an amplified signal having an output voltage;

a test load disposed between the MEMS transducer and the amplifier; and

a swiiching device configured to connect the test load with the MEMS
transducer and the amplifier in a closed state and disconnect the test load from the MEMS
transducer and the amplifier in an open state,

wherein a fault is isolated by monitoring the response of the MEMS transducer

when the test load is connected and disconnected.

10, 'The transducer assembly of claim 9, wherein the signal generator is configured
to generate and apply an electrical test signal in an impulse signal adapted to induce an

tmpulse acoustic response from the transducer assembly .

1L A transducer assembly comprising;
a housing;
a micro-clectromechanical system (MEMS) transducer disposed in the
housing; and
an mtegrated circuit disposed in the housing and electrically connected to an
clectrical signal output of the MEMS transducer,

the integrated circuit imchuding:

20-
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a test signal generator having an cutput coupled to the MEMS
transducer, the test signal generator configured to generate and apply a test signal {o
the MEMS transducer, and

an evaluation circwit coupled to the output of the transducer assembly,
the cvaluation circutt configured to compare a response of the transducer assembly
mduced by the test signal to reference information, whereby resuits of the comparison

are ndicative of a possible fault of the transducer assembly,

12, 'The transducer assernbly of claim 11, the integrated circuit including:

a bias circuit having an output coupled to a bias input of the MEMS
transducer, the output of the test signal generator coupled to the bias mput of the MEMS
transducer, the test signal generator configured o generate and apply an electrical test signal
to the MEMS transducer, wherein the clectrical test signal s superimposed onto an electrical
bias applied to the MEMS transducer;

an amplifier configored to receive an output signal from the MEMS tranaducer
and generate an amplified signal having an output voltage;

a test load disposed between the MEMS transducer and the amplificr; and

a switching device configured to connect the test load with the MEMS
transducer and the amplifier in a closed state and disconnect the test load from the MEMS
transducer and the amplifier in an open state,

wherein a fault is isolated by monitormg the response of the MEMS transducer

when the test foad 1s connected and disconnecied.

13. The transducer assembly of claim 12, wherein the test signal generator is
configured to generate and apply an AC electrical signal having either a single or a vanable

frequency to the MEMS transducer.

14, 'The transducer assembly of claim 12, the evaluation circuit electrically
connected to the output of the test signal generator, wherein the evaluation circuit is
configured to compare the electrical test signal to the output signal of the transducer assembly

to identify a fault

21-
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I5. The transducer assembly of claim 11, wherein the test signal generator 1s

configured to generate and apply an impulse signal to the MEMS transducer.

16.  'The transducer assembly of claim 11, the integrated circuit including a load
resistor electrically connected to the test signal generator, wherein the test signal 1s a thermo-
acoustic signal produced by the load resistor in response o power applied by the test signal

generator.

17 A method for fault detection in a transducer assembly having a transducer and
an integrated circuit deposed within a housing having a port, the method comprising:
inducing a response from the transducer assemably by applving a test signal to
a transducer of the transducer assembly, the test signal having a known characteristic; and
comparing the response of the transducer assembly to reference information,
wherein a result of the comparison s indicative of whether or not there i3 a

fault with the transducer assembly.

3. The method of claim 17, wherein applving the test signal to the transducer of
the transducer assembly includes applving an electrical test signal 1o a bias mput to the

transducer, wherein the clectrical test signal is superimposed with a bias signal.

9. The method of claim 18, further comprising:
mducing a plurality of responses from the transducer assembly by applying a
test signal to a transducer over time, cach response separated by a time interval; and
storing the plurality of responses, wherein the plurality of responses is

compared to reference information to determine whether the transducer assembly has a fault.
20.  The method of claim 17, wherein applying the test signal to the transducer of

the transducer assembly includes applying a thermo-acoustic test signal to the transducer,

wherein the thermo-acoustic test signal i3 applied within the housing,

2
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21, Atransducer assembly comprising:

a housing mcluding a port, the housmg including a cover disposed on a
substrate having an external-device interface;

a transducer disposed in the housing;

an electrical circuit disposed in the housing, the electrical circuit electrically
connected to an output of the transducer; and

a plurality of contacts disposed on the external-device interface, the plurality
of contacts electrically coupled to the electrical circuit, one of the phurality of contacts is an
output signal contact, another of the plurality of contacts is a test signal input contact
clectrically coupled to the transducer,

wherein application of a test signal to the test signal input contact induces a

response from the transducer assembly that is output on the cutput signal contact,

22, The transducer assembly of claim 21, wherein the transducer assembiv 1s

devoid of a test signal gencrator.

23 The transducer assernbly of claim 21, wherein the transducer 1s a micro-

clectromechanical systemn (MEMS) transducer.

24, 'The transducer assembly of claim 21, wherein the clectrical circuit includes a
bias circuit, wherein the bias circuit is electrically connected to a bias input of the transducer,
wherein the bias circuit supplies a bias voltage to the transducer, and wherein the test signal

input contact is electrically connected to the bias input.

25, The transducer assembly of claim 24, the electrical circuit includes a load
resistor configured to generate a thermo-acoustic signal that mduces the response, wherein

the test signal input contact is electrically connected to the load resistor.
26, The transducer assembly of claim 21, wherein the electrical circuit includes an
evaluation circuit electrically connected to the output of the transducer, the evaluation circuit

configured to gencrate an error signal based on the response from the transducer assembly.

23
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27, The transducer assembly of claim 26, wherein the evaluation circuit is
clectrically connected to the test signal mput contact, wherein the evaluation circuit
comprises a comparator that compares the response from the transducer assembly to the test

signal.

D4



WO 2019/133646 PCT/US2018/067572

108
1010} e

106 ey




WO 2019/133646 PCT/US2018/067572

100
“\

[ MEMS Microphone P

210
MEMS Motor] 102 I\<
ii Af

VBAT

[
¢l 6.") L//
294‘/&?
202 212
- Test Load -
L 200
Vbias K
+
Vs Voltage
Reference s Regulator
Y1 11
Coupler \!, \L’ 1
=~ Charge Non-Overlapping

“"@““ Pump s Clock Generator e 03%523?03‘
CP1 CLY

208

\

Test Signal 206 ~1 Evaluate
T4 L . Ff '-& Viesi




WO 2019/133646 PCT/US2018/067572

37
fan]
)
&
&
)
[a0]
[
o
f)]
)
Q/‘“\
- ‘o
S
e
E oy
ﬁ L
\ =4 &)
\ & bdoo
el
%
\ @
)
. 3
s
o
]
Q-
[en)]
[
[ap)
&
[
<3 A3 3 3 [en)] 1 O
L e [an] & 93] X3
T h wad

{(ap} 148 wejeanby



WO 2019/133646 PCT/US2018/067572

100

50

-
~

20

Freguency (kiHz)
FiG. 4

W%WMWM v \\

-180
-180
-200
210
-220

[uil = gpo] spmiubey



WO 2019/133646

PCT/US2018/067572

// 500

/ 504

O

538
502 :f\\\;\\\i
Vbias
Signal
Generator
508
Flectrical Circuit
508
G Vout

Transducer




WO 2019/133646

PCT/US2018/067572

~

Signal (V)

Signal Generator

0 — S N
0.05 Terare (C)

v
-0.05

Load Resistor

3 26 5 o

12 14 16

0.2

Pressure (Pa)

Microphone




WO 2019/133646

600

PCT/US2018/067572

602

Apply a bias voltage to a transducer of a microphone

Generate 3 test signal

604

7

induce an acoustic response in the transducer via the
test signal

606

A

608

identify faults in the microphone based on the acoustic
response

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/067572

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R19/04 HO4R29/00
ADD. HO4R19/00 HO4R3/00

HO4R17/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0001],
[0032]; figures 1,2

[0004],

ET AL) 24 October 2013 (2013-10-24)

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 10 2015 114245 Al (USOUND GMBH [AT]) 1-27
2 March 2017 (2017-03-02)
paragraphs [0056] - [0067]; figure 7
X US 2017/118570 Al (ROCCA GINO [DK] ET AL) 1-27
27 April 2017 (2017-04-27)
paragraphs [0002], [0006], [0010],
[0028] - [0039]; figure 1
X US 20137277776 Al (HERZUM CHRISTIAN [DE] 1-27

[0016] -

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 March 2019

Date of mailing of the international search report

27/03/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kunze, Holger

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/067572
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JIAN LIU ET AL: "Harmonic Balance 1-27

Nonlinear Identification of a Capacitive
Dual-Backplate MEMS Microphone",

JOURNAL OF MICROELECTROMECHANICAL SYSTEMS,
IEEE SERVICE CENTER, US,

vol. 17, no. 3, 1 June 2008 (2008-06-01),
pages 698-708, XP011215979,

ISSN: 1057-7157

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/067572
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 102015114245 Al 02-03-2017 AU 2016311035 Al 15-03-2018
CA 2996670 Al 02-03-2017
CN 107925834 A 17-04-2018
DE 102015114245 Al 02-03-2017
EP 3342185 Al 04-07-2018
JP 2018533315 A 08-11-2018
KR 20180042273 A 25-04-2018
SG 11201801192X A 28-03-2018
US 2018234783 Al 16-08-2018
WO 2017032555 Al 02-03-2017

US 2017118570 Al 27-04-2017  EP 3127351 Al 08-02-2017
JP 6468446 B2 13-02-2019
JP 2017515371 A 08-06-2017
US 2017118570 Al 27-04-2017
WO 2015149871 Al 08-10-2015

US 2013277776 Al 24-10-2013 CN 103373696 A 30-10-2013
CN 106115611 A 16-11-2016
DE 102013207233 Al 24-10-2013
KR 20130119367 A 31-10-2013
US 2013277776 Al 24-10-2013
US 2016087606 Al 24-03-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

